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Effects of cannabinoids on adrenaline release from adrenal
medullary cells
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1 The objective of the present study was to analyse the peripheral effects of cannabinoids on
adrenaline release from adrenal chromaffin cells.

2 In pithed rabbits with electrically stimulated sympathetic outflow, intravenous injection of the
cannabinoid receptor agonists WIN55212-2 and CP55940 (5, 50 and 500 ug kg~') markedly lowered
the plasma adrenaline concentration. The effect of WIN55212-2 was attenuated by the selective CB,
cannabinoid receptor antagonist SR141716A (500 ug kg="'). WIN55212-3 (same doses as WIN55212-
2), the enantiomer of WINS55212-2 lacking affinity for cannabinoid receptors, had no effect on the
plasma adrenaline concentration.

3 In rabbit isolated adrenal glands, the release of adrenaline elicited by electrical stimulation was
measured by fast cyclic voltammetry. Electrically-evoked adrenaline release was inhibited by
WINS55212-2 (0.3, 1, 3 and 10 uM) and this effect was antagonized by SR141716A (1 um). The non-
cholinergic component of adrenaline release observed after blockade of nicotinic (by hexamethonium
100 uM) and muscarinic (by atropine 0.5 uM) acetylcholine receptors was not depressed by
WINS5212-2. WINS55212-3 (10 uM) had no effect on adrenaline release.

4 No detectable specific CB; receptor binding and mRNA expression were found in rabbit adrenal
glands with autoradiography and in situ hybridization.

5 The results show that cannabinoids inhibit adrenaline secretion in rabbit isolated adrenal glands;
the likely mechanism is a presynaptic CB, receptor-mediated inhibition of acetylcholine release from
preganglionic sympathetic neurons. The inhibition of adrenaline secretion in adrenal glands most
probably accounts for the decrease in the plasma adrenaline concentration observed after
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cannabinoid administration in pithed rabbits.
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Introduction

Systemic administration of natural and synthetic cannabinoid
agonists elicits prominent changes in cardiovascular home-
ostasis both in humans and in experimental animals.
However, little is known on the mechanisms involved in
these effects (for review, see Dewey, 1986; Compton et al.,
1996; Wagner et al., 1998). Especially, the interaction of
cannabinoids with the peripheral components of cardiovas-
cular regulation has seldom been investigated.

Recent studies have shown that activation of CB;
cannabinoid receptors inhibits noradrenaline release from
cardiac and vascular postganglionic sympathetic neurons
(Ishac et al., 1996; Malinowska et al., 1997, Molderings et
al., 1999; Niederhoffer & Szabo, 1999; Szabo et al., 2001),
resulting in cardiovascular depression (Malinowska et al.,
1997; Niederhoffer & Szabo, 1999).
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In contrast, the effects of cannabinoids on catecholamine
secretion from the adrenal medulla are not known. In
humans, smoking or oral administration of A’-tetrahydro-
cannabinol induces no change or an increase in urinary
adrenaline excretion (Hollister et al., 1970; Weiss et al., 1972;
Messiha & Soskin, 1973). Effects of cannabinoids on the
adrenaline concentration in plasma were, to our knowledge,
investigated only in rats. In this species, systemically
administered A°-tetrahydrocannabinol produced either no
change or a decrease in the plasma adrenaline concentration
(Kumar et al., 1984; Patel et al., 1985a, b). In all the studies
cited above, the primary site of action of A’-tetrahydrocan-
nabinol—central nervous system or adrenal medulla—could
not be identified since the drug was administered systemically.
Altered adrenal medullary function could be the consequence
of A’-tetrahydrocannabinol-induced changes in plasma levels
of pituitary hormones (Rodriguez de Fonseca et al., 1991;
1992). Direct effects of cannabinoids in the adrenal gland are,
however, also possible.

