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Abstract 

Preclinical research supports the benefits of pharmaceutical cannabis-based 

extracts for treating different medical conditions (e.g., epilepsy); however, their 

neuroprotective potential has not been widely investigated. Using primary cultures of 

cerebellar granule cells, we evaluated the neuroprotective activity of Epifractan (EPI), a 

cannabis-based medicinal extract containing a high level of cannabidiol (CBD), 

components like terpenoids and flavonoids, and trace levels of ∆9-

tetrahydrocannabinol and the acid form of CBD. We determined the ability of EPI to 

counteract the rotenone-induced neurotoxicity by analyzing cell viability and 

morphology of neurons and astrocytes by immunocytochemical assays. The effect of 

EPI was compared with XALEX, a plant-derived and highly purified CBD formulation 

(XAL), and pure CBD crystals (CBD). 

The results revealed that EPI induced a significant reduction in the rotenone-

induced neurotoxicity in a wide range of concentrations without causing 

neurotoxicity per se. EPI showed a similar effect to XAL suggesting that no additive or 

synergistic interactions between individual substances present in EPI occurred. In 

contrast, CBD did show a different profile to EPI and XAL since a neurotoxic effect per 

se was observed at the higher concentrations assayed. Medium-chain triglyceride 

(MCT) oil used in EPI formulation could explain this difference. 

Our data support a neuroprotective effect of EPI which may provide 

neuroprotection in different neurodegenerative processes. The results highlight the role 
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of CBD as the active component of EPI but also support the need for an appropriate 

formulation to dilute pharmaceutical cannabis-based products, which could be critical to 

avoid neurotoxicity at very high doses.

Keywords: Cannabis sativa, Epifractan, Xalex, cannabidiol, astrocytes, neurotoxicity.
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Introduction

The therapeutic activity of cannabidiol (CBD), a non-psychotomimetic 

component extracted from Cannabis sativa,1,2 is widely accepted in a wide range of 

medical conditions.3,4 Accordingly, several formulations or cannabis-based extracts 

containing CBD have emerged in the pharmaceutical market.5 The beneficial effects of 

these products are fundamentally dependent on the purity, extract preparation, the 

concentration of CBD, and possibly the presence of other components (e.g., ∆9-

tetrahydrocannabinol, Δ9-THC, other cannabinoids, terpenoids, and flavonoids). An 

example of these pharmaceutical cannabis-based products is Sativex® (GW 

Pharmaceuticals plc), which contains an equimolecular combination of ∆9-THC and 

CBD. It has been approved for its use in patients with multiple sclerosis-related 

spasticity and neuropathic pain.6,7 Another example is a purified preparation of CBD, 

also available from GW Pharmaceuticals plc under the name of Epidiolex® (> 98% 

CBD), prescribed for refractory epilepsy.8,9 It has been suggested that cannabis 

extracts could provide advantages over a single phytocannabinoid (i.e., CBD), offering 

beneficial entourage effects;5,10 however, more investigation about this effect is 

required. 
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Epifractan (EPI), a cannabis-based medicine extract containing a high level of 

cannabidiol (CBD), terpenoids, flavonoids, and trace levels of ∆9-THC and the acid 

form of CBD (CBDA), has been approved and recorded by the Ministry of Public Health 

in Uruguay.11 Based on the evidence supported by Epidiolex,8,9 EPI is prescribed for 

refractory epilepsy in children and adolescents. However, the potential therapeutic use 

of EPI for the treatment of neurodegenerative processes has not been evaluated so 

far. 

