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Abstract. Phospholipase A2-derived arachidonic acid (AA) and related metabolic products represent an important
pathway involved in the regulation of growth and morphogenesis as well as in oxidative processes in cnidarian
tissues. Here we present data on the participation of AA in the glutathione (GSH)-induced feeding response in
Hydra 6ulgaris. Under conditions in which it produces the feeding response (which consists mainly of mouth
opening followed by mouth closure), GSH dose-dependently induced the release of free arachidonic acid from live
polyps. Phospholipase A2 inhibitors blocked this release and enhanced the duration of GSH-induced Hydra mouth
opening. Accordingly, AA and, to a smaller extent, a-linolenic acid, were found to reduce the duration of the
feeding response in a 10–100 mM concentration range, and this effect resulted mainly from earlier times of mouth
closure. 11-(R)-hydroxy-eicosa-5Z,8Z,12E,14Z-tetraenoic acid, a lipoxygenase metabolite of AA in H. 6ulgaris,
reproduced the effects of its precursor fatty acid at lower concentrations. The kinetics of GSH-induced arachi-
donate release and GSH-induced feeding response were correlated, suggesting that AA might modulate the
mechanisms controlling mouth closure. Finally, the role of AA in the facilitation of the mouth-closing phase of the
feeding response was further supported by the finding that: (1) exogenous AA reversed the effect on the feeding
response of g-aminobutyric acid, which normally delays the times of mouth closure, and (2) endogenous AA was
also released in the absence of GSH from live polyps stimulated with antho-RFamide, a neuropeptide abundant in
hydrozoans. We suggest that in Hydra AA may act as a second messenger following chemical stimulation.
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Abbreviations. AA=arachidonic acid; BPB=4-bromophenacyl bromide; cGMP=guanosine 3%:5%-cyclic monophosphate; CNS=cen-
tral nervous system; DMSO=dimethyl sulfoxide; GABA=g-aminobutyric acid; GTP=guanosine 5%-triphosphate; (11-R)-HETE=11-
(R)-hydroxy-eicosa-5Z,8Z,12E,14Z-tetraenoic acid; (9-R)-HOTrE=9-(R)-hydroxy-octadeca-10E,12Z,15Z-trienoic acid; (11-R)-
HPETE=11-(R)-hydroperoxy-eicosa-5Z,8Z,12E,14Z-tetraenoic acid; HPLC=high-pressure liquid chromatography; (9-R)-
HPOTrE=9-(R)-hydroperoxy-octadeca-10E,12Z,15Z-trienoic acid; a-LA=a-linolenic acid; OOPC=oleyloxyethylphosphorylcholine;
PLA2=phospholipase A2; PUFAs=polyunsaturated fatty acids; TBPS= t-butylbicyclophosphorothionate.

The nerve net of the freshwater polyp Hydra (Cnidaria,
Hydrozoa) is currently regarded as one of the most
primitive nervous systems to have evolved [1]. Neurons
are dispersed in the epithelia and are interconnected by
neurites into a functional network, or to non-neuronal
effectors by uni- and bidirectional synapses (see ref. 2
for a concise review). The nervous net spreads homoge-
neously over the entire body except in the head region,
where the fibres are condensed to form a circular ring,
possibly representing a rudimentary cephalization of the
system [3]. This seemingly simple, two-dimensional ner-
vous system shows neurophysiological and cellular spe-
cializations as sophisticated as those of many higher
invertebrates in terms of electrogenesis, coordination of
sensory and motor functions, plasticity, development
and regulation of growth [4].
Neurotransmission in Hydra has been considered to be
essentially peptidergic, owing to the presence of several

