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Abstract: Cannabis plants have been used in medicine since ancient times. They are well known
for their anti-diabetic, anti-inflammatory, neuroprotective, anti-cancer, anti-oxidative, anti-microbial,
anti-viral, and anti-fungal activities. A growing body of evidence indicates that targeting the endo-
cannabinoid system and various other receptors with cannabinoid compounds holds great promise
for addressing multiple medical conditions. There are two distinct avenues in the development of
cannabinoid-based drugs. The first involves creating treatments directly based on the components of
the cannabis plant. The second involves a singular molecule strategy, in which specific phytocannabi-
noids or newly discovered cannabinoids with therapeutic promise are pinpointed and synthesized for
future pharmaceutical development and validation. Although the therapeutic potential of cannabis is
enormous, few cannabis-related approved drugs exist, and this avenue warrants further investigation.
With this in mind, we review here the medicinal properties of cannabis, its phytochemicals, approved
drugs of natural and synthetic origin, pitfalls on the way to the widespread clinical use of cannabis,
and additional applications of cannabis-related products.
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1. Introduction

Cannabis plants grow wild and are cultivated in many countries. Generally, three
species are recognized in the Cannabis genus: C. sativa, C. indica, and C. ruderalis. Neverthe-
less, some experts debate whether the Cannabis genus contains one species (Cannabis sativa
L.) or two or three species. Whatever the case regarding the classification, the medicinal
applications of cannabis plants have been widely acknowledged since the Neolithic period,
according to genetic, historical, and archaeological evidence [1-3]. Throughout its history,
cannabis has been an important medicinal plant and has also been used as a fiber, food,
and oil [4].

Despite the medicinal importance of the cannabis plant, it is important to note that
according to the World Health Organization’s (WHO) estimates, cannabis is the most widely
grown, trafficked, and abused illicit drug, consumed by around 147 million people [5].
In fact, marijuana is the most widespread illicit substance among adolescents and adults,
sometimes surpassing tobacco use in many countries [6]. Marijuana use tends to steadily
increase among teenagers [7]. Cannabis use during adolescence has been shown to be
connected with poor cognitive function and psychological symptoms, such as psychosis,
mania, and suicidality [8].

With regards to the effects of the cannabis plant on health and wellbeing, it is important
to differentiate between marijuana and hemp. While the term marijuana is mainly used
with regards to recreational applications of the plant [9,10], the term hemp is used with
regards to medicinal compounds, fibers, and seeds [11]. The difference between these terms
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could be also a botanical one, as marijuana is used to denote the flowering tops, seeds,
stems, and leaves from C. sativa, while hemp is defined as the fibrous component of the
plant [12]. In addition, hemp is pharmacologically defined as a cannabis plant with a total
delta-9 tetrahydrocannabinol (THC) concentration below 0.3% (w/w), while marijuana
contains above 0.3% (w/w) THC [13].

Despite the potential dangers of cannabis use, it is clear that the therapeutic potential
of cannabis plants is enormous. In fact, 565 unique compounds with medicinal potential
have been identified in or isolated from C. sativa [14]. Among them, there are at least
120 phytocannabinoids and additional phytochemicals such as terpenes, polyphenols, fatty
acids, different organic acids, simple ketones, simple esters/lactones, simple alcohols,
alkaloids, and polysaccharides [15]. The medicinal properties of some of these compounds
will be further described in the upcoming sections of this review.

Given that the medical and scientific communities have become increasingly in-
terested in using cannabis and its phytochemicals for therapeutic purposes, the ques-
tion is why so few cannabis-related approved drugs exist. Here, we will try to an-
swer this important question. Additionally, we will describe the medicinal properties
of cannabis, its phytochemicals, approved drugs of natural and synthetic origin, pitfalls on
the way to the widespread clinical use of cannabis, and additional applications of cannabis-
related products.

2. Medicinal Properties of Cannabis
2.1. General Overview of Medicinal Properties of Cannabis and Their Mode of Action

There are many scientific studies supporting the medicinal properties of cannabis,
including its anti-inflammatory [16-18], anti-diabetic [19], neuroprotective [20,21], anti-
cancer [22-24], anti-oxidative [25], anti-microbial [26-28], anti-viral [29], and anti-fungal ac-
tivities [30]. Among the diseases, disorders, syndromes, and health conditions affected and
treated by cannabis are epilepsy, Alzheimer’s disease, Parkinson’s disease, post-traumatic
stress disorder (PTSD), skin diseases, and cancer or its subsequent side effects like appetite
loss, chronic pain and nausea [31].

Different phytochemicals in cannabis contribute to its medicinal properties, depending
on their concentrations, stability, volatility, pharmacological actions, physicochemical
parameters, and combinations [32,33]. Several approaches exist for the description of
cannabis chemotypes. For example, five chemotypes of cannabis have been reported based
on their predominant terpenes: (i) B-myrcene, (ii) x- and (3-pinene, (iii) f-caryophyllene
and limonene, (iv) 3-caryophyllene, and (v) terpinolene [34].

It is important to stress that active compounds in many plant extracts have synergis-
tic or antagonistic effects on various activities [35]. Synergy is defined as a condition in
which the effect of two or more compounds functioning in combination is greater than the
expected additive effect of these compounds in separation [36]. Synergistic interactions
between phytocannabinoids and other phytochemicals in cannabis allow it to have vari-
ous therapeutic benefits. Many of them have not yet been investigated or have not been
researched deeply. Sometimes, an antagonistic effect takes place rather than a traditional
synergism. One interesting example of such an effect is the ability of two bicyclic monoter-
penoids of cannabis (x-pinene and (3-pinene) to inhibit acetylcholinesterase in the brain,
allowing for memory improvements and decreases in the cognitive dysfunction caused by
THC intoxication [37]. The synergistic mechanisms of action of phytocannabinoids and
terpenoids in cannabis may make them effective in treating allodynia, itch, and other types
of pain involving superficial sensory nerves and skin [38-40]. The following mechanisms
of synergy are known [41]: multi-target effects; pharmacokinetic effects; and modification
of adverse events. In addition, phytocannabinoids and terpenes in cannabis may be used
to treat diabetes and its complications [42].

Interactions between the various phytochemicals in cannabis produce so-called en-
tourage effects, whereby the active agent in the presence of its entourage compounds may
have better therapeutic activity than the natural products on their own [43,44]. Although
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the entourage effect was first discovered by Ben-Shabat et al. in 1998 [43,45], many combi-
nations of cannabis components have not been researched yet. Many experimental studies
demonstrate an “entourage effect” that might be deduced from the medicinal properties of
cannabis extracts relative to the singular molecules they contain [46]. Once the idea of the
entourage effect is well understood, interactions between phytocannabinoids, terpenoids,
and phenylpropanoids in cannabis may be defined as synergistic [44].

2.2. The Endocannabinoid System (ECS)

The endocannabinoid system (ECS), or endocannabinoidome, is defined as a multi-
functional signaling structure of the mammalian nervous system and many other peripheral
tissues [47]. The ECS regulates many important processes in the human body, including
pain perception and transmission [48], gastrointestinal, hormonal, and cardiovascular activ-
ities, immune function, and inflammation reactions [49]. In addition, the ECS participates
in food intake and energy metabolism, regulates the hypothalamic—pituitary-adrenal axis,
and influences various emotional and behavioral conditions [50,51].

The ECS consists of cannabinoids, cannabinoid receptors, and the proteins that
transport, synthesize, and degrade endocannabinoids. Cannabinoids are categorized
into three groups: endogenous cannabinoids, phytocannabinoids, and synthetic cannabi-
noids [52]. Endocannabinoids are endogenous human lipids activating cannabinoid re-
ceptors [53]. Endocannabinoids are derivatives of polyunsaturated fatty acids and in-
clude N-arachidonoylethanolamide (anandamide, AEA), 2-arachidonoylglycerol (2-AG), 2-
arachidonyl glyceryl ether (noladine, 2-AGE), virodamine (O-arachidonoyl ethanolamine),
and N-arachidonoyl-dopamine (NADA) [52]. Endocannabinoids are essential regulators of
synaptic function in the central nervous system and neural processes including cognition,
motor control, pain, and feeding behavior [54,55].

CB1 and CB2 are the best-characterized cannabinoid receptors. CB1 receptors are
primarily found in the central nervous system, adipose tissue, liver, pancreas, skin, and
skeletal muscle [56,57]. CB2 receptors are found in macrophages, lymphocytes and natural
killer cells, in neurons, and in some peripheral tissues [57]. Other receptors include the
orphan GPCRs GPR55, GPR18, and GPR3-6-12 subsets, as well as ionotropic receptors.
Transient receptor potential (TRP) channels are membrane proteins which participate in
the process of the transduction of chemical and physical stimuli. It has been proposed that
the downstream signaling of this system is mediated by TRP channels [57]. Peroxisome
proliferator-activated receptors (PPARs) are nuclear receptors which regulate the expression
of many target genes involved in various processes [58]. Both are G protein-coupled
receptors (GPCRs), primarily coupling to inhibitory G proteins. They inhibit adenylyl
cyclase and specific voltage-sensitive calcium channels, stimulate mitogen-activated protein
kinases (MAP kinases), inwardly rectify potassium channels (GIRKs), and recruit beta-
arrestins, among other actions [59].

When physiological conditions are normal, the tonic activity of the ECS is minimal [60].
Any change in ECS tone (increase or decrease) is associated with various pathological
states [61]. Figure 1 demonstrates that the release of endocannabinoids is triggered by
various stimuli, such as physical activity, various stresses, food consumption, sexual
behavior, orgasm, obesity, inflammation, tissue damage, and so on. Higher levels of
endocannabinoids are connected with many consequences (Figure 1). In case of alterations
in the concentrations of endogenous endocannabinoid ligands, receptor expression or
activity, or endocannabinoid metabolic enzyme activity, various pathological conditions
are observed [62].



Molecules 2023, 28, 7686

4 0f 21

| I A |
| I Yommw] ] A D]

g Endocannabinoids Endocannabinoids
S DOWNREGULATE UPREGULATE
£l
3
S . .
S Endocannabinoid
release

Phxs@al Orgasm Food

activity
& . r
03)3 Fight-or-flight Sexual Inflammation
E response arousal

Adrenaline
release

Tissue
damage

Obesity

Figure 1. ECS in normal and pathological conditions.

2.3. Neurological Disorders

The ECS plays a key role in the pathogenesis of many neurological diseases, including
multiple sclerosis (MS), epilepsy, Alzheimer’s disease (AD), Parkinson’s disease (PD),
and Huntington’s disease (HD) [51]. In fact, the majority of clinical studies with regards
to the potential benefits of cannabis are associated with diseases of the central nervous
system [63].

2.3.1. Multiple Sclerosis (MS)

While there is no cure for MS, cannabis has proven helpful. There are some medications
for reducing symptoms of spasticity and MS-related pain, including nabiximols (Sativex
oral spray), oral cannabis extract, and synthetic THC [64].

2.3.2. Alzheimer’s Disease (AD)

It has been reported that cannabis significantly reduces the brain inflammation impli-
cated in AD [65]. In vivo experiments using AD models showed that low-dose synthetic
cannabinoids administered for a short time (WIN 55,212-2 0.01 mg, 7 days) prevented
inflammatory responses [66]; low-dose use of synthetic cannabinoids for a more extended
period JWH-133 0.2 mg/kg, 4 months) was effective in decreasing inflammation [67]; ad-
ministration of THC and cannabidiol (CBD) together helped to preserve memory; and a sin-
gle use of an ultra-low dose (0.002 mg/kg) of THC prevented inflammatory responses [68].
It is known that brain inflammation and oxidative stress are fundamental mechanisms
causing AD; therefore, the above-mentioned results could be explained and attributed to
the anti-oxidative properties of cannabinoids [69,70]. There is little information on the
clinical effects of cannabinoids in patients with AD. Some reports have demonstrated, on
the one hand, negative influences of cannabis on motor inhibition, attention, and episodic
control, while, on the other hand, beneficial effects on some dementia-related symptoms
have been observed [71,72]. Data derived from THC and nabilone tests for treating AD
showed neuropsychiatric symptoms did not change after treatment; nevertheless, some
beneficial effects on balance and gait were reported [71-73].

2.3.3. Parkinson’s Disease (PD)

Although, according to clinical studies, there is no scientific evidence recommending
the use of cannabis in PD patients, some studies showed tremor, anxiety, and pain were
decreased and sleep quality was improved in these patients following cannabis use [51].
With regards to post-traumatic stress disorder, some clinical studies reported a decrease
in stress and anxiety symptoms after cannabis treatment [65,72], but they were performed
using relatively small samples.
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2.3.4. Chronic Neuropathic Pain

Chronic neuropathic pain is a pathological condition that is very difficult to treat
successfully. Clinical studies demonstrated that cannabis products (inhaled herbal cannabis,
sprays or tablets containing natural active cannabis compounds or synthetically obtained
agents) have significant analgesic properties [74]. To the best of our knowledge, there have
been no longitudinal clinical studies examining the effects of cannabis use on pain-related
outcomes over a period of time.

It has been reported that when THC or CBD was administered as adjunctive therapy to
other drugs and psychotherapy, an improvement was observed in the condition of patients
with dementia, schizophrenia, cannabis and opioid dependence, general social anxiety,
anorexia nervosa, post-traumatic stress disorder, and Tourette’s disorder [64—66,72-75].

2.4. Skin Diseases

Interestingly, human skin also participates in the ECS, and there are endogenous lig-
ands in the skin that interact with two primary cannabinoid receptors [75]. However, these
receptors exist in many skin structures, including epidermal keratinocytes, melanocytes,
dermal cells, mast cells, sweat glands, hair follicles, and cutaneous nerve fibers [76,77]. The
skin’s ECS takes part in many important cellular processes, including the proliferation,
differentiation, apoptosis, and regulation of inflammatory and immune responses [78].