The objective of the present study was to analyse the
peripheral effects of cannabinoids on adrenaline release.
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Three kinds of experiments were carried out. First, effects of
cannabinoids on the plasma adrenaline concentration were
evaluated in a whole animal preparation, the pithed rabbit
with electrically stimulated sympathetic outflow. Second,
effects on adrenaline release were studied in rabbit isolated
adrenals; in these experiments, the release of adrenaline was
evoked by electrical stimulation and measured by fast cyclic
voltammetry. In both experimental models, the effects of the
mixed CB;/CB, cannabinoid receptor agonist WINS55212-2
were compared to those of WINS55212-3, an enantiomer of
WINS55212-2 possessing very low affinity for cannabinoid
binding sites (Kuster er al., 1993; Pertwee, 1999). The
interaction between WINS55212-2 and the CB,; cannabinoid
receptor antagonist SR141716A (Rinaldi-Carmona et al.,
1994; Pertwee, 1999) was also studied. Finally, CB
cannabinoid receptor protein and mRNA were sought for
in rabbit adrenal glands using autoradiography and in situ
hybridization, respectively.

Methods

Experiments were carried out on 53 rabbits of a local breed
(derived from ‘Deutscher Riesenscheck’) obtained from
Ketterer, Reute, Germany.

Pithed rabbits with electrically stimulated sympathetic
outflow

The methods were described in Niederhoffer & Szabo (1999).
Briefly, rabbits were deeply anaesthetized with pentobarbi-
tone (75 mg kg=') and artificially ventilated. Both carotid
arteries were cannulated (for recording arterial pressure and
heart rate, and for blood sampling). The right jugular vein
was also cannulated and served for administration of drugs.
After relaxation of skeletal muscles with gallamine triethio-
dide (5 mg kg'), animals were pithed using a 3-mm-thick
and 30-cm-long stainless steel rod. The entire sympathetic
outflow was continuously stimulated through the pithing rod
(2 Hz, 100—-140 mA, 0.5 ms square-wave pulses). Parameters
were first determined 60—75 min (#=0 min in subsequent
text) after pithing.

Either solvent (0.5 mlkg~') or increasing doses of
WINS55212-2 (5, 50 and 500 ug kg—'), WINS55212-3 (5, 50 and
500 ug kg=") or CP55940 (5, 50 and 500 ug kg~') were injected
at r=19, 37 and 55 min (for protocol, see Figure 1). One group
of animals was pretreated at = —10 min with the CB,
cannabinoid receptor antagonist SR141716A (500 pg kg™").

Blood pressure and heart rate were read every 2 min from
t=0 min onwards. Two-ml blood samples were taken at =0,
14, 32, 50 and 68 min. The concentrations of noradrenaline and
adrenaline in plasma were determined from these 2-ml-blood
samples by high pressure liquid chromatography followed by
electrochemical detection (Szabo & Schultheiss, 1990). In each
experiment, values measured at =0 and 14 min were averaged
(PRE) and all values were expressed as percentages of PRE.

Values for mean arterial pressure, heart rate and the
plasma noradrenaline concentration were already reported
(see Niederhoffer & Szabo, 1999) and only two representative
original tracings are shown in the present publication (see
Figure 1). For clarity and because it was beyond the topic of
the publication, values for the adrenaline plasma concentra-

tion were not displayed in our previous publication
(Niederhoffer & Szabo, 1999) and are now shown.

Rabbit isolated adrenal glands

Rabbits were killed by decapitation. Both adrenal glands
were rapidly dissected free and submerged in ice-cold buffer
containing (mM): NaC 118, NaHCO; 25, KH,PO, 1.2, KCl
4.8, MgS0, 1.2, CaCl, 2, glucose 11 and Na,EDTA 0.03 and
gassed with 95% 0,/5% CO,. Glands were cut in half and
each piece was placed in Perspex superfusion chambers and
superfused with buffer (2 ml min~'; 34°C).