Mitochondrial dysfunction is one of the main mechanisms involved in the 

neuronal death of several neurodegenerative diseases.12 Rotenone is a potent natural 

neurotoxin13 that has been extensively used to mimic cellular alterations that occur in 

many neurodegenerative disorders, like Parkinson's disease.14 Exposure to rotenone 

results in the inhibition of the mitochondrial electron transport chain of cells leading to a 

bioenergetic dysfunction, activation of the apoptotic cascade, and cell death.15 Based 

on these considerations, the first purpose of the study was to investigate the 

neuroprotective effect of EPI on an experimental model of mitochondrial dysfunction 

induced by rotenone in cultures of primary cerebellar granule cells.16 The second aim 

of this study was to identify if the neuroprotective activity of EPI was primarily due to its 

CBD content or to additive or synergistic interactions between other individual 

components. To assess this, a comparison was performed between the activity of EPI 

and XALEX (XAL), a plant-derived and highly purified CBD formulation. A purified and 

crystallized CBD sample (named CBD to clarify) was taken as a reference compound 

for the study.

Materials and Methods
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Animals

Wistar rat pups 6-8 days old were employed (IIBCE animal facilities, 

Montevideo). Pups were housed with their mothers in a light- and temperature-

controlled room with a 12-h light/dark cycle (lights on at 7:00 am). All animals 

procedures were carried out following the IIBCE Bioethics Committee's requirements 

following the National Institutes of Health guide for the care and use of laboratory 

animals (NIH Publications No. 8023, revised 1978), and under the current ethical 

regulations of the national law on animal experimentation Nº18.611. Adequate 

measures were taken to minimize the discomfort or stress of the animals, and all efforts 

were made to use the minimal number of animals necessary to produce reliable 

scientific data.

Pharmaceutical cannabis-based products and CBD

Epifractan (EPI; a cannabis-based medicinal extract containing a high level of 

CBD, terpenoids, and flavonoids, and trace levels of the CBDA and ∆9-THC), and 

XALEX (XAL; a plant-derived, highly purified CBD formulation) were kindly provided by 

RAMM Pharma Corp., Uruguay. Both pharmaceutical products were registered by the 

Ministry for Public Health in Uruguay. EPI (5 %) contains 50 mg/ml of CBD, less than 2 

mg/ml of Δ9-THC-THCA, and other undetermined compounds of Cannabis sativa (e.g., 

terpenoids and flavonoids). XAL (10 %) contains 100 mg/ml of CBD without Δ9-THC-

THCA. EPI and XAL are commercially sold in medium-chain triglyceride (MCT) 

oil, a lipid source commonly used for preparing medical cannabis-derived 

products. MCT oil was also kindly provided by RAMM Pharma Corp., Uruguay. In 

addition, a purified and crystallized CBD was kindly provided by Phytoplant Research 

Spain (www.phytoplantresearch.com). CBD was purified from GOYA variety 

following a direct crystallization method described previously17. The purity was 

set at > 95% (data provided by Phytoplant Research). Pure CBD was prepared in 
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DMSO. Pharmaceutical products (EPI, XAL) and pure CBD were prepared with an 

equivalent content of CBD, and then dilutions were made in DMSO plus media at 

20% in each experimental session (vehicle), to finally obtain a concentration of 

DMSO in each well of < 1.5 %.  For comparative purposes, and in an independent 

set of experiments, pure CBD was prepared in MCT oil or DMSO. Then, dilutions 

were made in DMSO plus media at 20% to finally obtain a concentration of DMSO 

in each well of < 1.5 % (Supplementary data).

General Chemicals

All chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). Stock 

concentrated solutions (10 mM of Rotenone) were prepared in DMSO and conveniently 

diluted in media culture in each experimental session to finally reach a DMSO < 0.1 %.

Chromatographic conditions: HPLC-DAD

The purity and concentration of CBD were analyzed and quantified in EPI and 

XAL samples. Both pharmaceutical products were properly diluted in mobile phase, 

centrifuged at 10.000 rpm for 5 min at 4°C, and supernatants were injected on to the 

HPLC system. Separation of constituents was achieved by reverse-phase HPLC using 

a C18 column (Kinetex, USA) with 5 µm particle size. A binary HPLC pump (Waters 

1525) with a 717 plus autosampler Waters and a photodiode array detector (DAD) 

Waters 2998 linked to Empower 2 (Waters) chromatography data software was utilized. 

