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Abstract Cannabinoids have been proposed as clinically
promising neuroprotective molecules, as they are capable to
reduce excitotoxicity, calcium influx, and oxidative injury.
They are also able to decrease inflammation by acting on
glial processes that regulate neuronal survival and to restore
blood supply to injured area by reducing the vasoconstriction
produced by several endothelium-derived factors. Through
one or more of these processes, cannabinoids may provide
neuroprotection in different neurodegenerative disorders
including Parkinson’s disease and Huntington’s chorea, two
chronic diseases that are originated as a consequence of the
degeneration of specific nuclei of basal ganglia, resulting in a
deterioration of the control of movement. Both diseases have
been still scarcely explored at the clinical level for a possible
application of cannabinoids to delay the progressive degen-
eration of the basal ganglia. However, the preclinical
evidence seems to be solid and promising. There are two
key mechanisms involved in the neuroprotection by canna-
binoids in experimental models of these two disorders: first, a
cannabinoid receptor-independent mechanism aimed at
producing a decrease in the oxidative injury and second, an
induction/upregulation of cannabinoid CB2 receptors, mainly
in reactive microglia, that is capable to regulate the influence
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of these glial cells on neuronal homeostasis. Considering the
relevance of these preclinical data and the lack of efficient
neuroprotective strategies in both disorders, we urge the
development of further studies that allow that the promising
expectatives generated for these molecules progress from the
present preclinical evidence till a real clinical application.
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The Cannabinoid System and the Basal Ganglia

The cannabinoid system is a novel intercellular signaling
system that plays modulatory roles in different neurobiolog-
ical functions, including the control of the basal ganglia
function (1). Thus, a series of anatomical, biochemical,
electrophysiological, and pharmacological studies have
strongly demonstrated (a) that the basal ganglia contain
high levels of endogenous cannabinoids, as well as of the
receptors for these ligands, including the cannabinoid CB1
and CB, receptor types and also the related transient
receptor potential vanilloid 1 (TRPV;) receptor (2,3); (b)
that the activation or the blockade of these receptors
produces important changes in the control of movement
(2,4), (c) that these motor effects are caused by the
modulatory action exerted by the cannabinoid system on
various classic neurotransmitters, such as <y-aminobutyric
acid, dopamine, or glutamate, that operate at the basal
ganglia (2,5); and (d) that different elements of the
cannabinoid signaling system, in particular the CB; and
CB, receptors, experience important changes in various
basal ganglia disorders (2,6). This solid evidence relating
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endocannabinoids and their receptors to the function of the
basal ganglia, both in the healthy and the pathological brain,
provides support to the possibility that cannabinoid-based
medicines, with selectivity for different targets of the
cannabinoid signaling system (enzymes, receptors, inacti-
vation system), might have therapeutic potential in basal
ganglia disorders, in particular Parkinson’s disease (PD) and
Huntington’s disease (HD) (2,6). These are the two
disorders related to the control of movement that have
concentrated more interest in terms of a potential therapeu-
tic application of cannabinoids. This therapy might cover
the alleviation of specific motor symptoms, such as the
antihyperkinetic effects demonstrated by direct or indirect
agonists of cannabinoid receptors in HD (7,8) or the
improvement of the motor inhibition caused by CB;
receptor antagonists in PD (9, 10). However, this type of
effects on symptom relief will be addressed here only
marginally (see Table | for a comparative summary of
symptom relieving effects of cannabinoids in different
neurological disorders), because the objective of this article
is to concentrate on the capability of cannabinoids to delay
the progression of both diseases (6,11,12). This is
particularly important in view of the poor clinical outcome
with substances that might exert a neuroprotective action in
HD, PD, and also in other neurodegenerative disorders
affecting other brain functions (13). In this sense, over the
last decade, a considerable volume of preclinical work has
accumulated solid evidence to assume that the cannabinoid
system plays a role in the protection against acute or chronic
brain damage (6,11,12; see Table 1 for a comparative
summary of neuroprotective effects of cannabinoids in
different neurological disorders), which would be a part of
an important dual function exerted by cannabinoids and
their receptors on the control of the cell decision of death/
survival (14). The pharmacological exploitation of this

function would represent a clinically promising goal for
next years with a likely application for the treatment of
neurodegenerative disorders and brain tumors (15). The
present article will review the basic knowledge on the
neuroprotective potential of cannabinoids in these two
neurodegenerative disorders, HD and PD, trying to establish
the future lines of research for the clinical application of this
potential in patients affected by this type of basal ganglia
disorders.

Activation of the Cannabinoid System in Response
to Neuronal Damage

There is solid evidence indicating that the cannabinoid
system, in concordance with its suggested role in the
protection of the brain, becomes activated in response to
different stimuli that may damage nerve cells. This has been
documented in different experimental paradigms of neuro-
degeneration, although with variable results, depending on
the age, animal species, type and severity of injury, and
mechanism(s) activated for cell death (reviewed in 6, 11, 16,
17). For instance, a repeated observation is that neuronal
damage of different ethiology is frequently accompanied by
an increase in the production of endocannabinoids in the
brain (11,16). This has been observed in response to
excitotoxic conditions in the rat (18, 19) and the mouse
(20). In both cases, the levels of anandamide (arachidonoyl-
ethanolamide [AEA]) increased, but this did not occur with
the levels of 2-arachidonoylglycerol (2-AG) (18-20). Simi-
lar results were reported by Gubellini et al. (21) in a rat
model of PD. However, other authors found that 2-AG is the
endocannabinoid that is massively produced in the mouse
brain after closed head injury (22). This endogenous
response has been also described in humans where elevated

Table 1 Summary of therapeutic benefits of the management of the cannabinoid system in neurodegenerative disorders

Neurological disorder Symptom relief

Disease progression

Huntington’s disease TRPV1 agonists reduce hyperkinesia

CBI agonists produce only modest effects

Parkinson’s disease CB1 antagonists reduce bradykinesia
CBI1 agonists reduce tremor

Tourette’s syndrome

CB2 agonists reduce inflammatory events
Cannabidiol and A°-THC reduce oxidative stress
Antioxidant cannabinoids are neuroprotective

Plant-derived cannabinoids and analogs reduce tics

Dystonia Classic and non-classic cannabinoid agonists have
antidystonic effects

Dyskinesia CBI1 agonists or antagonists delay L-dopa-induced
dyskinesia

Amyotrophic lateral Unknown

sclerosis
Alzheimer’s disease CBI1 antagonists reduce memory deficits
CBI1 agonists increase appetite

Multiple sclerosis

Direct or indirect cannabinoid agonists reduce spasticity

A°-THC delays neurological decline
CB2 agonists are also effective
CB1 and CB2 agonists reduce (3-amyloid toxicity

CBI1 agonists reduce spinal inflammation and
degeneration
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levels of AEA and other fatty acid amides have been
recorded around the site of damage in a microdialysis study
performed on a single stroke patient (23). Similar findings
were obtained in studies with inhibitors of the endocanna-
binoid uptake. For instance, the compound UCM707
increased protection against kainate-induced seizures in
mice, where AEA levels were reported to be elevated (20).
By contrast, other authors (24) found a protection after
exogenous administration of AEA in a neonatal model of
secondary excitotoxicity, but they did not record any
increases in AEA or 2-AG levels and, concomitantly, they
did not find any effect of another uptake inhibitor, VDM11,
on lesion volume.

