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Effects of homologues and analogues of palmitoylethanolamide
upon the inactivation of the endocannabinoid anandamide

*!Kent-Olov Jonsson, >Séverine Vandevoorde, Didier M. Lambert, 'Gunnar Tiger &
'Christopher J. Fowler

"Department of Pharmacology and Clinical Neuroscience, Umed University, SE-901 87 Umed, Sweden and ?Unité de Chimie
pharmaceutique et de Radiopharmacie, Université catholique de Louvain, Avenue Mounier, 73, UCL-CMFA 73.40, B-1200
Brussels, Belgium

1 The ability of a series of homologues and analogues of palmitoylethanolamide to inhibit the
uptake and fatty acid amidohydrolase (FAAH)-catalysed hydrolysis of [*H]-anandamide (*'H]-AEA)
has been investigated.

2 Palmitoylethanolamide and homologues with chain lengths from 12— 18 carbon atoms inhibited
rat brain [PH]-AEA metabolism with plsy values of ~5. Homologues with chain lengths <eight
carbon atoms gave <20% inhibition at 100 uMm.

3 R-palmitoyl-(2-methyl)ethanolamide, palmitoylisopropylamide and oleoylethanolamide inhibited
[PH]-AEA metabolism with plso values of 5.39 (competitive inhibition), 4.89 (mixed type inhibition)
and 5.33 (mixed type inhibition), respectively.

4 With the exception of oleoylethanolamide, the compounds did not produce dramatic inhibition
of [PH]-WIN 55,212-2 binding to human CB, receptors expressed on CHO cells. Palmitoylethano-
lamide, palmitoylisopropylamide and R-palmitoyl-(2-methyl)ethanolamide had modest effects upon
[FH]-CP 55,940 binding to human CB; receptors expressed on CHO cells.

5 Most of the compounds had little effect upon the uptake of [PH]-AEA into C6 and/or RBL-2H3
cells. However, palmitoylcyclohexamide (100 uM) and palmitoylisopropylamide (30 and 100 um)
produced more inhibition of [PH]-AEA uptake than expected to result from inhibition of [FH]-AEA
metabolism alone.

6 1In intact C6 cells, palmitoylisopropylamide and oleoylethanolamide inhibited formation of [*H]-
ethanolamine from [*H]-AEA to a similar extent as AM404, whereas palmitoylethanolamide,
palmitoylcyclohexamide and R-palmitoyl-(2-methyl)ethanolamide were less effective.

7 These data provide useful information upon the ability of palmitoylethanolamide analogues to
act as ‘entourage’ compounds. Palmitoylisopropylamide may prove useful as a template for design
of compounds that reduce the cellular accumulation and metabolism of AEA without affecting
either CB; or CB, receptors.
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Introduction

It is now well established that the endogenous fatty acid
amide anandamide (AEA) has, as a result of its actions upon
cannabinoid and vanilloid receptors, a number of interesting
pharmacological properties including effects on nociception
(Calignano et al., 1998; Jaggar et al., 1998; Richardson et al.,
1998; Raffa et al., 1999; Gauldie et al., 2001), memory
processes (Terranova et al., 1995; Mallet & Beninger, 1998),
lung function (Calignano et al., 2000), spasticity (Baker ez al.,
2001) and cell proliferation (De Petrocellis et al., 1998; Sarker
et al., 2000; MacCarrone et al., 2000) (for a recent review of
the therapeutic potential of AEA and related endocannabi-
noids, see Piomelli et al., 2000).

AEA is metabolised by a fatty acid amide hydrolase
(Deutsch & Chin, 1993), and inhibition of this enzyme by
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phenylmethylsulphonyl fluoride and palmitylsulphonyl fluor-
ide, have been shown to potentiate the pharmacological
actions of AEA both in vitro and in vivo (Childers et al.,
1994; Pertwee et al., 1995; Compton & Martin, 1997; Gifford
et al., 1999). This raises the possibility that compounds
interfering with the metabolism of AEA may be therapeuti-
cally useful. A number of FAAH inhibitors have been
described, often based on the structure of AEA itself (see e.g.
Koutek et al., 1994; Bisogno et al., 1998; Boger et al., 2000b),
although an inherent disadvantage in this approach is that
some of the compounds are per se active at cannabinoid
receptors. An alternative approach is to prevent the
metabolism of AEA with compounds related to palmitoy-
lethanolamide, since this fatty acid amide, although a
substrate for FAAH (Natarajan et al., 1984) is inactive at
cannabinoid receptors (Lambert et al., 1999). Indeed, the
sulphonyl fluoride analogue of palmitoylethanolamide is a
potent inhibitor of AEA metabolism by rat brain FAAH
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(ICso 7 nM) with rather weak effects on the binding of the CB
agonist [’H]-CP 55,940 to rat forebrain CB; receptors
(Deutsch et al., 1997).

An alternative to transition state inhibitors such as
sulphonyl fluoride analogues of fatty acid amides is to use
homologues of palmitoylethanolamide to compete with [*H]-
AEA for the FAAH active site. In a recent study, a number
of homologues and analogues of palmitoylethanolamide
were synthesized and demonstrated not to be active towards
either CB; or CB, receptors at concentrations of 1 uM,
(Lambert et al., 1999; see also Lang er al., 1999 for data
with stearoylethanolamide and oleoylethanolamide). In the
present study, we have investigated the abilities of these
compounds to prevent the FAAH-catalysed metabolism of
AEA and their interference with cellular AEA uptake, in the
hope of identifying possible therapeutically useful ‘entou-
rage’ compounds. In addition, we have investigated a novel
N-methyl analogue of palmitoylethanolamide, R-palmitoyl-
(2-methyl)-ethanolamide. The structures of palmitoylethano-
lamide, R-palmitoyl-(2-methyl)ethanolamide and the two
compounds found to show the best activity, palmitoyliso-
propylamide (C16:0) and oleoylethanolamide (C18:1), are
shown in Figure 1.

