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Abstract Anandamide, a novel neurotransmitter, has been

reported to be dioxygenated by brain lipoxygenase [1,11].

Anandamides constitute a new class of neuroregulatory fatty

acid amides. However, little is known about the enzymatic

dioxygenation of these lipids. Therefore, we have tested several

members of the neuroactive fatty acid amide class containing a

1Z,4Z-pentadiene system whether they could be dioxygenated by

soybean lipoxygenase-1, which is a model enzyme for mamma-

lian lipoxygenases. In this study it was found that lipoxygenase-1

converts N-linoleoylethanolamide (ODNHEtOH), N-linoleoyl-

amide (ODNH2), N-linoleoylmethylamide (ODNHMe) and

N,N-linoleoyldimethylamide (ODN(Me)2 into 13-(S)-hydroper-

oxy-9Z,11E-octadeca-9,11-dienoyl amides derivatives. The ap-

parent Km values for ODNHEtOH (23.6þ 3.7 WWM), ODNH2

(8.60þ 0.65 WWM) and linoleic acid (OD: 8.85þ 0.74 WWM) are not

significantly different. The kcat for ODNH2 (32.4 þ 1.2 s
31

) is

twice as small as compared to the turnover numbers of the other

substrates, viz. ODNHEtOH (61.6 þ 5.0 s
31

) and OD

(54.4þ 2.0 s
31�

. The results suggest that N-linoleoyl ethanol-

amide and N-linoleoyl amide can be readily converted by

lipoxygenases in vivo.
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1. Introduction

Over the last 4 years several ¢ndings have led to the assign-

ment of fatty acid amides as a novel class of neuroregulatory

molecules. These lipid derivatives may consist of a broad

range of fatty acid amides, which vary in polar headgroup,

alkyl chain length, degree and position of unsaturation. (1) N-

Arachidonylethanolamide (anandamide, 20:4), a novel neuro-

transmitter [2], binds to the cannabinoid binding receptor 1

(CB1), mimicking the pharmacological e¡ects of v
9
-tetrahy-

drocannabinol, the active compound in marijuana [3]. (2) Pal-

mitoylethanolamide (16:0) binds to the cannabinoid binding

receptor 2 (CB2) and down-modulates mast cell activation [4].

(3) cis-9-Octadecanamide (oleamide, 18:1) induces sleep at

nanomolar quantities in rats and humans [5].

N-Acylethanolamides, including N-linoleoylethanolamide

(18:2), have been shown to be enzymatically synthesized by

the Ca

2�
- and THC-induced hydrolytic action of phospholip-

ase D on N-acylphosphatidylethanolamides [6]. In addition,

the hydrolysis of the amide function of anandamide and ole-

amide has been reported to occur by the same fatty acid

amide hydrolase [7]. The hydrolysis of these fatty acid amides

was competitively inhibited by the N-linoleoylethanol amide

and N-linoleoylamide [8,9].

Though anandamide was shown to be oxidized by P450-cy-

tochrome oxidase [10] and brain lipoxygenases [1,11], little is

known about the oxidative metabolism of these amides. The

brain lipoxygenase product 12-hydroxy-eicosatetraenoyl etha-

nolamide was shown to bind to the CB1 receptor. [1]

Lipoxygenases are non-heme iron containing dioxygenases

which catalyse the conversion of substrates containing one or

more 1Z,4Z-pentadiene systems into 1-hydroperoxy-2Z,4E-

pentadiene derivatives. This occurs in a regio- and stereospe-

ci¢c manner. Mammalian lipoxygenases convert archidonic

acid into precursors for lipoxins and leukotrienes which are

important molecules in in£ammatory processes and immune

response [12]. In plants, the role of lipoxygenases has not been

unambiguously established. Soybean lipoxygenase-1 is easily

obtained in quantities that allow extensive structural and

mechanistic studies. Because of structural and functional sim-

ilarities between lipoxygenases from various sources, soybean

lipoxygenase-1 can serve in many respects as a model system

for other lipoxygenases [13].

The ¢nding that anandamide is converted in a similar fash-

ion as arachidonic acid [1], prompted us to investigate

whether other 1Z,4Z-pentadiene containing members of the

fatty acid amide class may act as substrates of lipoxygenase.

