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Abstract: The use of cannabinoids (substances contained specifically in hemp plants) for therapeutic
purposes has received increased attention in recent years. Presently, attention is paid to two main
cannabinoids: delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD). With respect to the
psychotropic effects and dependence potential of THC (though it is very mild), its use is associated
with certain restrictions, and thus the therapeutic properties of CBD are frequently emphasized
because there are no limitations associated with the risk of dependence. Therefore, this review
covers the main pharmacodynamic and pharmacokinetic features of CBD (including characteristics
of endocannabinoidome) with respect to its possible beneficial effects on selected diseases in clinical
practice. A substantial part of the text deals with the main effects of CBD on aging, including
Alzheimer’s disease and related underlying mechanisms.
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1. Introduction

The United Nations General Assembly declared the years 2021-2030 as the “Decade of
Healthy Ageing”: a challenge for international cooperation expected at the widest possible
levels in both social and medical care and research to improve the lives of older people.

This challenge means paying great attention to the study of all the processes that can
accelerate human aging, which is associated with the gradual degeneration of structures
and the functioning of vital organs [1], but also, of course, how to deal with the unpleasant
symptoms that appear. Attention needs to be focused both on general social and psy-
chological approaches and on finding and validating appropriate (or even innovative)
pharmacological treatments.

A growing number of scientific reports indicate that a healthy human microbiome is
supported by the so-called “endocannabinoidome” [2]. The name endocannabinoidome has
been proposed for the complete set of lipid mediators (the endogenous cannabinoids or en-
docannabinoids such as anandamide and 2-arachidonoylglycerol) relevant for biochemical
and pharmacological signaling through binding to a widespread network of cannabinoid
receptors (CB1 and CB2) throughout the body of vertebrates, including man [3,4].

The effects of cannabinoids are highly ubiquitous in the bodies of vertebrates, includ-
ing humans, because their receptors have been confirmed in the nervous system (cortex,
basal ganglia, hippocampus, hypothalamus, cerebellum, spinal cord, spinal cord ganglia),
but also in the enteric nervous system, adipose cells, vascular endothelial cells, liver, and
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gastrointestinal tract. As has been proven many times, the body’s lipoid substances, called
endocannabinoids, are used to regulate physiological functions. It is not surprising that
attention is paid to investigate not only their physiology but also their pathophysiology,
e.g., in pain, inflammation, immune disorders, obesity and other metabolic disorders, car-
diovascular and gastrointestinal diseases, and neurodegenerative changes, i.e., conditions
occurring frequently in the elderly. To transfer knowledge about the physiology and patho-
physiology of the endocannabinoidome (of vertebrates, including humans) into possible
therapeutic use, intensive preclinical and clinical research studies are underway (see below).
Experimental preclinical research, together with clinical trials (i.e., translational research),
is focused in geriatrics on the validation of therapeutic approaches using either certain
cannabinoids [5-9] or agents enhancing endocannabinoid activities without binding to
cannabinoid receptors (e.g., endocannabinoid biodegradation inhibitors) [10,11].

One of the possible and promising new approaches to aging management involves a
substance naturally occurring in the hemp plant called cannabidiol (CBD). In general, the
use of hemp-specific substances and their possible therapeutic use have received increased
attention during the past few years for the treatment of many diseases or pathological
conditions, especially chronic persistent pain [12,13]. CBD is one of the best-studied
substances found in hemp, and since the possible advantageous effect of this substance
has also been described on aging, we would like to focus on the possible role of CBD in
this process.

2. Cannabinoids and the Endocannabinoidome

In general, cannabinoids are chemical substances acting primarily on specific cannabi-
noid receptors, and they are presently classified into three groups: endogenous cannabi-
noids (endocannabinoids) found naturally in various tissues of vertebrates; herbal cannabi-
noids (phytocannabinoids) occurring specifically in hemp; and finally synthetic cannabi-
noids produced chemically [14]. Besides these “classical” types of cannabinoids, presently
we also define substances called endocannabinoid-like molecules (ELMS; e.g., palmi-
toylethanolamide and oleoylethanolamide), which do not activate CB1 and CB2 receptors,
and instead of this mechanism, they activate various G-protein-coupled receptors (GPRs)
or ion channels, perhaps even nuclear receptors, or affect the effects of cannabinoids by
other means [15].