Methods

Compounds

Anandamide [ethanolamine-1-*H] (PH]-AEA; specific activity
60 Ci mmol~") was obtained from American Radiolabeled
Chemicals, Inc. (St. Louis, MO, U.S.A.). [’H]-WIN 55,212-2
(specific activity 45.5 Ci mmol ") and [*H]-CP55,940 (specific
activity 101.1 Ci mmol~") were obtained from New England
Nuclear, Boston, MA, U.S.A. Decanoylethanolamide
(C10:0), lauroylethanolamide (C12:0), myristoylethanolamide
(C14:0), palmitoylethanolamide (C16:0), palmitoylbutylamide
(C16:0), palmitoylisopropylamide (C16:0), palmitoylcyclohex-
amide (C16:0) and oleoylethanolamide (C18:1) were synthe-
sized as earlier described by Lambert er al. (1999). Non-

radioactive anandamide (arachidonoylethanolamide, AEA),
(R)-(+)-arachidonyl-1'-hydroxy-2'-propylamide  (R1-metha-
nandamide), heptadecanoylethanolamide (C17:0), stearoy-
lethanolamide (C18:0), palmitoyltrifluoromethyl ketone
(PTMK) and arachidonyl-serotonin were purchased from
Cayman Chemical Company (Ann Arbor, MI, U.S.A.). R-
palmitoyl-(2-methyl)ethanolamide  (C16:0) was custom
synthesized by the same company on our request and given
the catalogue number 90357. N-(4-hydroxyphenyl)arachido-
nylamide (AM404) was purchased from Tocris Cookson
(Bristol, U.K.). Fatty acid free bovine serum albumin (BSA)
was obtained from the Sigma Chemical Co. (St Louis, MO,
U.S.A.). All cell culture media, sera and supplements were
from Gibco/Life Technologies.

Synthesis of propanoylethanolamide (C3:0)

In a two-neck flask, 14.06 g of ethanolamine (0.23 mol) were
poured into 20 ml of dry methylene chloride. The solution
was cooled in an ice bath and magnetically stirred. Propionyl
chloride (5.325 g, 57 mmol) was added dropwise. The
reaction mixture was stirred for 12 h at room temperature,
filtered, and the filtrate was evaporated under reduced
pressure. The residue of filtrate was chromatographed on
silica gel (eluting with ethyl acetate: methyl alcohol 8:2) to
give 5.031 g (74%) of a colourless oil. TLC (ethyl acetate:
methyl alcohol 8:2, v v™') Ry=0.5; spectroscopic data: 'H
NMR (d¢-DMSO): 6(p.p-m.) 1.11 (t, J=24 Hz, 3H); 2.13-2.6
(m, 6H); 3.72-3.76 (m, NH); 2.64 (OH); *C NMR (d°-
DMSO): é(p.p-m.) 10.64 (CHjz); 29.37, 42.37, 60.90 (CH,);
174.28 (C=0) mass spectrometry; [M*]=117; IR v(cm™'):
1648 (C=0); 3304 (OH).

Synthesis of butanoylethanolamide (C4:0)

In a two-neck flask, 11.76 g of ethanolamine (0.192 mol)
were poured into 20 ml of dry methylene chloride. The
solution was cooled in an ice bath and magnetically stirred.
Butyryl chloride (5.11 g, 48 mmol) was added dropwise. The
reaction mixture was stirred for 12 h at room temperature,
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Figure 1
palmitoyl-(2-methyl)ethanolamide (C16:0).
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Structures of palmitoylethanolamide (C16:0), oleoylethanolamide (CI18:1), palmitoylisopropylamide (C16:0) and R-
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filtered, and the filtrate was evaporated under reduced
pressure. The residue of filtrate was chromatographed on
silica gel (eluting with ethyl acetate: methyl alcohol 8:2,
vv™') to give 4.57 g (73%) of a yellowish oil. TLC (ethyl
acetate: methyl alcohol 8:2, v v—!) R¢=0.68; spectroscopic
data: '"H NMR (d°-DMSO): é(p.p.m.) 0.85 (t, J=12 Hz, 3H);
1.48—1.55 (m, 2H); 2.06 (t, J=15 Hz, 2H); 3.11-3.16 (m,
2H); 3.39-3.44 (m, 2H); 4.67—-4.7 (m, NH); 3.50 (OH); "*C
NMR (d® - DMSO): é(p.p.m.) 14.02 (CH3); 19.13, 37.83,
41.90, 60.54 (CHy); 172.79 (C=0); mass spectrometry
[M*]1=131; IR v(cm"): 1648 (C=0); 3302 (OH).

Synthesis of hexanoylethanolamide (C6:0)

In a two-neck flask, 1.294 g of 1,1’-carbonyldiimidazole
(7.98 mmol) were poured into 20 ml of dry methylene
chloride. The solution was cooled in an ice bath and
magnetically stirred. Hexanoic acid (0.92 g, 7.98 mmol) was
added dropwise. Ethanolamine (1.95 g, 31.9 mmol) was then
added to the reaction mixture, which was stirred for 24 h at
room temperature. After this incubation, the reaction mixture
was washed with water, 10% citric acid solution and NaCl
saturated solution and dried (MgSO,4) and the solvent was
evaporated under reduced pressure. The residue was
chromatographed on silica gel (eluting with ethyl acetate:
methyl alcohol 8:2, v v™!) to give 1.02 g (80%) of a white
solid. Mp: 44-45°C (uncorrected); TLC (ethyl acetate:
methyl alcohol 8:2, v v™'): R;=0.68; '"H NMR (&*~-DMSO):
o(p.p.m.) 0.8 (t, J=12 Hz, 3H); 1.18—1.23 (m, 4H); 1.40—
1.44 (m, 2H); 1.99 (t, J=15 Hz, 2H); 3.03-3.07 (m, 2H);
3.37-3.40 (m, 2H); 4.58-4.60 (m, NH); 3.63 (OH); "*C
NMR (d°-DMSO): §(p.p.m.) 13.80 (CH3); 21.86, 24.94, 30.91,
35.34; 41.4; 60 (CH,); 172.31 (C=0); mass spectrometry,
[M*]=159; IR v(cm™'): 1639 (C=0); 3297 (OH).

Synthesis of octanoylethanolamide (C8:0)

In a two-neck flask, 7.35 g of ethanolamine (0.12 mol) were
poured into 15 ml of dry methylene chloride. The solution
was cooled in an ice bath and magnetically stirred. Octanoyl
chloride (1.95 g, 12 mmol) was added dropwise. The reaction
mixture was stirred for 12 h at room temperature and then
filtered. The solid was recrystallized in ethanol-water to give
2.06 g (92%). TLC (acetone: methylene chloride 9:1, v v')
R¢=0.67; spectroscopic data: 'H NMR (d-CDCl;): §(p.p.m.)
0.86(t, J=7 Hz, 3H); 1.11-1.32 (m, 8H); 1.59-1.61 (m, 2H);
2.17-2.23 (t, J=15 Hz, 2H); 3.36-3.42 (m, 2H); 3.67-3.7
(m, 2H); 4.02 (NH); “C NMR (d-CDCl3): é(p.p.m.) 14.06
(CH;); 22.62, 25.81, 29.05, 29.29, 31.72, 36.70, 42.42, 61.98
(CH,); 174.74 (C=0); mass spectrometry [M*]=187; IR
viem™'): 1639 (C=0); 3307 (OH). m.p.=57-58°C.

