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A B S T R A C T   

Cannabinol (CBN) is a non-psychoactive phytocannabinoid found in Cannabis sativa. Although overshadowed by 
its more well-known counterparts, such as delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), CBN has 
been gaining attention due to its potential therapeutic properties. This review aims to provide insight into the 
molecular mechanisms underlying the pharmacological actions of CBN. CBN interacts with the endocannabinoid 
system (ECS), primarily targeting the CB2 and CB1 cannabinoid receptors. It acts as a partial agonist for both 
receptors, modulating their activity and downstream signaling pathways. Through these interactions, CBN ex
hibits diverse effects on various physiological processes, including pain perception, inflammation, immune 
response, and neuroprotection. Moreover, CBN has been shown to affect non-cannabinoid receptors, including 
transient receptor potential (TRP) channels, peroxisome proliferator-activated receptors (PPARs), and serotonin 
receptors. These interactions contribute to the modulation of pain, inflammation, and mood regulation. The 
molecular mechanisms of CBN also involve its antioxidant and anti-inflammatory properties. CBN has been found 
to reduce oxidative stress by scavenging reactive oxygen species (ROS) and inhibiting inflammatory mediators. 
This antioxidant activity potentially contributes to its neuroprotective effects and may have implications for the 
treatment of neurodegenerative disorders. Furthermore, CBN exhibits potential antimicrobial activity, acting 
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against various bacteria, fungi, and methicillin-resistant Staphylococcus aureus (MRSA) strains. The underlying 
mechanisms of this antimicrobial effect are still being elucidated, but may involve disruption of microbial cell 
membranes and interference with microbial biofilm formation. The molecular mechanisms underlying CBN’s 
pharmacological actions involve its interactions with the ECS, modulation of non-cannabinoid receptors, anti
oxidant and anti-inflammatory properties, and potential antimicrobial activity. Further research is needed to 
fully understand the therapeutic potential of CBN and its role in various disease states, paving the way for the 
development of novel therapeutic interventions. Due to its multiple interests, the isolation and synthesis of CBN 
has been investigated by several approaches. CBN synthesis involves various approaches, including oxidative 
conversions, isomerization reactions, enzymatic transformations, and biotransformation techniques. Advance
ments in synthetic methodologies and innovative strategies continue to contribute to the efficient production of 
CBN. Further research and optimization are necessary to enhance yields, purity, and scalability of the synthesis 
processes.   

1. Introduction 

Medicinal plants provide rich sources of bioactive compounds crucial 
for drug discovery. Utilized for centuries in traditional medicine, these 
plants offer a diverse array of potential therapeutic agents. Modern 
research validates traditional uses and uncovers new bioactive com
pounds, paving the way for innovative treatments derived from nature’s 
pharmacopeia (Bagri et al., 2009; Sultana et al., 2012, 2024). 

Cannabis (Cannabis sativa L.) is a plant of the Cannabaceae family 
characterized by the presence of a high content of phytocannabinoids in 
addition to terpenes, flavonoids, polyphenols, alkaloids, and carbohy
drates (Clarke and Merlin, 2013). Over 150 cannabinoids are known, 
including tetrahydrocannabinol (THC), cannabinol (CBN), and canna
bidiol (CBD) (Schwope et al., 2011; Zhong et al., 2023; Zubcevic et al., 
2023). These terpenophenolic metabolites are molecules composed of 
twenty-one carbon atoms associated with carboxylic acids (Saingam and 
Sakunpak, 2018). CBN, a major constituent of cannabis, is a 
non-psychotropic cannabinoid and a natural constituent identified in 
C. sativa formed by a non-enzymatic oxidation by-product of Δ9-THC, 
following an extended period of storage, essentially under elevated 
temperatures (Huestis, 2005; Murphy et al., 1990). CBN was the initial 
cannabinoid isolated and identified from ‘‘charas’’, the resin exuded 
from Indian hemp (Wood, 1899). In 1931, Cahn (Cahn, 1933), eluci
dated the structure of CBN as C21H26O2 (Cahn, 1933; Work et al., 1939). 
CBN, also known as 1-hydroxy-3-n-amyl-6,6,9-trimethyl-6-dibenzo
pyran, is similar to THC, with a variation in cyclohexene (Fig. 1) (Tian 
et al., 2023). This cycle contains two additional unsaturations upon 
oxidation and becomes a toluene. Therefore, the fusion of heterocyclic 
pyran and benzene ring results in the formation of benzopyran (United 
Nations Office on Drugs and Crime, 2009). 

