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hydrolase inhibitor so far described (IC50Å 1-3 nM).
Mammalian brain as well as mouse neuroblastoma MAFP, ADMK and ACMK, probably by inhibiting anan-

(N18TG2) and rat basophilic leukaemia (RBL) cells were damide degradation, produced an apparent increase of
previously shown to contain ‘anandamide amidohy- the in vitro formation of anandamide from its biosyn-
drolase’, a membrane-bound enzyme sensitive to ser- thetic precursor N-arachidonoyl-phosphatidyl-ethanol-
ine and cysteine protease inhibitors and catalyzing the amine. q 1997 Academic Press
hydrolysis of the endogenous cannabimimetic metabo-
lite, anandamide (arachidonoyl-ethanolamide). With
the aim of developing novel inhibitors of this enzyme,
we synthesized three arachidonic acid (AA) analogues,

Anandamide (arachidonoyl-ethanolamide) has beeni.e. arachidonoyl-diazo-methyl-ketone (ADMK), ara-
isolated from mammalian brain (1-4) and suggested tochidonoyl-chloro-methyl-ketone (ACMK) and O-acetyl-
act as a physiological mediator at the central CB1 canna-arachidonoyl-hydroxamate (AcAHA), by adding to the
binoid receptor (for reviews see[5-8]). In agreement withfatty acid moiety three functional groups previously
its putative role as a neuromodulator, a simple mecha-used to synthesize irreversible inhibitors of serine and
nism for the inactivation of anandamide, through thecysteine proteases. The three compounds were puri-
hydrolysis of its amide bond and subsequent formationfied and characterized by proton nuclear magnetic res-

onance and electron impact mass spectrometry. Their of arachidonic acid (AA) and ethanolamine, has been de-
effect was tested on anandamide amidohydrolase par- scribed to occur in intact rat central neurons (9) and to be
tially purified from N18TG2 and RBL-1 cells and porcine catalyzed by the enzyme ‘anandamide amidohydrolase’.
brain. Pre-treatment of the enzyme with each com- This enzyme has been characterized so far in rat (10,
pound produced a significant inhibition, with ADMK 11), porcine (12) and, more recently, mouse (13) brain
being the most potent (IC50Å 3, 2 and 6 mM) and AcAHA microsomes. Apart from the breakdown of anandamide,
the weakest (IC50Å 34, 15 and 25 mM) inhibitors. The the amidohydrolase from mouse neuroblastoma cells (14)
inactivated enzyme regained its full activity when was shown to catalyze also the hydrolysis of the novel
chromatographed by anion-exchange chromatogra- sleep-inducing factor oleamide (15), whereas the enzyme
phy, suggesting that none of the compounds inhibited from porcine brain microsomes was proposed to behave
the amidohydrolase in a covalent manner. Accordingly, also as an ‘anandamide synthase’ by catalyzing, in the
Lineweaver-Burk profiles showed competitive inhibi- presence of high concentrations of ethanolamine, the con-tion by each compound. Conversely, the irreversible in- densation between the latter compound and AA to formhibitor of cytosolic phospholipase A2, methyl-arachido-

anandamide (12). Finally, anandamide amidohydrolase-noyl-fluoro-phosphonate (MAFP), covalently inhibited
like enzymes have been recently found also in non-neu-the amidohydrolase. MAFP was active at concentrations
ronal cells, i.e. in porcine ocular tissues (16), rat baso-103 times lower than those reported for phospholipase
philic leukaemia (RBL) cells (17) and sea urchin ovariesA2 inhibition, and is the most potent anandamide amido-
(18). Therefore, among the several membrane proteins
that are being currently described in the literature, anan-1 Author to whom all correspondence should be addressed. Fax: damide amidohydrolase is receiving increasing attention/39-81-8041770.
by lipid biochemists, thus requiring the development of2 Affiliated with the National Institute for the Chemistry of Biologi-