Membrane preparation for FAAH assay

Frozen brains (minus cerebellum) stored at —70°C from
adult rats were thawed and homogenized at 4°C in 20 mM
HEPES buffer, pH 7.0, with 1 mM MgCl, using a glass
homogenizer. The homogenates were centrifuged twice at
36,000 x g for 20 min at 4°C after which the tissue pellets
were re-suspended in homogenization buffer and incubated at
37°C for 15 min. After centrifugation at 36,000 x g for 20 min
at 4°C, membranes were re-suspended in 50 mm Tris-HCl

buffer, pH 7.4, containing 1 mM EDTA and 3 mMm MgCl,.
The protein content in the membrane preparations were
determined according to the method of Harrington (1990),
using bovine serum albumin as standard, and the prepara-
tions were stored at —70°C until used for assay.

FAAH assay

The method used was first described by Omeir et al.
(1995) who used ['“C]-labelled AEA as substrate. In the
present study we used [H]-AEA (Fowler et al., 1997).
Briefly, membranes (10 ug protein assay ' unless otherwise
stated), test compounds or ethanol carrier (10 pl) and
assay buffer (10 mm Tris-HCl, 1 mM EDTA, 1% (wv")
BSA, pH 7.6) (final assay volume of 200 ul) were
preincubated for 0-180 min, as indicated, at 37°C. [*H]-
AEA (25 ul) (2 um final concentration unless otherwise
stated) was added and the samples were incubated at 37°C
for 10 min, unless otherwise stated. Reactions were
stopped by placing the tubes in ice and adding 400 ul of
chloroform : methanol (1:1 v v™'). After vortex mixing of
the tubes the phases were separated by centrifugation in a
bench centrifuge. Aliquots (200 ul) of the methanol/buffer
phase were removed and analysed for radioactivity by
liquid scintillation spectroscopy with quench correction.
Blanks contained distilled water instead of the homogenate
preparations.

Radioligand binding experiments

Human CB;- (‘CHO-CB;’) and CB,- (‘CHO-CBy)
transfected CHO cells, kindly donated by Drs Nokin
and Detheux (Euroscreen, Belgium) were maintained in
culture using Ham’s F12 medium containing 10% fetal
bovine serum, 100 pg/ml streptomycin, 100 U ml~' peni-
cillin and 200 pg/ml G418. Membranes (40 ug) and test
compounds were incubated at 30°C with 1 nM [*H]-
CP55,940 (CHO-CB,) or 1 nMm [*H]-WIN 55,212-2 (CHO-
CB,) for 1 h in 50 mMm Tris-HCl with MgCl, and EDTA
(pH 7.4) in the presence of 50 um PMSF. Non-specific
binding was determined with 10 um HU-210 (CHO-CB))
or 10 um WIN 55,212-2 (CHO-CB,). After incubation, the
membrane suspension was rapidly filtered through 0.5%
polyethyleneimine-pretreated GF/B  glass fibre filters
(Whatman), and the radioactivity trapped on the filters
was measured by liquid scintillation spectroscopy. Assays
were undertaken in quadruplicate.

Cell cultures

Rat basophilic leukaemia (RBL-2H3) cells (passage range
14—-22) and rat C6 glioma cells (passage range 52— 65) were
obtained from the American Type Culture Collection, MD,
U.S.A. The cells were grown in 75 cm? culturing flasks at
37°C, 5% CO; in air at normal atmospheric pressure. The
cells were cultured in Eagle’s minimum essential medium,
2 mM L-glutamine supplemented with 15% foetal bovine
serum and 100 units ml~' penicillin+ 100 ug ml~"' strepto-
mycin (RBL-2H3) or Ham’s F10 medium, supplemented with
10% foetal bovine serum and 100 units ml~' penicil-
lin+ 100 ug ml~! streptomycin (C6). The culture media were
changed three times a week.
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[PH]-AEA uptake in RBL-2H3 and C6 cells

The method developed by Rakhshan et al. (2000) was used.
RBL-2H3 or C6 cells were plated on 24 well plates at an
initial density of 1.5-2x10° cells.well™' and incubated at
37°C for 18 h under an atmosphere of 5% CO, in air at
normal atmospheric pressure. After the incubation period,
cells were washed once with 0.5 ml warm assay buffer (mMm:
NaCl 120, KCl 4.7, CaCl, 2.2, HEPES 10, KH,PO, 1.2,
MgSO, 1.2, pH 7.4; gassed with 95% O,, 5% CO,) and
preincubated in 350 ul buffer with the test compounds or
ethanol carrier at 37°C for 10 min. [*'H]-AEA (50 ul, final
concentration 10 uM) was added to the wells and uptake at
37°C was allowed for 15 min. After the incubation, the plates
were placed on ice after which the cells were rinsed three
times with ice-cold buffer containing 1% BSA to terminate
the transport. The cells were aspirated of the buffer and
incubated at 75°C in 0.2 M NaOH (500 ul well=") for 15 min.
Aliquots (300 ul) of the solubilized cells were transferred to
scintillation vials and assayed for tritium content by liquid
scintillation spectroscopy with quench correction. Test
substances and AEA were diluted in ethanol and buffer and
the ethanol concentration was constant between the different
wells and never exceeded 5%. Previous experiments using
RBL-2H3 cells have demonstrated that this concentration of
ethanol does not significantly affect the uptake of [*H]-AEA
(Jacobsson & Fowler, 2001).

Metabolism of [PH]-AEA in intact C6 glioma cells

The method used was a modification of the [’'H]-AEA uptake
assay but where [*H]-ethanolamine was collected. C6 cells
were seeded in 24-well flat bottom plates (initial density of
0.12 x 10° cells well~") in Ham’s F10 medium, supplemented
with 1% foetal bovine serum and 100 units ml~' penicil-
lin+ 100 ug ml~" streptomycin. After incubation overnight,
the wells were washed once with 400 ul warm assay buffer
(mMm: NaCl 120, KCl1 4.7, CaCl, 2.2, HEPES 10, KH,PO, 1.2,
MgSO, 1.2, pH 7.4; gassed with 95% O,, 5% CO,) and pre-
incubated for 10 min at 37°C in 350 ul buffer plus 25 ul of
either carrier (ethanol), test compound or phenylmethylsul-
phonyl fluoride (PMSF, 1.5 mM final concentration). [*H]-
AEA (25 ul, final concentration 3 uM) was added to the
wells. The plates were then incubated for 30 min at 37°C with
the lids on, after which they were placed on ice and aliquots
(400 ul) of methanol added to each well. The wells were
scraped and the contents placed in test tubes. Chloroform
(200 ul) was added, the test tubes were vortex mixed and
centrifuged to separate the phases. Aliquots (200 ul) of the
aqueous phase (containing the [*H]-ethanolamine) were taken
and counted for radioactivity by scintillation spectroscopy
with quench correction. Blanks were defined as the radio-
activity recovered for samples on a separate plate preincu-
bated with PMSF.