Although there are no market-approved drugs based on cannabis for the treatment of
skin diseases, it has been found that cannabinoids are effective in the treatment of many
dermatological pathologies, such as acne vulgaris, allergic contact dermatitis, eczema,
pruritus, psoriasis, and skin cancer [77,79]. It has been reported that cannabinoids decrease
keratinocyte proliferation, which could be the reason for their effectiveness in treating
psoriasis [80]. CBD and cannabigerol were also effective in the treatment of psoriasis [81].

Skin Wound Healing

Extract of cannabis improves skin wound healing by decreasing inflammation. Specifi-
cally, in human keratinocytes and fibroblasts, such an effect is associated with the inhibition
of nuclear factor-kappa B activity [82]. It has also been reported that cannabis extract and
cannabidiol decreased TNF-oc and IL-13 production in LPS-induced RAW 264.7 cells and
enhanced wound healing in human gingival fibroblasts [83]. In addition, wound healing
was enhanced because of improved collagen production [82].

It is important to note that infection, inflammation, and other skin diseases significantly
inhibit wound healing. Hexane extracts from cannabis seeds are rich in polyunsaturated
fatty acids with anti-inflammatory and anti-bacterial properties [84]. It was demonstrated
in a cell model that these extracts had anti-microbial action against Propionibacterium
and decreased inflammatory markers in keratinocytes [85]. In another clinical study, 3%
cannabis seed extract cream was applied twice a day for 12 weeks on the right cheek of
11 patients with sebum and erythema (the left cheek was a control). A significant reduction
in sebum level was reported [86].

3. Cannabinoids in Light of Current Knowledge (Approved Drugs)
3.1. Approved Drugs of Natural Origin

We have mentioned that phytocannabinoids are the most active compounds in C. sativa;
they contain an isoprenyl residue, a resorcinyl core, and a side chain [87], and they also
have the typical C21 terpenophenolic skeleton [14]. The most widespread compounds are
THC and CBD. CBD has exhibited various pharmacological activities in many preclinical
and clinical studies. It can treat inflammation, cancer, cardiovascular diseases, epilepsy,
and neurodegenerative and psychiatric disorders [24,88-96]. Its therapeutic properties are
well-known [97]. A%-THC is the main active constituent of cannabis, with many medicinal
properties, such as anti-emetic and analgesic (especially helpful for cancer patients), anti-
anxiety, anti-inflammatory, and so on [98]. Other important natural cannabinoids are
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cannabinol (CBN), cannabichromene (CBC), cannabigerol (CBG), cannabicyclol (CBL), and
tetrahydrocannabivarin (THCV) [99].

Although clinicians, pharmacologists, and researchers strive to reach the therapeutic
potential of cannabis to its fullest extent, there are many challenges associated with drug
trials and approvals. A major problem is that different countries have different laws
regarding the use of cannabis for medical and recreational purposes [100-102]. Considering
the complexity and pleiotropy of cannabis’ actions, a comprehensive understanding of
the molecular pharmacology of its components is necessary. The effects of cannabis and
its phytochemicals depend on many factors, including pharmacological targets, drug
preparation, concentration, and the chosen route of administration [103]. In addition,
adverse effects of cannabis on almost all body systems have been reported [104-106].
Several factors determine the severity of these adverse effects, including genetic variation,
age, sex, ethnicity, and the concentration of the active agent [107-109]. Table 1 and Figure 2
summarize the adverse effects of cannabis.

CNS \ Cardiovascular system )
Dopamine release Acute myocardial infarction
Decrease of glutamatergic Cardiomyopathy
synaptic transmission Tachycardia
Release of endogenous opioids Arterial hypertension
Inhibition of acetylcholine Sudden cardiac death
secretion J
Structural and functional brain N

Qhanges / [ . Respiratory system
Airway damage
Lung cancer )
Neurological symptoms I—';
Dizziness
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canic attacks Endocrine system Contact asticarial
Mood disturbances, Mania B(;:rbeti\e);rmd hormones AnaphylaXis
Depression
St Fractures
Lethargy
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&

)

Figure 2. Adverse effects of cannabis on human systems.

The majority of publications devoted to the harmful effects of cannabis focus on the
central nervous system [110,111]. A single exposure to cannabinoid agonists may result in
a sequence of biochemical changes in the brain, including an increase in dopamine release,
a decrease in glutamatergic synaptic transmission, release of endogenous opioids, and an
inhibition of acetylcholine release [112]. Among heavy cannabis users, significant changes
have been observed in the brain’s structure and function [113,114]. Some severe neurolog-
ical symptoms (dizziness, drowsiness, seizures, coma, and others) may occur [115-117].
The risk of psychotic conditions increases when cannabis is consumed acutely and repeat-
edly [118,119]. Some cognitive impairments occurring during acute cannabis intoxication
have been reported [120]. Anxiety and panic attacks have also occurred in naive users of
cannabis [121]. Furthermore, chronic use of cannabis can lead to mood disturbances, mania,
and depression [122,123]. It was found that neurological symptoms such as stupor, lethargy,
seizures, and even coma have occurred in children due to cannabis toxicity [124,125].

Adverse ophthalmological effects (mydriasis and conjunctival hyperemia) have been
reported [124]. Cannabis use has been suggested to be linked to acute myocardial infarction,
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cardiomyopathy, and sudden cardiac death [126]. Additional effects of cannabis on the car-
diovascular system are related to tachycardia and arterial hypertension [127]. Respiratory
effects of cannabis have been studied in cases of acute cannabis consumption, and decreased
airway resistance has been reported [128,129]. Chronic cannabis use has been linked to an
increased risk for developing airway diseases and lung cancer [130,131]. Several studies
have demonstrated gastrointestinal symptoms (nausea, vomiting, and thirst) after using
cannabis [124,132]. Decreased fertility, miscarriages, reduced sperm function, lowering of
thyroid hormones, and increased risk of diabetes and fractures can all be caused by the
effects of cannabis and cannabinoids on the endocrine system [133]. Some compounds of
cannabis can trigger various allergic reactions, such as rhinoconjunctivitis, contact urticaria,
and anaphylaxis [134].

Table 1. Adverse effects of cannabis intake on various human systems.

Human System Adverse Effects References
Biochemical and structural
Central nervous svstem changes in the brain [112-114]
y Some severe neurological [115-117]
symptoms
Decreased fertility,
Reproductive system miscarriages, reduced sperm [133]
function

Tachycardia and arterial

Cardiovascular system hypertension [127]
Respiratory system Decreased airway resistance [128-131]
Gastrointestinal system Nausea, vomiting, thirst [124,132]
Lowering of thyroid
Endocrine system hormones, increased risk of [133]
diabetes

Clinical complications may occur due to the interactions between approved drugs
and cannabis compounds [135]. Sometimes, these interactions may lead to enhanced drug
responses and modified or unexpected adverse reactions [136]. In vitro and in vivo studies
have shown that cannabinoids can affect the metabolism of various drugs by acting on P450
isoenzymes [137]. These additive effects may result in tachycardia, hypo-, or hypertension.
Administration of cannabinoids with CNS depressants, such as alcohol, muscle relaxants,
opioids, and anti-cholinergics, can also cause tachycardia and confusion [138]. There have
also been studies and case reports indicating potential drug interactions with warfarin,
oxymorphone, pentobarbital, cocaine, sympathomimetic amines, disulfiram, disulfiram,
etc. [139,140], but further research is needed.

Thus, the results of many preclinical studies and clinical data are inconclusive about
the overall usefulness of cannabis and its compounds for treating many diseases. Interest-
ingly, drugs based on plant material made up more than one-fifth (22%) of all NME (new
molecular entity) drugs approved before 1950, but have declined by more than 50% to 8.7%
since that time [141].

Cannabis, cannabis-based medicine, and phytogenic or synthetic cannabinoids could
be administered by various routes, such as smoking, vaporization, oral, oro-mucosal, and
other routes, which affect the absorption and toxicity of cannabinoids [142].

The oral administration route of cannabinoids has many advantages as it ensures
safety, excellent patient compliance, ease of ingestion, pain avoidance, and the possibility
of accommodating various types of drugs [143]. Obtaining suitable formulations for oral
administration is the most challenging process due to the lipophilic nature of cannabinoids,
so there are some approaches to improve oral bioavailability. One of them is the admin-
istration of cannabinoids with lipids [144]. Some nanoparticle-based formulations have
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been created [145,146]. Synthetic nanomicellar cannabinoid formulations have improved
cannabinoids’ oral bioavailability [147]. In addition, some nanoemulsions that contain
cannabinoids have been developed [148,149].

Throughout the procedure of drug development, many obstacles need to be overcome.
Only if all preclinical and clinical studies demonstrate that a drug’s potential therapeutic
benefit outweighs its side effects, toxicity, and so on, that its chemical content and manu-
facturing information is perfect, and that it is possible to receive financial assistance from
sponsors, foundations, and private companies, will a new drug submission be filed [150].
For example, nabiximol, which has similar percentages of two components, cannabidiol
and delta-9-tetrahydrocannabinol, has been approved by regulatory authorities in Canada
and in many European countries for the treatment of MS-related neuropathic pain and
spasticity [151].

For cannabis to enter clinical practice, its market application has to be approved by
the Food and Drug Administration (FDA). Table 2 contains precise information about all
approved cannabis-related drugs. So far, the FDA has approved one cannabis-derived
drug and three synthetic cannabis-related drug products (Table 2). It is important to note
that nabilone (Cesamet; Valeant Pharmaceuticals North America) and dronabinol (Marinol;
Solvay Pharmaceuticals) are synthetic analogs of THC [152]. Sativex (GW Pharmaceuticals,
UK) is a mixture of two cannabis extracts enriched with THC and CBD; their approximate
ratio is 1:1. This drug was licensed in Canada in 2005 [153].

Table 2. Approved cannabis-related drugs.

Drug Active Ingredient Approved Use Other Uses
Anxiety, anti-psychotic effects on
schizophrenia, pain, a muscle
1. L. ® . disorder called dystonia,
Cannabidiol (Epidiolex™) CBD Rare, severe forms of epilepsy

Parkinson’s disease, cancer,
Crohn’s disease, and many
other conditions

Dronabinol (Marinol®)

Anorexia associated with

Synthetic cannabinoid: weight loss in patients with Stimulation of appetite
(6aR,10aR)-6a,7,8,10a- acquired immune deficiency anti-emetic. analeesic anti-c’ancer
Tetrahydro-6,6,9trimethyl-3- syndrome. use. trea tirl1 caniabi’s addiction
pentyl-6H-dibenzo[b,d]- Nausea and vomiting ’ mul%i le sclerosis !
pyran-1-ol. associated with cancer P
chemotherapy

Nabilone (CesametTM)

Synthetic cannabinoid:
(£)-trans-3-(1,1-

dimethylheptyl)6,6a.7,8,10,10a- Nausea and vomiting Fibromyalgia and multiple
hexal}i dlf)-}ll-h ’ dr/o>/< - 6-,6— associated with cancer sclerosis; nightmares in
Y Y Y chemotherapy post-traumatic stress disorder

dimethyl-9H-
dibenzo[b,d]pyran-9-one

Rimonabant (Acomplia

)

Diabetes, drug dependence,
Rimonabant Anti-obesity drug cancet, atherosclerosis,
smoking cessation

Nabiximols (Sativex

)

Neuropathic pain, spasticity,
overactive bladder, and other
symptoms of
multiple sclerosis

THC and CBD

An online survey on the use of cannabis in patients suffering from amyotrophic lateral
sclerosis demonstrated that 21.7% of respondents had improvements in motor (rigidity,
cramps, fasciculation) and non-motor (sleep quality, pain, emotional state, quality of life,
depression) symptoms and only 6.2% noted drowsiness, euphoria, and dry mouth [154].
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3.2. Synthetic Cannabinoids—Phytocannabinoids Derivatives

More than 450 synthetic cannabinoids have been developed since the second half of
the twentieth century; they have some structural similarities to phyto- and endocannabi-
noids [155,156]. There are several classifications of synthetic cannabinoids. One of them
focuses on the following structural groups: adamantoylindoles, aminoalkylindoles, ben-
zoylindoles, cyclohexylphenols, dibenzopyrans, naphthoylindoles, naphthylmethylindoles,
naphthylmethylindenes, naphthoylpyrroles, phenylacetylindoles, tetramethylcyclopropyl
ketone indoles, quinolinyl ester indoles, and indazole carboxamide compounds [157]. It
has also been reported that chemical synthesis could be a source of bioactive compounds
of different structures, such as classical cannabinoids, non-classical cannabinoids, hybrid
cannabinoids, aminoalkylindoles, eicosanoids, and miscellaneous cannabinoids [158].

Although synthetic cannabinoids can produce desired effects, such as relaxation, eu-
phoria, and disinhibition, similar to those of THC, they give rise to many serious or even
fatal adverse events [155,159]. The toxicological effects of synthetic cannabinoids are sum-
marized in Table 3. Synthetic cannabinoids can bind to CB1 and CB2 receptors with higher
efficacy than THC [160,161]. The mechanism of action of synthetic cannabinoids is associ-
ated with enhanced signaling of cannabinoid receptors or the disruption of mitochondrial
homeostasis [162]. Nevertheless, the mode of action of synthetic cannabinoids has been
poorly investigated.

Table 3. Toxicological effects of synthetic cannabinoids.

