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** Neuroprotection involves prevention of neuronal death

Ischemia/Stroke

In the 1960s the term "neuroprotection” was applied to the protection of the brain during
high-risk neurosurgical that required the interruption of blood circulation to the brain
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Neurodegenerative diseases

Are characterized by progressive and irreversible neurons loss from
specific regions of the brain

v' Are the leading causes of death in

. Alzheimer’s Discase Huntington’s Discase
developed COU ntnes. Allects the cortex, hippocampus | Affects the stnatum, basal
basal forebramn and bramn stlem i gangha, cortex and others

v’ Epidemiological data indicate that the
incidence worldwide has increased
significantly in the last 30 years.

v' Demand high economic and emotional
costs for the patient and their close
environment.

Striatum

Substantia nigra

Hippocampus

v’ The therapies available are \myotrophic Lateral Sclerosis . Parkinson’s Disease

Allects spinal moltor neurons and Allects dopamimnergic neurons

symptomatic and do not stop or delay the motor cortex
the degenerative process.



Neuroprotective therapies in neurodegenerative diseases
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Neuropsychiatric disorders

schizophrenia, bipolar disorder, and major depression

v" Accumulating data from postmortem and brain imaging studies revealed
morphological changes in the brain of patients with these mental disorders, such
as ventricle enlargement, volumetric reduction, loss of neurons and glial cells in
particular cortical and limbic brain regions (Hunsberger et al 2009, Wee et al
2016).

Table 1
N europrotective propenties of apents that may be used for mental health.
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Although the etiology of neurological diseases is different, they all share similar
biochemical events that lead to cell malfunction and subsequent death.

Neuroinflammation Mitochondrial dysfunction Oxidative stress

. % rRos
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ROS

@ l antioxidant

ANTI-I

Proinflamatory protein oxidation
Tc'y‘mklnes Loss of mitochondrial lipid peroxidation
potential and DNA damage

v" To date, there is no drug in the clinic that is sufficiently effective and safe to be used as a
neuroprotective in acute or chronic neurological diseases.



Neuroprotective therapies

v" Which of these different altered cellular functions should be prioritized as a
therapeutic target?

POLY-PHARMACOLOGICAL STRATEGY

* broad spectrum agents capable of limiting simultaneously some of
the cytotoxic mechanisms.

* combination of more selective agents



Natural products (NPs) from plants as Neuroprotective agents

The term “natural product” = “secondary metabolite”

N Synthesis of natural products is a result
——— alle of enzymatic interactions. Therefore,

T their biological activity involves protein
binding making them effective drug
candidates.
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Cannabis sativa and Phytocannabinoids

Cannabis sativa L. has a long history as a medicinal plant and was
fundamental in the discovery of the endocannabinoid system.

Phytocannabinoids was originally defined in a phytochemical context to
refer to a structurally homogenous class of meroterpenoids typical of

cannabis (Cannabis sativa L.)

This chemical classification is broadly based on their
derivation from a common C21 precursor
(cannabigerolic acid (CBGA), or its C19 analog
(cannabigerovarinic acid (CBGVA)

Phytocannabinoids as any plant-derived natural
product capable of either directly interacting with
endocannabinoid system
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Phytocannabinoids as neuroprotective agents

4 Glutamate
toxicity
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Control of glutamate
homeostasis
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Control of glial
activation and
toxicity

Unknown targets:
PPARs, NFkB, Nrf-2?

! |

Induction of | COX-2
antioxidant 1 iNOS
enzymes

Its potential as NEUROPROTECTIVE
AGENTS is based on:

1. Wide spectrum of action: within
the endocannabinoid system
(ECS), and also outside this

neuromodulatory system.



Phytocannabinoids as neuroprotective agents
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2. Location and distribution of those possible targets for action

Bl Expresion alta del receptor CB,
- Expresion moderada del receptor CB,
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CB1Rs are found predominantly in the CNS on presynaptic
axon terminals.

CB2R are present mainly in glial cells (astocytes and
microglia). High expression of CB2R mRNA was also

observed in neurons, with reports showing most neuronal
CB2R localization post-synaptically.

In contrast to the constitutive expression of CB1R, CB2Rs are
strongly induced following trauma or pathology



CB1-Rs: localizacion intracelular
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Zou and Kumar, 2018

The typical distribution of CB1-R is in the plasma membrane. However, there is intracellular localization, the functions
that these receptors control, eg. by internalization of receptors, or in mitochondria (Piomelli, 2014 Vallee et al., 2014)
Possible connection with the neuroprotective actions of cannabinoids.



