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Preface

My interest in cannabinoids and their potential benefit in health care did not arise 
in medical school, residency, fellowships, or my subsequent clinical work. Only after 
working for two decades as a physician-scientist in the pharmaceutical industry 
did I become aware of the importance of cannabinoids in maintaining health and 
homeostasis. I was intrigued by the scientific evidence suggesting cannabinoids are 
beneficial for a variety of poorly treated medical conditions. And I was disappointed 
with how limited this knowledge about cannabinoids was in the general medical 
community. For healthcare professionals, learning should be a lifetime pursuit 
built on the foundation of their scientific training. Unfortunately, many clinicians 
were never exposed to the established scientific data or therapeutic potential of 
cannabinoids. In general, they have concerns about mental health and addiction 
from the use of cannabis. At the same time, the public acceptance of cannabis as 
a potential treatment option is growing rapidly along with the perception (not 
always warranted) of safety.

It is evident an urgent need exists for additional education about the evolving areas 
of scientific discovery and the current uses of cannabinoids. I am delighted to serve 
as editor of Cannabinoids - Recent Perspectives and Applications in Human Health and 
expect this book to address these twin needs and provide both an interesting introduc-
tion to developing areas of research and a timely update on clinical applications.

It seems as if everyone (layperson and healthcare professional) is now aware that 
cannabinoids are naturally occurring compounds found in plants like hemp and 
cannabis. Most of the earlier interest in cannabinoids from medical scientists, 
however, was related to their dramatic disruptions of mental health and concerns 
about tolerance and addiction. Absent was the knowledge about the molecular basis 
that produced the positive and negative effects of cannabinoids. Finally, in the late 
twentieth century, the beginning of a revolution in cannabinoid research arrived. 
Research began to uncover the structure of cannabinoids, leading to unexpected 
findings about their effects on the human body and their role in human health and 
disease.

It is established that cannabinoids from plants influence the human body through the 
Endocannabinoid System (ECS). This breakthrough discovery was a groundbreaking 
moment in cannabinoid science and revealed the presence of an entire system within 
the human body previously unsuspected. The ECS is a major regulator of homeostasis 
in the human body and consists of endocannabinoids, receptors, and enzymes that 
modulate various physiological processes in the body. The cannabinoids interact with 
the cannabinoid receptors that are found throughout the central and peripheral ner-
vous systems and modulate neural activity and neurotransmission. Cannabinoids also 
act on other systems such as the digestive system, immune system, and cardiovascular 
system. Studies have found that cannabinoids can reduce inflammation, improve pain 
modulation and neuroprotection, modulate gene expression and metabolism, increase 
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appetite, regulate moods and emotions, help treat certain types of cancer, and may 
even protect against neurodegenerative diseases. Research continues to discover new 
ways cannabinoids can be used for therapeutic purposes. At the center of this research 
is the ECS, which promises to revolutionize how cannabinoids are used for medical 
purposes.

The legalization of cannabis and the greater social acceptance of marijuana has 
unexpectedly led to more clinical research into the potential benefits of this plant. 
Much of this new research has been driven by serendipitous clinical observations 
about how cannabis helped people in ways that were not necessarily expected. These 
anecdotal reports of people benefiting from the use of cannabis and these stories 
have been around for a long time and clinical research is needed to determine if these 
effects can be reliably reproduced and whether they translate into clinical benefits.

In the past two decades, more than 25,000 articles about cannabinoids have been 
published in the peer-reviewed medical literature. It would be fair to say that during 
this recent period, cannabinoids have finally been studied more rigorously than at 
any other time in history. This scientific curiosity about cannabinoids has been fed by 
multiple and often unrelated research studies. In this publication, we hope to sig-
nificantly add to this body of knowledge and encourage the clinician and researcher 
to do additional activities. One important consequence of this effort is the recent 
approval by regulatory agencies after a review of well-conducted randomized clinical 
trials of plant-based Epidiolex and Sativex, which further normalizes the use of 
 cannabinoids in the medical field.

The recent approval of Epidiolex, a cannabidiol (CBD)-based prescription drug, has 
been an exciting development in the world of cannabinoids. CBD is a non-psychoactive 
cannabinoid that has shown great potential as a therapeutic agent for two rare forms of 
epilepsy. The FDA and EMA approval of Epidiolex marks the first time a plant-based 
cannabinoid has been approved for medical use in the United States and Europe and is 
available to the patient by prescription filled at the pharmacy.

The approval of Epidiolex has been an exciting development and will pave the way for 
further research into CBD’s potential and the medical applications of other plant-based 
cannabinoids. With the approval of Epidiolex, further, CBD research is expected to 
gain momentum in both the United States and Europe.

The FDA and EMA approval of Epidiolex marks the first time a plant-based can-
nabinoid has been approved for medical use in the United States. As a result of the 
decriminalization of Cannabinoids, other CBD products can now be studied although 
these molecules may have significant differences in quality and safety when compared 
to the approved CBD Epidiolex.

As a result, CBD products can vary greatly in quality and do not have the same safety 
and efficacy data that Epidiolex has.

Sativex is a second plant-based cannabinoid combination product first approved in 
the United Kingdom in 2010. It is now currently approved in twenty-nine countries 
for the treatment of adult patients with moderate-to-severe spasticity due to multiple 
sclerosis who have not responded adequately to other anti-spasticity medications. 
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However, the FDA has not approved Sativex for use in the United States due to 
 concerns about its safety and efficacy. The FDA also expressed concern that Sativex 
could be abused or misused, as it contains psychoactive tetrahydrocannabinol 
(THC).

These approvals have led to increased acceptance of cannabinoid-based treatments 
as well as greater public awareness about their potential uses. This has opened a new 
world of treatment possibilities for patients who are often untreatable by traditional 
medications. Ultimately, randomized controlled trials will provide a more compre-
hensive picture of the use of cannabinoids in medicine, making them much more 
accessible and applicable for healthcare professionals and patients. This process will 
be especially important for cannabinoids to assume a greater role in clinical practice, 
as it will provide additional strong and credible science about the safety and benefits 
of therapies. By establishing the road forward for new plant-based cannabinoids, we 
will then enter an even more exciting phase in the world of cannabinoids.

As new research comes out, this book will serve as an invaluable resource for a variety 
of healthcare professionals – from medical doctors and pharmacists to nurses and 
allied healthcare providers – to further the knowledge necessary for quality care. It is 
our hope that this book will equip these professionals with the necessary information 
to navigate the field of cannabinoids and their potential clinical applications to best 
serve their patients. We believe this book will be instrumental in furthering the under-
standing of healthcare professionals regarding cannabinoids while also providing an 
updated resource that they can turn to as new research emerges.

I would like to acknowledge the diligent and always pleasant support of Author 
Service Manager Tea Jurcic at IntechOpen. Without her constant encouragement, this 
book would never have been completed.

Steven P. James, MD
Independent Researcher,

Rancho Santa Fe, CA, USA
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Chapter 1

Polysaccharide Chiral Stationary 
Phases for the Achiral and Chiral 
Separation of Cannabinoids
Weston J. Umstead

Abstract

Polysaccharide-based chiral stationary phases (CSPs) have been widely utilized in 
the pharmaceutical, agricultural, and natural product industries since their first-
reported use and subsequent commercialization more than 50 years ago. Although 
they have been traditionally used for the separation of small drug molecules con-
taining one or more chiral centers, their uses have recently grown to include achiral 
separations in emerging fields like the cannabis industry. The ability to separate 
and study individual cannabinoids is critical to understanding their impact in both 
medicinal and recreational applications. Furthermore, it is not difficult to envision a 
future where cannabinoids, particularly for medicinal use, are treated like pharma-
ceuticals—that is requiring rigorous purity testing, including the determination of 
chiral purity. While current methods of analysis are sufficient for the separation of 
achiral cannabinoid mixtures, some critical chiral pairs like cannabichromene cannot 
be separated fully. This is where the use of polysaccharide CSPs is and will continue to 
be important, as a chiral resolution will be needed to satisfy these potential require-
ments. This chapter will cover an introduction and evolution of polysaccharide CSPs, 
including a discussion on their unique separations mechanism, and review a number 
of the applications described in the literature of their uses for the achiral and chiral 
separation of cannabinoids.

Keywords: polysaccharide chiral stationary phases, cannabinoids, high-performance 
liquid chromatography (HPLC), super-critical fluid chromatography (SFC), chiral 
separations, achiral separations

1. Introduction

Polysaccharide-based chiral stationary phases (CSPs) have been reported in the 
literature for nearly 50 years as of the writing of this chapter. Hesse and Hagel made 
the first practical reports in 1973 using microcrystalline triacetylcellulose (MCTA) 
as a chiral separation medium, with a simple chiral model [1]. From this initial 
report, the applications have grown thanks to the advancements made by Prof. Yoshio 
Okamoto and many others, to include applications in the production of commer-
cialized pharmaceuticals, polypeptides and biologics, natural products, and more 
recently, cannabis.
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As a natural product, cannabis contains a wide range of compounds including, 
but not limited to, cannabinoids, terpenes, and other plant-based compounds [2]. 
These compounds typically exist as a single isomer as a requirement for further down-
stream processes. That is, many biological processes are enzymatically controlled, 
and require specific molecule confirmation for proper interaction and recognition. 
Therefore, biological systems have evolved to produce said single isomer that matches 
this confirmation. Common achiral phases like octadecylsilyl (ODS or C18) and 
other non-polar analogs have therefore been successfully used for the separation and 
analysis of cannabis and cannabis-related products, as they are capable of separating 
achiral mixtures exclusively ([3–7] as examples). CSPs have been underutilized as a 
solution for the separation of such compounds and mixtures, as their cost and special-
ization have been seen as prohibitive or unnecessary. However, it is well established 
that polysaccharide CSPs are capable of performing both chiral and achiral separa-
tions, so they represent a unique opportunity for investigators to perform two types 
of separations at the same time. The nature of polysaccharide CSPs is unlike that 
of typical achiral phases. The polymeric structure of the CSPs, either cellulose or 
amylose-based, along with their functionalization with small molecule chiral selec-
tors, creates an environment that can recognize the subtle structural differences that 
exist between enantiomers.

What exactly are enantiomers? The most effective way to envision this is to hold 
up one’s left and right hand – the hands are mirror images of each other (exclud-
ing the minor differences in jewelry, fingernail length, cuts/bruises, etc.), but are 
not superimposable. When you try to overlap them, there is clearly a difference in 
the structure, i.e. the geometry, of the hands. Compounds that are enantiomers 
are the same – they have the same combination of atoms or chemical groups con-
nected (bonded) to a single atomic center (also referred to as a stereogenic center or 
chiral center – usually it is carbon, but can also be nitrogen, phosphorus, or sulfur). 
Enantiomers differ from each other in the configuration of said atoms or chemical 
groups around the chiral center. They can also arise from other elements of symmetry 
like a plane and/or axis where two distinct confirmations can exist. An example of 
the latter would be atropisomers. Atropisomers contain a rotatable single bond, but 
because of steric hindrance (a blockage caused by large/bulky groups), are locked 
into two distinct confirmations. These geometric differences are not exploitable by 
achiral SPs, but they are by polysaccharide CSPs.

This chapter will begin with a discussion on the mechanism by which polysac-
charide CSPs are capable of separating achiral and chiral analytes. This is important 
to understand why CSPs are so effective in their function, and why they play an 
important role moving forward in the separation and analysis of cannabis and canna-
binoids. This will be followed by a brief sharing of established and practical examples 
of CSP applications in a range of mature fields (pharmaceutical and agricultural for 
example). The chapter will conclude with numerous examples in the literature for 
the separation of cannabinoids on polysaccharide-based CSPs, under various mobile 
phase modes including normal phase and reversed phase high performance liquid 
chromatography (HPLC) and supercritical fluid chromatography (SFC).

2. A brief history of polysaccharide CSPs and their separation mechanism

Traditional achiral separations on widely available phases like ODS or silica 
are governed primarily by polarity. That is, the difference in polarity between the 
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analytes (compounds) and the polarity of the stationary phase (SP). With a simple 
enough model, one can easily predict elution order based simply on the chemical 
structure (or polarity) of the analyte and the polarity of the SP. As a simple example, 
for the separation of phenol and toluene on a C18 column with a mixture of  
acetronitrile/water, one would expect that phenol should elute first as it is more polar 
than toluene, which will be more strongly attracted/retained on the non-polar C18 SP. 
The same modeling cannot be performed for chiral separations however, as enantio-
mers are equal in their polarity. As described above in the Introduction, enantiomers 
differ only by the geometry in which their atoms or functional groups are arranged 
around the chiral center. This geometric difference can only be exploited by a medium 
that can create an environment that facilitates chiral recognition, which is why CSPs 
are a critical tool for enantiomeric separations. A well-established (yet highly unpre-
dictable) series of intermolecular interactions helps CSPs to distinguish these subtle 
differences to elicit a chiral separation.

2.1 Polysaccharide chiral stationary phase separation mechanism

At the core of polysaccharide CSPs are three components: the silica gel support 
material, the polysaccharide backbone (either cellulose or amylose), and the chiral 
selector (see Figures 1 and 2 for examples). The support material does not have too 
much of a role to play in the separation of enantiomers, but is important to provide 
CSPs with a rigidity and robustness to be used under high-pressure applications. The 
chiral selector and polysaccharide backbone are responsible for creating an environ-
ment that is able to distinguish the two enantiomers via a series of well-documented 
intermolecular (between two molecules) interactions that arise from it (see Table 1). 
When contained within in an enclosed system like a packed, chromatographic col-
umn, the potential combination of interactions is capable of producing a separation 
of the enantiomers. The chiral selector is key to creating these interactions - hydrogen 

Figure 1. 
Examples of structures of chiral selectors and names of coated polysaccharide-based CSPs.
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bonding, π-π stacking, dipole forces, inclusion, and repulsion can exploit the subtle 
differences between the enantiomer geometries [8].

Polysaccharide CSPs are unique in their ability to combine all of the above-
mentioned differentiating interactions (Table 1) into a macromolecule that is capable 
of interaction with the racemic (chiral) mixture. The type and frequency of these 
interactions is highly dependent on several factors: (1) the type of polysaccharide 
backbone (e.g., cellulose or amylose), (2) the functionalization of the chiral selectors 
(e.g., carbamates, benzoates and their respective substituents), and (3) the combined 
3D-structure created by supporting on silica. Furthermore, the solvation, swelling, or 
shrinking of the derivatized polymer backbone in the presence of certain solvents or 
additives plays an important role. Because of these factors, the interactions that take 
place on polysaccharide CSPs are much more unpredictable and a systematic screen-
ing becomes an essential tool for their effective application.

2.2 Development of polysaccharide CSPs for chiral separations and applications

After Hesse and Hagel published their first work using MCTA [1], the continued 
development of such phases lagged for more than a decade, because of structural and 
chromatographic inefficiencies. Professor Yoshio Okamoto in Japan made a break-
through in 1984 by stabilizing the polysaccharide polymer (cellulose in that case), onto 
a solid silica gel support [9–11]. This allowed for HPLC or high pressure applications, 

Figure 2. 
Examples of structures of chiral selectors and names of immobilized polysaccharide-based CSPs.

Type of interaction Strength Direction Working distance

Hydrogen bonding Very strong Attractive Long range

Steric hindrance Weak to very strong Repulsive Short range

π-π Interaction Strong Attractive Medium range

Dipole–dipole Intermediate Attractive Short range

Table 1. 
Several intermolecular forces known to occur between analyte and polysaccharide CSPs. Adapted from ref. [8].
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and improved chromatographic efficiency. The first chiral selectors utilized were coated 
cellulose tribenzoate and coated cellulose triacetate, later commercialized by Daicel 
Corporation as CHIRALCEL OA and CHIRALCEL OB respectively [12–14].

In these early examples, simple models like trans-stilbene oxide and Troger’s 
base were used to demonstrate the chiral recognition of the new CSPs. The number 
of selectors continued growing to include coated cellulose tris(phenylcarbamate) 
(CHIRALCEL OC), coated cellulose tris(4-chlorophenylcarbamate) (CHIRALCEL 
OF), coated cellulose tris(4-methylphenylcarbamate) (CHIRALCEL OG), and coated 
cellulose tris(3,5-dimethylphenylcarbamate) (CHIRALCEL OD) [9–11, 15–19]. The 
exploration and study of amylose as a polysaccharide backbone was also critical, 
resulting in the development of coated amylose tris(3,5-dimethylphenylcarbamate) 
(CHIRALPAK AD), coated amylose tris((S)-α-methylbenzylcarbamate) (CHIRALPAK 
AS), coated amylose tris(5-chloro-2-methylphenylcarbamate) (CHIRALPAK AY), and 
coated amylose tris(3-chloro-4-methylphenylcarbamate) (CHIRALPAK AZ) [20–22] 
(see Figure 1 for full list of coated CSP selectors).

Further advancements in the production of the CSPs added robustness and 
increased solvent compatibility, via the incorporation of an immobilization step. This 
immobilization step both cross-links the polysaccharide backbone and bonds it to the 
silica gel surface, leading to the insolubilization of the polymer [23–32]. This resulted 
in a new generation of immobilized CSPs, providing access to selectors that were 
previously not accessible and an expanded range of compatible solvents for expanded 
selectivity (see Figure 2 for full list of immobilized CSP selectors as of the time of this 
publication).

This diversification of selectors allowed for an expansion of selectivity that cor-
responded with a widening utilization in more application areas. β-blockers [33–35] and 
non-steroidal anti-inflammatory drugs (NSAIDs) [36–38] were two of the first classes 
of compounds to be screened for chiral recognition. Relevant examples included, but 
were not limited to, acebutolol and propranolol (β-blockers), ibuprofen and naproxen 
(NSAIDs). Other classes of compounds included proton-pump inhibitors like omepra-
zole [39–41], anti-histamines like cetirizine and meclizine [42–44], selective serotonin 
reuptake inhibitors (SSRIs) like sertraline and citalopram [45–47], and commercialized 
pharmaceuticals like Modafinil [48], Keppra [49], and Bicalutamide [50].

Agrochemicals have also become an important application area, as many pes-
ticides, herbicides, and insecticides contain a chiral center. This application area 
historically received minimal attention, as there was no requirement to assess bio-
logical activity of these compounds, like there is/was for pharmaceuticals. However 
government regulations have changed over the last few decades, and polysaccharide 
CSPs have been critical for these analyses as well. There have been many papers 
published covering the separation of compounds like malathion, fipronil, metalaxyl, 
dichlorodiphenyltrichloroethane (DDT), bromuconazole, and etoxazole (as exam-
ples) [51–53]. The analysis of food has been an important application, as composition 
analysis is important for nutritional integrity and quality assurance. Many examples 
for the analysis and separation of flavanone, diketopiperizine, and naringenin-based 
compounds have been reported [54–56].

3. The separation of cannabinoids on polysaccharide CSPs

As mentioned in the introduction, CSPs have historically been overlooked for 
the analysis and separation of cannabinoids. This came primarily from the belief 
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that cannabis did not contain any racemic pairs of compounds, or at least not any 
that were of particular interest. This has of course changed with the identification 
of cannabichromene (CBC) and cannabicyclol (CBL), as well as the rise of synthetic 
sources of cannabinoids, which have the potential to produce non-naturally occurring 
opposite enantiomers. This has also been affected by the understanding that poly-
saccharide CSPs are just as capable of separating achiral mixtures as they are chiral 
mixtures. CSPs were initially designed to exploit the subtle geometric differences that 
exist between enantiomers, but they are also capable of distinguishing between more 
pronounces achiral differences is structure.

3.1 High performance liquid chromatography (HPLC) separations

One of the earliest reports for the use of polysaccharide-based CSP for the 
 separation of cannabinoids came from Levin et al. in 1993 [57]. This group used 
normal phase HPLC (defined as a mobile phase which contains a mixture of alkane 
[hexane or heptane] and alcohol [ethanol or isopropanol]), to achieve baseline 
resolution of several cannabinoid pairs, using CHIRALPAK AD. In 1994, Levin et al. 
published a paper using the methods developed in their original work, to explore the 
role of hydroxyl substitution (that is an oxygen with a hydrogen attached to it) and its 
effect on the chiral separation [58]. By acetylating (adding an acetyl group – carbon 
doubled-bonded to an oxygen, with a methyl group also attached to the carbon) 
the hydroxyl groups in the native cannabinoid structure, the resolution of most 
enantiomer pairs was decreased or lost entirely. In light of the discussion in Section 1 
on the separations mechanism, this is not entirely surprising, although it is not often 
that a direct link between a structural feature and the chiral resolution can be made. 
A free hydroxyl group has a high potential for hydrogen bonding; given hydrogen 
bonding is one of the primary intermolecular interactions that takes place on column, 
the disruption of this interaction could be significant.

In 1995, Levin et al. continued their exploration of structural features of several 
cannabinoid pairs and the effects these had on their chiral separation [59]. Using 
CHIRALPAK AD again with normal phase HPLC, the group found some interesting 
results in particular with the enantiomeric pair of Δ6 THC. The pair was well-resolved 
using hexane-isopropanol as a mobile phase where the elution order was determined 
to be (+) Δ6 THC first followed by (−) Δ6 THC second. The addition of 1% by volume 
of ethanol was sufficient to reverse the elution order. While a reversal of elution order 
is not entirely uncommon in chiral separations, the identification of the reversal can 
be important for method development. For an impurity analysis, it is preferred to 
have the impurity that needs to be quantified elute first. This ensures the impurity, 
which is often at a low level, does not elute in the tail of the major peak, thus obscur-
ing the level of detection (LOD) or level of quantification (LOQ ). For preparative 
applications, it is preferred to have the target enantiomer elute first, as a higher purity 
can be achieved while maximizing the recovery.

Jumping back briefly to 1994, Yan et al. published the synthesis and chiral 
separation of two hexahydrocannabinol derivatives on CHIRALCEL OD [60]. The 
cannabinoids were derived from nabilone, which is a synthetic derivative of Δ9 THC. 
Much like previous reports, the separation was achieved with normal phase HPLC. 
In addition to the analytical method development and evaluation, the separation was 
also scaled to a preparative separation scale, allowing for the isolation and subsequent 
study of the effects of the individual cannabinoid isomers.
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Thakar et al. published a paper in 2002, using CHIRALPAK AD and normal phase 
HPLC, for the separation of a pair of novel cannabinoid receptor ligands [61]. Using 
methods developed by Levin, the group was able to separate the two enantiomers and 
perform CB1 and CB2 receptor studies to demonstrate the effectiveness of one enan-
tiomer over the other as a high-affinity ligand for potential therapeutic use.

Tarbox et al. presented a poster in 2009 at the Eastern Analytical Symposium on 
the separation of the isomers of Δ8 and Δ9 THC using again, CHIRALPAK AD [62]. 
The separation conditions were slightly modified from the previous reports, using 
instead ~96% by volume n-heptane with a mixture of methanol (~1%) and isopro-
panol (~3%). The significant decrease in mobile phase elution strength was required 
to achieve near-baseline resolution of the (+) Δ8 and (+) Δ9 THC isomers that eluted 
first and second respectively. Chiral Technologies later improved this same separation 
in 2018, which included the addition of the opposite (−) Δ8 and (−) Δ9 THC isomers 
[63]. In this application note, CHIRALPAK IF was used with normal phase HPLC to 
achieve baseline resolution of all four compounds. The elution order was determined 
to be (−) Δ8 THC first, followed by (+) Δ8 THC second, (+) Δ9 THC third, and (−) 
Δ9 THC fourth. The separation of the enantiomers of Δ9 THC was shared in the same 
year (2018) using coated amylose tris(3,5-dimethylphenylcarbamate) with normal 
phase HPLC [64].

Umstead published a paper in 2021 for the separation of several cannabinoids, 
including cannabicyclol, cannabichromene, Δ6, and Δ10 THC enantiomers [65]. There 
were several columns used for this work, including CHIRALPAK IB N-3, CHIRALPAK 
IG-3 (see Figure 3), CHIRALPAK IA-3, and CHIRALPAK IC-3. Normal phase HPLC 
was used including hexane-ethanol and hexane-isopropanol mobile phases ranging 
from 90–10 (v/v) to 98–2 (v/v) (see ref. [65] for full method details).

So far, only normal phase conditions have been reported, however aqueous mobile 
phases (containing water – also referred to as reversed-phase) have also been used 
for the separation of numerous cannabinoids. A particular advantage of using a 
reversed-phase (RP) mobile phase over normal phase is the MS compatibility, which 
assists in the analysis of complex cannabinoid mixtures. Onishi and Umstead pub-
lished a paper in 2021 focused on the separation of a 10 cannabinoid mixture (which 
contained Tetrahydrocannabinolic Acid A (THCA-A), Cannabidiolic Acid (CBDA), 
delta-8 Tetrahydrocannabinol (Δ8-THC), Cannabidiol (CBD), (±)-Cannabichromene 
(CBC), Cannabinol (CBN), delta-9 Tetrahydrocannabinol (Δ9-THC), and 
Cannabigerol (CBG)) [66]. A particularly novel feature of this work was the use of 
ultra-high performance liquid chromatography (UHPLC) and Daicel Corporation’s 
sub-2 μm immobilized polysaccharide CSPs for the separation.