As happens with endocannabinoid ligands, their receptors
are also induced/upregulated in brain cells in response to
injury and/or inflammation (6, 19, 25, 26). Thus, CB; recep-
tors were upregulated in response to experimental stroke
generated in adult animals (25) or in response to excitotoxic
stimuli in neonatal rats (19). As regards to CB, receptors, a
receptor type that is relatively scarce in the brain in healthy
conditions (see below), recent reports have shown induction
of this receptor type in Alzheimer’s disease and HD
(6,15,26). This occurs mainly in reactive microglia that
surround senile plaques in human Alzheimer’s disease brain
samples (26) or that migrate at lesioned sites in rats with
striatal atrophy generated by mitochondrial complex II
inhibition, an experimental model of HD (6, 15). As will
be detailed below, these observations suggest that CB,
receptors might play a role in reducing cytotoxic influence
exerted by reactive microglia on neurons.

Mechanisms Involved in Neuroprotection
by Cannabinoids

The molecular mechanisms underlying the neuroprotectant
properties of cannabinoids are quite diverse and, frequently,
complementary. They include some events not mediated by
cannabinoid receptors, such as the blockade of N-methyl-D-
aspartate (NMDA) receptors or the reduction of oxidative
injury exerted by some specific groups of cannabinoids
with particular chemical characteristics (6). By contrast,
other neuroprotective actions of cannabinoids are defini-
tively mediated by either CB, (6) or CB, receptors (15) and
even through the activation of TRPV receptors (27). These
receptor-mediated events would be involved in the inhibi-
tion of glutamate release, reduction of calcium influx,
improvement of blood supply to the injured brain, and/or
decrease of local inflammatory events exerted by cannabi-
noids (for review, see 6, 11, 12].

Events Mediated Preferentially by CB; Receptors Canna-
binoids are certainly antiglutamatergic substances, as they

are able to reduce excitotoxicity (6,11,12,17). This has
been demonstrated both in vitro (28, 29) and in vivo (30).
This antiglutamatergic effect seems to be dual. On one side,
most of cannabinoid agonists reduce glutamate release, an
effect likely exerted by the activation of CB; receptors
located presynaptically on glutamatergic terminals, as it is
sensitive to the blockade of these receptors with rimonabant,
a selective CB; receptor antagonist (see 6,17,31 for
reviews). In fact, rimonabant by itself increased lesion
volume in a rat model of HD (32), although there are some
studies reporting no effects (24) or, even, improvement
(33). On the other side, some specific cannabinoids, such as
dexanabinol (34) and also anandamide, although only in
special circumstances (35), are also able to directly act on
NMDA glutamatergic receptors. This is an action not
mediated by CB,; receptors, but it may be an alternative
way to reduce, at the postsynaptic level, the influence of
high glutamate concentrations typical of excitotoxic situ-
ations. Concomitantly to their antiglutamatergic effects,
cannabinoid agonists, acting again through the activation of
CB; receptors, may also close voltage-sensitive calcium
channels (36) that are activated in response to the
depolarization associated with NMDA receptor overactiva-
tion. This results in a reduction of the overall intracellular
calcium levels avoiding the negative influence of numerous
destructive pathways that are overactivated by an excessive
elevation of intracellular levels of this ion (6,37). Finally,
cannabinoid agonists may also reduce neuronal degenera-
tion by improving blood supply to the injured brain, an
effect particularly interesting in the case of ischemic
episodes. This vasodilation effect would be exerted by
inhibiting the production of several endothelium-derived
mediators, such as endothelin-1 or nitric oxide (38 —40),
that are associated with the vasoconstriction typical of
ischemic episodes. This would be certainly a CB; receptor-
mediated event (38—40), although the involvement of other
additional novel types of cannabinoid receptors that have
been recently proposed for cardiovascular effects of
cannabinoids cannot be ruled out (41).

Events Mediated Preferentially by CB, Receptors Canna-
binoid agonists also behave as anti-inflammatory molecules
able to reduce local inflammatory events that frequently
accompany both acute and chronic neurodegenerative
disorders and that have been related to the activation of
glial cells at the lesioned sites (i.e., recruitment of reactive
microglia and astrogliosis). Cannabinoids possibly act
through the control of specific functions exerted by glial
cells that are aimed at regulating the neuronal homeostasis
(see 6 for review). For instance, cannabinoids would reduce
the release of cytotoxic factors, such as inflammatory
cytokines (tumor necrosis factor-o« [TNF-«], interleukin-
13 [IL-1B]), reactive oxygen species, or nitric oxide, by
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reactive microglia (15,42,43), an effect preferentially
mediated by the activation of CB, receptors. In addition,
they might also increase the production of prosurvival
molecules, such as several neurotrophic factors (trans-
forming growth factor-f3) or anti-inflammatory cytokines
(IL-10, IL-1ra) (44,45), or improve the trophic support
exerted by astrocytes on neurons (46), an effect possibly
mediated by the activation of CB; receptors, although a role
for CB, receptors cannot be excluded (15).

Events Mediated by Cannabinoid Receptor-Independent
Mechanisms Certain cannabinoids provide neuroprotection
through an effect that restores the normal balance between
oxidative events and antioxidant endogenous mechanisms
that is frequently disrupted (by an excessive production of
reactive oxygen species, by a deficiency in antioxidant
endogenous mechanisms, or by both causes) during neuro-
degenerative conditions (47). This capability is available for
compounds such as the plant-derived cannabinoids canna-
bidiol (CBD), A’-tetrahydrocannabinol (A’-THC), and
cannabinol or their analogs nabilone, levonantradol, and
dexanabinol. It appears well demonstrated that this would
be a cannabinoid receptor-independent effect (47-50) that
is sustained by an action of these compounds as scavengers
of reactive oxygen species allowed by the particular
chemical structure of antioxidant cannabinoids, which
contain phenolic groups (47). However, additional mecha-
nisms involving a direct improvement of endogenous
antioxidant enzymes have been also proposed, although
this would require further demonstration (51, 52).