CBN has shown several health benefits, such as neuroprotective ef
fect by reducing increased intraocular pressure, inhibiting synaptic 
membrane ATPases, partially inhibiting adenylate cyclase activity, 
inhibiting amidase, delaying the onset of symptoms in SOD1 transgenic 
mice (Olmsted, 1976; Howlett, 1987; Watanabe et al., 1996; Weydt 
et al., 2005; Somvanshi et al., 2022), and modulating immune function 
through several mechanisms, including lymphocyte proliferation inhi
bition, NF-κB/Rel and IL-2 production by inhibition of IL-2 gene tran
scription (Herring et al., 1998; Herring and Kaminski, 1999; Jan and 
Kaminski, 2001). CBN exhibits a variety of pharmacological properties, 
including anticancer, antimicrobial, analgesic, and anti-inflammatory 
activities (Shammas, 2006; Wong and Cairns, 2019; Kolar et al., 2023; 

Mahadeo et al., 2023; Zaiachuk et al., 2023). The objective of this review 
is to highlight an in-depth knowledge of the pharmacological properties 
of CBN, showing the mechanism of action through preclinical (in vivo 
and in vitro) and clinical tests and providing an insight into its future 
applications in the pharmaceutical industries. 

2. Search strategy 

This comprehensive review was carried out using pertinent elec
tronic resources, such as Embase, Sciencedirect, SciFinder, Medline 
PubMed, Google Scholar, and using appropriate search phrases for these 
particular databases. The search strategy applied binary logical Boolean 
operators (AND and OR) and the following keywords: cannabinol cou
maroltyramine, natural sources, biosynthesis, chemistry, antioxidant, 
inflammation, cancer, obesity, neurodegenerative disorders, microbial 
infections, and other diseases. We reviewed and assessed all original 
research involving identification and/or quantification, as well as 
research into biological activities through in vivo, in vitro and in silico 
testing. These studies were published in English in peer-reviewed jour
nals. Editorials, comments, abstracts, reviews, letters, opinions, and 
redundant research were excluded. ChemDraw Professional 20.0 was 
used to draw chemical structures. 

3. CBN sources 

Over the years, various phytocannabinoids were obtained from the 
cannabis plant, namely Δ9-THC that is implicated in plant psychoactive 
effects (Atakan, 2012; Filipiuc et al., 2021). Other phytocannabinoids 
such as CBD, tetrahydrocannabinolic acid (THCA), CBN, and cannabi
diolic acid (CBDA) have also been identified (ElSohly et al., 2017; Fili
piuc et al., 2021). CBN was the initial natural cannabinoid extracted by 
Wood et al. (Wood, 1899) in its pure form. It was derived from cannabis 
red oil through acetylation, which produced a crystalline acetate CBN 
derivative with a relatively high concentration. The CBN acetate de
rivative was subsequently converted into a resinous phenol by hydro
lysis (Wood, 1899). Later, many studies reported detecting CBN as a 
minor compound in fresh cannabis, and they concluded that CBN is a 
natural thermo-catalytic oxidative product of Δ9-THC (Appendino, 
2020). For years, several groups unsuccessfully attempted to reproduce 
and expand upon Wood’s findings, which suggested that Wood et al. 
may have been working with old weathered hashish samples, where a 
significant portion of the active compound Δ9-THC had oxidized to 
cannabinol. CBN has only been identified in cannabis despite the dis
covery of several phytocannabinoids in other plants and fungi (Maioli 
et al., 2022). In addition to the low concentration in fresh cannabis, 
CBN’s polarity, solubility, and boiling temperature are similar to those 
of other major cannabinoids, making it difficult to isolate (Appendino, 
2020; Maioli et al., 2022). Consequently, synthesis methods were 
developed and refined to address the challenge of obtaining CBN by 
extraction from the plant. 

To confirm the chemical structure of the naturally isolated CBN, 
Adams et al. (Adams et al., 1940) first synthesized CBN in 1940 by the Fig. 1. Molecular structure of CBN (a), and THC (b).  
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condensation of dihydroolivetol with 4-methyl-2-bromobenzoic acid to 
obtain the corresponding pyrone (Fig. 2). Subsequently, they aroma
tized the C ring in the presence of sulfur at 250◦C, resulting in the for
mation of a lactone. Finally, the lactone was converted to CBN in the 
presence of methylmagnesium iodide. 

