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Endocannabinoids appear to be involved in a variety of physiological processes. Lipoxygenase activity has
been known to be affected by unsaturated fatty acids or phenolic compounds. In this study, we examined
whether endocannabinoids containing both N-acyl group and phenolic group can affect the activity of
soybean lipoxygenase (LOX)-1, similar to mammalian 15-lipoxygenase in physicochemical properties.
First, N-arachidonoyl dopamine and N-oleoyl dopamine were found to inhibit soybean LOX-1-catalyzed
oxygenation of linoleic acid in a non-competitive manner with a Ki value of 3.7 lM and 6.2 lM, respec-
tively. Meanwhile, other endocannabinoids failed to show a remarkable inhibition of soybean LOX-1. Sep-
arately, N-arachidonoyl dopamine and N-arachidonoyl serotonin were observed to inactivate soybean
LOX-1 with Kin value of 27 lM and 24 lM, respectively, and k3 value of 0.12 min�1 and 0.35 min�1,
respectively. Furthermore, such an inactivation was enhanced by ascorbic acid, but suppressed by
13(S)-hydroperoxy-9,11-octadecadienoic acid. Taken together, it is proposed that endocannabinoids con-
taining polyunsaturated acyl moiety and phenolic group may be efficient for the inhibition as well as
inactivation of 15-lipoxygenase.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Lipoxygenases (LOXs), a family of non-heme iron-containing
dioxygenases, catalyzes the addition of molecular oxygen to poly-
unsaturated fatty acids containing at least one (Z, Z)-pentadiene
system to produce corresponding hydroperoxides [1–5]. Recently,
our recent studies demonstrated that polyunsaturated lys-
ophosphatidylcholines and lysophosphatidylethanolamines con-
taining linoleoyl, arachidonoyl or docosahexaenoyl groups were
efficiently oxygenated by reticulocyte LOX, leukocyte LOX or soy-
bean LOX-1 [6–8]. In general, LOXs contain an essential iron atom,
which is present as Fe2+ in the ground-state inactive form; enzy-
matic activation occurs through lipid hydroperoxide-driven oxida-
tion of Fe2+ to Fe3+ [1–3]. LOXs are widely distributed among plants
and animals [1–3]. It is well-known that in plant system, LOXs cat-
alyze oxygenation of linoleic acid and linolenic acid to generate
cellular regulators, such as jasmonic acid, traumatic acid, and alke-
nals, responsible for the growth regulation and wound healing
[9,10]. In animals, LOXs are known to convert arachidonoic acid
to lipid mediators, such as leukotrienes or lipoxins [11,12], which
are implicated in various diseases such as atherosclerosis, cancer,
inflammation and asthma [13]. Since LOX metabolites of polyun-
saturated fatty acids are involved in cellular response under nor-
mal or disease conditions [14–17], the regulation of LOX-
catalyzed oxygenation of polyunsaturated fatty acids may result
in the alteration of a pathophysiological response in animals. In hu-
mans, lipoxygenase plays a key role in the biosynthesis of leukotri-
enes, proinflammatory mediators mainly released from myeloid
cells. Thus, inhibitors of lipoxygenases have attracted attention ini-
tially as potential agents for the treatment of inflammatory and
allergic diseases, but their therapeutic potential has now been
expanded to certain types of cancer and cardiovascular diseases
[18–21]. Soybean lipoxygenase-1 (soybean LOX-1) is a plant-de-
rived 15-LOX catalyzing efficiently the oxidation of linoleic acid
to 13-hydroperoxy-9,11-octadecadienoic acid. Because of struc-
tural and functional similarities with mammalian 15-LOX, soybean
LOX-1 is commonly used as a model for mammalian 15-LOX for
both mechanistic and inhibition studies [1–3,14–17].

Earlier, soybean LOX-1 had been reported to undergo inactiva-
tion during the incubation with polyunsaturated fatty acids, and
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the inactivation was suggested to be ascribed to the oxidants from
oxygenation products [22]. In support of this, the activities of soy-
bean LOX-1 or potato 5-LOX was observed to decline gradually
during preincubation with 5(S)-hydroperoxyeicosatetraenoic,
9(S)-hydroperoxy-10(E), 12(Z), 15(Z)-octadecatrienoic acid or
15(S)-hydroxyperoxyeicosatetraenoic [23–25], supporting the
assumption that the unstable intermediates from the respective
hydroperoxy product may be responsible for the gradual loss of en-
zyme activity. Recently, it was observed that polyunsaturated lys-
ophosphatidylcholines, which can be utilized as substrates for
lipoxygenase, could inhibit lipoxygenase [26]. Separately, there
are many reports about the inhibitory effect of some phenolic com-
pounds on lypoxygenases activity [27–29]. Endocannabinoids are
compounds containing fatty acids link to amino acid or neuro-
transmitter. Most endocannabinoids are differentially distributed
in the body and the level of several ones undergoes hormonal reg-
ulation in the brain [30]. Endocannabinoids are of great interest as
potential tools to probe new binding sites of G protein coupled
receptors (GPCRs), transporters or ion channels [31]. Previously,
N-arachidonoyl glycine and N-arachidonoyl dopamine had been
reported to be substrates for lipoxygenase [32,33]. Nonetheless,
the reports concerning the regulation of endocannabinoids on
lipoxygenase or cyclooxygenase activity is limited [34,35].