Toxicological Effects Notes References
Renal injury Acute tubular necrosis [163]
Cannabinoid hyperemesis Nausea and vomiting [164]
syndrome
Cardiovascular effects Acute myocardial infarction [165]

Acute respiratory distress,

Respiratory depression pulmonary embolism [166,167]
Deficits in short-term memory, stroke,
Effects on brain seizures, agitation, delirium, [168-170]

and psychosis

4. Additional Applications of Cannabis
4.1. Unregulated Cannabis Products
4.1.1. Cannabis Products for Topical Treatment

Cannabis products designed for topical treatment have gained significant popularity
due to their potential therapeutic benefits. These products may be in the form of creams,
balms, lotions, or oils infused with cannabinoids like CBD or THC. When applied to
the skin, they provide localized relief from pain, inflammation, arthritis, psoriasis, and
other skin disorders. Unlike ingested forms of cannabis, topical treatments do not pro-
duce psychoactive effects because they typically do not penetrate the epidermis into the
bloodstream [171]. It makes them an attractive option for individuals seeking the poten-
tial therapeutic advantages of cannabis without the associated high risks. However, it
is recommended to carefully research these products and choose reputable ones, as the
quality, potency, and safety of cannabis-infused topicals can vary widely in an unregulated
market [171]. Moreover, unregulated cannabis products for topical treatment raise a serious
concern within the burgeoning cannabis industry. The lack of stringent oversight and
quality control measures can lead to inconsistencies in potency, safety, and efficacy. Without
proper regulation, there is limited accountability for producers and distributors, making it
challenging to address any adverse effects or ensure product consistency. To ensure the
safety and effectiveness of cannabis-infused topical treatments, comprehensive regulatory
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frameworks are essential to provide consumers with reliable, standardized products that
can deliver therapeutic benefits while mitigating potential risks.

4.1.2. Cannabis Products for Systemic Treatment

Cannabis products designed for systemic treatment have gained considerable atten-
tion for their potential therapeutic applications. These products typically include edibles,
tinctures, capsules, or oils that contain cannabinoids like CBD and THC. When ingested,
they are absorbed into the bloodstream, allowing for a more widespread and prolonged
effect throughout the body. Systemic cannabis products are being explored for various
medical conditions, including chronic pain, epilepsy, anxiety, and nausea associated with
chemotherapy. However, their administration requires consultation with healthcare pro-
fessionals and adherence to the prescribed dosages, as the psychoactive effects of THC
could be significant and vary from person to person. As regulatory frameworks evolve,
the availability and safety of systemic cannabis products are expected to improve, offering
potential relief to patients seeking alternative treatments for their ailments [172-174].

Unregulated cannabis products for systemic treatment present a concerning aspect of
the cannabis industry. The lack of comprehensive oversight and quality control measures
can lead to significant risks for consumers. Ingestible cannabis products, such as edibles
and tinctures, may contain inconsistent levels of cannabinoids like THC and CBD, posing
challenges for proper dosing and potentially causing adverse effects. The absence of
rigorous testing and labeling requirements also leaves room for contamination by harmful
substances, making these unregulated products a potential health hazard. To ensure the
safety and efficacy of cannabis-based treatments for systemic use, robust regulations and
standards are imperative, allowing patients to access reliable, standardized products while
minimizing the risks associated with the consumption of unregulated cannabis.

4.1.3. Food Additives

Cannabis additives in food are not frequently consumed products in the human
diet. Although cannabis seeds, roots, and flowers have a high nutritional value [175],
they are not a part of basic human nutrition. The seeds of cannabis are rich in digestible
proteins, lipids, PUFAs, insoluble fiber, carbohydrates, natural anti-oxidants, and bioactive
components such as phenolic compounds, bioactive peptides, carotenoids, tocopherols,
and phytosterols, and they have a healthy balance between omega-3 and omega-6 fatty
acids [176]. In addition, its proteins have the highest biological value because of the sulfur-
containing amino acids methionine, cystine, and arginine, which are essential amino acids
with beneficial cardiovascular properties [177].

It is well known that active compounds in food may enhance physiological activity
and promote human health. Cannabis has a high content of valuable phytochemicals and as
such may be used for various food preparations such as oils, oil-filled capsules, or tinctures
in medicinal practice. Seeds are primarily compressed to extract oil. Seeds could also be
added to several other products such as yogurts, hemp flour, baked products, hemp milk,
pralines, chocolates, and so on [178]. Cannabis additives in yogurt enhance its nutritional
properties, including protein content [179]. The addition of hemp flour to cookies, bread,
and pasta results in enhanced total phenolic content, anti-oxidant activity, ash, protein,
and fat contents [180-182]. The principal components used in the preparation of cannabis
edibles are oil and butter [183-185]. In addition, its sprouts, leaves, and flowers are edible in
juices or salads; they have many polyphenols and cannabinoids that seeds do not contain or
contain in trace amounts [186,187]. When cannabis extract serves as an additive to chocolate,
chocolate’s physical and nutritional properties improve significantly without changing
its qualities [188]. It has been reported that the incorporation of cannabis into beer makes
the beverage more “elevated” and “relaxing” [189]. Altogether, the pressurized liquid
extraction, solid-phase extraction, matrix solid-phase dispersion, and microwave-assisted
extraction of cannabis are frequently used in the food industry [190].
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There is interest in cannabis (hemp) milk because it could serve as a possible alternative
to cow’s milk. Its disadvantages are the low content of certain minerals, for example,
iron, vitamins, and amino acids, the possibility of milk allergy, lactose intolerance, and
hypercholesterolemia. Nevertheless, cannabis (hemp) milk could be a good substitute for
cow’s milk for vegetarians and vegans. It can easily be made at home using water and
hemp seeds. This beverage is a source of high-quality plant protein, good fats, and essential
minerals. It has been demonstrated to have anti-thrombotic, anti-vasoconstrictive, anti-
inflammatory, and neuroprotective properties, and also to reduce vomiting [191]. Hemp
milk is also suitable for smoothies, coffee, cereal, cappuccinos, lattes, and so on [175].

Cannabis extract has significant anti-microbial activity against foodborne pathogens
in meat [192]. Cannabis extract and its components have great potential as a natural
preservatives for food industry because the most common food preservatives, such as
sodium benzoate, acetic, lactic, benzoic and sorbic acids, or hydrogen peroxide have many
adverse health effects [35].

Due to its high potential, there is a projection that the market for cannabis foods will ex-
pand by USD 22.18 billion during 2020-2024 [178]. As a product with huge market potential,
it is imperative to develop advanced analysis and processing technologies for cannabis-
based food additives. Targeted delivery technologies from the field of pharmacology
may be used in food processing, which will help to maximize the medicinal properties of
cannabis extracts and improve their bioavailability. Future research should focus on flavor
and taste, sensory differences among different formulations, and consumers’ preferences.

4.2. Alternative Medicine

Often, complementary and alternative treatment with cannabis can step in when the
patient would like a complementary approach or when conventional treatments have
not proven to be effective. Complementary and alternative medicine uses may include
non-standardized cannabis products with unknown amounts of THC and CBD [137]. Such
treatments are commonly applied in patients with inflammatory bowel disease (ulcerative
colitis and Crohn’s disease) [193]. About 10-15% of treated patients had an improved ap-
petite and relief of some symptoms such as nausea, diarrhea, and abdominal pain [194,195].
Another study showed that in almost one-third of patients, there was a better relief of the
above-mentioned symptoms as compared to steroid treatment [196].

Complementary and alternative treatment with cannabis has been also evaluated in
patients with amyotrophic lateral sclerosis; cannabis moderately reduced symptoms of pain,
spasticity, drooling, appetite loss, and depression in these patients [197]. Unfortunately,
in the case of Parkinson’s disease and cancer, it was not possible to estimate the effect
of alternative treatment with cannabis due to small sample sizes [198,199]. On the other
hand, complementary and alternative treatment with cannabis oil was effective in patients
with refractory epilepsies, nausea and vomiting caused by chemotherapy, and chronic and
neuropathic pain associated with spasms [200].

Although CBD oil-containing products are sold in many health food stores and drug-
stores in the form of food supplements, toothpastes, mouth sprays, and drops, their effect
on the oral cavity has not been investigated yet [201]. Cannabis-based lotions, creams,
ointments, oils, and salves are produced by the cosmetic industry [202]. Since we have
previously mentioned the anti-microbial properties of cannabis [26-28], it seems plausible
that its extracts and phytochemicals may be used as cosmetic preservatives.

5. Pitfalls on the Way to Widespread Clinical Use of Cannabis and Cannabis-Derived
Compounds

The path to the widespread clinical use of cannabis faces several potential pitfalls.
These pitfalls include the following;:

Limited research and clinical trials: Despite growing interest, there is still a limited
body of rigorous clinical research on the therapeutic effects of cannabis. Research explor-
ing the potential of cannabis for treating various medical conditions is constrained by a
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scarcity of studies, which frequently fall short in terms of the scientific rigor, controls, and
sample sizes necessary for drawing meaningful clinical results. This lack of comprehensive
scientific data makes it challenging for healthcare professionals to confidently recommend
cannabis-based treatments [203];

Regulatory hurdles: The FDA still classifies cannabis as a Schedule I drug, which
means it has no accepted medical use and a high potential for abuse. This classifica-
tion makes it difficult to conduct research and hinders the development of standardized,
pharmaceutical-grade cannabis products [204];

Dose standardization and quality control: Ensuring consistent dosage and quality
of cannabis products is crucial for clinical use. Variabilities in potency and composition
among different strains and products can lead to unpredictable effects and makes it hard to
establish standardized treatment protocols. The use of a standard unit dose of cannabis and
cannabis-derived compounds in research is an important step for improving our ability to
understand both the adverse effects of cannabis and the drug’s medical potential [205];

Adverse effects and safety concerns: Cannabis has side effects, particularly in higher
doses or when used by certain populations (e.g., adolescents, pregnant individuals, people
with certain mental health conditions, and so on) [206]. Consistent patterns have surfaced
from a range of influential papers and an increasing body of recent research, presenting
substantial proof that exposure to cannabis during the prenatal, perinatal, and adoles-
cent stages can lead to a varied range of cognitive and behavioral changes in adulthood.
This is achieved by disrupting multiple neurobiological systems within the brain regions
associated with psychotic and affective disorders. Whether this risk ultimately leads to
psychiatric and substance use disorders hinges on a variety of factors, including genetics,
sex, and environmental circumstances, which will be more comprehensively elucidated as
research in this domain progresses [207];

Interactions with other medications: Cannabis has the potential to interact with other
medications, potentially impacting their effectiveness or leading to undesirable side effects.
Numerous studies have shown that primary cannabinoids and their relevant metabolites
found in the plasma of cannabis users can inhibit various P450 enzymes, such as CYP2B6,
CYP2C9, and CYP2D6 [208]. These findings imply that circulating cannabinoid metabolites
play a pivotal role in the inhibition of CYP450 enzymes, which can have implications for
potential drug interactions. This is particularly critical for patients who are using multiple
medications [209];

Cannabinoid dual agonists: Despite its potential benefits in disease treatment, the use
of THC is particularly hindered by the fact that it acts as an agonist on both CB1 and CB2
receptors, leading to psychotropic side effects associated with CB1 receptor activation. This
limitation has restricted the clinical application of cannabinoid agonists. Consequently,
there is a pressing need to develop synthetic cannabinoid analogs that can deliver the
therapeutic effects of cannabinoids without causing undesired psychoactive properties.
Intensive research in this direction is presently in progress, aiming to overcome the obstacles
on the path to widespread clinical use [210];

Stigma and cultural attitudes: The acceptance of cannabis in clinical settings can
be impeded by stigma and cultural attitudes. The misconceptions and historical stigma
surrounding cannabis may hinder its recognition as a valid medical treatment. Numerous
studies have emphasized that patients treated with cannabis-based medicinal products
often face significant levels of perceived stigma from various segments of society. It is
imperative for future research to delve into strategies aimed at diminishing this stigma both
at an individual and community-wide level, with the goal of preventing discrimination
against patients and likely enhancing their access to appropriate care [211];

Insurance and reimbursement issues: In many countries, medical cannabis treatment
lacks insurance coverage, rendering it financially out of reach for numerous patients. In the
absence of health insurance support, patients are required to personally cover the expenses,
which can extend to hundreds of dollars each month. The elevated cost of medical cannabis
products poses a substantial obstacle to its broader clinical adoption [212];
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Ethical considerations: The increasing use of medical cannabis in the past decade
raises several ethical considerations for the clinician. Regulatory challenges arise from dis-
parities between the registration and certification of medical cannabis in different countries.
Professional concerns stem from an inadequate understanding of the properties of cannabis
and from the complex interplay between the physician, the patient, and commercial in-
terests. Lastly, there are notable medical and psychological ramifications associated with
the implementation of treatment plans. These ethical issues constitute significant pitfalls
on the way to achieving a widespread clinical adoption of cannabis and cannabis-derived
compounds [213].

To conclude, addressing these pitfalls requires concerted efforts from the medical and
scientific communities, policymakers, and industry stakeholders. Rigorous research, clear
regulations, standardized products, and education for healthcare professionals are essential
steps towards achieving a wider clinical use of cannabis.

6. Conclusions

In this review, we present a large amount of solid evidence in support of the notion
that cannabis extracts, phytocannabinoids, and other secondary cannabis metabolites
have promising therapeutic potential, especially as analgesics, anti-emetics, and anti-
inflammatory and neuroprotective agents. In fact, further research on the mechanisms by
which secondary metabolites produce specific biological effects and how these molecules
interact is warranted. Only knowledge of the modes of action of phytocannabinoids and
other secondary metabolites will allow for the development of successful target-specific
drug delivery systems.

Serious difficulties and restrictions for research existed in many countries before the
legalization of cannabis for medicinal use and recreational purposes. Although more
than 37,000 publications devoted to cannabis have been known since 1841, the current
literature base is insufficient to obtain comprehensive information about optimal product
formulations and clinical trials. We hope that future clinically relevant studies will focus
on improving the delivery of cannabis-based products.

