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Introduction: There is growing recognition of the potential of cannabis to treat various medical conditions and symptoms, such as chronic pain, spasticity, and epilepsy. However, one of the biggest challenges is the assurance of a standardized cannabis product that contains a consistent amount of its main psychoactive substances delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), and which is compliant with predetermined specifications for these compounds. This is crucial not only to ensure consistent cannabis quality and dosage for patients but also to effectively translate research findings into clinical practice.Methods: This systematic literature review provides an overview of the effects of standardized cannabis products from Bedrocan, a leading Dutch producer of pharmaceutical-quality standardized medicinal cannabis.Results: Cannabis administration to healthy volunteers induces dose-dependent acute effects, such as rapidly rising THC and CBD blood concentrations, the subjective experience of high and anxiety, slower reaction time and impaired attention, learning and working memory. Patient studies suggest that treatment with medicinal cannabis reduces pain intensity across a broad range of chronic pain-related medical conditions. Medicinal cannabis showed a mild safety profile, with minor and transient side effects, such as feeling high, coughing and mental confusion. The strength of acute effects, the experience of side effects and the drop-out rate in patient studies may depend on cannabis dose, cannabis composition (CBD:THC ratio), and cannabis use history of participants.Conclusion: Safety and efficacy of standardized medicinal cannabis products should be further investigated in randomized clinical trials with sufficient sample size, with particular focus on cannabis dose and composition, age and differences between males and females.Keywords: tetrahydrocannabinol (THC), cannabidiol (CBD), Bedrocan, medicinal cannabis, chronic pain, side effects
1 INTRODUCTION
Cannabis is the most used illicit drug with an estimation of 192 million users worldwide (United Nations Office on Drugs and Labor, 2021). Beyond its recreational use, there is a growing recognition of its potential to relieve various medical conditions and symptoms such as chronic pain, spasticity, and epilepsy (Bilbao and Spanagel, 2022). However, one of the biggest challenges is the assurance of a standardized cannabis product that contains a consistent amount of the main psychoactive substances delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) (Cooper et al., 2021; Romero-Sandoval et al., 2018). The availability of standardized cannabis products is crucial not only to ensure consistent cannabis quality and dosage for patients treating their medical conditions over time, but also in translating research findings on its safety and efficacy from healthy volunteers, to patient populations and into clinical practice.
The cannabis plant is often categorized as a single drug, but the plant contains over 500 chemicals and >100 unique cannabinoids of which the two most studied are THC and CBD (Pertwee, 2014). The main reason for its recreational use is its broad range of acute psychotropic effects, such as feeling high, relaxation and euphoria (Green et al., 2004; Mané et al., 2015). However, it is also demonstrated that THC can cause unwanted side effects such as anxiety, paranoia and impairing effects on the cognitive domains of learning, memory and attention (Karila et al., 2014; Kroon et al., 2021; Zhornitsky et al., 2021). CBD on the other hand does not possess these intoxicating properties. It is thought that CBD may attenuate some of the negative effects associated with THC, such as anxiety and psychosis-like symptoms, although inconsistent findings have been reported (Freeman et al., 2019a; Niesink and van Laar, 2013). The acute effects of both THC and CBD are therefore important to consider when selecting cannabis products for the treatment of different medical conditions.
In the Netherlands, there are currently only two approved cannabis products for a specific medical indication: Sativex®, a CBD/THC sublingual spray prescribed for the treatment of spasticity symptoms in multiple sclerosis (Baratta et al., 2022), and Epidiolex®, a CBD-only oral solution indicated for the treatment of seizures associated with rare childhood epilepsy syndromes such as Lennox-Gastaut and Dravet syndrome (Arzimanoglou et al., 2020). In addition, for a variety of other medical conditions and symptoms including chronic pain, neuropathic pain and sleep problems, standardized medicinal cannabis products from Bedrocan, the world’s most experienced producer of standardized medicinal cannabis based in the Netherlands, are prescribed through a special access program by medical professionals (Ekhart et al., 2023). They have been cultivating standardized cannabis varieties on behalf of the Dutch government since 2003. Through a combination of stable plant genetics and state of the art production techniques, Bedrocan has the capacity to produce pharmaceutical-quality cannabis products according to guidelines for Good Medicinal Cannabis Cultivation Practice (GMCCP) and Good Manufacturing Practice (GMP) (Quality standards: GMP and GMCCP, 2024). Currently Bedrocan cultivates five different cannabis varieties with different THC and CBD composition and unique terpene and minor cannabinoid profiles. Bedrocan® (THC 22%; CBD <1.0%), Bedrobinol® (THC 13.5%; CBD <1.0%), Bediol® (THC 6.3%; CBD 8%), Bedica® (THC 14%; CBD <1.0%) and Bedrolite® (THC <1.0%; CBD 7.5%) are from sativa plants, and Bedica® (THC 14%; CBD <1.0%) from indica plants (Cannabis Products by Bedrocan, Bedrocan 2024). Although Bedrocan products have not yet received regulatory approval to be prescribed for a specific medical indication, these high-quality standardized cannabis products have become widely available for patients, pharmacies, and clinical research.
Over the years, an increasing number of human studies have been performed with administration of Bedrocan standardized cannabis products, both in healthy volunteers (e.g., Lawn et al., 2023; Oliver et al., 2023; van Dam et al., 2023) and in patients, primarily those with a pain-related medical condition (e.g., Aviram et al., 2022; Nunnari et al., 2022). Although some of these studies have been included in excellent reviews that describe the acute effects of cannabis in healthy volunteers and the impact of medicinal cannabis treatment in patients (e.g., Fisher et al., 2021; Kroon et al., 2021), the aim of the current systematic literature review is to provide a detailed overview of studies that investigated the effects of Bedrocan standardized cannabis products in both healthy volunteers and patients. This will provide more insight into the safety and efficacy of standardized cannabis, which unfortunately is still uncommon. Knowledge about cannabis with a stable chemical composition is crucial for medical professionals, especially when considering the number of active compounds present in cannabis (Pertwee, 2014). In this way patients are guaranteed to get consistent cannabis quality and dosage for treating their medical conditions over time but it is also important in translating research on its efficacy and safety into clinical practice. Better understanding of standardized medicinal cannabis products will assist medical professionals in the selection of products and dosages, particularly in the absence of standardized dosing regimens for various medical conditions treated with medicinal cannabis (Bhaskar et al., 2021; Carter et al., 2004). The reviewed papers addressed the acute effects of standardized cannabis in healthy volunteers, in particular on pharmacokinetics, subjective experiences, cognitive function, and the influence of CBD:THC ratios on these acute outcome measures. Studies in patients examined the impact of medicinal cannabis treatment on pain-related and other medical conditions, but also provide the opportunity to systematically review reported side effects associated with standardized medicinal cannabis treatment.
2 METHODS
2.1 Search strategy and data inclusion
This review was conducted in line with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines (Page et al., 2021). An electronic literature search was performed on 4 December 2023, using the following criteria in the PubMed database (Title/Abstract): (“cannabis” OR “marijuana” OR “marihuana” OR “THC’ OR “tetrahydrocannabinol” OR “CBD” OR “Cannabidiol”) AND (“placebo” OR “Bedrocan” OR “medical” OR “medicinal”). Reports in English and studies with human participants were additional filters, resulting in a total of 6.439 papers. Titles, abstracts, and methods (information about drug administration) were screened for eligibility by a first (NL) and second reviewer (MB or MK). The only requirement for inclusion in the current literature review was the use of one of the available Bedrocan cannabis varieties (Bedrocan®, Bedrobinol®, Bediol®, Bedica® and/or Bedrolite®). Review articles, book chapters and commentaries were excluded. Both studies in healthy volunteers and patients were included and there was no exclusion based on publication year. Finally, references of included papers were examined to ensure the inclusion of additional relevant studies. All papers were read by NL, and an overview of the results according to the PICO framework (Schardt et al., 2007) was discussed between NL and MB. Based on this discussion, it was decided that research in healthy volunteers could be divided into four topics; every included paper presented data of at least one of the selected topics. Research topics that were selected were: 1) pharmacokinetics of THC and CBD, 2) acute subjective experiences, 3) impact on cognitive assessments, and 4) influence of CBD:THC ratios on acute outcome measures. Additionally, a division between studies in patients and case studies was made. Data was extracted by NL, including study design, sample size, mean age, sex, Bedrocan variety, THC and CBD content, route of administration, dosing regimen, and outcome measures per topic in the healthy volunteer studies. For the patient studies, data about indication, primary outcome measure, and side effects were also extracted. Since we aimed to include all types of studies in our systematic review to provide a comprehensive overview of studies conducted with Bedrocan products, we did not use a risk of bias tool. This is because such tools are typically designed for randomized controlled trials (RCTs), and there is currently no gold standard for assessing the risk of bias for non-randomized studies (Farrah et al., 2019; Quigley et al., 2019).
3 RESULTS
A total of 60 papers were identified and included in the current systematic literature review. 49 of these papers were found through the electronic literature search in PubMed and 11 through references of the selected papers, see also Supplementary Material and Supplementary Figure S1 for the PRISMA flow diagram and an overview of the included articles.
3.1 The acute effects of standardized cannabis in healthy volunteers
37 papers (38 studies; Mokrysz et al. (2021) included two studies in their paper) reported on the acute effects of standardized cannabis in healthy volunteers. In general, 21 studies (55%) administered the cannabis variety Bedrobinol®, 16 studies (42%) Bedrocan®, 9 (24%) studies Bedrolite®, and 5 studies (13%) used Bediol®. Please note that because studies can use more than one variety the percentage does not add up to 100%. 31 studies (82%) included an additional placebo condition. The route of cannabis administration was for 27 studies (71%) through vapor inhalation and for 11 studies (29%) through smoking. Lastly, 30 studies (79%) administered a single dose of cannabis (12 studies (40%) in a single session and 18 (60%) in multiple sessions), 7 studies administered multiple dosages of cannabis (4 (57%) in a single session and 3 (43%) in multiple sessions), and in one study participants received either a single cannabis administration or 3 successive administrations in a single session. Research topics addressed in these papers could be subdivided into the following four categories: 1) pharmacokinetics of THC and CBD, 2) acute subjective experiences, 3) impact on cognitive assessments, and 4) influence of CBD:THC ratios on acute outcome measures. Papers related to each topic are summarized in Tables 1–4. Papers can be included in several tables due to the report of multiple outcome measures in one study. In case papers presented data derived from the same study, these papers were grouped together in the first column of Tables 1–4.
