1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

Rrens®

G

3}

Author Manuscript

Published in final edited form as:
Neuroscience 2011 March 31; 178: 159-168. doi:10.1016/j.neuroscience.2011.01.024.

Endocannabinoid 2-arachidonoylglycerol protects neurons
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Abstract

While endocannabinoid modulation of both GABAergic and glutamatergic synaptic transmission
and plasticity has been extensively investigated, our understanding of the role of
endocannabinoids in protecting neurons from harmful insults remains limited. 2-
Arachidonoylglycerol (2-AG), the most abundant endogenous ligand and a full agonist for
cannabinoid receptors, exhibits anti-inflammatory and neuroprotective effects via a CB1R-
mediated mechanism. However, it is still not clear whether 2-AG is also able to protect neurons
from beta-amyloid-induced neurodegeneration. Here, we demonstrate that exogenous application
of 2-AG significantly protected hippocampal neurons in culture against beta-amyloid-induced
neurodegeneration and apoptosis. This neuroprotective effect was blocked by SR141716 (SR-1), a
selective CB1R antagonist, but not by SR144528 (SR-2), a selective CB2R antagonist, or
capsazepine (CAP), a selective TRPV1 receptor antagonist. To determine whether endogenous 2-
AG is capable of protecting neurons from beta-amyloid insults, hippocampal neurons in culture
were treated with URB602 or JZL184, selective inhibitors of monoacylglycerol lipase (MAGL),
the enzyme hydrolyzing 2-AG. MAGL inhibition that elevates endogenous levels of 2-AG also
significantly reduced beta-amyloid-induced neurodegeneration and apoptosis. The 2-AG-produced
neuroprotective effects appear to be mediated via CB1R-dependent suppression of ERK1/2 and
NF-kB phosphorylation and cyclooxygenase-2 (COX-2) expression. Our results suggest that
elevation of endogenous 2-AG by inhibiting its hydrolysis has potential as a novel efficacious
therapeutic approach for preventing, ameliorating or treating Alzheimer’s disease.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease characterized by progressive
deterioration of cognitive function and loss of memory in association with widespread
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neuronal death. There is ample evidence indicating that production and accumulation of -
amyloid peptide (AP) are a primary event in the pathogenesis and neuropathology of AD.
However, the few agents currently approved by the Food and Drug Administration for
treating AD have demonstrated only modest effects in modifying the clinical symptoms for
relatively short periods, and none have shown a clear effect on disease progression.
Therefore, there is a great public health need to discover and develop new and efficacious
therapeutic interventions for prevention and treatment of AD.

Endocannabinoids (eCBs) are endogenous lipid mediators involved in a variety of
physiological, pharmacological and pathological processes (Kano et al., 2009). While eCB
modulation of both GABAergic and glutamatergic synaptic transmission and plasticity via a
CB1 receptor (CB1R)-dependent mechanism has been extensively investigated (Alger,
2002; Piomelli, 2003; Chevaleyre et al., 2006; Kano et al., 2009); our understanding of the
role of eCB neuroprotective effects is still limited (Sarne and Mechoulam, 2005; van der
Stelt and Di Marzo, 2005). Accumulated information suggests that eCBs possess anti-
inflammatory and neuroprotective properties against harmful insults (Eljaschewitsch et al.,
2006; Mackie, 2006; Panikashvili et al., 2001; 2005; 2006; Walter and Stella, 2004; Zhang
& Chen, 2008). Because of their capability of anti-inflammation and neuroprotection, it has
been proposed that eCBs have potential as a therapeutic approach for prevention and
treatment of AD (Bisogno & Di Marzo, 2008; Centonze et al., 2007; Marchalant et al., 2008;
Ramirez et al., 2005; Van der Stelt et al., 2006; Koppel & Davies, 2008).

