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Abstract—Hydra (Cnidaria) is the first animal organism to have developed a neural network, which has
been proposed to contrahter alia, the “feeding response”, i.e. a mechanism through which the coelen-
terate opens and then closes its mouth in the presence of prey and/or glutathione. Here, we report that
Hydra contains: (i) selective cannabinoid binding sites; (ii) the endogenous cannabinoid receptor ligand,
anandamide (arachidonoylethanolamide); (iii) a fatty acid amide hydrolase-like activity catalysing
anandamide hydrolysis; and (iv) the putative biosynthetic precursor of anandaivadachidonoylphos-
phatidylethanolamine. We suggest that this “endogenous cannabinoid system” is involved in the modula-
tion of the “feeding response”. Anandamide (1 nMg¥) potently inhibited (up to 45%) the glutathione-
induced “feeding response” by acceleratidgdra vulgarismouth closure. The effect was maximal at
100 nM anandamide and was reversed by the selective antagonist of theuBfgpe of mammalian
cannabinoid receptors, SR 141716A (50-100 nM). Specific cannabinoid binding sites were detected in
membranes frontydra polyps by using H]SR 141716A Kq= 1.87 nM, B,.= 26.7 fmol/mg protein),
and increasing anandamide concentrations were found to displace the bindiH§SR [141716A to these
membranesK; =505 nM). Hydra polyps were also found to contain amounts of anandamide (15.6 pmol/g)
and N-arachidonoylphosphatidylethanolamine (32.4 pmol/g), as well as the other “endocannabinoid” 2-
arachidonoylglycerol (11.2 nmol/g), comparable to those described previously for mammalian brain.
Finally, a fatty acid amide hydrolase activity (= 3.4 nmol/min/mg protein), with subcellular distribu-
tion, pH dependency and sensitivity to inhibitors similar to those reported for the mammalian enzyme, but
with a lower affinity for anandamidek¢,= 400 wM), was also detected iHydra polyps.

These data suggest that the endocannabinoid signalling system plays a physiologicatyaleithat
is to control the feeding responsidydra is the simplest living organism described so far to use this
recently discovered regulatory syste@1999 IBRO. Published by Elsevier Science Ltd.

Key words Hydra, cannabinoids, endocannabinoids, anandamide, 2-arachidonoylglycerol, GABA.

The neural network of the freshwater coelenteratmouth opening, eventually followed by mouth
Hydra (Cnidaria, Hydrozoa) is considered one otlosure? Despite its simplicity, thédydra nervous
the most primitive nervous systems to haveystem shows neurophysiological and cellular
evolved?®* Neurons are generally dispersed in théeatures as sophisticated as those of higher inverte-
epithelial layers and are either inter-connected intorates in terms of electrogenesis, plasticity, devel-
a functional network or form uni- and bi-directionalopment and growth regulaticii Neurotransmission
synapses with non-nervous celfs. This rather in Hydra was originally thought to be essentially
simple system is homogeneously spread over thpeptidergic, due to the presence of several neuropep-
coelenterate body, but is developed to a highdides in the coelenterat&?* but evidence has been
degree of complexity near the head region, whembtained for the participation also of amine and
the fibres are condensed to form a circular ring. Thismino acid neurotransmitters, such as dopamine
rudimentary cephalization is probably responsibleand GABA, particularly in the control of the feeding
for the control of a behavioural response typical ofesponsé’*8 In particular, it was shown recently
hydrozoans, the “feeding responseé®’“8 during that GABA, by acting at selective binding sites iden-
which polyps stimulate with glutathione, releasedified in Hydra vulgaris membrane preparations,
from the prey, respond with tentacle writhing angrolongs the glutathione-induced feeding response,
an effect that is reduced by the GARAeceptor
$To whom correspondence should be addressed. antagonist SR 95531 and mimicked by the GABA
AbbreviationsAA, arachidonic acid; 2-AG, 2-arachidonoylgly- receptor agonist muscimd£83° Further evidence
cerol; EDTA, ethylenediaminetetra-acetate; FAAH, fatty acidor the presence of GABAlike receptors in

