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Cannabinoid receptor ligands prevent 
dopaminergic neurons death induced by 
neurotoxic, inflammatory and oxidative 

stimuli in vitro

Introduction
The endocannabinoid system is present in all mammals, 
widespread for the whole body with different functions. As 
known, CB1 and CB2 receptors, endogenous ligands (anandamide 
and 2-aracdonoyl-glycerol, 2-AG; the two most studied), and their 
synthetic and degradation enzymes compose this system [1,2].

In the nervous system, the cannabinoids signaling has 
been implicated in several processes both in healthy and 
pathological brain. A retrograde signaling of endocannabinoid 
neurotransmission is suggested, especially by the predominant 
presynaptic localization of cannabinoid receptors in gabaergic 
and glutamatergic terminals, but also in other “classical” 
neurotransmitter neurons [3-8]. 

Abstract
Title: Cannabinoid receptor ligands prevent dopaminergic neurons death induced 
by neurotoxic, inflammatory and oxidative stimuli in vitro.

Background: During the last 25 years increasing efforts have been invested for 
the comprehension of the cannabinoid system in a wide range of healthy and 
pathological conditions. Previous investigations have indicated the possible 
protective role of synthetic cannabinoids like arachidonyl-2’-chloroethylamide, 
ACEA (CB1 agonist), during neurodegenerative diseases such as Parkinson’s 
disease. Other synthetic CB1 receptor ligands such as N-(Piperidin-1-yl)-5-(4-
iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide, 
AM251, commonly known as an antagonist/inverse agonist, have recently been 
presented as an allosteric modulator of this receptor. In this study, we show the 
protective effect of ACEA against oxidative and inflammatory damage in in vitro 
dopaminergic neurons.

Methods and Findings: Neuro2A cells differentiated into dopaminergic-like 
neurons were challenged with neurotoxic, inflammatory and oxidative treatments, 
6-hydroxidopamine (6OHDA), lipopolysaccharide (LPS) and hydrogen peroxide 
(H2O2). Cannabinoid-dependent cell protection was evaluated by means of cellular 
viability, reactive oxygen species (ROS) production and the pro apoptotic protein 
caspase 3 expression after CB1 agonist ACEA and antagonist AM251. The ACEA 
treatment resulted in an increase of cellular viability after the 6OHDA, LPS and 
H2O2 challenges. When cells were co-treated with ACEA and AM251, an increase 
in cell death prevention was observed, with a reduction in reactive oxygen species 
production and caspase 3 expression. 

Conclusions: Together, we show an ACEA-mediated neuronal protection by means 
of ROS expression reduction and pro apoptotic protein caspase 3 expression 
inhibition.
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In addition to its participation in neuroplasticity mechanisms, 
the endocannabinoid system has been implicated in 
neurodegenerative processes and different types of experimental 
approaches have also suggested its neuroprotective properties 
[4-7]. Accordingly, many efforts have been made over the past 20 
years in search to learn how the endocannabinoid system work in 
our brain and we are still seeking the better way to manipulate 
this system as therapy to prevent or even rehabilitate some 
diseases such as Parkinson's disease, Alzheimer's disease, and 
Multiple Sclerosis [8]. 

Increased and decreased levels of endocannabinoids and 
changes in the expression of CB1 receptors in brain damage 
models in rats and mice have been demonstrated [9-16]. Besides, 
in human brain of patients with neurodegenerative diseases, 
such as Huntington’s and Parkinson’s disease [17,18] have also 
been shown altered levels of endocannabinoid, despite that, 
cannabinoids have provided symptomatic relief in experimental 
models of chronic neurodegenerative diseases [19].

In this context, the high density of CB1 receptors and 
endocannabinoids in the basal ganglia [20-22] has been 
explored in terms of prospects for therapies to Parkinson’s 
disease (PD), a neurodegenerative disorder characterized by 
the loss of dopaminergic basal ganglia neurons. For instance, 
Delta 9-tetrahydrocannabinol (delta 9-THC) was able to reverse 
the decreased dopaminergic transmission in the basal ganglia 
of a mice model of PD [23]. Our group have previously shown, 
for example, a complex and time-dependent profile of CB1 
expression in the basal ganglia nuclei of rat experimental model 
of PD, produced by intrastriatal 6-hydroxydopamine injections 
[24], suggesting a participation of cannabinoid system in 
compensatory mechanisms of neuronal plasticity. However, no 
studies have been done in in vitro dopaminergic cells for the 
comprehension of the mechanisms behind synthetic cannabinoid 
actions.