2-Arachidonoylglycerol (2-AG), the most abundant endogenous cannabinoid and a full
agonist for cannabinoid receptors, is mainly synthesized via diacylglycerol lipase-o (DGLa),
and hydrolyzed via monoacylglycerol lipase (MAGL) and a-B-hydrolase domain 6
(ABHDS®), and also oxidatively metabolized by cyclooxygenase-2 (COX-2) during
inflammation (Blankman et al., 2007; Dinh et al., 2002; Gao et al., 2009; Kano et al., 2009;
Kozak et al., 2004; Long et al., 2009a & b; Marrs et al., 2010; Sang & Chen, 2006). The
neuroprotective effects of 2-AG are likely through a CB1R receptor-dependent inhibition of
proinflmmatory cytokines, COX-2 and NF-«xB (Panikashvili et al., 2001; 2005; 2006; Zhang
& Chen, 2008). It has been shown that expression of CB1R is markedly reduced in AD brain
(Ramirez et al., 2005) and the level of endogenous 2-AG in the hippocampus is elevated in
response to administration Ap4, (Van der Stelt et al., 2006). This means that endogenous 2-
AG may play an important role in counteracting pathogenesis and neuropathology in AD,
but direct evidence is still lacking. We demonstrated here that 2-AG is capable of preventing
and suppressing AB-induced neurodegeneration and apoptosis. In particular, we provided
evidence that elevation of endogenous 2-AG by inhibiting MAGL is able to protect neurons
against AB insults. Our results suggest that elevation of endogenous 2-AG by inhibiting its
hydrolysis may provide a novel therapeutic intervention for treating, ameliorating or
preventing AD.

Experimental procedures

Cell culture

Primary hippocampal neurons from rat (Sprague Dawley) embryos (E18) or PO were
cultured as described previously (Sang et al., 2005; 2007; Zhang & Chen, 2008, Sang et al.,
2010), according to the guidelines approved by the Institutional Animal Care and Use
Committee of of Louisiana State University Health Sciences Center in New Orleans.
Briefly, after suffocation with carbon dioxide, unconscious animals were decapitated.
Embryos were taken out after 75% ethanol was sprayed on the abdominal region of the dam.
Hippocampi were dissected out under microscope and triturated in serum-free culture
medium after meninges were removed. Tissue was incubated in oxygenated trypsin for 10
minutes at 37°C and then mechanically triturated. Cells were spun down and resuspended in
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Neurobasal/B27 medium (Invitrogen) supplemented with 0.5 mM L-glutamine, penicillin/
streptomycin and 25 uM glutamate. Cells (1 x 106) were loaded into poly-D-lysine-coated
6-well plates for Western blot analysis. Cells (5 x 10°) were plated on poly-D-lysine-coated
glass coverslips for TUNEL staining. Medium was changed every three days with the same
medium without glutamate until use. The percentage of astroglial cells in the culture was ~2
to 5% at 10 days in vitro (DIV), as estimated by staining with a neuronal marker NeuN,
astrocytic marker GFAP, and microglial marker OX-42 in conjunction with the DAPI
staining as described previously (Sang et al., 2005). Cultures were used between 10-21 DIV.

Immunocytochemistry

Immunoblot

Immunostaining was performed in primary cultures of hippocampal neurons and astroglial
cells as described previously (Sang et al., 2005; Zhang & Chen, 2008). The cells were rinsed
with PBS after removal of the culture medium, and fixed with pre-warmed (37°C) 4%
paraformaldehyde, 4% sucrose in 0.1 M phosphate buffer (pH 7.2) at room temperature.
Then the cells were washed with ice-cold PBS four times, and incubated with blocking
buffer (1% BSA and 10% normal goat serum) in PBS at room temperature for 1h. Primary
antibodies at different dilutions (in PBS containing 1% BSA) were applied for overnight at
4°C. NeuN, GFAP and OX-42 were purchased from CHEMICON (Temecula, CA). After
four 10-min washes with PBS containing 1% BSA, species-specific and highly cross-
absorbed secondary antibodies coupled to Alexa 488 and CY3 (Molecular Probes), diluted
1/1000 in PBS containing 1% BSA, were applied for 1 h at room temperature. Cells were
washed four times, 10 min each, with PBS containing 1% BSA, and rinsed with PBS.
Images were taken by a deconvolution microscope using Slidebook 5.0 software.

