
 



 

 

 

7 Benefits and Uses of CBD 
Oil  
Cannabidiol is a popular natural remedy used for many common ailments. 

Better known as CBD, it is one of the 104 chemical compounds known as cannabinoids 
found in the cannabis or marijuana plant, Cannabis sativa (1). 

Tetrahydrocannabinol (THC) is the main psychoactive cannabinoid found in cannabis, 
and causes the sensation of getting “high” that’s often associated with marijuana. 
However, unlike THC, CBD is not psychoactive. 

This quality makes CBD an appealing option for those who are looking for relief from 
pain and other symptoms without the mind-altering effects of marijuana or certain 
pharmaceutical drugs. 

CBD oil is made by extracting CBD from the cannabis plant, then diluting it with a carrier 
oil like coconut or hemp seed oil. 

It’s gaining momentum in the health and wellness world, with some scientific studies 
confirming it may help treat a variety of ailments like chronic pain and anxiety. 

Here are seven health benefits of CBD oil that are backed by scientific evidence. 

https://www.ncbi.nlm.nih.gov/books/NBK425762/


1. Can Relieve Pain 
The human body contains a specialized system called the endocannabinoid system 
(ECS), which is involved in regulating a variety of functions including sleep, appetite, 
pain and immune system response (3). 

The body produces endocannabinoids, which are neurotransmitters that bind to 
cannabinoid receptors in your nervous system. 

Studies have shown that CBD may help reduce chronic pain by impacting 
endocannabinoid receptor activity, reducing inflammation and interacting with 
neurotransmitters (4). 

For example, one study in rats found that CBD injections reduced pain response to 
surgical incision, while another rat study found that oral CBD treatment significantly 
reduced sciatic nerve pain and inflammation (5, 6). 

Several human studies have found that a combination of CBD and THC is effective in 
treating pain related to multiple sclerosis and arthritis. 

An oral spray called Sativex, which is a combination of THC and CBD, is approved in 
several countries to treat pain related to multiple sclerosis. 

In a study of 47 people with multiple sclerosis, those treated with Sativex for one month 
experienced a significant improvement in pain, walking and muscle spasms, compared 
to the placebo group (7). 

Another study found that Sativex significantly improved pain during movement, pain at 
rest and sleep quality in 58 people with rheumatoid arthritis (8). 

CBD, may be effective in reducing pain associated with diseases like multiple sclerosis 
and rheumatoid arthritis. 

 

https://www.ncbi.nlm.nih.gov/pubmed/19675519
https://inforlife.eu/wp-content/uploads/2017/04/Cannabis-en-pijn-management.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5478794/
https://www.ncbi.nlm.nih.gov/pubmed/17157290
https://www.healthline.com/nutrition/10-foods-for-arthritis
https://www.ncbi.nlm.nih.gov/pubmed/25699191
https://www.ncbi.nlm.nih.gov/pubmed/16282192


2. Could Reduce Anxiety and 
Depression 
Anxiety and depression are common mental health disorders that can have devastating 
impacts on health and well-being. 

According to the World Health Organization, depression is the single largest contributor 
to disability worldwide, while anxiety disorders are ranked sixth (9). 

Anxiety and depression are usually treated with pharmaceutical drugs, which can cause 
a number of side effects including drowsiness, agitation, insomnia, sexual dysfunction 
and headache (10). 

What’s more, medications like benzodiazepines can be addictive and may lead to 
substance abuse (11). 

CBD oil has shown promise as a treatment for both depression and anxiety, leading 
many who live with these disorders to become interested in this natural approach. 

In one study, 24 people with social anxiety disorder received either 600 mg of CBD or a 
placebo before a public speaking test. 

The group that received the CBD had significantly less anxiety, cognitive impairment and 
discomfort in their speech performance, compared to the placebo group (12). 

CBD oil has even been used to safely treat insomnia and anxiety in children with post-
traumatic stress disorder (13). 

CBD has also shown antidepressant-like effects in several animal studies (14, 15). 

These qualities are linked to CBD’s ability to act on the brain’s receptors for serotonin, a 
neurotransmitter that regulates mood and social behavior. 

SUMMARYUsing CBD has been shown to reduce anxiety and depression in both human 
and animal studies. 

http://apps.who.int/iris/bitstream/10665/254610/1/WHO-MSD-MER-2017.2-eng.pdf
https://www.healthline.com/nutrition/16-ways-relieve-stress-anxiety
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970636/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5101100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2823358/
https://www.ncbi.nlm.nih.gov/pubmed/22509273


3. Can Alleviate Cancer-Related 
Symptoms 
CBD may help reduce symptoms related to cancer and side effects related 
to cancer treatment, like nausea, vomiting and pain. 

One study looked at the effects of CBD and THC in 177 people with cancer-related pain 
who did not experience relief from pain medication. 

Those treated with an extract containing both compounds experienced a significant 
reduction in pain compared to those who received only THC extract (16). 

CBD may also help reduce chemotherapy-induced nausea and vomiting, which are 
among the most common chemotherapy-related side effects for those with cancer (17). 

Though there are drugs that help with these distressing symptoms, they are sometimes 
ineffective, leading some people to seek alternatives. 

A study of 16 people undergoing chemotherapy found that a one-to-one combination 
of CBD and THC administered via mouth spray reduced chemotherapy-related nausea 
and vomiting better than standard treatment alone (18). 

Some test-tube and animal studies have even shown that CBD may have anticancer 
properties. For example, one test-tube study found that concentrated CBD induced cell 
death in human breast cancer cells (19). 

Another study showed that CBD inhibited the spread of aggressive breast cancer cells in 
mice (20). 

However, these are test-tube and animal studies, so they can only suggest what might 
work in people. More studies in humans are needed before conclusions can be made. 

SUMMARYThough CBD has been shown to help reduce symptoms related to cancer 
and cancer treatment, and may even have cancer-fighting properties, more research is 
needed to assess its efficacy and safety. 

https://www.healthline.com/nutrition/cancer-fighting-foods
https://www.ncbi.nlm.nih.gov/pubmed/19896326
https://www.ncbi.nlm.nih.gov/pubmed/16983116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2997305/
https://www.ncbi.nlm.nih.gov/pubmed/21566064
https://www.ncbi.nlm.nih.gov/pubmed/18025276


4. May Reduce Acne 
Acne is a common skin condition that affects more than 9% of the population (21). 

It is thought to be caused by a number of factors, including genetics, bacteria, 
underlying inflammation and the overproduction of sebum, an oily secretion made by 
sebaceous glands in the skin (22, 23). 

Based on recent scientific studies, CBD oil may help treat acne due to its anti-
inflammatory properties and ability to reduce sebum production. 

One test-tube study found that CBD oil prevented sebaceous gland cells from secreting 
excessive sebum, exerted anti-inflammatory actions and prevented the activation of 
“pro-acne” agents like inflammatory cytokines (24). 

Another study had similar findings, concluding that CBD may be an efficient and safe 
way to treat acne, thanks in part to its remarkable anti-inflammatory qualities (25). 

Though these results are promising, human studies exploring the effects of CBD on acne 
are needed. 

SUMMARYCBD may have beneficial effects on acne due to its anti-inflammatory 
qualities and its ability to control the overproduction of sebum from the sebaceous 
glands. 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/25597339
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3780801/
https://www.sciencedirect.com/science/article/pii/S1027811715001457
https://www.ncbi.nlm.nih.gov/pubmed/25061872
https://www.healthline.com/nutrition/13-acne-remedies
https://www.ncbi.nlm.nih.gov/pubmed/27094344


5. Might Have Neuroprotective 
Properties 
Researchers believe that CBD’s ability to act on the endocannabinoid system and other 
brain signaling systems may provide benefits for those with neurological disorders. 

In fact, one of the most studied uses for CBD is in treating neurological disorders like 
epilepsy and multiple sclerosis. Though research in this area is still relatively new, several 
studies have shown promising results. 

Sativex, an oral spray consisting of CBD and THC, has been proven to be a safe and 
effective way to reduce muscle spasticity in people with multiple sclerosis. 

One study found that Sativex reduced spasms in 75% of 276 people with multiple 
sclerosis who were experiencing muscle spasticity that was resistant to medications (26). 

Another study gave 214 people with severe epilepsy 0.9–2.3 grams of CBD oil per pound 
(2–5 g/kg) of body weight. Their seizures reduced by a median of 36.5% (27). 

One more study found that CBD oil significantly reduced seizure activity in children with 
Dravet syndrome, a complex childhood epilepsy disorder, compared to a placebo (28). 

However, it’s important to note that some people in both these studies experienced 
adverse reactions associated with CBD treatment, such as convulsions, fever and 
diarrhea. 

CBD has also been researched for its potential effectiveness in treating several other 
neurological diseases. 

For example, several studies have shown that treatment with CBD improved quality of 
life and sleep quality for people with Parkinson’s disease (29, 30). 

Additionally, animal and test-tube studies have shown that CBD may decrease 
inflammation and help prevent the neurodegeneration associated with Alzheimer’s 
disease (31). 

https://www.ncbi.nlm.nih.gov/pubmed/24525548
https://www.ncbi.nlm.nih.gov/pubmed/26724101
https://www.ncbi.nlm.nih.gov/pubmed/28538134
https://www.ncbi.nlm.nih.gov/pubmed/24845114
https://www.ncbi.nlm.nih.gov/pubmed/25237116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5289988/


In one long-term study, researchers gave CBD to mice genetically predisposed to 
Alzheimer’s disease, finding that it helped prevent cognitive decline (32). 

SUMMARYThough research is limited at this time, CBD has been shown to effectively 
treat symptoms related to epilepsy and Parkinson’s disease. CBD was also shown to 
reduce the progression of Alzheimer’s disease in test-tube and animal studies. 

6. Could Benefit Heart Health 
Recent research has linked CBD with several benefits for the heart and circulatory 
system, including the ability to lower high blood pressure. 

High blood pressure is linked to higher risks of a number of health conditions, including 
stroke, heart attack and metabolic syndrome (33). 

Studies indicate that CBD may be a natural and effective treatment for high blood 
pressure. 

One recent study treated 10 healthy men with one dose of 600 mg of CBD oil and found 
it reduced resting blood pressure, compared to a placebo. 

The same study also gave the men stress tests that normally increase blood pressure. 
Interestingly, the single dose of CBD led the men to experience a smaller blood pressure 
increase than normal in response to these tests (34). 

Researchers have suggested that the stress- and anxiety-reducing properties of CBD are 
responsible for its ability to help lower blood pressure. 

Additionally, several animal studies have demonstrated that CBD may help reduce the 
inflammation and cell death associated with heart disease due to its powerful 
antioxidant and stress-reducing properties. 

For example, one study found that treatment with CBD reduced oxidative stress and 
prevented heart damage in diabetic mice with heart disease (35). 

https://www.ncbi.nlm.nih.gov/pubmed/25024347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3699411/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/


SUMMARYThough more human studies are needed, CBD may benefit heart health in 
several ways, including by reducing blood pressure and preventing heart damage. 

7. Several Other Potential Benefits 
CBD has been studied for its role in treating a number of health issues other than those 
outlined above. 

Though more studies are needed, CBD is thought to provide the following health 
benefits: 

• Antipsychotic effects: Studies suggest that CBD may help people with schizophrenia 
and other mental disorders by reducing psychotic symptoms (36). 

• Substance abuse treatment: CBD has been shown to modify circuits in the brain 
related to drug addiction. In rats, CBD has been shown to reduce morphine 
dependence and heroin-seeking behavior (37). 

• Anti-tumor effects: In test-tube and animal studies, CBD has demonstrated anti-
tumor effects. In animals, it has been shown to prevent the spread of breast, prostate, 
brain, colon and lung cancer (38). 

• Diabetes prevention: In diabetic mice, treatment with CBD reduced the incidence of 
diabetes by 56% and significantly reduced inflammation (39). 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/25667194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/
https://www.ncbi.nlm.nih.gov/pubmed/25916739
https://www.ncbi.nlm.nih.gov/pubmed/16698671
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and their role in inflammation. The opium poppy (Papaver som- 
niferum) provided the prototypic narcotic analgesic morphine, 
the first alkaloid discovered, and stimulated the much later 
discovery of the endorphin and enkephalin systems. Similarly, 
the pharmacological properties of cannabis (Cannabis sativa) 
prompted the isolation of ∆9-tetrahydrocannabinol (THC), the 
major psychoactive ingredient in cannabis, in 1964 [2]. It is 
this breakthrough that subsequently prompted the more 
recent discovery of the body’s own cannabis-like system, the 
endocannabinoid system (ECS), which modulates pain under 
physiological conditions. Pro-nociceptive mechanisms of the 
endovanilloid system were similarly revealed by phytochem- 
istry of capsaicin, the pungent ingredient in hot chile peppers 
(Capsicum annuum etc.), which activates transient recep- tor 
potential vanilloid receptor-1 (TRPV1). Additional plant 
products such as the mints and mustards activate other TRP 
channels to produce their physiological effects. 

 
 
 

 

Introduction 
 

Plants and Pain 
 

It is a curious fact that we owe a great deal of our insight into 
pharmacological treatment of pain to the plant world [1]. 
Willow bark from Salix spp. led to development of aspirin and 
eventual elucidation of the analgesic effects of prostaglandins 
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The Endocannabinoid System 
 

There are three recognized types of cannabinoids: (1) the 
phytocannabinoids [3] derived from the cannabis plant, (2) 
synthetic cannabinoids (e.g., ajulemic acid, nabilone, 
CP55940, WIN55, 212-2) based upon the chemical structure 
of THC or other ligands which bind cannabinoid receptors, 
and (3) the endogenous cannabinoids or endocannabinoids. 
Endocannabinoids are natural chemicals such as anandamide 
(AEA) and 2-arachidonoylglycerol (2-AG) found in animals 
whose basic functions are “relax, eat, sleep, forget, and 
protect” [4]. The endocannabinoid system encompasses the 
endocannabinoids themselves, their biosynthetic and cata- 
bolic enzymes, and their corresponding receptors [5]. AEA 
is hydrolyzed by the enzyme fatty-acid amide hydrolase 
(FAAH) into breakdown products arachidonic acid and etha- 
nolamine [6]. By contrast, 2-AG is hydrolyzed primarily by 
the enzyme monoacylglycerol lipase (MGL) into breakdown 
products arachidonic acid and glycerol [7] and to a lesser 
extent by the enzymes ABHD6 and ABHD12. FAAH, a 
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Key Points 

• Cannabinoids are pharmacological agents of endog- 
enous (endocannabinoids), botanical (phytocan- 
nabinoids), or synthetic origin. 

• Cannabinoids alleviate pain through a variety of 
receptor and non-receptor mechanisms including 
direct analgesic and anti-inflammatory effects, 
modulatory actions on neurotransmitters, and inter- 
actions with endogenous and administered opioids. 

• Cannabinoid agents are currently available in various 
countries for pain treatment, and even cannabinoids of 
botanical origin may be approvable by FDA, although 
this is distinctly unlikely for smoked cannabis. 

• An impressive body of literature supports cannabinoid 
analgesia, and recently, this has been supplemented by 
an increasing number of phase I–III clinical trials. 

mailto:ethanrusso@comcast.net
mailto:hohmanna@indiana.edu
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Fig. 18.1 Putative mechanism of endocannabinoid-mediated 
retrograde signaling in the nervous system. Activation of metabotropic 
glutamate receptors (mGluR) by glutamate triggers the activation of 
the phospholipase C (PLC)-diacylglycerol lipase (DGL) pathway to gen- 
erate the endocannabinoid 2-arachidonoylglycerol (2-AG). First, the 2-
AG precursor diacylglycerol (DAG) is formed from PLC-mediated 
hydrolysis of membrane phospholipid precursors (PIPx).  DAG  is then 
hydrolyzed by the enzyme DGL-α to generate 2-AG. 2-AG is released 
from the postsynaptic neuron and acts as a retrograde signal- ing 
molecule. Endocannabinoids activate presynaptic CB1 receptors which 
reside on terminals of glutamatergic and GABAergic neurons. 
Activation of CB1 by 2-AG, anandamide, or exogenous cannabinoids 
(e.g., tetrahydrocannabinol, THC) inhibits calcium influx in the presyn- 
aptic terminal, thereby inhibiting release of the primary 
neurotransmitter 

(i.e., glutamate or GABA) from the synaptic vesicle. Endocannabinoids 
are then rapidly deactivated by transport into cells (via a putative endo- 
cannabinoid transporter) followed by intracellular hydrolysis. 2-AG is 
metabolized by the enzyme monoacylglycerol lipase (MGL), whereas 
anandamide is metabolized by a distinct enzyme, fatty-acid amide 
hydrolase (FAAH). Note that MGL co-localizes with CB1 in the pre- 
synaptic terminal, whereas FAAH is localized to postsynaptic sites. The 
existence of an endocannabinoid transporter remains controver- sial. 
Pharmacological inhibitors of either endocannabinoid deactivation 
(e.g., FAAH and MGL inhibitors) or transport (i.e., uptake inhibitors) 
have been developed to exploit the therapeutic potential of the 
endocan- nabinoid signaling system in the treatment of pain (Figure by 
authors with kind assistance of James Brodie, GW Pharmaceuticals) 

 
 

postsynaptic enzyme, may control anandamide levels near 
sites of synthesis, whereas MGL, a presynaptic enzyme [8], 
may terminate 2-AG signaling following CB1 receptor acti- 
vation. These enzymes also represent therapeutic targets 
because inhibition of endocannabinoid deactivation will 
increase levels of endocannabinoids at sites with ongoing 
synthesis and release [9]. The pathways controlling forma- 
tion of AEA remain poorly understood. However, 2-AG is 
believed to be formed from membrane phospholipid precur- 
sors through the sequential activation of two distinct enzymes, 
phospholipase C and diacylglycerol lipase-α. First, PLC 
catalyzes formation of the 2-AG precursor diacylglycerol 
(DAG) from membrane phosphoinositides. Then, DAG is 
hydrolyzed by the enzyme diacylglycerol lipase-α (DGL-α) 
to generate 2-AG [199]. 

There are currently two well-defined cannabinoid recep- 
tors, although additional candidate cannabinoid receptors 
have also been postulated. CB1, a seven transmembrane 
spanning G-protein-coupled receptor inhibiting cyclic AMP 
release, was identified in 1988 [10]. CB1 is the primary neu- 
romodulatory receptor accounting for psychopharmacologi- 
cal effects of THC and most of its analgesic effects [11]. 
Endocannabinoids are produced on demand in postsynaptic 
cells and engage presynaptic CB1 receptors through a retro- 
grade mechanism [12]. Activation of presynaptic CB1 recep- 
tors then acts as a synaptic circuit breaker to inhibit 
neurotransmitter release (either excitatory or inhibitory) 
from the presynaptic neuron (vide infra) (Fig. 18.1). CB2 was 
identified in 1992, and while thought of primarily as a periph- 
eral immunomodulatory receptor, it also has important 
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effects on pain. The role of CB2 in modulating persistent 
inflammatory and neuropathic pain [13] has been recently 
reviewed [14, 15]. Activation of CB2 suppresses neuropathic 
pain mechanisms through nonneuronal (i.e., microglia and 
astrocytes) and neuronal mechanisms that may involve inter- 
feron-gamma [16]. THC, the prototypical classical cannabi- 
noid, is a weak partial agonist at both CB1 and CB2 receptors. 
Transgenic mice lacking cannabinoid receptors (CB1, CB2, 
GPR55), enzymes controlling endocannabinoid breakdown 
(FAAH, MGL, ABHD6), and endocannabinoid synthesis 
(DGL-α, DGL-β) have been generated [17]. These knock- 
outs have helped elucidate the role of the endocannabinoid 
system in controlling nociceptive processing and facilitated 
development of inhibitors of endocannabinoid breakdown 
(FAAH, MGL) as novel classes of analgesics. 

 
 

A Brief Scientific History of Cannabis and Pain 
 

Centuries of Citations 
 

Cannabis has been utilized in one form or another for treat- 
ment of pain for longer than written history [18–21]. 
Although this documentation has been a major preoccupa- 
tion of the lead author [22–25], and such information can 
provide provocative direction to inform modern research on 
treatment of pain and other conditions, it does not represent 
evidence of form, content, or degree that is commonly 
acceptable to governmental regulatory bodies with respect to 
pharmaceutical development. 

 
 

Anecdotes Versus Modern Proof of Concept 
 

While thousands of compelling stories of efficacy of canna- 
bis in pain treatment certainly underline the importance of 
properly harnessing cannabinoid mechanisms therapeuti- 
cally [26, 27], prescription analgesics in the United States 
necessitate Food and Drug Administration (FDA) approval. 
This requires a rigorous development program proving con- 
sistency, quality, efficacy, and safety as defined by basic 
scientific studies and randomized controlled trials (RCT) 
[28] and generally adhering to recent IMMPACT recommen- 
dations [29], provoking our next question. 

 
 

Can a Botanical Agent Become a Prescription 
Medicine? 

 
Most modern physicians fail to recognize that pharmacog- 
nosy (study of medicinal plants) has led directly or indirectly 
to an estimated 25 % of modern pharmaceuticals [30]. While 
the plethora of available herbal agents yield an indecipherable 

cacophony to most clinicians and consumers alike, it is cer- 
tainly possible to standardize botanical agents and facilitate 
their recommendation based on sound science [31]. Botanical 
medicines can even fulfill the rigorous dictates of the FDA 
and attain prescription drug status via a clear roadmap in the 
form of a blueprint document [32], henceforth termed the 
Botanical Guidance: http://www.fda.gov/downloads/Drugs/ 
GuidanceComplianceRegulatoryInformation/Guidances/ 
ucm070491.pdf. To be successful and clinically valuable, 
botanicals, including cannabis-based medicines, must dem- 
onstrate the same quality, clinical analgesic benefit, and 
appropriately safe adverse event profile as available new 
chemical entities (NCE) [28]. 

 
The Biochemical and Neurophysiological Basis 
of Pain Control by Cannabinoids 

 
Neuropathic Pain 

 
Thorough reviews of therapeutic effects of cannabinoids in 
preclinical and clinical domains have recently been pub- 
lished [33, 34]. In essence, the endocannabinoid system 
(ECS) is active throughout the CNS and PNS in modulating 
pain at spinal, supraspinal, and peripheral levels. 
Endocannabinoids are produced on demand in the CNS to 
dampen sensitivity to pain [35]. The endocannabinoid sys- 
tem is operative in such key integrative pain centers as the 
periaqueductal grey matter [36, 37], the ventroposterolateral 
nucleus of the thalamus [38], and the spinal cord [39, 40]. 
Endocannabinoids are endogenous mediators of stress- 
induced analgesia and fear-conditioned analgesia and sup- 
press pain-related phenomena such as windup [41] and 
allodynia [42]. In the periphery and PNS [13], the ECS has 
key effects in suppressing both hyperalgesia and allodynia 
via CB1 [43] and CB2 mechanisms (Fig. 18.2). Indeed, path- 
ological pain states have been postulated to arise, at least in 
part, from a dysregulation of the endocannabinoid system. 

 
 

Antinociceptive and Anti-inflammatory Pain 
Mechanisms 

 
Beyond the mechanisms previously mentioned, the ECS 
plays a critical role in peripheral pain, inflammation, and 
hyperalgesia [43] through both CB1 and CB2 mechanisms. 
CB1 and CB2 mechanisms are also implicated in regulation of 
contact dermatitis and pruritus [44]. A role for spinal CB2 

mechanisms, mediated by microglia and/or astrocytes, is 
also revealed under conditions of inflammation [45]. Both 
THC and cannabidiol (CBD), a non-euphoriant phytocan- 
nabinoid common in certain cannabis strains, are potent anti- 
inflammatory antioxidants with activity exceeding that of 

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070491.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070491.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070491.pdf
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Fig. 18.2 Cannabinoids suppress pain and other pathophysiological 
(e.g., contact dermatitis, pruritis) and physiological (e.g., gastrointesti- 
nal transit and secretion) processes through multiple mechanisms 
involving CB1 and CB2 receptors. Peripheral, spinal, and supraspinal 
sites of cannabinoid actions are shown. In the periphery, cannabinoids 
act through both neuronal and nonneuronal mechanisms to control 
inflammation, allodynia, and hyperalgesia. CB1 and CB2 have been 
localized to both primary afferents and nonneuronal cells (e.g., kerati- 

nocytes, microglia), and expression can be regulated by injury. In the spinal 
cord, cannabinoids suppress nociceptive transmission, windup, and central 
sensitization by modulating activity in the ascending pain 
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pathway of the spinothalamic tract, including responses of 
wide dynamic range (WDR) and nociceptive specific (NS) cells. 
Similar pro- cesses are observed at rostral levels of the neuraxis 
(e.g., ventropostero- lateral nucleus of the thalamus, 
amygdala, anterior cingulate cortex). Cannabinoids also 
actively modulate pain through descending mecha- nisms. In 
the periaqueductal gray, cannabinoids act through presynaptic 
glutamatergic and GABAergic mechanisms to control 
nociception. In the rostral ventromedial medulla, cannabinoids 
suppress activity in ON cells and inhibit the firing pause of OFF 
cells, in response to noxious stimulation to produce 
antinociception (Figure by authors with kind assistance of 
James Brodie, GW Pharmaceuticals) 
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vitamins C and E via non-cannabinoid mechanisms [46]. 
THC inhibits prostaglandin E-2 synthesis [47] and stimulates 
lipooxygenase [48]. Neither THC nor CBD affects COX-1 or 
COX-2 at relevant pharmacological dosages [49]. 

While THC is inactive at vanilloid receptors, CBD, like 
AEA, is a TRPV1 agonist. Like capsaicin, CBD is capable of 
inhibiting fatty-acid amide hydrolase (FAAH),  the enzyme 
which hydrolyzes AEA and other fatty-acid amides that do 
not bind to cannabinoid receptors. CBD additionally inhibits 
AEA reuptake [50] though not potently. Thus, CBD acts as 
an endocannabinoid modulator [51], a mechanism that vari- 
ous pharmaceutical firms hope to emulate with new chemical 
entities (NCEs). CBD inhibits hepatic metabolism of THC to 
11-hydroxy-THC, which is possibly more psychoactive, and 
prolongs its half-life, reducing its psychoactivity and attenu- 
ating attendant anxiety and tachycardia [51]; antagonizes 
psychotic symptoms [52]; and attenuates appetitive effects 
of THC [53] as well as its effects on short-term memory [54]. 
CBD also inhibits tumor necrosis factor-alpha (TNF-α) in a 
rodent model of rheumatoid arthritis [55]. Recently, CBD 
has been demonstrated to enhance adenosine receptor A2A 
signaling via inhibition of the adenosine transporter [56]. 

Recently, GPR18 has been proposed as a putative CBD 
receptor whose function relates to cellular migration [57]. 
Antagonism of GPR18 (by agents such as CBD) may be 
efficacious in treating pain of endometriosis, among other 
conditions, especially considering that such pain may be 
endocannabinoid-mediated [58]. Cannabinoids are also very 
active in various gastrointestinal and visceral sites mediating 
pain responses [59, 60]. 

 
 

Cannabinoid Interactions with 
Other Neurotransmitters Pertinent to Pain 

 
As alluded to above, the ECS modulates neurotransmitter 
release via retrograde inhibition. This is particularly impor- 
tant in NMDA-glutamatergic mechanisms that become 
hyperresponsive in chronic pain states. Cannabinoids 
specifically inhibit glutamate release in the hippocampus 
[61]. THC reduces NMDA responses by 30–40 % [46]. 
Secondary and tertiary hyperalgesia mediated by NMDA 
[62] and by calcitonin gene-related peptide [40] may well be 
targets of cannabinoid therapy in disorders such as migraine, 
fibromyalgia, and idiopathic bowel syndrome wherein these 
mechanisms seem to operate pathophysiologically [63], 
prompting the hypothesis of a “clinical endocannabinoid 
deficiency.” Endocannabinoid modulators may therefore 
restore homeostasis, leading to normalization of function in 
these pathophysiological conditions. THC also has numer- 
ous effects on serotonergic systems germane to migraine 
[64], increasing its production in the cerebrum while decreas- 
ing reuptake [65]. In fact, the ECS seems to modulate the 

trigeminovascular system of migraine pathogenesis at 
vascular and neurochemical levels [66–68]. 

 
 

Cannabinoid-Opioid Interactions 
 

Although endocannabinoids do not bind to opioid receptors, 
the ECS may nonetheless work in parallel with the endoge- 
nous opioid system with numerous areas of overlap and 
interaction. Pertinent mechanisms include stimulation of 
beta-endorphin by THC [69] as well as its ability to demon- 
strate experimental opiate sparing [70], prevent opioid toler- 
ance and withdrawal [71], and rekindle opioid analgesia after 
loss of effect [72]. Adjunctive treatments that combine opi- 
oids with cannabinoids may enhance the analgesic effects of 
either agent. Such strategies may permit lower doses of anal- 
gesics to be employed for therapeutic benefit in a manner that 
minimizes incidence or severity of adverse side effects. 

 
Clinical Trials, Utility, and Pitfalls 
of Cannabinoids in Pain 

 
Evidence for Synthetic Cannabinoids 

 
Oral dronabinol (THC) has been available as the synthetic 
Marinol® since 1985 and is indicated for nausea associated 
with chemotherapy and appetite stimulation in HIV/AIDS. 
Issues with its cost, titration difficulties, delayed onset, and 
propensity to induce intoxicating and dysphoric effects have 
limited clinical application [73]. It was employed in two 
open-label studies of chronic neuropathic pain in case studies 
in 7 [74] and 8 patients [75], but no significant benefit was 
evident and side effects led to prominent dropout rates (aver- 
age doses 15–16.6 mg THC). Dronabinol produced benefit in 
pain in multiple sclerosis [76], but none was evident in post- 
operative pain (Table 18.1) [77]. Dronabinol was reported to 
relieve pruritus in three case-report subjects with cholestatic 
jaundice [78]. Dronabinol was assessed in 30 chronic non- 
cancer pain patients on opioids in double-blind crossover 
single-day sessions vs. placebo with improvement [79], fol- 
lowed by a 4-week open-label trial with continued improve- 
ment (Table 18.1). Associated adverse events were prominent. 
Methodological issues included lack of prescreening for can- 
nabinoids, 4 placebo subjects with positive THC assays, and 
58 % of subjects correctly guessing Marinol dose on test day. 
An open-label comparison in polyneuropathy examined nabi- 
lone patients with 6 obtaining 22.6 % mean pain relief after 
3 months, and 5 achieving 28.6 % relief after 6 months, com- 
parable to conventional agents [80]. A pilot study of Marinol 
in seven spinal cord injury patients with neuropathic pain saw 
two withdraw, and the remainder appreciate no greater 
efficacy than with diphenhydramine [81]. 
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Table 18.1 Randomized controlled trials of cannabinoids in pain 

 

Agent N = Indication Duration/type Outcomes/reference 
Ajulemic acid 21 Neuropathic pain 7 day crossover Visual analogue pain scales improved 

over placebo (p = 0.02)/Karst et al. [92] 
Cannabis, smoked 50 HIV neuropathy 5 days/DB Decreased daily pain (p = 0.03) and 

hyperalgesia (p = 0.05), 52 % with >30 % 
pain reduction vs. placebo (p = 0.04)/ 
Abrams et al. [94] 

Cannabis, smoked 23 Chronic neuropathic pain 5 days/DB Decreased pain vs. placebo only at 9.4 % 
THC level (p = 0.023)/Ware et al. [98] 

Cannabis, smoked 38 Neuropathic pain Single dose/DBC NSD in pain except at highest cannabis 
dose (p = 0.02), with prominent 
psychoactive effects/Wilsey et al. [95] 

Cannabis, smoked 34 HIV neuropathy 5 days /DB DDS improved over placebo (p = 0.016), 
46 % vs. 18 % improved >30 %, 2 cases 
toxic psychosis/Ellis et al. [97] 

Cannabis, vaporized 21 Chronic pain on opioids 5 days/DB 27 % decrement in pain/Abrams et al. 
[118] 

Cannador 419 Pain due to spasm in MS 15 weeks Improvement over placebo in subjective 
pain associated with spasm (p = 0.003)/ 
Zajicek et al. [120] 

Cannador 65 Postherpetic neuralgia 4 weeks No benefit observed/Ernst et al. [122] 
Cannador 30 Postoperative pain Single doses, daily Decreasing pain intensity with increased 

dose (p = 0.01)/Holdcroft et al. [123] 
Marinol 24 Neuropathic pain in MS 15–21 days/DBC Median numerical pain (p = 0.02), 

median pain relief improved (p = 0.035) 
over placebo/Svendsen et al. [76] 

Marinol 40 Postoperative pain Single dose/DB No benefit observed over placebo/Buggy 
et al. [77] 

Marinol 30 Chronic pain 3 doses, 1 day/DBC Total pain relief improved with 10 mg 
(p < 0.05) and 20 mg (p < 0.01) with 
opioids, AE prominent/Narang et al. [79] 

Nabilone 41 Postoperative pain 3 doses in 24 h/DB NSD morphine consumption. Increased 
pain at rest and on movement with 
nabilone 1 or 2 mg/Beaulieu [85] 

Nabilone 31 Fibromyalgia 2 weeks/DBC Compared to amitriptyline, nabilone 
improved sleep, decrease wakefulness, 
had no effect on pain, and increased AE/ 
Ware et al. [90] 

Nabilone 96 Neuropathic pain 14 weeks/DBC vs. 
dihydrocodeine 

Dihydrocodeine more effective with 
fewer AE/Frank et al. [88] 

Nabilone 13 Spasticity pain 9 weeks/DBC NRS decreased 2 points for nabilone 
(p < 0.05)/Wissel et al. [87] 

Nabilone 40 Fibromyalgia 4 weeks/DBC VAS decreased in pain, Fibromyalgia 
Impact Questionnaire, and anxiety over 
placebo (all, p < 0.02)/Skrabek et al. [89] 

Sativex 20 Neurogenic pain Series of 2-week N-of-1 
crossover blocks 

Improvement with Tetranabinex and 
Sativex on VAS pain vs. placebo 
(p < 0.05), symptom control best with 
Sativex (p < 0.0001)/Wade et al. [132] 

Sativex 24 Chronic intractable pain 12 weeks, series of N-of-1 
crossover blocks 

VAS pain improved over placebo 
(p < 0.001) especially in MS (p < 0.0042)/ 
Notcutt et al. [133] 

Sativex 48 Brachial plexus avulsion 6 weeks in 3 two-week 
crossover blocks 

Benefits noted in Box Scale-11 pain 
scores with Tetranabinex (p = 0.002) and 
Sativex (p = 0.005) over placebo/Berman 
et al. [134] 

Sativex 66 Central neuropathic pain 
in MS 

5 weeks Numerical Rating Scale (NRS) analgesia 
improved over placebo (p = 0.009)/Rog 
et al. [135] 

(continued) 
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Table 18.1 (continued) 

 

Agent N = Indication Duration/type Outcomes/reference 
Sativex 125 Peripheral neuropathic 

pain 
5 weeks Improvements in NRS pain levels 

(p = 0.004), dynamic allodynia (p = 0.042), 
and punctuate allodynia (p = 0.021) vs. 
placebo/Nurmikko et al. [136] 

Sativex 56 Rheumatoid arthritis Nocturnal dosing for 5 
weeks 

Improvements over placebo morning 
pain on movement (p = 0.044), morning 
pain at rest (p = 0.018), DAS-28 
(p = 0.002), and SF-MPQ pain at present 
(p = 0.016)/Blake et al. [138] 

Sativex 117 Pain after spinal injury 10 days NSD in NRS pain scores, but improved 
Brief Pain Inventory (p = 0.032), and 
Patients’ Global Impression of Change 
(p = 0.001) (unpublished) 

Sativex 177 Intractable cancer pain 2 weeks Improvements in NRS analgesia vs. 
placebo (p = 0.0142), Tetranabinex NSD/ 
Johnson et al. [139] 

Sativex 135 Intractable lower urinary 
tract symptoms in MS 

8 weeks Improved bladder severity symptoms 
including pain over placebo (p = 0.001) 
[200] 

Sativex 360 Intractable cancer pain 5 weeks/DB CRA of lower and middle-dose cohorts 
improved over placebo (p = 0.006)/ [201] 

 
 

Nabilone, or Cesamet®, is a semisynthetic analogue of 
THC that is about tenfold more potent, and longer lasting 
[82]. It is indicated as an antiemetic in chemotherapy in the 
USA. Prior case reports in neuropathic pain [83] and other 
pain disorders [84] have been published. Sedation and dys- 
phoria are prominent associated adverse events. An RCT of 
nabilone in 41 postoperative subjects dosed TID actually 
resulted in increased pain scores (Table 18.1) [85]. An uncon- 
trolled study of 82 cancer patients on nabilone noted 
improved pain scores [86], but retention rates were limited. 
Nabilone improved pain (p < 0.05) vs. placebo in patients 
with mixed spasticity syndromes in a small double-blind trial 
(Table 18.1) [87], but was without benefits in other parame- 
ters. In a double-blind crossover comparison of nabilone to 
dihydrocodeine (schedule II opioid) in chronic neuropathic 
pain (Table 18.1) [88], both drugs produced marginal benefit, 
but with dihydrocodeine proving clearly superior in efficacy 
and modestly superior in side-effect profile. In an RCT in 40 
patients of nabilone vs. placebo over 4 weeks, it showed 
significant decreases in VAS of pain and anxiety (Table 18.1) 
[89]. A more recent study of nabilone vs. amitriptyline in 
fibromyalgia yielded benefits on sleep, but not pain, mood, 
or quality of life (Table 18.1) [90]. An open-label trial of 
nabilone vs. gabapentin found them comparable in pain and 
other symptom relief in peripheral neuropathic pain [91]. 

Ajulemic acid (CT3), another synthetic THC analogue in 
development, was utilized in a phase II RCT in peripheral 
neuropathic pain in 21 subjects with apparent improvement 
(Table 18.1) [92]. Whether or not ajulemic acid is psychoac- 
tive is the subject of some controversy [93]. 

Evidence for Smoked or Vaporized Cannabis 
 

Few randomized controlled clinical trials (RCTs) of pain 
with smoked cannabis have been undertaken to date [94–97]. 
One of these [96] examined cannabis effects on experimental 
pain in normal volunteers. 

Abrams et al. [94] studied inpatient adults with painful 
HIV neuropathy in 25 subjects in double-blind fashion to 
receive either smoked cannabis as 3.56 % THC cigarettes or 
placebo cigarettes three times daily for 5 days (Table 18.1). 
The smoked cannabis group had a 34 % reduction in daily 
pain vs. 17 % in the placebo group (p = 0.03). The cannabis 
cohort also had a 52 % of subjects report a >30 % reduction 
in pain scores over the 5 days vs. 24 % in the placebo group 
(p = 0.04) (Table 18.1). The authors rated cannabis as “well 
tolerated” due to an absence of serious adverse events (AE) 
leading to withdrawal, but all subjects were cannabis experi- 
enced. Symptoms of possible intoxication in the cannabis 
group including anxiety (25 %), sedation (54 %), disorienta- 
tion (16 %), paranoia (13 %), confusion (17 %), dizziness (15 
%), and nausea (11 %) were all statistically significantly 
more common than in the placebo group. Despite these 
findings, the authors stated that the values do not represent 
any serious safety concern in this short-term study. No dis- 
cussion in the article addressed issues of the relative efficacy 
of blinding in the trial. 

Wilsey et al. [95] examined neuropathic pain in 38 sub- 
jects in a double-blind crossover study comparing 7 % THC 
cannabis, 3.5 % THC cannabis, and placebo cigarettes via a 
complex cumulative dosing scheme with each dosage given 
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once, in random order, with at least 3 day intervals separating 
sessions (Table 18.1). A total of 9 puffs maximum were 
allowed over several hours per session. Authors stated, 
“Psychoactive effects were minimal and well-tolerated, but 
neuropsychological impairment was problematic, particu- 
larly with the higher concentration of study medication.” 
Again, only cannabis-experienced subjects were allowed 
entry. No withdrawals due to AE were reported, but 1 subject 
was removed due to elevated blood pressure. No significant 
differences were noted in pain relief in the two cannabis 
potency groups, but a significant separation of pain reduction 
from placebo (p = 0.02) was not evident until a cumulative 9 
puffs at 240 min elapsed time. Pain unpleasantness was also 
reduced in both active treatment groups (p < 0.01). 
Subjectively, an “any drug effect” demonstrated a visual ana- 
logue scale (VAS) of 60/100 in the high-dose group, but even 
the low-dose group registered more of a “good drug effect” 
than placebo (p < 0.001). “Bad drug effect” was also evident. 
“Feeling high” and “feeling stoned” were greatest in the 
high-dose sessions (p < 0.001), while both high- and low- 
dose differentiated significantly from placebo (p < 0.05). Of 
greater concern, both groups rated impairment as 30/100 on 
VAS vs. placebo (p = 0.003). Sedation also demarcated both 
groups from placebo (p < 0.01), as did confusion (p = 0.03), 
and hunger (p < 0.001). Anxiety was not considered a promi- 
nent feature in this cannabis-experienced population. This 
study distinguished itself from some others in its inclusion of 
specific objective neuropsychological measures and demon- 
strated neurocognitive impairment in attention, learning, and 
memory, most noteworthy with 7 % THC cannabis. No com- 
mentary on blinding efficacy was included. 

Ellis  et  al.  [97]  examined  HIV-associated neuropathic 
pain in a double-blind trial of placebo vs. 1–8 % THC can- 
nabis administered four times daily over 5 days with a 2-week 
washout (Table 18.1). Subjects were started at 4 % THC and 
then titrated upward or downward in four smoking sessions 
dependent upon their symptom relief and tolerance of the 
dose. In this study, 96 % of subjects were cannabis-experi- 
enced, and 28 out of 34 subjects completed the trial. The 
primary outcome measure (Descriptor Differential Scale, 
DDS) was improved  in  the  active  group  over  placebo  (p 
= 0.016), with >30 % relief noted in 46 % of cannabis sub- 
jects vs. 18 % of placebo. While most adverse events (AE) 
were considered mild and self-limited, two subjects had to 
leave the trial due to toxicity. One cannabis-naïve subject 
was withdrawn due to “an acute cannabis-induced psycho- 
sis” at what proved to be his first actual cannabis exposure. 
The other subject suffered intractable cough. Pain reduction 
was greater in the cannabis-treated group (p = 0.016) among 
completers, as was the proportion of subjects attaining >30 % 
pain reduction (46 % vs. 18 %, p = 0.043). Blinding was 
assessed in this study; whereas placebo patients were inac- 
curate at guessing the investigational product, 93 % of those 

receiving cannabis guessed correctly. On safety issues, the 
authors stated that the frequency of some nontreatment-lim- 
iting side effects was greater for cannabis than placebo. 
These included concentration difficulties, fatigue, sleepiness 
or sedation, increased duration of sleep, reduced salivation, 
and thirst. 

A Canadian study [98] examined single 25-mg inhala- 
tions of various cannabis potencies (0–9.4 % THC) three 
times daily for 5 days per cycle in 23 subjects with chronic 
neuropathic pain (Table 18.1). Patients were said to be can- 
nabis-free for 1 year, but were required to have some experi- 
ence of the drug. Only the highest potency demarcated from 
placebo on decrements in average daily pain score (5.4 vs. 
6.1, p = 0.023). The most frequent AE in the high-dose group 
were headache, dry eyes, burning sensation, dizziness, numb- 
ness, and cough, but with “high” or “euphoria” reported only 
once in each cannabis potency group. 

The current studies of smoked cannabis are noteworthy 
for their extremely short-term exposure and would be of 
uncertain relevance in a regulatory environment. The 
IMMPACT recommendations on chronic neuropathic pain 
clinical trials that are currently favored by the FDA [29] gen- 
erally suggest randomized controlled clinical trials of 12-
week duration as a prerequisite to demonstrate efficacy and 
safety. While one might assume that the degree of pain 
improvement demonstrated in these trials could be main- 
tained over this longer interval, it is only reasonable to 
assume that cumulative adverse events would also increase 
to at least some degree. The combined studies represent only 
a total of 1,106 patient-days of cannabis exposure (Abrams: 
125, Wilsey: 76, Ellis: 560, Ware 345) or 3 patient-years of 
experience. In contrast, over 6,000 patient-years of data have 
been analyzed for Sativex between clinical trials, prescrip- 
tion, and named-patient supplies, with vastly lower AE rates 
(data on file, GW Pharmaceuticals) [28, 99]. Certainly, the 
cognitive effects noted in California-smoked cannabis stud- 
ies figure among many factors that would call the efficacy of 
blinding into question for investigations employing such an 
approach. However, it is also important to emphasize that 
unwanted side effects are not unique to cannabinoids. In a 
prospective evaluation of specific chronic polyneuropathy 
syndromes and their response to pharmacological therapies, 
the presence of intolerable side effects did not differ in groups 
receiving gabapentinoids, tricyclic antidepressants, anticon- 
vulsants, cannabinoids (including nabilone, Sativex), and 
topical agents [80]. Moreover, no serious adverse events 
were related to any of the medications. 

The current studies were performed in a very select subset 
of patients who almost invariably have had prior experience 
of cannabis. Their applicability to cannabis-naïve populations 
is, thus, quite unclear. At best, the observed benefits might 
possibly accrue to some, but it is eminently likely that candi- 
dates for such therapy might refuse it on any number of 
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grounds: not wishing to smoke, concern with respect to intox- 
ication, etc. Sequelae of smoking in therapeutic outcomes 
have had little discussion in these brief RCTs [28]. Cannabis 
smoking poses substantial risk of chronic cough and bron- 
chitic symptoms [100], if not obvious emphysematous degen- 
eration [101] or increase in aerodigestive cancers [102]. Even 
such smoked cannabis proponents as Lester Grinspoon has 
acknowledged are the only well-confirmed deleterious physi- 
cal effect of marihuana is harm to the pulmonary system 
[103]. However, population-based studies of cannabis trials 
have failed to show any evidence for increased risk of respira- 
tory symptoms/chronic obstructive pulmonary disease [100] 
or lung cancer [102] associated with smoking cannabis. 

A very detailed analysis and comparison of mainstream 
and sidestream smoke for cannabis vs. tobacco smoke was 
performed in Canada [104]. Of note, cannabis smoke con- 
tained ammonia (NH3) at a level of 720 µg per 775 mg ciga- 
rette,  a  figure  20-fold  higher  than  that  found  in tobacco 
smoke. It was hypothesized that this finding was likely attrib- 
utable to nitrate fertilizers. Formaldehyde and acetaldehyde 
were generally lower in cannabis smoke than in tobacco, but 
butyraldehyde was higher. Polycyclic aromatic hydrocarbon 
(PAH) contents were qualitatively similar in the compari- 
sons, but total yield was lower for cannabis mainstream 
smoke, but higher than tobacco for sidestream smoke. 
Additionally, NO, NOx, hydrogen cyanide, and aromatic 
amines concentrations were 3–5 times higher in cannabis 
smoke than that from tobacco. Possible mutagenic and carci- 
nogenic potential of these various compounds were men- 
tioned. More recently, experimental analysis of cannabis 
smoke with resultant acetaldehyde production has posited its 
genotoxic potential to be attributable to reactions that pro- 
duce DNA adducts [105]. 

Vaporizers for cannabis have been offered as a harm reduc- 
tion technique that would theoretically eliminate products of 
combustion and associated adverse events. The Institute of 
Medicine (IOM) examined cannabis issues in 1999 [106], 
and among their conclusions was the following (p. 4): 
“Recommendation 2: Clinical trials of cannabinoid drugs for 
symptom management should be conducted with the goal of 
developing rapid-onset, reliable, and safe delivery systems.” 
One proposed technique is vaporization, whereby cannabis is 
heated to a temperature that volatilizes THC and other com- 
ponents with the goal of reducing or eliminating by-products 
of combustion, including potentially carcinogenic polycyclic 
aromatic hydrocarbons, benzene, acetaldehyde, carbon mon- 
oxide, toluene, naphthaline, phenol, toluene, hydrogen cya- 
nide, and ammonia. Space limitations permit only a cursory 
review of available literature [107–115]. 

A pilot study of the Volcano vaporizer vs. smoking was 
performed in the USA in 2007 in 18 active cannabis consum- 
ers, with only 48 h of presumed abstinence [116]. NIDA 900-
mg cannabis cigarettes were employed (1.7, 3.4, and 

6.8 % THC) with each divided in two, so that one-half would 
be smoked or vaporized in a series of double-blind sessions. 
The Volcano vaporizer produced comparable or slightly 
higher THC plasma concentrations than smoking. Measured 
CO in exhaled vapor sessions diminished very slightly, while 
it increased after smoking (p < 0.001). Self-reported visual 
analogue scales of the associated high were virtually identi- 
cal in vaporization vs. smoking sessions and increased with 
higher potency material. A contention was advanced that the 
absence of CO increase after vaporization can be equated to 
“little or no exposure to gaseous combustion toxins.” Given 
that no measures of PAH or other components were under- 
taken, the assertion is questionable. It was also stated that 
there were no reported adverse events. Some 12 subjects pre- 
ferred the Volcano, 2 chose smoking, and 2 had no prefer- 
ence as to technique, making the vaporizer “an acceptable 
system” and providing “a safer way to deliver THC.” 

A recent [202, 117] examined interactions of 3.2 % THC 
NIDA cannabis vaporized in the Volcano in conjunction with 
opioid treatment in a 5-day inpatient trial in 21 patients with 
chronic pain (Table 18.1). All subjects were prior cannabis 
smokers. Overall, pain scores were reduced from 39.6 to 
29.1 on a VAS, a 27 % reduction, by day 5. Pain scores in 
subjects on morphine fell from 34.8 to 24.1, while in subjects 
taking oxycodone, scores dropped from 43.8 to 33.6. 

The clinical studies performed with vaporizers to date 
have been very small pilot studies conducted over very lim- 
ited timeframes (i.e., for a maximum of 5 days). Thus, these 
studies cannot contribute in any meaningful fashion toward 
possible FDA approval of vaporized cannabis as a delivery 
technique, device, or drug under existing policies dictated by 
the Botanical Guidance [32]. It is likewise quite unlikely that 
the current AE profile of smoked or vaporized cannabis would 
meet FDA requirements. The fact that all the vaporization tri- 
als to date have been undertaken only in cannabis-experienced 
subjects does not imply that results would generalize to larger 
patient populations. Moreover, there is certainly no reason to 
expect AE profiles to be better in cannabis-naïve patients. 
Additionally, existing standardization of cannabis product 
and delivery via vaporization seem far off the required marks. 
Although vaporizers represent an alternate delivery method 
devoid of the illegality associated with smoked cannabis, the 
presence of toxic ingredients such as PAH, ammonia, and 
acetaldehyde in cannabis vapor are unlikely to be acceptable 
to FDA in any significant amounts. Existing vaporizers still 
lack portability or convenience [28]. A large Internet survey 
revealed that only 2.2 % of cannabis users employed vapor- 
ization as their primary cannabis intake method [118]. While 
studies to date have established that lower temperature vapor- 
ization in the Volcano, but not necessarily other devices, can 
reduce the relative amounts of noxious by-products of com- 
bustion, it has yet to be demonstrated that they are totally 
eliminated. Until or unless this goal is achieved, along with 
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requisite benchmarks of herbal cannabis quality, safety, and 
efficacy in properly designed randomized clinical trials, 
vaporization remains an unproven technology for therapeutic 
cannabinoid administration. 