neuropeptides [5, 6]. Progress in identifying nonpep-
tidergic neurotransmitters in cnidarians has been slow,
and the results confusing or even contradictory [7–9].
On the other hand, recent evidence has been obtained of
the occurrence of dopamine in Hydra tissues [10]. Do-
paminergic agonists and antagonists have been shown
[11] to modify a typical behaviour of Hydra, the feeding
response, where polyps stimulated by glutathione (GSH)
respond with tentacle writhing and mouth opening fol-
lowed eventually by mouth closure. Moreover, we have
recently shown that g-aminobutyric acid (GABA) and
its positive allosteric modulators prolong the duration of
the feeding response in H. 6ulgaris through a receptor-
mediated action [12]. The enhancement of the response
induced by GABA is potentiated by benzodiazepines
and suppressed by the specific GABAA antagonist bicu-
culline. Neuroactive steroids, picrotoxin and the specific
Cl− channel ligand t-butylbicyclophosphorothionate
(TBPS) respectively prolong or decrease response dura-
tion, suggesting that a population of GABAA-like recep-* Corresponding author.
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tors and/or GABA-gated Cl− channels are involved in
the regulation of the feeding response (A. Concas, P.
Pierobon, M. C. Mostallino, G. Marino, R. Minei and
G. Biggio, unpublished results).
Arachidonic acid (AA) and its metabolites as well as
other polyunsaturated fatty acids (PUFAs) are known
to affect ion channels, protein kinases and other key
regulatory enzymes, thus suggesting a role in neuro-
transmitter signal transduction in both mammalian and
invertebrate nervous systems (for recent reviews see [13,
14]). AA also affects motility and contraction in H.
oligactis, indicating a possible short-term action ex-
erted by these compounds on excitable cnidarian tissues
[15]. AA, a-linolenic acid (a-LA) and their lipoxygenase
metabolites have been found in different Hydra species
[16] where they appear to be involved in the control of
metamorphosis, tentacle regeneration and budding. In
particular, an v10-lipoxygenase responsible for the
enantioselective peroxidation of AA, a-LA and other
C18 and C20 PUFAs has been characterized in H. 6ul-
garis [17–19]. In this species high levels of the enzyme
mostly responsible for PUFA release from membrane
phospholipids, i.e. phospholipase A2 (PLA2), have also
been found [20]. Recently, much attention has focussed
on the ability of PUFAs directly or indirectly to regu-
late the activity of GABAA receptor-coupled Cl− chan-
nels in mammalian central nervous system (CNS) [21,
22] and to produce long-term structural and functional
changes in invertebrate neurons [23]. Based on this
background, and bearing in mind the recently described
effect of GABA on the feeding behaviour induced by
GSH in Hydra [12], we have undertaken an in vivo
study on the participation of AA in this chemoreceptor-
mediated response. We present data on the role of AA
as a possible modulator of the final phase of the GSH-
induced feeding response in H. 6ulgaris.

Materials and methods

Materials. H. 6ulgaris (attenuata) were originally ob-
tained from Prof. P. Tardent, Zurich, and cultured
asexually in our laboratory by a modification of the
method of Loomis and Lenhoff [24]. All the reagents
were purchased from Sigma except oleyloxyethylphos-
phorylcholine (OOPC), which was purchased from
Biomol, and 9-(R)-hydroxy-octadeca-10E,12Z,15Z-
trienoic acid [(9-R)-HOTrE], which was purified from
Hydra homogenates as previously described [18].
Study of the effect of various substances on Hydra feed-
ing response. The feeding reaction was studied by the
procedure described by Lenhoff [24], modified as fol-
lows: polyps from ‘homogeneous’ populations, about 3
weeks old, carrying one or two buds, and starved for at
least 3 days before the trial, were equilibrated to room
temperature in 3.5-cm-diameter Falcon dishes contain-
ing 1 ml of physiological solution (1 mM CaCl2, 0.1