Cannabinoids and Neuroprotection in Huntington’s
Disease

HD is an inherited neurodegenerative disorder caused by a
mutation in the gene encoding the protein huntingtin, which
consists of a CAG triplet repeat expansion translated into an
abnormal polyglutamine tract in the amino-terminal portion
of this protein (for review see 53). The disease presents in
midlife and is ultimately fatal. The major neuropathological
consequence of this mutation is the preferential and
progressive degeneration of striatal neurons that project to
the globus pallidus and the substantia nigra [these neurons
contain CB; receptors (54)]. This results in a biphasic
pattern of motor abnormalities that evolves from an early
hyperkinetic phase (choreic movements) to a late akinetic
and more disabling phase (see 53 for review). The disease
also presents cognitive dysfunction and psychiatric symp-
toms at advanced phases. Although it has been demonstrat-
ed that HD is a disease of genetic origin and the mutated
gene has been already identified, mechanisms underlying

striatal degeneration are still unknown, and consequently,
the therapeutic outcome for HD patients is still too poor. In
this context, cannabinoid agonists might provide therapeu-
tic benefits in this disorder (2,6, 15,55), and they can
reasonably do it in two complementary aspects: (a) acting
as antihyperkinetic substances and (b) serving as neuro-
protective molecules.

Cannabinoid agonists can develop an antihyperkinetic
effect through acutely recovering the neurochemical deficits
typical of first grades of this disorder (2,7, 8,55). This
potential, however, seems to be restricted to certain
cannabinoids that combine the capability to enhance the
cannabinoid signaling and also to activate TRPV receptors
(2,8). As mentioned above, we will not address this
capability here to concentrate in the second therapeutic
benefit that cannabinoids can provide in HD, that is, their
capability to delay the progress of striatal degeneration (4,
6,12,55). This capability has been tested only in animal
models of this disease (32,56, 57), and although the matter
is still far to be completely elucidated, some results have
provided promising expectatives for a clinical application in
patients. The rationale for this type of studies is based on
the idea that the loss and/or dysfunction of CB; receptors,
which have been reported that occur in the basal ganglia in
HD patients and animal models (7, 56,58 —60), is a very
early event that takes place before the appearance of major
neuropathological signs and when the cell death does not
exist or is minimal. This hypothesis has been also suggested
by other authors (17,57), who considering the data
obtained in HD and also in other pathologies, proposed
that the malfunctioning of the cannabinoid system (i.c.,
AEA or 2-AG synthesis is inhibited, CB; receptors are
inactive or their expression is reduced) might be a signal to
trigger an unbalance in glutamate homeostasis and initiate
excitotoxicity. Although this hypothesis remains to be
demonstrated, there are some data supporting its validity.
Thus, analyses done in human brains at very early grades of
HD pathogenesis or studies conducted in different models
of transgenic mice that express mutated forms of hunting-
tin, which develop neuronal malfunctioning rather than
neuronal degeneration, proved the early occurrence of
downregulatory responses of CB; receptors (58—60). In
addition, rats with striatal atrophy generated by the
administration of mitochondrial toxins exhibited profound
changes in G-protein activation by CB; receptor agonists,
several days before overt striatal degeneration and appear-
ance of severe motor symptoms, and in absence of
significant modifications in binding sites and messenger
RNA levels for this receptor (56). Therefore, one may
assume that defects in CB; receptor signaling could render
neurons more vulnerable to the degenerative process
associated with HD, a finding that would be in favor of
the hypothesis that early functional changes in CB,
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receptors might be involved in the pathogenesis of HD. If
this were the case, one may also consider that these defects
might play an instrumental role, so that the early stimula-
tion of these receptors might reduce/delay the progression
of striatal degeneration. On the other hand and in contrast to
the progressive decrease experienced by CB; receptors
during the course of this disease, CB, receptors, whose
presence in the healthy striatum is relatively modest, are
however markedly upregulated when striatal degeneration
progresses (see 15 for review). In this context, it would be
expected that compounds targeting selectively this receptor
type may be also effective to attenuate striatal degeneration
in this disorder.

Therefore, there is consistent molecular evidence to
support the hypothesis that cannabinoids, acting through
CB; or CB; receptors, may delay the progression of striatal
damage in HD, although the number of studies that have
addressed this issue may be still too short. There are two
recent in vitro studies conducted by two different groups
(61,62), who screened a library of 1,040 compounds for
their capability to protect cultured PC12 cells from death
caused by an expanded polyglutamine form of huntingtin
exon 1. Whereas Aiken et al. (61) reported that various
cannabinoids showed reproducible protection in this assay,
Wang et al. (62) did not find any positive result using the
same methodological approach and the same cannabinoid
compounds. The issue has been also recently evaluated in
vivo, using different animal models that replicate different
aspects of the cytotoxic events that cooperatively contribute
to HD pathogenesis [i.e., mitochondrial dysfunction, exci-
totoxicity, inflammation, and oxidative stress (53)]. Thus,
Pintor et al. (57) reported that the activation of CB;
receptors reduced the striatal damage generated in rats by
the administration of the excitotoxin quinolinic acid. This
might indicate that CB; receptor agonists may behave as
neuroprotectant against the excitotoxic death that occurs in
HD. Cannabinoids, however, may also be effective against
other types of neurotoxic events that also operate in HD.
For instance, we have found that A°-THC protects striatal
neurons against the in vivo toxicity of 3-nitropropionic acid
(56), a mitochondrial toxin that replicates the complex II
deficiency characteristic of HD patients (63). Striatal injury
in this animal model progresses by mechanisms that mainly
involve non-apoptotic pathways, as neuronal death in this
model is caspase 3 independent and produced via the Ca'"'-
regulated protein calpain (64,65). This neuroprotective
effect of A’-THC might be exerted through different
mechanisms, as this plant-derived cannabinoid may activate
CB,; or CB, receptors, as well as it can act through
cannabinoid receptor-independent mechanisms (i.e., inhibi-
tion of cyclooxygenase-2, antioxidant effect). Recently, we
have seen that the neuroprotective effect of A°-THC in rats
lesioned with 3-nitropropionic acid (56) was also produced,

to a similar extent, by CBD but not by selective agonists of
CB;, CB,, or TRPV receptors (52). CBD has a particular
pharmacological profile in comparison with A°-THC, as
CBD does not bind CB; or CB, receptors but exhibits an
antioxidant potential equivalent to that of A°-THC. This
suggests that both cannabinoids would protect striatal
neurons from 3-nitropropionic-induced non-apoptotic death
through an antioxidant action mediated by cannabinoid
receptor-independent mechanisms (52,56), possibly by
acting as scavengers of free radicals, as has been outlined
in Fig. 1.