cal Systems, C.N.R. novel techniques for its purification and full characteriza-
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and AcAHA were synthesized by a slight modification of the method-tion as well as the synthesis of new inhibitors to be used
ologies previously described for the synthesis of peptidyl diazo-in biochemical and pharmacological studies. Apart from
methyl-ketones, chloro-methyl-ketones and O-acetyl-hydroxamatesnon-specific esterase and protease inhibitors, such as (20-22). Briefly, ADMK was obtained by reacting 20 mg of arachido-

phenyl-methyl-sulphonyl-fluoride (PMSF), p-hydroxy- noyl-chloride with an excess of ethereal diazomethane (2 ml) for 20
min at 47C. The reaction mixture is then brought to dryness undermercuri-benzoate (p-HMB), p-bromo-phenacyl-bromide
a flow of N2 and purified by T.L.C. on a semi-preparative silica gel-(p-BPB) (10-12, 14), only two types of reversible inhibitors
coated plate developed with petroleum ether/di-ethyl ether 85:15have been so far described for anandamide amidohydro-
(v/v). ADMK (RfÅ0.5, 17 mg) is then extracted from silica with di-

lase, i.e. the acyl-trifluoro-methyl-ketones and the acyl- ethyl ether. ACMK was obtained by reacting 5 mg of ADMK with
a-keto-esters (19). These compounds were suggested to an anhydrous, saturated HCl methanolic solution (2 ml), at 47C for

20 min. The reaction mixture is then brought to dryness under abehave as transition-state inhibitors of the enzyme
flow of N2 and purified by T.L.C. on an analytical silica gel-coatedthrough the formation of tetrahedral intermediates simi-
plate developed with petroleum ether/di-ethyl ether 85:15 (v/v).lar to those utilized by serine and cysteine proteases (19). ACMK (RfÅ0.6, 4 mg) is then extracted from silica with di-ethyl

This suggestion, together with the inhibitory effect of ether. Finally, AcAHA was obtained by reacting for 15 min at 47C
PMSF, p-HMB and p-BPB, prompts the design of novel 10 mg of arachidonoyl-chloride with 400 ml of the surnatant of a

saturated NH2-OH solution. The latter was obtained by mixing 2 mlanandamide amidohydrolase inhibitors starting from our
of a dry methanolic solution containing 118 mg of NH2-OHrHCl withprevious knowledge of serine and cysteine protease inhib-
2 ml of a dry methanolic solution containing 108 mg of CH3ONa, anditors. For example, the introduction of a sulphonyl-fluo- allowing NaCl to precipitate. The reaction mixture is then brought to

ride function in the place of the carboxylic group in pal- dryness under a flow of N2 and purified by T.L.C. on an analytical silica
gel-coated plate developed with chloroform/methanol 95:5 (v/v). Themitic acid has been recently shown to yield a potent anan-
purified arachidonoyl-hydroxamate (RfÅ0.3, 8 mg) is then allowed todamide amidohydrolase inhibitor (20). The aim of the
react overnight at room temperature with 50 ml of acetic anhydridepresent study was to explore the possibility that the addi-
in 200 ml of anhydrous pyridine. Finally, the O-acetyl-arachidonoyl-tion to AA of chemical moieties known from previous hydroxamate-containing solution is brought to dryness under a flow of

studies to bind covalently to serine/cysteine protease ac- N2 and purified by T.L.C. on an analytical silica gel-coated plate devel-
oped with petroleum ether/di-ethyl ether 85:15 (v/v). AcAHA (RfÅ0.35,tive sites (21-23) may result in more potent, potentially
6.5 mg) is then extracted from silica with di-ethyl ether. [1H]-Nuclearselective and, possibly, covalent inhibitors of anandamide
magnetic resonance (NMR) analysis of the compounds was carried outamidohydrolase. We report the synthesis and character-
in CDCl3 on a 300 MHz Bruker apparatus. Electron-impact mass spec-