Notwithstanding, several studies suggest a neuroprotective role 
of cannabinoid system in neurodegenerative conditions, the data 
are still conflicting and the mechanisms are largely unknown. 
The aim of this study was to evaluate whether the cannabinoid 
compounds (ACEA and AM251, CB1 receptor ligands) would be able 
to protect the neuroblastoma cell line (Neuro 2a), differentiated 
into dopaminergic cells, against three different types of damages: 
6-hydroxydopamine, lipopolysaccharide, and hydrogen peroxide 
for 24 hours. These agents were chosen to reproduce the 
neurotoxic, inflammatory and oxidative parameters, respectively, 
related to neurodegenerative conditions. We also evaluated 
the effects of cannabinoid treatment upon the reactive oxygen 
species production (ROS). 

Methods
Materials
Dibutyryladenosine-3’, 5’- cyclic monophosphate (DbcAMP), 
6OHDA, ACEA (KD/I CB1 receptor 1.4 nM) [25] AM251 (KD/I CB1 
receptor 7.49 nM), dihydroethidium (DHE) and LPS were used 
in this study; all reagents were from Sigma (St Louis, MO, USA). 
H2O2 was from Synth (Diadema, Brazil).

Cell Culture
A neuronal cell line derived from a mouse neuroblastoma 
(Neuro2A; American Type Culture Collection, Richmond, VA, 
USA) were plated (7x105 cells/mL) in 75 mm culture bottles 
in Dulbecco’s Modified Eagle Medium (DMEM) (Cultilab, 
Campinas, Brazil) supplemented with 10% fetal bovine serum 
(FBS), 3.9 mM L-glutamine (Gibco, Waltham, MA, USA) and 25 
mM glucose. Cells were maintained at 37°C, in an atmosphere 
of 5% CO2 and saturated humidity. Cell differentiation was 
performed as previously described [26]. Briefly, the medium 
was replaced by DMEM with 0.5% FBS plus 1 mM DbcAMP. 
Dopaminergic phenotype was confirmed after 2 and 3 days by 
the increase of tyrosine hydroxylase (TH) expression. By HPLC 
dopamine quantification, Tremblay et al. [26] confirmed that 3 
days of DbcAMP appropriately differentiate Neuro2A cells into 
dopaminergic-like cells.

Treatments
After 3 days of differentiation, cells were exposed to 6OHDA (50 
µM) [27], LPS (30 µg/mL) [28], H2O2 (40 µM) [29], ACEA (1 and 2 
µM) and/or AM251 (1 µM) for 24 hours. The doses of the injury 
treatments were experimentally determined to set cell death in 
30%. Previous evidences proposed a dual effect of cannabinoids 
[30–32]. Additionally, ACEA presents a pattern of dose-related 
cytotoxicity. Low (in the order of 0.5 µM) and high (in the order 
of 10 µM) doses induce cell death [25,33]. In this regard, we 
first evaluate the ACEA (and AM251) cytotoxic pattern in our 
experimental model through a dose-response curve, in terms 
of cell viability (Figure 1B, 1C). ACEA and AM251 presented the 
same inverted U-shaped cell viability previously published [34], 
consequently, intermediate doses (ACEA 1 and 2 µM, AM251 1 
µM) were chosen in order to avoid cannabinoid cytotoxicity false-
positive results [34]. AM251, a well known CB1 antagonist, was 
co-administered with ACEA in order to evaluate the cannabinoid 
receptor involvement during ACEA neuroprotective effect. The 
AM251 administration alone did not prevent cell death in each 
injury models (data not shown). The cell viability was evaluated 
by thiazoyl blue tetrazolium bromide (MTT) colorimetric assay. To 
evaluate the effect of ACEA and AM251 in differentiated Neuro2A 
cells, dose-response curves were done by measuring cell viability 
by the MTT method described below. The differentiated Neuro2A 
cell were divided in experimental groups as follows: control 
(Dimethyl sulfoxide, DMSO, treated), injury group (6OHDA, LPS 
and H2O2), injury and ACEA 1 and 2 µM treated cells and injury 
and ACEA/AM215 (1:1 and 2:1) co-treatment.