mM NaHCO3, buffered with 1 mM Tris-HCl, pH 7.35)
(controls); the dishes were divided into four chambers
by glass partitions in order to allow simultaneous test-
ing and recording of individual mouth opening (Ti)
and closing (Tf) times for each animal. In other series
of such dishes AA, a-LA, 11-(R)-hydroxy-eicosa-
5Z,8Z,12E,14Z-tetraenoic acid [(11-R)-HETE], (9-R)-
HOTrE, 4-bromophenacyl bromide (BPB), OOPC,
GABA or TBPS were added immediately before the
test. Lipophilic molecules were dissolved in small
amounts of dimethyl sulfoxide (DMSO) and diluted to
working concentrations in physiological solution, so
that final DMSO content in the test solution did not
exceed 1 ml/ml. In these experiments equal amounts of
DMSO were added to control solutions. All PUFAs
were freshly prepared and added to test solutions imme-
diately before use in order to avoid degradation of the
molecules. The test was started by adding reduced GSH
at different concentrations (1–10 mM); six to eight
animals were tested per group and per GSH concentra-
tion. Scoring of mouth opening and closing was per-
formed using a cold light stereo microscope (Wild) and
times were recorded by independent observers. After the
first mouth closure healthy animals could reopen and
close their mouths repeatedly, so Tf was always mea-
sured at the first mouth closing. In every experiment a
control series was included; for each substance tested
the experiments were repeated several times. All the
experiments were carried out in an air-conditioned envi-
ronment at 22 °C.
Behavioural data were analysed as follows: in each
experiment the duration of the response to different
GSH doses in the absence or presence of different drugs
was measured and the kinetics of response analysed by
linear regression (fig. 1). When different regression
curves were obtained, percentages of increase (or, as
negative values, of decrease) versus respective control
samples were calculated for a given GSH concentration.
Statistical significance of differences was evaluated by
ANOVA followed by Scheffè’s test. A P value ofB0.05
was considered statistically significant.
Study of the effect of GSH on arachidonate release from
Hydra polyps. Release of [3H]AA in vivo was moni-
tored by the following procedure: ‘standard’ polyps,
starved for 4 days before the test, were incubated for 8
h with 3.7 MBq/l [3H]AA (NEN, 8510 TBq/mol),
washed three to five times in physiological solution and
then placed in groups of 50 in Falcon dishes containing
2 ml of physiological solution. Incubation of live polyps
with [3H]AA for 8 h resulted in the incorporation of
23.2% of the fatty acid in the sn-2 position of phospho-
glycerides [20]. Incubations with live polyps for less
than 30 min (as in the feeding response assay condi-
tions) did not lead to significant incorporation of AA
into membrane phosphoglycerides. The test was started
by adding GSH at the desired concentration; 500-ml
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Figure 1. Response to GSH. Columns represent times of mouth
opening (Ti) and mouth closure (Tf) at different GSH concentra-
tions, expressed in seconds. Duration of the response (i.e. the time
interval Tf−Ti) increases linearly with increasing GSH concentra-
tions, and the increase is due to prolonged Tf times, while Ti

values do not vary significantly. Data are shown from a typical
experiment; vertical bars represent individual variability within
sample groups. Kinetics of response are calculated by a modified
Lineweaver-Burk plot [24]; the curve in the inset is obtained by
linear regression analysis of [GSH]/Tf−Ti ratios from several
experiments.

Figure 2. Effects of GABA 100 mM ( ), OOPC 1 mM ( ), BPB
1 mM ( ), OOPC plus GABA ( ) and BPB plus GABA ( ) on
the duration of the feeding response induced by 10 mM GSH. The
effects are expressed as the percent increase of the response
induced by 10 mM GSH (100%, see fig. 1), and correspond to
response durations statistically different from those to GSH only
(PB0.001). Both GABA and OOPC versus OOPC plus GABA
are also significantly different (PB0.05), while differences be-
tween GABA or BPB versus BPB plus GABA are not significant.

sponse, BPB and OOPC, two different inhibitors of
PLA2, the enzyme catalysing the release of free
arachidonate from membrane phospholipids, were
tested. Both BPB and OOPC induced an increase in
duration of the response at 1 mM concentrations (fig.
2). This effect was exerted by prolonging times of
mouth closure up to 30 min, and was potentiated (in
the case of OOPC, significantly) by co-incubation with
100 mM GABA, which alone is also capable of in-
creasing the response duration (fig. 2).
Next, we wanted to determine whether GSH treat-
ment would induce AA release from Hydra membrane
phospholipids. Exposure to GSH of polyps prelabelled
overnight with [3H]AA produced, under the same in-
cubation conditions used to monitor the feeding re-
sponse, a significant release of AA-bound radioactivity
(figs 3 and 4). HPLC analysis of samples showed that
free [3H]AA was the component mostly responsible
for the radioactivity (data not shown). The kinetics of
release varied according to GSH doses (fig. 3): in
samples treated with 10 mM GSH, where mouth clo-
sure is normally observed after 20–25 min, the in-
crease in radioactivity levels was detectable upon
mouth opening and progressed with time. At 1 mM
GSH, where mouth closure is normally observed after
10 min, an initial peak of release was observed after 5
min. In the presence of OOPC, radioactivity levels re-
mained unchanged with respect to control throughout
the time of the experiment (fig. 4). Finally, a signifi-
cant, albeit smaller, release of free [3H]AA (fig. 4) was
also observed, in the absence of GSH, in animals
treated with 1 mM pGlu-Gly-Arg-Phe-NH2 (antho-
RFamide).

