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Cannabis in Autism 
Spectrum Disorders



• ECS regulates:
– social and emotional reactivity 
– learning and memory
– seizure threshold
– circadian rhythm regulation 
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Abstract: Autism spectrum disorder (ASD) defines a group of neurodevelopmental disorders whose
symptoms include impaired communication and social interaction with restricted or repetitive motor
movements, frequently associated with general cognitive deficits. Although it is among the most
severe chronic childhood disorders in terms of prevalence, morbidity, and impact to the society,
no effective treatment for ASD is yet available, possibly because its neurobiological basis is not clearly
understood hence specific drugs have not yet been developed. The endocannabinoid (EC) system
represents a major neuromodulatory system involved in the regulation of emotional responses,
behavioral reactivity to context, and social interaction. Furthermore, the EC system is also affected
in conditions often present in subsets of patients diagnosed with ASD, such as seizures, anxiety,
intellectual disabilities, and sleep pattern disturbances. Despite the indirect evidence suggestive of
an involvement of the EC system in ASD, only a few studies have specifically addressed the role of
the EC system in the context of ASD. This review describes the available data on the investigation of
the presence of alterations of the EC system as well as the effects of its pharmacological manipulations
in animal models of ASD-like behaviors.

Keywords: endocannabinoid system; anandamide; cannabinoid type 1 receptor; autism spectrum
disorder; animal models

1. Introduction

Endocannabinoids (ECs) are arachidonic acid-derived compounds that, together with their
receptors and the associated metabolic enzymes, constitute the endocannabinoid (EC) system,
a neuromodulatory network of lipid signaling pathways [1]. The main ECs are anandamide
(AEA) and 2-arachidonoyl glycerol (2-AG) that are generated “on demand” in the post-synaptic
cell membrane from phospholipid precursors. The primary biosynthetic enzyme of AEA is
N-acyl-phosphatidylethanolamine phospholipase D (NAPE-PLD) whereas 2-AG is synthesized by
diacylglycerol lipase (DAGL)-↵ and DAGL-�. Both ECs are rapidly degraded to terminate their
actions: AEA is catabolized primarily by fatty acid amide hydrolase (FAAH) while the main 2-AG
degrading enzyme is monoacylglycerol lipase (MAGL). ECs exert their effects mainly through the G
protein-coupled cannabinoid receptors type 1 (CB1) and type 2 (CB2). Additionally, they are also able
to interact with non-CB1/non-CB2 targets, including the transient receptor potential vanilloid type 1
(TRPV1) channel [2], peroxisome proliferator-activated receptor (PPAR)-↵, and PPAR-� [3] as well as
the G protein-coupled receptor GPR55 [4].

Alterations of the EC system functionality contribute to the pathogenesis of several psychiatric
and neurological disorders [5–7]. Indirect evidence for an involvement of the EC system in autism
spectrum disorder (ASD) comes from the observation that this system is strongly implicated in
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ECS Dysregulation in Autism
• Reduced CB1 expression in postmortem brains 

of individuals with ASD (Purcell et al., 2001)
• Reduced ECS activity demonstrated in 

relevant brain regions of several ASD models:
– Fragile X
– Mouse neuroligin 3
– BTBR mice
– Rat valproic acid  



• 93 children with ASD (age = 13.1 ± 4.1, 
range 6–21; 79% boys) 

• 93 age- and gender-matched 
neurotypical children (age = 11.8 ± 4.3, 
range 5.5–21; 79% boys) 

RESEARCH Open Access

Lower circulating endocannabinoid levels
in children with autism spectrum disorder
Adi Aran1* , Maya Eylon2, Moria Harel1, Lola Polianski1, Alina Nemirovski2, Sigal Tepper3, Aviad Schnapp1,
Hanoch Cassuto1, Nadia Wattad1 and Joseph Tam2

Abstract

Background: The endocannabinoid system (ECS) is a major regulator of synaptic plasticity and neuromodulation.
Alterations of the ECS have been demonstrated in several animal models of autism spectrum disorder (ASD). In
some of these models, activating the ECS rescued the social deficits. Evidence for dysregulations of the ECS in
human ASD are emerging, but comprehensive assessments and correlations with disease characteristics have not
been reported yet.

Methods: Serum levels of the main endocannabinoids, N-arachidonoylethanolamine (AEA or anandamide) and
2-arachidonoylglycerol (2-AG), and their related endogenous compounds, arachidonic acid (AA), N-palmitoylethanolamine
(PEA), and N-oleoylethanolamine (OEA), were analyzed by liquid chromatography/tandem mass spectrometry in 93
children with ASD (age = 13.1 ± 4.1, range 6–21; 79% boys) and 93 age- and gender-matched neurotypical children
(age = 11.8 ± 4.3, range 5.5–21; 79% boys). Results were associated with gender and use of medications, and were
correlated with age, BMI, and adaptive functioning of ASD participants as reflected by scores of Autism Diagnostic
Observation Schedule (ADOS-2), Vineland Adaptive Behavior Scale-II (VABS-II), and Social Responsiveness Scale-II (SRS-2).

Results: Children with ASD had lower levels (pmol/mL, mean ± SEM) of AEA (0.722 ± 0.045 vs. 1.252 ± 0.072, P < 0.0001,
effect size 0.91), OEA (17.3 ± 0.80 vs. 27.8 ± 1.44, P < 0.0001, effect size 0.94), and PEA (4.93 ± 0.32 vs. 7.15 ± 0.37,
P < 0.0001, effect size 0.65), but not AA and 2-AG. Serum levels of AEA, OEA, and PEA were not significantly associated
or correlated with age, gender, BMI, medications, and adaptive functioning of ASD participants. In children with ASD,
but not in the control group, younger age and lower BMI tended to correlate with lower AEA levels. However, these
correlations were not statistically significant after a correction for multiple comparisons.

Conclusions: We found lower serum levels of AEA, PEA, and OEA in children with ASD. Further studies are needed to
determine whether circulating endocannabinoid levels can be used as stratification biomarkers that identify clinically
significant subgroups within the autism spectrum and if they reflect lower endocannabinoid “tone” in the brain, as
found in animal models of ASD.

Keywords: Autism spectrum disorder, Endocannabinoid system, Anandamide, N-arachidonoylethanolamine,
2-arachidonoylglycerol, Arachidonic acid, N-palmitoylethanolamine, N-oleoylethanolamine, Biomarkers, Cannabinoids
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endocannabinoid in the control group. P < 0.05 was con-
sidered statistically significant for all analyses.

Results
Serum endocannabinoids are lower in ASD
Serum levels of the main endocannabinoid AEA and its
structurally related compounds OEA and PEA were lower
in children with ASD versus age-, gender-, and
BMI-matched control group of typically developed children.
[Fig. 1; AEA 0.722 ± 0.045 vs. 1.252 ± 0.072, P = 2.9E-09,

Cohen’s d effect size; 0.91. OEA 17.3 ± 0.80 vs. 27.8 ± 1.44,
P = 1.2E-09, Cohen’s d effect size; 0.94. PEA 4.93 ± 0.32
vs. 7.15 ± 0.37, P = 1.4E-05, Cohen’s d effect size;
0.65 pmol/mL, mean ± SEM, these differences remained
statistically significant after a correction for multiple
comparisons]. Serum levels of 2-AG and its breakdown
molecule AA were not significantly different between
groups [2-AG 29.91 ± 5.29 vs. 18.92 ± 1.89, P = 0.12;
AA 2092 ± 93 vs. 2228 ± 133, P = 0.39; ASD vs. control,
pmol/mL, mean ± SEM].

Serum endocannabinoids differentiated ASD and controls
Serum levels of AEA, OEA, and PEA were independently
associated with ASD status when adjusting for age, gender,
BMI, and attention deficit hyperactivity disorder (ADHD)
status. (Additional file 1: Table S1, P = 0.001, 0.01 and
0.007, respectively). Cut-off level for AEA, OEA, and
PEA were set at the 25th percentile (first quartile)
value in the control group. These values are pre-
sented in Table 2 with sensitivity and specificity in
ASD detection and P values.

Impact of age, gender, and BMI on serum
endocannabinoid levels
Difference in endocannabinoid levels between genders
and correlations with age and BMI appear in Table 3.
Younger and thinner children with ASD had lower levels
of serum AEA (Table 3). However, these correlations did
not remain significant after a correction for multiple
comparisons. No other significant correlations of AEA,
OEA, and PEA with age and BMI or associations with
gender were found.

Impact of ADHD symptoms, ASD severity, comorbidity,
and use of medications on serum endocannabinoid levels
Correlations of circulating AEA, OEA, and PEA levels
with adaptive functioning and associations with ADHD,
epilepsy comorbidity, use of medications and history of
prenatal complications are presented in Table 4 and
Figs. 2, 3, and 4. No significant correlations or associa-
tions were found. Some tendency toward a correlation
was observed for AEA with APSI (R = 0.19, P = 0.06) and
with use of antipsychotic medications (R = 0.18, P = 0.07).
Children with higher APSI severity score or with higher
use of antipsychotics had lower AEA levels.

Discussion
This study provides evidence that serum levels of certain
endocannabinoids are substantially decreased in people
with ASD across age groups, adaptive functioning, BMIs,
and in both genders. The most studied endogenous li-
gands of CB1R and cannabinoid type-2 receptor (CB2R)
are AEA and 2-AG. We detected decreased serum con-
centrations of AEA and its structurally related compounds

Fig. 1 Lower serum endocannabinoid levels in children with ASD. Legend: low endocannabinoid “tone” in serum samples of 93 children with
ASD compared with 93 age- and gender-matched controls. Results of anandamide (AEA; panel a), oleoylethanolamine (OEA; panel b), and
palmitoylethanolamide (PEA; panel c) are presented as mean, standard error, and distribution respectively
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• Serum levels of 2-AG 
were not significantly 
different.

• Anandamide (AEA) 
has function similar to 
THC

• OEA and PEA have 
low affinity to CB1 
and CB2 but activate 
PPARs and TRPV1, 
similar to CBD.

• No significant 
association w/ ADHD 
symptoms, ASD 
severity, comorbidity, 
and use of 
medications 
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prognostic information, and monitor treatment re-
sponse. This is specifically imperative in ASD due to the
high complexity and heterogeneity of the disorder and
the importance of early diagnosis and early behavioral
intervention to improve outcome. We found that circu-
lating AEA, OEA, and PEA are substantially lower in

children with ASD with a relatively high specificity and
sensitivity. ASD includes a range of neurodevelopmental
disorders that are very heterogeneous both clinically and
etiologically, and it is not realistic to look for a specific
biomarker that perfectly classify ASD and neurotypical
participants. However, circulating AEA, OEA, and PEA

Fig. 4 Impact of epilepsy status on serum endocannabinoid levels in children with ASD. Legend: endocannabinoid levels in serum samples of 93
children with ASD—with (n = 9) and without (n = 84) epilepsy. There were no significant differences between children with and without epilepsy.
Results of AEA (panel a), OEA (panel b) and PEA (panel c) are presented as mean, standard error, and distribution
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Fig. 5 Schematic diagram of the endocannabinoid system, relevant to this study. Legend: biosynthesis, degradation, and receptors’ binding of
AEA, 2-AG, OEA, and PEA are presented. AEA, PEA, and OEA are synthesized from the membrane’s phospholipids by N-acylphosphatidylethanolamine-
specific phospholipase D (NAPE-PLD). PEA and OEA do not bind CB1R, but they can enhance AEA activity at transient receptor potential channels of
vanilloid type-1 (TRPV1). AEA, PEA, and OEA are all degraded by fatty acid amide hydrolase (FAAH) and hence OEA and PEA can increase AEA levels by
competing with AEA for FAAH (mainly OEA) or by downregulating FAAH expression (mainly PEA). Cannabidiol (CBD), a non-psychoactive component
of the cannabis plant, activates peroxisome proliferator-activated receptors (PPARs) and TPRV1 and inhibits FAAH and hence might compensate for
lower levels of AEA, OEA, and PEA in children with ASD. DAGL, diacylglycerol lipase; MAGL, monoacylglycerol lipase. EMT, endocannabinoid membrane
transporter; GPR55, G protein-coupled receptor 55
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Case Study: Dronabinol

• 6-year old by with early infant autism 
• THC total daily dose 3.6mg for 6 months

– 2 drops in the morning, 1 drop midday, 3 drops in the evening. 
• Aberrant Behavior Checklist

– hyperactivity ↓ 27 points
– lethargy ↓ 25 point
– irritability ↓ 12 points
– stereotypic behavior ↓ 7 points
– inappropriate speech ↓ 6 points. 

• No adverse effects were reported.
Kurz, René, and Kurt Blaas. "Use of dronabinol (delta-9-THC) in autism: a prospective single-case-study with an early infantile 

autistic child." Cannabinoids 5.4 (2010): 4-6.

Kurz & Blaas 
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Table 1. Wilcoxon Rank Sum Test for samples / pre- & 
post-values 

Subscales Before  
(May 2009) 

After 
 (November 

2009) 
Irritability 38 13 
Lethargy 23 11 

Stereotype 16 9 
Hyperactivity 47 20 

Inappropriate speech 6 0 
P-value for Wilcoxon 

rank sum test 0.04311  

 
There are well known alterations of neurotransmitters 
in autistic people especially in the cerebral cannabinoid 
receptor system [5]. We therefore asked whether dron-
abinol could safely be used in autism and what out-
comes can be achieved within an observation period of 
six months.  
 
Methods 

This study involved a six year old boy with early infant 
autism (F84.0), who was diagnosed in the Pediatric 
Clinic Graz at the age of three. The diagnosis had been 
made using DSM-IV criteria (American Psychiatric 
Association, Diagnostic Manuel of Mental Disorders, 

4th Edition) and confirmed by ADOS (Autism Diag-
nostic Observation Schedule) and ADI (Autism Diag-
nostic Interview) [2][3]. During the six months of fol-
low-up the child did not start any new therapies or 
change existing assistance measures. 
At beginning and end of this study symptom severity 
was determined by using the ABC (Aberrant Behavior 
Checklist) [7]. This is a questionnaire consisting of 52 
questions with a rating scale from zero to three (0 ... no 
problem, 3 ... severe problem) filled out by an exam-
iner together with the parents. Results are stratified in 
five subscales "hyperactivity" (min.0/max.48), "leth-
argy"(min.0/max.48), "stereotype"(min.0/max.21), 
"irritability"(min.0/max.45) and "inappropriate 
speech"(min.0/max.12). Analysis was done with SPSS 
(SPSS 2002-10) by using the Wilcoxon Rank Sum 
Test. Statistical significance was set with p� 0.05. 
The therapy used was dronabinol drops (dronabinol 
solved in sesame oil). Initial dosage was one drop 
(0.62mg) in the morning which was gradually in-
creased from day to day. 
 
Results 

During the six months follow-up the subject received 
only dronabinol therapy. The maximum tolerated dose 
effect was reached at 2-1-3 (two drops in the morning,  

 

 
Figure 1. Change of ABC subscales within six months. 

 
 
 
 
 

one drop midday, three drops in the evening), total 
daily dose of 3,62 mg dronabinol. No adverse effects 
were reported during treatment. 
The ABC subscales significantly changed over six 
month (p= 0.04) (see Table 1). Hyperactivity decreased 
by 27 points, lethargy was reduced by 25 points and 
irritability by 12 points. Stereotypic behaviour de-

creased by 7 points and inappropriate speech improved 
by 6 points (see Figure 1). 
 
Discussion 

This uncontrolled single case study suggests that dro-
nabinol may reduce symptoms in early infant autism. 



Observational Data from Chile
• 20 children & 1 adult with ASD, roughly equal distribution of 

the three severity levels.  
– Two thirds unsuccessfully treated with risperidone, aripiprazole, 

quetiapine and/or methylphenidate. 
• 71% received balanced CBD:THC extracts 
• 19.0% CBD-dominant extracts
• 9.5% THC-dominant extracts
• Mean follow up 7.6 months

Kuester, G., et al. "Oral cannabis extracts as a promising treatment for the core symptoms of autism spectrum disorder: preliminary 
experience in chilean patients." Journal of the Neurological Sciences 381 (2017): 932-933.



Observational Data from Chile

ORAL CANNABIS EXTRACTS AS A PROMISING TREATMENT
FOR THE CORE SYMPTOMS OF AUTISM SPECTRUM DISORDER: 

PRELIMINARY EXPERIENCE IN CHILEAN PATIENTS.
Gisela Kuester, Karina Vergara, Alejandra Ahumada, Ana María Gazmuri. 

Fundación Daya. Santiago, Chile. www.fundaciondaya.org 

INTRODUCTION. Regulation of cannabis in Chile is currently guided by Law number 20.000 (year 2005) and Ministry
of Health decrees (December, 2015), permitting self-cultivation for medicinal purposes and medical prescription of
whole plant extracts (Figure 1). Daya Foundation has been the first organization in obtaining official permission for
growing cannabis for medical research in our country. Our Foundation also has provided medical support to many
patients with different uncontrolled conditions such as refractory epilepsy or chronic pain. Autism spectrum disorder
(ASD) is one of the neurological diseases that has been increasingly reported having a dramatically good response to
cannabis extracts. The endocannabinoid system (Figures 2, 3) and their extensive modulation of many different
neurotransmission processes is the most plausible hypothesis for these results.

PURPOSE. To report our preliminary findings in a series of
patients with ASD treated with sublingual cannabis extracts.

METHOD. We retrospectively reviewed consecutive
patients seen between June 2016 and March 2017, with
ASD diagnosis according to DSM-5 (persistent deficits in
social communication and interaction; restricted,
repetitive patterns of behavior, interests, or activities;
symptoms present in the early developmental period;
cause clinically significant impairment in social,
occupational, or other areas of current functioning; not
explained by intellectual disability nor global
developmental delay), treated with cannabis extracts for
at least a 12-week period. Demographic/clinical data,
neuroimaging/EEG studies, vision, audition, genetic, and
metabolic tests, parental/school/neuropsychological
reports were reviewed. Types of cannabis strains and
extracts (Figure 4), administered total daily dosage of
CBD and THC (measured by HPLC), calculated CBD:THC
ratio, and adverse events were documented. Clinical
response to treatment was estimated using Clinical Global
Impression of Improvement (CGI-I) Scale.