Cell viability 
After 24 h of treatments, cell viability was analyzed using a 
MTT reduction assay kit (Amresco, Solon, OH, USA) according 
to the manufacture instructions. Briefly, cells were incubated 
in a 5 mg/mL MTT solution in Phosphate-buffer saline (PBS) 
(concentrations in mM: NaCl 137, KCl 2.7, Na2HPO4 10, KH2PO4 
1.8, pH 7.4) diluted (1:10) in serum-free DMEM medium for 2.5 
h at 37°C. Supernatant was discarded and the cells solubilized in 
DMSO. The absorption values were determined at 550 nm in a 
microtiter plate reader (BioTek, Winooski, VT, USA). Cell viability 
is expressed as percentage of control (DMSO treated) cells.
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ROS assay
Reactive oxygen species were analyzed in order to evaluate the 
oxidative cell damage. To this aim, dihydroethidium (DHE) was 
used as previously described [35] with few modifications. Briefly, 
cells were washed twice with ice cold PBS and incubated 10 min 
with 50 µMDHE diluted in serum-free DMEM. Supernatant was 
discarded and cells were trypsinized and centrifuged at 2,000 
g for 5 min. Cell pellets were resuspended in Ca2+-free solution 
(concentrations in mM: NaCl 138, KCl 5.6, MgCl2 1.2, EGTA 1, 
HEPES 5, glucose 3, BSA 0.1 g, pH 7.4) and transfer to 96-well 
plates through 22 µm filters (BD Biosciences, East Rutherford, 
NJ, USA). Fluorescence was measured by flow-cytometry at 670 
nm in a Guava EasyCyte TM Ht Sampling cytometer (Millipore, 
Darmstadt, Germany). ROS production is expressed as the 
percentage of mean fluorescence intensity of control (DMSO 
treated) cells.

Western blot
After 24 h of treatments cells were collected in Tris-buffered 
saline lysis buffer (TBS) containing 10 % NP-40, 10 % glycerol, 
1 mM EDTA, 1 mM EGTA, 100 mM sodium orthovanadate, 1 M 
sodium pyrophosphate, 2 mM sodium fluoride and complete 
Protease inhibitor (Roche, Basel, Switzerland)36, sonicated 
and centrifuged at 15,000 g for 15 min in a Eppendorf 5480R 
centrifuge (Hamburg, Germany). Samples containing 30 µg of 
protein diluted in 100 mM DTT-supplemented Laemli buffer 
were resolved in 10% SDS-PAGE and electrotransferred to 
nitrocellulose membranes (0.22 µm ) using a Trans-Blot cell 
system (Bio-Rad). Membranes were incubated with anti-caspase 
3 antibodies (1:1,000) (Cell Signaling, Beverly, MD, USA). Caspase 
3 is a well-known apoptosis marker; increases in its expression 
is used as a marker of apoptosis-dependent cell death. Caspase 
3 expression after 6OHDA treatment was analyzed by a time-
course experiment considering 10, 15 and 20 min time points 
after 6OHDA treatment (we present only the 20 min result). 
Tyrosine hydroxylase was detected by incubating membranes 
with anti TH antibody (1:1,000). After secondary antibody 
(horseradish peroxidase-coupled) incubation (1:10,000), proteins 
were detected by chemiluminescent method. Loading controls 
were performed with anti-µ-actin antibody. Western blots were 
quantified as band optical density by ImageJ Software (Wayne 
Rasband, NIH, Bethesda, MD, USA). Arbitrary units, A.U, are 
defined as the protein band optical density divided by the loading 
control band optical density.

Statistical analysis
One-way ANOVA with Tukey’s post hoc test was used for 
cellular viability analysis, ROS assay and western blot protein 
quantification. Statistical significance was set at P<0.05.

Results
ACEA and AM251 independent treatments does not induce cell 
death after 24 h treatment in DbcAMP differentiated Neuro2A 
cells.