aliquots of the test solutions were collected at differ-
ent times (0, 5 and 15 to 20 min) after GSH adminis-
tration. The radioactivity released was measured by a
liquid scintillation counter (Packard, USA). Samples
collected at corresponding times from animals not
treated with GSH were used as controls. Aliquots
were analysed by high-pressure liquid chromatography
(HPLC) as described previously [20] in order to deter-
mine the contribution of AA and its possible metabo-
lites to total radioactivity released from polyps. As
determined in a previous study [20], AA release from
live polyps is directly proportional to AA released in-
side H. 6ulgaris cells and can be used as a measure
for PLA2-mediated release of AA from membrane
phospholipids.

Results

Participation of PLA2 and of endogenous AA in GSH-
induced feeding response. In normal, otherwise un-
treated polyps, the duration of the response to GSH,
i.e. the time interval between mouth opening (Ti) and
mouth closure (Tf), varies from about 10 min at 1
mM GSH to 20–25 min at 10 mM GSH (fig. 1), and
is linearly correlated to GSH concentration in the 1–
10 mM range of concentrations.
In order to assess whether endogenous AA was in-
volved in the control of GSH-induced feeding re-
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Figure 3. Release of [3H]AA from intact polyps, prelabelled with
[3H]AA, 0, 5, 15 and 20 min after treatment with 1 mM (
) and
10 mM GSH (
). The release is measured as percent of [3H]AA
released from control (unstimulated) polyps. For basal [3H]AA
release see figure 4. Data of [3H]AA release at 1 mM GSH after 15
min and at 10 mM GSH after 20 min are biased by the onset of a
new cycle of response. Data are means9SD of three separate
experiments.

Figure 5. Effect of 1 mM ( ), 10 mM ( ) and 100 mM ( ) AA;
1 mM ( ), 10 mM ( ) and 100 mM ( ) a-LA on the feeding
reaction induced by 10 mM GSH. The effects are expressed as the
percent inhibition of the response induced by 10 mM GSH (100%,
see fig. 1) and correspond to response durations statistically
different (PB0.001) from those to GSH only, except with 1 mM
AA and a-LA.

Effect of AA and other PUFAs and of their derivatives on
GSH-induced feeding response. Exposure to AA dose-
dependently reduced duration of the feeding response
(fig. 5); the degree of inhibition also depended on GSH
concentrations (not shown), with a maximum of about
−38% at 10 mM GSH. 1 mM AA, which did not modify
response duration when administered simultaneously
with GSH, was able to shorten times of the response
when polyps were pretreated with the fatty acid for 30
min before the test (fig. 6). The degree of inhibition
(about −20%) by 1 mM AA following pretreatment was
comparable to that obtained when stimulating the

polyps with GSH in the presence of 1 mM (11-R)-HETE
(fig. 6), the most abundant derivative of AA in H.
6ulgaris. The effect of (11-R)-HETE was enantioselec-
tive since its enantiomer (11-S)-HETE was not active
(fig. 6). In all cases, shortening of the response resulted
from earlier times of mouth closing with respect to
control; delayed mouth opening times were observed
only occasionally (data not shown).
Administration of a-LA also produced a dose-depen-
dent decrease in duration of the GSH-induced feeding

Figure 6. Effects of 1 mM AA, without ( ) or with ( ) 30-min
pretreatment of polyps, and of 1 mM (11-R)-HETE ( ), 1 mM
(11-S)-HETE ( ), 1 mM a-LA ( ), 1 mM (9-R)-HOTrE ( ) and
1mM 9–keto-HOTrE ( ) on the feeding response to 10 mM GSH.
The effects are expressed as the percent inhibition of the response
induced by 10 mM GSH (100%, see fig. 1) and correspond
to response durations statistically different (PB0.001) from those
to GSH only, except for 1 mM AA, 9-keto-HOTrE and 1 mM
(11-S)-HETE.