Figure 3. 
Separation of cannabicyclol, Δ6, and Δ10 THC under normal phase conditions of hexane-ethanol = 95–5 (v/v) on 
CHIRALPAK IG-3 [65].
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Figure 4 shows a comparison of Van Deemter plots for the performance of 
5 μm, 3 μm, and sub-2 μm CHIRALPAK IA. A Van Deemter plot is a graphical rep-
resentation of three competing terms that describe the chromatographic separation 
of an analyte by a chromatographic column. The A term (Eddy-diffusion), B term 
(diffusion coefficient), and C term (resistance to mass transfer) play different 
roles in the overall chromatographic separation efficiency. The A term is a con-
stant, as it is assumes the pathway length through a packed particle is more or less 
the same (although the actual pathway is random). The B term is also more or less 
constant at functional chromatographic flow rates (although it sharply decreases 
at very low flow, significantly less than what you would use for a separation). The 
C term linearly increases from zero to infinity, with the slope being less shallow for 
smaller particles compared to larger particles (i.e. the plate height (H) decreases 
much less for small particles as flow rate increases). When combined, you see 
curves like in Figure 4.

The y-axis represents the theoretical plate height (H in μm), and the x-axis linear 
velocity (in mm/s). Intrinsically larger particle sizes like 5 and 3 μm (in green and red 
respectively) have a higher theoretical plate-height due to decreased packing effi-
ciency when packing into a column i.e. the constant A term is larger for these particle 
sizes. However when the linear velocity is increased, they also lose efficiency more 
quickly than a smaller particle (due to the C term). For this reason, faster nominal 
flow rates can be achieved with the smaller particles, allowing for fast/ultra-fast 
separations with minimal loss of resolution, or the analysis of complex samples with 
higher resolution.

Circling back from the short tangent on chromatographic theory, Onishi and 
Umstead looked at both normal phase and reversed phase HPLC, and found a 
number of very efficient separations. For normal phase CHIRALPAK IB-U (Figure 5) 
and CHIRALPAK IH-U were found to be the best CSPs for the separation, which 
used n-hexane-isopropanol-ethanol-trifluoroacetic acid = 96-3-1-0.1 (v/v) as a 
mobile phase.

Figure 4. 
Van Deemter plot for different particles sizes of CHIRALPAK IA immobilized CSP showing column efficiency 
related to linear velocity (flow rate) [adapted from ref. 66].
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For reversed phase, CHIRALPAK IG-U (Figure 6) and CHIRALPAK ID-U were 
found to be the best CSPs for the separation, which utilized water/acetonitrile/trifluo-
roacetic acid = 45-55-0.1 (v/v) or 55-45-0.1 (v/v) respectively.

De Luca et al. published a paper in 2022, which covered the screening on all 
available immobilized-type CSPs available from Daicel Corporation (at the time of 
publication). They found CHIRALPAK IC and IF to be very effective at the separation 
of a mixture containing cannabidiolic acid (CDBA), cannabidiol (CBD), tetrahy-
drocannabidiolic acid (THCA), CBC (racemic), and Δ9 THC [67]. Because CBC is a 
racemic cannabinoid, two peaks were observed (Figure 7), with good baseline resolu-
tion for all cannabinoids. The sample used for these separations was a true hemp 
extract (peak identification made by injection of prepared standards), so there are a 
number of other unidentified cannabinoids observed. For reference, the separation 

Figure 5. 
10 cannabinoid mixture separation under normal phase conditions with CHIRALPAK IB-U [adapted from 
ref. 66].

Figure 6. 
10 cannabinoid mixture separation under reversed phase conditions with CHIRALPAK IG-U [adapted from 
ref. 66].
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in blue was achieved with isocratic elution using 60% acetonitrile and the trace in red 
was achieved with isocratic elution using 70% acetonitrile.

Umstead published a paper in 2022 covering the separation of CBD enantio-
mers under both reversed phase and normal phase HPLC [68]. For reversed phase, 
CHIRALPAK IA and CHIRALPAK IG were found to be the most effective CSPs for 
separation, using water-acetonitrile = 45–55 (v/v) or 30–70 (v/v) respectively. For 
normal phase HPLC, IA and IG were again found to be very effective CSPs, with 
the addition of CHIRALPAK ID and CHIRALPAK IE yielding good baseline resolu-
tions as well. For the normal phase HPLC separation on IG (which used hexane-
ethanol = 95–5 (v/v)), the separation was also performed on the sub-2 μm version, 
CHIRALPAK IG-U. This resulted in a sub-15 second separation (Figure 8). Similarly, 

Figure 8. 
Separation of (+) and (−) CBD on CHIRALPAK IG-U with Hex-EtOH = 95–5 (v/v).

Figure 7. 
Reversed phase separation of CBDA, CBD, THC, CBC, and THCA with CHIRALPAK IC (in blue) and IF (in 
red). Adapted from ref. [67] with author permission.
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the reversed phase HPLC separation on IG was repeated on IG-U, resulting in a sub-
20 sec separation.

On a preparative scale, the separation of (+) and (−) Δ9 THC was patented by 
Gutman et al. in 2016 [69]. The group used CHIRALPAK AD with methods similar to 
what has already been described, but rather than high-pressure application, they used 
a flash chromatography or medium to low pressure chromatography setup.

3.2 Super-critical fluid chromatography (SFC) separations

The mechanism for chiral separation on polysaccharide CSPs is the same for SFC 
as it is for HPLC, i.e., a series of intermolecular interactions between chiral analyte 
and chiral selector. The main difference is the composition of the mobile phase. 
Rather than 100% organic solvent as is the case for HPLC, SFC uses super-critical 
carbon dioxide (CO2) as its primary mobile phase component. There are numerous 
advantages to using SFC, including the reduction of waste and associated disposal 
cost, overall lower viscosity mobile phases, which allows for faster flow rates i.e. faster 
analyses, and the ability to use methanol as a modifier, which cannot be done under 
normal phase HPLC (miscibility of methanol and hexane is very poor).

Toyo’oka and Kikura-Hanajiri published a paper in 2015 on the SFC separation 
of several synthetic cannabinoids [70]. While the work contained mostly achiral 
separations, there was also a reported separation of enantiomers of cis and trans 
cannabicyclohexanol (CCH) on coated amylose tris(3,5-dimethylphenylcarbamate). 
The separation was achieved using methanol as a modifier, and a linear gradient from 
10–55% over approximately 4 mins. This was also an MS-compatible method, which 
assisted in peak identification of other minor cannabinoids.

Runco et al. published an application note on the SFC separation of Δ8 and Δ9 THC 
using coated amylose tris(3,5-dimethylphenylcarbamate), coated cellulose tris(3,5-
dimethylphenylcarbamate), and coated cellulose tris(3-chloro-4-methylphenylcar-
bamate) [71]. They used ethanol as a modifier and a gradient from 2 to 20% over 
5 minutes to achieve baseline resolution on all three CSPs.

Breitenbach et al. published a paper in 2016 covering the SFC separation of syn-
thetic cannabinoids originating from seized drugs [72]. This group also used the three 
coated CSPs utilized in ref. 71, but in this instance to separate unique cannabinoid 
JWH-018 and its nine positional isomers. Although not fully baseline resolved, coated 
cellulose tris(3-chloro-4-methylphenylcarbamate) with isopropanol as a modifier was 
able to resolve eight of the 10 cannabinoids baseline.

Denicola and Barendt presented a poster in 2018 that covered the analytical 
separation of a series of cannabinoid mixtures ranging from 9 to 16 cannabinoids, 
using CHIRALPAK IB N-5 and a methanol gradient from 11 to 14% [73]. Although 
some partial co-elution was observed, the use of peak deconvulsion software assisted 
in the baseline quantification of the more complex mixtures. The method was applied 
to a real hemp oil sample, demonstrating the effective quantification of THC to 
ensure compliance with the 2018 Farm Bill requirements of less than 3% THC in CBD 
containing products.

Later that year, Denicola and Barendt presented a second poster that focused on 
the preparative separation/removal of THC from the same hemp oil sample [74]. 
Using the method established in the previous poster, the authors showed the isolation 
of 1.2 kilograms of CBD/day was possible with this new method, which at the time, 
was about 1.5× more productive than the achiral C18 flash chromatography method 
that was being used.
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4. Conclusions

Polysaccharide CSPs have a rich and storied history for the separation and analysis 
of chiral pharmaceuticals and agrochemicals, as well as important applications in the 
food and cosmetic industries. Although not traditionally used for achiral separations, 
their unique separations mechanism allows for the exploitation of small differences 
in energy and molecular geometry, meaning a broader range of applicability when 
compared to achiral SPs. As this awareness has grown, the applications in the field of 
cannabis separation and analysis have grown with it, particularly over the last decade. 
Their ability to separate diastereomers, structural isomers, and other positional 
isomers present in cannabis make them well suited for these applications.

As demonstrated in the chapter their ability to be used in a wide range of mobile 
phases makes them suitable for numerous applications, ranging from analytical and 
preparative scale, and with great flexibility in detection technique (mass-assisted or 
ultra-violet detection for instance). No doubt as the library of natural and synthetic 
cannabinoids continues to grow, the need for enantiomeric resolution will grow 
with it. As all application areas continue to expand, particularly for medicinal use, 
polysaccharide-based CSPs are and will be well suited to meet the needs for chiral 
purity testing.
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Abstract

Cannabis medicines are in demand from the public for treating a range of  diseases 
and symptoms; however, clinicians are reluctant to prescribe these products because 
of limited evidence and prescribing information. To generate this evidence,  quality 
clinical trials of cannabis medicines must be undertaken, yet their design is a complex, 
often uncharted territory, and involves the cooperation and sharing of knowledge 
of multiple stakeholders. Before designing a clinical trial, researchers require a clear 
understanding of the potential therapeutic benefit cannabis medicines may have, the 
form and formulation of the product, and the dose to be investigated. Researchers 
must also be aware of the applicable pharmaceutical regulations in the country or juris-
diction where the research is to be undertaken, as well as manufacturing or licensing 
regulations that may be imposed at the source of the cannabis product. Importantly, 
collaborations with industry are a key to the successful outcome of cannabis medicines 
clinical trials. Without funding and sponsorship of clinical trials, the ability to generate 
quality data will be limited and the evidence for cannabis medicines to be registered 
as therapeutics lacking. Collaborations between researchers, industry, and regulators, 
working together in sharing knowledge, are therefore critical to generate high quality 
cannabis medicines research.

Keywords: cannabis medicines, product selection, clinical Trials, drug-drug 
interactions, dosage forms

1. Introduction

Since the Federal legalization of cannabis medicines in Australia in 2016, cannabis 
has rapidly moved from being a recreational drug to a medicinal product. While it 
shows great therapeutic promise, one of the issues faced by clinicians in prescribing 
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cannabis is the limited information available from high quality clinical trials across a 
broad range of indications. In order to generate this evidence, collaboration and shar-
ing of knowledge between all stakeholders will be required to progress quality clinical 
trials of cannabis medicines. This paper discusses several issues that investigators have 
found when designing clinical studies using cannabis medicines as investigational 
products. These include cannabis medicine selection according to the indication(s) 
being studied, dosage form, dose range, drug-drug interactions, regulatory consid-
erations, purchase and supply, purity and consistency of plant-based products, and 
industry engagement.

2. Selection of cannabis medicines for indications

Over 120 phytocannabinoids have been identified in Cannabis sativa L. that have 
a diverse range of molecular targets [1]. Consideration of the type of cannabinoid and 
its pharmacokinetics and pharmacodynamics is important when selecting products 
for clinical trials [2]. To date, research has focused heavily on cannabidiol (CBD) and 
∆-9-tetrahydrocannabinol (THC). Cannabis medicine clinical trials can be located 
on clinical trial registries, such as the Australian New Zealand Clinical Trials Registry 
(ANZCTR), ClinicalTrials.gov and WHO International Clinical Trials Registry Platform 
(ICTRP) [3–5]. The selection of cannabis medicines for a particular indication in the 
context of a clinical trial requires researchers to consider several different factors.

Some trials have investigated a combination of cannabinoids. For example, in 
palliative care [6] and glioblastoma [7], THC and CBD have been trialed in the ratios 
of 1:1 and 4:1, respectively. Trials of CBD alone have been conducted in anxiety and 
schizophrenia [8] and refractory epilepsy (Dravet syndrome and Lennox-Gastaut 
syndrome) [9]. Nabiximols, an oral spray containing roughly equal parts CBD and 
THC and marketed under the trade name Sativex, has been studied in spasticity 
in multiple sclerosis [10], cannabis dependence [11], and neuropathic pain [12]. 
Dronabinol, an entirely synthetic form of THC has been trialed for anorexia and 
weight loss in patients with acquired immune deficiency syndrome [13] while 
dronabinol and nabilone, also a synthetic cannabinoid that is similar to THC but 
appears to be more potent, have both been studied in treatment-refractory chemo-
therapy-induced nausea and vomiting [14]. Dementia studies have trialed THC, 
dronabinol, and nabilone [15].

These are only a few examples of numerous trials for different clinical indica-
tions and disease states. Many of these studies have had mixed results suggesting 
that proposed clinical trials, especially for diseases not already studied will require a 
thorough examination of in vitro and preclinical work to inform the selection of the 
cannabinoid formulation most appropriate for the disease under study.

To this end, there is an abundance of in vitro and in vivo studies being conducted 
on a variety of cannabinoids and in different formulations that over time, will help 
identify the principal components required of a cannabinoid for the disease being 
targeted [1]. As always, a detailed literature search is essential.

3. Selection of the form of cannabis medicines

Several factors need to be considered when selecting a cannabis medicine for use 
in a clinical trial. Key features include the age of the patient cohort where participants 



23

Cannabis Medicines: Guidance for the Selection, Purchase and Supply for Clinical Trials
DOI: http://dx.doi.org/10.5772/intechopen.105682

may have limited dexterity in handling certain formulations, likely comorbid condi-
tions that may affect drug absorption, and manufacturers’ ability to create a placebo 
that looks, tastes, and smells the same as the investigational product.

Several different dosage formulations can be selected. Table 1 describes the poten-
tial advantages and disadvantages of common dosage forms of cannabis medicines 
that may be considered for use in a clinical trial. Less common dosage forms such as 
rectal, vaginal, and intravenous are not discussed as they are generally less practical 
forms for a clinical trial in comparison with the forms discussed below [16].

4. Dose selection

Currently, dosing information is only available for approved cannabis medicines, 
dronabinol, nabilone, nabiximols and Epidiolex (CBD). For unregistered cannabis 
medicines, there is no precise dosing recommendation. Pharmacokinetic variability 
of cannabinoids is very high both among and between cohorts and hence, dosing is 
highly individualized and dependant on the patient’s condition [21, 22]. Generally, the 
approach for cannabis dosing is to start low and go slow. The patient should be started 
on a low dose and gradually titrated until a therapeutic effect without any undesired 
side effect is achieved [23–26].

Most patients take oral cannabis medicines 2–3 times per day. Epidiolex, a 
cannabis-derived form of CBD, is taken twice daily with a starting dose of 5 mg/
kg/day up to a maximum dose of 20 mg/kg/day [27], while nabiximols is taken as 
4 to 8 sprays/day (1 spray is equivalent to 2.7 mg THC and 2.5 mg CBD) up to a 
maximum of 12 sprays/day [28]. Frequency is dependent on the duration of action, 
which is in the order of 3–4 hours for inhaled products and 8–12 hours for oral 
products.

THC-dominant products can be taken at bedtime for days 1–2 to minimize unde-
sirable daytime side effects such as dizziness or drowsiness and encourage tolerance 
of doses beginning at 2.5 mg of THC. If the dose is tolerated, the dosing can be 
doubled every 1–2 days until any undesired side effect(s) are experienced. In this 
event, patients are advised to revert to their previous dose [23].

CBD dominant products can be used at higher concentrations than THC products 
because they produce fewer adverse effects. Doses of CBD between 1 and 50 mg/kg/
day improve psychotic symptoms, seizures, and anxiety [29]. An average CBD dose of 
15 mg/kg/day showed positive significant reductions of seizure while CBD between 
150 and 600 mg/day produced therapeutic effects in social anxiety disorder and 
insomnia. The maximum tolerated dose for CBD in humans is 1500 mg/day [30]. This 
data shows that CBD-dominant products have a higher therapeutic index than THC-
dominant products. Patients are advised to keep a journal of their cannabis medicine 
dosing together with a record of their symptoms to aid in determining the optimal 
CBD dose for their particular condition.

5. Drug-drug interactions

There is variable evidence indicating other drugs interact with cannabis medi-
cines, ranging from hypothetical concepts to documented clinical trial evidence  
[31, 32]. Interactions among drugs is particularly relevant in trials where a variety of 
pharmacologic products is being investigated. Drug-drug interactions may increase 
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Route of delivery Dosage Form Advantages Disadvantages

Inhaled Smoked or 
vaporized

• Rapid onset peak plasma 
concentrations 3–10 
minutes) [2]

• Higher bioavailability 
(10–35%) [2, 17]

• May be suitable for those 
with difficulty administer-
ing other formulations

• Bypasses first pass metabo-
lism [16]

• Difficult to determine the total 
amount of product inhaled or 
absorbed, leading to unintended bias

• Difficult to reliably titrate dose when 
dose inhaled is uncertain [16]

• May be less portable depending on 
device used to vaporize product

• Bystanders exposed to inhaled 
product

• Matched placebo comparatively 
challenging to formulate

• Smell of the product is noticeable

Sublingual Sprays, oils, 
tinctures, wafer

• Rapid onset

• Higher bioavailability

• Liquid version amendable 
to fine titration

• Suitable for patients with 
swallowing difficulties

• Bypasses first metabolism 
[16]

• Alcohol-based products may cause 
pain in participants with mucositis

• Participants may not be able to reli-
ably hold sublingual product under 
tongue for an adequate duration

• Bottles and syringes required are 
challenging for the elderly who may 
have poor eyesight or arthritis

• Difficult to formulate an identical 
placebo

• Potential for spillage of liquid 
product

• Taste of product is noticeable

• Best absorption after meals [18]

Oral Capsules, tablets, 
oils, tinctures

• Easiest to create matched 
placebo

• Capsule or tablet version 
have minimal issues with 
taste

• Liquid version amenable to 
fine titration by volume

• Acid resistant coating for 
encapsulated product can 
avoid gastric degradation

• Can be packed into blister 
packs to aid administration 
for those with dexterity 
issues

• Measurable quantity is 
consumed reducing con-
founding from inadequate 
consumption

• Slower onset of action [16, 19]

• Longer duration to peak plasma 
concentration (120 minutes) [2, 
16, 19]

• Lower bioavailability [16, 19]

• Undergoes first-pass metabolism 
[16]

• Not suitable with gastrointestinal 
absorption issues (e.g. colitis, 
intestinal obstruction) or difficulty 
swallowing

• Packaging in tamper-proof bottles 
may cause difficulty for the elderly 
who may have dexterity issues

• Bottles and syringes required are 
challenging for those with poor 
eyesight or arthritis

• Potential for spillage of liquid 
product

• Taste of liquid product is noticeable
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the active concentration of cannabinoids, enhancing the possibility of adverse effects, 
or they may decrease cannabinoid concentrations, compromising their physiologic 
effects [33]. The converse effect might be expected from the competing drug.

Examples of drug-drug interactions include blood pressure-lowering medications, 
warfarin [33], antiepileptic drugs (e.g. clobazam) [34], and central nervous system 
depressant medications, including opioids and benzodiazepines [35]. Researchers 
should keep in mind that drug-drug interactions can occur with cannabis medicines.

6. Regulatory, purchase and supply

Clinical trials place stringent demands upon the availability of precise and 
reproducible formulations of the medicines under study. Unfortunately, the quality 
and consistency of supply of many cannabis medicines are not of a standard that 
would facilitate their use in most clinical trials. Indeed, while plant genetics can 
be tightly regulated through cloning techniques to minimize variability amongst 
cannabis plants, multiple factors can still alter the phytochemical profile of plant-
based medicines, including environmental factors, time of harvest, manufacturing 
processes and storage conditions (reviewed in [36]). In Australia, to overcome this 
the Therapeutic Goods Administration (TGA) has introduced guidelines for cannabis 
medicines and more recently the U.S. Food and Drug Administration (FDA) has also 
introduced guidelines [37, 38]. Cannabis medicines used in clinical trials must align 
with the existing framework for the use of medications in clinical trials, and meet the 
requirements for human use of cannabis medicines set by the local regulator e.g. FDA, 
European Medicines Agency (EMA), TGA [39–41]. Local pharmaceutical, prescribing 
and holding regulations, approvals, and requirements for labelling, transport, and 
storage of investigational medicinal product for use in a clinical trial must also be 
confirmed prior to selecting and purchasing a product for a clinical trial [42–44].

Route of delivery Dosage Form Advantages Disadvantages

Topical Creams, patches • Higher bioavailability [16]

• Steady dose delivery over a 
prolonged time period [16]

• Easy to administer [16]

• May be helpful for local 
symptoms (e.g. pain)

• Comparatively less 
challenging to create a 
matching placebo

• Suitable for most patients 
as comorbid conditions 
are less likely to affect 
absorption

• Bypasses first-pass metabo-
lism [16, 20]

• Possible skin reaction to drug or 
adhesive

• Patches may prematurely burst open

• Need for education on correct 
techniques of application (e.g. site 
rotation, avoiding unsuitable sites)

• Not suitable for participants with 
widespread skin conditions

Table 1. 
Advantages and disadvantages of common dosage forms of Cannabis medicines when used in a clinical trial setting.
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Australia’s TGA approves the use of medicines in a clinical trial through their 
Clinical Trial Notification (CTN) scheme [41, 45]. Prescribed cannabis medi-
cines must conform to Therapeutic Goods Orders No. 93 (Standard for Medicinal 
Cannabis) (TGO 93) and TGO 100 (Microbiological quality of medicinal cannabis 
products), among others [37, 46, 47]. Adherence to Good Manufacturing Process 
(GMP), and to federal and state pharmacy regulations, policies, and their respective 
drugs and poisons legislation is required [48–52]. Where the manufacture of cannabis 
medicine products will form part of a clinical trial, a license authorising manufacture 
for clinical trial use must be in place between the manufacturer and the TGA [44, 53].

Following product feasibility, risk review, and final selection, supply contracts 
should be developed for the purchase of the product(s) for the clinical trial, to docu-
ment agreed requirements, roles, and responsibilities including:

• Formulation (dose, volume, and form)

• Packaging and labeling requirements (if required) must comply with 
Pharmaceutical Inspection Convention and Pharmaceutical Inspection 
Co-operative Scheme (PIC/S) Annex 13 [43, 44]

• Consistency of supply (i.e. volume, consistency and purity of product supplied 
across the duration of the clinical trial) with an agreement to provide certificates 
of analysis with each batch to ensure purity and consistency in phytochemical 
profile

• Availability of stock

• Cost

• Any regulatory fees, import permits as required, shipping costs

• Insurance and indemnity

• Access to data if appropriate (this may be an ethics committee decision)

• Pharmacovigilance reporting responsibilities

• Confirmation that all products under trial will meet and be maintained in com-
pliance with International Conference for Harmonisation of technical require-
ments for pharmaceuticals for human use Good Clinical Practice (ICH- GCP) 
R6E2 requirements

An essential consideration of any cannabis clinical trial is the stability of the 
cannabis medicines and the robustness both of their supply chain and the methods 
used to assess their stability [54]. It is imperative that any medication under study is 
available via a reliable and continuous supply for the duration of the study and for any 
ethically approved post-study period. This is particularly important when utilizing 
plant-based sources that can have inherent variability compared to chemically-
synthesized medicines of mainstream pharmaceutical products.

As the legal production of GMP-certified cannabis medicines that are suitable for 
clinical trials is limited to certain countries, securing appropriate supply may involve 
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transportation across international and state borders. Export and import logistics, 
licensing, permits, and quarantine requirements may be a consideration to ensure 
adequate supply in a timely manner for the trial.

7. Engagement with industry

A diverse stakeholder cohort underpins all clinical trials. In cannabis research, 
most stakeholders—clinicians, researchers, regulatory bodies, and the medicinal 
cannabis industry—support the need for robust clinical evidence that informs the 
use of cannabis derived therapeutics. In Australia as in other countries, cooperation 
amongst stakeholders is essential to ensure the challenges associated with a complex 
regulatory environment are appropriately addressed. Furthermore, stakeholders have 
the responsibility of managing industry expectations and delivering a level of patient 
recruitment that leads to successful clinical trials as well as fostering more efficient 
and effective collaborations.

A lack of global consistency on quality standards presents a different challenge. 
Establishing collaborations and implementing common agreements with local 
industry provides a framework to share knowledge especially when accessing the 
GMP cannabis medicines produced in Australia. Moreover, importation of products 
for clinical trials requires authorization, first from the country to which the product 
will be imported and subsequently from the country from which the product will 
be exported. Industry stakeholders may be highly responsive and supportive, but 
response timelines of regulators on both ends of the importing process can be pro-
longed and unreliable and may impact continuity of supply for longer-term trials. 
In addition, the requirement to comply with local standards that are geographically 
specific and often unique to cannabis medicines, means that the supplier must be both 
willing and capable of meeting those standards. In practical terms, this requirement 
can constrain a research team to source cannabis medicines only from companies with 
an established local operation with experience in the current regulations. Without this 
experience the impost of ensuring compliance shall fall either on the supplier or the 
research project and is likely to be cost-prohibitive.