ization of arachidonoyl-diazo-methyl-ketone (ADMK), trometric analysis of the compounds was carried out on a HP-MS 5989B
arachidonoyl-chloro-methyl-ketone (ACMK) and O-ace- quadrupole mass analyzer equipped with an electron impact source

operating at 70 eV and 250 7C.tyl-arachidonoyl-hydroxamate (AcAHA) (Fig. 1), and de-
scribe the inhibitory action, on anandamide amidohydro- Enzyme preparation. Anandamide amidohydrolase from porcine
lase preparations from three different sources, of these brain microsomes was solubilized, partially purified and assayed as
compounds as well as of another AA derivative with po- described previously (12). For the preparation of the amidohydrolase

from N18TG2 and RBL-1 cells, confluent cells were harvested andtential anandamide amidohydrolase-alkylating activity,
homogenized, and the enzyme solubilized, as described previouslyi.e. the irreversible inhibitor of cytosolic phospholipase
(14). The solubilized enzyme was diluted to 20 ml with 20 mM citrate-A2, methyl-arachidonoyl-fluoro-phosphonate (MAFP, sodium phosphate buffer pH 6.0 containing 0.05% reduced Triton X-

Fig. 1, [24] and references cited therein). 100 (buffer A) and loaded onto a Q anion exchange column (7 1 52
mm, Bio-Rad). The column, eluted by means of a Bio-Rad fast protein
liquid chromatography system, was equilibrated with buffer A. AfterMATERIALS AND METHODS loading the samples, the column was first washed with 20 ml of
buffer A and then eluted in 2.5 ml fractions first with a 35 ml linear

Materials. Mouse neuroblastoma N18TG2 and RBL-1 cells were gradient of NaCl (0-0.7 M) in buffer A and then with 10 ml of 1
purchased from DSM (Germany) and grown, respectively, in Dulbec- M NaCl in buffer A. The chromatography was carried out at room
co’s modified Eagles Medium (DMEM, Sigma) and Minimum Eagle’s temperature and at a flow rate of 1 ml/min. Fractions containing
Medium (MEM, Sigma) or in Dulbecco’s Modified Eagle Medium amidohydrolase activity, assayed as described previously (14, 17),
(DMEM, Sigma), containing 10% fetal bovine serum (Sigma) plus were pooled and used for the experiments. Protein content was deter-
penicillin:streptomycin (Sigma, 1%), at 377C and 5% CO2. Arachi- mined according to the method of Bradford. For inhibition studies
donic acid (AA), arachidonoyl-chloride, Triton X-100, reduced Triton carried out in the Tokushima laboratory, an approximately 40-fold
X-100 and PMSF were purchased from Sigma (U.K.). MAFP was purified porcine brain microsomal anandamide amidohydrolase (0.18
purchased from Biomol (USA). Porcine brain was obtained at a local mg protein, 0.5 mmol min01 mg protein 01) was incubated for 20 min
slaughterhouse (Tokushima, Japan). [14C]-anandamide, labelled ei- at 377C with 100 mM [14C]-anandamide (5,000 cpm, 10 nmol, labelled
ther on the AA (55 mCi/mmol) or on the ethanolamine moieties (5 on the AA moiety) in 100 ml of 100 mM Tris-HCl, pH 9.0, after a 10
mCi/mmol), were synthesized as described previously (25, 26), re- min pre-incubation with increasing concentrations of the inhibitors,
spectively from [14C]-AA or [14C]-ethanolamine purchased from Am- and the formation of [14C]-AA measured as described previously (12).
ersham International (Amersham, England), and diluted with unla- For inhibition studies carried out in the Naples laboratory, an ap-
belled anandamide before enzymatic assay. Silica gel T.L.C. plates proximately 10-fold purified anandamide amidohydrolase from
were purchased from Merck (Germany). [3H]-N-arachidonoyl-phos- mouse neuroblastoma cells (27 mg protein, 0.94 nmol min01 mg pro-
phatidyl-ethanolamine (5 mCi/mmol) was synthesized from [3H]-AA tein 01) or RBL-1 cells (23 mg protein, 0.27 nmol min01 mg protein 01)
(230 Ci/mmol, NEN Dupont, MA, USA) and L-a-di-palmitoyl-phos- was incubated for 30 min at 377C with 100 mM [14C]-anandamide
phatidyl-ethanolamine (Sigma, UK) as described previously (9). (10,000 cpm, 50 nmol, labelled on the ethanolamine moiety) in 0.5

