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Physiological and behavioural effects of the endogenous
cannabinoid, arachidonylethanolamide (anandamide), in the rat
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1 Arachidonylethanolamide (AEA; anandamide) has been isolated from mammalian brain and found
to bind to, and is thought to be, an endogenous ligand for the cannabinoid receptor. In order to
understand better its behavioural and physiological properties, we have examined its acute effects in
unanaesthetized freely behaving rats.

2 Intravenous AEA caused dose-related decreases in locomotor behaviour, a pronounced hyper-
reflexia, and a moderate antinociceptive state. At doses between 3 and 30 mg kg~', a dose-dependent
hypothermia and profound, time-dependent cardiovascular changes were also observed.

3 An immediate bradycardia exceeding 50% was seen within 10—15 s of administration and lasted up
to 11 min following the highest dose of the drug. In contrast, the change in mean arterial pressure was
biphasic: an immediate 20% decrease in mean arterial pressure followed by a significant increase in
blood pressure that lasted about 13 min after the highest dose.

4 These data demonstrate that AEA in the unanaesthetized rat exerts behavioural and physiological
effects generally similar to those seen following natural cannabinoids and synthetic cannabimimetic

agents and suggests a role for AEA in regulation of various physiological processes.
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Introduction

Several recent observations have collectively enhanced our un-
derstanding of the mechanism of action of cannabinoids in the
brain. These include the recent discovery and characterization of
a specific brain receptor that binds with high affinity to a number
of synthetic cannabimimetic agents (Devane et al., 1988; How-
lett et al., 1990), the heterogeneous localization of the cannabi-
noid receptor (Herkenham ez al, 1991a,b; Mailleux &
Vanderhaeghen, 1992; Matsuda ez al., 1993), the cloning of the
receptor (Matsuda et al., 1990), and the observation that can-
nabinoid binding can be inhibited by a substance released from
brain slices (Evans et al., 1992). This latter observation enhanced
speculation concerning the existence of an endogenous canna-
binoid ligand. The structure of one putative ligand, arachido-
nylethanolamide (AEA; anandamide), has recently been
identified (Devane ef al., 1992) and appears to bind to and ac-
tivate the cloned human cannabinoid receptor (Felder et al.,
1993).

Several reports suggest that AEA possesses biological ac-
tivity. It has been shown to inhibit the electrically evoked
contractions of mouse vas deferens (Devane et al., 1992), to
bind to rat brain membranes (Hillard et al., 1995), inhibit
calcium currents in neuroblastoma cells (Mackie & Hille,
1992), and inhibit forskolin-stimulated adenylate cyclase in
COS cells (Vogel et al., 1993) and rat brain membranes
(Childers et al., 1994). Enzymes for its synthesis and de-
gradation also appear to be present in brain (Deutsch & Chin,
1993). Finally, several reports have indicated that AEA pos-
sesses behavioural activity commensurate with that of the
principal psychoactive constituent of marijuana, A°-tetra-
hydrocannabinol (A’-THC) (Fride & Mechoulam, 1993;
Crawley et al., 1993; Smith et al., 1994; Varga et al., 1995).
While the pharmacological and behavioural profile of A>-THC
is well known (Dewey, 1986), our understanding of the beha-
vioural and physiological effects of AEA are considerably
more limited. As such, we have chosen to examine the dose-
response profile of AEA in the freely behaving, un-
anaesthetized rat while monitoring several behavioural and
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physiological parameters known to be altered by A’>-THC. The
results described here are consistent with the hypothesis that
AEA possesses biological activity similar to A>-THC, leading
to the speculation that AEA may subserve one or more normal
physiological functions.