8. Conclusion

The design of clinical trials for cannabis medicines is a complex process. Before 
embarking on a clinical trial, researchers need to have a clear understanding of 
the potential therapeutic benefit cannabis medicines may have. This understand-
ing will inform the selection of cannabis product, the formulation of the product 
and the dose to be tested. Researchers must also be aware of regulations that are 
applicable where the research is to be undertaken as well as regulations that may be 
imposed at the source of the cannabis product. The phytochemical consistency of 
plant-derived products can be solidified with further research and may assist the 
approval of additional botanical products to the cannabis medicines market, increas-
ing options for clinicians and patients, as plant-based products may be preferred to 
chemically-synthesized or bioengineered medicines [55]. Importantly, collabora-
tions with industry are key to the successful outcome of cannabis medicines clinical 
trials. Without significant investment and sponsorship of clinical trials, the ability to 
generate quality data will be limited and the evidence for cannabis medicines to be 
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Abstract

Body homeostasis is fully dependent on the different physiological systems 
working together in an orchestrated way. Different hormones, autacoids, and other 
bioactive molecules are known to play a role in the modulation of such events, either 
during a normal response to different stimuli or upon any harmful condition that will 
impact tissue or organ. The kidneys are very important for whole body homeostasis 
as they are responsible for the control of blood pressure, maintenance of the water 
compartments volume and composition, detoxification, reabsorption, pH regulation, 
and even some hormone production. Here we will discuss the ability of cannabinoids 
(phyto- or endocannabinoids) as modulators of renal physiology, which may open 
new perspectives for the development of new therapeutic drugs or the discovery of 
new patterns of endocannabinoids that may be explored as biomarkers for nephropa-
thies or kidney repair toward precision medicine initiatives.

Keywords: anandamide, 2-AG, CB1 receptor, kidney, omics

1. Introduction

Despite their relatively small volume compared with other organs, the kidneys 
receive up to 20–25% of cardiac output, being this significant blood supply, the basis 
of most of the organ functions. Kidneys are not only “filters” that remove useless 
metabolites and other undesirable substances from the plasma, directing them for 
excretion resulting in urine production. The kidneys participate in key events for 
the body’s homeostasis such as regulating the volume and tonicity of the body’s fluid 
compartments, maintaining acid-base balance, controlling blood pressure, reabsorp-
tion of key solutes (glucose, amino acids, and bicarbonate), and regulating the body’s 
water balance and production of hormones such as erythropoietin and calcitriol. 
The anatomical functional organization of the kidneys establishes a perfect harmony 
between structure and function that makes these organs quite complex and precise in 
their physiology.
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In the last century, the research on the potential medical use of plant cannabi-
noids emerges with some important hallmarks for the field: (i) the identification 
and isolation of cannabidiol (CBD), Δ9 tetrahydrocannabinol (THC), and many 
other cannabidiol derivatives; (ii) the identification, isolation, and pharmacological 
characterization of the cannabinoid receptors (mainly CB1, CB2, and TRPV11); and 
also (iii) as receptors should be present in the cells to trigger distinct cell signaling 
pathways through the action of endogenous bioactive molecules, the studies in the 
area allowed the identification and isolation of the so-called “endocannabinoids,” an 
emerging class of lipidic molecules with a broad spectrum of action considering the 
widespread distribution of the cannabinoid receptors within the different tissues 
and physiological systems (Figure 1). Arachinodonoyl ethanolamide (anandamide) 
and 2-arachinodoyl glycerol (2-AG) are by far, the most studied and explored endog-
enous cannabinoids [1]. Endocannabinoid system (ECS) is known to participate 
in a variety of physiological and pathophysiological processes, as referred to in the 
literature where we can find reviews considering the pathways and involved enzymes 
for endocannabinoid synthesis and metabolism [2, 3]. Here, we will try to gather 
aspects of the experimental evidence involving the ECS and how it can interact with 
kidney tissue and function. We will try to bring to the scene the emerging potential 
of endocannabinoids as valuable biomarkers for different diseases, focusing on their 
relevance in renal physiology. This will add new candidates to the different grow-
ing lists of molecules (some are still not identified), which are being considered as 
potential biomarkers, a striking point in the precision medicine initiative [4]. It is 
worth mentioning that we will emphasize those endogenous molecules, which are 

1 The transient receptor potential vanilloid type 1 (TRPV1) is not only activated by their initially identified 
ligands capsaicin and endovanniloids, but also by the endocannabinoids, which includes TRPVs in the hall 
of potential targets for the development of new drugs.

Figure 1. 
Chemical structures of the principal cannabinoids: Highlighted in green, the phytocannabinoids: CBD, 
Cannabidiol; THC, Δ9-tetrahydrocannabinol. Highlighted in blue, the most studied endocannabinoids: AEA, 
arachidonoyl ethanolamine (anandamide); 2-AG, 2-arachidonoyl glycerol. Not highlighted, some other identified 
endocannabinoids with physiological relevance in different tissues and organs.
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naturally synthesized and metabolized by our body resulting in the already known 
different endocannabinoids. Once produced, these bioactive molecules are able to 
trigger different cell signaling cascades through the activation of their specific recep-
tors that together with the different endocannabinoids, and the enzymes for synthesis 
and degradation constitute the ECS, which is very well studied for its actions on the 
nervous system, being more recently explored in peripheral tissues. Nowadays, the 
importance of phyto- and endocannabinoid as regulators of physiological processes 
in practically all organs besides the central nervous system is a reality [5]. Among 
the peripheral organs, the renal ECS is growing in interest due to the importance in 
physiology and pathophysiology events that are known to impact the whole body. 
Endocannabinoids are known to share many of their actions with the components of 
different plant extracts that are currently being clinically administrated to different 
patients in order to minimize different pathologies, from a common headache to the 
enigmatic progression of different cancers. This new avenue opened by the medi-
cal use of cannabis allows us to reinforce that everything will be developed in this 
chapter regarding endocannabinoids can, to a large extent, be considered for aspects 
of the recreative or medical use of cannabis and their active principles (cannabidiol 
and THC). Thus, phytocannabinoids can be either complementary or disruptive to 
the function of the renal ECS with functional consequences that are not yet fully 
understood.

In the following items, we will seek to present the identity of these signaling 
molecules, and what is known about their action in renal physiology or renal cells in 
culture, a fundamental point of any scientific research that underpins advances and 
applications for the clinic and the well-being of human beings. We will also consider 
here the importance of the development of efficient analytical methods that would 
help to analyze the pattern of endocannabinoids either in health or disease models, 
a broadened attempt to identify potential biomarkers for different nephropathies 
adding support to initiatives in precision medicine.

2. The endocannabinoid system (ECS) and renal physiology

There is substantial literature showing that ECS is present and active in the 
kidneys, where it plays an important modulatory role in tissue physiology, and 
therefore, whole body homeostasis. Figure 2 shows that the occurrence of the key 
enzymes involved in their metabolism (MAGL and FAAH) and the endocannabinoid 
receptors, CB1, CB2, GPCR55, and TRPV1, is expressed in the renal tissue, arterioles, 
and the glomeruli, which allow us to affirm that the ECS is present along the entire 
nephron structure [6]. The occurrence of these ECS elements shows that the renal 
tissue is not only capable of local synthesizing and remodeling the renal endocannabi-
noids pattern, but also processes different endocannabinoids and intermediates from 
other origins when they reach the kidneys through the blood supply. To illustrate this 
premise, the detection of anandamide and 2-arachidonoyl glycerol (2-AG) are well 
documented within the kidney tissue [7, 8].

In renal tissue, to date, there are few studies showing the actions of phyto- and/
or endocannabinoids, and the most complete studies available were carried out in 
animal models. These studies were able to describe important events, such as the 
effect caused by anandamide on the renal vascular endothelium [9] and, the reduc-
tion of glomerular filtration rate by promoting vasorelaxation in afferent and efferent 
arterioles [10]. In addition, studies show that the administration of anandamide 
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in the renal medulla of rats is able to promote a decrease in blood pressure through 
interaction with the CB1 cannabinoid receptor and an increase in urine volume due to 
interaction with TRPV1 receptors [11].

Activation of the CB2 receptor protected the kidney against the harmful effects 
caused by the administration of the anticancer drug cisplatin (also used in an animal 
model of nephrotoxicity), attenuating the characteristic inflammation [12]. CBD 
was also effective in minimizing the kidney injury induced by the ischemia/reperfu-
sion model in mice/rats, by diminishing the harmful effects of either oxidative and 
nitrosative stress, and also reducing pro-inflammatory signals, as previously referred 
to the cisplatin injury [13, 14]. The importance of the renal ECS was also explored 
in diabetic renal disease, where it had been shown that endocannabinoid receptors 
can play an important role in either the worsening or the recovery of renal func-
tion, since CB1 activation is associated with the progression of the lesion, while CB1 
inhibition together with CB2 activation would have an important protective role in 
this disease [15, 16].

Despite its potential benefits for different diseases, little is known about the use of 
phytocannabinoids and the impact of the plant-derived cannabinoids (mainly CBD 
and THC) on modulating renal function and treating renal pathologies. There are 
few clinical studies using cannabinoids and/or medical use of cannabis that take into 
account the repercussion on kidney function of human patients.

Figure 2. 
Endocannabinoid receptors and metabolizing enzymes within the nephron: renal system (A) is responsible for 
different key functions in body’s homeostasis, such as the control of blood pressure, maintenance of the acid/basic 
balance and control the volume and composition of the liquid compartments. Each kidney possesses more than 
a million of functional units called nephrons (B), which are divided in specific segments: glomerulus, proximal 
tubule, Henle’s Loop, distal tubule and collecting duct. The different components of the ECS were identified in the 
different nephron segments or arterioles as depicted in the table, according to the color code used. Abbreviations: 
CB1, CB2 and GPCR55, Cannabinoid receptors; TRPV1, transient receptor potential vanilloid type 1; FAAH, 
fatty acid amide hydrolase; MAGL, monoacylgliceryl lipase.
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Anandamide (AEA), the first endocannabinoid described as showing a modula-
tory action in central and peripheral tissues, was the first element of the ECS that 
was characterized in the kidneys [9]. Actually, it is almost established that the renal 
production of anandamide appears to occur in different cell types, and most interest-
ingly, it was observed that the medullary region produces higher levels of this endo-
cannabinoid when compared with the renal cortex. It was also further described that 
other endocannabinoids, including 2-AG, are also synthesized in renal tissue [17, 18].

Physiology and pharmacodynamics study techniques, such as the binding assay, 
were explored to first show that anandamide was a ligand in renal endothelial micro-
vascular cells with an efficiency comparable to that of specific agonists for CB1/CB2 
cannabinoid receptors, as the synthetic cannabinoid CP55940, thus including anan-
damide in the hall of cannabinoid receptor agonists within the renal tissue. Indeed, 
the administration of exogenous anandamide has been shown to modulate the levels 
of released norepinephrine from renal sympathetic nerves [9]. From this milestone 
work, it became suggestive that the kidney tissue of mammals could present an active 
ECS that would be an important part of the maintenance and control of renal physiol-
ogy, which highlighted a brand-new avenue for research focused on the effects of 
endocannabinoids in renal physiology and pathophysiology.

Regarding the expression, location, and functionality of cannabinoid receptors, 
the presence of CB1 receptor occurs in several renal regions, in the tubular segments 
of the nephrons, specifically in the proximal tubules, distal tubules, and intercalated 
cells of the collecting duct. In addition, CB1 receptor expression was also found in 
afferent and efferent arterioles and glomeruli, as well as in various renal cell subtypes, 
such as mesangial cells and podocytes (Figure 2). Likewise, the expression of CB2 
receptors, although thought to be predominantly related to immune cells, has also 
been demonstrated in kidney tissue to be localized in podocytes, proximal tubule 
cells, and mesangial cells [7]. The CB2 receptor also appears to play an important 
role in the regulation of renal hemodynamics, as the work by Pressly and colleagues 
showed that the administration of a selective synthetic agonist for CB2 was able to 
increase renal cortical blood flow and also promote direct vasodilation of afferent 
arterioles when they were perfused alone [19].

The effects of anandamide and other cannabinoids on renal hemodynamics sug-
gest that the renal ECS would be able to play a role in the regulation of blood pressure. 
This should involve a mechanism dependent on CB1 receptor activation, resulting in 
diuretic effects (increase in urinary flow without change in sodium excretion) probably 
acting on renal innervation [11]. It was also demonstrated that TRPV1 receptor is an 
important target for modulating renal hemodynamics, sodium, and water excretion, 
being precisely expressed in the sympathetic fibers of the renal innervation [20]. 
Indeed, activation of TRPV1 in the kidney by its exogenous agonist capsaicin produces 
diuresis and natriuresis mediated in part by a marked increase in glomerular filtration 
rate and activation of renal innervation. Activation of the TRPV1 receptor provides 
a protective mechanism against the elevation of blood pressure induced by high salt 
intake; however, the assessment of the specific contribution of anandamide-induced 
TRPV1 receptor modulation is complicated by the various other sensory stimuli capable 
of activating this receptor [8]. The diuretic effect of endogenous and exogenous can-
nabinoids was most extensively investigated in the work by Paronis and colleagues [21]. 
Using Sprague-Dawley rats as a model, the work showed that cannabinoids, including 
anandamide itself (meta-anandamide, a more stable synthetic analog, often used also), 
the phytocannabinoid THC, and the synthetic cannabinoids WIN55,212-2, AM2389, 
and AM4054, thus showing that cannabinoids of different classes are able to increase 
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diuresis in a dose-dependent manner. Strikingly, the diuretic effects produced by THC, 
WIN55,212-2, AM2389, and AM4054 were comparable to that of the loop diuretic 
furosemide, known to be the chosen drug of the most potent class of diuretics.

There is substantial information in the literature ascribing anandamide an impor-
tant role in the regulation of renal hemodynamics, either through its direct action 
or through the generation of active metabolites, such as prostamide E2, with equal 
diuretic and natriuretic effects [17]. The diuretic effect implies the possible modula-
tion of different ion transporters that are present in the different nephron segments, 
being the Na+/K+-ATPase, the main pump involved in Na+ reabsorption and in the 
maintenance of the Na+ gradient that is crucial for other solutes reabsorption or 
secretion. Thus, a direct correlation between augmented diuresis and Na+ excretion is 
a clue that would include the endocannabinoids in the hall of the bioactive molecules 
with potential action on the different ion transporters.

This issue was explored in vitro, using porcine proximal tubule cells (LLC-PK1) 
that are related to the most cortical region of the kidney. The authors showed that the 
activation of the CB1 receptor through the addition of a synthetic cannabinoid agonist, 
WIN55,212-2, was able to increase sodium reabsorption as a result of increased Na+/
K+-ATPase activity present in the basolateral membrane of these cells [22]. Conversely, 
it was also demonstrated that anandamide reduced the sodium reabsorption by the 
proximal tubule Na+/H+ exchanger and the Na+/K+/2Cl− cotransporter present in the 
thick ascending limb of the Henle’s loop [23]. Unfortunately, few studies have been 
carried out in humans to date, so little is known about the applicability of cannabi-
noids and their impact on renal physiology, especially with regard to the impact on 
renal function over the years. Meanwhile, one of the studies in humans is an extensive 
one that followed 5115 volunteers over a long period (25 years) in order to assess 
whether recreational cannabis use had implications for adult kidney function. Overall, 
although a modest association was identified between greater cannabis exposure and 
lower glomerular filtration rate (cystatin C assay) among volunteers, the results were 
inconclusive and did not demonstrate any significant association between cannabis 
use and changes in glomerular filtration rate or prevalent albuminuria [24]. Besides, 
recreational use of synthetic cannabinoids appears to have a negative impact on kidney 
function. Some case reports in recent years have pointed to a direct correlation between 
the use of synthetic cannabinoids (used recreationally, often through the use of e-cig-
arettes) and severe acute kidney disease, but without any mechanistic understanding 
of this correlation [25]. In summary, the case reports only state that patients who used 
these synthetic substances developed significant hypertension, agitation, respiratory 
failure (some required intubation), pulmonary hypertension, and acute kidney injury, 
with high levels of creatinine and urea. The pathological mechanism of acute kidney 
disease remains unclear, but it was suggested that would be acute tubular necrosis and/
or acute interstitial nephritis, as evidenced by biopsies performed in patients from some 
of the case report studies. Although the above-mentioned harmful effects attributed to 
the recreational use of synthetic cannabinoids, the emerging potential use of endocan-
nabinoids as well as phytocannabinoids as modulators of the renal machinery, would 
allow the development of new therapeutical strategies, products, and clinical proce-
dures for the treatment of renal and non-renal pathologies [26, 27].

2.1 Cannabinoids as a therapeutical perspective for different nephropathies

The functional relevance of ECS in renal tissue is credited by previously mentioned 
findings, with a direct impact mainly on the regulation of renal hemodynamics, as well 
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as on the dysregulation of this function in pathological states, such as in renal disease 
associated with acute kidney disease and diabetic renal disease [28]. The endpoint 
of these pathological conditions is chronic kidney disease, which presents marked 
proteinuria, inflammation, fibrosis, and renal failure, converging to dialysis and even 
transplantation. There are no efficient treatments for the different nephropathies, 
so any initiative to develop new clinical protocols, here included those exploring 
the versatility of the endocannabinoids and phytocannabinoids, should be strongly 
encouraged.

2.1.1 Acute kidney injury

Acute kidney injury (AKI) describes a sudden loss of kidney function that is 
determined on the basis of increased serum creatinine levels (a marker of kidney 
excretory function) and reduced urinary output (oliguria; a quantitative marker of 
urine production) and is limited to a duration of 7 days. We will not discuss the patho-
physiology of AKI as there are substantial literature detailing it [29]. AKI can occur 
due to a number of factors, such as the onset of a sepsis process, exposure to neph-
rotoxins, and organ hypoperfusion due to ischemia. In fact, ischemia-reperfusion 
(IR) injury is one of the most common forms of AKI and involves a complex series of 
cellular changes that can lead to damage and death of tubular cells and loss of renal 
function in the most severe cases. Regulation of renal blood flow dynamics is neces-
sary to preserve glomerular filtration rate during IR-induced AKI critical in damage 
propagation and kidney recovery [19]. To understand the mechanisms by which the 
endocannabinoid system is correlated with the events that lead to AKI, many animal 
models are used; among these, cisplatin-induced nephrotoxicity and the IR lesion 
induction technique.

Using the IR injury model in mice, Feizi and co-workers showed that pretreatment 
with both selective CB1 and CB2 receptor agonists was able to protect kidney tissue 
from IR damage, suggesting an important role for ECS to protect the kidneys from 
possible cellular damage caused by IR [30]. In this work, it is important to emphasize 
that the treatment performed with synthetic cannabinoids was prior to the induc-
tion of the IR lesion, which implies a protective and not a curative effect. In another 
study, Sampaio and colleagues used the IR lesion in both in vitro and in vivo models 
in Wistar rats, demonstrating that the lesion leads a significant reduction in the 
anandamide levels, as well as in the expression of CB1 receptors in the renal cortex 
region [18]. Another study using the IR injury in mice showed that renal cell damage 
and characteristic biochemical changes were associated with increased levels of 2-AG 
in all renal tissue [31]. The relation between kidney disease and ECS was also explored 
by Sampaio and co-workers, who had demonstrated in rats that after IR injury there 
was a significative inhibition in the Na+/K+-ATPase activity present in the basolateral 
membrane of proximal tubule cells, which was fully reverted in the experimental 
group that was treated with the synthetic cannabinoid WIN55,212,-2 immediately 
after the IR injury [18]. The cannabinoid agonist led to the recovery of sodium 
transport, through a pathway dependent on the activation of the CB1 receptor. This is 
in agreement with previous work from the group and allowed them to suggest that the 
ECS plays an important role in the re-establishment of Na+ reabsorption and conse-
quence, other solutes, such as glucose and amino acids in the renal proximal tubule, 
since the normal Na+/K+-ATPase activity in these tubular cells directly impacts all 
solute transport in this tubular segment as it restores or keeps the Na+ gradient, which 
is the driven-force for different secondary active transporters above mentioned [32].
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In 2012, a pioneer study was carried out to evaluate the potential protective effect 
of CBD, in an IR model injury in rats. The intravenous administration of CBD (before 
and after the IR procedure) was able to protect kidney tissue from injury-associated 
damage [14]. Authors showed that IR promoted changes in different histological and 
clinical biochemical markers, such as azotemia and uremia (increased levels of toxic 
nitrogenous compounds in the bloodstream) associated with a significant decrease in 
renal glutathione levels. CBD treatment significantly attenuated the observed harm-
ful alterations in the biochemical parameters evaluated. Furthermore, the histopatho-
logical analysis showed that CBD improved the healthy condition of the renal tissue, 
significantly reducing the expression of inducible nitric oxide synthase (related to 
macrophage infiltration and inflammation), tumor necrosis factor-alpha, cyclooxy-
genase-2, and caspase-3 [14]. These findings were further confirmed by the work of 
Baban and colleagues using a similar model of injury. These authors showed that the 
treatment with CBD protected the renal tissue from damage, restoring renal blood 
flow, and serum creatinine levels. It was also observed that the phytocannabinoid was 
able to reduce neutrophil infiltration and inflammatory signals [33].

One of the main pharmacological targets of CBD is the anandamide-degrading 
enzyme, fatty acid amino hydrolase (FAAH). This important observation allows us to 
postulate that along their own beneficial effects, CBD would inhibit anandamide deg-
radation, leading to increased levels of this endocannabinoid, which plays an impor-
tant role in renal tissue homeostasis. Another hypothesis would be the action of CBD 
on TRPV1 receptors, which, plays a role in the maintenance of renal hemodynamics.

Although rare, other studies also sought to investigate the possible role of can-
nabinoid receptors in the IR model of AKI. Zhou and colleagues showed that blockage 
of the CB2 receptor decreases the fibrosis cascade, one of the hallmarks after IR injury 
both in vitro and in vivo. Agonist administration and/or CB2 overexpression was 
directly associated with increased synthesis of extracellular matrix proteins, such 
as smooth muscle alpha-actin and fibronectin, early markers of fibrosis. It was also 
shown that treatment with transforming growth factor beta 1 (TGFβ-1), an impor-
tant pro-fibrotic cytokine, was related to increased CB2 expression. In this work, the 
group tested a new synthetic drug, which acts as a CB2 antagonist, and they were able 
to demonstrate how the administration of this cannabinoid reduced inflammation 
and fibrosis in animals subjected to IR injury [34].

In 2009, a study using cisplatin injury model of AKI, showed that CBD attenuated 
tissue damage and the expression of enzymes involved in oxidative processes, inflam-
mation, necrosis, and renal apoptosis, in mice, associating this phytocannabinoid 
with a marked improvement in renal function [13]. The treatment with CBD was 
performed in mice 1 hour before the administration of cisplatin, a procedure repeated 
for 10 days. CBD largely attenuated the symptoms induced by cisplatin, mainly in 
terms of the increased expression of enzymes that generate reactive oxygen species 
(NOX4 and NOX1). It also decreased the cisplatin-induced inflammatory response, 
decreasing the levels of pro-inflammatory cytokines such as TNF-alpha and IL-1β, 
being such effects probably associated with the already reported antioxidant func-
tion of CBD. Further, Mukhopadhyay and colleagues using the same animal model 
for AKI showed that CB1 receptor activation plays a central role in the progression of 
kidney injury. The lesion caused by cisplatin was associated with an increase in renal 
anandamide levels, activation of signaling pathways involved with cell death, oxida-
tive stress, leukocyte infiltration into the renal tissue, and inflammation, in addition 
to impaired renal function, with an increase in serum creatinine and urea levels [35]. 
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Both the genetic deletion and the pharmacological inhibition of CB1 receptors with 
the use of the antagonists AM281 or SR141716 markedly attenuated cisplatin-induced 
renal dysfunction, but were not able to prevent the lesion and its characteristics, 
thus demonstrating that CB1 may play an important role in the progression of 
nephrotoxicity-induced AKI. The CB2 receptor, on the other hand, seems to behave 
in the opposite way, since it was shown, in the same model of cisplatin-induced renal 
injury that the use of a synthetic and selective CB2 agonist was able to attenuate the 
inflammatory response, oxidative stress, cell damage and improved renal function 
in animals [35], evidencing an important effect of the CB2 receptor in attenuating 
damage in this injury model.

2.1.2 Diabetic kidney disease

Most complications of diabetes are associated with pathological changes in the 
vascular endothelium wall. The most common macrovascular complication of diabe-
tes is atherosclerosis, which increases the risk of myocardial infarction, stroke, and 
peripheral arterial disease; while microvascular complications underlie nephropathy, 
retinopathy, and peripheral neuropathy. Thus, diabetic kidney disease (DKD), ini-
tially referred to as diabetic nephropathy, is one of the main causes of kidney failure. 
In the diabetic patient, hyperglycemia stimulates the generation of reactive oxygen 
species, which ultimately leads (by several pathways) to DKD, characterized by 
mesangial and tubular cell hypertrophy, glomerular basement membrane thickening, 
and glomerular sclerosis [36]. DKD markers are increased glomerular permeability 
to proteins and excessive accumulation of extracellular matrix in the mesangium, 
eventually resulting in glomerulosclerosis and damage to the tubular epithelium due 
to increased filtered glucose load that results in osmotic effect, tubular cell death, 
increased urinary flux and progressive renal failure [15].