Therefore, we have conducted a study in which four N-lino-

leoyl amides with di¡erent amide headgroups were dioxygen-

ated by soybean lipoxygenase-1. The substrates studied were

N-linoleoyl ethanolamide, N-linoleoyl amide, N-linoleoyl

methylamide and N,N-linoleoyl dimethylamide. Here, we

present the characterisation of the products and the regio-

and stereospeci¢ty, as well as the kinetic parameters of the

dioxygenation of these amides.
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Abbreviations: CB1/2, cannabinoid binding receptor 1 or 2; CD,

circular dichroism; CP-HPLC, chiral-phase high-performance liquid

chromatography; 2D-NMR, 2-dimensional nuclear magnetic reso-

nance; FPLC, fast protein liquid chromatography; FT-IR, Fourier

transform infrared (spectrometry); GC-MS, gas chromatography-mass

spectrometry;

1
H-NMR,

1
H-nuclear magnetic resonance; 13-HOD,

13-hydroxy-9Z,11E-octadeca-9,11-dienoic acid; 13-HODNH2, 13-hy-

droxy-9Z,11E-octadeca-9,11-dienoyl-N-amide; 13-HODNHEtOH, 13-

hydroxy-9Z,11E-octadeca-9,11-dienoyl-N-ethanolamide ; 13-

HODNHMe, 13-hydroxy-9Z,11E-octadeca-9,11-dienoyl-N-methyl-

amide; 13-HODN(Me)2, 13-hydroxy-9Z,11E-octadeca-9,11-dienoyl-

N,N-dimethylamide; LOX-1, lipoxygenase-1; OD, 9Z,12Z-octadeca-

dienoicacid (linoleic acid); ODNH2, 9Z,12Z-octadeca-9,12-dienoyl-N-

amide; ODNHEtOH, 9Z,12Z-octadeca-9,12-dienoyl-N-ethanolamide;

ODNHMe, 9Z ,12Z-octadeca-9,12-dienoyl-N-methylamide ;

ODN(Me)2, 9Z,12Z-octadeca-9,12-dienoyl-N,N-dimethylamide; RP-

HPLC, reversed-phase high-performance liquid chromatography; UV,

ultraviolet (spectrophotometry) ; THC, tetrahydrocannabinol ;

TOCSY, total correlation spectroscopy
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2. Materials and methods

2.1. Materials

Linoleic acid, (9Z,12Z-octadeca-9,12-dienoic acid, OD, 99% pure)

was obtained from Sigma. N-linoleoylethanolamide, (9Z,12Z-octade-

ca-9,12-dienoyl-N-ethanolamide, ODNHEtOH), N-linoleoylamide

(9Z,12Z-octadeca-9,12-dienoyl-N-amide, ODNH2), N-linoleoyl meth-

ylamide (9Z,12Z-octadeca-9,12-dienoyl-N-methylamide, ODNHMe)

and N,N-linoleoyl dimethylamide (9Z,12Z-octadeca-9,12-dienoyl-

N,N-dimethylamide, ODN(Me)2) were synthesised, characterised

(purity: s 96% by gas^liquid chromatography, except for

ODN(Me)2 : 86.5%) and kindly provided by Dr. G. Scheller (Bijvoet

Center, Department of Bio-organic Chemistry, Utrecht University).

Solutions of OD (215 and 4.0 mM), ODNHEtOH (387 and 4.0

mM), ODNH2 (420 and 4.0 mM), ODNHMe (290 and 4.0 mM)

and ODN(Me)2 (380 and 4.0 mM) were stored in methanol (Merck,

HPLC-grade) under N2 at 325³C until use. All other reagents used

were of the purest grade available.

2.2. Puri¢cation of soybean lipoxygenase-1

Lipoxygenase-1 was puri¢ed from soybean (Maple Glen) as de-

scribed by Finazzi-Agroé et al. [14]. The enzyme preparation was sub-

mitted to an additional size exclusion chromatography step with a

HiLoad Supradex G-200 prep. grade (60U2.6 cm i.d.; Pharmacia)

column using a Pharmacia FPLC P-500 pump and Liquid Chroma-

tography Controller LCC-501. The elution rate was 2.0 ml/min with

0.05 M sodium acetate bu¡er (pH 5.5) as the eluent, and UV-detec-

tion at 280 nm. This size-exclusion chromatography step was included

to a¡ord a homogeneous protein as assessed by sodium dodecyl sul-

fate^polyacrylamide gel electrophoreses [15]. The protein concentra-

tion was estimated from the absorbance at 280 nm (O280 =1.6U10

5

lWmol

31
Wcm

31
). The speci¢c activity of the lipoxygenase preparation

was 49.9 Wmol (linoleic acid)Wmin

31
Wmg

31
. The enzyme was stored at

4³C at a concentration of 1.9 mg/ml (20 mM) in 0.05 M sodium

acetate bu¡er (pH 5.5) containing 134 g/l ammonium sulfate.

