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    Source of cannabinoids: what is available, what is used and where does it come from?


    Nicola Specchio, Nicola Pietrafusa, Helen J. Cross


    
       
    


    
      Currently, cannabis-based medications are widely perceived to represent an alternative therapeutic strategy for many different diseases, approved from 2011 in many European countries (Abuhasira et al., 2018). That aside, they do not represent a single compound. The Cannabis plant contains about 565 compounds, among which 120 are cannabinoids (ElSohly et al., 2017). The most abundant of these are cannabidiol (CBD) and delta-9-tetrahydrocannabinol (THC). THC, a partial agonist of cannabinoid type 1 (CB1) receptors, mostly located in the brain in the inhibitory (GABA)ergic and excitatory glutamatergic neurons, is responsible for the psychoactive effects (Hill et al., 2012).
    


    
      Cannabinoids are used in many fields of medicine (table 1: some examples are spasticity (e.g. multiple sclerosis) (Lynch and Campbell, 2011), chronic pain (e.g. oncologic and neuropathic pain) (Noyes et al., 1975; Bestard and Toth, 2011; Aggarwal and Blinderman, 2014) resistant to corticosteroids or opioids (Aggarwal and Blinderman, 2014), chemotherapy-related nausea and vomiting (Smith et al., 2015), cachexia and anorexia in patients with cancer or AIDS (Beal et al., 1997), glaucoma resistant to conventional therapies (Tomida et al., 2006), facial and body movements associated with Gilles de la Tourette syndrome (Müller-Vahl, 2013), and many other clinical conditions (Holdcroft et al., 1997, 2006; Tomida et al., 2006; Skrabek et al., 2008; Robbins et al., 2009). Sativex (oromucosal spray THC/CBD 1:1) is a therapeutic add-on option, approved for un-responsive spasticity in multiple sclerosis patients, used in several European countries (Barnes, 2006). Several studies suggest that CBD can be also effective for neuropsychiatric disorders, including anxiety and schizophrenia (Russo, 2008; Rong et al., 2017). CBD may also be effective in treating post-traumatic stress disorder and may have anxiolytic, antipsychotic, antiemetic, and anti-inflammatory properties (Borgelt et al., 2013; Whiting et al., 2015; Pisanti et al., 2017).
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      Cannabis use has become increasingly prevalent in patients with epilepsy. In animal models, THC has primarily anticonvulsant properties but is pro-convulsant in some species (Devinsky et al., 2014). The molecule most studied for the treatment of epilepsy is CBD (Friedman and Devinsky, 2016). Anecdotal reports of individual children with drug-resistant epilepsy who appeared to have a miraculous response to CBD-enriched oils has fuelled public interest. In 2013, a five-year-old girl named Charlotte, with SCN1A-confirmed Dravet syndrome (DS) and up to 50 generalized tonic-clonic seizures daily, obtained a greater than 90% reduction in her seizures after three months of treatment with high-CBD-strain cannabis extract (later marketed as “Charlotte’s Web”) (Maa and Figi, 2014).
    


    
      Subsequently, Porter and Jacobson reported on an internet-based survey in which 84% of parents who had administered CBD-enriched cannabis extract to 19 children with intractable epilepsy reported a significant reduction in seizure frequency (Porter and Jacobson, 2013). In 2015, Hussain et al. (2015) conducted a survey with similar results. Similar case reports, surveys, and small retrospective chart reviews suggested CBD may improve seizure control, alertness, mood, and sleep (Schonhofen et al., 2018).
    


    
      This phenomenon has encouraged a high level of interest among physicians, medicinal chemists, pharmaceutical companies, and the general population, and led to impassioned pleas from families with children with severe epilepsy for access to cannabis derivatives (Filloux, 2015).
    


    
      In January 2016, a retrospective Israeli study describing the effect of CBD-enriched medical cannabis on children with epilepsy was published (Tzadok et al., 2016). In this study, 74 patients with intractable epilepsy were enrolled and started on cannabis oil extract, continued for at least three months (average: six months). The selected formula contained CBD and THC at a ratio of 20:1 in olive oil. Seizure frequency was assessed according to a parental report during clinic visits. The results showed a reduction in seizure frequency in 89% of all children enrolled, with improvement in behaviour and alertness, language, communication, motor skills, and sleep.
    


    
      In a recent meta-analysis (Pamplona et al., 2018), the data from 11 studies provided strong evidence in support of the therapeutic value of high-CBD treatments (CBD-rich cannabis extracts/purified CBD), at least as far as this population of 670 patients was concerned; patients treated with CBD-rich extracts reported a lower average dose (6.1 mg/kg/day) than those using purified CBD (27.1 mg/kg/day).
    