Changes in the extracellular concentration of adrenaline
were evaluated by fast cyclic voltammetry, based on the method
described for brain slices (Limberger et al., 1991; Stamford,
1995). A carbon fibre working electrode (tip diameter 8 um)
was inserted into the adrenal medulla approximately 50 um
below the surface of the slice. A voltammetric analyser (Millar
Voltammetric Analyzer, PD Systems, West Molesey, Surrey,
U.K.) delivered a W-form voltage to the electrode with a
frequency of 4 Hz, recorded the resulting current and measured
the adrenaline oxidation current at 0.6 V. Extracellular
adrenaline concentration was calculated from the height of
the peak of the oxidation current using a calibration curve
obtained with standard adrenaline solutions.

Adrenaline secretion was elicited by electrical stimulation
using a concentric bipolar stainless steel electrode inserted
into the adrenal medulla within 200 um of the working
electrode. Electrical pulses (2 Hz, 20 V, 1-2 ms square-wave
pulses) were generated by an isolated stimulator (Digitimer
DS2, Welwyn Garden City, Herts, U.K.). A stimulation cycle
included three pulse trains (consisting of 2, 5 and 10 pulses)
delivered at S5 min intervals. The stimulation cycles were
started 60 min after insertion of the stimulating electrode and
repeated continuously until the end of the experiment. Stable
electrically evoked adrenaline release could be monitored for
more than 6 h (not shown).

In each experiment, the electrically evoked adrenaline
release was first evaluated before drug application, i.e. during
the first cycle of electrical stimulation (PRE-period); these
values were taken as reference values (PRE). Drugs were then
added to the superfusion medium. Effects of drugs on the
electrically evoked adrenaline release were evaluated 30 min
after the beginning of drug superfusion, and expressed as
percentages of PRE. In a first series of experiments, effects of
hexamethonium (100 uM), atropine (0.5 uM) and calcium
removal on the electrically evoked adrenaline release were
studied. In a second series of experiments, effects of either
solvent, increasing concentrations of WINS55212-2 (0.3, 1, 3
and 10 uM), SR141716A (1 uM) or WINS55212-3 (10 uMm) were
determined. Effects of WINS55212-2 (same concentrations as
above) in the presence of SR141716A (1 uM) or hexametho-
nium (100 uM) plus atropine (0.5 uM) were also tested.

Localization of CB; cannabinoid receptors in rabbit
adrenal glands

Rabbits were Kkilled by decapitation. Brains and adrenal
glands were removed and rapidly frozen by immersion in 2-
methylbutane in dry ice. Samples were stored at —70°C until
processed. Coronal 20-um-thick sections of the cerebellum
and sagittal 20-um-thick sections of the adrenal gland were
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Figure 1 Effects of WINS55212-2 (WIN-2) and CP55940 (CP) on mean arterial pressure (MAP), heart rate (HR), and plasma
noradrenaline (PL-NA) and adrenaline (PL-AD) concentrations in two pithed rabbits with electrically stimulated sympathetic
outflow. WIN-2 (5, 50 and 500 ug kg~") and CP (5, 50 and 500 ug kg~') were injected i.v. as indicated by the arrows. Original
tracings representing four (WIN-2) and three (CP) experiments with similar results (mean effects on mean arterial pressure, heart
rate and the plasma noradrenaline concentration were shown in detail in Niederhoffer & Szabo, 1999).

cut in a cryostat and used for analysis of CB; receptor
protein and mRNA expression.

CB, receptor binding level was assessed according to the
method described previously (Romero et al., 1998). In brief,
sections were incubated at 37°C for 2.5h in a buffer
containing 10 nM [’H]-CP55940 (Dupont NEN, Boston,
MA, U.S.A)), with or without 10 uM non-labelled CP55940
(to determine non-specific and total binding levels, respec-
tively), then washed at 0°C for 2 h and dried. Slices were
exposed on tritium-sensitive autoradiographic films with an
autoradiographic tritium microscale standard (Amersham,
Madrid, Spain) at 4°C for 10 days. The films were processed
manually using the Kodak GBX kit (Eastman Kodak,
Rochester, NY, U.S.A.). Developed films were analysed and

quantitated using a computer-assisted densitometer (Image-
Quant, Molecular Dynamics, Sunnyvale, U.S.A.) with
calculation of CB; receptor density using the standard curve
generated from tritium microscale standards. The densito-
metric data were corrected for non-specific signals.

