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Abstract

Inflammation and oxidative stress play main roles in neurodegeneration. Interestingly, different
natural compounds may be able to exert neuroprotective actions against inflammation and
oxidative stress, protecting from neuronal cell loss. Among these natural sources, Cannabis sativa
represents a reservoir of compounds exerting beneficial properties, including cannabigerol (CBG),
whose antioxidant properties have already been demonstrated in macrophages. Here, we aimed to
evaluate the ability of CBG to protect NSC-34 motor neurons against the toxicity induced from the
medium of LPS-stimulated RAW 264.7 macrophages. Using MTT assay, we observed that CBG pre-
treatment was able to reduce the loss of cell viability induced by the medium of LPS-stimulated
macrophages in NSC-34 cells. Indeed, CBG pre-treatment inhibited apoptosis, as shown by the
reduction of caspase 3 activation and Bax expression, while Bcl-2 levels increased. Furthermore,
CBG pre-treatment counteracted not only inflammation, as demonstrated by the reduction of IL-18,
TNF-qa, IFN-y and PPARYy protein levels assessed by immunocytochemistry, but also oxidative
stress in NSC-34 cells treated with the medium of LPS-stimulated RAW 264.7. Indeed,
immunocytochemistry showed that CBG pre-treatment reduced nitrotyrosine, SOD1 and iNOS
protein levels and restored Nrf-2 levels. All together, these results indicated the neuroprotective
effects of CBG, that may be a potential treatment against neuroinflammation and oxidative stress.
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Abstract

Background: Cannabidiol (CBD) and cannabigerol (CBG) are non-psychotropic
terpenophenols isolated from Cannabis sativa, which, besides their anti-
inflammatory/antioxidant effects, are able to inhibit, the first, and to stimulate, the second, th
appetite although there are no studies elucidating their role in the hypothalamic appetite-
regulating network. Consequently, the aim of the present research is to investigate the role ot
CBD and CBG in regulating hypothalamic neuromodulators. Comparative evaluations betweer
oxidative stress and food intake-modulating mediators were also performed.

Methods: Rat hypothalamic Hypo-E22 cells and isolated tissues were exposed to either CBD
or CBG, and the gene expressions of neuropeptide (NP)Y, pro-opiomelanocortin (POMC) and
fatty acid amide hydrolase were assessed. In parallel, the influence of CBD on the synthesis
and release of dopamine (DA), norepinephrine (NE), and serotonin (5-HT) was evaluated. The
3-hydroxykinurenine/kinurenic acid (3-HK/KA) ratio was also determined.

Results: Both CBD and CBG inhibited NPY and POMC gene expression and decreased the 3-
HK/KA ratio in the hypothalamus. The same compounds also reduced hypothalamic NE
synthesis and DA release, whereas the sole CBD inhibited 5-HT synthesis.

Conclusion: The CBD modulates hypothalamic neuromodulators consistently with its
anorexigenic role, whereas the CBG effect on the same mediators suggests alternative
mechanisms, possibly involving peripheral pathways.
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Abstract

Background and Objectives: Neuroinflammation is associated with many neurodegenerative
diseases, including amyotrophic lateral sclerosis (ALS). In this study, we investigate the anti-
inflammatory, anti-oxidant, and anti-apoptotic properties of two non-psychoactive
phytocannabinoids, cannabigerol (CBG) and cannabidiol (CBD). Materials and Methods: The
motoneuron-like cell line NSC-34 differentiated by serum deprivation and with the additional
treatment of all-trans retinoic acid (RA) is a valid model to investigate molecular events linked to
neurodegeneration in ALS. Results: Pre-treatment with CBG (at 2.5 and 5 uM doses) alone and in
combination with CBD (at 2.5 and 5 UM doses) was able to reduce neuroinflammation induced by a
culture medium of LPS-stimulated macrophages. In particular, the pre-treatment with CBD ata 5
MM dose decreased TNF-a levels and increased IL10 and IL-37 expression. CBG-CBD association at
a 5 uM dose also reduced NF-kB nuclear factor activation with low degradation of the inhibitor of
kappaB alpha (IkBa). CBG and CBD co-administered at a 5 uM dose decreased iNOS expression
and increased Nrf2 levels. Furthermore, the pre-treatment with the association of two non-
psychoactive cannabinoids downregulated Bax protein expression and upregulated Bcl-2
expression. Our data show the anti-inflammatory, anti-oxidant, and anti-apoptotic effects PPARy-
mediated. Conclusions: Our results provide preliminary support on the potential therapeutic
application of a CBG-CBD combination for further preclinical studies.
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Abstract

More than 120 cannabinoids were isolated from Cannabis sativa. In particular, Cannabidiol (CBD)
and Cannabigerol (CBG) represent the two most studied non-psychoactive cannabinoids.
However, CBG is less studied and less data are available on its biological properties and
influence on synaptic transmission. On the contrary, CBD is already known to modulate brain
excitatory glutamate, inhibitory y-aminobutyric acid (GABA) and dopamine neurotransmission. In
this study, using Next-Generation Sequencing (NGS) technology, we evaluated how CBG (1 or 5
MM) and CBD (1 or 5 uM) influence the transcriptome of the main neurotransmission pathways in
NSC-34 motor neuron-like cells. At first, we evaluated that CBG and CBD were not cytotoxic and
decreased the expression of pro-apoptotic genes. CBG and CBD are able to influence the
expression of the genes involved in glutamate, GABA and dopamine signaling. Interestingly, the
transcriptional changes induced by CBG were similar compared to CBD.
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Abstract