 
 

Evidence for Cannabis-Based Medicines 
 

Cannador is a cannabis extract in oral capsules, with differ- 
ing THC:CBD ratios [51]. Cannador was utilized in a phase 
III RCT of spasticity  in  multiple  sclerosis  (CAMS) (Table 
18.1) [119]. While no improvement was evident in the 
Ashworth Scale, reduction was seen in spasm-associ- ated 
pain. Both THC and Cannador improved pain scores in 
follow-up [120]. Cannador was also employed for posther- 
petic neuralgia in  65  patients,  but  without  success  (Table 
18.1) [121, 122]. Slight pain reduction was observed in 30 
subjects with postoperative pain (CANPOP) not receiving 
opiates, but psychoactive side effects were nota- ble (Table 
18.1). 

Sativex® is a whole-cannabis-based extract delivered as an 
oromucosal spray that combines a CB1 and CB2 partial 
agonist (THC) with a cannabinoid system modulator (CBD), 
minor cannabinoids, and terpenoids plus ethanol and propyl- 
ene glycol excipients and peppermint flavoring [51, 123].  It 
is approved in Canada for spasticity in MS and under a 
Notice of Compliance with Conditions for central neuro- 
pathic pain in multiple sclerosis and treatment of cancer pain 
unresponsive to opioids. Sativex is also approved in MS in 
the UK, Spain, and New Zealand, for spasticity in multiple 
sclerosis, with further approvals expected soon in some 22 
countries around the world. Sativex is highly standardized 
and is formulated from two Cannabis sativa chemovars pre- 
dominating in THC and CBD, respectively  [124].  Each 100 
µl pump-action oromucosal spray of Sativex yields 2.7 mg 
of THC and 2.5 mg of CBD plus additional components. 
Pharmacokinetic data are available [125–127]. Sativex 
effects begin within an  interval  allowing  dose  titration.  A 
very favorable adverse event profile has been observed in the 
development program [27, 128]. Most patients stabilize at 8–
10 sprays per day after 7–10 days, attaining symptom- atic 
control without undue psychoactive sequelae. Sativex was 
added to optimized drug regimens in subjects with 
uncontrolled pain in every RCT (Table 18.1). An 
Investigational New Drug (IND) application to study Sativex 
in advanced clinical trials in the USA was approved by the 
FDA in January 2006 in patients with intractable cancer pain. 
One phase IIB dose-ranging study has already been com- 
pleted [201]. Available clinical trials with Sativex have been 
independently assessed [129, 130]. 

In a phase II study of 20 patients with neurogenic symp- 
toms [131], significant improvement was seen with both 
Tetranabinex (high-THC extract without CBD) and Sativex 

on pain, with Sativex displaying better symptom control    
(p < 0.0001), with less intoxication (Table 18.1). 

In a phase II study of intractable chronic pain in 24 
patients [132], Sativex again produced the best results com- 
pared  to  Tetranabinex  (p < 0.001),   especially   in   MS  (p 
< 0.0042) (Table 18.1). 

In a phase III study of brachial plexus avulsion (N = 48) 
[133], pain reduction with Tetranabinex and Sativex was 
about equal (Table 18.1). 

In an RCT of 66 MS subjects, mean Numerical Rating 
Scale (NRS) analgesia favored Sativex  over  placebo (Table 
18.1) [134]. 

In a phase III trial (N = 125) of peripheral neuropathic 
pain with allodynia [135], Sativex notably alleviated pain 
levels and dynamic and punctate allodynia (Table 18.1). 

In a safety-extension study in 160 subjects with various 
symptoms of MS [136], 137 patients showed sustained 
improvements over a year or more in pain and other symp- 
toms [99] without development of any tolerance requiring 
dose escalation or withdrawal effects in those who volun- 
tarily discontinued treatment suddenly. Analgesia was 
quickly reestablished upon Sativex resumption. 

In a phase II RCT in 56 rheumatoid arthritis sufferers over 
5 weeks with Sativex [137], medicine was limited to only 6 
evening sprays (16.2 mg THC + 15 mg CBD). By study end, 
morning pain on movement, morning pain at rest, DAS-28 
measure of disease activity, and SF-MPQ pain all favored 
Sativex (Table 18.1). 

In a phase III RCT in intractable cancer pain on opioids 
(N = 177), Sativex, Tetranabinex THC-predominant extract, 
and placebo were compared [138] demonstrating strongly 
statistically significant improvements in analgesia for Sativex 
only (Table 18.1). This suggests that the CBD component in 
Sativex was necessary for benefit. 

In a 2-week study of spinal cord injury pain, NRS of pain 
was not statistically different from placebo, probably due to 
the short duration of the trial, but secondary endpoints were 
positive (Table 18.1). Additionally, an RCT of intractable 
lower urinary tract symptoms in MS also demonstrated pain 
reduction (Table 18.1). 

The open-label study of various polyneuropathy patients 
included Sativex patients with 3 obtaining 21.56 % mean 
pain relief after 3 months (2/3 > 30 %), and 4 achieving 
27.6 % relief after 6 months (2/4 > 30 %), comparable to con- 
ventional agents [80]. 

A recently completed RCT of Sativex in intractable can- 
cer pain unresponsive to opioids over 5 weeks was performed 
in 360 subjects (Table 18.1). Results of a Continuous 
Response Analysis (CRA) showed improvements over pla- 
cebo in the low-dose (p = 0.08)  and  middle-dose cohorts (p 
= 0.038) or combined (p = 0.006). Pain NRS improved over 
placebo in the low-dose (p = 0.006) and combined cohorts (p 
= 0.019). 
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Sleep has improved markedly in almost all Sativex RCTs 
in chronic pain based on symptom reduction, not a hypnotic 
effect [139]. 

The adverse event (AE) profile of Sativex has been quite 
benign with bad taste, oral stinging, dry mouth, dizziness, nau- 
sea, or fatigue most common, but not usually prompting dis- 
continuation [128]. Most psychoactive sequelae are early and 
transient and have been notably lowered by more recent appli- 
cation of a slower, less aggressive titration schedule. While no 
direct comparative studies have been performed with Sativex 
and other agents, AE rates were comparable or greater with 
Marinol than with Sativex employing THC dosages some 2.5 
times higher, likely due to the presence of accompanying CBD 
[28, 51]. Similarly, Sativex displayed a superior AE profile 
compared to smoked cannabis based on safety-extension stud- 
ies of Sativex [28, 99], as compared to chronic use of cannabis 
with standardized government-supplied material in Canada 
for chronic pain [140] and the Netherlands for various indica- 
tions [141, 142] over a period of several months or more. All 
AEs are more frequent with smoked cannabis, except for nau- 
sea and dizziness, both early and usually transiently reported 
with Sativex [27, 28, 128]. A recent meta-analysis suggested 
that serious AEs associated with cannabinoid-based medica- 
tions did not differ from placebo and thus could not be attribut- 
able to cannabinoid use, further reinforcing the low toxicity 
associated with activation of cannabinoid systems. 

 
 

Cannabinoid Pitfalls: Are They Surmountable? 
 

The dangers of COX-1 and COX-2 inhibition by nonsteroi- 
dal anti-inflammatory drugs (NSAIDS) of various design 
(e.g., gastrointestinal ulceration and bleeding vs. coronary 
and cerebrovascular accidents, respectively) [143, 144] are 
unlikely to be mimicked by either THC or CBD, which pro- 
duce no such activity at therapeutic dosages [49]. 

Natural cannabinoids require polar solvents and may be 
associated with delayed and sometimes erratic absorption 
after oral administration. Smoking of cannabis invariably pro- 
duces rapid spikes in serum THC levels; cannabis smoking 
attains peak levels of serum THC above 140 ng/ml [145, 146], 
which, while desirable to the recreational user, has no neces- 
sity or advantage for treatment of chronic pain [28]. In con- 
trast, comparable amounts of THC derived from oromucosal 
Sativex remained below 2 ng/ml with much lower propensity 
toward psychoactive sequelae [28, 125], with subjective 
intoxication levels on visual analogue scales that are indistin- 
guishable from placebo, in the single digits out of 100 [100]. 
It is clear from RCTs that such psychoactivity is not a neces- 
sary accompaniment to pain control. In contrast, intoxication 
has continued to be prominent with oral THC [73]. 

In comparison to the questionable clinical trial blinding 
with smoked and vaporized cannabis discussed above, all 

indications are that such study blinding has been demonstra- 
bly effective with Sativex [147, 148] by utilizing a placebo 
spray with identical taste and color. Some 50 % of Sativex 
subjects in RCTs have had prior cannabis exposure, but 
results of two studies suggest that both groups exhibited 
comparable results in both treatment efficacy and side effect 
profile [134, 135]. 

Controversy continues to swirl around the issue of the 
potential dangers of cannabis use medicinally, particularly its 
drug abuse liability (DAL). Cannabis and cannabinoids are 
currently DEA schedule I substances and are forbidden in the 
USA (save for Marinol in schedule III and nabilone in 
schedule II) [73]. This is noteworthy in itself because the 
very same chemical compound, THC, appears simultane- 
ously in schedule I (as THC), schedule II (as nabilone), and 
schedule III (as Marinol). DAL is assessed on the basis of 
five elements: intoxication, reinforcement, tolerance, with- 
drawal, and dependency plus the drug’s overall observed 
rates of abuse and diversion. Drugs that are smoked or 
injected are commonly rated as more reinforcing due to more 
rapid delivery to the brain [149]. Sativex has intermediate 
onset. It is claimed that CBD in Sativex reduces the psycho- 
activity of THC [28]. RCT AE profiles do not indicate eupho- 
ria or other possible reinforcing psychoactive indicia as 
common problems with its use [99]. Similarly, acute THC 
effects such as tachycardia, hypothermia, orthostatic hypoten- 
sion, dry mouth, ocular injection, and intraocular pressure 
decreases undergo prominent tachyphylaxis with regular 
usage [150]. Despite that observation, Sativex has not dem- 
onstrated dose tolerance to its therapeutic benefits on pro- 
longed administration, and efficacy has been maintained for 
up to several years in pain conditions [99]. 

The existence or severity of a cannabis withdrawal syn- 
drome remains under debate [151, 152]. In contrast to 
reported withdrawal sequelae in recreational users [153], 24 
subjects with MS who volunteered to discontinue Sativex 
after a year or more suffered no withdrawal symptoms meet- 
ing Budney criteria. While symptoms such as pain recurred 
after some 7–10 days without Sativex, symptom control was 
rapidly reattained upon resumption [99]. 

Finally, no known abuse or diversion incidents have been 
reported with Sativex to date (March 2011). Formal DAL 
studies of Sativex vs. Marinol and placebo have been com- 
pleted and demonstrate lower scores on drug liking and simi- 
lar measures at comparable doses [155]. 

Cognitive effects of cannabis also remain at issue [155, 
156], but less data are available in therapeutic applications. 
Studies of Sativex in neuropathic pain with allodynia have 
revealed no changes vs. placebo on Sativex in portions of the 
Halstead-Reitan Battery [135], or in central neuropathic pain 
in MS [134], where 80 % of tests showed no significant dif- 
ferences. In a recent RCT of Sativex vs. placebo in MS 
patients, no cognitive differences of note were observed 
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[157]. Similarly, chronic Sativex use has not produced 
observable mood disorders. 

Controversies have also arisen regarding the possible 
association of cannabis abuse and onset of psychosis [156]. 
However, an etiological relationship is not supported by epi- 
demiological data [158–161], but may well be affected by 
dose levels and duration, if pertinent. One may speculate that 
lower serum levels of Sativex combined with antipsychotic 
properties of CBD [52, 162, 163] might attenuate such con- 
cerns. Few cases of related symptoms have been reported in 
SAFEX studies of Sativex. 

Immune function becomes impaired in experimental ani- 
mals at cannabinoid doses 50–100 times necessary to produce 
psychoactive effects [164]. In four patients smoking cannabis 
medicinally for more than 20 years, no changes were evident 
in leukocyte, CD4, or CD8 cell counts [155]. MS patients on 
Cannador demonstrated no immune changes of note [165] 
nor were changes evident in subjects smoking cannabis in a 
brief trial in HIV patients [166]. Sativex RCTs have demon- 
strated no hematological or immune dysfunction. 

No effects of THC extract, CBD extract, or Sativex were 
evident on the hepatic cytochrome P450 complex [167] or on 
human CYP450 [168]. Similarly, while Sativex might be 
expected to have additive sedative effects with other drugs or 
alcohol, no significant drug-drug interactions of any type have 
been observed in the entire development program to date. 

No studies have demonstrated significant problems in 
relation to cannabis affecting driving skills at plasma levels 
below 5 ng/ml of THC [169]. Four oromucosal sprays of 
Sativex (exceeding the average single dose employed in ther- 
apy) produced serum levels well below this threshold [28]. 
As with other cannabinoids in therapy, it is recommended 
that patients not drive nor use dangerous equipment until 
accustomed to the effects of the drug. 

 
Future Directions: An Array of Biosynthetic 
and Phytocannabinoid Analgesics 

 
Inhibition of Endocannabinoid Transport 
and Degradation: A Solution? 

 
It is essential that any cannabinoid analgesic strike a compro- 
mise between therapeutic and adverse effects that may both be 
mediated via CB1 mechanisms [34]. Mechanisms to avoid 
psychoactive sequelae could include peripherally active syn- 
thetic cannabinoids that do not cross the blood-brain barrier or 
drugs that boost AEA levels by inhibiting fatty-acid amide 
hydrolase (FAAH) [170] or that of 2-AG by inhibiting monoa- 
cylycerol lipase (MGL). CBD also has this effect [50] and cer- 
tainly seems to increase the therapeutic index of THC [51]. 

In preclinical studies, drugs inhibiting endocannabinoid 
hydrolysis [171, 172] and peripherally acting agonists [173] all 

show promise for suppressing neuropathic pain. AZ11713908, 
a peripherally restricted mixed cannabinoid agonist, reduces 
mechanical allodynia with efficacy comparable to the brain 
penetrant mixed cannabinoid agonist WIN55,212-2 [173]. An 
irreversible inhibitor of the 2-AG hydrolyzing enzyme MGL 
suppresses nerve injury-induced mechanical allodynia through 
a CB1 mechanism, although these anti-allodynic effects 
undergo tolerance following repeated administration [172]. 
URB937, a brain impermeant inhibitor of FAAH, has recently 
been shown to elevate anandamide outside the brain and sup- 
press neuropathic and inflammatory pain behavior without 
producing tolerance or unwanted CNS side effects [171]. 
These observations raise the possibility that peripherally 
restricted endocannabinoid modulators may show therapeutic 
potential as analgesics with limited side-effect profiles. 

 
 

The Phytocannabinoid and Terpenoid Pipeline 
 

Additional phytocannabinoids show promise in treatment of 
chronic pain [123, 163, 174]. Cannabichromene (CBC), 
another prominent phytocannabinoid, also displays anti- 
inflammatory [175] and analgesic properties, though less 
potently than THC [176]. CBC, like CBD, is a weak inhibi- 
tor of AEA reuptake [177]. CBC is additionally a potent 
TRPA1 agonist [178]. Cannabigerol (CBG), another phyto- 
cannabinoid, displays weak binding at both CB1 and CB2 

[179, 180] but is a more potent GABA reuptake inhibitor 
than either THC or CBD [181]. CBG is a stronger analgesic, 
anti-erythema, and lipooxygenase agent than THC [182]. 
CBG likewise inhibits AEA uptake and is a TRPV1 agonist 
[177], a TRPA1 agonist, and a TRPM8 antagonist [178]. 
CBG is also a phospholipase A2 modulator that reduces 
PGE-2releaseinsynovialcells[183].Tetrahydrocannabivarin, 
a phytocannabinoid present in southern African strains, dis- 
plays weak CB1 antagonism [184] and a variety of anticon- 
vulsant activities [185] that might prove useful in chronic 
neuropathic pain treatment. THCV also reduced inflammation 
and attendant pain in mouse experiments [187]. Most North 
American [187] and European [188, 189] cannabis strains 
have been bred to favor THC over a virtual absence of other 
phytocannabinoid components, but the latter are currently 
available in abundance via selective breeding [124, 190]. 

Aromatic terpenoid components of cannabis also demon- 
strate pain reducing activity [123, 163]. Myrcene displays an 
opioid-type analgesic effect blocked by naloxone [191] and 
reduces inflammation via PGE-2 [192]. β-Caryophyllene 
displays anti-inflammatory activity on par with phenylbuta- 
zone via PGE-1 [193], but contrasts by displaying gastric 
cytoprotective activity [194]. Surprisingly, β-caryophyllene 
has proven to be a phytocannabinoid in its own right as a 
selective CB2 agonist [195]. α-Pinene inhibits PGE-1 [196], 
and linalool acts as a local anesthetic [197]. 
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Summary 
 

Basic science and clinical trials support the theoretical and 
practical basis of cannabinoid agents as analgesics for 
chronic pain. Their unique pharmacological profiles with 
multimodality effects and generally favorable efficacy and 
safety profiles render cannabinoid-based medicines promis- 
ing agents for adjunctive treatment, particularly for neuro- 
pathic pain. It is our expectation that the coming years will 
mark the advent of numerous approved cannabinoids with 
varying mechanisms of action and delivery techniques that 
should offer the clinician useful new tools for treating pain. 
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Abstract 
Background: Pain involves different brain regions and is critically determined by emotional 
processing. Among other areas, the rostral anterior cingulate cortex (rACC) is implicated in the 
processing of affective pain. Drugs that interfere with the endocannabinoid system are 
alternatives for the management of clinical pain. Cannabidiol (CBD), a phytocannabinoid found 
in Cannabis sativa, has been utilized in preclinical and clinical studies for the treatment of pain. 
Herein, we evaluate the effects of CBD, injected either systemically or locally into the rACC, on 
mechanical allodynia in a postoperative pain model and on the negative reinforcement produced 
by relief of spontaneous incision pain. Additionally, we explored whether CBD underlies the 
reward of pain relief after systemic or rACC injection. 

Methods and Results: Male Wistar rats were submitted to a model of incision pain. All rats had 
mechanical allodynia, which was less intense after intraperitoneal CBD (3 and 10 mg/kg). 
Conditioned place preference (CPP) paradigm was used to assess negative reinforcement. 
Intraperitoneal CBD (1 and 3 mg/kg) inverted the CPP produced by peripheral nerve block even 
at doses that do not change mechanical allodynia. CBD (10 to 40 nmol/0.25 μL) injected into the 
rACC reduced mechanical allodynia in a dose-dependent manner. CBD (5 nmol/0.25 μL) did not 
change mechanical allodynia, but reduced peripheral nerve block-induced CPP, and the higher 
doses inverted the CPP. Additionally, CBD injected systemically or into the rACC at doses that 
did not change the incision pain evoked by mechanical stimulation significantly produced CPP 
by itself. Therefore, a non-rewarding dose of CBD in sham-incised rats becomes rewarding in 
incised rats, presumably because of pain relief or reduction of pain aversiveness. 

Conclusion: The study provides evidence that CBD influences different dimensions of the 
response of rats to a surgical incision, and the results establish the rACC as a brain area from 
which CBD evokes antinociceptive effects in a manner similar to the systemic administration of 
CBD. In addition, the study gives further support to the notion that the sensorial and affective 
dimensions of pain may be differentially modulated by CBD. 
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Introduction 
Pain is an experience that has somatosensory, affective, motivational and cognitive 
characteristics (Melzack and Casey, 1968), involves different brain regions and encompasses 
diverse neurochemical mechanisms (Bushnell et al., 2013). These mechanisms include multiple 
ascending spinal pathways to the brain, and this afferent circuitry is controlled by “top-down 
processing”. The anterior cingulate cortex (ACC) is a crucial component in an interconnected 
network of brain regions involved in pain perception, stress, anxiety, and reward (Etkin et al., 
2011; Navratilova and Porreca, 2014; Zhang et al., 2017). ACC neurons connect with several 
regions important for pain processing, including the prelimbic, infralimbic and insular cortex, 
medial thalamus, amygdala, nucleus accumbens, and hippocampus (Strassels, 2006; Tracey and 
Mantyh, 2007; Vogt and Vogt, 2009; Neugebauer, 2015). The role of the rostral ACC (rACC) in 
the experience of pain has been confirmed in rodents (Johansen et al., 2001) and primates 
(reviewed in Shackman et al., 2011). Lesions of the ACC and cingulum bundle suppress 
emotional reactions of human patients to persistent pain (Foltz and White, 1962, 1968). 

Considering the multidimensionality of pain, research within the last two decades has sought 
alternative treatment approaches, but the number of new drugs that have reached the stage of 
clinical trials has been still small (MacPherson, 2000). The endocannabinoid (eCB) signaling 
system regulates a broad spectrum of physiologic processes and has attracted considerable 
attention as a potential pharmaceutical target for modulating pain perception, emotional state, 
reward behaviors, learning and memory (Pacher et al., 2006; Bambico et al., 2007, 2009; Ahn et 
al., 2008; Di Marzo, 2008; Palazzo et al., 2010; Luongo et al., 2017). 

Multiple biochemical pathways may participate in eCB formation (Di Marzo et al., 1994). 
Anandamide and 2-arachidonoylglycerol (2-AG) are the best-studied eCB isolated so far 
(Devane et al., 1992; Mechoulam et al., 1995) and produce their physiological effects by 
activating the cannabinoid CB1 and CB2 receptors (Matsuda et al., 1992; Munro et al., 1993; 
Kendall and Yudowski, 2017). These receptors have a characteristic distribution in the nervous 
system which is particularly enriched in cortex, hippocampus and amygdala, a distribution that 
corresponds to the most prominent behavioral effects of cannabinoids (Mackie, 2008). Although 
the eCB system plays an important role in nerve signal transduction at the central and peripheral 
levels, the lifespan of extracellular eCB is limited by a rapid and selective process of cellular 
uptake, which is accompanied by the actions of fatty acid amide hydrolase (FAAH) and 
monoacylglycerol lipase (MAGL), the primary hydrolytic enzymes for anandamide and 2-AG, 
respectively (Piomelli, 2005). For this reason, eCB appear to play a limited role, which might 
explain the difficulty of detecting effects of eCB in behavioral and neurochemical studies 
(Piomelli, 2003). 

Phytocannabinoids found in Cannabis sativa, such as Δ9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD) and synthetic cannabinoids – metabolically and chemically more stables – 
and inhibitors of eCB inactivation have been shown to enhance the action of eCB in reducing 
pain, inflammation, anxiety and depression in rodents with negligible changes in motility and 
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behavior, as observed with direct CB1 agonists (Piomelli et al., 2006; Russo et al., 2007; Ahn et 
al., 2008; Petrosino and Di Marzo, 2010; Jensen et al., 2015; Kramer, 2015). Inhibitor of FAAH 
induces antidepressant-like effects in rodents (Gobbi et al., 2005) and genetic deletion of FAAH 
in mice confers resistance to anxiety-like and depression-like behavioral responses (Bambico et 
al., 2012). Results from preclinical and clinical studies suggest that CBD is an effective, safe, 
and well-tolerated drug (Russo and Guy, 2006). Although CBD is a negative allosteric modulator 
and displays low affinity for CB1 and CB2 receptors, it enhances eCB signaling in rodents 
through an inhibitory action on the mechanisms of eCB inactivation (i.e., the transporter and the 
FAAH enzyme) (Bisogno et al., 2001; Leweke et al., 2012). CBD has been considered a 
promising strategy against inflammatory diseases (Carrier et al., 2006) and neuropathic pain 
(Costa et al., 2007). However, the action of CBD on pain-induced affective-motivational changes 
has not been described. Notably, persistent pain conditions are often accompanied by emotional 
and cognitive disorders. These dysfunctional or maladaptive changes in aversive/motivational 
circuits likely contribute to the challenges of treating persistent pain. 

The experimental approaches and methods used to measure the affective dimension of pain are 
still poor. A successful attempt has been made to assess pain as the opposite of pleasure, and its 
relief often promotes a positive emotional state that has been described as a reward (Fields, 1999; 
Leknes et al., 2008). Relief of pain aversiveness has been taken as a negative reinforcement that 
can be experimentally assessed by a conditioned place preference (CPP) paradigm (King et al., 
2009; Navratilova et al., 2013, 2015). A deeper understanding of the neural basis of nociception 
and its aversive component could not only broaden our view on pain but also open new 
approaches to the management of acute and persistent pain states. The present study therefore 
evaluates the effect of CBD, injected either systemically or locally into the rACC, on mechanical 
allodynia in a postoperative pain model and on the negative reinforcement produced by relief of 
spontaneous incision pain. Additionally, we explored whether CBD underlies the reward of pain 
relief after systemic or rACC injection. 
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Materials and Methods 

Animals 

A total of 275 male Wistar rats from the animal housing facility of the University of São Paulo, 
Ribeirão Preto campus, weighing 220–240 g, were used. Rats were housed in groups of four per 
cage, with food and water available ad libitum, in a temperature-controlled room (23 ± 1°C) 
under an inverted 12 h/12 h light/dark cycle (lights on at 7:00 PM). The rats were transported to 
the experimental room in their home cages and left undisturbed for 1 h prior to testing. All 
efforts were made to minimize animal suffering and reduce the number of rats used. All of the 
experiments received formal approval from the Committee on Animal Research and Ethics, 
Ribeirão Preto Medical School, University of São Paulo (CEUA No. 0051/2016). The 
experiments reported in this article were performed in accordance with the recommendations of 
the Brazilian Society for Neuroscience and Behavior and complied with the United States 
National Institutes of Health Guide for the Care and Use of Laboratory Animals and the 
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guidelines of the Committee for Research and Ethical Issues of the International Association for 
the Study of Pain (Zimmermann, 1983). 

Surgical Procedures 

The rats were anaesthetized with ketamine/xylazine (100/7.5 mg/kg, i.p.) and fixed in a 
stereotaxic apparatus (David Kopf, Tujunga, CA, United States). The upper incisor bar was set 
3.0 mm below the interaural line so that the skull was horizontal between the bregma and the 
lambda. After scalp anaesthetisation with 2% lidocaine, the skull was surgically exposed, and 
stainless-steel guide cannulae (12 mm length, 0.6 mm outer diameter, 0.4 mm inner diameter) 
were bilaterally implanted into the rACC using the bregma as the reference point (angle of 22°; 
coordinates: anterior/posterior, +1.8 mm; medial/lateral, ±1.8 mm; dorsal/ventral: –2.3 mm). 
Each cannula was fixed to the skull with dental cement and two stainless-steel screws. After 
surgery, each guide cannula was sealed with a stainless-steel wire to prevent obstruction. The 
rats then received an intramuscular injection of penicillin G benzathine (Pentabiotic, 600,000 IU, 
0.2 ml; Fort Dodge, Campinas, SP, Brazil). After surgery, the rats were returned to their home 
cages in groups of four and were allowed to recover over a period of 5 days. 

Drug and Infusion Procedure 

Cannabidiol (99,6% pure, kindly supplied by BSPG-Pharm, Sandwich, United Kingdom). The 
drug was dissolved in 2% TWEEN 80 (Sigma–Aldrich, St. Louis, MO, United States) and saline 
(NaCl 0.9%) for intraperitoneal injections and in 100% grape seed oil (Campos and Guimarães, 
2008) for intracerebral injections. Lidocaine was obtained from Sigma–Aldrich. The rats 
received vehicle or CBD injections intraperitoneally or into the rACC. The doses and schedule of 
the injections were based on a previous study (Lemos et al., 2010). Infusions into the rACC were 
slowly delivered in a constant volume of 0.25 μL over 2 min using an infusion pump (Harvard 
Apparatus, Holliston, MA, United States) to minimize physical disruption of tissue at the 
injection site. A thin dental needle (0.3 mm outer diameter) attached via polyethylene tubing to a 
5 μL Hamilton syringe was introduced through each guide cannula. The injection needle 
protruded 1.0 mm (rACC) below the ventral tip of the implanted guide cannula. The 
displacement of an air bubble inside a length of polyethylene tubing that connected the syringe to 
the injection needle was used to monitor the microinjections. A further 2 min were allowed for 
diffusion of the drug into the target structure before the injectors were removed. 

Incision Pain Model 

Rats were anaesthetized with ketamine/xylazine (100/7.5 mg/kg, i.p.), and a 1 cm longitudinal 
incision was made through the skin of the right hind paw to expose the muscle, which was 
subsequently incised longitudinally as described elsewhere (Brennan et al., 1996). The incised 
skin was stitched with two 5-0 nylon sutures. The rats were tested 24 h after surgery. 

Algesimetric Test 

The threshold for mechanical stimulation was assessed with an electronic von Frey apparatus 
(IITC Electronic Equipment, United States), which consisted of a rigid plastic tip (tip area = 0.7 
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mm2) connected to a hand-held probe unit. The rat was placed in an acrylic cage (12 cm × 10 cm 
× 17 cm) with a wire-grid floor for 30 min to allow behavioral acclimation to the environment. A 
tilted mirror below the grid provided a clear view of the animal’s hind paw. Increasing upward 
pressure was applied with the plastic tip against the mid-plantar surface of each hind paw, 
bordering the incision wound near the heel. During this procedure, the applied force in grams (g) 
was continuously recorded by a main unit connected to the probe. The threshold was determined 
by removal of the paw followed by clear flinching movements. At this moment, the movement of 
the probe stopped, and the intensity of the pressure at the threshold was automatically 
determined. 

Conditioned Place Preference 

Experiments were conducted as described previously, using an unbiased conditioning protocol in 
which neither the apparatus (i.e., the CPP box) nor the procedure of animal assignment to the 
pairing chambers demonstrated preference before conditioning (Cunningham et al., 2003). On 
the preconditioning day (Day 1), rats were placed in the Place Preference System (Master-One 
Suprimentos and Equipamentos para Laboratório LTDA, Ribeirão Preto, SP, Brazil) consisting 
of a pair of chambers with distinct sensory cues and a neutral middle chamber from which the 
rats had free access to all chambers for 15 min (i.e., 900 s). The rats were monitored in the CPP 
boxes by video recorders, and the time spent in each chamber was evaluated by an investigator 
blind to the treatment. Rats that spent >720 s or <180 s in either testing chamber were excluded 
from the study (King et al., 2009). The rats were grouped to ensure that there was no average 
baseline chamber preference in any experimental group. On the morning of the conditioning day 
(Day 2), the rats were injected with vehicle or CBD either intraperitoneally or bilaterally into the 
rACC. One hour later, each rat received a saline injection into the right popliteal fossa and was 
immediately placed for 30 min in the chamber in which it spent more time in day 1; 4 h later, the 
rat received an injection of 4% lidocaine (0.3 mL) in the right popliteal fossa and was placed in 
the opposite conditioning chamber for 30 min. The saline and lidocaine administrations were 
performed under identical conditions. On the test day (Day 3), each rat was placed in the CPP 
box with free access to all chambers for 15 min, and the time spent in each chamber was 
recorded. Difference scores were calculated by subtracting the time spent in the drug-paired 
chamber on Day 1 (baseline) from that of Day 3 (testing). 

Histology 

After the tests, the rats were deeply anaesthetized with a lethal dose of chloral hydrate (500 
mg/kg intraperitoneally) and transcardially perfused with 0.9% saline followed by 10% formalin. 
The brains were removed and post-fixed in 10% formalin followed by a 10% formalin/30% 
sucrose solution until sectioning. Coronal brain sections (60 μm) were cut on a cryostat and wet 
mounted on glass microscope slides. Once dry, the sections were stained with cresyl violet (5%, 
Sigma–Aldrich) to visualize and identify microinjection sites by microscopic examination, 
according to the atlas of Paxinos and Watson (2006). 

Statistical Analysis 
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The software used for all statistical analyses was GraphPad Prism, version 6.0 (GraphPad 
Software, Inc., La Jolla, CA, United States). Withdrawal threshold (WT) data are expressed as 
the mean + standard error of the mean (SEM). Comparisons between vehicle and CBD groups 
were made by two-way repeated measures analysis of variance (ANOVA) to compare the groups 
across all timepoints. The factors analyzed were treatment, time and treatment × time interaction. 
Post hoc differences were tested using Dunnett’s multiple comparison tests. Comparisons 
between control and CBD groups on CPP tests were made by one-way ANOVA or unpaired t-
test. Post hoc differences were tested using Tukey’s multiple comparison tests. Statistical 
analysis of the mechanical allodynia data of rats tested on CPP were analyzed by three-way 
repeated measures ANOVA to compare the groups across all timepoints. The factors analyzed 
were surgery (sham or incision), treatment (vehicle or CBD) and time. The level of significance 
was set at p < 0.05 in all cases. 
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Results 

Systemic CBD Reduces Mechanical Allodynia in Injured Rats 

The timeline of the protocol for this experiment is shown in Figure Figure1A1A. Before 
incision of the hind paw, the withdrawal reflex was elicited by the application of approximately 
50 g of force, using the electronic von Frey apparatus. In the incision pain model, we observed 
decreased mechanical thresholds, referred to as mechanical allodynia. The mean threshold 
measured 24 h after surgery decreased approximately 65% from the presurgical threshold, thus 
revealing the presence of mechanical allodynia. The systemic injection of CBD (0.3 to 30 mg/kg) 
produced a bell-shaped dose-related reduction of mechanical allodynia that lasted for at least 150 
min at the 3 mg/kg dose. The decrease of mechanical allodynia was maximal at 60 min after the 
3 and 10 mg/kg doses, which elicited a significant increase in the force required for paw 
withdrawal. The differences were statistically significant in terms of time [F(6,534) = 524.0; p < 
0.01], treatment [F(6,89) = 149.2; p < 0.01] and the time × treatment interaction [F(36,534) = 45.2; p 
< 0.01]. The threshold of the non-incised hind paw did not change throughout the period of 
observation (Figure Figure1B1B). 
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Open in a separate window 
FIGURE 1 

Reduction of tactile hypersensitivity by Cannabidiol (CBD). (A) Timeline of the protocol for the 
experiments; (B) The time-course of changes in the withdrawal thresholds (WT) measured in the operated 
and contralateral hind paws of the rats. Baseline (BL) was measured preoperatively (BL1) and 24 h 
postoperatively (BL2). Subsequently, the rat groups were treated with vehicle (VEH; n = 6) or CBD 0.3 
to 30 mg/kg (n = 7–10), and WT was measured up to 150 min after injection. Arrows 1 and 2 indicate the 
times of surgery and intraperitoneal injection, respectively. Two-way ANOVA with Dunnett’s test: ∗p < 
0.05 compared with vehicle. Data are means ± SEMs. 
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Changes Induced by Systemic CBD Injections in the CPP Produced by 
Peripheral Nerve Block 

A time line of the protocol for the experiments is shown in Figure Figure2A2A. The 
motivational drive of rats with ongoing pain was assessed with the CPP paradigm. Rats that 
received CBD (1 to 3 mg/kg) before the first confinement did not present CPP by peripheral 
nerve block, but it seems that CBD itself produced CPP. The differences were statistically 
significant in terms of treatment [F(5,63) = 3.8; p < 0.01] according to Dunnett’s test for CBD vs. 
vehicle in incised rats (Figure Figure2B2B). However, incision pain-produced mechanical 
allodynia in these groups was reduced only by intraperitoneal administration of CBD (3 mg/kg). 
The differences were statistically significant in terms of time [F(3,189) = 857.6; p < 0.01], 
treatment [F(5,63) = 4.7; p < 0.01] and interaction time × treatment [F(15,189) = 5.4; p < 0.01] (insert 
of Figure Figure2B2B). 
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FIGURE 2 

Cannabidiol may reduce (low doses) or invert (higher doses) the conditioned place preference (CPP) 
induced by peripheral nerve block. (A) Time line of the protocol for the experiments, (B) Peripheral nerve 
block produced significant CPP in incised rats pretreated intraperitoneally (i.p.) with vehicle (VEH; n = 
16). CBD (0.3 and 0.5 mg/kg) reduced, and CBD (1 to 3 mg/kg) completely inverted, the CPP induced by 
peripheral nerve block (n = 9–12). One-way ANOVA with Dunnett’s test. The insert shows the time-
course of changes in the WT measured in the operated hind paw of the rats. Arrows 1 and 2 indicate the 
times of surgery and injection, respectively. In rats with incisions, administration of vehicle and low 
doses of CBD had no effect on mechanical allodynia and its reversal by peripheral nerve block with 
lidocaine (LID) injected into the popliteal fossa (p.f.) of the injured limb. SAL, saline. Two-way ANOVA 
with Dunnett’s test: ∗p < 0.05 compared with vehicle. Data are means ± SEMs. 
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Systemic CBD Induces CPP 

We investigated whether systemically administered CBD could selectively activate reward 
circuits in injured rats. A timeline of the protocol for the experiments is shown in Figure 
Figure3A3A. CBD (1 mg/kg) induced significant CPP in injured rats [F(3,42) = 6.2; p < 0.01]. 
CBD (0.5 mg/kg) induced no significant CPP in injured rats (not shown in Figures). CBD (1 
mg/kg) did not induce CPP in sham rats (Figure Figure3B3B). One-way ANOVA with Tukey’s 
post hoc test demonstrated a significant effect of CBD (1 mg/kg) compared with all other groups 
(p < 0.05). Intraperitoneal administration of CBD (1 mg/kg) had no effect on paw WTs (insert in 
Figure Figure3B3B). There was a significant effect of time [F(3,126) = 254.3; p < 0.01], treatment 
[F(1,42) = 6.01; p < 0.01] and condition [F(1,42) = 929.0; p < 0.01] but there was no interaction 
between three factors. These results suggest that CBD (1 mg/kg), which is not rewarding in 
sham-operated rats, become rewarding in injured rats, presumably because of pain relief. 

 

 
FIGURE 3 

Cannabidiol induced significant CPP in incised but not sham rats. (A) Timeline of the protocol for the 
experiments; (B) CBD (1 mg/kg; n = 13) produced significant CPP only in incised rats. One-way 
ANOVA with Tukey’s test: ∗p < 0.05 compared with sham-incised groups and vehicle-treated incised 
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group. Data are means ± SEMs. The insert shows that intraperitoneal (i.p.) administration of vehicle 
(VEH; n = 11) or CBD (1 mg/kg; n = 10) in sham-incised rats as well as vehicle (n = 12) in incised rats 
produced no significant effect on the WT. Arrows 1 and 2 indicate the times of surgery and injection, 
respectively. 

CBD Injection into the rACC Reduces Mechanical Allodynia in Incised Rats 

The great majority of injection sites were concentrated in the rACC (2.28 to 1.80 mm in relation 
to bregma). Representative photomicrograph of injection sites is shown in Figure Figure44. 
Time line of the protocol for the experiments is shown in Figure Figure5A5A. The local 
injection of CBD (40 nmol/0.25 μL) produced a reduction of the mechanical allodynia that lasted 
for at least 120 min. The decrease of mechanical allodynia started 20 min after CBD (10 and 40 
nmol/0.25 μL) but was maximal at 90 min after the highest dose, which elicited a significant 
increase in the force required for paw withdrawal. The differences were statistically significant in 
terms of time [F(7.476) = 133.4; p < 0.01], treatment [F(5,68) = 134.1; p < 0.01] and interaction time 
× treatment [F(35,476) = 17.2; p < 0.01]. The threshold of the non-incised hind paw did not change 
throughout the period of observation (Figure Figure5B5B). Figure Figure5C5C illustrates the 
microinjection sites in the rACC on diagrams of cross-sections from the atlas of Paxinos and 
Watson (2006). 
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FIGURE 4 

Cresyl violet-stained tissue showing the location of the cannula tip in the rostral anterior cingulate cortex. 
Scale bar = 1 mm. 
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Open in a separate window 
FIGURE 5 

Reduction of tactile hypersensitivity by CBD. (A) Timeline of the protocol for the experiments; (B) The 
time-course of changes in the WT measured in the operated and contralateral hind paws of the rats. 
Baseline (BL) was measured preoperatively (BL1) and 24 h postoperatively (BL2). Subsequently, vehicle 
(VEH; n = 6) or CBD (5 to 40 nmol/0.25 μL; n = 7–11) was administered into the rostral anterior 
cingulate cortex (rACC), and WT was measured up to 120 min after injection. Arrows 1 and 2 indicate 
the times of surgery and injections into the rACC, respectively. Two-way ANOVA with Dunnett’s test: ∗p 
< 0.05 compared with vehicle. Data are means ± SEMs. Coronal sections taken from the atlas of Paxinos 
and Watson (2006) showing the locations of the injections of CBD in the rACC are shown in (C) using 
symbols as in the graph. 

Changes Induced by CBD Injections into the rACC in the CPP Produced by 
Peripheral Nerve Block 

A timeline of the protocol for the experiments is shown in Figure Figure6A6A. Intra-rACC 
injection of CBD (5 nmol/0.25 μL) reduced, and CBD (40 nmol/0.25 μL) inverted, CPP by 
peripheral nerve block (Figure Figure6B6B). The differences were statistically significant in 
terms of treatment [F(2,36) = 8.2; p < 0.01], Dunnett’s test for CBD vs vehicle in incised rats. The 
effects of CBD (5 and 40 nmol/0.25 μL) injected into the rACC on mechanical threshold were 
also evaluated. Incision pain-produced mechanical allodynia was reduced only by administration 
of CBD at 40 nmol/0.25 μL (insert in Figure Figure6B6B). The differences were statistically 
significant in terms of time [F(3,108) = 421.3; p < 0.01], treatment [F(2,36) = 10.7; p < 0.01] and 
interaction time × treatment [F(6,108) = 14.4; p < 0.01]. Figure Figure6C6C illustrates the 
microinjection sites in rACC on diagrams of cross-sections from the atlas of Paxinos and Watson 
(2006). 
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FIGURE 6 

Cannabidiol into the rACC reduces (low doses) or inverts (higher doses) the CPP induced by peripheral 
nerve block. (A) Timeline of the protocol for the experiments; (B) Peripheral nerve block produced 
significant preference in incised rats pretreated intra-rACC with vehicle (VEH; n = 13). CBD (5 
nmol/0.25 μL; n = 14) reduced, and CBD (40 nmol/0.25 μL; n = 12) inverted completely, the CPP by 
peripheral nerve block produced by injection of lidocaine (LID) into the popliteal fossa (p.f.). SAL, 
saline. One-way ANOVA with Dunnett’s test. The insert shows the time-course of changes in the WT 
measured in the operated hind paw of the rats. In rats with incisions, administration of vehicle and low 
doses of CBD had no effects on mechanical allodynia. CBD (40 nmol/0.25 μL) reduced mechanical 
allodynia. Arrows 1 and 2 indicate the times of surgery and injection, respectively. Two-way ANOVA 
with Dunnett’s comparison: ∗p < 0.05 compared with vehicle. Data are means ± SEM. Coronal sections 
taken from the atlas of Paxinos and Watson (2006) showing the location of the injections of CBD in the 
rACC are shown in (C) using symbols as in the insert. 
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CBD Injections into the rACC Induce CPP 

A timeline of the protocol for the experiments is shown in Figure Figure7A7A. CBD (5 
nmol/0.25 μL), induced significant CPP in injured rats [t(20) = 2.1; p < 0.05] (Figure 
Figure7B7B). The insert shows that CBD (5 nmol/0.25 μL) injected into the rACC had no effect 
on WTs 1 h after injections. There was a significant effect of time [F(2,40) = 57.1; p < 0.01], 
treatment [F(1,20) = 293.6; p < 0.01] and interaction time × treatment [F(2,40) = 86.5 p < 0.01]. 
Figure Figure7C7C illustrates the microinjection sites in the rACC on diagrams of cross-
sections from the atlas of Paxinos and Watson (2006). 

 

 
Open in a separate window 
FIGURE 7 

Cannabidiol injection into the rACC induced significant CPP in incised rats. (A) Timeline of the protocol 
for the experiments; (B) CBD at 5 nmol/0.25 μL produced significant CPP in incised rats (n = 12) but not 
in sham-incised rats (n = 10). One-way ANOVA with Dunnett’s comparison: ∗p < 0.05 compared with 
sham. Data are means ± SEM. The insert shows that CBD injected into the rACC in incised rats produced 
no significant effect on paw WTs. Arrows 1 and 2 indicate the times of surgery and injection, 
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respectively. Coronal sections taken from the atlas of Paxinos and Watson (2006) showing the location of 
the injections of CBD in the rACC are shown in (C) using symbols as in the insert. 

Go to: 

Discussion 
The mechanical threshold of the incised paw was significantly decreased 24 h after a surgical 
incision but was not significantly changed in the contralateral side, as reported elsewhere 
(Brennan et al., 1996). The allodynic state was significantly less intense after an intraperitoneal 
injection of CBD (3 mg/kg), with the effect lasting for at least 150 min, while CBD (10 mg/kg) 
produced a significant anti-allodynic effect only 60 min after the injection. In contrast, CBD (0.3, 
1, and 30 mg/kg) produced nonsignificant effect. Such bell-shaped dose-response curve have 
already been reported in the literature, as a characterizing the anxiolytic effect of systemic 
(Guimarães et al., 1990) and intracerebral (Campos and Guimarães, 2008) injection of CBD or 
systemic injection of other cannabinoids (Moreira et al., 2006). 

The analgesic property of CBD is still controversial. Oral administration of CDB at doses of 200 
mg/kg (Sanders et al., 1979) or 20 to 320 mg/kg (Sofia et al., 1975) is not active in mouse acetic 
acid-induced writhing test but oral CBD (0.1 mg/kg) is analgesic in mouse phenyl-p-
benzoquinone-induced writhing test (Formukong et al., 1988; Evans, 1991). A single 
intraperitoneal injection of CBD (5 mg/kg) also did not change the nociceptive behavour of rats 
in the formalin test (Finn et al., 2004). The daily oral administration of CBD (2.5 to 20 mg/kg) 
from day 7 to 14 after the chronic constriction injury of the sciatic nerve, but not an acute oral 
dose of CBD (20 mg/kg), reduced the neuropathic pain of rats in a time- and dose-dependent 
manner (Costa et al., 2007). Systemic (10 to 50 mg/kg) or intrathecal (3 to 50 μg) administration 
of CBD suppresses chronic inflammatory and neuropathic pain in rodents (Xiong et al., 2012). 

Hind paw incision in rats reduces the threshold of A∂- and C-fibers (Hamalainen et al., 2002), 
activates dorsal horn cells and induces central sensitization (Vandermeulen and Brennan, 2000). 
Moreover, postsurgical pain induces anxiety-like behavior that persists longer than 
hypersensitivity to mechanical stimulation (Li et al., 2010). The second experiment explored the 
CBD effects on pain relief, which is fundamentally rewarding and it is achieved by termination 
of an aversive event. Our data also confirmed that a hind paw incision provokes an aversive 
stimulus that persist for at least 2 days post-injury (Dai et al., 2011). This can provide a 
discriminative learning and fit easily within a reinforcement learning framework by aversive 
stimulus (King et al., 2009). 

The presence of ongoing pain in our experimental conditions was confirmed by the 
demonstration of CPP following reward produced by peripheral nerve block, as proposed 
elsewhere (Navratilova et al., 2012). Intraperitoneal CBD (1 and 2 mg/kg) did not change, and 
CBD (3 mg/kg) significantly reduced the pain evoked by mechanical stimuli. However, CBD (1 
to 3 mg/kg) inverted the CPP produced by peripheral nerve block. In contrast, intraperitoneal 
CBD at doses noneffective against incision allodynia (0.3 and 0.5 mg/kg) non-significantly 
reduced the CPP produced by peripheral nerve block. Therefore, the negative reinforcement 
produced by relief of ongoing pain with the peripheral nerve block is prevented in rats treated 
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systemically with CBD even at doses that do not change the pain evoked by mechanical stimuli. 
It is worth further note that the local anesthetic may act as a negative reinforcement, however, 
the leg paralysis elicited by lidocaine may also act as a positive punishment. It supports the 
excitatory-inhibitory opponent relationship between rewards and punishments. In this case, 
beyond CBD does not promote motor paralysis it can acting to reduce the aversive state 
generated by the incision pain. 

The absorption and distribution to brain of CBD after systemic administration in rats is relatively 
rapid but its apparent elimination half-life is 4 to 24 h (Deiana et al., 2012). The possibility 
remains that CBD may reduce spontaneous pain by itself once this drug was administered 5 h 
before the peripheral nerve block. The third experiment demonstrated for the first time that 
intraperitoneal CBD at doses that did not alleviate mechanical allodynia (0.5 and 1 mg/kg) 
elicited CPP in incised rats. In contrast, CBD (1 mg/kg) did not evoke CPP in sham-incised rats, 
thus agreeing with former reports that CBD (5 mg/kg) (Parker et al., 2004) and (10 mg/kg) 
(Vann et al., 2008) did not produce CPP in non-injured rodents. These results suggest that a dose 
of CBD that is not rewarding in sham-operated rats becomes rewarding in injured rats, 
presumably because of pain relief or reduction of pain aversiveness. 

Although several brain structures contribute to pain and emotion processing, the circuits that 
engage the cingulate cortex are consistently activated in acute (Apkarian et al., 2005) and 
neuropathic (Hsieh et al., 1995) pain studies, and is involved in the affective dimension of pain 
(Rainville et al., 1997). The rACC have long been considered an important limbic component for 
encoding the emotional and motivational aspects of pain. In fact, chemical ablation of the rACC 
reduces pain affect in a rat formalin-induced CPP paradigm (Devinsky et al., 1995; Johansen et 
al., 2001; Johansen and Fields, 2004). Lesions of the ACC reduce pain unpleasantness in chronic 
pain patients (Foltz and White, 1962; Hurt and Ballantine, 1974). In agreement with an 
antihyperalgesic role for ACC ablation, electrical stimulation at most sites within the rat rACC 
facilitates the tail-flick reflex (Calejesan et al., 2000). 

Considering the effects of systemic administration of CBD, we have also provided evidence that 
injection of CBD (40 nmol/0.25 μL) into the rACC produced a long-lasting (at least 120 min) 
reduction of mechanical allodynia in incised rats, whereas CBD (5 and 20 nmol/0.25 μL) were 
non-effectives. In addition, the smaller dose of CBD reduced and the higher dose inverted the 
CPP induced by peripheral nerve block. Therefore, negative reinforcement produced by relief of 
ongoing pain occurs in rats treated with CBD in the rACC even at a dose that does not prevent 
the mechanical allodynic state. 

It should be noted that given its rich functional connectivity, the ACC is likely to be an important 
node in a complex network of brain structures that regulate this generalized enhancement in pain 
aversion (Porreca and Navratilova, 2017; Zhang et al., 2017). Nevertheless, ACC neurons project 
to or receive inputs from several regions important for pain processing, such as amygdala and 
nucleus accumbens (for review see Neugebauer, 2015). The central and basolateral nuclei of the 
amygdala, also participate in both pain- and fear-related negative emotion (for review see Gao et 
al., 2004), and contribute to the antinociceptive effect of systemically administered morphine 
(Manning, 1998). Additionally, CB1-immunoreactive cell bodies and fibers were demonstrated 
in cortical areas, amygdala and nucleus accumbens (Tsou et al., 1998; Moldrich and Wenger, 
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2000). Therefore, further studies are needed to investigate the effects of CBD on other brain 
structures involved in the aversiveness of spontaneous post-surgical pain. 

The presented results have also shown for the first time that injection of CBD (5 nmol/0.25 μL) 
into the rACC, i.e., a dose that did not alleviate mechanical allodynia, elicited CPP in incised rats 
but not in sham-incised rats. Therefore, CBD injection into the rACC is itself able to relieve the 
aversiveness of ongoing incision pain. 