RESULTS. 20 children and one adult patients were selected.
Mean age: 9 years, 10 month (range: 26 mo-22 yo), 15 males.
Figure 5 shows severity level of ASD at baseline. 66.6% of
patients were previously treated with risperidone,
aripiprazole, quetiapine and/or methylphenidate, all of them
without good response and/or with undesirable adverse
events.
Mean follow-up after starting cannabis therapy was 7.6 mo
(range: 3-12). According to cannabis strain, 71.5% of patients
received balanced CBD:THC extracts; 19.0% high-CBD, and
9.5% high-THC extracts. The administered daily dose of CBD
and THC was measured in 10 patients; 9 of them received
high-CBD and one high-THC extracts (Tables 1 and 2).
According to CGI-I Scale, 66,65% of patients had significant
general improvement (very much improved: 19.0%, much
improved: 47.6%) (Figure 6). 71.4% of cases improved at least
one of the core symptoms of ASD, including social
communication, language, or repetitive behaviors. Additionally,
food acceptance or feeding (6 out of 7 patients), sleep
disorders (6 out 10 patients), sensory difficulties (2 out 5
patients), and/or seizures (2 out 3 patients) were improved.
Adverse events included more agitation (two patients), more
irritability (one patient), somnolence (one patient), insomnia
(one patient), and seizure aggravation (one patient), but they
were easily solved by changing the strain. Other patient had
constipation.

CONCLUSION. In this small series of ASD patients, cannabis extracts were dramatically more effective than
conventional medicines previously used, and they were well tolerated overall. According to CGI-I Scale, 66.65% of
patients had significant improvement. Interestingly, 71.4% of cases improved at least one of the core symptoms of
ASD, including social communication, language, or repetitive behaviors. Daily dose of CBD and THC was variable but
usually low. Mean CBD:THC ratio of the administered cannabis extracts was 1.66. Large randomized controlled trials
are needed to establish the efficacy and safety of standardized whole plant cannabis extracts in ASD.

Figure 2. 
The endocannabinoid

system

Figure 4. Types of cannabis extracts and delivery method.
A. Macerated oil. B. Sublingual administration. C. Resin. 

Figure 3. CB1 receptor
density in the brain

High density of CB1 receptors
Moderate density of CB1 receptors

A. B. C. 

Figure 1. Current medicinal
cannabis  regulation around

the world

. 

Figure 6. Results of CGI-I Score after 
cannabis extract treatment

Figure 5. Severity level of ASD at baseline 

Type of cannabinoid Range of administered 
dose Mean administered dose

Cannabidiol (CBD) 0.17 - 13.32 mg/day 1.94 mg/day

Tetrahydrocannabinol (THC) 0.22 - 5.26 mg/day 0.89 mg/day

Table 1. Daily administered dose of CBD and THC (n=10)

CBD:THC ratio

Range 2.53 - 0.45

Mean 1.66

Table 2. CBD:THC ratio of administered
cannabis extracts (n=10)   

Kuester, G., et al. "Oral cannabis extracts as a promising treatment for the core symptoms of autism spectrum disorder: 
preliminary experience in chilean patients." Journal of the Neurological Sciences 381 (2017): 932-933.

ORAL CANNABIS EXTRACTS AS A PROMISING TREATMENT
FOR THE CORE SYMPTOMS OF AUTISM SPECTRUM DISORDER: 

PRELIMINARY EXPERIENCE IN CHILEAN PATIENTS.
Gisela Kuester, Karina Vergara, Alejandra Ahumada, Ana María Gazmuri. 

Fundación Daya. Santiago, Chile. www.fundaciondaya.org 

INTRODUCTION. Regulation of cannabis in Chile is currently guided by Law number 20.000 (year 2005) and Ministry
of Health decrees (December, 2015), permitting self-cultivation for medicinal purposes and medical prescription of
whole plant extracts (Figure 1). Daya Foundation has been the first organization in obtaining official permission for
growing cannabis for medical research in our country. Our Foundation also has provided medical support to many
patients with different uncontrolled conditions such as refractory epilepsy or chronic pain. Autism spectrum disorder
(ASD) is one of the neurological diseases that has been increasingly reported having a dramatically good response to
cannabis extracts. The endocannabinoid system (Figures 2, 3) and their extensive modulation of many different
neurotransmission processes is the most plausible hypothesis for these results.

PURPOSE. To report our preliminary findings in a series of
patients with ASD treated with sublingual cannabis extracts.

METHOD. We retrospectively reviewed consecutive
patients seen between June 2016 and March 2017, with
ASD diagnosis according to DSM-5 (persistent deficits in
social communication and interaction; restricted,
repetitive patterns of behavior, interests, or activities;
symptoms present in the early developmental period;
cause clinically significant impairment in social,
occupational, or other areas of current functioning; not
explained by intellectual disability nor global
developmental delay), treated with cannabis extracts for
at least a 12-week period. Demographic/clinical data,
neuroimaging/EEG studies, vision, audition, genetic, and
metabolic tests, parental/school/neuropsychological
reports were reviewed. Types of cannabis strains and
extracts (Figure 4), administered total daily dosage of
CBD and THC (measured by HPLC), calculated CBD:THC
ratio, and adverse events were documented. Clinical
response to treatment was estimated using Clinical Global
Impression of Improvement (CGI-I) Scale.

RESULTS. 20 children and one adult patients were selected.
Mean age: 9 years, 10 month (range: 26 mo-22 yo), 15 males.
Figure 5 shows severity level of ASD at baseline. 66.6% of
patients were previously treated with risperidone,
aripiprazole, quetiapine and/or methylphenidate, all of them
without good response and/or with undesirable adverse
events.
Mean follow-up after starting cannabis therapy was 7.6 mo
(range: 3-12). According to cannabis strain, 71.5% of patients
received balanced CBD:THC extracts; 19.0% high-CBD, and
9.5% high-THC extracts. The administered daily dose of CBD
and THC was measured in 10 patients; 9 of them received
high-CBD and one high-THC extracts (Tables 1 and 2).
According to CGI-I Scale, 66,65% of patients had significant
general improvement (very much improved: 19.0%, much
improved: 47.6%) (Figure 6). 71.4% of cases improved at least
one of the core symptoms of ASD, including social
communication, language, or repetitive behaviors. Additionally,
food acceptance or feeding (6 out of 7 patients), sleep
disorders (6 out 10 patients), sensory difficulties (2 out 5
patients), and/or seizures (2 out 3 patients) were improved.
Adverse events included more agitation (two patients), more
irritability (one patient), somnolence (one patient), insomnia
(one patient), and seizure aggravation (one patient), but they
were easily solved by changing the strain. Other patient had
constipation.

CONCLUSION. In this small series of ASD patients, cannabis extracts were dramatically more effective than
conventional medicines previously used, and they were well tolerated overall. According to CGI-I Scale, 66.65% of
patients had significant improvement. Interestingly, 71.4% of cases improved at least one of the core symptoms of
ASD, including social communication, language, or repetitive behaviors. Daily dose of CBD and THC was variable but
usually low. Mean CBD:THC ratio of the administered cannabis extracts was 1.66. Large randomized controlled trials
are needed to establish the efficacy and safety of standardized whole plant cannabis extracts in ASD.
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• Observational study of CBD-rich oil in 60 children 
with ASD and severe behavioral problems
– 77% low functioning, 83% boys

• Administered sublingually 2-3x/day
– up-titrated over 2–4 weeks to effect and tolerability
– starting dose 1 mg/kg/day, max dose10 mg/kg/day 
– 7 to 13 months of treatment
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Introduction

About 50% of children with autism spectrum disorder 
(ASD) su#er from behavioral problems such as tantrums, 
self-injury and violence (Maskey et"al. 2013). These behav-
ioral di!culties increase their social isolation, limit their 
ability to benefit from intervention e#orts and often cause 
more distress to caregivers than the core autistic symptoms. 
Unfortunately, about 40% of children with ASD and disrup-
tive behavior do not respond well to standard behavioral 
and medical treatment (Adler et"al. 2015). Consequently, an 
exceptionally high percentage of parents are seeking help 
through unproven methods (Hofer et"al. 2017), including the 
use of compounds made of the cannabis plant.

The cannabis plant contains two main cannabinoids: tet-
rahydrocannabinol (THC) and cannabidiol (CBD). THC is 
psychoactive and can cause anxiety and psychosis. CBD is 
not psychoactive and has potential anxiolytic, antipsychotic, 
anti-inflammatory and antioxidant properties with a rela-
tively high toxicity threshold (Campos et"al. 2017). Recently, 
CBD is emerging as a therapeutic option for refractory epi-
lepsy (Devinsky et"al. 2017, 2018; Thiele et"al. 2018) and 
a CBD compound (Epidiolex, GW pahrmaceuticals) was 
approved by the U.S. Food and Drug Administration to 
treat severe forms of epilepsy (Lennox Gastaut and Dravet 
syndromes). These findings are of specific importance for 
people with ASD, as 10–30% of people with ASD have 
comorbid epilepsy (Ballaban-Gil and Tuchman 2000) and 
several synaptic plasticity pathways appear to be involved 
in both disease processes (Lee et"al. 2015).

Moreover, alerted activation of the endocannabinoid sys-
tem (ECS) was found in various animal models of epilepsy 
(Rosenberg et"al. 2017) and ASD (Zamberletti et"al. 2017). 
In some of these models, activating of the ECS or admin-
istrating CBD (Kaplan et"al. 2017; Gururajan et"al. 2012) 
ameliorated the social deficits.

A recent study demonstrated reduced concentration of 
the endocannabinoid anandamide in children with ASD 
(Karhson et"al. 2018). However, to our knowledge, there 
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• 61% of patients had significant improvement in 
behavior problems
– much improved or very much improved on CGI scale

• Following the cannabis treatment:
– 16 (33%) received fewer medications or lower dosage 
– 12 (24%) stopped taking medications 
– 4 (8%) received more medications or higher dose
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• In 29 patients with an insufficient response 
to the original 20:1 formulation, lower 
CBD:THC ratios were used (up to a 6:1). 

• Lower CBD:THC ratio reported to be much 
better in 13 patients, slightly better in 7 
patients, no change in 6 and worse in 3.
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tem (ECS) was found in various animal models of epilepsy 
(Rosenberg et"al. 2017) and ASD (Zamberletti et"al. 2017). 
In some of these models, activating of the ECS or admin-
istrating CBD (Kaplan et"al. 2017; Gururajan et"al. 2012) 
ameliorated the social deficits.

A recent study demonstrated reduced concentration of 
the endocannabinoid anandamide in children with ASD 
(Karhson et"al. 2018). However, to our knowledge, there 
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medications. She gradually increased the THC dose and 
when she reached 0.72!mg/kg/day, she developed an abrupt 
behavioral change that included unusual vocalization and 
refusal to eat and sleep for 48!h. She stopped the CBD and 
THC and started Ziprasidone 1.4!mg/kg/day. The symptoms 
resolved after 9!days.

Global Impression of!Change in!Behavior, Anxiety 
and!Communication Following Cannabis Treatment

Figure!1 demonstrates the overall improvement in behavior, 
anxiety and communication as rated by parents on the CGIC 
scale. Considerable improvement in behavior problems 
(‘much improved’ or ‘very much improved’) was reported 
in 61% of the children. Considerable improvement in anxi-
ety and communication problems was reported in 39% and 
47% of the children respectively. CGIC ratings were not 
correlated with age, functional level, severity of behavioral 
problems at baseline and comorbidity with epilepsy.

Improvement in!Disruptive Behavior Assessed 
by!the!HSQ-ASD and!APSI

HSQ scores improved by 29% from 4.74 ± 1.82!at baseline 
to 3.36 ± 1.56 following the cannabis treatment. The mean 
improvement was 1.38 ± 1.79 (median = 0.81).

APSI scores improved by 33%, from 2.04 ± 0.77!at base-
line to 1.37 ± 0.59 following the cannabis treatment. The 
mean improvement was 0.66 ± 0.74 (median = 0.53).

Concomitant Use of!Medications

Forty nine children (82%) were treated with medications and 
cannabis concomitantly: 43 children (72%) used antipsychot-
ics 10 (17%) received mood stabilizers, 7 (12%) received 
benzodiazepines, 4 (7%)—SSRIs and 4 (7%) received stimu-
lants (details appear in the Supplementary Material, online). 
Following the cannabis treatment, 16 (33%) received fewer 
medications or lower dosage, 12 (24%) stopped taking med-
ications and 4 (8%) received more medications or higher 
dose.

Discussion

To our knowledge, this is the first report on the impact of 
CBD-rich medical cannabis in children with ASD. Spe-
cifically, following the cannabis treatment, behavioral 
outbreaks were much improved or very much improved 
in 61% of patients. Moreover, 16 children (33%) received 
less medications or lower dosage and 12 (24%) stopped 
taking medications (all received at least 1 antipsychotic), 
while 4 children (8%) received more medications or higher 
dose. However, strains with a relatively high THC concen-
tration (6:1-CBD to THC ratio) might lead to a serious 
psychotic episode that would require treatment with an 
antipsychotic.

Based on these promising results, we have launched a 
placebo controlled cross-over trial that will assess CBD-rich 
cannabis in 150 children with ASD and disruptive behavior 
(NCT02956226). Another large placebo controlled study 
(NCT03202303) will assess Cannabidivarin (CBDV), a 
homolog of CBD, in 100 children with ASD.

CBD-rich cannabis might help children with ASD via 
several possible mechanisms including its anxiolytic and 
antipsychotic properties (Campos et!al. 2017) as well as its 
immunomodulatory e"ect and its impact on the endocan-
nabinoid system (ECS). Several human studies revealed 
associations between polymorphisms in the gene encoding 
CB1 endocannabinoid receptor and social reward process-
ing (Chakrabarti and Baron-Cohen 2011).

Table 1  Adverse events reported by parents during the treatment with 
cannabis

Adverse event No of 
patients (%)

Any adverse event 29 (51%)
Sleep disturbances 8 (14%)
Restlessness 5 (9%)
Nervousness 5 (9%)
Loss of appetite 5 (9%)
Gastrointestinal symptoms 4 (7%)
Unexplained laugh 4 (7%)
Mood changes 3 (5%)
Fatigue 3 (5%)
Nocturnal enuresis 2 (3.5%)
Gain of appetite 2 (3.5%)
Weight loss 2 (3.5%)
Weight gain 2 (3.5%)
Dry mouth 2 (3.5%)
Tremor 2 (3.5%)
Sleepiness 1 (2%)
Anxiety 1 (2%)
Confusion 1 (2%)
Cough 1 (2%)
Serious adverse event No of 

patients (%)

Psychotic event 1 (2%)

One girl who used a lower CBD:THC 
ratio (max THC dose 0.72 mg/kg/day) 
had a transient serious psychotic event 
which required treatment with an 
antipsychotic.
Aran, Adi, et al. "Brief Report: Cannabidiol-Rich Cannabis in 
Children with Autism Spectrum Disorder and Severe Behavioral 
Problems—A Retrospective Feasibility Study." Journal of 
autism and developmental disorders 49.3 (2019): 1284-1288.
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These preclinical data and the results of the current study 
render worthwhile further exploration of this treatment ave-
nue in controlled studies. Until such evidence is available, 
physicians should be cautious in the use of medical cannabis 
in children with ASD since initial reports of promising treat-
ment in children with ASD are often found, in controlled 
studies, to result from a pure placebo response (King et!al. 
2013). Furthermore, the use of recreational cannabis in ado-
lescents is associated with several risks including decreased 
motivation, addiction, mild cognitive decline, and schizo-
phrenia. However, these complications are all attributed to 
THC, while we used CBD-rich compounds. Nevertheless, 
as safety data in children are sparse, it is recommended that 
clinical use be withheld until ongoing randomized trials are 
published.

Finally, this study has several limitations. It is an uncon-
trolled retrospective study of a subgroup of children with 
severe and refractory behavioral problems. The participants 
used various cannabis strains from di"erent growers and 
a broad range of CBD and THC dose, and the number of 
participants was not large enough to evaluate the impact on 
di"erent ASD subgroups.
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• Observational study with 188 patients
– 90% with restlessness
– 80% with rage attacks
– 79% with agitation. 

• Primarily treated with CBD:THC 20:1 oil, with an average 
dose of 79.5 ± 61.5 mg CBD and 4.0 ± 3.0 mg THC given 
TID.  

• Insomnia in 46 patients (24.4%) was treated with an 
evening does of THC oil, average 5.0 ± 4.5 mg THC daily 
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outcomes of interest and were assessed by structured questionnaires. After six months of treatment 
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!ere has been a 3-fold increase during the last 3 decades in the number of children diagnosed with autism spec-
trum disorders worldwide1–5. No speci"c treatments are currently available and interventions are focussing on 
lessening of the disruptive behaviors, training and teaching self-help skills for a greater independence6.

Recently, CBD enriched cannabis has been shown to be bene"cial for children with autism7. In this retrospec-
tive study on 60 children, behavioural outbreaks were improved in 61% of patients, communication problems 
in 47%, anxiety in 39%, stress in 33% and disruptive behaviour in 33% of the patients. !e rationale for this 
treatment is based on the previous observations and theory that cannabidiol e#ects might include alleviation of 
psychosis, anxiety, facilitation of REM sleep and suppressing seizure activity8. A prospective single-case-study 
of Dronabinol (a THC-based drug) showed signi"cant improvements in hyperactivity, lethargy, irritability, 
stereotypy and inappropriate speech at 6 month follow-up9. Furthermore, Dronabinol treatment of 10 ado-
lescent patients with intellectual disability resulted in 8 patients showing improvement in the management of 
treatment-resistant self-injurious behaviour10.

In 2007, !e Israel Ministry of Health began providing approvals for medical cannabis, mainly for symp-
toms palliation. In 2014, !e Ministry of Health began providing licenses for the treatment of children with 
epilepsy. A$er seeing the results of cannabis treatment on symptoms like anxiety, aggression, panic, tantrums 
and self-injurious behaviour, in children with epilepsy, parents of severely autistic children turned to medical 
cannabis for relief.

Although many with autism are being treated today with medical cannabis, there is a signi"cant lack of knowl-
edge regarding the safety pro"le and the speci"c symptoms that are most likely to improve under cannabis treat-
ment. !erefore, the aim of this study was to characterize the patient population receiving medical cannabis 
treatment for autism and to evaluate the safety and e%cacy of this therapy.

ͷClinical Cannabis Research Institute, Soroka University Medical Center and Faculty of Health Sciences, Ben-Gurion 
University of the Negev, Be’er-Sheva, Israel. Research Department, Tikun Olam LTD, Tel Aviv-Yafo, Israel. Institute 
for Drug Research, School of Pharmacy, The Hebrew University of Jerusalem, Jerusalem, Israel. ͺNegev Autism 
Centre, Ben-Gurion University of the Negev, Beer Sheva, Israel. ͻSoroka University Medical and Faculty of Health 
Sciences, Ben-Gurion University of the Negev, Beer Sheva, Israel. Correspondence and requests for materials should 
be addressed to V.N. (email: VictorNo@clalit.org.il)
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• 30% reported a significant improvement
• 54% moderate improvement
• 7% slight improvement 
• 9% had no change 

• Of the 55 patients taking antipsychotics, 11 
discontinued them and 3 reduced the dose. 
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!ere has been a 3-fold increase during the last 3 decades in the number of children diagnosed with autism spec-
trum disorders worldwide1–5. No speci"c treatments are currently available and interventions are focussing on 
lessening of the disruptive behaviors, training and teaching self-help skills for a greater independence6.

