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Cannabinoids can be classified as (1) endocannabinoids (AEA, 2-AG), (2) phytocannabinoids (THC, CBD), and (3)
synthetic analogs (AJA)—. Phytocannabinoids constitute more than 110 chemical compounds, while synthetic analogs
are even more numerous.
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| 1. Introduction

Cannabis ( Cannabis sativa L.) has been known and used since ancient times. It contains cannabinoids— A C21 terpene
phenolic group of compounds, amino acids, fatty acids, steroids, along with secondary metabolites such as flavonoids,
stilbenoids, terpenoids, alkaloids, lighans, and many others 2.

In recent years, significant growth of interest in the natural properties of its compounds has been observed, such as anti-
inflammatory and antioxidative effects. They have been proved in numerous animal studies models and confirmed in
clinical studies in patients suffering from inflammatory diseases, such as arthritis B4l In terms of chemistry, the anti-
inflammatory properties of cannabinoids can be related to an increase in glucocorticosteroid-like hormones production,
which is used in anti-inflammatory therapy, and a decrease in prostaglandin synthesis, whose role in inflammatory
conditions is commonly known . Cannabinoids including (1) phytocannabinoids like A-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD); (2) their synthetic analogs like ajulemic acid (AJA; C 25H 360 4) and nabilone (C 24H 360 3); (3)
endogenous cannabinoids like anandamide (N-arachidonoylethanolamine; AEA) and 2-arachidonoyl glycerol (2-AG); as
well as (4) their derivatives like elmiric acids 2.

Anti-inflammatory effects are also shown in non-cannabinoid compounds of cannabis—such as olivetol, cannflavins, and
beta-caryophyllene (BCP)—a fragrant terpenoid known to be a full agonist of the CB2 receptor. CB2 is a G protein-
coupled receptor, an important therapeutic target in many diseases €. Cannflavins A and B, on the other hand, appear
to be cannabis specific plant flavonoids, known as flavones, which inhibit the production of prostaglandin E2 and the
leukotrienes &,

| 2. Endocannabinoid System (ECS) and Cannabinoids

The endocannabinoid system (ECS) consists of cannabinoid receptors CB1 and CB2, their endogenous lipid ligands—
anandamide (AEA) and 2-arachidonoyl glycerol (2-AG), and the enzymes responsible for their biosynthesis (DAGLa,
DAGL for 2-AG; NAPE-PLD for AEA) or degradation (fatty acid amide hydrolase—FAAH for AEA and monoacylglycerol
lipase—MAGL for 2-AG) [&. There are also alternative paths of endocannabinoid degradation, such as oxidation of AEA
and 2-AG by cyclooxygenase, specific lipoxygenases, and P450 cytochrome 28, AEA binds to central CB1 receptors and
—to a lesser extent—peripheral CB2 receptors. 2-AG is a partial CB1 and CB2 agonist to which it binds with a
comparable affinity 9. Phytocannabinoids like A-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) demonstrate a
similar activity to anandamide and 2-AG.

THC is the main psychoactive cannabinoid due to its lipophilic structure capable of penetrating the blood—brain barrier and
activating CB1 receptors widely expressed in the brain tissue . CBD is the second of the two predominant
phytocannabinoids of Cannabis sativa L. Compared to THC, CBD shows lower affinity to CB1 and CB2 receptors.
Moreover, at low concentrations, it even demonstrates a slightly antagonistic effect and acts as a negative allosteric
modulator of CB1—therefore indirectly changes the receptor’s potential to bind its orthosteric ligands, such as THC 12,
CBD is not psychoactive and shows numerous advantageous pharmacological effects, including anti-inflammatory and
antioxidative properties. The chemistry and pharmacology of CBD have been thoroughly tested, together with various
molecular targets, such as cannabinoid receptors and other compounds of ECS affected by CBD. Moreover, preclinical



and clinical trials led to a better understanding of CBD’s therapeutical potential in many diseases, including those
associated with oxidative stress 131,