TABLE 1 | Overview of studies investigating pharmacokinetics after cannabis administration.
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25 papers reported data on the pharmacokinetics of THC, CBD, and/or their metabolites after smoking or inhalation of standardized cannabis (Table 1). Although drug delivery through smoking and inhalation is comparable in terms of drug absorption, smoking is highly discouraged by healthcare professionals because of its harmful effects (Chaiton et al., 2022). The main reason that smoking is used as route of administration in studies with healthy volunteers is that it is the preferred consumption method for recreational cannabis use (Grotenhermen, 2003; United Nations Office on Drugs and Labor, 2021). THC concentrations were reported in all papers. Peak THC concentrations measured in blood (serum, plasma, and whole blood) were shown directly after and up to 30 min following cannabis administration (depending on the timing of blood sampling). However, substantial inter-individual variability in these concentrations was observed. Two studies administered cannabis with different doses of THC (Bedrocan® or Bedrobinol®) and demonstrated a dose-dependent increase in THC concentrations in blood (Hunault et al., 2008; Hunault et al., 2014; Ramaekers et al., 2006a; Ramaekers et al., 2006b). Four studies also administered CBD-dominant cannabis or cannabis containing a combination of both THC and CBD (Arkell et al., 2020; Chester et al., 2022; de Bruijn et al., 2017; Englund et al., 2023; Hutten et al., 2022; Lawn et al., 2023; Oliver et al., 2023; Skumlien et al., 2023) and demonstrated a dose-dependent increase in CBD plasma concentrations. Finally, four studies investigated the impact of cannabis use experience on THC concentrations (Fabritius et al., 2013; Mason et al., 2021; Ramaekers et al., 2009; Ramaekers et al., 2022) and showed that inhaling an equal dose of Bedrobinol® resulted in significantly higher THC concentrations in chronic compared to occasional cannabis users. Altogether, kinetic findings indicate a dose-dependent increase in THC and CBD blood levels shortly after standardized cannabis administration (smoking or vaporizing) which may be influenced by cannabis use history.
3.1.2 Acute subjective experiences
29 papers (consisting of 21 unique studies) reported on subjective experiences after administration (smoking or vaporizing) of standardized cannabis to healthy volunteers in comparison to placebo, see Table 2. All studies reported acute subjective effects of feeling stoned, high, or intoxicated, which were present within 5 min and peaked at or shortly after standardized cannabis administration. Effects appeared to be dose-dependent, with both stronger effects of feeling high and unwanted drug effects after cannabis with higher doses of THC (Hunault et al., 2008; Hunault et al., 2009; Hunault et al., 2014; Kowal et al., 2015a; Kowal et al., 2015b). Six studies also assessed subjective anxiety (Arkell et al., 2020; Freeman et al., 2021; Hunault et al., 2008; Hunault et al., 2009; Hunault et al., 2014; Lawn et al., 2023; Mokrysz et al., 2016; Mokrysz et al., 2021) and five of these studies reported increased feelings of anxiety after THC-containing cannabis administration (either THC-dominant cannabis or cannabis with THC and CBD combined) (Arkell et al., 2020; Hunault et al., 2008; Hunault et al., 2009; Hunault et al., 2014; Lawn et al., 2023; Mokrysz et al., 2016; Mokrysz et al., 2021). Subjective ratings of anxiety after cannabis (Arkell et al., 2020; Lawn et al., 2023) were more pronounced in adults than in adolescents (Mokrysz et al., 2016; 2021). Other acute subjective experiences that were reported after THC-containing cannabis included feelings of increased sedation, confusion, paranoia and diminished alertness and energy (Arkell et al., 2020; Battistella et al., 2013; Fabritius et al., 2013; Freeman et al., 2021; Hunault et al., 2008; 2009; 2014; Mokrysz et al., 2016; Mokrysz et al., 2021; Spronk et al., 2016b; Spronk et al., 2016b; Spronk et al., 2016c; van Dam et al., 2023. Administration of CBD-dominant cannabis did not induce any subjective effects including feeling high and anxiety (Arkell et al., 2020; de Bruijn et al., 2017; Hutten et al., 2022). Altogether, these studies suggest dose-dependent subjective cannabis effects of feeling high or stoned, which are present shortly after administration of THC-containing cannabis. In addition, more negative drug effects are also reported, such as feelings of anxiety, confusion, and paranoia. CBD-dominant cannabis does not seem to induce acute subjective effects.
3.1.3 Impact on cognitive assessments
22 papers (consisting of 21 unique studies) reported on cognitive effects after administration (smoking or vaporizing) of standardized cannabis in comparison to placebo, see also Table 3. First, 21 cognitive tasks measuring for example, attention, processing speed, and memory reported on changes in reaction time. On most of these cognitive tasks (16 out of 21), THC-containing cannabis resulted in a significant delay in response time (Arkell et al., 2020; Hunault et al., 2009; Ramaekers et al., 2009; 2011; Ramaekers et al., 2006a; Ramaekers et al., 2006b; Spronk et al., 2016a; Spronk et al., 2016b; Spronk et al., 2016c). In 11 of the 12 tasks that also included a measure of performance accuracy, it was demonstrated that the delay in response time after THC-containing cannabis was accompanied by impaired performance accuracy (Arkell et al., 2020; Hunault et al., 2009; Ramaekers et al., 2011; Ramaekers et al., 2006a; Ramaekers et al., 2006b; Spronk et al., 2016a; Spronk et al., 2016b). Second, THC-containing cannabis led to a significant decline in attention on all 11 tasks that measured any form of attention (Arkell et al., 2020; Englund et al., 2023; Hunault et al., 2009; Mason et al., 2019; 2021; Oliver et al., 2023; Ramaekers et al., 2009; 2011; 2022; Spronk et al., 2016b). 3 tasks (2 sustained attention and 1 divided attention) showed that impaired attention was present after administration of THC-dominant cannabis (Bedrobinol®) to occasional but not to chronic cannabis users (compared to placebo), which suggests tolerance to the acute cannabis effects on attention in more long-term cannabis users (Mason et al., 2021; Ramaekers et al., 2009; Ramaekers et al., 2022). Only Ramaekers et al. (2009) included other cognitive measures and demonstrated that occasional users also performed worse on perceptual motor control (critical tracking task) in comparison to placebo. Third, 11 tasks examined the acute effects of THC-containing cannabis on performance of learning and/or memory (Arkell et al., 2020; Englund et al., 2023; Freeman et al., 2021; Hunault et al., 2009; Kloft et al., 2020; Lawn et al., 2023; Mokrysz et al., 2016; Spronk et al., 2016b). THC-containing cannabis caused impaired immediate and delayed recall (Englund et al., 2023; Freeman et al., 2021; Lawn et al., 2023; Mokrysz et al., 2016), and an increase in susceptibility to false memory was demonstrated with THC-dominant cannabis (Bedrobinol®) (Kloft et al., 2020). THC-containing cannabis also significantly impaired driving performance as indicated by greater lane weaving during driving compared to placebo (Arkell et al., 2020). Fourth, Arkell and colleagues demonstrated that there were no significant differences between placebo and CBD-dominant cannabis (Bedrolite®, 13.75 mg CBD) on the performance of processing speed, memory, attention and planning tasks, nor on driving performance (Arkell et al., 2020). Finally, Hunault et al., 2009 administered cannabis with three different doses of THC (29.3, 49.1, and 69.4 mg) and demonstrated dose-dependent effects on both reaction time and performance of cognitive tasks measuring motor control, attention, and memory, with stronger cognitive impairment after a higher dose. Altogether, these findings imply that THC-containing cannabis can induce slower reaction time and impaired attention and memory. These effects are more pronounced with the administration of cannabis with higher THC doses. CBD-dominant cannabis (Bedrolite®) does not seem to affect cognitive function.
3.1.4 Influence of CBD:THC ratios on acute outcome measures
11 studies examined the impact of CBD content on acute outcome measures by comparing the effects of THC-dominant cannabis to those of CBD/THC-containing cannabis, see Table 4. Chester and colleagues investigated the effects of THC-dominant cannabis and CBD/THC-containing cannabis on plasma THC and CBD levels. This study demonstrated that adding 10, 20 or 30 mg CBD to 10 mg THC did not influence THC plasma levels (Chester et al., 2022). CBD had an effect on subjective ratings, which were significantly higher after THC-dominant compared to THC/CBD-containing cannabis that contained the same level of THC (Arkell et al., 2020; Hutten et al., 2022). With regard to the experience of psychotic-like symptoms, THC-dominant cannabis did not differ from CBD/THC-containing cannabis (Englund et al., 2023; Mokrysz et al., 2021). 5 of the 11 studies compared the effects of THC-dominant cannabis to those of CBD/THC-containing cannabis on a variety of cognitive tasks (Arkell et al., 2020; Englund et al., 2023; Lawn et al., 2016; Oliver et al., 2023; Skumlien et al., 2023). On tasks measuring driving performance (Arkell et al., 2020), working memory (spatial N-back and digit span) (Englund et al., 2023), attentional bias (Oliver et al., 2023), verbal learning and verbal episodic memory (Englund et al., 2023; Lawn et al., 2023), no significant differences were found between THC-dominant and CBD/THC-containing cannabis. Lawn and colleagues demonstrated that THC-dominant cannabis induced an overall reduction in motivation as evidenced by a lower likelihood of making a high-effort choice to earn monetary reward. Cannabis with THC and CBD did not appear to reduce this effect but did moderate THC’s effects on expected value to some extent (Lawn et al., 2016). Lastly, neuroimaging studies demonstrated that compared to THC/CBD-equivalent cannabis, administration of THC-dominant cannabis induced a significant reduction in functional connectivity of both the salience network (Wall et al., 2019) and the limbic striatum network, (Wall et al., 2019; Wall et al., 2022), whereas the brain’s anticipatory reward response to money was unaffected (Skumlien et al., 2023). Altogether, when acute effects are compared between THC-dominant and THC/CBD-containing cannabis, it is shown that CBD content may mitigate feelings of anxiety and some of the negative effects of THC-dominant cannabis on functional network connectivity. However, CBD content did not attenuate any of the other acute effects of THC-dominant cannabis, including pharmacokinetics, behavior (psychotic symptoms), subjective experiences (feeling high), and cognition (learning; memory), even up to CBD:THC ratios of 3:1.
3.2 The effects of medicinal cannabis in patients
A total of 18 studies investigated the effects of the medicinal use of cannabis in patients with various medical conditions. 11 of these studies assessed subjective pain as the main outcome measure in pain-related disorders such as fibromyalgia, chronic (neuropathic) pain, and chronic migraine. Seven studies focused on other medical conditions including cancer, epileptic etiologies, posttraumatic stress disorder (PTSD), multiple sclerosis, and Alzheimer’s Disease (AD). Bedrocan cannabis variety, dose and route of administration varied greatly between the different studies, see Table 5.
TABLE 5 | Overview of studies investigating the effects of medicinal cannabis in various medical conditions.