Hippocampal neurons in cultures were extracted and immediately homogenized in a one-to-
one volume of modified RIPA lysis buffer consisting of a number of protease inhibitors.
Supernatants were fractionated on 10% SDS-PAGE gels (Bio-Rad), and transferred onto
PVDF membranes (Bio-Rad). The membrane was incubated with anti-COX-2 polyclonal
antibodies (dilution of 1:1,000, Cayman, Ann Arbor, MI), anti-rabbit caspase-3 and cleaved
caspase-3, p44/42 and phospho-p44/42 MAPK, NF-kB65 and phospho-NF-«xB antibodies
(1:1,000, Cell Signaling, Danvers, MA) at 4°C overnight. The blot was washed and
incubated with a secondary antibody (goat anti-rabbit 1:10000, Vector Laboratories,
Burlingame, CA) at room temperature for 1 hr. Proteins were visualized by enhanced
chemiluminescence (ECL, Amersham Biosciences, UK). The densities of specific bands
were quantified by densitometry using FUJIFILM Multi Gauge software (version 3.0). Band
densities were normalized to the total amount of protein loaded in each well as determined
by mouse anti p-actin (1:4000, Sigma).

Cytotoxicity assays

APos_35 and AB1_42 (American Peptide, Sunnyvale, CA) were diluted to 10 and 1 puM in
culture medium from the stock solution (200 uM) that had been incubated in 37°C for 36
hrs. Cultures were incubated with Ap or Locke’s solution alone for the specified time. We
used DeadEnd™ fluorometric TUNEL system kit (Promega, Madison, WI1) to determine
degenerated neurons. The TUNEL-stained cultures also stained with DAPI were imaged
using a Zeiss inverted deconvolution microscope with Slidebook 5.0 software. The changes
in cell staining were analyzed and quantified using Image J software (NIH). The activation
of caspase-3 was assayed using the Western immunoblot technique to detect neuronal
apoptosis.
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Data analysis

Results

Data are presented as mean + S.E.M. Unless stated otherwise, Student’s t-test and analysis
of variance (ANOVA) with Fisher’s PLSD test or Student-Newman-Keuls test were used for
statistical comparison when appropriate. Differences were considered significant when P<
0.05.

Exogenous application of 2-AG prevents AB-induced neurodegeneration and apoptosis

An important feature of AD is neuronal degeneration and death, which are largely due to the
toxic effects of Ap on neurons. To determine whether 2-AG is capable of protecting neurons
from Ap-induced degeneration, we determined TUNEL (neurodegenerative marker) positive
neurons in cultured hippocampal neurons. As shown in Figure 1a, the number of TUNEL
positive neurons were significantly increased in culture treated with ABy5_35 (10 uM) for 24
hrs, but not with AB3s5_o5. We demonstrated previously that 2-AG at 3 uM concentration is
sufficient for protecting neurons from proinflammatory and excitotoxic insults (Zhang &
Chen, 2008). Thus we used 2-AG at 3 UM concentration in the present study. It appeared
that the ABy5_35-induced neurodegeneration was prevented or reduced by application of 2-
AG (3 pM). Similarly, treatment of the culture with ABq_4o (1 M) for 72 hrs also robustly
increased the number of TUNEL positive neurons and this increase was also prevented in
the presence of 2-AG (3 pM). The protective effect of 2-AG against APos_35 and AB1_42
appeared to be mediated by a CB1R since its effect was blocked by SR141716 (SR-1, 1
M), a selective CB1R antagonist.

To determine whether 2-AG is also capable of preventing neuronal apoptosis from AB
insults, we detected activation of caspase-3, an apoptotic marker. We first determined time
courses for the AB-induced cleavage of caspase-3 in cultured hippocampal neurons and
found that it took 24 hrs for ABys_35 at 10 UM concentration and 72 hrs for ABq_42 at 10 uM
to maximally activate caspase-3 (Data not shown). Then we treated hippocampal neurons in
culture with ABos_ss5 for 24 hrs or AB1_4o for 72 hrs in the absence and presence of 2-AG.
As shown in Figure 2a, 2-AG significantly inhibited AB,s_35- and AB1_42-induced cleavage
of casapase-3, and this inhibition was eliminated by SR-1. These results indicate that
exogenous administration of 2-AG is able to prevent or attenuate AB-induced
neurodegeneration and apoptosis via a CB1R-dependent mechanism.