In contrast with the data published in rats lesioned with
quinolinic acid (57) or 3-nitropropionic acid (52,56) that
propose a role for CB; receptors or for cannabinoid
receptor-independent mechanisms, respectively, there is
another rat model of HD where the neuroprotective effects
of cannabinoids have been reported to be mainly mediated
by CB, receptors (see 15 for review). This is the model of
striatal injury generated by unilateral injections of malo-
nate, another complex II inhibitor that, in contrast with 3-
nitropropionic acid, produces cell death through the
activation of apoptotic pathways [it activates NMDA
receptors and caspase-3 (66)]. Using this model, we found
neuroprotection when rats were administered with a
selective CB, receptor agonist, but not with a selective
CB, receptor agonist or with an antioxidant cannabinoid
with no affinity for both receptor types as CBD (15). The
involvement of CB, receptors in this effect was also
confirmed by additional experiments with SR144528, a
selective CB, receptor antagonist (15). An important issue
derived from these pharmacological observations is that
CB, receptors are induced/upregulated in the lesioned
striatum in response to neuronal damage. As this receptor
type is usually absent or scarcely concentrated in the brain
in healthy conditions, this phenomenon should be inter-
preted as a part of an endogenous response against the
neuronal death caused by the inhibition of the mitochon-
drial function with malonate (see above and 6 for review).
On the other hand, immunohistochemical studies have
confirmed that induction/upregulation of CB, receptors
occurs in glial cells, mainly in reactive microglia that are
recruited and migrate to the striatum in response to the
lesion (15). In reactive microglia, CB, receptors might play
a role in the control of the influence that these cells exert on
neurons, for instance, reducing the production of cytotoxic
factors, such as nitric oxide, reactive oxygen species, and in
particular, pro-inflammatory cytokines (see Fig. 1 for an
outline), which are released by microglial cells and that
deteriorate neuronal homeostasis (15,42,43). Two specific
observations support this hypothesis. First, it has been
largely demonstrated that activation of glial cells (astro-
cytes, oligodendroglia, or microglia) occurs in HD (67, 68)
as in other neurodegenerative pathologies. Second, we have
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Cannabinoids
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Fig. 1 Mechanisms suggested for the neuroprotection exerted by cannabinoids against the striatal degeneration (HD models) caused by
mitochondrial complex II inhibition with malonate (neuronal death is apoptotic) or 3-nitropropionic acid (neuronal death is non-apoptotic)

preliminary and still unpublished evidence indicating that
the activation of CB, receptors reduces the increase in the
production of TNF-«, a pro-inflammatory mediator, gener-
ated by the intrastriatal administration of malonate in rats
(unpublished results).

Therefore, there are three key mechanisms that enable
cannabinoids to provide neuroprotection in HD: (a) their
capability to normalize glutamate homeostasis, an effect
mediated by CB; receptors, which would allow to reduce
excitotoxic events that occur in this pathology; (b) the
antioxidant potential of certain cannabinoids, which would
be exerted through cannabinoid receptor-independent
mechanisms and which would allow to reduce the oxidative
injury that also takes place in HD; and (c) their activity at
the CB, receptors to control the microglial influence on
neuronal survival, thus reducing the local inflammatory
events that are associated with the striatal degeneration. The
availability of animal models of HD that reproduce
independently these phenomena has allowed to identify
the type of cannabinoid mechanism that is more effective
against each of these cytotoxic processes. However, as
mentioned above, these cytotoxic processes occur in a
cooperative manner during the pathogenesis of HD in
humans (53). This is an important insight to be considered
at the time to decide about the best type of cannabinoid
compound that might be subjected to clinical evaluation as
a novel neuroprotective agent for HD patients. The use of

nonselective or hybrid compounds with indistinct activity
at these different targets might be perhaps the best
solution.

Cannabinoids and Neuroprotection in Parkinson’s
Disease

The major clinical neuropathology in PD includes bradyki-
nesia (slowness of movement), rigidity and tremor caused
by the progressive degeneration of dopaminergic neurons
of the substantia nigra pars compacta that leads to a severe
dopaminergic denervation of the striatum (see a recent
review in 69). Although the ethiology of PD is presently
unknown, major pathogenic processes, which trigger the
progressive loss of nigral dopaminergic neurons, are
oxidative stress, mitochondrial dysfunction, and inflamma-
tory stimuli (70-72). Dopaminergic-replacement therapy
with L-dopa represents a useful remedy to release rigidity
and bradykinesia in PD patients (73), at least in the early
and middle phases of this disease. However, PD patients, as
what happens with HD, do not have an efficient therapy to
arrest/delay the progression of nigral degeneration. Canna-
binoid agonists have been proposed as potentially useful
neuroprotective substances in PD, although the issue has
been explored only very recently. In part, this is a
consequence of the hypokinetic profile of most of canna-



88

Mol Neurobiol (2007) 36:82-91

binoid agonists that represents a disadvantage for this
disease. Thus, despite their neuroprotectant activity in long-
term treatments, cannabinoid agonists can acutely enhance
rather than reduce motor disability, as a few clinical data
have already revealed (2, 74, 75). However, in recent
preclinical studies carried out with A°-THC, we have
obtained solid evidence that this plant-derived cannabinoid
may reverse the impairment of dopaminergic transmission
in the basal ganglia of rats with hemiparkinsonism caused
by the unilateral application of 6-hydroxydopamine (76).
These effects did not occur in the contralateral structures,
thus indicating that the effect of A’-THC was produced by
reducing dopaminergic cell death in the lesioned side rather
than producing upregulatory effects in surviving neurons
(76). The analysis of tyrosine hydroxylase, the rate-limiting
enzyme in dopamine synthesis, in the substantia nigra of
these animals corroborated this finding (76). It is important
to point out that equivalent neuroprotective effects were
exerted by A°-THC and also by CBD (76). As mentioned
above, CBD has negligible affinity for CB; and CB,
receptors in contrast with the activity described for A°-
THC on these two receptor types. This suggests that the
neuroprotective effects exerted by both plant-derived
cannabinoids against 6-hydroxydopamine toxicity, are
cannabinoid receptor independent and imply the antioxidant
properties of both cannabinoids (76), in concordance with
data obtained using the same two compounds but in other