amide hydrolase; GC—(EI)MS, gas chromatography—(ele e ; ;
tron impact) mass spectrometry; HPLC, high-pressure quui%‘ydra’ and for their involvement in the feeding

chromatography; NArPE, N-arachidonoylphosphatidyl- '€SPonse, came from the findings that: (i) neuro-
ethanolamine; PLD, phospholipase D. steroids and benzodiazepines potentiated both the
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binding of PH]JGABA to membrane preparationsinto host cells and found to also recognize other
and the effect of GABA on the glutathione-inducedatty acid amides and esteYs!® including the
feeding responsgand (ii) the CI channel blockers other putative “endocannabinoid”, 2-arachidonoyl-
t-butylbicyclophosphorothionate and picrotoxinglycerol (2-AG), whose cannabimimetic properties
decreased the feeding response duratidrSome were recognized in 199%.The enzyme was there-
progress has also been made in the understandioge renamed “fatty acid amide hydrolase”
of the possible intracellular signalling events underFAAH). !
lying the feeding response. For example, it was Since the discovery of cannabinoid receptors in
found that inhibitors of the nitric oxide/cyclic- mammals, several studies have been aimed at asses-
GMP pathway prolong the response duratioe sing whether these proteins could also be found in
recently suggested that activation of arachidoniorganisms representing early phases of animal
acid (AA) release fromH. vulgaris phospholipids evolution. Cannabinoid receptors with some homol-
and, possibly, the subsequent formation of AA metasgy with CB; receptors have been cloned from the
bolites with inhibitory action on the feeding puffer fisf*°and the leecR%*°Selective cannabinoid
response, could be stimulated by glutathiSh@A  binding sites have also been detected in cells from
and, to a lesser extent-linolenic acid, as well as simpler organisms, i.e. sea urchin spérand
their metabolites obtained by the action af80(R)- Mytilusimmunocytes’ and were suggested, respec-
lipoxygenase characterized previously by usHn tively, to mediate inhibition of oocyte fertilization
vulgaris® inhibited glutathione-induced feedingand monocyte function. Accordingly, anandamide
response in the 1-1Q0OM range of concentrations, and NArPE were isolated from sea urcin eggs and
the metabolites being at least 10-fold more potemytilus together with FAAH-like activities;* thus
than the precursor fatty acid$?°We hypothesized suggesting that the “endocannabinoid signalling
that these lipids were produced following activatiorsystem”, formed by cannabinoid receptors and
of glutathione chemoreceptors in order to terminaténeir endogenous agonists, may have been highly
the feeding response through a negative feedbacknserved through evolution. In the present study,
interaction with endogenous GABA action at thave examined whether, and for what physiological
level of GABA-gated CI channels® Our data function, this recently discovered neuromodulatory
also raised the possibility that other AA metabolitessystem is expressed in animals with a very primitive
through different mechanisms, could intervene inervous system, such as hydrozoans.
this procesg?

Two different subtypes of G-protein-coupled EXPERIMENTAL PROCEDURES
receptors for marijuana’s active principle; J-A°- _
tetrahydrocannabinol, have been characterized 'fterials
mammalian tissue¥:**0One of these, the CBecep- Anandamide and palmitoylethanolamide were synthe-

tor, is the most abundant in the CNS and has beé&ffed as described. Deuterated anandamide and 2-AG

P . . .~ were synthesized fronfifi]gAA, as described previousf??
implicated in the modulation of the release, actio H]N-Palmitoylphosphatidylethanolaminé'¢]anandamide

and re-uptake of several neurotransmitters, includngd p4Cloleoylethanolamide (5 mCi/mmol) were synthe-
ing dopamine, glutamate and GABA (see Refs 12jzed as described previousf/SR 141716A was a gift
19 and 35 for recent reviews). A selective antagonifiom Sanofi Recherche (Montpellier, FrancefH[SR
for this receptor, SR 141716A, was synthesized anjd1716A (60 Ci/mmol) was purchased from Amersham

