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Abstract Whether cannabinoids act as neuroprotec-
tants or, on the contrary, even worsen neuronal dam-
age after cerebral ischemia is currently under
discussion. We have previously shown that treatment
with the cannabinoid (CB1) receptor antagonist
SR141716A reduces infarct volume by ~40% after
experimental stroke. Since it is suggested that
SR141716A may exert neuroprotection besides its can-
nabinoid receptor-blocking effect, we addressed the
question whether SR141716A may act via modulation
of postischemic ligand binding to excitatory NMDA
and/or a-amino-3-hydroxy-5-methyl-4-isoxazole-propr-
ionic acid (AMPA) receptors. For this purpose, rats
(n=12) were treated with either intravenous saline
(control) or CB1 receptor antagonist SR141716A
(1 mg/kg) 30 min after permanent middle cerebral
artery occlusion. Five hours after ischemia, quantita-
tive receptor autoradiography was performed using
[*H]CP 55,940, [PH]MK-801, and [’H]AMPA for label-
ing of CB1, NMDA, and AMPA receptors, respec-
tively. Ligand binding was analyzed within the infarct
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core, cortical penumbra, and corresponding areas of
the contralateral hemisphere and compared to that of
sham-operated rats (n =5). Both in ischemic controls
and SR141716A-treated rats [PH]CP 55,940 ligand
binding was not specifically regulated in the cortical
penumbra or contralateral cortex. Importantly,
reduced infarct volumes in SR141716A-treated rats
were associated with maintained [PH]MK-801 binding
to excitotoxic NMDA receptors in the penumbra, com-
pared to a decrease in the control group. In summary,
our data suggest that SR141716A may possess addi-
tional intrinsic neuroprotective properties independent
of receptor-coupled pathways or due to action as a par-
tial agonist.

Keywords Cannabinoid receptor - Endocannabinoids -
Receptor autoradiography - SR141716A - Stroke

Introduction

Cloning of a central cannabinoid (CB1) receptor from
both rat and man [12, 26] triggered the search for
endogenous ligands. A few years later, two main
substances based on fatty acids were identified and
collectively termed endocannabinoids: anandamide and
2-arachidonoylglycerol (2-AG) (for review see [8]). This
discovery of an endogenous cannabinoid system imme-
diately focused research activities on its therapeutic
potential for a variety of neurological diseases includ-
ing in vivo models of excitotoxic brain damage. While
several studies could demonstrate a neuroprotective
effect of endocannabinoids in the animal models of
ischemic stroke [18, 20, 31], there was increasing evi-
dence that at least part of the endocannabinoid effect
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was not mediated by cannabinoid receptors since
selective pharmacological blockade or knockout of
CBI1 receptors failed to completely neutralize the can-
nabinoid effect [9, 25, 28, 45]. Recently, we could dem-
onstrate that, after permanent cerebral ischemia in
rats, anandamide is slightly but significantly increased
in the ischemic hemisphere compared to other N-acy-
lethanolamines (NAESs), which are inactive at cannab-
inoid receptors [4]. Since treatment with the selective
CBI1 receptor antagonist SR141716A caused a signifi-
cant reduction of the infarct volume by about 40%
compared to ischemic control animals [4], activation
of cannabinoid CB1 receptors during the acute postis-
chemic phase seems to be deleterious rather than neu-
roprotective.

Since the endocannabinoid system modulates
NMDA and a-amino-3-hydroxy-5-methyl-4-isoxazole-
proprionic acid (AMPA) receptor expression as well as
function [2, 21, 43], the aim of this study has been to
further check for a possible interplay between cannabi-
noid and glutamate receptors. Therefore, cannabinoid
receptors were pharmacologically blocked by the selec-
tive CB1 receptor antagonist SR141716A. Analysis of
ligand binding was performed shortly after the ische-
mic stroke. At this time point, since cerebral ischemia
is still in its dynamic phase, periinfarct tissue, the so-
called penumbra, is at risk and restoration of the cere-
bral blood flow critically determines the final lesion
size.

Materials and methods
Animal experiments

Animal protocols were approved by the Ethics Com-
mittee of the University of Heidelberg according to
EU regulations. Experiments were performed on adult
male Wistar rats (270-320 g body weight), as previ-
ously described by [4]. Material from these animals was
used for our present study.