Figure 4. Release of [3H]AA (fmol) from intact polyps after
15-min treatment with 10 mM GSH ( ), 10 mM GSH+1 mM
OOPC ( ), and 1 mM antho-RFamide ( ). White column repre-
sents basal [3H]AA release from control animals. The effects of
antho-RFamide and GSH are statistically different from controls
(PB0.05 and 0.001, respectively). Data are means9SD of three
separate experiments.
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Figure 7. Effects of 1 mM ( ), 10 mM ( ) and 100 mM ( ) AA;
1 mM ( ), 10 mM ( ) and 100 mM ( ) a-LA; and of 1 mM TBPS
( ) in the presence of 100 mM GABA on the response induced by
10 mM GSH. The effect of 100 mM GABA is also shown ( ). The
effects are expressed as the percent inhibition of the response at 10
mM GSH (100%, see fig. 1); differences in response durations are
statistically significant (PB0.001) versus GSH+GABA, except
for 1 mM a-LA.

Figure 8. Effects of 10 mM ( ) and 100 mM ( ) AA plus 1 mM
TBPS. The effects are expressed as the percent inhibition of the
response induced by 10 mM GSH (100%, see fig. 1). 100 mM AA
and TBPS association produce a significant difference (PB0.001)
versus 1 mM TBPS alone ( ), but not versus 100 mM AA. The
effects of 10 mM AA, though not significant, are clearly not
additive to TBPS. 10 mM ( ) and 100 mM ( ) AA are also
shown in the figure. 1 mM TBPS significantly inhibits the response
(PB0.001).

response, albeit to a smaller extent (fig. 5). In this case
the amount of reduction also depended on GSH con-
centrations (not shown), with a maximum of about
−26% at 10 mM GSH. A reduction (−12%), smaller
than that obtained with 1 mM (11-R)-HETE (−20%),
was also obtained with the endogenous a-LA metabo-
lite (9-R)-HOTrE, but not with its keto derivative, at 1
mM concentrations (fig. 6).
AA administration suppressed the increase in times of
response produced by 100 mM GABA. The effect was
already pronounced at 1 mM AA, was dose-dependent
at a 1–100 mM concentration range, and was similar to
that exerted by 1 mM TBPS (fig. 7). In the presence of
100 mM GABA, treatment with 10 and 100 mM a-LA
also suppressed the GABA-induced enhancement of the
response; maximal effect was observed with 100 mM
a-LA, whereas 1 mM a-LA was not effective (fig. 7).
Similar results were obtained with the endogenous AA
and a-LA lipoxygenase metabolites (11-R)-HETE and
(9-R)-HOTrE at 1 mM concentrations (−12% and
−6% reduction respectively, data not shown).
Finally, the effect of 100 mM AA was comparable to
that obtained in the presence of the convulsant drug
TBPS (1 mM). Simultaneous TBPS and AA administra-
tion never resulted in an additive response (fig. 8) but in
fact reduced the inhibitory action of TBPS. This effect
was dose-dependent over a 1–100 mM AA concentra-
tion range with a statistically significant effect at 100
mM AA. The inhibition of the feeding response ob-
served with 100 mM AA plus 1 mM TBPS was not
significantly different from that observed with 100 mM
AA alone.