The present study evaluated the inhibitory or inactivating effect
of N-acylated endocannabinoids on soybean LOX-1 activity. Here,
we demonstrate that N-acyl dopamine inhibited soybean LOX-1 po-
tently and N-arachidonoyl dopamine or N-arachidonoyl serotonin is
a strong inactivator of soybean LOX-1. The purpose of this study is to
examine the structural requirement of endocannabinoids for the
efficient inhibitor of soybean LOX-1, and to provide an idea for the
design of a potential inhibitor of mammalian 15-LOX.
2. Material and methods

2.1. Materials

Soybean lipoxygenase-1 (type 1-B), linoleic acid, ascorbic acid,
dopamine hydrochloride, serotonin and xylenol orange were pur-
Fig. 1. Effect of substrate concentration on LOX-catalyzed oxygenation of various
endocannabinoids of various concentration (0–40 lM) in 50 mM borax buffer (350 ll, pH
glycine, (D) N-arachidonoyl serine. Data are expressed as a means ± SD value of triplica
chased from Sigma–Aldrich Company (Alabaster, Alabama, USA).
Iron (II) sulfate was from Kanto Chemical Co., Inc (Tokyo, Japan).
Arachidonic acid, N-arachidonoyl dopamine (NA-DA), N-oleoyl
dopamine (NO-DA), N-palmitoyl dopamine (NP-DA), N-arachido-
noyl taurine (NA-Tau), N-arachidonoyl glycine (NA-Gly), N-arachi-
donoyl serine (NA-Ser), N-arachidonoyl serotonin (NA-5HT) were
obtained from Cayman Chemical (Ann Arbor, MI, USA). 13(S)-
hydroperoxy-9,11-octadecadienoic acid (13-HpODE, >98%) and
15(S)-hydroperoxy-5,8,11,13-eicosatetraenoic acid (15-HpETE,
>98%) were prepared as described before [25]. Briefly, soybean
LOX-1 (0.8 unit/mL) was incubated with linoleic acid or arachido-
noic acid (50 lM) in borax buffer (50 mM, pH 9.0) at 25 �C for
30 min. Subsequently, the mixture was passed through a C18 col-
umn (2 cm � 1 cm), and the products were eluted with methanol
and concentrated under N2 gas.
2.2. Determination of kinetic values in soybean LOX-1 – catalyzed
oxygenation of endocannabinoids

Oxygenation of NA-DA, NA-Tau, NA-Gly, NA-Ser, arachidonoic
acid or linoleic acid by soy-LOX-1 was monitored by measuring
the increase of the absorbance at 234 nm (A234) reflecting to the
formation of conjugated diene. In kinetic study, endocannabinoids
(0–40 lM) were incubated soybean LOX-1 (0.05 units/mL) in
50 mM borax buffer (pH 9.0). One unit is defined as the activity
of enzyme forming 1 lmole of oxygenation product per min. The
kinetic parameters, km and kcat, were determined by non-linear
regression analysis using enzyme kinetic analysis in GraphPad
Prism 5 software.
2.3. Determination of LOX activities by UV spectrophotometer and
Eadie–Hofstee Plot analysis for inhibition of LOX activities by N-acyl
dopamine

Soybean LOX-1 (0.05 units/mL) was incubated with linoleic acid
(0–80 lM) in the presence of N-arachidonoyl dopamine or N-
oleoyl dopamine in borax buffer (50 mM, pH 9.0) at 25 �C for
1 min. The remaining LOX activity was determined by measuring
endocannabinoids. Soybean LOX-1 (0.05 units/mL) was incubated with some
9.0). (A) N-arachidonoyl taurine, (B) N-arachidonoyl dopamine, (C) N-arachidonoyl

te assays.



Table 1
Kinetic values in oxygenation of various endocannabinoids by soybean-LOX-1. Each
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A234, and the data were analyzed by Eadie–Hofstee plot using en-
zyme kinetic analysis in Sigma Plot 12 program.
endocannabinoid (0–40 lM) was incubated with soybean LOX-1 (0.05 units/mL) in
50 mM borax buffer (350 ll, pH 9.0). Data are expressed as a means ± SD value of
triplicate assays.

Substrate kcat (min�1) km (lM) Kcat/km
(min�1 lM�1)

N-arachidonoyl
glycine

1063 ± 49.33 11.60 ± 1.28 92.77 ± 12.83

N-arachidonoyl
taurine

1509 ± 139.9 42.29 ± 6.53 36.55 ± 7.63

N-arachidonoyl serine 470.7 ± 13.36 4.46 ± 0.543 107.13 ± 15.47
N-arachidonoyl

dopamine
888.5 ± 58.20 18.02 ± 2.74 50.47 ± 9.67

Arachidonoic acid 3301 ± 289.8 51.36 ± 6.36 65.26 ± 11.46
2.4. Inactivation of soybean LOX-1 by N-acyl dopamine or N-
arachidonoyl serotonin

Soybean LOX (0.8 units/mL) was incubated with each endocan-
nabinoid in 50 mM borax pH 9 (final volume, 300 lL) at 25 �C. The
aliquot (3 lL) was taken at indicated time and used for the assay of
remaining activity. The preincubation of lipoxygenases with endo-
cannabinoids in the buffer containing ascorbic acid, 13-HpODE or
15-HpETE was performed as described above, unless described
otherwise. The effect of radical scavengers or hydroperoxide was
tested as described in figure legends. Experiment was conducted
in triplicate.
2.5. Determination of soybean LOX-1 activity by FOX assay

The FOX assay was carried out according to a slight modifica-
tion of the procedure reported previously [36]. Briefly, the oxygen-
ation reaction was terminated at designed time by the addition of
FOX reagent mixture (5 volumes) containing perchloric acid
(110 mM), xylenol orange (150 lM) and ferrous sulfate heptanhy-
drate (2 mM) in methanol:water (9:1). After 10 min of reaction, the
absorbance at 550 nm, due to the formation of the complex Fe3+/
xylenol orange, was measured using UV–Vis spectrophotometer
(UVmini 1240, Shimadzu). For the blank, each substrate was incu-
bated with endocannabinoid for designated time, and then, to the
mixture was added FOX reagent and soybean LOX-1. A standard
curve of peroxide was prepared using H2O2 as standard peroxide.
2.6. RP-HPLC analysis of determination of soybean LOX-1 activity by
NADA