Author Contributions: Conceptualization, L.Y. and S.B.-S.; writing—original draft preparation, L.Y.,
A.G. and B.K; writing—review and editing, B.K., A.B., S.B.-S. and L.Y.; supervision, S.B.-S.; project
administration, S.B.-S.; funding acquisition, 5.B.-S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Klionsky, D.J.; Abdel-Aziz, A.K.; Abdelfatah, S.; Abdellatif, M.; Abdoli, A.; Abel, S.; Abeliovich, H.; Abildgaard, M.H.; Abudu,
Y.P; Acevedo-Arozena, A.; et al. Guidelines for the use and interpretation of assays for monitoring autophagy (4th edition).
Autophagy 2021, 17, 1-382. [CrossRef]

Li, H.-L. An archaeological and historical account of cannabis in China. Econ. Bot. 1973, 28, 437—-448. [CrossRef]

Bonini, S.A.; Premoli, M.; Tambaro, S.; Kumar, A.; Maccarinelli, G.; Memo, M.; Mastinu, A. Cannabis sativa: A comprehensive
ethnopharmacological review of a medicinal plant with a long history. J. Ethnopharmacol. 2018, 227, 300-315. [CrossRef]
Sommano, S.R.; Chittasupho, C.; Ruksiriwanich, W.; Jantrawut, P. The Cannabis Terpenes. Molecules 2020, 25, 5792. [CrossRef]
Alves, V.L.; Gongalves, J.L.; Aguiar, J.; Teixeira, H.M.; Camara, ].S. The synthetic cannabinoids phenomenon: From structure to
toxicological properties. A review. Crit. Rev. Toxicol. 2020, 50, 359-382. [CrossRef]

Winters, K.C.; Waldron, H.; Hops, H.; Ozechowski, T.; Montano, A. Brief Interventions for Cannabis Using Adolescents. Child
Adolesc. Psychiatr. Clin. N. Am. 2023, 32, 127-140. [CrossRef]

Riggs, P.; Hinckley, ].D.; Ross, ]. M. Addressing Cannabis Use During Adolescence. Child Adolesc. Psychiatr. Clin. N. Am. 2023, 32,
xiii—xv. [CrossRef]

Johnson-Ferguson, L.; Di Forti, M. From heavy cannabis use to psychosis: Is it time to take action? Ir. J. Psychol. Med. 2023, 40,
13-18. [CrossRef]


https://doi.org/10.1080/15548627.2020.1797280
https://doi.org/10.1007/BF02862859
https://doi.org/10.1016/j.jep.2018.09.004
https://doi.org/10.3390/molecules25245792
https://doi.org/10.1080/10408444.2020.1762539
https://doi.org/10.1016/j.chc.2022.06.004
https://doi.org/10.1016/j.chc.2022.08.003
https://doi.org/10.1017/ipm.2021.33

Molecules 2023, 28, 7686 14 of 21

10.

11.
12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

Grotenhermen, F; Miiller-Vahl, K. Medicinal Uses of Marijuana and Cannabinoids. CRC Crit. Rev. Plant Sci. 2016, 35, 378—405.
[CrossRef]

Hill, K.P. Medical Marijuana for Treatment of Chronic Pain and Other Medical and Psychiatric Problems: A Clinical Review.
JAMA 2015, 313, 2474-2483. [CrossRef]

Johnson, R. Hemp as an Agricultural Commodity; Congressional Research Service: Washington, DC, USA, 2013.

Hasan, M.A.; Hussain, M.H.; Chowdhury, A.S.; Dhar, S.B.; Abedin, M.; Fima, LN. Computational identification of potential
microRNAs and their targets from expressed sequence tags of marijuana (Cannabis sativa). Meta Gene 2016, 10, 45-55. [CrossRef]
Acosta, A.; Li, L.; Weaver, M.; Capote, R.; Perr, J.; Almirall, J. Validation of a combined Fast blue BB and 4-Aminophenol
colorimetric test for indication of Hemp-type and Marijuana-type cannabis. Forensic Chem. 2022, 31, 100448. [CrossRef]

ElSohly, M.A.; Radwan, M.M.; Gul, W.; Chandra, S.; Galal, A. Phytochemistry of Cannabis sativa L. Prog. Chem. Org. Nat. Prod.
2017, 103, 1-36. [CrossRef]

Peng, H.; Shahidi, F. Cannabis and Cannabis Edibles: A Review. J. Agric. Food Chem. 2021, 69, 1751-1774. [CrossRef]

Atalay, S.; Jarocka-Karpowicz, I.; Skrzydlewska, E. Antioxidative and Anti-Inflammatory Properties of Cannabidiol. Antioxidants
2019, 9, 21. [CrossRef]

Peyravian, N.; Deo, S.; Daunert, S.; Jimenez, ].J. The Anti-Inflammatory Effects of Cannabidiol (CBD) on Acne. J. Inflamm. Res.
2022, 15, 2795-2801. [CrossRef]

Carvalho, A.C.A.D,; Souza, G.A.D.; Marqui, S.V.D.; Guiguer, EL,; Aratjo, A.C.; Rubira, CJ.; Goulart, R.D.A ; Flato, U.A.P; Bueno,
P.C.D.S.; Buchaim, R.L.; et al. Cannabis and Canabidinoids on the Inflammatory Bowel Diseases: Going Beyond Misuse. Int. J.
Mol. Sci. 2020, 21, 2940. [CrossRef]

Kim, Y.; Kim, W,; Kim, S.-H.; Sim, K.-S.; Kim, K.-H.; Cho, K.-H.; Kwon, G.-S.; Lee, J.-B.; Kim, J.-H. Protective Effects of Hemp
(Cannabis sativa) Root Extracts against Insulin-Deficient Diabetes Mellitus in Mice. Molecules 2023, 28, 3814. [CrossRef]
Borgonetti, V.; Biagi, M.; Galeotti, N.; Manetti, F.; Governa, P. Investigation on the neuroprotective effect of a cannabidiol-enriched
non-psychotropic Cannabis sativa L. extract in an in vitro model of excitotoxicity. Fitoterapia 2022, 163, 105315. [CrossRef]
Prakash, S.; Carter, W.G. The Neuroprotective Effects of Cannabis-Derived Phytocannabinoids and Resveratrol in Parkinson’s
Disease: A Systematic Literature Review of Pre-Clinical Studies. Brain Sci. 2021, 11, 1573. [CrossRef]

Tomko, A.M.; Whynot, E.G,; Ellis, L.D.; Dupré, D.]. Anti-Cancer Potential of Cannabinoids, Terpenes, and Flavonoids Present in
Cannabis. Cancers 2020, 12, 1985. [CrossRef]

McAllister, S.D.; Abood, M.E,; Califano, J.; Guzman, M. Cannabinoid Cancer Biology and Prevention. J. Natl. Cancer Inst. Monogt.
2021, 2021, 99-106. [CrossRef]

Seltzer, E.S.; Watters, A.K.; MacKenzie, D.]J.; Granat, L.M.; Zhang, D. Cannabidiol (CBD) as a Promising Anti-Cancer Drug.
Cancers 2020, 12, 3203. [CrossRef]

Russo, F; Tolomeo, F.; Vandelli, M.A.; Biagini, G.; Paris, R.; Fulvio, F.; Lagana, A.; Capriotti, A.L.; Carbone, L.; Gigli, G.; et al.
Kynurenine and kynurenic acid: Two human neuromodulators found in Cannabis sativa L. |. Pharm. Biomed. Anal. 2022, 211,
114636. [CrossRef]

Barak, T.; Sharon, E.; Steinberg, D.; Feldman, M.; Sionov, R.V.; Shalish, M. Anti-Bacterial Effect of Cannabidiol against the
Cariogenic Streptococcus mutans Bacterium: An In Vitro Study. Int. . Mol. Sci. 2022, 23, 15878. [CrossRef]

De Vita, S.; Finamore, C.; Chini, M.G.; Saviano, G.; De Felice, V.; De Marino, S.; Lauro, G.; Casapullo, A.; Fantasma, F.; Trombetta,
F; et al. Phytochemical Analysis of the Methanolic Extract and Essential Oil from Leaves of Industrial Hemp Futura 75 Cultivar:
Isolation of a New Cannabinoid Derivative and Biological Profile Using Computational Approaches. Plants 2022, 11, 1671.
[CrossRef]

Sionov, R.V,; Steinberg, D. Anti-Microbial Activity of Phytocannabinoids and Endocannabinoids in the Light of Anti-Bacterial
Effect of Cannabidiol against the Cariogenic Streptococcus mutans Bacterium: An In Vitro StudyTheir Physiological and Patho-
physiological Roles. Biomedicines 2022, 10, 631. [CrossRef]

Milloy, M.-].; Marshall, B.; Kerr, T.; Richardson, L.; Hogg, R.; Guillemi, S.; Montaner, ].5.G.; Wood, E. High-intensity cannabis
use associated with lower plasma human immunodeficiency virus-1 RNA viral load among recently infected people who use
injection drugs. Drug Alcohol Rev. 2015, 34, 135-140. [CrossRef]

Glodowska, M. Cannabis sativa L. and Its Antimicrobial Properties—A Review; Institute of Soil Science and Plant Cultivation—State
Research Institute: Pulawy, Poland, 2016.

Pattnaik, F.; Nanda, S.; Mohanty, S.; Dalai, A.K.; Kumar, V.; Ponnusamy, S.K.; Naik, S. Cannabis: Chemistry, extraction and
therapeutic applications. Chemosphere 2022, 289, 133012. [CrossRef]

Thomas, B.F,; ElSohly, M. A. Biosynthesis and Pharmacology of Phytocannabinoids and Related Chemical Constituents. In The
Analytical Chemistry of Cannabis; Elsevier: Amsterdam, The Netherlands, 2016; pp. 27—41.

Mullins, M. Defining recent cannabis use analytically. Clin. Toxicol. 2023, 61, 324-325. [CrossRef]

Shapira, A.; Berman, P; Futoran, K.; Guberman, O.; Meiri, D. Tandem Mass Spectrometric Quantification of 93 Terpenoids in
Cannabis Using Static Headspace Injections. Anal. Chem. 2019, 91, 11425-11432. [CrossRef]

Hochma, E.; Yarmolinsky, L.; Khalfin, B.; Nisnevitch, M.; Ben-Shabat, S.; Nakonechny, F. Antimicrobial Effect of Phytochemicals
from Edible Plants. Processes 2021, 9, 2089. [CrossRef]

Greco, W.R,; Faessel, H.; Levasseur, L. The search for cytotoxic synergy between anticancer agents: A case of Dorothy and the
ruby slippers? J. Natl. Cancer Inst. 1996, 88, 699-700. [CrossRef]


https://doi.org/10.1080/07352689.2016.1265360
https://doi.org/10.1001/jama.2015.6199
https://doi.org/10.1016/j.mgene.2016.10.002
https://doi.org/10.1016/j.forc.2022.100448
https://doi.org/10.1007/978-3-319-45541-9_1
https://doi.org/10.1021/acs.jafc.0c07472
https://doi.org/10.3390/antiox9010021
https://doi.org/10.2147/JIR.S355489
https://doi.org/10.3390/ijms21082940
https://doi.org/10.3390/molecules28093814
https://doi.org/10.1016/j.fitote.2022.105315
https://doi.org/10.3390/brainsci11121573
https://doi.org/10.3390/cancers12071985
https://doi.org/10.1093/jncimonographs/lgab008
https://doi.org/10.3390/cancers12113203
https://doi.org/10.1016/j.jpba.2022.114636
https://doi.org/10.3390/ijms232415878
https://doi.org/10.3390/plants11131671
https://doi.org/10.3390/biomedicines10030631
https://doi.org/10.1111/dar.12223
https://doi.org/10.1016/j.chemosphere.2021.133012
https://doi.org/10.1080/15563650.2023.2210404
https://doi.org/10.1021/acs.analchem.9b02844
https://doi.org/10.3390/pr9112089
https://doi.org/10.1093/jnci/88.11.699

Molecules 2023, 28, 7686 15 of 21

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

Miyazawa, M.; Yamafuji, C. Inhibition of acetylcholinesterase activity by bicyclic monoterpenoids. J. Agric. Food Chem. 2005, 53,
1765-1768. [CrossRef]

Stotz, S.C.; Vriens, J.; Martyn, D.; Clardy, J.; Clapham, D.E. Citral sensing by Transient [corrected] receptor potential channels in
dorsal root ganglion neurons. PLoS ONE 2008, 3, e2082. [CrossRef]

Schlosburg, J.E.; Boger, D.L.; Cravatt, B.F,; Lichtman, A.H. Endocannabinoid modulation of scratching response in an acute
allergenic model: A new prospective neural therapeutic target for pruritus. . Pharmacol. Exp. Ther. 2009, 329, 314-323. [CrossRef]
Schlosburg, J.E.; O’'Neal, S.T.; Conrad, D.H.; Lichtman, A.H. CB1 receptors mediate rimonabant-induced pruritic responses in
mice: Investigation of locus of action. Psychopharmacology 2011, 216, 323-331. [CrossRef]

Wagner, H.; Ulrich-Merzenich, G. Synergy research: Approaching a new generation of phytopharmaceuticals. Phytomedicine 2009,
16, 97-110. [CrossRef]

Ghasemi-Gojani, E.; Kovalchuk, I.; Kovalchuk, O. Cannabinoids and terpenes for diabetes mellitus and its complications: From
mechanisms to new therapies. Trends Endocrinol. Metab. 2022, 33, 828-849. [CrossRef]

Ben-Shabat, S.; Fride, E.; Sheskin, T.; Tamiri, T.; Rhee, M.H.; Vogel, Z.; Bisogno, T.; De Petrocellis, L.; Di Marzo, V.; Mechoulam, R.
An entourage effect: Inactive endogenous fatty acid glycerol esters enhance 2-arachidonoyl-glycerol cannabinoid activity. Eur. J.
Pharmacol. 1998, 353, 23-31. [CrossRef]

Russo, E.B. Taming THC: Potential cannabis synergy and phytocannabinoid-terpenoid entourage effects. Br. J. Pharmacol. 2011,
163, 1344-1364. [CrossRef]

Mechoulam, R.; Ben-Shabat, S. From gan-zi-gun-nu to anandamide and 2-arachidonoylglycerol: The ongoing story of cannabis.
Nat. Prod. Rep. 1999, 16, 131-143. [CrossRef]

Koltai, H.; Poulin, P.; Namdar, D. Promoting cannabis products to pharmaceutical drugs. Eur. J. Pharm. Sci. Off. ]. Eur. Fed. Pharm.
Sci. 2019, 132, 118-120. [CrossRef]

Lu, H.-C.; Mackie, K. Review of the Endocannabinoid System. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2021, 6, 607-615.
[CrossRef]

Keimpema, E.; Hokfelt, T.; Harkany, T.; Doherty, P. The molecular interplay between endocannabinoid and neurotrophin signals
in the nervous system and beyond. Eur. |. Neurosci. 2014, 39, 334-343. [CrossRef]

Pertwee, R.G. The diverse CB; and CB, receptor pharmacology of three plant cannabinoids: A’-tetrahydrocannabinol, cannabidiol
and A9—tetrahydrocannabivarin. Br. J. Pharmacol. 2008, 153, 199-215. [CrossRef]

Cuddihey, H.; MacNaughton, W.K_; Sharkey, K.A. Role of the Endocannabinoid System in the Regulation of Intestinal Homeostasis.
Cell. Mol. Gastroenterol. Hepatol. 2022, 14, 947-963. [CrossRef]

Cristino, L.; Bisogno, T.; Di Marzo, V. Cannabinoids and the expanded endocannabinoid system in neurological disorders. Nat.
Rev. Neurol. 2020, 16, 9-29. [CrossRef]

Radwan, M.M.; Chandra, S.; Gul, S.; ElSohly, M.A. Cannabinoids, Phenolics, Terpenes and Alkaloids of Cannabis. Molecules 2021,
26, 2774. [CrossRef]

Giuffrida, A.; Beltramo, M.; Piomelli, D. Mechanisms of endocannabinoid inactivation: Biochemistry and pharmacology. J.
Pharmacol. Exp. Ther. 2001, 298, 7-14.