CB; receptor mRNA levels were measured by in situ
hybridization as previously described (Romero et al., 1998).
Briefly, sections were fixed in formaldehyde, acetylated,
dehydrated, delipidated and dried. The CB; receptor
transcript was hybridized with an equimolar mixture of three
48-mer oligonucleotide sequences complementary to bases no.
4-51, 349-396 and 952—999 of the rat CB; receptor cDNA
(DuPont NEN, Madrid, Spain). The oligonucleotide se-
quences were labelled at the 3’-end with [*S]-dATP
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(Amersham, Madrid, Spain) using terminal deoxynucleotidyl
transferase (Boehringer Mannheim, Barcelona, Spain). An
activity of 107 c.p.m. ml~' was added to the hybridization
buffer. Slices were incubated with the hybridization buffer in
a humid chamber at 42°C for 20 h. Sections were then
washed, dried and exposed on X-ray films (Hyperfilm f-Max,
Amersham, Madrid, Spain) for 6 days. Following develop-
ment, the intensity of the hybridization signal was assessed by
measuring optical grain density using a computer-assisted
densitometer (ImageQuant, Molecular Dynamics, Sunnyvale,
CA, U.S.A)). The specificity of the signal was assessed by
using an excess of cold probes.

Statistics

Means+s.e.mean of n experiments are given throughout.
Statistical differences within groups (i.e., versus PRE values)
were evaluated using the non-parametric two-tailed Wilcoxon
signed rank test. Statistical differences between groups (i.e.,
versus solvent) were evaluated with the non-parametric two-
tailed Mann-Whitney test. In all experiments, P<0.05 was
taken as the limit of statistical significance and only this level
is indicated even if P was <0.01 or <0.001.

Drugs

Drugs were obtained from the following sources: (—)-cis-3-
[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-trans-4-(3-hydroxy-
propyl)cyclohexanol (CP55940) from Pfizer (Groton, CT,
U.S.A.); N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichlorophe-
nyl)-4-methyl-3-pyrazole-carboxamide (SR141716A) from Sa-
nofi Recherche (Montpellier, France); R(+)-[2,3-dihydro-5-
methyl-3-[(morpholinyl)methyl]pyrrolo[1,2,3-de]-1,4-benzoxa-
zinyl](1-naphthalenyl) methanone mesylate (WIN55212-2)
and S(—)-[2,3-dihydro-5-methyl-3-[(morpholinyl)methyl]pyr-
rolo[1,2,3-de]-1,4-benzoxazinyl]-(1-naphthalenyl) methanone
mesylate (WIN55212-3) from RBI (Ko&ln, Germany); 2-
hydroxypropyl-f-cyclodextrin (f-CDX) from Fluka (Neu-
Ulm, Germany); fatty acid free bovine serum albumin, (—)-
adrenaline bitartrate, hexamethonium bromide and atropine
sulphate from Sigma (Deisenhofen, Germany).

In experiments in pithed rabbits, WIN55212-2, WIN55212-
3 and CP55940 were dissolved in 19% w v~' solutions of f-
CDX; further dilutions were made with the same solvent.
SR141716A was dissolved in 66% v v—' mixture of DMSO
and water. All drugs were injected intravenously in a volume
of 0.5 ml kg='. Doses refer to the salts. In experiments in
isolated adrenal glands, WIN55212-2, WINS55212-3 and
SR141716A were dissolved in DMSO; further dilutions were
made in buffer containing fatty acid free bovine serum
albumin (1 g 17"). The final concentration of DMSO in buffer
was 1% v v~'. Atropine and hexamethonium were dissolved
in distilled water and further diluted with buffer.