Determination of plsp, Kiisiope) and Kifintercepr) values

plsp values [—log;o(ICsy value)] were analysed using the
built-in equation ‘sigmoid dose-response (variable slope)’ of
the GraphPad Prism computer programme (GraphPad Soft-
ware Inc., San Diego, CA, U.S.A.). Two different approaches
were used. In order to determine the maximal inhibition

produced by the compounds, the data (expressed as per cent
of control) were analysed using ‘top’ (i.e. uninhibited) values
fixed at 100. For compounds where the ‘bottom’ values (i.e.
minimum activity remaining) were significantly greater than 0
(i.e. when the 95% confidence intervals of the value were
both greater than 0), the plsy values (i.e. reflecting the
potency with respect to the inhibitable fraction of the [*H]-
AEA metabolism) were taken from these analyses. For
compounds where the 95% confidence intervals of the
minimum activity remaining straddled zero, the plsy values
were taken from analyses where the bottom value was set to
0. This approach was taken to avoid artefactually low pls,
values resulting from the use of unrealistic ‘bottom values’.
An example of this would be decanoylethanolamide (C10:0),
where the calculated ‘bottom’ value was —332+41288 (95%
confidence limit —3011 to +2347). Apparent K, and V.«
values for inhibition of [PH]-AEA metabolism by palmitoy-
lisopropylamide (C16:0) and oleoylethanolamide (C18:1) were
calculated from the mean data using the Direct Linear Plot
analysis (Eisenthal & Cornish-Bowden, 1974) using the
Enzyme Kinetics v 1.4 software package, Trinity Software,
Campton, NH, U.S.A. These values were then used in
secondary replots to determine Kjgiope) and Kigngercepry Values.

Statistics

ANOVA tests for repeated measures and Bonnferroni-Dunn
post hoc tests were conducted using the Statview™ computer
programme (SAS Institute Inc., Cary, NC, U.S.A.).

Results
Validation of blank value for assay of FAAH

In the FAAH assay used, blanks are defined as the tritium
recovered in the aqueous phase following incubation of [*H]-
anandamide ([*H]-AEA) in the absence of homogenate (see
Methods section). In view of the finding that some of the
palmitoylethanolamide analogues and homologues do not
produce complete inhibition of [*H]-anandamide metabolism
(see below), it was considered to be of importance to confirm
that the blanks determined in this way are valid. To this end,
three compounds known to inhibit FAAH, namely arachi-
donoyl-serotonin, AM404 and arvanil (Bisogno et al., 1998;
Melck et al., 1999; Jarrahian et al., 2000) and one presumed
inhibitor (palmitoyl trifluoromethyl ketone, PTMK; ‘pre-
sumed’ since the arachidonoyl- and oleoyl- trifluoromethyl
ketones are highly potent transition-state FAAH inhibitors,
Koutek et al., 1994; Patterson et al., 1996). All four
compound produced a complete inhibition of [PH]-AEA
hydrolysis with calculated minimum activity remaining
(‘bottom’) values that were not different from zero (Figure
2), thereby confirming the validity of the blank. In the case of
PTMK, the plso value was 7.10+0.02.

Inhibition of FAAH catalysed [PH]-AEA hydrolysis by
homologues and analogues of palmitoylethanolamide

A series of homologues of palmitoylethanolamide, where the
side-chain was reduced in length from C16:0 (palmitoyletha-
nolamide) to C3:0 (propanoylethanolamide) and increased to
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Figure 2 Inhibition of the hydrolysis by rat brain membranes of

2 um [PH]-AEA by arachidonoyl-serotonin, AM404, arvanil and
PTMK. Data are means+s.e. mean (when not enclosed by the
symbol), n=3-6, with no preincubation with the compounds and
membranes prior to addition of [PH]-AEA. Analysis of the data using
a constant ‘top’ value of 100 and variable slope (see Methods) gave
‘bottom’ values (i.e. the plateau value of the remaining activity not
inhibited by the compounds) of: arachidonoyl-serotonin, 3.7 +2.2%
(—0.8 to +8%); AM404, 1.3+2.1% (—3.1 to +5.7%); arvanil,
09+1.9% (—2.9 to +4.7%); PTMK, 0.3+1.4% (—2.5 to +3.0%)
(means+s.e.mean, with 95% confidence intervals in parentheses).
With the ‘bottom’ values set to zero, the plsy values (means
+s.e.mean) calculated from these data were 5.9340.02, 5.44+40.02,
6.204+0.03 and 7.10+0.02 for arachidonoyl-serotonin, AM404,
arvanil and PTMK, respectively.

C18:0 (stearoylethanolamide) were tested for their ability to
prevent [*H]-AEA hydrolysis (Figure 3a,b). The observed
inhibition will reflect both the potency and the solubility of
the compound, the latter particularly in the case of the long-
chain compounds. Indeed, our experience is that the
solubility of these saturated fatty acid amides can vary from
preparation to preparation, due to temperature-dependent
polymorphism of the pure crystals (J. Wouters, S. Vande-
voorde & D. Lambert, unpublished results). In order to
calculate potencies, the maximum inhibition was calculated
and the plsy values determined for this inhibitable compo-
nent. Using this approach, it was seen that complete
inhibition of [*’H]-AEA could be attained for the compounds
with side-chain lengths of 10, 12 and 14 carbon atoms,
whereas only partial inhibition (78, 55 and 33% for 16, 17
and 18 carbon atoms, respectively) was seen at longer chain
lengths (Table 1). This partial inhibition presumably reflects
limited solubility of the compounds rather than the presence
of an FAAH enzyme subtype with which the compounds do
not interact. In the absence of a preincubation phase, the
potencies of the compounds towards the inhibitable compo-
nent of the activity were similar for the compounds with side
chains ranging from 18 to 12 carbon atoms (plsy values
4.77—4.95) with the possible exception of palmitoylethanola-
mide itself (plso value of 5.30). This value for palmitoyletha-
nolamide corresponds to an ICsy value of 5.1 uM, which is in
good agreement with the Ky value of this compound as a
substrate for rat brain FAAH using the same assay
conditions (range 1.3-8.5 um, Tiger et al., 2000). For the
10 carbon atom, a lower potency was seen (plsy value of
4.26), and for the four compounds with side chain lengths of
8, 6, 4 and 3 carbon atoms, <20% inhibition of *H]-AEA

metabolism was seen at the highest concentration tested
(100 um). Oleoylethanolamide, the mono-unsaturated ana-
logue of stearoylethanolamide, had sufficient solubility and
was able completely to inhibit [’H]-AEA metabolism with a
plso value of 5.33.