3. Evidence suggests that certain ECS components are deregulated in various

neuropathologies (cooray et al, 2020)

MULTIPLE SCLEROSIS

PARKINSON'S DISEASE

ENDOCANNABINOID PAIN
SYSTEM

HUNTINGTON'S
DISEASE

T
TRAUMATIC
BRAIN INJURY 5

STROKE

v

Potential of phytocannabinoids to act
as new therapeutic agents in CNS
disorders



Reports demonstrating the therapeutic potential of phytocannabinoids as neuroprotective agents (Stone et al., 2020).
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Structured of some of the minor phytocannabinoids with
cannabidiol (CBD) and tetrahydrocannabidiol (A9-THC) included
for reference: A9-tetrahydrocannabinolic acid (A9-THCA), A9-
tetrahydrocannabinolic  (A9-THCV), cannabidivarin  (CBDV),
cannabidiolic acid (CBDA), cannabichromene (CBC), cannabigerol
(CBG), and cannabinol (CBN)

Derivatives of CBG, known as VCE-003 or VCE-002.3 (Diaz-Alonso et al., 2016)

TABLE 3 Summary of the canditions where emerging cannabinoids have been studied

Cannabigerol (CBG)/derivatives  Cannabidivarin (CBDV) Cannabichromene (CBC)  Cannabinol (CBM)  Cannabidiclic acid (CBDA)  A®-THCWV  A®-THCA

Huntington's v - - v X - v PPARy®
Multiple sclerosis I

Autoimmune encephalomyelitis vPPARy/CBy*

Parkinson's VPPARy

Meuroinflammation v v v v - v v

/ neuroprotection

Epilepsy/seizure x JTRPVL? J - - I

Amyotrophic lateral sclerosis (ALS) v - - v

Oixidative stress
Rett syndrome - v
Alzheimer's disease s v J

MNate. Atick or cross represents whether a cannabinoid showed efficacy in a condition or not. A dash means that a cannabinoid has yet to be studied in a condition.
*Some of the compounds neuroprotective effects were mediated by this receptor, but no other receptors were probed.

Further studies are required to investigate the full neuroprotective
potential of these compounds particularly the mechanisms underlying
their protective effects, as well as exploring whether their combinations
may enhance their capabilities as neuroprotectors




Neuroprotective agents

Isolated phytocannabinoids
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Neurotoxical insults:

Oxidative stress: Hydrogen Peroxide
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Mitochondrial dysfunction: Rotenone
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Experimental design:

Primary culture of cerebellar granule neurons

/Hoechst /Hoechst

CBD, CBG, H,0, (140 puM)
CBDA, CBGA Rotenone (40 nM)
Wistarratpups  (200.000 [ - v/ I — I >
(PN 6-8) cells/well) 6 Y, 3 Pavsiiio
Cerebellargranule f ﬁ
neurons (CGN) culture CBD, CBG, Cell viability: MTT

CBDA, CBGA and morphological assays




Neurotoxicity assays of CBD, CBG, CBDA and CBGA
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Neuroprotection assay against H,02

Cannabinoids neuroprotection - H20; (24 h)
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Neuroprotection assay against H,0,
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Neuroprotection assay against rotenone

Cannabinoids neuroprotection - rotenone (24 h)
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Neuroprotection assay against rotenone

Cannabinoids neuroprotection - rotenone (1 h)
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Mechanism of action in rotenone assay

CB1-R antagonism PPARy antagonism
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[ Neuroprotective agents }

Combined phytocannabinoids




Neuroprotective activity of combined phytocannabinoids

Given that the neuroprotective effect of CBD and CBG is independent CB1-R and CB2-R,
their combination with THC could enhance their effects

NeuroCann
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Titulo en espanol
Uso medicinal de Cannabinoides: blsqueda de una combinacion THC:CBD o THC:CBG que potencie su

accion como agentes neuroprotectores v mejore su biodisponibilidad cerebral

Titulo en inglés
Cannabinoids medicinal use: search for a combination of THC:CBD and THC:CBG which potentiate their

actions as neuroprotector agents and improve its brain bioavailability
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Neuroprotective agents?

Cannabis-based extracts

Limonene

Myrcene ¥

Linalool

a-pinene ¥

Entourage effect?



Neuroprotective activity of pharmaceutical cannabis-based extracts-with high content of CBD
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XALEX 10% Pharmaceutical CBD purified of EPI
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Neuroprotective agents?

Cannabis-based extracts

Whole-plant cannabis extracts

Limonene

Myrcene ¥

Linalool
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Entourage effect?



* EtOH-H20 extracts

Neuroprotective effect of Cannabis extracts (alfa y beta varieties)

* Decarboxylation (120 min, 90 °C)

* Analysis of Cannabinoid Content (CBD, CBDA ,THC) - HPLC-DAD (210nm)
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Conclusions

v Our results support the notion that cannabis extracts possess differential pharmacological
properties compared to isolated cannabinoid molecules

v’ There is a synergistic effect between the different Cannabis compounds for
both neuroprotection and neurotoxicity

v" In vivo studies are necessary in this topic
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