Endocannabinoids seem to present affinity not only to CB1 and CB2 but also G protein-coupled receptors (GPR3, GPR6,
GPR12, GPR18, GPR55, GPR119) (4] transient receptor potential vanilloid channels (TRPV1, TRPV2, TRPV3, TRPV4,
TRPMS8, and TRPA1), ligand-gated ion channels (5-HT3, glycine, nicotinic acetylcholine), and peroxisome proliferator-
activated receptors (PPAR-a and PPAR-y) [12][20]116]

| 3. Cannabinoids in the Inflammatory Bowel Diseases

The potential use of cannabinoids in inflammatory bowel diseases was a subject of research in recent years, not only on
possible benefits associated with the anti-inflammatory effect but also the relief of the extraintestinal symptoms 14,
Although consecutive in vitro and in vivo research appeared promising, clinical trials are scarce 8. Cannabinoids exert
diverse effects on the digestive tract, regulating gastric hydrochloric acid secretion, motor activity, release and transport of
ions, and visceral sensation 12!,

CB1 and CB2 receptors are located in all layers of the bowel, including the myenteric and submucosal plexus and
epithelium 9. In vitro research confirmed the presence of CB1 and CB2 receptors in healthy human colon tissue, along
with their reactivity to inflammation and epithelial injury 2. Apart from CB1 and CB2 receptors, GPR55 and PPAR-a
receptors have also been detected in the canine alimentary tract 22,

Apart from the classical path, cannabinoids, both natural and synthetic, seem to show affinity to G protein-coupled
receptor 55 (GPR55) 23, The involvement of GPR55 in the development of neuropathic and inflammatory pain by
modulation of releasing pro-inflammatory cytokines has been proven, and the effects seem to be contradictory to those
caused by cannabinoid receptors 4. A pharmacological blockade achieved by administering a specific inhibitor in mice
with experimentally induced colitis led to reducing lymphocyte and macrophage recruitment. Additionally, it caused a
decrease in COX-2 expression, an inflammatory marker, as well as pro-inflammatory cytokines, such as IL-1p and TNF-a
(241 A possible protective capacity of cannabinoids against carcinogenesis in the colon is likely due to the inhibition of a
release of pro-inflammatory cytokines, such as IFNy, TNF-a, IL-17A, and IL-22 24 Further research is necessary,
however.

The influence of cannabinoids, such as THC or CBD, in treating inflammatory bowel diseases in humans seems
promising, although clinical trials evaluating their therapeutic potential are very limited and based only on small research
groups, mostly Crohn’s disease and ulcerative colitis.

| 4. Cannabinoids in Inflammatory Skin Diseases

In human skin, cannabinoid receptors CB1 and CB2 are located in keratinocytes, hair follicles, sebaceous glands, sensory
neurons, cells of the immune system, and fibroblasts (1511251261 FAAH and MAGL were also identified in the skin and its
appendages, suggesting that it actively regulates its metabolic processes 12, The ECS seems to have an impact on
various dermal effects. Cannabinoids inhibit the proliferation and differentiation of epidermis keratinocytes and conduce to
their apoptosis (271251281291 additionally, stimulating CB2 causes the release of opioid peptides, which leads to analgesic
effects BY. Cannabinoids also participate in the modulation of the development and function of hair follicles and
sebaceous glands. They significantly affect neuro-immuno-endocrine regulation of skin functioning and preserving its
homeostasis 132 |t seems crucial that the ECS takes part in the coordination of the inflammatory response in the skin
(25](25][28]3L(33][34]  Fynctioning of the complex immunological protective barrier relies on the cooperation of different
immune cells—such as macrophages, mast cells, T lymphocytes, dendritic cells, and Langerhans cells—together with
keratinocytes, fibroblasts, melanocytes, and other cells present in the skin. The cooperation is complemented by
receptors and pro- and anti-inflammatory cytokines and chemokines 28], Dysfunction of this system can be observed in
many diseases, such as atopic dermatitis, psoriasis, scleroderma, acne, dermatomyositis, keratin and hair growth
disorders, carcinogenesis, together with symptoms such as pruritus, which shows potential for the future use of
cannabinoids in the therapy of these disorders [£211271[281[311[35][36](37](38](39],