Recently, CBD enriched cannabis has been shown to be bene"cial for children with autism7. In this retrospec-
tive study on 60 children, behavioural outbreaks were improved in 61% of patients, communication problems 
in 47%, anxiety in 39%, stress in 33% and disruptive behaviour in 33% of the patients. !e rationale for this 
treatment is based on the previous observations and theory that cannabidiol e#ects might include alleviation of 
psychosis, anxiety, facilitation of REM sleep and suppressing seizure activity8. A prospective single-case-study 
of Dronabinol (a THC-based drug) showed signi"cant improvements in hyperactivity, lethargy, irritability, 
stereotypy and inappropriate speech at 6 month follow-up9. Furthermore, Dronabinol treatment of 10 ado-
lescent patients with intellectual disability resulted in 8 patients showing improvement in the management of 
treatment-resistant self-injurious behaviour10.

In 2007, !e Israel Ministry of Health began providing approvals for medical cannabis, mainly for symp-
toms palliation. In 2014, !e Ministry of Health began providing licenses for the treatment of children with 
epilepsy. A$er seeing the results of cannabis treatment on symptoms like anxiety, aggression, panic, tantrums 
and self-injurious behaviour, in children with epilepsy, parents of severely autistic children turned to medical 
cannabis for relief.

Although many with autism are being treated today with medical cannabis, there is a signi"cant lack of knowl-
edge regarding the safety pro"le and the speci"c symptoms that are most likely to improve under cannabis treat-
ment. !erefore, the aim of this study was to characterize the patient population receiving medical cannabis 
treatment for autism and to evaluate the safety and e%cacy of this therapy.

ͷClinical Cannabis Research Institute, Soroka University Medical Center and Faculty of Health Sciences, Ben-Gurion 
University of the Negev, Be’er-Sheva, Israel. Research Department, Tikun Olam LTD, Tel Aviv-Yafo, Israel. Institute 
for Drug Research, School of Pharmacy, The Hebrew University of Jerusalem, Jerusalem, Israel. ͺNegev Autism 
Centre, Ben-Gurion University of the Negev, Beer Sheva, Israel. ͻSoroka University Medical and Faculty of Health 
Sciences, Ben-Gurion University of the Negev, Beer Sheva, Israel. Correspondence and requests for materials should 
be addressed to V.N. (email: VictorNo@clalit.org.il)

Received: 23 August 2018
Accepted: 23 November 2018
Published: xx xx xxxx

����



1SCIENTIFIC REPORTS |           (2019) 9:200 �ȁ����ǣͷͶǤͷͶ;Ȁ�ͺͷͻͿ;ǦͶͷ;ǦͽͻͽͶǦ�

���Ǥ������Ǥ���Ȁ�����������������

Real life Experience of Medical 
Cannabis Treatment in Autism: 
������������������������ƥ����
Lihi Bar-Lev Schleider  ͷǡǡ���������Mechoulamǡ�������Sabanǡ�
���Meiriͺǡͻ & 
Victor ������ͷ

There has been a dramatic increase in the number of children diagnosed with autism spectrum disorders 
ȋ���Ȍ����������Ǥ������������������������������������������������������ơ������������������������������
emerged. The aim of this study is to characterize the epidemiology of ASD patients receiving medical 
���������������������������������������������������ƥ����Ǥ����������������������������������������������
������������������������������������ͷ;;����������������������������������������������������Ͷͷͻ�
����ͶͷͽǤ��������������������������������������������������������������������������������Ͷά���������
ͷǤͻά����Ǥ�������������������ǡ�������������������������������������ơ��������ͼ���������������������
outcomes of interest and were assessed by structured questionnaires. After six months of treatment 
;Ǥͺά�������������ȋͷͻͻȌ������������������������������ͼͶǤͶά�ȋͿȌ�������������������Ǣ�;����������
ȋͶǤͷάȌ�����������������Ƥ����������������ǡ�ͻͶ�ȋͻǤͽάȌ���������ǡ�ͼ�ȋͼǤͺάȌ������������;�ȋ;ǤͼάȌ�����
����������������������������Ǥ�������Ǧ���������������ȋͻǤάȌ��������������������������������ơ���Ǣ�����
�����������������������������ȋͼǤͼάȌǤ������������������������������������������������������ǡ����������
�ơ�����������������������������������������������������Ǥ

!ere has been a 3-fold increase during the last 3 decades in the number of children diagnosed with autism spec-
trum disorders worldwide1–5. No speci"c treatments are currently available and interventions are focussing on 
lessening of the disruptive behaviors, training and teaching self-help skills for a greater independence6.

Recently, CBD enriched cannabis has been shown to be bene"cial for children with autism7. In this retrospec-
tive study on 60 children, behavioural outbreaks were improved in 61% of patients, communication problems 
in 47%, anxiety in 39%, stress in 33% and disruptive behaviour in 33% of the patients. !e rationale for this 
treatment is based on the previous observations and theory that cannabidiol e#ects might include alleviation of 
psychosis, anxiety, facilitation of REM sleep and suppressing seizure activity8. A prospective single-case-study 
of Dronabinol (a THC-based drug) showed signi"cant improvements in hyperactivity, lethargy, irritability, 
stereotypy and inappropriate speech at 6 month follow-up9. Furthermore, Dronabinol treatment of 10 ado-
lescent patients with intellectual disability resulted in 8 patients showing improvement in the management of 
treatment-resistant self-injurious behaviour10.

In 2007, !e Israel Ministry of Health began providing approvals for medical cannabis, mainly for symp-
toms palliation. In 2014, !e Ministry of Health began providing licenses for the treatment of children with 
epilepsy. A$er seeing the results of cannabis treatment on symptoms like anxiety, aggression, panic, tantrums 
and self-injurious behaviour, in children with epilepsy, parents of severely autistic children turned to medical 
cannabis for relief.

Although many with autism are being treated today with medical cannabis, there is a signi"cant lack of knowl-
edge regarding the safety pro"le and the speci"c symptoms that are most likely to improve under cannabis treat-
ment. !erefore, the aim of this study was to characterize the patient population receiving medical cannabis 
treatment for autism and to evaluate the safety and e%cacy of this therapy.

ͷClinical Cannabis Research Institute, Soroka University Medical Center and Faculty of Health Sciences, Ben-Gurion 
University of the Negev, Be’er-Sheva, Israel. Research Department, Tikun Olam LTD, Tel Aviv-Yafo, Israel. Institute 
for Drug Research, School of Pharmacy, The Hebrew University of Jerusalem, Jerusalem, Israel. ͺNegev Autism 
Centre, Ben-Gurion University of the Negev, Beer Sheva, Israel. ͻSoroka University Medical and Faculty of Health 
Sciences, Ben-Gurion University of the Negev, Beer Sheva, Israel. Correspondence and requests for materials should 
be addressed to V.N. (email: VictorNo@clalit.org.il)

Received: 23 August 2018
Accepted: 23 November 2018
Published: xx xx xxxx

����

1SCIENTIFIC REPORTS |           (2019) 9:200 �ȁ����ǣͷͶǤͷͶ;Ȁ�ͺͷͻͿ;ǦͶͷ;ǦͽͻͽͶǦ�

���Ǥ������Ǥ���Ȁ�����������������

Real life Experience of Medical 
Cannabis Treatment in Autism: 
������������������������ƥ����
Lihi Bar-Lev Schleider  ͷǡǡ���������Mechoulamǡ�������Sabanǡ�
���Meiriͺǡͻ & 
Victor ������ͷ

There has been a dramatic increase in the number of children diagnosed with autism spectrum disorders 
ȋ���Ȍ����������Ǥ������������������������������������������������������ơ������������������������������
emerged. The aim of this study is to characterize the epidemiology of ASD patients receiving medical 
���������������������������������������������������ƥ����Ǥ����������������������������������������������
������������������������������������ͷ;;����������������������������������������������������Ͷͷͻ�
����ͶͷͽǤ��������������������������������������������������������������������������������Ͷά���������
ͷǤͻά����Ǥ�������������������ǡ�������������������������������������ơ��������ͼ���������������������
outcomes of interest and were assessed by structured questionnaires. After six months of treatment 
;Ǥͺά�������������ȋͷͻͻȌ������������������������������ͼͶǤͶά�ȋͿȌ�������������������Ǣ�;����������
ȋͶǤͷάȌ�����������������Ƥ����������������ǡ�ͻͶ�ȋͻǤͽάȌ���������ǡ�ͼ�ȋͼǤͺάȌ������������;�ȋ;ǤͼάȌ�����
����������������������������Ǥ�������Ǧ���������������ȋͻǤάȌ��������������������������������ơ���Ǣ�����
�����������������������������ȋͼǤͼάȌǤ������������������������������������������������������ǡ����������
�ơ�����������������������������������������������������Ǥ

!ere has been a 3-fold increase during the last 3 decades in the number of children diagnosed with autism spec-
trum disorders worldwide1–5. No speci"c treatments are currently available and interventions are focussing on 
lessening of the disruptive behaviors, training and teaching self-help skills for a greater independence6.

Recently, CBD enriched cannabis has been shown to be bene"cial for children with autism7. In this retrospec-
tive study on 60 children, behavioural outbreaks were improved in 61% of patients, communication problems 
in 47%, anxiety in 39%, stress in 33% and disruptive behaviour in 33% of the patients. !e rationale for this 
treatment is based on the previous observations and theory that cannabidiol e#ects might include alleviation of 
psychosis, anxiety, facilitation of REM sleep and suppressing seizure activity8. A prospective single-case-study 
of Dronabinol (a THC-based drug) showed signi"cant improvements in hyperactivity, lethargy, irritability, 
stereotypy and inappropriate speech at 6 month follow-up9. Furthermore, Dronabinol treatment of 10 ado-
lescent patients with intellectual disability resulted in 8 patients showing improvement in the management of 
treatment-resistant self-injurious behaviour10.

In 2007, !e Israel Ministry of Health began providing approvals for medical cannabis, mainly for symp-
toms palliation. In 2014, !e Ministry of Health began providing licenses for the treatment of children with 
epilepsy. A$er seeing the results of cannabis treatment on symptoms like anxiety, aggression, panic, tantrums 
and self-injurious behaviour, in children with epilepsy, parents of severely autistic children turned to medical 
cannabis for relief.

Although many with autism are being treated today with medical cannabis, there is a signi"cant lack of knowl-
edge regarding the safety pro"le and the speci"c symptoms that are most likely to improve under cannabis treat-
ment. !erefore, the aim of this study was to characterize the patient population receiving medical cannabis 
treatment for autism and to evaluate the safety and e%cacy of this therapy.

ͷClinical Cannabis Research Institute, Soroka University Medical Center and Faculty of Health Sciences, Ben-Gurion 
University of the Negev, Be’er-Sheva, Israel. Research Department, Tikun Olam LTD, Tel Aviv-Yafo, Israel. Institute 
for Drug Research, School of Pharmacy, The Hebrew University of Jerusalem, Jerusalem, Israel. ͺNegev Autism 
Centre, Ben-Gurion University of the Negev, Beer Sheva, Israel. ͻSoroka University Medical and Faculty of Health 
Sciences, Ben-Gurion University of the Negev, Beer Sheva, Israel. Correspondence and requests for materials should 
be addressed to V.N. (email: VictorNo@clalit.org.il)

Received: 23 August 2018
Accepted: 23 November 2018
Published: xx xx xxxx

����

Supplementary figure S2: Quality of life assessment. Quality of life was assessed prior to and 
six months after initiation of cannabis treatment.  p<0.001 
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• 53 children w/ ASD
–median age of 11 (4–22) years
–median Tx duration 66 days (30–588). 

• 20:1 CBD-rich oil up to 16 mg/kg CBD 
and 0.8 mg/kg THC
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Objective: Children with autism spectrum disorder (ASD) commonly exhibit comorbid
symptoms such as aggression, hyperactivity and anxiety. Several studies are being
conducted worldwide on cannabidiol use in ASD; however, these studies are still
ongoing, and data on the effects of its use is very limited. In this study we aimed to
report the experience of parents who administer, under supervision, oral cannabinoids
to their children with ASD.

Methods: After obtaining a license from the Israeli Ministry of Health, parents of
children with ASD were instructed by a nurse practitioner how to administer oral drops
of cannabidiol oil. Information on comorbid symptoms and safety was prospectively
recorded biweekly during follow-up interviews. An independent group of specialists
analyzed these data for changes in ASD symptoms and drug safety.

Results: 53 children at a median age of 11 (4–22) year received cannabidiol for a median
duration of 66 days (30–588). Self-injury and rage attacks (n = 34) improved in 67.6%
and worsened in 8.8%. Hyperactivity symptoms (n = 38) improved in 68.4%, did not
change in 28.9% and worsened in 2.6%. Sleep problems (n = 21) improved in 71.4%
and worsened in 4.7%. Anxiety (n = 17) improved in 47.1% and worsened in 23.5%.
Adverse effects, mostly somnolence and change in appetite were mild.

Conclusion: Parents’ reports suggest that cannabidiol may improve ASD comorbidity
symptoms; however, the long-term effects should be evaluated in large scale studies.

Keywords: cannabidiol, autism spectrum disorder, ASD comorbid symptoms, ASD treatment, pediatrics, clinical
research trial, THC – tetrahydrocannabinol

INTRODUCTION

Children with autism spectrum disorder (ASD) commonly exhibit co-morbid symptoms of
hyperactivity, self-injury, aggressiveness, restlessness, anxiety and sleep disorders (Mannion and
Leader, 2013; South et al., 2017). Conventional medical treatment includes various psychotropic
medications such as atypical anti psychotics, selective serotonin reuptake inhibitors (SSRI’s),
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Objective: Children with autism spectrum disorder (ASD) commonly exhibit comorbid
symptoms such as aggression, hyperactivity and anxiety. Several studies are being
conducted worldwide on cannabidiol use in ASD; however, these studies are still
ongoing, and data on the effects of its use is very limited. In this study we aimed to
report the experience of parents who administer, under supervision, oral cannabinoids
to their children with ASD.

Methods: After obtaining a license from the Israeli Ministry of Health, parents of
children with ASD were instructed by a nurse practitioner how to administer oral drops
of cannabidiol oil. Information on comorbid symptoms and safety was prospectively
recorded biweekly during follow-up interviews. An independent group of specialists
analyzed these data for changes in ASD symptoms and drug safety.

Results: 53 children at a median age of 11 (4–22) year received cannabidiol for a median
duration of 66 days (30–588). Self-injury and rage attacks (n = 34) improved in 67.6%
and worsened in 8.8%. Hyperactivity symptoms (n = 38) improved in 68.4%, did not
change in 28.9% and worsened in 2.6%. Sleep problems (n = 21) improved in 71.4%
and worsened in 4.7%. Anxiety (n = 17) improved in 47.1% and worsened in 23.5%.
Adverse effects, mostly somnolence and change in appetite were mild.

Conclusion: Parents’ reports suggest that cannabidiol may improve ASD comorbidity
symptoms; however, the long-term effects should be evaluated in large scale studies.

Keywords: cannabidiol, autism spectrum disorder, ASD comorbid symptoms, ASD treatment, pediatrics, clinical
research trial, THC – tetrahydrocannabinol

INTRODUCTION

Children with autism spectrum disorder (ASD) commonly exhibit co-morbid symptoms of
hyperactivity, self-injury, aggressiveness, restlessness, anxiety and sleep disorders (Mannion and
Leader, 2013; South et al., 2017). Conventional medical treatment includes various psychotropic
medications such as atypical anti psychotics, selective serotonin reuptake inhibitors (SSRI’s),

Frontiers in Pharmacology | www.frontiersin.org 1 January 2019 | Volume 9 | Article 1521

fphar-09-01521 January 4, 2019 Time: 10:45 # 1

ORIGINAL RESEARCH
published: 09 January 2019

doi: 10.3389/fphar.2018.01521

Edited by:
Judith Ann Smith,

The University of Texas Health
Science Center at Houston,

United States

Reviewed by:
Geert ’t Jong,

University of Manitoba, Canada
Michael John Rieder,

University of Western Ontario, Canada

*Correspondence:
Matitiahu Berkovitch

mberkovitch@asaf.health.gov.il

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Obstetric and Pediatric
Pharmacology,

a section of the journal
Frontiers in Pharmacology

Received: 17 August 2018
Accepted: 12 December 2018

Published: 09 January 2019

Citation:
Barchel D, Stolar O, De-Haan T,

Ziv-Baran T, Saban N, Fuchs DO,
Koren G and Berkovitch M (2019)

Oral Cannabidiol Use in Children With
Autism Spectrum Disorder to Treat

Related Symptoms
and Co-morbidities.

Front. Pharmacol. 9:1521.
doi: 10.3389/fphar.2018.01521

Oral Cannabidiol Use in Children
With Autism Spectrum Disorder to
Treat Related Symptoms and
Co-morbidities
Dana Barchel1†, Orit Stolar2†, Tal De-Haan1, Tomer Ziv-Baran3, Naama Saban4,
Danny Or Fuchs1, Gideon Koren1,5 and Matitiahu Berkovitch1*

1 Clinical Pharmacology and Toxicology Unit, Assaf Harofeh Medical Center, Tel Aviv, Israel, 2 Autistic Spectrum Disorder
Clinic, Assaf Harofeh Medical Center, Tel Aviv, Israel, 3 Department of Epidemiology and Preventive Medicine, School
of Public Health, Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel, 4 Tikun Olam, Tel Aviv, Israel, 5 Maccabi
Institute for Health Services Research, Tel Aviv, Israel

Objective: Children with autism spectrum disorder (ASD) commonly exhibit comorbid
symptoms such as aggression, hyperactivity and anxiety. Several studies are being
conducted worldwide on cannabidiol use in ASD; however, these studies are still
ongoing, and data on the effects of its use is very limited. In this study we aimed to
report the experience of parents who administer, under supervision, oral cannabinoids
to their children with ASD.

Methods: After obtaining a license from the Israeli Ministry of Health, parents of
children with ASD were instructed by a nurse practitioner how to administer oral drops
of cannabidiol oil. Information on comorbid symptoms and safety was prospectively
recorded biweekly during follow-up interviews. An independent group of specialists
analyzed these data for changes in ASD symptoms and drug safety.

Results: 53 children at a median age of 11 (4–22) year received cannabidiol for a median
duration of 66 days (30–588). Self-injury and rage attacks (n = 34) improved in 67.6%
and worsened in 8.8%. Hyperactivity symptoms (n = 38) improved in 68.4%, did not
change in 28.9% and worsened in 2.6%. Sleep problems (n = 21) improved in 71.4%
and worsened in 4.7%. Anxiety (n = 17) improved in 47.1% and worsened in 23.5%.
Adverse effects, mostly somnolence and change in appetite were mild.

Conclusion: Parents’ reports suggest that cannabidiol may improve ASD comorbidity
symptoms; however, the long-term effects should be evaluated in large scale studies.