Soybean LOX-1 was incubated with LA (50 lM) in the presence
or absence of NADA (10 lM) in 500 lL borax buffer (50 mM, pH
9.0) at 25 �C. After 30 min of oxygenation, an aliquot was taken
and injected into RP-HPLC system (Shimadzu, Kyoto, Japan),
equipped with XBridge C18 column (3.5 lm, 3.0 mm � 100 mm,
Waters, Ireland) containing a C18 precolumn, which was eluted
with mobile phase (Methanol/H2O/formic acid; 70:30:0.1) as
Fig. 2. Inhibitory effect of N-arachidonoyl dopamine (NADA) or N-oleoyl dopamine (NO
linoleic acid (0–40 lM) in the presence of inhibitors in borax buffer (50 mM, pH 9) at 2
3 lM; ., 10 lM and �, 30 lM). The remaining LOX activity was determined by measurin
Sigma Plot program.
described before [26]. The flow rate was 0.4 mL/min, and the elu-
tion was monitored by SPD-20A UV/Vis detector at 234 nm.
3. Results

3.1. Determination of kinetic values in oxygenation of
endocannabinods by soybean LOX-1

When the respective endocannabinoid was incubated with soy-
bean LOX-1, a time-dependent increase in absorbance at 234 nm
was observed, indicating the formation of a conjugated diene.
Based on this, the concentration-dependent effect of endocannab-
inoid on LOX-1-catalyzed oxygenation was examined. Fig. 1
showed that the enzyme activity followed a classical Michaelis–
Menten kinetics when the concentration of each endocannabinoid
was varied. Subsequently, the kinetic value for oxygenation of
some endocannabinoids by soybean LOX-1 was determined from
non-regression analysis, and compared to that for oxygenation of
arachidonoic acid. As displayed in Table 1, most endocannabinoids
are found to be favorable substrates for soybean LOX-1 catalyzed
oxygenation. In comparison, the most effective substrate was
N-arachidonoyl serine (NA-Ser), showing a catalytic efficacy (kcat/
km) value of 107.13 min�1 lM�1, followed by N-arachidonoyl gly-
cine (NA-Gly) (kcat/km, 92.77 min�1 lM�1), possessing a higher va-
lue than that of arachidonoic acid (kcat/km, 65.26 min�1 lM�1).
Meanwhile, N-arachidonoyl dopamine (NA-DA) and N-arachidonoyl
DA) on soybean LOX-1 activity. Soybean LOX-1 (0.05 units/mL) was incubated with
5 �C. (A) NADA (d, 0 lM; j, 1 lM; ., 3 lM and �, 10 lM). (B) NODA (d, 0 lM; j,
g the A234. Results are expressed by Eadi-Hofee plot using enzyme kinetic analysis in
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taurine (NA-Tau) demonstrated a kcat/km value of 50.47 min�1 -
lM�1 and 36.55 min�1 lM�1, respectively, which was lower
than that of arachidonoic acid. However, oxygenation of N-
arachidonoyl serotonin (NA-5HT) by soybean LOX-1 could not
be properly determined by UV spectrophotometer (data not
shown), since no time-dependent increase in absorbance at
234 nm was observed with NA-5HT. Instead, oxygenation of
NA-5HT by soybean LOX-1 was determined by FOX assay but
Fig. 3. RP-HPLC chromatogram of products from soybean LOX-1-catalyzed oxygenation
Soybean LOX-1 was incubated with LA (50 lM) in the presence or absence of NADA (1
subjected to RP-HPLC analysis (flow rate, 0.4 mL/min, UV detection, 234 nm). (A) Prod
products from incubation of soybean LOX-1 with NADA (10 lM) (dotted arrow) and (C
presence of NADA (10 lM) (dotted arrow).
NA-5HT was not an efficient substrate for soybean LOX-1 (data
not shown).

3.2. Inhibition of soybean LOX-1 by N-arachidonoyl dopamine or N-
oleoyl dopamine

The above results show that arachidonoyl endocannabinoids
can be alternative substrates of soybean LOX-1. However, the rate
of linoleic acid (LA) in presence or absence of N-arachidonoyl dopamine (NADA).
0 lM) in borax buffer (50 mM, pH 9.0). After 30 min incubation, the mixture was
ucts from incubation of soybean LOX-1 with LA (50 lM) alone (solid arrow); (B)

) products from incubation of soybean LOX-1 with LA (50 lM) (solid arrow) in the



Table 2
Inactivation of soybean LOX-1 activity after 15 min pre-incubation by endocanabi-
noids. Each compound (30 lM) was pre-incubated with 30 ll Soybean LOX-1 0.3 mg/
ml in 50 mM borax buffer pH 9 (final volume 300 lL). The aliquot (3 ll) was taken
into assay mixture containing 30 lM linoleic acid after 15 min pre-incubation. The
remaining soybean LOX-1 activity was determined by measuring A234. 100% activity
was determined in a control in which soybean LOX-1 was pre-incubated in buffer for
the same period of time that soybean LOX-1 was pre-incubated with the several
compounds. Data were expressed as means ± SD valued of triplicates experiments.

