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New Perspective in Pain Treatment
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Abstract: Pain is a disabling condition with a remarkable clinical relevance. Nevertheless the neuronal basis of its
transmission and modulation are not completely known. So, the neurochemical characterisation of the nociceptive
pathway plays a pivotal role to develop new analgesic strategies. Several factors and chemicals are involved in the
activation of the nociceptive pathway both in peripheral (PNS) and central (CNS) nervous system. Recently, a number of
researches focus on the role of cannabinergic, purinergic, glutamatergic and nitroxidergic systems in pain transmission
showing that new drugs interfering with these systems could be useful for pain treatment. In addition, other molecules,
such antioxidants and aquaporins, which are not classified as chemical/neurochemical mediators, can be altered during
pain processing and interfere with nociceptive trasmission. Moreover, there is an increased evidence that activated glia
and nerve growth factor (NGF) could be involved in the induction and maintenance of pain. Finally, stem cell
transplantation shows potential therapeutic effects in neuropathic pain conditions. In this paper the recent results about
new molecules acting on cannabinergic, purinergic, glutamatergic and nitroxidergic systems, NGF and stem cell
transplantation involvement in pain treatment, will be discussed.
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INTRODUCTION

Pain is an unpleasant sensory and emotional experience
which moves from perceptive modes and is affected by
personal and individual interpretations according to past or
present experiences. For these reasons, a stimulus can be
intensely painful for some individuals but not for others.

Pain modulation occurs at many levels: from stimulation
site to the pathways that convey the painful information to
the cerebral cortex. Here, we can find systems able to modify
the organism’s emotional reactions to pain causing a
variability of human pain perception.

From a temporal point of view, we can discriminate
between acute and chronic pain; while from pathogenetic
point of view, we should discriminate between nociceptive
pain, neuropathic pain (peripheral or central) and mixed
pain, i.e., a combination of nociceptive and neuropathic pain.

Of the different kinds of pain the most intriguing and
complex appears to be neuropathic pain. Chronic
neuropathic pain syndrome is a disabling condition which
can be a much greater challenge for the clinician than acute
pain. Its neural basis is poorly understood as it is only
recently that the availability of animal models for these
conditions permitted us to wunderstand some of the
physiopathological changes better during chronic pain [1,2].
The limitations of treatment and the inability to provide
relief for many patients stimulated studies examining
different approaches of treating neuropathic pain [3].
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Several neuropathic pain situations may be related to a
dysfunctional brain network and may involve compromised
descending inhibitory control systems (central neuropathic
pain). Furthermore, tissue damage may lead to abnormal
changes in afferent endings and so-called ectopic or aberrant
neural discharges. These changes seem to be important in the
development of many types of peripheral neuropathic pain
[4,5]. This is also considering that damage of peripheral
tissues often causes inflammation releasing products from
blood vessels or from other tissues including immune system
cells. The most common condition is peripheral neuropathic
pain due to nerve injury which produces sensory/motor
deficits and other qualitative paradoxical sensations such as
hyperalgesia/allodynia, for which currently there is no
effective treatment [6]. This neuropathic pain state is often
refractory to opioids or needs larger doses producing
unacceptable side effects [7].

NEUROCHEMISTRY OF PAIN

Several factors and chemicals are involved in activating
the nociceptive afferent by noxious stimulation of the
peripheral endings within the receptive field such as opioids,
serotonin, ATP (adenosine-5'-triphosphate), glutamate,
substance P, nitric oxide, inflammatory mediators,
endocannabinoids [5,8-11]. Tissue damage produced by the
noxious stimulus causes the release of chemical mediators
from surrounding tissues (e.g. prostaglandins, bradykinins).
These substances can activate the nerve endings and this then
can excite the afferent and produce potential afferent
activity. In addition, other molecules, which are not
classified as chemical/neurochemical mediators such as
aquaporins can be altered during pain processing [12].
Finally, there is increasing evidence that activated glia
(microglia and astrocytes) [13-16] and nerve growth factor

2010 Bentham Open



62 The Open Conference Proceedings Journal, 2010, Volume 1

(NGF) [17,18] are fundamental in inducing and maintaining
pain.

This wide classification of pain needs differentiated
therapies, including pharmacological treatment and
sometimes more invasive treatment but which do not offer
completely satisfactory results.

Several analgesic drugs are currently available and their
use follows the useful and well-known WHO (World Health
Organization) “ladder”. NSAIDs (non-steroidal anti-
inflammatory drugs) are one of the first step of this ladder
being the most commonly used, also through self
prescription. The second step comprises weak opioids such
as codeine and tramadol; they are used for medium to strong
intensity pain. The third step counts on strong opioids
including morphine, fentanyl, buprenorfine, methadon..etc.;
they are suitable for strong to intolerable pain.

Pharmacological therapy is also based on using other
drugs, so-called “adjuvants”, which are different molecules
that have an intrinsic analgesic effect and/or the possibility
to strengthen the analgesic action of opioids. Tricyclic anti-
depressant and anti-epileptics are the most frequently used in
treating neuropathic pain. In addition local anaesthetics,
clonidin, benzodiazepines, neuroleptics, beta-blockers are
also used.