Castillo, PE.; Younts, T.].; Chavez, A.E.; Hashimotodani, Y. Endocannabinoid signaling and synaptic function. Neuron 2012, 76,
70-81. [CrossRef]

Peters, K.Z.; Cheer, J.F.; Tonini, R. Modulating the Neuromodulators: Dopamine, Serotonin, and the Endocannabinoid System.
Trends Neurosci. 2021, 44, 464-477. [CrossRef]

Aizpurua-Olaizola, O.; Elezgarai, I.; Rico-Barrio, I.; Zarandona, I.; Etxebarria, N.; Usobiaga, A. Targeting the endocannabinoid
system: Future therapeutic strategies. Drug Discov. Today 2017, 22, 105-110. [CrossRef]

Mackie, K. Cannabinoid receptors: Where they are and what they do. J. Neuroendocrinol. 2008, 20 (Suppl. S1), 10-14. [CrossRef]
Morales, P.; Reggio, PH. An Update on Non-CB(1), Non-CB(2) Cannabinoid Related G-Protein-Coupled Receptors. Cannabis
Cannabinoid Res. 2017, 2, 265-273. [CrossRef]

Howlett, A.C.; Barth, F.; Bonner, T.1.; Cabral, G.; Casellas, P.; Devane, W.A.; Felder, C.C.; Herkenham, M.; Mackie, K.; Martin, B.R;
et al. International Union of Pharmacology. XXVII. Classification of cannabinoid receptors. Pharmacol. Rev. 2002, 54, 161-202.
[CrossRef]

Pacher, P.; Kunos, G. Modulating the endocannabinoid system in human health and disease—Successes and failures. FEBS ].
2013, 280, 1918-1943. [CrossRef]

Pacher, P.; Mechoulam, R. Is lipid signaling through cannabinoid 2 receptors part of a protective system? Prog. Lipid Res. 2011, 50,
193-211. [CrossRef]

Di Marzo, V. New approaches and challenges to targeting the endocannabinoid system. Nat. Rev. Drug Discov. 2018, 17, 623-639.
[CrossRef]

Brusa, P; Baratta, F.; Collino, M.; Ben-Shabat, S. Editorial: Medicinal Cannabis: Evolution of therapeutic use, future approaches
and other implications. Front. Pharmacol. 2022, 13, 999068. [CrossRef]

Rice, J.; Cameron, M. Cannabinoids for Treatment of MS Symptoms: State of the Evidence. Curr. Neurol. Neurosci. Rep. 2018, 18,
50. [CrossRef]

Yoo, H.B.; DiMuzio, J.; Filbey, EM. Interaction of Cannabis Use and Aging: From Molecule to Mind. J. Dual Diagn. 2020, 16,
140-176. [CrossRef]


https://doi.org/10.1021/jf040019b
https://doi.org/10.1371/annotation/6ba8e9d9-0035-405e-a7c7-45ee22b2e381
https://doi.org/10.1124/jpet.108.150136
https://doi.org/10.1007/s00213-011-2224-5
https://doi.org/10.1016/j.phymed.2008.12.018
https://doi.org/10.1016/j.tem.2022.08.003
https://doi.org/10.1016/S0014-2999(98)00392-6
https://doi.org/10.1111/j.1476-5381.2011.01238.x
https://doi.org/10.1039/a703973e
https://doi.org/10.1016/j.ejps.2019.02.027
https://doi.org/10.1016/j.bpsc.2020.07.016
https://doi.org/10.1111/ejn.12431
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.1016/j.jcmgh.2022.05.015
https://doi.org/10.1038/s41582-019-0284-z
https://doi.org/10.3390/molecules26092774
https://doi.org/10.1016/j.neuron.2012.09.020
https://doi.org/10.1016/j.tins.2021.02.001
https://doi.org/10.1016/j.drudis.2016.08.005
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1089/can.2017.0036
https://doi.org/10.1124/pr.54.2.161
https://doi.org/10.1111/febs.12260
https://doi.org/10.1016/j.plipres.2011.01.001
https://doi.org/10.1038/nrd.2018.115
https://doi.org/10.3389/fphar.2022.999068
https://doi.org/10.1007/s11910-018-0859-x
https://doi.org/10.1080/15504263.2019.1665218

Molecules 2023, 28, 7686 16 of 21

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Ramirez, B.G.; Blazquez, C.; Gémez del Pulgar, T.; Guzman, M.; de Ceballos, M.L. Prevention of Alzheimer’s disease pathology
by cannabinoids: Neuroprotection mediated by blockade of microglial activation. J. Neurosci. Off. J. Soc. Neurosci. 2005, 25,
1904-1913. [CrossRef]

Martin-Moreno, A.M.; Brera, B.; Spuch, C.; Carro, E.; Garcia-Garcia, L.; Delgado, M.; Pozo, M.A.; Innamorato, N.G.; Cuadrado,
A.; de Ceballos, M.L. Prolonged oral cannabinoid administration prevents neuroinflammation, lowers 3-amyloid levels and
improves cognitive performance in Tg APP 2576 mice. J. Neuroinflammation 2012, 9, 8. [CrossRef]

Fishbein-Kaminietsky, M.; Gafni, M.; Sarne, Y. Ultralow doses of cannabinoid drugs protect the mouse brain from inflammation-
induced cognitive damage. |. Neurosci. Res. 2014, 92, 1669-1677. [CrossRef]

Bonnet, A.E.; Marchalant, Y. Potential Therapeutical Contributions of the Endocannabinoid System towards Aging and
Alzheimer’s Disease. Aging Dis. 2015, 6, 400-405. [CrossRef]

Carracedo, A.; Geelen, M.].H,; Diez, M.; Hanada, K.; Guzman, M.; Velasco, G. Ceramide sensitizes astrocytes to oxidative stress:
Protective role of cannabinoids. Biochem. |. 2004, 380, 435-440. [CrossRef]

van den Elsen, G.A.H.; Ahmed, A.I.A.; Verkes, R.-J.; Kramers, C.; Feuth, T.; Rosenberg, P.B.; van der Marck, M.A.; Olde Rikkert,
M.G.M. Tetrahydrocannabinol for neuropsychiatric symptoms in dementia: A randomized controlled trial. Neurology 2015, 84,
2338-2346. [CrossRef]

Passmore, M.]. The cannabinoid receptor agonist nabilone for the treatment of dementia-related agitation. Int. |. Geriatr. Psychiatry
2008, 23, 116-117. [CrossRef]

van den Elsen, G.A.; Tobben, L.; Ahmed, A.L; Verkes, R.]J.; Kramers, C.; Marijnissen, R.M.; Olde Rikkert, M.G.; van der Marck,
M.A. Effects of tetrahydrocannabinol on balance and gait in patients with dementia: A randomised controlled crossover trial. J.
Psychopharmacol. 2017, 31, 184-191. [CrossRef]

Cavallj, E.; Mammana, S.; Nicoletti, F.; Bramanti, P.; Mazzon, E. The neuropathic pain: An overview of the current treatment and
future therapeutic approaches. Int. J. Immunopathol. Pharmacol. 2019, 33, 2058738419838383. [CrossRef]

Sheriff, T.; Lin, M.J.; Dubin, D.; Khorasani, H. The potential role of cannabinoids in dermatology. J. Dermatolog. Treat. 2020, 31,
839-845. [CrossRef]

Stander, S.; Schmelz, M.; Metze, D.; Luger, T.; Rukwied, R. Distribution of cannabinoid receptor 1 (CB1) and 2 (CB2) on sensory
nerve fibers and adnexal structures in human skin. J. Dermatol. Sci. 2005, 38, 177-188. [CrossRef]

Baswan, S.M.; Klosner, A.E.; Glynn, K.; Rajgopal, A.; Malik, K.; Yim, S.; Stern, N. Therapeutic Potential of Cannabidiol (CBD) for
Skin Health and Disorders. Clin. Cosmet. Investig. Dermatol. 2020, 13, 927-942. [CrossRef]

Milando, R.; Friedman, A. Cannabinoids: Potential Role in Inflammatory and Neoplastic Skin Diseases. Am. J. Clin. Dermatol.
2019, 20, 167-180. [CrossRef]

Eagleston, L.R.M.; Kalani, N.K,; Patel, R.R.; Flaten, H.K.; Dunnick, C.A.; Dellavalle, R.P. Cannabinoids in dermatology: A scoping
review. Dermatol. Online |. 2018, 24, 1-17. [CrossRef]

Wilkinson, ].D.; Williamson, E.M. Cannabinoids inhibit human keratinocyte proliferation through a non-CB1/CB2 mechanism
and have a potential therapeutic value in the treatment of psoriasis. J. Dermatol. Sci. 2007, 45, 87-92. [CrossRef]

Changoer, L.; Anastassov, G. Method to Treat Psoriasis. 2018, Volume 1, p. 8. Available online: https://patents.google.com/
patent/US20190060250A1/en (accessed on 8 November 2023).

Sangiovanni, E.; Fumagalli, M.; Pacchetti, B.; Piazza, S.; Magnavacca, A.; Khalilpour, S.; Melzi, G.; Martinelli, G.; Dell’Agli, M.
Cannabis sativa L. extract and cannabidiol inhibit in vitro mediators of skin inflammation and wound injury. Phytother. Res. 2019,
33, 2083-2093. [CrossRef]

Kongkadee, K.; Wisuitiprot, W.; Ingkaninan, K.; Waranuch, N. Anti-inflammation and gingival wound healing activities of
Cannabis sativa L. subsp. sativa (hemp) extract and cannabidiol: An in vitro study. Arch. Oral Biol. 2022, 140, 105464. [CrossRef]
Jin, S.; Lee, M.-Y. The ameliorative effect of hemp seed hexane extracts on the Propionibacterium acnes-induced inflammation
and lipogenesis in sebocytes. PLoS ONE 2018, 13, e0202933. [CrossRef]

Martinelli, G.; Magnavacca, A.; Fumagalli, M.; Dell’Agli, M.; Piazza, S.; Sangiovanni, E. Cannabis sativa and Skin Health:
Dissecting the Role of Phytocannabinoids. Planta Med. 2022, 88, 492-506. [CrossRef]

Ali, A.; Akhtar, N. The safety and efficacy of 3% Cannabis seeds extract cream for reduction of human cheek skin sebum and
erythema content. Pak. J. Pharm. Sci. 2015, 28, 1389-1395.