ml of 50 mM Tris-HCl, pH 7.4, after a 10 min pre-incubation withSynthesis, purification and chemical characterization of three
novel anandamide amidohydrolase inhibitors. ADMK, ACMK increasing concentrations of the inhibitors, and the formation of
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ular ion and fragment ion due to the loss of N2), m/zÅ
336 and 286 for ACMK (molecular ion and fragment
ion due to the formation of the chetene with loss of
CH3Cl), and m/zÅ 302 and 258 for AcAHA (fragment
ions due to the loss of -O-CO-CH3 and HCO-NH-O-CO-
CH3). The overall yields of the synthesis and purifica-
tion of ADMK, ACMK, and AcAHA (which are stable
for several months as dry compounds at 0207C and,
respectively, for 1, 6 and 2 months in methanol solution
at 0807C), relative to the starting reagent, arachido-
noyl-chloride, were, respectively, 85%, 68% and 65%.

The effect on anandamide amidohydrolase activity
of increasing concentrations of each of the newly syn-

FIG. 1. Chemical structures of the three novel anandamide ami- thesized inhibitors as well as of another (commerciallydohydrolase inhibitors described in this study and of the previously
available) AA derivative, the irreversible inhibitor ofdescribed (27) irreversible inhibitor of cytosolic phospholipase A2,
cytosolic phospholipase A2, MAFP (24), was tested byMAFP.
using partially purified enzyme preparations from
three different sources. Porcine brain microsomes and
the 10,000 1 g pellet fractions from mouse N18TG2 neu-[14C]-ethanolamine measured as described previously (14, 17). Line-

weaver-Burk profiles, in the absence or presence of the inhibitors, roblastoma and RBL-1 cells were shown previously to
were calculated by measuring [14C]-anandamide hydrolysis with in- contain high levels of the enzyme (12, 14, 17, 19). The
creasing concentrations of the radiolabelled substrate. The irrevers- choice of these sources for the present study was
ible or reversible modification of the amidohydrolase by the inhibitors prompted by the fact that, to date, they represent, re-was assessed by treating the enzyme either with a maximal concen-

spectively, the only nervous tissue from which the ami-tration of inhibitors (100 mM for ADMK, ACMK, AcAHA and PMSF
and 100 nM for MAFP) or with vehicle for 15 min at 377C, and then dohydrolase has been partially purified (12), the only
by separating the enzyme from the inhibitors by means of anion example of anandamide amidohydrolase-containing
exchange chromatography carried out as described above. The activi- single neuronal cell type (14, 19), and the only example
ties of the 2.5 ml fractions from each chromatographic analysis were

of anandamide amidohydrolase-containing non-neu-then compared.
ronal cell type (17). We found that each of the three

Effect of the inhibitors on phosphodiesterase-mediated biosynthesis
novel AA derivatives exhibited similar inhibition dose-of anandamide. The effect of a 10 min pre-incubation with ADMK,
dependency profiles (Fig. 2 A-C) independently fromACMK or MAFP, at concentrations corresponding to their IC50 for