To date new pharmacological approaches have been
evaluated which modulate molecules and seem to be
important in pain relief.

Cannabinoid System Modulation

Although pain perception is thought to be controlled
mainly by neurotransmitter systems that operate within the
central nervous system (CNS), anti-nociceptive mechanisms
also occur in peripheral tissues. The potent analgesic effects
of cannabis-like drugs and the presence of cannabinoid
receptors in pain-processing areas of the brain and spinal
cord indicate that endogenous cannabinoids such as
anandamide may modulate pain transmission.

Over the last twenty years, and especially after the
discovery of the cannabinoid CB1 receptor and anandamide,
intense research has yielded numerous series of drugs that
interact with most of the main elements of the endogenous
cannabinoid system. Mammalian tissues contain at least two
types of cannabinoid receptors, cannabinoid CB; receptor
and cannabinoid CB, receptor, both coupled to G proteins
[19]. Cannabinoid CB; receptors are expressed mainly by
neurones of the CNS and PNS whereas cannabinoid CB,
receptors occur centrally and peripherally in some non-
neuronal tissues, particularly in immune cells and are
involved both in acute and in chronic pain [20]. Cannabinoid
receptor agonists may mimic the signalling processes
mediated by anandamide and 2-AG, mainly in pathological
situations where a boost in cannabinoid receptor stimulation
might be needed such as WIN55,212-2 ((R)-(+)-[2,3-
Dihydro-5-methyl-3-(4-morpholinylmethyl)pyrrolo[1,2,3-de)-
1,4-benzoxazin-6-yl]-1-napthalenylmethanone) [21]. Can-
nabinoid receptor antagonism can be selected in conditions
with enhanced endocannabinoid signalling, using drugs such
as  AM251  (1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-
methyl-N-(1-piperidyl)pyrazole-3-carboxamide) [22]. Trans-
port inhibition and degradation inhibition are more
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sophisticated approaches, both oriented towards magnifying
the tonic actions of endocannabinoids using drugs such as
AM404  ((52,82,112,14Z)-  N-(4-hydroxyphenyl)icosa-
5,8,11,14-tetraenamide) [23,24]. A rational use of these
strategies needs to identify and evaluate the functional status
of endocannabinoid signalling in reference disorders. So, a
deficit of anandamide signalling during stress might be
counteracted by blocking anandamide degradation [25].

Glutamate Modulation

Glutamate is the transmitter of most fast excitatory
synapses in the mammalian CNS with two Kkinds of
receptors: ionotropic and metabotropic receptors which are
expressed in areas of the brain, spinal cord and periphery
involved in pain sensation and transmission [26]. Recently,
the role of metabotropic glutamate receptors (mGIuRs) has
been focused [27]; they are preferentially involved in
transmitting noxious sensory information in the thalamus
and may be involved in enhancing long-term responses to
noxious stimuli in the spinal cord. Selective antagonists for
the mGIuRs subtypes that interact with transmission of
noxious sensory information could be useful in to treat acute
and chronic pain.

Activation of mGlu receptors along the pain neuraxis can
cause either pro-nociceptive or anti-nociceptive behaviour
depending on the subtype of mGIuR and its location. Present
data most strongly support the idea that mGlul antagonists,
such as LY367385 ((+)-2-Methyl-4-carboxyphenylglycine)
[28], might act like broad-spectrum analgesics like.
However, also mGIuR5 antagonists, such as MPEP (2-
methyl-6-(phenylethynyl)-pyridine) [29] seem to be involved
in neuropathic and/or visceral pain relief [30,31]. The recent
literature on the anti-nociceptive action of ionotropic
glutamate receptor antagonists, such as D-AP5 (D-(-)-2-
Amino-5-phosphonopentanoic acid) [32], has been reviewed
with special emphasis on their clinical potential. Presently
the glutamatergic pathways descending from the brain stem
into the spinal cord may generate analgesia. However,
physiologically more important is the fact that glutamate and
aspartate are apparently the main neurotransmitters along the
ascending nociceptive pathways in the spinal cord.

ATP Modulation

ATP is an intercellular messenger molecule that interacts
with purinoceptors on a broad range of cell types [33,34].
Purinoceptors are classified into G-protein coupled receptors
P2Y and ATP-gated cation channels so-called P2X
receptors. These are localized in the CNS and PNS and they
play an important role in excitatory nociceptive processing
[35,36]. ATP is released from neuronal and non-neuronal
cells and can reach high concentrations flowing out from
cells into the extra-cellular space, exocytotically, via
transmembrane transport, or as a result of cell damage. It
plays an important role in the initiation of pain and in central
sensitisation after different kinds of acute in nervous system
injury [37,38]. Antagonists of this receptors, such as PPADS
(pyridoxal-phosphate-6-azophenyl-2',4'-disulfonate), seem to
have had promising results [39].