In order to evaluate the protective role of cannabinoids in 
dopaminergic cells against well-known neuronal injuries, we first 

differentiated Neuro2A cells by 3-days treatment with DbcAMP 
and evaluate the ACEA and AM251 effect in cellular viability. After 
3 days DbcAMP treatment we observed a significant increase 
in TH expression by means of one-way ANOVA analysis (Figure 
1A), indicating dopaminergic-like phenotype, in agreement 
with previously published results [36]. The 24 h treatment with 
increasing doses of cannabinoids shown that 1 and 2 µM of 
ACEA did not induce cell death, neither 1 µM of AM251 (Figure 
1B and 1C). With these results, we rule out the possibility 
that cannabinoids are contributing to cell death in our model. 
Consequently, we chose those cannabinoids concentrations to 
evaluate their protective effect against 6OHDA, LPS and H2O2.

CB1 receptor agonist ACEA increases dopaminergic cell viability 
after neurotoxic, inflammatory and oxidative processes.

Exposure of differentiated Neuro 2A cells to 6OHDA (50 µM), 
LPS (30 µg/mL), and H2O2 (40 µM), significantly reduced cellular 
viability in 30%, 31% and 38%, respectively, compared to 
control (Figure 2A-C, second bar). The 1 µM ACEA treatment 

DbcAMP treatment increase tyrosine hydroxylase 
expression, indicating (A) Neuro 2A cells differentiation, 
*P<0.05 compared to control. (B) Dose response curve 
for ACEA (n=5), **P<0.01 compared to control (C) Dose 
response curve for AM251 (n=5) **P<0.01 compared to 
control.

Figure 1 
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did not significantly prevent the cytotoxic challenge after 
6OHDA (P=0.0094; F=3.298), LPS (P<0.0001; F=7.421) and H2O2 
(p<0.0001; F=11.28) (Figure 2A-C, third bar). However, 2 µM of 
ACEA treatment was able to prevent, at least partially, the cells 
from death induced by 6OHDA (12% cell death), LPS (10% cell 
death) or H2O2 (7% cell death).

ACEA is a well-known CB1 receptor-specific agonist [25]. To 
evaluate whether the ACEA protective effect succeeded in 
activating CB1 receptor, we challenged the cells with a CB1 
receptor antagonist, AM251. Surprisingly, the administration of 
ACEA + AM251 in both, 1:1 (Figure 2A-C, fifth bar), but H2O2, 
and 2:1 stoichiometry in all treatments, did not reverse the 
protective effect of ACEA (Figure 2A-C, sixth bar). Thus, the 
ACEA and AM251 combined treatment (2:1) blocked the LPS and 

H2O2 cytotoxic effect, however, in the presence of 6OHDA, the 
antagonist AM251 did not present either effect. 

CB1 receptor agonist ACEA protects dopaminergic cell from 
inflammatory and oxidative-induced death by decreasing ROS 
production.

To evaluate the antioxidant function of cannabinoids with the cell 
death prevention previously seen (Figure 2) we analyze the ROS 
production during the same treatments. In agreement with the 
previous cellular viability results, the exposure of differentiated 
Neuro 2A cells to 6OHDA, LPS and H2O2, significantly increased 
ROS production in 52%, 51% and 159%, respectively, compared 
to control (Figure 3) with a concomitant reduction in cellular 
viability of 30%, 31% and 38% respectively (Figure 2). Despite the 
protective role of ACEA (2 µM) against 6OHDA, we did not observe 
a significant reduction in ROS production (P=0.0043; F=7.941) 
(Figure 3A). On the other hand, the 2 µM ACEA co-treatment 
with 1 µM AM251 completely restores the ROS production to the 
control levels after 6OHDA and LPS exposure, respectively (Figure 
3A and 3B).

In order to evaluate the participation of CB1 receptor in 
this presumptive ACEA-mediated antioxidant effect, the co-
administration of AM251 was conducted. The administration of 
ACEA + AM251 was not able to reverse the antioxidant effects 
of ACEA against LPS (Figure 3B) but completely reverse it against 
H2O2 (Figure 3C). These results suggest that cannabinoids exert 
a protective role against cellular injuries, in part by reducing the 
oxidative species.

