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Analysis of Phytocannabinoid Dynamic Response in Neuronal Cell Models
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BACKGROUND

RESULTS & DISCUSSION

Neurodegenerative disorders, are characterised by progressive atrophy of nerve cells in both central
nervous system (CNS) and peripheral nervous system (PNS). Among the many aetiological factors major causes
of neuronal degeneration includes neuroinflammatory response due to microglial imbalance [1], mitochondrial
dysfunction and related disruption to molecular mechanisms [2], neurotoxic metals or ionic imbalance, and
genetic mutations.
Global health burden: According to World Health Organisation [3] of all reported neurodegenerative
disorders incidences, approximately 1.8% population accounts for Parkinson’s disease (PD) and 12% accounts
for Alzheimer’s disease (AD), making the two conditions major socioeconomic burdens in both developing as
well as developed world.

Parkinson’s disease (PD) is characterised by the progressive degeneration of dopaminergic neurons in

substantia nigra pars compacta, and intracellular accumulatio of Lewy bodies consisting mutated alphasynuclein proteins [4].
Alzheimer’s disease (AD) is characterised by inter-neuronal accumulation of amyloid-beta plaques and
intra-cellular accumulation of tau neurofibrillary tangles [5].

Figure 1: Following 5th RA treatment cells were well differentiated with neuronal communication
networks through long axonal and dendritic growth. (40x inverted microscopy imaging).
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The Endocannabinoid System (ECS) consists of [6]:

two primary endocannabinoid neurotransmitters: anandamide and 2-arachidonylglycerol,
two primary ECS receptors type-1 and -2 (CB1R, CB2R).

The CB1R and CB2R also act as receptors to the external cannabinoids (phytocannabinoids),
Delta-9-Tetrahydrocannabinol (THC) and Cannabidiol (CBD), the two primary phytocannabinoids of the plant
Cannabis sativa.
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Ethics approval
The ethical approval for the use of human neuronal cell lines were obtained from Deakin University Human
Research Ethics Committee (DUHREC).
Neuronal cell culture
Neuroblastoma cell lines: SH-SY-5Y (ATCC CRL2266) and BE-(2)-M17 (ATCC CRL267), were cultured in Dulbecco’s
modified eagle medium (DMEM):Ham’s F12 at 1:1 ratio with 100U/ml penstrep, 10% foetal bovine serum (FBS),
and were incubated at 370C with 5% CO2 until ~80% confluence. Media were changed in every 48 hours.
Neuronal differentiation of test models
Model AD: At 60% confluency, the cells were treated with 10mM Retinoic Acid (RA) for 5 days [8].
Model PD: The RA treated cells were subsequently treated with 10uM MPP+ (1-methyl-4-phenylpyridinium) [9].
Model H: Undifferentiated cells without RA or MPP+ neurotoxin.
Cannabinoids treatment
In 96-well plates cells were treated with cannabinoids under four different concentration ratios as below, with
1X treatment per week, and 7X (daily) treatment per week, over 4 weeks.

T1 —> THC : CBD 1:0 (10uM : 0)
T2 —> THC : CBD 0:1 (0 : 5uM)

T3 —> THC : CBD 1:1 (10uM : 5uM)
T4 —> THC : CBD 1:2 (10uM : 10uM)

𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦% =

C —> THC : CBD 0:0 (0: 0)
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The statistical significance (with P value of 0.001) was analysed with one-way ANOVA and post-hoc Tukey’s test.

CONCLUSION
At cellular level, the phytocannabinoids THC and CBD, show dynamic responses in;

1.
2.
3.
4.
5.
6.
7.
8.
9.

-

AD and PD differentiated cell models compared to undifferentiated cells.

-

THC: CBD treatment ratios, treatment frequency and duration.
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The frequency of the cannabinoids treatment had an impact on the neuroprotection.
The more frequent 7X cannabinoids treatment showed higher cell survival (Figure 2)
compared to 1X treatment (data not shown).
In both SH-SY5Y and M17 cells, the overall treatment showed improving viability, i.e.
neuroprotection towards the 3rd week and declined at 4th week. Hence, the duration of
cannabinoid treatment should be optimised for therapeutic use.
Noticeably, T1 and T2 groups (i.e. THC or CBD independently) showed better increase in
viability compared to either of the 1:1 or 1:2 cannabinoid mixtures. Therefore,
phytocannabinoid ratios should be optimised for drug development.
Critical point: In natural form cannabis plant has ~300 different cannabinoids combined.
Therefore, the combinatory effect should be analysed prior to prescribing/amateur, raw
use of cannabis.
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MTT Cell Viability Assay
Phytocannabinoid response was analysed with cell viability, measured with the MTT assay (ThermoFisher). The
100uL media + 10uL 12mm MTT solution was added to the wells and incubated at 370C, at 60 rpm for 4 hours.
Following incubation 85uL media was removed and 50uL for DMSO was added for colour development. The
absorbance at 540nm was measured with microplate reader (Verioskan LUX, ThermoFisher Scientific).
Data analysis
The viability percentage was calculated as:
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Figure 2: Viability % of SH-SY5Y, Model AD, 7X treatment over 4 weeks. Model PD, and M17 cells showed similar
trend. Blue bars: differentiated, cannabinoid treated cell models. Grey bars: Undifferentiated, untreated Model H.
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The current study aims to determine the THC and CBD phytocannabinoids effect in the two primary disease
models: Alzheimer’s Disease (AD) and Parkinson’s Disease (PD), in comparison to healthy models, over 4 weeks
period, providing a fundamental initial step in understanding the long-term cannabinoid dynamic response.
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The effects of THC and CBD phytocannabinoids are widely being studied globally as a promising therapeutic
strategy for neurodegeneration, however, the research are primarily focused at clinical setting, which show
contradictory observations [7]. This vacates a significant research gap in the behaviour of THC and CBD activity
in neurones at cellular and molecular level.
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Figure 3: Viability % of M17 Model H, 7X treatment over 4 weeks. T3 and T4 shows sever neuronal death. Blue
bars: differentiated, cannabinoid treated cell models. Grey bars: Undifferentiated, untreated Model H.

The undifferentiated healthy neuronal cells (Model H) showed significant neuronal death
(Figure 3) compared to Model AD and Model PD (data not shown). Thus, cannabinoids
behaviour in healthy brain compared to disease brain has a differential effect at
molecular level.
Critical point: It is essential to understand the molecular mechanism of phytocannabinoids
before prescribing as well as amateur use for prevention purposes by healthy individuals.

The effectiveness of combinatory treatments, as well as the effects on healthy brain
cells need further investigation prior to prescribing for medicinal purpose.
Furthermore, molecular and genetics studies are suggested to demystify the dynamic
behaviour of the phytocannabinoids in healthy vs disease cell models.
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