In studies using models of type I diabetes, such as the administration of strep-
tozotocin or using spontaneously diabetic mice, it was demonstrated that the renal 
tissue of these animals showed a significant increase in the expression of the CB1 
receptor, mainly in podocytes. In animals that received treatment with a synthetic 
CB1 antagonist, a significant reduction in albuminuria was observed, as well as a 
recovery in the expression of glomerular proteins associated with the proper func-
tioning of the renal filtration barrier, such as nephrin, an important fact since in both 
human and experimental DKD there is a reduction in nephrin expression. Studies 
in patients with microalbuminuria have shown that downregulation of this protein 
occurs at an early stage of the disease [15, 37]. The involvement of the CB2 recep-
tor in this model was also investigated, which shows a decrease in the expression in 
the glomerulus, and since diabetic mice induced by streptozotocin and treated for 
14 weeks with AM1241, a synthetic selective agonist for CB2, an improvement in renal 
function with concomitant restoration of nephrin expression levels and reduction 
in the glomerular monocytes infiltration, observations that were also present in the 
study using animals with selective genetic deletion of CB2, showing that the absence 
of this receptor induces an even more severe renal damage condition in response to 
diabetes [16, 38]. In the aforementioned animal model, the levels of endocannabi-
noids were determined in the renal cortex and those of 2-AG were reduced in diabetic 
animals. In the same work, CB2 expression was also studied in human patients 
and cultured podocytes, showing that the CB2 receptor was less expressed in renal 
biopsies from diabetic patients, suggesting that CB2 activation is involved in both 
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albuminuria and the loss of podocyte proteins that act on the stability of the glomeru-
lar filtration barrier. Therefore, this receptor would play a protective effect in patients 
with DKD [16]. Interestingly, when a combined treatment using the CB2 agonist 
AM1241 and the CB1 receptor antagonist AM6545, in streptozotocin-induced animal 
model of diabetes, resulted in a better prognostic than that observed using the usual 
monotherapies, abolishing albuminuria, monocyte infiltration and inflammation, 
tubular injury, and markedly reducing renal fibrosis [39].

The ECS modulatory action in models of type I diabetes was also confirmed in 
different animal models of renal disease associated with type II diabetes, in which 
animals showed an increase in the expression of CB1 in the renal glomerulus, an 
increase in albuminuria, a reduction in the glomerular filtration rate and nephrin 
expression, monocyte infiltration and inflammation, in addition to the activation 
of the renin-angiotensin system. Treatment with both CB1 antagonists and CB2 
receptor agonists promotes significant improvement in these studied renal  
parameters [40, 41].

2.1.3 Chronic kidney disease

Chronic kidney disease (CKD) is an irreversible condition that affects millions 
of people around the world. Regardless of its initial cause, CKD is the final stage of 
replacement of functional kidney tissue by altered extracellular matrix proteins, 
characterizing renal fibrosis that almost completely limits the functionality of kidney 
tissue. To date, there are no therapeutic options available to prevent progression and 
treat both renal fibrosis and chronic kidney disease [42].

In this context, a key role of the CB1 receptor in the development of renal fibrosis 
was already described, using both human patient samples and the animal model of 
unilateral ureteral obstruction [42]. In mice, through molecular biology assays and 
bioinformatics resources, the CNR1 gene, which encodes the CB1 receptor, was one of 
the genes with the most altered expression in fibrotic kidneys. Immunohistochemical 
assays revealed that CB1 receptor expression increased dramatically in the renal fibro-
sis model and that the receptor was highly expressed in renal tubules, parenchyma, 
and glomerulus. These results were accompanied by a significant increase in CB2 
receptor expression, 2-AG levels, and a reduction in anandamide levels. In pharma-
cological trials, treatment with the specific synthetic CB2 antagonist was shown to 
retard the development of fibrosis, while the CB2 agonist JWH133 attenuated renal 
fibrogenesis. These reported results add more evidence to the view that cannabinoid 
receptors may have antagonistic effects on renal tissue.

CKD also becomes an evident problem in kidney transplanted patients. The pro-
gressive and inevitable impairment of renal graft function remains the primary cause 
of graft loss, where such impairment is due to the replacement of functional renal 
tissue by extracellular matrix proteins, mainly collagens, leading to both interstitial 
fibrosis and tubular atrophy, accompanied by glomerulosclerosis. In a study that 
analyzed 26 patients, CB1 receptor expression levels were investigated on the day 
of transplantation, 3 months and 12 months after surgery [43]. The data revealed 
an increase in the expression of CB1 from the 3rd month on in grafts that presented 
functional impairment, thus being correlated with the onset and progression of 
renal fibrosis. The CB1 receptor was expressed mainly in proximal and distal tubular 
epithelial cells, arteries, and vascular smooth muscle cells of arterioles, in infiltrated 
inflammatory cells and glomeruli, mainly in podocytes.
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3.  Endocannabinoids as emerging biomarkers for kidney diseases:  
a precision medicine initiative

The mechanisms that promote and lead to kidney disease are being quickly  elucidated 
due to research progress in Nephrology. Both genetic variation and metabolic changes 
caused by interactions with xenobiotics and lifestyle are being understood at the level of 
how they can affect predisposition and disease progression.

Precision medicine is one of the objectives of this research progress in different 
areas including nephrology, in which the patient’s management is adapted according 
to the mechanisms underlying their disease aiming for maximal therapeutic success. 
The purpose of precision medicine is to characterize diseases based on the mecha-
nisms involved in their pathophysiology and, thus, segregate patients and direct 
them to the best treatment. This is because there might be multiple pathways for the 
same phenotype and therapeutic strategies specific based on a single cell pathway or 
process may not be successful if applied to individuals differentially impacted in that 
specific illness. Therefore, the goal of precision medicine is to determine the right 
drug, in the right dose, for the right patient, at the right time.

Biomarkers are the basis of precision medicine, as they allow classifying indi-
viduals into subpopulations that differ in their susceptibility to a disease or in their 
response to a particular treatment. The term “biomarker,” short for “biological 
marker,” refers to a broad category of biological characteristics used to examine nor-
mal biological or pathological processes and responses to therapeutic or prophylactic 
interventions that can be accurately and reproducibly measured.

A good biomarker must link disease pathogenic mechanisms (endotypes) to 
visible properties (phenotypes), be reproducible, easy to measure and cost-effective, 
and be related to a clinical outcome. The role of biomarkers in the development of 
precision medicine offers an opportunity for technological developments aimed at 
improving human health and reducing healthcare costs. In this context, the Omics 
Sciences are highlighted, especially Metabolomics.

Metabolomics is the comprehensive study of the metabolome, that is, the set 
of biochemical compounds (or small molecules) present in cells, tissues, and body 
fluids. The study of metabolism at the global or “-omics” level is a rapidly growing 
field that has the potential to have a major impact on medical practice. The basis of 
metabolomics is the concept that a person’s metabolic state provides a close represen-
tation of that individual’s overall health status. This metabolic state reflects what has 
been encoded by the genome and modified by diet, environmental factors, and the 
gut microbiome, for example. The metabolic profile provides a differentiated reading 
of the biochemical status of normal physiology for various pathophysiology in a way 
that is often not seen from gene expression analysis.

Thus, the study of the metabolome is expected to reveal biochemical changes that 
reflect patterns of variation in well-being states and more accurately describe specific 
diseases and their progression, thus helping in the differential diagnosis (Figure 3). 
Through metabolomics, predictive, prognostic, diagnostic, and surrogate biomarkers 
of various disease states can be obtained, as well as information on the underlying 
molecular mechanisms of diseases, which will allow their sub-classification, and the 
stratification of patients based on the metabolic pathways affected. It also has the 
potential to reveal drug response biomarkers, providing an effective means to predict 
the variation in a subject’s response to treatment and a means to monitor the response 
and recurrence of disease [44].
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Since Metabolomics is the study of small molecules, it encompasses the study of 
lipids (lipidomics) and, currently, mass spectrometry (MS) is the analytical technique 
that has been most used in these omics sciences. This is because MS allows accurate 
detection and quantification of molecules within a wide mass range. With the rapid 
development of MS in the detection of biomolecules, MS is emerging as an indispens-
able technology to accelerate research in the field of Precision Medicine [45].

In this context, the components of the ECS emerge as potential biomarkers for 
kidney diseases, whether for diagnostic, prognostic, or predictive applications, and 
also in an approach related to the discovery of new pharmacological targets. This is 
because the endocannabinoid system plays an important role in renal physiology, 
being a lipid cell signaling system that participates in different pathways. Alterations 
in this pathway can lead to the pathogenesis of both CKD and AKI. Recently, differ-
ent anandamide-related molecules were identified in the brain, which may play a 

Figure 3. 
Critical steps to stablish endocannabinoids as potential biomarkers for health and/or disease: This simply 
workflow allow us to identify different sequential steps that should be carried out in high quality conditions, from 
the pre-analytical phase to the conclusions obtained. We can assume the individual at the center, representing 
a healthy or a sick individual, which will be the donor (1) of any kind of biological sample, mainly urine and 
plasma. (2) the collected samples go further for extraction and preparation of the extracts to the different possible 
analysis. Here we assume that the samples will be submitted to different OMICs approaches such as Metabolomics, 
Lipidomics and the already mentioned in the literature, Endocannabinoidomics (3). The analysis will provide 
different biomolecules signatures that would be correlated to health or disease, according to the donor. This part 
of the analysis will allow us to identify altered patterns and specifically, altered molecular species for metabolites, 
lipids and also endocannabinoids (4). The results will be included in different biomolecules libraries that will 
help to group the different individuals, in their respective endotypes, based on the biomarkers found, which is a 
key point for the Precision Medicine Initiative (5).
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role in the normal or abnormal central nervous system physiology, according to their 
levels and distributions, leading to the molecular basis of human individual behavior, 
cognition, and temperamental differences [1]. This kind of endocannabinoid diver-
sity may exist also in the peripheral organs, playing unknown roles in physiology and 
pathophysiology events. Therefore, the study of the endocannabinoid system at the 
level of the omics sciences is a promising area that may result in new therapies for dif-
ferent kidney diseases, thus contributing to the advancement of precision medicine in 
the field of nephrology.

4. Final remarks

In spite of the different experimental evidence shown here and elsewhere, it is 
inevitable to reinforce that to date, clinical studies with human patients have not yet 
been carried out in order to evaluate the use of cannabinoids for the treatment of 
chronic kidney disease, or for other kidney diseases, and even studies with the use 
of phytocannabinoids for these therapeutic purposes, even though preliminary tests 
and research in animals suggest a promising therapeutic use of phyto- and endocan-
nabinoids for different nephropathies. It is also important to describe that the use 
of CBD, or even cannabis, for the treatment of other non-renal pathologies, does 
not seem to lead to any type of impairment of renal physiology and functioning, 
so, the medical use of phytocannabinoids does not lead to adverse effects on renal 
physiology. Obviously, specific monitoring of these aspects related to renal func-
tion and physiological events controlled by the kidneys should be better evaluated 
in long-term studies, since the bioavailability of exogenous cannabinoids in renal 
tissue can be quite significant, since kidneys are hyper perfused organs with a pleiade 
concentration of different receptors and other enzymes that integrate the Intra-Renal 
Endocannabinoid System itself.
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Cannabis and the Brain: Friend 
or Foe?
Ali E. Dabiri and Ghassan S. Kassab

Abstract

Legalization of cannabis in the US and other countries highlight the need to 
understand the health consequences of this substance use. Research indicates that 
some cannabis ingredients may play beneficial role in treating various medical condi-
tions while other ingredients may pose health risks. This review is focused on the 
brain and mental health effects of cannabis use. The rationale for examining cannabis 
use in behavioral and neural conditions is that these conditions are highly widespread 
in the US and account for high level of medical healthcare and associated cost. The 
purpose of this review is to provide an overview of the known medicinal benefits of 
selected cannabis cannabinoids in conditions like pediatric epilepsy, attention deficit 
hyperactivity disorder, autism spectrum disorder, and the known side effects or 
contraindications in conditions such as addiction, cognition, and psychosis. Several 
recommendations are made as to studies that will help further understanding the 
increasing role of cannabis in neuropsychiatric health and disease.

Keywords: cognitive, marijuana, synthetic cannabinoids, illicit substance, addiction

1. Introduction

Legalization of cannabis in the US and other countries in conjunction with 
increases in various methods of consumption make it vital to understand the associ-
ated health consequences. The global legal cannabis market size is expected to reach 
$84B by the end of 2028, according to a report by Grand View Research [1]. The 
cannabis market is expected to expand at a compound annual growth rate (CAGR) of 
14% from 2021 to 2028 according to the report. Gallup poll indicates that Americans 
support for legalizing marijuana has been around 66% in 2018, which represents 
30% increase between 2005 and 2018 [2]. In a 2019 Gallup poll, 13% of the US adults 
reported smoking cannabis, a percentage which was almost double that reported 
3 years earlier [3]. About 43% of adults in the US reported having tried cannabis in 
2019, 44% in 2018, 38% in 2013, and 4% in 1969 [3].

The first evidence of cannabis medicinal effects dates to Chinese medicine in 
the first to second century B.C. [4]. The detrimental effects of cannabis on mental 
health were first reported by the physician Iban Beitar between the twelfth and 
the thirteenth century [5]. Later in 1845, the French psychiatrist Jacque-Joseph 
Moreau described such effects as acute psychotic reactions that could last a few 
hours up to a week. He identified that the reaction was dose-dependent, and its main 
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characteristics were illusions, hallucinations, delusions, confusion, and restlessness; 
and potential disorientation and loss of consciousness [6]. Such evidence suggested 
a potential role of cannabis in the pathophysiology of psychosis and other mental 
disorders, as later confirmed by studies performed over the last 50 years [7–9]. 
Legalization of medical and recreational cannabis has incentivized consumer to 
develop novel forms of cannabis consumption. The methods have been described in a 
recent authors’ publication [10].

Here, we provide an overview of the known medicinal benefits of selected canna-
bis cannabinoids, the known side effects or contraindications and point out the many 
unknowns of cannabis use on the brain. We propose new cannabis research to answer 
questions as to why cannabis may be both a friend and a foe and uncover additional 
medicinal benefits and identify the health hazards with focus on brain and mental 
health.

1.1 National academies of science report

A committee on the Health Effects of cannabis consumption was formed at the 
National Academies of Science (NAS), Engineering and Medicine to extensively 
review the scientific literature and identify the research gaps. The committee formed 
by 16 experts in the areas of cannabis addiction, oncology, cardiology, neurodevelop-
ment, respiratory disease, pediatric and adolescent health, immunology, toxicology, 
preclinical research, epidemiology, systematic review, and public health. Given the 
vast amount of scientific literature on cannabis, the committee decided to use pub-
lished systematic reviews (since 2011) and high-quality primary research for 11 areas 
including brain and mental health conditions. The report was published in January 
2017 [11]. The NAS committee summarized the effect of cannabis on brain and men-
tal health literature published since 1999 [11]. The limitations of the reviewed studies 
included a lack of data on different methods of cannabis consumption [e.g., smoke, 
edible, etc.], inadequate dose information, little information on potential additives or 
contaminants, and lack of adequate data on total lifetime duration/dose of cannabis 
consumption [11]. The evidence committee found are summarized in the report [11].

2. Mechanism of action for cannabis

A large literature exists on the effects of cannabis (plant-based cannabinoids), 
with many of the earlier studies conducted in human subjects [12]. Recently, research 
on plant-based cannabinoids has been stimulated by the recognition that specific 
receptors exist in the brain that recognize cannabinoids, and by the discovery of a 
series of endogenous cannabinoids which are made in the body that act as ligands 
for these receptors [13]. The endocannabinoid system consists of the endogenous 
cannabinoids, cannabinoids receptors and the enzymes that synthesize and degrade 
cannabinoids. Many of the effects of cannabinoids and endocannabinoids are medi-
ated by two G protein-coupled receptors (GPCRs), CB1 and CB2, although additional 
receptors may be involved [14]. CB1 receptors are present in extremely high levels 
in several brain regions and in lower amounts in a more widespread distribution. 
These receptors mediate many of the psychoactive effects of cannabinoids. All these 
compounds act as agonists at the CB1 cannabinoid receptor [15], which is the only one 
known to be expressed in the brain. A second cannabinoid receptor, CB2, is expressed 
only in peripheral tissues, principally in the immune system [16–18]. Both CB1 and 
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CB2 coupled primarily to inhibitory G proteins and are subject to the same pharma-
cological influences as other GPCRs. Thus, partial agonism, functional selectivity 
and inverse agonism all play important roles in determining the cellular response 
to specific cannabinoid receptor ligands. These receptors are crucial to utilizing the 
active components in cannabis that influence homeostasis. Various cannabinoids 
have diverse effects on the receptors, functioning as agonists, antagonists, or partial 
antagonists, as well as affecting the vanilloid receptor [14]. The identification of 
cannabinoid receptors grew out of a desire to understand the psychoactive effects of 
Δ9-tetrahydrocannabinol (THC), the principal psychoactive component of cannabis 
[18]. THC is the main activator of CB1 through allosteric modulators, which can 
potentially allow the therapeutic effects of THC without the intoxicating effects [18]. 
CNR1 gene produces the CB1 protein [19]. Since each individual carries a different 
version of the CNR1 gene, many people have a different experience with the use of 
compounds like THC and CBD [19]. THC and the synthetic cannabinoids also act to 
some extent as agonists at the CB2 receptor. Both cannabinoid receptors are members 
of the G-protein coupled class, and their activation is linked to inhibition of adenylate 
cyclase activity [20].

Smoking remains the most efficient means of using the drug and the users can 
adjust the dose by adjusting the frequency and depth of inhalation [21]. THC can also 
be taken orally in fat-containing foods with a delay in absorption [21]. Several man-
made synthetic cannabinoids are also available [16].

3. Rationale for studies of cannabis effect on brain and mental health

Although cannabis use may impact numerous organ systems (cardiovascular, pul-
monary, skeletal, etc.), we focus on the brain and mental health. There has recently 
been widespread interest in the relationship between cannabis use and psychosis, 
with over 100 papers addressing this topic each year since 2012, compared to fewer 
than 10 per year during the 1990s [22]. This intense interest is likely due to increasing 
approval within the USA of medicinal marijuana laws. Interest in this area is expected 
to continue to rise as cannabis becomes legally available to adults for recreational 
purposes. The concern is that more widespread cannabis use might increase the risk 
of schizophrenia [22]. Research studies indicated that heavy daily cannabis use across 
protracted periods exerts harmful effects on brain tissue and mental health [23]. 
Significant evidence exists that prenatal, perinatal, and adolescent cannabis exposure 
can induce a wide array of brain and behavioral alterations in adulthood [24].

4. Benefits associated with cannabis

Preliminary studies of medical marijuana suggest a variety of benefits, including 
improvement of chronic pain, inflammation, spasticity, and other conditions com-
monly seen in physical therapy practice [25]. There have been many clinical trials in a 
variety of conditions, including the neuropathic pain, schizophrenia, bipolar disor-
der, major depressive disorder, sleep deprivation and Tourette syndrome [25].

Although evidence suggests that heavy, recreational cannabis consumption is 
linked to cognitive deficits and potentially undesirable neural changes as outlined 
below, findings from studies of recreational cannabis consumption may not be 
applicable to medical marijuana [26]. One study examined whether patients receiving 
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medical marijuana would exhibit improvement in cognitive functioning [27]. Further 
studies are warranted to clarify the specific neural and cognitive impact of medical 
marijuana use and how it compares to recreational use.

Investigators have evaluated the role of cannabinoids for neuroprotective role in 
injured brain with positive effect in acute neuronal injury [28–31]. Human clinical 
trials are needed to validate these outcomes and to understand the underlying mecha-
nism involved in brain injury with use of cannabinoids.

The US Food and Drug Administration (FDA) has approved Dronabinol, the 
generic name for synthetic THC, is marketed under the trade name of Marinol® and 
is clinically indicated to counteract the nausea and vomiting associated with chemo-
therapy and to stimulate appetite in AIDS patients affected by wasting syndrome. A 
synthetic analog of THC, nabilone (Cesamet®), is prescribed for similar indications. 
Both dronabinol and nabilone are given orally and have a slow onset of action. In 
July 2016, the FDA approved Syndros®, a liquid formulation of dronabinol, for the 
treatment of patients experiencing chemotherapy-induced nausea and vomiting who 
have not responded to conventional therapies. The agent is also indicated for treating 
anorexia associated with weight loss in patients with AIDS. Nabiximols (Sativex®) is a 
combination drug standardized in composition, formulation, and dose. The principal 
active cannabinoid components of Sativex are the cannabinoids: tetrahydrocannabinol 
(THC) and cannabidiol (CBD) which was approved by UK in 2010 [32]. Nabiximols 
is administered as an oromucosal spray and is indicated in the symptomatic relief of 
multiple sclerosis [32]. Each spray delivers a dose of 2.7 mg THC and 2.5 mg CBD [32]. 
As of 2018, nabiximols has been launched in several countries. There are other promis-
ing applications for CBD like smoking cessation [33], drug withdrawal treatment [34], 
treating seizures and epilepsy [35], anxiety treatment [36], reducing some of the effects 
of Alzheimer’s [37], and antipsychotic effects on patients with schizophrenia [38].

4.1 Pediatric epilepsy

There is significant need for safe and effective treatment of intractable child-
hood epilepsy, especially in cases of devastating epileptic encephalopathies, such 
as infantile spasms, Lennox-Gastaut syndrome [39] and Dravet syndrome [40]. 
Despite limited preclinical data and a lack of well-designed clinical trials, CBD, and 
CBD-enriched whole cannabis plant extracts, have generated excitement as potential 
treatments for epilepsy [41]. Following anecdotal reports of potential efficacy from 
parents who have administered these products to their children [42, 43], clinical trials 
of multiple preparations of CBD were undertaken [43–45]. The results showed strong 
efficacy for treatment of Lennox-Gastaut syndrome [46], Dravet syndrome [46], 
and highly-treatment resistant epilepsy in children and young adults [45] and con-
firmed reports from open-label studies [47]. Among patients with Dravet syndrome, 
CBD treatment resulted in a greater reduction in convulsive-seizure frequency than 
placebo but was associated with higher rates of adverse events [48]. The adverse 
effect are a risk of liver damage, lethargy, and possibly depression and thoughts of 
suicide from patient information leaflet, but these are also true of other treatments 
for epilepsy. FDA approved Epidiolex® (brand name), a purified CBD-based oral 
solution based on collected evidence, for the treatment of Lennox-Gastaut syndrome 
and Dravet syndrome in June 2018. Epidiolex® has been assigned to Schedule V of 
the Controlled Substances Act. Longitudinal studies are required to provide further 
clarification of the effects of this product in the population of interest, especially with 
respect to the young developing brains.
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4.2 Attention deficit hyperactivity disorder (ADHD)

There are some non-scientific evidence that support the use of cannabis to treat 
ADHD for children and adolescents [49]. Functional Magnetic Resonance Imaging 
(fMRI) was employed to investigate the relation between ADHD diagnosis and can-
nabis consumption in young adults [50]. No impact on behavioral response inhibi-
tion on a Go/No-Go task (the Go/No-Go task is a computerized test used to assess 
inhibitory control, a cognitive process that enables humans to rapidly cancel motor 
activity even after its initiation) was observed but did find that cannabis consump-
tion was associated with increased signal in the hippocampus and cerebellum during 
the fMRI only in cannabis-using control subjects, but not in cannabis-using ADHD 
participants [50]. This may reflect a delayed maturation trajectory in ADHD partici-
pants according to the authors and suggested further studies related to hippocampal 
and cerebellar function to gain more information into how this circuitry is changed 
by ADHD and cannabis consumption. One of the important long-term implications 
of a childhood diagnosis of ADHD is an increased risk for substance use, abuse, or 
dependence in adolescence and adulthood [51]. Longitudinal study was designed to 
address this research gap by recruiting a sample of 75 individuals aged 21–25 years 
with and without a childhood diagnosis of ADHD, who were either frequent users 
or non-users of cannabis. These participants were followed since age 7–9.9 [51]. The 
results indicated that cannabis consumption did not exacerbate ADHD-related symp-
toms and larger samples study was proposed. Students (n = 1738) completed an online 
survey containing measures of ADHD symptoms, cannabis use, perceived effects 
of cannabis on ADHD symptoms and medication side effects, as well as executive 
dysfunction [52]. They reported that cannabis has acute beneficial effects on several 
symptoms of ADHD (e.g., hyperactivity, impulsivity). They also perceived cannabis 
to improve most of their medication side effects (e.g., irritability, anxiety). Cannabis 
use frequency was a significant moderator of the associations between symptom 
severity and executive dysfunction. Results suggest people with ADHD may be using 
cannabis to self-medicate for many of their symptoms and medication side effects and 
that more frequent use may mitigate ADHD-related executive dysfunction [52].