Endogenous 2-AG is capable of preventing and reducing A -induced neurodegeneration
and apoptosis

Since 2-AG was exogenously administrated in the experiments described above, we then
sought to determine whether endogenously-released 2-AG also is able to suppress the AB-
induced neurodegeneration and apoptosis. Monoacylglycerol lipase (MAGL) is the enzyme
that hydrolyzes 85% of 2-AG in the brain (Blankman et al., 2007; Long et al., 2009a&b).
Thus, an inhibition of MAGL with selective MAGL inhibitors will raise the levels of
endogenous 2-AG. To this end, we used two selective MAGL inhibitor, URB 602, and
JZ1.184, which have been shown to inhibit 2-AG hydrolysis and increase endogenous 2-AG
levels (King et al., 2007; Comelli et al., 2007; Long et al., 2009a&b, Pan et al., 2009). As
seen in Figure 3a & 3b, administration of URB 602 (10 uM) or JZL184 (1 pM) significantly
reduced numbers of TUNEL positive neurons in cultures treated with ABos_35 or ABq_s2,
similar to that shown in Figure 1 where 2-AG was directly added to the culture. URB602-
and JZL184-induced neuroprotective effects were blocked by SR-1, suggesting that CB1R
mediates URB602- and JZL184-induced protective effects. Likewise, we observed that
URBG602 and JZL 184 produced a CB1R-dependent inhibition of ABos_35- or AB1_4p-induced
cleavage of caspase-3 (Figure 2 b & c). Both exogenous and endogenous 2-AG-produced
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anti-apoptotic effects of ABos_35 or APq_4p are concentration-dependent and mediated via
CBI1R (Figure 4). This means that an increase in 2-AG level either by inhibiting hydrolysis
of endogenously released 2-AG or by exogenously supplying 2-AG is able to prevent or
reduce Ap-induced neurodegeneration and apoptosis. In addition, we observed that Ap-
induced apoptosis was also attenuated by NS398, a selective COX-2 inhibitor, suggesting
that over-expression of COX-2 contributes to the Ap-induced neuronal injury or death.

ERK and NF-kB signaling pathways are involved in 2-AG-produced neuroprotection
against AB insults

We previously reported that 2-AG-produced anti-inflammatory and neuroprotective effects
are mediated via suppressions of ERK/p38MAPK and NF-«B phosphorylation and COX-2
expression (Zhang & Chen, 2008). To examine possible signal transduction mechanisms
underlying the 2-AG-produced neuroprotection against AB toxicity, we probed the
phosphorylation statuses of p38MAPK, ERK and NF-kB, and COX-2 expression in
hippocampal neurons in culture. As indicated in Figure 5, treatment neurons with AB1_4, for
6 hrs significantly increased phosphorylation of ERK and NF-xB, but not p38MAPK (data
not shown). The AB1_4p-increased phosphorylation was inhibited by 2-AG, which was
mediated via a CB1R. Application of PD98059 (PD), a p42/44 MAPK inhibitor, also
blocked AB1_4p-increased phosphorylation of ERK, but not NF-«B, indicating that NF-xB is
downstream of ERK. This was confirmed by the fact that Bay11-7085 (Bay), an IxBa
inhibitor, blocked ABq_4o-increased phosphorylation of NF-xB, but not ERK. COX-2 has
been long recognized as an important factor in initiating inflammation and inducing
neurotoxicity and neurodegeneration. To determine whether AP induces an increase in
COX-2 expression and whether 2-AG is able to suppress AB-induced COX-2 elevation, we
detected expression of COX-2 in cultured hippocampal neurons. As shown in Figure 5,
AP1-42 increased expression of COX-2. This increase was prevented or attenuated by 2-AG
and inhibitors of ERK and NF- NF-xB. This information indicates that CB1R-depdendent
suppressions of ERK/NF-«xB phosphorylation and COX-2 expression may be involved in 2-
AG-induced neuroprotection against Ap insults.