ACC neurons responding to noxious stimulation were demonstrated in several animal species, 
including man, and they encode and transmit information related to the aversiveness of noxious 
stimuli (Sikes and Vogt, 1992; Yamamura et al., 1996; Koyama et al., 1998; Hutchison et al., 
1999). Lesions of the rACC prevent avoidance learning elicited by tonic noxious stimuli 
(Johansen et al., 2001) and eliminate the aversiveness of spontaneous neuropathic pain (Qu et al., 
2011). Neuroimaging studies have found evidence for both an anxiolytic effect of CBD and a 
critical modulatory role of the ACC in the effects of CBD (Fusar-Poli et al., 2009, 2010). The 
idea that emerged from our results is that CBD could decrease the activity of rACC, which 
would be in line with the anxiolytic effect of CBD in humans that is correlated with decreased 
activation in the ACC (Fusar-Poli et al., 2009). In addition, neurons and fibers with CB1-like 
immunoreactivity have already been identified in the cingulate cortex (Tsou et al., 1998; 
Moldrich and Wenger, 2000). CBD does not have significant intrinsic activity on CB1/CB2 
receptors (Howlett et al., 2002) but displays a partial antagonistic effect at these receptors 
(Thomas et al., 2007; Pertwee, 2008) and acts as agonist at the 5-HT1A subtype of serotonin 
receptor (Campos and Guimarães, 2008; Gomes et al., 2011; Rock et al., 2012) and the TRPV1 
subtype of transient receptor potential vanilloid 1 (Bisogno et al., 2001), and it also interferes 
with adenosine uptake (Carrier et al., 2006) and nuclear receptors of the PPAR family 
(O’Sullivan and Kendall, 2010; Esposito et al., 2011). Whatever the mechanism involved, these 
data lead us to suggest that CBD acts to reduce the pronociceptive role of rACC, thus reducing 
aversion to ongoing pain (low doses of CBD) and mechanical allodynia of the incised hind paw 
(high doses of CBD). 

The presented results resemble those reported by Navratilova et al. (2015) showing that systemic 
administration of morphine at a dose that did not reverse tactile allodynia induced CPP in spinal 
nerve-ligated but not sham rats, while a higher dose that produced a full reversal of tactile 
allodynia elicited CPP in both sham and spinal nerve-ligated rats. The injection of morphine into 
the rACC also produced CPP but did not influence evoked mechanical allodynia in incised rats 
(Navratilova et al., 2015). The non-steroidal anti-inflammatory drugs ketorolac and naproxen, 
commonly used for treatment of post-surgical pain, increase the release of dopamine from the 
nucleus accumbens (Xie et al., 2014), a finding consistent with CPP (Navratilova et al., 2012). 
The doses used, however, also reduced the post-incision allodynia evoked by tactile stimuli and, 
therefore, it is not clear yet if those drugs are effective to reduce spontaneous post-surgical pain. 

Our findings may not be enough to indicate CBD for the management of ongoing postoperative 
pain. However, the similarity of the effects of low doses of CBD and morphine may somewhat 
strengthen the case for a combination of these drugs as an alternative for the management of 
postoperative pain. In addition, the action of CBD involves brain substrates that contribute to 
pain suppression, presumably by reducing the distress that accompanies pain, a phenomenon 
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referred to as “affective analgesia” (Franklin, 1998). Because emotions are involved in the 
conceptualization, assessment, and treatment of persistent pain, this study opens the possibility 
that CBD may have translational value to human pain conditions where affective dimensions 
appear to be most relevant (Price, 2000) and may be considered as a clinical alternative to 
eliminate or attenuate negative emotions that accompany persistent pain. 

Go to: 

Conclusion 
The present study has shown for the first time that CBD injected either systemically or into the 
rACC induces a long-lasting anti-allodynic effect with a bell-shaped dose-response curve in a rat 
model of incision pain. CBD injected systemically or into the rACC at doses that did not change 
the incision pain evoked by mechanical stimulation significantly reduced peripheral nerve block-
induced CPP and produced CPP by itself. The study provides evidence that CBD influences 
different dimensions of the response of rats to surgical incision pain. The results establish the 
rACC as a brain area from which CBD evokes antinociceptive effects in a manner similar to the 
systemic administration of CBD. The study gives further support to the notion that the sensorial 
and affective dimensions of pain may be differentially modulated by CBD. 
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The non-psychoactive cannabis constituent cannabidiol is an orally 
effective therapeutic agent in rat chronic inflammatory and 
neuropathic pain. 
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Abstract 

Cannabidiol, the major psycho-inactive component of cannabis, has substantial anti-inflammatory and 
immunomodulatory effects. This study investigated its therapeutic potential on neuropathic (sciatic 
nerve chronic constriction) and inflammatory pain (complete Freund's adjuvant intraplantar injection) in 
rats. In both models, daily oral treatment with cannabidiol (2.5-20 mg/kg to neuropathic and 20 mg/kg 
to adjuvant-injected rats) from day 7 to day 14 after the injury, or intraplantar injection, reduced 
hyperalgesia to thermal and mechanical stimuli. In the neuropathic animals, the anti-hyperalgesic effect 
of cannabidiol (20 mg/kg) was prevented by the vanilloid antagonist capsazepine (10 mg/kg, i.p.), but 
not by cannabinoid receptor antagonists. Cannabidiol's activity was associated with a reduction in the 
content of several mediators, such as prostaglandin E(2) (PGE(2)), lipid peroxide and nitric oxide (NO), 
and in the over-activity of glutathione-related enzymes. Cannabidiol only reduced the over-expression 
of constitutive endothelial NO synthase (NOS), without significantly affecting the inducible form (iNOS) 
in inflamed paw tissues. Cannabidiol had no effect on neuronal and iNOS isoforms in injured sciatic 
nerve. The compound's efficacy on neuropathic pain was not accompanied by any reduction in nuclear 
factor-kappaB (NF-kappaB) activation and tumor necrosis factor alpha (TNFalpha) content. The results 
indicate a potential for therapeutic use of cannabidiol in chronic painful states. 
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Introduction 

Extracts of the Cannabis sativa plant elicit in humans a complex subjective experience that 
includes euphoria, heightened sensitivity to external stimuli and relaxation (Johns, 2001). This 
plant contains more than 400 different compounds, of which 66 are termed cannabinoids. Δ9-
tetrahydrocannabinol (Δ9-THC), one of the major constituents of C. sativa extracts (Mechoulam, 
1970), is thought to account for most of the effects of cannabis through the activation of 
cannabinoid CB1 receptors in the brain (Huestis et al., 2001; nomenclature follows Alexander et 
al., 2008). The major endogenous agonists of the CB1 receptor are anandamide and 2-
arachidonoyl glycerol, referred to as endocannabinoids (Piomelli, 2003). Anandamide is 
removed from the synaptic space by a putative neuronal uptake mechanism (Alger, 2004) and is 
inactivated intracellularly by the enzyme fatty acid amide hydrolase (Di Marzo et al., 1999). 

It has recently been suggested that the endocannabinoid system may be involved in the 
pathophysiology of depression (Hill and Gorzalka, 2005). This is supported by several pieces of 
evidence showing that endocannabinoids and CB1 receptors are widely distributed in brain areas 
that are often related to affective disorders (Devane, 1988) and that their expression is regulated 
by antidepressant drugs (Hill et al., 2008). Moreover, administration of inhibitors of anandamide 
uptake or metabolism, as well as CB1 receptor agonists induces antidepressant-like effects in 
different animal models (Hill and Gorzalka, 2005; Adamczyk et al., 2008). In accordance with 
these preclinical results, many patients report benefits from cannabis use in depressive 
syndromes (Gruber et al., 1996; Ware et al., 2005), although clinical trials of its use in affective 
disorders have yielded mixed results (Robson, 2001; Degenhardt et al., 2003). 

Cannabidiol (CBD) is another major component of C. sativa that exhibits a somewhat different 
pharmacology compared with that of Δ9-THC (Mechoulam et al., 2007). CBD is usually 
described as a non-psychoactive compound that inhibits some behavioural effects of Δ9-THC, 
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such as catalepsy in rats (Formukong et al., 1988) and psychotomimetic and anxiogenic effects 
in humans (Zuardi et al., 1982). CBD, however, has been shown to induce antipsychotic- and 
anxiolytic-like activity in preclinical and clinical studies (Zuardi et al., 1982; 2006; Guimarães et 
al., 1990; Resstel et al., 2006). More recently, our group showed that systemic administration of 
CBD was able to attenuate the development of stress-induced behavioural consequences 
(Resstel et al., 2009), raising the possibility that CBD could also be useful for treating 
psychiatric disorders thought to involve impairment of stress-coping mechanisms, such as 
depression. 

The mechanism of action of CBD is not fully understood. This compound has a low affinity for 
CB receptors (Petitet et al., 1998; Thomas et al., 1998), although it may block the reuptake of 
anandamide (Bisogno et al., 2001) and inhibit fatty acid amide hydrolase (Watanabe et al., 
1998). Moreover, Russo and colleagues (2005) reported that CBD may exhibit agonist properties 
at 5-HT1A receptors. In fact, recent work has shown that several CBD effects can be blocked by 
pretreatment with 5-HT1A receptor antagonists (Hayakawa et al., 2007; Campos and Guimarães, 
2008; Resstel et al., 2009). 

Although activation of 5-HT1A receptors has been consistently related to the therapeutic effect of 
antidepressant drugs (Savitz et al., 2009), a link between these receptors and antidepressant-like 
effect of CBD has not yet been investigated. Therefore, the aim of this work was to test the 
hypothesis that CBD would induce antidepressant-like effects in mice submitted to the forced 
swimming test and that this effect would involve the activation of 5-HT1A receptors. In addition, 
considering the recent pieces of evidence relating the effects of antidepressant drugs with 
increased hippocampal expression of brain derived neurotrophic factor (BDNF) 
(see Saaralainen et al., 2003; Duman and Monteggia, 2006) and that activation of 5-
HT1A receptors regulates antidepressant-induced hippocampal BDNF expression (Ivy et al., 
2003), we also investigated if CBD-induced behavioural effects in the forced swimming test 
would be associated with changes in BDNF expression in the hippocampus. 

Go to: 

Methods 

Animals 

All animal care was in conformity with the Brazilian Society of Neuroscience and Behavior 
guidelines for the care and use of laboratory animals, which are in compliance with international 
laws. The experimental protocols were approved by the local Ethical Committee of the School of 
Medicine of Ribeirão Preto, University of Sao Paulo. Male Swiss mice (20–25 g) were provided 
by our local animal farm facility. After arriving at the Animal Care Unit of the Department of 
Pharmacology, School of Medicine of Ribeirão Preto, University of Sao Paulo, the animals were 
housed in groups of 6–10 animals per cage (570 cm2), in a temperature-controlled room (24 ± 
1°C) under standard laboratory conditions with free access to food and water and a 12 h light/12 
h dark cycle (lights on at 06:30h). 

Forced swimming test 
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The forced swimming test was performed as described by Porsolt et al. (1977) with minor 
modifications. Mice were placed individually into glass cylinders (height 25 cm, diameter 17 
cm) containing 10 cm of water maintained at 23–25°C. The animals were left in the cylinder for 
6 min and the total duration of immobility was measured during the last 4 min period. Mice were 
considered to be immobile when they remained floating passively, performing only slow 
movements to keep their head above the water. The water was changed after each trial to avoid 
the influence of alarm substances (Abel and Bilitzke 1990). All experiments were videotaped and 
the immobility time was subsequently scored by an observer unaware of the treatments. 

Exploratory activity 

The test was performed according to Moreira and Guimarães (2005). Briefly, the animals were 
placed in a circular open field arena (40 cm in diameter with a 50 cm high Plexiglas wall) where 
the exploratory activity was videotaped during 6 min. The behaviour was analysed with the help 
of the Ethovision software (version 1.9; Noldus, the Netherlands). This software detects the 
position of the animal in the open field arena and calculates the distance moved. 

Protein extraction and BDNF measurements 

Immediately after the forced swimming test, mice were deeply anaesthetized (urethane 25%, 5 
mL·kg−1), killed by decapitation and their hippocampi removed. The left and right hippocampus 
were homogenized in lysis buffer (NaCl 137 mM; Tris-HCl 20 mM pH 7.6; glycerol 10%) 
containing protease inhibitor cocktail (Sigma, St. Louis, MO, USA) and, after centrifugation 
(5600×g, 15 min), the supernatant was stored at −80°C. Hippocampal BDNF was measured by 
ELISA (BDNF Emax® ImmunoAssay System kit, Promega, Madison, WI, USA) according to 
the manufacture's instructions. Total proteins levels were measured by the Bradford method 
(Bradford 1976; Sapan et al. 1999) and used to normalize the samples. 

Experimental design 

Experiment 1 

Mice received i.p. injections of CBD (3, 10, 30, 100 mg·kg−1), imipramine or vehicles and were 
submitted to the forced swimming test. Independent groups of mice received CBD at the same 
doses or its vehicle and were submitted to the open field arena. 

Experiment 2 

Mice received i.p. injections of WAY100635 or saline followed, 30 min later, by a second 
injection of CBD (30 mg·kg−1) or vehicle and they were exposed to the forced swimming test, 30 
min later. 

Experiment 3 

Independent groups of mice received i.p. injections of CBD (30 mg·kg−1), imipramine (30 
mg·kg−1) or vehicle and were submitted to the forced swimming test as described above. 
Immediately afterwards, the animals were anaesthetized and killed. Their hippocampi were 
removed and processed for ELISA measurements of BDNF content. This time point was chosen 
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for BDNF measurements as an attempt to correlate BDNF levels at the moment of the test with 
the behavioural effects induced by the drug treatments (Takeda et al., 2006; Rantamäki et al., 
2007; Shieh et al., 2008). 

In all experiments the animals were submitted to the behavioural test 30 min after the last drug 
injection. 

Data analysis 

The Kolmogorov-Smirnov and Levene tests were initially employed to ensure that the data 
satisfied the criteria for carrying out ANOVA. The behavioural data were expressed as means ± 
SEM. The immobility time in the first and third experiments was analysed using one-
way ANOVA followed by Duncan's post hoctest. The distance moved in the open field arena was 
analysed by repeated measure analysis of variance with time (1–6 min) as the within-subjects 
factor and drug as the between-subjects factor. Box's epsilon function was employed to correct 
the degree of freedom of the repeated factors. Experiment two was analysed by two-
way ANOVA using the first (WAY100635 or saline) and the second (CBD or vehicle) injections 
as main factors. In case of significant interaction between factors the treatment groups were 
compared using a one-way ANOVA followed by Duncan's post hoc test. For experiment three, 
BDNF levels were normalized to the total protein content and expressed as mean ± SEM. The 
results were compared using one-way ANOVA. The significance level was set at P < 0.05. 

Materials 

CBD (kindly supplied by THC-Pharma, Frankfurt, Germany): 3, 10, 30, 100 mg·kg−1; 
imipramine hydrochloride (Sigma, St. Louis, MO, USA): 30 mg·kg−1 (dose based on Poleszak et 
al., 2005); WAY100635 (WAY, Sigma, St. Louis, MO, USA): 0.1 mg·kg−1 (dose based 
on Kaster et al., 2005). Imipramine and WAY100635 were dissolved in sterile isotonic saline 
solution and CBD was suspended in polyoxyethylenesorbitan monooleate (Tween 80) 2%-saline. 
The solutions were prepared immediately before use and injected i.p. in a volume of 10 mL·kg−1. 

Go to: 

Results 

Effects of CBD or imipramine treatment in the forced swimming test and in the open 
field arena 

There was a significant treatment effect in the forced swimming test (F6,59= 3.89, P < 0.01), with 
imipramine and CBD (30 mg·kg−1) significantly reducing the immobility time compared with the 
vehicle group (n= 8–12, Duncan P < 0.05; Figure 1). 
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Figure 1 

Cannabidiol (CBD, 30 mg·kg−1) and imipramine (IMP, 15 mg·kg−1) reduced immobility time in the forced 
swimming test. Mice (8–12/group) received i.p. injections of CBD (3–100 mg·kg−1) or imipramine (IMP) 
and 30 min later were submitted to the forced swim. Data represent the mean ± SEM. * indicates P < 0.05 
compared with vehicle group (ANOVA followed by Duncan). 

In the open field arena the distance travelled decreased over time (F1,42= 49.12, P < 0.005), but 
there was no difference between drug treatment and vehicle at any dose tested (n= 8 per 
group; F5,42= 0.59, P > 0.05). Also, no interaction was observed between time and treatment 
effects (F5,42= 0.54, P > 0.05; Figure 2). 
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Figure 2 

Cannabidiol (CBD, 3–100 mg·kg−1) did not induce any significant change in the exploratory activity. 
Mice (8 per group) received i.p. injections of CBD and 30 min later the distance moved in an open arena 
was analysed over 6 min. Data represent the mean ± SEM. 

Effects of CBD (30 mg·kg−1), alone or in combination with WAY100635, in the forced 
swimming test 

There was a significant interaction between the first and second injections (F1,48= 5.67, P= 0.02). 
Confirming results from the first experiment, saline + CBD (30 mg·kg−1, n= 11) treatment 
reduced immobility time in the forced swimming test when compared with the saline + vehicle 
group (n= 16; Duncan P < 0.05). Effects of CBD were prevented by pre-treatment with 
WAY100635 (n= 8, WAY100635 + CBD vs. saline + CBD: Duncan P < 0.05). WAY100635 + 
vehicle (n= 17) treatment did not induce significant changes in immobility time when compared 
with saline + vehicle group (Duncan, P > 0.05). See Figure 3. 
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Figure 3 

Pretreatment with WAY100635 (Way, 0.1 mg·kg−1) prevented cannabidiol (CBD, 30 mg·kg−1) effects in 
the forced swimming test. Mice (8–17 per group) received a first i.p. injection of WAY100635 or saline 
followed, 30 min later, by a second injection of CBD or vehicle (Vehic). The animals were submitted to 
the forced swim 30 min after the second injection. Data represents mean ± SEM. * indicates P < 0.05 
compared with saline + vehicle group (ANOVA followed by Duncan). 

Effects of CBD (30 mg·kg−1) or imipramine on hippocampal BDNF levels 

As observed in the previous experiments, CBD (30 mg·kg−1) and imipramine reduced the 
immobility time in the forced swimming test (F2,19= 5.91, P < 0.05; Figure 4A). However, these 
treatments failed to change hippocampal BDNF levels (F2,19= 0.013, P > 0.05; Figure 4B). 
Moreover, there was no correlation between immobility time and hippocampal BDNF levels 
(Pearson correlation, r= 0.33, n= 22, P > 0.05, data not shown). 
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Figure 4 

Cannabidiol-induced antidepressant-like effects were not associated with alterations in hippocampal 
BDNF levels. Mice (7–8 per group) received i.p. injection of cannabidiol (CBD, 30 mg·kg−1) or 
imipramine (IMP, 30 mg·kg−1) and 30 min later were submitted to the forced swim test (left graph). 
Immediately after, the animals were killed, their hippocampi removed and processed for BDNF 
measurements (right graph). Data represent the mean ± SEM. * indicates P < 0.05 compared with vehicle 
group (ANOVA followed by Duncan). 
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Discussion 

The present results show that CBD reduces immobility time in the forced swimming test to a 
similar extent as a prototype antidepressant, imipramine. Thus, this work is the first to suggest 
that CBD has a favourable profile in a model predictive of antidepressant-like activity (Porsolt et 
al., 1977). CBD, however, was effective only at the 30 mg·kg−1 dose, with smaller or higher 
doses producing no effect. 

Considering that the forced swimming test is a paradigm based on evaluation of motor activity, 
drugs that induce changes in this parameter could confound data interpretation. In the present 
study, none of the CBD doses tested modified the distance moved in the open field arena. This 
datum is in agreement with previous reports showing that, at the doses tested, CBD does not 
induce significant motor changes (Guimarães et al., 1990; Moreira and Guimarães, 2005). This 
indicates that the antidepressant-like effect of CBD is not secondary to changes in motor 
behaviour. The present results, therefore, suggest that, in addition to anxiolytic, hypnotic and 
antipsychotic effects (Zuardi et al., 1982; Guimarães et al., 1990; Resstel et al., 2006), CBD 
could also have antidepressant properties. 
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The precise mechanisms underlying the effects of CBD are not well understood. CBD has a low 
affinity for cannabinoid CB1 receptors (Petitet et al., 1998; Thomas et al., 1998), but may 
indirectly affect the endocannabinoid system by blocking anandamide reuptake (Bisogno et al., 
2001) and inhibiting its enzymatic hydrolysis (Watanabe et al., 1998). It has recently been 
proposed, in addition, that CBD could act as an agonist at 5-HT1A receptors (Russo et al., 2005). 
These receptors have been consistently related to the neurobiology of depression and to the 
mechanism of action of antidepressant drugs (Graeff et al., 1996; Joca et al., 2003; Savitz et al., 
2009). 

In accordance with the proposed activity of CBD on 5-HT1A receptors, the present study showed 
that the antidepressant-like effect of CBD is inhibited by pre-treatment with WAY100635, a 
selective 5-HT1Areceptor antagonist (Kaster et al., 2005), at a dose that did not produce any effect 
by itself. This suggests that CBD effects in the forced swimming test depend on activation of 5-
HT1A receptors. This is consistent with previous observation that neuroprotective (Hayakawa et 
al., 2007) and anxiolytic (Campos and Guimarães, 2008; Resstel et al., 2009) effects induced by 
CBD are sensitive to 5-HT1A receptor antagonists. 

The mechanisms by which 5-HT1A receptors mediate adaptation to stress and induce 
antidepressant-like effects are not completely understood. 5-HT1A receptors are located 
presynaptically (somatodendritic autoreceptors) in 5-hydroxytryptaminergic cell bodies in the 
raphe nuclei of the brain stem and post-synaptically, predominantly in limbic structures such as 
the hippocampus, hypothalamus, prefrontal cortex and amygdala (Chalmers and Watson, 1991). 
It has been suggested that stress and/or genetic factors might impair post-synaptic 5-HT1A-
mediated effects in limbic regions, such as the hippocampus, and predispose individuals to 
stress-induced behavioural consequences (Graeff et al., 1996). In fact, several studies have found 
reduced number and/or affinity of post-synaptic 5-HT1A receptors in the brains of depressed 
individuals (Sargent et al., 2000; Szewczyk et al., 2009) and of animals submitted to stress 
(Flugge, 1995; van Riedel et al., 2003). On the other hand, the number of 5-HT inhibitory 
autoreceptors is increased (Stockmeier et al., 1998). In agreement with the proposed hypothesis, 
chronic antidepressant treatment is shown to facilitate post-synaptic 5-HT1A receptor-mediated 
function (Haddjeri et al., 1998) and administration of 5-HT1A receptor agonists into the 
hippocampus induces antidepressant-like effects in animal models, most likely by attenuating the 
emotional impact of aversive stimuli (Graeff et al., 1996; Joca et al., 2003; 2007;). However, the 
mechanisms involved in 5-HT1A receptor-mediated antidepressant effect are still a matter of 
debate. One possibility is that activation of 5-HT1A receptors attenuates limbic hyperactivity, an 
effect that can be observed in stressed rats (Shumake et al., 2002) and depressed humans 
(Mayberg et al., 2000; Goldapple et al., 2004). This effect could involve attenuation of local 
glutamate release (Strosznajder et al., 1996). 

In addition, antidepressant treatment may increase hippocampal neurogenesis and BDNF 
expression (see Duman and Monteggia, 2006), effects that are necessary for some of their 
behavioural effects (Santarelli et al., 2003; Saaralainen et al., 2003). However, it remains 
controversial whether their effects on stress-coping in the forced swimming test occur in parallel 
with increased BDNF expression. 5-HT1A receptors are thought to mediate some of the trophic 
actions attributed to 5-HT, such as increased neurogenesis (Brezun and Daszuta, 1999; Radley 
and Jacobs, 2002) and BDNF release (Ivy et al., 2003). Thus, we tested whether imipramine and 
CBD would increase hippocampal BDNF. However, the present study failed to detect any effect 
of CBD or imipramine on this variable. Despite these results, BDNF involvement in imipramine- 
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and CBD-induced effects may not be ruled out as, even if acute effects of antidepressants on 
BDNF-mediated transmission have already been described (Saaralainen et al., 
2003; Rantamäki et al., 2007; Dzitoyeva et al., 2008; Shieh et al., 2008), several studies have 
shown increased hippocampal BDNF expression only after subchronic or chronic antidepressant 
treatments (Castrén et al., 2007). Experimental differences between studies, other than the 
treatment duration, might also have contributed to the observed results. For example, the use of 
extracts of the whole hippocampus could have masked treatment effects on BDNF levels, as 
molecular and functional differences among hippocampal subregions have been described 
(Bannerman et al., 2004; Datson et al., 2009). Moreover, the use of tissue homogenates impairs 
the distinction between intracellular and released BDNF pools and it is possible that only a small 
and local release of BDNF is required to cause behavioural effects (Saaralainen et al., 2003). 

The antidepressant-like effects of CBD were only evident at the dose of 30 mg·kg−1, with smaller 
or higher doses producing no effect. This inverted U-shape profile has been observed in several 
previous studies with CBD (Guimarães et al., 1990; Moreira et al., 2006) and is often observed 
with drugs that modulate the endocannabinoid system (Viveros et al., 2005). The mechanisms 
for this effect are not yet understood, but probably reflect the complex pharmacology of this 
compound. Among the possible mechanisms there is an interaction with TRPV1 vanilloid 
receptors. CBD can activate these receptors in µM concentrations (Bisogno et al., 2001) and they 
are expressed in several brain areas related to emotional responses such as the amygdala, 
hippocampus, prefrontal cortex and periaqueductal gray (Cristino et al., 2006). TRPV1 receptors 
can facilitate glutamate release (Palazzo et al. 2002) and glutamate receptor antagonists have 
been shown to induce antidepressant-like effects (Joca et al., 2007). Corroborating this 
possibility, activation of TRPV1 receptors has recently been implicated in the bell-shaped dose–
response curve observed with the endocannabinoid anandamide, microinjected into the prefrontal 
cortex (Rubino et al., 2008). 

In conclusion, the results of the present study showed that CBD induces antidepressant-like 
effects in the forced swimming test, suggesting for the first time that this compound may possess 
antidepressant properties. Moreover, this work also suggests that CBD-induced effects are 
probably mediated by facilitation of 5-HT1A receptor-mediated neurotransmission. 
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Abstract 
Go to: 

INTRODUCTION 

Generalized Social Anxiety Disorder (SAD) is one of the most common anxiety conditions and 
is associated with impairment in social adjustment to the usual aspects of daily life, increased 
disability, dysfunction, and a loss of productivity (Kessler, 2007; Filho et al, 2010). SAD tends 
to follow a long-term and unremitting course and is rarely resolved without treatment (Crippa et 
al, 2007; Chagas et al, 2010). 

The pharmacological management of SAD remains problematic, despite several guidelines or 
consensus statements issued over the past few years (Canadian Psychiatric Association, 
2006; Montgomery et al, 2004). As this anxiety disorder is often poorly controlled by the 
currently available drugs (only about 30% of the subjects achieve true recovery or remission 
without residual symptomatology (Blanco et al, 2002)), there is a clear need to search for novel 
therapeutic agents. 

Subjects with SAD seem to be more likely to use cannabis sativa (cannabis) than those without 
other anxiety disorders to ‘self-medicate' anxiety reactions (Buckner et al, 2008). However, the 
relationship of cannabis with anxiety is paradoxical. Cannabis users reported the reduction of 
anxiety as one of the motivations for its use; on the other hand, episodes of intense anxiety or 
panic are among the most common undesirable effects of the drug (Crippa et al, 2009). These 
apparently conflicting statements may partly reflect the fact that low doses of the best-known 
constituent of the plant, Δ9-tetrahydrocannabinol (Δ9-THC), engender anxiolytic-like effects, 
whereas higher doses produce anxiogenic reactions (Crippa et al, 2009). 

Moreover, other components of the plant can influence its pharmacological activity; in particular, 
cannabidiol (CBD), one major non-psychotomimetic compound of the plant, has psychological 
effects substantially different from those of 9-THC (Zuardi, 2008). Oral administration of CBD 
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to healthy volunteers has been shown to attenuate the anxiogenic effect of Δ9-THC and does not 
seem to involve any pharmacokinetic interactions (Zuardi et al, 1982). In animal studies, CBD 
has similar effects to anxiolytic drugs in different paradigms including conditioned emotional 
response, the Vogel conflict test, and the elevated plus-maze test (Zuardi, 2008). In human 
studies, the anxiolytic effects of CBD have been elicited in subjects submitted to the Simulation 
Public Speaking Test (SPST) (Zuardi et al, 1993). Using functional neuroimaging in healthy 
volunteers, we have observed that CBD has anxiolytic properties and that these effects are 
associated with an action on the limbic and paralimbic brain areas (Fusar-Poli et al, 
2009a; Crippa et al, 2004). 

Recently, we investigated the central effects of CBD on regional cerebral blood flow (rCBF), 
using single photon emission computed tomography (SPECT) in patients with SAD. Relative to 
placebo, CBD was associated with significant decreases in subjective anxiety induced by the 
SPECT procedure and modulated the same brain areas as the healthy volunteers (Crippa et al, 
2010, 2011). 

The data reviewed above led to the hypothesis that CBD may be an effective compound in the 
treatment of SAD symptoms. As a first step to investigate this hypothesis, we used the SPST, an 
experimental model for the induction of anxiety. SPST has apparent and predictive validity for 
SAD because the fear of speaking in public is a cardinal manifestation of SAD, and there is 
pharmacological evidence that the response pattern to some substances in the SPST is similar to 
the clinical response presented by patients with SAD (Graeff et al, 2003; Brunello et al, 2000). 
In this preliminary study, we aimed to measure the subjective and physiological effects of SPST 
on healthy control (HC) and on treatment-naïve SAD patients, who received a single dose of 
CBD or placebo, in a double-blind design. We have decided to use a single dose of CBD because 
of ethical and economical constraints, as a first step in the investigation of a possible anxiolytic 
action of this cannabinoid in patients with pathological anxiety. For instance, it is important to 
confirm whether CBD has the advantage of a rapid onset of action, making it particularly 
suitable for individuals who have episodic performance-related social phobia and who are able to 
predict the need for treatment well in advance. Considering previous results from a single dose of 
CBD, it is expected that this cannabinoid will reduce the level of fear provoked by the SPST. 

Go to: 

METHODS 

Subjects 

A total of 24 subjects with generalized SAD and 12 HC subjects were selected by the screening 
procedure described below (see section). The SAD patients were randomly assigned to the two 
groups with 12 subjects each to receive CBD (600 mg—SAD-CBD) or placebo (SAD-PLAC), in 
a double-blind study design. To ensure the adequacy of the matching procedure, the first 
participant had his treatment blindly chosen between the two treatment options available; the 
next participant (whose characteristics were matched to the first one's) had his treatment drawn 
from the remaining option. An equal number of healthy controls (n=12) performed the test 
without receiving any medication (HC). The groups were matched according to gender, age, 
years of education, and socioeconomic status. Moreover, the two SAD groups were balanced 
according to the Social Phobia Inventory (SPIN (Connor et al, 2000)). All participants were 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib45
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib42
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib43
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/#bib10


 

treatment-naïve (either with pharmacotherapy or psychotherapy) and did not present any other 
concomitant psychiatric disorder. No subject had a history of head trauma, neurological illness, 
ECT, substance abuse, or major medical illnesses, based on a semi-standardized medical 
questionnaire and physical examination. They were all non-smokers (of tobacco) and had not 
taken any medications for at least 3 months before the study. None of the subject had used 
marijuana more than five times in their lives (no use in the last year) and none had ever used any 
other illegal drug. All subjects gave written informed consent after being fully informed about 
the research procedure, following approval by the local ethical committee (HCRP No. 
12407/2009). 

Screening Procedure and Clinical Assessment 

As an initial step, 2319 undergraduate students were screened by a self-assessment diagnostic 
instrument, the short version of the Social Phobia Inventory named MINI-SPIN (Osório Fde et 
al, 2010; Connor et al, 2001). This led to the identification of subjects with probable SAD, who 
scored a minimum of six points in the three items that compose the MINI-SPIN. Using this cut-
off score, the MINI-SPIN has been previously shown to provide high sensitivity and specificity 
for the detection of SAD (de Lima Osório et al, 2007; Connor et al, 2001). A total of 237 
subjects with a positive MINI-SPIN and an equal number of subjects with zero points in the three 
items that compose this instrument were contacted by telephone in order to respond to the 
general revision and the social anxiety module of the Structured Clinical Interview for the DSM-
IV, clinical version (SCID-CV (First et al, 1997), translated into Portuguese (Del-Ben et al, 
2001)). The volunteers who fulfilled SAD criteria and scored ‘very much' or ‘extremely' in the 
11th item of SPIN (avoids speeches) and those who fulfilled the HC criteria were randomly 
invited to attend an interview for diagnosis confirmation through the full SCID-CV, applied by 
two examiners familiar with the instrument (the Kappa coefficient between the two interviewers 
was 0.84 (Crippa et al, 2008a)). 

CBD Preparation 

CBD (600 mg) in powder, ∼99.9% pure (kindly supplied by STI-Pharm, Brentwood, UK and 
THC-Pharm, Frankfurt, Germany), was dissolved in corn oil (Crippa et al, 2004; Zuardi et al, 
1993). The same amount of corn oil was used as placebo. The drug and placebo were packed 
inside identical gelatin capsules. We have chosen the dose of 600 mg based on the fact that acute 
anxiolytic effects of CBD have been observed in healthy controls with doses ranging from 300 
(Zuardi et al, 1993) to 600 mg (Fusar-Poli et al, 2009a, 2009b). Although we have recently 
observed that 400 mg of CBD significantly decreased subjective anxiety induced by the SPECT 
procedure in SAD patients, the SPST has face validity for SAD and the fear of speaking in public 
is considered to be the most stressful situation in this condition, in contrast with the 
neuroimaging procedure. Therefore, we have decided to use the highest dose of CBD previously 
found to have anxiolytic effects. The time of assessment after the procedure was chosen based on 
previous studies that showed that the plasma peak of an oral dose of CBD usually occurs 1–2 h 
after ingestion (Agurell et al, 1981; Crippa et al, 2004, 2010, 2011; Borgwardt et al, 
2008; Fusar-Poli et al, 2009a, 2009b) 

Psychological Measurements 
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The state-anxiety level and other subjective states were evaluated during the test through the 
Visual Analogue Mood Scale—VAMS (Norris, 1971), translated into Portuguese (Zuardi and 
Karniol, 1981). In this scale, the subject is told to mark a point that identifies his/her present 
subjective state on a 100-mm straight line placed between two words that describe opposite 
mood states. VAMS contains 16 items that Norris grouped into four factors. A factorial analysis 
performed with the Portuguese version of the VAMS also yielded four factors with similar item 
composition (Zuardi et al, 1993). The original name of the anxiety factor was preserved, but the 
names of the remaining factors have been changed to fit the meaning of the items with the 
highest loads in that particular factor. Thus, the present factors are: (1) anxiety, comprising the 
items calm–excited, relaxed–tense, and tranquil–troubled; (2) sedation (former mental sedation), 
including the items alert–drowsy, and attentive–dreamy; (3) cognitive impairment (former 
physical sedation), including quick-witted–mentally slow, proficient–incompetent, energetic–
lethargic, clear-headed–muzzy, gregarious–withdrawn, well-coordinated–clumsy, and strong–
feeble; and (4) discomfort (former other feelings and attitudes), made of the items interested–
bored, happy–sad, contented–discontented, and amicable–antagonistic (Parente et al, 2005). 

The Self-Statements during Public Speaking Scale (Hoffmann and Di Bartolo, 2000) (SSPS), 
translated into Portuguese (de Lima Osório et al, 2008) is a self-report instrument that aims to 
measure the self-perception of performance in the specific situation of public speaking. It is 
based upon cognitive theories that propose that social anxiety is the result of a negative 
perception of oneself and of others towards oneself. The scale is comprised of 10 items, rated on 
a likert scale from 0 (strongly disagree) to 5 (strongly agree), which are organized into two 
subscales of five items each, for positive or negative self-evaluation. In this study, we applied the 
negative self-evaluation subscale (SSPS-N). 

The Bodily Symptoms Scale (BSS) was designed to detect physical symptoms that can, 
indirectly, influence anxiety measures (Zuardi et al, 1993). It is organized into 21 items, and the 
intensity of each symptom is rated from 0 (no symptom) to 5 (highest). 

Physiological Measurements 

Skin conductance 

A computer-controlled, voltage-constant (0.6 V) module with automatic back off (Contact 
Precision Instruments, UK) measured skin conductance. Two electrodes (Beckman, UK) were 
fixed with adhesive tape. Contact with the skin was made through high conductance gel (KY gel, 
Johnson and Johnson, Brazil). The skin conductance level (SCL) and the number of spontaneous 
fluctuations (SF) of the skin conductance were recorded. 

Arterial blood pressure 

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured by a mercury 
sphygmomanometer (Becton Dickinson, Brazil). 

Heart rate 

Heart rate (HR) was estimated by manually counting the pulse rate. 
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Procedure 

The SPST was the same as used by McNair et al (1982) with some modifications (Hallak et al, 
2010). 

The procedure is summarized in Table 1. After a 15-min adaptation period, baseline 
measurements (B) were taken and followed by a single dose of oral CBD or placebo in a double-
blind procedure. Pretest measurements (P) were made 80 min after the drug ingestion. 
Immediately thereafter, the subject received the instructions and had 2 min to prepare a 4-min 
speech about ‘the public transportation system of your city'. He/she was also told that the speech 
would be recorded on videotape and later analyzed by a psychologist. Anticipatory speech 
measurements (A) were taken before the subject started speaking. Thus, the subject started 
speaking in front of the camera while viewing his/her own image on the TV screen. The speech 
was interrupted in the middle and speech performance measurements (S) were taken. The speech 
was recorded for a further 2 min. Post-test measurements (F1 and F2) were made 15 and 35 min 
after the end of the speech, respectively. 

Table 1 

Timetable of the Experimental Session 

Session 

(min) 

Phase Procedure 

−0:30   Adaptation to the laboratory; instructions about the interview and 

measurements 

−0:15 Baseline (B) SCL, SF, HR, AP, VAMS, SSPS and BSS 

0   Drug intake: CBD or placebo capsules 

+1:20 Pre-stress (P) SCL, SF, HR, AP, VAMS, SSPS and BSS 
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Session 

(min) 

Phase Procedure 

+1:30   Instructions about the SPST 

+1:32   Speech preparation 

+1:34 Anticipatory speech 

(A) 

SCL, SF, HR, AP, VAMS, SSPS and BSS 

+1:45   Start of speech 

+1:47 Speech performance 

(S) 

SCL, SF, HR, AP, VAMS, SSPS and BSS 

+1:53   Continuation of speech 

+1:55   End of speech 

+2:10 Post-stress 1 (F1) SCL, SF, HR, AP, VAMS, SSPS and BSS 

+2:30 Post-stress 2 (F2) SCL, SF, HR, AP, VAMS, SSPS and BSS 



 

Statistical Analysis 

Clinical and demographical characteristics were analyzed with the non-parametric tests (gender 
and socioeconomic level) and by the analysis of variance for one factor (ANOVA), followed by 
post-hoc Bonferroni's test for multiple comparisons (age, age of SAD onset and SPIN). 

Scores of VAMS's factors, SSPS-N, BSS, arterial diastolic and systolic pressure, heart rate, as 
well as the SCL and the total number of SF, were transformed by calculating the difference 
between the score in each phase and the pretest score in the same volunteer. For the analysis, 
SCL values were converted into natural logarithms (logn). These delta scores were submitted to 
a repeated-measures analysis of variance (repeated-measures ANOVA), analyzing the factors of 
phases, groups, and phases by groups' interaction. In the case where sphericity conditions were 
not reached, the degrees of freedom of the repeated factor were corrected with the Huynh–Feldt 
epsilon. Whenever a significant phase by group interaction occurred, comparisons among the 
groups were made at each phase using a one-factor ANOVA followed by multiple comparisons 
with the Bonferroni's test. 

Data analysis was performed using the SPSS-17 program, and the significance level adopted 
was p<0.05. 

Go to: 

RESULTS 

Subjects 

The clinical and demographical characteristics of the subjects are shown in Table 2. The only 
significant differences among the groups were found in the mean scores of SPIN (F2, 

35=34.3; p<0.001). The SPIN scores were significantly lower in healthy volunteers than in 
subjects with SAD who received CBD or placebo. No significant difference was observed 
between the two groups with SAD. 

Table 2 

Clinical and Demographical Characteristics of the Groups 

  Sad-placebo Sad-cbd Healthy p 

Male/female 6/6 6/6 6/6 1.0 

Age (mean (SD)) 22.9 (2.4) 24.6 (3.6) 23.3 (1.7) 0.36 
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  Sad-placebo Sad-cbd Healthy p 

Socioeconomic levelsa (Median) 2 2.5 2 0.66 

Age of SAD onset (mean (SD)) 12.2 (5.8) 9.6 (6.9) — 0.36 

SPIN (mean (SD)) 36.3 (11.2) 30.9 (12.0) 5.75 (3.3) <0.001 

Abbreviations: SAD, social anxiety disorder; SPIN, Social Phobia Inventory. 

aSocioeconomic levels were assessed by the Brazil Socioeconomic Classification Criteria. 

Psychological Measures 

No differences were observed among the initial measures of the three groups on anxiety 
(F2,35=1.4; p=0.27), sedation (F2,35=0.4; p=0.70), cognitive impairment (F2,35=1.9; p=0.16), and 
discomfort (F2,35=0.6; p=0.55) VAMS factors. Changes in relation to the pretest phase of VAMS 
factors in the three groups are shown in Figure 1. 

 

 
Figure 1 
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Changes in Visual Analogue Mood Scale (VAMS) factors induced by simulated public speaking test 
(SPST), measured in 12 social anxiety patients who received cannabidiol ( ), 12 social anxiety patients 
who received placebo ( ) and 12 healthy controls ( ). The phases of the experimental session are: b, 
basal; P, pretest; a, anticipation; S, speech performance; F1, post-speech measures 1; F2, post-speech 
measures 2. Points in the curves indicate mean and vertical bars SEM. *Indicates significant differences 
from healthy control and + from social anxiety patients who received cannabidiol. 

Regarding the VAMS anxiety factor, the repeated-measures ANOVA showed a significant effect 
of phases (F3.6,118.5=32.7; p<0.001), group (F2,33=13.5; p<0.001) and phases by group interaction 
(F7.2,118.5=6.4; p<0.001). Comparisons among the groups evidenced significant differences 
between SAD-PLAC and HC at the initial (p=0.018), anticipatory (p<0.001), speech (p<0.001) 
and post-speech (0.018) phases. The SAD-CBD differs from the SAD-PLAC (p=0.012) and HC 
(p=0.007) during the speech phase. Regarding cognitive impairment, repeated-measures 
ANOVA showed a significant effect of phases (F3.2,105.8=5.6; p=0.001) and phases by group 
interaction (F6.4,105.8=5.1; p<0.001). Comparisons among the groups evidenced that SAD-PLAC 
differed significantly from SAD-CBD (p=0.009) and HC (p=0.001) at the speech phase. 
Regarding discomfort, there are significant effects of phases (F4,132=7.1; p<0.001), group 
(F2,33=4.7; p=0.016) and phases by group interaction (F4,132=2.2; p=0.036). Comparisons among 
the groups evidenced that SAD-PLAC differed significantly from HC at the anticipatory phase 
(p=0.047) and from SAD-CBD (p=0.029) and HC (p=0.001) at speech phases. On the sedation 
factor, there are significant effects of phases (F3.1,102.1=27.1; p<0.001), group (F2,33=5.3; p=0.010) 
and phases by group interaction (F6.2,102.1=2.4; p=0.032). Comparisons among the groups 
evidenced that SAD-PLAC differed significantly from SAD-CBD (p=0.016) and HC (p=0.001) 
at the anticipatory phase and from HC at speech phases (p=0.005). 

The scores of the SSPS-N at the initial phase differ significantly among the groups 
(F2,35=14.8; p<0.001), with the SAS-PLAC and SAD-CBD higher than HC (p<0.001). Changes in 
relation to the pretest phase of SSPS-N in the three groups are shown in Figure 2. The repeated-
measures ANOVA showed a significant effect of phases (F3.1,101.6=9.7; p<0.001), group 
(F2,33=6.6; p=0.004) and phases by group interaction (F6.2,101.6=3.2; p=0.006). Comparisons among 
the groups evidenced significant differences between SAD-PLAC and SAD-CBD at the 
anticipatory (p=0.043) and speech (p=0.001) phases and between SAD-PLAC and HC at the 
speech (p<0.001) phases. No significant differences were observed between SAD-CBD and HC. 
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Figure 2 

Changes in SSPS-N scores induced by simulated public speaking test (SPST). Other specifications are in 
the legend of Figure 1. *Indicates significant differences from healthy control and + from social anxiety 
patients who received cannabidiol. 

No differences were observed among the initial measures of the three groups on BSS 
(F2,35=1.4; p=0.25). Changes in relation to the pretest phase of BSS in the three groups showed a 
significant effect of phases (F3.3,110.2=8.1; p<0.001) and phases by group interaction 
(F6.7,110.2=2.3; p=0.035). Comparisons among the groups evidenced significant differences 
between SAD-PLAC and HC at the speech phase (p=0.05). In this phase the changes in relation 
to the pretest phase were 8.2 for SAD-PLAC and 0.3 for HC. SAD-CBD group had an 
intermediate score, which did not differ from SAD-PLAC or HC. 

The observed powers for the tests used in the statistical analysis of the anxiety VAMS factor and 
in the negative SSPS, were 0.996 and 0.881, respectively. 

Physiological Measures 

Systolic pressure (F2,35=1.159; p=0.33), diastolic pressure (F2,35=1.7; p=0.20), heart rate 
(F2,35=0.4; p=0.67), SCL (F2,5=1.6; p=0.22), and SF (F2,35=0.1; p=0.90) did not show significant 
differences among the three groups in the initial measures. Changes in relation to the pretest 
showed significant repeated-measures ANOVA effect only in phases for the following 
physiological measures: systolic pressure (F3.7,122.5=5.9; p<0.001), diastolic pressure 
(F4,132=5.1; p<0.001), SCL (F3.2,84.9=2.8; p=0.045), and SF (F3.6,92.4=3.8; p=0.009). In these 
measures, the values were significantly elevated during SPS without differences among the 
groups. For the heart rates, the repeated-measures ANOVA showed a significant effect of phases 
(F3.9,127.1=6.9; p<0.001) and phases by group interaction (F7.7,127.1=4.6; p<0.001). Comparisons 
among the groups showed a reduction in heart rates from the initial to the pretest measures 
significantly greater (p<0.001) for the SAD-PLAC (delta mean=9.17; SE=1.77) than for HD 
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(delta mean=0.5; SE=0.56) group. The SAD-CBD group (delta mean=4.3; SE=1.56) did not 
differ significantly from the other two groups. 

Go to: 

DISCUSSION 

As observed in another study of SAD patients' performance on SPST (Crippa et al, 2008b), the 
present results of the VAMS scale showed that the SAD-PLAC group presented a significantly 
higher anxiety level and greater cognitive impairment, discomfort, and alert compared with the 
control group during the test. This was expected as the fear of speaking in public is a cardinal 
manifestation of SAD (Brunello et al, 2000). 

Pretreatment of SAD patients with CBD significantly reduced anxiety, cognitive impairment, 
and discomfort in their speech performance (S) and significantly decreased alert in their 
anticipatory speech (A). The cognitive impairment, discomfort, and alert of SAD patients that 
received CBD had similar results to the HC during the SPST. These preliminary results indicate 
that a single dose of CBD can reduce the anxiety-enhancing effect provoked by SPST in SAD 
patients, indicating that this cannabinoid inhibits the fear of speaking in public, one of the main 
symptoms of the disorder. 

The anxiolytic effects of CBD had been extensively demonstrated in animal studies and in 
healthy volunteers submitted to anxiety induced by several procedures, including the simulation 
of public speaking (Crippa et al, 2010, 2011). However, there is only one published report of the 
anxiolytic effect of CBD in an anxiety disorder (Crippa et al, 2010, 2011). This study was 
performed with SAD patients and the anxiolyic effects of CBD were detected before provoking 
anxiety by the tracer injection and scanning procedure of SPECT, suggesting that CBD facilitates 
habituation of anticipatory anxiety. The SPECT analysis of this study and of a previous one with 
healthy volunteers (Crippa et al, 2004) showed that the CBD effects were associated with the 
activity of the parahippocampal gyrus and hippocampus. Functional magnetic resonance imaging 
(fMRI) detected attenuated responses in the amygdala and in the cingulated cortex induced by 
CBD (600 mg) during the viewing of fearful facial stimuli (Fusar-Poli et al, 2009a). Moreover, 
CBD has shown to disrupt forward intrinsic connectivity between the amygdala and the anterior 
cingulate during the neural response to fearful faces (Fusar-Poli et al, 2009b). Taken together, 
these studies demonstrate the action of CBD in limbic and paralimbic brain areas, which are 
known to be associated with anxiety. 

The anxiolytic action of CBD may be mediated by 5-HT1A receptors, as it displaces the agonist 
[3H]8-OHDPAT from the cloned human 5-HT1A receptor in a concentration-dependent manner 
and exerts an effect as an agonist at the human 5-HT1A receptor in signal-transduction studies 
(Russo et al, 2005). Additionally, CBD injected into the dorsolateral periaqueductal gray of rats 
produced anxiolytic-like effects in the elevated plus-maze and elevated T-maze, and these effects 
were prevented by a 5HT1A receptor antagonist (Soares et al, 2010; Campos and Guimaraes, 
2008). 

Another important observation of this study was that the increase of negative self-evaluation 
during public speaking was almost abolished by CBD. In a previous study, we suggested that the 
negative self-evaluation during the phobic situation of public speaking would be important for 
the avoidance and impairment in social functioning that support the diagnosis of SAD (Freitas-
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Ferrari et al, submitted). In that way, the observed effect of CBD for improving the self-
evaluation during public speaking, which is one of the pivotal aspects of SAD, will influence the 
therapy of SAD patients. 

Although physiological measures have not shown significant differences among the groups, the 
self-report of somatic symptoms (BSS) increased significantly only for the SAD patients who 
received placebo during the test. Following the same rationale as above, it is well-known that 
more pronounced bodily symptoms may contribute to the clinical diagnosis of SAD, and this 
result suggests that CBD also protects the patients from their subjective physiological 
abnormalities induced by the SPST. 

The findings reported herein need to be interpreted with caution, given the limitations of the 
study. First, it would have been desirable to measure plasma levels of CBD and to relate such 
measurements to changes in the VAMS scores; however, it should be pointed out that previous 
investigations have not been able to confirm whether there is a direct relationship between 
plasma levels of cannabinoids, in particular CBD, and their clinical effects (Agurell et al, 1986). 
Another limitation refers to the size of the sample included; however, the statistical power of the 
data from the VAMS and SSPS was shown to be relatively robust even with small subject 
numbers. 