2.3. Methods of characterisation of the fatty acid amide derivatives

1
H-NMR spectra were recorded in CDCl3 with a Bruker AC 300

(300 MHz) or with a Bruker AMX 500 (500 MHz) spectrometer at

27³C. A 2D-NMR TOCSY experiment was also performed on a

Bruker AMX 500 instrument.

GC-MS analysis was performed by injecting the samples on column

(25 m HT-5 SGE column, 0.1 Wm ¢lm thickness). The column temper-

ature was allowed to rise from 110 to 200³C at 40³C/min, and then to

300³C at 6³C/min. Mass spectrometry was performed with a JEOL

JMS AX 505 spectrometer in positive ion electron impact mode over a

mass range of 35^700 and electron ionisation at 70 eV.

IR spectra were measured on a Mattson Galaxy 5000 FTIR spec-

trometer. All spectra were recorded from 4000 cm

31
to 400 cm

31
with

a resolution of 4 cm

31
and a co-addition of 60 scans in a nitrogen

atmosphere at 20³C. The spectra were corrected with a co-addition of

60 blank scans and a manual baseline correction. UV absorption

spectra were recorded from 200 to 250 nm on 40 WM hydroxy fatty

acid amides in methanol with a Hewlett-Packard HP 8452A diode

array spectrophotometer.

CD-spectra (resolution of 1 nm and 20 scans, 10 nm/min) were

recorded on a Jasco J-600 spectrophotometer from 224 to 250 nm

using 40 WM of pure product in methanol in a 1.0 cm cuvette at

20³C. Reversed- and chiral-phase HLPC chromatograms were ob-

tained using a Hewlett Packard HP 1090 liquid chromatograph,

equipped with a HP 1040A diode array detector with a detection limit

6 40 pmol (for conjugated dienes) and with a HP 79994A analytical

workstation.

HPLC analysis and puri¢cation of the fatty acid amides were car-

ried out on CP-Spher C18 (5 Wm; 250U4.6 mm i.d.; Chrompack) or

Cosmosil 5C18-AR (5 Wm; 250U10 mm i.d.; Nacalai Tesque) col-

umns, using a tetrahydrofuran/methanol/water/acetic acid mixture

(25:30:45:0.01, v/v) as the eluent at £ow rate of 1 ml/min (Chrom-

pack column) or 3 ml/min (Nacalai Tesque column). Chiral analysis

of the products was carried out on a Chiralcel OD-R (5 Wm; 250U4.6

mm; Daicel) column using a methanol/water/acetic acid mixture

(80:20:0.01, v/v) as the eluent for the enantiomers of the ODNHMe

and ODN(Me)2 and a methanol/water/acetic acid mixture

(70:30:0.01, v/v) for the enantiomers of ODNHEtOH and ODNH2

both at a £ow rate of 0.5 ml/min.

2.4. Lipoxygenase assay: extraction and puri¢cation of reaction

products

Typically, 40 WM of substrate in 30 ml rigorously stirred, air-satu-

rated 0.1 M sodium borate bu¡er (pH 9.0) was incubated with 50 nM

of lipoxygenase-1 for 60^90 min at 20³C. For the large scale produc-

tion of oxygenated products from ODNH2, ODNHMe, ODN(Me)2

or ODNHEtOH reactions were performed in 300 or 600 ml borate

bu¡er, respectively. The reactions were stopped by acidifying the re-

action mixtures to pH 3 with 3 M HCl. The fatty acid amides were

extracted with a BakerBond solid-state C18-column according to Van

Aarle et al. [16]. The eluate was concentrated in vacuo (Rotavap) and

residual water was azeotropically evaporated with methanol. The

products were dissolved in 1 ml of methanol and stored at 325³C

until use. The products were diluted to 2 ml of methanol and reduced

with 32 or 16 mg (0.8 or 0.4 mmol; 3 equiv.) NaBH4. This reaction

mixture was stirred for 30 min under N2 at 0³C. The reaction was

terminated by adding 50 ml of water and acidifying the mixture to pH

3 with 3 M HCl. The reduced products were extracted and concen-

trated as described above. The hydroxy fatty acid amides were dis-

solved in 500 ml of methanol. Puri¢cation of these products was

carried out with preparative HPLC (Nacalai Tesque column). The

collected fractions were diluted with a 20-fold excess of water and

then subjected to the C18 extraction and concentration procedure as

described above. The puri¢ed compounds were dissolved in 1.0 ml of
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Table 1