N18TG2 cell anandamide amidohydrolase inhibition, was tested on the enzyme source and type of protocols used for en-
the enzymatic hydrolysis of [3H]-N-arachidonoyl-phosphatidyl-etha- zyme purification and assay. ADMK was always the
nolamine to [3H]-anandamide using whole homogenates from N18TG2 most potent inhibitor, with IC50 values of 6, 3 and 2cells, prepared and incubated as described previously (27). The re-

mM respectively for porcine brain, N18TG2 cell and RBL-lease of [3H]-anandamide was measured by T.L.C. as described pre-
1 cell amidohydrolase. AcAHA was always the less ac-viously (26, 27).
tive compound with IC50 values of 25, 34 and 15 mM,
while the respective IC50 values for ACMK were 23,RESULTS AND DISCUSSION
10 and 3 mM. Although ADMK was as potent as the
previously reported arachidonoyl-trifluoro-methyl-ke-The successful addition of the diazo-methyl-, chloro-

methyl- and O-acyl-hydroxamate- moieties to the car- tone (whose IC50 values are 1 mM, 3 mM and 2 mM
respectively for porcine brain microsomes, N18TG2 andboxy-group of AA (Fig. 1) was assessed by means of

[1H]-NMR (300 MHz, CDCl3), which revealed the pres- RBL cells [12, 14, 17]), its inhibitory effect was much
smaller than that observed in this study with MAFPence, respectively in ADMK, ACMK and AcAHA, of

signals at dÅ5.40 (1H, singlet), 4.07 (2H, singlet), and (24), which exhibited IC50 values of 3 and 1 nM, respec-
tively with the N18TG2 and RBL-1 cell enzyme prepara-2.31 (3H, singlet), corresponding to the -CH-N2 proton,

the two -CH2-Cl protons and the three O-acetyl-hydro- tion (Fig. 2D). Interestingly, the inhibition of the en-
zyme by MAFP was observed at concentrations 500-xamate methyl protons. The presence of these func-

tional groups was confirmed by the chemical shift val- 1000 times lower than those previously reported to
cause inhibition of cytosolic phospholipase A2 ([24] andues of the two a-methylene protons of AA, which were

shifted from dÅ2.35 (in AA) to dÅ2.10, 2.60 and 2.15 references cited therein), thus suggesting that this
compound may selectively inhibit anandamide amido-(2H, multiplets), respectively in ADMK, ACMK and

AcAHA. Further evidence for the chemical structures hydrolase when used at very low concentrations (see
below).of the three AA derivatives came from electron impact

mass spectrometric analyses which, apart from the ali- Next, we investigated the nature of amidohydrolase
inhibition by the three novel AA derivatives as wellphatic fragmentation typical of anandamide (26), also

showed signals at m/zÅ 328 and 300 for ADMK (molec- as by MAFP and PMSF. Enzyme preparations were
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FIG. 2. Dose response curves for the inhibition by ADMK, ACMK and AcAHA of anandamide amidohydrolase from (A) mouse neuro-
blastoma N18TG2 cells, (B) rat basophilic leukaemia RBL-1 cells and (C) porcine brain, and for the inhibition by MAFP (D) of N18TG2 and
RBL-1 cell anandamide amidohydrolase. The inhibitory effects are expressed as percent of enzyme activity (see Materials and Methods) in
the absence of the inhibitors, and are means of three separate experiments.

divided into two identical aliquots and treated for 15 and that, conversely MAFP behaves as potent covalent
inhibitor of the enzyme. Accordingly, while the inhibi-min either with vehicle or with maximal concentrations

of each inhibitor. After the treatment, a small aliquot tory action of this latter compound was not counter-
acted by increasing concentrations of [14C]-anandam-from each sample was assayed for amidohydrolase ac-

tivity and the remainder analyzed by anion exchange ide, Lineweaver-Burk profiles for [14C]-anandamide hy-
drolysis by the enzyme preparations revealed achromatography, by assaying each fraction for amido-

hydrolase activity. As shown in Fig. 3 A-C, following competitive inhibitory action by each of the three novel
AA derivatives synthesized in this study (data notthe chromatographic step, enzyme preparations from