Keywords: cannabidiol, autism spectrum disorder, ASD comorbid symptoms, ASD treatment, pediatrics, clinical
research trial, THC – tetrahydrocannabinol

INTRODUCTION

Children with autism spectrum disorder (ASD) commonly exhibit co-morbid symptoms of
hyperactivity, self-injury, aggressiveness, restlessness, anxiety and sleep disorders (Mannion and
Leader, 2013; South et al., 2017). Conventional medical treatment includes various psychotropic
medications such as atypical anti psychotics, selective serotonin reuptake inhibitors (SSRI’s),

Frontiers in Pharmacology | www.frontiersin.org 1 January 2019 | Volume 9 | Article 1521

fphar-09-01521 January 4, 2019 Time: 10:45 # 1

ORIGINAL RESEARCH
published: 09 January 2019

doi: 10.3389/fphar.2018.01521

Edited by:
Judith Ann Smith,

The University of Texas Health
Science Center at Houston,

United States

Reviewed by:
Geert ’t Jong,

University of Manitoba, Canada
Michael John Rieder,

University of Western Ontario, Canada

*Correspondence:
Matitiahu Berkovitch

mberkovitch@asaf.health.gov.il

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Obstetric and Pediatric
Pharmacology,

a section of the journal
Frontiers in Pharmacology

Received: 17 August 2018
Accepted: 12 December 2018

Published: 09 January 2019

Citation:
Barchel D, Stolar O, De-Haan T,

Ziv-Baran T, Saban N, Fuchs DO,
Koren G and Berkovitch M (2019)

Oral Cannabidiol Use in Children With
Autism Spectrum Disorder to Treat

Related Symptoms
and Co-morbidities.

Front. Pharmacol. 9:1521.
doi: 10.3389/fphar.2018.01521

Oral Cannabidiol Use in Children
With Autism Spectrum Disorder to
Treat Related Symptoms and
Co-morbidities
Dana Barchel1†, Orit Stolar2†, Tal De-Haan1, Tomer Ziv-Baran3, Naama Saban4,
Danny Or Fuchs1, Gideon Koren1,5 and Matitiahu Berkovitch1*

1 Clinical Pharmacology and Toxicology Unit, Assaf Harofeh Medical Center, Tel Aviv, Israel, 2 Autistic Spectrum Disorder
Clinic, Assaf Harofeh Medical Center, Tel Aviv, Israel, 3 Department of Epidemiology and Preventive Medicine, School
of Public Health, Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel, 4 Tikun Olam, Tel Aviv, Israel, 5 Maccabi
Institute for Health Services Research, Tel Aviv, Israel

Objective: Children with autism spectrum disorder (ASD) commonly exhibit comorbid
symptoms such as aggression, hyperactivity and anxiety. Several studies are being
conducted worldwide on cannabidiol use in ASD; however, these studies are still
ongoing, and data on the effects of its use is very limited. In this study we aimed to
report the experience of parents who administer, under supervision, oral cannabinoids
to their children with ASD.

Methods: After obtaining a license from the Israeli Ministry of Health, parents of
children with ASD were instructed by a nurse practitioner how to administer oral drops
of cannabidiol oil. Information on comorbid symptoms and safety was prospectively
recorded biweekly during follow-up interviews. An independent group of specialists
analyzed these data for changes in ASD symptoms and drug safety.

Results: 53 children at a median age of 11 (4–22) year received cannabidiol for a median
duration of 66 days (30–588). Self-injury and rage attacks (n = 34) improved in 67.6%
and worsened in 8.8%. Hyperactivity symptoms (n = 38) improved in 68.4%, did not
change in 28.9% and worsened in 2.6%. Sleep problems (n = 21) improved in 71.4%
and worsened in 4.7%. Anxiety (n = 17) improved in 47.1% and worsened in 23.5%.
Adverse effects, mostly somnolence and change in appetite were mild.

Conclusion: Parents’ reports suggest that cannabidiol may improve ASD comorbidity
symptoms; however, the long-term effects should be evaluated in large scale studies.

Keywords: cannabidiol, autism spectrum disorder, ASD comorbid symptoms, ASD treatment, pediatrics, clinical
research trial, THC – tetrahydrocannabinol

INTRODUCTION

Children with autism spectrum disorder (ASD) commonly exhibit co-morbid symptoms of
hyperactivity, self-injury, aggressiveness, restlessness, anxiety and sleep disorders (Mannion and
Leader, 2013; South et al., 2017). Conventional medical treatment includes various psychotropic
medications such as atypical anti psychotics, selective serotonin reuptake inhibitors (SSRI’s),

Frontiers in Pharmacology | www.frontiersin.org 1 January 2019 | Volume 9 | Article 1521



Distinct from the two previous cohorts, 
the most common adverse event was 
somnolence (23%) followed by 
decreased appetite (11%). 
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• fMRI study of 34 healthy men (half with ASD), CBD 
600mg or placebo

• In the ASD group, but not the neurotypical group, CBD 
significantly:
– increased low-frequency fluctuations in the cerebellar vermis 

and the right fusiform gyrus
– altered vermal functional connectivity with several of its 

subcortical (striatal) and cortical targets
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Introduction
Autism spectrum disorder (ASD) is a common (Baio et al., 2018) 
and complex neurodevelopmental psychiatric condition, which 
shortens life expectancy by up to 20 years (Hirvikoski et al., 
2016). Moreover, 70% of autistic individuals are estimated to 
have co-occurring conditions, e.g. epilepsy (Tuchman and Rapin, 
2002) and mood and anxiety disorders (Joshi et al., 2013). 
However, there are no effective pharmacological treatments for 
the core symptoms of ASD, and individuals often respond poorly 
to conventional treatments of complicating mental or physical ill-
nesses. Alternative treatment approaches, such as cannabis and its 
major non-intoxicating component cannabidiol (CBD) (Fetterman 
and Turner, 1972), are therefore increasingly explored.

There is accumulating evidence for the efficacy of CBD in 
several conditions, such as spasticity in multiple sclerosis 
(Zajicek et al., 2003) and schizophrenia (Bhattacharyya et al., 
2018); and in conditions associated with ASD, including social 
phobia (Bergamaschi et al., 2011) and epilepsy (Devinsky et al., 
2016). Moreover, there are preliminary reports of beneficial 
effects of medical marihuana in idiopathic ASD itself (Aran 
et al., 2018; Campbell et al., 2017). For instance, a recent study 
has demonstrated that CBD-rich cannabis reduced behavioural 

outbreaks in children with ASD and severe behavioural prob-
lems (Aran et al., 2018). Thus, a role for CBD in ASD manage-
ment warrants further attention. Consequently, there are now at 
least two clinical trials of CBD in ASD (clinicaltrials.gov; iden-
tifiers NCT03900923 and NCT02956226). However, we still 
have only limited understanding of how the typical human brain, 
let alone the autistic brain, responds to CBD. Hence, a fuller 

The effect of cannabidiol (CBD) on  
low-frequency activity and functional 
connectivity in the brain of adults with and 
without autism spectrum disorder (ASD)
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Abstract
Background: The potential benefits of cannabis and its major non-intoxicating component cannabidiol (CBD) are attracting attention, including as 
a potential treatment in neurodevelopmental disorders such as autism spectrum disorder (ASD). However, the neural action of CBD, and its relevance 
to ASD, remains unclear. We and others have previously shown that response to drug challenge can be measured using functional magnetic resonance 
imaging (fMRI), but that pharmacological responsivity is atypical in ASD.
Aims: We hypothesized that there would be a (different) fMRI response to CBD in ASD.
Methods: To test this, task-free fMRI was acquired in 34 healthy men (half with ASD) following oral administration of 600 mg CBD or matched placebo 
(random order; double-blind administration). The ‘fractional amplitude of low-frequency fluctuations’ (fALFF) was measured across the whole brain, 
and, where CBD significantly altered fALFF, we tested if functional connectivity (FC) of those regions was also affected by CBD.
Results: CBD significantly increased fALFF in the cerebellar vermis and the right fusiform gyrus. However, post-hoc within-group analyses revealed that 
this effect was primarily driven by the ASD group, with no significant change in controls. Within the ASD group only, CBD also significantly altered 
vermal FC with several of its subcortical (striatal) and cortical targets, but did not affect fusiform FC with other regions in either group.
Conclusion: Our results suggest that, especially in ASD, CBD alters regional fALFF and FC in/between regions consistently implicated in ASD. Future 
studies should examine if this affects the complex behaviours these regions modulate.
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imaging (fMRI), but that pharmacological responsivity is atypical in ASD.
Aims: We hypothesized that there would be a (different) fMRI response to CBD in ASD.
Methods: To test this, task-free fMRI was acquired in 34 healthy men (half with ASD) following oral administration of 600 mg CBD or matched placebo 
(random order; double-blind administration). The ‘fractional amplitude of low-frequency fluctuations’ (fALFF) was measured across the whole brain, 
and, where CBD significantly altered fALFF, we tested if functional connectivity (FC) of those regions was also affected by CBD.
Results: CBD significantly increased fALFF in the cerebellar vermis and the right fusiform gyrus. However, post-hoc within-group analyses revealed that 
this effect was primarily driven by the ASD group, with no significant change in controls. Within the ASD group only, CBD also significantly altered 
vermal FC with several of its subcortical (striatal) and cortical targets, but did not affect fusiform FC with other regions in either group.
Conclusion: Our results suggest that, especially in ASD, CBD alters regional fALFF and FC in/between regions consistently implicated in ASD. Future 
studies should examine if this affects the complex behaviours these regions modulate.
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FIGURE 6. Classic risk factors.

Cumulative Incidence
Cumulative incidence is the summation of age incidence. Given
the modest alteration mortality among people with epilepsy,
cumulative incidence provides an estimate of the proportion of
the total population that has been affected with epilepsy by a
specific age. Estimates of cumulative incidence of epilepsy have
been provided in four total population studies.50,60,89,90 In Den-
mark, the risk for having epilepsy by the age of 80 years was
1.3%,60 a substantially lower number than the cumulative inci-
dence of epilepsy for the same age in Rochester, Minnesota (4%
for epilepsy and more than 5% for all unprovoked seizures)50

or the rate of 5.4% for all unprovoked seizures to age 85 from
the Iceland study.90 This difference can be explained by the
considerably higher incidence in the elderly in the Minnesota
study. As would be expected from age-specific incidence rates,
cumulative incidences of epilepsy through childhood are al-
most identical in Japan and Rochester.50,117 In Rochester, the
cumulative incidence for epilepsy and unprovoked seizures is
significantly greater for males than females.

Incidence of All Afebrile Seizures
There are a few studies that include all afebrile seizures in
their definitions of epilepsy, and this definition is consistent
with some recent recommendations of the ILAE.57,58,97 Table 4
includes studies from which incidence using this definition
have been provided. The incidence is substantially increased
in Ecuador,97 although it is not clear if this is due to a method-
ologic approach or reflects differences in the burden of epilepsy
between developed and developing countries.

PREVALENCE OF EPILEPSY
Because it is easier to obtain information about prevalence than
about incidence, many prevalence studies of epilepsy from di-
verse populations have been reported.1,10,11,13,16,18,19,25,31,32,34,

39!43,47,53,61,62,69,73,79!81,87,92,94,96,101,103,104,110,113,114 Prevalence
is a measure of the interaction of obvious factors such as
incidence, death, and remission of illness, and except for

FIGURE 7. Change in risk for epilepsy in
association with specific antecedents. ADD,
attention deficit disorder; HD, hyperactivity
disorder; LVH, left ventricular hypertrophy.

Marijuana Use Protective Against 
Epilepsy

Banerjee, POONAM NINA, and W. ALLEN Hauser. "Incidence and 
prevalence." Epilepsy: a comprehensive textbook 1 (2008): 45-56. 25



Four Millennia of Historical Evidence
• Ancient Sumerian and Akkadian tablets reference the use of 

a medicinal plant that is most likely cannabis for a host of 
ailments including nocturnal convulsions around 1800 BCE 

• Specific mentions of the treatment of epilepsy are found in 
the 11th century writings of the Arabic physician al-Mayusi
who advocated the use of leaf juice of cannabis through the 
nose.

• O'Shaughnessy reports treating infantile convulsions in 1840.
• Prominent neurologist Sir William Gowers describes treatment 

of seizures w/ cannabis in 1881.

Reviewed in Friedman & Sirven, 2017& in  Russo 2017



“Because of the therapeutic failures and because of the toxicity 
associated with the currently used antiepileptics, the search for 
relatively non-toxic drugs with different mechanisms of action is 
an obvious goal in epilepsy research. Both the lack of toxicity and 
the anticonvulsant properties of CBD combine to enhance its 
therapeutic potential as an antiepileptic.”

What year would you guess this observation was made?

Karler, R., and S. A. Turkanis. 1979. "Cannabis and 
epilepsy." In Marihuana biological effects: Analysis, 
metabolism, cellular responses, reproduction and brain., 
edited by G. G. Nahas and W. D. M. Paton, 619-641. 
Oxford, UK: Pergamon Press.



Summary of preclinical evidence 
• Large preclinical evidence base asserting anticonvulsant effects.  

 

• Summary findings, full monograph and all citations freely available as 
PDF on request 
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Compound 
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Number of discrete 
conditions/models/designs Dose Anticonvulsant No 

effect Proconvulsant 

THC 6 31 
0.25-200 
mg/kg 

61% 29% 10%* 

CBD 2 21 
1-400 
mg/kg 

81% 19% 0% 

Other plant 
cannabinoids 

2 7 N/A 100% 0% 0% 

CB1 receptor 
agonists 

2 55 N/A 73% 18% 
2%  

(7% mixed 
effect) 

Species Strain Age Model type Disease model Method
Single compound or co-
administration

Cannabinoid doses 
tested

Dose timing Route Effect

Gross effect 
(proconvulsant = 
RED, 
anticonvulsant = 
GREEN, no effect 
= BLACK)

Notes Reference

10 mg/kg 5-135 mins before test stimulus
10 mg/kg 15-45 mins before test stimulus reduced number of 
animals showing signs of seizures

1.25-10 mg/kg 15 mins before test stimulus
2.5-10 mg/kg reduced number of animals showing signs of 
seizures

10 mg/kg 15 -90 mins before priming stimulus
10 mg/kg 15-45 mins before priming stimulus showed 
reduced signs of seizures

10-50 mg/kg 15 -90 mins after priming stimulus No effect
Mouse QS Adult Acute Generalised seizure PTZ 1-80 mg/kg 30 mins before testing No effect PTZ threshold model

30 mins before testing >160 mg/kg protected against hindlimb extension
30 mins before testing 20-75 mg/kg significantly increased hindlimb extension

20 mg/kg 30 mins before testing i.v. Significantly decreased hindlimb extension

THC plus CBD plus CBN
50 mg/kg THC, 
50mg/kg CBD, 50 
mg/kg CBN

30 mins before testing p.o. Significantly decreased hindlimb extension
50mg/kg THC p.o. was proconvulsant alone 
and 50 mg/kg CBD nor CBN p.o. are 
anticonvulsant at these doses

THC plus PHN
50mg/kg THC (with a 
range on phenytoin 
doses)

30 mins before testing p.o. Significantly reduced phenytoin ED50

A proconvulsant THC dose (50 mg/kg p.o.) 
reduces AED ED50. Supports earlier proposal 
that cannabis and phenytoin interact 
synergistically (Loewe et al., 1947)

THC plus PHN plus CBD

50 mg/kg THC, 50 
mg/kg CBD (with a 
range of phenytoin 
doses)

30 mins before testing p.o. Significantly reduced phenytoin ED50
AED ED50 further reduced from that 
achieved by coadministration of THC with 
phenytoin

Mouse CF-1 Adult Acute Generalised seizure MES THC 1-100mg/kg 120 mins before testing i.p. Significant protection against seizures Blocked by SR141716A Wallace et al., 2001

THC plus PBL
25-50 mg/kg THC plus 
9.3-40 mg/kg PBL

THC: 120 mins; PBL: 60 mins before 
testing

THC: p.o., 
PBL: i.p.

Significant potentiation of PBL effect
Potentiation greater than that caused by CBD 
reported in same study

THC plus CBD plus PBL

25 mg/kg THC, 25 
mg/kg CBD, 9.3-40 
mg/kg 
phenobarbitone

THC & CBD: 120 mins; PBL: 60 mins 
before testing

THC & 
CBD: p.o., 
PBL: i.p.

Significant potentiation of PBL effect
Potentiation comparable to that caused by 
co-administration of THC 50 mg/kg alone

MES 15 mins to 24 hours before testing Significant increase in latency to hindlimb extension
Dose timing variation revealed peak effects 
at 30 mins

PTZ No effect
Nicotine No effect
Strychnine No effect

Single dose 50 mg/kg significantly dereased latency to seizure

o.d. for 6 days before testing No effect

0.25 mg/kg At onset of kindling Significant reduction of epileptiform after-discharges

At stage 3 (head nodding)
At stage 5 (clonic jumping)
At kindling endpoint

Rat Sprague-Dawley Adult Chronic
Temporal lobe 
epilepsy

Pilocarpine-induced SRS 0.5-30mg/kg
Single dose immediately before 
EEG and behavioural monitoring

i.p. Spontaneous seizures completely prevented Effect blocked by AM251 Wallace et al., 2003

Rat Not stated Adult Acute Generalised seizure PTZ 15-200 mg/kg 45 mins before testing i.p. Significant anticonvulsant effect
Anticonvulsant effects described as 
'unreliable'

Corcoran et al., 1973 & 
Fried et al., 1973

Photogenic No effect

Amygdala kindling 
(electrical)

Significant reduction in seizures and epileptiform after-
discharges

Photogenic
Significant anticonvulsant effect after treatment at 0.5 but 
not 2 hours

PTZ (35 mg/kg in epileptic 
fowl)

PTZ (80 mg/kg in non-
epileptic fowl)

Mouse QS Adult Acute Generalised seizure MES CBD plus PBL
50 mg/kg CBD plus 9.3-
40 mg/kg 
phenobarbitone

CBD: 2 hours, PBL: 1 hour before 
testing

CBD: p.o., 
PBL: i.p.