Compound % Activity remaining

N-arachidonoyl glycine 80.25 ± 8.92
N-arachidonoyl taurine 76.02 ± 5.46
N-arachidonoyl serine 82.21 ± 0.37
Arachidonoic acid 80.07 ± 1.5
N-oleoyl dopamine 57.02 ± 6.25
N-palmitoyl dopamine 44.63 ± 2.33
N-arachidonoyl dopamine 5.51 ± 1.15
N-arachidonoyl serotonin 0.9 ± 0.12
Dopamine 95.13 ± 5.3
Dopamine + arachidonoic acid 80.3 ± 3.9
Serotonin 93.6 ± 2.2
Arachidonoic acid + serotonin 70.06 ± 4.5

Fig. 4. Time-dependent inactivation of soybean LOX-1 activity during preincuba-
tion with each endocannabinoid (25 �C). Each compound (30 lM) was pre-
incubated with 30 ll soybean LOX-1 (0.3 mg/ml; 0.8 U/mL) in 50 mM borax buffer
pH 9 (final volume 300 lL). The aliquot (3 ll) was taken into the assay mixture
containing 30 lM linoleic acid at indicated time pre-incubation. The remaining
soybean LOX-1 activity was determined by measuring A234. 100% activity was
determined to be an activity of control in which soybean LOX-1 was pre-incubated
in buffer for the same period of time that soybean LOX-1 was pre-incubated with
each compound. Data were shown as mean ± SD of three parallel experiments. (d),
control; (D), NA-Ser; (}), NA-Gly; (h), NA-Tau; (N), NODA; (�), NPDA; (j), NADA.
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for oxygenation of endocannabinoids by LOX seemed to differ
greatly according to the oxygenation time. From this, it was sup-
posed that oxygenation products of N-arachidonoyl endocannabi-
noids might affect oxygenation of native substrate by soybean
LOX-1. In an attempt to explain this phenomenon, we examined
the inhibitory effect of endocannabinoid on soybean LOX-1 activ-
ity. First, soybean LOX-1 was incubated with linoleic acid in the
presence N-arachidonoyl dopamine (NA-DA) or N-oleoyl dopamine
(NO-DA), and the remaining activity of soybean LOX-1 was deter-
mined. As shown in Fig. 2, NA-DA or NO-DA was found to inhibit
soybean LOX-1 activity strongly. The Eadie–Hofstee plot analysis
indicates that NA-DA and NO-DA inhibit Soybean LOX-1, display-
ing a quasi-noncompetitive type of inhibition (Fig. 2). In contrast,
N-arachidonoyl glycine, N-arachidonoyl taurine, N-arachidonoyl
serine, N-palmitoyl dopamine or N-arachidonoyl serotonin had
no remarkable inhibition up to 30 lM of soybean LOX-1 activity
(data not shown). The most potent endocannabinoid in inhibiting
soybean LOX-1 activity was NA-DA (Ki, 3.7 lM), followed by NO-
DA (Ki, 6.2 lM) and other endocannabinoids (Ki, >100 lM) (data
not shown). All these suggest that the presence of phenolic group
and unsaturated acyl group may be important for inhibitory action
of these compounds. In additional experiment to confirm the
inhibitory action of NADA, soybean LOX-1 was incubated with LA
in the presence or absence of NADA (10 lM) for 30 min, and the fi-
nal reaction products was subjected to RP-HPLC analysis. As dem-
onstrated in Fig. 3C, the inclusion of NADA (10 lM) inhibited
soybean LOX-1-catalyzed formation of 13-HpODE from LA, com-
pared to control (Fig. 3A). Moreover, the area of the peak corre-
sponding to oxygenation product of NADA was less than 1% of
that of LA, when the oxygenation product of NADA and LA were
analyzed by HPLC, indicating that under the condition used, the
oxygenation of NADA itself could be negligible (Fig. 3 B and C). Fur-
thermore, in a separate experiment, the inhibition of soybean LOX-
1 by NA-DA or NO-DA was confirmed by FOX assay. NA-DA or NO-
DA was also found to display a strong inhibition of Soybean LOX-1
(data not shown). Meanwhile, it was questioned whether soybean
LOX-1 could be inactivated during the pre-incubation of soybean
LOX-1 with endocannabinoid, as had been suggested from the
inactivation of soybean LOX-1 by unsaturated fatty acids and their
peroxide derivatives [22,24,37].

3.3. Inactivation soybean LOX-1 by N-arachidonoyl dopamine and N-
arachidonoyl serotonin

Previously, it had been reported that the partially purified soy-
bean LOX-1 was significantly inactivated during incubation with
arachidonic acid, but not with linoleic acid. In the present study,
the oxygenation of endocannabinoids was also found to be reduced
time-dependent during the oxygenation process. To clarify this,
each endocannabinoid (30 lM) was pre-incubated with soybean
LOX-1 (0.8 units/mL) in 50 mM borax buffer pH 9 (final volume,
300 lL) and after each time interval, the aliquot was taken into
borax buffer (50 mM, pH 9.0) containing linoleic acid (30 lM) to
determine remaining activity. The remaining activities of soybean
LOX-1 after 15 min pre-incubation were shown in Table 2. A
time-dependent inactivation was not observed when N-arachido-
noyl glycine, N-arachidonoyl taurine, N-arachidonoyl serine, N-
oleoyl dopamine, N-palmitoyl dopamine or N-arachidonoyl dopa-
mine was preincubated with soybean LOX-1 (Fig. 4). In contrast,
when the soybean LOX-1 was exposed to N-arachidonyl dopamine
(NA-DA) or N-arachidonoyl serotonin (NA-5HT), the enzyme was
inactivated in a time-dependent manner.

Next, NA-DA of various concentrations was pre-incubated with
soybean LOX-1, and an aliquot of the mixture was taken into 350lL
of borax buffer (pH 9.0) containing linoleic acid (30 lM). Under the
condition used, the concentration of NA-DA (0.125–0.5 lM) in the
final assay was not sufficient to affect soybean LOX activity. As
shown in Fig. 5, soybean LOX-1 pre-incubated with NA-DA was
inactivated gradually in the time-dependent manner, indicative
of a typical irreversible inhibition of LOX. When the reciprocals
of rate constant of inactivation against the reciprocals of the con-
centration of NA-DA according to Kitz and Wison [38] plot, a good
linear relationship was observed (Fig. 5), reaffirming the irrevers-
ible inhibition of soybean LOX-1. Kinetic analyses indicate that
the value of Kin is 27.6 lM and k3 is 0.125 min�1. Previously, sero-
toninamide of arachidonic acid had been reported as an irrevers-
ible inhibitor of soybean LOX-1 [39]. Consistent with this
previous work, a similar pattern of inactivation of soybean LOX-1
activity was also observed in the prior incubation of soybean
LOX-1 with various concentrations of NA-5HT (Fig. 6); the values
of Kin and k3 were determined to be 24.5 lM and 0.35 min�1,