The protective role of cannabinoids is partially due to the 
reduction in apoptosis-mediated cell death

Caspase 3 is a well-known apoptosis marker. To evaluate if 
the contribution of cannabinoids in cell survival was due to an 
apoptosis-reduction, we analyzed the caspase 3 expression. As 
expected, 6OHDA (Figure 4A), LPS (Figure 4B) and H2O2 (Figure 
4C) increased caspase 3 expression. When cells were treated 
with ACEA, a significant reduction in caspase 3 expression was 
observed in cells exposed to 6OHDA, LPS and H2O2. When co-
treated with ACEA and AM251 (1:1), we observed a reduction 
tendency in caspase 3 expression during 6OHDA and H2O2 injuries 
(Figure 4A and 4B), however, not statistically significant; ACEA/
AM251 significantly reduced caspase 3 expression during LPS 
injury. These results suggest that the neuroprotective effect of 
cannabinoids is partially due to a reduction in the apoptosis-
mediated cell death, by means of caspase-3 expression reduction.

Discussion 
In this study, we show that cannabinoid compounds ACEA 
and AM251 prevent dopaminergic neurons death induced by 
neurotoxic, inflammatory and oxidative stimuli in vitro. This 
neuroprotective effect was associated to a reduction in ROS 
production and caspase 3 expression. 

Endocannabinoid system has been implicated in 
neurodegenerative processes and neuroprotective properties of 
cannabinoids have been suggested. Part of this protection seems 
to occur by the activation of cannabinoid receptors or through an 
antioxidant capacity of cannabinoids [4,6,7,12-20,37].

ACEA and ACEA/AM251 treatments prevents cell death 
induced by diverse cell injuries. (A) Neuro 2A cells viability 
after 6OHDA treatment (n=12) *P<0.05 compared to 
DMSO control # *P<0.05 compared to 6OHDA, ***P<0.001 
compared to DMSO control (DMSO); (B) Neuro 2A cells 
viability after LPS (n=13) # *P<0.05 compared to LPS, 
§ ***P<0.001 compared to LPS, **P<0.01 compared 
to DMSO control, ***P<0.001 compared to control; 
(C) Neuro 2A cells viability after H2O2 (n=11) *P<0.05, 
compared to DMSO control, ***P<0.001 compared to 
control, § ***P<0.001 compared to H2O2, ‡ **P<0.01 
compared to H2O2.

Figure 2 
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ACEA is a well-known cannabinoid receptor agonist widely use in 
cannabinoid system research. However, there are controversial 
data in the literature about the cytotoxicity of CB1 receptor 
activation. In this regard, Caltana et al. [33] recently demonstrated 
a dose-dependent relation within ACEA effect, where low doses 
did not induce cell death by means of increase in Caspase 3 positive 
cells. Dose-response curves analysis showed that low doses ACEA 
increase cell death, however, higher ACEA concentration prevent 
cell death (Figure 1B). This result agrees with previous works that 
states the typical inverted U-shaped dose-response curve of ACEA 
and cell viability [38]. Our data suggest that 1 and 2 µM ACEA did 
not induce statistically significant cell death in our model (Figure 
1B). In this regard, we used these concentration during this study 

for avoid possible artifacts during oxidative and inflammatory cell 
injury models.

Cannabinoids have been proposed as promising drugs for 
neurodegenerative treatment [2,31,39]. In order to evaluate 
a neuroprotective effect of ACEA in in vitro dopaminergic-like 
differenced Neuro2A cells, we evaluated cellular viability after 
cytotoxic events. During Parkinson’s disease occurs a massive 
loss of dopaminergic neurons at the susbstancia nigra [23,40–
44]. It has been proposed dopaminergic-induced cytotoxicity and 
inflammatory processes as the events responsible for neuronal 
loss, both related with oxidative damage. In order to mimic 
oxidative and inflammatory neurotoxicity, we used 6OHDA, LPS 
and H2O2, all previously set at a concentration that induce 30% cell 

ACEA and ACEA/AM251 (2:1) reduces reactive oxygen 
species production in Neuro 2A cells. (A) ACEA/AM251 
2:1 reduce ROS production after 24 h 6OHDA treatment 
(n=6) **P<0.01 compared to control, #*P<0.05 compared 
to 6OHDA; (B) LPS-induced ROS production reduction 
after ACEA/AM251 2:1 treatment (n=6) **P<0.01 
compared to control, # *P<0.05 compared to LPS; (C) 
Neuro 2A ROS production after H2O2 (n=6) **P<0.01 
compared to control, # *P<0.05 compared to H2O2, † 
*P<0.05 compared to DMSO+H2O2+ACEA 1 µM.