1
H-NMR data of the lipoxygenase products from ODNHEtOH, ODNH2, ODNHMe and ODN(Me)2

Proton

a
ODNHEtOH(ppm, Hz) ODNH2(ppm, Hz) ODNHMe(ppm, Hz) ODN(Me)2(ppm, Hz)

2 2.17; m; J2;3 =7.4 2.20; m; J2;3 =7.3 2.15; t; J2;3 =7.6 2.30; t; J2;3 =7.6

3^4 1.47^1.66; m 1.47^1.66; m 1.29^1.54; m 1.26^1.55; m

5^7 1.22^1.38; m 1.26^1.33; m 1.29^1.54; m 1.26^1.55; m

8 2.17; m 2.20; m 2.04; m 2.06; m

9 5.42; db.t; J9;10 =7.6 5.42; db.t; J9;10 =8.0 5.43; db.t; J9;10 =6.7 5.43; db.t; J9;10 =7.1

10 5.98; t; J10;11 =10.9 5.98; t; J 10;11 =11.0 5.98; t; J 10;11 =10.8 5.98; J10;11 =10.8

11 6.49; db.d.; J11;10 =11.0 6.49; db.d.; J11;10 =11.1 6.47; db.d.; J11;10 =11.0 6.49; db.d.; J11;10 =10.8

J11;12 =15.0 J11;12 =15.0 J11;12 =14.9 J11;12 =15.1

12 5.67; db.d; J12,13 =6.8 5.67; db.d; J 12;13 =6.8 5.67; db.d; J12;13 =6.7 5.67; db.d;J12;13 =6.7

J12;11 =15.2 J12;11 =15.2 J 12;11 =15.1 J12;11 =15.2

13 4.16; q; J13;14 =6.5 4.16; m; J13;14 =6.6 4.16; q; J13;14 =6.1 4.16; m; J13;14 =6.1

14 1.47^1.66; m 1.47^1.66; m 1.29^1.54; m 1.26^1.55; m

15^17 1.22^1.38; m 1.26^1.33; m 1.29^1.54; m 1.26^1.55; m

18 0.89; t; J17;18 =6.5 0.89; t; J17;18 =6.6 0.92 0.92; t

1' 3.42; q 5.4; broad 2.81; s 5.97; d

2' 3.72; t

NH 5.9 5.4 5.8; broad

a
Assignment on the basis of a 2D-TOCSY spectrum. Structures are given in Fig. 1.

(ppm, m=multiplet, db=double, d=doublet, t = triplet, q = quintet, Hz).

M. van der Stelt et al./FEBS Letters 411 (1997) 287^290288



methanol and stored under N2 at 325³C. The main products were

analysed by

1
H-NMR-, FTIR-, UV-, CD spectroscopy, GC-MS and

CP-HPLC. A 2D-NMR TOCSY experiment was carried out with the

main regio-isomeric product from ODNHEtOH.

The hydroxy fatty acid amides were dried under a nitrogen stream

and dissolved in CHCl3 or CDCl3 to perform FTIR- or

1
H-NMR/2D-

NMR measurements, respectively. For GC-MS analysis aliquots of

the products were hydrogenated for 30 min at 0³C with H2 and Pd

(5%)/CaCO3 in 2 ml of methanol and then silylated with a mixture of

pyridine, hexamethyldisilazane and trimethylchlorosilazane (20:4:4, v/

v) according to Van Aarle et al. [16].

2.5. Spectrophotometric assay of lipoxygenase kinetics

Kinetic studies were performed according to the method of Hamp-

son et al. [1]. Reaction rates were measured with a Hewlett-Packard

8452A diode array spectrophotometer equipped with a thermostated

cuvette holder at 25³C. Absorbance changes at 234 nm due to the

formation of conjugated hydroperoxides (O=25 000 lWmol

31
Wcm

31
)

were recorded from 20 s until 120 s after the reaction was initiated.