The endocannabinoidome exhibits functions of anti-inflammatory and anti-excitotoxic
barriers [6] and can be positively modulated by the administration of either phytocannabi-
noids or other cannabinoid receptor agonistic ligands [7,8,10,16-24] or even by interactions
with enhancers of the endocannabinoid activities without binding to cannabinoid receptors,
e.g., endocannabinoid biodegradation inhibitors [11,25-28].

Based on all relevant research data available, U.S. Patent No. 6,630,507 2013 was
granted to the Department of Health and Human Services for the medical use of CBD. After
five years of experience using cannabinergic therapies, 16 selected experts of the National
Academies of Sciences, Engineering, and Medicine evaluated the medical assessments
with the result that there is: “I. sufficient scientific evidence for the therapeutic efficacy
of cannabinoids for the treatment of (a) pain in adults; (b) nausea and vomiting during
chemotherapy; (c) spasticity in multiple sclerosis; II. the average amount of expert evidence
for the treatment of (a) secondary sleep disorders; (b) loss of appetite; (c) irritable bowel
syndrome; (d) Tourette syndrome; (e) anxiety; (f) post-traumatic stress disorder; (g) cancer;
(h) epilepsy; (i) various neurodegenerative disorders. At the same time, the development
of new cannabinoid drugs was approved with the following indications: (a) neurological
damage in cases of stroke or injury; (b) neurodegenerative diseases such as Alzheimer’s
and Parkinson’s disease and HIV infection”. The summary from 10,000 abstracts of the
US National Academies of Sciences, Engineering, and Medicine reported conclusive or
substantial evidence that cannabis or cannabinoids are effective for the treatment of pain in
adults; chemotherapy-induced nausea, vomiting, and spasticity associated with multiple
sclerosis, and moderate evidence was found for secondary sleep disturbances [29,30].
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Most often, attention is focused on the indications of cannabinoid therapy for pain,
inflammation, immune disorders, obesity, other metabolic and neurodegenerative changes,
and cardiovascular and gastrointestinal diseases, which are often diagnosed in patients
with neurodegeneration and dementia-related diseases such as Alzheimer’s, Parkinson’s
disease (PD), and Huntington’s [30-32].

Of note is a report from the 40th meeting of the World Health Organization’s Expert
Committee on Drug Dependence, which stated: “No reports of controlled studies of the
physical dependence potential of CBD in laboratory animals or humans could be identified.
Tolerance to the effects of CBD has not been observed” [33]. This report is based on the
results of controlled preclinical animal studies as well as clinical studies in humans showing
no signs of dependence when using CBD. Therefore, when assessing the therapeutic use of
cannabinoids, attention is primarily focused on CBD, which should not be associated with
any public health problems associated with its therapeutic utilization.

In the treatment of health problems in the elderly, therapy with cannabinoids [21,34,35]
or indirect modulators of endocannabinoid mechanisms [26,27] is increasingly recom-
mended for many indications.

It is repeatedly strongly recommended to continue paying attention to the effects of
substances that can positively interfere with the mechanisms of endocannabinoids and
their functionally related signaling pathways with regulatory therapeutic potential [28].
These therapies are repeatedly evaluated as effective and safe [28,36—40]. Preference is
rightly given to the application of CBD, which has been proven not to cause dependence
with withdrawal symptoms after the end of treatment [41].

3. Pharmacokinetics and Pharmacodynamics of Cannabinoids

Phytocannabinoid CBD is a highly lipophilic substance with a large volume of distri-
bution (Vd~32 L/kg) and poor bioavailability after oral administration (estimated to be as
low as 6%). It undergoes, given orally, a significant hepatic first-pass effect in terms of pre-
systemic elimination, and a large part of the dose is excreted unchanged in the feces [42—45].
It has been shown that the AUC and Cmax were CBD dose-dependent, and Tmax mostly
occurred between 1 and 4 h [46]. Cannabidiol quickly distributes into well-vascularized
organs such as the lung, heart, brain, and liver. It is quickly redistributed to the brain and
fat tissue [45,47,48]. CBD may accumulate in adipose tissues following chronic administra-
tion. It is metabolized, particularly in the liver, by isozymes CYP2C19 and CYP3A4 and
additionally by CYP1A1, CYP1A2, CYP2C9, and CYP2D6. The elimination half-life ranged
from 2 to 5 days after chronic oral administration [45,49]; it was reported between 1.4 and
10.9 h after oromucosal spray, 24 h after i.v., and 31 h after smoking (single doses) [46].