[image: Table 5]3.2.1 Pain-related medical conditions
Five studies investigated the effects of inhalation of standardized medicinal cannabis (flower material) using a vaporizing device. In four of these studies, using the Syqe inhaler with Bedrocan®, patients were asked to rank their pain intensity on a 0 (no pain at all) to 10 (worst possible pain) visual analogue scale (Almog et al., 2020; Aviram et al., 2022; Eisenberg et al., 2014; Vulfsons et al., 2020). All four studies demonstrated a reduction in subjective pain intensity shortly after inhalation, which returned to baseline levels around 90 min post-inhalation (Eisenberg et al., 2014; Vulfsons et al., 2020). In addition, Almog and colleagues (2020) did not report cognitive impairment after inhalation of 0.5 mg (peak THC plasma concentration 14.3 ng/mL) or 1 mg THC (peak THC plasma concentration 33.8 ng/mL), as measured with a cognitive test battery assessing processing speed, memory, and attention. In an experimental study on the effects of inhaled medicinal cannabis in chronic pain patients with fibromyalgia, Van De Donk et al. (2019) demonstrated that compared to placebo, Bedrocan® (22.4 mg THC, <1 mg CBD) and Bediol® (13.4 mg THC, 17.8 mg CBD) caused a significant increase in pressure pain threshold on a pressure pain test that is considered to be a measure of chronic pain. This effect was not seen with Bedrolite® (18.4 mg CBD, <1 mg THC). None of the administered cannabis varieties were effective in reducing spontaneous pain scores more than placebo (Van De Donk et al., 2019). Five studies investigated the impact of cannabis oil administered orally or sublingually processed from Bedrocan® and Bediol® in the context of pain (Baraldi et al., 2022; Giorgi, 2020; Nunnari et al., 2022; Palmieri et al., 2019; Mazza, 2021). Four of these studies reported a decrease in subjective pain intensity (Baraldi et al., 2022; Giorgi, 2020; Palmieri et al., 2019; Mazza, 2021). Baraldi and colleagues (2022) retrospectively studied the effects of 6 months of daily orally administered cannabis oil (Bedrocan® or Bediol®; 10–25 drops) in the treatment of chronic migraine. Although the treatment with cannabis oil did not reduce the number of migraines per month, pain intensity, the amount of migraine medication taken and symptoms of nausea and vomiting during attacks were decreased with cannabis treatment. The study by Giorgi, 2020 was an observational study on the effects of 6 months of orally administered cannabis oil (Bedrocan® or Bediol®; 10–30 drops) in patients with fibromyalgia. 33% of the patients experienced a reduction in fibromyalgia symptoms after cannabis oil treatment. The retrospective study by Nunnari et al. (2022) investigated the long-term effects of the use of orally administered cannabis oil (Bedrocan® or Bediol®) in patients with pain-related disorders that already used cannabis oil for at least 6 months. Although the study did not include pain intensity as an outcome measure, it demonstrated a 23.3% decrease in opioid use during medicinal cannabis treatment. Lastly, one study involved various routes of medicinal cannabis administration. Mazza, 2021 retrospectively studied fibromyalgia patients who received either vaporized whole flower cannabis, cannabis oil extract (sublingually), or cannabis tea, from Bedrocan® and Bediol® for 12 months. Despite an overall drop-out rate of 49% (see paragraph 3.2.3. Side effects), 34% of patients continued medicinal cannabis treatment for 12 months. Of this group, 70% reported a decreased pain intensity of at least 50% without the occurrence of a tolerance effect. Altogether, these studies suggest that treatment with Bedrocan® and/or Bediol® may significantly reduce pain intensity across a broad range of chronic pain-related medical conditions.
3.2.2 Other medical conditions
Three retrospective studies investigated the effect of treatment with medicinal cannabis oils processed from different Bedrocan varieties in severe, intractable epilepsy, mainly in children and adolescents (Pane and Saccà, 2020; Zafar et al., 2020; Zafar et al., 2021). These studies reported a 60%–95% (Pane and Saccà, 2020), 97% (Zafar et al., 2020) and 86% reduction in seizure frequency without the experience of side effects (Pane and Saccà, 2020; Zafar et al., 2020; Zafar et al., 2021). Caregivers of the patients also reported a reduction in panic attacks and insomnia, an increase in cognitive ability and function, and improved behavior (Zafar et al., 2020). Use of anti-epileptic drugs was significantly reduced following initiation of medicinal cannabis treatment. All patients used Bedrolite®, but in some patients this was combined with a low dose of Bedica® or Bedrocan® to achieve successful treatment response. Palmieri and Vadalà (2023) investigated the efficacy and safety of 12 weeks of sublingual cannabis oil treatment (derived from Bedrocan®) in 20 patients with AD. After 12 weeks of treatment, patients showed significant reductions in symptoms of agitation, apathy, irritability, sleep disturbances, and eating disturbances. Saccà et al. (2016) investigated the impact of treatment with either non-activated oral Bedrocan® cannabis (non-heated, crumbled on a cookie) or smoked Bedrocan® cannabis in a retrospective observational study for at least 28 days in patients with multiple sclerosis that were not responding to treatment with Sativex®. Based on a significant reduction in subjective impact of spasticity, 85% (11 patients) were defined as responders to Bedrocan® cannabis after 28 days of therapy, and 70% (9 patients) at follow-up (205 ± 182 days). Lastly, Vermetten and De Wit (2023) conducted semi-structured interviews with veterans with chronic-PTSD that were prescribed off-label medicinal cannabis for symptom relief. Although route of administration and dosages differed between participants, 15 of the 18 patients used (a product derived from) Bediol® cannabis, primarily before bedtime to aid sleep. They reported significant improvements, including increased peace of mind and reduced irritability. Altogether, these studies suggest possible beneficial effects of medicinal cannabis treatment in epilepsy, multiple sclerosis, AD and PTSD.
3.2.3 Side effects
16 studies reported side effects associated with medicinal cannabis treatment, see Table 5 (last column) and Supplementary Material (Supplementary Table S1) for a detailed overview of side effects and drop-out rates. None of the studies reported serious adverse events as response to medicinal cannabis and all side effects were experienced as mild. The most reported side effects included lightheadedness following inhalation (88%; Eisenberg et al., 2014), drug high (20%–80%; Van De Donk et al., 2019; Almog et al., 2020; Vermetten and De Wit, 2023), coughing (10%–70%; Almog et al., 2020; Van De Donk et al., 2019; Vulfsons et al., 2020), mental confusion (25%–37%; Mazza, 2021; Poli et al., 2018), and a sore throat and bad taste during inhalation (25–35%; Van De Donk et al., 2019). Some of these side effects were particularly related to cannabis inhalation, such as coughing (Almog et al., 2020; Van De Donk et al., 2019; Vulfsons et al., 2020), lightheadedness (Almog et al., 2020; Aviram et al., 2022; Eisenberg et al., 2014), or a sore throat (Van De Donk et al., 2019). However, these side effects resolved within minutes after completion of the inhalation procedure. Since only two studies were placebo-controlled (Almog et al., 2020; Van De Donk et al., 2019), it is challenging to distinguish between side effects related to cannabis treatment from those associated with the medical condition itself. There was a large difference in drop-out rates between studies, which appeared to be related to frequency and severity of experienced side effects, see Supplementary Material (Supplementary Table S1). For example, whereas in some studies none of the patients treated with medicinal cannabis exited the study prematurely (Almog et al., 2020; Eisenberg et al., 2014; Palmieri et al., 2019; Palmieri and Vadalà, 2023; Pane and Saccà, 2020; Vulfsons et al., 2020; Zafar et al., 2020; Zafar et al., 2021), Mazza and colleagues (2021) reported that 17 of the initial 35 patients (49%) discontinued cannabis treatment after 3 months, primarily due to mental confusion as a side effect. Studies including patients with more experience with medicinal cannabis use tended to report lower drop-out rates due to side effects (e.g., 1% in Aviram et al., 2022 and 11% discontinued treatment before 6 months in Nunnari et al., 2022). In addition, higher drop-out rates seemed to be related to higher doses of THC. The 49% drop-out rate in the study by Mazza and colleagues (2021) coincided with an average 55 mg THC/day, whereas Aviram et al. (2022) reported a 1% drop-out rate and an average 1.5 mg THC/day. It can therefore be speculated that high dosages may result in more side effects and a higher drop-out rate. Altogether, medicinal cannabis appeared to have a mild safety profile. During vapor inhalation, coughing was among the most frequently reported side effects. In addition, lightheadedness, drug high, and mental confusion were frequently reported regardless of route of administration. Two possible factors involved in the experience of side effects and thus in drop-out rates were cannabis use history as well as a higher dose of THC.
3.3 Case studies
Five papers reported individual case studies that involved medicinal cannabis treatment (Table 6). Two case studies were related to the treatment of Tourette’s syndrome (Jakubovski and Müller-Vahl, 2017; Szejko et al., 2019). Both patients received the Bedrocan® cannabis variety through vapor inhalation, which resulted in a 70% reduction of tics in one patient after 8 months (100 mg, increased to 600 mg daily; Jakubovski and Müller-Vahl, 2017) and a complete remission of tics for the other after 1.5 months (20 mg daily; Szejko et al., 2019). Only the former patient experienced a feeling of high after administration in the first few weeks which completely disappeared later in treatment, which may have been related to the higher cannabis starting dose. Lastly, three case studies reported reduced symptoms and improved functioning associated with medical cannabis inhalation with Bedrocan®, Bediol® or Bedica® in patients with treatment-resistant stuttering, attention deficit hyperactivity disorder and Hypermobile Ehlers-Danlos syndrome, respectively (Dar, 2021; Hupli, 2019; Szejko et al., 2021). Altogether, these case studies provide indications for the use of medicinal cannabis across a broad spectrum of medical conditions. Future research should however focus on conducting clinical randomized trials to systematically determine whether patients suffering from these medical conditions could benefit from treatment with standardized medicinal cannabis.
TABLE 6 | | Overview of case study investigating the effects medicinal cannabis in various medical conditions.
[image: Table 6]4 DISCUSSION
The current systematic literature review is the first to provide an overview of the effects of standardized cannabis products in healthy volunteers and patients. Studies were included that investigated the impact of cannabis products (e.g., herbal cannabis, oils) derived from cannabis varieties cultivated by Bedrocan, a leading Dutch producer of pharmaceutical-quality herbal standardized medicinal cannabis. Our findings suggest that cannabis administration to healthy volunteers induces dose-dependent acute effects, such as rapidly rising THC and CBD blood concentrations, the subjective experience of high and anxiety, and a slower reaction time and impaired accuracy of divided and sustained attention, learning and working memory tasks. Patient studies suggest that treatment with medicinal cannabis reduces pain intensity across a broad range of chronic pain-related medical conditions. In general, medicinal cannabis appears to have a mild safety profile, with some minor side effects such as feeling high, coughing and mental confusion. These side effects were often more intense with high doses of THC and certain side effects (e.g., coughing, lightheadedness and a sore throat) were particularly related to inhalation as route of administration.