The assays were performed in a 1 ml cuvette. In order to achieve a

substrate solution of 40 WM the 4.0 mM substrate stock solutions were

diluted with 0.1 M borate bu¡er (pH 9). The 40 WM solution was then

diluted further in the cuvette with the borate bu¡er and a glass bead to

achieve homogenous solutions between 0 and 30 WM. The reaction was

initiated by addition of 6 Wl of a 0.4 WM enzyme solution (¢nal con-

centration 2.4 nM). Apparent Km and kcat values were determined

from the means of triplicate determinations with a coe¤cient of var-

iation of 5%. Data were directly ¢tted to the standard Michaelis-Ment-

en kinetic equation. Statistical signi¢cance of mean values was deter-

mined by the two-tailed Student t-test (Ps 0.05, n=3).

3. Results

In each reaction with lipoxygenase one major hydroperox-

ide regio-isomer with a maximal absorbance (Vmax) at 234 nm

was formed according to the RP-HPLC analyses (data not

shown). The UV spectra of the products were identical. After

reduction with sodium borohydride and additional puri¢ca-

tion by RP-HPLC, FTIR spectra were recorded to verify the

presence of various functional groups in the fatty acid amides.

The FTIR spectra of the hydroxy-fatty acid amides exhibited

absorbances at 3350 cm

31
(medium, broad) indicating a sec-

ondary hydroxyl group, 3007 cm

31
(weak) an ole¢n, 2928 and

2856 cm

31
(strong) alkane stretches, around 1650 and 1560

cm
31

(strong or medium) the amide I and amide II bands. To

establish the geometry of a 1-hydroxy-2,4-diene-moiety in the

products

1
H-NMR spectra were recorded. The data are sum-

marised in Table 1. The geometric con¢gurations of the con-

jugated dienes at positions 9^12 were determined as cis^trans

on the basis of the coupling constants (J9;10 =7.0 Hz,

J10;11 =11.0 Hz, J11;12 =15.1 Hz). The position of the second-

ary hydroxyl group in the main product of the N-linoleoyl

ethanolamide was located at the 13 position on the basis of

the 2D-TOCSY spectrum, in particular the spin coupling be-

tween H13 (4.16 ppm) and H18 (0.89 ppm). The spin coupling

between H9 (5.98 ppm) and H18 was less, due to the large

distance over which the magnetisation had to be transferred

(Table 1).

The lipoxygenase products were further identi¢ed by mass

spectrometry to establish the formation of 13-regio-isomers as

already indicated by the 2D-NMR experiment for the 13-hy-

droxy N-linoleoyl ethanolamide. The mass spectra con¢rmed

the presence of 13-hydroperoxides, in view of the prominent

fragment at m/z 173 in all spectra, which is produced by

cleavage at C13^C12. The most characteristic fragments are

summarised in Table 2.

In order to determine the con¢guration of the chiral centre,

the pure components were analysed by CP-HPLC. These CP-

HPLC chromatograms show an excess of one of the two

enantiomers. Furthermore, minor amounts of the trans^trans

isomer are present, based on the UV spectrum of these com-

ponents (data not shown). The ratios of enantiomeric hydroxy

fatty acid amides are given in Table 3. The assignment of the

absolute con¢guration of the products was based on CD spec-

troscopy [17]. Since the CD spectra of the products showed a

positive Cotton e¡ect, like 13-(S)-HOD, the dioxygenation of

the substrates, with the exception of ODN(Me)2, yields stereo-

selectively the S-enantiomer [18,19].

Incubations were performed in triplicate to determine the

ratios between 13- and 9-regio-isomers from the peak areas in

the RP-HPLC chromatograms (Table 3). Control incubations

(without enzyme) did not show detectable non-enzymatic ox-

idation of the amide substrates, except for ODN(Me)2. It was

estimated that 20.2 þ 0.2% of this amide was autoxidized.

However, before the products were characterised, they were

puri¢ed with RP-HPLC and the autoxidation products (E,E-

regio-isomers) were not included in the analysis.

The amide products were identi¢ed as the 13-(S)-hydroper-

oxide-9Z,11E-octadeca-9,11-dieneoylamides (Fig. 1).

In order to compare N-linoleoyl ethanolamide, linoleoyl-

amide and linoleic acid metabolism by lipoxygenase-1, the

kinetics of the reaction with the three substrates were deter-
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Table 3

Ratios of regio-isomers (13/9) and enantiomers (13S/13R) in lipoxy-

genase products

Substrate 13þSD 9þSD 13S 13R

ODNHEtOH 91.9þ 2.6 8.1 þ 2.6 96.6 3.4

ODNH2 93.1þ 1.6 6.9 þ 1.6 94.0 6.0

ODNHMe 86.7þ 2.1 13.3þ 2.1 93.0 7.0

ODN(Me)2 90.2þ 2.5

a
9.8þ2.5

a
66.1 33.9

OD 95 5 99 1

a
These data were corrected for non-enzymatic oxidation.