Cannabinoids

L U\
n * . —g
Microglial activation

in vitro or in vivo models of neurodegeneration (49, 52).
This has been confirmed in recent in vivo studies conducted
in our laboratory (51), in which we evaluated the potential
of different cannabinoid-based molecules with selectivity
for different elements of the cannabinoid system (CB;
receptor, CB, receptor, endocannabinoid transporter). Our
results again supported that only compounds with antioxi-
dant properties, such as the anandamide analogue AM404,
were able to reduce the toxicity of 6-hydroxydopamine for
nigral neurons (51). By contrast, selective agonists for the
CB; or the CB, receptor failed to protect these neurons,
whereas the same happened with inhibitors of the endo-
cannabinoid transporter (51). This last observation was
important to determine that the neuroprotective potential of
AM404 in this disease is caused by its antioxidant
properties derived from the presence of a phenolic group
in its chemical structure (51). AM404 also behaves as
inhibitor of the endocannabinoid transporter, but other
inhibitors devoid of antioxidant potential failed to repro-
duce the neuroprotective effects of AM404 (51). Therefore,
one may assume that the antioxidant and cannabinoid
receptor-independent properties of certain cannabinoids are
the key element to determine the neuroprotective potential
of these compounds in PD, as has been outlined in Fig. 2.
This fact is of special relevance in a degenerative disorder
in which oxidative stress is a major hallmark in the
pathogenesis (69).

6-hydroxydopamine

/

&

Mitochondrial

damage‘

Antioxidant
cannabinoids

ROS

/

NEUROTOXICITY

Inflammatory
mediators

Fig. 2 Mechanisms suggested for the neuroprotection exerted by cannabinoids against the nigral degeneration (PD model) caused by

6-hydroxydopamine
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Despite the above finding and as happens in HD, it is
possible that some additional mechanisms might also contrib-
ute to the neuroprotective effects of cannabinoids in PD. One
of these mechanisms might be related to the influence of glial
cells on neuronal survival. In this sense, although the cause of
dopaminergic cell death in PD is still unknown, it has been
postulated that alterations in glial cell function (i.e., microglial
activation) might play an important role in the initiation and/or
early progression of the neurodegenerative process (77). This
might be crucial in a region like the substantia nigra, which
is particularly enriched in microglia and other glial cells (78).
In fact, several glial-derived cytotoxic factors, such as TNF-
«, IL-1(3, nitric oxide, and others, have been reported to be
elevated in the substantia nigra and the caudate—putamen of
PD patients (79). With this idea in mind, we conducted some
in vitro studies addressed to evaluate the importance of glial
metabolism in the effects of cannabinoid agonists on the
toxicity of 6-hydroxydopamine for neurons. We found a
marked increase in neuronal survival when cells were
incubated with conditioned media generated by exposing
glial cells to the nonselective cannabinoid agonist HU-210,
which contrasts with the poor improvement of neuronal
survival caused by the direct exposure of neuronal cells to
HU-210 (76). This cannabinoid, HU-210, is also antioxidant,
but in our study (76), it acted through increasing the trophic
support exerted by glial cells on neurons. Because of the
role suggested for CB, receptors in glial-mediated effects
of cannabinoids (43), it is possible that this receptor is
involved, as an additional target, in a part of the neuro-
protective effects observed for cannabinoids in PD, as
happens in HD (6). However, our in vivo data only reflect
a very modest contribution of CB, receptors to the
neuroprotective effect of cannabinoids observed in hemi-
parkinsonian rats (51).

Therefore, the different studies conducted so far to elucidate
the molecular and cellular substrates involved in the neuro-
protection by cannabinoids in PD strongly indicate that the key
feature here is the antioxidant potential of certain cannabinoids
(51, 76). This would be a cannabinoid receptor-independent
mechanism, although there is some evidence that suggest that
CB; receptors may also play a role, possibly very modest, in
the control of glial influence on neuronal homeostasis (42, 43).
Together with the development of further preclinical studies
aimed at identifying the true potential of CB, receptors in PD,
we also urge the development of clinical trials that should
validate the usefulness of these two capabilities of cannabi-
noids in PD patients.

Concluding Remarks and Futures Perspectives

Among a variety of pharmacological effects, cannabinoids
have been proposed as potentially useful and clinically

promising neuroprotective molecules. Along this article, we
have reviewed the cellular and molecular mechanisms that
might be involved in the neuroprotective effects of
cannabinoids described in HD and PD, paying emphasis
in their potential (a) to reduce excitotoxicity exerted either
by inhibiting glutamate release or, in some specific cases,
by blocking glutamatergic receptors, (b) to block NMDA
receptor-induced calcium influx exerted directly, as a
consequence of the antagonism of these receptors, or
indirectly, through the inhibition of selective channels for
this ion, (c) to decrease oxidative injury by acting as
scavengers of reactive oxygen species, a property indepen-
dent of cannabinoid receptor and restricted to specific
classic cannabinoids, and (d) to reduce inflammation by
acting predominantly through the activation of CB,
receptors on the glial processes that regulate neuronal
survival. Through one or more of these processes, canna-
binoids may be used to delay the progression of neuro-
degeneration in PD, HD, and also in other
neurodegenerative diseases. However, most of the studies
that have examined the therapeutic potential of cannabi-
noids in these disorders have been conducted in animal or
cellular models, whereas the number of clinical trials is still
very limited. Therefore, it should be expected that the
number of studies examining this potential increases in
coming years, as soon as the promising expectatives
generated for these molecules progress from the present
preclinical evidence to a true clinical application.

Acknowledgments The experimental work carried out by our group
and that has been mentioned in this review article, has been supported
during the last years by the MEC (grants SAF2003-08269 and
SAF2006-11333), MSC (CIBERNED, CB06/05/0089) and CAM
(S-SAL-0261/2006). The authors are indebted to all colleagues who
contributed in this experimental work.