In brief, before surgery, animals were randomly
assigned to one of two experimental groups: control
group (n=06) treated with intravenous saline or
SR141716A group (n = 3-6) treated with intravenous
cannabinoid receptor antagonist SR141716A (1 mg/kg)
(N-(piperidin-1-yl1)-5-(4-chlorophenyl)-1-(2,4-dichlor-
ophenyl)-4-methyl-1H-pyrazole-3-carboxamide-hydro-
chloride) dissolved in 0.1% dimethylsulfoxide (DMSO).
At this very low concentration, no effects of DMSO on
brain receptor or membrane function have, so far, been
described in the literature. Protective effects of DMSO
have been reported to occur only from a minimum
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concentration of 0.5% in vitro [13], while an in vivo
study using the same model of permanent focal ische-
mia in the rat detected neuroprotective effects at con-
centrations of at least 10% [39]. Concentration of
SR141716A (a generous gift from Sanofi Synthelabo in
Berlin, Germany) was chosen according to a previous
study by Hansen et al. [15]. In both groups, therapy
commenced 30 min after the initiation of permanent
middle cerebral artery occlusion (pMCAOQO), which
was achieved by applying the endovascular filament
method [22]. The PMCAO of the right middle cere-
bral artery was maintained until the end of the experi-
ment. An additional sham group (n = 5) was subjected
to all surgical procedures but without pMCAO. In
order to rule out the potential alterations of
[PH]CP55,940 binding by the antagonist SR141716A
itself, two groups of control rats, treated either with
1 mg/kg SR141716A (n=4) or 0.1% DMSO (n=5),
were investigated too.

Rats were anesthetized with 350 pl of a 7:1 solution
of 10% ketamin (Ketanest™) and 2% xylazinhydro-
chloride (Rompun™) intraperitoneally. Anesthesia
was maintained by re-injection of 150 pl of the solution
after 2h. The left femoral artery and vein were
exposed via an incision and cannulated with PE-50
polyethylene tubing. The arterial catheter served for
continuous blood pressure recording and blood gas
analysis (AVL 990, AVL, Bad Homburg, Germany).
The venous catheter was used to administer either
vehicle or treatment solution. Core temperature was
maintained at 37°C throughout the experiment by a
heating pad connected to a rectal probe. Two hours
prior to pMCAQO, two microdialysis probes were
placed bilaterally into the striatum for analysis of
microdialysate [4].

Dissection and histology

For examination of receptor regulation during the
hyperacute phase of stroke, animals were decapitated
5 h after pMCAO. The brain was removed and sliced
into five coronal sections starting at +2.2 mm anterior of
the bregma to -5.8 mm dorsal of the bregma. From
these sections, two small corresponding areas of each
hemisphere were removed for neurochemical analysis
[4]. The remaining sections were immediately frozen in
liquid nitrogen at —70°C and stored deep-frozen in
parafilm wrapping. The infarct lesion volume was evalu-
ated using coronal cryosections of 20 pm thickness
according to a silver impregnation method as previously
described [46]. In compensation for the effect of brain
edema, the corrected infarct volume was calculated as
described more detailed by Swanson et al. [44]. Here, in
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brief, corrected volume of infarct area equals left hemi-
sphere area minus (right hemisphere area minus infarct
area). For receptor autoradiography, coronal cryostat
sections of 12 um thickness were serially cut at —20°C at
the level of the dorsal hippocampus and mounted on
triethoxysilylpropylamine-coated slides.