Table 2

Characteristic mass fragments of TMS ethers of fully reduced lipoxygenase products

13-HODNHEtOH 13-HODNH2 13-HODNHMe 13-HODN(Me)2 Molecule/radical

MW

�
487 371 385 399

M

�
-15 472 356 370 384 WCH3

M

�
-71 416 300 314 328 WC5H11

M

�
-90 397 295 TMSOH

M

�
-133 354

M

�
-161 326

m/z 173 173 173 173 C6H12OTMS

m/z 87

m/z 73 73 73 73 TMS

m/z 59
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mined with a spectrophotometric assay measuring all reaction

products absorbing at 234 nm (see Section 2.5). Apparent Km

( þ S.D.) values of soybean lipoxygenase-1 with ODNHEtOH,

ODNH2 or OD as substrates were 23.6þ 3.7 WM, 8.60þ 0.65

WM and 8.85þ 0.74 WM, respectively. These values are not

signi¢cantly di¡erent from each other as determined with a

two-tailed Student's t-test (Ps 0.05; n=3). The kcat ( þ SD)

values for lipoxygenase-1 for ODNHEtOH, ODNH2 and OD

were 61.6þ 5.2 s

31
, 32.4 þ 1.2 s

31
and 54.4þ 2.0 s

31
, respec-

tively. The kcat for ODNH2 was signi¢cantly di¡erent from

the kcat values for ODNHEtOH and OD (Ps 0.05; n=3).

4. Discussion

Anandamide, a novel neurotransmitter, has been reported

to be dioxygenated by lipoxygenases [1,11]. N-linoleoyl amides

competitively inhibit anandamide breakdown, and they con-

tain a 1Z,4Z-pentadiene system [8,9]. Therefore, they are also

putative candidates to be dioxygenated by lipoxygenases.

However, little is known about their metabolic pathway by

lipoxygenases and their biological functions are unclear.

Therefore, we conducted a study in which four N-linoleoyl

amides with di¡erent amide headgroups, i.e. ethanolamide,

amide, methyl amide and dimethyl amide, were dioxygenated

by soybean lipoxygenase-1, a model enzyme for mammalian

lipoxygenases.

The main products from all dioxygenation reactions were

13-(S)-hydroperoxy-9Z,11E-octadeca-9,11-dienoyl amides

(Fig. 1). The regio- and stereoselectivities of the enzyme

with the amide substrates (s 90% 13-(S)-isomer) are similar

to those observed with linoleic acid (95% 13-(S)-isomer). Be-

cause of the kinetics and the high regio- and stereoselectivities,

the reaction closely resembles the one with linoleic acid.

The comparable reactivities of the substrates suggest that

ODNHEtOH may also be a lipoxygenase substrate in vivo.

Although the turnover number is smaller for ODNH2 than

for linoleic acid, it is likely that this substrate can be utilised

by lipoxygenases in biological systems. However, it is neces-

sary to study the conversion of the amide substrates with

other lipoxygenases.

It is equally important to take into account the activity of

the fatty acid amide hydrolase. It is interesting to know

whether the substrates are dioxygenated before or after hy-

drolysis. Finally, it is of importance to know whether these

products are capable of inducing or reducing the pharmaco-

logical e¡ects reported for the substrates and analogues, i.e.

oleamide has been shown to induce sleep, probably because it

has a `horse shoe' conformation [21]. N-linoleoyl amide with

two cis double bonds may adopt an even more pronounced

`horse shoe' conformation [20], and induce sleep as well. The

oxygenated lipoxygenase product N-linoleoyl amide does not

have the `horse shoe' conformation, due to the presence of the

cis^trans-conjugated diene, and therefore may not induce

sleep. This kind of experiments are currently under investiga-

tion.
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Fig. 1. Structures of the main products of the incubations of the

amide substrates with lipoxygenase-1: 13-(S)-hydroxy-9Z,11E-octade-

cadienoyl-N-ethanolamide (1), 13-(S)-hydroxy-9Z,11E-octadecadien-

oylamide (2), 13-(S)-hydroxy-9Z,11E-octadecadienoyl-N-methylamide

(3), 13-(S)-hydroxy-9Z,11E-octadecadienoyl-N,N-dimethylamide (4).
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