    
      Randomised controlled trials of pharmaceutically prepared CBD have shown benefit for DS and Lennox Gastaut syndrome (LGS) (Devinsky et al., 2017, 2018; Thiele et al., 2018, 2019). Studies are underway to evaluate CBD efficacy for a broader range of epilepsy syndromes and more than 20 trials are currently listed on ClinicalTrials.gov.
    


    ■ Products available


    
      The US Food and Drug Administration (FDA) has approved Epidiolex (GW Pharma) CBD oral solution for the treatment of seizures associated with LGS and DS, in patients two years of age and older (FDA, 2018) In July 2019, the European Medicines Agency (EMA) granted marketing authorisation for Epidyolex, “indicated for use as adjunctive therapy of seizures associated with LGS or DS, in conjunction with clobazam, for patients two years of age and older”. Detailed recommendations will be published following marketing authorisation by the European Commission (European Medicines Agency, 2019).
    


    
      In anticipation of the commercialization of Epidyolex in Europe, the spectrum of medical cannabis products for epilepsy is significantly large. Artisanal cannabis products with variable ratios of CBD:THC soon became available across many countries and states. Users obtained products from government dispensaries and through internet purchasing (including Charlotte’s Web). Public interest in CBD products has partly been based on the belief that “natural” products may be safer with fewer adverse effects than conventional AEDs.
    


    
      To date, several galenic products are available, according to European Pharmacopeia: cannabis decoction filter bags, unit dose formulation for inhalation, and cannabis extracts, mainly in olive oil.
    


    
      Cannabis based preparations are mainly distinguished as CBD dietary supplements, and “CBD-enriched oils”, obtained from extraction of different Cannabis sativa L. chemotypes with high content of CBD, are the most popular products used. CBD is not a controlled substance in the European Union; several companies produce and distribute CBD-based products obtained from inflorescences of industrial hemp varieties. No analytical controls are mandatory and no legal protection or guarantees about the composition and quality, nor obligatory testing or basic regulatory framework to determine indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life, and stability are required.
    


    
      Magistral preparations from cannabis plants are more acceptable and have been approved by 10 more European countries (Abuhasira et al., 2018). Most of the regulators allow physicians to decide on the specific indications for prescription of cannabis-based products, but some regulators dictate only few specific indications. As opposed to herbal cannabis, cannabinoid-based medicines are authorized by the FDA and by most of the countries in Europe. Many countries have changed their legislation about medical cannabis in recent years and it is likely that the regulations will continue to change in the future. It should be noted that in many countries, there is a considerable gap between official authorization, which may be quite permissive, to actual access of patients to medical cannabis (Abuhasira et al., 2018).
    


    
      Galenical “CBD oil” is prepared by pharmacists following medical prescriptions in several European Union countries such as Germany, Italy and Holland. The German Drug Codex (DAC), which is published by the Federal Union of German Associations of Pharmacists (ABDA) and functions as a supplementary book to the Pharmacopoeia, suggests a preparation of 5 % CBD in medium chain triglyceride oil, also indicating detailed analytical controls of galenic preparations (DAC, 2015). Six different varieties are available on the market in Europe, with standardized THC and CBD concentrations: Bedrocan, Bedrobinol, Bediol (from C. sativa, with 22%; 13.5% and 6.5% mean THC and <1%, <1% and 8% mean CBD, respectively), Bedica (from C. indica, with 14% THC and <1% CBD), Bedrolite (from C. sativa, with approximately 0.4% THC and 9% CBD) and Bedropuur (from C. indica, with high-THC and <1% CBD).
    


    
      Poor levels of standardization are currently applied to the galenic preparation of cannabis oil extracts and there is a lack of regulatory measures that have resulted in insufficient quality control of artisanal preparations. Laboratory analyses have shown that most products have significantly different contents of individual cannabinoids compared with their marketing label (Vandrey et al., 2015). Carcieri et al. (2018) highlighted broad variability in THC and CBD concentrations, and showed that the interlot variability in extraction yields was higher for Bedrocan-based preparations, whereas Bediol-based preparations showed significantly higher extraction yields for both THC (compared to Bedrocan) and CBD (compared to Bedrolite).
    