Receptor autoradiography

Quantitative in vitro receptor autoradiography studies
were performed using [PH]CP 55,940, [’H]MK-801, and
[PHJAMPA as ligands for CB1, NMDA, and AMPA
receptors, respectively [16, 36, 42]. Ligands were pur-
chased from NEN™ Life Science Products Inc (Bos-
ton, MA, USA). Labeling and incubation procedures
for NMDA and AMPA receptors were performed
according to the protocols of Zilles et al. [47] as previ-
ously described [40]. Labeling of CB1 receptors was
performed according to the protocol of Herkenham
et al. [17]. In brief, CB1 receptors were incubated with
10 nM [PH]CP 55,940 (specific activity 158.0 Ci/mmol;
50 mM Tris—HCI buffer, pH 7.4, containing 5% BSA)
for 90 min at 22°C. Incubation was terminated by
washing for 4 h in ice-cold buffer containing 1% bovine
serum albumin. Incubation with [*H]MK-801 and
[PHJAMPA was always preceded by a preincubation
period with the respective buffer to remove endoge-
nous ligands. In order to demonstrate the maximum
binding of [PH]MK-801 to NMDA receptors, the bind-
ing assay was performed in a magnesium- and zinc-free
solution (50 mM Tris-HCI buffer, pH 7.2) and in the
presence of 30 pM glycine and 50 pM spermidine with
5nM [PH]MK-801 (specific activity 21.7 Ci/mmol) at
22°C for 60 min. Incubation was terminated by washing
in cold buffer (2 x Smin) and in H,O (2s). AMPA
receptors were labeled with 10 nM [PHJAMPA (spe-
cific activity 42.2 Ci/mmol) in 50 mM Tris-acetate
buffer (pH 7.2, containing 100 mM KSCN) for 45 min
at 4°C. Incubation was terminated by rinsing (3 x 4 s)
with cold buffer and fixation rinsing (2 x 2 s) with ace-
tone/glutaraldehyde solution. Unspecific binding was
determined by co-incubation of alternating sections
with labeled ligands and excess of an appropriate unla-
beled competitor. Subsequent to the final rinsing pro-
cedure, slides were carefully dried in either a stream of
cool air ([*’HJMK-801) or hot air (*HJAMPA and
[PH]CP 55940). Air-dried, tritium-labeled sections
were co-exposed with [*H]plastic standards (Micro-
scales®; Amersham, Freiburg, Germany) and brain-
paste standards to a [*H]-sensitive film (Kodak™
BioMax™ MR-1; Amersham, Braunschweig, Germany)
for 7-8weeks ([PHJMK-801 and [*H]CP 55,940),
respectively. Autoradiographies were scanned in equal

light conditions by means of a DMC video camera
(Polaroid, Offenbach, Germany) and digitized with the
AIS image analysis system (Imaging Research Inc., St.
Catharines, ON, Canada). Gray value images of the co-
exposed plastic standards were used to compute a non-
linear calibration curve, which defined a relationship
between gray values in the autoradiographs and con-
centrations of radioactivity. Plastic standards were cali-
brated to tissue standards with known concentrations
of radioactivity. Final values were normalized to sham
control levels (mean + SEM), as described by Hansen
et al. [14]. For analysis of ligand binding in different
brain areas, Nissl-stained cryostat sections were
scanned with a DMC video camera (Polaroid) and the
infarct areas marked on the monitor. Then, images
were superimposed on the autoradiographies. Quanti-
tative analysis of radioactivity was performed sepa-
rately in all six cortical layers within the infarct center
(‘core’) and adjacent to the infarct (‘penumbra’) as
well as in a corresponding area of the hemisphere con-
tralateral to the infarct. In untreated sham controls,
analysis was performed in just one hemisphere within
areas corresponding to those in ischemic animals.
Analysis of potential alteration of [*’H]CP 55,940 bind-
ing by SR141716A was performed in control rats in
corresponding areas of the cortical infarct and periin-
farct region in both hemispheres. Regions of interest
were marked on the monitor and the gray values were
automatically assessed by the imaging software. In all
cases, nonspecific binding was just above background
labeling or completely invisible. Therefore, the degree
of background density could be used as an estimate
of unspecific binding and subtracted from the total
binding.

Statistical analysis

Ligand binding was analyzed by calculating mean con-
centration values for each ligand and region. Significant
group effects were confirmed by analysis of variance
(ANOVA) and least significant difference (LSD) error
protection. A P value < 0.05 was considered statistically
significant. Analysis was performed using the general
statistics module of Analyse-it™ for Microsoft Excel
(Analyse-it Software, Ltd., Leeds, UK).

Results
Quantitative receptor autoradiography

Treatment with SR141716A did not significantly alter
[*H]CP 55,940 binding in two cortical areas corresponding
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to the ischemic core and the penumbra of ischemic rats
(Table 1).