Results

Pithed rabbits with electrically stimulated sympathetic
outflow

After an initial stabilization period, baseline parameters were
determined twice (at t=0 and 14 min), and the values were

averaged to yield the PRE values. Mean PRE values for
mean arterial pressure, heart rate and the plasma noradrena-
line concentration were shown in detail in our previous
publication (Niederhoffer & Szabo, 1999). The mean PRE
value for the plasma adrenaline concentration in animals
without pretreatment was 175426 pg ml~' (n=17); pretreat-
ment with the cannabinoid receptor antagonist SR141716A
(500 ug kg=') had no significant effect on the PRE value for
the plasma adrenaline concentration (116+21 pg ml—;
n=4).

Intravenous administration of cannabinoid receptor ago-
nists markedly decreased mean arterial pressure and the
plasma noradrenaline concentration whereas heart rate was
not significantly changed; data were presented in detail in
Niederhoffer & Szabo (1999) and only two representative
original tracings are shown here (Figure 1).

Effects of cannabinoids on the plasma adrenaline concen-
tration are shown in Figure 1 (original tracings) and Figure 2
(statistical evaluation). Intravenous administration of the
solvent did not change the plasma adrenaline concentration.
Intravenous injection of increasing doses of the cannabinoid
agonists WIN55212-2 (5, 50 and 500 ug kg~") and CP55940
(5, 50 and 500 pug kg=") dose-dependently decreased the
plasma adrenaline concentration. The inhibitory effect of
WINS55212-2 was significantly attenuated by pretreatment
with SR141716A (500 ug kg=') and was not shared by
WINS55212-3 (5, 50 and 500 ug kg~', same doses as of
WINS55212-2), the enantiomer of WINS55212-2 lacking affinity
for cannabinoid receptors.

Rabbit isolated adrenal glands

Adrenaline release was stimulated electrically. A stimulation
cycle included three pulse trains (consisting of 2, 5 and 10
pulses at 2 Hz) delivered at 5 min intervals. Stimulation
cycles were repeated continuously until the end of the
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Figure 2 Effects of solvent (SOL), WIN55212-2 (WIN-2),

WINS5212-3 (WIN-3) and CP55940 (CP) on the plasma adrenaline
concentration in pithed rabbits with electrically stimulated sympa-
thetic outflow. SOL (0.5 ml kg—'), WIN-2 (5, 50 and 500 ug kg™,
WIN-3 (5, 50 and 500 ug kg~') and CP (5, 50 and 500 ug kg~ ') were
injected i.v. as indicated by the arrows. One of the two WIN-2-
groups was pretreated at = —10 min with SR141716A (SR;
500 ug kg™!). Values are given as percentages of PRE. Means+
s.e.mean from six (SOL), four (WIN-2), four (WIN-3), four
(SR+ WIN-2) and three (CP) experiments. Differences versus SOL:
*P<0.05; differences versus WIN-2: + P<0.05.
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experiment. During the first stimulation cycle, the extra-
cellular concentration of endogenous adrenaline increased by
0.54+0.1 uM, 1.44+0.4 uM and 2.8+0.7 uM after 2, 5 and 10
pulses (n=49), respectively (PRE).

Addition of the nicotinic acetylcholine receptor antagonist
hexamethonium (100 uM) or the muscarinic acetylcholine
receptor antagonist atropine (0.5 uM) to the superfusion
medium significantly lowered the electrically evoked adrenaline
release (Figure 3). When the two antagonists were combined in
normal buffer, a slightly greater inhibition of the electrically
evoked adrenaline release was observed (Figure 3). When they
were combined in calcium-free buffer, the adrenaline release
was almost completely abolished (Figure 3).

The electrically evoked adrenaline release was not modified
by the solvent (92+12, 83+ 7 and 88+ 7% of PRE after 2, 5
and 10 pulses, respectively). Effects of WINS55212-2 are
shown in Figure 4 (original tracings) and Figure 5 (statistical
evaluation). Superfusion of increasing concentrations of
WINS5212-2 (0.3, 1, 3 and 10 uMm) significantly attenuated
the electrically evoked adrenaline release. The maximal effect
was observed during superfusion of WINS55212-2 10 um (40—
60% inhibition). In contrast, superfusion of the inactive
enantiomer WINS55212-3 (10 um) did not change the
electrically evoked adrenaline release (89+6, 95+7 and
83+11% of PRE after 2, 5 and 10 pulses, respectively).
The inhibitory effect of WIN5212-2 on the electrically evoked
adrenaline release was antagonized by the CB; receptor
antagonist SR141716A (1 um). The antagonist alone had no
effect (84 +11, 74+9 and 93+12% of PRE after 2, 5 and 10
pulses, respectively). The non-cholinergic component of the
electrically evoked adrenaline release, measured in the
presence of hexamethonium (100 uM) plus atropine
(0.5 um), was not depressed by WINS55212-2.