Findings of dose-dependent acute kinetic, subjective and cognitive effects of standardized cannabis in healthy volunteers are consistent with those reported in other recent reviews (Freeman et al., 2019b; Kroon et al., 2021; Xiao et al., 2023; Zamarripa et al., 2022; Zhornitsky et al., 2021). For example, in line with our findings, Zamarripa et al. (2022) reported peak THC plasma levels within 30 min after vaporizing or smoking cannabis, which returned to baseline after approximately 4 h. This was accompanied by the subjective experience of feeling high at or shortly after reaching peak plasma levels. In addition, both the reviews of Kroon et al. (2021) and Zhornitsky et al. (2021) further underlined that the strongest effects of cannabis administration on cognition are found on the domains of attention, learning and memory. These findings imply that possible adverse effects associated with medicinal cannabis treatment may include feelings of high and anxiety as well as longer reaction times and an attenuated cognitive ability. Because of the demonstrated dose-dependent decline of cognition and increase in feeling high, this may be particularly relevant for cannabis with higher doses of THC (Hunault et al., 2008; 2009; 2014).
Studies investigating the role of CBD:THC ratios in the acute effects of cannabis demonstrated that although CBD may mitigate feelings of anxiety and some of the negative effects of THC on functional network connectivity, CBD did not modulate any of the other acute effects of THC, including behavior, subjective experiences and cognition, even up to CBD:THC ratios of 3:1. A recent systematic review from Freeman and colleagues (2019a) converged on a similar conclusion, that co-administration with CBD may attenuate THC-induced feelings of anxiety and psychotic-like effects, but not subjective intoxicating, psychomotor or cognitive effects. Their review focused on the influence of CBD on THC effects and concluded that CBD primarily reduced the acute effects of THC. Although effects were mixed, fewer participants experienced extreme feelings of anxiety and psychotic-like effects when THC was co-administered with CBD. However, there were no differences in subjective intoxicating effects, psychomotor effects or cognitive effects. In addition, previous reviews by Pennypacker and Romero-Sandoval (2020) and Iseger and Bossong (2015) suggest that the modulating effect of CBD may depend on factors such as CBD:THC ratio, time of administration (concomitant or at separated times) and patients’ history of cannabis use. For example, Dalton and colleagues (1976) showed that simultaneous inhalation of CBD (150 μg/kg) and THC (25 μg/kg; CBD:THC ratio 6:1) attenuated the subjective euphoria of THC and caused a trend towards a decrease in THC-induced psychomotor impairment. However, in the same study, pretreatment with CBD did not alter the effects of THC (Dalton et al., 1976). In addition, a study by Solowij et al. (2019) demonstrated that low doses of vaporized CBD (4 mg) enhanced the intoxicating effects of THC (8 mg; CBD:THC ratio 2:1), whereas high doses of vaporized CBD (400 mg) reduced the intoxicating effects of THC (8 mg; CBD:THC ratio 50:1). Their findings provide evidence that the possible attenuation of THC effects is dependent upon the ratio of CBD:THC. In the current review, most studies used a 1:1 CBD:THC ratio, with a maximum of 3:1, which may account for the reported null effects. Therefore, future studies are warranted to disentangle the complex relationship between CBD and THC and investigate how CBD can impact potential adverse effects of THC.
Our findings indicate that treatment with Bedrocan® and/or Bediol® reduces pain intensity across a broad range of chronic pain-related medical conditions, which is generally accompanied by mild and transient adverse effects such as coughing, lightheadedness, feeling high and mental confusion. Although systematic reviews and meta-analyses that included randomized clinical trials on the efficacy of medicinal cannabis for pain-related conditions demonstrated mixed results, it appeared that successful treatment may depend on the particular pain condition, route of cannabis administration and cannabis composition (Fisher et al., 2021; Jeddi et al., 2024; Longo et al., 2021; Sainsbury et al., 2021). In particular, stronger and more consistent effects of cannabis treatment were shown in patients with neuropathic pain, for inhalation as route of administration and with THC-containing products (unlike higher-CBD cannabis products) (Longo et al., 2021; Sainsbury et al., 2021). In our review however both inhalation and oral administration routes demonstrated positive effects on subjective pain intensity in a variety of pain-related medical conditions. This decrease in pain intensity was demonstrated for the Bedrocan® (THC 22%; CBD <1.0%) and Bediol® (THC 6.3%; CBD 8%) cannabis varieties or a combination of both. The only study that investigated the effects of various cannabis varieties on experimental measures of pain demonstrated that both Bedrocan® and Bediol® but not Bedrolite® (THC <1.0%; CBD 7.5%) increased the pressure pain threshold (Van De Donk et al., 2019). These results are consistent with a recent survey on patient experiences with the use of medicinal cannabis in the Netherlands demonstrating that 60% of patients used medicinal cannabis for chronic pain, primarily Bedrocan® cannabis flos and/or Bediol® derived cannabis oil (Ekhart et al., 2023). However, because the vast majority of available data in our review was obtained retrospectively, randomized clinical trials are needed to draw further conclusions about safety and efficacy of medicinal cannabis in the treatment of chronic pain.
Studies discussed in the current systematic review show important differences in methodology, which may hamper the interpretation of the results. First, the route of administration varies between healthy volunteers (all studies smoking or vapor inhalation) and patients (50% of studies sublingually/orally). This makes it difficult to translate findings from healthy volunteers to clinical populations, because effects after smoking or inhalation occur rapidly and are short-lived, while the effects of oral forms are delayed and more prolonged due to slower absorption and lower peak levels of THC/CBD (Grotenhermen, 2003). It is important to take this into consideration for different medical conditions to reach the desired effect. Smoking cannabis is highly discouraged in patients given the harmful effects especially when mixed with tobacco (Chaiton et al., 2022). In addition, the actual composition of products (e.g., oil) that use Bedrocan flower as the base for cannabis products is not always reported. Therefore, results of these studies should be interpreted with caution. Future studies should be clear and transparent about CBD and THC content of cannabis medication that is prescribed. Second, study participants differed in their history of cannabis use, which impacted on the assessment of acute cannabis effects. For example, it was demonstrated that chronic cannabis users displayed higher THC blood concentrations, experienced a lesser degree of feeling high, and less pronounced cognitive deficits on attention and motor inhibition tasks than occasional cannabis users (Fabritius et al., 2013; Mason et al., 2021; Ramaekers et al., 2009; Ramaekers et al., 2022). In addition, all healthy participants that were included had experience with the use of cannabis which may result in a bias toward individuals who have more positive experiences with cannabis. In patients, cannabis use history may be related to the occurrence of side effects and drop-out rates, with less experienced patients being more likely to report more adverse cannabis effects. Third, higher drop-out rates may be related to higher doses of THC. The 49% drop-out rate in the study by Mazza and colleagues (2021) coincided with an average 55 mg THC/day, whereas Aviram et al. (2022) reported a 1% drop-out rate and an average 1.5 mg THC/day. More research is needed to identify the impact of route of administration, cannabis use history and cannabis dose on side effects and drop-out rates. Fourth, possible differences between men and women in the effects of cannabis may have influenced our findings. Remarkably, in the current systematic review, 71% of all healthy participants were male, compared to 40% of participants in the patient studies. Only one study that exclusively included male participants gave a rationale for this choice (Mokrysz et al., 2016). This study compared the acute effects of cannabis between adults and adolescents and recruited only males due to the different ages of puberty onset and the potentially different brain development trajectories between sexes. One additional reason for the lower inclusion rate of women in the cannabis studies discussed in the current review could be found in the potential impact of female hormones and the menstrual cycle on outcome measures (Fattore and Fratta, 2010), although this is no longer considered a justifiable reason for exclusion and thus not currently acceptable practice. Various studies with the administration of non-Bedrocan cannabis products demonstrated sex differences in the acute effects of cannabis (Remaekers et al., 2006a; Haney, 2007; Sholler et al., 2021). For example, Sholler et al. (2021) showed that female participants exhibited greater sensitivity to subjective cannabis effects. The only study included in the current review that addressed sex differences in acute cannabis effects did not demonstrate systematic differences between males and females (Arkell et al., 2022). Therefore, more research is warranted to further investigate sex differences in the safety and efficacy of medicinal cannabis, particularly since the most frequent chronic pain conditions occur more often in females than males (Fillingim, 2023). Fifth, age difference is also an important factor to consider in future research. As our review already demonstrated, the subjective measures of stoned, drug effect and anxiety were stronger in adults than in adolescents following Bedrobinol® cannabis administration (Mokrysz et al., 2016; Mokrysz et al., 2021). Also cognitive differences were found with Bedrobinol® cannabis, with adults demonstrating a slower reaction time on a memory task in comparison to adolescents, but adolescents demonstrated less accuracy in response inhibition on a stop signaling tasks than adults (Mokrysz et al., 2016). In addition, it is also crucial to focus on the effects in older adults because they show the largest increase in cannabis use (Mueller et al., 2021).
Lastly, although we only selected standardized cannabis from Bedrocan for this review, there was still a large difference in the variety, dosage and route of administration used among the included studies. Therefore, comparing the diverse study results proved challenging, especially given the differing methodologies used across the studies. Finding more uniformity in variety, dose, and outcome measures will make it easier to compare future research. This is especially important since conducting research with a uniform design on cannabis with a consistently stable composition will provide reliable data on the safety and efficacy of specific cannabis cultivars in treating different medical conditions.
In conclusion, studies investigating the impact of standardized Bedrocan cannabis products demonstrated dose-dependent acute effects in healthy volunteers, including subjective experiences and diminished cognitive function. Medicinal cannabis treatment reduced pain intensity across a broad range of chronic pain-related medical conditions, with only mild and transient side effects. Safety and efficacy of medicinal cannabis should be further investigated in randomized clinical trials with sufficient sample size, with particular focus on cannabis dose and composition, age and differences between males and females.
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Standard deviation of
lateral position (a
measure of lane
weaving)