. . - A .K.). Phenylmethylsulphonyl fluoride ang@-hydroxy-
its pharmacological properties characterize&ivo  mercuribenzoate were purchased from Sigma, and

andin vitro.** In 1992, anandamide, the first endomethylarachidonoylfluorophosphonate and arachidonoyltri-
genous ligand of “central” cannabinoid receptordjuoromethyl ketone from Biomol. Arachidonoyldiazo-
was isolated from porcine brain. This compoundethy! ketone and arachidonoylchloromethyl ketone were
is the amide of AA with ethanolamine and,SyntheSIzed as described elsewhre.

since its discovery, several pharmacologica'l
studies®19212632have recognized its likely role as _ _ _
a cannabimimetic neuromodulator. This suggestion The feeding reaction was studied as follovidydra
was also supported by the finding of molecula)/ulgarls polyps, starved for at least three days before the

est, were equilibrated at room temperature in 3.5-cm-

mechanisms for the synthesis, release and inactiV@ameter Falcon dishes containing 1 ml of physiological

tion of anandamide by intact neuroHslt was solution (1 mM CaGl, 0.1 mM NaHCQ, buffered with
proposed that anandamide was: (i) synthesizédnM Tris—HCI, pH 7.35); the dishes were divided into

Fom  phosphol i precStrachidonephos. o Tarbers b e b, e o siow sl
phatidylethanolamine (NArPE), through the aCt'o"Eti) and closing ) times for each animal. Drugs were added

ofa Spe_CiﬁC phOSphC"_ipase D (_F_’LD); an_d (ii_) ina_lCti‘immediater before the test. Lipophilic molecules were
vated via carrier-mediated facilitated diffusion intadissolved in small amounts of dimethyl sulphoxide and
cells followed by enzymatic hydrolysid. The diluted to working concentrations in physiological solution,

: ; :so that the final dimethyl sulphoxide content in the test
enzyme responsible for anandamide hydrolysi blution did not exceed {LI/ml. Equal amounts of dimethyl

originally named “anandamide amidohydrolase’s,phoxide were added to control solutions. Drugs were
was characterized, purified, cloned, overexpressetkpared before use to avoid degradation of the molecules.