Significant potentiation of PBL effect None Chesher et al., 1975

Mouse CF-1 Adult Acute Generalised seizure MES CBD 1-100mg/kg 120 mins before testing i.p. Significant protection against seizures Not blocked by SR141716A Wallace et al., 2001

Rat Not stated Adult Acute Generalised seizure MES 1.5-12 mg/kg 1 hour before testing i.p. Significant anticonvulsant effect Notably low dose required Izquierdo et al., 1973

PTZ

MES

Mouse ICR Adult Acute Generalised seizure MES 120 mg/kg (ED50) 0.5-6 hours before testing i.p. Significant anticonvulsant effect None Karler et al., 1978

Rat Sprague-Dawley Adult Chronic Generalised seizure Limbic kindling (electrical) 0.3-3 mg/kg 15-300 minutes i.p. Significant increase in threshold to after-discharge None Turkanis et al., 1979

Rat Not stated Adult Chronic
Partial seizure with 
secondary 
generalisation

Cortical implantation of 
cobalt

60 mg/kg Twice daily after implantation i.p. No effect None Colasanti et al., 1982

MES Significant anticonvulsant effect

3-mercaptoproprionic acid No effect
Picrotoxin Significant anticonvulsant effect
Isonicotinic acid Significant anticonvulsant effect
Bicuculline Significant anticonvulsant effect
Hydrazine Significant anticonvulsant effect
PTZ Significant anticonvulsant effect
Strychnine No effect

Rat Wistar-Kyoto Adult Acute Generalised seizure PTZ Significant anticonvulsant effects at 1 & 100 mg/kg None Jones et al., 2010

Rat Wistar-Kyoto Adult Acute
Temporal lobe 
seizure

Pilocarpine (acute) None Jones et al., 2012

Rat Wistar-Kyoto Adult Acute
Partial seizure with 
secondary 
generalisation

Penicillin None Jones et al., 2012

Mouse Adult Acute Generalised seizure MES CBN 230 mg/kg (ED50) 30 mins before testing i.p. Significant anticonvulsant effect None Karler et al., 1978

Rat Wistar-Kyoto Adult Acute Generalised seizure PTZ THCV 2.5 mg/kg 1 hour before testing i.p. Significant anticonvulsant effect Anticonvulsant effect lost Hill et al., 2010

Mouse DBA/2 Adult Acute Generalised seizure Audiogenic 1 hour before testing i.p. None

Mouse ICR Adult Acute Generalised seizure MES 1 hour before testing i.p. None

1 hour before testing i.p. None

3.5 hours before testing p.o. None

Acute
Temporal lobe 
seizure

Pilocarpine 1 hour before testing i.p. None

WIN55,212 plus 
clonazepam

15 mins before testing No effect
15mg/kg WIN55,212 significantly affects 
motor function when co-administered (no 
effect noted without WIN55,212)

WIN55,212 plus 
ethosuximide

45 mins before testing
15mg/kg WIN55,212 enhanced anticonvulsant effect of 
ethosuximide

15mg/kg WIN55,212 elevated ethosuximide 
brain levels; 15mg/kg WIN55,212 
significantly affects motor function when co-
administered (no effect noted without 
WIN55,212)

WIN55,212 plus valproate 30 mins before testing
15mg/kg WIN55,212 enhanced anticonvulsant effect of 
valproate

15mg/kg WIN55,212 elevated valproate 
levels in brain; 15mg/kg WIN55,212 
significantly affects motor function when co-
administered (no effect noted without 
WIN55,212)

WIN55,212 plus 
phenobarbital

60 mins before testing
15mg/kg WIN55,212 enhanced anticonvulsant effect of 
phenobarbitone

15mg/kg WIN55,212 significantly affects 
motor function when co-administered (no 
effect noted without WIN55,212)

WIN55,212 plus valproate 30 mins before testing
10mg/kg WIN55,212 enhanced anticonvulsant effect of 
valproate

10mg/kg and higher impaired motor function 
and memory.

WIN55,212 plus 
carbamazepine

30 mins before testing
10mg/kg WIN55,212 enhanced anticonvulsant effect of 
carbamazepine

10mg/kg and higher impaired motor 
function.

WIN55,212 plus 
phenobarbitone

60 mins before testing
10mg/kg WIN55,212 enhanced anticonvulsant effect of 
phenobarbitone

10mg/kg and higher impaired motor function 
and memory.

WIN55,212 plus 
phenytoin

120 mins before testing
10mg/kg WIN55,212 enhanced anticonvulsant effect of 
phenytoin

10mg/kg and higher impaired motor function 
and memory.

WIN55,212 2.5-15mg/kg 20 mins before testing 15mg/kg elevated threshold to seizure
10mg/kg and higher impaired motor 
function.

Rat Wistar Juvenile (P20) Acute Generalised seizure Kainic acid WIN55,212 0.5-5mg/kg 90 mins before testing i.p.
All doses reduced severity vs vehicle controls but higher 
WIN doses exerted a smaller effect on severity.

WIN effect on kainic acid induced seizures is 
inversely related.

Rudenko, 2012

ACEA 1.25-15mg/kg i.p. Increased threshold to seizure 
PMSF (FAAH inhibtor) used to prevent ACEA 
metabolism

ACEA plus 30mg/kg 
valproate

1.25-2.5mg/kg i.p. ACEA enhanced the anticonvulsant effect of valproate
ACEA increase available valproate 
concentration; ACEA had not effect on motor 
function

Rat Long-Evans Adult Acute Generalised seizure PTZ 40mg/kg 2 hours prior to testing
Animals did not exhibit tonic seizures but progressed 
directly to clonic seizures

PEA did not affect any other seizure 
features.

Rat Long-Evans Adult Chronic Generalised seizure Amygdala kindling 1, 10 & 100mg/kg 2 hours prior to testing 1mg/kg PEA delayed onset of seizures
PEA only given prior to test session, not prior 
to kindling stimuli. Effect on latency lost at 
10 & 100mg/kg

PTZ Significantly reduced tonic convulsions
3-mercaptopropionic acid Significantly reduced tonic convulsions
Bicuculline Significantly reduced tonic convulsions
Strychnine Significantly reduced tonic convulsions
Picrotoxin Significantly reduced tonic convulsions
NMDA Significantly reduced tonic convulsions

MES 50 & 100mg/kg 50 & 100mg/kg significantly reduced seizures incidence
Peak effect seen at 2 hours after 
administration

MES Anandamide 50mg/kg 50mg/kg significantly reduced seizures incidence
WIN55,212 0.5-4mg/kg Significant protection against seizures

WIN55,212 plus diazepam
0-4mg/kg of each in 
mixed ratios

3:1 ratio (diazepam:WIN55,212) produced synergistic effect 
upon protection from seizure

AM404 0.125-4mg/kg No significant effect

AM404 plus diazepam
0-4mg/kg of each in 
mixed ratios

No significant effect

URB597 0.05-1mg/kg Significant protection against seizures

URB597 plus diazepam
0-2mg/kg of each in 
mixed ratios

URB597 antagonised effects of diazepam URB597 is a FAAH inhibitor

WIN55,212 1-100ug Significant increase in latency to seizure
WIN55,212 plus 
isoguvacine

1-100ug and 5-50ug 
respectively

No significant effect upon isoguvacine-induced increased 
latency to seizure

Isoguvacine is a GABAAR agonist

URB597 10-100ug No significant effect

URB597 plus isoguvacine
10-100ug plus 5-50ug 
respectively

No significant effect upon isoguvacine-induced increased 
latency to seizure

Isoguvacine is a GABAAR agonist

URB602 10-500ug Significant increase in latency to seizure at all doses URB602 is a MAGL inhibitor

ACEA plus carbamazepine No significant effect

ACEA plus lamotrigine No significant effect
ACEA plus oxcarbazepine No significant effect

ACEA phenobarbitone Action of phenobarbitone significantly increased
ACEA did not affect phenobarbitone 
availability

ACEA plus phenytoin No significant effect
ACEA plus topiramate No significant effect

Rat WAG/Rij Adult Chronic Absence Genetic WIN55,212 3-12mg/kg 2 hours prior to testing s.c.
Significantly decreased spike wave discharge incidence but 
concomitant increase in duration

vanRijn, 2010

ACEA 0.25ug
45 mins after establishment of 
epileptiform activity.

i.c.v.
Frequency and amplitude of epileptiform activity 
significantly reduced

ACEA plus memantine
0.25ug and 1-20mg/kg 
respectively

Memantine 30 mins and ACEA 45 
mins after establishment of 
epileptiform activity.

i.c.v. Some potentiation of anticonvulsant effect of memantine Memantine is an NMDAR antagonist

Rat Wistar Adult Acute Partial seizure
Maximal dentate gyrus 
activation

WIN55,212 1-21mg/kg
Monitored for up to 120 mins after 
administration

i.p. Significant decrease in duration and increase in latency Blocked by co-administration of AM251 Rizzo, 2009

Rat Not stated Adult Acute Partial with Penicillin (i.c.v.) ACEA 2.5-15ug Monitored for up to 120 mins after i.c.v. Significant decrease in frequency only at highest dose Blocked by co-administration of AM251 Kozan, 2009

ACEA 0.1-8mg/kg Up to 60 mins before testing i.p. Significant increase in threshold to seizure

ACEA plus naltrexone
0.1-8mg/kg and 1-
500pg/kg respectively

Up to 60 mins before testing i.p. Significant potentiation of ACEA anticonvulsant effect

Mouse NMRI Adult Acute Generalised seizure PTZ ACEA 0.1-4mg/kg 60 mins before testing i.p. Significant increase in seizure threshold at 2 & 4 mg/kg ACEA Effect blocked by AM251 Bahremand et al., 2009

Mouse NMRI Adult Acute Generalised seizure PTZ ACEA 0.1-8mg/kg 15 mins before testing i.p. Significant increase in threshold to seizure at 2-8mg/kg
Effect enhanced by ultra-low dose AM251 
(100fg/kg-100ng/kg; fg = femtogram)

Gholizadeh, 2007

Mouse NMRI Adult Acute Generalised seizure PTZ ACPA 0.5-2mg/kg 60 mins before testing i.p. Significant increase in threshold to seizure at 1.5-2mg/kg Blocked by AM251 Shafaroodi et al., 2004

Rat Sprague-Dawley Adult Chronic
Temporal lobe 
epilepsy

Pilocarpine-induced SRS WIN55,212 5mg/kg
Single dose immediately before 
EEG and behavioural monitoring

i.p. Spontaneous seizures completely prevented Effect blocked by AM251 Wallace et al., 2003

Mouse CF-1 Adult Acute Generalised seizure MES WIN55,212 1-100mg/kg 120 mins before testing i.p. Significant protection against seizures Blocked by SR141716A Wallace et al., 2001
30 or 60 mins before testing i.p. Seizure duration increased by 4mg/kg at 60 mins only Performed on fully kindled animals
30 mins before kindling stimulus i.p. Kindling significantly retarded Performed during kindling (epileptogenesis)
30 or 60 mins before testing i.p. 1 mg/kg at 30 mins increased afterdischarge threshold Performed on fully kindled animals
30 mins before kindling stimulus i.p. No significant effect Performed during kindling (epileptogenesis)

Rat Wistar Adult Acute Generalised seizure Audiogenic SR141716A 30mg/kg o.d. for 5 days p.o.
Seizure severity and duration increased in rats susceptible to 
seizure.

Rats not susceptible to audiogenic seizure 
showed no seizure response to SR141716A. 
High rimonabant dose.

vanRijn, 2011a

AM251 0.25-5mg/kg No significant effect

AM251 plus diazepam
0-4mg/kg of each in 
mixed ratios

No significant effect

Rat WAG/Rij Adult Chronic Absence Genetic AM251 6-12mg/kg 2 hours prior to testing s.c. No significant effect vanRijn, 2010

AM251 7.5ug
45 mins after establishment of 
epileptiform activity.

i.c.v.
Frequency and amplitude of epileptiform activity 
significantly increased

Cakil, 2011

AM251 plus memantine
7.5ug and 1-20mg/kg 
respectively

Memantine 30 mins and AM251 45 
mins after establishment of 
epileptiform activity.

i.c.v. No effect on anticonvulsant effect of memantine Memantine is an NMDAR antagonist

Rat Wistar Adult Acute Partial seizure
Maximal dentate gyrus 
activation

AM251 1mg/kg
Monitored for up to 120 mins after 
administration

i.p. No significant effect Rizzo, 2009

Rat Not stated Adult Acute
Partial with 
secondary 
generalisation

Penicillin (i.c.v.) AM251 0.125-1ug
Monitored for up to 120 mins after 
administration

i.c.v. Significant proconvulsant effect at 0.25 and 0.5ug only Kozan, 2009

Mouse NMRI Adult Acute Generalised seizure PTZ AM251 0.01-1mg/kg 15 mins before testing i.p. No significant effect Bahremand et al., 2009

Rat Sprague-Dawley Adult Chronic Epileptogenesis Kainic acid SR141716A 10mg/kg
Once at first sign of acute, kainic 
acid-induced seizure

i.p. No effect Dudek, 2010

Rat Wistar Adult/Immature Chronic

Juvenile head 
trauma followed by 
acute proconvulsant 
challenge 6 weeks 
later

Kainic acid SR141716A 1 & 10 mg/kg Immediately following head trama i.p.
SR141716A treatment reduced seizure susceptibility to 
control levels

Echegoyen, 2009

Mouse NMRI Adult Acute Generalised seizure PTZ AM251 1fg/kg-1mg/kg 45 mins before testing i.p. No significant effect fg = femtogram (ultra-low dose) Gholizadeh, 2007

Mouse NMRI Adult Acute Generalised seizure PTZ AM251 0.5-3mg/kg 60 mins before testing i.p.
Significant proconvulsant effect at 0.75-3mg/kg (peak effect 
at 1mg/kg)

Shafaroodi et al., 2004

Rat Wistar Adult N/A
None (healthy 
animals)

EEG recording SR141716A 30mg/kg o.d. for at least 20 days p.o. 20% of animals (4/20) exhibited spontaneous seizures.  
Note very high SR141716A dose; animals 
were female and no note of stage of 
oeastrous cycle in original report.

vanRijn, 2011a

THC 10mg/kg Increased incidence of seizures on handling
URB597 0.3mg/kg No effect on seizure incidence
HU210 0.01mg/kg Increased incidence of seizures on handling

1 & 3mg/kg

Acute

Rat Wistar-Kyoto

Hill et al., 2012 
(submitted)

Published results of cannabinoid effects upon whole animal models of seizure and epilepsy

Generalised seizure i.p.

p.o.

Mouse C57BL/6 Acute
Model uses a priming stimulus at P+19 
followed by a test stimulus at P+28

25 - 200 mg/kg

Audiogenic priming

Generalised seizure MES

AcuteMouse Generalised seizure MES

Spontaneously epileptic

Mouse Not stated Acute Generalised seizure 5-400 mg/kg 60 minutes before testing i.p.
Apparently highly effective in models reliant 
upon GABAergic systems.

CBD

Generalised seizure

MES

No effect
i.p.

i.p.
Species exhibits photomyoclonus and is 
susceptible to amygdala kindling

Subpopulation of chickens susceptible to 
photic stimulation. Susceptible = 'epileptic'

No effect None

No indication of tolerance after 3-4 days 
repeated administration

QS

Mouse Not stated Acute Generalised seizure

MES

No indication of tolerance after 3-4 days 
repeated administration

100 mg/kg

Threshold to seizure reduced60Hz electroshock

Not stated Chronic Generalised seizure
Amygdala kindling 
(electrical)

None

Increased threshold to seizure

Significantly decreased hindlimb extension

Significant anticonvulsant effect

None

0.25 - 4 mg/kg

Generalised seizureChronic
Meriones 
unguiculatus

6Hz electroshockMouse Not stated Acute

Mouse QS Acute

Generalised seizureAcuteNot stated up to 80 mg/kg

i.p.o.d. for 3-4 days before testing

i.p.

Significantly decreased hindlimb extension

Significant anticonvulsant effect

Boggan et al., 1973

Chesher et al., 1974

Chesher et al., 1975

THC

No effect

~60 minutes before testing

i.p.
Loss of proconvulsant effect upon latency 
with chronic treatment suggests 
adaptation/tolerance

20 & 50 mg/kg

Standard MES model

Mouse Not stated Acute Generalised seizure 50-200 mg/kg 30 mins before testing p.o.

Acute Generalised seizure 0.25-1 mg/kg 0.5 or 2 hours before testing i.v.

100 mg/kg6Hz electroshock

60Hz electroshock

THC

Gallus 
domesticus

Baboon Papio papio Chronic Generalised seizure 0.25-1 mg/kg

Cat

Gerbil

SwissMouse

5-15mg/kg Luszczki, 2011aAcute Generalised seizure PTZ

Karler et al., 1980

Chesher et al., 1974

Consroe et al., 1982

o.d. for 3-4 days before testing

1, 10 & 100 mg/kg 1 hour before testing i.p.

Significant anticonvulsant effects at ≥1 mg/kg

Significant anticonvulsant effect

CBDV 50-200 mg/kg Significant anticonvulsant effect

PTZGeneralised seizure

Luszczki, 2011b

Notable effects in non-seizure models

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Adult

Synthetic CB1 antagonists (see also THCV)

Luszczki, 2006MES

10mg/kg and AED dose-
response

i.p.

MESGeneralised seizureAcute

10 mins prior to testingGeneralised seizureAcuteAdultSwissMouse

Sheerin, 2004

N-
palmitoylethanolamide

0.5 to 4 hours prior to testing

i.p.

i.p.

25mg/kg 2 hours prior to testing Ineffective against clonic convulsions

Lambert, 2001

Adult Acute Generalised seizure MES 30 mins before testing i.p. Naderi, 2008

Mouse OF1 Adult Acute Generalised seizure

Mouse NMRI Adult Acute Generalised seizure MES Naderi, 2008

Rat Wistar Adult Acute
Partial with 
secondary 
generalisation

Penicillin (i.c.v.) Cakil, 2011

Wendt et al., 2011Mouse NMRI Adult Chronic Generalised seizure Amygdala kindling
WIN55,212

URB597

2.5 & 4mg/kg

Acute
Partial with 
secondary 
generalisation

Penicillin (i.c.v.)

o.d. for 8 weeks i.p. Dowie, 2010Mouse R6/1 Adult Chronic Huntington's disease Behavioural observation

Rat Wistar Adult

Bahremand, 2008Mouse NMRI Adult Acute Generalised seizure PTZ

2.5mg/kg 10 mins prior to testing i.p. Luszczki, 2010Mouse Swiss Adult Acute Generalised seizure MES

Adult Acute Generalised seizure PTZ

Mouse NMRI

30 mins before testing

5 mins before testing i.c.v. Naderi, 2011Rat Wistar

Phytocannabinoids

'9-THC

Mouse

CBD

i.p.

Adult

Other phytocannabinoids

CB1 Agonists

Exogenous synthetic cannabinoids, endocannabinoids, derivatives and precursors

Johnson et al., 1975

Wada et al., 1975

Wada et al., 1975

Loskota et al., 1975

Sofia et al., 1974

Karler et al., 1980

Chicken

None30 mins before testing

*Includes non-seizure studies where convulsions were reported 
(see next slide) 

Slide courtesy of Dr. Benjamin J. Whalley



ECS Dysregulation in Epilepsy
• 30 hippocampal samples were obtained from patients with therapy-

resistant temporal lobe epilepsy who had temporal lobectomy, 
compared to 11 controls

• CB1 mRNA was downregulated to 1/3 its control value in epileptic 
hippocampus (qPCR measurements).

• Expression of diacylglycerol lipase (enzyme responsible for 2-AG 
synthesis) was reduced by 60%.