An extensive list of medications for the pharmacological treatment of SAD was made available 
in recent years, including selective serotonin reuptake inhibitors (SSRIs), selective serotonin and 
norepinephrine reuptake inhibitor (SSNRI), antidepressants and benzodiazepines (Schneier, 
2001). However, both SSRIs and SSNRIs have an initial activation and a long latency period of 
response, and benzodiazepines are limited by their potential to produce motor impairment, 
sedation, and to induce dependence and withdrawal symptoms following discontinuation 
(Blanco et al, 2002). Conversely, CBD has important advantages in comparison with the 
currently available pharmacological agents for the treatment of SAD, such as an early onset of 
action and lack of important side effects both with acute and chronic administration to healthy 
subjects (Crippa et al, 2010, 2011). Moreover, it was shown that repeated treatment with CBD 
(but not 9-THC) does not develop tolerance or dependence (Hayakawa et al, 2007) and possibly 
reduces drug-seeking behaviors (Parker et al, 2004; Ren et al, 2009; Morgan et al, 2010). Thus, 
because of the absence of psychoactive or cognitive effects, to its safety and tolerability profiles, 
and to its broad pharmacological spectrum, CBD is possibly the cannabinoid that is most likely 
to have initial findings in anxiety translated into clinical practice. 

Therefore, the effects of a single dose of CBD, observed in this study in the face of one of the 
main SAD's phobic stimuli, is a promising indication of a rapid onset of therapeutic effect in 
patients with SAD. However, randomized, double-blind, placebo-controlled, clinical trials with 
larger samples and chronic use are still needed to confirm these statements. Likewise, because 
CBD effects are biphasic, the determination of adequate treatment ranges for each disorder 
remains a challenge. Further research to determine the precise mechanisms of action of CBD in 
the different anxiety disorders is desirable and opportune. 
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INTRODUCTION 

Cannabidiol (CBD) oil is a naturally occurring constituent of industrial hemp and marijuana, 
which are collectively called cannabis. CBD oil is 1 of at least 85 cannabinoid compounds found 
in cannabis and is popular for its medicinal benefits. After tetrahydrocannabinol (THC), CBD oil 
is the second-most-abundant component of cannabis. Other names for CBD oil include CBD-rich 
hemp oil, hemp-derived CBD oil, or CBD-rich cannabis oil. Considered to be generally safe, 
CBD has been used medicinally for decades. However, CBD is not medical marijuana and 
should be distinguished from high-CBD strains of medical marijuana, which do contain THC, 
such as “Charlotte’s Web.” 

The most abundant compound in cannabis, THC is also a cannabinoid. The THC component 
induces the psychoactive effect, “high.” A cannabis plant has different amounts of CBD and 
THC depending on the strain and thus provides different recreational or medicinal effects. The 
cannabinoid profile of industrial hemp or medical marijuana is ideal for people looking for the 
medical benefits of CBD without the “high” of the THC. 

The mechanism of action of CBD is multifold.1–3 Two cannabinoid receptors are known to exist 
in the human body: CB1 and CB2 receptors. The CB1 receptors are located mainly in the brain 
and modulate neurotransmitter release in a manner that prevents excessive neuronal activity (thus 
calming and decreasing anxiety), as well as reduces pain, reduces inflammation, regulates 
movement and posture control, and regulates sensory perception, memory, and cognitive 
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function.a2 An endogenous ligand, anandamide, which occurs naturally in our bodies, binds to 
the CB1 receptors through the G-protein coupling system. CBD has an indirect effect on the CB1 
receptors by stopping the enzymatic breakdown of anandamide, allowing it to stay in the system 
longer and provide medical benefits.4 CBD has a mild effect on the CB2 receptors, which are 
located in the periphery in lymphoid tissue. CBD helps to mediate the release of cytokines from 
the immune cells in a manner that helps to reduce inflammation and pain.2 

Other mechanisms of action of CBD include stimulation of vanilloid pain receptors (TRPV-1 
receptor), which are known to mediate pain perception, inflammation, and body temperature.5 In 
addition, CBD may exert its anti-anxiety effect by activating adenosine receptors which play a 
significant role in cardiovascular function and cause a broad anti-inflammatory effect throughout 
the body.5 At high concentrations, CBD directly activates the 5-HT1A serotonin receptor, 
thereby conferring an antidepressant effect.6 Cannabidiol has been found to be an antagonist at 
the potentially new third cannabinoid receptor, GPR55, in the caudate nucleus and putamen, 
which if stimulated may contribute to osteoporosis.7 

Since the 1940s, a considerable number of published articles have dealt with the chemistry, 
biochemistry, pharmacology, and clinical effects of CBD.8 The last decade has shown a notable 
increase in the scientific literature on CBD, owing to its identification for reducing nausea and 
vomiting, combating psychotic disorders, reducing inflammation, decreasing anxiety and 
depression, improving sleep, and increasing a sense of well-being.9–12 Findings presented at the 
2015 International Cannabinoid Research Society at its 25th Annual Symposium reported the use 
of CBD as beneficial for kidney fibrosis and inflammation, metabolic syndrome, overweight and 
obesity, anorexia-cachexia syndrome, and modification of osteoarthritic and other 
musculoskeletal conditions.13–16 

Although studies have demonstrated the calming, anti-inflammatory, and relaxing effects of 
CBD, clinical data from actual cases is minimal. This case study offers evidence that CBD is 
effective as a safe alternative treatment to traditional psychiatric medications for reducing 
anxiety and insomnia.17 
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CASE PRESENTATION 

A ten-year-old girl presented in January 2015 for a reevaluation of behaviors related to her 
diagnosis of posttraumatic stress disorder (PTSD) secondary to sexual abuse. Her chief issues 
included anxiety, insomnia, outbursts at school, suicidal ideation, and self-destructive behaviors. 
Her grandmother, who has permanent custody of the patient and her younger brother, 
accompanied her. 

Our patient had been seen for an initial evaluation in January 2012 and received a diagnosis of 
PTSD secondary to sexual abuse on the basis of her history, clinical observations, and behaviors 
(Table 1). Her father had died 6 months earlier in a motor vehicle accident, and our patient’s 
maternal grandparents became her permanent guardians. Before her father’s death, our patient 
had no supervision from her father and very little supervision from her mother. An 11-year-old 
boy had molested her when she was 3 years old. Her medical history included her mother having 
methadone addiction, alcoholism, bipolar disorder, and depression. Her mother used marijuana 
her entire pregnancy with the girl. The patient presented in January 2012 as displaying 
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aggressive, disobedient, impulsive, and sexually inappropriate behaviors. She also demonstrated 
low self-esteem and anxiety and had poor sleep (restless, interrupted, and unable to sleep alone). 

Table 1 

Timeline 

Date Presentation Medications Supplements Other 

January 

31, 2012 

New evaluation: 7.5-year-

old girl. History of sexual 

abuse and neglect. Issues: 

Insomnia, sexual behaviors. 

Diagnosis: PTSD secondary 

to sexual abuse. 

None Melatonin, 1 mg/night February 14, 2012, 

laboratory values: TSH, 

2.46 mIU/L (reference 

range, 0.47–4.68 

mIU/L); ferritin: 21 

ng/mL (reference range, 

10–150 ng/mL). 

February 16, 2012, 

laboratory values: 

Vitamin D3: 39 ng/mL 

(reference range, 20–50 

ng/mL) 

February 

20, 2012 

Sleeping 2–3 hours/night. 

Started counseling; 

Cooperative and good 

behavior at counseling 

session. Anxious, 

traumatized. 

Clonidine, 0.05 

mg (half tablet) 

at bedtime 

Inositol, 3 g 3 times/d; 

EPA fish oil, 500 mg/d 

Eye movement 

desensitization and 

reprocessing therapy 

recommended 

February 

22, 2012 

Did not do well with 

clonidine because of 

Started 

imipramine 

 

March 7, 2012: ECG was 

normal 



 

Date Presentation Medications Supplements Other 

hallucinations, so she 

discontinued that treatment. 

Behavior still very rough; 

sleep poor. 

therapy, 25 mg 

at bedtime 

August 8, 

2012a 

Good summer. In play 

therapy. Overall better sleep 

and energy with imipramine 

therapy. Patient’s 6-year-old 

brother also now in therapy. 

Imipramine, 25 

mg at bedtime 

  

January 

21, 2015 

Returned for evaluation and 

treatment after 3 years. 

Suicidal ideation; cut self on 

leg; defiant and stubborn. 

Had psychotherapy 3 years 

straight twice a month. 

Sleeps with brother; can’t 

sleep alone. 

Off all 

medications for 

past 18 months 

Melatonin, 5 mg; St 

John’s wort, 450 mg 

twice/d; magnesium, 

300 mg/d; 

diphenhydramine, 25 

mg/night 

 

February 

16, 2015 

Hard to manage. Has 

outbursts at school. 

 

Magnesium and St 

John’s wort: stopped 

treatment; EPA fish oil, 

750 mg/d; 

February 11, 2015: 

Normal cortisol and 

DHEA levels 



 

Date Presentation Medications Supplements Other 

diphenhydramine, 25 

mg/night 

March 

16, 2015 

Better overall. Started 

animal-assisted therapy. 

 

EPA fish oil, 750 mg/d; 

diphenhydramine, 25 

mg/night 

Started a regimen of 

CBD oil, 25 mg (1 

capsule)/d at 6 pm 

April 14, 

2015 

Sleeping better with CBD 

treatment. Getting 

biofeedback. Has 

stomachaches. Mood is 

more at ease. 

 

EPA fish oil, 750 mg/d; 

diphenhydramine, 25 

mg/night 

CBD oil, 25 mg (1 

capsule)/d at 6 pm 

May 26, 

2015 

“Ghosts” waking patient up 

at night. 

 

EPA fish oil, 750 mg/d CBD oil, 25 mg (1 

capsule)/d at 6 pm 

July 22, 

2015 

Sleeping better; able to sleep 

in own room 3–4 nights/wk. 

 

EPA fish oil, 750 mg/d CBD liquid, 12 mg (in 4 

sublingual sprays)/night; 

12 mg more (in 4 

sublingual sprays) during 

the day as needed for 

anxiety, typically 3 or 4 

times/wk 



 

Date Presentation Medications Supplements Other 

August 

24, 2015 

Sleeping well. Handling 

school well. 

 

EPA fish oil, 750 mg/d CBD oil, 25 mg (1 

capsule)/night; CBD 

liquid, 6–12 mg (in 2–4 

sublingual sprays) as 

needed for anxiety, 

typically 2 or 3 times/wk 

Open in a separate window 
aThere were additional visits in 2012 with no substantial changes. 

CBD = cannabidiol; DHEA = dehydroepiandrosterone; ECG = electrocardiogram; EPA = eicosapentaenoic acid; 
PTSD = posttraumatic stress disorder; TSH = thyroid stimulating hormone. 

Workup during 2012 included laboratory studies, which ruled out a thyroid dysfunction and an 
iron or vitamin D deficiency. The patient was started on a regimen of 1 mg/night of melatonin, 
which helped her sleep duration. Three grams of inositol 3 times a day and 500 mg/d of 
eicosapentaenoic fish oil were also helpful in reducing her anxiety. A trial of clonidine was 
implemented, which resulted in hallucinations and thus was discontinued. The patient was 
switched to a regimen of 25 mg of imipramine at bedtime to decrease her anxiety, which 
appeared to be helpful. Counseling sessions were started. The patient continued psychotherapy 
for 3 years, but she was not seen again in our clinic until the return visit in January 2015, when 
she was not receiving any of her medications and supplements. 

At the patient’s return in January 2015, she demonstrated the same prominent symptoms as at her 
initial presentation. At that time, the initial treatment included the following supplements and 
medications to assist with her sleep and anxiety: melatonin, 5 mg/night; magnesium, 300 mg/d; 
and diphenhydramine (Benadryl), 25 mg/night. Our patient demonstrated slight gains but was 
still having outbursts at school and was reportedly difficult to manage at home. In addition, her 
underlying anxiety continued. 

Cannabidiol oil was explored as a potential additional treatment to help her insomnia and 
anxiety, but we deferred for two months while we waited for a response from other interventions. 
The grandmother preferred reducing the pharmacologic load given her granddaughter’s failure to 
respond long term to psychiatric medications. 

In March 2015, CBD oil was recommended as a potential additional treatment to help her 
insomnia and anxiety, and her grandmother provided full informed consent. Our patient was 
administered the Sleep Disturbance Scale for Children18 and the Screen for Anxiety Related 
Disorders (SCARED)19 before taking the CBD oil and each month afterward for the next 5 
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months. Test scores on the Sleep Disturbance Scale for Children and Screen for Anxiety Related 
Disorders demonstrated an improvement (Table 2). 

Table 2 

Patient’s clinical progress in sleep and anxiety 

Date of visit Sleep scale scorea SCARED scoreb 

March 16, 2015 59 34 

May 25, 2015 42 24 

July 22, 2015 41 19 

August 24, 2015 37 16 

September 22, 2015 38 18 

aA score of more than 50 is considered indicative of a sleep disorder on the Sleep Disturbance Scale for Children. 
bA SCARED score over 25 indicates a high probability of a childhood anxiety disorder. 

SCARED = Screen for Anxiety Related Disorders. 

A trial of CBD supplements (25 mg) was then initiated at bedtime, and 6 mg to 12 mg of CBD 
sublingual spray was administered during the day as needed for anxiety. A gradual increase in 
sleep quality and quantity and a decrease in her anxiety were noted. After 5 months, the patient 
was sleeping in her own room most nights and handling the new school year with no difficulties. 
No side effects were observed from taking the CBD oil. 
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DISCUSSION 
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Studies repeatedly recognize the prevalence of an anxiety-provoked sleep disorder after a 
traumatic experience.20 Our patient was definitely experiencing this phenomenon, which was 
aggravated by daily stressful activities. 

The main finding from this case study is that CBD oil can be an effective compound to reduce 
anxiety and insomnia secondary to PTSD. A review of the literature suggests some benefits from 
the use of CBD because of its anxiolytic and sleep-inducing effects.9 Animal studies support use 
of this treatment and report that “CBD may block anxiety-induced [rapid eye movement] sleep 
alteration via its anxiolytic effect on the brain.”21 

The strength of this particular case is that our patient was receiving no pharmaceutical 
medications (other than nonprescription diphenhydramine) but only nutritional supplements and 
the CBD oil to control her symptoms. Her scores on the sleep scale and the anxiety scale 
consistently and steadily decreased during a period of 5 months (see Table 2). She was ultimately 
able to sleep through the night most nights in her own room, was less anxious at school and 
home, and displayed appropriate behaviors. The patient’s grandmother (her caregiver) reported: 
“My granddaughter’s behaviors are definitely better being on the CBD. Her anxiety is not gone, 
but it is not as intense and she is much easier to be around. She now sleeps in her own room most 
of the time, which has never happened before.” 

Further study will need to be conducted to determine the permanency of our patient’s positive 
behaviors and how long she will need to continue taking the CBD oil. We do not have a 
reasonable foundation to recommend dosing from the scientific literature. However, in our 
experience, this supplement given 12 mg to 25 mg once daily appears to provide relief of key 
symptoms with minimal side effects. Our patient did not voice any complaints or discomfort 
from the use of CBD. We routinely asked about headache, fatigue, and change in appetite or 
agitation in addition to conducting a routine psychiatric evaluation. Although CBD is considered 
generally safe,17 the long-term effects are yet to be studied. 

The ultimate goal is to gradually taper her off the use of CBD oil and transition our patient into 
lifelong coping strategies such as yoga, meditation, and various other therapeutic activities. 

Go to: 

Marijuana and Medicine 
Scientific data indicate the potential therapeutic value of cannabinoid drugs, primarily 
[tetrahydrocannabinol], for pain relief, control of nausea and vomiting, and appetite 
stimulation; smoked marijuana, however, is a crude [tetrahydrocannabinol] delivery system that 
also delivers harmful substances. 

— Joy JE, Watson SJ Jr, Benson JA Jr. Marijuana and medicine: Assessing the science base. 
Washington, DC: National Academies Press; 1999. 
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Abstract 

AIMS 

METHODS 

RESULTS 

CONCLUSION 
WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT 

• Orally administered synthetic cannabinoids (nabilone and dronabinol) have been shown 
to be superior to dopamine receptor antagonists in preventing chemotherapy-induced 
nausea and vomiting (CINV). 

• There is no information on the tolerability of an acute dose titration of a whole-plant 
cannabis-based medicine (CBM). 

• The efficacy of cannibidiol with tetrahydrocannabinol added to the current standard 
therapy in the control of CINV after moderately emetic cancer chemotherapy (MEC) 
administration has not been established. 

WHAT THIS STUDY ADDS 

• This is the first controlled study assessing the tolerability of an acute dose titration of a 
CBM. 

• The results suggest that rapid titration of a CBM appeared to be well tolerated by most 
patients and efficacious in reducing the incidence of delayed CINV. 

Go to: 

Introduction 

Chemotherapy-induced nausea and vomiting (CINV) remains a significant problem in cancer 
patients, with nausea being one of the most stressful reported events [1]. Although the use of 5-
hydroxytryptamine receptor (5-HT3R) antagonists and neurokinin-1 (NK1) inhibitors has reduced 
the rates of acute emesis, their effects on delayed nausea and vomiting, mainly in patients 
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receiving moderately emetogenic cancer chemotherapy (MEC), are not entirely satisfactory 
[2, 3]. In fact, an unknown proportion of this group of patients self-medicate with cannabis to 
treat CINV in our country [4]. 

In the past decade, cannabinoids (the active components of Cannabis sativa) and the 
endocannabinoid system have come under intense scrutiny following the discovery of CB1 and 
CB2 receptors and the development of specific cannabinoid receptor agonist and antagonist 
ligands [5]. It has been suggested that the endocannabinoid system inhibits emesis 
physiologically, by activating the CB1 and CB2 receptors localized in the dorsal vagal complex 
of the brainstem where emetic reflexes are integrated [6]. The same activation is produced by the 
administration of exogenous cannabinoids [7]. 

A systematic review of 30 clinical trials involving orally administered synthetic cannabinoids 
(nabilone and dronabinol) showed that they were superior to dopamine receptor antagonists in 
preventing CINV [8]. Both are approved by the US Food and Drug Administration for use in 
CINV refractory to conventional anti-emetic therapy, but some authors have questioned the 
appropriateness of orally administered cannabinoids due to the variability in their gastrointestinal 
absorption, low bioavailability, long half-lives and the difficulties for an adequate self titration of 
the dose [9]. 

Animal studies suggest that the combined administration of different cannabinoids may enhance 
some of the therapeutic effects of delta-9-tetrahydrocannabinol (THC) [10]. This might explain 
why some patients preferred marihuana to synthetic cannabinoids in clinical trials [9]. 

On the basis of these arguments, current clinical research has focused on cannabis extracts of 
known standardized active ingredients including both THC and cannibidiol (CBD) [11], and on 
new administration routes (sublingual, transdermal, inhaled, rectal) in order to improve the 
scarce bioavailability of the oral route [9]. 

The cannabis-based medicine (CBM) used in our study (Sativex®) contains a mixture of THC 
and CBD in a ratio of approximately 1:1, together with small amounts of other cannabinoid 
derivatives, delivered via an oromucosal spray. Following a single buccal administration, 
maximum plasma concentrations of both CBD and THC typically occur within 2 to 4 h. The 
resultant concentrations in the blood are lower than those obtained by inhaling the same dose 
because absorption is slower, redistribution into fatty tissues is rapid and additionally some of 
the THC undergoes hepatic first pass metabolism to 11-OH-THC. CBM have shown modest 
positive results in neuropathic pain associated with multiple sclerosis after a slow titration dose 
period of 10 to 15 days [12–14]. Information regarding a faster titration dose period to reach the 
maintenance dose within the first 48 h to treat acute symptoms of CINV is lacking. 

This pilot, exploratory randomized, double-blind, parallel and placebo-controlled phase II 
clinical trial was designed to evaluate the tolerability, preliminary efficacy, and 
pharmacokinetics of an acute dose titration of CBM added to standard therapy in the control of 
CINV after MEC administration. 
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Design 

This was a naturalistic i.e. aiming to simulate the real-world setting as much as possible, double-
blind, pilot, parallel, placebo-controlled phase II clinical trial. All patients gave their written 
informed consent to participate in the study in accordance with applicable ethical requirements, 
including approval by the Ethics Committees of the participating hospitals. The study was 
sponsored by the local Department of Health, and it was conducted at the Oncology Services of 
three University hospitals in Barcelona. 

Patients 

Patients older than 18 years and with a Karnofsky score ≥70 with CINV lasting more than 24 h 
according to the MANE questionnaire [15], despite prophylaxis with standard anti-emetic 
treatment after the administration of 1-day MEC [carboplatin, cisplatin (≤50 mg m−2), 
cyclophosphamide (≤1500 mg m−2), doxorubicin (≥60 mg m−2), idarubicin, ifosfamide, 
irinotecan, mitoxantrone (≤15 mg m−2) or epirubicin (≤90 mg m−2)] were enrolled during the 
following chemotherapy cycle. 

Standard anti-emetic treatment included corticosteroids as well as 5-HT3R antagonists or 
metoclopramide. The study drug was added to the standard treatment during the study cycle. All 
the patients had histologically confirmed solid tumours. The primary exclusion criteria included 
the following: current use of illicit drugs, THC or alcohol abuse confirmed by the Insta-Check 
rapid urine screen, abnormal laboratory values (including WBC <3000 mm3, platelet count <100 
000/mm3, AST >2.5 × upper limit of normal (ULN), ALT >2.5 × ULN or creatinine >1.5 mg 
dl−1), multiple-day chemotherapy in a single cycle, radiation therapy on the abdomen or pelvis 
within 1 week before or during the study, or cannabinoid (cannabis, Marinol® or Nabilone®) 
use within 30 days prior to enrolment. Patients were not eligible if they had a history of major 
psychiatric disorder, severe cardiovascular disease, seizures, were pregnant or lactating, or had 
suspected hypersensitivity to cannabinoids. Patients were advised not to drive during the study. 

Procedures 

Patients who met the inclusion criteria were randomly assigned to CBM or placebo. 
Randomization was stratified by sex and hospital. Treatment allocation was made using 
randomized permuted blocks of four (two active drug, two placebo), with treatments sequentially 
assigned to either a CBM containing THC and CBD, administered as an oromucosal spray, or 
placebo. Each spray push delivered 2.7 mg of THC and 2.5 mg of CBD or placebo. Placebo was 
designed to match the appearance, smell and taste of the active formulation, but contained no 
active components. 

On the first day of treatment at the hospital outpatient day clinic, up to three sprays were 
delivered in a 2 h period following the administration of the corresponding chemotherapy cycle 
(day 0). If no signs of intoxication were observed after the first dose (time 0), a second and a 
third spray were administered after 30 (time 1) and 120 min (time 2), respectively. If two 
consecutive doses were omitted because of adverse events (AEs), the patient was withdrawn 
from the study. No specific target dose was set and patients were advised to increase home-dose 
titration until day 4 inhaling up to ≤8 sprays within any 4 h period every 24 h. 
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Five blood samples were collected from each patient in heparinized tubes, centrifuged, and the 
plasma was stored at −20°C until analysis. Three samples were collected at time 0 (basal), 60 
and 240 min on day 0. On day 1, a nurse collected one pre-dose sample at 08.00 h (basal) and 
one sample after 60 min from the patients' home. Samples were obtained after verifying that 
patients were not consuming cannabis preparations (on day 0 at pre-dose) and for the 
pharmacokinetic analysis of CBM active principles. 

Assessments 

A patient diary was completed during the study to collect the number of vomits and the severity 
of nausea measured by VAS before the administration of each dose of the study drug during the 
120 h period (days 0 to 4) post chemotherapy. To check for compliance and safety, daily 
telephone interviews were also conducted. AEs were recorded through the patients' diary and 
daily telephone interviews, by means of a structured questionnaire. 

The MANE questionnaire was used to assess the frequency and duration of nausea and vomiting 
at basal and final visits. The Functional Living Index-Emesis (FLIE) [16] was used to assess 
quality of life at basal and final visit. Detailed information about chemotherapeutic agents and 
anti-emetics were collected from medical records at the basal and final visits. 

Analysis of cannabinoids 

Plasma concentrations of THC, CBD and the two metabolites of THC (11-OH-THC and THC-
COOH) were measured using a modified previously described method known as the 
trimethylsilyl derivatives by GC/MS [17]. The lower limit of sensitivity for all compounds was 
0.5 ng ml−1. 

End points 

Tolerability was measured as the number of patients who withdrew from the study during the 
titration period because of AEs. 

The end point for the preliminary efficacy analysis was the proportion of patients showing 
complete or partial response. Complete response was defined as no vomiting and a mean nausea 
VAS score of ≤10 mm and partial response was defined as vomiting on average one to four times 
daily and a mean nausea VAS score of ≤25 mm during the overall observation period (0–120 h 
post chemotherapy). Secondary end points included the absence of emesis, no significant nausea 
(VAS score <25 mm), the proportion of patients with reduced frequency, duration and severity of 
CINV, the impact of CINV on daily life and the percentage of patients and doctors satisfied with 
the treatment. The proportion of patients with any AEs was estimated. 

Statistical analysis and sample size calculation 

Analysis was based on the intention-to-treat (ITT) population, including all patients randomized 
to active treatment or placebo who took at least one dose and had at least one post treatment 
assessment. The response criteria were applied to the overall observation period (0–120 h) and 
also to the acute (0–24 h) and delayed phase periods (24–120 h), although analysis was not 
planned for acute phase nausea. Treatment comparisons were based on the differences between 
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proportions [18] for categorical variables, and on non-parametric tests for continuous variables. 
The sex and study site were the prespecified baseline stratification factors. Because it was an 
exploratory study, no calculation of sample size was made. However, the study was scheduled to 
enrol 60 patients (30 in each treatment group). Standard programmes were used for data analysis 
(Confidence Interval Analysis 2.1.2, 2004; SPSS 12.0, 2004. Chicago: SPSS Inc.). 

Go to: 

Results 

Study population 

Between January 2006 and December 2007, 50 patients were screened, of whom 16 were 
randomized (seven to the CBM group and nine to the placebo group) and included in the ITT 
analyses (Figure 1). All the patients completed the study. One patient in the CBM group 
discontinued treatment after three sprays at the hospital because of anxiety, somnolence, visual 
hallucinations, and confusion, all of which disappeared within 3 h. 
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Figure 1 

Study flow chart. *Excluded: 11 patients had an exclusion criteria (participation in other clinical trials, 5; 
use of cannabinoids during the previous 30 days, 1; illicit drug use during the previous 30 days, 1; 
psychiatric disease, 1; end of chemotherapy 1; did not understood the language, 2); 23 patients declined to 
participate because the study drug was only administered in one cycle. **ITT: intention-to –treat 

The baseline patient epidemiological characteristics, including known risk factors for CINV 
(being female, history of alcohol use or motion sickness) were similar in each of the treatment 
groups (Table 1). Only two patients, one in each treatment group, had previously been exposed 
to cannabis. Almost all the patients in the placebo group had breast cancer. The primary cancer 
diagnosis in the CBM group was more variable and a higher percentage of patients had 
metastases. Concomitant anti-emetic for the prevention of acute CINV in the study cycle and the 
number of previous chemotherapy cycles were similar in both groups. All the patients received 
concomitant anti-emetic treatment for acute CINV, the most frequent being the association of a 
corticosteroid and a 5-HT3R antagonist (ondansetron, granisetron or tropisetron) (Table 2). 
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Almost half the patients in both treatment groups did not receive any prophylaxis for delayed 
CINV during the study cycle (Tables 1 and and2).2). Maintenance of the corticosteroid in 
addition to a 5-HT3R antagonist (ondansetron and tropisetron) during days 1 to 4 after 
chemotherapy was the most common anti-emetic regimen in both groups (Table 2). The baseline 
differences in the severity of CINV and basal quality of life were not clinically relevant. 

Table 1 

Baseline characteristics 
 

CBM group n= 7 Placebo group n= 9 

Sex, female/male 7/0 8/1 

Age (years) 

  

Median 50 50 

Range 41–70 34–76 

Alcohol consumption* (units per week) 4 5 

0–1 2† 2‡ 

2–10 1 2 

>10 1 1 
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CBM group n= 7 Placebo group n= 9 

Previous cannabis use§ 1 1 

History of motion sickness 1 2 

Primary cancer diagnosis 

  

Breast 4 8 

Ovary 2 0 

Lung 1 1 

Cancer extension 

  

Localized 4 9 

Metastasized 3 0 

Previous QT cycles 

  



 

 

CBM group n= 7 Placebo group n= 9 

1 5 6 

3–4 2 3 

Concomitant antiemetic treatment for delayed nausea and vomiting in the study cycle (days 1 to 4) 

None 3 4 

Corticosteroid + 5-HT3 antagonist 3 3 

5-HT3 antagonist 1 1 

Ortopramide – 1 

Basal MANE 

  

Nausea 

  

Severity mean (SD) 63.6 (26.5)** 56.22 (20.3)** 



 

 

CBM group n= 7 Placebo group n= 9 

Duration (h) mean (SD) 15.0 (7.9) 15.3 (10.9) 

Vomiting 

  

Severity mean (SD) 52.3 (32.9)†† 64.3 (22.8)†† 

Duration (h) mean (SD) 11.6 (11.0) 11.1 (10.0) 

Basal FLIE 

  

Median (range) 67.0 (18.0–96.0)‡‡ 54.0 (26.0–110.0)‡‡ 

Open in a separate window 
*Some use. 
†Use of <1 unit per month. 
‡Use ≥1 unit per month. 
§Recreational use. 
**P= 0.711. 
††P= 0.427. 
‡‡P= 0.916. 

MANE, Morrow assessment of nausea and emesis; FLIE, Functional Living Index-Emesis; SD, standard deviation. 

Table 2 

Drug regimens for the prevention of CINV concomitant to the study cycle 
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Treatment for the prevention of CINV 

Acute (Day 0) Delayed (Day 1 and day 4) CBM n= 

7 

Placebo n= 

9 

GRA 2 mg (p.o.) + DEX 20 mg (i.v.) – 2 4 

OND 8 mg (i.v.) + DEX 20 mg (i.v.) – 1 – 

TRO 5 mg (i.v.) + DEX 20 mg (i.v.) TROP 5 mg (p.o.) + DEX 16 mg 

(p.o.) (2 days) 

2 2 

 

TROP 5 mg (p.o.) + DEX 8 mg 

(p.o.) (2 days) 

  

TRO 5 mg (i.v.) + OND 12 mg (p.o.) + DEX 20 

mg (i.v.) 

OND 12 mg (p.o.) (4 days) 1 – 

TRO 5 mg (i.v.) + DEX 20 mg (i.v.) OND 4 mg (p.o.) + DEX 16 mg 

(p.o.) (2 days) 

– 1 

 

OND 4 mg (p.o.) + DEX 8 mg 

(p.o.) (2 days) 

  



 

Treatment for the prevention of CINV 

Acute (Day 0) Delayed (Day 1 and day 4) CBM n= 

7 

Placebo n= 

9 

TRO 5 mg (i.v.) + GRA 1 mg (p.o.) + DEX 20 

mg (i.v.) 

GRA 1 mg (p.o.) (4 days) – 1 

TRO 5 mg (i.v.) + metoclopramide 30 mg (p.o.) 

+ DEX 20 mg (i.v.) 

Metoclopramide (p.o.) (4 days) – 1 

OND 8 mg (i.v.) + TRO 5 mg (i.v.) + DEX 20 

mg (i.v.) 

OND 30 mg (p.o.) + DEX 16 mg 

(p.o.) (2 days) 

1 – 

 

OND 20 mg (p.o.) + DEX 8 mg 

(p.o.) (2 days) 

  

OND, ondansetron; DEX, dexamethasone; TRO, tropisetron; GRA, granisetron; p.o., oral route; i.v., intravenous. 

Dosing 

The mean number of daily sprays taken during the 4 days after chemotherapy was 4.81 in the 
CBM group (range 2.7–5.0, SD = 1.01), equivalent to 12.9 mg of THC and 12 mg of CBD, and 
4.78 in the placebo group (range 2.9–5.0, SD = 0.79). The median duration of treatment was 3 
days in the CBM group (range 1–5) and 4 (range 3–5) in the placebo group. 

Tolerability 

Six out of the seven patients in the CBM group and all the patients in the placebo group tolerated 
dose titration. One female patient in the CBM arm discontinued treatment after three sprays at 
the hospital because anxiety, somnolence, visual hallucinations, and confusion occurred although 
all symptoms disappeared within 3 h. Six patients (86%) in the CBM group and six (67%) in the 



 

placebo group developed at least one AE (difference 19%, 95% CI −23.7%, 52.4%). AEs were 
considered severe in two patients: one patient in the CBM arm described above and one in the 
placebo group suffered from severe fatigue and mild somnolence and dysgeusia with vomiting. 
Somnolence, dry mouth and fatigue were the most common AEs in both groups (Table 4). Three 
patients in the CBM group (41%) and one in the placebo group experienced dizziness. 
Neuropsychiatric AEs were more common among patients randomized to CBM. No serious AEs 
occurred. No significant changes were seen in either group in terms of blood pressure, weight, 
temperature, haematology or blood chemistry. 

Table 4 

Summary of adverse events 

Adverse events Sativex® (n= 7) Placebo (n= 9) 

Somnolence 4 4 

Dry mouth 2 3 

Fatigue 1 4 

Dizziness 3 1 

Anxiety 2 – 

Confusion 2 – 

Insomnia 1 1 
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Adverse events Sativex® (n= 7) Placebo (n= 9) 

Blurred vision 1 1 

Tachycardia 1 1 

Dysgeusia – 2 

Vomiting after administration – 2 

Alteration of memory 1 – 

Depression 1 – 

Psychosis 1 – 

Euphoric mood – 1 

Oral pain – 1 

Throat irritation 1 – 



 

Adverse events Sativex® (n= 7) Placebo (n= 9) 

Aerophagy 1 – 

Mouth ulceration – 1 

Anorexia – 1 

Epigastralgia – 1 

Feeling abnormal – 1 

Total adverse events 22 25 

Total patients 6 (86%) 6 (67%) 

Fifty-seven percent (4/7) of the patients in the CBM group and 88% (8/9) in the placebo group 
were satisfied with their treatment. 

Preliminary efficacy 

The proportion of patients showing complete response in the overall period was significantly 
higher in the CBM group [5/7 (71.4%) vs. 2/9 (22.2%), a difference of 49.2%, 95% CI 1%, 
75%], due to the delayed period [5/7 (71.4%) vs. 2/9 (22.2%)], with no differences in the acute 
period [5/7 (71.4%) vs. 6/9 (66.7%), a difference of 4.8% 95% CI −36.7%, 42.1%]. One patient 
in the CBM group and five patients in the placebo group had a partial response. 

The CBM regimen was also significantly better than placebo in the secondary and exploratory 
end point of delayed emesis (Table 3). The severity and duration of nausea and vomiting seemed 
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better in the CBM regimen, although the differences were not significant. There were no 
differences in the quality of life measurements in the two groups (no patients in either group 
scored >108 in the FLIE questionnaire), 

Table 3 

Proportion of patients reaching secondary or exploratory end points 
 

CBM n= 7 Placebo n= 9 Difference (%) (95% CI) 

No delayed emesis 5 (71.4%) 2 (22.2%) 49.2 (1.0, 75.0) 

No delayed nausea* 4 (57.1%) 2 (22.2%) 34.9 (−10.8, 66.3) 

No significant delayed nausea† 5 (71.4%) 4 (44.4%) 27.0 (−18.0, 59.7) 

Not valued 1‡ (14.3%) – 

 

*Nausea VAS score of ≤10 mm. 
†Nausea VAS score of ≤25 mm. 
‡One patient in the CBM group discontinued treatment after the first three doses in the hospital and did not complete 
the assessment questionnaire. 

Pharmacokinetics of CBM active principles 

Plasma concentrations of THC and CBD were, respectively, 5.5 ± 6.3 and 4.7 ± 5.6 ng ml−1 at 
240 min on day 0. The active metabolite of THC (11-OH-THC) and the inactive metabolite 
(THC-COOH) were also detected (5.4 ± 3.9 and 16 ± 9.6 ng ml−1, respectively). No active 
principles or metabolites were detected at pre-dose or after 60 min on day 0 in patients in either 
treatment group. On day 1 pre-dose, THC and CBD were detected in two out of the seven 
patients randomized to the CBM treatment, and 11-OH-THC in five patients. Sixty minutes after 
CBM administration, plasma THC was detected in two patients and CBD and 11-OH-THC was 
found in four patients. THC-COOH was also detected (17.4 ± 5.5 ng ml−1) at pre-dose on day 1 
in all patients who received the CBM treatment (Figure 2). 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2997305/figure/fig02/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2997305/figure/fig02/


 

 
 
Figure 2 

Plasma concentration of CBM active components and metabolites at each point of extraction. CBD ( ); 
THC ( ); 11-OH-THC ( ); THC-COOH ( ) 

Go to: 

Discussion 

In this study a short titration dose from an oromucosal spray of CBM (Sativex®) was well 
tolerated. Only one patient in the CBM arm was withdrawn due to AEs. Although AEs were 
more common in the CBM group (86% vs. 67%), they were either mild or moderate. 
Somnolence was the most frequently reported AE in both study groups. However, it has also 
been considered as a beneficial effect in this setting [8]. Other neuropsychiatric AEs were more 
frequently reported among CBM-treated patients, but in general they were either mild or 
moderate. The median dose was four sprays per day for 4 days after MEC. 

Regarding the preliminary efficacy, this study suggests a better effect of CBM in reducing the 
incidence of delayed CINV in patients receiving MEC. No differences in quality of life measured 
by the FLIE questionnaire were seen. 

We included an AC regimen as MEC because the study was designed before the publication of 
the 2006 new Guideline for antiemetics in Oncology from the American Society of Clinical 
Oncology (ASCO) where the recommendation for regimens including AC was the same as for 
high emetogenic risk regimens with cisplatin. 

Previous studies have suggested an anti-emetic efficacy of cannabinoids compared with 
phenothiazines, ortopramides and placebo in patients treated with MEC regimens [8]. However, 
when these studies were performed, the current CINV treatment of reference, the 5-HT3R 
antagonists, was not available. On the other hand, the results of our study differ from the most 
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recent clinical trial of dronabinol (at a median dose of 20 mg day−1 for 5 days) in the treatment of 
delayed MEC induced nausea and vomiting in which the combination of dronabinol and 
ondansetron was not more effective than either drug alone [19]. The main differences between 
our study and this clinical trial were the medicines tested (dronabinol vs. THC + CBD), the 
population included (patients resistant to anti-emetic prophylaxis in our study), and the CINV 
prophylaxis used (dexamethasone limited to the first day of treatment and ondansetron with or 
without dronabinol thereafter in all patients in Meiri's study while in our study half the patients 
did not receive any treatment for delayed CINV while most of the other patients received a 
corticosteroid in addition to a 5-HT3R antagonist). The pilot nature of our study precludes 
reaching firm conclusions but results suggest a potential contribution of CBM in reducing CINV. 

This is the first study using a short titration CBM period in CINV. Other studies using this CBM 
were carried out on chronic diseases with a slower dose escalation period between 10 and 15 
days. In spite of the faster titration dose used in this study, the frequency of ADRs was similar to 
the studies using slower titration regimens. 

Plasma concentrations of the active principles and metabolites showed a wide intersubject 
variability, a result expected with CBM [20] and which may also reflect wide variability in the 
doses actually taken by patients, as planned for in the study protocol. Mean plasma 
concentrations of THC and CBD were similar, in agreement with the formulation of the CBM 
which has a ratio THC : CBD of 1:1. Our data suggest that patients following the repeated 
administration schedule accumulate CBM active compounds in plasma over time, despite the 
relatively short half-life of THC, CBD and 11-OH-THC (of 84, 109, and 130 min, respectively, 
GW Pharmaceuticals, UK). Although plasma concentrations of the active principles were 
undetectable at baseline and 60 min after CBM administration, they were already present 4 h 
afterwards. Previous reports have shown that peak plasma concentrations (tmax) are reached at 
263, 253 and 230 min for THC, CBD and 11-OH-THC, respectively [20]. The relatively high 
concentrations of THC-COOH found relative to its parent compound THC are equally a result of 
the accumulation of this terminal metabolite over time. Taking into account the pharmacokinetic 
results, the design of confirmatory clinical trials should take into consideration a possible delay 
in the administration of the second dose and a different PK sampling strategy to characterize 
fully the fast titration approach of CBM in these patients. 

The main limitation of our study was the low number of patients included given the relatively 
heterogeneous population of the participating patients, in terms of type of cancer and of the 
chemotherapeutic agents involved. The main reason for non participation among patients who 
refused to be enrolled was that treatment for only one chemotherapy cycle was offered. Limited 
funding also contributed to the low number of participants. The physicians in charge were not 
offered any monetary compensation for recruiting patients into the trial. The large amount of 
research in the oncology services favours competitiveness in the recruitment and the absence of 
funding in our study could have contributed to the low number of participants. Variance among 
groups in types of cancer may have affected the results. Although the basal antiemetic treatment 
was similar in both groups this could also have had an impact on the results due to the small 
sample size. Standard treatment was not defined a priori and the regimens were the ones used in 
each hospital's protocol to respect the exploratory condition of the study and to be close to 
clinical practice. 
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Optimizing the treatment for CINV will most probably focus on identifying combinations of 
several drugs interacting with the various neurotransmitter systems involved in nausea and 
vomiting reflexes. In this endeavour, the potential of CBMs should not be overlooked. Our study 
is the first on a cannabis-based medicine containing THC and CBD in the prevention of CINV. It 
contributes to our knowledge on CBM administration and on its efficacy and tolerability, which 
will be of value in the design of further larger phase III clinical trials. 
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Cannabidiol exerts sebostatic and antiinflammatory 
effects on human sebocytes. 
Oláh A, Tóth BI, Borbíró I, Sugawara K, Szöllõsi AG, Czifra G, Pál B, Ambrus L, Kloepper 
J, Camera E, Ludovici M, Picardo M, Voets T, Zouboulis CC, Paus R, Bíró T. 
Abstract 
The endocannabinoid system (ECS) regulates multiple physiological processes, including cutaneous 

cell growth and differentiation. Here, we explored the effects of the major nonpsychotropic 

phytocannabinoid of Cannabis sativa, (-)-cannabidiol (CBD), on human sebaceous gland function 

and determined that CBD behaves as a highly effective sebostatic agent. Administration of CBD to 

cultured human sebocytes and human skin organ culture inhibited the lipogenic actions of various 

compounds, including arachidonic acid and a combination of linoleic acid and testosterone, and 

suppressed sebocyte proliferation via the activation of transient receptor potential vanilloid-4 

(TRPV4) ion channels. Activation of TRPV4 interfered with the prolipogenic ERK1/2 MAPK pathway 

and resulted in the downregulation of nuclear receptor interacting protein-1 (NRIP1), which 

influences glucose and lipid metabolism, thereby inhibiting sebocyte lipogenesis. CBD also exerted 

complex antiinflammatory actions that were coupled to A2a adenosine receptor-dependent 

upregulation of tribbles homolog 3 (TRIB3) and inhibition of the NF-κB signaling. Collectively, our 

findings suggest that, due to the combined lipostatic, antiproliferative, and antiinflammatory effects, 

CBD has potential as a promising therapeutic agent for the treatment of acne vulgaris. 
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Differential effectiveness of selected non-psychotropic 
phytocannabinoids on human sebocyte functions 
implicates their introduction in dry/seborrhoeic skin and 
acne treatment. 
Oláh A1, Markovics A1, Szabó-Papp J1, Szabó PT1, Stott C2, Zouboulis CC3, Bíró T1,4. 
Author information 
Abstract 
Acne is a common skin disease characterized by elevated sebum production and inflammation of 

the sebaceous glands. We have previously shown that a non-psychotropic phytocannabinoid ((-)-

cannabidiol [CBD]) exerted complex anti-acne effects by normalizing 'pro-acne agents'-induced 

excessive sebaceous lipid production, reducing proliferation and alleviating inflammation in human 

SZ95 sebocytes. Therefore, in this study we aimed to explore the putative anti-acne effects of further 

non-psychotropic phytocannabinoids ((-)-cannabichromene [CBC], (-)-cannabidivarin [CBDV], (-)-

cannabigerol [CBG], (-)-cannabigerovarin [CBGV] and (-)-Δ(9) -tetrahydrocannabivarin [THCV]). 

Viability and proliferation of human SZ95 sebocytes were investigated by MTT and CyQUANT 

assays; cell death and lipid synthesis were monitored by DilC1 (5)-SYTOX Green labelling and Nile 

Red staining, respectively. Inflammatory responses were investigated by monitoring expressions of 

selected cytokines upon lipopolysaccharide treatment (RT-qPCR, ELISA). Up to 10 μm, the 

phytocannabinoids only negligibly altered the viability of the sebocytes, whereas high doses (≥50 

μm) induced apoptosis. Interestingly, basal sebaceous lipid synthesis was differentially modulated by 

the substances: CBC and THCV suppressed it, and CBDV had only minor effects, whereas CBG 

and CBGV increased it. Importantly, CBC, CBDV and THCV significantly reduced arachidonic acid 

(AA)-induced 'acne-like' lipogenesis. Moreover, THCV suppressed proliferation, and all 

phytocannabinoids exerted remarkable anti-inflammatory actions. Our data suggest that CBG and 

CBGV may have potential in the treatment of dry-skin syndrome, whereas CBC, CBDV and 

especially THCV show promise to become highly efficient, novel anti-acne agents. Moreover, based 

on their remarkable anti-inflammatory actions, phytocannabinoids could be efficient, yet safe novel 

tools in the management of cutaneous inflammations. 
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Long-term cannabidiol treatment prevents the 
development of social recognition memory deficits in 
Alzheimer's disease transgenic mice. 
Cheng D1, Spiro AS2, Jenner AM2, Garner B2, Karl T3. 
Author information 
Abstract 
Impairments in cognitive ability and widespread pathophysiological changes caused by neurotoxicity, 

neuroinflammation, oxidative damage, and altered cholesterol homeostasis are associated with 

Alzheimer's disease (AD). Cannabidiol (CBD) has been shown to reverse cognitive deficits of AD 

transgenic mice and to exert neuroprotective, anti-oxidative, and anti-inflammatory properties in vitro 

and in vivo. Here we evaluate the preventative properties of long-term CBD treatment in male 

AβPPSwe/PS1ΔE9 (AβPP × PS1) mice, a transgenic model of AD. Control and AD transgenic mice 

were treated orally from 2.5 months of age with CBD (20 mg/kg) daily for 8 months. Mice were then 

assessed in the social preference test, elevated plus maze, and fear conditioning paradigms, before 

cortical and hippocampal tissues were analyzed for amyloid load, oxidative damage, cholesterol, 

phytosterols, and inflammation. We found that AβPP × PS1 mice developed a social recognition 

deficit, which was prevented by CBD treatment. CBD had no impact on anxiety or associative 

learning. The prevention of the social recognition deficit was not associated with any changes in 

amyloid load or oxidative damage. However, the study revealed a subtle impact of CBD on 

neuroinflammation, cholesterol, and dietary phytosterol retention, which deserves further 

investigation. This study is the first to demonstrate CBD's ability to prevent the development of a 

social recognition deficit in AD transgenic mice. Our findings provide the first evidence that CBD may 

have potential as a preventative treatment for AD with a particular relevance for symptoms of social 

withdrawal and facial recognition. 
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Cannabidiol in patients with treatment-resistant epilepsy: 
an open-label interventional trial. 
Devinsky O1, Marsh E2, Friedman D3, Thiele E4, Laux L5, Sullivan J6, Miller I7, Flamini R8, Wilfong 
A9, Filloux F10, Wong M11, Tilton N6, Bruno P4, Bluvstein J3, Hedlund J3, Kamens R2, Maclean 
J2, Nangia S5, Singhal NS6, Wilson CA10, Patel A12, Cilio MR6. 
Author information 

Erratum in 

• Corrections. [Lancet Neurol. 2016] 

Abstract 
BACKGROUND: 

Almost a third of patients with epilepsy have a treatment-resistant form, which is associated with 

severe morbidity and increased mortality. Cannabis-based treatments for epilepsy have generated 

much interest, but scientific data are scarce. We aimed to establish whether addition of cannabidiol 

to existing anti-epileptic regimens would be safe, tolerated, and efficacious in children and young 

adults with treatment-resistant epilepsy. 

METHODS: 

In this open-label trial, patients (aged 1-30 years) with severe, intractable, childhood-onset, 

treatment-resistant epilepsy, who were receiving stable doses of antiepileptic drugs before study 

entry, were enrolled in an expanded-access programme at 11 epilepsy centres across the USA. 

Patients were given oral cannabidiol at 2-5 mg/kg per day, up-titrated until intolerance or to a 

maximum dose of 25 mg/kg or 50 mg/kg per day (dependent on study site). The primary objective 

was to establish the safety and tolerability of cannabidiol and the primary efficacy endpoint was 

median percentage change in the mean monthly frequency of motor seizures at 12 weeks. The 

efficacy analysis was by modified intention to treat. Comparisons of the percentage change in 

frequency of motor seizures were done with a Mann-Whitney U test. 

RESULTS: 

Between Jan 15, 2014, and Jan 15, 2015, 214 patients were enrolled; 162 (76%) patients who had 

at least 12 weeks of follow-up after the first dose of cannabidiol were included in the safety and 

tolerability analysis, and 137 (64%) patients were included in the efficacy analysis. In the safety 

group, 33 (20%) patients had Dravet syndrome and 31 (19%) patients had Lennox-Gastaut 

syndrome. The remaining patients had intractable epilepsies of different causes and type. Adverse 

events were reported in 128 (79%) of the 162 patients within the safety group. Adverse events 

https://www.ncbi.nlm.nih.gov/pubmed/26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devinsky%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marsh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friedman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiele%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laux%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sullivan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flamini%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilfong%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilfong%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filloux%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tilton%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruno%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bluvstein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hedlund%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamens%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maclean%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maclean%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nangia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singhal%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cilio%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=26724101
https://www.ncbi.nlm.nih.gov/pubmed/26724101
https://www.ncbi.nlm.nih.gov/pubmed/27302053


 

reported in more than 10% of patients were somnolence (n=41 [25%]), decreased appetite (n=31 

[19%]), diarrhoea (n=31 [19%]), fatigue (n=21 [13%]), and convulsion (n=18 [11%]). Five (3%) 

patients discontinued treatment because of an adverse event. Serious adverse events were reported 

in 48 (30%) patients, including one death-a sudden unexpected death in epilepsy regarded as 

unrelated to study drug. 20 (12%) patients had severe adverse events possibly related to 

cannabidiol use, the most common of which was status epilepticus (n=9 [6%]). The median monthly 

frequency of motor seizures was 30.0 (IQR 11.0-96.0) at baseline and 15.8 (5.6-57.6) over the 12 

week treatment period. The median reduction in monthly motor seizures was 36.5% (IQR 0-64.7). 

INTERPRETATION: 

Our findings suggest that cannabidiol might reduce seizure frequency and might have an adequate 

safety profile in children and young adults with highly treatment-resistant epilepsy. Randomised 

controlled trials are warranted to characterise the safety profile and true efficacy of this compound. 
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Abstract 
Go to: 

The problem 

Alzheimer's Disease (AD) is a debilitating neurodegenerative disease that is characterized by 
cognitive decline. It is the most common form of dementia, accounting for over 60% of cases 
and affecting over 33 million people worldwide (Wisniewski and Goni, 2014; Alzheimer's 
Association, 2015). Unfortunately, as a result of the aging population, this number is expected to 
reach 115 million by the year 2050 (Wisniewski and Goni, 2014). AD typically begins with mild 
deficits in short-term memory, learning, communication and spatial orientation. In the moderate 
stage of the disease, the deficits begin to affect everyday life including eating, dressing and 
emotional control (Alzheimer's Association, 2015). In the late stages of the disease there is 
global disruption of cognitive ability, with severe impairments in speech and facial recognition, 
all of which renders the patients in need of 24-h care. As the disease progresses, patients become 
increasingly susceptible to other illnesses as well (Alzheimer's Association, 2015). 