    
      Analytical controls are not mandatory for CBD-based products, leaving consumers with no legal protection or guarantees about the composition and quality of the product they are acquiring. Currently, CBD-based products are not subject to any obligatory testing or basic regulatory framework to determine the indication area, daily dosage, route of administration, maximum recommended daily dose, packaging, shelf life, or stability (box 1).
    


    
      Among the above-mentioned strains, Bedrolite with CBD and THC contents of 9% and <1%, respectively, is frequently used for the preparation of galenic “CBD-based oil”. Moreover, pharmacies are allowed to distribute CBD oils obtained from hemp but declared as additives or aromatic preparations if produced in Italy, or designed as dietary supplement if imported from other European countries. “CBD-enriched oils”, obtained from extraction of different Cannabis sativa L. chemotypes with high content of CBD, are the most popular products used.
    


    
      Since CBD, in contrast to THC, is not a controlled substance in the European Union, several companies produce and distribute CBD-based products obtained from inflorescences of industrial hemp varieties. The extraction procedure is called “supercritical CO2 extraction”, which provides an extract rich in CBD from the cannabis. There are different biological active compounds that can be isolated during the extract procedures: omega-3 fatty acids, vitamins, terpenes, flavonoids, and other phytocannabinoids such as cannabichromene (CBC), cannabigerol (CBG), cannabinol (CBN), and cannabidivarian (CBCV) (Calvi et al., 2018). During the extraction procedure, non-cannabinoid compounds are also isolated. Terpenes represent the largest group (more than 100 different molecules) of cannabis phytochemicals. These compounds have the ability to easily cross cell membranes and the blood-brain barrier. An entourage effect between cannabinoids and terpenes as a result of synergistic action has been hypothesized (Russo, 2011; Aizpurua-Olaizola et al., 2016).
    


    
      With regards to cannabis macerated oils, there are major concerns about correct preparation methods and conditions regarding the evolution of major and minor compounds (cannabis and terpenes) during storage in order to define the ideal shelf-life (including storage temperature). Pavlovic et al. (2018) demonstrated, by analysing CBD oils commercially available in European countries, a high degree of variability of CBD concentrations in commercialized CBD oil preparations. The quality of 14 CBD oil preparations produced in different European countries and purchased on the internet was evaluated. Bedrolite macerated oil prepared as a galenic product was used as a reference therapeutic formulation. Nine out of the 14 samples studied had concentrations that differed notably from the declared amount, while CBD for the remaining five was within optimal limits (variation <10%).
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      Overall, we might conclude that there is a huge variation in the quality and safety of the CBD-based preparations available on the market. Clear labelling regarding the exact concentration of CBD is not yet mandatory, CBD concentrations are not always in accordance with producer information, and there is extreme variability in the commercialized CBD oil preparations, justifying the need for stricter regulations/controls.
    


    
      One further study has been published with similar results (Bonn-Miller et al., 2017). The aim of this article was to advise how to read CBD/cannabinoid product labels. Through an internet search with the following keywords, “CBD”, “cannabidiol”, “oil”, “tincture”, and “vape”, performed between September 12, 2016, and October 15, 2016, CBD products available for online retail purchase that included CBD content on the packaging were identified. Eighty-four products were purchased and analysed. Observed CBD concentration ranged between 0.10 mg/mL and 655.27 mg/mL (median: 9.45 mg/mL). Median labelled concentration was 15.00 mg/mL (range: 1.33-800.00 mg/mL). With respect to CBD, 42.85% (95% CI : 32.82%-53.53%) of products were under-labelled (n = 36), 26.19% (95% CI : 17.98%-36.48%) were over-labelled (n = 22), and 30.95% (95% CI: 22.08%-41.49%) were accurately labelled (n = 26). The 26% of products that contained less CBD than labelled could have negated any potential clinical response. The level of CBD in the over-labelled products in this study is similar in magnitude to levels that triggered warning letters to 14 businesses in 2015-2016 from the US Food and Drug Administration (i.e. actual CBD content was negligible or less than 1% of the labelled content), suggesting that there is a continued need for federal and state regulatory agencies to take steps to ensure accuracy of labelling of these consumer products. Under-labelling is less concerning as CBD appears to neither have abuse liability nor serious adverse consequences at high doses, however, the THC content observed may be sufficient to produce intoxication or impairment, especially among children. Although the exclusive procurement of products online is a study limitation given the frequently changing online marketplace, these products represent the most readily available to US consumers. Additional monitoring should be conducted to determine changes in this marketplace over time and to compare internet products with those sold in dispensaries. These findings highlight the need for manufacturing and testing standards, as well as oversight of medicinal cannabis products.
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