• CB1 immunolabeling was decreased in epileptic hippocampus 
– No changes in the ratio of CB1-positive GABAergic boutons

– Robust reduction in the fraction of CB1-positive glutamatergic axon terminals 

Ludanyi et al, 2008



ECS Dysregulation in Epilepsy

“These findings show that a neuroprotective 
machinery involving endocannabinoids is impaired 

in epileptic human hippocampus and imply that 
downregulation of CB1 receptors and related 

molecular components of the endocannabinoid 
system may facilitate the deleterious effects of 

increased network excitability.”

Ludanyi et al, 2008



Report Of A Parent Survey Of Cannabidiol-
enriched Cannabis Use In Pediatric Treatment-

resistant Epilepsy 

• Solicited data from an online Facebook survey of 150 
families whose children were using CBD-enriched 
cannabis to treat drug resistant seizures

• 19 responses (12.7%): 13 Dravet syndrome, 4 Doose 
syndrome, 1 Lennox-Gastaut syndrome, 1 idiopathic 
epilepsy

• Average previois Rx of of 12 AEDs

Porter & Jacobson, 2013



• Overall, 84% noted decreased seizure frequency on CBD:   
• 2 (11%) had complete remission
• 8 (42%) had >80% reduction in seizure frequency
• 6 (32%) had 25-60% reduction

• Cannabidiol was associated with adverse events: 
• Drowsiness: 37%
• Fatigue:         16%

• With some side benefits:
• Better mood:             79%
• Increased alertness: 74%
• Better sleep:              68%

• Study Limitations:
• A preliminary survey of limited duration
• A self-selected population with low response rate
• No control group

Porter & Jacobson, 2013



Press CA, et al. Parental reporting of response to oral 
cannabis extracts for treatment of refractory epilepsy. 
Epilepsy & behavior. 2015;45:49-52.

75 pts. in Colorado identified using cannabis extracts 
for intractable seizures.

57% reported improvement; 33% a >50% improvement

There was no difference in response rates by seizure 
type.

There was no difference in response rate of CBD strains 
vs. mixed strains, but no improvement in 5 pts. 
receiving THCA only

Response rate for families moving to CO was 47% vs. 
only 22% for those already there, and 3X as great for 
those reporting >50% response!

Improvements also noted in functional status



• CBD dosage ranged from 1 to 
20 mg/kg/d, 

• Divided into two groups: 1–10 
mg/kg/d & 10–20 mg/kg/d. 

• Final dose used for each 
patient was defined according 
to seizure response and side 
effects. 

• The THC dosage did not 
exceed 0.5 mg/ kg/d 



Devinsky O, et al. Cannabidiol in patients with treatment-resistant epilepsy: 
an open-label interventional trial. Lancet Neurol. 2016;15(3):270-8.

• 162/214 pts. observed over 12 w., 
starting CBD 2-5 mg/kg/d titrating to 
25-50 (mean dose 22.7-22.9 mg/kg/d)

• AE: somnolence 25%, decreased 
appetite 19%, diarrhea 19%. Only 3% 
discontinued due to AEs.

• Sedation prominent with Clobazam
• Median change in total seizures was -

34.6%, greatest with focal sz. (-55%)
• 39% had >50% reduction in motor spells, 

21% had >70% reduction, 9% >90% 
reduction. Effective for Dravet and 
Lennox-Gastaut syndromes.

Articles

6 www.thelancet.com/neurology   Published online December 23, 2015   http://dx.doi.org/10.1016/S1474-4422(15)00379-8

atonic seizures (n=32; –54·3%, –91·5 to 25·7), followed by 
tonic seizures (n=65; –36·5%, –71·8 to 22·6) or tonic-clonic 
seizures (n=89; –16·0%, –60·1 to 35·3). Two (2%) patients 
were free of all seizure types over the entire 12 weeks.

The titration of cannabidiol dose was slow and there 
was variability between patients, which meant many 
patients had not stabilised their dose until half way 
through the 12 week observation period. Thus, we also 
analysed changes in seizure frequency during the fi nal 
4 weeks of observation only. During this period 15 (11%) 
patients were free of all motor seizures and nine (7%) 
patients were free of all seizures during this period. The 
appendix shows the percentage change in monthly 
frequency of all other seizure types.

Analysis of the secondary endpoint of responder rates 
showed that 54 (39%) patients had a reduction of 50% or 

more in motor seizures, whereas 29 (21%) had a reduction 
of 70% or more and 12 (9%) had a reduction of 90% or 
more. For all seizure types, 51 (37%) of patients had a 
reduction of 50% or more, 30 (22%) patients had a 
response of 70% or more, and 11 (8%) had a response of 
90% or more. Of the 32 patients with atonic seizures, 
18 (56%) patients had a reduction of 50% or more and fi ve 
(16%) patients became seizure free of this seizure type. Of 
the 65 patients with tonic seizures, 26 (40%) patients had a 
reduction of 50% or more and seven (11%) patients became 
free of this seizure type and, for the 89 patients with tonic-
clonic seizures, 30 (34%) had a reduction of 50% or more 
and eight (9%) became free of this seizure type.

Patients with Dravet syndrome or Lennox-Gastaut 
syndrome represented a large proportion of our cohort; 
therefore, we did a post-hoc analysis to establish whether 
these syndromes had an improved response profi le. For 
patients with Dravet syndrome in the e!  cacy group 
(n=32), the median reduction in monthly motor seizures 
was 49·8% (IQR –64·3 to –12·4). 16 (50%) patients had a 
reduction of 50% or greater and one (3%) patient was 
free from motor seizures during the 3 months of 
treatment. We recorded a median reduction of 42·7% 
(IQR –64·6 to –20·6) in monthly total seizures for all 
seizure types and, during the last 4 weeks of treatment, 
four (13%) patients were free of motor seizures; these 
patients were also free of all other seizure types. Among 
patients with Dravet syndrome, we recorded a median 
change of –69·2% (IQR –100 to 3·2) in monthly tonic 
seizures (n=6), of –46·7% (–60·1 to 7·7) in monthly 
tonic-clonic seizures (n=29), and a reduction of –83·3% 
(–100 to –50·0) in non-motor focal seizures (n=10). For 
patients with Lennox-Gastaut syndrome (n=30), we 
recorded a median reduction of 36·8% (IQR –60·3 to 
–18·8) in motor seizures and 11 (37%) patients had a 
reduction in seizures of 50% or more, however no-one 
was seizure free after 3 months of treatment. The 
median change in total monthly seizures of all types was 
–35·5% (IQR –55·1 to –16·4). There was a median 
reduction of 68·8% (IQR –91·78 to 14·81) in patients 
with atonic seizures (n=14), and 44·0% (–68·5 to 14·8) in 
those with tonic seizures (n=21), but there was no 
reduction in tonic-clonic seizures in patients with 
Lennox-Gastaut syndrome (n=16). During the last 
4 weeks of treatment, one (3%) patient was free of all 
seizures and three (21%) of 12 patients were free of 
atonic seizures. The percentage change in motor 
seizures did not di" er signifi cantly between patients 
with Lennox-Gastaut syndrome and those with Dravet 
syndrome (Mann-Whitney U 448·0, p=0·65), but this 
study was not designed or powered to make this 
determination.

Results of our post-hoc analysis assessing interactions 
between cannabidiol and antiepileptic drugs showed 
that, of the 70 patients in the e!  cacy group receiving 
clobazam, 36 (51%) had a reduction of 50% or more in 
motor seizures, compared with only 18 (27%) of the 

Figure !: Monthly frequency of motor seizures in patients in the e!  cacy 
analysis group (n=137)
Boxplots show median values, with 25th and 75th percentiles. The whiskers 
denote the 25th percentile – 1·5 # IQR and the 75th percentile + 1·5 # IQR.
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• Adverse events that occurred more 
frequently in the cannabidiol group 
than in the placebo group: 
diarrhea, vomiting, fatigue, pyrexia, 
somnolence, and abnormal results 
on liver-function tests 

• No negative effect of cannabidiol 
on sleep 

• Quality of Life in Childhood Epilepsy 
and Vineland-II scores showed no 
significant difference between 
cannabidiol and placebo 

• Elevated aminotransferase levels 
occurred in 12 patients in the 
cannabidiol group and 1 in the 
placebo group, all inpatients taking 
valproate

• Double-blind placebo-controlled, n=120 age 2-18
• Patients had previously tried a median of 4.0 

antiepileptic drugs (range 0-26) and were taking 
median of 3.

• CBD 20mg/kg for 14 weeks.
• Median frequency of monthly convulsive seizures 

decreased from 12.4 to 5.9 with cannabidiol
• 14.9 to 14.1 with placebo

• No significant reduction in nonconvulsive seizures .



Lattanzi, Simona, et al. "Efficacy and safety of 
cannabidiol in epilepsy: a systematic review and 

meta-analysis." Drugs 78.17 (2018): 1791-1804.

• Meta-analysis of four RCTs (n=550) 
• Average improvement in seizure frequency with CBD 10 and 

20 mg/kg/d, compared with placebo, was 19.5% (P = 0.001) 
and 19.9% (P < 0.001) respectively. 

• 50% reduction in all seizure types occurred in 37.2% of patients 
receiving 20 mg/kg/d and 21.2% of patients receiving 
placebo
– statistically significant, but demonstrates the high placebo effect 

associated with subjective (usually parent-reported) outcomes
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• n=272 patients w/ 
refractory epilepsy

• Effective total cannabinoid 
doses: 0.05 - 9 mg/kg/day, 
primarily CBD

• Effective serum levels of 
CBD: 1.8 - 80 ng/mL

• Case reports:

– THCA preventing seizures

– THC aborting GTC



Cannabis Seizure Rescue Formula

• THC 3-30mg per dose

• Administered prior to 
benzodiazepines

• Rubbed into gums or PR

• Abort seizures, speed 
recovery, prevent 
clusters
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Abstract
In Italy, medical grade cannabis (MGC) can be prescribed for different medical conditions, including drug-resistant epilepsy
(DRE), once standard and approved therapies have failed, or caused non-tolerable side effects. Here, we present a retrospective
case series report of five patients with DRE who started therapy with MGC. Authorized ISO 9001:2008 pharmacies prepared
MGC according to Italian laws. Olive oil extracts (OOEs) were prepared following standard extraction protocols, and cannabi-
noids were measured on each OOE to check for successful extraction.After treatment withMGC, all patients reported a reduction
in seizure frequency and severity, and some reported improved mood, sleep quality, and general well-being without relevant side
effects. Despite the small sample size and open-label nature of the data, we show that MGC may be successfully used to treat
DRE. This is especially true when considering that no valid therapeutic option exists for these patients and that MGC was
extremely well tolerated.

Keywords Cannabis . Oil extract . Absence .West syndrome

Introduction

Epilepsy affects over 50 million people worldwide, and one-
third of patients have drug-resistant epilepsy (DRE) [1]. Nine-
delta-tetrahydrocannabinol (THC) and cannabidiol (CBD)
have received the greatest attention as potential antiepileptic
agents [2].

In Italy, medical grade cannabis (MGC) can be prescribed
for recommended medical conditions [3] (i.e., pain, spasticity,
untreatable vomiting, appetite stimulation in anorexia, glauco-
ma, and Gilles de la Tourette Syndrome) or whatever condi-
tion may benefit from MGC in the opinion of the prescribing
physician. Failure of approved therapies, or non-tolerable side
effects, is a pre-requisite for MGC prescription [4]. No ap-
proved dose exists for MGC, leaving the decision to the phy-
sician’s discretion.

As of July 2019, nine MGC variants are available in Italy
(Table 1). MGC can be inhaled, ingested as an oral-non-

activated (-ONA) compound [5], or can be administered orally
as an olive oil extract (-OOE) [6].

Methods

This is a retrospective case series report, approved from our
local ethics committee. Epilepsy syndrome and seizure types
were recorded according to the International League Against
Epilepsy classification [7]. Informed consents were obtained
from patients. Seizure frequency was measured through pa-
tients’ self-recordings using paper charts. Authorized ISO
9001:2008 pharmacies prepared MGC according to Italian
laws, using standard extraction protocols [6]. Cannabinoids
were measured on each OOE to check for successful extrac-
tion. MGC was administered BID orally for convenience.

Results

Case 1

Twenty-one-year-old female patient with non-specific epilep-
tic encephalopathy, onset at 2 months of age with secondarily
generalized tonic-clonic seizures (GTCs) with focal motor

* Francesco Saccà
francesco.sacca@unina.it

1 Department of Neurosciences and Reproductive and
Odontostomatological Sciences, University “Federico II”, Via
Pansini, 5, 80131 Naples, NA, Italy

Neurological Sciences
https://doi.org/10.1007/s10072-019-04162-1



Table 2 Patients seizure types, cannabis therapy, and percent seizure reduction

Case Epilepsy type Previous AEDs Current AEDs Comorbidity Effective cannabis product Effective dose Baseline monthly
seizure frequency

Seizure
reduction

Follow-up

1 Non-specific epileptic
encephalopathy

VPA (800 mg), CBZ
(500 mg), LMT (75
mg), TPX (100 mg),
LTC (250 mg),
ZNS (200 mg)

VPA 400 mg BID
ZNS 100 mg BID
CBZ 250 mg BID

-Central diabetes
insipidus

-Congenital central
hypothyroidism

-Splenic hamartomas

Bedrocan-OOE 18 mg THC
1 mg CBD

20 GTCs 60% 4 months

2 West syndrome CS (NA), PB (60 mg),
VPA (800 mg),
TPX (300 mg), LTC
(3200 mg), KET.

TPX 150 mg BID
LTC 1600 mg BID
VPA 400 mg BID

Nothing to report Bedrocan-OOE 12 mg THC
0.7 mg CBD

600 GTCs 80% 48 months

3 Polymicrogyria-associated
epilepsy

VPA (400 mg), PB (60
mg), TPX (200 mg),
LTC (1500 mg), CBZ
(500 mg), LMT (125
mg).

LTC 750 mg BID
LCS 100 mg BID
TPX 100 mg BID

Nothing to report Bedrolite-OOE 0.8 mg THC
7.2 mg CBD

10 GTCs 80% 12 months

4 Genetic epilepsy with
CACNA 1a mutation

VPA (600 mg), CBZ
(240 mg), CB
(2,5 mg), PB (45 mg),
SP (NA), ACZ (NA)

CBZ 80 mg TID
VPA 200 mg TID

Patent ductus
arteriosus

Bedrolite-OOE 0.5 mg THC
4.7 mg CBD

210 Abs +1.5
GTC

75% 14 months

5 Juvenile absence epilepsy PB (NA), LTC (3000
mg), CBZ (800 mg),
LMT (200 mg), TPX
(200 mg), VPA (1000
mg), LCM (400 mg)

LTC 1000 mg BID
TPX 200 mg BID

Ovarian cyst Bedrocan_OOE 12 mg THC
0.7 mg CBD

600Abs + 2
GTCs/year

95% 12 months

Previous AED refers to all AEDs used in the past, current AED refers to the AED combination on the day we started cannabis

VPA, valproic acid; CBZ, carbamazepine; LMT, lamotrigine; TPX, topiramate; LTC, levetiracetam; KET, kethogenic diet [12]; ZNS, zonesamide; CS, corticosteroids; PB, phenobarital; SP, stiripentol; ACZ,
acetazolamide; LCM, lacosamide;CB, clobazam; NA, not available; THC, tetrahydrocannabinol; CDB, cannabidiol;OOE, olive oil extract; Abs, absence;GTC, generalized tonic-clonic seizure; AED, anti-
epileptic drug; BIS, bis in die; TID, ter in die

NeurolSci

21 year-old

18 year-old

15 year-old

4 year-old

25 year-old



• Case 2: improved quality and duration of sleep, social 
interaction, and reduced spasticity 

• Case 3: Alertness improved, as did sleep and mood 
• Case 4: Parents reported quality and duration of sleep 

and a psychomotor improvement
• Case 5: one episode of panic attack 

Healer © 2020 
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• 11 papers through Dec 2017
• n=670 total (447 CBD-extract, 223 pure CBD)
• Strict inclusion criteria: objective 

measurements

SYSTEMATIC REVIEW
published: 12 September 2018
doi: 10.3389/fneur.2018.00759

Frontiers in Neurology | www.frontiersin.org 1 September 2018 | Volume 9 | Article 759

Edited by:

Richard Lowell Bell,

Indiana University, United States

Reviewed by:

Styliani Vlachou,

Dublin City University, Ireland

Nasiara Karim,

University of Malakand, Pakistan

*Correspondence:

Fabricio A. Pamplona

fabriciopamplona@gmail.com

Specialty section:

This article was submitted to

Neuropharmacology,

a section of the journal

Frontiers in Neurology

Received: 01 May 2018

Accepted: 21 August 2018

Published: 12 September 2018

Citation:

Pamplona FA, da Silva LR and

Coan AC (2018) Potential Clinical

Benefits of CBD-Rich Cannabis

Extracts Over Purified CBD in

Treatment-Resistant Epilepsy:

Observational Data Meta-analysis.

Front. Neurol. 9:759.

doi: 10.3389/fneur.2018.00759

Potential Clinical Benefits of
CBD-Rich Cannabis Extracts Over
Purified CBD in Treatment-Resistant
Epilepsy: Observational Data
Meta-analysis
Fabricio A. Pamplona1*, Lorenzo Rolim da Silva 2 and Ana Carolina Coan3

1 Entourage Phytolab, São Paulo, Brazil, 2 Bedrocan Brasil, São Paulo, Brazil, 3 UNICAMP, Campinas, Brazil

This meta-analysis paper describes the analysis of observational clinical studies on

the treatment of refractory epilepsy with cannabidiol (CBD)-based products. Beyond

attempting to establish the safety and efficacy of such products, we also investigated

if there is enough evidence to assume any difference in efficacy between CBD-rich

extracts compared to purified CBD products. The systematic search took place in

February/2017 and updated in December/2017 using the keywords “epilepsy” or

“Dravet” or “Lennox-Gastaut” or “CDKL5” combined with “Cannabis,” “cannabinoid,”

“cannabidiol,” or “CBD” resulting in 199 papers. The qualitative assessment resulted in

11 valid references, with an average impact factor of 8.1 (ranging from 1.4 to 47.8). The

categorical data of a total of 670 patients were analyzed by Fischer test. The average

daily dose ranged between 1 and 50 mg/kg, with treatment length from 3 to 12 months

(mean 6.2 months). Two thirds of patients reported improvement in the frequency of

seizures (399/622, 64%). There were more reports of improvement from patients treated

with CBD-rich extracts (318/447, 71%) than patients treated with purified CBD (81/223,

36%), with statistical significance (p < 0.0001). Nevertheless, when the standard clinical

threshold of a “50% reduction or more in the frequency of seizures” was applied, only

39% of the individuals were considered “responders,” and there was no difference (p

= 0.56) between treatments with CBD-rich extracts (97/255, 38%) and purified CBD

(94/223, 42%). Patients treated with CBD-rich extracts reported lower average dose

(6.1 mg/kg/day) than those using purified CBD (27.1 mg/kg/day). The reports of mild

(109/285 vs. 291/346, p< 0.0001) and severe (23/285 vs. 77/346, p< 0.0001) adverse

effects weremore frequent in products containing purified CBD than in CBD-rich extracts.