CBI receptor ([PH]CP 55,940 binding)

[PH]CP 55,940 ligand binding in all cortical layers of
the ischemic core did not differ significantly in the
ischemic group from that in sham controls. However, a
dramatic reduction was seen in the SR141716A group,
reaching significance in layer I (Fig. 1). This effect was
neither present in the ischemic penumbra (ip) nor in
the corresponding cortical areas of the contralateral
hemisphere with binding levels remaining largely
unchanged within the two experimental groups

(Fig. 1).
NMDA receptor (PH]MK-801 binding)

[PH]MK-801 ligand binding density within the ische-
mic core was significantly reduced in cortical layers I-
IV and VI in the ischemic group and in cortical layers
I-IV in the SR141716A-treated group (Figs. 2, 3). In
the ip [PH]MK-801 ligand binding values of ischemic
controls were reduced in all layers reaching signifi-
cance in layers II and III (Figs. 2, 3). No significant
alterations of [PH]JMK-801 cortical ligand binding
were detectable in the SR141716A group (Figs. 2, 3).
Similar to the ip, there was a trend to reduced
[PH]MK-801 ligand binding values in the contralateral
cortex in ischemic controls whereas binding densities
in the SR141716A group remained largely unchanged
(Figs. 2, 3).

Table 1 *[H]CP55,940 binding values (fmol/mg tissue) in cortical
layers I-VI of SR141716A-treated rats and vehicle-treated con-
trols

Controls SR141716A
Corresponding to core region
I 10.8 £4.9 9.8+45
II 104 +£5.9 59+45
111 95+53 92+39
v 4.6 4.7 72+£58
A% 57+3.6 6.9+ 4.7
VI 7.0+ 4.6 7.8 £1.8
Corresponding to penumbra region
I 101 +£2.5 72+21
II 155+£55 9.4+43
111 140+1.5 11.6 £ 4.6
v 115+17 87+3.0
v 89+6.1 6.8+4.1
VI 8.1+41 71+£1.9

Values are means + SEM (n = 4-5). Note that no significant differ-
ences were detectable (P < 0.05; ANOVA and LSD protection)
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a-amino-3-hydroxy-5-methyl-4-isoxazole-proprionic
acid receptor (FHJAMPA binding)

Within the infarct core, [PTHJAMPA ligand binding
density was significantly decreased to about 30% of
sham controls in all cortical layers in ischemic controls
and SR141716A-treated rats, respectively (Fig. 4). In
the ip, reduction of [PHJAMPA ligand binding was not
as pronounced as in the ischemic core but, neverthe-
less, reached significance in all layers in the ischemic
group and in layers I-IV and VI in the SR141716A
group (Fig. 4). Within the corresponding cortex of the
contralateral hemisphere [PHJAMPA binding was
widely maintained in ischemic controls. In the
SR141716A group, there was a trend to reduced values.
This, however, did not reach any significance (Fig. 4).

Absolute binding values (fmol/mg) for all three
ligands used are presented in Table 2.

Discussion

The neuroprotective action of endocannabinoids and
exogenously applicated cannabinoids against brain
damage after cerebral ischemia is controversially dis-
cussed [7, 11, 15, 20, 23, 24, 28, 30, 32, 37, 38, 45]. There
is growing body of evidence that at least part of the
cannabinoid effect is not mediated by cannabinoid
receptors since selective pharmacological blockade or
knockout of CB1 receptors fails to completely neutral-
ize the cannabinoid effect [9, 25, 28, 45]. Surprisingly,
by use of the CB1 receptor antagonist SR141716A, we
could recently demonstrate a significant reduction of
infarct volume in a model of permanent cerebral ische-
mia by about 40% [4]. Whether SR141716A exerts its
neuroprotective effects by blocking CB1 receptors or
whether it is, in fact, neuroprotective, independent of
CBI1 receptor pathways, remains so far unclear. In our
present study we checked whether SR141716 A may
exert its neuroprotective effects by modulating ligand
binding to excitatory glutamate receptors in the ip.
Most surprisingly, [PHJMK-801 ligand binding to
excitatory NMDA receptors in the ischemic penumbra
was maintained compared to a significant reduction in
ischemic controls (Figs. 2, 3) while binding to AMPA
receptors in this region was downregulated both in
controls and SR141716A-treated rats. Since a multi-
tude of studies could convincingly demonstrate that
NMDA receptors are mediators of excitotoxic neuro-
nal death resulting from over-activation of excitatory
glutamate receptors (for review see [10, 29]), it could
be assumed that a substance which has been shown to
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Fig.1 Postischemic |’H|CP
55,940 binding. No specific
postischemic regulation of
[*H]CP 55,940 binding was
detectable in ischemic con-
trols. Pharmacologically
blocking CB1 receptors by
SR141716A inhibited [*H]CP
55,940 binding only in the inf-
arct core whereas in the ip and
contralateral cortex the bind-
ing values did not differ from
controls. Values are