The temperature of the column was set at 30°C. The mobile phase used was (A) 89.9 

% acetonitrile, 10% water, 0.1% formic acid (B) 99.9 % water, 0.1% formic acid. At 

1mL/min. The gradient system consisted of (min/%A): 0/90, 10/60, 12/90, and 30/90. 

The eluent was monitored by photodiode array detection at a wavelength of 210 nm, 

specific to determine cannabinoids.18

Primary cerebellar granule cell cultures
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Cultures of primary cerebellar granule cells were obtained from 6-8 days Wistar 

rats19,20 and seeded in poly-L-ornithine pre-coated 96 (for immunocytochemical assays) 

or 24 wells (for biochemical MTT assays) plates at a density of 200.000 or 900.000 

cells per well, respectively. They were kept in Basal Medium Eagle supplemented with 

fetal bovine serum (PAA Laboratories, Austria), at 10 %, 20 mM KCl and 25 mM 

glucose in a humidified chamber at 37 ºC in a 5 % CO2 atmosphere. Cell division was 

inhibited by the addition of cytosine arabinoside (10 µM). 

Experimental procedure

The experimental procedures for neurotoxicity and neuroprotective assays were 

designed based on our previous studies.16,20 Briefly, to evaluate the neurotoxicity per 

se of EPI, XAL, or CBD, different concentrations of these compounds were added to 

the culture on the 7th day in vitro (DIV7) during 24 hours and then the cell viability was 

evaluated. To evaluate the neuroprotective effect of EPI, XAL, or CBD, cultures were 

treated with rotenone (40 nM) at DIV7 during 24 hours to obtain a significant loss of cell 

viability of about 50 % compared with the control condition. Pre-treatments with EPI, 

XAL, CBD, or MCT oil (vehicle control) were performed during 1 hour before rotenone. 

Cell viability was evaluated at DIV8 24 hours after the toxic insult. 

Determination of Cell Viability by MTT Assay

The neuronal mitochondrial activity, as an indicator of cell viability, was 

measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-phenyltetrazolium bromide (MTT) 

assay5.21 After the different mentioned conditions, cell culture was incubated for 45 min 

at 37ºC with MTT (0.1 mg/ml final concentration). Formazan crystals were dissolved 

with DMSO, and the absorbance was recorded in a microplate reader (Varioskan 

Flash, Thermo Scientific) using a reference wavelength of 630 nm and a test 

wavelength of 570 nm. Results were presented as the percentage of MTT reduction, 

assuming that the absorbance of control cells was 100 %.
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Immunofluorescence and quantitative assessment of neurites and astrocytes

Cells on coverslips were fixed with 4 % paraformaldehyde at 37 ºC for 20 min. 

After three washes with phosphate-buffered saline (PBS, pH 7.5), cells were 

permeabilized with Triton X-100 0.1% (v/v) in PBS during 30 min and blocked with BSA 

5% for 1h, followed by overnight incubation at 4 °C with primary antibodies anti-Tyr-

tubulin (mouse 1/1000; Clone TUB-1A2; Sigma-Aldrich, Cat. Number T9028) and anti-

GFAP (rabbit 1/1000; Sigma-Aldrich, Cat. Number G9269). After that, cells were 

washed with PBS and incubated with secondary antibodies goat anti-mouse IgG 

conjugated with Alexa Fluor 488 (1/1000, Invitrogen A32723) and goat anti-rabbit IgG 

conjugated with Alexa Fluor 568 (1/1000, Invitrogen A11011), for 60 min at room 

temperature. Finally, three washes were performed, and Hoechst 33258 (1 ng/mL) was 

added in the last wash to visualize the nuclei. Immunolabelled cultures were observed 

with a confocal microscope (LSM ZEISS 800) using 20x objective lens, and images 

were captured with ZEN Blue 2.3 software. In each resulting image, the area occupied 

by neurites, astrocytes, and the level of fluorescence intensity of GFAP staining were 