eeding response
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The test was started by adding reduced glutathione at diffetigestion of  fH]N-palmitoylphosphatidylethanolamine
ent concentrations (1-10M); six to eight animals were used as internal standard). Quantitation of anandamide,
tested per group and per glutathione concentration. Scoripgrified either from lipid extracts or incubates of PLD diges-
of mouth opening and closing was performed on a cold ligttton of NArPE fractions, and 2-AG was obtained by means
stereo microscope and times recorded. In every experimenf,gas chromatography—electron impact mass spectrometry
a control series was effected; for each substance tested {B&C—EIMS) of the corresponding trimethylsilyl ether deri-
experiments were repeated at least three times. All thatives? HPLC fractions with the same retention time as
experiments were carried out in a conditioned environmesiynthetic anandamide and 2-AG were derivatized with
at 22C. [Glutathione]/ — t;) ratios were then calculated 20l N-methyl-N-trimethylsylyltrifluoroacetamide- 1%
and plotted as a function of glutathione concentraffon. trimethylchlorosylan for 2 h at room temperature, and
The duration of the response to different glutathione dosesalysed by GC—EIMS carried out in the selected ion moni-
in the absence or presence of different drugs was measutedng mode, as described elsewhéféons were selected at
and the kinetics of response analysed by linear regressionz=427, 419, 412 and 404 for anandamide (corresponding
When different regression curves were obtained, percertt the molecular ions and the 15 mass unit fragment ions
ages of increase (or decrease) versus respective conbl [?H]ganandamide and non-deuterated anandamide,
samples were calculated for a given glutathione concentreespectively), and ain/z=530, 522, 515 and 507 for 2-
tion (10wM). Statistical significance of differences wasAG (corresponding to the molecular ions and thd5
evaluated by ANOVA followed by Schéfe test. AP  mass unit fragment ions ofHi]g2-AG and non-deuterated
value < 0.05 was considered statistically significant. 2-AG, respectively). The sensitivity of the measurement
was of about 1 pmol. When allowed by the amounts of
- metabolite, GC—EIMS was also run in the total ion current
Binding assays mode, thus yielding whole electron impact mass spectra.
Membranes were prepared from homogenatesHof Amounts of anandamide and 2-AG were quantitated by
vulgaris polyps obtained following the procedure describeg¢omparison with the corresponding and co-eluting deuter-
previously?3’ The binding of increasing concentrations ofated standards by calculating the ratios between the areas of
[*HISR 141716A to aliquots (0.6 mg total proteins) of theséhe peaks obtained at the'z of the —15 mass unit fragment
membranes and the displacement of a fixed concentratigins? Anandamide from the PLD digestion of NArPE was
(600 pM) of PH]SR 141716A by increasing concentrations2lso quantitated by comparison with the corresponding
of anandamide were measured in equilibrium assays, carrigguterated standard which, in this case, was added after
out as described?® Bound and unbound®H]SR 141716A the digestion and prior to normal phase HPLC analysis.
were separated by means of the filtration method described
elsewhere:* SR 141716A (1QuM) was used to determine patty acid amide hydrolase assay
non-specific binding, which in displacement assays was ) )
between 25% and 30% of total binding. Receptor binding This assay was performed as described previotisly.
results were analysed with GraphPad software (San Dieg%EIEﬂy. polyps were homogenized in 50 mM Tris—HCI
CA). Saturation curves were fitted with a rectangular hypefpH 7.4), containing 1 mM EDTA, using a Dounce homo-
bola ¢2=0.98). Scatchard curves for the binding #[SR  genizer. The homogenate was centrifuged sequentially at
141716A were used to calculalg,,, andK, values for this  800xg (5 min), 10,000<g (15min) and 100,008g
ligand by using non-linear regression, and one- and two-sif@0 min). Pellets from the three centrifugations or the super-
analyses were compared to determine better®fit(0.89 for natant from the last centrifugation (100-200 total
one-site binding). Displacement curves (calculated bgroteins) were incubated in 50 mM Tris—HCI (pH 7.4) at
means of Pharm/PCS software) were used to calculate tB€'C in the presence of‘{Clanandamide or*{CJoleoyl-
K; value for anandamide by inserting the correspondigg €thanolamide (50,000 c.p.m., pM). The formation of
value from the best fitting curve{= 0.97) into the Cheng— [*‘Clethanolamine, quantitated as described previolfsly,
Prusoff equation. was taken as a measure of anandamide hydrolysis. Incuba-
tions were also carried out with different concentrations of
o o o [**Clanandamide, forK, and V., determination, or in
Purification and quantitation of endocannabinoids different buffers at different pH valué4or in the presence

Extraction, purification and quantitation of anandamidef FAAH inhibitors. The statistical significance of the effect
2-AG and NArPE was performed as described previogaly. f the latter was tested by ANOVA followed by Fisher’s test
Briefly, starvedHydra live polyps were extracted with (threshold for significance? < 0.05).
chloroform/methanol (2:1, v/v) containingH]sanandamide
and PH]g2-AG or [*H]N-palmitoylphosphatidylethanola- RESULTS
mine as internal standards. In order to purify and character-
the organic phase whs brough to diyness and submitted tqc. OF _anandamide on - glutathione-induced
series of chromatographic steps, including S@pen bed ?eaedlng response

chromatography, thin layer chromatography (for column Anandamide potently and dose-dependently

fractions containing NArPE, on plates developed wit P, - :
chloroform:methanol:NEDH, 85:15:1) and normal phasennhlblt6d Hydra feeding response induced by a

high-pressure liquid chromatography (HPLC; for columd@nge of 9|Utath'0_ne concentrations (1—im;
fractions containing anandamide and 2-AG, eluted witblata not shown). With 10.M glutathione, the effect
increasing concentrations of iso-propanol risnexane as was already marked with 10 nM and maximal at
described previously). NArPE-containing fractions 100 nM anandamide (Fig. 1), with a 43% reduction

which also contain otherN-acylphosphatidylethanol- . . .
gmines) were digested with PLDy ?rorspchror%/ofuscus of the response duration, obtained essentially by

which released anandamide and othhracylethanol- acceleratingdydra mouth closure (i.e. by reducing
amines?? followed by thin layer chromatography andt;). The anandamide analogue palmitoylethanol-
normal phase HPLZ The amounts of NArPE were calcu- amide, which is inactive at ClBreceptorsz,G’% was

lated from the amounts of anandamide produced from PL ; . i
digestion and corrected by taking into account the recove ot active up to a kM concentration. The inhibi

of radioactivity in HPLC fractions corresponding to%ry effect of 100 nM anandamide was comparable
[®H]palmitoylethanolamide (i.e. the product of the PLDto that obtained with a 1000-fold higher concentration
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Fig. 1. Effect of anandamide ddydra feeding response. Anandamide dose-dependently reduces the duration