Hanus, L.O.; Meyer, S.M.; Mufoz, E.; Taglialatela-Scafati, O.; Appendino, G. Phytocannabinoids: A unified critical inventory. Nat.
Prod. Rep. 2016, 33, 1357-1392. [CrossRef]

Samanta, D. Cannabidiol: A Review of Clinical Efficacy and Safety in Epilepsy. Pediatr. Neurol. 2019, 96, 24-29. [CrossRef]
Kovalchuk, O.; Kovalchuk, I. Cannabinoids as anticancer therapeutic agents. Cell Cycle 2020, 19, 961-989. [CrossRef]

Franco, V.; Perucca, E. Pharmacological and Therapeutic Properties of Cannabidiol for Epilepsy. Drugs 2019, 79, 1435-1454.
[CrossRef]

Silvestro, S.; Mammana, S.; Cavalli, E.; Bramanti, P.; Mazzon, E. Use of Cannabidiol in the Treatment of Epilepsy: Efficacy and
Security in Clinical Trials. Molecules 2019, 24, 1459. [CrossRef]

Campos, A.C.; Fogaca, M.V.; Sonego, A.B.; Guimaraes, F.S. Cannabidiol, neuroprotection and neuropsychiatric disorders.
Pharmacol. Res. 2016, 112, 119-127. [CrossRef]

Premoli, M.; Aria, F.; Bonini, S.A.; Maccarinelli, G.; Gianoncelli, A.; Della Pina, S.; Tambaro, S.; Memo, M.; Mastinu, A. Cannabidiol:
Recent advances and new insights for neuropsychiatric disorders treatment. Life Sci. 2019, 224, 120-127. [CrossRef]


https://doi.org/10.1523/JNEUROSCI.4540-04.2005
https://doi.org/10.1186/1742-2094-9-8
https://doi.org/10.1002/jnr.23452
https://doi.org/10.14336/AD.2015.0617
https://doi.org/10.1042/bj20031714
https://doi.org/10.1212/WNL.0000000000001675
https://doi.org/10.1002/gps.1828
https://doi.org/10.1177/0269881116665357
https://doi.org/10.1177/2058738419838383
https://doi.org/10.1080/09546634.2019.1675854
https://doi.org/10.1016/j.jdermsci.2005.01.007
https://doi.org/10.2147/CCID.S286411
https://doi.org/10.1007/s40257-018-0410-5
https://doi.org/10.5070/D3246040706
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://patents.google.com/patent/US20190060250A1/en
https://patents.google.com/patent/US20190060250A1/en
https://doi.org/10.1002/ptr.6400
https://doi.org/10.1016/j.archoralbio.2022.105464
https://doi.org/10.1371/journal.pone.0202933
https://doi.org/10.1055/a-1420-5780
https://doi.org/10.1039/C6NP00074F
https://doi.org/10.1016/j.pediatrneurol.2019.03.014
https://doi.org/10.1080/15384101.2020.1742952
https://doi.org/10.1007/s40265-019-01171-4
https://doi.org/10.3390/molecules24081459
https://doi.org/10.1016/j.phrs.2016.01.033
https://doi.org/10.1016/j.lfs.2019.03.053

Molecules 2023, 28, 7686 17 of 21

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Li, H.; Liu, Y,;; Tian, D.; Tian, L.; Ju, X;; Qi, L.; Wang, Y.; Liang, C. Overview of cannabidiol (CBD) and its analogues: Structures,
biological activities, and neuroprotective mechanisms in epilepsy and Alzheimer’s disease. Eur. J. Med. Chem. 2020, 192, 112163.
[CrossRef]

Pacher, P.; Kogan, N.M.; Mechoulam, R. Beyond THC and Endocannabinoids. Annu. Rev. Pharmacol. Toxicol. 2020, 60, 637-659.
[CrossRef]

Arzimanoglou, A.; Brandl, U.; Cross, J.H.; Gil-Nagel, A.; Lagae, L.; Landmark, C.J.; Specchio, N.; Nabbout, R.; Thiele, E.A;
Gubbay, O.; et al. Epilepsy and cannabidiol: A guide to treatment. Epileptic Disord. 2020, 22, 1-14. [CrossRef]

Monti, M.C; Frei, P.; Weber, S.; Scheurer, E.; Mercer-Chalmers-Bender, K. Beyond A9-tetrahydrocannabinol and cannabidiol:
Chemical differentiation of cannabis varieties applying targeted and untargeted analysis. Anal. Bioanal. Chem. 2022, 414,
3847-3862. [CrossRef]

Pennypacker, S.D.; Romero-Sandoval, E.A. CBD and THC: Do They Complement Each Other Like Yin and Yang? Pharmacotherapy
2020, 40, 1152-1165. [CrossRef]

La Maida, N.; Di Giorgi, A.; Pichini, S.; Busardo, F.P.; Huestis, M.A. Recent challenges and trends in forensic analysis: A9-THC
isomers pharmacology, toxicology and analysis. |. Pharm. Biomed. Anal. 2022, 220, 114987. [CrossRef]

European Monitoring Centre for Drugs and Drug Addiction. Low-THC Cannabis Products in Europe; Publications Office of the
European Union: Lisbon, Portugal, 2020. [CrossRef]

Assanangkornchai, S.; Kalayasiri, R.; Ratta-Apha, W.; Tanaree, A. Effects of cannabis legalization on the use of cannabis and other
substances. Curr. Opin. Psychiatry 2023, 36, 283-289. [CrossRef]

Casanova, C.; Ramier, C.; Fortin, D.; Carrieri, P.; Mancini, J.; Barré, T. Cannabidiol use and perceptions in France: A national
survey. BMC Public Health 2022, 22, 1628. [CrossRef]

Morales, P.; Jagerovic, N. Novel approaches and current challenges with targeting the endocannabinoid system. Expert Opin.
Drug Discov. 2020, 15, 917-930. [CrossRef]

Cohen, K.; Weizman, A.; Weinstein, A. Positive and Negative Effects of Cannabis and Cannabinoids on Health. Clin. Pharmacol.
Ther. 2019, 105, 1139-1147. [CrossRef]

Urits, I; Charipova, K.; Gress, K.; Li, N.; Berger, A.A.; Cornett, EIM.; Kassem, H.; Ngo, A.L.; Kaye, A.D.; Viswanath, O. Adverse
Effects of Recreational and Medical Cannabis. Psychopharmacol. Bull. 2021, 51, 94-109.

Legare, C.A.; Raup-Konsavage, W.M.; Vrana, K.E. Therapeutic Potential of Cannabis, Cannabidiol, and Cannabinoid-Based
Pharmaceuticals. Pharmacology 2022, 107, 131-149. [CrossRef]

Jacobsen, LK.; Mencl, W.E.; Westerveld, M.; Pugh, K.R. Impact of cannabis use on brain function in adolescents. Ann. N. Y. Acad.
Sci. 2004, 1021, 384-390. [CrossRef]

Cooper, Z.D.; Haney, M. Investigation of sex-dependent effects of cannabis in daily cannabis smokers. Drug Alcohol Depend. 2014,
136, 85-91. [CrossRef]

Murray, R.M.; Quigley, H.; Quattrone, D.; Englund, A.; Di Forti, M. Traditional marijuana, high-potency cannabis and synthetic
cannabinoids: Increasing risk for psychosis. World Psychiatry 2016, 15, 195-204. [CrossRef]

Testai, F.D.; Gorelick, P.B.; Aparicio, H.J.; Filbey, EM.; Gonzalez, R.; Gottesman, R.F; Melis, M.; Piano, M.R.; Rubino, T.; Song, S.Y.
Use of Marijuana: Effect on Brain Health: A Scientific Statement from the American Heart Association. Stroke 2022, 53, e176—€187.
[CrossRef]

Burggren, A.C.; Shirazi, A.; Ginder, N.; London, E.D. Cannabis effects on brain structure, function, and cognition: Considerations
for medical uses of cannabis and its derivatives. Am. J. Drug Alcohol Abus. 2019, 45, 563-579. [CrossRef]

Fantegrossi, W.E.; Wilson, C.D.; Berquist, M.D. Pro-psychotic effects of synthetic cannabinoids: Interactions with central dopamine,
serotonin, and glutamate systems. Drug Metab. Rev. 2018, 50, 65-73. [CrossRef]

Weinstein, A.; Livny, A.; Weizman, A. Brain Imaging Studies on the Cognitive, Pharmacological and Neurobiological Effects of
Cannabis in Humans: Evidence from Studies of Adult Users. Curr. Pharm. Des. 2016, 22, 6366—6379. [CrossRef]

Lorenzetti, V.; Solowij, N.; Yticel, M. The Role of Cannabinoids in Neuroanatomic Alterations in Cannabis Users. Biol. Psychiatry
2016, 79, e17—e31. [CrossRef]

Grigg, J.; Manning, V.; Arunogiri, S.; Lubman, D.I. Synthetic cannabinoid use disorder: An update for general psychiatrists.
Australas. Psychiatry Bull. R. Aust. N. Z. Coll. Psychiatr. 2019, 27, 279-283. [CrossRef]

Blazquez, C.; Ruiz-Calvo, A.; Bajo-Grafieras, R.; Baufreton, ].M.; Resel, E.; Varilh, M.; Pagano Zottola, A.C.; Mariani, Y,;
Cannich, A.; Rodriguez-Navarro, J.A.; et al. Inhibition of striatonigral autophagy as a link between cannabinoid intoxication and
impairment of motor coordination. eLife 2020, 9, e56811. [CrossRef]

Boros, C.A.; Parsons, D.W.; Zoanetti, G.D.; Ketteridge, D.; Kennedy, D. Cannabis cookies: A cause of coma. J. Paediatr. Child Health
1996, 32, 194-195. [CrossRef]

Di Forti, M.; Marconi, A.; Carra, E.; Fraietta, S.; Trotta, A.; Bonomo, M.; Bianconi, E.,; Gardner-Sood, P.; O’Connor, J.; Russo,
M.; et al. Proportion of patients in south London with first-episode psychosis attributable to use of high potency cannabis: A
case-control study. Lancet Psychiatry 2015, 2, 233-238. [CrossRef]

D’Souza, D.C.; Perry, E.; MacDougall, L.; Ammerman, Y.; Cooper, T.; Wu, Y.-T.; Braley, G.; Gueorguieva, R.; Krystal, J.H.
The psychotomimetic effects of intravenous delta-9-tetrahydrocannabinol in healthy individuals: Implications for psychosis.
Neuropsychopharmacology 2004, 29, 1558-1572. [CrossRef]


https://doi.org/10.1016/j.ejmech.2020.112163
https://doi.org/10.1146/annurev-pharmtox-010818-021441
https://doi.org/10.1684/epd.2020.1141
https://doi.org/10.1007/s00216-022-04026-2
https://doi.org/10.1002/phar.2469
https://doi.org/10.1016/j.jpba.2022.114987
https://doi.org/10.2810/69625
https://doi.org/10.1097/YCO.0000000000000868
https://doi.org/10.1186/s12889-022-14057-0
https://doi.org/10.1080/17460441.2020.1752178
https://doi.org/10.1002/cpt.1381
https://doi.org/10.1159/000521683
https://doi.org/10.1196/annals.1308.053
https://doi.org/10.1016/j.drugalcdep.2013.12.013
https://doi.org/10.1002/wps.20341
https://doi.org/10.1161/STR.0000000000000396
https://doi.org/10.1080/00952990.2019.1634086
https://doi.org/10.1080/03602532.2018.1428343
https://doi.org/10.2174/1381612822666160822151323
https://doi.org/10.1016/j.biopsych.2015.11.013
https://doi.org/10.1177/1039856218822749
https://doi.org/10.7554/eLife.56811
https://doi.org/10.1111/j.1440-1754.1996.tb00922.x
https://doi.org/10.1016/S2215-0366(14)00117-5
https://doi.org/10.1038/sj.npp.1300496

Molecules 2023, 28, 7686 18 of 21

120.

121.

122.
123.

124.

125.
126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.
138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Kalant, H. Adverse effects of cannabis on health: An update of the literature since 1996. Prog. Neuropsychopharmacol. Biol.
Psychiatry 2004, 28, 849-863. [CrossRef]

Gibbs, M.; Winsper, C.; Marwaha, S.; Gilbert, E.; Broome, M.; Singh, S.P. Cannabis use and mania symptoms: A systematic review
and meta-analysis. J. Affect. Disord. 2015, 171, 39—47. [CrossRef]

Bally, N.; Zullino, D.; Aubry, ].-M. Cannabis use and first manic episode. . Affect. Disord. 2014, 165, 103-108. [CrossRef]

Patton, G.C.; Coffey, C.; Carlin, ].B.; Degenhardt, L.; Lynskey, M.; Hall, W. Cannabis use and mental health in young people:
Cohort study. BM]J 2002, 325, 1195-1198. [CrossRef]

Breijyeh, Z.; Jubeh, B.; Bufo, S.A.; Karaman, R.; Scrano, L. Cannabis: A Toxin-Producing Plant with Potential Therapeutic Uses.
Toxins 2021, 13, 117. [CrossRef]

Noble, M.].; Hedberg, K.; Hendrickson, R.G. Acute cannabis toxicity. Clin. Toxicol. 2019, 57, 735-742. [CrossRef]

Thomas, G.; Kloner, R.A.; Rezkalla, S. Adverse cardiovascular, cerebrovascular, and peripheral vascular effects of marijuana
inhalation: What cardiologists need to know. Am. J. Cardiol. 2014, 113, 187-190. [CrossRef]

Dabiri, A.E.; Kassab, G.S. Effects of Cannabis on Cardiovascular System: The Good, the Bad, and the Many Unknowns. Med.
Cannabis Cannabinoids 2021, 4, 75-85. [CrossRef]

Sachs, J.; McGlade, E.; Yurgelun-Todd, D. Safety and Toxicology of Cannabinoids. Neurother. J. Am. Soc. Exp. Neurother. 2015, 12,
735-746. [CrossRef]

Shalata, W.; Abo Abod, M.; Golosky, M.; Boehm Cohen, L.; Kassirer, M.; Kamenev, I.; Raviv, Y. Cannabis Vaping-induced Lung
Injury. Isr. Med. Assoc. ]. 2023, 25, 360-361.