Fig. 5. Inactivation effect of N-arachidonoyl dopamine (NADA) on soybean LOX-1 activity (A) Time-dependent inactivation of soybean-LOX-1 during preincubation (25 �C)
with NADA (j, 15 lM; N, 30 lM; d, 60 lM). (B) Pseudo-first order time course of inactivation of soybean LOX-1 by NADA. (C) Reciprocal plot of the observed pseudo-first
order rate constant (k) as a function of the concentration (I) of NADA. Incubation was carried out as described in Section 2, and the aliquot (3 ll) was taken into assay mixture
containing 30 lM linoleic acid. The remaining soybean LOX-1 activity was determined by measuring A234.
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respectively. Taken together, these results suggest that the com-
pounds containing both of adjacent cis, cis-1,4-tetradiene and phe-
nolic group may correspond to an effective inactivator of soybean
LOX-1. To further support this assumption, dopamine or serotonin
was evaluated for the inactivation of soybean LOX-1 in the pres-
ence or absent of arachidonoic acid. As exhibited in Table. 2, dopa-
mine or serotonin at 30 lM did not inactivate soybean LOX-1 in
the presence or absence of arachidonic acid. Therefore, it is implied
that the common structural characteristics of NA-DA or NA-5HT
may be a crucial requirement for the inactivation of lipoxygenase.
Further, FOX assay was used to determine the amount of hydroper-
oxy product generated from the incubation of soybean LOX-1 with
NA-DA or NA-5HT. Briefly, soybean LOX-1 (0.8 units/mL) was incu-
bated with the respective concentration of NA-DA (15 lM, 30 lM
or 60 lM) or NA-5HT (2.5 lM, 5 lM or 10 lM) in borax buffer.
The oxygenation reaction was terminated by the addition of FOX
reagent mixture at each time period. As exhibited in Fig. 7, the for-
mation of the hydroperoxy product was gradually enhanced up to
1 min, reaching the maximum level.

Since NA-DA and NA-5HT contain a phenolic group, it was sup-
posed that the inactivation by NA-DA and NA-5HT may be due to
the presence of phenolic group as had been observed with cate-
chols [27]. The previous study showed that catechols reduced the
catalytically active ferric enzyme (Eox) to the catalytically
inactive ferrous form (Ered). Regeneration of the radical is depen-
dent upon the presence of antioxidant such as ascorbic acid that
readily reduces the radical (Scheme 1). To examine the above sug-
gestion, the inactivating capacity of NA-DA or NA-5HT was as-
sessed in the presence of ascorbic acid (100 lM) as antioxidant,
13(S)-hydroperoxy-9,11-octadecadienoic acid (13-HpODE) or
15(S)-hydroperoxy-5,8,11,13-eicosatetraenoic acid (15-HpETE)
(5 lM) as oxidants. As exhibited in Fig. 8, the presence of ascorbic
acid (100 lM) enhanced the inactivation decrease from 45%, 65%
and 81% to 63%, 83% and 92% at time interval periods of 5 min,
10 min and 15 min, respectively. In contrast, 13-HpODE (5 lM) re-
duced the inactivation degree from 65% and 81% to 57% and
60% at 10 min and 15 min, respectively. This may support our pre-
vious study that the hydroperoxy group of 13-HpODE lys-
ophosphatidylcholin may be important for the stimulation of
soybean LOX-1 activity [26]. However, 15-HpETE did not express
such an effect (data not shown), presumably due to its inhibitory
effect on soybean LOX-1 as reported previously [25]. Likewise, a
similar result was also found with NA-5HT (data not shown). Taken
together, it is suggested that the potency of these compounds in
inactivating soybean LOX-1 was improved in the presence of anti-
oxidant and reduced in the presence of oxidant (Scheme 1).

4. Discussion

Lipoxygenases (LOXs) had been known to be regulated by sub-
strates or their hydroperoxy products [40,41]. LOXs had been re-
ported to be inactivated during incubation with polyunsaturated
fatty as substrates [22]. Furthermore, LOXs was observed to be
inactivated by some hydroperoxy lipoxygenation products [23–
25]. Separately, phenolic compounds had been reported to reduce
soybean lipoxygenase-1 activity [27–29]. Our present study dem-
onstrates that soybean LOX-1 can be inhibited or inactivated by
some endocannabinoids containing phenolic group.

N-arachidonyl-, oleoyl-, or palmitoyl dopamine belonging to
endocanabinoids was isolated from bovine brain [42,43]. Espe-
cially, N-arachidonoyl dopamine (NA-DA) was found to show var-
ious biological activities through CB1 and transient receptor