Methods

Forty two male, Sprague-Dawley rats (Sasco, Madison, WI,
U.S.A.) weighing between 250-350 g, were individually
housed in plastic tubs and maintained on food and water ad lib
in a temperature (22°C) and light controlled facility (lights on
between 20 h 30 min—08 h 30 min) for at least 1 week prior to
surgery. Rats to be used in the physiological experiments had
chronic indwelling femoral arterial and venous catheters
surgically implanted under pentobarbitone anaesthesia
(60 mg kg™, i.p.) The arterial catheter was constructed from
PVC and Tygon tubing, while the venous catheter was con-
structed from silicone rubber and polyethylene. They were
passed subcutaneously to exit on the animals’ back im-
mediately adjacent to a Nylon screw that had been passed
through a small piece of Nylon screen and sutured sub-
cutaneously to serve as an anchor during subsequent physio-
logical monitoring. Arterial catheters were flushed daily with a
1% heparinized saline solution and filled at the end of each
daily experiment with a 5% solution of fibrinolysin (Sigma
Chemical, St. Louis, MO, U.S.A.) in 500 units of heparin. A
second series of rats was used to test for the effects of AEA on
antinociception and had chronic i.v. catheters implanted into
the right jugular vein. At least 3 days elapsed for surgical re-
covery prior to any experimental manipulations.

Procedure

Rats in group 1 were used to measure the effects of AEA or its
principal metabolite, arachidonic acid (AA) on heart rate (HR),
mean arterial pressure (MAP), core body temperature and
general behaviour. On the day of the experiment, rats were
placed in a Plexiglas chamber (30 x 21 x 21 cm) and allowed at
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least 30 min to habituate to the environment. Arterial and ve-
nous lines were connected through a protective spring attached
to the Nylon screw on the animal’s back into a double fluid
swivel (Kent Scientific, Litchfield, CT, U.S.A.) permitting re-
lative freedom of movement. Arterial blood pressure was mea-
sured with a disposable pressure transducer (Cobe Instruments,
Arvada, CO, U.S.A.) connected to a computerized polygraph
(Dataq Instruments, Columbus OH, U.S.A.). Body tempera-
ture was continuously monitored with a Telethermometer (YSI
Instruments, Yellow Springs, OH, U.S.A.) and a rectal ther-
mocouple inserted 6 cm into the anus. General locomotor be-
haviour and sensory responsivity were monitored by two
independent observers for up to 60 min after each i.v. drug in-
jection. Doses of AEA were 3.0, 10.0 and 30.0 mg kg~ while the
AA group received 1.0, 3.0 and 10.0 mg kg~'. Rats in each
group received each dose (plus vehicle) in a Latin Square design
twice/week. A final group of animals received doses of 3.0 and
10.0 mg kg~! AEA in the presence of 5.0 mgkg™' in-
domethacin (Indo) in 5 mg ml~" olive oil s.c. 40 min prior toi.v.
AEA.

The antinociceptive effects of AEA were tested in a separate
group of animals by the hot plate method (O’Callaghan &
Holtzman, 1975). Briefly, rats were placed on a copper surface
through which hot water was passed to maintain surface
temperature at 52.4°C. Rats were restricted to the plate by a
27 cm high by 28 cm diameter Plexiglas cylinder placed over
the chamber. Rats were pre-exposed to the testing apparatus at
room temperature 3 days prior to experimentation. Each rat in
this series was tested 3 times with an inter-trial interval of 3
days. On the day of testing, rats were given 1 of 3 doses of
AEA (0.3, 3.0 or 10.0 mg kg~") or vehicle. Rats received either
all 3 doses in a Latin Square design to control for order effect
or repeated vehicle administration to control for any effects of
conditioning. Drug or vehicle was administered i.v. and 1 or
5 min later, rats were placed on the hot surface and the time to
lick a hind paw determined. A maximum period of 45 s was
established to prevent tissue damage.

Drug preparation

AEA was synthesized from arachidonyl! chloride following the
method of Devane et al. (1992) and stored under N, at —20°C
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until used. Briefly, arachidonic acid (AA) was added to dry
dichloromethane with 1.2 equivalents of oxalyl chloride in the
presence of 1 equivalent of dimethylformamide at 0°C to form
the acid chloride of AA. After 15 min, the acid chloride was
added to a 10 fold excess of ethanolamine and incubated for
60 min at 0°C. The reaction mixture was washed with water
followed by removal of the solvent under N,. AEA was se-
parated from arachidonic acid by thin layer chromatography
on silica gel HL plates developed with hexane/ethyl acetate/
methanol (60/40/5) and stored under N, at —20°C until used.
Purity and identity of AEA was established by n.m.r. and mass
spectrometry. The drug was prepared fresh each day in an
emulphor-ethanol vehicle (1:1) and diluted with saline to
maintain a constant injection volume of 0.5 ml.