CB2R and TRPV1 may not contribute to the 2-AG-produced neuroprotection against A

toxicity

It was thought that the CB2 receptor is mainly present in the immune system. Recent
evidence shows that CB2R is also present in the brain (astroglial cells and brainstem
neurons, Cabral & Marciano-Cabral, 2005; Carrier et al., 2004; Eljaschewitsch et al., 2006;
Gong et al., 2006; Pertwee, 2001; Van Sickle et al., 2005). To determine whether CB2R is
involved in the 2-AG-produced suppression of COX-2, we used SR 144528 (SR-2), a
selective CB2R antagonist. As shown in Figures 6 and 7, SR-2 failed to block 2-AG- and
JZ1.184-induced neuroprotective effects against the AB-induced neurodegeneration and
apoptosis. Since eCBs are partial agonists for transient receptor potential cation channels,
subfamily V, member 1 (TRPV1), therefore, we also used capsazepine (CAP), a selective
TRPV1 receptor antagonist, to determine whether TRPV1 receptors are involved in 2-AG-
produced neuroprotection. It appeared that inhibition of TRPV1 did not block 2-AG- and
JZL184-induced neuroprotection. In addition, antagonism of CB2R and TRPV1 receptors
did not significantly affect 2-AG- and JZL184-induced suppressions of ERK1/2 and NF-kB
phosphorylation and COX-2 expression. This information indicates that 2-AG-produced
neuroprotection against the beta-amyloid toxicity is primarily mediated via the CB1
receptor.
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Discussion

In the present study, we provide the first evidence that 2-AG protects hippocampal neurons
in culture against Ap-induced neurodegeneration and apoptosis. In particular, we
demonstrate that elevation of endogenous 2-AG by MAGL inhibition that prevents 2-AG
breakdown is capable of protecting neurons from Ap insults. We also show that CB1R-
dependent suppression of ERK1/2 and NF-xB phosphorylation and COX-2 expression are
likely involved in the 2-AG-produced neuroprotective effects against Ap toxicity.

Arachidonoyl ethanolamide (AEA or anandamide) and 2-AG, two most studied eCBs, have
been demonstrated to be involved in a variety of physiological and pathological processes
(Chevaleyre et al., 2006; Freund et al., 2003; Piomelli, 2003; Sugiura et al., 2006; Kano et
al., 2009). It has been proposed that AEA and 2-AG are likely important components of the
endogenous system protecting neurons from harmful insults (Van der Stelt et al., 2005;
Milton, 2002; Marsicano et al., 2002; 2003; Eljaschewitsch et al., 2006; Gopez et al., 2005;
Melis et al., 2006; Panikashvili et al., 2001; 2005; Sarne and echoulam, 2005; van der Stelt
and Di Marzo, 2005; Zhang & Chen, 2008). However, the endogenous protective system
releases different eCBs in response to different assaults. For instance, stimulation of the
Schaffer collateral synapses in rat hippocampal slices triggers endogenous release of 2-AG,
but not AEA (Stella et al., 1997) and traumatic brain injury also significantly raises the brain
level of 2-AG (Panikashvili et al., 2001). On the other hand, administration of kainic acid
elevates the levels of AEA in the brain, but not 2-AG (Marsicano et al., 2003). This implies
that the eCB system is an intrinsic protective system able to release eCBs on demand in
response to different stimuli (Marsicano et al., 2003). Acute in vivo administration of Ap
increases the release of 2-AG in the brain (van der Stelt et al., 2006), suggesting that
endogenous 2-AG plays an important role in protecting neurons from Ap toxicity. It is likely
that deficits or insufficiencies in eCB signaling may contribute to neuropathology in AD. In
fact, it has been shown that the expression of the CB1 receptor is markedly reduced in
human AD brain (Ramirez et al., 2005). Therefore, our results suggest that strengthening
endogenous 2-AG signaling may exert neuroprotective effects against Ap neurotoxicity. 2-
AG-produced neuroprotection against AP insults observed in the present study appears to be
mediated via CB1R since the protective effects of exogenous 2-AG application and
elevation of endogenous 2-AG by inhibiting MAGL are blocked or attenuated by SR1417186,
a selective CB1R antagonist, but not by SR144528, a selective CB2R antagonist, or
capsazepine (CAP), a selective TRPV1 receptor antagonist. We observed that hippocampal
neurons in culture treated with AP significantly elevated phosphorylation of p38 MAPK and
NF-«xB and expression of COX-2. These elevations were inhibited or eliminated by 2-AG,
suggesting that 2-AG-produced neuroprotective effects are mediated via CB1R-dependent
suppressions of ERK1/2 and NF-«xB phosphorylation and COX-2 expression. This is
consistent with our previous observations where we demonstrated that 2-AG protects
neurons from inflammatory and excitotoxic insults through CB1R-depedent suppression of
ERK/MAPK/NF-xB phosphorylation and COX-2 expression (Zhang & Chen, 2008).