CBD-rich extracts seem to present a better therapeutic profile than purified CBD, at least

in this population of patients with refractory epilepsy. The roots of this difference is likely

due to synergistic effects of CBD with other phytocompounds (aka Entourage effect),

but this remains to be confirmed in controlled clinical studies.

Keywords: cannabinoids, cannabidiol (CBD), epilepsy, meta-analysis, refractory epilepsy, phytotherapy
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(94/223, 42%). Patients treated with CBD-rich extracts reported lower average dose

(6.1 mg/kg/day) than those using purified CBD (27.1 mg/kg/day). The reports of mild

(109/285 vs. 291/346, p< 0.0001) and severe (23/285 vs. 77/346, p< 0.0001) adverse

effects weremore frequent in products containing purified CBD than in CBD-rich extracts.

CBD-rich extracts seem to present a better therapeutic profile than purified CBD, at least

in this population of patients with refractory epilepsy. The roots of this difference is likely

due to synergistic effects of CBD with other phytocompounds (aka Entourage effect),

but this remains to be confirmed in controlled clinical studies.
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This meta-analysis paper describes the analysis of observational clinical studies on
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if there is enough evidence to assume any difference in efficacy between CBD-rich
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categorical data of a total of 670 patients were analyzed by Fischer test. The average

daily dose ranged between 1 and 50 mg/kg, with treatment length from 3 to 12 months

(mean 6.2 months). Two thirds of patients reported improvement in the frequency of

seizures (399/622, 64%). There were more reports of improvement from patients treated

with CBD-rich extracts (318/447, 71%) than patients treated with purified CBD (81/223,

36%), with statistical significance (p < 0.0001). Nevertheless, when the standard clinical

threshold of a “50% reduction or more in the frequency of seizures” was applied, only

39% of the individuals were considered “responders,” and there was no difference (p

= 0.56) between treatments with CBD-rich extracts (97/255, 38%) and purified CBD

(94/223, 42%). Patients treated with CBD-rich extracts reported lower average dose

(6.1 mg/kg/day) than those using purified CBD (27.1 mg/kg/day). The reports of mild

(109/285 vs. 291/346, p< 0.0001) and severe (23/285 vs. 77/346, p< 0.0001) adverse

effects weremore frequent in products containing purified CBD than in CBD-rich extracts.

CBD-rich extracts seem to present a better therapeutic profile than purified CBD, at least

in this population of patients with refractory epilepsy. The roots of this difference is likely

due to synergistic effects of CBD with other phytocompounds (aka Entourage effect),

but this remains to be confirmed in controlled clinical studies.
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ABSTRACT: Cannabis sativa produces a complex mixture of many
bioactive molecules including terpenophenolic compounds known as
phytocannabinoids. Phytocannabinoids come in neutral forms (e.g., !9-
tetrahydrocannabinol, THC; cannabidiol, CBD; etc.) or as acid
precursors, which are dominant in the plant (e.g., !9-tetrahydrocanna-
binolic acid, THCA; cannabidiolic acid, CBDA; etc.). There is increasing
interest in unlocking the therapeutic applications of the phytocannabi-
noid acids; however, the present understanding of the basic
pharmacology of phytocannabinoid acids is limited. Herein the brain
and plasma pharmacokinetic pro!les of CBDA, THCA, cannabichro-
menic acid (CBCA), cannabidivarinic acid (CBDVA), cannabigerolic
acid (CBGA), and cannabigerovarinic acid (CBGVA) were examined
following intraperitoneal administration in mice. Next it was examined
whether CBDA was anticonvulsant in a mouse model of Dravet
syndrome (Scn1aRX/+ mice). All the phytocannabinoid acids investigated were rapidly absorbed with plasma tmax values of
between 15 and 45 min and had relatively short half-lives (<4 h). The brain"plasma ratios for the acids were very low at #0.04.
However, when CBDA was administered in an alternate Tween 80-based vehicle, it exhibited a brain"plasma ratio of 1.9. The
anticonvulsant potential of CBDA was examined using this vehicle, and it was found that CBDA signi!cantly increased the
temperature threshold at which the Scn1aRX/+ mice had a generalized tonic-clonic seizure.

Cannabis sativa L. (Cannabaceae) contains more than 500
potentially bioactive compounds including approximately 140
terpenophenolic molecules called phytocannabinoids. Phyto-
cannabinoids come in neutral forms such as !9-tetrahydro-
cannabinol, THC, and cannabidiol, CBD, or acid forms as !9-
tetrahydrocannabinolic acid, THCA, and cannabidiolic acid,
CBDA.1,2 The phytocannabinoid acids are formed enzymati-
cally and are the most abundant in raw plant material. Neutral
cannabinoids are formed via decarboxylation of these acid
precursor molecules as a result of heat or light exposure.2 The
legalization of medicinal cannabis in many countries around
the world has provoked great interest in the phytocannabinoid
acids, as there is increasing use of cannabis extract formulations
that are not heated, smoked, or vaporized. Since these
formulations of cannabis are produced via cold extraction or
“juicing” of raw cannabis material, they contain much higher
concentrations of the acid forms of the phytocannabinoids.2,3

While research focusing on the therapeutic potential of
phytocannabinoid acids is escalating, there is still a very limited
understanding of the basic pharmacodynamic and pharmaco-
kinetic nature of these abundant components. CBDA and
THCA may have widespread therapeutic applications, as

CBDA has anxiolytic, anti-in"ammatory, and antihyperalgesic
e#ects in animal models.4,5 Moreover, both CBDA and THCA
have antiemetic e#ects in shrews and rats, and THCA appears
to be the key component mediating the anti-in"ammatory
actions of C. sativa extracts in cellular models of in"ammatory
bowel disease.6"9 THCA exerts its anti-in"ammatory and
neuroprotective e#ects by reducing tumor necrosis factor alpha
(TNF-!) levels modulated by peroxisome proliferator-
activated receptor gamma (PPAR").10,11 It has been speculated
that CBDA and THCA have anticonvulsant properties, as
these phytocannabinoids are highly abundant in artisanal C.
sativa oils being used in the community to treat intractable
childhood epilepsies.3,9 Indeed, it was reported in a patent that
CBDA reduced seizure severity in a rat model of epilepsy;
however, no study has yet documented anticonvulsant e#ects
of this molecule in the peer-reviewed scienti!c literature.12

The capture and dissemination of pharmacokinetic data for
the phytocannabinoid acids is an important contribution in the
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ABSTRACT: Cannabis sativa produces a complex mixture of many
bioactive molecules including terpenophenolic compounds known as
phytocannabinoids. Phytocannabinoids come in neutral forms (e.g., !9-
tetrahydrocannabinol, THC; cannabidiol, CBD; etc.) or as acid
precursors, which are dominant in the plant (e.g., !9-tetrahydrocanna-
binolic acid, THCA; cannabidiolic acid, CBDA; etc.). There is increasing
interest in unlocking the therapeutic applications of the phytocannabi-
noid acids; however, the present understanding of the basic
pharmacology of phytocannabinoid acids is limited. Herein the brain
and plasma pharmacokinetic pro!les of CBDA, THCA, cannabichro-
menic acid (CBCA), cannabidivarinic acid (CBDVA), cannabigerolic
acid (CBGA), and cannabigerovarinic acid (CBGVA) were examined
following intraperitoneal administration in mice. Next it was examined
whether CBDA was anticonvulsant in a mouse model of Dravet
syndrome (Scn1aRX/+ mice). All the phytocannabinoid acids investigated were rapidly absorbed with plasma tmax values of
between 15 and 45 min and had relatively short half-lives (<4 h). The brain"plasma ratios for the acids were very low at #0.04.
However, when CBDA was administered in an alternate Tween 80-based vehicle, it exhibited a brain"plasma ratio of 1.9. The
anticonvulsant potential of CBDA was examined using this vehicle, and it was found that CBDA signi!cantly increased the
temperature threshold at which the Scn1aRX/+ mice had a generalized tonic-clonic seizure.

Cannabis sativa L. (Cannabaceae) contains more than 500
potentially bioactive compounds including approximately 140
terpenophenolic molecules called phytocannabinoids. Phyto-
cannabinoids come in neutral forms such as !9-tetrahydro-
cannabinol, THC, and cannabidiol, CBD, or acid forms as !9-
tetrahydrocannabinolic acid, THCA, and cannabidiolic acid,
CBDA.1,2 The phytocannabinoid acids are formed enzymati-
cally and are the most abundant in raw plant material. Neutral
cannabinoids are formed via decarboxylation of these acid
precursor molecules as a result of heat or light exposure.2 The
legalization of medicinal cannabis in many countries around
the world has provoked great interest in the phytocannabinoid
acids, as there is increasing use of cannabis extract formulations
that are not heated, smoked, or vaporized. Since these
formulations of cannabis are produced via cold extraction or
“juicing” of raw cannabis material, they contain much higher
concentrations of the acid forms of the phytocannabinoids.2,3

While research focusing on the therapeutic potential of
phytocannabinoid acids is escalating, there is still a very limited
understanding of the basic pharmacodynamic and pharmaco-
kinetic nature of these abundant components. CBDA and
THCA may have widespread therapeutic applications, as

CBDA has anxiolytic, anti-in"ammatory, and antihyperalgesic
e#ects in animal models.4,5 Moreover, both CBDA and THCA
have antiemetic e#ects in shrews and rats, and THCA appears
to be the key component mediating the anti-in"ammatory
actions of C. sativa extracts in cellular models of in"ammatory
bowel disease.6"9 THCA exerts its anti-in"ammatory and
neuroprotective e#ects by reducing tumor necrosis factor alpha
(TNF-!) levels modulated by peroxisome proliferator-
activated receptor gamma (PPAR").10,11 It has been speculated
that CBDA and THCA have anticonvulsant properties, as
these phytocannabinoids are highly abundant in artisanal C.
sativa oils being used in the community to treat intractable
childhood epilepsies.3,9 Indeed, it was reported in a patent that
CBDA reduced seizure severity in a rat model of epilepsy;
however, no study has yet documented anticonvulsant e#ects
of this molecule in the peer-reviewed scienti!c literature.12

The capture and dissemination of pharmacokinetic data for
the phytocannabinoid acids is an important contribution in the
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ABSTRACT: Cannabis sativa produces a complex mixture of many
bioactive molecules including terpenophenolic compounds known as
phytocannabinoids. Phytocannabinoids come in neutral forms (e.g., !9-
tetrahydrocannabinol, THC; cannabidiol, CBD; etc.) or as acid
precursors, which are dominant in the plant (e.g., !9-tetrahydrocanna-
binolic acid, THCA; cannabidiolic acid, CBDA; etc.). There is increasing
interest in unlocking the therapeutic applications of the phytocannabi-
noid acids; however, the present understanding of the basic
pharmacology of phytocannabinoid acids is limited. Herein the brain
and plasma pharmacokinetic pro!les of CBDA, THCA, cannabichro-
menic acid (CBCA), cannabidivarinic acid (CBDVA), cannabigerolic
acid (CBGA), and cannabigerovarinic acid (CBGVA) were examined
following intraperitoneal administration in mice. Next it was examined
whether CBDA was anticonvulsant in a mouse model of Dravet
syndrome (Scn1aRX/+ mice). All the phytocannabinoid acids investigated were rapidly absorbed with plasma tmax values of
between 15 and 45 min and had relatively short half-lives (<4 h). The brain"plasma ratios for the acids were very low at #0.04.
However, when CBDA was administered in an alternate Tween 80-based vehicle, it exhibited a brain"plasma ratio of 1.9. The
anticonvulsant potential of CBDA was examined using this vehicle, and it was found that CBDA signi!cantly increased the
temperature threshold at which the Scn1aRX/+ mice had a generalized tonic-clonic seizure.

Cannabis sativa L. (Cannabaceae) contains more than 500
potentially bioactive compounds including approximately 140
terpenophenolic molecules called phytocannabinoids. Phyto-
cannabinoids come in neutral forms such as !9-tetrahydro-
cannabinol, THC, and cannabidiol, CBD, or acid forms as !9-
tetrahydrocannabinolic acid, THCA, and cannabidiolic acid,
CBDA.1,2 The phytocannabinoid acids are formed enzymati-
cally and are the most abundant in raw plant material. Neutral
cannabinoids are formed via decarboxylation of these acid
precursor molecules as a result of heat or light exposure.2 The
legalization of medicinal cannabis in many countries around
the world has provoked great interest in the phytocannabinoid
acids, as there is increasing use of cannabis extract formulations
that are not heated, smoked, or vaporized. Since these
formulations of cannabis are produced via cold extraction or
“juicing” of raw cannabis material, they contain much higher
concentrations of the acid forms of the phytocannabinoids.2,3

While research focusing on the therapeutic potential of
phytocannabinoid acids is escalating, there is still a very limited
understanding of the basic pharmacodynamic and pharmaco-
kinetic nature of these abundant components. CBDA and
THCA may have widespread therapeutic applications, as

CBDA has anxiolytic, anti-in"ammatory, and antihyperalgesic
e#ects in animal models.4,5 Moreover, both CBDA and THCA
have antiemetic e#ects in shrews and rats, and THCA appears
to be the key component mediating the anti-in"ammatory
actions of C. sativa extracts in cellular models of in"ammatory
bowel disease.6"9 THCA exerts its anti-in"ammatory and
neuroprotective e#ects by reducing tumor necrosis factor alpha
(TNF-!) levels modulated by peroxisome proliferator-
activated receptor gamma (PPAR").10,11 It has been speculated
that CBDA and THCA have anticonvulsant properties, as
these phytocannabinoids are highly abundant in artisanal C.
sativa oils being used in the community to treat intractable
childhood epilepsies.3,9 Indeed, it was reported in a patent that
CBDA reduced seizure severity in a rat model of epilepsy;
however, no study has yet documented anticonvulsant e#ects
of this molecule in the peer-reviewed scienti!c literature.12

The capture and dissemination of pharmacokinetic data for
the phytocannabinoid acids is an important contribution in the
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ABSTRACT: Cannabis sativa produces a complex mixture of many
bioactive molecules including terpenophenolic compounds known as
phytocannabinoids. Phytocannabinoids come in neutral forms (e.g., !9-
tetrahydrocannabinol, THC; cannabidiol, CBD; etc.) or as acid
precursors, which are dominant in the plant (e.g., !9-tetrahydrocanna-
binolic acid, THCA; cannabidiolic acid, CBDA; etc.). There is increasing
interest in unlocking the therapeutic applications of the phytocannabi-
noid acids; however, the present understanding of the basic
pharmacology of phytocannabinoid acids is limited. Herein the brain
and plasma pharmacokinetic pro!les of CBDA, THCA, cannabichro-
menic acid (CBCA), cannabidivarinic acid (CBDVA), cannabigerolic
acid (CBGA), and cannabigerovarinic acid (CBGVA) were examined
following intraperitoneal administration in mice. Next it was examined
whether CBDA was anticonvulsant in a mouse model of Dravet
syndrome (Scn1aRX/+ mice). All the phytocannabinoid acids investigated were rapidly absorbed with plasma tmax values of
between 15 and 45 min and had relatively short half-lives (<4 h). The brain"plasma ratios for the acids were very low at #0.04.
However, when CBDA was administered in an alternate Tween 80-based vehicle, it exhibited a brain"plasma ratio of 1.9. The
anticonvulsant potential of CBDA was examined using this vehicle, and it was found that CBDA signi!cantly increased the
temperature threshold at which the Scn1aRX/+ mice had a generalized tonic-clonic seizure.

Cannabis sativa L. (Cannabaceae) contains more than 500
potentially bioactive compounds including approximately 140
terpenophenolic molecules called phytocannabinoids. Phyto-
cannabinoids come in neutral forms such as !9-tetrahydro-
cannabinol, THC, and cannabidiol, CBD, or acid forms as !9-
tetrahydrocannabinolic acid, THCA, and cannabidiolic acid,
CBDA.1,2 The phytocannabinoid acids are formed enzymati-
cally and are the most abundant in raw plant material. Neutral
cannabinoids are formed via decarboxylation of these acid
precursor molecules as a result of heat or light exposure.2 The
legalization of medicinal cannabis in many countries around
the world has provoked great interest in the phytocannabinoid
acids, as there is increasing use of cannabis extract formulations
that are not heated, smoked, or vaporized. Since these
formulations of cannabis are produced via cold extraction or
“juicing” of raw cannabis material, they contain much higher
concentrations of the acid forms of the phytocannabinoids.2,3

While research focusing on the therapeutic potential of
phytocannabinoid acids is escalating, there is still a very limited
understanding of the basic pharmacodynamic and pharmaco-
kinetic nature of these abundant components. CBDA and
THCA may have widespread therapeutic applications, as

CBDA has anxiolytic, anti-in"ammatory, and antihyperalgesic
e#ects in animal models.4,5 Moreover, both CBDA and THCA
have antiemetic e#ects in shrews and rats, and THCA appears
to be the key component mediating the anti-in"ammatory
actions of C. sativa extracts in cellular models of in"ammatory
bowel disease.6"9 THCA exerts its anti-in"ammatory and
neuroprotective e#ects by reducing tumor necrosis factor alpha
(TNF-!) levels modulated by peroxisome proliferator-
activated receptor gamma (PPAR").10,11 It has been speculated
that CBDA and THCA have anticonvulsant properties, as
these phytocannabinoids are highly abundant in artisanal C.
sativa oils being used in the community to treat intractable
childhood epilepsies.3,9 Indeed, it was reported in a patent that
CBDA reduced seizure severity in a rat model of epilepsy;
however, no study has yet documented anticonvulsant e#ects
of this molecule in the peer-reviewed scienti!c literature.12

The capture and dissemination of pharmacokinetic data for
the phytocannabinoid acids is an important contribution in the
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ABSTRACT: Cannabis sativa produces a complex mixture of many
bioactive molecules including terpenophenolic compounds known as
phytocannabinoids. Phytocannabinoids come in neutral forms (e.g., !9-
tetrahydrocannabinol, THC; cannabidiol, CBD; etc.) or as acid
precursors, which are dominant in the plant (e.g., !9-tetrahydrocanna-
binolic acid, THCA; cannabidiolic acid, CBDA; etc.). There is increasing
interest in unlocking the therapeutic applications of the phytocannabi-
noid acids; however, the present understanding of the basic
pharmacology of phytocannabinoid acids is limited. Herein the brain
and plasma pharmacokinetic pro!les of CBDA, THCA, cannabichro-
menic acid (CBCA), cannabidivarinic acid (CBDVA), cannabigerolic
acid (CBGA), and cannabigerovarinic acid (CBGVA) were examined
following intraperitoneal administration in mice. Next it was examined
whether CBDA was anticonvulsant in a mouse model of Dravet
syndrome (Scn1aRX/+ mice). All the phytocannabinoid acids investigated were rapidly absorbed with plasma tmax values of
between 15 and 45 min and had relatively short half-lives (<4 h). The brain"plasma ratios for the acids were very low at #0.04.
However, when CBDA was administered in an alternate Tween 80-based vehicle, it exhibited a brain"plasma ratio of 1.9. The
anticonvulsant potential of CBDA was examined using this vehicle, and it was found that CBDA signi!cantly increased the
temperature threshold at which the Scn1aRX/+ mice had a generalized tonic-clonic seizure.