Fig. 6. Inactivation effect of N-arachidonoyl serotonin on soybean LOX-1 activity (A) Time-dependent inactivation of soybean LOX-1 during preincubation (25 �C) with N-
arachidonoyl serotonin (j, 2.5 lM; N, 5 lM; d, 10 lM). (B) Pseudo-first order time course of inactivation of soybean LOX-1 by N-arachidonoyl serotonin. (C) Reciprocal plot
of the observed pseudo-first order rate constant (k) as a function of the concentration (I) of N-arachidonoyl serotonin. Incubation was carried out as described in Section 2, and
the aliquot (3 ll) was taken into assay mixture containing 30 lM linoleic acid. The remaining soybean LOX-1 activity was determined by measuring A234.
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potential vanilloid 1 (TRPV1) receptor, and additionally reduce
spontaneous motor activity via mechanisms partially independent
of transient receptor potential vanilloid 1 or CB1 receptors [44].
Additionally, N-acyl dopamines such as N-oleoyl dopamine (NO-
DA), N-linoleoyl dopamine or N-linolenoyl dopamine was reported
to be potent inhibitors of 5-lipoxygenase [34]. Further, NA-DA was
reported to be a modest inhibitor of fatty acid amide hydrolase
(FAAH) [45]. Our study indicates that the NA-DA, but not NO-DA,
can be utilized as substrate for soybean LOX-1 (km, 18 lM). Of
note, our present study indicates that NA-DA and NO-DA are po-
tent inhibitors of soybean LOX-1, the Ki values of NA-DA and NO-
DA in linoleic acid oxygenation were 3.7 lM and 6.2 lM, respec-
tively. However, other endocanabinoids such as N-arachidonoyl
glycine, N-arachidonoyl taurine, N-arachidonoyl serine, N-palmi-
toyl dopamine or N-arachidonoyl serotonin fails to inhibit soybean
LOX-1 up to 30 lM. Analysis of the structure–activity relationship
indicates that phenolic group and unsaturated fatty acyl group of
endocanabinoids are crucial for the inhibitory effect on soybean
LOX-1 activity. Previously, oleoyl sulfate has been reported to be
a potent inhibitor of soybean LOX-1 that tightly binds to an alloste-
ric site of soybean LOX-1 to cause the non-competitive inhibition
[46]. One of mechanism responsible for the inhibition of soybean
LOX-1 by NADA or NODA might be related to its binding to an allo-
steric site of soybean LOX-1. Separately, it had been reported that
2-(3,4-dihidroxyphenyl)ethanol and caffeic acid with two adjacent
hydroxyl groups on an aromatic ring inhibited 12-LOX and 5-LOX
activities potently, while 2-(4-hydroxyphenyl) ethanol and p-cou-
maric acid with one hydroxyl group on an aromatic ring had little
inhibitory effect on both lipoxygenase activities [47]. These results
may agree with previous findings concerning the inhibition of 12-
LOX activity by coumarins and 5-LOX activity by cafeic acid methyl
derivatives [48]. All these suggest that two adjacent hydroxyl
groups on an aromatic ring may be re crucial for potent inhibition
of LOX activity.

Meanwhile, soybean LOX-1 had been reported to be inactivated
during the incubation with unsaturated fatty acids or their hydro-
peroxy derivative [22,25,37]. Likewise, in the present study, soy-
bean LOX-1 was also inactivated during the incubation of
soybean LOX-1 with phenolic endocanabinoid. Among endocan-
nabinoids examined, NADA expressed the greatest inactivation.
Moreover, the time-dependent inactivation of soybean LOX-1
activity was found to be greater with NADA (k3, 0.125 min�1), com-
pared to NA-5HT (k3, 0.35 min�1). As far as the mechanistic aspect
of such an inactivation is concerned, NA-DA could readily reduce
ferric iron of the LOX active form to cause enzymatic inactivation
as observed with nordihydroguaiaretic (NDGA) [27]. This might
be supported by our finding that ascorbic acid enhanced inactiva-
tion on soybean LOX-1 by NA-DA or NA-5HT, while 13(S)-hydro-
peroxy-9,11-octadecadienoic acid reduced the inactivation degree
(Scheme 1). Consistent with this, NADA with higher reducing
power was more efficient than NA-5HT with lower reducing power
in the inactivation of soybean LOX-1. Thus, the mechanism of inac-
tivation might include redox chemistry between the OH-group of
phenolic inactivator and the ferric ion in lipoxygenase. Moreover,
N-arachidonoyl endocannabinoid such as NADA or NA-5HT caused
an almost comple inactivation, whereas NODA or NPDA showed a
partial inactivation. This may suggest that the role of NA-DA or NA-
5HT as substrate may be required for the greater inactivation of
soybean LOX-1. This suggestion may be consistent with the
mechanism proposed for the inactivation of soybean LOX-1 by



Fig. 7. Effect of substrate concentration on oxygenation of N-arachidonyl dopamine
(A) or N-arachidonoyl serotonin (B) by soybean LOX-1. Soybean LOX-1 (0.8 units/
mL) was incubated with N-archidonoyl dopamine of various concentrations (d,
15 lM; j, 30 lM; N, 60 lM) or N-arachidonoyl serotonin of various concentrations
(d, 2.5 lM; j, 5 lM; N, 10 lM) in 50 mM borax (pH 9.0). The oxygenation reaction
was terminated at designed time by the addition of FOX reagent mixture. After
10 min of reaction, A550 was measured as described in Section 2. Data expressed as
means ± SD of results in three independent experiments.

Scheme 1.

Fig. 8. Effect of 13(S)-hydroperoxy-9,11-octadecadienoic acid (13-HpODE) or
ascorbic acid on inactivation of soybean LOX-1 by N-arachidonoyl dopamine
(NADA). Soybean LOX-1 (0.8 units/mL) was incubated with 15 lM NADA in absence
(N) or presence of 5 lM 13-HpODE (d) or 100 lM ascorbic acid (j). Separately, the
enzyme was pre-incubated with 5 lM 13-HpODE (s) or 100 lM ascorbic acid (h)
in 50 mM borax buffer pH 9.0 (final volume 300 lL). The aliquot (3 ll) was taken to
determine the remaining activity after indicated time. Data express as means ± SD
of results in three independent experiments.
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hydroperoxy-intermediate [25]. Taken together, both polyunsatu-
rated acyl group and phenolic moiety are crucial for the efficient
inactivation of soybean LOX-1.