Go to: 

The origin 

AD is classified into two types, late-onset sporadic AD (>95% of cases) or early-onset familial 
AD (<5% cases) (Gotz and Ittner, 2008). Although, sporadic AD is the most common form, it is 
much less understood than familial AD. Familial AD is also known as the genetic form, as it 
results from autosomal dominant mutations in the amyloid precursor protein (APP) gene or in the 
presenilin 1 and 2 (PS1 and PS2) genes (Gotz and Ittner, 2008; Bettens et al., 2013). APP is the 
precursor molecule, which is cleaved into amyloid-β (Aβ) peptides, while PS1 and PS2 encode 
the γ-secretase and β-secretase complexes that mediate APP splicing (Bettens et al., 2013; Gotz 
and Ittner, 2008). After APP splicing Aβ can exist in two forms, Aβ40 and Aβ42. Aβ42 is thought to 
be the more toxic form of the protein as it aggregates more readily than Aβ40 (Chapman et 
al., 2001). The cause of sporadic AD is less clear and yet to be defined, however, recent research 
indicates that it may result from a complex interaction between several environmental factors 
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and various susceptible genes. Numerous genes have been reported as susceptible genes for 
sporadic AD with the best-documented one being APOE (Kamboh, 2004). 

Although familial and sporadic AD differ in their cause, the progression of the disease from this 
point onwards appears to be the same. Both forms of AD exhibit a neurodegenerative cascade 
that appears to be instigated by the accumulation of Aβ (forming senile plaques) and 
hyperphosphorylated tau [forming neurofibrillary tangles (NFTs)] (Chapman et al., 2001). The 
cascade induces neuroinflammation and oxidative stress, which creates a neurotoxic environment 
that potentiates neurodegeneration and eventually leads to cognitive decline (Hardy and 
Selkoe, 2002; Ahmed et al., 2015). Also, Aβ-induced neurodegeneration elevates glutamate 
levels in the cerebral spinal fluid of AD patients (Pomara et al., 1992) and cholinergic neurons 
are lost in brain areas relevant for memory processing (and accompanied by a decrease in 
acetylcholine) (Schliebs and Arendt, 2011). 

Go to: 

Current treatments 

Despite the increase in our understanding of disease mechanism, the current approved AD 
treatments only provide limited therapeutic benefits. There are four approved drugs available, 
three are acetylcholinesterase inhibitors (rivistagmine, donepezil and galantamine) and one is a 
N-methyl-D-aspartate (NMDA) receptor antagonist (memantine) (Mangialasche et al., 2010). 
Unfortunately, all of them have been associated with adverse effects. Acetylcholinesterase 
inhibitors may cause nausea, vomiting, diarrhea and weight loss (Kaduszkiewicz et al., 2005), 
while memantine is known to cause hallucinations, dizziness and fatigue (Herrmann et al., 2011). 
Furthermore, none of these treatments prevent or reverse the progression of the disease but rather 
they treat the disease symptoms with limited efficacy (Salomone et al., 2012). 

Current clinical trials to evaluate new AD treatments are targeting various aspects of AD 
pathology, with a strong focus on Aβ. Clinical trials have investigated both β- and γ-secretase 
inhibitors, which play a crucial role in the formation of pathological Aβ. Unfortunately, β-
secretases are difficult to target and γ-secretases have a wide range of functions resulting in 
adverse side effects (e.g., impaired cognition and functionality, gastrointestinal toxicity and 
increased incidence of skin cancer) (Imbimbo and Giardina, 2011; Schenk et al., 2012). Active 
and passive immunotherapies to target senile plaques and NFTs have also been investigated. Aβ 
immunotherapies in mouse models demonstrated potential as they increased microglial 
phagocytosis of Aβ and reduced cognitive decline. However, in phase II and III clinical trials 
those therapies have demonstrated limited efficacy or resulted in severe adverse effects (e.g., 
meningoenchephalitis) (Mullane and Williams, 2013). A recent study investigating an antibody 
based immunotherapy for Aβ found promising results in phase I and phase II trials but this 
therapy is yet to undergo phase III clinical trials (Sevigny et al., 2016). Tau immunotherapies 
were effective in AD mouse models but have provided limited success in clinical trials (McGeer 
et al., 2006; Schenk et al., 2012; Mullane and Williams, 2013). 

Epidemiological data have shown that non-steroidal anti-inflammatory drugs (NSAIDs) are 
associated with a reduced risk of AD (McGeer et al., 2006). Furthermore, animal studies 
indicated that NSAID treatment could attenuate AD pathogenesis, proposing that inhibiting 
neuroinflammation may slow the progression of AD (Maccioni et al., 2009). However, NSAIDs 
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have also been associated with severe long-term adverse effects (e.g., gastrointestinal problems) 
and have only shown limited efficacy in reducing or preventing clinical symptoms (McGeer et 
al., 2006; Rojo et al., 2008). 

It is unlikely that any drug acting on a single pathway or target will mitigate the complex 
pathoetiological cascade leading to AD. Therefore, a multifunctional drug approach targeting a 
number of AD pathologies simultaneously will provide better, wider-ranging benefits than 
current therapeutic approaches (Van der Schyf and Geldenhuys, 2011; Bedse et al., 2015). 
Importantly, the endocannabinoid system has recently gained attention in AD research as it is 
associated with regulating a variety of processes related to AD, including oxidative stress 
(Marsicano et al., 2002), glial cell activation (Germain et al., 2002) and clearance of 
macromolecules (Bilkei-Gorzo, 2012). 

Go to: 

Cannabidiol 

The phytocannabinoid cannabidiol (CBD) is a prime candidate for this new treatment strategy. 
CBD has been found in vitro to be neuroprotective (Esposito et al., 2006b), to prevent 
hippocampal and cortical neurodegeneration (Hamelink et al., 2005), to have anti-inflammatory 
and antioxidant properties (Mukhopadhyay et al., 2011), reduce tau hyperphosphorylation 
(Esposito et al., 2006a) and to regulate microglial cell migration (Walter et al., 2003; Martín-
Moreno et al., 2011). Furthermore, CBD was shown to protect against Aβ mediated 
neurotoxicity and microglial-activated neurotoxicity (Janefjord et al., 2014), to reduce Aβ 
production by inducing APP ubiquination (Scuderi et al., 2014) and to improve cell viability 
(Harvey et al., 2012) (summarized in Table Table1).1). These properties suggest that CBD is 
perfectly placed to treat a number of pathologies typically found in AD. In the following, we will 
outline in brief the endocannabinoid system and the pharmacological profile of CBD before 
discussing recent advances in the evaluation of the therapeutic properties of CBD (and CBD-
THC combinations) using in vivo AD rodent models. 

Table 1 

Summary of the effects of CBD and CBD-THC combinations on AD models. 

Effect of Cannabidiol on AD-like Pathology 

Model Effect References 

IN VITRO STUDIES USING CBD 
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Effect of Cannabidiol on AD-like Pathology 

Model Effect References 

PC12 Neuronal Cells Protected against Aβ neurotoxicity and oxidative stress, 

increased cell survival and decreased ROS production and 

lipid peroxidation 

Iuvone et 

al., 2004 

 

Inhibited tau hyperphosphorylation Esposito et 

al., 2006a 

 

Prevented transcription of pro-inflammatory genes Esposito et 

al., 2006b 

Glutamate Neuronal Toxicity 

Model 

Antioxidant properties Hampson et 

al., 1998 

Primary Rat Microglia Increased microglial migration and prevented ATP-induced 

intracellular calcium increase 

Martín-

Moreno et 

al., 2011 

PC12 and SH-SY5Y Cells Improved cell viability after treatment with tert-butyl 

hydroperoxide treatment 

Harvey et 

al., 2012 
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Effect of Cannabidiol on AD-like Pathology 

Model Effect References 

SH-SY5Y Cells Protected against Aβ neurotoxicity and microglial-activated 

neurotoxicity 

Janefjord et 

al., 2014 

SH-SY5YAPP+Cells Induced APP ubiquination and subsequently Aβ production 

and increased cell survival by reducing apoptotic rate 

Scuderi et 

al., 2014 

IN VIVO STUDIES USING CBD 

Mice inoculated with human 

Aβ42peptide 

Attenuated Aβ induced neuroinflammatory responses by 

decreasing expression of pro-inflammatory gene and 

mediators 

Esposito et 

al., 2007 

 

Reduced reactive gliosis Esposito et 

al., 2011 

Mice intraventricularly injected 

with fibrillar Aβ 

Decreased microglial activation and reversed a spatial 

reference memory deficit in the MWM 

Martín-

Moreno et 

al., 2011 
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Effect of Cannabidiol on AD-like Pathology 

Model Effect References 

APPxPS1transgenic mice 

(mixed background) 

Reversed social and object recognition memory deficits in the 

CB task 

Cheng et 

al., 2014a 

 

Prevented development of social recognition memory deficits. 

No effect on Aβ load but subtle effects on inflammatory 

markers, cholesterol and dietary phytosterol retention 

Cheng et 

al., 2014b 

IN VIVO STUDIES USING CBD-THC 

Young APPxPS1transgenic 

mice (mixed background) 

Improved memory deficits in the two-object recognition task 

and the active avoidance task. Decreased soluble Aβ42 levels 

and changed plaque composition and reduced astrogliosis, 

microgliosis and inflammatory related molecules 

Aso et 

al., 2015 

Aged APPxPS1transgenic mice 

(mixed background) 

Restored cognition in the two object recognition task but had 

no effects on Aβ load or related glial reactivity 

Aso et 

al., 2016 

Transgenic tauopathy mouse 

model 

Reduced Aβ and tau deposition in the hippocampus and 

cerebral cortex, increased autophagy, decreased gliosis, 

Casarejos et 

al., 2013 
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Effect of Cannabidiol on AD-like Pathology 

Model Effect References 

increased the ratio of reduced/oxidized glutathione and 

reduced levels of iNOS 

Open in a separate window 

The endocannabinoid system and CBD pharmacology 

The endocanabinoid system (eCBS) consists of endocannabinoids [e.g., anandamide and 2-
arachiodonoylglycerol (2-AG)], enzymes required for their synthesis and degradation [fatty acid 
amide hydrolase (FAAH), monoglyceride lipase (MAGL), and diacylglycerol lipase (DAGL)], 
and cannabinoid receptors [the best described being cannabinoid receptors 1 and 2 (CB1 and 
CB2)], (Di Marzo et al., 2015). Post mortem analyses have found that several of these 
components are altered in both composition and signaling in AD postmortem brain tissue (Aso 
and Ferrer, 2015). 

CBD has a complex interaction with the eCBS. It has demonstrated low displacement at the 
CB1 and CB2receptors compared to other cannabinoids such as Δ9-tetrahydrocannabinol (THC) 
(Thomas et al., 1998). CBD has also been shown to have low affinity for both cannabinoid 
receptors (Petitet et al., 1998) and has antagonistic properties against the synthetic cannabinoid, 
CP 55 940, which is a potent agonist at both CB1and CB2 receptors. Interestingly, CBD 
antagonizes CP 55, 940 at a much lower concentration than it binds to the cannabinoid receptors, 
suggesting it may act at a prejunctional site which is not the cannabinoid receptors (Pertwee et 
al., 2002). CBD acts as an inverse agonist at the CB2 receptors, which may explain some of its 
anti-inflammatory properties as inverse agonists at CB2 receptors are able to inhibit the migration 
of immune cells (Lunn et al., 2006). CBD has also been found to act as an antagonist at the 
cannabinoid G-protein receptors (GPR) GPR55 and GPR18 (Ryberg et al., 2007; McHugh et 
al., 2010), as well as activate the putative abnormal CBD receptor (Pertwee, 2008) and the 
vanilloid receptor 1 (Bisogno et al., 2001). Finally, CBD interacts with various neurotransmitter 
systems including glutamate receptors [i.e., NMDA receptors, 2-amino-3-(4-butyl-3-
hydroxyisoxazol-5-yl)propionic acid (AMPA) receptors and kainite receptors] and the 
serotonergic receptor, 5-HT1A (Russo et al., 2005). The wide range of targets of CBD emphasizes 
its potential as a multimodal drug for AD treatment. 

CBD effects in pharmacological rodent models of AD 

The in vivo therapeutic potential of CBD in AD has not been widely documented, however, there 
are a number of studies that have reported the effect of CBD in pharmacological models of AD 
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(e.g., inoculation with fibrillar Aβ). These studies have described anti-inflammatory and 
neuroprotective effects of CBD. The in vivo anti-inflammatory effects of CBD were confirmed in 
a mouse model of AD where the mice were intrahippocampally injected with human Aβ42 and 
then treated daily with intraperitoneal (i.p.) injections of CBD (2.5 or 10 mg/kg) for 7 days 
(Esposito et al., 2007). The results from this study demonstrated that CBD was able to dose-
dependently inhibit glial fibrillary acidic protein (GFAP) mRNA and protein expression. GFAP 
is the best known marker of activated astrocytes and thought to be one of the main features of 
reactive gliosis (Esposito et al., 2007). Therefore, these results imply that CBD is able to reduce 
Aβ-induced reactive gliosis. In addition, CBD reduced both iNOS and interleukin-1β (IL-1β) 
protein expression and the related NO and IL-1β release (Esposito et al., 2007). NO and IL-1β 
are a few of the many active substances released by Aβ-stimulated microglia and therefore have 
been identified as potential modulators of neuronal damage. NO is a free radical and important in 
neuroinflammatory and neurodegenerative conditions, which include accelerating protein 
nitration and increasing tau hyperphosphorylation (Esposito et al., 2007). IL-1β is involved in the 
cytokine cycle responsible for neurodegeneration, the synthesis and processing of APP, the 
activation of astrocytes and the overexpression of iNOS and overproduction of NO (Esposito et 
al., 2007). Data from in vitro studies suggest that CBD may be able to reduce iNOS protein 
expression and NO release as a result of its ability to rescue the Wnt/β-catenin pathway, which 
plays a role in tau hyperphosphorylation (Esposito et al., 2006a). Finally, the ability of CBD to 
attenuate reactive gliosis may result from CBD's ability to act as an inverse agonist at the 
cannabinoid receptor 2 (CB2), which is thought to be involved in reactive gliosis (Walter and 
Stella, 2004; Thomas et al., 2007). 

The anti-inflammatory and neuroprotective effects of CBD were further investigated in a rat 
model of AD-related neuroinflammation. This study evaluated the involvement of the 
peroxisome proliferator activated receptor (PPAR) receptors in the therapeutic effects of CBD, 
as PPAR-γ receptors are increased in AD patients (Esposito et al., 2011). Adult, male rats were 
inoculated with human Aβ42 in the hippocampus and then treated with CBD (10 mg/kg) either in 
the presence or in the absence of a PPAR-γ or PPAR-α receptor antagonist for 15 days. CBD was 
able to dose-dependently decrease Aβ-induced expression of iNOS, GFAP, S100 calcium 
binding protein B (S100B) and p50 and p56 antibodies in rat astrocytes (Esposito et al., 2011). 
iNOS and GFAP, as mentioned previously, are key elements in reactive gliosis and therefore 
their reduction demonstrates CBD's anti-inflammatory properties. CBD's ability to reduce 
reactive gliosis is further emphasized by the inhibition of S100B. S100B is an astroglial-derived 
neurotrophin that plays a crucial role in the pro-inflammatory cytokine cycle and the promotion 
of APP to cleave Aβ42. It is also involved in the disruption of the Wnt/β-catenin pathway and 
therefore inhibits tau hyperphosphorylation (Esposito et al., 2011). Furthermore, the reduction of 
p50 and p56 expression indicates CBD's ability to inhibit NF-κB and therefore emphasizes the 
responsibility of both PPAR-γ and NF-κB in CBD's anti-inflammatory properties (Esposito et 
al., 2011). The therapeutic benefit of CBD was blocked when co-administered with the PPAR-γ 
antagonist (but not the PPAR-α antagonist) (Esposito et al., 2011), suggesting that CBD-induced 
anti-inflammatory properties are mediated (at least partially) through the PPAR-γ receptor 
(Esposito et al., 2011). Finally, the study found that CBD was able to restore CA1 pyramidal 
neurons to a similar integrity to that of the control rats. CBD also down-regulated gliosis and 
repaired neurogenesis in the dentate gyrus (Esposito et al., 2011). 
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One study to date has investigated the effects of CBD on cognition in a pharmacological model 
of AD. Three-month old mice were intraventricularly injected with 2.5 μg of fibrillar Aβ. They 
were then treated with 20 mg/kg CBD using daily i.p. injections for 1 week and then 3 
times/week for the following 2 weeks. The spatial learning of the mice was then assessed in the 
Morris Water Maze (Martín-Moreno et al., 2011). CBD treatment was able to reverse the 
cognitive deficits of Aβ-treated mice. Interestingly, selective CB2agonists did not prevent the 
cognitive deficit, indicating that CBD exerts this therapeutic effect via other mechanisms 
(Martín-Moreno et al., 2011). CBD treatment also prevented Aβ-induced IL-6 gene expression 
suggesting that the behavioral benefits documented may be mediated by glial activation 
modulation. However, CBD did not influence TNF-α gene expression. In vitro results from this 
study supported this finding as CBD treatment prevented the ATP-induced intracellular calcium 
increase and promoted microglial activation in cultured microglia (Martín-Moreno et al., 2011). 

CBD effects in transgenic mouse models of AD 

Although pharmacological models of AD are useful in producing AD-like symptoms, it is 
necessary to investigate the effects of CBD in transgenic mouse models as they result from gene 
mutations, which are seen in familial AD (e.g., APP, PS1, and PS2 gene mutations). 
Furthermore, based on the pharmacological protocols used, some effects of CBD could be 
related to a direct effect of the phytocannabinoid on exogenous Aβ administration rather than the 
long-term effects of the accumulated Aβ. Initially, two studies were conducted in our 
laboratories to elucidate the remedial and preventative potential of chronic CBD treatment in AD 
transgenic mice. To assess the remedial effects of CBD, adult male APPxPS1 mice were treated 
for 3 weeks with CBD (20 mg/kg CBD, daily i.p. injections) post onset of cognitive deficits and 
AD pathology (Cheng et al., 2014a). CBD treatment was able to reverse cognitive deficits in 
object recognition memory and social recognition memory without influencing anxiety 
parameters (Cheng et al., 2014a). 

In the preventative treatment study, male APPxPS1 mice at the age of 2.5 months were treated 
for 8 months with either 20 mg/kg CBD or vehicle pellets using a daily voluntary oral 
administration protocol (Cheng et al., 2014b). This assessed the long-term effect of CBD prior to 
“AD onset.” Long-term CBD treatment was able to prevent the development of social 
recognition memory deficits without affecting anxiety domains in AD transgenic mice (Cheng et 
al., 2014b). These beneficial effects were not associated with a reduction in Aβ load or oxidative 
damage. There was also no difference in hippocampal or cortical soluble and insoluble levels of 
Aβ40 and Aβ42 in the AD transgenic mice regardless of treatment. Furthermore, cortical lipid 
oxidation levels were not altered by CBD treatment. However, the study did report a complex 
interaction between CBD treatment, AD genotype and cholesterol and phytosterol levels, 
suggesting they may be involved in the mechanisms behind the beneficial effects of CBD. There 
was also a subtle impact of CBD on inflammatory markers of the brain (Cheng et al., 2014b). 
Further research will be necessary to elucidate the potential mechanisms further, thereby also 
considering other treatment designs (i.e., different ages at treatment onset and CBD doses). 

Recent research has indicated that a combination of CBD and Δ9-tetrahydrocannabinol (THC) 
can avoid the detrimental effects caused by THC-induced activation of the CB1 receptors (e.g., 
psychoactivity), and actually provide greater therapeutic benefits than either phytocannabinoid 
alone. Importantly, there is controversy about what the ratios of CBD:THC should be used in 
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order to antagonize detrimental THC effects. It has been reported that a >10-fold higher dose of 
CBD was necessary to prevent the unwanted side effects of THC. Other research suggests that 
CBD may even modestly potentiate THC's psychoactive effects (Fadda et al., 2004; Klein et 
al., 2011). Nevertheless, Sativex (GW pharmaceuticals, Salisbury, United Kingdom), a 
combination therapy using a 1:1 ratio of CBD and THC is approved as an anti-inflammatory 
drug treatment against spasms in multiple sclerosis and does not appear to be associated with any 
adverse THC effects, suggesting that CBD effectively blocks those at the ratio chosen (Collin et 
al., 2010; Novotna et al., 2011). 

Three studies to date have evaluated the efficacy of a combination of CBD and THC on AD-
related processes in vivo. The first study conducted by Casarejos et al. (2013) investigated the 
effects of Sativex in a mouse model of tauopathy. This mouse model was foremost a model of 
frontotemporal dementia, parkinsonism and lower motor neuron disease. The study found that 
Sativex decreased gliosis, increased the ratio of reduced/oxidized glutathione and reduced the 
levels of iNOS (Casarejos et al., 2013), thereby showing neuroprotective and anti-oxidant 
properties. Importantly, Sativex reduced Aβ and tau deposition in the hippocampus and cerebral 
cortex as well as increasing autophagy (Casarejos et al., 2013), thus implying, that although the 
mouse model is not directly related to AD, the therapeutic benefits are. 

The second study conducted by Aso et al. (2015) compared the effect of CBD, THC and a CBD-
THC combination in the APPxPS1 mouse model, in the early symptomatic phase (~6 months). 
This study found that all treatments improved memory deficits in the two-object recognition task 
but only the CBD-THC combination prevented the learning deficit seen in the active avoidance 
task. CBD-THC combination also decreased soluble Aβ42 levels and changed plaque composition 
while CBD and THC individually did not (Aso et al., 2015). Finally, reduced astrogliosis, 
microgliosis and inflammatory related molecules were more pronounced after treatment with the 
CBD-THC combination than either phytocannabinoid individually (Aso et al., 2015). This 
suggests that when CBD and THC are combined there may be either a summative effect or an 
interaction effect between the compounds, which potentiates their therapeutic-like effects (Aso et 
al., 2015). In this context, it should be mentioned, that although all treatments had cognition-
improving characteristics in the object recognition task, THC alone had a detrimental effect on 
cognition in control mice, highlighting the need to be cautious when considering THC as a 
therapeutic. However, control mice treated with CBD-THC combination did not show any 
cognitive deficits suggesting that CBD may be able to antagonize the detrimental effects of THC 
(Aso et al., 2015). 

In a very recent follow-up study, Aso et al. also investigated the effect of CBD-THC 
combination treatment on memory and brain pathology in aged male APPxPS1 mice and 
littermate controls (12 months) as well as non-aged controls, 3 months old control mice (Aso et 
al., 2016). Compared to the non-aged controls, vehicle-treated aged mice demonstrated impaired 
cognition in the two-object recognition task. Interestingly, CBD-THC combination restored the 
memory deficit of APPxPS1 but not WT control mice (Aso et al., 2016). In comparison to their 
previous study testing younger APPxPS1 mice (Aso et al., 2015), CBD-THC combination did 
not influence the Aβ load or the related glial reactivity in aged AD transgenic mice (Aso et 
al., 2016)., However, the combination treatment normalized synaptosome associated protein 25, 
glutamate receptors 2 and 3 and γ-aminobutyric acid receptor A subunit α1 expression, implying 
that CBD-THC may exert its beneficial effects on cognition via these mechanisms. 
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Conclusions 

AD is a debilitating neurodegenerative disease that is becoming increasingly common in today's 
society. Unfortunately, there is still no effective treatment that stops or reverses the disease 
progression. The studies reviewed in this mini review provide “proof of principle” for the 
therapeutic benefits CBD and possibly CBD-THC combinations pose for AD therapy 
(summarized in Table Table1).1). However, further dose-dependent investigations into 
transgenic mouse models of AD are necessary to understand the full potential and the long-term 
effects of CBD. Importantly, many of the discussed studies were conducted in mice aged 
between 3 and 6 months, which is quite young considering AD diagnosis is usually relatively late 
in the disease progression. Furthermore, it is necessary to investigate the effects of CBD in 
tauopathy mouse models specific to AD and in female mouse models as all studies reviewed 
were conducted in male mice only. Nevertheless, the studies discussed here provide promising 
preliminary data and the translation of this preclinical work into the clinical setting could be 
realized relatively quickly: CBD is readily available, appears to only have limited side effects 
(Bergamaschi et al., 2011) and is safe for human use (Leweke et al., 2012). 
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Trial of Cannabidiol for Drug-Resistant Seizures in the 
Dravet Syndrome. 
Devinsky O1, Cross JH1, Laux L1, Marsh E1, Miller I1, Nabbout R1, Scheffer IE1, Thiele 
EA1, Wright S1; Cannabidiol in Dravet Syndrome Study Group. 
Collaborators (31) 
Author information 
Abstract 
BACKGROUND: 

The Dravet syndrome is a complex childhood epilepsy disorder that is associated with drug-resistant 

seizures and a high mortality rate. We studied cannabidiol for the treatment of drug-resistant 

seizures in the Dravet syndrome. 

METHODS: 

In this double-blind, placebo-controlled trial, we randomly assigned 120 children and young adults 

with the Dravet syndrome and drug-resistant seizures to receive either cannabidiol oral solution at a 

dose of 20 mg per kilogram of body weight per day or placebo, in addition to standard antiepileptic 

treatment. The primary end point was the change in convulsive-seizure frequency over a 14-week 

treatment period, as compared with a 4-week baseline period. 

RESULTS: 

The median frequency of convulsive seizures per month decreased from 12.4 to 5.9 with 

cannabidiol, as compared with a decrease from 14.9 to 14.1 with placebo (adjusted median 

difference between the cannabidiol group and the placebo group in change in seizure frequency, -

22.8 percentage points; 95% confidence interval [CI], -41.1 to -5.4; P=0.01). The percentage of 

patients who had at least a 50% reduction in convulsive-seizure frequency was 43% with cannabidiol 

and 27% with placebo (odds ratio, 2.00; 95% CI, 0.93 to 4.30; P=0.08). The patient's overall 

condition improved by at least one category on the seven-category Caregiver Global Impression of 

Change scale in 62% of the cannabidiol group as compared with 34% of the placebo group 

(P=0.02). The frequency of total seizures of all types was significantly reduced with cannabidiol 

(P=0.03), but there was no significant reduction in nonconvulsive seizures. The percentage of 

patients who became seizure-free was 5% with cannabidiol and 0% with placebo (P=0.08). Adverse 

events that occurred more frequently in the cannabidiol group than in the placebo group included 

diarrhea, vomiting, fatigue, pyrexia, somnolence, and abnormal results on liver-function tests. There 

were more withdrawals from the trial in the cannabidiol group. 

CONCLUSIONS: 
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Among patients with the Dravet syndrome, cannabidiol resulted in a greater reduction in convulsive-

seizure frequency than placebo and was associated with higher rates of adverse events. (Funded by 

GW Pharmaceuticals; ClinicalTrials.gov number, NCT02091375.). 
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Cannabidiol can improve complex sleep-related 
behaviours associated with rapid eye movement sleep 
behaviour disorder in Parkinson's disease patients: a 
case series. 
Chagas MH1, Eckeli AL, Zuardi AW, Pena-Pereira MA, Sobreira-Neto MA, Sobreira ET, Camilo 
MR, Bergamaschi MM, Schenck CH, Hallak JE, Tumas V, Crippa JA. 
Author information 
Abstract 
WHAT IS KNOWN AND OBJECTIVE: 

Cannabidiol (CBD) is the main non-psychotropic component of the Cannabis sativa plant. REM 

sleep behaviour disorder (RBD) is a parasomnia characterized by the loss of muscle atonia during 

REM sleep associated with nightmares and active behaviour during dreaming. We have described 

the effects of CBD in RBD symptoms in patients with Parkinson's disease. 

CASES SUMMARY: 

Four patients treated with CBD had prompt and substantial reduction in the frequency of RBD-

related events without side effects. 

WHAT IS NEW AND CONCLUSION: 

This case series indicates that CBD is able to control the symptoms of RBD. 
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Abstract 
Go to: 

Introduction 

Epidemiological studies have shown a positive relationship between long-term stress and the 
development of cardiovascular disease (1). Factors like social isolation, low socioeconomic 
status, depression, stressful family and work life, and anxiety are associated with an increased 
risk of the development and accelerated progression of existing cardiovascular disease. Current 
European guidelines on the prevention of cardiovascular disease have emphasized the 
importance of tackling these factors (2). Mental stress induces myocardial ischaemia in patients 
with stable coronary artery disease, and this appears to be mediated by adrenal release of 
catecholamines (3). 

Cannabinoids (CBs) are compounds that bind to CB receptors or are structurally similar to 
compounds that bind to CB receptors. They include endogenously produced compounds (called 
endocannabinoids), synthetic compounds and phytocannabinoids obtained from the Cannabis 
sativa plant. There are over 80 known types of phytocannabinoids, the most widely studied of 
which is Δ9 tetrahydrocannabinol (Δ9-THC or THC), which is responsible for the psychoactive 
properties of cannabis (4). The other major phytocannabinoid is cannabidiol (CBD), which does 
not have psychoactive properties. CBD is currently the focus of much research due to its 
potential in a number of therapeutic areas, as it has been shown to have antiinflammatory, 
anticonvulsant, antioxidant, anxiolytic, antinausea, and antipsychotic properties (5). A number of 
preclinical studies have also shown beneficial effects of CBD in a range of disorders of the 
cardiovascular system (6). A CBD/THC combination (Sativex/Nabiximols, GW 
Pharmaceuticals) is licensed for the treatment of spasticity in multiple sclerosis, and CBD alone 
(Epidiolex, GW Pharmaceuticals) has entered an expanded access program in children with 
intractable epilepsies (Dravet syndrome and Lennox-Gastaut syndrome). Epidiolex has also 
received orphan designation status for the treatment of neonatal hypoxia-ischaemic 
encephalopathy. 
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CBD has multiple desirable effects on the cardiovascular system. It attenuates high glucose–
induced proinflammatory changes in human coronary artery endothelial cells (7) and myocardial 
dysfunction associated with animal models of diabetes (8), and it preserves endothelial integrity 
in diabetic retinal microvasculature (9). In vivo administration of CBD before cardiac ischemia 
and reperfusion also reduces ventricular arrhythmias and infarct size. CBD also causes both 
acute and time-dependent vasorelaxation in isolated arteries in rats and humans (10–12). There is 
also evidence from animal studies that CBD modulates the cardiovascular response to stress. 
Resstel and colleagues (13) showed in rats that i.p. injection of CBD (10 and 20 mg/kg, –30 min) 
reduced restraint stress–induced cardiovascular response and behavior. Both these effects were 
blocked by preadministration of WAY100635 (0.1 mg/kg), a 5-hydroxytryptamine 1A (5HT1A) 
antagonist. These effects appear to be mediated centrally and involve the bed nucleus of the stria 
terminalis (BNST), a limbic structure that modulates neuroendocrine responses to acute stress 
(14). 

Our recent systematic review showed us that there are no dedicated studies in humans to date, to 
our knowledge, looking at the effect of CBD on either resting cardiovascular measurement or on 
the responses to stress, with continuous monitoring of CV parameters (15). Therefore, the aim of 
the present study was to investigate whether CBD decreases the cardiovascular response to stress 
after the administration of a single dose of CBD (600 mg) in healthy volunteers, with the 
hypothesis that blood pressure would be reduced by CBD. Noninvasive cardiovascular 
measurements were used along with stress tests in the form of mental arithmetic, isometric 
exercise, and the cold pressor test. 

Go to: 

Results 

Ten male subjects were recruited, but 1 withdrew for personal reasons. The mean age, weight, 
and height of the volunteers were 23.7 ± 3.2 years, 77.5 ± 6.4 kg, and 178.6 ± 4.5 cm (mean ± 
SD). 

Effect of CBD on resting cardiovascular parameters. 

CBD treatment reduced resting systolic blood pressure (SBP) (mean difference –6 mmHg; 95% 
CI, –1 to –12, P < 0.05, Figure 1A). Although there was no overall difference in diastolic blood 
pressure (DBP) and mean arterial blood pressure (MAP) between the 2 groups, post-hoc analysis 
showed that both DBP and MAP were lower with CBD treatment (Figure 1, B and C, 
respectively; P < 0.01), particularly in the latter time points (120–160 min). 
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Figure 1 
Changes in resting cardiovascular parameters after a single dose (600 mg) of cannabidiol (CBD) in 
healthy volunteers (n = 9). 

The effects of placebo (closed square) and CBD (open square) on systolic blood pressure (SBP) (A), 
diastolic blood pressure (DBP) (B), mean arterial blood pressure (MAP) (C), heart rate (HR) (D), stroke 
volume (SV) (E), cardiac output (CO) (F), ejection time (EJT) (G), total peripheral resistance (TPR) (H), 
and forearm blood flow (I), measured continuously over 2 hours after drug ingestion, except for forearm 
blood flow. Forearm blood was measured over a time period of 2 minutes just before the start and in 
between the stress tests. Dotted line denotes baseline values between the stress tests. Repeated measures 
2-way ANOVA; mean ± SEM (*/+/#P< 0.05, **/++/##P < 0.01 using Bonferroni’s post-hoc analysis; + and 
# represent significant change in any parameter over time seen with placebo and CBD, respectively; 
denotes overall significant difference between 2 treatments). 

CBD treatment reduced resting stroke volume (SV; mean difference –8 ml; 95% CI, –2 to –
14, P < 0.05, Figure 1E) and increased heart rate (HR), with significant difference in HR 
between CBD and placebo from an hour after ingestion of drug (Figure 1D, P < 0.05). There was 
a decline in left ventricular ejection time (EJT) with both treatments (P < 0.05; Figure 1G), while 
cardiac output (CO) (Figure 1F) remained unchanged. 
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There was a trend toward reduction in total peripheral resistance (TPR, Figure 1H) with CBD in 
the latter half of the resting period, and a significant reduction in forearm skin blood flow before 
the start of the stress tests (Figure 1I; P < 0.01). 

Effect of CBD on cardiovascular parameters mental stress. 

The individual blood pressure responses of healthy volunteers to the stresses are presented 
in Figure 2, showing the average baseline systolic or diastolic blood pressure in the 4 minutes 
preceeding the stress test, the peak response during stress, and the average recovery response in 
the 4 minutes after the stress test. 
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Figure 2 
Individual systolic and diastolic blood pressure responses to all stress tests after a single dose (600 
mg) of cannabidiol (CBD) or placebo in healthy volunteers (n = 9). 

Green color coding shows subjectS who had a reduced (compared with placebo) blood pressure response 
to stress after taking CBD, and red color coding shows an increased blood pressure response to stress after 
taking CBD. 

Mental stress test. 

Mental stress caused a rise in HR (P < 0.05; Figure 3D) and a decline in SV (P < 0.01; Figure 
3E), which was seen in both the CBD and placebo groups. There was a rise in DBP (P < 
0.05; Figure 3B) and a decline in EJT (P < 0.05; Figure 3G), seen only in those who had taken 
CBD. 
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Cardiovascular response to mental stress after a single dose (600 mg) of cannabidiol (CBD) in 
healthy volunteers (n = 9). 

The effects of placebo (closed square) and CBD (open square) on systolic blood pressure (SBP) (A), 
diastolic blood pressure (DBP) (B), mean arterial blood pressure (MAP) (C), heart rate (HR) (D), stroke 
volume (SV) (E), cardiac output (CO) (F), ejection time (EJT) (G), total peripheral resistance (TPR) (H), 
and forearm blood flow (I), measured continuously just before, during, and after mental arithmetic test 
(dotted line denotes stress test period), except for forearm blood flow. Measurements for forearm blood 
flow were made over a 2-minute window just before, during, and after the stress test. Repeated measures 
2-way ANOVA; mean ± SEM (+ and # denote significant change in a parameter during the stress period 
seen with placebo and CBD, respectively). +/#P < 0.05, ++/##P < 0.01. 

Although overall, there was no difference in the cardiovascular parameters between the 2 
treatments, post-hoc analysis showed that SBP (Figure 3A; P < 0.05 to < 0.0001), DBP (Figure 
3B; P < 0.05 to < 0.01), and MAP (Figure 3C; P < 0.05 to < 0.0001) were significantly lower in 
volunteers who had taken CBD, especially immediately after the stress test. Looking at the 
individual response to mental stress, 6 of 9 subjects had a lower SBP before or during the mental 
stress test, and 9 of 9 subject had a lower SBP in the recovery period after taking CBD (Figure 
2). Five of 9 subjects had a lower DBP during the mental stress test, and 6 of 9 subject had a 
lower DBP in the recovery period after taking CBD (Figure 2). 

CBD increased HR during the latter part of mental stress and in the poststress period (Figure 
3D; P < 0.05 to < 0.0001), with a corresponding decline in EJT (Figure 3G; P < 0.05 to < 
0.0001). Although CBD reduced SV (Figure 3E; P < 0.05 to < 0.0001), there was no difference 
in CO between CBD and placebo (Figure 3F). 

Compared with placebo, volunteers who had taken CBD had a lower TPR throughout and 
especially in the post–mental stress period (Figure 3H; P < 0.05 to < 0.0001). Volunteers who 
had taken CBD also reduced forearm skin blood flow before and during the latter part of mental 
stress (Figure 3I; P < 0.05 to < 0.01). 

Exercise stress test. 

The isometric exercise stress caused a significant rise in the following parameters in both 
treatment groups; SBP (placebo P < 0.01, CBD P < 0.001; Figure 4A), DBP (placebo P < 0.01, 
CBD P < 0.0001; Figure 4B), MAP (placebo P < 0.01, CBD P < 0.0001; Figure 4C), and HR 
(placebo P < 0.05, CBD P < 0.001; Figure 4D). 
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Figure 4 
Cardiovascular parameters in response to exercise stress after a single dose (600 mg) of cannabidiol 
(CBD) in healthy volunteers (n = 9). 

The effects of placebo (closed square) and CBD (open square) on systolic blood pressure (SBP) (A), 
diastolic blood pressure (DBP) (B), mean arterial blood pressure (MAP) (C), heart rate (HR) (D), stroke 
volume (SV) (E), cardiac output (CO) (F), ejection time (EJT) (G), total peripheral resistance (TPR) (H), 
and forearm blood flow (I), measured continuously just before, during, and after isometric exercise test 
(dotted line denotes stress test period), except for forearm blood flow. Measurements for forearm blood 
flow were made over a 2-minute window just before, during, and after the stress test. Repeated measures 
2-way ANOVA; mean ± SEM (*/+/#P< 0.05; **/++/##P < 0.01; ***/###P < 0.001; ****/####P < 0.0001 using 
Bonferroni post-hoc analysis; + and # denote significant change in a parameter during the stress period 
seen with placebo and CBD respectively). 

Overall, CBD treatment reduced SBP (mean difference –5 mmHg; 95% CI, –1 to –10, P < 
0.05, Figure 4A) and MAP (mean difference –5 mmHg, 95% CI, –2 to –9, P < 0.05, Figure 4C) 
during the exercise stress. Looking at the individual response to exercise stress, 6 of 9 subjects 
had a lower SBP during isometric exercise and 8 of 9 subjects had a lower SBP in the recovery 
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period after taking CBD (Figure 2). Five of 9 subjects had a lower DBP during exercise, and 8 of 
9 subject had a lower DBP in the recovery period after taking CBD (Figure 2). 

Subjects who had taken CBD had increased HR (mean difference 10 bpm; 95% CI, 5–14, P < 
0.01, Figure 4D) and decreased SV (mean difference –13 ml; 95% CI, –4 to –22, P < 
0.01, Figure 4E) and EJT (mean difference –0.01 sec, 95% CI, –0.001 to –0.03, P < 0.05, Figure 
4G) during the exercise stress. There was no difference in CO during the exercise stress (Figure 
4F). 

A rise in forearm cutaneous blood flow in response to exercise (as would be expected) was only 
seen in volunteers who had taken placebo (P < 0.05; Figure 4I). Post-hoc analysis showed 
significantly lower forearm skin blood flow in those who had taken CBD (Figure 4I; P < 0.001 
to < 0.0001), during the early and latter parts of the stress test. This was associated with reduced 
TPR (Figure 4H; P < 0.05 to < 0.001) before, after, and in the latter half of exercise stress. 

Cold stress test. 

The cold pressor test caused a rise in SBP (placebo P < 0.01, CBD P < 0.05; Figure 5A) and 
MAP (placebo P < 0.001, CBD P < 0.05; Figure 5C) in both groups and a rise in DBP only with 
placebo (P < 0.01; Figure 5B). An equal rise in SBP and MAP was seen with both CBD and 
placebo in the first half of this stress test. However, while the blood pressure (SBP and MAP) 
continued to rise in the placebo group, it plateaued in volunteers who had taken CBD, and 
therefore both SBP and MAP were significantly lower in volunteers after CBD (mean difference 
–8 mmHg [95% CI, –4 to –12, P < 0.01] and –6 mmHg [95% CI, –2 to –11, P < 0.01]). Post-hoc 
analysis showed that DBP was also significantly lower in those who had taken CBD in the latter 
half of the stress period (Figure 5B; P < 0.001). 
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Figure 5 
Cardiovascular response to cold stress after a single dose (600 mg) of cannabidiol (CBD) in healthy 
volunteers (n = 9). 

The effects of placebo (closed square) and CBD (open square) on systolic blood pressure (SBP) (A), 
diastolic blood pressure (DBP) (B), mean arterial blood pressure (MAP) (C), heart rate (HR) (D), stroke 
volume (SV) (E), cardiac output (CO) (F), ejection time (EJT) (G), total peripheral resistance (TPR) (H), 
and forearm blood flow (I), measured continuously just before, during, and after cold pressor test (dotted 
line denotes stress test period), except for forearm blood flow. Measurements for forearm blood flow 
were made over a 2-minute window just before, during, and after the stress test. Repeated measures 2-
way ANOVA; mean ± SEM (*/+/#P< 0.05, **/++P < 0.01, ***/+++P < 0.001, ****P < 0.0001 using 
Bonferroni post-hoc analysis; + and # denote significant change in a parameter during the stress period 
seen with placebo and CBD, respectively). 

Looking at the individual response to the cold pressor test, 8 of 9 subjects had a lower SBP 
during the cold stress and in the recovery period after taking CBD (Figure 2). Six of 9 subjects 
had a lower DBP during the cold pressor, and 7 of 9 subject had a lower DBP in the recovery 
period after taking CBD (Figure 2). 
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As before, HR was higher in volunteers who had taken CBD (mean difference 7 bpm; 95% CI: 
2–13; P < 0.05; Figure 5D), and EJT was lower (mean difference -0.01 sec; 95% CI: 0 to –
0.02; P < 0.05; Figure 5G). Sidak post-hoc analysis showed that SV was significantly lower with 
CBD throughout (Figure 5E; P < 0.05 to < 0.0001), but there was no decline in cardiac output 
(Figure 5F). 

The cold pressor test caused a significant rise in TPR (as expected) in the placebo group only 
(Figure 5H; P< 0.01) and rise in forearm skin blood flow with both CBD and placebo (Figure 
5I; P < 0.05). The overall trend was for lower TPR and forearm skin blood flow in those who 
had taken CBD, with post-hoc analysis showing a reduction in both just before and in the latter 
half of cold stress (Figure 5H [P < 0.05 to < 0.0001] and Figure 5I [P < 0.001]). 

Go to: 

Discussion 

Based on preclinical evidence, the aim of this study was to test the hypothesis that CBD would 
reduce the cardiovascular response to stress in healthy volunteers. We found that resting blood 
pressure was lower after subjects had taken CBD and that CBD blunted the blood pressure 
response to stress, particularly in the pre- and poststress periods. Post-hoc analysis showed an 
overall trend of lower SBP, MAP, DBP, SV, TPR, forearm skin blood flow, and left ventricular 
EJT and a higher HR in subjects who had taken CBD. These hemodynamic changes should be 
considered for people taking CBD and suggest that further research is warranted to establish 
whether CBD has any role in the treatment of cardiovascular disorders. 

We have shown for the first time that to our knowledge that, in humans, acute administration of 
CBD reduces resting blood pressure, with a lower stroke volume and a higher heart rate. This 
response may be secondary to the known anxiolytic properties of CBD (16) and may account for 
the lack of anticipatory rise in blood pressure seen with placebo. These findings are in contrast to 
previous studies in humans, where CBD at the same dose did not affect baseline cardiovascular 
parameters (17–19), although changes in the cardiovascular system were not the primary 
outcome of these studies. In the present study, CV parameters were measured continuously, 
while in previous studies, monitoring for SBP, DBP, and HR were performed manually at only 1, 
2, or 3 hours after drug delivery. Additionally, our subjects were cannabis naive, while the 
subjects of other studies had used cannabis in the past. Since tolerance may develop to the 
hemodynamic response to CBs in humans, this may explain the differences between studies. 

THC, the major psychoactive component of cannabis, is known to cause tachycardia and 
orthostatic hypotension in humans (20), a hemodynamic response similar to that observed to 
CBD in the present study. THC is a partial agonist at both CB1 and CB2 receptors (21), and the 
effects of THC on heart rate are mediated through CB1 receptors (20). CBD does not bind with 
any great affinity to CB1, but it can interact indirectly by augmenting CB1 receptors’ 
constitutional activity or endocannabinoid tone, the so called indirect agonism (22). We recently 
showed that CBD also causes endothelium-dependent vasorelaxation in isolated human 
mesenteric arteries through CB1 activation (11). Therefore, it is possible that the changes in 
hemodynamics brought about by CBD are mediated through CB1. 

CBD may cause sympathoinhibition (through CB1 or some other mechanism), thereby preventing 
an increase in blood pressure and cardiac output, causing a compensatory rise in heart rate to 
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maintain cardiac output. Indeed, the changes in SBP preceded any changes in HR. Another 
possibility is that CBD inhibits cardiac vagal tone, thereby increasing heart rate (despite any 
potential sympathoinhibition). A recent study in male Sprague-Dawley rats showed that GPR18 
activation in the rostral ventrolateral medulla (RVLM) by abnormal CBD (Abn-CBD) resulted in 
reduced blood pressure and increased heart rate (23) (similar to that observed in the present 
study). The same study showed that pretreatment with atropine and propranolol fully abrogated 
the HR response, suggesting a role for the autonomic nervous system. CBD is a weak partial 
agonist at GPR18 (24). 

Effect of CBD on cardiovascular parameters in response to mental stress. 

Mental arithmetic has been shown to cause a rise in MAP and muscle sympathetic nerve activity 
(MSNA) (25) and vasodilatation in forearm skeletal muscle (26). In our study, none of the 
cardiovascular parameters other than HR, DBP, and SV were affected, suggesting that the level 
of stress to this test was minimal. This could be because of the added visual stimulus of a 
computer screen, which would have helped volunteers perform the task. Overall, there was trend 
for lower SBP, DBP, MAP, SV, TPR, and forearm skin blood flow in subjects who had taken 
CBD, particularly in the pre– and post–stress test periods. Like resting cardiovascular 
parameters, these changes may indicate anxiolytic effects of CBD and/or generalized 
sympathoinhibition. 

Effect of CBD on cardiovascular parameters in response to exercise stress. 

Isometric exercise produces a pressor response, via sympathoexcitation, originating in the 
contracting muscle and relayed to the RVLM via the nucleus of solitary tract. The end result is a 
rise in heart rate and cardiac output and vasoconstriction in nonexercising organs (27–29). There 
is increased skeletal muscle blood flow in the nonexercising limb, which is sensitive to atropine 
and propranolol (30). A similar response was seen in our study, where isometric exercise caused 
a significant rise in SBP, DBP, MAP, and HR and an increase in forearm blood flow, although 
this was significant in the placebo group only. Subjects who had taken CBD had reduced blood 
pressure during the exercise stress test, and this was most pronounced in the pre- and posttest 
period. Before the exercise stress, HR was higher and SV lower in volunteers when they had 
taken CBD, and this trend continued throughout exercise stress and in the poststress period. 
There was also a significant reduction in EJT with CBD, which represents a reciprocal change to 
increased HR. The rise in cutaneous blood flow was only seen with placebo and not with CBD, 
possibly suggesting reduced β2 adrenergic–mediated vasodilatation, which could be a result of 
general sympathoinhibition or a specific effect at the β2 adrenoceptors. The tissue distribution of 
β2 adrenoceptors and CB1 receptors overlaps in many tissues, including in the cardiovascular 
system (31). At the cellular level, a complex physical and functional interaction between these 2 
receptors has been demonstrated; there is evidence of cointernalization of β2 adrenoceptors with 
CB1 receptors, leading to desensitisation of β2 adrenoceptors (31). 

Effect of CBD on cardiovascular parameters in response to cold stress. 

Cold stress causes intense sympathoexcitation, producing a tachycardic and pressor response, 
and an increase in MSNA (32, 33). The pressor response is due to an initial rise in CO, in 
response to increased HR and a later increase in MSNA, causing vasoconstriction. Both MAP 
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and TPR show a linear correlation with MSNA during cold stress (34). In our study, cold stress 
produced a pressor response in both groups, but, interestingly, while SBP and MAP continued to 
rise with placebo throughout the test period, the pressor response to cold was blunted in subjects 
who had taken CBD, and SBP and MAP were significantly lower. In keeping with this, TPR was 
lower with CBD than placebo, suggesting a possible inhibition of sympathetic outflow. This 
could also be due to analgesic properties of CBD (35), reducing cold stress and therefore 
minimizing the sympathetic response (also explaining why the cold pressor test was affected 
more by CBD than the exercise test). In the animal study of Resstel and colleagues (13), the 
authors suggested that the modulation of cardiovascular response was most likely secondary to 
attenuation of emotional response to stress. However, given our findings that CBD produced 
similar changes in cardiovascular parameters — though to a variable degree — during rest and 
stress, this may indicate that CBD also has direct cardiovascular effects. 

Safety and tolerance. 

CBD was well tolerated, and there were no adverse events on the day of stress tests. None of the 
subjects reported any adverse events over the following week. 

Conclusion. 

Our data show that a single dose of CBD reduces resting blood pressure and the blood pressure 
response to stress, particularly cold stress, and especially in the post-test periods. This may 
reflect the anxiolytic and analgesic effects of CBD, as well as any potential direct cardiovascular 
effects. CBD also affected cardiac parameters but without affecting cardiac output. Giving the 
increasing use of CBD as a medicinal product, these hemodynamic changes should be considered 
for people taking CBD. Further research is also required to establish whether CBD has any role 
in the treatment of cardiovascular disorders such as a hypertension. 

Go to: 

Methods 

Study design. 

The study was a randomized, crossover design with each subject given CBD (BN: K12067A) or 
placebo (both gifts from GW Pharmaceuticals) in a capsule in a double-blind fashion, with a 
minimum time interval of at least 48 hours (range 3–16 days), taking place at the Division of 
Medical Sciences, School of Medicine, Royal Derby Hospital. Allocation was decided by a coin 
toss, and block randomization was employed by S.E. O’Sullivan, who assigned participants. 
K.A. Jadoon carried out all study visits, and data analysis was blinded. 

During an initial visit, subjects were familiarized with the stress tests and with noninvasive 
cardiovascular (CVS) monitoring, and an electrocardiogram (ECG) was done to rule out any 
preexisting cardiac conditions. Subjects were advised to fast overnight, to avoid beverages 
containing caffeine or alcohol, and to avoid strenuous exercise for 24 hours before each of the 2 
study visits. Two hours after CBD/placebo was administered, subjects performed various stress 
tests (36). Noninvasive cardiovascular monitoring using Finometer and laser Doppler flowmetry 
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was carried out during the 2 hours to assess changes in baseline parameters and during the stress 
test periods. 