(tr — t;) of the feeding response induced by Bl glutathione measured as a percentage of the duration of the

response in animals treated with vehicle only (1500 s ail¥Oglutathione; for a recent representation of the

duration of the feeding response at various glutathione concentrations, see Ref. 39). The effect of anandamide was

exerted by accelerating mouth closure (i.e. by redugingt shown). The effects of arachidonic acid andR)4(

hydroxyeicosatetraenoic acid, as reported previotfsiind of palmitoylethanolamide are shown for a compar-

ison. The effect of administration of 100 nM anandamide plus SR 141716A (50 and 100 nM) or SR 141716A

alone (100 nM) is also shownP*<0.05, **P <0.01 vs 100 nM anandamide alone, calculated by ANOVA
followed by Scheffés test.

of AA, whereas the effect of a 10 nM dose wa<B;-like cannabinoid binding sites inHydra
slightly higher than that observed previously withvulgaris

a 100-fold higher concentration of the major oxida-

tion product of AA inH. vulgaris, i.e. 11R)-hydro- In agreement with the antagonist action exerted
xyeicosatetraenoic acid (Fig. 1). Furthermore, they SR 141716A against anandamide inhibition of
effect of 100 nM anandamide was attenuated kthe feeding response, we found that increasing
co-incubation of polyps with increasing concentraeoncentrations of 3H]SR 141716A bound to
tions (50 and 100 nM) of the GBeceptor antagonist membrane preparations fromd. vulgaris polyps
SR 141716A, which alone did not exhibit any signispecifically and in a saturable fashion (Fig. 2A).
ficant effect (Fig. 1). Scatchard analysis (Fig. 2B) revealBg,, and K4
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Fig. 2. Hydracontains selective cannabinoid binding sites. (A, B) Saturation (A) and Scatchard (B) curves for the
specific binding of fH]SR 141716A to membrane preparations frbinvulgaris polyps. (C) Displacement by
anandamide of°H]SR 141716A bound to membrane preparations fienvulgaris polyps.

values, respectively, of 267 12.6 fmol/mg protein aliquots of normal phase HPLC fractions containing,
and 1.87+ 0.87 nM (means: S.D.,n=23). Ananda- respectively, anandamide or 2-X&??after deriva-
mide dose-dependently displaced the binding dization and analysis by GC—MS run in the total ion
[H]SR 141716A to these sites withk§ value of current mode.

505+ 69 nM (meant S.D.,n=3; Fig. 2C).

Fatty acid amide hydrolase activity irHydra
Anandamide and its biosynthetic precursor are&ulgaris