Cannabis sativa L. (Cannabaceae) contains more than 500
potentially bioactive compounds including approximately 140
terpenophenolic molecules called phytocannabinoids. Phyto-
cannabinoids come in neutral forms such as !9-tetrahydro-
cannabinol, THC, and cannabidiol, CBD, or acid forms as !9-
tetrahydrocannabinolic acid, THCA, and cannabidiolic acid,
CBDA.1,2 The phytocannabinoid acids are formed enzymati-
cally and are the most abundant in raw plant material. Neutral
cannabinoids are formed via decarboxylation of these acid
precursor molecules as a result of heat or light exposure.2 The
legalization of medicinal cannabis in many countries around
the world has provoked great interest in the phytocannabinoid
acids, as there is increasing use of cannabis extract formulations
that are not heated, smoked, or vaporized. Since these
formulations of cannabis are produced via cold extraction or
“juicing” of raw cannabis material, they contain much higher
concentrations of the acid forms of the phytocannabinoids.2,3

While research focusing on the therapeutic potential of
phytocannabinoid acids is escalating, there is still a very limited
understanding of the basic pharmacodynamic and pharmaco-
kinetic nature of these abundant components. CBDA and
THCA may have widespread therapeutic applications, as

CBDA has anxiolytic, anti-in"ammatory, and antihyperalgesic
e#ects in animal models.4,5 Moreover, both CBDA and THCA
have antiemetic e#ects in shrews and rats, and THCA appears
to be the key component mediating the anti-in"ammatory
actions of C. sativa extracts in cellular models of in"ammatory
bowel disease.6"9 THCA exerts its anti-in"ammatory and
neuroprotective e#ects by reducing tumor necrosis factor alpha
(TNF-!) levels modulated by peroxisome proliferator-
activated receptor gamma (PPAR").10,11 It has been speculated
that CBDA and THCA have anticonvulsant properties, as
these phytocannabinoids are highly abundant in artisanal C.
sativa oils being used in the community to treat intractable
childhood epilepsies.3,9 Indeed, it was reported in a patent that
CBDA reduced seizure severity in a rat model of epilepsy;
however, no study has yet documented anticonvulsant e#ects
of this molecule in the peer-reviewed scienti!c literature.12

The capture and dissemination of pharmacokinetic data for
the phytocannabinoid acids is an important contribution in the

Received: June 30, 2019

Article

pubs.acs.org/jnpCite This: J. Nat. Prod. XXXX, XXX, XXX!XXX

© XXXX American Chemical Society and
American Society of Pharmacognosy A DOI: 10.1021/acs.jnatprod.9b00600

J. Nat. Prod. XXXX, XXX, XXX"XXX

This is an open access article published under a Creative Commons Non-Commercial No
Derivative Works (CC-BY-NC-ND) Attribution License, which permits copying and
redistribution of the article, and creation of adaptations, all for non-commercial purposes.

D
ow

nl
oa

de
d 

vi
a 

19
1.

10
1.

21
2.

13
7 

on
 N

ov
em

be
r 6

, 2
01

9 
at

 0
1:

53
:5

2 
(U

TC
).

Se
e 

ht
tp

s:
//p

ub
s.a

cs
.o

rg
/s

ha
rin

gg
ui

de
lin

es
 fo

r o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

CBDA observed here in mice equates to approximately 50 and
150 mg doses, respectively, in a 60 kg human (FDA
interspecies conversion). These doses approximate CBDA
doses administered to childhood epilepsy patients in the form
of artisanal C. sativa oils (average oral dose of 33 mg with a
maximum dose of 540 mg).3 As CBDA and CBD are often
coadministered in artisanal medicinal C. sativa oils used by

childhood epilepsy patients, it would be interesting to
investigate whether there is any anticonvulsant synergy.3

Future studies are required to elucidate the anticonvulsant
mode(s) of action of CBDA, which may involve various
epilepsy-relevant targets such as 5-HT1A, GPR55, and TRPV1
receptors.30!32

Concluding Remarks. The brain and plasma pharmaco-
kinetic pro!les of the cannabinoid acids presented herein
provides useful information for future investigations of the in
vivo pharmacological e"ects of these compounds in mice. The
profound e"ects of di"erent vehicle preparations on the
pharmacokinetic parameters (absorption, elimination, and
penetration) of the cannabinoids, as illustrated here with
CBDA, highlight the importance of vehicle choice when
designing experiments. Here, CBDA was highly brain
penetrant when administered in a Tween-based vehicle and
exhibited signi!cant anticonvulsant properties in the Scn1aRX/+

mouse model of Dravet syndrome. This provides further
evidence that constituents in the C. sativa plant beyond CBD
are anticonvulsant.

! EXPERIMENTAL SECTION
General Experimental Procedures. CBDA, CBGA, and THCA

were purchased from THC Pharm GmbH (Frankfurt, Germany).
CBCA, CBDVA, and CBGVA were synthesized by Professor Michael
Kassiou at the University of Sydney. The purity of all the
cannabinoids used were CBCA (>99%), CBDA (>99%), CBDVA
(99%), CBGA (98%), CBGVA (97%), and THCA (95%). Drugs
were freshly prepared as solutions in vegetable oil (95% canola oil, 5%
sun#ower oil). CBDA and THCA were also prepared in ethanol!
Tween 80!saline (1:1:18 ratio) (Sigma-Aldrich, St. Louis, MO,
USA). When available, analytical standards were purchased from
Cerilliant Corporation (Round Rock, TX, USA).

Animals. All animal care and experimental procedures were
approved by the University of Sydney Animal Ethics Committee
(protocols 2015/828 and 2016/1035), and all procedures were in
accordance with the Australian Code of Practice for the Care and Use
of Animals for Scienti!c Purposes. All cannabinoids were adminis-
tered as a single i.p. injection in a volume of 10 mL/kg. C57BL/6J
(Australian Resources Centre, stock 000664) and F1 mice generated
by breeding 129S1/SvlmJ (Jackson Laboratory, stock 002448) or
129S6/SvEvTacAusb (Australian BioResources) with C57BL/6J mice
were used for pharmacokinetic studies. Scn1aRX/+ mice were
generously provided by Professor Kazuhiro Yamakawa (RIKEN
Brain Science Institute, Japan) by way of Professor Steven Petrou
(Florey Institute, Australia). The mice were generated as previously
described and were maintained as a congenic line on the 129S1/SvlmJ
(129.Scn1aRX/+) background.33,34 For hyperthermia-induced seizure
experiments, F1 mice were generated by breeding 129.Scn1aRX/+ mice
with wild-type C57BL/6J mice. The Scn1a genotype was determined
as previously described.33,34

Pharmacokinetic Studies. Male and female mice 21!28 days
postnatal received a single i.p. injection of 5 mg/kg of CBCA and
CBDVA or 10 mg/kg of CBDA, CBGA, CBGVA, and THCA. These
are nonsaturating doses that overlap with human equivalent doses of
THCA and CBDA administered in C. sativa oils used by childhood
epilepsy patients.3 At selected time points (15!240 min), mice were
anesthetized with iso#urane, and whole blood was collected by cardiac
puncture. Plasma was isolated by centrifugation (9000g for 10 min, 4
°C) and stored at !80 °C until assayed. Whole brain was also
collected and stored at !80 °C.

Sample Preparation. Plasma samples (50 !L) were spiked with
internal standard (diazepam or !9-THC-d3), and protein precip-
itation was achieved by vortex-mixing with a 4! volume of
acetonitrile. The organic layer was isolated by centrifugation (4000g
for 10 min) and evaporated to dryness with N2. Samples were
reconstituted in methanol and 0.1% formic acid in water (150:250, v/

Figure 6. Dose!e"ect screening of CBDA against hyperthermia-
induced seizures in Scn1aRX/+ mice. Threshold temperatures of
individual mice for generalized tonic-clonic seizure (GTCS) induced
by hyperthermia following acute treatment with vehicle or varying
doses of CBDA. CBDA signi!cantly increased the temperature
threshold for GTCS, resulting in greater resistance to thermal seizure
induction (green, open symbols). The average temperature of GTCS
is depicted by the bar. Error bars represent SEM, with n = 11!15
mice per group (*p < 0.05, logrank Mantel!Cox).

Figure 7. Physiochemical properties of phytocannabinoids. Plot
displaying the distribution of partition coe$cients (log P) vs CNS
MPO scores for compounds (phytocannabinoid acids, neutral
phytocannabinoids, and drugs). Symbol size represents the TPSA
value, and color corresponds to number of rotatable bonds. Dotted
lines represent the generally accepted cuto"s for penetration of the
CNS, with log P < 2.5 and CNS MPO score "4 considered desirable
for successful CNS drugs (lower right quadrant). For comparison,
CNS drugs alprazolam, phenytoin, and risperidone have been
included. Physiochemical properties of compounds were collated
using Collaborative Drug Discovery Vault. Abbreviations: CNS =
central nervous system; MPO = multiparameter optimization score;
TPSA = topological polar surface area.
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CBDA was 
anticonvulsant at 10 
and 30 mg/kg, lower 
than the 100 mg/kg 
effective dose of 
CBD shown in two 
other studies



Bonn-Miller, Marcel O., et al. "Labeling accuracy of cannabidiol 
extracts sold online." Jama 318.17 (2017): 1708-1709.

Letters

RESEARCH LETTER

Labeling Accuracy of Cannabidiol Extracts
Sold Online
There is growing consumer demand for cannabidiol (CBD), a
constituent of the cannabis plant, due to its purported medici-
nal benefits for myriad health conditions.! Viscous plant-
derived extracts, suspended in oil, alcohol (tincture), or vapor-
ization liquid, represent most of the retail market for CBD.
Discrepancies between federal and state cannabis laws have re-
sulted in inadequate regulation and oversight, leading to inac-
curate labeling of some products." To maximize sampling and
ensure representativeness of available products, we examined
the label accuracy of CBD products sold online, including iden-
tification of present but unlabeled cannabinoids.

Methods | Internet searches (keywords: CBD, cannabidiol, oil,
tincture, vape) were performed between September !", "#!$, and
October !%, "#!$, to identify CBD products available for online
retail purchase that included CBD content on packaging. Prod-
ucts with identical formulation as another product under the
same brand were excluded. All unique CBD extracts that met
these criteria were purchased. Products were stored according
to packaging instructions, or if none were provided, in a cool,
dry space. Within " weeks of receipt, product labels were re-
placed with blinded study identifiers and sent to the laborato-
ries at Botanacor Services for analysis of cannabinoid content
(cannabidiol, cannabidiolic acid, cannabigerol, cannabinol,
&-'-tetrahydrocannabinol, &-'-tetrahydrocannabibolic acid

[THC]) using high-performance liquid chromatography
(in triplicate; lower limit of quantification, (#.)!*#% wt/wt).
A !#-point method validation procedure was used to deter-
mine the appropriate sample preparation and analytical method.
Triplicate test results were averaged and reported by product
weight. Data were analyzed using SPSS Statistics (IBM), ver-
sion "), with descriptive analyses and a "-tailed +" (, <.#%).
Consistent with other herbal products in the US Pharmacopeia
and emerging standards from medicinal cannabis industry lead-
ers, a ±!#% allowable variance was used for product labeling
(ie, accurately labeled = '#%-!!#% labeled value, underla-
beled >!!#% labeled value, and overlabeled <'#% labeled value).

Results | Eighty-four products were purchased and analyzed
(from )! companies). Observed CBD concentration ranged be-
tween #.!# mg/mL and $%%."* mg/mL (median, '.-% mg/mL).
Median labeled concentration was !%.## mg/mL (range,
!.))-.##.##). With respect to CBD, -"..%% ('%% CI, )".."%-
%).%)%) of products were underlabeled (n = )$), "$.!'%
('%% CI, !*.'.%-)$.-.%) were overlabeled (n = ""), and )#.'%%
('%% CI, "".#.%--!.-'%) were accurately labeled (n = "$)
(Table !). Accuracy of labeling depended on product type
[+!(!) = !$.*%; P = .##"], with vaporization liquid most fre-
quently mislabeled ("! mislabeled products; .*.%#% ['%% CI,
$'.##%-'%.$$%]) and oil most frequently labeled accurately
(!. accurately labeled products; -%.##% ['%% CI, )#.*!%-
$#.!*%]). Concentration of unlabeled cannabinoids was gen-
erally low (Table "); however, THC was detected (up to
$.-) mg/mL) in !. of the .- samples tested ("!.-)% ['%% CI,

Table 1. Label Accuracy by Cannabidiol Extract Type

Cannabidiol Extract Products

Total (N = 84)Oil (n = 40) Tincture (n = 20) Vaporization Liquid (n = 24)
Label accuracy, No. of products (%)
[95% CI]

Accuratea 18 (45.00)
[30.71-60.17]

5 (25.00)
[11.19-46.87]

3 (12.50)
[4.34-31.00]

26 (30.95)
[22.08-41.49]

Underb 10 (25.00)
[14.19-40.19]

8 (40.00)
[21.88-61.34]

18 (75.00)
[55.10-88.00]

36 (42.85)
[32.82-53.53]

Overc 12 (30.00)
[18.07-45.43]

7 (35.00)
[18.12-56.71]

3 (12.50)
[4.34-31.00]

22 (26.19)
[17.98-36.48]

Labeled concentration, mg/mL

Mean (95% CI) 56.15 (14.23-98.07) 11.14 (5.60-16.60) 26.15 (12.50-39.74) 36.86 (16.21-57.51)

Median (range) 22.26 (2.50-800.00) 8.33 (1.33-50.00) 18.33 (2.00-160.00) 15.00 (1.33-800.00)

Deviation of labeled content
from tested value, mg/mL

Mean (95% CI) [% of deviation] 10.34 (4.95-15.74)
[29.01]

3.94 (2.74-5.14)
[220.62]

11.52 (8.10-14.94)
[1098.70]

9.16 (4.96-13.36)
[380.26]

Median (range) [% of deviation] 2.76 (0.13-144.73)
[12.11]

1.48 (0.01-22.30)
[19.12]

4.62 (0.14-66.07)
[67.34]

3.17 (0.10-144.73)
[20.42]

a Cannabidiol content tested within 10% of labeled value.
b Cannabidiol content exceeded labeled value by more than 10%.
c Cannabidiol content tested more than 10% below labeled value.

1708 JAMA November 7, 2017 Volume 318, Number 17 (Reprinted) jama.com

© 2017 American Medical Association. All rights reserved.
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• The I-Team’s producer went online and undercover to local 
storefronts to purchase 3 brands of CBD oil and 4 brands of gummies 
(5 samples of each brand)

• One brand contained “four times the amount of lead than is 
approved. If a child gets their hands on these products, it could be 
life threatening,” 

• One sample purchased from CBDistillery contained one pesticide that 
exceeds California’s acceptable standards.

• Less than half of the samples that were tested actually had the stated 
amount of CBD inside the product

Healer © 2019 



• Sean Callan, PhD of Ellipse Analytics tested 240 CBD products for 300 
contaminants labeling accuracy.

• 70% were found "highly contaminated" with heavy metals like lead and 
arsenic, herbicides like glyphosate, pesticides, BPA and toxic mold.

• One product had lead levels 100x EPA maximum for drinking water.
• More than half had labels that inaccurately reflected CBD concentration 

– Range from zero CBD to 6x the labeled potency

Healer © 2019 



Risk/Benefit Considerations
• Nearly one-third of patients with epilepsy have 

symptoms that are refractory to treatment (Kwan 
and Brodie, 2000). 

• Although over 20 new seizure medications have 
been developed over the past several decades, 
the percentage of patients with medically 
intractable seizures has not changed significantly 
(French, 2007).



Risk/Benefit Considerations
• Failure of first antiepileptic drug (AED) strongly predicts 

failure to other AEDs and is associated with poor 
prognosis. (French, 2002)

• Children with absence epilepsy who fail first AED are 3x 
more likely to progress to myoclonic epilepsy and 8x 
more likely to intractable epilepsy. (Wirrel, et al., 2001)

• After failing 3 therapeutic regimens, chance of 
responding to 4th is 12% in childhood epilepsy (Ramos-
Lizana, et al. 2009)



Risk/Benefit Considerations
• Exacerbation of seizures during cannabis trial 

(uncommon)
• Cannabis withdrawal can potentiate seizures 

(Hedge et al., 2012)
– Losing access to medicine
– Inconsistent supply from one batch to the next
– Hospitalization
– Travel



CBD Interactions
• 39 adults and 42 children, Epidiolex 5-50mg/kg/d + AEDs
• Serum levels of topiramate, rufinamide, and N-des-methylclobazam

increased in children and adults with increasing CBD dose 
• Serum levels of zonisamide and eslicarbazepine increased in adults 

with increasing CBD dose 
• Adult participants reported sedation more frequently with higher N-

desmethylclobazam levels 
• AST and ALT levels were higher in participants taking concomitant 

valproate with CBD 
Gaston et al., 2017



Rare Conditions and 
Palliative Care



Low Dose THC in Complex Pediatric Cases

• Use of dronabinol in 8 severely affected children 
with degenerative diseases, post-traumatic 
syndrome, epilepsy, hypoxic encephalopathy.

• Doses 0.04-0.12 mg/kg/d.
• Prominent positive changes noted in seizures, 

spasms, social interaction, with prominent 
palliation in fatal diseases.

Lorenz, R. 2004.



Gottschling, S. 2001. Cannabinoide bei Kindern Gute Erahrungen bei Schmerzen, Spastik 
und in der Onkologie. Angewandte Schmerztherapei und Palliativmedizin, 55-57.

• Dronabinol (average dose 0.2 mg/kg/d) was 
administered to 13 severely neurologically impaired 
children, aged 7 months -17 years with uniform benefit 
on spasticity and pain, improved sleep in 10. 

• The longest treatment duration was five years, and no 
tolerance or dose escalation was apparent. 

• 50 patients age 3 months+ were treated for nausea and 
inanition from chemotherapy. Marked benefit was noted 
with no serious side effects aside from one self-limited 
case of 10-fold accidental overdose, and no withdrawal 
effects were seen even after abrupt withdrawal after 
months of therapy. 
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