1 (THC and
THC/CBD)

Learning and memory
[Hopkins verbal
learning task]

| immediate and
delayed recall
(compared to
baseline)

1 intrusions
(compared to
baseline)

Verbal working
memory and attention
[Digit span]

| forward digit span
(compared to
baseline)

= reverse digit span
(compared to
baseline)

Memory [Spatial
N-Back]

-2 back
(compared to
baseline)

Attentional bias

[Attentional bias task]
= bias towards neutral
stimuli/food/cannabis

Reaction time [Simple
reaction time test]

1 response time (THC
dose effect)
Visuo-spatial selective
attention [Erickson
flanker task]

1 response time (THC
dose effect)
Short-term memory
[Sternberg’s memory
scanning test]

1 response time (THC
dose effect)

1 number of errors
(THC dose effect)
Moto control [Motor
control task]

1 tracking deviation
(THC dose effect)
Divided attention
[Divided attention
task]

1 response time (THC
dose effect)

Sustained attention
[Sustained attention
task]

1 response time (THC
dose effect)

1 number of errors
(THC dose effect)

Error monitoring
[Flanker task]

1 omissions (22 mg
THC)

= reaction time

= post-error slowing.

Divergent thinking
[Alternate Uses Task]
| fluency (22 mg THC)
1 flexibility (22 mg
THC)

1 originality (22 mg
THC)

= elaboration
Convergent thinking
[Remote Associates
Task]

= number of correct
items.

Effort related decision
‘making [Effort
expenditure for
rewards task]

1 high-effort choice

1 sensitivity to
expected value (THC)

Verbal episodic
‘memory [Delayed
prose recall]

1 recall

Mokrysz
et al. (2016)

Adolescents
Adults

DB, PC,
Ra, Cr

20
20

17.08 (0.44)
2549 (1.07)

40/0

Bedrobinol
(0.107 mg/kg THC)

Vapor
inhalation

Single dose

Memory [Prose recall]
| recalled items
Memory [Spatial
N-back]

1 reaction time
(adults)

Response inhibition
[Stop signal]

1 accuracy
(adolescents)

Mason et al.
(2019)

Mason et al.
(2021)

Battistella
et al. (2013)

Ramaekers
et al. (2006a);
Ramackers
et al. (2006b)

Ramaekers
et al. (2009)

Ramackers
et al. (2011)

Ramaekers
et al. (2022)

Spronk et al.
(20162)°

Spronk et al.
(2016a)¢

Spronk et al.
(2016b)°

Kloft et al.
(2020

Freeman
etal. (2021)*

DB, PC,

Full dose

Ra, Cr Successive doses

Occasional users
Chronic users.