Localization of CB; cannabinoid receptors in rabbit
adrenal glands

The presence of cannabinoid receptor protein in rabbit
adrenal glands was studied with autoradiography using the
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Figure 3 Effects of hexamethonium (HEX), atropine (ATR) and the
combination of both (HEX + ATR) in normal and calcium-free buffer
(0 Ca*>") on electrically evoked adrenaline release in rabbit isolated
adrenal glands. Adrenaline release was elicited by trains of 2, 5 and
10 electrical pulses at 2 Hz. After an initial PRE-period, HEX
(100 um), ATR (0.5 um) or HEX+ ATR (same concentrations) were
added to the superfusion medium. In one further group, HEX+ ATR
were superfused in calcium-free buffer. Effects of the drugs on
electrically evoked adrenaline release were evaluated 30 min after the
beginning of drug superfusion. Values are given as percentages of
PRE. Meansts.e.mean from six (HEX), six (ATR), six (HEX+
ATR) and six (HEX+ATR/0 Ca®") experiments. Differences versus
PRE: *P<0.05.

mixed CB;/CB, receptor agonist [*H]-CP55940 as radioli-
gand. Slices obtained from rabbit cerebellum served as
positive control. In the cerebellum, dense specific binding
was found and the distribution pattern was comparable to
that described in other species (not shown).

The total binding in the adrenal medulla and cortex was
weak and non-specific in nature (Figure 6).

CB; cannabinoid receptor mRNA expression in rabbit
adrenal glands was assessed by in situ hybridization with rat
CB, antisense probes. We first verified that these probes
worked also in the rabbit. In slices prepared from rabbit
cerebellum, specific hybridization was obtained, with a
distribution pattern similar to that observed in other species
(not shown).

In the adrenal medulla and cortex, the total labelling was
low and there was no difference when cold probes were added
in excess (Figure 6).

Discussion

The results show that cannabinoids inhibit adrenaline release
in a whole animal preparation and in isolated adrenal glands;
the likely mechanism is a presynaptic CB; receptor-mediated
inhibition of acetylcholine release from preganglionic sympa-
thetic neurons of the adrenal medulla.

In pithed rabbits with electrically stimulated sympathetic
outflow, the synthetic CB;/CB, cannabinoid receptor agonist
WINS55212-2 markedly and dose-dependently decreased the
plasma adrenaline concentration. This inhibitory effect was
shared by CP55940, another cannabinoid receptor agonist
with a chemical structure different from that of WINS55212-2.
In contrast, WIN55212-3, the enantiomer of WIN55212-2
which possesses very low affinity for cannabinoid receptors,
had no effect. These observations support involvement of
specific cannabinoid receptors in the decrease in plasma
adrenaline concentration.

Since adrenaline in plasma originates exclusively from
adrenal chromaffin cells, effects of cannabinoids on adrena-
line release were studied in isolated adrenal glands. In vivo,
catecholamine exocytosis from chromaffin cells is regulated
by the activity of presynaptic splanchnic nerves innervating
the adrenal medulla. Stimulation of the nerve terminals
causes release of acetylcholine and non-cholinergic neuro-
transmitters (e.g., opioid peptides and vasoactive intestinal
peptide), which then activate postsynaptic receptors to evoke
catecholamine secretion (Malhotra & Wakade, 1987; for
review, see Marley, 1987 and Aunis, 1998). In our
experimental preparation, adrenaline secretion was elicited
by electrical stimulation through an electrode inserted into
the adrenal medulla. The electrically evoked adrenaline
release was only partly abolished by blockade of the nicotinic
and muscarinic acetylcholine receptors and the residual non-
cholinergic component of adrenaline release was largely
dependent on the presence of calcium in the superfusion
medium. These observations strongly suggest that the
electrical stimulation mimicked the physiological nerve-
mediated stimulation of catecholamine secretion.