Previous preclinical studies have demonstrated that cannabidiol (CBD) and cannabigerol (CBG),
two non-psychotomimetic phytocannabinoids from Cannabis sativa, induce neuroprotective
effects on toxic and neurodegenerative processes. However, a comparative study of both
compounds has not been reported so far, and the targets involved in this effect remain unknown.
The ability of CBD and CBG to attenuate the neurotoxicity induced by two insults involving
oxidative stress (hydrogen peroxide, H,0,) and mitochondrial dysfunction (rotenone) was
evaluated in neural cell cultures. The involvement of CB-1 and CB-2 or 5-HT1A receptors was
investigated. The neuroprotective effect of their respective acids forms, cannabidiolic acid
(CBDA) and cannabigerolic acid (CBGA), was also analyzed. MTT and immunocytochemistry
assays were used to evaluate cell viability. No significant variation on cell viability was per se
induced by the lower concentrations tested of CBD and CBG or CBDA and CBGA; however, high
concentrations of CBD, CBDA, or CBGA were toxic since a 40-50% reduction of cell viability was
observed. CBD and CBG showed neuroprotective effects against H,0, or rotenone; however,
both compounds were more effective in attenuating the rotenone-induced neurotoxicity. A high
concentration of CBDA reduced the rotenone-induced neurotoxicity. WAY100635 (5-HT1A
receptor antagonist) but not AM251 and AM630 (CB1 or CB2 receptor antagonists, respectively)
significantly diminished the neuroprotective effect induced by CBG only against rotenone. Our
results contribute to the understanding of the neuroprotective effect of CBD and CBG, showing
differences with their acid forms, and also highlight the role of 5-HT1A receptors in the
mechanisms of action of CBG.
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Abstract

Cannabidiol (CBD) and cannabigerol (CBG) are Cannabis sativa terpenophenols. Although CBD's
effectiveness against neurological diseases has already been demonstrated, nothing is known
about CBG. Therefore, a comparison of the effects of these compounds was performed in two
experimental models mimicking the oxidative stress and neurotoxicity occurring in neurological
diseases. Rat astrocytes were exposed to hydrogen peroxide and cell viability, reactive oxygen
species production and apoptosis occurrence were investigated. Cortexes were exposed to K*
60 mM depolarizing stimulus and serotonin (5-HT) turnover, 3-hydroxykinurenine and kynurenic
acid levels were measured. A proteomic analysis and bioinformatics and docking studies were
performed. Both compounds exerted antioxidant effects in astrocytes and restored the cortex
level of 5-HT depleted by neurotoxic stimuli, whereas sole CBD restored the basal levels of 3-
hydroxykinurenine and kynurenic acid. CBG was less effective than CBD in restoring the levels of
proteins involved in neurotransmitter exocytosis. Docking analyses predicted the inhibitory
effects of these compounds towards the neurokinin B receptor. Conclusion: The results in the in
vitro system suggest brain non-neuronal cells as a target in the treatment of oxidative
conditions, whereas findings in the ex vivo system and docking analyses imply the potential roles
of CBD and CBG as neuroprotective agents.
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Abstract

Background: The administration of certain cannabinoids provides neuroprotection in models of neurodegenerative
diseases by acting through various cellular and molecular mechanisms. Many cannabinoid actions in the nervous
system are mediated by CB, receptors, which can elicit psychotropic effects, but other targets devoid of psychotropic
activity, including CB; and nucdlear PPARy receptors, can also be the target of specific cannabinoids.

Methods: We investigated the pro-neurogenic potential of the synthetic cannabigerol derivative, VCE-003.2, in striatal
neurcdegeneration by using adeno-associated viral expression of mutant huntingtin in vivo and mouse embryonic
stem cell differentiation in vitro.

Results: Oral administration of VCE-003.2 protected striatal medium spiny neurons from mutant huntingtin-induced
damage, attenuated neuroinflammation and improved motor performance. VCE-003.2 bioavailability was characterized
and the potential undesired side effects were evaluated by analyzing hepatotoxicity after chronic treatment. VCE-003.2
promoted subventricular zone progenitor mobilization, increased doublecortin-positive migrating neuroblasts towards
the injured area, and enhanced effective neurogenesis. Moreover, we demonstrated the proneurogenic activity of
VICE-003.2 in embryonic stem cells. VCE-003.2 was able to increase neurcblast formation and striatal-like CTIP2-
mediated neurogenesis.

Conclusions: The cannabigerol derivative VCE-003.2 improves subventricular zone-derived neurogenesis in
response to mutant huntingtin-induced neurcdegeneration, and is neuroprotective by oral administration.
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