produced inHydra vulgaris Subcellular fractions obtained from. vulgaris

We have analysed, by gas chromatography—masgmogenates were analysed for the presence of
spectrometry (GC—-MS), run in the selected iofi*“Clanandamide-hydrolysing activity. As with
monitoring mode, the purified lipids extractedmammalian FAAH!® the enzymatic formation of
from H. vulgaris polyps and found that they contain[*“C]ethanolamine was most abundant in the
measurable levels of “endocannabinoids”. Thes@nicrosomal” (100,00x g pellet) fraction (Fig.
were detected as peaks in the gas chromatogratA). The activity of the two pooled membrane frac-
co-eluting with either deuterated anandamide or 2ions was further characterized and found to exhibit
AG, and possessing the same mass spectral peakspH dependency profile typical of mammalian
i.e. the ones am/z=427 and 419 (molecular ions FAAH, with maximal activity between pH 9 and
for [?H]ganandamide and undeuterated anand©, and another apparent active-sit¢ palue at pH
mide), 412 and 404 (loss of 15 mass units, corré (Fig. 4B). Although the enzyme seemed to be
sponding to a methyl group, fromHJsanandamide rather abundant (apparentm.,=3.4% 0.9 nmol/
and undeuterated anandamide), 530 and 522 (mofein/mg protein), its affinity for anandamide was
cular ions for fH]g2-AG and undeuterated 2-AG) considerably lower than that described previously
and 515 and 507 (loss of 15 mass units, corresporf¢r mammalian FAAH!® with an apparent
ing to a methyl group, from?H]g2-AG and undeut- K,=400= 88 uM (meanst S.D.,n=3; Fig. 4C).
erated 2-AG) (Fig. 3 and data not showAmounts Accordingly, the typical FAAH inhibitors and AA
of anandamide and 2-AG were 15%61.5 pmol/g derivatives arachidonoyltrifluoromethyl  ketone,
and 11.2+ 1.9 nmol/g wet tissue weight, respec-methylarachidonoylfluorophosphonate, arachi-
tively (meanst S.D., n=2), comparable to the donoyldiazomethyl ketone and arachidonoylchloro-
amounts described previously in mammaliamethyl ketone, at concentrations shown previously
tissues>*® We also detected measurable amounts cause 100% inhibition of mammalian FAAH®
of anandamide in fractions of NArPE, the proposedaused a sub-maximal, albeit statistically significant,
biosynthetic precursor of anandamide in thénhibition of H. vulgaris[**Clanandamide-hydrolys-
mammalian CNS, that had been digested witing activity (Fig. 4D), while the anandamide conge-
PLD. Also, the amounts of NArPE were similar toner [**Cloleoylethanolamide was also efficiently
those measured in rat brain (328.1 pmol/g, hydrolysed byHydra membranes (data not shown).
mean* S.D., n=2)5% Anandamide and 2-AG
were accompanied by several congeners (whose
exact gquantities were not calculated), including
palmitoyl- and oleoylethanolamide, and theg§ The data presented here show that: (i) the endo-
Ci8:00 Cis:, Coo:z Coos, Coois and Gy analogues of genous cannabinoid receptor ligand anandamide
2-AG (data not shown). These were detected imhibits the glutathione-induced feeding response,