each of the sources used, that had been inhibited by shown). When using N18TG2 cell anandamide amidohy-
drolase, ADMK (10 mM), ACMK (20 mM) and AcAHApre-treatment with the three novel inhibitors, com-

pletely recovered their initial amidohydrolase activity. (10 mM) caused a shift in the apparent Km value for
anandamide from 15 mM to 28, 36 and 20 mM, respec-Conversely, enzyme preparations that had been

treated with either PMSF or MAFP did not recover tively.
The finding of a reversible inhibition of anandamidetheir activity upon chromatographic separation of the

enzyme from the inhibitors (Fig. 3 D, E and data not amidohydrolase by ADMK, ACMK and AcAHA is con-
sistent with the recent report (28) that diazo-methyl-shown). This finding suggests that, unlike PMSF, none

of the AA derivatives synthesized in this study works and chloro-methyl-derivatives of oleic acid are non-co-
valent inhibitors of the amidohydrolase catalyzing theas a covalent anandamide amidohydrolase inhibitor,
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FIG. 3. Anandamide amidohydrolase activity profiles of anion exchange chromatograms of enzyme preparations from N18TG2 cells pre-
treated for 15 min at 37 7C with 100 mM ACMK (A), 100 mM AcAHA (B), 100 mM ADMK (C), 100 mM PMSF (D) and 100 nM MAFP (E),
in comparison with analogous profiles of enzyme preparations pre-treated with vehicle (methanol in A-D, and ethanol in E). Enzyme assay
and chromatographic conditions are described in Materials and Methods. Data are representative of at least two separate experiments.
Similar data were obtained using anandamide amidohydrolase preparations from RBL-1 cells.

hydrolysis to oleic acid of the sleep-inducing factor olea- active site, a rearrangement, following to the formation
of the tetrahedral oxyanion intermediate, must occur.mide (15), an enzyme that we have previously sug-

gested to be the same as anandamide amidohydrolase It is possible that the steric hindrance of anandamide
amidohydrolase active site and/or the orientation of the(14). The lack of covalent inhibition by these deriva-

tives is somehow surprising considering that they bear aminoacid residues involved in the hydrolysis of the
amide bond, do not allow this rearrangement to occur.functional groups previously reported to be extremely

reactive towards serine and/or cysteine proteases (21- This would explain why MAFP, which contains a strong
electrophilic phosphonyl-group instead of the carbon-23), but may provide some interesting insights in the

steric and functional requirements of the amidohydro- ylic group, and does not require such a rearrangement
to form a relatively stable covalent bond with the activelase catalytic site. According to the inhibitory mecha-

nisms proposed previously for peptidyl-diazo-methyl- serine or cysteine residue, behaves as an irreversible
inhibitor of the amidohydrolase. Conversely, ACMK,ketones, chloro-methyl-ketones and O-acyl-hydroxa-

mates (21, 22), in order for these compounds to form a ADMK and, to a smaller extent, AcAHA are rather
likely to function as reversible transition-state inhibi-covalent adduct with the serine or cysteine protease
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TABLE 1

Inhibitor None ADMK (3 mM) ACMK (10 mM) MAFP (3 nM)

Percent of anandamide release 100 136.4 { 12.8 202.3 { 3.9* 145.4 { 5.4*

Note. Effect of ADMK, ACMK and MAFP on the levels of [3H]-anandamide produced from the enzymatic hydrolysis of [3H]-N-arachidonoyl-
phosphatidyl-ethanolamine in N18TG2 cell whole homogenates (27). Incubations were carried out for 15 min at 377C with 50,000 cpm (9.1
nmol) [3H]-N-arachidonoyl-phosphatidyl-ethanolamine in 0.5 ml of homogenate (1.6 mg proteins) prepared as described previously (27) and
pre-incubated for 10 min with the shown amounts of the inhibitors. Results are reported as percent of the rate of conversion in control
incubations (5.4 { 0.05 pmoles min01 mg protein01) and are means { S.D. of three separate experiments. Asterisks indicate statistically
significant effects (P õ 0.05, unpaired Student’s T test).

tors of the enzyme, as previously suggested also for of two novel and potent competitive inhibitors of anan-
damide amidohydrolase, i.e. ADMK and ACMK, andacyl-trifluoro-methyl-ketones and -a-keto-esters (19).