Changes in the extracellular concentration of endogenous
adrenaline were measured using fast cyclic voltammetry. In
principle, the method does not allow distinction between
adrenaline, noradrenaline and ascorbate, all of which can

British Journal of Pharmacology vol 134 (6)
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Figure 4 Effects of WIN55212-2 (WIN-2) on electrically evoked adrenaline release in rabbit isolated adrenal glands. Adrenaline
release was elicited by trains of 2, 5 and 10 electrical pulses at 2 Hz as indicated by the arrows. After an initial PRE-period,
increasing concentrations of WIN-2 (0.3, 1, 3 and 10 um) were added to the superfusion medium. In two further experiments, WIN-
2 was superfused in the presence of SR141716A (SR; 1 um) or hexamethonium (HEX; 100 um) plus atropine (ATR; 0.5 um). Left
panels show the electrically evoked adrenaline release before application of WIN-2. Right panels show the electrically evoked
adrenaline release after 30 min of superfusion of WIN-2 10 um. The vertical bar denotes the height of the oxidation current
produced by superfusion of a 3 um-adrenaline solution. Original tracings representing seven (WIN-2), six (SR + WIN-2) and five

(HEX +ATR + WIN-2) experiments with similar results.

be released by chromaffin cells and are oxidized at the
same potential (0.6 V; see Cahill & Wightman, 1995).
However, several observations indicate that the contribution
of noradrenaline and ascorbate to the oxidation current
monitored in our experiments was minimal, i.e., changes in
oxidation current reflected almost exclusively adrenaline
secretion. First, the vast majority (>95%) of chromaffin
cells in the rabbit adrenal medulla are adrenaline-containing
cells and only few noradrenaline-containing cells are found
(Palkama, 1962). Second, ascorbate is secreted from
chromaffin cells through a nonexocytotic process indepen-
dent of extracellular calcium (Cahill & Wightman, 1995)

and we obtained no release under this experimental
condition (see above). Third, the oxidation current resulting
from ascorbate release is abolished in the presence of
ascorbate oxidase (Boutelle et al., 1989) and we observed
no change in the electrically evoked oxidation current when
this enzyme was added to the superfusion medium (results
not shown).

The major finding of the experiments in rabbit isolated
adrenal glands is that the cannabinoid agonist WIN55212-2
concentration-dependently inhibited adrenaline secretion. The
inhibitory effect of WINS55212-2 was not shared by its
inactive enantiomer WINS55212-3, supporting involvement

British Journal of Pharmacology vol 134 (6)
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Figure 5 Effects of WIN55212-2 (WIN-2) on electrically evoked
adrenaline release in rabbit isolated adrenal glands. Adrenaline
release was elicited by trains of 2, 5 and 10 electrical pulses at 2 Hz.
After an initial PRE-period, increasing concentrations of WIN-2 (0.3,
I, 3 and 10 um) were added to the superfusion medium. In two
further groups, WIN-2 was superfused in the presence of SR141716A
(SR; 1 pum) or hexamethonium (HEX; 100 um) plus atropine (ATR;
0.5 um). Effects of WIN-2 on electrically evoked adrenaline release
were evaluated 30 min after the beginning of superfusion of a given
drug concentration. Values are given as percentages of PRE.
Means +s.e.mean from seven (WIN-2), six (SR+ WIN-2) and five
(HEX+ATR+WIN-2) experiments. Differences versus PRE:
*P<0.05.