DISCUSSION
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Fig. 3. Hydra contains anandamide and its putative precursor NArPE. Lipids tomulgaris polyps were
purified and anandamide or 2-AG contained therein derivatized to form the tris-methylsilyl ethers. (A) Selected
ion monitoring (SIM) GC—MS chromatogram of anandamide (middle panel, selecteadVion404) in the
presence of deuterated anandamide (upper panel, selectedziert12) as internal standard, and selected ion
monitoring fragmentogram of the peak at 18.57—18.58 min (lower panel). (B) Selected ion monitoring GC-MS
chromatogram of anandamide (middle panel, selectedniar- 404), obtained from PLD digestion of purified
NArPE, in the presence of deuterated anandamide (upper panel, seleat@d+o412) as internal standard, and
selected ion monitoring fragmentogram of the peak at 18.57—18.58 min (lower panel). (C) Selected ion monitor-
ing (SIM) GC—MS chromatogram of 2-AG (upper panel, molecular iawat= 522; middle panel-15 ion atmy/
z=507) in the presence of deuterated 2-AG (not shown) as internal standard. The full mass spectra of the peak at
20 min from a separate analysis run in the total ion current mode is shown in the lower panel. Another peak
eluting after 20.36 min was also found to contain iong¥at= 522 and 507 (not shown), and corresponds to 1(3)-
arachidonoylglycerol.
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the effect being blocked by a selective antagonist d¢ifigh-affinity cannabinoid receptor ligands, from
mammalian CBreceptors; (ii) cannabinoid/ananda-mammalian brain membranes (reviewed in Refs 26
mide receptors are present lih vulgaris (i) H. and 35). Furthermore, our data suggest that this
vulgaris synthesizes anandamide and its putativeeceptor may be involved in the control of the
biosynthetic precursor NArPE; (iv) an abundanglutathione-induced feeding response, since exoge-
anandamide-hydrolysing, FAAH-like activity, nous anandamide, at nanomolar concentrations,
potentially responsible for the termination of thepotently inhibited this behavioural response in a
anandamide/cannabinoid receptor-mediated signédshion that could be blocked by SR 141716A.
is expressed in the coelenterakéydra represents, The endocannabinoid is the most potent modulator
to the best of our knowledge, the simplest animaif the Hydra feeding response described to date,
organism ever found to respond to anandamide asdhce all the other drugs previously reported to influ-
to possibly utilize the “endocannabinoid signallingence this response are active at micromolar concen-
system” for the control of a physiological responserations®1837-4The estimatedcs, of anandamide
Specific cannabinoid binding sites were detected kgbout 7 nM) for this effect is very similar to the
the use of a high-affinity selective ligand of the CBpossible concentration of the endocannabinoid in
mammalian cannabinoid receptor, SR 141716A]. vulgaris polyps. This can be extrapolated from
which behaves as an antagonist of .@Bediated the amounts of anandamide measured in this study,
functional response&.In consideration of the selec-i.e. 15.6 pmol/g wet tissue weight, which is likely to
tivity of SR 141716A for CB over CB receptors! yield a 10-20 nM concentratiom vivo, a value
theHydracannabinoid receptor could be regarded ashich could be increased further in feeding polyps.
CB;-like, but, clearly, the full molecular character-In fact, we showed previously that glutathione
ization of this protein must be obtained to suppomtimulation of living H. vulgaris polyps leads to a
this suggestion. It is worthwhile noting that the onlytwofold increase of free AA levels. Activation of AA
two studies that have so far described the moleculeglease has been suggested to lead to anandamide
characterization of cannabinoid receptors from abiosynthesis in murine macrophagé€sand a pos-
invertebrate species, the lee®? although report- sible mechanism for this phenomenon is the
ing somewhat different results, agreed in pointingemodelling of membrane phospholipids with sub-
out a significant homology with the human €B sequent increase in diarachidonoylphosphatidyl-
receptor. choline, which serves as a precursor for NArPE
The Hydra cannabinoid receptor described herand anandamide biosynthe%i&*® (also see Ref.
for the first time is also an “anandamide receptor”l5 and references cited therein). It is possible that
since the endocannabinoid displaced the binding af similar pathway may also occur in glutathione-
[®H]SR 141716A toHydra membranes with &; stimulatedHydra, leading to increased anandamide
value not far from those reported for the displaceformation. Indeed, part of the previously
ment of PH]SR 141716A, or other radiolabelledreported®* inhibitory action on the feeding
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Fig. 4. Hydracontains an FAAH-like enzyme. Activity was calculated by measuring the formatiori@jetha-
nolamine from f*Clanandamide. (A) Subcellular localization of tHé(flanandamide-hydrolysing activity id.
vulgaris homogenates. (B) pH dependency of tHéClanandamide-hydrolysing activity frorhl. vulgaris
membranes (pooled 10,08@ and 100,00& g pellets) expressed as a percentage of the activity at pH 9.0
(maximal activity). (C) Lineweaver—Burk profile of thé&'Clanandamide-hydrolysing activity frok. vulgaris
membranes obtained when using different concentration¥@fgnandamide (2.4, 6.2, 12, 24 and 48). (D)
Effect of inhibitors of mammalian FAAH on the!{Clanandamide-hydrolysing activity frorhl. vulgaris
membranes. The effect is expressed as a percentage of the activity in the absence of inhibitors (and with vehicle).
ACMK, arachidonoylchloromethyl ketone; ADMK, arachidonoyldiazomethyl ketone; ATFMK, arachidonoyltri-
fluoromethyl ketone; MAFP, methylarachidonoylfluorophosphongiiiMB, p-hydroxymercuribenzoate;
PMSF, phenylmethylsulphonyl fluorideP*< 0.05, **P < 0.01 vs control, calculated by ANOVA followed by
Fisher’s test. Data are meansS.D. of at least three independent experiments.