Four analogues of palmitoylethanolamide where the
ethanolamide group was replaced with butylamide, isopro-
pylamide, cyclohexamide and (2-methyl)ethanolamide groups
were also investigated for their abilities to prevent [*H]-AEA
metabolism (Figure 4). The isopropylamide, butylamide and
(2-methyl)ethanolamide analogues were active with plsg
values similar to that of palmitoylethanolamide, although
complete inhibition of [PH]-AEA metabolism was not seen
with any of them, presumably for reasons of solubility (Table
1). The cyclohexamide analogue produced 11% inhibition at
the highest concentration tested (100 uMm).

The above experiments were undertaken in the absence of
preincubation. Two series of experiments were undertaken to
determine whether a preincubation of homogenate with test
compound affected the observed inhibition of [*H]-AEA
uptake. In the first series, dose-response experiments
(analogous to those shown in Figures 3 and 4) for all the
compounds except stearoyl- and heptadecanolethanolamide
were undertaken using a 60 min preincubation phase. With
two exceptions, this treatment did not affect the observed
maximum inhibition or the potency of the compounds (data
not shown). The two exceptions were for palmitoylethanola-
mide and palmitoylisopropylamide, where the 95% con-
fidence intervals of the minimum activity remaining straddled
zero. In the case of palmitoylethanolamide, the apparent
residual activity was 15+8% [95% confidence intervals —2
to 33] (as opposed to 22+7% (95% confidence intervals +7
to +37) in the absence of preincubation). The pls, value for
palmitoylethanolamide was calculated to be 5.12+0.13
assuming a residual inhibition and 4.90+0.06 assuming no
residual inhibition. This difference underlines the importance
of regarding the plso values as approximate rather than exact
estimates of potency. For palmitoylisopropylamide, the
apparent plsy value (assuming maximal inhibition) was
4.7140.05 following a 60 min preincubation period.

In a second experiment, the 10:0—16:0 ethanolamide
compounds, oleoylethanolamide, palmitoylisopropylamide,
palmitoylbutylamide and R-palmitoyl-(2-methyl)ethanola-
mide were pre-incubated for 0, 60, 120 and 180 min at
37°C with a stronger homogenate concentration (50 pg
protein assay~') before being incubated with [*H]-AEA for
a shorter time (3 min). Single concentrations of the
compounds, chosen to be on the steep part of the
concentration-response curve were tested (data not shown).
Only lauroylethanolamide (20 uM) exhibited a small, but
significant reduction in its ability to prevent AEA hydrolysis
as the preincubation time was increased. Thus, the per cent
activity remaining following 0, 60, 120 and 180 min of
incubation with laurylethanolamide were 5143, S1+5, 57+1
and 62+4%, respectively (means+s.e.mean, n=3, one-way
ANOVA for repeated measures (preincubation time) gave
F;6=8.4 (P<0.05)). For comparison, 15 um palmitoyletha-
nolamide gave values of 5043, 53+1, 58+3 and 53+5%,
respectively (means+s.e.mean, n=3, P>0.05). The same
pattern was seen with lauryethanolamide when a 10 min
incubation time and a more dilute homogenate was used
(data not shown).
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Figure 3 Inhibition of the hydrolysis by rat brain membranes of 2 um [*’H]-AEA by a series of palmitoylethanolamide homologues
(a) C16:0—C3:0 (b) C16:0—C18:0 and C18:1. Shown are means of 3—6 experiments, with no preincubation with the compounds and
membranes prior to addition of [PH]-AEA. The data for palmitoylethanolamide are the same in both graphs.

Mode of inhibition of [°H]-AEA metabolism by
palmitoylisopropylamide, oleoylethanolamide and
R-palmitoyl-(2-methyl)ethanolamide

The modes of inhibition of [*H]-AEA metabolism by
palmitoylisopropylamide and oleoylethanolamide are shown
in Figure 5. Both compounds acted as mixed-type inhibitors
with Kiiopey and Kigngercepty Values, respectively of 15 um and
87 uM (palmitoylisopropylamide) and 3.9 uM and 11 uMm for
oleoylethanolamide. R-palmitoyl-(2-methyl)ethanolamide was
also investigated and found to be a competitive inhibitor with
a K; value of 6.6 uM (data not shown).

Interaction of the analogues and homologues of
palmitoylethanolamide with cannabinoid CB receptors
expressed on CHO cells

As reported in the introduction, most of the compounds
selected for this study have been shown not to interact with

CB receptors (Lambert ez al., 1999). However, the highest
concentration used in that study was | uM, raising the
possibility that interactions can occur at higher concentra-
tions of the compounds. In consequence, the effects of the
compounds at 10 and 100 uM upon the specific binding of the
synthetic cannabinoid receptor agonist radioligand [*H]-WIN
55,212-2 to recombinant human CB, receptors expressed on
CHO cells was investigated. With the exception of oleoy-
lethanolamide (65% inhibition at 100 um), all of the
compounds produced <15% inhibition of binding at 10 um
and <25% inhibition at 100 uM (Table 2). For the binding
of the agonist [*’H]-CP55,940 to recombinant human CB;
receptors expressed on CHO cells, the data was less clear,
although <26% inhibition of binding was found at both
concentrations for palmitoylethanolamide, R-palmitoyl-(2-
methyl)ethanolamide and palmitoylisopropylamide and the
C4.0 and C10.0-homologues (Table 2). As with the CB,
receptors, oleoylethanolamide produced a large (63%)
inhibition of binding at 100 um (Table 2).
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Table 1 Effect of compounds related to palmitoylethanolamide upon the hydrolysis of [*H]-AEA by rat brain FAAH

Compound

Propanoylethanolamide (C3:0)
Butanoylethanolamide (C4:0)
Hexanoylethanolamide (C6:0)
Octanoylethanolamide (C8:0)
Decanoylethanolamide (C10:0)
Lauroylethanolamide (C12:0)
Mpyristoylethanolamide (C14:0)
Palmitoylethanolamide (C16:0)
Heptadecanoylethanolamide (C17:0)
Stearoylethanolamide (C18:0)