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

Occasional users
Heavy users

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

Occasional users
Chronic users

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

DB, PC,
Ra, Cr

10
10
20

12
12
24

31

20

12
12
24

19

14
12
26

61

61

38

64

128

225 (0.86)
212 (0.85)

225 (254)
2183 (2.25)

24103

19-29 years

228 (23)
232 (33)

232 (8.4)

22.14 (251)
21.83 (2.25)

226 (4.3)

226 (43)

221 (4.6)

227 (26)

2266 (4.41)

12/8

517
93
14/
10

3100

14/6

8/4
973
171

15/6

717
93
16/
10

12/
49

12/
49

9129

32/
32

35/
93

Bedrobinol (full dose:

0.3 mg/kg THC)
Bedrobinol (successive
doses: 3 times

0.1 mg/kg THC)

Bedrobinol
(03 mg/kg THC)

Bedrobinol
(42 mg THC)

Bedrobinol (0.5 mg/kg
THC)

Bedrobinol

(025 mg/kg THC)

Bedrobinol
(0.5 mg/kg THC)

Bedrobinol (0.4 mg/kg
THC) + 700 mg/kg
alcohol

Bedrobinol (0.4 mg/kg
THC) + 500 mg/kg
alcohol

Bedrobinol

(0.4 mg/kg THO)

Bedrobinol
(03 mg/kg THC)

Bedrobinol (0.3 mg of
THC/kg) + 0.15 mg of
THC/kg)

Bedrobinol (0.3 mg of
THC/kg) + 0.15 mg of
THC/kg)

Bedrobinol (0.3 mg of
THC/kg) + 0.15 mg of
THC/kg)

Bedrobinol (0.3 mg of
THC/kg)

Bediol (8 mg THC)

Vapor
inhalation

Vapor
inhalation

Smoking

Smoking

Smoking

Smoking

Vapor
inhalation

Vapor
inhalation

Vapor
inhalation

Vapor
inhalation

Vapor
inhalation

Vapor
inhalation

‘Combination treatment with medicinal cannabis from different companies, only Bedrocan products and dosing are reported.
"In bold: cannabis variety; regular: mg THC/CBD.

‘only conditions that include cannabis are

layed. DB, double blind; PC, placebo controlled; Ra, Randor

Single dose or
3 successive doses
(separated by 30 min)

Single dose

Single dose

Single dose

Single dose

Single dose

Single dose

Single dose
+ second dose
after 1 h

Single dose
+ second dose
after 1 h

Single dose
+ second dose
after 1 h

Single dose

Single dose

Cr, Crossover; BS, between subjects.

Sustained attention
[Psychomotor
vigilance task]

= mean reaction time
1 number of
attentional lapses (full
dose)

Sustained attention
[Psychomotor
vigilance task]

1 mean reaction time
(occasional users)

1 number of
attentional lapses
(occasional users)

Perceptual-motor
control [Critical
tracking task]

| tracking skills

Perceptual motor
control [Critical
tracking task]

1 lambda-c

Motor impulsivity
[Stop signal task]

1 reaction time

(0.5 mg THC)

1 number of omission
errors

Cognitive function
[Tower of London]

1 number of correct
decisions

lanning time
Decision making
[lowa gambling task]
= advantageous/
disadvantageous
choices

Perceptual motor
control [Critical
tracking task]

1 lambda-c
(occasional users)
Dual task processing
(divided-attention
task]

1 tracking error
(occasional users)

1 number of losses
(occasional users)

1 number of hits
(occasional users)
Motor inhibition
[Stop-signal task]

1 reaction time

1 accuracy of
responses

= reaction time on go-
trials

Cognition [Tower of
London]

= number of correct
decisions

= mean reaction time

Perceptual motor
control [Critical
tracking task]

= lambda-c

Dual task processing
[divided-attention
task]

1 number of control
losses

1 reaction time

1 number of correct
signal detections
Motor inhibition
[Stop-signal task]

= stop reaction time
= commission errors
Cognition [Tower of
London]

= number of correct
decisions

= mean reaction time

Sustained attention
[Psychomotor
vigilance task]

1 number of
attentional lapses
(occasional users)

Learning [Reversal
learning paradigm]
| accuracy

1 reaction time
Switch attention
[Attention switch
task]

1 errors

Forward planning
[Tower of London]
1 portion correct
1 reaction time

Performance
‘monitoring [Flanker
task]

= error rate

1 reaction time

Response inhibition
[Go/NoGo task]
T commission errors
1 reaction time

False memory
fassociative word lists
and two
misinformation tasks]
1 false memory rates
= true memory

Episodic memory
[Prose recall task]
1 number of units
recalled
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author design

Groups (if
applicable)

N

Mean
age
()}

Study
Medication®

Frequency

Main effects THC
vs. CBD/THC
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Arkell etal. | DB, PC, 2 232(26) 10/  Bedrocan (1375mg | Vapor Single dose Standard deviation of
(2020) Ra, Cr 16 | THC) inhalation lateral position (a measure
Bedrocan + Bedrolite of lane weaving):
(13.75 mg THC =Confident to drive: T
+13.75 CBD) THC/CBD
Bedrolite Strength of drug effect:
(1375 mg CBD) THCAnxious: |
THC/CBD
Hutten etal. DB, PC, 26 231(26) 10/  Bedrocan (1375 mg | Vapor Single dose State anxiety: | THC/
(2022) Ra, Cr 16 | THC) inhalation CBDSubjective anxiety: |
Bedrocan + Bedrolite THC/CBD
(13.75 mg THC Emotional Stroop: =
+13.75 CBD)
Bedrolite
(13.75 mg CBD)
Lawn et al. DB, PC, 17 2618(713)  8/9 | Bediol (8 mg THC) Vapor Single dose Stoned rating: =
(2016) Ra, Cr Bedrobinol (8 mg THC | inhalation | +50% top-up dose | Effort related decision
Study 1 +10 mg CBD) after 90 min ‘making task
High-effort choice: =
Sensitivity to expected
value: T THC
Wall et al. DB, PC, 17 262(7.1) | 8/9 | Bediol (8 mg THC) Vapor Single dose Brain resting state
(2019) Ra, Cr Bedrobinol (8 mg THC | inhalation networks - connectivity
+10 mg CBD) Default mode network: =
Executive control
network: =
Salience network: | THC
Wall et al. DB, PC, 17 262(7.1) | 8/9 | Bediol (8 mg THC) Vapor Single dose Functional connectivity of
(2022) Ra, Cr Bedrobinol (8 mg THC | inhalation striatal sub-divisions
Study 1 +10 mg CBD) Associative: =
Limbic: | THC
Sensorimotor: =
Mokrysz. DB, PC, 17 2445 | 8/9 | Bediol (8 mg THC) Vapor Single dose Speech illusion: =
et al. (2021) Ra, Cr Bedrobinol (8§ mg THC | inhalation | +50% top-up dose | Psychotic-like
Study 1 +10 mg CBD) after 90 min symptom:
Chester etal. | DB, Ra, Cr 46 2662(494) 25/  Bedrocan (10 mg THC) | Vapor Single dose Plasma THC: =
(2022) 21 Bedrocan + Bedrolite | inhalation concentration, peak and
(10 mg THC + 10 mg AUC
CBD) Plasma CBD: 1 dose-
Bedrocan + Bedrolite dependent increase in
(10 mg THC +20 mg peak and AUC
CBD) CBD:THC ratios: = peak
Bedrocan + Bedrolite or AUC plasma
(10 mg THC concentrations for any of
+30 mg CBD) the endocannabinoids or
related noncannabinoid
lipids
Englund DB, Ra, Cr 46 2662(494) 25/  Bedrocan (10 mg THC) | Vapor Single dose Hopkins verbal learning
et al. (2023) 21 | Bedrocan + Bedrolite | inhalation task:
(10 mg THC +10 mg Digit span:
CBD) Spatial N-Back:
Bedrocan + Bedrolite Psychotic symptoms: =
(10 mg THC +20 mg
CBD)
Bedrocan + Bedrolite
(10 mg THC
+30 mg CBD)
Oliver etal. | DB, Ra, Cr 46 2662(494) 25/  Bedrocan (10 mg THC) | Vapor Single dose Attentional bias: =
(2023) 21 | Bedrocan + Bedrolite | inhalation Explicit liking:
(10 mg THC +10 mg
CBD)
Bedrocan + Bedrolite
(10 mg THC +20 mg
CBD)
Bedrocan + Bedrolite
(10 mg THC
+30 mg CBD)
Skumlien DB, PC, | Adolescents 24 1717(043) 12/ | Bedrocan (0.107 mg/kg = Vapor Single dose Reward anticipation activity
et al. (2023) Ra,Cr | Adults 23 278(106) | 12 | THC) inhalation Right ventral striatum:
47 12/ Bedrolite (0.107 mg/kg Left ventral striat
11| THC Right anterior cingulite
+0.320 mg/kg CBD) cortex:
Left anterior cinguhte
cortex: =
Right insula: =
Lawn et al. DB, PC, | Adolescents 24 1717(043) | 12/ | Bedrocan (0.107 mg/kg = Vapor Single dose Subjective drug effect: =
(2023) Ra,Cr  Adults 24 2777(104) | 12 | THC) inhalation Verbal episodic memory:
48 12/ Bedrolite (0.107 mg/kg =
12| THC Psychotomimetic effect: =