Discussion

The feeding response has received much attention since
its first description by Loomis [25], since it represents a
simple and reliable model for the study of chemorecep-
tion. It consists of a sequence of events following prey
capture, i.e. tentacle writhing, mouth opening, ingestion
of prey and closing of the mouth. It is initiated by the
association of reduced GSH with an external chemore-
ceptor [26]. Intensity and duration of the GSH-induced
response are dose-dependent, saturable and partially
antagonized by L-glutamic acid [27]. The feeding be-
haviour is activated by GSH or by a limited number of
amino acids (proline, valine) in different cnidarian spe-
cies; in Hydra, GSH is the specific activator of the
feeding response [28]. The metabolism of GSH is not
believed to play a role in eliciting the feeding behaviour,
since treatment with azaserine, an inhibitor of g-glu-
tamyl transpeptidase, does not affect the GSH-induced
response [29]. Moreover, the glutamyl residue and the
tripeptide backbone have been reported to be essential
for activation [30].
The anatomical pathways leading from chemoreceptors
to the effector cells involved in the feeding response
have been only partially identified. GSH receptors have
been tentatively localized on nematocytes of tentacles
[31, 32]. Characterization of the receptor protein(s) is in
progress [33], but the molecular mechanisms underlying
receptor activation are unknown. Formation and open-
ing of the mouth are ultimately achieved by contraction
of the longitudinal myofibrils embedded in the epithe-
liomuscular cells of the head, while mouth closure prob-
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ably results from parallel relaxation of ectodermal lon-
gitudinal myofibrils and contraction of the circular my-
ofibrils of the endoderm [34, 35], a process requiring
nervous system coordination. Again, the molecular
events by which termination of the response is achieved
are still poorly understood, though recent findings that
inhibitors of the nitric oxide/Guanosine 3%:5%-cyclic
monophosphate (cGMP) pathway prolong duration of
the response [36] suggest that its modulation may de-
pend on complex inhibitory mechanisms rather than
simple dissociation of GSH from its receptors.
Starting from the knowledge that (1) AA and its lipoxy-
genase metabolites are abundant in Hydra species [16],
(2) GABA, possibly via GABAA receptors, delays the
termination of H. 6ulgaris feeding response [12] and (3)
AA and other PUFAs are known to modulate GABAA

receptor-coupled Cl− channels in mammals [21, 22], we
have examined the possibility that PUFAs are involved
as endogenous modulators of the GSH-induced feeding
response in H. 6ulgaris. At least three prerequisites must
be satisfied for a substance in order to suggest its role as
endogenous mediator for a given response in a certain
organism: (1) the molecular mechanisms for its biosyn-
thesis and metabolism must be available to the organ-
ism; (2) inhibitors of its biosynthesis must counteract
the response under study; (3) when administered exoge-
nously, the substance must be able to reproduce this
response. In addition to AA-metabolizing enzymes, H.
6ulgaris also contains a membrane-bound PLA2 [20], as
well as high levels of its preferential substrates, i.e.
1-acyl-2-sn-arachidonoyl-phosphoglycerides [37]. This
enzyme was suggested to be activated upon the onset
of the cellular processes occurring during H. 6ulgaris
tentacle regeneration, and to be regulated by protein
kinase C and pertussis-toxin sensitive Guanosine 5%-
triphosphate (GTP)-binding proteins [20, 37]. We de-
cided to assess the possible participation of PLA2-
catalysed endogenous AA release in the mechanisms
controlling GSH-induced mouth opening and closure
by studying the effect on this response of two PLA2

inhibitors, OOPC and BPB. OOPC is a site-specific
inhibitor of the low molecular weight PLA2 which selec-
tively hydrolyses AA-containing phospholipids [38];
BPB is an inhibitor of both PLA2 and phospholipase C,
which in some cells is involved in AA release in combi-
nation with diacylglycerol-lipase [38]. These two sub-
stances have been previously shown to inhibit H.
6ulgaris PLA2 both in vivo and in vitro [20, 37]. Both
inhibitors prolonged the feeding response by delaying
the times of GSH-induced mouth closure, thus leading
to the hypothesis that termination of the response
may be attained at least in part through stimulation of
PLA2 and subsequent liberation of AA, following the
binding of GSH to its receptor. It is noteworthy that
the effect of OOPC was further potentiated by GABA,
suggesting that the PLA2 inhibitor and the neurotrans-