CB2 receptor agonists were studied for their potential in reducing inflammation and wound healing in mouse skin 2%, CB2
receptor activation led to reduced infiltration of neutrophils and macrophages, increased keratinocyte proliferation, and
faster wound healing. Moreover, the expression of monocyte chemoattractant protein-1 (MCP-1), stromal cell-derived
factor 1 (SDF-1), IL-6, IL-1B3, TNF-qa, transforming growth factor-beta 1 (TGF-1), and vascular endothelial growth factor
(VEGF) were also decreased. CB2 agonists lead to a significant decrease in pro-inflammatory M1 macrophages and a



slight increase in anti-inflammatory M2 macrophages. Analogously, there was observed a decrease in gene expression,
levels of proteins associated with M1 macrophages, and a release of cytokines (IL-6, IL-12, CD86, inducible nitric oxide
synthase—iNOS), along with an increase in levels of cytokines associated with M2 macrophages (IL-4, IL-10, CD206, and
arginase-1) 9. |n another study, authors demonstrated a decrease in pro-inflammatory factors, such as IL-6 and MCP-1,
an increase in an anti-inflammatory factor—TGF-B, and faster wound healing after using a CB2 agonist B4, Similarly,
beta-caryophyllene, a CB2 receptor agonist, caused skin wound epithelialization by increasing the proliferation and
migration of keratinocytes in mice 42,

It has been detected that levels of anandamide and 2-AG increase in mouse skin after experimentally inducing allergic
contact dermatitis 43!, Moreover, mice deprived of both cannabinoid receptors show a more severe inflammatory reaction.
Using CB1 and CB2 receptor agonists resulted in the attenuation of the inflammatory response, while the antagonists-
exacerbation 3!, The influence of CB2 receptor agonists on artificially induced dermatitis in mice improved edema and
skin lesions 441, Presented research unambiguously points out that CB2 receptors, as a part of the ECS, impact the
inflammatory reaction in the skin. Furthermore, the local application of CB1 agonists shows positive effects in mitigating
inflammatory symptoms in the skin in an animal model 28!,

| 5. Cannabinoids in the other Disorders

Immunological effects of cannabinoids imply the possibility of their therapeutic usage in respiratory tract disorders
associated with inflammation 42, The ability to dilate bronchi and the anti-inflammatory effect suggest the potential of
cannabinoids in treating inflammatory and obstructive airway diseases. Preclinical research revealed the beneficial effects
of the administration of CB1 agonists to alleviate experimentally induced contractions in the airways 48471481 There are
also reports of CB2 receptor involvement in counteracting bronchi contractions 2. Apart from the anti-inflammatory and
spasmolytic effects, in guinea pigs, the activation of CB2 receptors also inhibited cough reflex BY. However, the
significance of the mentioned properties is still unknown B2, |In another study, CB1 receptors appeared involved in the
airway dilatation B2 and CB2 receptors in inhibition of activation of mast cells and eosinophils “&. The potentially
beneficial effects of CB1 and CB2 receptor activation in the airways were observed in guinea pigs with the induced
asthma-like reaction after administration of a non-specific agonist 2. In the experimental group, cough, suffocation, and
airway obturation improved, along with decreased eosinophil infiltration, mast cell activation, free radicals release, and
levels of TNF-a and prostaglandin D2 levels (PGD-2) compared to the control group 52,

The expression of CB1 receptors is remarkably high in the central nervous system (CNS), especially in the olfactory bulb,
hippocampus, basal ganglia, and cerebellum B3l Although CB2 receptors are mainly located in immune cells, their
presence has also been detected in the CNS, making them an attractive potential target in counteracting inflammation in
the nervous system B3, A significant increase in expression of CB2 receptors in inflamed microglial cells associated with
changes in levels of pro- and anti-inflammatory cytokines suggests the neuroprotective effects of the ECS 24, Moreover,
activation of CB2 receptors reduces recruitment and adhesion of neutrophils to the brain’s epithelium 2. Changes in the
expression of CB1 receptors also seem to be of importance 23l CB1 receptors are involved in protecting against cell
apoptosis by reducing excessive calcium release, and as a result—excitotoxicity 8l. CB1 receptors protected GABAergic
neurons by reducing excitatory currents in experimentally induced autoimmune encephalomyelitis in mice B4,
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