Visit days. 

Upon arrival, subjects were rested for 10–15 minutes, and their baseline blood pressure and heart 
rate were recorded using a digital blood pressure (BP) monitor. Participants were given a 
standardized breakfast, and 15 minutes later, they were given either oral CBD (600 mg) or 
placebo in a double-blind fashion. This is a dose known to cause anxiolytic effects in humans 
and is comparable with what is used clinically (19, 37–39). Study medication consisted of 
capsules containing either 100 mg of CBD or excipients, which were a gift from GW 
Pharmaceuticals. There was no difference between the 2 formulations in color, taste, or smell. 

Two hours afterward, subjects were asked to perform the stress tests (36). Timing of the tests 
was chosen to coincide with peak plasma levels for CBD (18). All the experiments were 
performed in a sitting position under ambient temperature conditions. Maximum voluntary 
contraction for the isometric hand grip test was assessed for each subject prior to administering 
study medication. 

After administration of CBD or placebo, subjects remained seated, either doing nothing, reading, 
or using a computer. During this time, subjects were connected to a calibrated Finometer 
(Finapres Medical Systems), which uses a finger-clamp method to detect beat-to-beat changes in 
digital arterial diameter using an infrared photoplethysmograph (40). The Finometer gives a 
continuous signal of beat-to-beat changes in blood pressure and blood flow, and it uses this 
signal to derive other parameters, including systolic, diastolic, and mean blood pressure; 
interbeat interval; heart rate and left ventricular ejection time; stroke volume; cardiac output; and 
systemic peripheral resistance. Baseline cardiovascular data was recorded for 2 hours following 
administration of CBD or placebo. Forearm blood flow was measured using a calibrated laser 
Doppler flowmeter (Perimed) (41). For each recording, 5 images of microcirculation were taken, 
over an area 19 mm × 19 mm, using the upper third of the left forearm under high resolution. 
After 2 hours, subjects underwent the cardiovascular stress tests in the following order: mental 
arithmetic, isometric exercise, and cold pressor test. 

The mental arithmetic test consisted of calculating a sum every 2 second for 2 minutes. Subjects 
were seated in front of a computer screen, and a PowerPoint presentation delivered a slide with a 
simple mathematical sum of a 3-digit number minus a smaller number (e.g., 317 – 9, 212 – 11, 
185 – 7) every 2 seconds; the subject had to give the answer verbally. In the isometric exercise 
stress test, using a dynamometer, handgrip was maintained at 30% of maximum voluntary 
contraction (MVC) for 2 min. For the cold pressor test, subjects immersed their left foot (up to 
ankle) in ice slush (temperature 4°C–6°C) for 2 minutes. Cardiovascular parameters were 
measured continuously using the Finometer, while skin blood flow measurements were taken 
just before, during, and 5 minutes after each test. Each stress test lasted for 2 minutes, and there 
was a recovery period of at least 10 minutes. 

Statistics. 

Data were analyzed using repeated measures ANOVA to determine the effect of treatment and 
time on different variables using GraphPad PRISM version 6.02. Level of significance was set at 
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α = 0.05 and values presented as mean ± SEM. Sidak’s post-hoc test was used to see treatment 
affect at various time points. Data were not unblinded until after statistical analysis. 

Study approval. 

Ten healthy young male volunteers, mean age 24 years (range 19–29), with no underlying 
cardiovascular or metabolic disorders, were recruited for this study, which was approved by the 
University of Nottingham Faculty of Medicine Ethics Committee (study reference E18102012). 
Written informed consent was obtained according to the Declaration of Helsinki. Exclusion 
criteria included any significant cardiovascular or metabolic disorder or use of any medication. 
All the volunteers were nonsmokers and had taken no prescribed or over-the-counter medication 
within a week prior to randomization. No volunteers had ever used cannabis. 

Go to: 

Author contributions 

KAJ helped with study design, researched data, wrote the manuscript, and reviewed/edited the 
manuscript. GDT reviewed/edited the manuscript. SEO was involved in study design and 
reviewed/edited the manuscript. 

Go to: 

Supplementary Material 
ICMJE disclosure forms: 
Click here to view.(865K, pdf) 

Go to: 

Acknowledgments 

GT is supported by the NIHR Oxford Biomedical Research Centre Programme. The views 
expressed are those of the author and not necessarily those of the NHS, the NIHR, or the 
Department of Health. 

Go to: 

Footnotes 
Conflict of interest: GW Pharma supplied the cannabidiol (CBD) and placebo but did not fund the study. 

Reference information:JCI Insight. 2017;2(11):e93760. https://doi.org/10.1172/jci.insight.93760. 

Go to: 

References 
1. Figueredo VM. The time has come for physicians to take notice: the impact of psychosocial 
stressors on the heart. Am J Med. 2009;122(8):704–712. doi: 
10.1016/j.amjmed.2009.05.001. [PubMed] [Cross Ref] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/bin/jciinsight-2-93760-s001.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470879/
https://www.ncbi.nlm.nih.gov/pubmed/19635269
https://dx.doi.org/10.1016%2Fj.amjmed.2009.05.001


 

2. Perk J, et al. European Guidelines on cardiovascular disease prevention in clinical practice 
(version 2012). The Fifth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by 
representatives of nine societies and by invited experts) Eur Heart J. 2012;33(13):1635–1701. 
doi: 10.1093/eurheartj/ehs092. [PubMed][Cross Ref] 

3. Goldberg AD, et al. Ischemic, hemodynamic, and neurohormonal responses to mental and 
exercise stress. Experience from the Psychophysiological Investigations of Myocardial Ischemia 
Study (PIMI) Circulation. 1996;94(10):2402–2409. doi: 
10.1161/01.CIR.94.10.2402. [PubMed] [Cross Ref] 

4. Costa B. On the pharmacological properties of Delta9-tetrahydrocannabinol (THC) Chem 
Biodivers. 2007;4(8):1664–1677. doi: 10.1002/cbdv.200790146. [PubMed] [Cross Ref] 

5. Mechoulam R, Parker LA, Gallily R. Cannabidiol: an overview of some pharmacological 
aspects. J Clin Pharmacol. 2002;42(11 Suppl):11S–19S. [PubMed] 

6. Stanley CP, Hind WH, O’Sullivan SE. Is the cardiovascular system a therapeutic target for 
cannabidiol? Br J Clin Pharmacol. 2013;75(2):313–322. doi: 10.1111/j.1365-
2125.2012.04351.x. [PMC free article][PubMed] [Cross Ref] 

7. Rajesh M, et al. Cannabidiol attenuates high glucose-induced endothelial cell inflammatory 
response and barrier disruption. Am J Physiol Heart Circ Physiol. 2007;293(1):H610–H619. doi: 
10.1152/ajpheart.00236.2007. [PMC free article] [PubMed] [Cross Ref] 

8. Rajesh M, et al. Cannabidiol attenuates cardiac dysfunction, oxidative stress, fibrosis, and 
inflammatory and cell death signaling pathways in diabetic cardiomyopathy. J Am Coll 
Cardiol. 2010;56(25):2115–2125. doi: 10.1016/j.jacc.2010.07.033. [PMC free 
article] [PubMed] [Cross Ref] 

9. El-Remessy AB, Al-Shabrawey M, Khalifa Y, Tsai NT, Caldwell RB, Liou GI. 
Neuroprotective and blood-retinal barrier-preserving effects of cannabidiol in experimental 
diabetes. Am J Pathol. 2006;168(1):235–244. doi: 10.2353/ajpath.2006.050500. [PMC free 
article] [PubMed] [Cross Ref] 

10. O’Sullivan SE, Sun Y, Bennett AJ, Randall MD, Kendall DA. Time-dependent vascular 
actions of cannabidiol in the rat aorta. Eur J Pharmacol. 2009;612(1-3):61–68. doi: 
10.1016/j.ejphar.2009.03.010.[PubMed] [Cross Ref] 

11. Stanley CP, Hind WH, Tufarelli C, O’Sullivan SE. Cannabidiol causes endothelium-
dependent vasorelaxation of human mesenteric arteries via CB1 activation. Cardiovasc 
Res. 2015;107(4):568–578. doi: 10.1093/cvr/cvv179. [PMC free article] [PubMed] [Cross Ref] 

12. Walsh SK, Hepburn CY, Kane KA, Wainwright CL. Acute administration of cannabidiol in 
vivo suppresses ischaemia-induced cardiac arrhythmias and reduces infarct size when given at 
reperfusion. Br J Pharmacol. 2010;160(5):1234–1242. doi: 10.1111/j.1476-
5381.2010.00755.x. [PMC free article] [PubMed][Cross Ref] 

13. Resstel LB, Tavares RF, Lisboa SF, Joca SR, Corrêa FM, Guimarães FS. 5-HT1A receptors 
are involved in the cannabidiol-induced attenuation of behavioural and cardiovascular responses 

https://www.ncbi.nlm.nih.gov/pubmed/22555213
https://dx.doi.org/10.1093%2Feurheartj%2Fehs092
https://www.ncbi.nlm.nih.gov/pubmed/8921780
https://dx.doi.org/10.1161%2F01.CIR.94.10.2402
https://www.ncbi.nlm.nih.gov/pubmed/17712813
https://dx.doi.org/10.1002%2Fcbdv.200790146
https://www.ncbi.nlm.nih.gov/pubmed/12412831
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3579247/
https://www.ncbi.nlm.nih.gov/pubmed/22670794
https://dx.doi.org/10.1111%2Fj.1365-2125.2012.04351.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2228254/
https://www.ncbi.nlm.nih.gov/pubmed/17384130
https://dx.doi.org/10.1152%2Fajpheart.00236.2007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/
https://www.ncbi.nlm.nih.gov/pubmed/21144973
https://dx.doi.org/10.1016%2Fj.jacc.2010.07.033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1592672/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1592672/
https://www.ncbi.nlm.nih.gov/pubmed/16400026
https://dx.doi.org/10.2353%2Fajpath.2006.050500
https://www.ncbi.nlm.nih.gov/pubmed/19285060
https://dx.doi.org/10.1016%2Fj.ejphar.2009.03.010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540144/
https://www.ncbi.nlm.nih.gov/pubmed/26092099
https://dx.doi.org/10.1093%2Fcvr%2Fcvv179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936031/
https://www.ncbi.nlm.nih.gov/pubmed/20590615
https://dx.doi.org/10.1111%2Fj.1476-5381.2010.00755.x


 

to acute restraint stress in rats. Br J Pharmacol. 2009;156(1):181–188. doi: 10.1111/j.1476-
5381.2008.00046.x.[PMC free article] [PubMed] [Cross Ref] 

14. Choi DC, Furay AR, Evanson NK, Ostrander MM, Ulrich-Lai YM, Herman JP. Bed nucleus 
of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis 
activity: implications for the integration of limbic inputs. J Neurosci. 2007;27(8):2025–2034. 
doi: 10.1523/JNEUROSCI.4301-06.2007. [PubMed] [Cross Ref] 

15. Sultan SR, Millar SA, England TJ, O’Sullivan SE. A Systematic Review and Meta-Analysis 
of the Haemodynamic Effects of Cannabidiol. Front Pharmacol. 2017;8:81 [PMC free 
article] [PubMed] 

16. Zuardi AW, Shirakawa I, Finkelfarb E, Karniol IG. Action of cannabidiol on the anxiety and 
other effects produced by delta 9-THC in normal subjects. Psychopharmacology 
(Berl) 1982;76(3):245–250. doi: 10.1007/BF00432554. [PubMed] [Cross Ref] 

17. Martin-Santos R, et al. Acute effects of a single, oral dose of d9-tetrahydrocannabinol (THC) 
and cannabidiol (CBD) administration in healthy volunteers. Curr Pharm 
Des. 2012;18(32):4966–4979. doi: 10.2174/138161212802884780. [PubMed] [Cross Ref] 

18. Fusar-Poli P, et al. Distinct effects of {delta}9-tetrahydrocannabinol and cannabidiol on 
neural activation during emotional processing. Arch Gen Psychiatry. 2009;66(1):95–105. doi: 
10.1001/archgenpsychiatry.2008.519. [PubMed] [Cross Ref] 

19. Bergamaschi MM, et al. Cannabidiol reduces the anxiety induced by simulated public 
speaking in treatment-naïve social phobia 
patients. Neuropsychopharmacology. 2011;36(6):1219–1226. doi: 10.1038/npp.2011.6. [PMC 
free article] [PubMed] [Cross Ref] 

20. Sidney S. Cardiovascular consequences of marijuana use. J Clin Pharmacol. 2002;42(11 
Suppl):64S–70S. [PubMed] 

21. Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three plant cannabinoids: 
delta9-tetrahydrocannabinol, cannabidiol and delta9-tetrahydrocannabivarin. Br J 
Pharmacol. 2008;153(2):199–215. doi: 10.1038/sj.bjp.0707442. [PMC free 
article] [PubMed] [Cross Ref] 

22. McPartland JM, Duncan M, Di Marzo V, Pertwee RG. Are cannabidiol and Δ(9) -
tetrahydrocannabivarin negative modulators of the endocannabinoid system? A systematic 
review. Br J Pharmacol. 2015;172(3):737–753. doi: 10.1111/bph.12944. [PMC free 
article] [PubMed] [Cross Ref] 

23. Penumarti A, Abdel-Rahman AA. The novel endocannabinoid receptor GPR18 is expressed 
in the rostral ventrolateral medulla and exerts tonic restraining influence on blood pressure. J 
Pharmacol Exp Ther. 2014;349(1):29–38. doi: 10.1124/jpet.113.209213. [PMC free 
article] [PubMed] [Cross Ref] 

24. McHugh D, Page J, Dunn E, Bradshaw HB. Δ(9) -Tetrahydrocannabinol and N-arachidonyl 
glycine are full agonists at GPR18 receptors and induce migration in human endometrial HEC-
1B cells. Br J Pharmacol. 2012;165(8):2414–2424. doi: 10.1111/j.1476-
5381.2011.01497.x. [PMC free article] [PubMed][Cross Ref] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697769/
https://www.ncbi.nlm.nih.gov/pubmed/19133999
https://dx.doi.org/10.1111%2Fj.1476-5381.2008.00046.x
https://www.ncbi.nlm.nih.gov/pubmed/17314298
https://dx.doi.org/10.1523%2FJNEUROSCI.4301-06.2007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5323388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5323388/
https://www.ncbi.nlm.nih.gov/pubmed/28286481
https://www.ncbi.nlm.nih.gov/pubmed/6285406
https://dx.doi.org/10.1007%2FBF00432554
https://www.ncbi.nlm.nih.gov/pubmed/22716148
https://dx.doi.org/10.2174%2F138161212802884780
https://www.ncbi.nlm.nih.gov/pubmed/19124693
https://dx.doi.org/10.1001%2Farchgenpsychiatry.2008.519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079847/
https://www.ncbi.nlm.nih.gov/pubmed/21307846
https://dx.doi.org/10.1038%2Fnpp.2011.6
https://www.ncbi.nlm.nih.gov/pubmed/12412838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2219532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2219532/
https://www.ncbi.nlm.nih.gov/pubmed/17828291
https://dx.doi.org/10.1038%2Fsj.bjp.0707442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4301686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4301686/
https://www.ncbi.nlm.nih.gov/pubmed/25257544
https://dx.doi.org/10.1111%2Fbph.12944
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965889/
https://www.ncbi.nlm.nih.gov/pubmed/24431468
https://dx.doi.org/10.1124%2Fjpet.113.209213
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3423258/
https://www.ncbi.nlm.nih.gov/pubmed/21595653
https://dx.doi.org/10.1111%2Fj.1476-5381.2011.01497.x


 

25. Schwartz CE, Durocher JJ, Carter JR. Neurovascular responses to mental stress in 
prehypertensive humans. J Appl Physiol. 2011;110(1):76–82. doi: 
10.1152/japplphysiol.00912.2010. [PMC free article][PubMed] [Cross Ref] 

26. Barcroft H, Brod J, Hejl BZ, Hirsjarvi EA, Kitchin AH. The mechanism of the vasodilatation 
in the forearm muscle during stress (mental arithmetic) Clin Sci. 1960;19:577–586. [PubMed] 

27. Lind AR, Taylor SH, Humphreys PW, Kennelly BM, Donald KW. THE CIRCULATIORY 
EFFECTS OF SUSTAINED VOLUNTARY MUSCLE CONTRACTION. Clin 
Sci. 1964;27:229–244. [PubMed] 

28. Delius W, Hagbarth KE, Hongell A, Wallin BG. Manoeuvres affecting sympathetic outflow 
in human muscle nerves. Acta Physiol Scand. 1972;84(1):82–94. doi: 10.1111/j.1748-
1716.1972.tb05158.x.[PubMed] [Cross Ref] 

29. Sander M, Macefield VG, Henderson LA. Cortical and brain stem changes in neural activity 
during static handgrip and postexercise ischemia in humans. J Appl Physiol. 2010;108(6):1691–
1700. doi: 10.1152/japplphysiol.91539.2008. [PubMed] [Cross Ref] 

30. Ishii K, et al. Differential contribution of ACh-muscarinic and β-adrenergic receptors to 
vasodilatation in noncontracting muscle during voluntary one-legged exercise. Physiol 
Rep. 2014;2(11):e12202[PMC free article] [PubMed] 

31. Hudson BD, Hébert TE, Kelly ME. Physical and functional interaction between CB1 
cannabinoid receptors and beta2-adrenoceptors. Br J Pharmacol. 2010;160(3):627–642. doi: 
10.1111/j.1476-5381.2010.00681.x. [PMC free article] [PubMed] [Cross Ref] 

32. Victor RG, Leimbach WN, Seals DR, Wallin BG, Mark AL. Effects of the cold pressor test 
on muscle sympathetic nerve activity in humans. Hypertension. 1987;9(5):429–436. doi: 
10.1161/01.HYP.9.5.429.[PubMed] [Cross Ref] 

33. Mathias CJ, Bannister R. Investigation of autonomic disorders. In: Bannister R, Mathias CJ, 
eds. Autonomic Failure. A textbook of clinical disorders of the autonomic nervous system. 
Oxford:Oxford University Press;1992:255–290. 

34. Yamamoto K, Iwase S, Mano T. Responses of muscle sympathetic nerve activity and cardiac 
output to the cold pressor test. Jpn J Physiol. 1992;42(2):239–252. doi: 
10.2170/jjphysiol.42.239. [PubMed][Cross Ref] 

35. Russo EB. Cannabinoids in the management of difficult to treat pain. Ther Clin Risk 
Manag. 2008;4(1):245–259. [PMC free article] [PubMed] 

36. O’Sullivan SE, Bell C. Training reduces autonomic cardiovascular responses to both 
exercise-dependent and -independent stimuli in humans. Auton Neurosci. 2001;91(1-2):76–84. 
doi: 10.1016/S1566-0702(01)00288-0. [PubMed] [Cross Ref] 

37. Tzadok M, et al. CBD-enriched medical cannabis for intractable pediatric epilepsy: The 
current Israeli experience. Seizure. 2016;35:41–44. doi: 
10.1016/j.seizure.2016.01.004. [PubMed] [Cross Ref] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3253011/
https://www.ncbi.nlm.nih.gov/pubmed/21051574
https://dx.doi.org/10.1152%2Fjapplphysiol.00912.2010
https://www.ncbi.nlm.nih.gov/pubmed/13686888
https://www.ncbi.nlm.nih.gov/pubmed/14220903
https://www.ncbi.nlm.nih.gov/pubmed/5029386
https://dx.doi.org/10.1111%2Fj.1748-1716.1972.tb05158.x
https://www.ncbi.nlm.nih.gov/pubmed/20185626
https://dx.doi.org/10.1152%2Fjapplphysiol.91539.2008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255809/
https://www.ncbi.nlm.nih.gov/pubmed/25413322
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2931563/
https://www.ncbi.nlm.nih.gov/pubmed/20590567
https://dx.doi.org/10.1111%2Fj.1476-5381.2010.00681.x
https://www.ncbi.nlm.nih.gov/pubmed/3570420
https://dx.doi.org/10.1161%2F01.HYP.9.5.429
https://www.ncbi.nlm.nih.gov/pubmed/1434092
https://dx.doi.org/10.2170%2Fjjphysiol.42.239
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2503660/
https://www.ncbi.nlm.nih.gov/pubmed/18728714
https://www.ncbi.nlm.nih.gov/pubmed/11515804
https://dx.doi.org/10.1016%2FS1566-0702(01)00288-0
https://www.ncbi.nlm.nih.gov/pubmed/26800377
https://dx.doi.org/10.1016%2Fj.seizure.2016.01.004


 

38. Fusar-Poli P, et al. Modulation of effective connectivity during emotional processing by 
Delta 9-tetrahydrocannabinol and cannabidiol. Int J Neuropsychopharmacol. 2010;13(4):421–
432. doi: 10.1017/S1461145709990617. [PubMed] [Cross Ref] 

39. O’Connell BK, Gloss D, Devinsk O. Cannabinoids in treatment-resistant epilepsy: A 
review. Epilepsy Behav. doi: 10.1016/j.yebeh.2016.11. [published online ahead of print February 
8, 2017].https://doi.org/10.1016/j.yebeh.2016.11.012. [Cross Ref] 

40. Schutte AE, Huisman HW, van Rooyen JM, Malan NT, Schutte R. Validation of the 
Finometer device for measurement of blood pressure in black women. J Hum 
Hypertens. 2004;18(2):79–84. doi: 10.1038/sj.jhh.1001639. [PubMed] [Cross Ref] 

41. Johnson JM, Taylor WF, Shepherd AP, Park MK. Laser-Doppler measurement of skin blood 
flow: comparison with plethysmography. J Appl Physiol Respir Environ Exerc 
Physiol. 1984;56(3):798–803.[PubMed] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/19775500
https://dx.doi.org/10.1017%2FS1461145709990617
https://doi.org/10.1016/j.yebeh.2016.11.012
https://dx.doi.org/10.1016%2Fj.yebeh.2016.11
https://www.ncbi.nlm.nih.gov/pubmed/14730321
https://dx.doi.org/10.1038%2Fsj.jhh.1001639
https://www.ncbi.nlm.nih.gov/pubmed/6706783


 

J Am Coll Cardiol. Author manuscript; available in PMC 2011 Dec 14. 

Published in final edited form as: 

J Am Coll Cardiol. 2010 Dec 14; 56(25): 2115–2125. 

doi:  10.1016/j.jacc.2010.07.033 

PMCID: PMC3026637 

NIHMSID: NIHMS254437 

PMID: 21144973 

Cannabidiol attenuates cardiac dysfunction, oxidative stress, fibrosis, 
inflammatory and cell death signaling pathways in diabetic 
cardiomyopathy 
Mohanraj Rajesh, PhD,1,# Partha Mukhopadhyay, PhD,1,# Sándor Bátkai, MD, PhD,1 Vivek Patel,1 Keita Saito, 
PhD,2Shingo Matsumoto, PhD,2 Yoshihiro Kashiwaya, MD, PhD,3 Béla Horváth, MD, PhD,1 Bani 
Mukhopadhyay, PhD,1Lauren Becker,1 György Haskó, MD, PhD,4 Lucas Liaudet, MD,5 David A Wink,2 Aristidis 
Veves, MD,6Raphael Mechoulam, PhD,7 and Pál Pacher, MD, PhD, FAPS, FAHA1,* 

Author information ► Copyright and License information ► Disclaimer 

The publisher's final edited version of this article is available at J Am Coll Cardiol 

See other articles in PMC that cite the published article. 

Abstract 

Objectives 

Background 

Methods 

Results 

Conclusions 
Go to: 

Introduction 

Cardiovascular complications are the leading cause of morbidity and mortality in diabetic 
patients. Diabetic cardiomyopathy characterized by myocardial left ventricular dysfunction (both 
diastolic and later systolic one), independent of atherosclerosis and coronary artery disease, has 
been well documented in both humans and animals (1-3). The mechanism of diabetic cardiac 
dysfunction is complex and involves increased oxidative/nitrosative stress (4-7), activation of 
various downstream transcription factors, pro-inflammatory and cell death pathways such as NF-
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κB (8,9), poly(ADP-ribose) polymerase (PARP) (10), and MAPKs (11,12), inactivation of pro-
survival pathways such as Akt (13), eventually culminating in cell death (14), changes in the 
composition of extracellular matrix with enhanced cardiac fibrosis and increased inflammation 
(15). 

Various components of Cannabis sativa (marijuana) plant, termed cannabinoids (e.g. the most 
characterized active ingredient, the delta 9-tetrahydrocannabinol (THC)), exert potent analgesic 
effects through the activation of classic CB1 receptors located in the central nervous system and 
anti-inflammatory properties through the activation of CB2 cannabinoid receptors on immune 
cells (16). However, the major limitation of the therapeutic utility of THC is the development of 
centrally mediated CB1-depend psychoactive effects (16). Furthermore, CB1 receptor activation 
in the cardiovascular system by endocannabinoids may also contribute to the pathophysiology of 
multiple cardiovascular diseases including heart failure and atherosclerosis (17). In contrast to 
THC, cannabidiol (CBD), the most abundant cannabinoid of Cannabis sativa, which has been 
approved for the treatment of inflammation, pain and spasticity associated with multiple sclerosis 
in humans since 2005 in Canada (18), does not bind to these receptors (19), therefore it is devoid 
of psychoactive properties and has no potential to cause adverse cardiac toxicity (20). 
Importantly, CBD is well tolerated without side effects when chronically administered to humans 
(21,22). A previous study has demonstrated cardiac protection by CBD in myocardial ischemic 
reperfusion injury (23); therefore, we have investigated the potential protective effects of CBD in 
diabetic hearts and in primary human cardiomyocytes exposed to high glucose. Our findings 
underscore the potential of CBD for the prevention/treatment of diabetic complications. 

Go to: 

Materials and Methods 

Animals and treatment 

All the animal protocols conformed to the National Institutes of Health (NIH) guidelines and 
were approved by the Institutional Animal Care and use Committee of NIAAA/NIH. Diabetes 
was induced in 8-12 weeks C57/BL6J mice weighing 23-25g (male, Jackson Laboratories, Bar 
Harbor, ME) by intraperitoneal (I.P.) injection of streptozotocin (STZ, Sigma, St. Louis, MO) at 
the dose of 50 mg/kg dissolved in 100 mM citrate buffer pH 4.5 for 5 consecutive days. After 
one week, blood glucose levels were measured using Ascensia Coutour Glucometer (Bayer 
HealthCare, NY) by mandibular puncture blood sampling. Mice which had blood sugar values 
>250 mg/dl were used for the study. In the first set of experiments 1 week diabetic mice were 
treated with cannabidiol (CBD; 1, 10 or 20 mg/kg I.P) or vehicle for 11 weeks (Suppl.Fig.1). In 
another set of experiments, 8 weeks diabetic mice were treated with CBD or vehicle for 4 weeks 
(Suppl.Fig.2). CBD was isolated as described earlier (24). The corresponding control groups 
were treated with either vehicle or CBD alone for the same duration. All the animals were 
provided with food and water ad libitum. 

Hemodynamic measurements in mice 

Left ventricular performance was measured in mice anesthetized with 2% isoflurane as 
previously described (25) (26). 
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Determination of SOD activity, MDA, GSH, GSSG, 4-HNE, protein carbonyl content 

SOD activities and reduced/oxidized glutathione (GSH, GSSG), malondialdehyde (MDA), 4-
HNE, protein carbonyl levels in the myocardial tissues were determined as described in the 
appendix. 

Determination of myocardial ROS by electron paramagnetic resonance spectrometer 
(EPR) is described in the appendix. 

Reverse transcription and real time PCR 

Preparation of samples and reverse transcription and real time PCR experiments from heart 
tissues and the primers are described in the appendix and Suppl. Table1. 

Determination of PARP, caspase 3/7 activities, chromatin fragmentation, TUNEL and 3-
nitrotyrosine (3-NT) content 

PARP and caspase 3/7 activities, chromatin fragmentation, TUNEL, and 3-nitrotyrosine (3-NT) 
content in the heart homogenates and/or human cardiomyocyte extracts are described in the 
appendix. 

Western immunoblot analysis 

Sample preparations, Western immunoblot analysis and sources of antibodies are described in 
the appendix. 

Immunohistochemistry 

The immunohistochemistry/staining from frozen or formalin-fixed myocardial tissues 
(nitrotyrosine, TUNEL, Sirius red) is described in the appendix. 

Cell culture studies 

Human cardiomyocytes (HCM) along with the culture medium were purchased from ScienCell 
Research Laboratories (Carlsbad, CA) and were maintained and treated as described in the 
appendix. 

Simultaneous determination of cytosolic and mitochondrial ROS generation and 
apoptosis by flow cytometry 

Mitochondrial superoxide/ROS generation and cell death were determined as described (27) and 
detailed in the appendix. 

Statistical analysis 

Results are expressed as mean±SEM. Statistical comparisons were made by one way ANOVA 
followed by Newman-Keuls post-hoc analysis using GraphPad Prism 5 software (San Diego, 
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CA). When heterogeneity of variance was present, ANOVA was performed after logarithmic 
transformation of the data. Probability values of P<0.05 were considered significant. 

Go to: 

Results 

Blood glucose levels, pancreas insulin content and body weights 

Diabetic animals exhibited increased blood glucose levels (Suppl. Figs.1A&2A) with the 
decrease in the body weight (Suppl. Fig.1D). Diabetic animals also had increased glycosylated 
hemoglobin (HbA1c) levels with concomitant decline in the pancreas insulin content (Suppl. Fig. 
1B/2B). CBD or vehicle treatment (1, 10 or 20 mg/kg I.P) for 11 or 4 weeks, did not significantly 
alter the body weight/blood glucose level/pancreas insulin content neither in control nor in 
diabetic animals (Suppl. Figs.1& 2). 

CBD treatment attenuates diabetes-induced hemodynamic alterations 

12 weeks of established diabetes was associated with impaired diastolic and systolic left 
ventricular function, which was largely attenuated by the treatment with CBD for 11 weeks 
(starting 1 week after the establishment of diabetes)(Fig.1). CBD treatment also improved the 
diabetes-induced myocardial dysfunction when it was given for 4 weeks in 8 weeks diabetic 
mice (Suppl.Fig.3.). 
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Fig.1 
Cannabidiol attenuates diabetes-induced left ventricular dysfunction 

A) Representative pressure–volume (P–V) loops at different preloads after inferior vena cava occlusion, 
showing differences in the end-systolic and end-diastolic P–V relations (ESPVR and EDPVR) in control 
and diabetic mice treated with vehicle or cannabidiol (CBD). The shift of P-V loops right and changed 
slope of ESPVR and EDPVR in diabetic mice indicates decreased systolic and diastolic functions, which 
were less pronounced in diabetic mice treated with CBD (20 mg/kg/day) for 11 weeks. B) 12 weeks of 
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diabetes was associated with decrease in left ventricular systolic pressure (LVSP), maximum first 
derivative of ventricular pressure with respect to time (+dP/dt), stroke work, ejection fraction, cardiac 
output, and load-independent indexes of contractility (preload-recruitable stroke work (PRSW), dP/dt–
end-diastolic volume relation (dP/dt-EDV), and end-systolic pressure–volume relation (Emax), 
respectively), and an increase in left ventricular end-diastolic pressure (LVEDP) and prolongation of 
relaxation time constants (τ Weiss and Glantz), which were largely attenuated by CBD treatment (20 
mg/kg/day I.P.) for 11 weeks. Results are mean±SEM of 8-11/group. *P<0.05 vs. vehicle control/CBD 
alone; #P<0.05 vs. diabetes [D]. 

CBD treatment attenuates diabetes-induced myocardial oxidative stress 

There was increased accumulation of lipid peroxides (Fig.2A,B), protein carbonyls (Fig.2C), 
ROS generation (Fig.2D), expression of mRNA of various ROS generating NADPH oxidases 
(p22phox,p67phox, gp91phox; Fig.2E) with concordant decrease of GSH/GSSG ratio (Fig.2F) 
and attenuated activity of the superoxide eliminating enzyme, the superoxide dismutase (SOD) 
(Fig.2G) in hearts of diabetic mice. These changes were attenuated when mice were treated with 
CBD for 11 weeks during the course of the diabetes (Fig.2A-G). 
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Open in a separate window 

Fig.2 
CBD attenuates diabetes-induced myocardial oxidative stress 

Oxidative stress in the myocardial tissues were determined by measuring (A) MDA, (B) 4-HNE, (C) 
protein carbonyls content and (D) ROS levels by EPR as described in the Methods section and the (E) 
NADPH oxidase subunits mRNA expression by real time RT-PCR (F) endogenous antioxidants (GSH) 
content and (G) SOD activity. *P<0.05 vs. vehicle control/CBD alone, #P<0.05 vs. diabetes [D], n=6-
9/group. 

CBD treatment attenuates diabetes-induced myocardial NF-κB activation and 
inflammation 

As shown in (Fig.3A) there was a marked IκB-α degradation in the cytosol of diabetic hearts, 
with increased phosphorylation of IκB-α leading to release of active p65NF-κB, which 
subsequently translocates to the nucleus to induce the inflammatory and apoptotic gene 
expressions (Fig.3B). Gel shift assay also confirmed the NF-κB activation in diabetic hearts 
(Fig.3C). CBD treatment of diabetic mice inhibited the IκB-α and subsequent p65NF-κB nuclear 
translocation (Fig.3A-C). CBD treatment also inhibited the NF-κB-dependent mRNA and/or 
protein expression of adhesion molecules ICAM-1 and VCAM-1 (Fig.3D,F) and pro-
inflammatory cytokine TNF-α (Fig.3E,G) respectively in the diabetic myocardial tissues. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026637/figure/F3/


 

 
 
Fig.3 
CBD attenuates diabetes-induced myocardial NF-κB activation 

(A) Western blot analysis demonstrates IκB-α expression and its phosphorylation in the cytosolic fraction 
and (B) the nuclear translocation of p65NF-κB in the nuclear fraction of the heart tissue homogenates. (C) 
Shows the gel shift assay demonstrating NF-κB activation. (D) Shows the mRNA expression of ICAM-
1/VCAM-1 (E) TNF-α in the respective groups as indicated (F) Shows the western blot analysis for the 
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protein expression of ICAM-1/VCAM-1 and (G) TNF-α protein in the myocardial tissues. *P<0.05 vs. 
vehicle control/CBD alone; #P<0.05 vs. diabetes [D], n=6-9/group. 

CBD treatments attenuates diabetes-induced nitrosative/nitrative stress 

There was significant increase in inducible nitric oxide synthase (iNOS) expression (Fig.4A) and 
3-nitrotyrosine (3-NT) accumulation (Fig.4B-E) in hearts of diabetic mice compared to vehicle 
or CBD alone treated mice. CBD treatment attenuated the diabetes-induced iNOS expression and 
3-NT accumulation (marker of nitrosative/nitrative stress) (Fig.4B-E). 
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Fig.4 
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CBD inhibits diabetes-induced myocardial, iNOS expression and 3-NT accumulation 

(A) iNOS expression was determined by Western immunoblot in the heart tissues (B) 3-NT levels in the 
heart samples were quantitatively determined by ELISA with indicated CBD concentration (mg/kg body 
weight) respectively. (C) Representative gel indicating the nitrated proteins analyzed by 
immunoprecipitation with 3-NT specific antibody (D) shows the representative images for the 
histochemical staining for 3-NT levels in the formalin-fixed myocardial tissues. (E) Depicts the 
immunofluorescence staining for 3-NT from frozen sections as described in methods. *P<0.05 vs. vehicle 
control/CBD alone; #P<0.05 vs. diabetes [D], n= 6-8/group. 

CBD treatment attenuates diabetes-induced mitogen activated protein kinases (MAPKs) 
activation and apoptosis 

There was marked increase in the p38MAPK (Fig.5A) and JNK (Fig.5B) activation in the 
myocardial tissues of diabetic mice. In addition, there was marked activation p38αMAPK 
(Fig.5C) and slightly diminished p38βMAPK (Fig.5C) in the diabetic myocardium. There was 
also activation of MAPKAPK-2 in the diabetic heart (Fig.5D). CBD treatment for 11 weeks 
significantly mitigated p38MAPK/JNK/p38αMAPK/MAPKAPK-2 activation, while it was not 
effective in restoring the p38βMAPK levels. In addition, Akt activation was also significantly 
hampered in the diabetic myocardium, which was attenuated with CBD treatment (Fig.5E). In 
diabetic myocardium there was marked increase in caspase 3 cleavage, caspase 3/7 activity 
(Fig.6A,B), chromatin fragmentation and PARP activity (Figs.6C,D), and enhanced apoptosis 
(Fig.6E and Fig.7); all these changes in diabetes were attenuated by CBD treatment. 
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Fig.5 
CBD mitigates diabetes-induced myocardial activation of MAPKs and augments Akt activation 
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Western blot analysis shows the (A) p38MAPK (B) JNK (C) p38α/βMAPK (D) MAPKAPK-2 and (E) 
Akt activation in the myocardial tissues. P<0.05 vs. vehicle control/CBD alone; #P<0.05 vs. diabetes [D], 
n=6/group. 

 

 
 
Fig.6 
CBD mitigates diabetes-induced myocardial apoptosis and cell death 

(A) Western blot analysis for the caspase 3 and (B) caspase 3/7 activity (C) chromatin fragmentation and 
(D) PARP activation and (E) quantitative TUNEL assay was performed as described in Methods. 
*P<0.05 vs. vehicle control/CBD alone; #P<0.05 vs. diabetes [D], n=6-9/group. 
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Fig.7 
CBD mitigates apoptosis in the diabetic myocardium 

Shown are the representative TUNEL images in the diabetic myocardium and mice that were treated with 
CBD for 11 weeks. For details see the supplemental methods. 

CBD treatment attenuates diabetes-associated myocardial fibrosis 

Real time RT-PCR analysis revealed significant increases in the pro-fibrotic gene expressions 
(Fig.8A) and in collagen deposition (Fig.8B) in diabetic hearts, and these were attenuated by 
CBD (Fig.8). 
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Fig. 8 
CBD attenuates diabetes-induced cardiac fibrosis 

(A) Shows the mRNA expression of the pro-fibrotic genes in the myocardial tissues. *P<0.05 vs. vehicle 
control/CBD alone; #P<0.05 vs. diabetes [D], n=9/group. (B) Depicts the Sirius red staining indicating 
collagen deposition and implying and the extent of cardiac fibrosis. Images shown are representative from 
4 independent experiments. *P<0.05 vs. vehicle control/CBD alone; #P<0.05 vs. diabetes [D], n= 4-
6/group. 

CBD post-treatment following the establishment of diabetic cardiomyopathy attenuates 
diabetes-induced myocardial oxidative/nitrosative stress, cell death and fibrosis 

Remarkably, CBD 20 (mg/kg) treatment also attenuated the diabetes-induced increased 
myocardial nitrative stress, cell death (Suppl.Fig.4) and fibrosis (Suppl.Fig.5) when it was given 
for 4 weeks in 8 weeks diabetic mice. 

CBD treatment attenuates high glucose (HG)-induced cytosolic and mitochondrial ROS 
generation and 3-NT formation in human cardiomyocytes (HCM) 

HG treatment of HCM for 48 hrs markedly increased cytosolic (Suppl.Fig.6A) and mitochondrial 
(Suppl.Fig.6B) ROS/superoxide generation compared to cells treated with either D-glucose 5 
mM, L-glucose 30 mM, or CBD (4μM) alone for the same duration. CBD markedly attenuated 
the HG-induced increased ROS generation (Suppl. Fig.6A,B) and 3-NT accumulation in HCM 
(Suppl. Fig.6C). 

CBD mitigates HG-induced NF-κB activation and apoptosis in HCM 

HG treatment induced NF-κB activation (Suppl.Fig.7A,B) and increased apoptosis and PARP-
dependent cell death in cardiomyocytes (Suppl.Fig.8A,B); the anti-apoptotic activity of CBD 
was mediated, at least in part, via its ability to modulate Akt activity (Suppl. Fig.8A). 

Go to: 

Discussion 

Accumulating evidence suggests that increased oxidative/nitrosative stress coupled with 
activation of various downstream pro-inflammatory and cell death pathways play pivotal role in 
the development of complex biochemical, mechanical and structural alterations associated with 
diabetic cardiomyopathy (11,14,15) (3,4,6,12). However, in spite of the accumulating knowledge 
obtained during the past decades, the treatment of diabetic cardiomyopathy still remains poor and 
largely symptomatic (1,2). 

Cannabidiol, a nonpsychoactive component of marijuana, has been shown to exert anti-
inflammatory and antioxidant effects both in vitro and in various preclinical models of 
neurodegeneration and inflammatory disorders, independent from classical CB1 and 
CB2 receptors (20). Furthermore, CBD has recently been reported to lower the incidence of 
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diabetes in non-obese diabetic mice (28) and to preserve the blood-retinal barrier in experimental 
diabetes (29). 

In the present study, we have evaluated the effects of CBD treatment (for 11 weeks administered 
after the destruction of pancreatic beta cells and development of frank type 1 diabetes, as well as 
in 8 weeks diabetic animals for 4 weeks) on myocardial dysfunction, inflammation, 
oxidative/nitrosative stress, cell death and interrelated signaling pathways, using a mouse model 
of type I diabetic cardiomyopathy or primary human cardiomyocytes exposed to high glucose. 
Since significant cardiac dysfunction in this model starts to develop from 4 weeks of established 
diabetes (4,10) with gradually increasing fibrosis thereafter (12,15) (peaking around 8 weeks of 
established diabetes), in the first treatment protocol (Suppl.Fig.1A.) we aimed to study if CBD 
treatment can prevent the development of characteristic alterations of type I diabetic 
cardiomyopathy, in the second (Suppl.Fig.2A) if it is able to reverse these changes once they 
already developed. 

Consistently with previous reports, diabetic cardiomyopathy was characterized by declined 
diastolic and systolic myocardial performance associated with enhanced myocardial expression 
of NADPH oxidase isoforms p22phox, p67phox, gp91phox, attenuated antioxidant defense (decreased 
glutathione content and SOD activity) coupled with increased myocardial reactive oxygen 
species generation and lipid peroxidation (4,6,10,12,15). The high glucose-induced ROS 
generation besides inducing lipid peroxidation may also initiate activation of various stress 
signaling pathways (e.g. jun Nterminal kinase and p38 MAPK). Our results are also in agreement 
with previous studies demonstrating enhanced activation of p38 MAPK and its downstream 
effector (p38 MAPKAPK-2) in diabetic cardiomyopathy models and demonstrating that 
pharmacological inhibition of p38 MAPK signaling attenuates the expression of cardiac 
inflammatory markers, such as TNF-α, IL-1β, and IL-6, and collagen content associated with 
diabetic cardiomyopathy (11,12). Likewise, with recent evidence supporting an emerging role of 
p38α activation in diabetic cardiomyopathy (12), in addition to its already established role in 
mediating cell death during myocardial ischemic-reperfusion injury. The high glucose induced-
ROS generation also impairs important pro-survival signaling pathways such as Akt in diabetic 
hearts (13), activates pro-inflammatory and cell death pathways such as NF-κB (8,9) and nuclear 
enzyme poly(ADP)-ribose polymerase 1(10), which in turn regulate expression of important pro-
inflammatory cytokines, cell adhesion molecules and iNOS. The latter results in increased 
nitrosative/nitrative stress, which is also implicated in cardiovascular complications of diabetes 
(5). A recent study has also suggested that the NF-κB activation may induce increased oxidative 
stress and contributes to mitochondrial and cardiac dysfunction in type II diabetes(9). 
Importantly, the oxidative-nitrosative stress, stress signaling and inflammatory pathways in 
diabetic cardiomyopathy are closely interrelated eventually promoting the development 
myocardial fibrosis (3,9,11,15,30). 

CBD treatment (Suppl.Fig.1.) was able to attenuate the oxidative-nitrosative stress (decreased the 
myocardial ROS generation and expression of p22phox, p67phox, gp91phox, restored glutathione 
content and SOD activity, decreased 3-NT formation) and alterations of the above mentioned 
pro-survival (Akt) and stress signaling (p38, p38α, JNK) pathways in diabetic hearts. It also 
attenuated the NF-κB activation, expression of iNOS, TNFα, and ICAM-1, cell death and 
fibrosis in diabetic myocardium, and improved the associated characteristic functional 
alterations. Importantly, CBD treatment was able to attenuate/reverse (though to a lesser extent) 
some of the above mentioned diabetes-induced myocardial biochemical and functional changes 
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following the establishment of diabetic cardiomyopathy with fibrosis (Suppl.Figs.2-5). CBD also 
attenuated the high glucose-induced increased reactive oxygen and nitrogen species generation, 
NF-κB activation and cell death in primary human cardiomyocytes (Suppl.Figs.6-8). 

The above mentioned beneficial effects of CBD could be explain in part by its potent antioxidant 
properties, which was first suggested by the Nobel Prize winner Dr. Julius Axelrod (31). In 
Axelrod's study CBD was more protective against glutamateinduced neurotoxicity than any of 
the well-know antioxidants (e.g. ascorbate or α-tocopherol), indicating additional cytoprotective 
effects of CBD beyond its potent antioxidant properties (31). Indeed, our recent results suggest 
that CBD may exert potent effects on key pro-inflammatory pathways such as NF-κB and on 
pro-survival signaling such as Akt in vivo, which is most likely not related to its antioxidant 
effect. This is also supported by observations that CBD decreases inflammation in models in 
which conventional antioxidants are not very effective (e.g. in arthritis (20,32)), as well as by 
recent studies demonstrating that CBD is a potent inhibitor of bacterial lipopolysaccharide-
activated NF-κB proinflammatory pathway in microglia cells(33). These results are also in 
support of the emerging role of the inflammation in the development and progression of diabetic 
cardiomyopathy (9,11,15,30). 

Collectively, our results strongly suggest that CBD may have tremendous therapeutic potential in 
the treatment of diabetic cardiovascular and other complications by attenuating diabetes-induced 
oxidative/nitrosative stress, inflammation, cell death and fibrotic pathways. 
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List of abbreviations 
CBD 

cannabidiol 
ICAM-1 

Inter-Cellular Adhesion Molecule 1 or CD54 
iNOS 

inducible nitric oxide synthase 
3-NT 

3-nitrotyrosine 
MAPKs 

mitogen-activated protein kinases (e.g. p38 and JNK) 
MMP 2 and 9 
matrix metalloproteinases 
NF-κB 
nuclear factor kappa B 
NADPH oxidases 

nicotinamide adenine dinucleotide phosphate-oxidases 
PARP 

poly(ADP-ribose) polymerase 
TNF-α 

tumor necrosis factor alpha 
TUNEL 

Terminal deoxynucleotidyl transferase dUTP nick end labeling 
VCAM-1 

vascular cell adhesion molecule-1 or CD106 
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A systematic review of the antipsychotic properties of 
cannabidiol in humans. 
Iseger TA1, Bossong MG2. 
Author information 
Abstract 
Despite extensive study over the past decades, available treatments for schizophrenia are only 

modestly effective and cause serious metabolic and neurological side effects. Therefore, there is an 

urgent need for novel therapeutic targets for the treatment of schizophrenia. A highly promising new 

pharmacological target in the context of schizophrenia is the endocannabinoid system. Modulation of 

this system by the main psychoactive component in cannabis, Δ9-tetrahydrocannabinol (THC), 

induces acute psychotic effects and cognitive impairment. However, the non-psychotropic, plant-

derived cannabinoid agent cannabidiol (CBD) may have antipsychotic properties, and thus may be a 

promising new agent in the treatment of schizophrenia. Here we review studies that investigated the 

antipsychotic properties of CBD in human subjects. Results show the ability of CBD to counteract 

psychotic symptoms and cognitive impairment associated with cannabis use as well as with acute 

THC administration. In addition, CBD may lower the risk for developing psychosis that is related to 

cannabis use. These effects are possibly mediated by opposite effects of CBD and THC on brain 

activity patterns in key regions implicated in the pathophysiology of schizophrenia, such as the 

striatum, hippocampus and prefrontal cortex. The first small-scale clinical studies with CBD 

treatment of patients with psychotic symptoms further confirm the potential of CBD as an effective, 

safe and well-tolerated antipsychotic compound, although large randomised clinical trials will be 

needed before this novel therapy can be introduced into clinical practice. 
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Abstract 
Go to: 

Introduction 
Drug addiction is a chronically relapsing disorder characterized by the compulsive desire to seek 
and use drugs with impaired control over substance use despite negative consequences.1 In all, 
162–324 million people between the ages of 15 and 64 have used an illicit substance worldwide 
in 2012, and approximately 183,000 deaths were thought to be drug related.2 In the past decade 
the advent of new technologies has allowed for a better understanding of the neural mechanisms 
involved in addictive disorders. The glutamatergic and dopaminergic systems have been found to 
play an important role in the reinforcing effects of drugs and prolonged risk of relapse.3–

5 Moreover, the endocan-nabinoid system (ECBS) has been shown to influence the acquisition 
and maintenance of drug-seeking behaviors, through its role in reward and brain 
plasticity.6,7 Cannabinoid receptors have been studied in addiction-related processes, with special 
attention paid to cannabinoid type 1 (CB1) receptors. Other ionotropic cannabinoid receptors are 
also linked to neurophysiological functions in the ECBS, such as transient receptor potential 
receptors, including transient receptor vanilloid potential 1 (TRVP1), which binds the 
endogenous cannabinoid anandamide (AEA)5 (Supplementary Table 1 lists the abbreviations). 

Among the compounds found to modulate the ECBS, Δ9-tetrahydrocannabinol (THC) has been 
widely studied since its discovery in the 1960s as the main component of cannabis extract. Its 
psychosis and anxiety-inducing addictive properties are well known.8,9 In contrast, cannabidiol 
(CBD), the second most abundant component of cannabis – less studied than THC – has been 
shown to have anxiolytic, anti psychotic, antidepressant, and neuroprotective properties.10–13 CBD 
acts on the ECBS as a weak inverse agonist on CB1 receptors, stimulates the TRVP1, and alters 
the hydrolysis of AEA by inhibiting fatty acid amine hydrolase.14–16 CBD has been shown to be 
an agonist of 5-HT1a serotoninergic receptors and to regulate stress response and compulsive 
behaviors.17 Moreover, CBD modulates allosterically μ and δ opioid receptors. The direct impact 
of CBD on glutamatergic neurotransmission is not known, but its protective effects on glutamate 
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toxicity have been studied.18,19 Altogether, CBD has been associated with many neural circuits 
involved in the acquisition of addiction and subsequent drug-seeking behaviors, making it an 
interesting pharmacological candidate to treat substance-use disorders. 

In past years, several researchers have studied the effects of CBD on physical and mental health, 
and a growing number have focused on the effects of CBD on addiction. The main objective of 
this review is to systematically examine the existing preclinical and clinical evidence on the 
effects of CBD on addictive behaviors. 

Go to: 

Materials and Methods 

Search strategy 

The literature search was conducted in two electronic databases, MEDLINE and PubMed. The 
search was restricted to English and French-language articles before 2015. Both the databases 
were independently searched by two reviewers (MP and RC), and the titles and abstracts were 
sorted followed by careful reading of the complete articles when relevant. A first reviewer (MP) 
explored the databases by combining pertinent key words (eg, CBD + Addiction; detailed search 
strategy and key words can be obtained from the corresponding author), while the second 
reviewer (RC) explored all the articles found on both databases with the keyword “cannabidiol”. 
A third researcher (DJA) was consulted in the event of discrepancies occurring between the 
results of the two reviewers. 