“In bold: cannabis variety; regular: mg THC/CBD; DB, double blind; PC, placebo controlled; Ra, Randos

+0.320 mg/kg CBD)

Cr, Crossover.
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Study  Groups (if Study Frequency  Outcome  Concentrations Main effects Time after
design  applicable) medication® measure(s) in mean (SD)  administration

ng/mlL (in minutes)

Hutten et al. % 2206 Bedrocan (1375 mg | Vapor  Single dose Blood (plasma) | THC (375 mg THC] | Directafter
(20225 THC) inhalation 11-0H-THC THC: 2291 (12:58) | administation

Arklletal. Bedrocan + Bedralite 11-COOH-THC CBD: 002 (007)
oz (1375 mg THC s 1375 mg THC
Arkll et al. 41375 mg CBD) 1375 CBD|
) Bedrolite THC: 1998 (3.36)
(1375 mg CBD) CBD: 1392 (847)
(1575 mg CBD|
THC: 175 (213)
B 1552 (692)
Oliver etal. | DB, Ra, 46| 2662490 | 25/ Bedroan(0mg | Vopor  Single dose Blood (plasma) | THC HomgmH |5
Qo 2 mHO inhalation coon-TiC THC: 3451 (21.61)
Englund Bedrocan + Bedrolite OH-THC CBD: 004 025)
et al. (2023); (10 mg THC +10 mg o 110 mg THC
Chester et al. cBD) 7OHTHC +10 mg CBD]
) Bedrocan + Bedrlite AEA THC: 368 (19)
(10 mg THC +20 mg 246 CBD: 30.2 (17.19)
ca) ARAS 10 mg THC
Bedrocan + Bedealite DEA 420 mg CBDI
(10 mg THC oEA THC: 3926 (2676)
+30 mg CBD) SEA aLEA CBD: 67,43 (50.16)
dLEA 110 mg THC
+30 mg CBD]

THC: 3846 (23.14)
CBD: 96.12 (6425)

deBrujn | DB, PC, 10 234() | 100 Bedrocan (4 mg Vapor  Single dose. Blood (plasma) | THC {4 mg THC +1mg | 30
al.2017) | Ra,Cr TH) + 1 mg THC) | inhalation |+ top-up dose ater cBp THC]
Bedrolte (25 mg 35 min THC: 16 (05, SEM)
CBD) + 10 mg CBD) CBD: 034 (01,
SEM) [25 mg CBD
+10 mg CBD]
THG: 016
CBD: 28 (08, SEM)
Hunault DB, PC, 24 239(41) | 240 Bedrocan (694 mg  Smoking  Single dose Blood (serum) | THC 93 mgTHC] |5
ctal. Q008); | Ra, Cr THO) THC: 1351 (685)
Hunault Bedrocan (49.1 mg 49,1 mg THC]
etal. (2014) THC) THC: 2029 (112.4)
Bedrocan 69:4 mg THC]
(293 mg THO) THC: 2310 (108.5)
Lawnetal | DB PC,  Adolescents 21707043 | 12 Bedrocan Vapor  Single dose. Blood (plasma) | THC 0.107 mghg TH: | 20
023); Ra o Adults 24 2777000 | 12 | (0107 mgkg THO) | inhalation cBp Adolescents]
Skumlien 8 12/ Bedrocan + Bedrolite THC: 1367 (674)
etal. (2023) 12| (0107 mgkg THC CBD: 0 (0)
40320 my/kg CBD) 0.107 mglkg THC:
Adults]
THC: 16,10 (748)
CBD: 016 (054)
0.107 mghkg THC
40320 my/kg CBD;
Adolescents]
THC: 2474 (900)
CBD: 4432 (15.33)
0,107 mgrkg THC
40320 mg/kg CBD;
Aduls]
THC: 3084 (1751)
CBD: 6534 (3484)
Mason etal. | DBPC, Full dose 10 225(086) | 12/8  Bedrobinol (fll dose: | Vapor Single dose or | Blood (serum) | THC [Full dose] 6
(o019) RaCe Successve doses | 10| 212 (085) 03 mglkg THC) inhalation |3 successive doses THC-COOH THC: 703 (183,
» Bedrobinol (separated by OH-THC SE) [Successive
(successive doses 30 min) dose]
3 times THG: 166
0.1 mglkg THC) (049, 5E)
Mason etal. | DBPC,  Occasionalwers | 12 225(251) | 57  Bedrobinol Vapor  Single dose Blood (serum) | THC [Occasional users] | 6
o) RaCr Chronicusers | 12 2183(25) | 93  (03mghgTHO) | inhalation THC-COOH THC: 780 (169,
u 1w OH-THC SE) [Chronic users]
10 THC: 1586
(38, 5E)
Theunissen | DB, PC, 15 2123(176) | 9/  Placcbo + Bedrobinol Vapor  Single dose Blood (serum) | THC [Placebo Direct afer
etal. @015 | Ra,Cr (015 mgkg THC) | inhalation THC-COOH 4015 mykg THC] | administration
Vardenafil (20 mg) + OH-THC THC: 307 (274)
Bedrobinol
(015 mglkg THO)
Rivastignine (3 mg)
+ Bedrobinol
(015 mgkg THC)
Bawstella DB, PC, 3 201() 310 Bedrobinol Smoking  Single dose. Blood (whole | THC THC: median value | Direct afer
el 2013) | Ra,Cr (42 mg THO) blood) THC-COOH of 87.4 (range: administation
11-0H-THC 168-1679)
Fabritius DB,PC,  Heavy users 23 2704 230 Bedrobinol Smoking  Single dose. Blood (whole | THC [Blood; Heavy Bload: 20
eal @3) | RaCr  Occasionalusers | 25 | 239(30) | 250 | (42 mg THO) blood) THCCOOH users] Saliva: 2030
8 800 saliva 11-0H-THC THC: 95 (47)
THCA [Blood: Occasional
cBD users]
N THC: 76 (46)
[Saliv Heavy
users)

THC: 1047 (967)
[Saliva; Occasional
users]

THC: 1388 (752)

Brenneisen oL 12 26() 120 Bedrobinol Smoking  Single dose. Blood (plasma) | TH [Plasma) Blood: 5
etal. (2010) (70 mg THO) Urine THC-COOH THC: 209 (169) | Urine: 120
THC-OH (Usine]

THC: 02 (13)
Ramaekers DB, PC, 20 1929 years | 146 Bedrobinol Smoking  Single dose. Blood (serum) | THC [Blood; 05 mgkg | Blood: 5
etal. (20063); | Ra,Cr (05 mykg THO) Saliva THC-COOH THC] Saliva: 15
Ramackers Bedrobinol OH-THC THC: 95.1 (632)
etal. (2006b) (025 mgkg THO) [Blood; 025 mgkg.

THC)

THC: 580 (477)

[Saliv 0.5 my/kg

THC]

THC: 918 (702)
[saliva 0.25 mgkg

THC)
THC: 899 (630)
Ramackers | DB.PC,  Occasional wsers | 12| 283 | 84 Bedrobinal Smoking | Single dose Blood (serum) | THC [Occasionl users] 5
al Q%) RaCr Heavy users ] 2263 | 98 (05 myksTH) THC-COOH THC: 49,1 (249)
u 7 OHTHC [Heavy users]
THC: 1209 (78.1)
Ramackers | DB, PC, 19 224 | 156  Bedrobinal Smoking | Single dase Blood (serum) | THC 104 mghg THC] 15
al@o) | RaCe (04 mykg THO) + THC-COOH THC: 1121 (475)
700 mgkg alcohol OH-THC
Bedrobinol
(04 mykg THO) +
500 mykg alcohol
Bedrobinal
(04 mykg THO)
Ramackers | DB.PC,  Occasional wsers | 14| 2214 251) | 777 | Bedrobinal Vapor | Single dose Blood (serum) | THC [Occasional users | 6
el Q02) | RaCr  Chomcwers | 12 218(225) | 95 (©3mghgTHO) | inhalation THC-COOH mean]
2 16/ THC-OH THC: 861 (146,
10 SE) [Chronic sers]
THC: 1536
(48, 5B)
Spronk etal. | DB, PC, 6 226(43) | 12/ | Bedrobinol 03 mgof Vapor  Single dose Blood (serum) | THC THC: 8909 (80 | 5
Qo | RaCr 49| THCKg) + 015 mgof | inhaltion | + second dose THC-COOH
THCAD) afier Lh THC-OH
Spronk etal. | DB, PC, 38 220046 | 929 Bedrobinol 03 mgof Vapor  Single dose Blood (serum) | THC THE: 11722 s
Coe | RaCr THCg) + 0,15 mgof | inhalation |+ second dose THC-COOH (o871)
THCKg) afer 1h THC.OH
Tank et al. oL 15 3 a2 Bedroan Smoking | Single dose Blood (serum) | THC THC: ranged from | Direct afer
o) 03 mgkg THO) THC-COOH 2410429 administration
11-OH-THC

