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Measuring Cannabidiol
Bioactivity: Neuronal Cell
Survival and Neurite Outgrowth
B E N J A M I N S . W E E K S A N D P E D R O P. P E R E Z

A significant endpoint to assess cannabidiol (CBD) preparations is bioactivity. Assessing CBD
preparation bioactivity can be accomplished by measuring the biological effects of CBD on known
biological pathways. CBD is known in various systems to promote neurite outgrowth and neuronal
survival by acting through known neurotrophin signaling pathways. For example, CBD binds to
the nerve growth factor (NGF) receptor known as TRKA and activates the extracellular-signalregulated kinases 1 and 2 (ERK1/2) signaling pathway associated with NGF-induced neuronal
cell survival and neurite outgrowth. Here we report the ability of CBD prepared by continuous
extraction process with natural lipid-metabolites to activate signals through the TRKA-ERK1/2
pathway and promote survival and neurite outgrowth in neuronal PC12 cell cultures. PC12 cell
viability and differentiation were measured over five days in glucose and serum deprived cultures
treated with NGF or CBD. CBD enhanced PC12 cell survival above that seen with NGF by 15% on day
three and 31% on day five. The ERK1/2 kinase inhibitor, K252a, inhibited both NGF and CBD induced
survival and neurite outgrowth. Here we show that CBD acts like a neurotrophin by stimulating
TRKA signaling and promoting neuronal cell viability and neurite outgrowth. Lastly, CBD prepared
by continuous extraction process with natural lipid metabolites when combined with vitamin
C-lipid metabolites showed the greatest cell survival and differentiation. The neurotrophic activity
of CBD suggests that CBD may be useful in promoting survival of stem cell implants and also in
cases when neuroplasticity contributes to healing such as in Parkinson’s disease, treatment of
mood disorders, and nerve repair. This study presents bioassays for CBD, which can be used to
assess the neurotrophic bioactivity of CBD formulations.

N

eurotrophins are small soluble paracrine signaling molecules that promote neuronal cell survival, proliferation, and differentiation. These neurotrophins include nerve growth factor (NGF),
brain derived neurotrophic factor (BDNF), neurotrophin–3 (NT-3), and glial-derived neurotrophic factor (GDNF). In addition to supporting the establishment of central nervous system (CNS) neurocircuitry,
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neurotrophins also support the survival of neuronal stem
cell implants in animal models of spinal cord neuroregeneration and protect the CNS from toxicities and promote nerve repair and regeneration in the case of nerve
damage (1–5). For example, both GDNF and NT3 have
been shown to support the survival of neuronal stem cell
implants in the CNS of animals and improve spinal cord
repair (3-5). Further, in the absence of stem cells, the
cannabissciencetech.com
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neurotrophins NGF, BDNF, and NT3 have all been shown
to directly assist with neuritogenesis in the repair of spinal
cord injury (5). Further, in cell culture systems, NGF promotes neuronal cell survival in an oxygen-glucose deprivation culture system (6) and promotes the survival of rat
PC12 neuronal cell cultures in the presence of toxic levels
of ethanol (2). Moreover, in humans, intraventricular injection of NGF into two children with hypoxic ischemic shock
ameliorated the neuronal damage and promoted the restoration of neural networks (7). These neurotrophins affect
neuronal survival and plasticity by binding to cell surface
receptor tyrosine kinases and for NGF, BDNF, and NT-3
these receptors are known as the tropomyosin receptor kinase (TRK) A, B, and C, respectively, while GDNF binds to
the cell surface tyrosine kinase receptor known as RET (rearranged during transfection) (8–10). Upon neurotrophin
binding the TRKA-C and RET receptors trigger the activation of a variety of cytoplasmic kinases including the extracellular regulated kinases 1 and 2 (ERK1/2) which is associated with neuronal cell survival and neuritogenesis (11–18).
Indeed, activation of the neurotrophin ERK1/2 signaling
pathway is of great interest in the development of new neuroprotective and neuro-regenerative therapies (11,19,20).
In this regard the therapeutic phytochemical, cannabidiol (CBD), acts like a neurotrophin and binds to the NGF receptor, TRKA, activates ERK1/2 promoting neurite outgrowth in PC12 neuronal cells, and protecting PC12 cells
from ß-amyloid toxicity (21–23).
CBD is recognized by a wide range of cell receptor systems that are highly evolutionarily conserved and have a
wide distribution in human body systems (24). Of particular note is the effect of CBD on the human nervous system with demonstrated benefits in treating pain, seizure,
schizophrenia, addiction, anxiety, and Parkinson’s disease
(25–31). In animal studies, CBD treatment has been shown
to reduce brain damage in porcine and rodent models of
neonatal hypoxia and ischemia (32,33) and in adult murine
models of neurological ischemia (34,35). In neuronal cell
culture systems, CBD has been shown to reduce ß-amyloid
tau phosphorylation and subsequent toxicity to PC12 cells
(21–23) and to reduce the toxicity of cadmium ion and hydrogen peroxide (36,37). Further, CBD binds to TRKA, activates ERK1/2 in rat and human neuronal cells (23,38),
and promotes neurite outgrowth in PC12 cells (23). CBD
promotes neurite outgrowth in both murine N2a neuronal
cells and primary neurons and activates ERK1/2 through
the cannabinoid receptor-1 (CB1) signaling (39,40). Overall, as noted, CBD is neurotrophic and possesses some of
the therapeutic qualities of the neurotrophins.
cannabissciencetech.com
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Here, we use PC12 neuronal cell cultures to establish the
conditions of assessing the neurotrophic activity of CBD.
We tested the ability of CBD prepared by continuous extraction process with natural lipid-metabolites to act like
NGF and promote neuronal cell survival and neurite outgrowth through the TRKA-ERK1/2 signaling pathway. We
also tested the effect of adding citamin-C-lipid metabolites
to the CBD treatment. Cell survival and viability was monitored by trypan blue exclusion and neurite outgrowth was
assessed by visual inspection.