It is worthwhile noting that, during the preparation of has shown that MAFP, a previously reported cytosolic
phospholipase A2 inhibitor (24), is an irreversible asthis manuscript, we became aware of two preliminary

reports [29, 30] describing the inhibitory effect and the well as the most potent inhibitor so far described for the
amidohydrolase. The possibility of using these threeirreversible anandamide amidohydrolase inactivation

respectively by MAFP and the PMSF-like fatty acid compounds for the purification and characterization of
the enzyme, either through the preparation of affinityderivative, cis-13,14-[3H,3H]-octadecene-1-sulphonyl-

fluoride, in agreement with the data presented here. chromatography resins, or (in the case of MAFP) as
selective affinity radio-labelling reagents, is under cur-Finally, the possible use of ADMK, ACMK and MAFP

in studies on anandamide biosynthesis was assessed rent investigation. Moreover, the present work opens
the way to the use of these compounds both in studiesby assaying the effect of these compounds on the in

vitro conversion of N-arachidonoyl-phosphatidyl-etha- on anandamide biosynthesis and pharmacological ac-
tivity and as biochemical probes for the assessment ofnolamine into anandamide ([9] and, for review, [8]) in

N18TG2 cell whole homogenates, where an enzymatic anandamide amidohydrolase role and distribution in
mammalian tissues and cells.activity catalyzing this reaction has been described

([27] and references cited therein). We found that all
the inhibitors tested caused an apparent potentiation ACKNOWLEDGMENTS
of anandamide enzymatic formation (Table 1), very
probably by inactivating anandamide amidohydrolase The authors thank Drs. T. Bisogno, A. Scaloni, N. Sepe, and F.

Montanaro for their valuable assistance. This work was supportedwhich was also present in the homogenates. This find-
by grants from the Human Frontiers in Science Program (RG 26/95ing suggests that ADMK, ACMK and MAFP do not
to VDM and SY) and the C.N.R. (P.S. ‘Tecnologie chimiche innova-inactivate the phospholipase D-like enzyme previously
tive’, to VDM), and by grants-in-aid for scientific research from the

suggested to catalyze the release of anandamide from Ministry of Education, Science, Sports and Culture of Japan (to SY
its phospholipid precursor [8, 9, 27], and may be uti- and NU). NMR spectra were obtained at the ‘Servizio NMR dell’Area

di Ricerca di Arco Felice del C.N.R.’, whose staff is acknowledged.lized to minimize anandamide degradation in biosyn-
thetic studies. In such studies, bearing in mind that Note added during revision. After submission of the present pa-

per, Cravatt et al. (31) reported the purification, molecular character-anandamide formation has been suggested to occur
ization, cloning and expression of ‘oleamide amidohydrolase’, andalso through the reverse action of anandamide amido-
showed that anandamide is a preferential substrate for this enzyme,hydrolase (12, 16), these compounds may be also used
thus providing conclusive evidence to our previous suggestion (14)

to distinguish between the two biosynthetic routes pro- that the same enzyme, i.e. a ‘(long chain) fatty acid amidohydrolase’
posed so far for anandamide biosynthesis (for a review (14, 31), catalyzes the degradation of neuroactive fatty acid amides.

Following the important finding by Cravatt and co-workers, the in-[8]). Preliminary experiments carried out in our labora-
hibitors described herein may be now used also for pharmacologicaltories also showed that ADMK does not significantly
and biochemical studies on the ‘sleep-inducing’ factor oleamide (15).inactivate sheep cycloxygenase-1, and inhibits porcine

leukocyte-type 12-lipoxygenase and rabbit reticulocyte
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