Palmitoylbutylamide (C16:0)
Palmitoylisopropylamide (C16:0)
Palmitoylcyclohexamide (C16:0)
R-Palmitoyl-(2-methyl)ethanolamide (C16:0)

Oleoylethanolamide (C18:1)

Max. inhibition plso value

3+ 1% inhibition at 100 pum*
No inhibition at 100 um*

6+44% inhibition at 100 um*

15+ 2% inhibition at 100 um*

100%"° 4.26+0.05
100%° 4.79+0.04
100%° 4.77+0.07
78+ 7° 5.304+0.15
55+18° 4.71+0.36
3342° 4.95+0.06
2443° 5.54+0.16
61+11° 4.89+0.27
1143% inhibition at 100 um*
544 5° 5.39+0.12
100%° 5.3340.04

For the inhibition of 2 um [*H]-AEA hydrolysis by rat brain FAAH, pls, values were calculated from the raw data summarized in
Figures 1 and 2. “Insufficient inhibition was obtained to permit meaningful calculation of pls, values. In consequence, the observed
inhibition at the highest concentration tested has been given instead. °The calculated bottom value exceeded 100% inhibition (i.e. <0%
activity remaining, e.g. —10+35% for myristoylethanolamide). However, since the 95% confidence intervals of the minimum activity
remaining straddled zero (e.g. —82 to +63% for myristoylethanolamide), the plsy values were calculated using a fixed maximum
inhibition of 100%. “95% confidence intervals of the minimum activity remaining were both greater than zero (e.g. 37—55% for R-
palmitoyl-(2-methyl)ethanolamide), thus allowing the plsy values to be calculated using the maximum inhibition values given.
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Inhibition of the hydrolysis by rat brain membranes of 2 um [*H]-AEA by a series of palmitoylethanolamide analogues.

Shown are means of 3—4 experiments, with no preincubation with the compounds and membranes prior to addition of [*H]-AEA.
The data for palmitoylethanolamide are the same as that shown in Figure 3.

Inhibition of [PH ]-AEA uptake in RBL-2H3 and C6 cells

The ability of the compounds to inhibit the uptake of [*H]-
AEA into RBL-2H3 and C6 cells is shown in Figure 6. RBL-
2H3 cells were chosen since [*H]-AEA transport mechanisms
in these cells have been extensively characterized (Bisogno et
al., 1997; De Petrocellis et al., 2000; Rakhshan et al., 2000;
Jacobsson & Fowler, 2001). Less is known about the uptake
of AEA into C6 cells, although there are some apparent
differences in the properties of the transporters in the two cell
lines (such as sensitivity to nitric oxide donors, Bisogno et al.,
2001; Jacobsson & Fowler, 2001). The initial data, shown in
Figure 6c, investigated the effects of the palmitoylethanola-

mide homologues and analogues at concentrations of 1, 10
and 100 uM, to inhibit the uptake of 10 um [*H]-AEA into
RBL-2H3. [*H]-AEA binds avidly to cell culture wells, and it
was proposed to compensate for this by defining non-specific
effects as those inhibitable by 100 uM AM 404. However, this
assumes that AM 404 at this concentration does not affect
the binding of [*H]-AEA to the wells, which turned out to be
the case (Figure 6a). The other monounsaturated compounds,
oleoylethanolamide and R-methanandamide also affected the
binding of [PH]-AEA to the wells, whereas the saturated
compounds did not (see Figure 6a—c).

In these subsequent experiments, the percentage of the
total apparent uptake in RBL-2H3 cells due to the binding of
[FH]-AEA to the wells could be determined (524 6%). This

British Journal of Pharmacology vol 133 (8)



Pharmacology of palmitoylethanolamide analogues

1270 K.-0. Jonsson et al
a.
1500
T @ o
g
b 1/[AEA] I
-% 1200
°
o
=21
£
= 900}
o
£
s
z 1
=)
£ 6004
&
L
3‘06‘)
j* %
é’ 300
::( A0 A5 W10 V20uM
n Kiisiope) 15 UM; Kijintercepty 87 UM

] [ T
1 3 5 7
[AEA] (uM)

b.

1500 4

N @ <9
s o -

1/{AEA] T

1200 4

900

600

300 4

AO A5 V10 ¥20uM
Kigslopey 3.9 UM; Kigintercepty 11 M

0 T T T T
1 3 5 7

FAAH specific activity (pmol.(mg protein)-.min-1)

[AEA] (uM)

Figure 5 Mode of inhibition of rat brain [*’H]-AEA metabolism by (a) palmitoylisopropylamide and (b) oleoylethanolamide.
Shown are means+s.e. mean of three experiments. Secondary replots of the mean data to illustrate the mixed-type nature of the
inhibition are shown as inserts. The Kjiope) and Kjgintercepty Values were calculated from the mean data as described in Methods.

Table 2 Effect of compounds related to palmitoylethanolamide upon the specific binding of 1 nm [*H]-CP55,940 and 1 nm [*H]-
WINS55,212-2 to human CB; and CB, cannabinoid receptors, respectively, expressed in CHO cells

Cell line:

Ligand:
Compound
Propanoylethanolamide (C3:0)
Butanoylethanolamide (C4:0)
Haxanoylethanolamide (C6:0)
Octanoylethanolamide (C8:0)
Decanoylethanolamide (C10:0)
Lauroylethanolamide (C12:0)
Myristoylethanolamide (C14:0)
Palmitoylethanolamide (C16:0)
Stearoylethanolamide (C18:0)

Palmitoylbutylamide (C16:0)
Palmitoylisopropylamide (C16:0)
Palmitoylcyclohexamide (C16:0)
R-Palmitoyl-(2-methyl)ethanolamide (C16:0)

Oleoylethanolamide (C18: 1)

Shown are means+s.e.mean of quadruplicate determinations.

level of background binding is shown in Figure 6c as a
dashed line, and was used, in conjunction with experiments
undertaken in the absence of cells, to determine the degree to
which the compounds at a concentration of 100 uM affected
the binding of the [*H]-AEA to the wells. Although the use of
a retroactive measure of binding to the wells prevents
quantitative interpretation of these data, the first series of
experiments indicated that several of the compounds are
inactive (i.e. the homologues of palmitoylethanolamide at
C<8 atoms) at 10 and 100 uM concentrations. Inhibition of
[FH]-AEA uptake was seen at 10 uM concentrations with
decanoylethanolamide, palmitoylisopropylamide, lauroyletha-
nolamide and myristoylethanolamide, and at 100 uM con-