Statistics

Heart rate and blood pressure were normalized to percentage
of predrug baseline and, along with core body temperature and
hot plate response, were analyzed by separate 2 way analyses
of variance (ANOVA) of time x dose. Due to the very rapid
cardiovascular effects of AEA, separate HR and MAP ana-
lyses were performed for the first min post drug (5 s time re-
solution) and for the entire 30 min observation period (1 min
time bins). Post hoc tests (Tukey’s or paired ¢ tests) were
performed as appropriate. Differences in locomotor and sen-
sory responsivity were determined via paired ¢ tests. An P
value of 0.05 was considered significant throughout.

Results

Anandamide (AEA)

Intravenous AEA administration exerted profound, brief
duration, dose-related behavioural and physiological effects in
the unanaesthetized rat. Administration of either 10 or
30 mg kg~! AEA produced an immediate waxy catatonia; rats
receiving the high dose assumed a prone position, abdomen
flat on the chamber floor with all 4 limbs hanging through the
cage bars, their legs unable to support their weight. At high (10
and 30 mg kg~!') AEA doses, rats became ataxic and often lost

Time (min)

Figure 1 Dose-response effects of intravenous AEA on core body temperature during the 30 min test period. In contrast to the lack
of effect of vehicle, all doses of AEA significantly (P<0.05) reduced body temperature with an onset and duration of action of
about 3 to 15min for the low and medium dose and 8 to 16 min for the high dose. () Vehicle (n=8); (@) 3.0mg kg~! (n=5); (O)
3.0mgkg~' AEA+5.0mgkg™" Indo (n=5); (#) 10.0mgkg™' (n=6); (¢) 10.0mgkg™' AEA+5.0mgkg™' Indo (n=6); (A)

30.0mgkg~"' (n=6).
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their righting reflex. This behavioural state lasted for
1343.9 min following 30 mg kg~' and 4.2+ 1.9 min for the
10.0 mg kg~ dose group (t=4.02; d.f.=6; P<.007). In con-
trast, the 3 mg kg~! dose produced virtually no locomotor
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Figure 2 Averaged effects of AEA on heart rate and mean arterial
blood pressure during the first min (a) and for 30 min (b) post drug
administration. *Different from vehicle (P<.05). (i) Vehicle (n=8);
(i) 3.0mgkg~! (n=5); (iii) 10.0mgkg™" (n=6); (iv) 30.0mgkg™"
(n=6).
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depression, and it was difficult to identify this group from
vehicle controls on the basis of visual inspection.

Although catatonic, rats displayed a hypersensitivity to
many environmental stimuli including auditory and somato-
sensory (air puff) stimulation. While rats would not initiate
spontaneous locomotor behaviour at this time, they were not
sedated as they exhibited a powerful hyper-responsiveness to
normal sensory stimuli. Brief, loud sounds (a hand clap) or
somatosensory stimuli (air puff to the face) induced strong
reflexive, escape-like responses. Rats would immediately orient
to the stimulus, only to return to the cataleptic-like state in the
absence of any external stimuli. This hyper-reflexia was similar
to the behaviour seen in rodents after THC administration
(Dewey, 1986). However, in contrast to the immediate onset of
catatonia, the hyper-refiexia had a more delayed onset; for the
high dose, a delay of between 5—13 min ensued with a dura-
tion of effect that averaged 22.3 min (range 14—43 min). At
10 mg kg~', onset varied from 2—5 min and lasted for a mean
of 18.4 min (range 8-35 min), while the hyper-refiexia fol-
lowing 3.0 mg kg~' AEA was quite mild and seen occasionally
between 1-10 min. Although not specifically measured, no
long term or residual effects of AEA were noted in any animal.
Pretreatment with indomethacin did not appear to alter the
AEA-induced behavioural effects. Arachidonic acid exerted
little behavioural effect at the doses tested.

