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Anandamide and the question of
its functional role for activation of

capsaicin receptors

Three recent articles' discussed evi-
dence for and against the physiological
endogenous function of anandamide as
a ligand for vanilloid VR1 capsaicin
receptors on capsaicin-sensitive primary
afferent neurones. The main points that
appear to be agreed by the authors of
these reports are as follows.

(1) Anandamide is an endogenous ligand
that exhibits an agonist effect at both
the G-protein-coupled metabotropic

receptor the

ionotropic VR 1 capsaicin receptor.

cannabinoid and

(2) On one hand, activation of cannabi-
noid receptors inhibits the function
of capsaicin-sensitive peptide-con-
taining primary afferent neurones,
which leads to antinociception and
a decrease in the release of peptide
mediators both at their peripheral
and central terminals. On the other
hand, activation of the noxious-
heat-responsive VR1 receptors on
the same set of neurones elicits the
opposite effects.

(3) Anandamide induces vasorelaxation
in several isolated arterial prepara-
tions via release of calcitonin gene-
related peptide (CGRP) following
activation of VR 1 receptors on sen-
sory fibres and it is also an agonist
at VR1 receptors of transfected cell
lines.

(4) The amount of anandamide released
from peripheral tissues might be suf-
ficient for activation of at least one
set of receptors on sensory nerves.

(5) It is possible that anandamide-like
endogenous lipophilic ligands that
possess more potent VR1 agonist
effects than anandamide but are
devoid of the opposing cannabinoid
action exist.

The root of the dispute resides in the
concentration ratios for the agonist effect
at cannabinoid receptors and VR 1 re-
ceptors of the capsaicin-sensitive, mainly
nociceptive, primary afferent neurones.
Hargreaves’s group*> have shown that
anandamide, injected under the skin of
the rat paw or into the intrathecal space,
elicited an antihyperalgesic effect in re-
sponse to noxious heat stimuli and
inhibited the release of CGRP from
superfused rat skin with at least a 300
times lower threshold concentration
than that of the nanomolar range re-
ported for either vasorelaxation®® or
activation of the human VR 1 receptors
in transfected cell lines®7. These data*>
were not questioned by Zygmunt
et al.2 or Smart and Jerman?. However,
Zygmunt and co-workers regarded
these observations as ‘exceptions’ and
argued that EC,, values of anandamide
at cannabinoid CB, or CB, receptors for
inhibition of mediator release in response
to stimulation of autonomic efferent
fibres in isolated organs (e.g. mouse vas
deferens, rat atria, guinea-pig ileum and
mouse urinary bladder) were similar to
those obtained for anandamide-induced
CGRP
through activation of VR1 capsaicin

release and vasorelaxation

receptors. The fact that the fall in blood
pressure following intravenous injec-
tion of anandamide was absent in CB,
knockout mice and in rats after admin-
istration of a CB, receptor antagonist
suggests that anandamide is not a func-
tionally relevant endogenous ligand at
VR1 receptors that is suitable for over-
coming or bypassing the powerful in-
hibitory action on sensory nerve end-
ings!. Furthermore, recent evidence
(J- Szolcsanyi et al., unpublished) demon-
strated that systemic release of CGRP
or somatostatin following intravenous
injection of the VR 1 agonist resinifera-
toxin was inhibited by anandamide in a
similar fashion to that of the in vitro re-
lease of sensory neuropeptides from the
rat trachea. Release of sensory neuro-
peptides induced by anandamide, which
is indicative of VR 1 activation, was also
observed but only at higher concen-
trations than that required for inhibition
of peptide release (J. Szolcsanyi et al.,
unpublished).

[ agree with Zygmunt et al.? that be-
yond an overall response such as noci-
ception or changes in blood pressure,
local sensory-efferent CGRP release
from some capsaicin-sensitive afferents
that are not supplied by cannabinoid
receptors should also be taken into
account. In fact, the generalized con-
cept that capsaicin-sensitive afferents in
various smooth muscle preparations
and around the vessels serve a dual sen-
sory-efferent function was proposed by
myself® and the first evidence in isolated
tissues was obtained in our labora-
tories” where it is still a focus of inter-
est!0. Thus, to define anandamide as an
endogenous ligand for VR1 capsaicin
receptors requires evidence to demon-
strate that anandamide, released under
physiological  or  pathophysiological
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conditions, elicits one of the described
sensory-efferent responses®! of cap-
saicin-sensitive afferents.