The pharmacodynamics of CBD are based particularly on receptor-mediated mecha-
nisms of action with a whole variety of modulated receptors; nevertheless, it has also been
shown recently that some indirect mechanisms are involved. The principal modes consist of
negative allosteric modulation of cannabinoid CB1 receptors (leading to decreased efficacy
of agonists acting on these receptors, such as endogenous cannabinoid anandamide or
phytocannabinoid delta-9-tetrahydrocannabinol) and antagonism/inverse agonism on
cannabinoid CB2 receptors [50,51]. Moreover, antagonism at the receptor GPR55 has been
described. It has been shown that, concerning the aforementioned structures, CBD also acts
as an inverse agonist/antagonist on cannabinoid CB1 receptors and a negative allosteric
modulator on cannabinoid CB2 receptors [51].

Besides effects on well-established cannabinoid receptors, CBD also affects many
receptors in other receptor systems (Figure 1). Hence, it has been described that CBD
acts as an agonist on serotonergic receptor 5-HT1A, a partial agonist on subtype 5-HT2A,
and a non-competitive antagonist on subtype 5-HT3A. It activates the adenosine receptors
Al, GABAergic GABAA receptors, and the nuclear receptor PPARy. CBD is an inverse
agonist for the G-protein-coupled receptors 3, 6, and 12 (GPR3, GPR6, and GPR12) [21,52].
Furthermore, it stimulates &1 and «1f3 subunits of the glycine receptors and has a partially
agonistic effect on dopamine D2 receptors. It has agonistic activity on the ionotropic
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receptors TPPA1, TRPV1, TRPV2, TRPV3, TRPV4, and TRPVS [21,51]. It has been found
that CBD also binds to the p-opioid receptor (MOR) and the 6-opioid receptor (DOR) [53].
There is also developing discussion about possible non-receptor mechanisms such as an
increase in anandamide levels (which is thought to be in context with the CBD inhibitory
effect on the inactivating hydrolase FAAH) [51,54-58] or non-selective inhibition of the
voltage-dependent potassium channels [57].

adenosine

serotonin

PIBK/Akt/mTOR

Figure 1. Major substances and structures influenced by CBD.

A network-based pharmacological analysis was used to predict the potential molecular
targets for CBD’s anti-inflammatory effects, which revealed the NF«B cascade as one of
its primary anti-inflammatory mechanisms of action. Moreover, target proteins, including
p53, IkBa, IKKs, and MAP kinases, as well as signaling pathways, including STAT3, AKT1,
TNE TLR, RLRs, and MAPK, were linked to CBD’s anti-inflammatory influence. These
molecular targets could contribute to CBD’s overall anti-inflammatory activity and its
potential therapeutic significance for various inflammatory-mediated diseases. Although
further biological experiments are needed to confirm these molecular targets, these results
speak in favor of data supporting the utilization of CBD as a promising anti-inflammatory
natural substance [59].

4. Examples of Therapeutical Effects of CBD in Clinical Practice

As described above, CBD affects a large number of receptor types and subtypes, so
it is not surprising that its documented actions are very different and were described on
both preclinical and clinical levels. Initiatory clinical evidence suggests that CBD has a
suitable safety profile [60], and the three best-identified effects of CBD are summarized in
the following paragraphs.

Probably the most frequently mentioned and widely accepted indication for CBD
is its anti-epileptic effect, and it is considered an effective anti-seizure medication. Its
exact mechanism of action in these indications is not fully understood. However, CBD
is known to reduce neuronal hyperexcitability by modulating intracellular calcium via G
protein-coupled receptor 55 (GPR55) and transient receptor potential vanilloid 1 (TRPV-1);
adenosine-mediated signaling modulation by inhibition of cellular adenosine absorption
via nucleoside transporters-1 (ENT-1) has also been reported.

The effects of CBD were observed on spasm attacks within Dravet syndrome (a serious
epileptic disorder typically seen in childhood associated with seizures resistant to therapy
and a high mortality rate) in a double-blind, placebo-controlled study carried out with
120 patients. CBD was administered as a supplement to the standard epileptic treatment
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and decreased the frequency of the spasms in both the children and adolescents suffering
from Dravet syndrome for 14 days [61].