Two way analyses of variance revealed a significant dose-
and time-dependent effect of AEA on core temperature (Figure
1). Compared to vehicle, which by itself did not alter core
temperature, all doses of AEA significantly depressed tem-
perature and did so in a dose-dependent manner
[F(3,30)=54.9; P<.001]. The 3.0 and 10.0 mg kg~' doses de-
creased body temperature from control levels of 39.01+0.9°C
between 3 and 15 min post injection, while the 30.0 mg kg~'
AEA caused a significant hypothermia between 8 and 26 min
post injection.

AEA administration also profoundly altered several cardi-
ovascular parameters. Due to the very rapid onset of effect,
data were analyzed every 5 s during the first min post drug
administration and in 1 min time bins thereafter for the next
30-40 min. Data from each time epoch (i.e. 1 and 30 min)
were analyzed independently. A rapid, transient bradycardia
was seen immediately following AEA administration. During
the first min post drug, all 3 doses were equi-effective, de-
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Figure 3 Effects of AEA on MAP as a function of dose and time. A significant (P<.05) increase in blood pressure occurred for up
to 5min after 3.0mgkg™', 2min after 10.0mgkg~! and 13 min after 30.0mgkg™~"' AEA. Note also the delayed hypotensive effect
with the middle dose between about 15 to 30 min. Inset illustrates the rapid biphasic depressor/pressor effect of AEA during the first
minute post drug administration. (ll) Vehicle (n=38); (O) 3.0mgkg™"' (n=5); (A) 10.0mgkg~! (n=6); (O) 30.0mgkg™" (n=6).
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creasing HR from a mean baseline rate of 445.8+61.6 b.p.m.
by about 50—60% within 5 s [F(3,30)=90.5; P<.001], while
vehicle was without effect on heart rate at any time point
(Figure 2a). The maximal depression lasted about 20 s, with
HR returning to about 70% of baseline by the end of the first
min. However, for the 30 min observation period, the effects of
the three doses did not differ significantly from each other
(Figure 2b). Analysis of the time courses for the 3 doses,
however, revealed that HR remained significantly below
baseline for about 12, 5 and 6 min after the 30.0, 10.0 and
3.0 mg kg~ doses, respectively (Figure 9).

A dose- and time-dependent effect of AEA was also seen on
MAP (Figures 2 and 3). Following an immediate, brief, dose-
related decrease in blood pressure after drug administration, a
prolonged hypertensive response was seen from about 30 s and
lasting for up to 5 min after the low, 2 min after the middle and
13 min after the high dose of AEA. Finally, a significant hypo-
tension was evident from about 15-30 min following the
10 mg kg~! injection (Figure 3). Vehicle administration alone
caused a small (2—4%) significant decrease in MAP between 4
and 30 min.

AEA also produced antinociception as measured by the hot
plate assay. Analysis of variance revealed a significant main
effect of treatment (AEA vs. vehicle) [F(1,39)=4.71; P<.036],
with AEA increasing hot plate latency from a mean response
time of 7.3+0.5s to 18.1+1.9 s. This antinociceptive effect
was significant at the 10 mg kg~' dose at 1 min compared to
controls (treatment x dose x time) and was significantly re-
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Figure 4 Effect of AEA on hot plate response. Only the 10mgkg "
dose caused a significant (P<.05) antinociceptive response at both 1
(A) and 5 (B) min post drug administration. The 5min response was
also significantly less than that after 1 min. Group sizes were: vehicle
(n=4); 0.3mgkg™! (n=5); 3.0mgkg~! (n=7); 10.0mgkg~"' (n=5).
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duced when tested again at 5 min (Figure 4). In view of the
profound catatonic-like effect observed following 30 mg kg~!
AEA, this dose was not tested on the hot plate assay.