determined using the FIJI-ImageJ software. A mask was created within which the area 

and intensity of cytoplasmic GFAP labelling were measured. Another mask used to 

quantify the neurite area was calculated by subtracting astrocytes labeled with GFAP 

and the nuclei labeled with Hoechst from Tyr-tubulin-IR area acquired with the 488 

laser. Following evidence that astrocytes change their morphology,22 and this could 

affect the area apart from a change in the number of astrocytes, the fluorescence 

intensity in these cells was measured as integrated optical density (ID= mean optical 

density per area unit; OD x cytoplasmic area).23

Statistical analyses

Data are given as Mean ± Standard Error of the Mean (SEM) and were 

analyzed by One-way (treatment) analysis of variance (ANOVA) of independent 
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measures followed by post hoc Tukey multiple comparison test. Statistical significance 

was set at P < 0.05.

Results 

Chemical profile of EPI based on the CBD content 

Figure 1 shows a comparative profile of the chemical content of EPI and XAL, 

taking CBD as a reference sample. The HPLC-DAD analysis revealed CBD as the 

main component present in EPI, but other compounds like CBDA and ∆9-THC were 

detected in a very low proportion compared to CBD (not quantified). As expected, CBD 

is the only detected compound in the XAL sample. 

Neurotoxicity and neuroprotective effects of EPI analyzed by the biochemical MTT 

assay

A comparison of the cell viability of cerebellar granule cell cultures exposed to 

different concentrations of EPI, XAL, or CBD (1.25 to 20 µM), for 24 hours was 

performed. Figure 2 a-c illustrates the results of the neurotoxicity assays. It can be 

observed that EPI and XAL, tested at an equivalent content of CBD, elicited a similar 

curve pattern without inducing neurotoxicity per se at any concentration assayed (Fig. 

2a and b). In contrast, the highest concentrations of CBD (15 and 20 µM) evoked a 

significant reduction in cell viability compared with the control group (0 µM; p < 0.001; 

Fig. 2c) and with the lower concentrations (1.25 to 10 µM). A significant potentiation of 
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this neurotoxic effect was observed at 20 µM compared with the elicited by 15 µM of 

CBD (p < 0.001; Fig. 2c). Next, we characterized the neuroprotective effect of EPI in 

comparison with XAL and CBD. Figure 3 a-c illustrates the results obtained from the 

pre-treatment of EPI, XAL, and CBD against rotenone-induced neurotoxicity, 

respectively. As expected from our previous studies,16 the incubation of the cerebellar 

granule cells with rotenone for 24 hours resulted in approximately 40-50 % loss of cell 

viability compared with the control condition (Fig. 3a-c). Similar curves of 

neuroprotection were observed after the EPI and XAL assays. EPI and XAL 1-hour pre-

treatment significantly attenuated cell death induced by rotenone from 2.5 to 20 µM (p 

< 0.001; Fig. 3a and b). However, a quite interesting difference was observed after 1 

hour of CBD pre-treatment (Fig. 3c). While CBD was effective in preventing the 

reduction of cell viability induced by rotenone in the range of 2.5 to 10 µM (p < 0.001; 

Fig. 3c), this effect was not maintained with the highest concentrations of CBD (15 and 

20 µM). A significant reduction of the cell viability compared with the rotenone group 

was observed at CBD 15 and 20 µM (p < 0.01 and p < 0.001, respectively). In addition, 

statistical differences were observed along the concentrations of EPI, XAL, or CBD, 

denoting a concentration-dependence profile, especially for EPI and XAL. In contrast, a 

significant difference was observed between the higher concentrations (15 and 20 µM) 

and the lower 1.25 to 10 µM of CBD (Fig. 3c; to clarify, significance values are shown 

in the figure legend). This profile indicates that EPI (and XAL) has a broader range of 

active doses than CBD. MCT oil (the vehicle of EPI and XAL), did not alter per se the 

cell viability and did not attenuate the damage elicited by rotenone (Supplementary 

Figure 1). In addition, the two highest concentrations of pure CBD (15 and 20 µM) 

prepared in DMSO evoked a significant decrease in cell viability compared with 

the same concentrations of pure CBD prepared in MCT oil (p < 0.001) 

(Supplementary Figure 2).