4.3 Autism spectrum disorder (ASD)

Autism spectrum disorder (ASD) defines a group of neurodevelopmental disor-
ders whose symptoms include impaired communication and social interaction with 
restricted or repetitive motor movements, frequently associated with general cognitive 
deficits. The endocannabinoid system is often affected in ASD patients with comor-
bidities, such as seizures, anxiety, cognitive impairments, and sleep disturbances [53]. 
There is increasing interest in cannabinoids, especially CBD as add-on treatment for 
the core symptoms and comorbidities of ASD. In a preclinical study that tested the 
efficacy of CBD in a mouse model for Dravet syndrome, CBD reduced both seizures and 
ASD behaviors [54]. They found that when mice were administered CBD 1 hour before 
induced seizures, the seizures were shorter and less severe than in the mice who did not 
receive CBD. The authors also found that CBD improved inhibitory neuron function, 
and this action could be replicated by a GPR55 antagonist, suggesting another poten-
tial therapeutic option. Presently no clinical studies have examined the effects of any 
cannabinoid on epilepsy reduction specifically in ASD patients. Further preclinical and 
clinical studies are needed to investigate the pros and cons of CBD and other cannabi-
noids in ASD before they are established as treatment for symptoms and co-morbidities.
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5. Problems associated with cannabis

5.1 Cognition

Although cannabis and cannabinoid-based products are increasingly being 
accepted worldwide, there is currently limited understanding of the effect of the 
various cannabinoid compounds on the brain. Exogenous cannabinoids interact with 
the endogenous cannabinoid system that underpins vital functions in the brain to 
perturb key brain and cognitive function. Chye et al. [55] reviewed existing brain 
imaging evidence related to cannabis consumption and its major cannabinoids (THC, 
CBD etc.) including synthetic cannabinoid. They concluded that neuroimaging 
research has been limited to observational studies of cannabis users, not considering 
the specific role of the various cannabinoids.

Research to date has suggested that cannabis consumption leads to cognitive 
impairments [56] classified as acute and chronic cognition. There is strong evidence 
that acute administration of cannabis adversely affects executive function. Impaired 
performance of occasional, moderate, and heavy users was documented in some, 
but not all studies, on functions like reasoning, decision-making, and problem 
solving [57–65]. As an example, double blind experiment on 35 male mild cannabis 
users showed that THC administration may be a useful pharmacological cannabi-
noid model for psychotic effects in healthy volunteers [57]. It was found that high 
potency marijuana (13% THC) consistently impairs executive function and motor 
control in contrast with low potency marijuana (4% THC) [60]. Use of higher doses 
of THC in controlled experiments may offer a reliable indication of THC induced 
impairment as compared to lower doses of THC that have traditionally been used in 
performance studies [60]. Cannabis consumption has been associated with increased 
risk of becoming involved in traffic accidents. Ramaekers et al. [61] designed a study 
to investigate performance impairment as a function of THC in serum. The results 
indicated that serum THC concentrations between 2 and 5 ng/ml establish the lower 
and upper range of a THC limit for impairment.

The effects of marijuana consumption on women’s cognition have been studied 
[64]. Anderson et al. examined sex differences in the acute effects of marijuana on 
cognition in 70 (35 male and 35 female) occasional users of marijuana [64]. The tasks 
chosen to study were divided attention, cognitive flexibility, time estimation, and 
visuospatial processing affected by sex and/or marijuana. The results indicated that 
acute marijuana use impaired performance on divided attention, time estimation, and 
cognitive flexibility. Although there did not appear to be sex differences in marijuana’s 
effects on cognition, but women requested to discontinue the smoking session more 
often than men that led to unconclusive results.

Performance impairment during THC intoxication has been described in heavy 
users of cannabis [64]. Twenty-four subjects participated in a double-blind, placebo 
controlled, two-way mixed model design. Both groups received single doses of 
THC placebo and 500 μg/kg THC by smoking. Performance tests were conducted 
at regular intervals between 0 and 8 hrs after smoking and included measures of 
perceptual motor control (critical tracking task), dual task processing (divided 
attention task), motor inhibition (stop signal task) and cognition (Tower of London). 
THC significantly impaired performance of occasional cannabis users on critical 
tracking task, divided attention task, and the stop signal task. THC did not affect the 
performance of heavy cannabis users except in the stop signal task; i.e., stop reaction 
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time increased, particularly at high THC concentrations. The comparisons of overall 
performance in occasional and heavy users did not reveal any persistent performance 
differences due to residual THC in heavy users. These data suggest that cannabis con-
sumption history strongly determines the behavioral response to single doses of THC.

A large body evidence points to cognitive impairment after chronic, heavy can-
nabis consumption [66–68], lasting beyond the acute effects. There is also substantial 
evidence with negative findings in cannabis users [69–71]. Consistency in experimen-
tal design remains a challenging aspect of studying the long-term effects of chronic 
cannabis consumption on cognition [72].

Memory has been the cognitive domain most consistently impaired, with verbal 
learning [67, 73, 74]. In chronic users, impairments in memory and attention deterio-
rates with increasing years of cannabis use [68, 75–77]. Contrary to these findings, 
recent studies have shown that THC can promote neurogenesis, restore memory, 
and prevent neurodegenerative processes and cognitive decline in animal models 
of Alzheimer’s disease [78–80]. Literature search indicates [81] that CBD improves 
cognition in multiple preclinical models of cognitive impairment, including models of 
neuropsychiatric [schizophrenia], neurodegenerative (Alzheimer’s disease), neuro-
inflammatory (meningitis, sepsis, and cerebral malaria) and neurological disorders 
(hepatic encephalopathy and brain ischemia). There is only one clinical investigation 
into the effects of CBD on cognition in schizophrenia patients, with negative results 
for the Stroop test [81]. The efficacy of CBD to improve cognition in schizophrenia 
cannot be explained due to lack of clinical evidence. Further investigation into its 
efficacy in schizophrenia is justified given the ability of CBD to restore cognition in 
multiple impairment studies.

Studies performed on effect of cannabis on young users and showed that regular 
consumption during the adolescent may produce lasting adverse effects on cogni-
tive and IQ [75, 82–83]. On the other hand, another group found little evidence 
that cannabis use was related to impaired cognitive performance and hypothesized 
that family background may explain the lower cognitive function often reported in 
cannabis users [84]. Another study found no relation between adolescent cannabis 
consumption and educational achievement [85]. It is not clear, however, whether 
impairment will emerge later in life. Cyrus et al. [86] reviewed the literature on the 
relationship between adolescent cognitive function and academic performance with 
cannabis consumption. The conclusion was that frequency and quantity of cannabis 
consumption were related with decreased functional connectivity of the brain, 
poorer executive control and academic performance. Factors such as minimal parental 
monitoring, peer cannabis consumption, social isolation, and race/ethnicity were 
positively correlated with more frequent adolescent use of cannabis. Interventions to 
prevent early initiation of cannabis use that can lead to chronic use in youth who may 
be more at risk was recommended.

There have been studies of the degree of cognitive function recovery with absti-
nence. In a study of adolescents (16–25 years of age), improvements were found 
in verbal memory in the first week of abstinence whose abstinence was monitored 
for 1 month following regular consumption [87]. Cross-sectional studies indicate 
improvement on attention and verbal memory but not on other cognitive domains for 
adolescents abstinent for 4–5 weeks [88, 89]. Further research to monitor cognitive 
performance improvement during prolonged periods of abstinence from chronic 
cannabis use are recommended to address these questions including the neural 
mechanisms.
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The lack of assurance about the effects of cannabis consumption on cognition may 
be due to composition of cannabis [90]. One study showed greater memory impair-
ment as well as signs of depression and anxiety associated with using cannabis of 
higher THC content compared to cannabis containing lower THC and higher levels 
of CBD [76]. These studies should be repeated with known THC contents to evaluate 
mental behavior.

A review was conducted to study the long-standing consequences regarding regu-
lar cannabis use on cognition, brain structure, and function in adults [91]. The review 
suggested that the neuropsychological studies provided evidence for mild cognitive 
deficits at least 7 days after heavy cannabis consumption. The fMRI studies showed 
growing evidence of abnormalities in hippocampus volume and gray matter density 
of cannabis users relative to controls; however, morphological changes in other brain 
regions were more controversial. The fMRI studies suggested an altered pattern of 
brain activity associated with cannabis consumption. It should be noted that there are 
several limitations for study comparison and substantial heterogeneity in the find-
ings [91]. The morphological alterations could ultimately affect brain organization 
and function, but the associated time course for neuronal recovery as well as the real 
impact on cognitive functioning remain unknown. The application of fMRI is begin-
ning to advance the understanding of the neural mechanisms associated with the 
cognitive consequences observed in cannabis users to establish relationship between 
cannabis consumption, brain function and cognitive output. Factors to be included 
are age of onset, mode of consumption, frequency and extent of consumption, recov-
ery of function with abstinence with different compositions of the cannabis product. 
Changes in brain activity may be an early indicator of long-term consequences before 
cognitive deficits can be measured [56]. Application of fMRI is also important for 
the adolescent brain reorganization study after prolonged usage and whether these 
changes reverses during adulthood after abstinence.

Eadie et al. [92] determined the duration of acute neurocognitive impairment 
associated with medical cannabis consumption, and to identify differences between 
medical cannabis patients and recreational consumers. It resulted in evidence that 
cognitive performance in medical cannabis patients declined after THC consumption, 
with steady resolution of impairment in the hours following THC consumption. The 
degree of impairment is predominantly dose-dependent where higher doses of THC 
were generally more impairing than the lower doses. There was no difference on any 
neurocognitive test between placebo and the active THC groups at 4-hrs of recov-
ery, irrespective of the THC dose inhaled, although the duration of neurocognitive 
impairment varied between studies, partly due the differences in design of experi-
ments. More research is needed to directly relate levels of cognitive impairment to 
THC levels in the patients’ plasma employing fMRI.

5.2 Addiction

Zehra et al. [93] reviewed the acute and long-term addiction effects of cannabis 
users. Cannabis use disorder (CUD) appears to correlate with the general patterns 
of changes described in the Koob and Volkow [94] addiction model. Previous pre-
clinical and clinical studies seem to indicate that features of the three stages of drug 
addiction described by Koob and Volkow [94] are also prevalent in cannabis addic-
tion. The model describes most drugs of abuse result in the hyperactivation of the 
mesocorticolimbic pathway in the binge-intoxication stage of addiction. This hyper-
activation seems to be present in cannabis addiction but to a lower extent [93].
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The stimulant-induced dopamine reactivity has been associated with nega-
tive emotionality, an important characteristic of withdrawal/negative affect stage 
explained by Koob and Volkow [94]. With the addition of withdrawal as a symptom 
of CUD, it is perceived that cannabis addiction development parallels addiction to 
other drugs of abuse. Additionally, Spechler et al. [95] found that chronic cannabis 
consumption has been associated with affect dysregulation that may involve changes 
in amygdala functioning. Cuttler et al. [96] reported that cannabis seems to disrupt 
hypothalamic–pituitary–adrenal (HPA) axis function as with other drugs of abuse, 
another key neuroadaptation of the withdrawal/negative affect stage.

Norberg et al. [97] reported that chronic cannabis consumption is also associated 
with the presence of cannabis cue-induced craving after abstinence, a feature of the 
preoccupation/anticipation stage of the Koob and Volkow framework [94]. They 
hypothesize that the presence of cannabis cue-induced craving seems to be related to 
the loss of executive control over excessive salience for cannabis. They additionally 
found that chronic cannabis consumption has been related to impaired memory and 
IQ , resulting in changes in executive functioning after chronic cannabis use.

It is imperative to investigate if there are other features of the addiction framework 
proposed by Koob and Volkow [94] in cannabis addiction through longitudinal stud-
ies to address behavioral and mood changes (such as changes in IQ or the presence of 
a mood disorder). This study should also include the synthesized cannabis due to its 
high potency. The relationship of addiction with the effect of THC use on neurons 
and microglia should also be instigated. Melis et al. [98] research result indicates that 
chronic THC exposure in animals seems to activate microglia and produce neuroin-
flammation that may underlie some of the cognitive deficits associated with CUD. 
Kolb et al. [99] studied changes in neuron and glia morphology after chronic cannabis 
exposure and concluded that it may contribute to the persistent cognitive and behav-
ioral deficits related to CUD. Future research should investigate whether chronic THC 
exposure in animals and humans is related to changes in various cell types in the brain 
that contribute to cannabis addiction through neuroinflammation.

Combined consumption of cannabis and alcohol has increased in recent years, 
and it is well established that individuals who use both alcohol and cannabis are at 
increased risk for substance-related harms relative to individuals who use only one 
substance [100]. The studies provide evidence that combined consumption of alcohol 
and cannabis is associated with unique characteristics and psychological processes 
relative to single-substance use. Research in this area must continue considering 
recent trend toward increasingly liberal cannabis policies in the U.S. and other 
countries.

5.3 Psychosis

There has recently been widespread interest in the relationship between can-
nabis consumption and psychosis, with over 100 publications addressing this topic 
each year since 2012, compared to fewer than 10 per year during the 1990s [22]. This 
intense interest is likely due to increasing approval within the USA of medicinal mari-
juana laws. Cannabis consumption has seen a large increase in its licit production, 
growing from 1.4 tons in 2000 to 211 tons by 2016, due to the increasing implementa-
tion of medicinal programs with cannabis-related medicinal products for a wide 
range of neuropsychiatric conditions.

Yücel et al. [23] studied whether long-term heavy cannabis use is associated with 
gross anatomical abnormalities in 2 cannabinoid receptor–rich regions of the brain, 
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the hippocampus, and the amygdala. They carefully selected 15 long-term (>10 years) 
and heavy (>5 joints daily) cannabis-using men (mean age, 39.8 years; mean duration 
of regular use, 19.7 years) with no history of polydrug abuse or neurologic/mental 
disorder and 16 matched non using control subjects (mean age, 36.4 years). The 
results indicated that cannabis users had bilaterally reduced hippocampal and amyg-
dala volumes, with a relatively and significantly greater magnitude of reduction in the 
former (12.0% vs. 7.1%). Left hemisphere hippocampal volume was inversely associ-
ated with cumulative exposure to cannabis during the previous 10 years and reduced 
positive psychotic symptoms. Positive symptom scores were also associated with 
cumulative exposure to cannabis. Although cannabis users performed significantly 
worse than controls on verbal learning, this did not correlate with regional brain 
volumes in either group. These results provide new evidence of exposure-related 
structural abnormalities in the hippocampus and amygdala in long-term heavy can-
nabis users with similar findings in the animal literature. The findings indicated that 
heavy daily cannabis consumption for long periods exerts harmful effects on brain 
tissue and mental health.

Hurd et al. [24] reviewed several investigations and concluded that strong evi-
dence exists that prenatal, perinatal, and adolescent cannabis exposure can cause a 
series of brain and behavioral changes in adulthood. This happens through interfering 
with multiple neurobiological systems in brain regions involved in psychotic/affective 
disorders. Adolescent cannabis consumption is associated with an increased risk for 
psychosis later in life [101]. Whether such risk truly results in psychiatric, and sub-
stance use disorders will depend on various factors, such as genetics, age, frequency 
of use, concurrent use of other substances and sex, that will be better understood as 
research continues to expand. They recommended that policy makers need to apply 
the existing data to educate the public about the potential health risk and the long-
term effects on adult mental health.

THC or other cannabinoid agonists all suffer from the problem of a narrow thera-
peutic window between the desired clinical benefits and the unwanted psychic side-
effects. It is possible that the pharmacological manipulation of the endocannabinoid 
system by drugs that inhibited the inactivation of the endocannabinoids, may offer a 
safer and more subtle approach to cannabis-based medicines in the future [102].

Empirical evidence suggests that cannabis consumption is associated with both 
CUD and comorbid psychiatric illness, which is not perceived to be the case by the 
US general population. On the other hand, there is mixed evidence regarding the 
role of cannabis in the prognosis of a co-occurring disorder across all categories of 
psychiatric disorders [103]. It can be concluded that longitudinal effort needs to be 
performed to expand on the existing body of literature to better understand the acute 
and long-term effects of cannabis on comorbid psychiatric illness.

6.  Unknowns associated with cannabis consumption/synthetic illicit 
drugs

It is imperative that cannabis legalization which will likely increase cannabis 
use, does not cause significant adverse effect like tobacco smoking. This topic was 
discussed in previous authors’ publication [10]. It is recommended that research be 
conducted on the long- and short-term health effects of exposure to second-hand 
marijuana smoking to confirm possible adverse effect on brain and mental health. The 
large market of cannabis has given rise to numerous potentially hazardous natural 
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contaminants being reported in crude cannabis and preparations. This topic also 
was discussed in previous authors’ publication [10]. These drugs have detrimental 
effects on the brain and primarily affect the central nervous system. Understanding 
the mechanism of brain alteration due to synthetic drug abuse can help with early 
detection, diagnosis, and prognosis of brain tissue damage in the clinical setting. 
Furthermore, these drugs sometimes have severe, life-threatening adverse effects 
on the human body. A few structural MRI studies have been conducted in synthetic 
drug abusers to reveal the effects of these drugs on the brain [104] to offer treatment 
options for various class of synthetic drugs.

7. Conclusions and recommendations

Legalization of cannabis in the US and other counties in conjunction with increase 
in various methods of consumption makes it vital to understand the associated health 
consequences. There are indications to suggest that many compounds found in can-
nabis have potential therapeutic benefit, either alone or in combination with other 
cannabinoid or terpene compounds [105].

Further pre-clinical and clinical studies are needed to examine the pros and cons 
of CBD and other cannabinoids in ASD, ADHD, and pediatric epilepsy before they 
are established as treatment. Further research is needed to better understand the 
acute and long-term effects of cannabis on comorbid psychiatric illness. Further 
application of fMRI is recommended to understand the adolescent brain reorganiza-
tion after prolonged usage and whether these changes reverses during adulthood 
after abstinence. Future studies should investigate whether chronic THC exposure is 
linked to changes in various cell types in the brain that contribute to cannabis addic-
tion. Cannabis addiction findings indicate that neurobiological changes in CUD 
seem to parallel those in other addictions. Further research is necessary in view 
of recent increase in cannabis consumption. Increasing number of new research 
concluded that significant evidence exists that prenatal, perinatal, and adolescent 
cannabis exposure can induce a wide array of brain and behavioral alterations in 
adulthood. New research is warranted to better understand the risk involved as 
function of various parameters such as genetics and sex. Research that identifies 
any potential effects of cannabis secondhand smoking (CSHS) on potential changes 
in cognitive function is important if consumption in public access areas is being 
considered.

Present research studies on how cannabis exposure can impact brain and mental 
health are beginning to inform public policy decision makers, including acceptable 
age of consumption, dose limits and directions for use. Nonetheless, additional inves-
tigation is required to fully understand the impact of cannabis on the cognition, espe-
cially for CBD where there may be various confounding biological variables unique 
to individual medical conditions. The impact of cannabis on the still-developing 
adolescent brain deserves special attention. While recreational use among adolescents 
and early onset users is relatively well studied, some areas remain understudied and 
need data to inform changing public policy. For example, additional effort is required 
to fully understand the impact of moderate cannabis consumption, short- and long-
term consequences of using high-potency cannabis and new delivery methods, effects 
of cannabis consumption in older adults, and the efficacy and safety of existing and 
future products. Field-wide difficulties in quantification, methods of measuring 
cognitive constructs, and the influence of subacute effects seriously hamper the road 
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ahead and require attention now. Multidisciplinary collaboration and investment in 
studies that solve these problems should be prioritized.

Although existing data suggest that there are findings regarding the chronic and 
acute effects of cannabis on brain activity, but refinements may help answer questions 
regarding potential differences between those persons who become dependent on 
cannabis versus those who use cannabis recreationally, potential residual effects of 
chronic use, consequences of earlier age of exposure to cannabis, acute and chronic 
effects on task performance, and possible neurobiological similarities between 
comorbid psychiatric disorders and cannabis consumption. Future effort using spe-
cific diagnostic criteria, and combining neurocognitive testing to functional imaging, 
may help address questions including the basis of any residual cognitive deficits from 
cannabis consumption and any potential factors differentiating cannabis-dependent 
subjects from cannabis users.

The mechanisms that underlie associations between cannabis consumption with 
psychiatric illness and cognitive impairment are still not well understood, although 
epidemiological and clinical studies have consistently established this relation-
ship. It is well established that exposure during adolescence is a period of high 
risk, resulting in more severe and persistent adverse effects than exposure during 
adulthood. It is plausible that prolonged consumption during adolescence results in 
a disruption in the normative neuro-maturational processes. Eventually, this could 
result in long lasting changes to brain structure and function that underlie many 
of the adverse cognitive and emotional outcomes associated with heavy consump-
tion. Spreading awareness regarding the potential risk of cognitive disturbance 
in adolescent cannabis users and screening them at an earlier age for potential 
risk factors of future cognitive damages should be encouraged among healthcare 
providers. Clearly, further investigation is needed to study the cognitive effects of 
synthetic cannabinoids to inform the public policy to curb the spread of synthetic 
cannabinoids and to keep the risk/benefit ratio of the medicinal consumption of 
cannabis as low as possible. Furthermore, the role of medicinal cannabis including 
benefits and potential risks with regards to brain management need to be studied in 
randomized experiments.

The emerging research on cannabis and alcohol co-use and associated outcomes 
has the potential to inform intervention efforts. As research on the combined use of 
cannabis and alcohol continues to evolve, next step would be to develop a program 
that target co-use as a specific high-risk behavior. We hope that new studies will help 
further understanding of the increasing role of cannabis in neuropsychiatric health 
and disease. We also hope to soon witness advances in the field of cannabis-related 
pharmacological treatments.

Finally, it is important to distinguish between scientifically studied and FDA 
approved cannabis benefits as opposed to potential benefits for indications not 
rigorously studied, e.g., attention deficit hyperactivity disorder. Conversely, there are 
situations where rigorous controlled clinical studies have been successfully completed 
to establish the scientific credibility of cannabis for certain indications but has not yet 
completed regulatory approval. It is essential that both scientific rigor and regulatory 
approval support a specific therapy for cannabis.
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Chapter 5

Pediatric Brain on Cannabinoids: 
Adverse Effects of Cannabinoid 
Products in Children and 
Adolescents
Peter B. Chase

Abstract

Cannabinoids (phytocannabinoids and synthetic cannabinoids) are most 
often used during adolescence and given the changing norms, enhanced potency, 
reduced societal perceptions of risk and multitude forms of products for consump-
tion, clinicians need to be become more cognizant of cannabinoid products and 
their effects. The aim of this narrative review is to briefly discuss acute toxicities 
and a few chronic toxicities associated with cannabinoids that clinicians are likely 
to treat. In addition, cannabinoid toxicokinetics and toxicodynamics as it pertains 
to the clinical effects will be discussed as well as the route of exposure and the 
clinical implications for therapeutics. Although the neurodevelopmental effects 
of naturally occurring endocannabinoids will be briefly mentioned, it is beyond 
the scope of this review to discuss in detail. Regardless, clinicians, parents and 
patients should be aware of the potential implications that exogenous cannabinoids 
(cannabis) may have in altering the normative trajectory of brain maturation in 
pediatric patients.

Keywords: cannabinoids, synthetic, THC, toxicity, pediatric

1. Introduction

Cannabis (Cannabis sativa) has been widely studied and is used for recreational, 
medicinal and in scientific research with its principle bioactive components being 
cannabinoids. The term “Cannabis” is actually the genus of the flowering plant 
whose well known species include sativia, indica, and ruderalis. When the cannabis 
flower bud/leaves are dried, it is referred to as marijuana [1] as long as the plant 
contains more than 0.3% of THC, otherwise it is referred to as hemp. Cannabis is 
comprised of over 100 different cannabinoids and non-cannabinoid substances and 
is a complex psychoactive plant that contains many cannabinoid components of 
unclear effects and they have commonly been neglected [2]. The four most abundant 
cannabinoids are Delta-9 tetrahydrocannabinol (Delta-9 THC, or THC), cannabinol 
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(CBN), cannabidiol (CBD), and cannabigerol (CBG) [3]. The abuse related potential 
of cannabis is mediated by THC, the main phytocannabinoid component thought to 
be responsible for the majority of the psychoactive, mood altering and reinforcing 
properties of cannabis.

Sativia variety has the highest percentage of THC with indica and ruderalis 
varieties have the higher percentages of CBD [4]. It is the ratio of THC/CBD that 
defines potency and its psychoactive effects. Of course, there are hybrid varieties 
making it even more difficult to know what the THC/CBD ratio is, and consequently 
the potency. Higher potency is associated with euphoric, anxiolytic and relaxing 
effects while lower potency is usually more sedating and similar to medical cannabis. 
Through the years there has been global increases in THC levels and decreases in CBD 
levels and both (increases in THC potency and decreases in CBD) have been impli-
cated in causing health complications from cannabis use [5]. CBD is non intoxicating 
and appears to minimize some harmful effects of THC including memory impairment 
and psychotic symptoms. As a result, evidence appears to indicate that the potency of 
THC and CBD and their relative ratios are important factors in determining the level 
of harm an individual may experience [6].