2-AG has been shown to protect neurons from brain ischemia, traumatic brain injury and
proinflammatory stimuli (Gopez et al., 2005; Melis et al., 2006; Panikashvili et al., 2001;
2005; 2006). We also showed previously that exogenous and endogenous 2-AG is able to
suppress COX-2 elevation and protect neurons from proinflammatory and excitotoxic
stimuli (Zhang & Chen, 2008). In this study, we demonstrated that endogenous 2-AG is also
able to protect neurons in vitro against Ap toxicity. If the neuroprotective effects against Ap
insults prove to be valid in an in vivo animal of AD, then this means that strengthening
endogenous 2-AG signaling by inhibiting its hydrolysis or facilitating its synthesis or
directly administering 2-AG may lead to potential interventions for preventing, alleviating
and treating AD.
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Research highlights

«  Exogenous and endogenous endocannabinoid 2-AG protects neurons against Ap
insults.

e 2-AG-induced neuroprotection is mediated via a CB1 receptor.
e ERK1/2, NF-xB and COX-2 are involved in 2-AG-produced neuroprotection.
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Figure 1.

Exogenous application of 2-arachidonoylglycerol (2-AG) protects hippocampal neurons
against AB-induced degeneration. (al). TUNEL images of hippocampal neurons in vehicle
control, ABss_25 (10 uM), AB2s_35 (10 UM), A5 35+2-AG (3 UM), and ABas_35+2-AG
+SR141716 (SR-1, 1 uM). Hippocampal neurons in culture were treated with APos_35 in the
absence and presence of 2-AG or SR-1 for 24 hrs. (a2). Percentages of TUNEL positive
neurons under different treatments. (b1). TUNEL images of hippocampal neurons in vehicle
control, AB1_42 (1 pM), AB1_42+2-AG (3 uM), and APq_4p+2-AG+SR-1 (1 pM).
Hippocampal neurons in culture were treated with Ap1_4» in the absence and presence of 2-
AG or SR-1 for 72 hrs. (b2). Percentages of TUNEL positive neurons under different
treatments. (c). Overlay of NeuN and TUNEL stained neurons from the culture treated with
AB1_42 (1 uM) for 72 hrs). *P<0.01, compared with the control; #P<0.01 compared with
ABos_35 or AB1_s2; 38P<0.01 compared with AB+2-AG. Images were taken using a Zeiss
deconvolution microscope with Slidebook 5.0. Scar bars in al & b1: 20 um, and in c: 10
pm.
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Figure 2.

2-AG prevents neuronal apoptosis from A insults. Western blot analysis of cleaved
caspase-3 in hippocampal neurons in culture treated with AB. (a) Exogenous application of
2-AG produces a CB1R-dependent inhibition of AB1_4»-induced neuronal apoptosis (n=3—
4). Neurons in culture treated with AB1_42 (10 uM) for 72 hrs. (b & c). Elevation of
endogenous 2-AG by MAGL inhibitor URB602 or JZL.184 attenuates Ap-induced apoptosis
(n=3). #P<0.01 compared with AB_so; 3P<0.05; 38P<0.01 compared with Ap;_4o+2-AG, or
URB602, or JZL.184.
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Figure 3.