Neuroprotective effect of EPI in culture assayed by immunocytochemistry 
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The neuroprotective effect of EPI was further addressed with 

immunocytochemistry (Fig. 4). After a pre-treatment with EPI, and the treatment with 

rotenone, the neurite area of the cultured neurons was quantified as an indicator of 

neuronal damage (Fig. 4). Taking into account that the primary cerebellar cell cultures 

used in this study were mainly composed of granular neurons, but also by a small 

proportion of astrocytes,16 we also explored the impact of rotenone on astrocytes. 

Therefore, primary cerebellar cell cultures were immunolabelled with the glial fibrillary 

acidic protein (GFAP). Results showed that in control primary cerebellar cell cultures, 

granular neurons extended bundled neurites (Fig. 4a; arrow), while in rotenone-treated 

cell cultures, a drastic decrease in the area occupied by neurites compared with the 

control group was observed. This finding is consistent with the neuronal damage 

provoked by this drug (Fig. 4b and e; p < 0.0001). Rotenone did not significantly modify 

the GFAP-immunoreactive area (GFAP IR-area) nor the fluorescence intensity (GFAP-

ID) of this astrocytic marker (Fig. 4f and g, respectively). The treatment with EPI did not 

alter per se the neurite area (Fig 4c; e) but attenuated the neuritic damage elicited by 

rotenone (Fig. 4d and e; p < 0.001). Moreover, EPI treatment significantly increased 

GFAP-IR-area and the levels of fluorescence intensity of GFAP (Fig. 4f and g; p < 0.05, 

respectively). The combination of EPI and rotenone denoted a significant difference 

compared with the rotenone-treated cell cultures (Fig. 4f and g; p < 0.05), suggesting 

an interaction between both treatments. 

Discussion

This study reports the neuroprotective effect of EPI, demonstrated using an 

experimental neurotoxicity model, induced by rotenone in cultures of primary cerebellar 

granule cells. The ability of EPI to counteract the rotenone-induced neurotoxicity was 

analyzed biochemically (cell viability) and morphologically on neurons and astrocytes 
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by immunocytochemical assays. EPI showed a neuroprotection concentration curve 

similar to XAL, suggesting that CBD, but not the other components present in EPI, may 

account for its beneficial action. On the other hand, a significant reduction in cell 

viability was observed at very high doses of CBD alone (15 and 20 µM), suggesting 

that other factors, in addition to CBD, collaborate in the neuroprotective action of EPI. 

These findings indicate that some features of the formulation (MCT oil) of both 

commercial cannabis products would counteract the neurotoxicity of CBD present in 

EPI and XAL. In line with this idea, we tested cell viability at the two neurotoxic 

highest concentrations of CBD not only in DMSO but also diluted in MCT oil. As 

expected, we observed a significant difference between both experimental 

conditions (Supplementary Figure 2). 

It has recently been reported that formulations are critical in the bioavailability to 

achieve the optimal therapeutic effect of CBD alone, combined with other cannabinoids 

(e.g., ∆9-THC) or pharmaceutical cannabis-based extracts.24 Also, the anti-

inflammatory effects of cannabinoids seem to vary, depending on the selected 

formulation.25 MCT oil includes lipids with a carbon chain length of 6-12 carbon atoms, 

making MCTs easier to absorb and metabolize than long-chain fatty acids (LCTs). Due 

to these features, MCTs have been proposed as drug vehicles for lipophilic drugs.25,26 

Our results agree with Ramella and colleagues (2020), who reported that MCT could 

represent an excellent lipid source for the formulation of pharmaceutical cannabis-

based extracts.26 Alternatively, it could be thought that a low solubility of MCT in the 

culture medium could require a more extended exposition time of EPI pretreatment (in 

MCT oil) to enter the cell and exert its effects. Taking this issue into account, 

preliminary experiments showed that extending the EPI exposition time from 24 to 48 

hours (in MCT oil) did not induce a reduction in the cell viability, compared with CBD 

under the same schedule, while CBD at higher concentrations (15 and 20 µM) elicited 
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once again a decrease in the cell viability (unpublished data). This result highlights the 

role of the MCT oil (i.e., formulation) in attenuating the CBD neurotoxicity observed at 

high concentrations. 