Tashkin, D.P; Simmons, M.S.; Tseng, C.-H. Impact of changes in regular use of marijuana and/or tobacco on chronic bronchitis.
COPD 2012, 9, 367-374. [CrossRef]

Tashkin, D.P,; Baldwin, G.C.; Sarafian, T.; Dubinett, S.; Roth, M.D. Respiratory and immunologic consequences of marijuana
smoking. J. Clin. Pharmacol. 2002, 42, 715-81S. [CrossRef]

Tuvel, A.L.; Winiger, E.A.; Ross, ].M. A Review of the Effects of Adolescent Cannabis Use on Physical Health. Child Adolesc.
Psychiatr. Clin. N. Am. 2023, 32, 85-105. [CrossRef]

Meah, E; Lundholm, M.; Emanuele, N.; Amjed, H.; Poku, C.; Agrawal, L.; Emanuele, M.A. The effects of cannabis and
cannabinoids on the endocrine system. Rev. Endocr. Metab. Disord. 2022, 23, 401-420. [CrossRef]

Bhatia, P.; Chen, M.; Christiansen, S. Marijuana and stoned fruit. Ann. Allergy Asthma Immunol. Off. Publ. Am. Coll. Allergy Asthma
Immunol. 2018, 120, 536-537. [CrossRef]

Dambkier, P.; Lassen, D.; Christensen, M.M.H.; Madsen, K.G.; Hellfritzsch, M.; Pottegard, A. Interaction between warfarin and
cannabis. Basic Clin. Pharmacol. Toxicol. 2019, 124, 28-31. [CrossRef]

Kocis, P.T.; Vrana, K.E. Delta-9-Tetrahydrocannabinol and Cannabidiol Drug-Drug Interactions. Med. Cannabis Cannabinoids 2020,
3, 61-73. [CrossRef]

Alsherbiny, M.A; Li, C.G. Medicinal Cannabis-Potential Drug Interactions. Medicines 2018, 6, 3. [CrossRef]

Cox, E.J.; Maharao, N.; Patilea-Vrana, G.; Unadkat, ].D.; Rettie, A.E.; McCune, ].S.; Paine, M.F. A marijuana-drug interaction
primer: Precipitants, pharmacology, and pharmacokinetics. Pharmacol. Ther. 2019, 201, 25-38. [CrossRef]

Lopera, V.; Rodriguez, A.; Amariles, P. Clinical Relevance of Drug Interactions with Cannabis: A Systematic Review. J. Clin. Med.
2022, 11, 1154. [CrossRef]

Thomas, T.E; Metaxas, E.S.; Nguyen, T.; Bennett, W.; Skiendzielewski, K.V.; Quinn, D.H.; Scaletta, A.L. Case report: Medical
cannabis-warfarin drug-drug interaction. . Cannabis Res. 2022, 4, 6. [CrossRef]

Patridge, E.; Gareiss, P.; Kinch, M.S.; Hoyer, D. An analysis of FDA-approved drugs: Natural products and their derivatives.
Drug Discov. Today 2016, 21, 204-207. [CrossRef]

Lucas, C.J.; Galettis, P.; Schneider, J. The pharmacokinetics and the pharmacodynamics of cannabinoids. Br. J. Clin. Pharmacol.
2018, 84, 2477-2482. [CrossRef]

Stella, B.; Baratta, F.; Della Pepa, C.; Arpicco, S.; Gastaldi, D.; Dosio, F. Cannabinoid Formulations and Delivery Systems: Current
and Future Options to Treat Pain. Drugs 2021, 81, 1513-1557. [CrossRef]

Zgair, A.; Wong, ].C.; Lee, ].B.; Mistry, J.; Sivak, O.; Wasan, K.M.; Hennig, . M.; Barrett, D.A.; Constantinescu, C.S.; Fischer,
PM.; et al. Dietary fats and pharmaceutical lipid excipients increase systemic exposure to orally administered cannabis and
cannabis-based medicines. Am. J. Transl. Res. 2016, 8, 3448-3459.

Atsmon, J.; Cherniakov, I; Izgelov, D.; Hoffman, A.; Domb, A.J.; Deutsch, L.; Deutsch, E; Heffetz, D.; Sacks, H. PTL401, a New
Formulation Based on Pro-Nano Dispersion Technology, Improves Oral Cannabinoids Bioavailability in Healthy Volunteers. J.
Pharm. Sci. 2018, 107, 1423-1429. [CrossRef]

Bruni, N.; Della Pepa, C.; Oliaro-Bosso, S.; Pessione, E.; Gastaldi, D.; Dosio, F. Cannabinoid Delivery Systems for Pain and
Inflammation Treatment. Molecules 2018, 23, 2478. [CrossRef]

Greish, K.; Mathur, A.; Al Zahrani, R.; Elkaissi, S.; Al Jishi, M.; Nazzal, O.; Taha, S; Pittala, V.; Taurin, S. Synthetic cannabinoids
nano-micelles for the management of triple negative breast cancer. J. Control. Release 2018, 291, 184-195. [CrossRef]

Nakano, Y.; Tajima, M.; Sugiyama, E.; Sato, V.H.; Sato, H. Development of a Novel Nano-emulsion Formulation to Improve
Intestinal Absorption of Cannabidiol. Med. Cannabis Cannabinoids 2019, 2, 35-42. [CrossRef]

Fathordoobady, F; Sannikova, N.; Guo, Y.; Singh, A; Kitts, D.D.; Pratap-Singh, A. Comparing microfluidics and ultrasonication as
formulation methods for developing hempseed oil nanoemulsions for oral delivery applications. Sci. Rep. 2021, 11, 72. [CrossRef]


https://doi.org/10.1016/j.pnpbp.2004.05.027
https://doi.org/10.1016/j.jad.2014.09.016
https://doi.org/10.1016/j.jad.2014.04.038
https://doi.org/10.1136/bmj.325.7374.1195
https://doi.org/10.3390/toxins13020117
https://doi.org/10.1080/15563650.2018.1548708
https://doi.org/10.1016/j.amjcard.2013.09.042
https://doi.org/10.1159/000519775
https://doi.org/10.1007/s13311-015-0380-8
https://doi.org/10.3109/15412555.2012.671868
https://doi.org/10.1002/j.1552-4604.2002.tb06006.x
https://doi.org/10.1016/j.chc.2022.07.005
https://doi.org/10.1007/s11154-021-09682-w
https://doi.org/10.1016/j.anai.2018.01.017
https://doi.org/10.1111/bcpt.13152
https://doi.org/10.1159/000507998
https://doi.org/10.3390/medicines6010003
https://doi.org/10.1016/j.pharmthera.2019.05.001
https://doi.org/10.3390/jcm11051154
https://doi.org/10.1186/s42238-021-00112-x
https://doi.org/10.1016/j.drudis.2015.01.009
https://doi.org/10.1111/bcp.13710
https://doi.org/10.1007/s40265-021-01579-x
https://doi.org/10.1016/j.xphs.2017.12.020
https://doi.org/10.3390/molecules23102478
https://doi.org/10.1016/j.jconrel.2018.10.030
https://doi.org/10.1159/000497361
https://doi.org/10.1038/s41598-020-79161-w

Molecules 2023, 28, 7686 19 of 21

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.
165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Namdar, D.; Anis, O.; Poulin, P,; Koltai, H. Chronological Review and Rational and Future Prospects of Cannabis-Based Drug
Development. Molecules 2020, 25, 4821. [CrossRef]

Bennici, A.; Mannucci, C.; Calapai, F,; Cardia, L.; Ammendolia, I.; Gangemi, S.; Calapai, G.; Griscti Soler, D. Safety of Medical
Cannabis in Neuropathic Chronic Pain Management. Molecules 2021, 26, 6257. [CrossRef]

Pagano, C.; Navarra, G.; Coppola, L.; Avilia, G.; Bifulco, M.; Laezza, C. Cannabinoids: Therapeutic Use in Clinical Practice. Int. ].
Mol. Sci. 2022, 23, 3344. [CrossRef]

Russo, E.B.; Guy, G.W.; Robson, PJ. Cannabis, pain, and sleep: Lessons from therapeutic clinical trials of Sativex, a cannabis-based
medicine. Chem. Biodivers. 2007, 4, 1729-1743. [CrossRef]

Lacroix, C.; Guilhaumou, R.; Micallef, J.; Bruneteau, G.; Desnuelle, C.; Blin, O. Cannabis for the treatment of amyotrophic lateral
sclerosis: What is the patients” view? Rev. Neurol. 2023, 179, 967-974. [CrossRef]

Trecki, J.; Gerona, R.R.; Schwartz, M.D. Synthetic Cannabinoid-Related Illnesses and Deaths. N. Engl. |. Med. 2015, 373, 103-107.
[CrossRef]

Banister, S.D.; Connor, M. The Chemistry and Pharmacology of Synthetic Cannabinoid Receptor Agonists as New Psychoactive
Substances: Origins. Handb. Exp. Pharmacol. 2018, 252, 165-190. [CrossRef]

Castaneto, M.S.; Gorelick, D.A.; Desrosiers, N.A.; Hartman, R.L.; Pirard, S.; Huestis, M.A. Synthetic cannabinoids: Epidemiology,
pharmacodynamics, and clinical implications. Drug Alcohol Depend. 2014, 144, 12-41. [CrossRef]

ElSohly, M.A.; Ahmed, S.; Gul, S.W.; Gul, W. Review of Synthetic Cannabinoids on the Illicit Drug Market. In Critical Issues in
Alcohol and Drugs of Abuse Testing; Academic Press: Cambridge, MA, USA, 2023; Chapter 22; pp. 273-319.

Winstock, A.R.; Barratt, M.]. Synthetic cannabis: A comparison of patterns of use and effect profile with natural cannabis in a
large global sample. Drug Alcohol Depend. 2013, 131, 106-111. [CrossRef]

Sachdev, S.; Vemuri, K.; Banister, S.D.; Longworth, M.; Kassiou, M.; Santiago, M.; Makriyannis, A.; Connor, M. In vitro
determination of the efficacy of illicit synthetic cannabinoids at CB(1) receptors. Br. J. Pharmacol. 2019, 176, 4653-4665. [CrossRef]
Gamage, T.F,; Farquhar, C.E.; Lefever, T.W.; Marusich, J.A.; Kevin, R.C.; McGregor, 1.S.; Wiley, J.L.; Thomas, B.F. Molecular and
Behavioral Pharmacological Characterization of Abused Synthetic Cannabinoids MMB- and MDMB-FUBINACA, MN-18, NNEI,
CUMYL-PICA, and 5-Fluoro-CUMYL-PICA. . Pharmacol. Exp. Ther. 2018, 365, 437-446. [CrossRef]

Silva, J.P.; Aradjo, A.M.; de Pinho, P.G.; Carmo, H.; Carvalho, F. Synthetic Cannabinoids JWH-122 and THJ-2201 Disrupt
Endocannabinoid-Regulated Mitochondrial Function and Activate Apoptotic Pathways as a Primary Mechanism of In Vitro
Nephrotoxicity at In Vivo Relevant Concentrations. Toxicol. Sci. 2019, 169, 422—435. [CrossRef]

Alp, A.; Akdam, H.; Avcioglu, B.Y.; Ersan, S. Synthetic cannabinoids in the kidneys. Rev. Assoc. Med. Bras. 2017, 63, 10-12.
[CrossRef]

Iversen, L. Cannabis and the brain. Brain 2003, 126, 1252-1270. [CrossRef]

Mittleman, M.A.; Lewis, R.A.; Maclure, M.; Sherwood, ]J.B.; Muller, ].E. Triggering myocardial infarction by marijuana. Circulation
2001, 103, 2805-2809. [CrossRef]

Raheemullah, A.; Laurence, T.N. Repeated Thrombosis after Synthetic Cannabinoid Use. J. Emerg. Med. 2016, 51, 540-543.
[CrossRef]

Orsini, J.; Blaak, C.; Tam, E.; Rajayer, S.; Morante, J.; Yeh, A.; Butala, A. The Wide and Unpredictable Scope of Synthetic
Cannabinoids Toxicity. Case Rep. Crit. Care 2015, 2015, 542490. [CrossRef]

Trezza, V.; Campolongo, P.; Cassano, T.; Macheda, T.; Dipasquale, P.; Carratt, M.R.; Gaetani, S.; Cuomo, V. Effects of perinatal
exposure to delta-9-tetrahydrocannabinol on the emotional reactivity of the offspring: A longitudinal behavioral study in Wistar
rats. Psychopharmacology 2008, 198, 529-537. [CrossRef]

Bernson-Leung, M.E.; Leung, L.Y.; Kumar, S. Synthetic cannabis and acute ischemic stroke. J. Stroke Cerebrovasc. Dis. Off. ]. Natl.
Stroke Assoc. 2014, 23, 1239-1241. [CrossRef]

Norman, C.; Walker, G.; McKirdy, B.; McDonald, C.; Fletcher, D.; Antonides, L.H.; Sutcliffe, O.B.; Nic Daéid, N.; McKenzie, C.
Detection and quantitation of synthetic cannabinoid receptor agonists in infused papers from prisons in a constantly evolving
illicit market. Drug Test. Anal. 2020, 12, 538-554. [CrossRef]

Spindle, T.R.; Sholler, D.].; Cone, E.J.; Murphy, T.P.; ElSohly, M.; Winecker, R.E.; Flegel, R.R.; Bonn-Miller, M.O.; Vandrey, R.
Cannabinoid Content and Label Accuracy of Hemp-Derived Topical Products Available Online and at National Retail Stores.
JAMA Netw. Open 2022, 5, €2223019. [CrossRef]

Votrubec, C.; Tran, P; Lei, A.; Brunet, Z.; Bean, L.; Olsen, B.W.; Sharma, D. Cannabinoid therapeutics in orofacial pain management:
A systematic review. Aust. Dent. ]. 2022, 67, 314-327. [CrossRef]

Chou, R.; Wagner, J.; Ahmed, A.Y.; Morasco, B.].; Kansagara, D.; Selph, S.; Holmes, R.; Fu, R. Living Systematic Review on Cannabis
and Other Plant-Based Treatments for Chronic Pain: 2022 Update [Internet]; Agency for Healthcare Research and Quality (US):
Rockville, MD, USA, 2022.

Hall, N.; James, B.; Bhuiyan, M.A.N.; Crane, E.; Falgout, C.; Murnane, K.S. Topical cannabidiol is well tolerated in individuals
with a history of elite physical performance and chronic lower extremity pain. J. Cannabis Res. 2023, 5, 11. [CrossRef]

Iftikhar, A.; Zafar, U.; Ahmed, W.; Shabbir, M.A.; Sameen, A.; Sahar, A.; Bhat, Z.F.; Kowalczewski, PL..; Jarzebski, M.; Aadil, R.M.
Applications of Cannabis Sativa L. in Food and Its Therapeutic Potential: From a Prohibited Drug to a Nutritional Supplement.
Molecules 2021, 26, 7699. [CrossRef]


https://doi.org/10.3390/molecules25204821
https://doi.org/10.3390/molecules26206257
https://doi.org/10.3390/ijms23063344
https://doi.org/10.1002/cbdv.200790150
https://doi.org/10.1016/j.neurol.2023.03.018
https://doi.org/10.1056/NEJMp1505328
https://doi.org/10.1007/164_2018_143
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1016/j.drugalcdep.2012.12.011
https://doi.org/10.1111/bph.14829
https://doi.org/10.1124/jpet.117.246983
https://doi.org/10.1093/toxsci/kfz050
https://doi.org/10.1590/1806-9282.63.01.10
https://doi.org/10.1093/brain/awg143
https://doi.org/10.1161/01.CIR.103.23.2805
https://doi.org/10.1016/j.jemermed.2016.06.015
https://doi.org/10.1155/2015/542490
https://doi.org/10.1007/s00213-008-1162-3
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.07.030
https://doi.org/10.1002/dta.2767
https://doi.org/10.1001/jamanetworkopen.2022.23019
https://doi.org/10.1111/adj.12934
https://doi.org/10.1186/s42238-023-00179-8
https://doi.org/10.3390/molecules26247699

Molecules 2023, 28, 7686 20 of 21

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.
186.