Endogenous 2-AG protects hippocampal neurons against AB-induced neurodegeneration.
(a). TUNEL images of hippocampal neurons in vehicle control, AB,s_35 (10 pM),
ABos_35tURB602 (10 pM), ABos_351tURB602+SR-1 (1 uM), ABos_35+JZL184 (1 uM), and
APos_35+JZL184+SR-1 (1 pM). (b). TUNEL images of hippocampal neurons in vehicle
control, AB1_42 (1 pM), AB1_42+URB602 (10 pM), AB1_42+URB602+SR-1 (1 pM),
AB1_4o+JZL184 (1 uM), and AB1_4o+ JZL184+SR-1 (1 uM). (c). Percentages of TUNEL
positive neurons treated with ABo5_s5 in the absence and presence of URB or JZL. (d).
Percentages of TUNEL positive neurons treated with Af3_4, in the absence and presence of
URB or JZL. **P<0.01, compared with the vehicle control; #P<0.01 compared with
ABos_35 or AB1_s2; 38P<0.01 compared with AB+URB602 or JZL; 1T P<0.01 compared with
ABos_35 or AB1_s2; ¥ P<0.01 compared with AB+URB602 or JZL.184. Scar bars in al & b1:
20 pm.
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Figure 4.

2-AG induces a dose-dependent inhibition of (al&a2) ABys_35- and (b1&b2) ABq_g0-
induced neuronal apoptosis. Neurons in culture treated with ABos_35 (10 uM) for 24 hrs and
AB1_g2 (1 uM) for 72 hrs. 2-AG, URB602 (URB), SR141716 (SR-1) or NS398 were added
into the cultures 30 min before application of Ap (n=3). **P<0.01, compared with the
vehicle control; #P<0.01 compared with ABys_35 or AP1_42; 33P<0.01 compared with
APBos_3s5 or AB1_42+2-AG, or URB602.
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CB1R-dependent suppression of ERK and NF-kB phosphorylation and COX-2 expression is
involved in 2-AG-induced neuroprotection. (a). Western blot analysis of ERK and NF-xB
phosphorylation and COX-2 expression in hippocampal neurons treated with AB;_4, (10
M) in the absence and presence of 2-AG (3 uM), SR (1 uM), PD98059 (PD, 20 uM), and
Bay11-7085 (Bay, 10 uM). Phosphorylation of signaling proteins and COX-2 expression
were detected 6 and 12hrs after the cultures were treated with Ap1_42. (b). Quantifications of
protein expressions under different treatments (n=3). ). **P<0.01, compared with the vehicle
control; #P<0.05 and #P<0.01 compared with AB1_s2; 33P<0.01 compared with Apq_4p+2-

AG.

Neuroscience. Author manuscript; available in PMC 2012 March 31.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen et al.

Page 15

Figure 6.

CB2 and TRPV1 receptors are not involved in 2-AG-produced neuroprotection against Ap-
induced neurodegeneration. (a). TUNEL images of hippocampal neurons in vehicle control,
AB1_42 (1 uM), AP1_42+2-AG (3 pM)+ capsazepine (CAP, 10 uM), ABq_go+2-AG+
SR144528 (SR-2, 1 uM), AB1_42+JZL184 (1 pM)+CAP (10 pM), and
APB1_4o+JZL184+SR-2 (1 uM). the treatments of cultures with reagents were the same as
described in Fig. 1. (b). Percentages of TUNEL positive neurons treated with AB1_4, in the
absence and presence of 2-AG, JZL, CAP or SR-2 (n=3). **P<0.01, compared with the
vehicle control; #P<0.01 compared with AB1_so. Scar bar: 20 um.
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CB2 and TRPV1 receptors do not contribute to the 2-AG-induced suppression of ERK and
NF-kB phosphorylation, COX-2 expression, and apoptosis. (a). Western blot analysis of
ERK and NF-kB phosphorylation, COX-2 expression, and cleaved caspase-3 in
hippocampal neurons treated with AB1_42 (10 uM) in the absence and presence of 2-AG (3
M), JZL184 (1 uM), SR-2 (1 uM), or CAP (10 uM). (b). Quantifications of protein
expressions under different treatments (n=3). **P<0.01, compared with the vehicle
control; *P<0.05 and ##P<0.01 compared with AP1_42; 3P<0.01 compared with AB;_4o+2-

AG.
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