Arachidonic acid (AA)

The effects of the AEA metabolite, AA, were determined on
the same behavioural and physiological parameters in separate
groups of animals. Unlike AEA, AA had no effect on core
body temperature at any dose (data not shown). Minimal be-
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Figure 5 Effects of arachidonic acid (AA) on heart rate and blood
pressure during the first min (a) and for 30min (b) post drug
administration. *Different from vehicle (P<.05); tdifferent from
1.0mgkg™!; idifferent from 3.0mgkg™'. (i) Vehicle (n=8); (ii)
1.0mgkg ™! (n=5); (iii) 3.0mgkg ™" (n=4); (iv) 10.0mgkg™" (n=6).
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Figure 6 Effects of arachidonic acid (AA) on mean arterial pressure as a function of dose anq time. Only the 10.0 mg kgl‘1 dose
significantly depressed arterial blood pressure between 2 and 8 min post administration. (ll) Vehicle (n=8); (O) 1.0mgkg™" (n=>5);
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havioural and antinociceptive properties were seen only fol-
lowing the highest dose tested (10.0 mg kg~!), with brief (less
than 2 min) hyper-reflexia and antinociception evident. How-
ever, a significant dose-dependent bradycardia was seen fol-
lowing all doses (1.0, 3.0 and 10.0 mgkg~!) of AA
[F(3,30)=58.9; P<.001] with the effects of each dose sig-
nificantly greater than the next lower dose (Figure 5). Brady-
cardia developed slowly over time; during the first min post
drug only the highest dose significantly depressed HR.

The actions of AA on MAP were likewise both dose- and
time-related. While the effect of dose was significant
[F(3,30)=62.2; P<.001], only the 10.0 mg kg~! dose sig-
nificantly depressed MAP during the first min post injection
(Figure 5). Compared to vehicle, this moderate hypotension
(~20%), with a latency of about 20 s, persisted for about
8 min (Figure 6). However, no significant main effects were
observed for the entire 30 min period.

Indomethacin (Indo)

In a separate group of rats (n=8), Indo 5.0 mg kg, a cyclo-
oxygenase inhibitor, was administered s.c. 40 min prior to the
i.v. administration of 3.0 or 10.0 mg kg~! of AEA. Once again,
both doses of AEA decreased core temperature compared to
vehicle [F(4,30)=78.34; P<.001]. Indo pretreatment increased
the duration of the hypothermic effects of the high
(10.0 mg kg~') AEA dose from 14 to 21 min. In addition, when
compared to baseline, Indo pretreatment prevented the hy-
pothermic effect of 3.0 mg kg~ AEA for up to 15 min (Figure
1). Indo was also able to block completely the rapid (few s) effects
of 3.0 mg kg—! AEA on HR. However, the same dose of Indo
was only able to block partially (though significantly) the bra-
dycardia following 10.0 mg kg=' AEA from 58.6+3% to
76.6 + 3.4% (Figure 7). Finally, Indo plus 3.0 mg kg~! AEA led
to significantly higher HR for the first 9 min compared to the
vehicle or AEA alone group (Figure 9). In contrast, Indo pre-
treatment prevented the hypotensive effect of 10.0 mg kg~'
AEA and led to a mild (10%) hypertension for most of the first
15 min (Figure 8).

Discussion

Data from the current experiment demonstrate that the puta-
tive endogenous cannabinoid ligand, AEA, can exert potent
but relatively short lived behavioural and physiological effects
when administered intravenously to freely behaving rats. These
effects are generally similar, although of much shorter dura-
tion, to those reported after A>-THC (Dewey, 1986). Most of
the disparate time effects may be attributed to differences in
drug pharmacokinetics; e.g. cannabinoids have been shown to
be eliminated from the body relatively slowly via metabolism
by cytochrome P450 (Agurell et al., 1986), while AEA is me-
tabolized much more rapidly to arachidonate, with an in vitro
12 of approximately 80 min at 37°C (Hillard et al., 1995).
Alternatively, it is possible that in view of their very different
chemical structures, each agent may act either somewhat dif-
ferently at a common receptor or via different mechanisms or
sites.