Eligibility criteria 

In order to be included, studies had to evaluate the outcomes of CBD on addictive behaviors, in 
any of the three phases of addiction (intoxication, withdrawal, and craving/relapse). Studies that 
focused on other outcomes only (anxiety, psychosis, pain, etc) were excluded. Studies evaluating 
the impact of CBD on addictive behaviors for all major types of substances of abuse (opioids, 
psychostimulants, cannabis, hallucinogens, sedatives, alcohol, tobacco, etc) have been included. 
Both studies on humans and animals were included. All types of study designs were included: 
clinical trials (randomized or not), observational, retrospective and prospective studies, and case 
reports. 

Data extraction and analysis 

When available, the following data were retrieved from the included studies: authors, publication 
year and journal, study design, characteristics of participants, sample size, objectives, type of 
intervention, results, and main limitations. According to a widely used conceptualization of 
addiction,20 the effects of CBD on addictive behaviors were classified in three distinct phases: the 
intoxication phase, when the drug produces positive rewarding experiences; the withdrawal 
phase, when the user experiences acute physical and psychological withdrawal symptoms, and 
the relapse phase, when the user experiences cravings and is at risk of drug-seeking behaviors 
after abstinence. 
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Results 
We identified 21 potentially eligible studies. After a careful review of articles, seven of those 
were excluded because their outcomes did not fit the purpose of this review or because they were 
duplicated (Supplementary Table 2 provides description of the excluded studies). Fourteen 
studies were included (Supplementary Fig. 1). Of those, nine were conducted on animals (seven 
experimental rat models, one experimental mice model, and two experimental models involving 
both rats and mice) and five on humans (one randomized placebo-controlled study, two 
crossover clinical studies, one randomized crossover clinical study, and one case report). Of the 
preclinical studies, five dealt with opioid, one with psychostimulant, one with opioid and 
psychostimulant, and two with cannabis addiction. Of the studies involving humans, three were 
related to cannabis, one to tobacco, and one to alcohol addiction (Supplementary Table 
3 contains a detailed description of each study). 

Included animal studies 

Effects of CBD on opioid-related addictive behaviors 

Studies were found on all three phases of opioid addiction. Using the intracranial self-stimulation 
(ICSS) paradigm (an operant conditioning method in which direct stimulation of brain areas by 
electrical or chemical means is rewarding), Katsidoni et al examined the effects of CBD on 
morphine’s brain reward function.21 They trained rats to ICSS, observed the impact of morphine 
(10 mg/kg) and CBD (5 mg/kg) on the ICSS threshold, and studied the involvement of 5-HT1A 
receptors in CBD’s action by adding a selective 5-HT1a receptor antagonist. They found that 
CBD inhibited the decrease of the ICSS threshold by morphine and thus its reward-facilitating 
effect, without influencing motor function. Moreover, the 5-HT1A receptor antagonist reversed 
CBD’s impact on the reward-facilitating effect of morphine. 

Hine et al evaluated the effects of CBD on THC-induced attenuation of morphine abstinence 
syndrome.22After inducing morphine dependence in 33 rats and administrating tested agents 
(vehicle or CBD 10 mg/kg, followed by vehicle or THC 2 mg/kg), they induced withdrawal with 
naloxone and calculated an abstinence score based on specific signs (number of wet shakes or 
escapes, number of fecal boluses, presence of diarrhea, vocalization, abnormal posture, ear 
blanching, ptosis, chewing, or teeth chattering). The results showed that CBD alone did not 
influence the score, but reduced the number of fecal boluses, while increasing wet shakes. A 
synergic effect was revealed when CBD was combined to THC, which reduced the abstinence 
score to a greater extent than THC alone. Hine et al conducted another study, with the same 
objectives, doses, and methodology as the previous one.23 Again, they found that CBD 
potentiated the THC-induced reduction in abstinence score and raised the number of turnings. 
Bhargava also investigated the effects of cannabinoids on morphine withdrawal 
syndrome.24 Morphine dependence was induced in mice, various doses of cannabinoids were 
subsequently administered (including CBD 5, 10, 20 mg/kg), and withdrawal was precipitated 
with naloxone. The dose of naloxone required to provoke 50% of the mice to jump off of a 
platform was recorded during the withdrawal, as were defecation and rearing behaviors. CBD 
inhibited the naloxone withdrawal–induced jumping and reduced defecation and rearing 
behaviors. Chesher and Jackson assessed the response of THC, CBN, and CBD on quasi-
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morphine withdrawal syndrome (QMWS), elicited in 200 rats by administering a 
phosphodiesterase inhibitor followed by naloxone.25 They calculated withdrawal scores based on 
observed behavioral signs; the results showed that CBD at all doses (5, 20, 80 mg/kg) had no 
effect on QMWS. 

More recently, Ren et al evaluated the impact of CBD on heroin addiction vulnerability using a 
drug self-administration (SA) rat model.26 Rats were trained to acquire a stable heroin SA intake, 
with each active level press resulting in drug injection and the activation of a stimulus white 
light. The effects of CBD were examined during the maintenance and extinction phases of SA 
and during cue-induced reinstatement. The results of this study indicate that CBD (one dose of 5 
mg/kg or 5 mg/kg once daily for 3 days) specifically inhibited conditioned cue-induced heroin-
seeking behavior for up to 2 weeks following the last administration without affecting motor 
function. On the other hand, CBD failed to influence drug-seeking behavior initiated by heroine 
prime. Moreover, neither the maintenance nor the extinction phase of SA was modified by CBD. 

Overall, CBD was found to have an impact on the intoxication and relapse phase of opioid 
addiction. Data on its effect during the withdrawal phase remain conflicting and vary based on 
co-administration of other cannabinoids such as THC. 

Effects of CBD on psychostimulant-addictive behaviors 

Few studies examined the effects of CBD on the intoxication and relapse phases of 
psychostimulant addiction. In the previously cited study, Katsidoni et al also assessed the effect 
of CBD on cocaine’s brain reward function, with the same methodology and found that CBD (5 
mg/kg) failed to inhibit a decrease in the ICSS threshold induced by cocaine (5 mg/kg).21 

Parker et al assessed the impact of THC and CBD on cocaine- and amphetamine-induced 
conditioned place preference (CPP) in rats.27 After inducing CPP with the aforementioned drugs, 
THC (0.5 mg/kg), CBD (5 mg/kg), or a vehicle was administered, and the rats were given an 
extinction trial. They found that both cannabinoids potentiated the extinction of cocaine- and 
amphetamine-induced place preference learning and that this effect was not reversed by the 
administration of a CB1 receptors antagonist. These effects were not mediated by learning or 
retrieval alteration and CBD did not have hedonic properties on its own. Moreover, they also 
studied the effects of cannabinoids on the establishment of stimulant CPP. In that case, CBD 
showed no impact. 

Thus, CBD does not appear to have an impact on stimulants’ rewarding effect, but one study 
suggests that it may influence addictive behaviors during the relapse phase. 

Effects of CBD on cannabis-related addictive behaviors 

Few studies have examined the effects of CBD administration on various outcomes during the 
intoxication and relapse phase of cannabis addiction. Vann et al assessed the effect of CBD on 
THC drug discrimination and CPP in rats and mice.28 After inducing THC drug discrimination 
and CPP, they tested several combinations of CBD and THC at different doses. The results 
showed that CBD alone did not produce a THC discrimination stimulus. THC and CBD (0.3, 3, 
30 mg/kg) injection did not alter the drug discrimination at any dose, compared to THC alone. 
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While high doses of THC produced a conditioned place aversion, no CPP or conditioned place 
aversion was recorded with CBD alone. In combination, low doses of CBD (1, 10 mg/kg) 
reversed the conditioned place aversion induced by THC (10 mg/kg). Klein et al also assessed 
the impact of CBD on THC place-conditioning effects and found a trend toward place preference 
induced by the combination of CBD and THC (both 10 mg/kg).29 

While CBD does not appear to be reinforcing on its own, its impact on cannabis-related addictive 
behaviors in animal models remains unclear. 

Other substances 

No animal study was found on hallucinogen-, sedative-, tobacco-, or alcohol-addictive behaviors. 
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Included human studies 

Effects of CBD on cannabis-related addictive behaviors 

Outcomes of CBD on all three phases of cannabis addiction were found. Crippa et al investigated 
the effects of CBD on cannabis addiction and its withdrawal syndrome.30 They conducted an 
experimental trial on a 19-year-old female with cannabis dependence, who experienced 
withdrawal syndrome when she tried to cease cannabis use. CBD was administered for 11 days 
(300 mg on day 1, 600 mg on days 2–10, and 300 mg on day 11). Daily assessments using the 
Withdrawal Discomfort Score, Marijuana Withdrawal Symptom Checklist, Beck Anxiety 
Inventory, and Beck Depression Inventory showed a rapid decrease in withdrawal symptoms, 
leading to a score of zero in all tests by day 6. A 6-month follow-up showed a relapse in cannabis 
use, but at a lower frequency (one or twice a week vs. 7 days a week). In a naturalistic crossover 
clinical study, Morgan et al evaluated the impact of varying levels of CBD and THC on the acute 
effects of cannabis intoxication.31 They studied 134 cannabis users on two different days, 
approximately 1 week apart: once sober and once intoxicated with their own chosen cannabis. 
Samples of the drug were analyzed and two groups were formed based on levels of CBD, low 
(<0.14%) versus high (>0.75%), each containing 22 participants. They found no difference in 
either group in their rating of feeling “stoned”. Morgan et al conducted another study and 
evaluated the impact of CBD on the reinforcing effects of THC on addictive behavior.32 They 
studied the implicit “wanting” and the explicit “liking” of cannabis on 94 cannabis users, by 
attentional bias to drug and food stimuli, pleasantness ratings, a marijuana-craving questionnaire, 
and a visual analog scale in a crossover design similar to that described above (drug-free day and 
intoxicated day with their own cannabis, two groups of 32 participants based on low or high 
CBD:THC ratios). Greater attentional bias to drug and food stimuli was found in the low 
CBD:THC ratio group on the short picture presentation interval of the dot-probe task on the 
intoxicated day (implicit “wanting”). However, a greater attentional bias to both stimuli was 
found in both groups on the longer picture presentation interval on the intoxicated day and on 
both short and long picture presentation intervals on the drug-free day. Moreover, a high 
CBD:THC ratio was associated with lower ratings of pleasantness for drug stimuli (explicit 
“liking”), while no group difference in craving or stoned ratings was noted. 
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Overall, preliminary data suggest a possible beneficial impact of CBD on the reinforcing effect 
of cannabis, while a case report has shown positive outcomes for one patient treated with CBD 
during the withdrawal and relapse phase of cannabis dependence. 

Effects of CBD on tobacco-related addictive behaviors 

Only one study looked at the impact of CBD on tobacco addiction. Morgan et al studied the 
impact of CBD on nicotine addiction by conducting a randomized, double-blind, placebo-
controlled study on 24 smokers who wished to stop smoking.33 Two groups received either a 
CBD inhaler (400 μg/inhalation) or a placebo inhaler. They were told to use the inhaler 
whenever they felt the urge to smoke, to assess daily cigarette and inhaler use, and to monitor 
their craving once daily for 1 week. Cravings were measured at baseline and at the end of the 
week. A 2-week follow-up was organized to assess cigarette use. The results showed a 
significant reduction in the number of cigarettes smoked (≈40%) in the CBD inhaler group 
during the week of treatment, with a trend indicating a reduction after follow-up. Both groups 
also showed a reduction in cravings between day 1 and day 7, though not between day 1 and 
follow-up. 

Effects of CBD on alcohol-addictive behaviors 

Only the impact of CBD on the intoxication phase of alcohol addiction was extracted from the 
review of literature. Consroe et al assessed the effects of CBD on acute consumption of alcohol 
in 10 healthy volunteers in a randomized, double-blind, crossover study, by testing subjective 
responding after administration of alcohol (1 g/kg) and CBD (200 mg) alone or in 
combination.34 They found that there was no difference in feelings of being “drunk”, “drugged”, 
or “bad” in alcohol-alone and alcohol plus CBD groups. 

Other substances 

No human study was found for opioid-, psychostimulant-, hallucinogen-, or sedative-addictive 
behaviors. 
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Discussion 

Analysis of studies 

The present review aims to examine the available evidence showing the effects of CBD on 
different addictive behaviors, in both animals and humans. While neural mechanisms implicated 
in this process are yet to be completely understood (eg, its action on the ECBS or the modulation 
of pharmacokinetic properties of drugs), CBD seems to influence specific phases of addiction for 
only certain substances of abuse (Supplementary Table 4). CBD appears to have an impact on 
the intoxication phase of opioid addiction in animals, by reducing the reward-facilitating effect 
of morphine on the ICSS threshold.21 Data on CBD’s impact on the withdrawal phase of opioid 
dependence tend to show no22,23,25,26 or little24benefits when administered alone, but may act in 
synergy with THC on opioid withdrawal.22 Finally, and possibly most importantly, CBD 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b33-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b34-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#s1-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b21-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b22-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b23-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b25-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b26-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b24-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b22-sart-9-2015-033


 

influences the relapse phase of opioid addiction by decreasing cue-induced, drug-seeking 
behaviors.26 Other promising data are related to psychostimulant addiction, as preliminary data 
suggest that CBD may be worth further investigation to prevent relapse27 even though it does not 
seem to alter the rewarding properties of this class of substance.21 Studies on the impact of CBD 
on cannabis addiction in animals are conflicting, as they evaluated CBD’s effects on THC only 
(not cannabis). No evidence was found for the intoxication and relapse phases of cannabis 
addiction,28,29 with no results for the withdrawal phase. 

Human studies have interestingly focused on substances for which few, if any, data are available 
in animal models of addiction. CBD’s impact on the intoxication phase of cannabis addiction in 
humans seems complex. While it affects the implicit wanting and explicit liking, it does not 
influence the subjective feeling of being stoned or the craving sensation associated with the 
drug.32 Moreover, only one case report evaluated the effects of CBD on the last phases of 
addiction, which showed benefits for the withdrawal phase and perhaps even for the relapse 
phase.30 Considering these results, evidence suggesting that CBD has a beneficial impact on the 
intoxication, withdrawal, and relapse phases of cannabis addiction in humans is thus preliminary 
at best, although intriguing given the lack of pharmacological options for these conditions. In the 
case of tobacco addiction, CBD may have a therapeutic effect by reducing the number of 
cigarettes consumed by users who are still actively smoking33 No data were found on the possible 
effects of CBD on withdrawal symptoms and risk of relapse among individuals who quit 
smoking. Further studies will be necessary to clarify CBD’s role in cannabis and tobacco 
addiction, using longer follow-up period and larger sample size including participants who 
initiate abstinence. Finally, CBD does not exhibit a potential impact on the alcohol addiction 
intoxication phase in humans,34 and again, no data were found on the other phases of this 
addiction. 

As previously mentioned, CBD exercises its effects via several neural mechanisms relevant to 
addictive disorders. Its action on the ECBS as a weak inverse agonist on CB1 receptors has been 
suggested to play a role in substance-use disorder, but other mechanisms are also involved. Ren 
et al studied the postmortem brain of rats and found that CBD normalized the heroin-induced 
changes in CB1 receptor mRNA expression and AMPA GluR1 in the nucleus accumbens, even 
after 2 weeks of treatment. This suggests a long-term impact on neural mechanisms relevant to 
opioid relapse.26 Moreover, the fact that CBD inhibits the reuptake and hydrolysis of AEA could 
explain some of its potential effects on cannabis withdrawal syndrome and other addictive 
processes. In contrast, Parker et al found that a CB1 receptor antagonist failed to reverse the 
effects of CBD on the psychostimulant relapse phase, suggesting that other neuronal circuits than 
the ECBS may be involved.27 For example, CBD’s effect on 5-HT1a serotoninergic receptors 
may be highly relevant in drug reward and stress vulnerability, a well-known trigger of craving 
and subsequent relapse in addicted individuals. More studies are needed to clarify the exact 
mechanisms through which CBD influences addictive behaviors, in addition to the 
endocannabinoid, glutamatergic, and serotoninergic systems. These mechanisms may well be 
different for each substance of abuse and each addictive phase. 

Another potential mechanism by which CBD could exert its effects on substances of abuse is by 
modulating their pharmacokinetic properties. Reid and Bornheim investigated the effects of 
cannabinoids on blood and/or brain pharmacokinetics of several drugs of abuse in mice.35 The 
results showed that CBD increased brain levels of THC in a dose- and time- dependent fashion 
(no effect in co-administration), as with brain and blood levels of cocaine and norcocaine and 
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brain levels of PCP, with little or no effect on brain levels of morphine, methadone, or 3,4-
methylenedioxy-methamphetamine. The time-dependent relation suggests that a metabolite of 
CBD may be responsible for this phenomenon. Klein et al also studied the impact of CBD on 
THC blood and brain levels in rats.29 They found that CBD raised THC levels and lowered THC 
metabolite (THC-COOH and 11-OH-THC) levels. They hypothesized that this finding was 
related to hepatic microsomal drug metabolism, via the deactivation of specific cytochrome 
P450s.36 Although CBD may increase the rate of entry of certain drugs into the brain, complex 
interactions call for a more thorough investigation of the true impact on addiction-related 
outcomes. For example, Consroe et al found that pretreatment with CBD produced a diminution 
in blood alcohol level34 with no major impact on objective and subjective response to alcohol in 
humans. 

While CBD seems to have direct effects on addictive behaviors, its therapeutic potential could 
also be enhanced by several properties that contribute indirectly to addictive disorders. For 
example, its antianxiety properties are well known at doses of 300–600 mg12,37 and CBD seems to 
have antidepressant11 and anticonvulsant38,39 effects. Its impact on pain has been investigated, 
especially in combination with THC in Sativex treatment for chronic pain40,41 and is relevant 
since chronic pain can induce or perpetuate drug abuse. 

CBD has been shown to be a safe compound in both animals and humans, which is of critical 
importance from a therapeutic point of view. Many studies evaluated the side effect profile of 
CBD in various contexts and reported no significant or serious adverse events, other than mild 
sedation and nausea.39,41–43 Daily doses as high as 1500 mg were well tolerated in humans.44 CBD 
is not hedonic on its own, neither in animals nor humans.21,27,28,34 Moreover, CBD has some 
protective properties that may be useful in attenuating deleterious effects related to other drug 
consumption. CBD protects mice from hepatotoxicity induced by cocaine by inactivating 
P450s,36,45 reduces glutamate- and ethanol-induced neurotoxicity in rats with its antioxidant 
potential,19,46 and potentially diminishes the neurotoxicity of THC by reducing brain volume 
loss.47 Altogether, CBD may also be indirectly beneficial in drug addiction due to its beneficial 
effects in the treatment of common substance-use disorder comorbidities and complications. 

Limitations 

The present systematic review has its own limitations, including the lack of a mechanism to 
exclude publication bias and the fact that no search for unpublished studies was achieved. A 
limited number of studies on the direct impact of CBD on addictive behaviors are available in the 
literature, and the majority use animal models of addiction. Five human studies were found, but 
the sample sizes of the majority of these were small, and only two of them were randomized, 
double-blind studies. Moreover, all substances were not represented in both animal and human 
studies. The small number of studies in each category and their heterogeneity makes the 
comparison difficult, if not impossible. 

Go to: 

Conclusions 
CBD is an exogenous cannabinoid that acts on several neurotransmission systems involved in 
addiction. Animal studies have shown the possible effects of CBD on opioid and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b29-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b36-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b34-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b12-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b37-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b11-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b38-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b39-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b40-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b41-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b39-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b41-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b43-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b44-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b21-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b27-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b28-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b34-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b36-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b45-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b19-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b46-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/#b47-sart-9-2015-033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/


 

psychostimulant addiction, while human studies presented some preliminary evidence of a 
beneficial impact of CBD on cannabis and tobacco dependence. CBD has several therapeutic 
properties on its own that could indirectly be useful in the treatment of addiction disorders, such 
as its protective effect on stress vulnerability and neurotoxicity. Overall, emerging data remain 
very limited and are far from being conclusive; well-designed, randomized, controlled trials are 
necessary at this point to determine whether these properties translate into significant 
improvements on clinical outcomes in human populations. The importance of this area of 
research is emphasized by an increasing number of studies that are currently being conducted in 
the United States (source: www.clinicaltrials.gov) regarding the effects of CBD on cannabis and 
opioid addiction and there is one ongoing Canadian study on cocaine addiction 
(source: www.cihr-irsc. gc.ca). The dreadful burden of substance-use disorder worldwide, 
combined with the clear need for new medication in the addiction field, justifies the requirement 
of further studies to evaluate the potential of CBD as a new intervention for addictive behaviors. 

Go to: 

Supplementary File 
Supplementary Table 1. Table of abbreviations. 

Supplementary Table 2. Characteristics of excluded studies. 

Supplementary Table 3. Detailed characteristics of included studies. 

Supplementary Table 4. Summary of included studies, by substance and addiction phase. 

Supplementary Figure 1. Flow chart of the selection process of published studies. 

Click here to view.(68K, docx) 

Go to: 

Acknowledgments 
We acknowledge the Fonds de Recherche en Santé du Québec, the CHUM Department of 
Psychiatry, Université de Montréal Department of Psychiatry, and the CHUM Research Center 
for supporting this work, in addition to Christophe Fadainia who helped with manuscript 
preparation. 

Go to: 

Footnotes 
ACADEMIC EDITOR: Gregory Stuart, Editor in Chief 

FUNDING: Funding for this study was provided by the Canadian Institute on Health Research (MOP125864), 
the CHUM Department of Psychiatry, Université de Montréal Department of Psychiatry and the CHUM 
Research Center. The authors confirm that the funding sources had no role in the study design, collection, 
analysis, or interpretation of the data, writing the manuscript, or the decision to submit the paper for publication. 

COMPETING INTERESTS: DJ-A holds a Junior 1 FRQS career award, and has received research/education 
grant support from Pfizer, Mylan, BMS, and Reckitt Benckiser Pharmaceuticals; consultation fees from Merck; 

http://www.clinicaltrials.gov/
http://www.cihr-irsc/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/bin/SART-9-2015-033-s001.docx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/


 

presentation honoraria from Janssen-Ortho and Otsuka; and study medication for clinical trial from Insys 
Therapeutics. Other authors disclose no potential conflicts of interest. 

Paper subject to independent expert blind peer review by minimum of two reviewers. All editorial decisions 
made by independent academic editor. Upon submission manuscript was subject to anti-plagiarism scanning. 
Prior to publication all authors have given signed confirmation of agreement to article publication and 
compliance with all applicable ethical and legal requirements, including the accuracy of author and contributor 
information, disclosure of competing interests and funding sources, compliance with ethical requirements 
relating to human and animal study participants, and compliance with any copyright requirements of third 
parties. This journal is a member of the Committee on Publication Ethics (COPE). 

Author Contributions 

Conducted the literature search independently: MP, RC. Provided consultation in the event of discrepancies 
occurring between the results of the two reviewers: DJ-A. Provided summaries of previous research studies 
and wrote the first draft of the manuscript: MP. All authors contributed to and have approved the final 
manuscript. 

Go to: 

REFERENCES 
1. SAMHSA . Results from the2006 National Survey on Drug Use and Health: National Findings.Rockville, 
MD: Substance Abuse and Mental Health Services Administration, Office of Applied Studies; 2007. 
(DHHS Publication No. SMA 07-4293). 

2. UNODC . World Drug Report. Vienna, Austria: United Nations Office on Drugs and Crime; 2014. 2014. 

3. Kalivas PW, Lalumiere RT, Knackstedt L, Shen H. Glutamate transmission in 
addiction. Neuropharmacology. 2009;56(suppl 1):169–73. [PMC free article] [PubMed] 

4. Pierce RC, Kumaresan V. The mesolimbic dopamine system: the final common pathway for the 
reinforcing effect of drugs of abuse? Neurosci Biobehav Rev. 2006;30(2):215–38. [PubMed] 

5. Oliere S, Joliette-Riopel A, Potvin S, Jutras-Aswad D. Modulation of the endocannabinoid system: 
vulnerability factor and new treatment target for stimulant addiction. Front 
Psychiatry. 2013;4:109.[PMC free article] [PubMed] 

6. Gardner EL. Endocannabinoid signaling system and brain reward: emphasis on dopamine. Pharmacol 
Biochem Behav. 2005;81(2):263–84. [PubMed] 

7. Heifets BD, Castillo PE. Endocannabinoid signaling and long-term synaptic plasticity. Annu Rev 
Physiol. 2009;71:283–306. [PMC free article] [PubMed] 

8. D’Souza DC, Ranganathan M, Braley G, et al. Blunted psychotomimetic and amnestic effects of delta-
9-tetrahydrocannabinol in frequent users of cannabis. Neuropsychopharmacology. 2008;33(10):2505–
16.[PMC free article] [PubMed] 

9. D’Souza DC, Perry E, MacDougall L, et al. The psychotomimetic effects of intravenous delta-9-
tetrahydrocannabinol in healthy individuals: implications for 
psychosis. Neuropsychopharmacology. 2004;29(8):1558–72. [PubMed] 

10. Guimaraes FS, de Aguiar JC, Mechoulam R, Breuer A. Anxiolytic effect of cannabidiol derivatives in 
the elevated plus-maze. Gen Pharmacol. 1994;25(1):161–4. [PubMed] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4444130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3280337/
https://www.ncbi.nlm.nih.gov/pubmed/18675832
https://www.ncbi.nlm.nih.gov/pubmed/16099045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3780360/
https://www.ncbi.nlm.nih.gov/pubmed/24069004
https://www.ncbi.nlm.nih.gov/pubmed/15936806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4454279/
https://www.ncbi.nlm.nih.gov/pubmed/19575681
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799954/
https://www.ncbi.nlm.nih.gov/pubmed/18185500
https://www.ncbi.nlm.nih.gov/pubmed/15173844
https://www.ncbi.nlm.nih.gov/pubmed/7913072


 

11. Zanelati TV, Biojone C, Moreira FA, Guimaraes FS, Joca SR. Antidepressant-like effects of cannabidiol 
in mice: possible involvement of 5-HT1A receptors. Br J Pharmacol. 2010;159(1):122–8.[PMC free 
article] [PubMed] 

12. Zuardi AW, Crippa JA, Hallak JE, Moreira FA, Guimaraes FS. Cannabidiol, a Cannabis 
sativaconstituent, as an antipsychotic drug. Braz J Med Biol Res. 2006;39(4):421–9. [PubMed] 

13. Hermann D, Sartorius A, Welzel H, et al. Dorsolateral prefrontal cortex N-acetylaspartate/total 
creatine (NAA/tCr) loss in male recreational Cannabis users. Biol Psychiatry. 2007;61(11):1281–
9. [PubMed] 

14. Thomas A, Baillie GL, Phillips AM, Razdan RK, Ross RA, Pertwee RG. Cannabidiol displays 
unexpectedly high potency as an antagonist of CB1 and CB2 receptor agonists in vitro. Br J 
Pharmacol. 2007;150(5):613–23. [PMC free article] [PubMed] 

15. Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three plant cannabinoids: delta9-
tetrahydrocannabinol, cannabidiol and delta9- tetrahydrocannabivarin. Br J 
Pharmacol. 2008;153(2):199–215. [PMC free article] [PubMed] 

16. Bisogno T, Hanus L, De Petrocellis L, et al. Molecular targets for cannabidiol and its synthetic 
analogues: effect on vanilloid VR1 receptors and on the cellular uptake and enzymatic hydrolysis of 
anandamide. Br J Pharmacol. 2001;134(4):845–52. [PMC free article] [PubMed] 

17. Russo EB, Burnett A, Hall B, Parker KK. Agonistic properties of cannabidiol at 5-HT1a 
receptors. Neurochem Res. 2005;30(8):1037–43. [PubMed] 

18. Kathmann M, Flau K, Redmer A, Trankle C, Schlicker E. Cannabidiol is an allosteric modulator at mu- 
and delta-opioid receptors. Naunyn Schmiedebergs Arch Pharmacol. 2006;372(5):354–61. [PubMed] 

19. Hampson AJ, Grimaldi M, Axelrod J, Wink D. Cannabidiol and (-)Delta9-tetrahydrocannabinol are 
neuroprotective antioxidants. Proc Natl Acad Sci U S A. 1998;95(14):8268–73. [PMC free 
article][PubMed] 

20. Koob GF, Volkow ND. Neurocircuitry of addiction. Neuropsychopharmacology. 2010;35(1):217–
38.[PMC free article] [PubMed] 

21. Katsidoni V, Anagnostou I, Panagis G. Cannabidiol inhibits the reward- facilitating effect of morphine: 
involvement of 5-HT1A receptors in the dorsal raphe nucleus. Addict Biol. 2013;18(2):286–96. [PubMed] 

22. Hine B, Torrelio M, Gershon S. Interactions between cannabidiol and delta9-THC during abstinence 
in morphine-dependent rats. Life Sci. 1975;17(6):851–7. [PubMed] 

23. Hine B, Torrelio M, Gershon S. Differential effect of cannabinol and cannabidiol on THC-induced 
responses during abstinence in morphine-dependent rats. Res Commun Chem Pathol 
Pharmacol. 1975;12(1):185–8. [PubMed] 

24. Bhargava HN. Effect of some cannabinoids on naloxone-precipitated abstinence in morphine-
dependent mice. Psychopharmacology. 1976;49(3):267–70. [PubMed] 

25. Chesher GB, Jackson DM. The quasi-morphine withdrawal syndrome: effect of cannabinol, 
cannabidiol and tetrahydrocannabinol. Pharmacol Biochem Behav. 1985;23(1):13–5. [PubMed] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2823358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2823358/
https://www.ncbi.nlm.nih.gov/pubmed/20002102
https://www.ncbi.nlm.nih.gov/pubmed/16612464
https://www.ncbi.nlm.nih.gov/pubmed/17239356
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2189767/
https://www.ncbi.nlm.nih.gov/pubmed/17245363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2219532/
https://www.ncbi.nlm.nih.gov/pubmed/17828291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1573017/
https://www.ncbi.nlm.nih.gov/pubmed/11606325
https://www.ncbi.nlm.nih.gov/pubmed/16258853
https://www.ncbi.nlm.nih.gov/pubmed/16489449
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC20965/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC20965/
https://www.ncbi.nlm.nih.gov/pubmed/9653176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2805560/
https://www.ncbi.nlm.nih.gov/pubmed/19710631
https://www.ncbi.nlm.nih.gov/pubmed/22862835
https://www.ncbi.nlm.nih.gov/pubmed/1238886
https://www.ncbi.nlm.nih.gov/pubmed/1237925
https://www.ncbi.nlm.nih.gov/pubmed/826944
https://www.ncbi.nlm.nih.gov/pubmed/2994117


 

26. Ren Y, Whittard J, Higuera-Matas A, Morris CV, Hurd YL. Cannabidiol, a nonpsychotropic component 
of cannabis, inhibits cue-induced heroin seeking and normalizes discrete mesolimbic neuronal 
disturbances. J Neurosci. 2009;29(47):14764–9. [PMC free article] [PubMed] 

27. Parker LA, Burton P, Sorge RE, Yakiwchuk C, Mechoulam R. Effect of low doses of delta9-
tetrahydrocannabinol and cannabidiol on the extinction of cocaine-induced and amphetamine-induced 
conditioned place preference learning in rats. Psychopharmacology (Berl) 2004;175(3):360–6. [PubMed] 

28. Vann RE, Gamage TF, Warner JA, et al. Divergent effects of cannabidiol on the discriminative 
stimulus and place conditioning effects of Delta(9)- tetrahydrocannabinol. Drug Alcohol 
Depend. 2008;94(1–3):191–8. [PMC free article] [PubMed] 

29. Klein C, Karanges E, Spiro A, et al. Cannabidiol potentiates Delta(9)- tetrahydrocannabinol (THC) 
behavioural effects and alters THC pharmacokinetics during acute and chronic treatment in adolescent 
rats. Psychopharmacology. 2011;218(2):443–57. [PubMed] 

30. Crippa JA, Hallak JE, Machado-de-Sousa JP, et al. Cannabidiol for the treatment of cannabis 
withdrawal syndrome: a case report. J Clin Pharm Ther. 2013;38(2):162–4. [PubMed] 

31. Morgan CJ, Schafer G, Freeman TP, Curran HV. Impact of cannabidiol on the acute memory and 
psychotomimetic effects of smoked cannabis: naturalistic study: naturalistic study [corrected] Br J 
Psychiatry. 2010;197(4):285–90. [PubMed] 

32. Morgan CJ, Freeman TP, Schafer GL, Curran HV. Cannabidiol attenuates the appetitive effects of 
Delta 9-tetrahydrocannabinol in humans smoking their chosen 
cannabis. Neuropsychopharmacology. 2010;35(9):1879–85. [PMC free article] [PubMed] 

33. Morgan CJ, Das RK, Joye A, Curran HV, Kamboj SK. Cannabidiol reduces cigarette consumption in 
tobacco smokers: preliminary findings. Addict Behav. 2013;38(9):2433–6. [PubMed] 

34. Consroe P, Carlini EA, Zwicker AP, Lacerda LA. Interaction of cannabidiol and alcohol in 
humans. Psychopharmacology. 1979;66(1):45–50. [PubMed] 

35. Reid MJ, Bornheim LM. Cannabinoid-induced alterations in brain disposition of drugs of 
abuse. Biochem Pharmacol. 2001;61(11):1357–67. [PubMed] 

36. Bornheim LM, Grillo MP. Characterization of cytochrome P450 3A inactivation by cannabidiol: 
possible involvement of cannabidiol-hydroxyquinone as a P450 inactivator. Chem Res 
Toxicol. 1998;11(10):1209–16. [PubMed] 

37. Fusar-Poli P, Crippa JA, Bhattacharyya S, et al. Distinct effects of {delta}9- tetrahydrocannabinol and 
cannabidiol on neural activation during emotional processing. Arch Gen Psychiatry. 2009;66(1):95–
105.[PubMed] 

38. Zuardi AW. Cannabidiol: from an inactive cannabinoid to a drug with wide spectrum of action. Rev 
Bras Psiquiatr. 2008;30(3):271–80. [PubMed] 

39. Cunha JM, Carlini EA, Pereira AE, et al. Chronic administration of cannabidiol to healthy volunteers 
and epileptic patients. Pharmacology. 1980;21(3):175–85. [PubMed] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2829756/
https://www.ncbi.nlm.nih.gov/pubmed/19940171
https://www.ncbi.nlm.nih.gov/pubmed/15138755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2279017/
https://www.ncbi.nlm.nih.gov/pubmed/18206320
https://www.ncbi.nlm.nih.gov/pubmed/21667074
https://www.ncbi.nlm.nih.gov/pubmed/23095052
https://www.ncbi.nlm.nih.gov/pubmed/20884951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2906701/
https://www.ncbi.nlm.nih.gov/pubmed/20428110
https://www.ncbi.nlm.nih.gov/pubmed/23685330
https://www.ncbi.nlm.nih.gov/pubmed/120541
https://www.ncbi.nlm.nih.gov/pubmed/11331071
https://www.ncbi.nlm.nih.gov/pubmed/9778318
https://www.ncbi.nlm.nih.gov/pubmed/19124693
https://www.ncbi.nlm.nih.gov/pubmed/18833429
https://www.ncbi.nlm.nih.gov/pubmed/7413719


 

40. Johnson JR, Burnell-Nugent M, Lossignol D, Ganae-Motan ED, Potts R, Fallon MT. Multicenter, 
double-blind, randomized, placebo-controlled, parallel-group study of the efficacy, safety, and 
tolerability of THC:CBD extract and THC extract in patients with intractable cancer-related pain. J Pain 
Symptom Manage. 2010;39(2):167–79. [PubMed] 

41. Rog DJ, Nurmikko TJ, Young CA. Oromucosal delta9-tetrahydrocannabinol/cannabidiol for 
neuropathic pain associated with multiple sclerosis: an uncontrolled, open-label, 2-year extension 
trial. Clin Ther. 2007;29(9):2068–79. [PubMed] 

42. Leweke FM, Piomelli D, Pahlisch F, et al. Cannabidiol enhances anandamide signaling and alleviates 
psychotic symptoms of schizophrenia. Transl Psychiatry. 2012;2:e94. [PMC free article] [PubMed] 

43. Tomida I, Azuara-Blanco A, House H, Flint M, Pertwee RG, Robson PJ. Effect of sublingual application 
of cannabinoids on intraocular pressure: a pilot study. J Glaucoma. 2006;15(5):349–53.[PubMed] 

44. Zuardi AW, Morais SL, Guimaraes FS, Mechoulam R. Antipsychotic effect of cannabidiol. J Clin 
Psychiatry. 1995;56(10):485–6. [PubMed] 

45. Pellinen P, Honkakoski P, Stenbäck F, et al. Cocaine N-demethylation and the metabolism-related 
hepatotoxicity can be prevented by cytochrome P450 3A inhibitors. Eur J Pharmacol. 1994;270(1):35–
43.[PubMed] 

46. Hamelink C, Hampson A, Wink DA, Eiden LE, Eskay RL. Comparison of cannabidiol, antioxidants, and 
diuretics in reversing binge ethanol-induced neurotoxicity. J Pharmacol Exp Ther. 2005;314(2):780–
8.[PMC free article] [PubMed] 

47. Demirakca T, Sartorius A, Ende G, et al. Diminished gray matter in the hippocampus of cannabis 
users: possible protective effects of cannabidiol. Drug Alcohol Depend. 2011;114(2–3):242–5. [PubMed] 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/19896326
https://www.ncbi.nlm.nih.gov/pubmed/18035205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3316151/
https://www.ncbi.nlm.nih.gov/pubmed/22832859
https://www.ncbi.nlm.nih.gov/pubmed/16988594
https://www.ncbi.nlm.nih.gov/pubmed/7559378
https://www.ncbi.nlm.nih.gov/pubmed/8157080
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4183207/
https://www.ncbi.nlm.nih.gov/pubmed/15878999
https://www.ncbi.nlm.nih.gov/pubmed/21050680


 

 

 



 

J Neuroimmune Pharmacol. 2015 Jun;10(2):255-67. doi: 10.1007/s11481-015-9608-y. Epub 2015 Apr 28. 

The Antitumor Activity of Plant-Derived Non-Psychoactive 
Cannabinoids. 
McAllister SD1, Soroceanu L, Desprez PY. 

Author information 

1 
California Pacific Medical Center Research Institute, 475 Brannan Street, Suite 220, San 
Francisco, CA, 94107, USA, mcallis@cpmcri.org. 

Abstract 

As a therapeutic agent, most people are familiar with the palliative effects of the primary psychoactive 
constituent of Cannabis sativa (CS), Δ(9)-tetrahydrocannabinol (THC), a molecule active at both the 
cannabinoid 1 (CB1) and cannabinoid 2 (CB2) receptor subtypes. Through the activation primarily of 
CB1 receptors in the central nervous system, THC can reduce nausea, emesis and pain in cancer 
patients undergoing chemotherapy. During the last decade, however, several studies have now shown 
that CB1 and CB2 receptor agonists can act as direct antitumor agents in a variety of aggressive 
cancers. In addition to THC, there are many other cannabinoids found in CS, and a majority produces 
little to no psychoactivity due to the inability to activate cannabinoid receptors. For example, the 
second most abundant cannabinoid in CS is the non-psychoactive cannabidiol (CBD). Using animal 
models, CBD has been shown to inhibit the progression of many types of cancer including 
glioblastoma (GBM), breast, lung, prostate and colon cancer. This review will center on mechanisms 
by which CBD, and other plant-derived cannabinoids inefficient at activating cannabinoid receptors, 
inhibit tumor cell viability, invasion, metastasis, angiogenesis, and the stem-like potential of cancer 
cells. We will also discuss the ability of non-psychoactive cannabinoids to induce autophagy and 
apoptotic-mediated cancer cell death, and enhance the activity of first-line agents commonly used in 
cancer treatment. 
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Cannabidiol as a novel inhibitor of Id-1 gene expression 
in aggressive breast cancer cells. 
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Author information 
Abstract 
Invasion and metastasis of aggressive breast cancer cells is the final and fatal step during cancer 

progression, and is the least understood genetically. Clinically, there are still limited therapeutic 

interventions for aggressive and metastatic breast cancers available. Clearly, effective and nontoxic 

therapies are urgently required. Id-1, an inhibitor of basic helix-loop-helix transcription factors, has 

recently been shown to be a key regulator of the metastatic potential of breast and additional 

cancers. Using a mouse model, we previously determined that metastatic breast cancer cells 

became significantly less invasive in vitro and less metastatic in vivo when Id-1 was down-regulated 

by stable transduction with antisense Id-1. It is not possible at this point, however, to use antisense 

technology to reduce Id-1 expression in patients with metastatic breast cancer. Here, we report that 

cannabidiol (CBD), a cannabinoid with a low-toxicity profile, could down-regulate Id-1 expression in 

aggressive human breast cancer cells. The CBD concentrations effective at inhibiting Id-1 

expression correlated with those used to inhibit the proliferative and invasive phenotype of breast 

cancer cells. CBD was able to inhibit Id-1 expression at the mRNA and protein level in a 

concentration-dependent fashion. These effects seemed to occur as the result of an inhibition of the 

Id-1 gene at the promoter level. Importantly, CBD did not inhibit invasiveness in cells that ectopically 

expressed Id-1. In conclusion, CBD represents the first nontoxic exogenous agent that can 

significantly decrease Id-1 expression in metastatic breast cancer cells leading to the down-

regulation of tumor aggressiveness. 
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Cannabidiol induces programmed cell death in breast cancer 
cells by coordinating the cross-talk between apoptosis and 
autophagy. 
Shrivastava A1, Kuzontkoski PM, Groopman JE, Prasad A. 
Author information 
Abstract 
Cannabidiol (CBD), a major nonpsychoactive constituent of cannabis, is considered an 
antineoplastic agent on the basis of its in vitro and in vivo activity against tumor cells. 
However, the exact molecular mechanism through which CBD mediates this activity is yet to 
be elucidated. Here, we have shown CBD-induced cell death of breast cancer cells, 
independent of cannabinoid and vallinoid receptor activation. Electron microscopy revealed 
morphologies consistent with the coexistence of autophagy and apoptosis. Western blot 
analysis confirmed these findings. We showed that CBD induces endoplasmic reticulum 
stress and, subsequently, inhibits AKT and mTOR signaling as shown by decreased levels of 
phosphorylated mTOR and 4EBP1, and cyclin D1. Analyzing further the cross-talk between 
the autophagic and apoptotic signaling pathways, we found that beclin1 plays a central role 
in the induction of CBD-mediated apoptosis in MDA-MB-231 breast cancer cells. Although 
CBD enhances the interaction between beclin1 and Vps34, it inhibits the association between 
beclin1 and Bcl-2. In addition, we showed that CBD reduces mitochondrial membrane 
potential, triggers the translocation of BID to the mitochondria, the release of cytochrome c 
to the cytosol, and, ultimately, the activation of the intrinsic apoptotic pathway in breast 
cancer cells. CBD increased the generation of reactive oxygen species (ROS), and ROS 
inhibition blocked the induction of apoptosis and autophagy. Our study revealed an intricate 
interplay between apoptosis and autophagy in CBD-treated breast cancer cells and 
highlighted the value of continued investigation into the potential use of CBD as an 
antineoplastic agent. 
 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/21566064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shrivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21566064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuzontkoski%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=21566064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Groopman%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=21566064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21566064
https://www.ncbi.nlm.nih.gov/pubmed/21566064


 

 

 



 

 

Send to 

Autoimmunity. 2006 Mar;39(2):143-51. 

Cannabidiol lowers incidence of diabetes in non-obese diabetic mice. 
Weiss L1, Zeira M, Reich S, Har-Noy M, Mechoulam R, Slavin S, Gallily R. 

Author information 
Abstract 
Cannabidinoids are components of the Cannabis sativa (marijuana) plant that have been shown 

capable of suppressing inflammation and various aspects of cell-mediated immunity. Cannabidiol 

(CBD), a non-psychoactive cannabidinoid has been previously shown by us to suppress cell-

mediated autoimmune joint destruction in an animal model of rheumatoid arthritis. We now report 

that CBD treatment significantly reduces the incidence of diabetes in NOD mice from an incidence of 

86% in non-treated control mice to an incidence of 30% in CBD-treated mice. CBD treatment also 

resulted in the significant reduction of plasma levels of the pro-inflammatory cytokines, IFN-gamma 

and TNF-alpha. Th1-associated cytokine production of in vitro activated T-cells and peritoneal 

macrophages was also significantly reduced in CBD-treated mice, whereas production of the Th2-

associated cytokines, IL-4 and IL-10, was increased when compared to untreated control mice. 

Histological examination of the pancreatic islets of CBD-treated mice revealed significantly reduced 

insulitis. Our results indicate that CBD can inhibit and delay destructive insulitis and inflammatory 

Th1-associated cytokine production in NOD mice resulting in a decreased incidence of diabetes 

possibly through an immunomodulatory mechanism shifting the immune response from Th1 to Th2 

dominance. 
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Abstract 

Introduction: This literature survey aims to extend the comprehensive survey performed by 
Bergamaschi et al. in 2011 on cannabidiol (CBD) safety and side effects. Apart from updating the 
literature, this article focuses on clinical studies and CBD potential interactions with other drugs. 

 

Results: In general, the often described favorable safety profile of CBD in humans was confirmed and 
extended by the reviewed research. The majority of studies were performed for treatment of epilepsy 
and psychotic disorders. Here, the most commonly reported side effects were tiredness, diarrhea, and 
changes of appetite/weight. In comparison with other drugs, used for the treatment of these medical 
conditions, CBD has a better side effect profile. This could improve patients' compliance and adherence 
to treatment. CBD is often used as adjunct therapy. Therefore, more clinical research is warranted on 
CBD action on hepatic enzymes, drug transporters, and interactions with other drugs and to see if this 
mainly leads to positive or negative effects, for example, reducing the needed clobazam doses in 
epilepsy and therefore clobazam's side effects. 

 

Conclusion: This review also illustrates that some important toxicological parameters are yet to be 
studied, for example, if CBD has an effect on hormones. Additionally, more clinical trials with a greater 
number of participants and longer chronic CBD administration are still lacking. 

 

Keywords: : cannabidiol, cannabinoids, medical uses, safety, side effects, toxicity 
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Introduction 

Since several years, other pharmacologically relevant constituents of the Cannabis plant, apart from Δ9-
THC, have come into the focus of research and legislation. The most prominent of those is cannabidiol 
(CBD). In contrast to Δ9-THC, it is nonintoxicating, but exerts a number of beneficial pharmacological 
effects. For instance, it is anxiolytic, anti-inflammatory, antiemetic, and antipsychotic. Moreover, 
neuroprotective properties have been shown.1,2 Consequently, it could be used at high doses for the 
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treatment of a variety of conditions ranging in psychiatric disorders such as schizophrenia and dementia, 
as well as diabetes and nausea.1,2 

 

At lower doses, it has physiological effects that promote and maintain health, including antioxidative, 
anti-inflammatory, and neuroprotection effects. For instance, CBD is more effective than vitamin C and E 
as a neuroprotective antioxidant and can ameliorate skin conditions such as acne.3,4 

 

The comprehensive review of 132 original studies by Bergamaschi et al. describes the safety profile of 
CBD, mentioning several properties: catalepsy is not induced and physiological parameters are not 
altered (heart rate, blood pressure, and body temperature). Moreover, psychological and psychomotor 
functions are not adversely affected. The same holds true for gastrointestinal transit, food intake, and 
absence of toxicity for nontransformed cells. Chronic use and high doses of up to 1500 mg per day have 
been repeatedly shown to be well tolerated by humans.1 

 

Nonetheless, some side effects have been reported for CBD, but mainly in vitro or in animal studies. 
They include alterations of cell viability, reduced fertilization capacity, and inhibition of hepatic drug 
metabolism and drug transporters (e.g., p-glycoprotein).1 Consequently, more human studies have to 
be conducted to see if these effects also occur in humans. In these studies, a large enough number of 
subjects have to be enrolled to analyze long-term safety aspects and CBD possible interactions with 
other substances. 

 

This review will build on the clinical studies mentioned by Bergamaschi et al. and will update their 
survey with new studies published until September 2016. 
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Relevant Preclinical Studies 

Before we discuss relevant animal research on CBD possible effects on various parameters, several 
important differences between route of administration and pharmacokinetics between human and 
animal studies have to be mentioned. First, CBD has been studied in humans using oral administration or 
inhalation. Administration in rodents often occures either via intraperitoneal injection or via the oral 
route. Second, the plasma levels reached via oral administration in rodents and humans can differ. Both 
these observations can lead to differing active blood concentrations of CBD.1,5,6 

 

In addition, it is possible that CBD targets differ between humans and animals. Therefore, the same 
blood concentration might still lead to different effects. Even if the targets, to which CBD binds, are the 
same in both studied animals and humans, for example, the affinity or duration of CBD binding to its 
targets might differ and consequently alter its effects. 



 

 

The following study, which showed a positive effect of CBD on obsessive compulsive behavior in mice 
and reported no side effects, exemplifies the existing pharmacokinetic differences.5 When mice and 
humans are given the same CBD dose, more of the compound becomes available in the mouse 
organism. This higher bioavailability, in turn, can cause larger CBD effects. 

 

Deiana et al. administered 120 mg/kg CBD either orally or intraperitoneally and measured peak plasma 
levels.5 The group of mice, which received oral CBD, had plasma levels of 2.2 μg/ml CBD. In contrast, i.p. 
injections resulted in peak plasma levels of 14.3 μg/ml. Administering 10 mg/kg oral CBD to humans 
leads to blood levels of 0.01 μg/ml.6 This corresponds to human blood levels of 0.12 μg/ml, when 
120 mg/kg CBD was given to humans. This calculation was performed assuming the pharmacokinetics of 
a hydrophilic compound, for simplicity's sake. We are aware that the actual levels of the lipophilic CBD 
will vary. 

 

A second caveat of preclinical studies is that supraphysiological concentrations of compounds are often 
used. This means that the observed effects, for instance, are not caused by a specific binding of CBD to 
one of its receptors but are due to unspecific binding following the high compound concentration, which 
can inactivate the receptor or transporter. 

 

The following example and calculations will demonstrate this. In vitro studies have shown that CBD 
inhibits the ABC transporters P-gp (P glycoprotein also referred to as ATP-binding cassette subfamily B 
member 1=ABCB1; 3–100 μM CBD) and Bcrp (Breast Cancer Resistance Protein; also referred to as 
ABCG2=ATP-binding cassette subfamily G member 2).7 After 3 days, the P-gp protein expression was 
altered in leukemia cells. This can have several implications because various anticancer drugs also bind 
to these membrane-bound, energy-dependent efflux transporters.1 The used CBD concentrations are 
supraphysiological, however, 3 μM CBD approximately corresponds to plasma concentrations of 
1 μg/ml. On the contrary, a 700 mg CBD oral dose reached a plasma level of 10 ng/ml.6 This means that 
to reach a 1 μg/ml plasma concentration, one would need to administer considerably higher doses of 
oral CBD. The highest ever applied CBD dose was 1500 mg.1 Consequently, more research is warranted, 
where the CBD effect on ABC transporters is analyzed using CBD concentrations of, for example, 0.03–
0.06 μM. The rationale behind suggesting these concentrations is that studies summarized by Bih et al. 
on CBD effect on ABCC1 and ABCG2 in SF9 human cells showed that a CBD concentration of 0.08 μM 
elicited the first effect.7 

 

Using the pharmacokinetic relationships mentioned above, one would need to administer an oral CBD 
dose of 2100 mg CBD to affect ABCC1 and ABCG2. We used 10 ng/ml for these calculations and the ones 
in Table 1,6,8 based on a 6-week trial using a daily oral administration of 700 mg CBD, leading to mean 
plasma levels of 6–11 ng/ml, which reflects the most realistic scenario of CBD administration in 
patients.6 That these levels seem to be reproducible, and that chronic CBD administration does not lead 



 

to elevated mean blood concentrations, was shown by another study. A single dose of 600 mg led to 
reduced anxiety and mean CBD blood concentrations of 4.7–17 ng/ml.9 

 

Table 1. 