References

1. Marsicano G, Lutz B (2006) Neuromodulatory functions of the
endocannabinoid system J Endocrinol Invest 29:27-46

2. Fernandez-Ruiz J, Gonzalez S (2005) Cannabinoid control of
motor function at the basal ganglia. Handb Exp Pharmacol
168:479-507

3. van der Stelt M, Di Marzo V (2003) The endocannabinoid system
in the basal ganglia and in the mesolimbic reward system:
implications for neurological and psychiatric disorders. Eur J
Pharmacol 480:133-150

4. Romero J, Lastres-Becker I, de Miguel R, Berrendero F, Ramos JA,
Fernandez-Ruiz JJ (2002) The endogenous cannabinoid system and
the basal ganglia: biochemical, pharmacological and therapeutic
aspects. Pharmacol Ther 95:137-152

5. Giuffrida A, Piomelli D (2000) The endocannabinoid system: a
physiological perspective on its role in psychomotor control.
Chem Phys Lipids 108:151-158

6. Fernandez-Ruiz J, Gonzalez S, Romero J, Ramos JA (2005)
Cannabinoids in neurodegeneration and neuroprotection. In:



90

Mol Neurobiol (2007) 36:82-91

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

Mechoulam R (ed) Cannabinoids as therapeutics (MDT).
Birkhatiser, Switzerland, pp79-109
. Lastres-Becker I, Hansen HH, Berrendero F, de Miguel R, Pérez-
Rosado A, Manzanares J, Ramos JA, Fernandez-Ruiz J (2002) Loss of
cannabinoid CB; receptors and alleviation of motor hyperactivity and
neurochemical deficits by endocannabinoid uptake inhibition in a rat
model of Huntington’s disease. Synapse 44:23-35
. Lastres-Becker I, de Miguel R, De Petrocellis L, Makriyannis A, Di
Marzo V, Fernandez-Ruiz J (2003) Compounds acting at the
endocannabinoid and/or endovanilloid systems reduce hyperkinesia
in a rat model of Huntington’s disease. J Neurochem 84:1097-1109
. Fernandez-Espejo E, Caraballo I, Rodriguez de Fonseca F,
El Banoua F, Ferrer B, Flores JA, Galan-Rodriguez B (2005)
Cannabinoid CBI1 antagonists possess antiparkinsonian efficacy
only in rats with very severe nigral lesion in experimental
parkinsonism. Neurobiol Dis 18:591-601
. Gonzalez S, Scorticati C, Garcia-Arencibia M, de Miguel R,
Ramos JA, Fernandez-Ruiz J (2006) Effects of rimonabant, a
selective cannabinoid CB1 receptor antagonist, in a rat model of
Parkinson’s disease. Brain Res 1073-1074:209-219
Mechoulam R, Panikashivili A, Shohami E (2002) Cannabinoids and
brain injury: therapeutic implications. Trends Mol Med 8:58-61
Grundy RI (2002) The therapeutic potential of the cannabinoids in
neuroprotection. Expert Opin Investig Drugs 11:1-10
Akwa Y, Allain H, Bentue-Ferrer D, Berr C, Bordet R, Geerts H,
Nieoullon A, Onteniente B, Vercelletto M (2005) Neuroprotection
and neurodegenerative diseases: from biology to clinical practice.
Alzheimer Dis Assoc Disord 19:226-239
Guzman M, Sanchez C, Galve-Roperh I (2001) Control of the cell
survival/death decision by cannabinoids. J] Mol Med 78:613-625
Fernandez-Ruiz J, Romero J, Velasco G, Tolon RM, Ramos JA,
Guzman M (2007) Cannabinoid CB, receptor: a new target for the
control of neural cell survival? Trends Pharmacol Sci 28:39-45
Hansen HS, Moesgaard B, Petersen G, Hansen HH (2002) Putative
neuroprotective actions of N-acyl-ethanolamines. Pharmacol Ther
95:119-126
van der Stelt M, Veldhuis WB, Maccarrone M, Bar PR, Nicolay K,
Veldink GA, Di Marzo V, Vliegenthart JF (2002) Acute neuronal
injury, excitotoxicity, and the endocannabinoid system. Mol
Neurobiol 26:317-346
. Hansen HS, Moesgaard B, Hansen HH, Schousboe A, Petersen G
(1999) Formation of N-acyl-phosphatidylethanolamine and
N-acylethanolamine (including anandamide) during glutamate-
induced neurotoxicity. Lipids 34:S327-S330
Hansen HH, Schmid PC, Bittigau P, Lastres-Becker I, Berrendero F,
Manzanares J, Ikonomidou C, Schmid HH, Fernandez-Ruiz JJ, Hansen
HS (2001) Anandamide, but not 2-arachidonoylglycerol, accumulates
during in vivo neurodegeneration. J Neurochem 78:1415-1427
Marsicano G, Goodenough S, Monory K, Hermann H, Eder M,
Cannich A, Azad SC, Cascio MG, Gutierrez SO, van der Stelt M,
Lopez-Rodriguez ML, Casanova E, Schutz G, Zieglgansberger
W, Di Marzo V, Behl C, Lutz B (2003) CB1 cannabinoid recep-
tors and on-demand defense against excitotoxicity. Science 302:
84-88
Gubellini P, Picconi B, Bari M, Battista N, Calabresi P, Centonze
D, Bernardi G, Finazzi-Agro A, Maccarrone M (2002) Experi-
mental parkinsonism alters endocannabinoid degradation: impli-
cations for striatal glutamatergic transmission. J Neurosci 22:
6900-6907
Panikashvili D, Simeonidou C, Ben-Shabat S, Hanus L, Breuer A,
Mechoulam R, Shohami E (2001) An endogenous cannabinoid
(2-AG) is neuroprotective after brain injury. Nature 413:527-531
Schabitz WR, Giuffrida A, Berger C, Aschoff A, Schwaninger M,
Schwab S, Piomelli D (2002) Release of fatty acid amides in a
patient with hemispheric stroke: a microdialysis study. Stroke
33:2112-2124

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

van der Stelt M, Veldhuis WB, van Haaften GW, Fezza F, Bisogno T,
Bér PR, Veldink GA, Vliegenthart JF, Di Marzo V, Nicolay K (2001)
Exogenous anandamide protects rat brain against acute neuronal
injury in vivo. J Neurosci 21:8765-8771

Jin KL, Mao XO, Goldsmith PC, Greenberg DA (2000) CBI
cannabinoid receptor induction in experimental stroke. Ann
Neurol 48:257-261

Benito C, Nufez E, Tolon RM, Carrier EJ, Rabano A, Hillard CJ,
Romero J. (2003) Cannabinoid CB2 receptors and fatty acid
amide hydrolase are selectively overexpressed in neuritic plaque-
associated glia in Alzheimer’s disease brains. J Neurosci
23:11136-11141