Based on the etiology of the cannabinoids, they are generally separated into 
three groups: endocannabinoids, phytocannabinoids and synthetic cannabinoids. 
Endocannabinoids (eCB) are endogenously produced in the human body and are 
lipid ligands that interact with at least two “G-protein” coupled receptors (CB1 and 
CB2) located in the brain and peripheral nervous system. The activation of these 
receptors causes an inhibition of the release of neurotransmitters (acetylcholine 
and glutamate) and indirectly effecting many other receptors. The CB1 and CB2 
receptors are located presynaptically which means that cannabinoids modulate 
neurotransmitter release [7]. The concern during prenatal and post birth develop-
ment through the adolescent years is that exogenous cannabinoids may alter the 
neurodevelopment of the brain since evidence points to CB1 receptors being more 
prevalent during developing years than in the adult [8]. Phytocannabinoids are 
naturally occurring cannabinoids found in the cannabis plant with the four most 
abundant cannabinoids already mentioned above. Finally, synthetic cannabinoids 
(SCs) are human-made (chemically engineered) mind altering chemical agonists 
that structurally may or may not be similar to naturally occurring phytocannabi-
noids but are full agonists at cannabinoid receptors, unlike THC which is a partial 
agonist of CB1 and CB2 receptors [9]. It is the CB1 receptor and its interaction 
with THC or similar ligands such as SCs that leads to the psychotropic effects. 
Through antagonistic effects on the CB1 receptor, marijuana induces its mental 
and behavioral effects. The initial research into biologically active analogs (essen-
tially SCs) were performed by pharmaceutical companies pursuing biological 
activity but lacking psychoactive side effects. At present, there are two SCs derived 
from cannabis that are used medically and regulated and those are dronabinol 
and nabilone [10]. Dronabinol is a scheduled III drug and Nabilone is a schedule 
II drug with the former used for nausea and vomiting related to chemotherapy, 
anorexia or AIDS, and the latter is also used for nausea or vomiting from che-
motherapy. Unfortunately, underground laboratories have utilized this research 
and produced illicit compounds used as alternatives for marijuana. The physiol-
ogy of the human endocannabinoid system makes it possible to be exploited and 
makes it receptive to exogenous synthetic compounds, making it an easy target for 
abuse [11].
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2. Endocannabinoid system

The endocannabinoid system consists of the endocannabinoids and the cannabi-
noid receptors. Cannabinoid receptors (CB1) are expressed in the brain, peripheral 
nervous system and peripheral tissues such as the heart, gut, liver, reproductive 
system, immune system and the respiratory system [12]. CB2 subtype is expressed 
in peripheral organs with immune function such as spleen, thymus, tonsils, and in 
cells such as macrophages and leukocytes. Despite what is known about cannabinoid 
receptors, what is still subject to debate is the physiologic function of these recep-
tors. Of importance however, is that CB1 receptors are the most prevalent G-protein 
coupled receptors in the human brain and is highly expressed in cognitive processing 
regions and in the reward regions of the brain [13]. CB1 and CB2 receptors play a 
key part in a yet to be fully understood endogenous cannabinoid signaling system. 
The principal lipid ligands known as anandamide (AEA) and 2-arachidonyl glycerol 
(2-AG) are responsible for signal transduction but may also themselves be acted 
upon by specific and important enzymes during signal transduction. Although the 
components of the endocannabinoid system may remain consistent through life, 
its function is drastically different during nervous system development as eCB play 
important roles in neurodevelopment and synaptic plasticity [14, 15]. Unfortunately, 
it is also under appreciated that brain development does not stop until late adoles-
cence (18–24 years old) [16].

In the brain, the endocannabinoid system is involved in sleep regulation, anxiety 
control, reward reaction, appetite control, neuroprotection and neural development. 
During adolescence, eCB and their respective receptors play a vital role in neurode-
velopment processes such as pruning and synaptic plasticity [17, 18]. During fetal 
growth and development and during continued maturation post birth, eCB play an 
important role in central nervous system (CNS) development with neuro progenitor 
cells which are multipotent stem cells that can form new cells in the nervous system. 
So eCB system plays a critical regulatory role throughout development, from the 
determination of cell fate determined by progenitor cells and neuronal migration to 
regulation of synaptic transmission and signaling pathways of the fully developed 
CNS [19]. The precise mechanism by which eCB system molds adolescent brain 
development however is not clear.

2.1 Psychiatric implications of exogenous THC on the endocannabinoid system

What is clear, however, is that cannabis use is commonly initiated during adoles-
cence and that the exogenous THC psychotropic impact is experienced through the 
developing eCB system during a vulnerable period of neurodevelopment. One of the 
concerns, during this neurodevelopment transition period is that marijuana will “over 
activate” the eCB system resulting in behavioral abnormalities and possibly addiction 
[7, 20]. Adolescence is a critical time period for brain development which involves 
the eCB system and there is some evidence noted below that would indicate that this 
age group’s mental health may be particularly vulnerable to the effects of exogenous 
THC. Some of the behavioral abnormalities that have been linked to cannabis use in 
younger people, before the age of 17, are schizophrenia, psychosis, bipolar disorders 
and addiction [15]. More specifically, Goggi and coworkers found that there was 
an association of cannabis use during adolescence (age < 18 years) and depression, 
suicidal ideation and suicide attempts [21]. The authors’ meta-analysis suggest that 
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cannabis could be a significant factor, among many, contributing to depression in 
young adulthood and is consistent with the negative influence of cannabis in brain 
plasticity during development.

Adolescent impulsivity associated with prolonged myelination process and the 
lack of prefrontal inhibitory control during this period of growth and development 
could set this population up for some mental health issues precipitated by cannabis. 
Kristen Schmidt and colleagues [22], in their systematic review of adolescent can-
nabis use and suicide, found there to be a significant relationship among suicidal 
thoughts, behavior and suicide attempts with adolescent cannabis users. The UCLA 
psychiatric group suggests that cannabis is an independent predictor of suicide in 
this age group and that frequency of cannabis use is associated with increased suicide 
attempts. Consistent with this finding in adolescents was the study by Hosseini and 
Oremus from Canada showing earlier age-of-initiation of cannabis use was associated 
with a higher risk of psychosis [23]. Indeed, early-onset cannabis use (age < 18) but 
not late onset cannabis use was associated with a higher risk for major depressive dis-
order by Schoeler and colleagues out of London, especially for individuals with higher 
frequency cannabis use [24]. Although the causality of cannabis use and mental 
health issues remain unclear among adolescent studies [25], there are other issues that 
are also important for clinicians to counsel adolescents and parents regarding can-
nabis use: cannabis may have detrimental effects on cognition, brain and educational 
outcomes that can persist beyond acute intoxication and second, improvement of 
these detrimental effects appear possible with sustained abstinence [26].

2.2 Cannabis use disorder and cannabis withdrawal syndrome

The most frequent negative effect of chronic cannabis exposure is addiction and 
regular cannabis users may develop a cannabis use disorder called CUD. CUD is 
defined as the inability to stop consuming cannabis even when it is causing physical 
or psychological harm, generally including compulsive use and neglect of obligations 
[27]. In many regular cannabis users, cannabis withdrawal syndrome (CWS) may 
occur with cessation of cannabis use and is an indicator of CUD. Signs and symp-
toms of CWS include cravings, irritability, sleep disruption, aggression, weight loss, 
depression, anxiety, sweating, headaches, tremors and fatigue and may occur within 
days of stopping cannabis [15]. There are no approved medications for either CUD or 
CWS. However, initial treatment would be similar to many other withdrawal syn-
dromes. Supportive care and treatment for CWS for those with no prior psychiatric 
history, has included a tapering dose of phenobarbital (seizures), Escitalopram and 
low dose benzodiazepines (anxiety), clonidine, (generalized withdrawal symptoms), 
Naltrexone (cravings), and Metoclopramide (nausea) [28].

Although the temperament of the above information may imply some form of 
consensus that regular cannabis use during adolescence has uniformly negative 
consequences for cognitive impairment, the evidence is very complex and evolving 
and will likely take years to elucidate. For adolescents or young adults who come in 
for cannabis related toxicity and appear to be “regular or heavy users”, the clinician 
may want to offer advice regarding the potential for adverse cognitive, neural, and 
educational effects from daily cannabis use [26]. There is some evidence, however, 
for cognitive recovery after 4–6 weeks of abstinence from cannabis use [29], although 
there may be some folly in that recommendation to quit as many adolescences and 
adults who are regular users find it difficult to end their cannabis addiction because of 
possible neuroadaptation that may occur with regular use [30, 31]. Current evidence 
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would suggest that initiation of cannabis use should be delayed until much later in 
adolescence, use should be occasional and not daily, high potency marijuana should 
be low, and use occurs in ways other than smoking [32].

3. Cannabis consumption

THC is the primary psychoactive chemical in cannabis that is responsible for 
producing the subjective “high”, feelings of euphoria, as well as the adverse effects 
caused by overdosing such as panic, anxiety, paranoia, and psychosis [33, 34]. The 
somatic or physiologic effects such as changes in heart rate (HR) and Blood pres-
sure (BP) along with increased cardiac output, cardiac workload, and consequently 
oxygen workload are also an effect of THC [35]. CBD (acid metabolite THC-COOH) 
is non psychotropic.

In 12th graders, cannabis has the lowest rate of abeyance of all substances used 
by this age group [36]. In 2018, over 1/3 of 12 graders used cannabis with 28% of 10 
graders and 11% of 8th graders also admitting to cannabis use to some extent, with 
prevalence starting to move downward in 2021 [37]. Now the effects of cannabis 
legalization on availability and diminished perceived risk, especially by 12th graders, 
may be associated with increased adolescent cannabis use. Complicating the increased 
use is the enhanced potency of the cannabis flower of today because of specialized 
cultivation techniques resulting in at least a threefold increase in THC from 4% in 
1995 to 12% in 2014 [38] with some cannabis flower strains containing upwards to 
30% [39]. The effect of legalization of Cannabis has reduced prices and increased 
sales of high potency cannabis products such as edibles, oils, extracts, and waxes 
containing even higher amounts of THC (> 70%) [40]. Although changes are likely 
coming regarding marijuana, cannabis is classified as a Schedule 1 drug by the United 
States Drug Enforcement Agency (USDEA) and therefore is not regulated except for 
dronabinol, nabilone and CBD.

One of the underappreciated effects of decriminalization and legalization of 
cannabis is the impact it has on both the unintentional and intentional exposure to 
infants and young children [41, 42]. Widespread use of cannabis simply translates to 
greater access to children. In contradistinction to numerous neurologic manifestations 
of cannabis intoxication in adolescents and young adults, such as mood and atten-
tion alterations, acute psychosis, ataxia, tremor, nystagmus, excessive motor activity 
or muscle relaxation, infants and young children may exhibit primarily impaired 
consciousness or sudden, unexplained acute encephalopathy. If intoxicants such as 
cannabis are not considered in the differential along with infectious, trauma, and 
metabolic dysfunction or dysregulation (hypoglycemia) then this necessitates larger 
and more invasive workups or procedures that otherwise might be obviated if only 
a urine tox screen was considered. Many times parents may not be forthcoming in 
providing information because of social or legal concerns for child abuse and many 
adults consider cannabis to be harmless [43]. A very recent publication compar-
ing pre versus peri-post legalization of cannabis found children presenting to the 
emergency department peri-post legalization were significantly more likely to have 
altered mental status and respiratory involvement that required pediatric intensive 
care admissions. Additional clinical findings include behavioral changes of the child, 
ataxia, respiratory depression, seizures, apnea and coma [42].

Regarding psychiatric issues and cannabis, research has shown a dose-dependent 
linking between THC and psychosis although cause and effect has not been 
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established [44]. Acute cannabis use or intravascular THC administered to normal 
healthy adults produces psychotomimetic effects similar to that seen in chronic 
psychosis [45]. In adolescents, cannabis use at 15 years of age is associated with 
greater likelihood of psychosis later in life but remains unclear if early onset cannabis 
use is an independent predictor of adverse events later in life. Indeed, most adverse 
events observed in individuals reporting early-onset use involve frequent and or high 
potency cannabis use as the most relevant factor [32].

There are many different modes of consumption of cannabis and each comes 
with its own risks and benefits. It behooves the user to understand, and novice users 
in particular, need to appreciate the differences that route of exposure can have in 
the initiation of effects, the duration of psychoactive effects or the intensity of the 
“high” [46, 47].

4. Smoking and vaping (aerosolization)

The main reason most people smoke cannabis is to experience the so-called high, 
which typically includes relaxation, some euphoria, perceptual alterations includ-
ing time distortions and enhancing every day experiences such as eating, watching 
movies, listening to music and engaging in sex [48]. In a social context, the high 
could be accompanied by infectious laughter, talkativeness which enhances sociabil-
ity coinciding with the peak effects within 30 minutes and ending in 1–2 hours [49]. 
Acute adverse effects of cannabis use include anxiety and panic attacks, psychotic 
symptoms and automobile accidents due to the effects on coordination, alertness, and 
judgment [49].

Smoking marijuana leaves or cannabis plant material is, by far, the most popu-
lar means by which to obtain the desired psychoactive effects. In Colorado, USA, 
approximately 2 ounces of marijuana is sufficient to make 50 marijuana cigarettes 
[50]. Compared to other forms of consumption, such as vaporization, ingestion, 
transcutaneous, rectal or vaginal routes, smoking generates the most efficient, 
consistent and instantaneous “high” in delivering THC in a dose dependent manner 
to the brain. Bioavailability by smoking ranges between 10 and 35% depending upon 
the regularity of smoking, depth of inhalation, breath hold and puff duration [35]. 
Combustion (Smoking) which occurs at a higher temperature than aerosolization and 
can consistently produce a similar level of cannabinoids, is generally the preferred 
method of delivery for many adolescents [51].

Alternative (non-combusted) methods of aerosolization such as vaporization 
may be more appealing for some adolescents because of their availability in youth-
friendly palatable preparations. The perception of some adolescents is that vaping is 
more appealing because it is more discreet, healthier, better tasting, less harsh, lower 
cost, and resulted in better effects [52]. Devices that generate vapor for inhalation 
of marijuana such as table top and pocket pen devises do so by heating (electronic 
or otherwise) cannabis products to a vapor that can be inhaled. Even devices such 
as e-cigarettes that were designed for nicotine can be modified to deliver marijuana 
products [53]. E-liquids with flavoring can be used to mask the odor of cannabis and 
make it less detectable [54]. Many of cannabis extracts (oils, vape cartridges, hash) 
that are vaporized can contain 60% THC, with solid extracts such as wax, budder, 
shatter, or crumble can exceed 90% [55, 56]. Any of these extracts can be vaporized 
through an electronic delivery system and e-cigarettes. “Dabbing” which typically 
involves heating a small amount of extract (dried, concentrated cannabis) either 
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with a tabletop vaporizer (200°C) without combustion (combustion or pyrolysis can 
destroy a major fraction of THC) by heating a glass rod or nail head with a blowtorch 
resulting in a vapor to inhale [57]. This can be a complicated method of vaporizing 
cannabis concentrates that can include a dab rig (modified water pipe for oils and 
concentrates) a nail attached to the rig to heat the concentrate, a dabber to apply 
the dab of concentrate to the nail, a dome placed over the nail to contain the vapor, 
and a blow torch to heat the nail [36]. But dabbing can be simplified with the use of 
a modified vape pen also known as dab or wax pen. A “dab” is a colloquial name for 
butane hash oil (BHO) which is a concentrated THC extract generated using butane 
as a solvent. The concentrate is then vaporized quickly and the user inhales the vapors 
and swiftly feels the effects. It’s unclear if this method of “dabbing” is inherently more 
dangerous than ingesting or inhaling flower cannabis (smoking) because of the more 
concentrated extract. These concentrated extracts can be 20–25% THC to upwards of 
80% THC in comparison to smoking dried marijuana leaves which is likely 10–20%. 
Individuals may “dab” anywhere from a few times to 25–50 times in a brief period 
until the desired effect is obtained [58]. Similar to the adverse effects of smoking 
marijuana, risks include blackouts, tachycardia, paranoia, and hallucinations.

Hash, is the oldest form of cannabis extract, is composed of purified trichomes 
(the tiny hair-like outgrowths on cannabis leaves/flower that appear like sugar dust-
ing on the plant) [39]. Inhalable or vaporized plant, oil or extract that is aerosolized 
by an electronic heating device may be able to generate a higher blood concentration 
of THC and likely a corresponding subjective effect although vaping devices can 
vary in their efficiency in delivering the product. It is important to note that the 
“strength” of a cannabis product often has few, if any, visual cues so the self-made 
THC/cannabis products obtained on the streets will likely have variable cannabinoid 
composition [59].

The pharmacokinetics of smoked and vaporized cannabis/THC produce peak 
blood concentrations within 3–10 minutes after onset of inhaling with THC being 
detectable in plasma within seconds after the first puff [35]. Both vaporized and 
smoked THC produce rapid peak blood concentrations in 30–90 minutes that return 
to baseline within 2–4 hours [39]. The pharmacodynamic onset of inhaled THC is 
dose related and the self-reported experiences of intoxication match, to some extent, 
the onset of peak blood concentration. However, because its high lipophilicity, THC is 
rapidly redistributed to the tissues, including the brain where it produces its neuro-
cognitive effects. The high lipophilicity of THC also contributes to prolong detection 
in urine for chronic, everyday users. In certain situations, it may be imperative to 
obtain blood levels of THC as well as to obtain confirmation for detection of mari-
juana. It’s important to know that false positive urine screens for THC are possible 
and include: medications such as Naproxen, Ibuprofen, Promethazine, Riboflavin, 
Pantoprazole and Ketoprofen; and some baby shampoos and soaps [20].

4.1 Passive inhalation of cannabis smoke

There is evidence that passive inhalation by an infant can indeed result in toxicity 
as shown in a 13-month-old who appeared altered and ill [60]. The infant was sleep-
ing in the parent’s room where 20 cannabis smokers were engaged in a party for many 
hours. The infant was subsequently discharged from the hospital and showed marked 
improvement after 48 hours with just supportive care. Compared to adults, infants 
have increased minute ventilation relative to their size, which can result in increased 
absorption. This likely was an enclosed area with poor ventilation and if blood levels 
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and a urine tox screen had been performed on the infant, a THC level and a positive 
urine screen would have been found. The exposure of the infant to second-hand 
cannabis smoke is consistent with a systematic review involving passive exposure to 
second-hand smoke involving adults [61]. In this “meta-analysis”, adults passively 
exposed to increasing amounts of THC from smoked cannabis, will in kind, also 
report stronger drug effects and higher levels of THC and metabolites can be found in 
their urine.

5. Cannabis ingestion

Ingestion of “edibles” are food items made with marijuana or oils infused with 
THC and come in a variety of forms such as baked goods (brownies, muffins and 
cookies); candies including gummies, caramels, hard candies, and chocolates; 
lozenges; or infused beverages [62]. Edibles are becoming more popular because the 
products are more discreet and convenient, produce no smoke or smell, it eliminates 
the respiratory risk of inhalation (bronchial irritants and carcinogens), generates 
no secondhand smoke concerns, and it produces a more prolonged and intense 
psychoactive effect [47]. Many adolescents are less likely to use edibles because they 
report more negative effects from edibles [51]. Regardless, data appears to indicate 
that approximately two thirds of adolescents who use cannabis (smoking) also have 
used edibles [52]. In addition, edibles pose a more unique problem, especially to the 
unsuspecting or naive, because there are no other foods, appetizing forms or palatable 
products in which a drug is purposely infused into it generating the final product. 
Contributing to the possibility of toxicity is the delayed effects when cannabis 
products are ingested compared to inhalation. Other concerns include accidental 
ingestions (especially children), and dose titration as edibles can vary in THC within 
and across products making it difficult among users to estimate the THC concentra-
tion that may lead to overconsumption.

The pharmacokinetics of edible cannabis differ from the profile of inhaled can-
nabis resulting in peak psychoactive effects being delayed hours after ingestion. As 
noted above, the effects of inhaled cannabis can be felt within 10 minutes, peak blood 
concentrations within an hour and complete clearance from the blood within 4 hours. 
Since adolescents or any adult can feel the effects (pharmacodynamics) of inhaled 
cannabis within minutes, significant toxicity can occur from consuming edibles if the 
user expects the same time line. When taken orally, THC (Delta-9 THC) undergoes 
“first pass effect” as the digestive system absorbs and further bio transforms (metab-
olize) the drug in the liver and in the process, decreases the availability of the active 
drug (THC) and generates another active equipotent metabolite (11-OH-THC) as well 
as the inactive carboxylic acid (THC-COOH) [35]. The hydroxylation of THC by the 
liver cytochrome P450 system to form 11-OH-THC is a potent psychoactive metabo-
lite that readily crosses the blood brain barrier [63], and may be responsible for the 
stronger and longer lasting drug effects of edibles in comparison to comparable doses 
of smoked cannabis [64, 65].

The bioavailability of THC when ingested is 10–20% as much of the cannabinoids 
contained in cannabis are degraded [20]. The process of absorption, metabolism, 
and re-distribution generates variable time delay in the onset of effects which may 
result in the adolescent consuming more than initially intended. Although edibles 
can produce the same dose-related increments in peak THC blood concentrations 
and subjective high as inhalation, oral THC may take at least 30 minutes to reach 
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significant blood levels with a peak at 3 hours and clearance from the blood at 12 or 
more hours [35, 39]. Consequently, oral consumers of edibles generally report longer 
lasting effects of the cannabis than inhalation as well as more intense and unpleasant 
side effects which can result in significant toxicity [62, 66, 67].

5.1 Cannabis toxicity from ingestion

Cannabis toxicity from edibles probably results in the majority of visits to the 
health care system simply because it encompasses all age groups, both young and old. 
The very young, because toddlers are human vacuum cleaners destined to clean up 
after adults who left their gummy bears within reach, an unsmoked joint or THC resin 
on the coffee table or half-eaten cannabis cookie on the floor. If 10 to 30 mg of oral 
THC is the recommended dose for intoxication in an adolescent/young adult, then a 
cookie containing approximately 100 mgs of THC that a toddler eats could die from 
respiratory failure [68]. The adolescent or adult comes to the emergency department 
because of failure to appreciate the differing THC pharmacokinetic profiles of inges-
tion vs. inhalation and the user consumed the entire edible cookie after not experienc-
ing the initial effects from ¼ of the intended dose of cookie he was to consume but 
did not because of delayed effects. Now the anxious adolescent who consumed the 
entire edible cookie is delirious or severely impaired and is experiencing an unex-
pected adverse effect in need of at least supportive medical care.

The majority of patients seen for cannabis ingestion will not require any treatment 
[42, 68, 69]. However, compared to toxicity from inhalation (cannabis), cannabis 
ingestion will be the mode of exposure that most likely will cause concerning signs 
and symptoms. Adolescents as well as adults were more likely to intentionally ingest 
edibles due to overconsumption and poor understanding of the delayed effects and 
experience tachycardia and CNS excitation that ranged from anxiety, paranoia and 
panic attacks to altered mental status, psychosis, and seizures with benzodiazepines 
being the most commonly used medication during care [67, 69]. Treatment for canna-
bis psychosis in the acute stage including agitation, auditory and visual hallucinations 
included intramuscular antipsychotics (haloperidol and droperidol), oral risperidone 
and olanzapine, seclusion as well as benzodiazepines [70]. Most of the other minor 
interventions will be for nausea and vomiting, fluid hydration and supplemental 
oxygen. There is no antidote for cannabis toxicity and no way to alter or hasten its 
metabolism, nor to increase its rate of excretion. The majority of these patients were 
discharged home from the emergency department with some (<10%) needing hospi-
talization. Clinical findings in older children and adolescents may include psychosis, 
ataxia, tremors, nystagmus, mood and attention alterations, excessive motor activity 
and muscle relaxation [43]. Children (<12 years) were more likely to unintentionally 
ingest edibles at home and experience CNS sedation with a higher risk of ICU admis-
sion and an occasional intubation for CNS depression [42, 69]. For children under the 
age of 6 years, the most common clinical effects from ingestion included, drowsiness 
or lethargy, ataxia, agitation or irritability and confusion. The less common but seri-
ous effects included respiratory depression, coma and seizure [71]. It is important to 
realize that cannabis intoxication may be life threatening, especially in the very young 
[72, 73].

Cannabis intoxication in children should be suspected in an afebrile child, previ-
ously known to be healthy, with a clinical presentation that includes drowsiness, 
lethargy, or coma with no focal neurological findings [72]. Most of the other minor 
interventions will be for nausea and vomiting, fluid hydration and supplemental 
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oxygen. Although edibles being the most commonly ingested substance, other 
ingested substances included botanical, concentrates and resins.

There are several studies now that are associating the high percentage of THC with 
a considerable increase in acute toxicity, especially with an increased risk of psychosis 
[32, 74, 75].

6. Cannabis during pregnancy and breastfeeding

Cannabis-derived drugs (marijuana) are the most widely used illicit drug in 
pregnancy and is frequently used to minimize the symptoms of morning sickness 
[76]. Although marijuana is not listed as a known teratogen, it’s conceivable that THC, 
acting through the eCB system could result in perturbations of the developing fetus 
that could adversely affect neurodevelopment. Cannabis exposure during pregnancy 
does not cause congenital defects such as mental retardation and developmental 
disabilities as with fetal alcohol syndrome [77]. Very early in the peri-conception 
period there is some evidence that in utero cannabis exposure may increase the risk 
of anencephaly [78], although evidence on possible adverse impacts on fetal develop-
ment and neonatal outcomes is inconsistent. However, there are studies that implicate 
cannabis in causing neurological impairment, hyperactivity, poor cognitive function, 
and changes in dopaminergic receptors in children when exposed in utero [79].