% inhibition of specific binding

CHO-CB, CHO-CB,
[PH]-CP55,940 [PH]-WIN55,212-2
10 um 100 um 10 um 100 um

19.5+8.8 7.8+4.3 8.9+0.2 29+1.0
19.7+5.5 8.0+2.3 4.440.5 34+24
31.6+5.15 8.0+23 1.6+0.3 6.2+1.3
26.7+2.29 17.6+5.3 5.740.8 12.7+0.8
11.0+0.98 1234223 10.0+0.8 17.3+2.6
21.9+1.84 37.7+8.3 5.14+0.6 16.0+2.3
23.6+6.16 41.1+7.4 5.340.6 21.943.0
23.84+0.07 254453 13.9+1.7 24.54+0.5
30.3+9.8 21.9+6.4 3.4+40.6 11.6+1.8
19.6+3.4 354453 12.94+0.4 21.84+0.7
254445 14.5+6.0 12.3+0.8 21.1+0.5
342+1.5 37.5+2.1 8.1+0.2 13.84+0.8
12.6+3.3 25.74+6.7 53409 15.5+2.6
13.3+2.7 63.4+3.9 14.54+0.5 64.6+1.5

centrations with palmitoylethanolamide, palmitoylbutyl-

amide, palmitoylcyclohexamide and oleoylethanolamide

(although interpretation of the data with oleoylethanolamide
is confounded by its ability to inhibit the binding of [*H]-
AEA to the wells). None of the compounds affected the total
uptake at concentrations of 1 uM (data not shown).

In the second series of experiments, the effects of
palmitoylcyclohexamide and palmitoylisopropylamide (10
and 30 uM) were tested using both C6 and RBL-2H3 cells,
and where parallel wells without cells were used to quantify
the binding of the [*H]-AEA to the culture wells (Figure 6a).
Propylisopropylamide reduced the specific uptake to 66 and
38% of control in the C6 cells at concentrations of 10 and
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Figure 6 Effect of palmitoylethanolamide and related compounds upon the uptake of 10 um [*H]-AEA into rat C6 glioma and
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the binding to the well would have an unfilled column of 52 x (0.66) =34% of total [*H]-AEA uptake.

30 uM, respectively, whereas palmitoylcyclohexamide was less
effective (99 and 76%, respectively). Similar results were seen
in the RBL-2H3 cells (Figure 6a). Octanoyethanolamide,
palmitoylethanolamide and R-palmitoyl-(2-methyl)ethanola-
mide at concentrations of 30 uM had no effect on the uptake
of [PH]-AEA into C6 cells, whereas a small inhibition was
seen with this concentration of oleoylethanolamide (Figure
6b).

Inhibition of [>H ]-ethanolamine production following
incubation of [°H]-AEA with intact C6 glioma cells

The six compounds investigated with respect to their effects
upon the uptake of [P'H]-AEA into C6 glioma cells were also
tested for their abilities to inhibit [*H]-ethanolamine produc-
tion following incubation of [*H]-AEA with intact C6 cells,
the rationale being that such inhibition reflects the combina-
tion of effects on uptake and FAAH. The data are shown in

Table 3. Oleoylethanolamide and palmitoylisopropylamide
were the most potent of the compounds tested, producing
>50% and >80% inhibition of [?’H]-ethanolamine produc-
tion at 10 and 30 uM, respectively, in both cases. AM404 was
slightly less potent (40 and 68% inhibition at 10 and 30 uMm,
respectively), whereas palmitoylethanolamide, palmitoylcyclo-
hexamide, R-palmitoyl-(2-methyl)ethanolamide and octanoy-
lethanolamide produced 42, 45, 30 and 25% inhibition,
respectively, at the highest concentration tested (30 um).

Discussion

The fatty acid amide palmitoylethanolamide has been found
to have anti-inflammatory and anti-nociceptive properties
(Aloe et al., 1993; Mazzari et al., 1996; Jaggar et al., 1998;
Calignano et al., 1998). Given that this compound has a low
affinity towards CB receptors in vitro and produces no
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Table 3 Effect of compounds related to palmitoylethanolamide upon the hydrolysis of [*’H]-AEA by intact C6 glioma cells

Compound

Octanoylethanolamide (C8:0)
Palmitoylethanolamide (C16:0)
Palmitoylisopropylamide (C16:0)
Palmitoylicyclohexamide (C16:0)
R-palmitoyl-(2-methyl)ethanolamide (C16:0)
Oleoylethanolamide (C18: 1)

AM404

% inhibition of [>H ]-ethanolamine production

3 um 10 um 30 um
13+7 14+10 2547
15+6 22+8 42+4
2440.6 5343 87+1

945 2647 4549
—3+16 11+6 3048
2445 58+2 82+1
14+9 40+7 68+2

The compounds were preincubated with the C6 glioma cells for 10 min prior to addition of [*H]-AEA (3 um) and incubation for a
further 30 min. Data are means +s.e.mean, n=3 (except for R-palmitoyl-(2-methyl)-ethanolamide where n=06).

significant effects at concentrations <10 um (Felder et al.,
1993; Lambert et al., 1999; Ross et al., 1999; Sugiura et al.,
2000), it has been suggested that palmitoylethanolamide, by
preventing the metabolism of other endocannabinoids, may
act as an ‘entourage’ compound (Lambert & Di Marzo, 1999).
The metabolism of AEA is brought about by a process of
facilitated diffusion into the cell followed by intracellular
FAAH-catalysed metabolism (see Mechoulam ez al., 1998). In
consequence, we tested both a series of palmitoylethanolamide
analogues and homologues, as well as four new homologues
(C3:0, C4:0, C6:0 and C8:0) and a 2-methyl analogue, for their
ability to affect rat brain FAAH catalysed [*H]-AEA
hydrolysis and [*’H]-AEA uptake in RBL-2H3 cells. With the
exception of oleoylethanolamide, none of the compounds were
found at 100 uM concentrations to produce marked inhibition
of the binding to [PH]-WIN 55212-2 to CB, receptors
expressed on CHO cells. Variable effects upon CB; receptors
were seen, but for the most interesting compound emanating
from this study, palmitoylisopropylamide, no dramatic
interaction with this receptor subtype was found.