Regarding the interesting point of an
interaction between VR1 agonists and
the anandamide membrane transport
system, further evidence is needed to
determine whether VR 1 agonists bind
to both the VR1 protein and its lipid
interface! or a unique transporter
system exists'>. On this basis, the fact
that cannabinoid and VR1 capsaicin
receptors ‘used to be considered two
completely separate receptor systems’3
might require unification. In any case,
the term vanilloid receptor was re-
cently defined by their inventors as a
‘misnomer’!!. The name ‘cannabinoid’
refers to the plant source and ‘vanilloid’
unusually refers to the chemical struc-
ture of the respective exogenous lead
molecules. In this sense, the proposed
endogenous ligand is not a vanilloid,
but mimics the action of capsaicin at
the cloned receptor (cf. muscarinic or
receptors').
Furthermore, the exceptionally high

nicotinic  acetylcholine

potency of resiniferatoxin at this recep-
tor is not a result of its homovanillic

moiety!? and Julius’ group, who cloned
the receptor and coined the acronym
VR1, still denotes this receptor as the
capsaicin receptor'3. Alternative use of
designations!-30711.13 results in  mis-
interpretation and confusion. There-
fore, a proposal of the IUPHAR
Nomenclature Committee for a com-
mon terminology would be helpful in
this fascinating, fast-growing research

field.

Janos Szolcsanyi

Professor,

Department of Pharmacology and
Pharmacotherapy, University Medical
School of Pécs, Neuropharmacology Group
of the Hungarian Academy of Sciences,
H-7643 Pécs, Szigeti u. 12, Hungary.
E-mail: szolcs@apacs.pote.hu

Selected references

1 Szolesanyi, J. (2000) Are cannabinoids
endogenous ligands for the VR1 capsaicin
receptor? Trends Pharmacol. Sci. 21, 4142

2 Zygmunt, P.M. et al. (2000) Anandamide —

the other side of the coin. Trends Pharmacol.

Sci. 21, 43-44

Smart, D. and Jerman, J.C. (2000) Anand-

amide: an endogenous activator of the vanilloid

receptor. Trends Pharmacol. Sci. 21, 134

Richardson, J.D. et al. (1998) Cannabinoids

reduce hyperalgesia and inflammation via

w

-~

w

(=)

~

@

o

(=]

—_

[ 8]

w

interaction with peripheral CB, receptors.
Pain 75, 111-119

Richardson, J.D. et al. (1998) Antihyperalgesic
effects of spinal cannabinoids. Eur. J. Pharmacol.
345, 145-153

Zygmunt, P.M. et al. (1999) Vanilloid
receptors on sensory nerves mediate the
vasodilator action of anandamide. Nature
400, 452-457

Smart, D. et al. (2000) The endogenous lipid
anandamide is a full agonist at the human
vanilloid receptor (hWWR1). Br. J. Pharmacol.
129, 227-230

Szolcsanyi, J. (1984) Capsaicin-sensitive
chemoceptive neural system with dual
sensory-efterent  function. In  Antidromic
Vasodilatation and ~ Neurogenic - Inflammation
(Chahl, L.A. et al, eds), pp. 27-56,
Akadémiai Kiad6, Budapest

Maggi, C.A. (1995) Tachykinins and calcitonin
gene-related peptide (CGRP) as co-
transmitters released from peripheral endings
of sensory nerves. Prog. Neurobiol. 45, 1-98
Szolesanyi, J. (1996) Capsaicin-sensitive
sensory nerve terminals with local and systemic
efferent functions: facts and scopes of an
unorthodox neuroregulatory mechanism.
Prog. Brain Res. 113, 343-359

Szallasi, A. and Blumberg, P. (1999) Vanilloid
(capsaicin)  receptors and  mechanism.
Pharmacol. Rev. 51, 159211

Walpole, C.SJ. et al. (1996) Similarities and
differences in the structure activity relationship
of capsaicin and resiniferatoxin. J. Med. Chem.
39, 2939-2952

Caterina, M.J. et al. (2000) Impaired
nociception and pain sensation in mice lacking
the capsaicin receptor. Science 288, 306-313

All you have to do is:

* High quality printouts (from PDF files)

* Obtain your subscription key from the address label of your print subscription

* Then go to http://www.trends.com/free_access.html

*  Once confirmed, go to http//tips.trends.com and view the full text of TiPS

please ask them to contact ct.subs@rbi.co.uk

TiPS online — making the most of your personal subscription

* Links to other articles, other journals and cited software and databases

* Click on the large ‘Click Here’ button at the bottom of the page and you will see one of the following:
(1) A BioMedNet login screen. If you see this, please enter your BioMedNet username and password. If you are not a
member, please click on the ‘Join Now’ button and register. Once registered you will go straight to (2) below.

(2) A box to enter a subscription key. Please enter your subscription key here and click on the ‘Enter’ button.

If you get an error message please contact Customer Services (info@current-trends.com) stating your subscription key and BioMedNet
username and password. Please note that you do not need to re-enter your subscription key for TiPS — BioMedNet ‘remembers’ your

subscription. Institutional online access is available at a premium. If your institute is interested in subscribing to print and online

204 1iPS—June 2000 (Vol. 21)