Materials and Methods
Cells and Reagents

PC12 cells were maintained in Dulbecco's Modified Eagle
Medium (DMEM) containing 7.5% heat-inactivated horse
serum and 7.5% fetal bovine serum (Fisher Scientific, Inc.)
and cultured in T-75 vented Nunc brand tissue culture
flasks (Fisher Scientific, Inc). For passage, PC12 cells were
rinsed with serum-free DMEM and treated for 5–10 min with
trypsin. Cells were then collected, suspended in culture
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Figure 1: Effect of CBD on PC12 cell survival during glucose and

serum starvation. Cells were untreated (blank) or treated with
either 100 ng/mL NGF or 10 µM CBD and the percent of viable cells
was determined over five days as described in the "Materials
and Methods" section. Data were plotted and analyzed using
KaleidaGraph. Analysis of variance (ANOVA) shows that the
cells treated with CBD are significantly more viable with 95%
confidence than both untreated and NGF treated cells on both
days three and five (*) and NGF treated cells are more viable
with 95% confidence than untreated cells by day five (**).
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Figure 2: Effect of CBD on neuronal cell survival through the
ERK1/2 signaling pathway. PC12 cells were seeded on tissue
culture plastic in a serum-free medium and percent of viable
cells was determined by trypan blue exclusion on day 5 post
serum and glucose starvation. Cells were either untreated
(blank) or treated with 100 ng/mL nerve growth factor (NGF) or
with 10 µM CBD. Analysis of variance (ANOVA) shows that NGF and
CBD enhance survival of the PC12 cells with 95% confidence (*).
The ANOVA also shows that ERK1/2 inhibitor, K252a, inhibited NGF
and CBD induced viability to a statistically significant extent at
95% confidence (**).
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medium, and plated at a 30% confluence. The PC12 cells
were maintained between a 30% and 90% confluence in a
CO2 water-jacketed incubator maintained at 37 oC. Murine
2.5 S nerve growth factor was purchased from Thermo Fisher
Scientific, Inc., at a stock concentration of 100 µg/ml. K252a
was purchased from Sigma Chemical Co. and dissolved in
dimethyl sulfoxide (DMSO) to a stock concentration of 1 mg/
mL and tested at 0.1 µM. CBD was prepared by continuous
extraction process with natural lipid-metabolites (OneHemp
CBD) and vitamin-C lipid metabolites (PureWay-C) were
provided by One Innovation laboratories. High performance
liquid chromatography (HPLC) analysis of the CBD preparations showed that both contained less than 0.015% THC
while the CBD alone contained 3.12 mg/g of CBD, and the
CBD with vitamin-C contained 2.79 mg/gm CBD. Both the
CBD and CBD with vitamin-C preparations were emulsified
into DMEM and tested at 10 µM. The vitamin-C was tested at
0.5 mM in combination with 10 µM CBD.
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For both neurite outgrowth assays and serum-free survival
assays, PC12 cells were collected and rinsed free of serum
by centrifuging approximately 6x106 cells (a 90% confluent
T-75 flask) pouring out the supernate and suspending the
cells in DMEM and repeating this three times. For the final
suspension the cells were placed in 1.0 mL DMEM and 10 µL
of the cell suspension was counted on a heamocytometer.
Cells were then diluted to 5x105 cells/mL of DMEM and
0.5 mL was seeded in the wells of a 24 well tissue culture
plate (Fisher Scientific Inc.). At the time of cell seeding,
for appropriate cells, NGF was added at a final 100 ng/mL
concentration, K252a was added to appropriate wells at a
final concentration of 0.1 µM, and CBD was added to appropriate wells at a final test concentration of 10 µM. Cells
were immediately, and at various times, tested for viability
by removing them, rinsing from test wells, and treating
the cells with trypan blue and inspected at 10x magnification on a Heamocytometer. The medium collected prior to
rinsing was also collected and the cells remaining attached
to the wells were counted as a percentage of attached cells
and then removed and combined with all cells from the
well to count total cell viability. The percent viability was
determined as the number of cells in a count of 100 that
excluded the trypan blue. These cells were then discarded.
To measure viability, cells were then collected on days 1, 3,
and 5 to yield viability counts on days 0, 1, 3, and 5. Wells for
assessment of neurite outgrowth were visually inspected and
assessed for the percent of cells having a neurite extending
cannabissciencetech.com
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Figure 3: Morphology of PC12 cells treated with CBD formulations. PC12 cells were seeded on tissue culture plastic in serum free