Figure 3 

ACEA and ACEA/AM251 treatments reduce caspase 3 
expression after 6OHDA, LPS and H2O2. (A) ACEA 1 µM 
and ACEA/AM251 (2:1) reduce caspase 3 expression 
after 6OHDA (n=4) *P<0.05 compared to control, # 
*P<0.05 compared to 6OHDA; (B) ACEA µM and ACEA/
AM251 (2:1) reduce caspase 3 expression after LPS (n=6) 
*P<0.05 compared to control, ‡ **P<0.01 compared to 
LPS; (C) ACEA 1 µM and ACEA/AM251 (1:1) significantly 
reduce caspase 3 expression after H2O2 (n=5) **P<0.01 
compared to control. Each figure represents western 
blots band quantification.

Figure 4 
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death (Figure 2A-C, light gray bar). When treated with ACEA 1 µM, 
we observed a reduction in cell death to 20% after 6OHDA, 26% 
after LPS and 22% after H2O2 (Figure 2A-C third bar). By doubling 
ACEA concentration, we observed cell death reduction to 13% 
with 6OHDA, 12% with LPS and 8% with H2O2 (Figure 2A-C fourth 
bar), that represents a significant recovery compared with injury 
treatment alone. These data suggest a protective role of ACEA 
against oxidative and inflammatory damages of dopaminergic-
like neurons. ACEA presents high affinity for CB1 receptor (1.4 
nM). However, our cellular viability data do not provide direct 
evidence about the involvement of the cannabinoid system in 
dopaminergic-like differenced Neuro2A cells.

In order to evaluate the cannabinoid receptor-mediated 
cell survival, we used AM251, a well-known CB1 receptor 
antagonist; AM251 presents an inhibition constant of 7.49nM. 
During 6OHDA and LPS treatment, AM251 did not blocked the 
ACEA protective effect (Figure 2A and 2B). As demonstrated in 
another experimental model, Baker and McDougall [45] have also 
observed the same effect. Briefly, the use of AM251 did not modify 
the ACEA-dependent increase in blood perfusion in rat knee joint. 
In this regard, the absence of an increase in cell death because of 
the AM251-mediated blockade of ACEA protection effect opens 
the possibility to the participation of receptors other than CB1. By 
using capsazepin, transient receptor potential channel vanilloid 
receptor 1 (TRPV1) antagonist, Baker and McDougall [45] shown 
an impairment in ACEA effect. Preliminary results of our group 
suggest capsazepin effect in neuronal viability. Capsazepin and 
ACEA co-treatment resulted in an increase in cell death against 
6OHDA (data not shown). Since anandamide and ACEA activates 
CB1 and TRPV1, the vanilloid receptor could be associated to the 
cannabinoid system [46,47]. In this sense, our results may suggest 
that the ACEA neuroprotection observed could be related to the 
cannabinoid system, presumably by means of CB1 and TRPV1 
activation. It should be noted that cannabinoid system does 
not functions in a canonical way, since ACEA activates CB1 so as 
TRPV1 receptors. 

The increase in oxygen reactive species during Parkinson’s 
disease is well documented [42,48]. Recent data suggests the 
interaction between oxidative stress and inflammation that in vivo 
contributes to dopaminergic cell death [49]. Several endogenous 
antioxidant mechanisms have been studied [50] from which 
the cannabinoids rise up as a new promise against oxidative 
damage [51]. To understand the mechanism related to the ACEA-
dependent neuroprotection previously shown, we evaluated the 
ROS production. All cellular injury models increase cell death 
(Figure 2) with a concomitant rise in ROS production (Figure 3). 
Interestingly, the 30% cell death induced by 6OHDA, LPS and 
H2O2 (H2O2 increased 38%, Figure 2C) led to a substantial increase 
in ROS compared to control (52% by 6OHDA, 51% by LPS and 
159% by H2O2). These results suggest that neuronal cell death is 
partially due to oxidative damage. The 2 µM ACEA reduced ROS 
production after 6OHDA and LPS; 1µM ACEA significantly reduced 
H2O2-induced ROS production (Figure 3A-C third bar). Previous 
evidences have established that cannabinoids has receptor 
independent antioxidant potential [52], presumably by increasing 

mRNA levels for Cu, Zn-Superoxide dismutase 5. In this regard, 
considering the significant reduction in ROS production, we do 
not rule out the possibility of an additional ACEA antioxidant 
mechanism, independent of CB1/TRPV1 receptors.