In opposition to this interpretation, a possible entourage effect27,28 in EPI action 

could explain the absence of neurotoxicity at high concentrations, according to the EPI 

chemical profile. The entourage effect refers to the idea that multiple compounds can 

act in concert or synergically to produce different outcomes.10,28 In fact, Russo and 

McPartland29 and other reports proposed the entourage effect in relation to the clinical 

contribution of CBD, other cannabinoids, terpenoids, and flavonoids in pharmaceutical-

medical cannabis.10,30 However, our results did not support a possible synergistic or 

entourage effect, since EPI showed similar toxicity (Fig. 2a and b) and neuroprotective 

action curves compared to XAL (Fig. 3 a and b). Our findings would a priori rule out the 

participation of other individual substances present in EPI, highlighting the benefit of 

the formulation of MCT oil in the neuroprotective EPI’s effect. 

Additionally, the neuroprotective effect of EPI was morphologically confirmed by 

immunocytochemistry, focused on neurons and astrocytes. GFAP is a marker of 

mature astrocytes, and its abnormal expression occurs in neuroinflammation or 

neurodegenerative processes, among others.22 Since a glia-mediated mechanism 

might be involved in the neuroprotective effects exerted by EPI,31,32 we investigated if 

EPI was able to prevent putative impairments induced by rotenone on astrocytes. 

Rotenone can activate glial cells in cultures eliciting phenotypic changes which could 

be toxic to neurons.33,34 In contrast, rotenone did not modify any parameter in our 

paradigm (Fig. 4f and g). Rotenone inhibits the mitochondrial electron transfer chain 

complex I enhancing the formation of reactive oxygen species (ROS). These events 

lead to a depletion of ATP and mitochondrial dysfunction, eventually ending in 

apoptotic cell death.15,35 A differential sensitivity between neurons and astrocytes to 

rotenone may explain our results. It may be possible that the mitochondrial dysfunction 

and oxidative stress induced by rotenone cannot be counteracted by neurons because 
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of their high-energy consumption and fewer energy resources than astrocytes. In turn, 

although astrocytes have deficient mitochondrial respiration, they can survive as 

glycolytic cells.36 Also, astrocytes have a higher buffering capacity against ROS than 

neurons.37 The increase in intensity levels of GFAP in EPI-pretreated cultures was an 

unexpected result that could be interpreted as an opposite effect regarding its 

neuroprotective effect described below. Increased GFAP expression is associated with 

alterations in astrocyte morphology and reactivity triggered by any alteration in brain 

homeostasis.38 Astrocytes are equipped with several receptors and intracellular 

signaling cascades to respond quickly to environmental changes.38,39 While some 

signals can mediate harmful effects; others can trigger protective and adaptive 

consequences.40 Thus, the phenotype of a reactive astrocyte cannot always be 

predicted from the expression of a single marker like GFAP. It has been reported that 

reactive astrogliosis or astrocyte proliferation can also be neuroprotective since, under 

this condition, the glial cells could provide factors that promote cell survival against 

severe injury or degenerative insults.41,42 Thus, some of these events could underly the 

neuroprotective effect of EPI on GFAP intensity in this group.