medium and at the time of cell seeding were (a) untreated; (b) treated with 100 ng/mL NGF; (c) 10 µM CBD prepared by continuous
extraction process with natural lipid-metabolites; or (d) CBD prepared by continuous extraction process with natural lipid-metabolites
plus vitamin-C lipid metabolites. Cells were photographed on day three at a final magnification of 320x.
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at least one cell diameter. After assessment, these cells were
returned to the incubator to continue the formation of neurite. The time course experiments were done in duplicate.
Cells treated with K252a were separate experiments assessed
on either day 3 or 5 and were done in triplicate.

Results and Discussion
To challenge the viability of PC12 cells, we removed from
the culture media all glucose and serum proteins and
factors and used trypan blue exclusion to determine PC12
cell culture viability over a 5-day period. In the absence
of glucose and serum, cultures of PC12 lost viability by
approximately 25% by day 3 and 70% by day 5 (Figure
1). Treatment with NGF protected PC12 cells from the
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catabolite and nutrient starvation condition with a 65% loss
in viability by day 5. CBD treated cells showed the greatest protection with only a 45% loss in viability (Figure 1).
These are the first data to show that NGF and CBD protected PC12 cells from glucose and serum starvation. In this
regard, CBD may be an excellent treatment to include with
stem cell implants to improve the survival of the implant.
Further these data suggest that CBD treatment may also
have neuroprotective value.
To explore the CBD signaling pathway involved in enhancement of PC12 cells survival, the ERK1/2 inhibitor
K252a was added to the PC12 cell cultures. The ERK1/2 kinase inhibitor K252a blocked CBD-enhanced survival in
PC12 cells (Figure 2). These are the first data to show that
cannabissciencetech.com
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Figure 4: Effect of CBD neurite outgrowth by activating the TRKA

associated ERK1/2 signaling pathway in PC12 cells. PC12 cells
were either untreated (blank), treated with 100 ng/mL NGF, or
10 µM of CBD and neurite outgrowth was assessed on day 3 post
serum and glucose deprivation. ANOVA shows that NGF and CBD
enhanced neurite formation in PC12 cells with 95% confidence
(*). Further, ERK1/2 inhibition with K252a, reduced NGF- and CBDinduced neurite outgrowth with 95% confidence (**).
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The maximum percentage of viable PC12 cells exhibiting
neurite outgrowth on day 5 post treatment was approximately 25% (Figure 4). CBD stimulated neurite outgrowth
approximately 35% greater than NGF. These data suggest
that CBD may be a useful treatment in cases when neuroplasticity is required.
Vitamin C alone does not act as a neurotrophin, but it
has been shown to potentiate NGF-mediated neurite outgrowth (41,42) (Table I). Here we tested to determine if vitamin-C would potentiate CBD-induced neuritogenesis. Indeed, when vitamin-C combined with CBD, the signaling
was promoted to a greater extent than that seen with NGF
(Table I). These data suggest that vitamin C may enhance
the biological activity of CBD when prepared by continuous lipid extraction.
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Table I: Effect of treatments on neurite outgrowth in PC12

neuronal cells. PC12 cells were placed in triplicate in serum free
medium and cultured for 5 days with no additional treatment
(blank), 0.5 mM vitamin C, 100 ng/mL nerve growth factor (NGF),
NGF plus 0.5 mM vitamin-C, 10 µM CBD, and CBD plus 0.5 mM
vitamin-C. After 5 days the percent of cells with neurites in each
treatment group was counted and reported with the standard
error of the mean. The data were analyzed by an analysis of
variance (ANOVA) in KaleidaGraph. The asterisk (*) indicates
a statistically significant difference between CBD and CBD +
vitamin-C at a 95% confidence level.

The bioactivity of CBD preparations, formulations, and mixtures is an important endpoint when CBD is considered for
human health applications. For example, when applying CBD
to the treatment of mood disorders, epilepsy, pain, and other
neurologically related health issues, the ability of CBD to act
on neurotrophin receptors and promote neuronal differentiation and survival is a valuable endpoint activity to measure
and confirm. Here we find that when CBD is prepared by a
continuous extraction process with natural lipid-metabolites
(OneHemp CBD), it was neuroprotective and stimulated neurite outgrowth through the NGF ERK1/2 signaling pathway in
PC12 cells. Furthermore, vitamin-C lipid metabolites (PureWay-C) potentiated certain cellular effects of CBD. Taken
together this study presents useful bioassays to confirm the
appropriate neurotrophic bioactivity of CBD preparations,
formulations, and mixtures.
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the ERK1/2 pathway enhanced PC12 cell viability when
starved for glucose and serum.
PC12 cell morphology is polygonal and when treated
with NGF these cells began to extend neurites (Figure 3).
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