mitter independently contribute to prolonging response
duration.
In order to verify the hypotheses described above, we
examined first the effect of GSH on the release of
radiolabelled AA from live polyps previously labelled
with [3H]AA, under conditions where the tripeptide
produces the feeding response. We found that GSH
stimulation always resulted in [3H]AA release in an
OOPC-inhibitable fashion, and that the kinetics of this
release were dependent on GSH doses and, therefore,
upon the time of mouth closure, with higher AA levels
always being found before mouth closure.
We then studied the effects of AA and a-LA, the two
most abundant PUFAs esterified to membrane phos-
phoglycerides in H. 6ulgaris [19, 20], on the GSH-in-
duced feeding response. We found that, over a 10–100
mM range of concentration, AA and, to a smaller ex-
tent, a-LA (1) shorten GSH-induced feeding response
by causing an earlier closure of the mouth, and (2)
counteract the prolongation of GSH-induced feeding
response induced by GABA, which acts by delaying
GSH-induced mouth closure. Both these effects were
exhibited, at tenfold lower concentrations; also by (11-
R)-HETE and, to a much smaller extent, by (9-R)-
HOTrE which are the most abundant metabolites of
AA and a-LA respectively in H. 6ulgaris. This finding
might explain why AA, at a 1 mM concentration, is
capable of inhibiting GSH-induced feeding response
only after a 30-min pretreatment of live polyps with the
PUFA. In fact, it can be envisaged that AA may rapidly
diffuse through Hydra ectodermal cell membranes and
be enzymatically oxidized to (11-R)-HETE during the
incubation. Accordingly, 30-min incubations of AA
with H. 6ulgaris homogenates have been previously
shown to be sufficient to observe the formation of
(11-R)-HETE [17].
Finally, the effect of AA on GSH response was
comparable to that exerted by TBPS, which inhibits
Cl− ion fluxes by means of selective binding to
Cl− channels coupled to the GABAA receptor [39].
Moreover, treatment with maximal doses (100 mM)
of AA reduced the inhibitory effect of a maximal dose
(1 mM) of TBPS to a degree similar to that observed
with AA alone, thus suggesting that the fatty acid
may displace TBPS from its site of action. This would
lead to the hypothesis that AA [and possibly (11-R)-
HETE] interferes with the putative mouth closure-
inducing endogenous mechanisms at the level of
GABAA-coupled Cl− channels [12]. Indeed, inhibition
of these channels by AA has been repeatedly reported
in the mammalian CNS [21, 22]. However, the data
presented here do not allow any definitive conclusion
to be drawn as to whether this effect also occurs in
Hydra.
On the basis of the data described here it is possible to
suggest that endogenous AA, produced following GSH-
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induced stimulation of PLA2, might intervene in the
final phase of the GSH-induced feeding response, i.e.
mouth closure. The time interval of mouth opening may
thus be determined at the molecular level by a metabolic
interplay between GABA and AA. The latter may be a
necessary component of the cellular feedback mecha-
nisms started by GSH stimulation in order to achieve
termination of the feeding response. This hypothesis is
supported by the finding, reported here, that antho-
RFamide, which is thought to modulate neuromuscular
transmission in Hydra [40], and at 1–10 mM concentra-
tions shortens the GSH-induced feeding response [41],
also stimulates AA release from H. 6ulgaris. Other
components of the RFamide family of neuropeptides
have been previously shown to act through AA and its
lipoxygenase metabolites on stimulation of PLA2 [42].
Unfortunately, in our case it was not possible to provide
evidence for the possible contribution to the control of
the feeding response by endogenous (11-R)-HETE,
whose levels may be raised in Hydra also by the direct
stimulatory action of GSH on GSH-peroxidase, the
enzyme which catalyses (11-R)-HETE formation from
(11-R)-HPETE. In fact, inhibitors of mammalian
lipoxygenases do not appear to influence the activity of
the lipoxygenase responsible for (11-R)-HETE forma-
tion in Hydra [17, 43], and could not be used to assess
(11-R)-HETE participation in AA-induced shortening
of the feeding response. Moreover, only very small
amounts of AA oxidation products were found in the
radioactive material (which consisted mostly of [3H]AA)
released by live polyps of H. 6ulgaris upon stimulation
with either GSH or antho-RFamide.
In conclusion, we have presented evidence, obtained in
vivo under physiological conditions, suggesting that AA
represents one of the endogenous chemical signals inter-
vening in the chemoreceptor-induced feeding behaviour
of Hydra. Results obtained with the second most abun-
dant PUFA in Hydra phosphoglycerides, i.e. a-LA,
suggest that this function, although not restricted to
AA, can be effected by other PUFAs only to a limited
extent and at higher concentrations. To the best of our
knowledge, this is the first report that AA, released via
PLA2 activation, may act as a second messenger of the
natural tripeptide GSH, either directly or through the
production of specific lipoxygenase metabolites. Further
studies are now needed in order to clarify the molecular
mechanism by which AA causes the shortening of the
GSH-induced Hydra feeding response.
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