The sites of action that explain the beneficial effect of EPI (i.e., mainly due 

to CBD content) on mitochondrial dysfunction induced by rotenone remain to be 

identified in this study, although some hypotheses could be proposed. Several 

studies have suggested mitochondria as targets for cannabinoids,43 as the 

mitochondrial CB1 (mCB1) receptor, plays a relevant role in cell metabolic 

activity.44 However, it is unlikely that the mCB1 receptor could mediate the 

neuroprotective effect of CBD on rotenone-induced neurotoxicity since the CB1 

antagonist (AM251) did not block the neuroprotective effect of CBD on rotenone-

induced neurotoxicity in our previous study.16 We also tested the participation of 

CB2, 5-HT1A receptors,16 and the PPAR gamma receptor activity, and none of 

these targets mediated the beneficial action of CBD in the same paradigm. 

Alternatively, non-receptor-mediated mechanisms involving the inhibition of 
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mitochondrial respiration,45 or mitochondrial biogenesis,46 could be involved. 

Finally, it could be possible that CBD acts as a “neuron conditioner” or “neuron 

protective agent,” conferring tolerance to an oxidant insult like that induced by 

rotenone.47 

Conclusions

The neuroprotective effect of EPI was observed in a wide range of 

concentrations without neurotoxic effects. A similar action profile between EPI and XAL 

strongly suggests that the beneficial property of EPI is mainly due to its CBD content, 

discarding an entourage effect between the different compounds present in this 

cannabis extract. Moreover, while EPI diminished neuronal damage and restored 

morphology, a neuroprotection mechanism involving astrocytes could be hypothesized. 

Our results agree with several preclinical studies showing the potential of CBD as a 

neuroprotective agent.16,42,48,49 While a few clinical trials of the benefits of CBD on 

neurological conditions have been carried out,50,51 further studies are necessary to 

introduce pharmaceutical CBD-based extracts in different neurodegenerative disorders 

clinical trials. Our results highlight the potential benefits of EPI in neurodegenerative 

diseases involving mitochondrial dysfunction. When considering the clinical use of 

pharmaceutical cannabis-based extracts, the purity and concentration of CBD could be 

critical factors. This study also demonstrated that MCT could represent a good lipid 

source for the formulation of medical cannabis-based oils. Therefore, selecting an 

appropriate pharmaceutical formulation could be crucial for the product’s efficacy in 

clinical trials.
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Representative HPLC-DAD chromatogram of EPI (red) and XAL (green), taking the purified and crystallized 
CBD (blue) as a reference sample. The wavelength was set at 210 nm. CBD (a), CBDA (b) and THC (c) are 

indicated. 

139x57mm (300 x 300 DPI) 

Page 26 of 33



 

Neurotoxicity curves of the effect of Epifractan (a), Xalex (b), and CBD (c) exposed for 24 h on the cell 
viability in cerebellar granule cell cultures. Data were expressed as mean ± SEM of cell viability (% of 
control) with respect to different concentrations of CBD content. One-Way ANOVA followed by post hoc 

Tukey multiple comparison test. * = compared with the control group (0 µM). *** = P < 0.001 for 10 and 
20 µM vs. control group. To simplify, a, b, c, d, and e represent the significant differences compared to 1.25, 

2.5, 5.0, 10, and 15 µM of CBD, respectively.   
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Neuroprotective effect induced by 24 h pre-treatment with Epifractan (a), Xalex (b), and CBD (c) against 
rotenone. Data were expressed as mean ± SEM of cell viability (% of control) with respect to different 

concentrations of CBD content. One-Way ANOVA followed by post hoc Tukey multiple comparison test. * = 
compared with the control group (0 µM). ** = P < 0.01; *** = P < 0.0001. To simplify, a, b, c, d, and e 
represent the significant differences compared to 1.25, 2.5, 5.0, 10, and 15 µM of CBD, respectively.   
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Neuroprotective effect of EPI at the morphological level. Representative images of (a) control (b) rotenone-
exposed, (c) one-hour pre-treated with EPI (2.5 μM), and (d) 1-h pre-treated with EPI followed by rotenone-

exposed cerebellar granule cell cultures. Cytoskeleton marker anti-Tyr tubulin (green), astrocytic marker 
GFAP (orange). Overlapping images with both markers and nuclei stained with Hoechst 33258 dye (blue) are 