Marijuana constituents do pass freely across the placenta and has been 
shown to concentrate in breastmilk at levels 8 times of that of plasma THC [80]. 
Endocannabinoids (AEA and 2-AG) are also found in breast milk [81]. While there is 
clear data showing cannabinoids are expressed in breast milk, there is no concrete evi-
dence that infants exposed to such breast milk have any potential health effects [82]. 
Although the pharmacokinetics are known regarding the metabolism and plasma 
concentration after inhalation, intravenous and oral cannabis administration, less is 
known about the distribution of cannabinoids in breast milk. There is also a tendency 
for breast feeding moms to increase their cannabis use during the postpartum period 
and this increase translates to enhanced levels of THC in breast milk [83]. Because 
there is so little information on cannabis use during pregnancy and postpartum use 
while breast feeding, the clinician may want to consider harm reduction approach to 
reduce cannabis use during pregnancy and postpartum [18]. The perception during 
pregnancy and with postpartum mothers using cannabis that little harm is to come 
from cannabis use is simply not known and further research is urgently needed. 
Lower birthweight of the newborn is associated with smoking marijuana during 
pregnancy, as is smoking cigarettes [84]. Whether or not the oxidative stress caused 
by smoke is a mechanism of low birth weight or if it is a direct effect of cigarette or 
marijuana is not known [85].

7. Synthetic cannabinoids and their related toxicities

Synthetic cannabinoids (SCs) are chemically engineered agonists to the CB1 
receptor in the endocannabinoid system and are biochemically similar to THC in 
its post receptor activity but may be chemically/structurally quite different to the 
THC molecule making it undetectable in urine drug screens. It emerged in the 1970s 
when researchers were hopeful in developing new treatments for cancer and were 
synthesized in academic centers and pharmaceutical industries [4]. It wasn’t until 
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2008 however that investigators first detected the synthetic cannabinoid (JWH-018) 
in a herbal product that was related to a forensic investigation [5]. Since then, 
and actually greatly underappreciated before that, SCs have mushroomed in their 
prevalence and are now readily available on the streets for abuse purposes. SCs are 
commonly known as synthetic marijuana or synthetic cannabinoid receptor agonists 
and are sold in brightly colored foil packages and contain finely cut plant material 
that has been adulterated or ‘sprayed” or soaked with SCs. As such, these SCs are not 
regulated, there are no “good laboratory practice” associated with the production of 
SCs by clandestine laboratories, and are classified as Schedule I in the United States 
based on their chemical structures by the USDEA. The dried plant material used for 
smoking has no inherent psychotropic effects and are solely a vehicle for delivering 
the synthetic cannabinoid effect. Initially it was the illegality of marijuana that likely 
motivated the production of SCs by drug distributers and entrepreneurs to produce 
compounds that could be marketed to users of marijuana or prospective new users to 
provide a “legal” alternative to marijuana but still with the desired effects including 
mood elevation, relaxation, euphoria, or creative thinking [86]. It remains to be seen 
what impact legalization of marijuana may have in the future regarding the continued 
use of SCs as the toxicities associated with SCs use by younger audiences are greatly 
underappreciated.

There are likely over 500 SCs that have been introduced into the recreational 
markets and they are among the most abused psychoactive substances in Europe and 
United States [79]. The prevalence of synthetic cannabinoid agonists use by adoles-
cents is reported to be less than 2% in 2021, down from 3 to 10% the year before [37]. 
Most SCs are very potent and are high-efficiency/full agonists of the CB1 receptors 
unlike THC, which is considered a partial agonist at the CB1 receptor [3]. However, 
it is important to realize that the similarities in effects between marijuana and SCs 
are assumed based only on their receptor binding to CB1 and CB2 as no comparison 
dosing studies have ever been done. Consequently, the toxicities of SCs are likely 
underappreciated especially when the adverse effects of marijuana are considered 
low risk beyond the intoxication effects of low potency cannabis [87]. One author 
estimates that the risk of an emergency room visit is approximately 30-fold higher 
with SCs than with cannabis [88]. There is evidence that being a partial or a full 
agonist of the CB1 receptor along with their binding affinities may correlate with the 
level of exaggerated psychoactivity [89]. Both SCs and THC activate CB1 receptors 
which trigger the psychotomimetic effects. Speculation is that the adverse effects and 
unpredictability of SCs stem from the greater affinity for and increased efficacy at 
the CB1 receptors, compared to THC, but the relationship is complex [44]. Indeed, 
the full agonist activity and higher potency of the SCs at the SC1 and SC2 receptors 
may account in part, for their greater toxicities [90] as it has been estimated that 
SCs may be 5–80 times more potent at the CB1 receptor than natural cannabis [91]. 
Besides difference in receptor affinities and whether it is a full or partial agonist 
at the CB1 receptor, there are likely other differences that may assist in explaining 
greater toxicity with SCs. First, a remarkable difference in metabolism is that THC 
has only one active metabolite (11-OH-THC) while SCs can have many metabolites 
that retain binding affinity and activity at the CB1 receptor [92]. Most of the phy-
tocannabinoids such as THC or cannabinol are metabolized through the liver P450s 
(CYP2C9, CYP2C19, and CYP3A4) while metabolism of SCs is likely through several 
metabolic pathways including P450s that may generate metabolites that are injurious 
to tissues. Although both cannabis and SCs go through the cytochrome P450 system 
that mediate the phase I reaction, much of the similarities in phase II reaction likely 
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end there as most of cannabis undergoes glucuronidation while SCs undergo multiple 
processes in both phase I and phase II. However, much of the metabolism of SCs 
have limited data available. Second, when cannabis is smoked or ingested, all of the 
additional cannabinoids along with various terpenoids are also inhaled which may 
provide some complementary or synergistic activity, so called entourage effects [33]. 
As an example, with increasing potency of cannabis there has been a decrease in CBD 
levels (increasing THC/CBD ratio) which has been implicated in potentially caus-
ing health complications, perhaps because of lessoning of the “entourage effects”. In 
abusing SCs, there are no other cannabinoids or terpenoids ingested (but many other 
chemicals certainly could be ingested with SCs) that could “off set”, blunt, modify 
the activity at the CB1 receptor or provide some neuroprotective effect or some other 
non-receptor effect, thereby altering the pharmacodynamic full effects of the SCs.

To be clear, SCs are inherently more dangerous, the production of SCs in clandes-
tine labs do not honor the Good Manufacturing Practice regulations so user beware, 
and the toxicity of SCs can lead to multiple end organ adverse events, including CNS, 
which can be classified as either physical or psychological effects. Because there 
are new SCs flooding the markets to avoid the legal system, the likely presence of 
multiple SCs being ingested at once is likely. No controlled dosing studies have ever 
been done in humans with SCs, consequently, the pharmacokinetics and pharmaco-
dynamics of SCs are difficult to report with any assurance. Clinicians should suspect 
the possibility of SCs in an adolescent or young adult who arrives for evaluation with 
adverse effects similar to cannabis with a neg urine drug screen, including THC. The 
clinical effects can be highly variable and this diversity of findings may be attributed 
to the continued variability in composition and concentration of chemicals within 
SCs [93]. These findings include cardiovascular events, kidney injuries, gastroin-
testinal problems, neurological events, pulmonary effects, ocular, or psychiatric 
conditions [3, 86, 94–99]. At present, the unpredictable effects of SCs and the lack of 
a clear toxidrome to distinguish SCs from other drugs of abuse makes the differential 
broad and requires the clinician to first eliminate diverse conditions before settling 
on the possibility of SCs. In addition, it is also unclear whether the below toxicities 
are due to the SCs parent molecule, metabolites, or contaminants. See Table 1 for 
summary of toxicities: synthetic cannabinoids vs. botanical marijuana (Modified 
from Ford BM, et al) [98].

7.1 Cardiovascular

Tachycardia and hypertension are the most common clinical effects reported. 
Associated with tachycardia, there can also be cardiac arrythmias, strokes, chest 
pain, and myocardial infarctions have also been reported even in adolescents and 
young adults with no previous cardiac issues. Both bradycardia and hypotension are 
possible. Other than tachycardia, in comparison to toxicity from marijuana, the other 
associated cardiovascular toxicities from SCs are not generally reported with mari-
juana. However, myocardial infarctions have been reported in marijuana smokers and 
appears to be especially noted during the first hour of exposure.

7.2 Kidney injuries

In the settings of acute toxicity from SCs, there have been numerous reports of 
acute kidney injuries including elevated serum creatinine, proteinuria, hematuria, 
acute tubular injury and acute tubular nephritis, hypokalemia, and rhabdomyolysis. 
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Human cannabinoid toxicities

Synthetic cannabinoids Botanical marijuana

Cardiovascular

Tachycardia frequent uncommon

Arrythmias possible rare

Hypertension possible rare

Chest pain possible rare

Myocardial Infarction/Toxicity possible uncommon

Renal

Acute Kidney Injuries possible rare

Gastrointestinal

Nausea frequent rare

Vomiting (hyperemesis) frequent rare

Neurological

Euphoria frequent frequent

Appetite Stimulation frequent frequent

Nystagmus possible possible

Slurred Speech possible possible

Lethargy/Ataxia possible possible

Confusion frequent rare

Seizures possible rare

Cerebral Ischemia possible rare

Panic Attacks frequent rare

Memory Issues uncommon frequent

Pulmonary

Acute Resp Distress Syn possible rare

Respiratory Depression possible possible

Ocular

Conjunctival hyperemia common frequent

Psychiatric

Hallucinations (vis/aud) frequent rare

Delusions frequent rare

Excited Delirium frequent rare

Psychosis possible uncommon

Agitation frequent rare

Anxiety frequent rare

Table 1. 
Human cannabinoid toxicities: Comparison of synthetic cannabinoid toxicities with botanical marijuana by 
systems.
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Other metabolic disturbances have also been noted in SCs including metabolic/respi-
ratory acidosis and alkalosis. Similar to the cardiovascular toxicities, no renal toxic 
effects have generally been reported from marijuana.

7.3 Gastrointestinal

Nausea and vomiting are frequently reported with toxicity from SCs and has 
occurred with cannabis although not as frequently. In fact, it remains unclear why 
cannabis may suppress emesis in some people and appears to induce it in others. 
There is a phenomenon of cannabinoid hyperemesis syndrome (CHS) or cyclic 
vomiting syndrome (CVS), that appears mostly with inhalation of cannabis/SCs but 
has been observed most frequently with SCs. This is the result of chronic abuse and 
symptomatic relief can be obtained with hot showers. The most effective means to 
end CVS is through complete cessation of cannabis use which may take 2 weeks of 
abstinence. Patients being evaluated for this should be monitored for dehydration and 
kidney issues as well as Mallory-Weiss tears. Intravenous Haloperidol or Droperidol 
or application of capsaicin cream to the abdomen appear to be the most effective 
drugs to control nausea as conventional antiemetics do not appear to offer much relief 
[100]. Abdominal pain, diarrhea, xerostomia have been reported and resolve. Mouth 
issues including periodontal bone disease with gingival enlargement have also been 
seen in chronic use in both CBs and cannabis [101]. Hepatotoxicity has been noted 
with the use of some SCs [102]. Few GI issues have been reported with cannabis other 
than related to emesis.

7.4 Neurological

There are a multitude of neurological clinical effects that are possible with 
toxicity from SCs. Some of the neurological toxicity findings are found in both 
acute effects of cannabis and SCs and these include, euphoria, appetite stimulation, 
slurred speech, ataxia/lethargy, and nystagmus. Acute toxicity from SCs is more 
likely to exhibit the following neurological findings in comparison to cannabis: 
confusion, anxiety, panic attacks, agitation, irritability, and seizures. Very recently, 
there was a publication citing evidence that cannabis may have proconvulsant 
effects [103]. In addition, the following have been reported in acute toxicity from 
SCs including self-mutilation, catatonia or psychomotor retardation, and memory 
disturbances. It should be noted that memory disturbances are commonly observed 
in cannabis abuse.

7.5 Pulmonary

Severe respiratory depression or tachypnea has been observed, along with 
 pneumothorax and acute respiratory distress syndrome can occur with SCs use. 
In 2019, there was an outbreak of product use-associated lung injury (so called 
e-cigarette, or vaping, product use associated lung injury, EVALI) [54]. It was not 
found to be from any particular cannabis or cannabis extact or SCs, but rather from 
Vitamin E acetate, a diluent and thickening agent in cannabis-based products. Severe 
respiratory depression can certainly occur with cannabis ingestion as noted above, 
especially in toddlers and children. Pneumothorax can also occur from both cannabis 
and SCs use and may be more of a function in maximizing pulmonary absorption by 
taking very deep and prolonged breaths. Someone with panic attacks or anxiety may 
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be overlooked when an astute clinician or a chest xray may reveal a reason for their 
anxiety or panic attack and that is a pneumothorax.

7.6 Ocular

Conjunctival hyperemia and mydriasis have been noted in both toxicity from SCs 
and cannabis.

7.7 Psychiatric

Hallucinations (visual and auditory), anxiety, delusions, excited delirium, and 
psychosis in susceptible individuals have been noted to be more common in SCs users 
than in cannabis users regarding acute effects. Psychosis is a condition in which the 
individual is not able to think clearly, unable to distinguish between reality and false 
beliefs or delusions. Similar to psychosis with high potency THC, there may be a dose 
effect that exists for SCs although research is lacking for SCs and absolute confirma-
tion linking cause and effect regarding THC and psychosis is lacking.

As noted above under “neurological”, more individuals with toxicity from SCs 
were found to have confusion, anxiety, agitation, irritability, and panic attacks com-
pared to cannabis users [104]. Suicidal thoughts and attempts have also been noted in 
toxicity from SCs. In some, the overall effects of SCs can resemble those of cannabis, 
but those presenting to the hospital are doing so because of behavioral abnormalities 
(agitation, psychosis or severe anxiety) or because of acute illnesses such as those 
listed above involving other end organs. Psychosis or psychosis-like conditions appear 
relatively frequently with the use of SCs and may be a direct or indirect effect (parent 
SCs or metabolites) of their high potency or perhaps due to the absence of CBD, the 
so-called entourage effect with marijuana. There is now evidence that SCs exposure 
in adolescents is associated with higher odds of neuropsychiatric morbidity than 
cannabis exposure [105].

7.8 Clinical treatment

Clinical management frequently involves supportive care, intravenous fluids, 
electrolyte replenishment, benzodiazepines for seizures, neuroleptics (Haldol or 
Droperidol) for psychotic symptoms, or agitation not responsive to benzodiazepines. 
Many patients may need to be admitted if unstable, or if acute agitation/psychosis 
is not clearing. In most patients, the effects noted above are not life threatening and 
generally cease in around 8 hours after consumption [106]. It should also be noted 
that unlike cannabis, SCs are not detected by common urine drug screens.

8. Conclusion

Cannabis use is long standing and is not going away. There are currently two major 
driving forces that may dictate the health of a subset of our adolescence if allowed. 
First, are the socioeconomic and legislative changes that are generating cheaper and 
legally available cannabis products, perhaps under the guise of a falsely reassuring 
perception in lack of harm. The second driving force that is also concerning is higher 
potency cannabinoids, whether they be botanically derived or synthetic in deriva-
tion, that acutely cause toxicity in the CNS and other end organs where cannabinoid 
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receptors are abundantly expressed and has been discussed in this review with 
management recommendations. With continued use, cannabinoid agonists may be 
linked to poor social and behavioral outcomes later in life as well as neurocognitive 
deficits yet to be determined. The research is lacking, urgently needed, and findings 
likely subtle and difficult to quantify. The nature of adolescence and young adulthood 
is experimentation and risk taking but the involvement of the eCB system may now 
be unlocked during critical periods of neurodevelopment. Exogenous cannabinoid 
agonists may lead to exaggerated psychoactive effects that could result in the forma-
tion of permanent and irreversible neural networks posing issues later in life. Future 
vulnerabilities may include cannabis use disorder and withdrawal issues in the short 
term and psychosis, schizophrenia, and addiction in the long term.
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Chapter 6

Evidence of Health Effects 
Associated with Marijuana Use: 
A Comprehensive Public Health 
Review
Richard Holdman

Abstract

Starting in 2014, Colorado Department of Public Health was designated to 
 monitor the emerging science and medical information relevant to the health effects 
associated with marijuana use. After years of conducting an ongoing systematic 
review of scientific literature, we have established 139 evidence statements within 
11 health topics. Our mission is to translate the science into meaningful public health 
statements and recommendations to inform and educate the general public, health-
care providers, and everyone in-between on the health effects associated with mari-
juana use. This chapter summarizes evidence from all of our health topics; ranging 
from respiratory effects of marijuana to cognitive and academic effects of marijuana 
use on adolescents and young adults.

Keywords: tetrahydrocannabinol, marijuana use, health effects, public health, 
systematic review

1. Introduction

In 2014 recreational, adult-use of cannabis (interchangeably referred to as mari-
juana) was established in the state of Colorado. At this time the Colorado Department 
of Public Health and Environment (CDPHE) was given statutory responsibility in 
Colorado Revised Statute (C.R.S.) 25-1.5-110, to; “monitor changes … in the emerging 
science and medical information relevant to the health effects associated with mari-
juana use.” and “appoint a panel of health care professionals with expertise in, but not 
limited to, neuroscience, epidemiology, toxicology, cannabis physiology, and canna-
bis quality control to further direct policy.” Based on this charge, CDPHE appointed a 
14-member committee titled the Retail Marijuana Public Health Advisory Committee 
(RMPHAC) to review scientific literature on the health effects of marijuana.

Under the same statute mentioned previously, the RMPHAC is directed to “…
establish criteria for studies to be reviewed, reviewing studies and other data, and 
making recommendations, as appropriate, for policies intended to protect consum-
ers of marijuana or marijuana products and the general public.” To implement this 
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charge, the RMPHAC meets four or five times a year to review the scientific literature 
currently available on health effects of marijuana use, evaluate findings without 
bias, openly discuss the science and apply expert opinion, come to consensus on the 
science, translate the science into public health messages, make policy-related recom-
mendations, recommend surveillance activities, and identify and address gaps in 
the science important to public health. All this information is compiled and detailed 
in a report every two years for the Colorado State Board of Health, the Colorado 
Department of Revenue, and the Colorado General Assembly, titled “Monitoring 
Health Concerns Related to Marijuana in Colorado” [1].

Since 2014, and prior to this publication, the RMPHAC has come together on a 
quarterly basis, held discussions concerning hundreds of articles, and developed 
over one hundred evidence statements within eleven health topics. As more scientific 
evidence regarding cannabis health effects are published, this committee continues 
to build upon existing evidence statements or will construct new statements when 
appropriate. This chapter will detail the review methods used by the RMPHAC to 
develop evidence statements about the health effects associated with marijuana use, 
describe the findings from all eleven health topics, and report the public health state-
ments, recommendations, and research gaps used to inform public health policy in 
the State of Colorado.

2. Systematic review development and process

The first step in the process of investigating the health effects from marijuana use 
was to develop and implement an unbiased, transparent, and complete process for 
evaluating scientific literature and data on marijuana use and health outcomes. To 
ensure this, the RMPHAC and CDPHE technical staff developed a twelve step review 
process guided by the established preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) framework [2]. These twelve steps are followed for each 
review and are as follows:

1. Conduct a broad search of current peer-reviewed publications quarterly. 
Relevant articles cited in reviews or other primary studies are also included.

2. Review relevant full-text articles identified in the search.

3. Rate the findings: each finding in the articles is rated as a high-, medium-, or 
low-quality finding based on strengths and limitations of the methods. Evalu-
ation of the strengths and limitations was based on criteria in the grading of 
recommendations assessment, development and evaluation (GRADE) system, 
a well-accepted method for evaluating the quality of scientific evidence [3].

4. Group related findings: each finding is categorized based on population, 
exposure, and outcome (health effect), to answer specific questions.

5. Weigh the evidence: draft evidence statements that summarize the quantity 
and quality of evidence answering a specific question.

6. Translate the evidence: draft public health statement that translate the evidence 
statement into language at an 11th grade reading level.
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7. Synthesize the evidence: draft public health recommendations (e.g., for educa-
tion or monitoring) based on important information identified through the 
review process.

8. Identify research gaps: draft statements to articulate the research gaps identi-
fied during the review process.

9. Present to committee: findings, evidence statements, public health statements, 
public health recommendations, and research gaps are publicly presented to the 
RMPHAC for review and revision during open public meetings.

10. Public comment: during the open public meetings, interested stakeholders and 
members of the public are invited to provide comments relevant to the topics 
presented.

11. Reach consensus: committee members come to consensus on findings, evidence 
statement, public health statement, public health recommendations, and 
research gaps.

12. Adopt summary statements: committee votes to officially accept findings, 
evidence statements, public health statements, public health recommendations, 
and research gaps.

All review methods were approved by the RMPHAC, including the terms used 
to conduct the ongoing broad search of peer-reviewed publications for relevant 
literature. Medline is the priority research database used to obtain articles for review. 
Embase, the biomedical database, and gray literature were secondarily reviewed 
when references in included articles were not included in Medline searches. Studies 
of marijuana use in humans were the primary focus of the review, with animal 
studies included for only specific topics with limited human research. All identi-
fied peer-reviewed literature on a given topic was reviewed, regardless of positive 
or negative findings or quality of the methods utilized. For the ongoing broad 
Medline search, medical subject heading (MeSH) terms were used and is as follows; 
“Cannabis”[Mesh] OR Marijuana “Smoking”[Mesh] OR “Marijuana Abuse”[Mesh] 
OR cannabis OR marijuana OR marihuana OR hash oil OR hashish. In 2014, when this 
review was established, specific searches were conducted using the appropriate MeSH 
terms for each topic area.

Once relevant literature is obtained, each finding is rated high, medium, or 
low quality based on the strengths and limitations of the methods which is deter-
mined by criteria in the GRADE system. The GRADE system is a well-established 
method for systematic literature review and has been used by the Cochrane 
Collaboration, British Medical Journal, American College of Physicians, World 
Health Organization, and many others [3]. Findings rated high quality are defined 
as “We are very confident that the true effect lies close to that of the estimate of the 
effect outlined in the study.” These are well-designed and well-controlled stud-
ies with few limitations. Due to the fact that most studies included in our review 
are observational epidemiology studies, receiving a high quality rating does not 
necessarily imply causation. It simply implies that an observed association persists 
between an exposure and effect in an appropriately-sized study population after 
adjusting for appropriate confounders. Medium quality findings are defined as 
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“we are moderately confident in the effect estimate outlined in the study. The 
true effect is likely to be close to the estimate of the effect, but there is a possibil-
ity that it is substantially different.” For observational epidemiology studies this 
implies the finding of an observed association may be limited by a small study 
population or insufficient adjustment for important confounders. Low qual-
ity findings are defined as “our confidence in the effect estimate outlined in the 
study is limited. The true effect may be substantially different from the estimate 
of the effect.” For observational epidemiology studies this implies the finding of 
an observed association with an interpretation that is significantly restricted by 
study limitations.

Findings from relevant literature are usually grouped based on outcome or the 
health effect in question. However, in some situations findings are further subdivided 
based on factors such as: age range of the exposed population, special subject circum-
stances such as pregnancy or breastfeeding, level or method of marijuana use, time 
period since last use of marijuana, amount of marijuana used, and THC concentra-
tion. Standardized definitions of level of marijuana use (daily, weekly, etc.) and age 
groups (child, adolescent, young adult, etc.) were established to help facilitate group-
ing of findings. Once findings are grouped appropriately, the evidence is drafted into 
evidence statements that summarize the quality and quantity of scientific evidence 
supporting an association between marijuana use and a health outcome.

3. Systematic review findings

In order to make our review findings easily interpretable we used a standardized 
rating system to classify evidence statements. These statements are also constructed 
to accurately portray the quality and quantity of all findings used to support the 
particular health outcome. Evidence statements all use standardized language from 
one of the following six classifications:

• Substantial evidence—indicates robust scientific findings that support an 
association between marijuana use and the outcome.

• Moderate evidence—indicates scientific findings that support an association, but 
these findings have some limitations.

• Limited evidence—indicates modest scientific findings that support an associa-
tion, but these findings have significant limitations.

• Mixed evidence—indicates both supporting and opposing scientific findings for 
an association, with neither direction dominating.

• Insufficient evidence—indicates the outcome has not been sufficiently studied 
to conclude whether or not there is an association between marijuana use and the 
outcome.

• Body of research failing to show an association—indicates the topic has been 
researched without evidence of an association; is further classified as a limited, 
moderate, or substantial body of research.
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In the following sections evidence statements will be discussed according to health 
topic and statements with enough findings to receive a substantial or moderate rating 
are displayed in tables. All statements, regardless of evidence level, are drafted by 
CDPHE technical staff, revised based on committee review and feedback from tech-
nical advisors and public stakeholders. Statements in their final form are approved by 
a vote of the committee.