Already, a “legendary” case report described the administration of CBD to a 5-year-old
girl. This child experienced the first seizure in the form of a prolonged status epilepticus at
3 months of age, and therapy with “classical” anti-epileptic drugs completely failed. The
girl was given cannabis extract with a high content of CBD, which led to a reduced seizure
frequency from nearly 50 convulsive attacks per day to 2-3 convulsions during nights per
month (i.e., >90% reduction in generalized tonic—clonic seizures) [62].

Finally, CBD was approved by the Food and Drug Administration (FDA) in 2018 as
an add-on antiepileptic drug in >2-year-old children with Dravet syndrome and Lennox—
Gastaut syndrome (symptomatic epilepsy caused by brain injury or malformation with
manifestations up to 5 years of age), and it was also approved by the European Medicines
Agency (EMA) in 2019 [63]. A registered, ready-made preparation with the brand name
Epidyolex in the form of an oral solution is now available.

Other reports describing the effects of CBD on epilepsy can be found in the following
papers [63-65].

The second domain of potential indications for CBD use under discussion is chronic
pain. Nevertheless, according to our knowledge and the following literary sources, no
approved pharmaceutical products containing CBD alone for the management of pain
are available. For pain management, cannabinoids are usually administered as medical
hemp or nabiximols (which are a combined product of THC/CBD in a 1:1 ratio), and it
may therefore be difficult to unambiguously attribute the therapeutic properties of CBD
alone since it is administered with THC [66]. Moreover, many CBD products are presently
available as supplements, but these products are non-pharmaceuticals, and there is a lack
of appropriate clinical studies supporting their efficacy [66].

Despite this limitation, the first reports available suggest the possible benefit of CBD
use for pain treatment. Eskander et al. described the positive effects of CBD in the form of
cream on acute and chronic back pain on the basis of case reports. They concluded that
modulation of the noradrenergic system and indirect stimulation of opioid receptors via
CB2 receptors can play an important role in pain management [67].

Xu et al. focused on the possible benefit of CBD treatment in patients with symptomatic
peripheral neuropathy. The study involved 29 patients. Fifteen patients were administered
CBD (250 mg/3 fl. oz) and 14 patients were given a placebo. After four weeks, the
placebo group was allowed to crossover into the treatment group. For the pain assessment,
the neuropathic pain scale (NPS) was administered biweekly. It has been found that a
statistically significant reduction in intense pain, sharp pain, and cold and itchy sensations
was seen in the CBD group compared to the placebo group. There were no adverse
effects reported in this study. The authors concluded that the transdermal application of
CBD oil can achieve significant improvement in pain and other disturbing sensations in
patients suffering from peripheral neuropathy and that the treatment product was well
tolerated [68].

On the other hand, Schneider et al. [69] focused in their randomized, placebo-controlled,
double-blinded, crossover study on the assessment of pain intensities (using a numeric
rating scale), secondary hyperalgesia (von Frey filament), and allodynia (dry cotton swab)
in an acute pain model using intradermal electrical stimulation. This study involved
20 healthy volunteers and compared the effect of 800 mg of orally administered CBD on
pain with a placebo. Its results failed to show a significant effect, which indicates a little bit
of controversy concerning findings concerning CBD use in pain treatment.

The issue of the possible therapeutic use of CBD in the treatment of chronic pain
conditions was recently the subject of a meta-analysis involving a total of 12 studies. CBD is
mentioned by the authors as a suitable alternative to opioids because of its good tolerability.
From the point of view of efficacy, there is also an emphasis on the beneficial effect on
improving sleep and the quality of life of patients. At the same time, however, the authors
stress the need for further clinical studies to verify the therapeutic benefit of CBD in this
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particular indication [70]. Other reports describing the effects of CBD on pain can be found
in the following papers [29,71,72].

Finally, the use of CBD is frequently mentioned in association with its possible ben-
eficial effects on anxiety. The effects of CBD were tested in an adolescent with multiple
substance use disorders (cannabis, MDMA, cocaine), severe depression, social anxiety, and
narcissistic personality disorder. This patient was given capsules in different dosages (start-
ing at 100 mg up to 600 mg over 8 weeks) after unsuccessful treatment with antidepressant
medication. Antidepressant medication was ceased, and following the CBD treatment, the
patient both improved her depressive and anxiety symptoms [73].