means = SEM (n = 4-5) pre-
sented as % of sham-operated
controls (asterisks: significant
difference compared to sham,
P <0.05; ANOVA and LSD
protection)
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be more potent in postischemic neuroprotection than
the NMDA receptor antagonist MK-801 [4] would not
enhance the binding density of precisely this receptor
in the cortical penumbra. Therefore, our finding would
best fit in with the hypothesis that the CB1 receptor
antagonist SR141716A possesses additional intrinsic
neuroprotective properties or a partial agonist activity.

1] \Y \ \

Using the rat model of transient forebrain ischemia,
Nagayama et al. [28] were able to show that the neuro-
protective effect of WIN 55212, a cannabinoid receptor
agonist, was only partially neutralized by SR141716A.
In a ouabain-induced injury model in neonatal rats, it
was possible to antagonize the effect of anandamide for
measurements of the lesion volume at day seven which
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Fig. 2 Postischemic |’H|MK-
801 binding. Compared to
sham, binding values were de-

a) Infarct core
creased within the infarct core

[*H]MK-801 ligand binding

120 { m Sham 0 Co @ SR141716A }

in all experimental groups.
Treatment with the CB1
antagonist SR141716A main-
tained [PH]MK-801 ligand
binding to excitotoxic NMDA
receptors in the ip, possibly l x T
indicating the high intrinsic ||
neuroprotective efficacy of
SR141716A. Values are
means + SEM (n = 3-6) pre- ]
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was not the case for measurements of early cytotoxic
edema [45]. Moreover, application of SR141716A
alone, i.e., not concomitant with anandamide, did not
increase the ouabain-induced brain injury [45]. In an in
vivo newborn rat model of acute severe asphyxia,
SR141716A failed to modify the protective effect of
WIN 55212 on early neuronal death, but abolished the
WIN 55212-induced inhibition of delayed neuronal
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death [25]. A recent study by Hansen et al. [15] pro-
vided strong evidence for a separate neuroprotective
effect of SR141716A in counteracting NMDA-induced
excitotoxic injury in neonatal rats, whereas both CB1
agonists and CB2 antagonists failed to protect brain tis-
sue against excitotoxicity. Similarly, a neuroprotective
effect of SR141716A was shown in a rat model of uni-
lateral focal ischemia-reperfusion injury whereas WIN
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Fig. 3 Representative autoradiograms of [PH]MK-801 ligand
binding in the various experimental groups. In contrast to un-
treated ischemic controls (b) the [PH]JMK-801 binding to poten-
tially excitotoxic NMDA receptors in the ischemic penumbra (ip)
of SR141716A-treated rats is largely maintained (¢) compared to
sham control (a), suggesting high intrinsic neuroprotective prop-
erties of the cannabinoid receptor antagonist SR141716A. Abbre-
viations: I infarct area, marked in yellow, cl contralateral, ip
ischemic penumbra, core infarct core, asterisks: area for measure-
ment of unspecific binding

55212 failed to reduce the infarct volume [27]. More
importantly, an in vitro study by Berdyshev et al. [3]
provided strong evidence that SR141716A has its own

signaling potential via extracellular signal-regulated
kinase (ERK) phosphorylation and, to a lesser degree,
AP-1 activation which, in turn, may exert the neuro-
protective effect. Finally, SR141716A was suggested to
act as a selective inverse agonist for central cannabi-
noid receptors [6]. Therefore, SR141716 may possibly
exert its neuroprotective effect due to intrinsic proper-
ties and even despite higher levels of [PHMK-801
binding values to NMDA receptors, compared to
ischemic controls which, at early timepoints after
injury, are generally thought to exert excitotoxic effects
[5].

Reduction of [PH]MK-801 ligand binding in the
ischemic core as early as 5 h after onset of ischemia, as
seen for ischemic control rats in the present study, is
well in line with data supplied by Que et al. [34]. Using
a photothrombotic ischemia model, the authors dem-
onstrated a 60% reduction already after 4 h, which
became even more pronounced at later time points [19,
33, 34, 41]. In our present study, lowered levels of
[*H]MK-801 binding values in the ischemic core were
also seen in SR141716A-treated rats (Fig.2), most
likely reflecting progression and irreversibility of the
injury in this area.