3.1 Marijuana use among adolescents and young adults

The RMPHAC has reviewed the relationships between adolescent and young 
adult marijuana use on various areas of concern; including cognitive abilities, aca-
demic performance, mental health, and future substance use, displayed in Table 1. 
Specifically regarding cognitive and academic abilities, weekly marijuana use by ado-
lescents is associated with deficits for at least twenty-eight days after last use. Weekly 
use among adolescents is also associated with failure to graduate from high school 
or complete a college degree. Information on how marijuana use affects short-term 
and long-term IQ is currently insufficient and limited, respectively. As with many of 
our statements that reflect long-term marijuana use, the paucity of long-term studies 
is a research gap that will hopefully improve due to the changing legal landscape of 
cannabis throughout the United States.

Adolescents and young adults who use marijuana are more likely to experience 
psychotic symptoms in adulthood (such as hallucinations, paranoia, and delusional 
beliefs), future psychotic disorders (such as schizophrenia), and suicidal thoughts or 
attempting suicide, when compared to adolescents and young adults who do not use 
marijuana. Additionally, those using marijuana with higher tetrahydrocannabinol 
(THC) concentration (>10% THC) are more likely than non-users to continue using 
and to develop future mental health symptoms and disorders. How marijuana use 
during adolescence affects symptoms or a diagnosis of anxiety in adulthood cur-
rently stands at a mixed evidence level, with fourteen articles contributing to this 
rating. Only one of which received a high quality rating and also reported mixed 
findings relevant to this evidence statement on anxiety [64]. Results from their main 
analysis did show an association with adolescent cannabis use and adulthood anxi-
ety, however, results from a monozygotic-only co-twin control analysis reported no 
association [64].

Evidence shows that adolescents who use marijuana can develop cannabis use 
disorder, along with marijuana use being associated with developing use disorder 
for tobacco, alcohol, and other drugs. On a more positive note, evidence shows that 
adolescents who receive treatment for cannabis use disorder can decrease their use 
and dependence. Additionally, those who quit using marijuana have lower risks of 
adverse cognitive and mental health outcomes than those who continue to use.

3.2 Marijuana use and cancer

To assess how marijuana use may or may not be associated with cancer, the 
RMPHAC reviewed health effects of the chemicals released in marijuana smoke and 
vapor and evaluated how different rates of marijuana use relate to cancer. Strong 
evidence shows marijuana smoke contains many of the same cancer-causing chemi-
cals found in tobacco smoke [109]. There is also substantial evidence that daily or 
near-daily marijuana smoking is associated with pre-malignant lesions in the airway. 
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However, there is conflicting research for whether or not marijuana smoking is 
associated with lung cancer. As shown by the moderate evidence statement in Table 2, 
the body of research reviewed has failed to show an association between smoking less 
than the equivalent of one joint per day for 10 years and lung cancer.

Apart from the respiratory system, most of our statements are not in Table 2 due 
to the limited evidence available concerning cancers of the bladder, prostate, head 
and neck. These limited statements all suggest these forms of cancer might not have 
any association with marijuana use. However, there is evidence that marijuana use 
among adult males may be associated with nonseminoma testicular cancer. High 
quality research on non-respiratory tract cancers related to marijuana use remains a 
research gap identified by the RMPHAC.

Substantial evidence Moderate evidence

Benefits of quitting Treatment for cannabis use 
disorder can reduce use and 
dependence [4–10]

Quitting or decreasing marijuana use 
lowers the risk of adverse mental health 
outcomes [11–14]

Cognitive and academic 
effects

Weekly, or more frequent, use 
is associated with a lower rate of 
graduating high school [15–23]

Weekly, or more frequent, use is 
associated with a lower rate of attaining a 
college degree (among those who start a 
degree program) [19, 24–29]

Weekly, or more frequent, use is 
associated with ongoing cognitive and 
academic impairment for at least 28 days 
after last use [30–35]

Mental health Daily or near daily use is 
associated with future psychotic 
disorders like schizophrenia 
[36–43]

Marijuana use is associated with suicidal 
thoughts or attempting suicide [22, 44–63]

Use is associated with future 
psychotic symptoms (likelihood 
increases with more frequent 
use) [14, 40, 42, 64–80]

Substance use, abuse, and 
addiction

Those who use marijuana can 
develop cannabis use disorder 
(addiction) [81–87]

Marijuana use is associated with future 
use and use disorder for alcohol [15, 20, 
88–92]

Marijuana use is associated with 
future use and use disorder for 
marijuana, tobacco and other 
drugs [13, 15, 20, 22, 25, 28, 79, 
84, 87–105]

High THC (%) 
concentration

Using marijuana with higher THC 
concentration (>10% THC) is associated 
with continued use [38, 106–108]

Use of marijuana with higher THC 
concentration (>10% THC) is associated 
with future mental health symptoms and 
disorders [38, 78, 107]

Table 1. 
Marijuana use among adolescents and young adults.
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3.3 Marijuana use and cardiovascular effects

Related to cardiovascular health effects, how marijuana use associates with 
myocardial infarction, stroke, and death from cardiovascular causes were reviewed. 
Evidence shows that marijuana use or consumption in those under the age of fifty-five 
years are at an increased risk of ischemic stoke, as shown in Table 3. However, cur-
rently there is only limited scientific evidence to support our statements on myocar-
dial infarction and death related to a cardiovascular event.

3.4 Marijuana dose and drug interactions

An important metric to understand is how THC blood levels compare from various 
marijuana methods of use and the numerous concentrations of THC in available 
products on the retail marijuana market. For example, there is substantial evidence 
that smoking more than 10 mg THC (or 10–20% of a 1 g marijuana joint) produces a 
blood THC level near or above 5 ng/mL within 10 min. As we see the THC concentra-
tion of marijuana products increase, we can expect this association to remain strong. 
One important finding in Table 4 is that it can take up to four hours after consuming 
an edible marijuana product to reach the peak THC blood concentration and feel the 
full effects. Another method of use, vaporized THC, shows moderate evidence of 
producing a similar blood THC level to smoking the same amount.

Within this topic the RMPHAC reviewed effects of secondhand marijuana smoke, 
drug-drug interactions involving marijuana, and relationships between marijuana 
and opioid use. There is credible evidence of clinically important drug-drug interac-
tions between marijuana and multiple medications, including some anti-seizure med-
ications and a common blood-thinner, warfarin. Data about potential interactions are 

Substantial evidence Moderate evidence

Cancer and precancerous 
lesions

Daily or near daily use is 
associated with pre-cancerous 
lesions in airway [110–112]

Smoking less than the equivalent 
of one joint per day for 10 years is 
not associated with lung cancer 
[113–118]

Chemicals in MJ smoke or 
vapor

Marijuana smoke contains many 
of the same cancer causing 
chemicals as tobacco smoke [109, 
119–122]

Genitourinary Cancer Use among adult males is associated 
with increased risk of nonseminoma 
testicular cancer [123–127]

Table 2. 
Marijuana use and cancer.

Substantial evidence Moderate evidence

Marijuana users/consumers younger than 55 years of 
age are at an increased risk of stroke [128–145]

Table 3. 
Marijuana use and cardiovascular effects.
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lacking for many drugs at this time and are likely to evolve substantially in the coming 
years. Other than our statement about secondhand marijuana smoke exposure being 
unlikely to cause a positive drug screen, our statements in this topic area are all based 
on limited evidence. Health effects resulting from secondhand marijuana smoke 
exposure is an area lacking in research. There is also conflicting evidence for whether 
or not marijuana use is associated with a decrease in opioid use among chronic pain 
patients or individuals with a history of problem drug use.

3.5 Marijuana use and driving

As with any psychoactive substance it is imperative to know how marijuana affects 
a person’s ability to drive and the crash risks associated with use. To fully comprehend 
how marijuana causes driving impairment we must also understand the pharmaco-
kinetics of THC in the human body to know how long these affects will persist after 
last use. Table 5 displays all driving related statements that have evidence to provide a 
substantial or moderate rated statement. Current research shows substantial evidence 
that recent marijuana use by a driver increases the risk of a motor vehicle crash. In 
addition, using alcohol and marijuana together increases impairment and the risk of a 
motor vehicle crash more than using either substance alone.

The RMPHAC also set out to determine how various patterns of marijuana use 
affect driving. People that consume marijuana less-than-weekly are likely to experi-
ence impaired driving after using marijuana containing ten milligrams or more of 
THC. This statement holds true for smoking or consuming edible marijuana products. 
Research on driving impairment for those that consume more frequently than weekly 
is currently lacking in scientific literature. Due to this our evidence statement on crash 
risk for different levels of use (less-than-weekly compared to more frequent use) has 
received an insufficient rating at this time.

Articles measuring THC blood levels were also assessed to evaluate for any 
correlation to driving impairment, crash risk, and to develop statements inform-
ing consumers the amount of time to wait prior to driving. There is substantial 
evidence, including a randomized clinical trial [202], which has displayed mean-
ingful driving impairment with a whole blood THC of 2–5 ng/mL. Additionally, 
moderate evidence points to a positive relationship between THC blood level and 
motor vehicle crash risk. In order for marijuana consumers to allow impairment to 
resolve, less-than-weekly consumers should wait at least six hours after smoking or 

Substantial evidence Moderate evidence

THC blood levels 
resulting from 
different exposures

It takes up to four hours after ingesting 
marijuana (edible products) to reach peak 
blood THC levels [146–151]

Ingesting (edible products) more than 
15 mg THC may produce a blood THC 
level above 5 ng/mL [148, 152–154]

Smoking more than 10 mg THC produces 
a blood THC level near or above 5 ng/mL 
within 10 min [152, 155–159]

Inhaling vaporized THC produces a 
blood THC level similar to smoking 
the same dose [149, 159, 160]

Secondhand 
exposure

Typical secondhand marijuana smoke 
exposure is unlikely to cause a positive drug 
screen by urine or blood [161–169]

Table 4. 
Marijuana dose and drug interactions.
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eight hours after eating or drinking marijuana products. When consuming larger 
amounts of THC or for people that consume more frequently, evidence is currently 
insufficient to determine the safe amount of time for impairment to wear off. 
Evidence is also showing that blood THC levels of marijuana-impaired drivers are 
higher now than in the past, likely resulting from the increasing THC concentration 
of available marijuana products.

3.6 Marijuana use and gastrointestinal or reproductive effects

The RMPHAC reviewed how marijuana use may affect gastrointestinal disease, 
particularly cyclic vomiting, and infertility or abnormal reproductive function. 
Displayed in Table 6, evidence shows that long-time, daily or near daily marijuana 
use is associated with cyclic vomiting, also called cannabinoid hyperemesis syndrome 
(CHS). A majority of evidence supporting this statement is from case reports or case 
series of identified CHS patients, however, many review articles detail diagnostic 
criteria, treatment options, and the physiology behind marijuana use and CHS pre-
sentation [220]. Regarding reproductive function, there is limited research showing 
marijuana use is associated with male infertility or abnormal function, however, the 
research is conflicting for women.

3.7 Marijuana use and injury

The RMPHAC reviewed workplace, recreational and other non-driving injuries, 
burns from hash-oil extraction or failed electronic smoking devices, and physical 

Substantial evidence Moderate evidence

Combined 
marijuana and 
alcohol use

Combined use of marijuana and alcohol 
increases crash risk more than either substance 
alone [170–181]

Impairment and 
crash risk

Recent marijuana use/consumption by a driver 
increases the risk of a motor vehicle crash 
[170–172, 174, 182–188]

Higher THC blood level increases 
the risk of a motor vehicle crash 
[173, 178, 180, 189]

Smoking more than 10 mg THC can lead 
to driving impairment [147, 155, 157, 177, 
190–200]

Blood THC levels of impaired 
drivers are higher now than they 
were in the past [201]

Orally ingesting more than 10 mg THC can 
lead driving impairment [146, 147, 153, 155]

Increased risk of driving impairment at blood 
THC as low as 2–5 ng/mL [155, 185, 190, 
202–206]

Time to wait before 
driving

Waiting at least 6 after smoking less than 
18 mg allows driving impairment to resolve or 
nearly resolve [155, 190, 207]

Waiting at least 6 h after smoking 
about 35 mg allows driving 
impairment to resolve or nearly 
resolve [157, 192, 196]

Waiting at least 8 h after orally ingesting less 
than 18 mg allows driving impairment to 
resolve or nearly resolve [147, 153, 155, 208]

Table 5. 
Marijuana use and driving.
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dating violence. Evidence shows mixed results for marijuana use affecting the risk of 
workplace injury, recreational injury, and other types of non-driving-related injury. 
There have been many reports of severe burns resulting from home-extraction of 
butane hash oil leading to explosions, and cases of electronic smoking devices explod-
ing, leading to trauma and burns.

Concerning dating violence, Table 7 shows our only statement reaching moder-
ate or substantial levels of evidence is that young adult women who use marijuana 
are unlikely to perpetrate physical dating violence against their dating partners. 
Otherwise, evidence does show that young adults who use marijuana are unlikely to 
commit or be victims of physical dating violence, however evidence is limited at this 
time. Evidence for adolescent boys that use marijuana has mixed findings for physical 
dating violence perpetration and limited evidence for victimization, with evidence 
for adolescent girls being the opposite (Table 7).

3.8 Marijuana use and neurological, cognitive, and mental health effects

Similar to statements in our adolescent and young adult section, it is imperative to 
understand how marijuana could impact neurological, cognitive, and mental health 
in adult marijuana consumers. This section also explores how marijuana consumption 
relates to marijuana abuse and addiction among adult consumers. While our review 
on cognitive effects includes decision making, executive function, memory impair-
ment, and lasting cognitive effects, strong evidence has been found only for memory 
impairment, as shown in Table 8. We have found substantial evidence that daily or 
near daily adult marijuana consumers are more likely than non-users to have memory 
impairments for at least seven days after last use. Evidence is mixed for whether or 
not these memory impairments or other cognitive effects last for at least twenty-eight 
days after last use, among the same population of adult consumers.

As with all psychoactive substances, mental health effects in adult marijuana 
consumers must be examined. An important acute effect of THC with substantial evi-
dence is psychotic symptoms, such as hallucinations, paranoia, and delusional beliefs 
during intoxication, and these symptoms are worse with higher doses. Additionally, 
daily or near daily marijuana use is associated with developing a psychotic disorder 
such as schizophrenia. As detailed in our report focusing on the increasing concentra-
tion of THC in products available, there is increased public health concern as these 

Substantial evidence Moderate evidence

Cyclic vomiting Cyclic vomiting can occur with long-time, daily or 
near daily marijuana use/consumption (cannabinoid 
hyperemesis syndrome) [209–219]

Table 6. 
Marijuana use and gastrointestinal and reproductive effects.

Substantial evidence Moderate evidence

Physical dating 
violence

Young adult women who use marijuana are unlikely to 
perpetrate physical dating violence [221–226]

Table 7. 
Marijuana use and injury.
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products may lead to higher potential for adverse health effects in consumers [1]. 
This concern is substantiated by available research enabling us to provide a moderate 
rated statement showing association between higher concentration THC products and 
future psychotic disorders in adult marijuana consumers.

Finally, evidence shows marijuana consumers can experience withdrawal symp-
toms when abstaining and become addicted to marijuana or develop cannabis use dis-
order. However, as with adolescents, treatment for cannabis use disorder can reduce 
use and dependence in adult consumers. Many associations within this section lack 
high quality evidence or research currently exhibits mixed findings, such as marijuana 
use being associated with anxiety, depression, or bipolar disorder (Table 8).

3.9 Marijuana use during pregnancy and/or breastfeeding

Table 9 details our evidence concerning marijuana use during pregnancy and breast-
feeding. Biological evidence shows THC passes through the placenta to the fetus and is 
present in the breast milk of women who use marijuana. Scientific evidence shows the 
fetus absorbs and metabolizes THC passed through the placenta and THC metabolites 
are found in the meconium or first stool passed by the newborn after birth. Additionally, 
infants who drink breast milk containing THC absorb and metabolize the THC. These 
statements show how important it is to understand how marijuana use during pregnancy 
and/or breastfeeding can affect the offspring or impact delivery of the offspring.

Specifically regarding exposed offspring, the RMPHAC reviews potential 
effects starting at birth and later in childhood or adolescence. Marijuana use during 
pregnancy has shown to not be associated with birth defects in general, but limited 
evidence of an association with an increased risk of heart defects, stillbirth, and 
decreased growth in offspring. Stronger evidence was found for effects that are seen 

Substantial evidence Moderate evidence

Cognitive effects Daily or near daily use is associated with 
impaired memory for at least 7 days [30, 
227–235]

Mental health effects Use is associated with acute psychotic 
symptoms during intoxication, which are 
worse with higher doses [236–243]

Daily or near daily use is associated with future 
psychotic disorders like schizophrenia [38, 42, 
107, 244–246]

Use of marijuana with THC 
concentration > 10% is 
associated with future psychotic 
disorders like schizophrenia [38, 
107, 247]

Substance use, abuse 
and addiction

Those who use marijuana can develop cannabis 
use disorder (addiction) [82, 85, 86, 93, 
248–252]

Treatment for cannabis use disorder can 
reduce use and dependence [4, 6, 8, 9, 253–257]

Those using daily or near daily can experience 
withdrawal symptoms when abstaining [11, 
258–270]

Table 8. 
Marijuana use and neurological, cognitive, mental health effects.
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in offspring years after birth if a child’s mother used marijuana while pregnant. These 
include impaired cognitive function and academic ability, lower IQ scores, and atten-
tion problems in childhood.

3.10 Marijuana use and respiratory effects

While consumers have a variety of marijuana products to choose from, smoking 
marijuana flower remains the most common method of use and thus respiratory 
effects must be evaluated [317]. The RMPHAC reviews respiratory diseases such as 
chronic obstructive pulmonary disorder (COPD), chronic bronchitis and asthma, 
respiratory infections, lung function relative to smoked marijuana. The committee 
has also reviewed potential health effects of vaporized marijuana as those products 
have emerged on the legal market. Displayed in Table 10, strong evidence shows an 
association between daily or near-daily marijuana use and chronic bronchitis, includ-
ing chronic cough, sputum production, and wheezing. Weaker evidence shows daily or 
near-daily marijuana use may be associated with bullous lung disease leading to pneu-
mothorax in individuals younger than forty years of age. Additionally, limited evi-
dence does show frequent smokers who switch from marijuana smoking to marijuana 
vaporizing may have fewer respiratory symptoms and improved pulmonary function. 
Finally, a notable effect of acute marijuana smoking is a short-term improvement in 
lung airflow, though evidence contributing to this statement is dated (Table 10).

3.11 Unintentional marijuana exposure in children

As marijuana becomes more accessible to the public, we must consider uninten-
tional exposures in homes with children and how packaging can affect these. Strong 
evidence was found, shown in Table 11, that more unintentional exposures of chil-
dren occur in states with increased legal access to marijuana, and exposures can lead 

Substantial evidence Moderate evidence

Effects on exposed offspring Prenatal marijuana exposure is associated with 
reduced cognitive function, academic ability, 
and IQ scores in childhood [271–280]

Prenatal marijuana exposure is associated with 
attention problems in childhood [273, 281–285]

Birth defects Prenatal marijuana use is not associated with 
birth defects [286–292]

Preterm delivery or abnormal 
birth weight

Maternal use during pregnancy is associated 
with infants being born small for gestational 
age (birth weight less than 10th percentile for 
gestational age) [286, 287, 289, 292–305]

Biological evidence concerning marijuana use during pregnancy and breastfeeding

THC is passed through the placenta of women who use marijuana, the fetus absorbs and metabolizes the THC, 
and THC metabolites are found in the meconium [306–310].

THC is present in the breast milk of women who use marijuana. Infants who drink breast milk containing THC 
absorb and metabolize the THC [311–316].

Table 9. 
Marijuana use during pregnancy and/or breastfeeding.
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to significant clinical effects requiring medical attention and even hospitalization. 
However, evidence does show that child-resistant packaging reduces unintentional 
pediatric marijuana poisonings (Table 11).

4. Public health statements and recommendations

Once evidence statements have been drafted and approved by the RMPHAC, the 
next step (number 6 from our systematic review process) is to translate the evidence 
into public health statements. These are designed to accurately reflect the evidence 
statements using language the public can understand. The committee also wanted to 
ensure these statements conveyed the volume and quality of research related to the 
outcome and allowed the statement to stand on its own without context. Similar to 
our evidence statements, these use standardized language to represent the strength of 
relationship and use the phrase “associated with” to represent epidemiologic associa-
tions that do not imply causation. As of the date of this book’s publication CDPHE has 
seventy-four public health statements corresponding to all our evidence statements 
rated moderate or substantial.

In a similar manner, public health statements are subsequently drafted into public 
health recommendations. These are synthesized in order to inform the development 
of evidence-based prevention and education campaigns performed by CDPHE. 
Furthermore, recommendations are separated by data quality issues, surveillance, 
and education. Our recommendations share common themes to those put forth by the 
National Academies of Sciences, Engineering, and Medicine’s review of health effects 
associated with cannabis and cannabinoids [345].

Data quality issues are defined as recommendations to improve current data col-
lection deficiencies at the clinical or governmental level that prevent full analysis of 
public health outcomes related to marijuana use. It is especially important to improve 
data quality by systematically collecting information on the frequency, amount, THC 
content, and method of marijuana use in both public health surveillance and medical 
care settings. Clinicians should routinely screen for marijuana use during hospitaliza-
tions, especially among pregnant or adolescent patients.

Public health surveillance recommendations are based on improving capac-
ity to detect an acute public health danger (e.g., real time emergency department 

Substantial evidence Moderate evidence

Smoked marijuana Use is associated with chronic bronchitis with cough, 
wheezing and mucus [318–327]

Acute use is associated with short-term lung airflow 
improvement [328–330]

Table 10. 
Marijuana use and respiratory effects.

Substantial evidence Moderate evidence

Legal marijuana access increases unintentional 
marijuana exposures in children [331–341]

Child-resistant packaging reduces 
unintentional pediatric poisonings [342–344]

Table 11. 
Unintentional marijuana exposure in children.
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surveillance to detect poisonings from contaminated product); the ability to char-
acterize chronic public health dangers to support policy and other intervention 
decisions; or the ability to generate epidemiologic data to contribute to planning 
and evaluating population level interventions. Questions regarding marijuana 
use should be continued on population-based surveys such as the Behavioral Risk 
Factor Surveillance System, the Healthy Kids Colorado Survey, and Pregnancy Risk 
Assessment Monitoring System. Additionally, methods should be expanded to collect 
more detailed information, such as quantity and methods of use, THC content of 
products used, and adverse effects experienced.

Education recommendations are included to ensure evidence-based information 
on potential health effects of marijuana use is provided to the appropriate target 
audiences. Public education is especially important related to the effects of use during 
pregnancy, adolescent use, driving after use, increasing THC concentration of prod-
ucts, and unsafe storage around children. Education for health care providers should 
also be emphasized on the need for marijuana use screening, the known health effects 
of use, and encouraging more open dialog between providers and patients.

5. Research gaps

In addition to public health recommendations, important research gaps related to 
the population-based health effects of marijuana use were identified during the litera-
ture review process. These research gaps are based on common limitations of existing 
research or issues important to public education or policymaking. Research gaps 
particularly important to public health and safety include the need for: (1) research 
on the effects of marijuana use on pregnant women and their offspring, including 
while breastfeeding; (2) research on marijuana and marijuana products that contain 
THC concentrations consistent with products currently available in legalized markets; 
(3) research on health effects among individuals who have used marijuana frequently 
for a long period of time; (4) research on driving impairment among people who use 
marijuana more than weekly and may have developed tolerance; (5) research to better 
characterize the pharmacokinetics/pharmacodynamics, potential drug interactions, 
health effects, and impairment related to non-smoking methods of marijuana use 
such as edible products and vaporizing; and (6) research to better describe the risk of 
adverse health effects due to contamination of the marijuana product by fungi, mold, 
solvents, additives, heavy metals, and pesticides.

Other research gaps identify areas that need improvement in new research moving 
forward. Such as studies using better and more standardized indicators of marijuana use, 
including frequency, THC content, and route of exposure, including populations that 
use marijuana daily or near daily, and stratifying groups by age and gender. Finally one 
step to provide strong evidence would be research data on a community based cohort to 
study both beneficial and adverse health effects of marijuana consumption. Identifying 
these research gaps provides researchers and funding sources with an important frame-
work to prioritize areas of research related to marijuana use and public health.

6. Conclusion

Since 2014, when CDPHE was designated to monitor the emerging science and 
medical information relevant to the health effects associated with marijuana use, the 
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RMPHAC and CDPHE technical staff have conducted an ongoing systematic review 
of scientific literature to establish over one hundred evidence statements with eleven 
health topics. Our mission is to translate the science into meaningful public health 
statements and recommendations to inform and educate the general public, healthcare 
providers, and everyone in-between on the health effects associated with marijuana use.

First, the committee established a strict process to ensure a thorough and unbiased 
review, set up quarterly meetings to enable open discussions on a continuous basis, 
and come to consensus on the science and how to present this information to the 
public. After establishing our process, evidence from scientific research is constantly 
reviewed and added when appropriate to form a comprehensive review of marijuana 
health effects across eleven health topic. Strong evidence statements from all health 
topics were displayed in tables and key findings were detailed in subsections to 
provide an overview of effects associated with marijuana use across many differ-
ent populations and health topics. Additional details were described on how these 
evidence statements are used to inform public health policy in the State of Colorado 
through public health recommendations and research gaps.
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