The efficacy of CBD was investigated in association with anxiety disorders in young
people who previously failed to respond to standard therapy. The study was open-label
and involved 31 young people (12-25 years) with anxiety disorder who showed no clinical
improvement after treatment with cognitive-behavioral therapy and/or antidepressant
drugs. All patients were given add-on CBD for 12 weeks on a fixed-flexible schedule
titrated up to 800 mg/d. Anxiety was assessed with the overall anxiety severity and
impairment scale (OASIS) at week 12. Mean (SD) OASIS scores decreased from 10.8 (3.8)
at baseline to 6.3 (4.5) at week 12, corresponding to a —42.6% reduction (p < 0.0001).
These results suggest that CBD reduces anxiety severity in young people suffering from
treatment-resistant anxiety disorders [74].

A systematic review concerning human studies assessed the efficacy of cannabidiol
for social anxiety. The authors of this very recent paper concluded that CBD may be a
promising treatment for this condition, despite the fact that further research is needed
to establish optimal dosing and assess the time course of CBD’s anxiolytic effects [75].
Other reports describing the effects of CBD on anxiety can be found in the following
papers [72,73,76-78].

Besides these three indications, available medical reports gradually confirm the poten-
tial therapeutic effects of CBD for many other purposes, including anorexia [29], cancer [71],
ulcerative colitis [79], dementia [80], depression [72,73,81], dyslipidemia [78], schizophre-
nia [78,82], sleep disorders [29,72], substance abuse [73], spasticity in multiple sclerosis [29],
autism and associated disorders [83,84], attention deficit/hyperactivity disorder (ADHD),
posttraumatic stress disorder (PTSD) [85], etc. The most promising indications are shown
in Figure 2.

a Insomnia
==

Nausea, Vomiting

Epilepsy

Alzheimer's
Disease

Schizophrenia

Figure 2. The most promising treatment indications of CBD.
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The published results of an increasing number of not only preclinical but also clinical
research studies repeatedly confirm the therapeutic potential of CBD in various pathological
conditions. Therefore, it is recommended to continue “de lege artis medicinae” clinical
studies with the application of CBD in various indications. The positive results could be
subsequently applied to regulatory guidelines for the therapeutic use of CBD in clinical
human medicine [86].

5. Effects of CBD on Aging Including Alzheimer’s Disease

Aging is a universal process of molecular and physiological changes that are signifi-
cantly associated with susceptibility to disease and eventually lead to death [87]. Due to the
involvement of the endocannabinoid system (ECS) in many physiological and regulatory
functions and roles, there are many reports on the influence of the ECS on this process.
For example, it has been described that enhancing the endogenous cannabinoid tone may
induce beneficial effects on the evolution of Alzheimer’s disease [30] or that ECS regulates
numerous aspects of circadian physiology relevant to the neurobiology of aging [22]. The
progression of aging is determined by the balance between damaging processes contribut-
ing to aging and the activity of the homeostatic defense mechanisms, and ECS is believed to
be part of these latter actions [19]. With an aging population globally, there is an increase in
age-related diseases, such as Alzheimer’s disease, resulting in cognitive decline. Therefore,
a focus on more efficient and disease-modifying therapeutic approaches that could delay
or mitigate disease progression is necessary [32], and since the pharmacological profile
and effects of CBD within ECS are similar, it can be expected that this substance could
significantly influence the process of aging.

Disruption in protein homeostasis plays, together with oxidative stress and neuroin-
flammation, a significant role in the pathobiology of dementia disorders. Cannabidiol is
known for its ability to decrease oxidative stress, neuroinflammation, and protein misfold-
ing, and it plays a role in various preclinical and clinical models of neurological disorders,
which suggests its potential therapeutic use in this field [88].