Inhibition of Human Metabolic Enzymes by Exogenous Cannabinoids In Vitro and the Extrapolated Levels 
of Oral Daily CBD Administration in Humans Needed to Reach These In Vitro Concentrations 
(Adapted)6,8 

 

CYP-450 isoform 1A1 1A2 1B1 2A6 2B6 2C9 2D6 3A4 3A5 3A7 

CBD (in μM) 0.2 2.7 3.6 55.0 0.7 0.9–9.9 1.2–2.7 1.0 0.2 12.3 

aExtrapolated oral daily CBD doses to reach the levels above (in mg) 4900 63,000 84,000 1.28 
Mio. Ca. 16,000 21,000–231,000 28,000–63,000 Ca. 23,000 4900 0.29 Mio. 

aThe calculations made here are based on the assumption that the CBD distribution in the blood follows 
the pharmacokinetics of a hydrophilic substance such as alcohol. The reality is more complex, because 
CBD is lipophilic and, for example, will consequently accumulate in fat tissue. These calculations were 
made with the intention to give the reader an impression and an approximation of the 
supraphysiological levels used in in vitro studies. 

It also seems warranted to assume that the mean plasma concentration exerts the total of observed 
CBD effects, compared to using peak plasma levels, which only prevail for a short amount of time. This is 
not withstanding, that a recent study measured Cmax values for CBD of 221 ng/ml, 3 h after 
administration of 1 mg/kg fentanyl concomitantly with a single oral dose of 800 mg CBD.10 

 

CBD-drug interactions 

Cytochrome P450-complex enzymes 

This paragraph describes CBD interaction with general (drug)-metabolizing enzymes, such as those 
belonging to the cytochrome P450 family. This might have an effect for coadministration of CBD with 
other drugs.7 For instance, CBD is metabolized, among others, via the CYP3A4 enzyme. Various drugs 
such as ketoconazol, itraconazol, ritonavir, and clarithromycin inhibit this enzyme.11 This leads to 
slower CBD degradation and can consequently lead to higher CBD doses that are longer 
pharmaceutically active. In contrast, phenobarbital, rifampicin, carbamazepine, and phenytoin induce 
CYP3A4, causing reduced CBD bioavailability.11 Approximately 60% of clinically prescribed drugs are 
metabolized via CYP3A4.1 Table 1 shows an overview of the cytochrome inhibiting potential of CBD. It 
has to be pointed out though, that the in vitro studies used supraphysiological CBD concentrations. 

 

Studies in mice have shown that CBD inactivates cytochrome P450 isozymes in the short term, but can 
induce them after repeated administration. This is similar to their induction by phenobarbital, thereby 



 

implying the 2b subfamily of isozymes.1 Another study showed this effect to be mediated by 
upregulation of mRNA for CYP3A, 2C, and 2B10, after repeated CBD administration.1 

 

Hexobarbital is a CYP2C19 substrate, which is an enzyme that can be inhibited by CBD and can 
consequently increase hexobarbital availability in the organism.12,13 Studies also propose that this 
effect might be caused in vivo by one of CBD metabolites.14,15 Generally, the metabolite 6a-OH-CBD 
was already demonstrated to be an inducer of CYP2B10. Recorcinol was also found to be involved in 
CYP450 induction. The enzymes CYP3A and CYP2B10 were induced after prolonged CBD administration 
in mice livers, as well as for human CYP1A1 in vitro.14,15 On the contrary, CBD induces CYP1A1, which is 
responsible for degradation of cancerogenic substances such as benzopyrene. CYP1A1 can be found in 
the intestine and CBD-induced higher activity could therefore prevent absorption of cancerogenic 
substances into the bloodstream and thereby help to protect DNA.2 

 

Effects on P-glycoprotein activity and other drug transporters 

A recent study with P-gp, Bcrp, and P-gp/Bcrp knockout mice, where 10 mg/kg was injected 
subcutaneously, showed that CBD is not a substrate of these transporters itself. This means that they do 
not reduce CBD transport to the brain.16 This phenomenon also occurs with paracetamol and 
haloperidol, which both inhibit P-gp, but are not actively transported substrates. The same goes for 
gefitinib inhibition of Bcrp. 

 

These proteins are also expressed at the blood–brain barrier, where they can pump out drugs such as 
risperidone. This is hypothesized to be a cause of treatment resistance.16 In addition, polymorphisms in 
these genes, making transport more efficient, have been implied in interindividual differences in 
pharmacoresistance.10 Moreover, the CBD metabolite 7-COOH CBD might be a potent anticonvulsant 
itself.14 It will be interesting to see whether it is a P-gp substrate and alters pharmacokinetics of 
coadministered P-gp-substrate drugs. 

 

An in vitro study using three types of trophoblast cell lines and ex vivo placenta, perfused with 15 μM 
CBD, found BCRP inhibition leading to accumulation of xenobiotics in the fetal compartment.17 BCRP is 
expressed at the apical side of the syncytiotrophoblast and removes a wide variety of compounds 
forming a part of the placental barrier. Seventy-two hours of chronic incubation with 25 μM CBD also led 
to morphological changes in the cell lines, but not to a direct cytotoxic effect. In contrast, 1 μM CBD did 
not affect cell and placenta viability.17 The authors consider this effect cytostatic. Nicardipine was used 
as the BCRP substrate in the in vitro studies, where the Jar cell line showed the largest increase in BCRP 
expression correlating with the highest level of transport.17,and references therein 

 

The ex vivo study used the antidiabetic drug and BCRP substrate glyburide.17 After 2 h of CBD perfusion, 
the largest difference between the CBD and the placebo placentas (n=8 each) was observed. CBD 



 

inhibition of the BCRP efflux function in the placental cotyledon warrants further research of 
coadministration of CBD with known BCRP substrates such as nitrofurantoin, cimetidine, and 
sulfasalazine. In this study, a dose–response curve should be established in male and female subjects 
(CBD absorption was shown to be higher in women) because the concentrations used here are usually 
not reached by oral or inhaled CBD administration. Nonetheless, CBD could accumulate in organs 
physiologically restricted via a blood barrier.17 

 

Physiological effects 

CBD treatment of up to 14 days (3–30 mg/kg b.w. i.p.) did not affect blood pressure, heart rate, body 
temperature, glucose levels, pH, pCO2, pO2, hematocrit, K+ or Na+ levels, gastrointestinal transit, 
emesis, or rectal temperature in a study with rodents.1 

 

Mice treated with 60 mg/kg b.w. CBD i.p. for 12 weeks (three times per week) did not show ataxia, 
kyphosis, generalized tremor, swaying gait, tail stiffness, changes in vocalization behavior or open-field 
physiological activity (urination, defecation).1 

 

Neurological and neurospychiatric effects 

Anxiety and depression 

Some studies indicate that under certain circumstances, CBD acute anxiolytic effects in rats were 
reversed after repeated 14-day administration of CBD.2 However, this finding might depend on the used 
animal model of anxiety or depression. This is supported by a study, where CBD was administered in an 
acute and “chronic” (2 weeks) regimen, which measured anxiolytic/antidepressant effects, using 
behavioral and operative models (OBX=olfactory bulbectomy as model for depression).18 The only 
observed side effects were reduced sucrose preference, reduced food consumption and body weight in 
the nonoperated animals treated with CBD (50 mg/kg). Nonetheless, the behavioral tests (for OBX-
induced hyperactivity and anhedonia related to depression and open field test for anxiety) in the CBD-
treated OBX animals showed an improved emotional response. Using microdialysis, the researchers 
could also show elevated 5-HT and glutamate levels in the prefrontal cortex of OBX animals only. This 
area was previously described to be involved in maladaptive behavioral regulation in depressed patients 
and is a feature of the OBX animal model of depression. The fact that serotonin levels were only 
elevated in the OBX mice is similar to CBD differential action under physiological and pathological 
conditions. 

 

A similar effect was previously described in anxiety experiments, where CBD proved to be only anxiolytic 
in subjects where stress had been induced before CBD administration. Elevated glutamate levels have 
been proposed to be responsible for ketamine's fast antidepressant function and its dysregulation has 
been described in OBX mice and depressed patients. Chronic CBD treatment did not elicit behavioral 



 

changes in the nonoperated mice. In contrast, CBD was able to alleviate the affected functionality of 
5HT1A receptors in limbic brain areas of OBX mice.18 and references therein 

 

Schiavon et al. cite three studies that used chronic CBD administration to demonstrate its anxiolytic 
effects in chronically stressed rats, which were mostly mediated via hippocampal neurogenesis.19 and 
references therein For instance, animals received daily i.p. injections of 5 mg/kg CBD. Applying a 5HT1A 
receptor antagonist in the DPAG (dorsal periaqueductal gray area), it was implied that CBD exerts its 
antipanic effects via these serotonin receptors. No adverse effects were reported in this study. 

 

Psychosis and bipolar disorder 

Various studies on CBD and psychosis have been conducted.20 For instance, an animal model of 
psychosis can be created in mice by using the NMDAR antagonist MK-801. The behavioral changes 
(tested with the prepulse inhibition [PPI] test) were concomitant with decreased mRNA expression of 
the NMDAR GluN1 subunit gene (GRN1) in the hippocampus, decreased parvalbumin expression (=a 
calcium-binding protein expressed in a subclass of GABAergic interneurons), and higher FosB/ΔFosB 
expression (=markers for neuronal activity). After 6 days of MK-801 treatment, various CBD doses were 
injected intraperitoneally (15, 30, 60 mg/kg) for 22 days. The two higher CBD doses had beneficial 
effects comparable to the atypical antipsychotic drug clozapine and also attenuated the MK-801 effects 
on the three markers mentioned above. The publication did not record any side effects.21 

 

One of the theories trying to explain the etiology of bipolar disorder (BD) is that oxidative stress is 
crucial in its development. Valvassori et al. therefore used an animal model of amphetamine-induced 
hyperactivity to model one of the symptoms of mania. Rats were treated for 14 days with various CBD 
concentrations (15, 30, 60 mg/kg daily i.p.). Whereas CBD did not have an effect on locomotion, it did 
increase brain-derived neurotrophic factor (BDNF) levels and could protect against amphetamine-
induced oxidative damage in proteins of the hippocampus and striatum. No adverse effects were 
recorded in this study.22 

 

Another model for BD and schizophrenia is PPI of the startle reflex both in humans and animals, which is 
disrupted in these diseases. Peres et al., list five animal studies, where mostly 30 mg/kg CBD was 
administered and had a positive effect on PPI.20 Nonetheless, some inconsistencies in explaining CBD 
effects on PPI as model for BD exist. For example, CBD sometimes did not alter MK-801-induced PPI 
disruption, but disrupted PPI on its own.20 If this effect can be observed in future experiments, it could 
be considered to be a possible side effect. 

 

Addiction 

CBD, which is nonhedonic, can reduce heroin-seeking behavior after, for example, cue-induced 
reinstatement. This was shown in an animal heroin self-administration study, where mice received 



 

5 mg/kg CBD i.p. injections. The observed effect lasted for 2 weeks after CBD administration and could 
normalize the changes seen after stimulus cue-induced heroin seeking (expression of AMPA, GluR1, and 
CB1R). In addition, the described study was able to replicate previous findings showing no CBD side 
effects on locomotor behavior.23 

 

Neuroprotection and neurogenesis 

There are various mechanisms underlying neuroprotection, for example, energy metabolism (whose 
alteration has been implied in several psychiatric disorders) and proper mitochondrial functioning.24 An 
early study from 1976 found no side effects and no effect of 0.3–300 μg/mg protein CBD after 1 h of 
incubation on mitochondrial monoamine oxidase activity in porcine brains.25 In hypoischemic newborn 
pigs, CBD elicited a neuroprotective effect, caused no side effects, and even led to beneficial effects on 
ventilatory, cardiac, and hemodynamic functions.26 

 

A study comparing acute and chronic CBD administration in rats suggests an additional mechanism of 
CBD neuroprotection: Animals received i.p. CBD (15, 30, 60 mg/kg b.w.) or vehicle daily, for 14 days. 
Mitochondrial activity was measured in the striatum, hippocampus, and the prefrontal cortex.27 Acute 
and chronic CBD injections led to increased mitochondrial activity (complexes I-V) and creatine kinase, 
whereas no side effects were documented. Chronic CBD treatment and the higher CBD doses tended to 
affect more brain regions. The authors hypothesized that CBD changed the intracellular Ca2+ flux to 
cause these effects. Since the mitochondrial complexes I and II have been implied in various 
neurodegenerative diseases and also altered ROS (reactive oxygen species) levels, which have also been 
shown to be altered by CBD, this might be an additional mechanism of CBD-mediated 
neuroprotection.1,27 

 

Interestingly, it has recently been shown that the higher ROS levels observed after CBD treatment were 
concomitant with higher mRNA and protein levels of heat shock proteins (HSPs). In healthy cells, this can 
be interpreted as a way to protect against the higher ROS levels resulting from more mitochondrial 
activity. In addition, it was shown that HSP inhibitors increase the CBD anticancer effect in vitro.28 This 
is in line with the studies described by Bergamaschi et al., which also imply ROS in CBD effect on (cancer) 
cell viability in addition to, for example, proapoptotic pathways such as via caspase-8/9 and inhibition of 
the procarcinogenic lipoxygenase pathway.1 

 

Another publication studied the difference of acute and chronic administration of two doses of CBD in 
nonstressed mice on anxiety. Already an acute i.p. administration of 3 mg/kg was anxiolytic to a degree 
comparable to 20 mg/kg imipramine (an selective serotonin reuptake inhibitor [SSRI] commonly 
prescribed for anxiety and depression). Fifteen days of repeated i.p. administration of 3 mg/kg CBD also 
increased cell proliferation and neurogenesis (using three different markers) in the subventricular zone 
and the hippocampal dentate gyrus. Interestingly, the repeated administration of 30 mg/kg also led to 
anxiolytic effects. However, the higher dose caused a decrease in neurogenesis and cell proliferation, 



 

indicating dissociation of behavioral and proliferative effects of chronic CBD treatment. The study does 
not mention adverse effects.19 

 

Immune system 

Numerous studies show the CBD immunomodulatory role in various diseases such as multiple sclerosis, 
arthritis, and diabetes. These animal and human ex vivo studies have been reviewed extensively 
elsewhere, but studies with pure CBD are still lacking. Often combinations of THC and CBD were used. It 
would be especially interesting to study when CBD is proinflammatory and under which circumstances it 
is anti-inflammatory and whether this leads to side effects (Burstein, 2015: Table 1 shows a summary of 
its anti-inflammatory actions; McAllister et al. give an extensive overview in Table 1 of the interplay 
between CBD anticancer effects and inflammation signaling).29,30 

 

In case of Alzheimer's disease (AD), studies in mice and rats showed reduced amyloid beta 
neuroinflammation (linked to reduced interleukin [IL]-6 and microglial activation) after CBD treatment. 
This led to amelioration of learning effects in a pharmacological model of AD. The chronic study we want 
to describe in more detail here used a transgenic mouse model of AD, where 2.5-month-old mice were 
treated with either placebo or daily oral CBD doses of 20 mg/kg for 8 months (mice are relatively old at 
this point). CBD was able to prevent the development of a social recognition deficit in the AD transgenic 
mice. 

 

Moreover, the elevated IL-1 beta and TNF alpha levels observed in the transgenic mice could be reduced 
to WT (wild-type) levels with CBD treatment. Using statistical analysis by analysis of variance, this was 
shown to be only a trend. This might have been caused by the high variation in the transgenic mouse 
group, though. Also, CBD increased cholesterol levels in WT mice but not in CBD-treated transgenic 
mice. This was probably due to already elevated cholesterol in the transgenic mice. The study observed 
no side effects.31 and references within 

 

In nonobese diabetes-prone female mice (NOD), CBD was administered i.p. for 4 weeks (5 days a week) 
at a dose of 5 mg/kg per day. After CBD treatment was stopped, observation continued until the mice 
were 24 weeks old. CBD treatment lead to considerable reduction of diabetes development (32% 
developed glucosuria in the CBD group compared to 100% in untreated controls) and to more intact islet 
of Langerhans cells. CBD increased IL-10 levels, which is thought to act as an anti-inflammatory cytokine 
in this context. The IL-12 production of splenocytes was reduced in the CBD group and no side effects 
were recorded.32 

 

After inducing arthritis in rats using Freund's adjuvant, various CBD doses (0.6, 3.1, 6.2, or 62.3 mg/day) 
were applied daily in a gel for transdermal administration for 4 days. CBD reduced joint swelling, 
immune cell infiltration. thickening of the synovial membrane, and nociceptive 



 

sensitization/spontaneous pain in a dose-dependent manner, after four consecutive days of CBD 
treatment. Proinflammatory biomarkers were also reduced in a dose-dependent manner in the dorsal 
root ganglia (TNF alpha) and spinal cord (CGRP, OX42). No side effects were evident and exploratory 
behavior was not altered (in contrast to Δ9-THC, which caused hypolocomotion).33 

 

Cell migration 

Embryogenesis 

CBD was shown to be able to influence migratory behavior in cancer, which is also an important aspect 
of embryogenesis.1 For instance, it was recently shown that CBD inhibits Id-1. Helix-loop-helix Id 
proteins play a role in embryogenesis and normal development via regulation of cell differentiation. 
High Id1-levels were also found in breast, prostate, brain, and head and neck tumor cells, which were 
highly aggressive. In contrast, Id1 expression was low in noninvasive tumor cells. Id1 seems to influence 
the tumor cell phenotype by regulation of invasion, epithelial to mesenchymal transition, angiogenesis, 
and cell proliferation.34 

 

There only seems to exist one study that could not show an adverse CBD effect on embryogenesis. An in 
vitro study could show that the development of two-cell embryos was not arrested at CBD 
concentrations of 6.4, 32, and 160 nM.35 

 

Cancer 

Various studies have been performed to study CBD anticancer effects. CBD anti-invasive actions seem to 
be mediated by its TRPV1 stimulation and its action on the CB receptors. Intraperitoneal application of 
5 mg/kg b.w. CBD every 3 days for a total of 28 weeks, almost completely reduced the development of 
metastatic nodules caused by injection of human lung carcinoma cells (A549) in nude mice.36 This effect 
was mediated by upregulation of ICAM1 and TIMP1. This, in turn, was caused by upstream regulation of 
p38 and p42/44 MAPK pathways. The typical side effects of traditional anticancer medication, emesis, 
and collateral toxicity were not described in these studies. Consequently, CBD could be an alternative to 
other MMP1 inhibitors such as marimastat and prinomastat, which have shown disappointing clinical 
results due to these drugs' adverse muscoskeletal effects.37,38 

 

Two studies showed in various cell lines and in tumor-bearing mice that CBD was able to reduce tumor 
metastasis.34,39 Unfortunately, the in vivo study was only described in a conference abstract and no 
route of administration or CBD doses were mentioned.36 However, an earlier study used 0.1, 1.0, or 
1.5 μmol/L CBD for 3 days in the aggressive breast cancer cells MDA-MB231. CBD downregulated Id1 at 
promoter level and reduced tumor aggressiveness.40 

 



 

Another study used xenografts to study the proapoptotic effect of CBD, this time in LNCaP prostate 
carcinoma cells.36 In this 5-week study, 100 mg/kg CBD was administered daily i.p. Tumor volume was 
reduced by 60% and no adverse effects of treatment were described in the study. The authors assumed 
that the observed antitumor effects were mediated via TRPM8 together with ROS release and p53 
activation.41 It has to be pointed out though, that xenograft studies only have limited predictive validity 
to results with humans. Moreover, to carry out these experiments, animals are often immunologically 
compromised, to avoid immunogenic reactions as a result to implantation of human cells into the 
animals, which in turn can also affect the results.42 

 

Another approach was chosen by Aviello et al.43 They used the carcinogen azoxymethane to induce 
colon cancer in mice. Treatment occurred using IP injections of 1 or 5 mg/kg CBD, three times a week for 
3 weeks (including 1 week before carcinogen administration). After 3 months, the number of aberrant 
crypt foci, polyps, and tumors was analyzed. The high CBD concentration led to a significant decrease in 
polyps and a return to near-normal levels of phosphorylated Akt (elevation caused by the carcinogen).42 
No adverse effects were mentioned in the described study.43 

 

Food intake and glycemic effects 

Animal studies summarized by Bergamaschi et al. showed inconclusive effects of CBD on food intake1: 
i.p. administration of 3–100 mg/kg b.w. had no effect on food intake in mice and rats. On the contrary, 
the induction of hyperphagia by CB1 and 5HT1A agonists in rats could be decreased with CBD (20 mg/kg 
b.w. i.p.). Chronic administration (14 days, 2.5 or 5 mg/kg i.p.) reduced the weight gain in rats. This 
effect could be inhibited by coadministration of a CB2R antagonist.1 

 

The positive effects of CBD on hyperglycemia seem to be mainly mediated via CBD anti-inflammatory 
and antioxidant effects. For instance, in ob/ob mice (an animal model of obesity), 4-week treatment 
with 3 mg/kg (route of administration was not mentioned) increased the HDL-C concentration by 55% 
and reduced total cholesterol levels by more than 25%. In addition, treatment increased adiponectin 
and liver glycogen concentrations.44 and references therein 

 

Endocrine effects 

High CBD concentrations (1 mM) inhibited progesterone 17-hydroxylase, which creates precursors for 
sex steroid and glucocorticoid synthesis, whereas 100 μM CBD did not in an in vitro experiment with 
primary testis microsomes.45 Rats treated with 10 mg/kg i.p. b.w. CBD showed inhibition of 
testosterone oxidation in the liver.46 

 

Genotoxicity and mutagenicity 



 

Jones et al. mention that 120 mg/kg CBD delivered intraperetonially to Wistar Kyoto rats showed no 
mutagenicity and genotoxicity based on personal communication with GW Pharmaceuticals47,48 These 
data are yet to be published. The 2012 study with an epilepsy mouse model could also show that CBD 
did not influence grip strength, which the study describes as a “putative test for functional 
neurotoxicity.”48 

 

Motor function was also tested on a rotarod, which was also not affected by CBD administration. Static 
beam performance, as an indicator of sensorimotor coordination, showed more footslips in the CBD 
group, but CBD treatment did not interfere with the animals' speed and ability to complete the test. 
Compared to other anticonvulsant drugs, this effect was minimal.48 Unfortunately, we could not find 
more studies solely focusing on genotoxicity by other research groups neither in animals nor in humans. 

 

Go to: 

Acute Clinical Data 

Bergamaschi et al. list an impressive number of acute and chronic studies in humans, showing CBD 
safety for a wide array of side effects.1 They also conclude from their survey, that none of the studies 
reported tolerance to CBD. Already in the 1970s, it was shown that oral CBD (15–160 mg), iv injection 
(5–30 mg), and inhalation of 0.15 mg/kg b.w. CBD did not lead to adverse effects. In addition, 
psychomotor function and psychological functions were not disturbed. Treatment with up to 600 mg 
CBD neither influenced physiological parameters (blood pressure, heart rate) nor performance on a 
verbal paired-associate learning test.1 

 

Fasinu et al. created a table with an overview of clinical studies currently underway, registered in Clinical 
Trials. gov.49 In the following chapter, we highlight recent, acute clinical studies with CBD. 

 

CBD-drug interactions 

CBD can inhibit CYP2D6, which is also targeted by omeprazole and risperidone.2,14 There are also 
indications that CBD inhibits the hepatic enzyme CYP2C9, reducing the metabolization of warfarin and 
diclofenac.2,14 More clinical studies are needed, to check whether this interaction warrants an adaption 
of the used doses of the coadministered drugs. 

 

The antibiotic rifampicin induces CYP3A4, leading to reduced CBD peak plasma concentrations.14 In 
contrast, the CYP3A4 inhibitor ketoconazole, an antifungal drug, almost doubles CBD peak plasma 
concentration. Interestingly, the CYP2C19 inhibitor omeprazole, used to treat gastroesophageal reflux, 
could not significantly affect the pharmacokinetics of CBD.14 

 



 

A study, where a regimen of 6×100 mg CBD daily was coadministered with hexobarbital in 10 subjects, 
found that CBD increased the bioavailability and elimination half-time of the latter. Unfortunately, it was 
not mentioned whether this effect was mediated via the cytochrome P450 complex.16 

 

Another aspect, which has not been thoroughly looked at, to our knowledge, is that several cytochrome 
isozymes are not only expressed in the liver but also in the brain. It might be interesting to research 
organ-specific differences in the level of CBD inhibition of various isozymes. Apart from altering the 
bioavailability in the overall plasma of the patient, this interaction might alter therapeutic outcomes on 
another level. Dopamine and tyramine are metabolized by CYP2D6, and neurosteroid metabolism also 
occurs via the isozymes of the CYP3A subgroup.50,51 Studying CBD interaction with neurovascular 
cytochrome P450 enzymes might also offer new mechanisms of action. It could be possible that CBD-
mediated CYP2D6 inhibition increases dopamine levels in the brain, which could help to explain the 
positive CBD effects in addiction/withdrawal scenarios and might support its 5HT (=serotonin) elevating 
effect in depression. 

 

Also, CBD can be a substrate of UDP glucuronosyltransferase.14 Whether this enzyme is indeed involved 
in the glucuronidation of CBD and also causes clinically relevant drug interactions in humans is yet to be 
determined in clinical studies. Generally, more human studies, which monitor CBD-drug interactions, are 
needed. 

 

Physiological effects 

In a double-blind, placebo-controlled crossover study, CBD was coadministered with intravenous 
fentanyl to a total of 17 subjects.10 Blood samples were obtained before and after 400 mg CBD 
(previously demonstrated to decrease blood flow to (para)limbic areas related to drug craving) or 
800 mg CBD pretreatment. This was followed by a single 0.5 (Session 1) or 1.0μg/kg (Session 2, after 1 
week of first administration to allow for sufficient drug washout) intravenous fentanyl dose. Adverse 
effects and safety were evaluated with both forms of the Systematic Assessment for Treatment 
Emergent Events (SAFTEE). This extensive tool tests, for example, 78 adverse effects divided into 23 
categories corresponding to organ systems or body parts. The SAFTEE outcomes were similar between 
groups. No respiratory depression or cardiovascular complications were recorded during any test 
session. 

 

The results of the evaluation of pharmacokinetics, to see if interaction between the drugs occurred, 
were as follows. Peak CBD plasma concentrations of the 400 and 800 mg group were measured after 4 h 
in the first session (CBD administration 2 h after light breakfast). Peak urinary CBD and its metabolite 
concentrations occurred after 6 h in the low CBD group and after 4 h in the high CBD group. No effect 
was evident for urinary CBD and metabolite excretion except at the higher fentanyl dose, in which CBD 
clearance was reduced. Importantly, fentanyl coadministration did not produce respiratory depression 



 

or cardiovascular complications during the test sessions and CBD did not potentiate fentanyl's effects. 
No correlation was found between CBD dose and plasma cortisol levels. 

 

Various vital signs were also measured (blood pressure, respiratory/heart rate, oxygen saturation, EKG, 
respiratory function): CBD did not worsen the adverse effects (e.g., cardiovascular compromise, 
respiratory depression) of iv fentanyl. Coadministration was safe and well tolerated, paving the way to 
use CBD as a potential treatment for opioid addiction. The validated subjective measures scales Anxiety 
(visual analog scale [VAS]), PANAS (positive and negative subscores), and OVAS (specific opiate VAS) 
were administered across eight time points for each session without any significant main effects for CBD 
for any of the subjective effects on mood.10 

 

A Dutch study compared subjective adverse effects of three different strains of medicinal cannabis, 
distributed via pharmacies, using VAS. “Visual analog scale is one of the most frequently used 
psychometric instruments to measure the extent and nature of subjective effects and adverse effects. 
The 12 adjectives used for this study were as follows: alertness, tranquility, confidence, dejection, 
dizziness, confusion/disorientation, fatigue, anxiety, irritability, appetite, creative stimulation, and 
sociability.” The high CBD strain contained the following concentrations: 6% Δ9-THC/7.5% CBD (n=25). 
This strain showed significantly lower levels of anxiety and dejection. Moreover, appetite increased less 
in the high CBD strain. The biggest observed adverse effect was “fatigue” with a score of 7 (out of 10), 
which did not differ between the three strains.52 

 

Neurological and neurospychiatric effects 

Anxiety 

Forty-eight participants received subanxiolytic levels (32 mg) of CBD, either before or after the 
extinction phase in a double-blind, placebo-controlled design of a Pavlovian fear-conditioning 
experiment (recall with conditioned stimulus and context after 48 h and exposure to unconditioned 
stimulus after reinstatement). Skin conductance (=autonomic response to conditioning) and shock 
expectancy measures (=explicit aspects) of conditioned responding were recorded throughout. Among 
other scales, the Mood Rating Scale (MRS) and the Bond and Bodily Symptoms Scale were used to assess 
anxiety, current mood, and physical symptoms. “CBD given postextinction (active after consolidation 
phase) enhanced consolidation of extinction learning as assessed by shock expectancy.” Apart from the 
extinction-enhancing effects of CBD in human aversive conditioned memory, CBD showed a trend 
toward some protection against reinstatement of contextual memory. No side/adverse effects were 
reported.53 

 

Psychosis 



 

The review by Bergamaschi et al. mentions three acute human studies that have demonstrated the CBD 
antipsychotic effect without any adverse effects being observed. This holds especially true for the 
extrapyramidal motor side effects elicited by classical antipsychotic medication.1 

 

Fifteen male, healthy subjects with minimal prior Δ9-THC exposure (<15 times) were tested for CBD 
affecting Δ9-THC propsychotic effects using functional magnetic resonance imaging (fMRI) and various 
questionnaires on three occasions, at 1-month intervals, following administration of 10 mg delta-9-Δ9-
THC, 600 mg CBD, or placebo. Order of drug administration was pseudorandomized across subjects, so 
that an equal number of subjects received any of the drugs during the first, second, or third session in a 
double-blind, repeated-measures, within-subject design.54 No CBD effect on psychotic symptoms as 
measured with PANSS positive symptoms subscale, anxiety as indexed by the State Trait Anxiety 
Inventory (STAI) state, and Visual Analogue Mood Scale (VAMS) tranquilization or calming subscale, 
compared to the placebo group, was observed. The same is true for a verbal learning task (=behavioral 
performance of the verbal memory). 

 

Moreover, pretreatment with CBD and subsequent Δ9-THC administration could reduce the latter's 
psychotic and anxiety symptoms, as measured using a standardized scale. This effect was caused by 
opposite neural activation of relevant brain areas. In addition, no effects on peripheral cardiovascular 
measures such as heart rate and blood pressure were measured.54 

 

A randomized, double-blind, crossover, placebo-controlled trial was conducted in 16 healthy nonanxious 
subjects using a within-subject design. Oral Δ9-THC=10 mg, CBD=600 mg, or placebo was administered 
in three consecutive sessions at 1-month intervals. The doses were selected to only evoke 
neurocognitive effects without causing severe toxic, physical, or psychiatric reactions. The 600 mg CBD 
corresponded to mean (standard deviation) whole blood levels of 0.36 (0.64), 1.62 (2.98), and 3.4 (6.42) 
ng/mL, 1, 2, and 3 h after administration, respectively. 

 

Physiological measures and symptomatic effects were assessed before, and at 1, 2, and 3 h postdrug 
administration using PANSS (a 30-item rating instrument used to assess psychotic symptoms, with 
ratings based on a semistructured clinical interview yielding subscores for positive, negative, and 
general psychopathology domains), the self-administered VAMS with 16 items (e.g., mental sedation or 
intellectual impairment, physical sedation or bodily impairments, anxiety effects and other types of 
feelings or attitudes), the ARCI (Addiction Research Center Inventory; containing empirically derived 
drug-induced euphoria; stimulant-like effects; intellectual efficiency and energy; sedation; dysphoria; 
and somatic effects) to assess drug effects and the STAI-T/S, where subjects were evaluated on their 
current mood and their feelings in general. 

 

There were no significant differences between the effects of CBD and placebo on positive and negative 
psychotic symptoms, general psychopathology (PANSS), anxiety (STAI-S), dysphoria (ARCI), sedation 



 

(VAMS, ARCI), and the level of subjective intoxication (ASI, ARCI), where Δ9-THC did have a pronounced 
effect. The physiological parameters, heart rate and blood pressure, were also monitored and no 
significant difference between the placebo and the CBD group was observed.55 

 

Addiction 

A case study describes a patient treated for cannabis withdrawal according to the following CBD 
regimen: “treated with oral 300 mg on Day 1; CBD 600 mg on Days 2–10 (divided into two doses of 
300 mg), and CBD 300 mg on Day 11.” CBD treatment resulted in a fast and progressive reduction in 
withdrawal, dissociative and anxiety symptoms, as measured with the Withdrawal Discomfort Score, the 
Marijuana Withdrawal Symptom Checklist, Beck Anxiety Inventory, and Beck Depression Inventory (BDI). 
Hepatic enzymes were also measured daily, but no effect was reported.56 

 

Naturalistic studies with smokers inhaling cannabis with varying amounts of CBD showed that the CBD 
levels were not altering psychomimetic symptoms.1 Interestingly, CBD was able to reduce the 
“wanting/liking”=implicit attentional bias caused by exposure to cannabis and food-related stimuli. CBD 
might work to alleviate disorders of addiction, by altering the attentive salience of drug cues. The study 
did not further measure side effects.57 

 

CBD can also reduce heroin-seeking behaviors (e.g., induced by a conditioned cue). This was shown in 
the preclinical data mentioned earlier and was also replicated in a small double-blind pilot study with 
individuals addicted to opioids, who have been abstinent for 7 days.52,53 They either received placebo 
or 400 or 800 mg oral CBD on three consecutive days. Craving was induced with a cue-induced 
reinstatement paradigm (1 h after CBD administration). One hour after the video session, subjective 
craving was already reduced after a single CBD administration. The effect persisted for 7 days after the 
last CBD treatment. Interestingly, anxiety measures were also reduced after treatment, whereas no 
adverse effects were described.23,58 

 

A pilot study with 24 subjects was conducted in a randomized, double-blind, placebo-controlled design 
to evaluate the impact of the ad hoc use of CBD in smokers, who wished to stop smoking. Pre- and post-
testing for mood and craving of the participants was executed. These tests included the Behaviour 
Impulsivity Scale, BDI, STAI, and the Severity of Dependence Scale. During the week of CBD inhalator 
use, subjects used a diary to log their craving (on a scale from 1 to 100=VAS measuring momentary 
subjective craving), the cigarettes smoked, and the number of times they used the inhaler. Craving was 
assessed using the Tiffany Craving Questionnaire (11). On day 1 and 7, exhaled CO was measured to test 
smoking status. Sedation, depression, and anxiety were evaluated with the MRS. 

 

Over the course of 1 week, participants used the inhaler when they felt the urge to smoke and received 
a dose of 400 μg CBD via the inhaler (leading to >65% bioavailability); this significantly reduced the 



 

number of cigarettes smoked by ca. 40%, while craving was not significantly different in the groups post-
test. At day 7, the anxiety levels for placebo and CBD group did not differ. CBD did not increase 
depression (in contract to the selective CB1 antagonist rimonabant). CBD might weaken the attentional 
bias to smoking cues or could have disrupted reconsolidation, thereby destabilizing drug-related 
memories.59 

 

Cell migration 

According to our literature survey, there currently are no studies about CBD role in embryogenesis/cell 
migration in humans, even though cell migration does play a role in embryogenesis and CBD was shown 
to be able to at least influence migratory behavior in cancer.1 

 

Endocrine effects and glycemic (including appetite) effects 

To the best of our knowledge, no acute studies were performed that solely concentrated on CBD 
glycemic effects. Moreover, the only acute study that also measured CBD effect on appetite was the 
study we described above, comparing different cannabis strains. In this study, the strain high in CBD 
elicited less appetite increase compared to the THC-only strain.52 

 

Eleven healthy volunteers were treated with 300 mg (seven patients) and 600 mg (four patients) oral 
CBD in a double-blind, placebo-controlled study. Growth hormone and prolactin levels were unchanged. 
In contrast, the normal decrease of cortisol levels in the morning (basal measurement=11.0±3.7 μg/dl; 
120 min after placebo=7.1±3.9 μg/dl) was inhibited by CBD treatment (basal 
measurement=10.5±4.9 μg/dl; 120 min after 300 mg CBD=9.9±6.2 μg/dl; 120 min after 600 mg 
CBD=11.6±11.6 μg/dl).60 

 

A more recent study also used 600 mg oral CBD for a week and compared 24 healthy subjects to people 
at risk for psychosis (n=32; 16 received placebo and 16 CBD). Serum cortisol levels were taken before 
the TSST (Trier Social Stress Test), immediately after, as well as 10 and 20 min after the test. Compared 
to the healthy individuals, the cortisol levels increased less after TSST in the 32 at-risk individuals. The 
CBD group showed less reduced cortisol levels but differences were not significant.61 It has to be 
mentioned that these data were presented at a conference and are not yet published (to our 
knowledge) in a peer-reviewed journal. 

 

Go to: 

Chronic CBD Studies in Humans 

Truly chronic studies with CBD are still scarce. One can often argue that what the studies call “chronic” 
CBD administration only differs to acute treatment, because of repeated administration of CBD. 
Nonetheless, we also included these studies with repeated CBD treatment, because we think that 



 

compared to a one-time dose of CBD, repeated CBD regimens add value and knowledge to the field and 
therefore should be mentioned here. 

 

CBD-drug interactions 

An 8-week-long clinical study, including 13 children who were treated for epilepsy with clobazam (initial 
average dose of 1 mg/kg b.w.) and CBD (oral; starting dose of 5 mg/kg b.w. raised to maximum of 
25 mg/kg b.w.), showed the following. The CBD interaction with isozymes CYP3A4 and CYP2C19 caused 
increased clobazam bioavailability, making it possible to reduce the dose of the antiepileptic drug, which 
in turn reduced its side effects.62 

 

These results are supported by another study described in the review by Grotenhermen et al.63 In this 
study, 33 children were treated with a daily dose of 5 mg/kg CBD, which was increased every week by 
5 mg/kg increments, up to a maximum level of 25 mg/kg. CBD was administered on average with three 
other drugs, including clobazam (54.5%), valproic acid (36.4%), levetiracetam (30.3%), felbamate 
(21.2%), lamotrigine (18.2%), and zonisamide (18.2%). The coadministration led to an alteration of blood 
levels of several antiepileptic drugs. In the case of clobazam this led to sedation, and its levels were 
subsequently lowered in the course of the study. 

 

Physiological effects 

A first pilot study in healthy volunteers in 1973 by Mincis et al. administering 10 mg oral CBD for 21 days 
did not find any neurological and clinical changes (EEG; EKG).64 The same holds true for psychiatry and 
blood and urine examinations. A similar testing battery was performed in 1980, at weekly intervals for 
30 days with daily oral CBD administration of 3 mg/kg b.w., which had the same result.65 

 

Neurological and neuropsychiatric effects 

Anxiety 

Clinical chronic (lasting longer than a couple of weeks) studies in humans are crucial here but were 
mostly still lacking at the time of writing this review. They hopefully will shed light on the inconsistencies 
observerd in animal studies. Chronic studies in humans may, for instance, help to test whether, for 
example, an anxiolytic effect always prevails after chronic CBD treatment or whether this was an artifact 
of using different animal models of anxiety or depression.2,18 

 

Psychosis and bipolar disorder 

In a 4-week open trial, CBD was tested on Parkinson's patients with psychotic symptoms. Oral doses of 
150–400 mg/day CBD (in the last week) were administered. This led to a reduction of their psychotic 
symptoms. Moreover, no serious side effects or cognitive and motor symptoms were reported.66 



 

 

Bergamaschi et al. describe a chronic study, where a teenager with severe side effects of traditional 
antipsychotics was treated with up to 1500 mg/day of CBD for 4 weeks. No adverse effects were 
observed and her symptoms improved. The same positive outcome was registered in another study 
described by Bergamaschi et al., where three patients were treated with a starting dose of CBD of 
40 mg, which was ramped up to 1280 mg/day for 4 weeks.1 A double-blind, randomized clinical trial of 
CBD versus amisulpride, a potent antipsychotic in acute schizophrenia, was performed on a total of 42 
subjects, who were treated for 28 days starting with 200 mg CBD per day each.67 The dose was 
increased stepwise by 200 mg per day to 4×200 mg CBD daily (total 800 mg per day) within the first 
week. The respective treatment was maintained for three additional weeks. A reduction of each 
treatment to 600 mg per day was allowed for clinical reasons, such as unwanted side effects after week 
2. This was the case for three patients in the CBD group and five patients in the amisulpride group. 
While both treatments were effective (no significant difference in PANSS total score), CBD showed the 
better side effect profile. Amisulpride, working as a dopamine D2/D3-receptor antagonist, is one of the 
most effective treatment options for schizophrenia. CBD treatment was accompanied by a substantial 
increase in serum anandamide levels, which was significantly associated with clinical improvement, 
suggesting inhibition of anandamide deactivation via reduced FAAH activity. 

 

In addition, the FAAH substrates palmitoylethanolamide and linoleoyl-ethanolamide (both lipid 
mediators) were also elevated in the CBD group. CBD showed less serum prolactin increase (predictor of 
galactorrhoea and sexual dysfunction), fewer extrapyramidal symptoms measured with the 
Extrapyramidal Symptom Scale, and less weight gain. Moreover, electrocardiograms as well as routine 
blood parameters were other parameters whose effects were measured but not reported in the study. 
CBD better safety profile might improve acute compliance and long-term treatment adherence.67,68 

 

A press release by GW Pharmaceuticals of September 15th, 2015, described 88 patients with treatment-
resistant schizophrenic psychosis, treated either with CBD (in addition to their regular medication) or 
placebo. Important clinical parameters improved in the CBD group and the number of mild side effects 
was comparable to the placebo group.2 Table 2 shows an overview of studies with CBD for the 
treatment of psychotic symptoms and its positive effect on symptomatology and the absence of side 
effects.69 

 

Table 2. 

Studies with CBD with Patients with Psychotic Symptoms (Adapted)69 

 

Assessment Oral CBD administration Total number of study participants Main findings 

BPRS (brief psychiatric rating scale) Up to 1500 mg/day for 26 days 1 Improvement of 
symptomatology, no side effects 



 

BPRS Up to 1280 mg/day for 4 weeks 3 Mild improvement of symptomatology of 1 patient, no 
side effects 

BPRS, Parkinson Psychosis Questionnaire (PPQ) Up to 600 mg/day for 4 weeks 6 Improvement 
of symptomatology, no side effects 

Stroop Color Word Test, BPRS, PANSS (positive and negative symptom scale) Single doses of 300 or 
600 mg 28 Performance after placebo and CBD 300 mg compared to CBD 600 mg; no effects on 
symptomatology 

BPRS, PANSS Up to 800 mg/day for 4 weeks 39 CBD as effective as amisulpride in terms of 
improvement of symptomatology; CBD displayed superior side effect profile 

Treatment of two patients for 24 days with 600–1200 mg/day CBD, who were suffering from BD, did not 
lead to side effects.70 Apart from the study with two patients mentioned above, CBD has not been 
tested systematically in acute or chronic administration scenarios in humans for BD according to our 
own literature search.71 

 

Epilepsy 

Epileptic patients were treated for 135 days with 200–300 mg oral CBD daily and evaluated every week 
for changes in urine and blood. Moreover, neurological and physiological examinations were performed, 
which neither showed signs of CBD toxicity nor severe side effects. The study also illustrated that CBD 
was well tolerated.65 

 

A review by Grotenhermen and Müller-Vahl describes several clinical studies with CBD2: 23 patients 
with therapy-resistant epilepsy (e.g., Dravet syndrome) were treated for 3 months with increasing doses 
of up to 25 mg/kg b.w. CBD in addition to their regular epilepsy medication. Apart from reducing the 
seizure frequency in 39% of the patients, the side effects were only mild to moderate and included 
reduced/increased appetite, weight gain/loss, and tiredness. 

 

Another clinical study lasting at least 3 months with 137 children and young adults with various forms of 
epilepsy, who were treated with the CBD drug Epidiolex, was presented at the American Academy for 
Neurology in 2015. The patients were suffering from Dravet syndrome (16%), Lennox–Gastaut syndrome 
(16%), and 10 other forms of epilepsy (some among them were very rare conditions). In this study, 
almost 50% of the patients experienced a reduction of seizure frequency. The reported side effects were 
21% experienced tiredness, 17% diarrhea, and 16% reduced appetite. In a few cases, severe side effects 
occurred, but it is not clear, if these were caused by Epidiolex. These were status epilepticus (n=10), 
diarrhea (n=3), weight loss (n=2), and liver damage in one case. 

 

The largest CBD study conducted thus far was an open-label study with Epidiolex in 261 patients (mainly 
children, the average age of the participants was 11) suffering from severe epilepsy, who could not be 



 

treated sufficiently with standard medication. After 3 months of treatment, where patients received 
CBD together with their regular medication, a median reduction of seizure frequency of 45% was 
observed. Ten percent of the patients reported side effects (tiredness, diarrhea, and exhaustion).2 

 

After extensive literature study of the available trials performed until September 2016, CBD side effects 
were generally mild and infrequent. The only exception seems to be a multicenter open-label study with 
a total of 162 patients aged 1–30 years, with treatment-resistant epilepsy. Subjects were treated for 1 
year with a maximum of 25 mg/kg (in some clinics 50 mg/kg) oral CBD, in addition to their standard 
medication. 

 

This led to a reduction in seizure frequency. In this study, 79% of the cohort experienced side effects. 
The three most common adverse effects were somnolence (n=41 [25%]), decreased appetite (n=31 
[19%]), and diarrhea (n=31 [19%]).72 It has to be pointed out that no control group existed in this study 
(e.g., placebo or another drug). It is therefore difficult to put the side effect frequency into perspective. 
Attributing the side effects to CBD is also not straightforward in severely sick patients. Thus, it is not 
possible to draw reliable conclusions on the causation of the observed side effects in this study. 

 

Parkinson's disease 

In a study with a total of 21 Parkinson's patients (without comorbid psychiatric conditions or dementia) 
who were treated with either placebo, 75 mg/day CBD or 300 mg/day CBD in an exploratory double-
blind trial for 6 weeks, the higher CBD dose showed significant improvement of quality of life, as 
measured with PDQ-39. This rating instrument comprised the following factors: mobility, activities of 
daily living, emotional well-being, stigma, social support, cognition, communication, and bodily 
discomfort. For the factor, “activities of daily living,” a possible dose-dependent relationship could exist 
between the low and high CBD group—the two CBD groups scored significantly different here. Side 
effects were evaluated with the UKU (Udvalg for Kliniske Undersøgelser). This assessment instrument 
analyzes adverse medication effects, including psychic, neurologic, autonomic, and other 
manifestations. Using the UKU and verbal reports, no significant side effects were recognized in any of 
the CBD groups.73 

 

Huntington's disease 

Fifteen neuroleptic-free patients with Huntington's disease were treated with either placebo or oral CBD 
(10 mg/kg b.w. per day) for 6 weeks in a double-blind, randomized, crossover study design. Using 
various safety outcome variables, clinical tests, and the cannabis side effect inventory, it was shown that 
there were no differences between the placebo group and the CBD group in the observed side effects.6 

 

Immune system 



 

Forty-eight patients were treated with 300 mg/kg oral CBD, 7 days before and until 30 days after the 
transplantation of allogeneic hematopoietic cells from an unrelated donor to treat acute leukemia or 
myelodysplastic syndrome in combination with standard measures to avoid GVHD (graft vs. host 
disease; cyclosporine and short course of MTX). The occurrence of various degrees of GVHD was 
compared with historical data from 108 patients, who had only received the standard treatment. 
Patients treated with CBD did not develop acute GVHD. In the 16 months after transplantation, the 
incidence of GHVD was significantly reduced in the CBD group. Side effects were graded using the 
Common Terminology Criteria for Adverse Events (CTCAE v4.0) classification, which did not detect 
severe adverse effects.74 

 

Endocrine and glycemic (including appetite, weight gain) effects 

In a placebo-controlled, randomized, double-blind study with 62 subjects with noninsulin-treated type 2 
diabetes, 13 patients were treated with twice-daily oral doses of 100 mg CBD for 13 weeks. This resulted 
in lower resistin levels compared to baseline. The hormone resistin is associated with obesity and insulin 
resistance. Compared to baseline, glucose-dependent insulinotropic peptide levels were elevated after 
CBD treatment. This incretin hormone is produced in the proximal duodenum by K cells and has 
insulinotropic and pancreatic b cell preserving effects. CBD was well tolerated in the patients. However, 
with the comparatively low CBD concentrations used in this phase-2-trial, no overall improvement of 
glycemic control was observed.40 

 

When weight and appetite were measured as part of a measurement battery for side effects, results 
were inconclusive. For instance, the study mentioned above, where 23 children with Dravet syndrome 
were treated, increases as well as decreases in appetite and weight were observed as side effects.2 An 
open-label trial with 214 patients suffering from treatment-resistant epilepsy showed decreased 
appetite in 32 cases. However, in the safety analysis group, consisting of 162 subjects, 10 showed 
decreased weight and 12 had gained weight.52 This could be either due to the fact that CBD only has a 
small effect on these factors, or appetite and weight are complex endpoints influenced by multiple 
factors such as diet and genetic predisposition. Both these factors were not controlled for in the 
reviewed studies. 
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Conclusion 

This review could substantiate and expand the findings of Bergamaschi et al. about CBD favorable safety 
profile.1 Nonetheless, various areas of CBD research should be extended. First, more studies researching 
CBD side effects after real chronic administration need to be conducted. Many so-called chronic 
administration studies, cited here were only a couple of weeks long. Second, many trials were 
conducted with a small number of individuals only. To perform a throrough general safety evaluation, 
more individuals have to be recruited into future clinical trials. Third, several aspects of a toxicological 
evaluation of a compound such as genotoxicity studies and research evaluating CBD effect on hormones 



 

are still scarce. Especially, chronic studies on CBD effect on, for example, genotoxicity and the immune 
system are still missing. Last, studies that evaluate whether CBD-drug interactions occur in clinical trials 
have to be performed. 

 

In conclusion, CBD safety profile is already established in a plethora of ways. However, some knowledge 
gaps detailed above should be closed by additional clinical trials to have a completely well-tested 
pharmaceutical compound. 
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Abbreviations Used 

AD Alzheimer's disease 

ARCI Addiction Research Center Inventory 

BD bipolar disorder 

BDI Beck Depression Inventory 

CBD cannabidiol 

HSP heat shock protein 

IL interleukin 

MRS Mood Rating Scale 

PPI prepulse inhibition 

ROS reactive oxygen species 

SAFTEE Systematic Assessment for Treatment Emergent Events 

STAI State Trait Anxiety Inventory 

TSST Trier Social Stress Test 

UKU Udvalg for Kliniske Undersøgelser 

VAMS Visual Analogue Mood Scale 

VAS Visual Analog Scales 
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