Veldhuis WB, van der Stelt M, Wadman MW, van Zadelhoff G,
Maccarrone M, Fezza F, Veldink GA, Vliegenthart JF, Bar PR,
Nicolay K, Di Marzo V (2003) Neuroprotection by the endoge-
nous cannabinoid anandamide and arvanil against in vivo
excitotoxicity in the rat: role of vanilloid receptors and lip-
oxygenases. J Neurosci 23:4127-4133

Shen M, Thayer SA (1998) Cannabinoid receptor agonists protect
cultured rat hippocampal neurons from excitotoxicity. Mol
Pharmacol 54:459-462

Abood ME, Rizvi G, Sallapudi N, McAllister SD (2001) Activation of
the CB1 cannabinoid receptor protects cultured mouse spinal neurons
against excitotoxicity. Neurosci Lett 309:197-201

Nagayama T, Sinor AD, Simon RP, Chen J, Graham SH, Jin KL,
Greenberg DA (1999) Cannabinoids and neuroprotection in global
and focal cerebral ischemia and in neuronal cultures. J Neurosci
19:2987-2995

Schlicker E, Kathmann M (2001) Modulation of transmitter release via
presynaptic cannabinoid receptors. Trends Pharmacol Sci 22:565-572
Lastres-Becker I, Bizat N, Boyer F, Hantraye P, Brouillet E,
Fernandez-Ruiz J (2003) Effects of cannabinoids in the rat model
of Huntington’s disease generated by an intrastriatal injection of
malonate. Neuroreport 14:813-816

Hansen HH, Azcoitia I, Pons S, Romero J, Garcia-Segura LM,
Ramos JA, Hansen HS, Fernandez-Ruiz J (2002) Blockade of
cannabinoid CB1 receptor function protects against in vivo dissem-
inating brain damage following NMDA-induced excitotoxicity. J
Neurochem 82:154-158

Shohami E, Mechoulam R (2000) A non-psychotropic cannabinoid
with neuroprotective properties. Drug Dev Res 50:211-215
Hampson AJ, Bornheim LM, Scanziani M, Yost CS, Gray AT,
Hansen BM, Leonoudakis DJ, Bickler PE (1998) Dual effects of
anandamide on NMDA receptor-mediated responses and neuro-
transmission. J Neurochem 70:671-676

Demuth DG, Molleman A (2006) Cannabinoid signalling. Life Sci
78:549-563

Fowler CJ (2003) Plant-derived, synthetic and endogenous
cannabinoids as neuroprotective agents. Non-psychoactive canna-
binoids, ‘entourage’ compounds and inhibitors of N-acyl ethanol-
amine breakdown as therapeutic strategies to avoid pyschotropic
effects. Brain Res Rev 41:26-43

Wagner JA, Varga K, Kunos G (1998) Cardiovascular actions of
cannabinoids and their generation during shock. J Mol Med
76:824-836

Randall MD, Harris D, Kendall DA, Ralevic V (2002) Cardiovas-
cular effects of cannabinoids. Pharmacol Ther 95:191-202

Chen Y, McCarron RM, Ohara Y, Bembry J, Azzam N, Lenz FA,
Shohami E, Mechoulam R, Spatz M (2000) Human brain capillary
endothelium: 2-arachidonoglycerol (endocannabinoid) interacts
with endothelin-1. Circ Res 87:323-327

Begg M, Pacher P, Batkai S, Osei-Hyiaman D, Offertaler L, Mo FM,
Liu J, Kunos G (2005) Evidence for novel cannabinoid receptors.
Pharmacol Ther 106:133-145

Stella N (2004) Cannabinoid signaling in glial cells. Glia
48:267-277



Mol Neurobiol (2007) 36:82-91

91

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Walter L, Stella N (2004) Cannabinoids and neuroinflammation.
Br J Pharmacol 141:775-785

Smith SR, Terminelli C, Denhardt G (2000) Effects of cannabinoid
receptor agonist and antagonist ligands on production of inflam-
matory cytokines and anti-inflammatory interleukin-10 in endo-
toxemic mice. J Pharmacol Exp Ther 293:136-150
Molina-Holgado F, Pinteaux E, Moore JD, Molina-Holgado E, Guaza C,
Gibson RM, Rothwell NJ (2003) Endogenous interleukin-1 receptor
antagonist mediates anti-inflammatory and neuroprotective actions
of cannabinoids in neurons and glia. J Neurosci 23:6470-6474
Guzman M, Sanchez C (1999) Effects of cannabinoids on energy
metabolism. Life Sci 65:657-664

Marsicano G, Moosmann B, Hermann H, Lutz B, Behl C (2002)
Neuroprotective properties of cannabinoids against oxidative stress:
role of the cannabinoid receptor CB;. J Neurochem 80:448-456
Eshhar N, Striem S, Kohen R, Tirosh O, Biegon A (1995)
Neuroprotective and antioxidant activities of HU-211, a novel
NMDA receptor antagonist. Eur J Pharmacol 283:19-29
Hampson AJ, Grimaldi M, Axelrod J, Wink D (1998) Cannabidiol
and (—)A°-tetrahydrocannabinol are neuroprotective antioxidants.
Proc Natl Acad Sci U S A 95:8268-8273

Chen Y, Buck J (2000) Cannabinoids protect cells from oxidative
cell death: a receptor-independent mechanism. J Pharmacol Exp
Ther 293:807-812

Garcia-Arencibia M, Gonzalez S, de Lago E, Ramos JA, Mechoulam
R, Fernandez-Ruiz J (2007) Evaluation of the neuroprotective effect
of cannabinoids in a rat model of Parkinson’s disease: importance of
antioxidant and cannabinoid receptor-independent properties. Brain
Res 1134:162-170

Sagredo O, Ramos JA, Decio A, Mechoulam R, Fernandez-Ruiz J
(2007) Cannabidiol reduced the striatal atrophy caused 3-nitro-
propionic acid in vivo by mechanisms independent of the activation
of cannabinoid receptors. Eur J Neurosci (in press)

Borrell-Pages M, Zala D, Humbert S, Saudou F (2006) Huntington’s
disease: from huntingtin function and dysfunction to therapeutic
strategies. Cell Mol Life Sci 63:2642-2660

Herkenham M, Lynn AB, Little MD, Melvin LS, Johnson MR, de
Costa DR, Rice KC (1991) Characterization and localization of
cannabinoid receptors in rat brain: a quantitative in vitro autoradio-
graphic study. J Neurosci 11:563-583

Lastres-Becker 1, De Miguel R, Fernandez-Ruiz J (2003) The
endocannabinoid system and Huntington’s disease. Curr Drug
Target CNS Neurol Disord 2:335-347