It has been shown in pre-clinical studies that CBD improves both spatial and recog-
nition memory and decreases anxiety in a mouse model of Alzheimer’s disease. Mice
(SAMPS) develop an age-related impairment in learning and memory corresponding to
an increase in amyloid-3, hyperphosphorylated tau, oxidative stress, impaired efflux of
amyloid-f across the blood-brain barrier, and neuroinflammation. These mice, starting
at 11 months of age, were administered CBD (0, 3, or 30 mg/kg) daily orally for 60 days.
After thirty days of treatment, the following parameters were tested: learning and memory
(T-maze and novel object recognition), activity in an open field, and anxiety in the elevated
plus maze. Mice that were given CBD at 30 mg/kg significantly improved learning and
memory in the T-maze compared to the control group, and CBD also led to improved novel
object recognition memory. The effect was probably due to the antioxidant properties of
CBD, which suggest cannabidiol as a potential treatment for age-related dementia [89].
Furthermore, similar results were obtained in another study in 14-month-old TAU58/2
transgenic mice, in which chronically administered CBD significantly improved impaired
spatial reference memory, suppressed anxiety-like behavior, and reduced contextual fear-
associated freezing. Therefore, the authors of the study suggested the potential of its use in
the treatment of tauopathy-related behavioural impairments including cognitive deficits [90].

A very recent study investigated the memory-enhancing, anti-inflammatory, and
anti-aging potential of CBD in vitamin D3-deficient diet-induced rats. It was found that
CBD interacted with CYP2R1, CYP27B1, CYP24A1, and vitamin D receptors. This led to
increased vitamin D3 metabolites, which improved memory and reduced inflammation
and aging through modulating antioxidative enzymes (superoxide dismutase (SOD) and
glutathione peroxidase (GPx)), cytokines, and neurotransmitters in these rats [91,92].

A very interesting insight into the possible benefit of CBD in pathologies character-
ized by memory impairment was provided by a recent preclinical proof-of-concept study
looking at the effect of CBD on brain metabolism in a streptozotocin-induced Alzheimer’s
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disease rat model. Compared to the control group of animals (saline), positron emission
tomography showed a significantly higher level of glucose metabolism in the lateral ven-
tricle area. Significant differences in metabolic levels were additionally observed, mainly
in the striatum, motor cortex, hippocampus, and thalamus. The observed effects could be
particularly important when considering that lower glucose utilization is one of the early
and persistent signs of Alzheimer’s dementia [93].

Cannabinoids, through CB2 receptors, affect microglia activity in an age-dependent
manner [23]. It has been shown that the high-affinity agonists of TRPV2, including CBD,
significantly increase the ability of microglia to phagocytose amyloid-beta by activating
TRPV2; blockade of these receptors has the opposite effect. In addition to suppressing
neuroinflammation, CBD also significantly improves mitochondrial function and adenosine
triphosphate (ATP) production, again in correlation with TRPV2 activity [94,95].

Interest was also given to the potentiality of CBD acting as a pharmacological mod-
ulator of the protein homeostasis network, particularly in terms of its neuroprotective
and aggregate clearing roles in neurodegenerative disorders. It has been concluded that
CBD could be a useful modulator for reversing not only age-associated neurodegeneration
(proteinopathies, including Alzheimer’s disease, Parkinson’s disease, and Huntington’s
disease) but also other protein misfolding disorders. The present understanding of the
role of CBD is nevertheless insufficient to support this suggestion unambiguously [88].
Similarly, another review focused on the modulatory effects of CBD on Alzheimer’s disease
gives a summary that for intervening in Alzheimer’s disease pathology and for the transla-
tion of preclinical studies into clinical settings, understanding the underlying mechanisms
of CBD is necessary [96].

Currently, we also have clinical data on the use of CBD in the treatment of patients
with already developed dementia, although these are still smaller groups of patients. An
example is a randomized, double-blind, placebo-controlled study involving 60 patients
diagnosed with major neurocognitive disorders and associated behavioral disturbances.
They were randomized to receive a placebo of cannabis oil Avidekel (295 mg CBD and
12.5 mg THC per milliliter) three times daily for 16 weeks. The primary assessed study
endpoint was a decrease in the Cohen-Mansfield Agitation Inventory score. A decrease of
at least four points at the end of the study was achieved in 60% of patients treated with
cannabis oil, but only in 30% in the placebo arm (p = 0.03). There was also a significant
difference in the number of patients achieving a decrease of at least eight points, i.e.,
50% versus 15% of patients (p = 0.01). Treatment was very well tolerated by patients with
similar adverse event profiles in both arms of the study [97]. Also, another smaller study
(n = 20) mentions a therapeutic benefit of 3% CBD in the treatment of severe behavioral
and psychological symptoms of dementia [98], and further studies are planned [99].