Nitric Oxide Modulation

It has been demonstrated that nitric oxide (NO) is
involved in pain transmission. NO is a small gaseous
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molecules that could be synthesized de novo by neuronal
tissue and diffused through the plasma membrane [40]. NO
is produced within the nervous cells mainly by two isoforms
of nitroxidergic synthase (NOS), a constitutive (neuronal)
isoform (nNOS) and an inducible isoform (iNOS), which
participate in pain transmission in different ways [39,41,42].
The third form is endothelial NOS (eNOS). The
physiological relevance of NO is determined by its
pleiotropic effects and its involvement in various diseases,
opening the possibility of pharmacological treatment
directed towards NO metabolic pathways. Therapies based
on increasing NO effects or donating exogenous NO have
been extensively investigated and drugs acting as NO-donors
are well known and used clinically, whereas therapies based
on reducing NO effects have become known only recently.
Therefore, several research groups have focused on
developing compounds that reduce NO synthesis inhibiting
NOS. Despite the intensive efforts of inventing NOS
inhibitors, today no clinically useful compound is yet
available, but several inhibitors have been developed or
researched such as L-NIO (L-N(5)-(1-iminoethyl)-ornithine)
a selective eNOS inhibitor [43] and TRIM (1-[2-
(trifluoromethyl)phenyl] imidazolo) a selective INOS/nNOS
inhibitor [44,45].

Agquaporins Modulation

Various studies provided indirect evidence of osmosis
contributing to altered pain perception [46-48]. Forty years
ago, Hitchcock (1969) [49] reported that intrathecal
injections of cold saline into patients with intractable pain
led to immediate relief. It has been proposed that the
differences in water flux underlie the preferential conduction
block of C-fibers. Although anatomical differences between
A- and C-fibers were offered as a possible explanation,
Oshio et al. (2006) [46] suggested that the differential
expression of aquaporins (AQPs) in C-fibers may account
for these results and provided a molecular basis for osmosis
in pain pathways. AQPs are small hydrophobic membrane
proteins that facilitate bi-directional water transport across
the plasma membrane in a number of tissues, including the
nervous system [50,51]. Recently, a relationship between
AQPs expression and pain transmission has been observed
[12,52]. To date no drugs are available for these promising
molecules.

NGF

NGF (nerve growth factor) has been linked to
hyperalgesic behaviour. A single systemic injection of NGF
can lead to deep and long-lasting heat and mechanical
hyperalgesia in neonatal and adult rats [53,54]. Previous
studies reported that NGF produces this hyperalgesia
through peripheral and central mechanisms [55,56].

However, there is evidence that NGF reverses some
effects of axotomy and alleviates thermal hyperalgesia [57].
So, NGF represent a new potential target for pain modulation
[17,18].

Stem Cells

Stem cells are an innovative and interesting therapeutic
approach for tissue repair, particularly for nervous tissues
[58,59]. However, the effects of stem cell use in peripheral
neuropathic pain has not been well documented. In
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particular, news about their effects on the parameters cited
above and on the precise location and activity sites of
administered stem cells are not available.

Studies have already been attempted to modulate CNS-
or PNS-lesion derived neuropathic pain by using centrally
administered stem cells of different origin with general
unsatisfactory results, but also with some comfortable data
[60]. On the other hand, treatment with stem cells starting
from the periphery (e.g. intravenous) could be a
revolutionary approach [59].

CONCLUSIONS

New perspectives in pain treatment opened up new
possibilities of new targets and new kind of tools to relieve
pain. In this paper we reported both the involvement of
several molecules acting as antinociceptive drugs and new
approaches using stem cell therapy. Further neurobiological
and pharmacological researches could be useful to better
characterize them representing an important source of other
innovative strategies.
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ABBREVIATIONS

AM251 = (1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-
4-methyl N-(1-piperidyl)pyrazole-3-
carboxamide)

AM404 = ((52,82,11Z,14Z)- N-(4-

hydroxyphenyl)icosa-5,8,11,14-
tetraenamide)

AQPs = Aquaporins

ATO = Adenosine-5'-triphosphate

CNS = Central Nervous System

D-AP5 = D-(-)-2-Amino-5-phosphonopentanoic
acid

eNOS = Endothelial Nitric Oxide Synthase

iNOS = Inducible Nitric Oxide Synthase

mGIuRs = Metabotropic Glutamate Receptors

L-NIO = L-N(5)-(1-iminoethyl)-ornithine)

MPEP = 2-methyl-6-(phenylethynyl)-pyridine)

NGF = Nerve Growth Factor

nNOS = Neuronal Nitric Oxide Synthase

PPADS = Pyridoxal-phosphate-6-azophenyl-2',4'-
disulfonate)

TRIM = 1-[2-(trifluoromethyl)phenyl] imidazolo

WHO = World Health Organization

WIN55,212-2 = ((R)-(+)-[2,3-Dihydro-5-methyl-3-(4
morpholinylmethyl)pyrrolo[1,2,3-de)-1,4-
benzoxazin-6-yl]-1-
napthalenylmethanone)
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