With respect to the ability of the compounds to inhibit the
FAAH-catalyzed metabolism of [*H]-AEA, the chain length
proved to be of importance for the potency at lengths of 10
carbon atoms or less. Thus, potencies of the homologues
were roughly similar (given the approximate nature of the
plsp values as a result of the differences in maximum
inhibition obtained) to palmitoylethanolamide as the chain
length was reduced to 14 and 12 carbon atoms (or increased
to 18 carbon atoms), but was slightly lower for the C10:0
compound (decanoylethanolamide). Compounds with a chain
length of <8 carbon atoms were inactive. This pattern of
‘stability’ between C12:0 and C18:0 is also seen with
saturated fatty acid sulphonyl fluoride compounds, although
their potencies are greater than seen here: 1Csy values of 3, 6
and 7 nM for the inhibition of rat brain AEA metabolism by
lauryl- (C12), myristyl- (C14), palmityl- (C16) sulphonyl
fluorides were found (Deutsch ez al., 1997). In contrast, the
C20:0 homologue arachidylsulphonyl fluoride is less potent
(ICs¢ value >48 nM) (Deutsch et al., 1997).

Among the C16:0 analogues, palmitoylisopropylamide, R-
palmitoyl-(2-methyl)ethanolamide and palmitoylbutylamide
showed comparable potency to that of palmitoylethanola-
mide, although the maximal obtainable inhibition was lower.
Oleoylethanolamide (C18:1) was a mixed type inhibitor of
FH]-AEA metabolism with Kiiiopey and Kigintercepty values of
39 uMm and 11 uM, respectively. Although the maximum
observed inhibition produced by this compound was greater

than seen with the saturated analogue, stearoylethanolamide,
this may reflect solubility differences and the difference in plsq
values was not that great. In this respect, the potency of
PTMK was very similar to that found previously for its
oleoyl-analogue (plsy value 7.2440.077) in experiments using
the same experimental conditions, (Fowler et al., 2000). The
potency of PTMK found here is approximately 50 times
greater than the potency of this compound towards Ca®*-
independent phospholipase A2 (Ackermann et al., 1995),
making it worthwhile further to investigate the potential
usefulness of this compound as an FAAH inhibitor.

In theory, the palmitoylethanolamide analogues and
homologues can inhibit [PH]-AEA metabolism by acting
either as inhibitors or as competing substrates. Indeed,
amidase activities capable of utilizing C12:0—C18:0 (but not
C8:0) and C18:1 ethandamides as substrates were reported in
the literature more than 16 years ago (Natarajan ez al., 1984;
Schmid et al., 1985). Most available studies in the literature
have compared the relative activities of palmitoylethanola-
mide with AEA with widely varying results (see Tiger et al.,
2000), although Lang et al. (1999) found a 4 fold greater rate
of metabolism of 100 uM oleoylethanolamide than 100 um
stearoylethanolamide using rat brain microsomes as source of
FAAH. There is more data on the ability of —amide, rather
than —ethanolamide compounds to act as substrates. Thus,
palmitoylamide (C16:0), myristoylamide (C14:0) and dodeca-
noylamide (C12:0) have been shown to act as FAAH
substrates with rates of hydrolysis relative to oleamide
(C18:1) of 0.72, 0.83 and 0.74, respectively (Boger et al.,
2000a; see also Cravatt et al., 1996). These authors also
demonstrated that introduction of a single double-bond into
the 9-position of the palmitoylamide and myristoylamide
molecules did not affect their rates of hydrolysis, whereas the
mono-unsaturated oleamide was metabolized at a higher rate
than the saturated stearamide equivalent (Boger et al.,
2000a). These authors used single high concentrations of
substrate (187 uM), thus presumably measuring activities near
their V.« values. Given (a) that linoleoylethanolamide and
linoleoylamide are both substrates for FAAH and are
metabolized with similar V,,,, values (Maurelli et al., 1995);
and (b) that palmitoylamide inhibits [*H]-AEA metabolism
with a plso value (5.01+0.18, maximum inhibition attainable
51+ 7%, present authors, unpublished data) similar to that of
palmitoylethanolamide, it is reasonable to assume that the
C10:0 and CI17:0 homologues of palmitoylethanolamide
tested here are acting as competing substrates. The mixed-
type inhibition of [*H]-AEA found here with oleoylethano-
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lamide is perhaps surprising, given that alternate substrates
should interact competitively. However, a similar mixed-type
inhibition has been seen previously for the ability of 2 um
(but not 1 uM) AEA to inhibit the metabolism of [*H]-
palmitoylethanolamide by rat brain FAAH (Tiger et al.,
2000). Whether the ‘non-competitive component’ of the
inhibition in these cases represents an additional action of
the compounds (such as effects secondary to membrane
actions of these fatty acid amides) awaits elucidation.

For the palmitoylethanolamide analogues tested here, it is
not known whether they are substrates for FAAH. One way
of distinguishing inhibitors from competing substrates is to
preincubate the compounds with a strong FAAH preparation
prior to addition of [*H]-anandamide: for a competing
substrate, the preincubation would be expected to reduce
the observed potency of the compound. However, with the
exception of lauroylethanolamide, no decreased potency with
preincubation time was found when membranes were
preincubated with the compounds for up to 3 h. This would
suggest that under the conditions used, insufficient amounts
of the compounds were metabolized significantly to affect the
observed inhibition. Thus, further experiments are required
before it can be determined whether these compounds act as
substrates or as inhibitors. However, the potencies of the
compounds were rather modest, and as a first step it might be
more appropriate to investigate further the structure-activity
relationships between palmitoylethanolamide analogues and
inhibition of [*H]-AEA hydrolysis. Such studies are presently
under way.

In addition to studying the effect of the compounds upon
PH]-AEA metabolism by FAAH, their ability to prevent
[FH]-AEA accumulation into RBL-2H3 and C6 cells has been
investigated. The cellular uptake of AEA is somewhat
complicated: it is saturable but sodium- and energy-
independent, and is only capable of concentrating the
endocannabinoid against a modest gradient (Di Marzo et
al., 1994; Beltramo et al., 1997, Hillard et al., 1997,
Rakhshan ez al., 2000; Deutsch et al., 2001). Thus inhibition
of FAAH will result in an indirect reduction in the rate of
accumulation of AEA. The compounds tested in the present
study were rather modest inhibitors of [*'H]-AEA accumula-
tion into RBL-2H3 cells, and in the case of palmitoyletha-
nolamide, the reduction in [PH]-AEA accumulation seen at
the highest concentration (100 uM) is presumably a reflection
of effects on [*"H]-AEA metabolism. Palmitoylcyclohexamide,
however, does not affect PH]-AEA metabolism, suggesting
that the ability of this compound to reduce [*H]-AEA
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