response exerted by high micromolar doses of Apossibly AA-derived mediators, whose action is
(which are also likely to induce phospholipidnot blocked by the CBantagonist, may play a lead-
remodelling and diarachidonoylphosphatidylcholinéng rolein vivo. Also, anandamide congeners such as
formation) may be due to the production of anandgsalmitoylethanolamide and oleoylethanolamide,
mide. Accordingly, both AA and anandamide inhibitfound to accompany anandamideHgdra as well as
the feeding response by selectively acceleratingpammalian tissues and to exert weak cannabimimetic
Hydra mouth closuré (and data reported here).actions without activating CBreceptors? may co-
However, given the lack of a stimulatory action oradjuvate anandamide in the control of the feeding
glutathione-induced feeding reaction by 100 nM SResponse. This latter hypothesis may explain why the
141716A, itis unlikely that endogenous anandamideAAH-like activity detected inHydra (see below)
alone controls this response. Other endogenowexhibits low affinity/selectivity for anandamide.
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We have also shown here thhlydra contains feeding response. In view of the ever increasing
mechanisms potentially responsible for anandamideimber of publications documenting an inhibitory
biosynthesis and inactivation, and therefore hawction by presynaptic cannabinoid receptors on the
provided further biochemical grounds to the hypotheelease of GABA*” and dopamine in the mamma-
esis that the anandamide/cannabinoid signallingan CNS2it is possible to hypothesize that ananda-
system may play a physiological role in the coelermide inhibition of the feeding response is due to
terate. NArPE was found iH. vulgarisextracts in a interaction with one or both of these two neurotrans-
molar ratio with anandamide very similar to thatmitters. In particular, due to the fact that anandamide
described previously for tissues where the phosph(er AA%%) and GABA® act specifically, with oppos-
lipid behaves as the direct precursor of the endocaimg effects, on the timing of mouth closure rather
nabinoid*>%>46Moreover, we found an FAAH-like than opening, it seems reasonable to suggest that
activity which may be responsible for the inactivaendocannabinoid control of the feeding response is
tion of both anandamide and 2-AG (which was alsexerted at the level of GABA neurotransmission.
detected here irH. vulgaris lipid extracts), and However, it should be mentioned that the effects of
therefore may play a role in the control of the feedeannabinoids on GABAergic transmission are still a
ing response. The kinetics as well as the pH depematter of controversy, since these compounds have
dency profile and sensitivity to inhibitors of thisalso been shown to potentiate the activity of GABA
enzyme are very similar to those reported by us fday inhibiting its re-uptake from nerve terminais?*?
analogous enzymes from invertebrate tisstf@s. Clearly, appropriate studies, requiring the co-ordi-
However, we observed a low affinity and selectivitynated effort of neurophysiologists and pharmacolo-
for anandamide and a reduced sensitivity to AAjists, will have to be designed to specifically address
derivatives which potently inhibit mammalianthe possible interactions between anandamide and
FAAH,® suggesting that the invertebrate enzym&ABA in Hydra
binding sites may have different structures from
the equivalent mammalian protein, which has been CONCLUSION
cloned only recently! Further studies will be ) )
needed to fully characterize FAAH enzymes from We have shown that signalling molecules (endo-
invertebrate organisms likeydra. genous agonists anq re_ceptors) of the canr)apl_n0|d

An investigation of the possible mechanism(s) dfégulatory system exist in one of the most primitive
action through which the activation of cannabinoi@nimal organisms to have evolved a rudimentary
receptors causes inhibition of the feeding respon&Tvous network, and may be involved in the control
was not among the aims of the present stud¢f @ typical behaviour. This finding strongly
However, on the basis of the data existing in thaupports the concept that the anandamide/cannabi-
literature on the molecular events that are triggerdid receptor .syst7e2r2)14?a‘:§ been preserved throughout
by cannabinoid receptof§263 it is possible to an|mal evolutiorf,”2043-45even though its physio-
make some speculations on this subject. At the intrigical task may have evolved from the control of
cellular level, CB receptors are coupledhter alia, & very fundamental behaviour, i.e. feedingtydra
with inhibition of both C&* influx and cyclic-AMp {0 more complex and finer regulatory roles in the
formation252635and with activation of nitric oxide central and peripheral nervous systems of higher

. . . 9
releasé®45 These cannabinoid receptor-mediatedertebrates:
effects might, in principle, all be responsible for
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