Lastres-Becker I, Bizat N, Boyer F, Hantraye P, Fernandez-Ruiz JJ,
Brouillet E (2004) Potential involvement of cannabinoid receptors in
3-nitropropionic acid toxicity in vivo: implication for Huntington’s
disease. Neuroreport 15:2375-2379

Pintor A, Tebano MT, Martire A, Grieco R, Galluzzo M, Scattoni ML,
Pezzola A, Coccurello R, Felici F, Cuomo V, Piomelli D, Calamandrei
G, Popoli P (2006) The cannabinoid receptor agonist WIN 55,212-2
attenuates the effects induced by quinolinic acid in the rat striatum.
Neuropharmacology 51:1004-1012

Glass M, Dragunow M, Faull RLM (2000) The pattern of
neurodegeneration in Huntington’s disease: a comparative study
of cannabinoid, dopamine, adenosine and GABA-A receptor
alterations in the human basal ganglia in Huntington’s disease.
Neuroscience 97:505-519

Lastres-Becker I, Berrendero F, Lucas JJ, Martin E, Yamamoto A,
Ramos JA, Fernandez-Ruiz J (2002) Loss of mRNA levels,
binding and activation of GTP-binding proteins for cannabinoid
CB; receptors in the basal ganglia of a transgenic model of
Huntington’s disease. Brain Res 929:236-242

Denovan-Wright EM, Robertson HA (2000) Cannabinoid receptor
messenger RNA levels decrease in subset neurons of the lateral
striatum, cortex and hippocampus of transgenic Huntington’s
disease mice. Neuroscience 98:705-713

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Aiken CT, Tobin AJ, Schweitzer ES (2004) A cell-based screen for
drugs to treat Huntington’s disease. Neurobiol Dis 16:546-555
Wang W, Duan W, Igarashi S, Morita H, Nakamura M, Ross CA
(2005) Compounds blocking mutant huntingtin toxicity identified
using a Huntington’s disease neuronal cell model. Neurobiol Dis
20:500-508

Gu M, Gash MT, Mann VM, Javoy-Agid F, Cooper JM, Schapira
AH (1996) Mitochondrial defect in Huntington’s disease caudate
nucleus. Ann Neurol 39:385-389

Bizat N, Hermel JM, Humbert S, Jacquard C, Creminon C,
Escartin C, Saudou F, Krajewski S, Hantraye P, Brouillet E (2003)
Invivocalpain/caspasecross-talkduring3-nitropropionicacid-induced
striatal degeneration: implication of a calpain-mediated cleavage of
activecaspase-3.JBiolChem?278:43245-43253

Galas MC, Bizat N, Cuvelier L, Bantubungi K, Brouillet E,
Schiffmann SN, Blum D (2004) Death of cortical and striatal
neurons induced by mitochondrial defect involves differential
molecular mechanisms. Neurobiol Dis 15:152-159

Toulmond S, Tang K, Bureau Y, Ashdown H, Degen S, O’Donnell R,
Tam J, Han Y, Colucci J, Giroux A, Zhu Y, Boucher M, Pikounis B,
Xanthoudakis S, Roy S, Rigby M, Zamboni R, Robertson GS, Ng
GY, Nicholson DW, Fluckiger JP (2004) Neuroprotective effects of
M&826, a reversible caspase-3 inhibitor, in the rat malonate model of
Huntington’s disease. Br J Pharmacol 141:689—697

Sapp E, Kegel KB, Aronin N, Hashikawa T, Uchiyama Y,
Tohyama K, Bhide PG, Vonsattel JP, DiFiglia M (2001) Early
and progressive accumulation of reactive microglia in the
Huntington disease brain. J Neuropathol Exp Neurol 60:161—
172

Rajkowska G, Selemon LD, Goldman-Rakic PS (1998) Neuronal
and glial somal size in the prefrontal cortex: a postmortem
morphometric study of schizophrenia and Huntington disease.
Arch Gen Psychiatry 55:215-224

Blandini F, Nappi G, Tassorelli C, Martignoni E (2000)
Functional changes in the basal ganglia circuitry in Parkinson’s
disease. Prog Neurobiol 62:63—88

McGeer PL, Yasojima K, McGeer EG (2001) Inflammation in
Parkinson’s disease. Adv Neurol 86:83—89

Sherer TB, Betarbet R, Greenamyre JT (2001) Pathogenesis of
Parkinson’s disease. Curr Opin Investig Drugs 2:657-662

Sethi KD (2002) Clinical aspects of Parkinson disease. Curr Opin
Neurol 15:457-460

Carlsson A (2002) Treatment of Parkinson’s with L-DOPA. The
early discovery phase, and a comment on current problems. J
Neural Transm 109:777-787

Consroe P (1998) Brain cannabinoid systems as targets for the
therapy of neurological disorders. Neurobiol Dis 5:534-551
Miiller-Vahl KR, Kolbe H, Schneider U, Emrich HM (1999).
Cannabis in movement disorders. Forsch Komplementmed
6:23-27

Lastres-Becker I, Molina-Holgado F, Ramos JA, Mechoulam
R, Fernandez-Ruiz J (2005) Cannabinoids provide neuro-
protection against 6-hydroxydopamine toxicity in vivo and in
vitro: relevance to Parkinson’s disease. Neurobiol Dis 19:96—
107

Gao HM, Jiang J, Wilson B, Zhang W, Hong JS, Liu B (2002)
Microglial activation-mediated delayed and progressive degener-
ation of rat nigral dopaminergic neurons: relevance to Parkinson’s
disease. J Neurochem 81:1285-1297

Kim WG, Mohney RP, Wilson B, Jeohn GH, Liu B, Hong JS
(2000) Regional difference in susceptibility to lipopolysaccharide-
induced neurotoxicity in the rat brain: role of microglia. J
Neurosci 20:6309-6316

Nagatsu T, Mogi M, Ichinose H, Togari A (2000) Changes in
cytokines and neurotrophins in Parkinson’s disease. J Neural
Transm 60:277-290



	Cannabinoids and Neuroprotection in Basal Ganglia Disorders
	Abstract
	The Cannabinoid System and the Basal Ganglia
	Activation of the Cannabinoid System in Response to Neuronal Damage
	Mechanisms Involved in Neuroprotection �by Cannabinoids
	Cannabinoids and Neuroprotection in Huntington’s Disease
	Cannabinoids and Neuroprotection in Parkinson’s Disease
	Concluding Remarks and Futures Perspectives
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