A dose- and time-dependent cataleptic-like waxy rigidity,
hypomobility, and hyper-reflexia were seen following a single
acute i.v. injection of AEA. This behavioural profile closely
resembles the ‘popcorn-like’ hyper-reactive behaviour often
reported in rodents when exposed to cannabinoids (Dewey,
1986; Ferri et al., 1981). The onset of these behavioural effects
following an i.v. injection varied from essentially no latency for
catatonia, to between 2—5 min for the sensory hyper-respon-
siveness to develop; the duration of the hyper-reflexia some-
what paralleled the locomotor depression. The depressed
locomotor behaviour is similar both in duration and extent to
that reported previously for cannabinoids (Tulunay et al.,
1982) and for i.p. and i.v. AEA administration in mice (Fride

a
120.0
110.0
100.0
90.0
80.0
70.0
60.0
50.0
40.0

Figure 7 Effects of indomethacin (Indo) pretreatment (Smgkg™
s.c.) on AEA-induced blood pressure and heart rate alterations
during the first (a) and 30 (b) min after AEA administration. When
administered prior to 3.0mgkg~! AEA, Indo completely blocked the
rapid (1 min) bradycardic effects of 3.0mgkg~! but only partially
blocked the 10.0mgkg~! AEA effect. *Different from vehicle
(P<.05) tdifferent from AEA alone group. (i) Vehicle (n=38); (ii)
3.0mgkg~! AEA (n=5); (i) 3.0mgkg~! AEA+Indo (n=4); (iv)
10.0mgkg~! AEA (n=6); (v) 10.0mgkg™! AEA+Indo (n=4).
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& Mechoulam, 1993; Crawley et al., 1993; Smith et al., 1994).
Direct comparisons of AEA studies using i.p. and i.v. drug
administration in mice have revealed considerable attenuation
of effects using the i.p. route. Thus route of administration
appears to be a critical variable when determining the strength
and duration of action of both the cannabinoids (Martin,
1985) and AEA (Smith et al., 1994).

The antinociceptive properties of AEA were assessed by the
hot plate method. A short duration (5 min), rapid onset
(1 min) antinociception was seen at the highest dose tested
(10 mg kg~"). These data are consistent with the well known
antinociceptive properties of the cannabinoids in rodents as
assessed by tail flick, hot plate, writhing and pinch tests
(Buxbaum, 1972; Martin, 1985). While more profound effects
of AEA have been reported using the tail-flick (Smith ez al.,
1994) and hot plate assay (Fride & Mechoulam, 1993) in mice,
higher doses and/or different routes of administration were
required. In view of the profound locomotor depression in-
duced in our rats by high doses of AEA, doses comparable to
those used previously were not tested in the present study so as
to avoid a behavioural confound. In addition to these dose
differences, different CNS sites of action or species differences
could account for the milder results reported here. The can-
nabinoids have been reported to block pain at the level of the
spinal cord (Lichtman & Martin, 1991). However, the hot plate
assay employed in this study is more sensitive to supraspinal
mechanisms whereas the tail flick assay engages mostly spinal
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Figure 8 Effects of indomethacin (Indo) pretreatment (Smgkg™' s.c.) on AEA-induced blood pressure alterations plotted as a

function of time in min. Inset illustrates the rapid (60s) effects of these agents. (l) Vehicle (n=8); (O) 3.0mgkg~! AEA (n=5);
(@) 3.0mgkg™! AEA +Indo (n=4); (&) 10.0mgkg™"' AEA (n=6); () 10.0mgkg~' AEA +Indo (n=4).
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Figure 9 Effects of indomethacin (Indo) pretreatment (5Smgkg ™' s.c.) on AEA-induced heart rate alterations plotted as a function
of time in min. Inset illustrates the rapid (60s) effects of these agents. (M) Vehicle (n=8); (O) 3.0mgkg™' AEA (n=5); (@)
3.0mgkg~! AEA +Indo (n=4); () 10.0mgkg~' AEA (n=6); (¢) 10.0mgkg™' AEA +Indo (n=4).

mechanisms (Irwin et al., 1951; Schmauss & Yaksh, 1984).
Thus, similar to the cannabinoids, AEA-induced antinocicep-
tion may be predominantly spinally mediated.