“Combinatio treatment with medicinal cannabis from diffecent companie, oly Bedrocan products and dosing are reported.
In bokd: annabis variety;reglar: mg THCICBD.
Ml cuadiiins that bkl caaaiie i kol Tk b SR I sl contilial e Ranclaasadsi

O Db
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Battistella et al. DB, PC, 31 241(3) 310 Bedrobinol Smoking | Single dose 1 Intoxication
(2013) Ra, Cr (42 mg THC) 1 Confusion
1 High
1 Change in the
environment
1 Ability to drive
Arkell et al. DB, PC, 26 232(26) | 10/ | Bedrocan (1375mg  Vapor Single dose 1 Drug effect
(2020) Ra, Cr 16 | THC) inhalation = Liking 1 Stoned
Bedrocan + Bedrolite (THC + THC/CBD)]
(13.75 mg THC Sedated (THC + THC/
+13.75 mg CBD) CBD)
Bedrolite 1 Relaxed (THC)]
(13.75 mg CBD) Anxious (THC +
THC/CBD)|
Confident to drive
(THC + THC/CBD)
Arkell et al. DB,PC, | Male 21 258(36) | 19/  Bedrocan (1375mg  Vapor Single dose 1 Strength of drug
(2022 Ra, Cr Female 19 235(40) | 21 | THO) inhalation effect
40 Bedrocan + Bedrolite 1 Liking of drug effect
(13.75 mg THC 1 Stoned
+13.75 mg CBD) 1 Sedated
Bedrolite 1 Anxious
(13.75 mg CBD) 1 Confident to drive
Hunault et al. DB, PC, 24 239(41) | 24/0 | Bedrocan (694 mg  Smoking  Single dose 1 Feeling high,
(2008); Ra, Cr THC) (increased with dose)
Hunault et al. Bedrocan (49.1 mg 1 Drowsiness
(2009); THC) 1 Capability to perform
Hunault et al. Bedrocan a task (decreased with
(2014) (293 mg THC) dose)
| Alert
1 Content
1 Calm
1 Dizziness
1 Dry mouth
1 Papilation
T Impaired memory
1 Down T Sedated
1 Anxious
Fabritius etal. DB, PC, | Heavy users 23 227(24) | 230 Bedrobinol Smoking | Single dose 1 Intoxication
(2013) Ra, Cr Occasional users | 25 | 239 (30) | 25/0 | (42 mg THC) 1 Confusion (heavy
48 48/0 users)
Theunissen et al. DB, PC, 15 2123(176)  9/6 | Placebo + Bedrobinol ~ Vapor Single dose 1 High
(2015)° Ra, Cr (0.15 mg/kg THC) inhalation
Vardenafil (20 mg) +
Bedrobinol
(015 mg/kg THC)
Rivastigmine (3 mg)
+ Bedrobinol
(0.15 mg/kg THC)
Mason et al. DB, PC, | Full dose 10 | 225(086) | 12/8  Bedrobinol (full dose: Vapor Single dose or | T High (full-dose)
(2019) Ra, Cr Successive doses | 10 | 212 (085) 0.3 mg/kg THC) inhalation 3 successive doses
20 Bedrobinol (separated by
(successive doses: 30 min)
3 times
0.1 mg/kg THC)
Ramaekers et al. DB, PC, | Occasional users 14 | 2214 (251) | 7/7 | Bedrobinol Vapor Single dose 1 High
(2022) Ra, Cr Chronic users 12| 2183225 | 93 | (0.3 mgkg THC) inhalation
2 16/
10
Ramackers et al. DB, PC, 20 19-29 years  14/6  Bedrobinol Smoking | Single dose 1 High
(2006a) Ra, Cr (0.5 mg/kg THC)
Bedrobinol
(0.25 mg/kg THC)
Ramaekersetal. DB, PC, | Occasional users 12 | 228(23) | 8/4 | Bedrobinol Smoking | Single dose
(2009) Ra, Cr Heavy users 12| 232(33) | 93 | (05 mgkg THC)
u 171
Ramackers et al. DB, PC, 19 232(84) | 15/6  Bedrobinol Smoking | Single dose 1 High
(2011) Ra, Cr (0.4 mg/kg THC) +
700 mg/kg alcohol
Bedrobinol
(0.4 mg/kg THC) +
500 mg/kg alcohol
Bedrobinol
(0.4 mg/kg THC)
Kowal et al. DB, PC, | Placebo 19 213(23) | 18/1  Bedrocan (22 mg Vapor Single dose 1 High
(2015a); Ra, BS 5.5 mg THC 18 | 211(21) 171 | THO) inhalation T Good drug effect
Kowal et al. 22 mg THC 18 223(23) | 1444 Bedrocan 1 Bad drug effect
(2015b) 55 (5.5 mg THC) (22 mg THC)
Spronk et al. DB, PC, 61 226(43) | 49/  Bedrobinol (0.3 mgof Vapor Single dose 1 High
(2016a)% Spronk  Ra, Cr 12 | THC/kg) + 0.15mgof inhalation | + second dose | Feeling active
et al. (2016b)5 THC/kg) after 1 h
Spronk et al.
(20160)°
Lawn et al. DB, PC, 17 | 2618 (713) | 8/9 | Bediol (8 mg THC)  Vapor Single dose 1 Stoned
(2016); Ra, Cr Bedrobinol (8 mg inhalation | +50% top-up dose
Wall etal. (2022); THC +10 mg CBD) after 90 min
Mokurysz et al.
(2021)
Mokrysz etal. DB, PC, | Adolescents 20 1708 (044)  40/0  Bedrobinol Vapor Single dose 1 Stoned (higher in
(2016); Mokrysz  Ra, Cr Adults 20 | 2549 (107) (0107 mg/kg THC)  inhalation adults)
et al. (2021) 40 1 High
1 Feel drug effect
(higher in adults)
1 Like drug effect
| Alert (adults)
T Anxious (adults)
1 Paranoid
1 Dry mouth (higher in
adults)
1 Enhanced colour
perception
1 Enhanced sound
perception
1 Want to have food
1 Want to have
cannabis (adolescent; |
adults)
T Mentally impaired
Mason et al. DB,PC, | Occasional users 12 | 225(254) | 5/7 | Bedrobinol Vapor Single dose 1 High (higher in
(2021) Ra, Cr Chronic users 12| 2183 (225) | 93 | (0.3 mglkg THC) inhalation occasional users)
4 14/
10
Lawnetal.(2023) DB, PC, | Adolescents 24 1717(043) 12/ Bedrocan Vapor Single dose 1 Feeling drug effect
Ra, Cr Adults 24 2777 (104) | 12 | (0.107 mgkg THC) inhalation (THC)
48 12/ Bedrocan + Bedrolite 1 Anxious (THC)
12| (0107 mg/kg THC 1 Paranoid (THC)
+0.320 mg/kg CBD) = Want cannabis
1 Like drug effect
(THC)
= Dislike drug effect
1 Happy (adolescent; |
adults)
de Bruijn etal. DB, PC, 10 234(1) | 1000  Bedrocan(dmgTHC) Vapor Single dose 1 Feeling high (THC)
(2017) Ra, Cr + 1 mg THC) inhalation | + top-up dose after
Bedrolite (25 mg 35 min
CBD) + 10 mg CBD)
van Dametal. DB, PC, 18 203) 9/9 | Placebo + Bedrocan  Vapor Single dose 1 Sedation (higher in
(2023) Ra, Cr (21.8 mg THC) inhalation THC + Oxycodone)
Oxycodone (20 mg) + 1 Drug high
Bedrocan 1 Drowsy (higher in
(21.8 mg THC) THC + Oxycodone)
| Energetic (higher in
THC + Oxycodone)
Freeman etal. DB, PC, 128 2266 (441) 35/ | Bediol (8 mg THC)  vapor Single dose | Alertness
(2021)* Ra, Cr 93 inhalation T Stoned
= Anxiety
= Wanting more
cannabis

‘Combination treatment with medicinal cannabis from different companies, only Bedrocan products and dosing are reported.
“In bold: cannabis variety; regular: mg THC/CBD.

‘only conditions that include cannabis are

layed. DB, double blind; PC, placebo controlled; Ra, Randor

Cr, Crossover.
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