The aforementioned considerations are based on the observa-
tion with soybean LOX-1. Nonetheless, soybean LOX-1 has been
used as a suitable model for mammalian 15-LOX activity. Given
the sites for oxygenation of polyunsaturated fatty acids, soybean
LOX-1 had been reported to be similar to mammalian 15-LOX
[1]. Thus, inhibitors of soybean LOX-1 may be expected to be inhib-
itors of human 15-LOX. A recent study indicated that several enzy-
matic inhibitors to inactivate both soybean LOX-1 and human 15-
LOX may act even more efficiently on the latter than on the former
enzyme [49]. Our results suggest that the inhibitory or inactivating
effects of N-acyl dopamine or NA-5HT on soybean LOX-1 might be
utilized for design of human 15-LOX inhibitor for the prevention
and treatment of chronic diseases related to human 15-LOX. Also
this study may contribute to further elucidation of in vivo regula-
tion of LOX activity by N-acylated/phenolic endocannabinoids,
which need be clarified in future studies using plant or animal cell.

5. Conclusions

Present study demonstrates a structural important of endocan-
nabinoids for the inhibition or inactivation of soybean LOX-1. For
the inhibition of soybean LOX-1, the presence of catechol group
is required and unsaturation degree of N-acyl group determines
the inhibitory potency; N-arachidonoyl dopamine > N-oleoyl dopa-
mine� N-palmitoyl dopamine. Meanwhile, polyunsaturated acyl
moiety and phenolic group are requied for the efficient inactivation
of soybean LOX-1. The mechanism of inactivation might include
redox chemistry between phenolic inactivator and ferric ion in
LOX.

Acknowledgments

This work was supported by Priority Research Centers Program
through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science and Technology (2009-
0093815).

References

[1] S. Yamamoto, Biochim. Biophys. Acta 1128 (1992) 117–131.
[2] H.W. Gardner, Biochim. Biophys. Acta 1084 (1991) 221–239.

http://refhub.elsevier.com/S0045-2068(13)00018-7/h0005
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0010


32 M.D. Nguyen et al. / Bioorganic Chemistry 49 (2013) 24–32
[3] S.T. Prigge, J.C. Boyington, M. Faig, K.S. Doctor, B.J. Gaffney, L.M. Amzel,
Biochimie 79 (1997) 629–636.

[4] M.K. Cathcart, V.A. Folcik, Free Radic. Biol. Med. 28 (2000) 1726–1734.
[5] J.A. Cornicelli, B.K. Trivedi, Curr. Pharm. Des. 5 (1999) 11–20.
[6] L.S. Huang, J.S. Kang, M.R. Kim, D.E. Sok, J. Agric. Food Chem. 56 (2008) 1224–

1232.
[7] L.S. Huang, M.R. Kim, D.E. Sok, Lipids 42 (2007) 981–990.
[8] N.D. Hung, M.R. Kim, D.E. Sok, Lipids 46 (2011) 893–906.
[9] S. Rosahl, Z. Naturforsch. C. 51 (1996) 123–138.

[10] S. Battu, S. Moalic, M. Rigaud, J.L. Beneytout, Biochim. Biophys. Acta 1392
(1998) 340–350.

[11] N. Ueda, S. Kaneko, T. Yoshimoto, S. Yamamoto, J. Biol. Chem. 261 (1986)
7982–7988.

[12] R.J. Soberman, T.W. Harper, D. Betteridge, R.A. Lewis, K.F. Austen, J. Biol. Chem.
260 (1985) 4508–4515.

[13] L.A. Dailey, P. Imming, Curr. Med. Chem. 6 (1999) 389–398.
[14] D. Lapenna, G. Ciofani, S.D. Pierdomenico, M.A. Giamberardino, F. Cuccurullo,

Free Radic. Biol. Med. 35 (2003) 1203–1209.
[15] J.C. Boyington, B.J. Gaffney, L.M. Amzel, Science 260 (1993) 1482–1486.
[16] G.F. Sud’ina, O.K. Mirzoeva, M.A. Pushkareva, G.A. Korshunova, N.V.

Sumbatyan, S.D. Varfolomeev, FEBS Lett. 329 (1993) 21–24.
[17] M. Maccarrone, G.A. Veldink, J.F. Vliegenthart, A. Finnazzi Agrò, Lipids 30

(1995) 51–54.
[18] O. Werz, D. Steinhilber, Pharmacol. Ther. 112 (2006) 701–718.
[19] D. Nie, K.V. Honn, Cell. Mol. Life Sci. 59 (2002) 799–807.
[20] E. Osher, G. Weisinger, R. Limor, K. Tordjman, N. Stern, Mol. Cell. Endocrinol.

252 (2006) 201–206.
[21] O. Rådmark, B. Samuelsson, Prostaglandins Other Lipid Mediat. 83 (2007) 162–

174.
[22] W.L. Smith, W.E. Lands, J. Biol. Chem. 247 (1972) 1038–1047.
[23] D.E. Sok, M.R. Kim, Biochem. Biophys. Res. Commun. 162 (1989) 1357–1362.
[24] M.R. Kim, S.H. Kim, D.E. Sok, Biochem. Biophys. Res. Commun. 164 (1989)

1384–1390.
[25] M.R. Kim, D.E. Sok, Arch. Biochem. Biophys. 288 (1991) 270–275.
[26] L.S. Huang, M.R. Kim, D.E. Sok, J. Agric. Food. Chem. 56 (2008) 7808–7814.
[27] C. Kemal, P. Louis-Flamberg, R. Krupinski-Olsen, A.L. Shorter, Biochemistry 26

(1987) 7064–7072.
[28] A.U. Aziz-Ur-Rehman, A. Malik, N. Riaz, H.R. Nawaz, H. Ahmad, S.A. Nawaz, M.I.

Choudhary, J. Nat. Prod. 67 (2004) 1450–1454.
[29] R.H. Cichewicz, V.A. Kenyon, S. Whitman, N.M. Morales, J.F. Arguello, T.R.

Holman, P. Crews, J. Am. Chem. Soc. 126 (2004) 14910–14920.
[30] H.B. Bradshaw, N. Rimmerman, J.F. Krey, J.M. Walker, Am. J. Physiol. Regul.
Integr. Comp. Physiol. 291 (2006) 349–358.