The ability of the cannabinoids to induce hypothermia in
rodents is well known (Pertwee, 1985; Taylor & Fennessey,
1977). Likewise, a dose-dependent depression in core body
temperature of up to 1.4°C after 20 mg kg~' AEA and lasting
at least 30 min has been reported in rats (Crawley et al., 1993),
while Fride & Mechoulam (1993) and Smith et al. (1994) found
somewhat greater hypothermia of up to 2.6°C after 20—
50 mg kg~! in mice. In the present study, a somewhat smaller,
but statistically significant dose- and time-dependent hy-
pothermia of about 1.1°C was seen following i.v. AEA with the
middle and high doses leading to an 11 and 26 min hy-
pothermia respectively. Interestingly, the magnitude of effect

was about equal for both effective doses. Arachidonic acid in
doses as high as 10 mg kg~' had little effect on core tem-
perature, nor much effect on locomotion or pain responsivity.
When compared to vehicle, 5.0 mg kg~ indomethacin, a cy-
clo-oxygenase inhibitor, enhanced the duration of the hy-
pothermic effects of 10.0 but not 3.0 mg kg~' AEA.
Arachidonic acid, the main metabolite of AEA, exerted little
behavioural or hypothermic effects when administered sys-
temically. While only the high dose AEA effects were enhanced
by Indo, when taken together, these data suggest that the
parent compound, AEA, and/or a metabolite other than AA,
is probably the active hypothermic, antinociceptive and be-
havioural depressant causative agent.

Coincident with the profound behavioural effects, equally
pronounced cardiovascular alterations occurred. An extremely
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short-lived depression of both heart rate and mean arterial
pressure were observed following acute AEA administration.
Both actions were immediate, with the bradycardia initially
exceeding 60% of resting heart rate. However, within about
30 s, heart rate stabilized to about 30% above baseline. After
the first min, both the duration and intensity of drug action
was dose-dependent. While HR in the 3 mg kg~ group re-
turned to predrug baseline within 6 min, the 10 mg kg~' group
demonstrated a rebound tachycardia between about 9 and
14 min. Finally, the high AEA dose depressed heart rate for
about 11 min, with only a brief (2 min), delayed (24—25 min)
tachycardia evident. Likewise, AA depressed HR in a dose-
dependent fashion, while Indo pretreatment blocked the AEA-
induced bradycardia. Together, these data suggest that the
profound HR effects of AEA may have been secondary to
active metabolite formation.

Finally, the effect of AEA on MAP was somewhat less
predictable. While the initial (first 10— 15 s) hypotension was
brief and directly dose-dependent, the secondary hypertensive
effect although not continuous, lasted about 11, 5 and 2 min
for the 30, 3 and 10 mg kg~' doses respectively. Only the
10 mg kg~! group demonstrated a delayed hypotension with a
latency of about 15 min. There have been no previously pub-
lished reports on the cardiovascular effects of exogenous AEA
administration in the unanaesthetized rat. However, Varga et
al. (1995) using urethane-anaesthetized rats, recently showed
triphasic pressure alterations following 4 mg kg~' AEA i.v,,
with MAP decreasing, increasing and finally decreasing again
by about 40%. The initial depressor effect was believed sec-
ondary to a decreased cardiac output as a result of a profound
bradycardia. Based on several pharmacological manipulations,
they concluded that the long lasting depressor effects of AEA
were likely to be mediated by the CB, receptor localized in
brain. Our responses were similar, with the initial phases
leading to dose-dependent changes between 10—30% (Figure
3). However, in the unanaesthetized state, the late hypotension
was only seen after the 10 mg kg=' dose. In contrast, AA
caused only an initial depressor effect after the highest dose
tested (10 mg kg~") lasting about 8 min. Finally, Indo pre-
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