Previously, the Caenorhabditis elegans model showed that life expectancy is closely
related to the activity of genes responsible for autophagy, a lysosomal catabolic process that
determines cellular homeostasis and is also related to neuroprotection at the level of the
central nervous system [100,101]. Recently published papers describe quite convincingly
the ability of CBD to regulate the process of autophagy, although the exact mechanism of
this regulation has not yet been fully understood. For example, at the level of cell lines
of human neuroblastoma SH-SY5Y or mouse astrocytes, CBD-induced autophagy has
been shown to be significantly lower in the presence of CB1, CB2, and TRPV1 (Transient
Receptor Potential Vanilloid 1) antagonists. CBD-induced autophagy in this model was
mediated by activation of ERK1/2 (extracellular signal-regulated protein kinases 1 and 2)
and suppression of protein kinase B (AKT), key regulators of cell proliferation and survival.
The induction of autophagy itself was dependent on Unc51-like kinase (ULK1) [102].

However, the process of autophagy is also significantly regulated by the SIRT1 gene,
which encodes sirtuin 1 [103]. Recent experimental work with C. elegans confirms CBD-
induced autophagy in hippocampal cells and SH-SY5Y neurons while extending lifespan
in direct dependence on the autophagic genes bec-1, vps-34, and sqst-1 [104]. In addition,
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CBD also suppresses age-related changes in the morphology (beading and blebbing) of the
touch receptor neurons (TRNs). These effects are linked to the aforementioned SIRT1 [104].

Furthermore, CBD added to the cell culture of SH-SY5Y neurons prevented damage
to neurites by amyloid AB1-42 and led to higher expression of fatty acid amide hydrolase
(FAAH) and the CB1 receptor. At the same time, it acted protectively in terms of limiting
the decreasing density of dendrites [105].

6. Adverse Effects of CBD and Limitations of Its Use

One of the most frequently seen adverse effects of CBD is dose-dependent hepatotoxi-
city. For example, it has been reported that serum aminotransferase elevations arose during
CBD therapy for epilepsy in 34% to 47% of patients, compared to 18% of controls who were
given other anticonvulsant drugs. The cause of this elevation was not known; neverthe-
less, it could occur due to direct toxicity (either the molecule itself or the production of
a toxic intermediate in its metabolism) [106]. Another study investigating the safety and
tolerability of CBD and its effect on common parkinsonian symptoms also showed that the
relatively high dose used in this study was associated with liver enzyme elevations [107].
Finally, a very recent meta-analysis aimed to determine the association between cannabidiol
use, liver enzyme elevation, and drug-induced liver injury concluded that CBD-associated
liver enzyme elevations and drug-induced liver injury met the criteria of common adverse
drug events, and therefore monitoring of liver function in patients at increased risk was
recommended during CBD use [108].

Despite the many beneficial effects of CBD (particularly on conditions occurring in
the elderly) and its possible therapeutic indications, it is without doubt that CBD use
is associated with some limitations. For example, a retrospective observational study
suggested that CBD-rich treatment has a beneficial impact on pain, anxiety, and depression
symptoms as well as overall wellbeing only for patients with moderate to severe symptoms;
however, there was no observed effect on mild symptoms [109]. Moreover, quite frequently,
clinical effects were seen and tested only in small clinical trials, and further investigation is
therefore demanded.

7. Conclusions

Despite the aforementioned limitations, there is an increasing number of not only
preclinical but also clinical research studies (yet small) confirming repeatedly the thera-
peutic potential of CBD in various pathological conditions. It is recommended to continue
with “lege artis” clinical studies, providing the results that could be utilized in regulatory
guidelines for therapeutic applications of CBD in clinical medical care in humans [86].

According to all the results of the available clinical studies, CBD has shown clear
therapeutic efficacy in the elderly human population. The frequency of side effects is
comparable to other classes of drugs, and the risks of using CBD in elderly patients are
rated as moderate. However, in geriatric patients, the presence of (a) increased cardiovas-
cular risk, (b) pharmacokinetic changes, and (c) possible interactions with existing, often
polypharmaceutical therapy, must be considered individually [36,37].
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