[31] M. Connor, C.W. Vaughan, R.J. Vandenberg, Br. J. Pharmacol. 160 (2010) 1857–
1871.

[32] C.J. Easton, T.A. Roberson, M.J. Pitt, D.A. Rathien, A. Ferrante, A. Poulos, Bioorg.
Med. Chem. 9 (2001) 312–317.

[33] J.J. Prusakiewicz, M.V. Turman, A. Vila, H.L. Ball, A.H. Al-Mestarihi, V. Di Marzo,
L.J. Marnett, Arch. Biochem. Biophys. 464 (2007) 260–268.

[34] C.F. Tseng, S. Iwakami, A. Mikajiri, M. Shibuya, F. Hanaoka, Y. Ebizuka, K.
Padmawinata, U. Sankawa, Chem. Pharm. Bull. (Tokyo) 40 (1992) 396–400.

[35] H. Du, X. Chen, J. Zhang, C. Chen, Br. J. Pharmacol. 163 (2011) 1533–1549.
[36] M.C. Pinto, A. Tejeda, A.L. Duque, P. Macías, J. Agric. Food. Chem. 55 (2007)

5956–5959.
[37] S. Rapoport, B. Härtel, G. Hausdorf, Eur. J. Biochem. 139 (1984) 573–576.
[38] R. Kitz, I.B. Wilson, J. Biol. Chem. 237 (1962) 3245–3249.
[39] V. V Bezuglov, A.V. Aschakov, M.Y. Bobrov, G.S. Kogteva, E.M. Manevich,

Bioorganicheskaya Khimiya 22 (1996) 878–880.
[40] B.N. Yamaja Setty, M. Berger, M.J. Stuart, Biochem. Biophys. Res. Commun. 148

(1987) 528–533.
[41] O.K. Mirzoeva, G.F. Sud’ina, M.A. Pushkareva, S.D. Varfolomeev, FEBS Lett. 377

(1995) 306–308.
[42] S.M. Huang, T. Bisogno, M. Trevisani, A. Al-Hayani, L. De Petrocellis, F. Fezza, M.

Tognetto, T.J. Petros, J.F. Krey, C.J. Chu, J.D. Miller, S.N. Davies, P. Geppetti, J.M.
Walker, V. Di Marzo, Proc. Natl. Acad. Sci. USA 99 (2002) 8400–8405.

[43] C.J. Chu, S.M. Huang, L. De Petrocellis, T. Bisogno, S.A. Ewing, J.D. Miller, R.E.
Zipkin, N. Daddario, G. Appendino, V. Di Marzo, J.M. Walker, J. Biol. Chem. 278
(2003) 13633–13639.

[44] K.A. Sharkey, L. Cristino, L.D. Oland, M.D. Van Sickle, K. Starowicz, Q.J. Pittman,
V. Guglielmotti, J.S. Davison, V. Di Marzo, Eur. J. Neurosci. 25 (2007) 2773–
2782.

[45] T. Bisogno, D. Melck, M.Yu. Bobrov, N.M. Gretskaya, V.V. Bezuglov, L. De
Petrocellis, V. Di Marzo, Biochem. J. 351 (2000) 817–824.

[46] R. Mogul, E. Jahansen, T.R. Homan, Biochemistry 39 (2000) 4801–4807.
[47] N. Kohyama, T. Nagata, S. Fujimoto, K. Sekiya, Biosci. Biotechnol. Biochem. 61

(1997) 347–350.
[48] Y. Koshihara, T. Neichi, S. Murota, A. Lao, Y. Fujimoto, T. Tatsuno, Biochim.

Biophys. Acta 792 (1984) 92–97.
[49] M.M. Gleason, C.J. Rojas, K.S. Learn, M.H. Perrone, G.E. Bilder, Am. J. Physiol.

268 (1995) 1301–1307.

http://refhub.elsevier.com/S0045-2068(13)00018-7/h0015
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0015
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0020
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0025
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0030
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0030
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0035
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0040
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0045
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0050
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0050
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0055
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0055
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0060
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0060
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0065
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0070
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0070
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0075
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0080
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0080
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0085
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0085
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0090
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0095
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0100
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0100
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0105
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0105
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0110
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0115
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0120
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0120
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0125
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0130
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0135
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0135
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0140
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0140
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0145
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0145
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0150
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0150
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0155
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0155
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0160
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0160
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0165
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0165
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0170
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0170
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0175
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0180
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0180
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0185
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0190
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0195
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0195
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0200
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0200
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0205
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0205
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0210
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0210
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0210
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0215
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0215
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0215
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0220
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0220
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0220
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0225
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0225
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0230
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0235
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0235
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0240
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0240
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0245
http://refhub.elsevier.com/S0045-2068(13)00018-7/h0245

	Effect of endocannabinoids on soybean lipoxygenase-1 activity
	1 Introduction
	2 Material and methods
	2.1 Materials
	2.2 Determination of kinetic values in soybean LOX-1 – catalyzed oxygenation of endocannabinoids
	2.3 Determination of LOX activities by UV spectrophotometer and Eadie–Hofstee Plot analysis for inhibition of LOX activities by N-acyl dopamine
	2.4 Inactivation of soybean LOX-1 by N-acyl dopamine or N-arachidonoyl serotonin
	2.5 Determination of soybean LOX-1 activity by FOX assay
	2.6 RP-HPLC analysis of determination of soybean LOX-1 activity by NADA

	3 Results
	3.1 Determination of kinetic values in oxygenation of endocannabinods by soybean LOX-1
	3.2 Inhibition of soybean LOX-1 by N-arachidonoyl dopamine or N-oleoyl dopamine
	3.3 Inactivation soybean LOX-1 by N-arachidonoyl dopamine and N-arachidonoyl serotonin

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