To evaluate cannabinoid receptor CB1 involvement during ROS 
production inhibition, we co-administrated AM251, selective CB1 
antagonist [53]. According with the cell viability result, AM251 
do not inhibit the ACEA-mediated ROS reduction during 6OHDA 
and LPS injuries (Figure 3A, 3B, fourth bar). In this sense, the 
ACEA-dependent ROS reduction may be due to the activation 
of TRPV1 receptors. However, AM251 was capable to inhibit 
the ACEA-dependent protection during H2O2 (Figure 3C, fourth 
bar). The endocannabinoid system has been proposed to be 
critical for defining the cellular fate, which varies from each 
endocannabinoid, cellular injury and environment [31,54,55]. 
This result may suggest that during a cytotoxic event induced by 
oxidant species, the cannabinoid system function mainly through 
cannabinoid receptors, i.e. CB1, more than through TRPV1, 
explaining the AM251 mediated rise in ROS production.

All three-injury models presented in this work induce cell death 
with a concomitant increase in caspase 3 expression. In this 
regard, we evaluated if the ACEA-dependent cell survival was 
due to a reduction in caspase 3 expression, well-known apoptosis 
marker. Interestingly, other cell death modalities, like autophagy, 
has been described to be related with Parkinson’s disease in 
neuroblastoma cell model [56]. All the injury models, set at 
30% cell death, induce an increase in more than 50% of ROS 
production (Fig. 3A-C, second bar) with a concomitant increase 
in caspase 3 expression (Figure 4A-C, second bar). In agreement 
with cell survival and ROS production data, an ACEA-mediated 
significant reduction in caspase 3 expression was observed 
(Figure 4A-C, third bar). Additionally, AM251 co-treatment did 
not increase caspase 3 expression because of an ACEA blockade 
effect. Considering that caspase 3 expression is the ultimate 
event previous to cell death, it is necessary the activation of 
intracellular pathways that result in apoptosis. Since the ACEA 
administration leads to a reduction in caspase 3 expression, it is 
possible that the cannabinoid exerted a regulatory effect in key 
intracellular pathways in our model. 

Numerous proteins have been associated in the control of cell 
death/survival decision. Extracellular signal-regulated kinases 
1 and 2 (ERK 1/2) are members of the large serine/threonine 
family of mitogen-activated protein kinases (MAPKs) which have 
been related to several cellular functions, including proliferation, 
differentiation and neuronal death/survival [54,57]. Growing 
number of evidences suggest a death-promoting role for ERK 
1/2 in distinct models of neuronal death [58]. Additionally, ERK 
1/2 is activated by ROS, 6OHDA and G coupled receptors [59,60]. 
However, it has been suggested that ERK pathway activation 
may be compromised with both cell death and survival, having 
a dual role in cell fate [61,62]. In this regard, cannabinoids may 
control the cell fate by modulating ERK pathway depending in the 
level of cellular damage because of environmental cytotoxicity. It 
should be noted that the cannabinoid system does not functions 
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in a canonical fashion. Endocannabinoids presents retrograde 
signaling and systemically ubiquitous receptor localization. CB1 
and CB2 activation by endocannabinoids have been associated 
with more than a unique response, having opposite effects CB1 
activation in peripheral tissues and in the central nervous system.

It should be noted that the absence of inhibitory effect of AM251 
during cell viability, ROS production and caspase 3 expression 
experiments is not a definitive parameter for establishing that 
the ACEA protective effects are not dependent of cannabinoid 
receptor activation. More experiments should be done for 
clearly identify the binding of ACEA to CB receptors in our 
model. However, because of the high affinity of ACEA for CB1 
receptor ( Ki= 1.4 nM25), we could not rule out the possibility 
of the involvement of cannabinoid pathways activation via CB 
receptors. In the same time, it has been proposed that AM251 
may exert allosteric modulation of cannabinoid receptor CB1 
[44-46], opening the possibility for a wide range of effects in the 
receptor activity.

In conclusion, CB1 receptor agonist ACEA protects dopaminergic 
neurons from neurotoxicity, inflammation and oxidative stress 
in a partial cannabinoid receptor-dependent manner. These 
neuroprotection seems to occur by reducing ROS production 
and caspase 3 activation during neurotoxic, inflammatory and 
oxidative events. 
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