Until now, little is known about the postischemic
regulation of central cannabinoid receptors. To the
best of our knowledge, there is only one single study
analyzing the density of cannabinoid receptors after
focal cerebral ischemia by immunohistochemistry and
Western blotting [18]. The authors demonstrated an
upregulation of CB1 receptors in neurons of the peri-
infarct area in rats as early as 2 h after the onset of
ischemia. On the basis of these findings, a crucial role
for the endocannabinoid system in postischemic neuro-
protection was suggested. Increased abundance of the
respective receptor protein, however, does not neces-
sarily reflect enhanced ligand binding or increased
receptor activation. In our present study, we could con-
vincingly demonstrate that, 5 h after onset of perma-
nent ischemia, there is no specific postischemic
alteration of [PH]CP55,940 ligand binding density to
CBl receptors in any cortical layer of the ip or in any
corresponding areas of the contralateral hemisphere
(Fig. 1). Furthermore, in a model of global ischemia,
we could recently demonstrate that after a short ische-
mic period usually used for ischemic preconditioning,
survival of neurons at risk is even associated with
downregulation of CB1 receptors [38], thus, suggesting
a harmful mechanism of CB1 receptors for postis-
chemic neuronal fate.

The maintenance of [PH]CP55,940 binding within
the ischemic core in control rats is somewhat surpris-
ing. The most feasible explanation is that there is a
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Fig. 4 Postischemic |’H|AM-
PA binding ['HJAMPA bind-
ing was reduced in both
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stronger resistance of CB1 binding sites to degrada-
tion, associated with consecutively delayed reduction
of binding values. This phenomenon is similar to the
extremely delayed reduction of [*H]muscimol binding
to inhibitory y-aminobutyric acid (GABA), receptors
in irreversibly damaged brain tissue [1, 40, 41]. On the
other hand, reduced [*H]CP55,940 binding in the
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SR141716A group is most likely due to the blocking of
binding sites by the pharmacon [35], at least as far as
the ischemic core with consecutively reduced wash-out
is concerned.

In summary, our present data demonstrate the
absence of specific postischemic regulation of central
CB1 cannabinoid receptors in the ischemic core as well



Acta Neuropathol (2006) 112:277-286

285

Table 2 Binding values (fmol/mg tissue) in cortical layers I-VI of
sham-operated rats

3[H]CP55,940 [PH]MK-801 [FH]JAMPA
Core
I 87+0.5 207.1 +20.2 244.8 +31.9
11 74+04 281.9 +18.0 256.2 +29.9
111 59+04 2585 +17.1 2454 +34.3
v 40+1.0 187.2 £13.2 1913 +£17.3
\% 62+04 126.5 +£10.8 172.9+22.3
VI 10.0 £ 0.8 123.4 £ 15.6 137.6 £16.3
Penumbra
1 8.5+0.9 259.1 +£24.7 2102 +32.4
11 93+0.8 307.1 +33.8 273.8 +23.9
111 82+ 0.6 302.3 + 384 251.34+24.3
v 6.7+ 0.9 212.0 +£28.7 208.0 +32.6
\% 7.7+£05 156.5 £ 25.5 189.8 + 28.1
VI 93+0.6 129.7 £16.7 1582 +£15.1
Contralateral
1 9.5+1.0 259.1+15.5 241.0 4 46.9
11 77+14 281.5 +18.1 279.3 +40.7
111 64+1.1 260.9 +9.7 226.1 +31.8
v 33+1.1 162.2 £12.0 156.1 + 30.3
A\ 5.8+0.8 1325+ 6.4 155.4 £24.0
VI 9.14+0.8 137.9 +£10.7 107.6 £21.3

as in the penumbra and contralateral cortical areas.
Even more important is the fact that [’H]JMK-801 bind-
ing to excitotoxic NMDA receptors in the ip is main-
tained in the SR141716A group which is associated
with a maximum reduction of the infarct volume [4].
Thus, our current data would well fit in with previous
studies suggesting that the cannabinoid receptor antag-
onist SR141716A possesses additional intrinsic neuro-
protective or partial agonist properties. Vice versa, the
relevance of the endocannabinoid system for robust
neuroprotection during the hyperacute postischemic
phase has to be critically challenged in future studies.
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