shown in the right column. Plots (e-g) show a quantitative assessment of the neurite area (calculated as 
Tubulin-IR area – nuclei - GFAP-IR area), the GFAP-IR area, and the integrated density (ID) of GFAP 

fluorescence, respectively. Data were expressed as mean ± SEM (% of control). One-Way ANOVA followed 
by post hoc Tukey multiple comparison test. * = compared with the control group; + = compared with the 

rotenone group. / = compared with the EPI group. *,/ = P < 0.05; ***,+++ = P < 0.0001. Arrows, 
neurites; arrowheads, astrocytes.  Scale bar = 50 µm. 
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Figure legends

Figure 1: Representative HPLC-DAD chromatogram of EPI (red) and XAL (green), 

taking the purified and crystallized CBD (blue) as a reference sample. The wavelength 

was set at 210 nm. CBD (a), CBDA (b) and THC (c) are indicated.

Figure 2. Neurotoxicity curves of the effect of Epifractan (a), Xalex (b), and CBD (c) 

exposed for 24 h on the cell viability in cerebellar granule cell cultures. Data were 

expressed as mean ± SEM of cell viability (% of control) with respect to different 

concentrations of CBD content. One-Way ANOVA followed by post hoc Tukey multiple 

comparison test. * = compared with the control group (0 µM). *** = P < 0.001 for 10 and 

20 µM vs. control group. To simplify, a, b, c, d, and e represent the significant 

differences compared to 1.25, 2.5, 5.0, 10, and 15 µM of CBD, respectively.  

Figure 3. Neuroprotective effect induced by 24 h pre-treatment with Epifractan (a), 

Xalex (b), and CBD (c) against rotenone. Data were expressed as mean ± SEM of cell 

viability (% of control) with respect to different concentrations of CBD content. One-

Way ANOVA followed by post hoc Tukey multiple comparison test. * = compared with 

the control group (0 µM). ** = P < 0.01; *** = P < 0.0001. To simplify, a, b, c, d, and e 

represent the significant differences compared to 1.25, 2.5, 5.0, 10, and 15 µM of CBD, 

respectively.  

Figure 4. Neuroprotective effect of EPI at the morphological level. Representative 

images of (a) control (b) rotenone-exposed, (c) one-hour pre-treated with EPI (2.5 μM), 

and (d) 1-h pre-treated with EPI followed by rotenone-exposed cerebellar granule cell 

cultures. Cytoskeleton marker anti-Tyr tubulin (green), astrocytic marker GFAP 

(orange). Overlapping images with both markers and nuclei stained with Hoechst 

33258 dye (blue) are shown in the right column. Plots (e-g) show a quantitative 
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assessment of the neurite area (calculated as Tubulin-IR area – nuclei - GFAP-IR 

area), the GFAP-IR area, and the integrated density (ID) of GFAP fluorescence, 

respectively. Data were expressed as mean ± SEM (% of control). One-Way ANOVA 

followed by post hoc Tukey multiple comparison test. * = compared with the control 

group; + = compared with the rotenone group. / = compared with the EPI group. *,/ = P 

< 0.05; ***,+++ = P < 0.0001. Arrows, neurites; arrowheads, astrocytes.  Scale bar = 50 

µm.

Supplementary Figures 

Figure 1. Cell viability in cerebellar granule cell cultures exposed for 24 h to different 

concentrations of MCT alone (a) or combined with rotenone (b). Data were expressed 

as mean ± SEM of cell viability (% of control). One-Way ANOVA followed by post hoc 

Tukey multiple comparison test. Non-statistical differences were observed.

Figure 2. Cell viability in cerebellar granule cell cultures exposed for 24 h to the 

highest concentrations of CBD dissolved in DMSO or MCT. One-Way ANOVA 

followed by post hoc Tukey multiple comparison test. * = compared between 

concentrations of CBD; + = compared between vehicles. ***,+++ = P < 0.0001.
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