of specific cannabinoid receptors. Importantly, WIN55212-2
did not decrease the non-cholinergic component of the
electrically evoked adrenaline secretion measured in the
presence of nicotinic and muscarinic acetylcholine receptor
blockade. This latter result strongly suggests that in the
adrenal medulla, cannabinoids do not act at the level of
chromaffin cells to inhibit adrenaline secretion (e.g., on
voltage dependent calcium channels) but rather interact
presynaptically with the cholinergic component of the
nerve-mediated adrenaline secretion. A likely mechanism for
this effect could be that activation of presynaptic cannabinoid
receptors inhibits acetylcholine release from preganglionic
sympathetic nerve terminals. Such an inhibition of electrically
evoked acetylcholine release has already been reported in

peripheral tissues (Pertwee et al., 1996; Coutts & Pertwee,
1997) and in the brain (Gifford & Ashby, 1996; Kathmann et
al., 2001).

Complete blockade of the cannabinoid evoked inhibition
of adrenaline release in isolated adrenal glands strongly
suggests that CB; cannabinoid receptors are involved in this
effect. In pithed rabbits, the counteracting effect of
SR141716A was only partial. This is most probably due to
insufficient tissue concentration of the antagonist during the
late phase of the experiment (the two higher doses of
WINS55212-2 were given 47 and 65 min after administration
of SR141716A). Accordingly, the concomitant decreases in
plasma noradrenaline concentration and blood pressure
elicited by WIN55212-2 were also only partly antagonized
(see Niederhoffer & Szabo, 1999). However, since the
antagonism was incomplete, and since CB,-like receptors
have also been implicated in the inhibition of neurotransmit-
ter release produced by cannabinoids in the mouse vas
deferens (Griffin et al., 1997), a role for CB,-like receptors in
the cannabinoid-induced inhibition of adrenaline secretion
cannot be definitely ruled out.

The absence of CB; cannabinoid receptor mRNA in the
rabbit adrenal gland as demonstrated by in situ hybridiza-
tion shows that the receptor is not synthetized in
chromaffin cells (i.e., postsynaptically). This further suggests
that cannabinoids did not act postsynaptically to inhibit
adrenaline release and supports the hypothesis of a
presynaptic localization of CB,; receptors on preganglionic
sympathetic neurons of the adrenal medulla. However, no
specific CB; receptor binding could be detected using
autoradiography. A possible explanation for this discre-
pancy is that the autoradiographic technique is not sensitive
enough to visualize low quantities of receptors in the tissue.
In agreement with this assumption, no specific [*H]-
CP55940 binding was detected in rat atria and vas deferens
using autoradiography (Lynn & Herkenham, 1994),
although in functional studies, activation of presynaptic
CB; cannabinoid receptors decreases transmitter release in
these tissues (Ishac et al., 1996). However, it cannot be
excluded that the lack of detectable CB; receptors in the
adrenal gland indicates that the observed functional effects
were mediated by a not yet identified cannabinoid receptor
subtype.

In conclusion, cannabinoids lowered the electrically evoked
adrenaline release in rabbit isolated adrenal glands; the likely
mechanism is a presynaptic CB; receptor-mediated inhibition
of acetylcholine release from preganglionic sympathetic
neurons innervating the adrenal medulla. This decrease in
adrenaline secretion most probably accounts for the marked
decrease in plasma adrenaline concentration observed after
cannabinoid administration in the pithed rabbit. To our
knowledge, our results are the first demonstrating an
inhibitory action of cannabinoids on catecholamine secretion
at the level of the adrenal medulla.
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total binding

CB, receptor mRNA expression

total labelling
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Figure 6 Representative autoradiograms for CB; cannabinoid receptor binding (upper panels) and mRNA expression (lower
panels) obtained from 20 um-thick sagittal slices of rabbit adrenal glands. CB; receptor binding was assessed using autoradiography
with [*H]-CP55940; non-specific binding was determined in the presence of excess of non-labelled CP55940. CB, receptor mRNA
expression was assessed using in situ hybridization with rat CB; antisense probes; non-specific labelling was determined in the
presence of excess of cold probe. The figures represent five (CB; receptor binding) and five (CB; mRNA expression) experiments

with similar results.
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