187.

188.
189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Farinon, B.; Molinari, R.; Costantini, L.; Merendino, N. The seed of industrial hemp (Cannabis sativa L.): Nutritional Quality and
Potential Functionality for Human Health and Nutrition. Nutrients 2020, 12, 1935. [CrossRef]

Aluko, R.E. Hemp Seed (Cannabis sativa L.) Proteins: Composition, Structure, Enzymatic Modification, and Functional or Bioactive
Properties. In Sustainable Protein Sources; Nadathur, S.R., Wanasundara, J.P.D., Scanlin, L.B.T.-S.P.S., Eds.; Academic Press: San
Diego, CA, USA, 2017; Chapter 7; pp. 121-132. ISBN 978-0-12-802778-3.

Rasera, G.B.; Ohara, A.; de Castro, R.J.S. Innovative and emerging applications of cannabis in food and beverage products: From
an illicit drug to a potential ingredient for health promotion. Trends Food Sci. Technol. 2021, 115, 31-41. [CrossRef]

Dabija, A.; Coding, G.G.; Gatlan, A.M.; Sanduleac, E.T.; Rusu, L. Effects of some vegetable proteins addition on yogurt quality.
Sci. Study Res. Chem. Chem. Eng. Biotechnol. Food Ind. 2018, 19, 181-192.

Korus, J.; Witczak, M.; Ziobro, R.; Juszczak, L. Hemp (Cannabis sativa subsp. sativa) flour and protein preparation as natural
nutrients and structure forming agents in starch based gluten-free bread. LWT 2017, 84, 143-150. [CrossRef]

Teterycz, D.; Sobota, A.; Przygodzka, D.; Lysakowska, P. Hemp seed (Cannabis sativa L.) enriched pasta: Physicochemical
properties and quality evaluation. PLoS ONE 2021, 16, e0248790. [CrossRef]

Schlienz, N.J.; Spindle, T.R.; Cone, E.J.; Herrmann, E.S.; Bigelow, G.E.; Mitchell, ].M.; Flegel, R.; LoDico, C.; Vandrey, R.
Pharmacodynamic dose effects of oral cannabis ingestion in healthy adults who infrequently use cannabis. Drug Alcohol Depend.
2020, 211, 107969. [CrossRef]

Leghissa, A.; Hildenbrand, Z.L.; Schug, K.A. The imperatives and challenges of analyzing Cannabis edibles. Curr. Opin. Food Sci.
2019, 28, 18-24. [CrossRef]

Ascrizzi, R.; Iannone, M.; Cinque, G.; Marianelli, A.; Pistelli, L.; Flamini, G. “Hemping” the drinks: Aromatizing alcoholic
beverages with a blend of Cannabis sativa L. flowers. Food Chem. 2020, 325, 126909. [CrossRef]

Blake, A.; Nahtigal, I. The evolving landscape of cannabis edibles. Curr. Opin. Food Sci. 2019, 28, 25-31. [CrossRef]

Cerino, P,; Buonerba, C.; Cannazza, G.; D’Auria, J.; Ottoni, E.; Fulgione, A.; Di Stasio, A.; Pierri, B.; Gallo, A. A Review of Hemp
as Food and Nutritional Supplement. Cannabis Cannabinoid Res. 2021, 6, 19-27. [CrossRef]

Rupasinghe, H.P.V; Davis, A.; Kumar, S.K.; Murray, B.; Zheljazkov, V.D. Industrial Hemp (Cannabis sativa subsp. sativa) as an
Emerging Source for Value-Added Functional Food Ingredients and Nutraceuticals. Molecules 2020, 25, 4078. [CrossRef]

Beal, K. Considerations in the addition of cannabis to chocolate. Curr. Opin. Food Sci. 2019, 28, 14-17. [CrossRef]

Ramirez, A.; Viveros, ]. M. Brewing with Cannabis sativa vs. Humulus lupulus: A review. |. Inst. Brew. 2021, 127, 201-209.
[CrossRef]

Marzorati, S.; Friscione, D.; Picchi, E.; Verotta, L. Cannabidiol from inflorescences of Cannabis sativa L.: Green extraction and
purification processes. Ind. Crops Prod. 2020, 155, 112816. [CrossRef]

Paul, A A ; Kumar, S.; Kumar, V.; Sharma, R. Milk Analog: Plant based alternatives to conventional milk, production, potential
and health concerns. Crit. Rev. Food Sci. Nutr. 2020, 60, 3005-3023. [CrossRef]

Pasquali, F.; Schinzari, M.; Lucchi, A.; Mandrioli, M.; Toschi, T.G.; De Cesare, A.; Manfreda, G. Preliminary data on the
antimicrobial effect of Cannabis sativa L. variety Futura 75 against food-borne pathogens in vitro as well as against naturally
occurring microbial populations on minced meat during storage. Ifal. ]. Food Saf. 2020, 9, 8581. [CrossRef]

Langhorst, J.; Wulfert, H.; Lauche, R.; Klose, P.; Cramer, H.; Dobos, G.]J.; Korzenik, J. Systematic review of complementary and
alternative medicine treatments in inflammatory bowel diseases. J. Crohns. Colitis 2015, 9, 86-106. [CrossRef]

Lal, S.; Prasad, N.; Ryan, M.; Tangri, S.; Silverberg, M.S.; Gordon, A.; Steinhart, H. Cannabis use amongst patients with
inflammatory bowel disease. Eur. J. Gastroenterol. Hepatol. 2011, 23, 891-896. [CrossRef]

Ravikoff Allegretti, J.; Courtwright, A.; Lucci, M.; Korzenik, J.R.; Levine, J. Marijuana use patterns among patients with
inflammatory bowel disease. Inflamm. Bowel Dis. 2013, 19, 2809-2814. [CrossRef]

Storr, M.; Devlin, S.; Kaplan, G.G.; Panaccione, R.; Andrews, C.N. Cannabis use provides symptom relief in patients with
inflammatory bowel disease but is associated with worse disease prognosis in patients with Crohn’s disease. Inflamm. Bowel Dis.
2014, 20, 472-480. [CrossRef]

Amtmann, D.; Weydt, P.; Johnson, K.L.; Jensen, M.P,; Carter, G.T. Survey of cannabis use in patients with amyotrophic lateral
sclerosis. Am. |. Hosp. Palliat. Care 2004, 21, 95-104. [CrossRef]

Keene, M.R.; Heslop, .LM.; Sabesan, S.S.; Glass, B.D. Perspectives of Complementary and Alternative Medicine use by cancer
patients in a regional hospital in North Queensland, Australia. Complement. Ther. Med. 2022, 71, 102879. [CrossRef]

Deuel, L.M.; Seeberger, L.C. Complementary Therapies in Parkinson Disease: A Review of Acupuncture, Tai Chi, Qi Gong, Yoga,
and Cannabis. Neurother. J. Am. Soc. Exp. Neurother. 2020, 17, 1434-1455. [CrossRef]

Montero-Oleas, N.; Arevalo-Rodriguez, I.; Nufiez-Gonzalez, S.; Viteri-Garcia, A.; Simancas-Racines, D. Therapeutic use of
cannabis and cannabinoids: An evidence mapping and appraisal of systematic reviews. BMC Complement. Med. Ther. 2020, 20, 12.
[CrossRef]

Lall, S. CBD oil. Br. Dent. |. 2020, 228, 395. [CrossRef]

de Andrade, CM.L,; Caetano, T.T.V.; Campos, FK.; Gandra, VM.; Alves, EH.E,; Stein, V.C. Cannabis sativa L. in the cosmeceutical
industry: Prospects and biotechnological approaches for metabolite improvement. South Afr. ]. Bot. 2023, 161, 171-179. [CrossRef]
Britch, S.C.; Babalonis, S.; Walsh, S.L. Cannabidiol: Pharmacology and therapeutic targets. Psychopharmacology 2021, 238, 9-28.
[CrossRef]


https://doi.org/10.3390/nu12071935
https://doi.org/10.1016/j.tifs.2021.06.035
https://doi.org/10.1016/j.lwt.2017.05.046
https://doi.org/10.1371/journal.pone.0248790
https://doi.org/10.1016/j.drugalcdep.2020.107969
https://doi.org/10.1016/j.cofs.2019.02.010
https://doi.org/10.1016/j.foodchem.2020.126909
https://doi.org/10.1016/j.cofs.2019.03.009
https://doi.org/10.1089/can.2020.0001
https://doi.org/10.3390/molecules25184078
https://doi.org/10.1016/j.cofs.2019.02.007
https://doi.org/10.1002/jib.654
https://doi.org/10.1016/j.indcrop.2020.112816
https://doi.org/10.1080/10408398.2019.1674243
https://doi.org/10.4081/ijfs.2020.8581
https://doi.org/10.1093/ecco-jcc/jju007
https://doi.org/10.1097/MEG.0b013e328349bb4c
https://doi.org/10.1097/01.MIB.0000435851.94391.37
https://doi.org/10.1097/01.MIB.0000440982.79036.d6
https://doi.org/10.1177/104990910402100206
https://doi.org/10.1016/j.ctim.2022.102879
https://doi.org/10.1007/s13311-020-00900-y
https://doi.org/10.1186/s12906-019-2803-2
https://doi.org/10.1038/s41415-020-1436-7
https://doi.org/10.1016/j.sajb.2023.08.008
https://doi.org/10.1007/s00213-020-05712-8

Molecules 2023, 28, 7686 21 of 21

204.

205.
206.

207.

208.

209.

210.

211.

212.
213.

Oberbarnscheidt, T.; Miller, N.S. The Impact of Cannabidiol on Psychiatric and Medical Conditions. J. Clin. Med. Res. 2020, 12,
393-403. [CrossRef]

Volkow, N.D.; Weiss, S.R.B. Importance of a standard unit dose for cannabis research. Addiction 2020, 115, 1219-1221. [CrossRef]
Strashny, A. Marijuana Admissions to Substance Abuse Treatment Aged 18 to 30: Early vs. Adult Initiation. In The CBHSQ Report;
Substance Abuse and Mental Health Services Administration (US): Rockville, MD, USA, 2013; pp. 1-7.

Hurd, Y.L.; Manzoni, O.].; Pletnikov, M.V.; Lee, ES.; Bhattacharyya, S.; Melis, M. Cannabis and the Developing Brain: Insights
into Its Long-Lasting Effects. ]. Neurosci. Off. ]. Soc. Neurosci. 2019, 39, 8250-8258. [CrossRef]

Bansal, S.; Paine, M.E,; Unadkat, ].D. Comprehensive Predictions of Cytochrome P450 (P450)-Mediated In Vivo Cannabinoid-Drug
Interactions Based on Reversible and Time-Dependent P450 Inhibition in Human Liver Microsomes. Drug Metab. Dispos. 2022, 50,
351-360. [CrossRef]

Nasrin, S.; Watson, C.J.W.; Perez-Paramo, Y.X.; Lazarus, P. Cannabinoid Metabolites as Inhibitors of Major Hepatic CYP450
Enzymes, with Implications for Cannabis-Drug Interactions. Drug Metab. Dispos. 2021, 49, 1070-1080. [CrossRef]

Prandi, C.; Blangetti, M.; Namdar, D.; Koltai, H. Structure-Activity Relationship of Cannabis Derived Compounds for the
Treatment of Neuronal Activity-Related Diseases. Molecules 2018, 23, 1526. [CrossRef]

Troup, L.J.; Erridge, S.; Ciesluk, B.; Sodergren, M.H. Perceived Stigma of Patients Undergoing Treatment with Cannabis-Based
Medicinal Products. Int. |. Environ. Res. Public Health 2022, 19, 7499. [CrossRef]

Casarett, D.; Abrams, D.I. Why Insurance Companies Should Pay for Medical Cannabis. Am. . Bioeth. 2019, 19, 8-10. [CrossRef]
Sagy, L.; Peleg-Sagy, T.; Barski, L.; Zeller, L.; Jotkowitz, A. Ethical issues in medical cannabis use. Eur. |. Intern. Med. 2018, 49,
20-22. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.14740/jocmr4159
https://doi.org/10.1111/add.14984
https://doi.org/10.1523/JNEUROSCI.1165-19.2019
https://doi.org/10.1124/dmd.121.000734
https://doi.org/10.1124/dmd.121.000442
https://doi.org/10.3390/molecules23071526
https://doi.org/10.3390/ijerph19127499
https://doi.org/10.1080/15265161.2019.1567193
https://doi.org/10.1016/j.ejim.2018.01.016

	Introduction 
	Medicinal Properties of Cannabis 
	General Overview of Medicinal Properties of Cannabis and Their Mode of Action 
	The Endocannabinoid System (ECS) 
	Neurological Disorders 
	Multiple Sclerosis (MS) 
	Alzheimer’s Disease (AD) 
	Parkinson’s Disease (PD) 
	Chronic Neuropathic Pain 

	Skin Diseases 

	Cannabinoids in Light of Current Knowledge (Approved Drugs) 
	Approved Drugs of Natural Origin 
	Synthetic Cannabinoids—Phytocannabinoids Derivatives 

	Additional Applications of Cannabis 
	Unregulated Cannabis Products 
	Cannabis Products for Topical Treatment 
	Cannabis Products for Systemic Treatment 
	Food Additives 

	Alternative Medicine 

	Pitfalls on the Way to Widespread Clinical Use of Cannabis and Cannabis-Derived Compounds 
	Conclusions 
	References