Novák and Salemink (Novák and Salemink, 1982) synthesised a 
biphenyl precursor of cannabinol by condensing Grignard’s reagent with 
an oxazoline derivative in tetrahydrofuran, following the method 
described by Meyers et al. (Meyers et al., 1978), Fig. 3. The process 
consisted of hydrolyzing the oxazoline group, then cleaving both 
methoxy groups and catalyzing lactonization through an acid-mediated 
mechanism, all performed in a one-pot reaction using a mixture of 
hydrogen iodide and acetic anhydride. The resulting lactone derivative 
was then methylated to produce CBN using methylmagnesium iodide. 
Similarly, Hattori et al. (Hattori et al., 1991) synthesized CBN using 2, 
6-dialkylphenolic benzoate ester analogs instead of the oxazoline de
rivative (Fig. 3). 

Nüllen and Göttlich (Nüellen and Göttlich, 2013) synthesized the 
biphenyl precursor by coupling Gilman cuprate with 2-iodobenzamide, 
according to a modified Ullmann–Ziegler approach (Fig. 4). The ob
tained biphenyl was then demethylated in the presence of boron tri
bromide and lactonized in the presence of trifluoroacetic acid. The 
resulting lactone was gem-methylated to obtain CBN in two steps. First, 
methyllithium was used to produce the corresponding tertiary benzylic 
alcohol that was cyclized to CBN, in the presence of trifluoroacetic acid. 
CBN was synthesized using a Pd(II)/Pd(IV)-catalyzed carboxyl-directed 
C-H activation/C-O cyclization strategy to form biaryl lactone (Fig. 4) 
(Li et al., 2013). Subsequently, the protective group on the lactone was 
removed, and gem-methylation was carried out following the Nüllen 
protocol (Nüellen and Göttlich, 2013). 

Guo et al. (Guo et al., 2017) investigated the reactivity of simple 
arenes in generating benzo[c]chromenes via an intramolecular aromatic 
C− H/C− H coupling reaction catalyzed by palladium (Fig. 5). The sub
sequent oxidation of the resultant ether in the presence of pyridinium 
chlorochromate led to a lactone, which was gem-methylated using 
methyl Lithium. Kloss et al. (Kloss et al., 2018) recorded a comprehen
sive synthesis of CBN utilizing a photochemical aryl coupling reaction 
(Fig. 5). The initial step involved the photochemical coupling of aryl 
compounds to form a biphenyl intermediate. This intermediate under
went demethylation, hydrolysis, and cyclization in a single reaction, 
yielding the corresponding benzochromenone. Subsequently, the 
derived lactone was subjected to treatment with methyllithium, result
ing in the production of CBN. 

Teske and Deiters (Teske and Deiters, 2008) investigated the cycli
zation of a substituted diyne derived from a salicylaldehyde derivative 
(Fig. 6). The cyclotrimerization reaction, following a [2+2+2] mecha
nism, was catalyzed by transition metals and carried out under 
microwave-mediated conditions. The resulting pyran product was sub
sequently subjected to oxidation and gem-methylation steps to yield 

CBN. Nandaluru and Bodwell (Nandaluru and Bodwell, 2012) described 
the synthesis of CBN by a series of multicomponent domino reactions 
(Fig. 6). The process involved the reaction of a salicylaldehyde deriva
tive with dimethyl glutaconate in the presence of piperidine. Subse
quently, the obtained lactone was reacted with an enamine through an 
inverse electron demand Diels–Alder reaction, resulting in the creation 
of a tricyclic product. Afterward, a 1,2-elimination reaction occurred, 
followed by a dehydrogenation step, resulting in the formation of a 
6 H-dibenzo[b,d] pyranone. To obtain the corresponding acid, the hy
drolysis of the 6 H-dibenzo[b,d] pyranone was performed in the pres
ence of KOH/MeOH. Subsequently, acid treatment with MeLi and 
p-TsOH led to the final product, CBN. 

Minuti et al. (Minuti et al., 2012) investigated the reactivity of an 
olivetolic derivative with methyl propiolate in ethanol (EtOH) under 
high pressure (9 Kbar). The resulting phenylcyclohexadiene was then 
subjected to aromatization in the presence of 2,3-dichloro-5, 
6-dicyano-1,4-benzoquinone. Following this, the resultant compound 
was subsequently converted to CBN through methylation in the presence 
of methylmagnesium iodide, followed by treatment with p-TsOH 
(Fig. 7). Fan et al. (Fan et al., 2014) synthesized CBN using an intra
molecular pyranone Diels–Alder cycloaddition method. Initially, regio
selective acylation of olivetol dimethyl ether produced an 
α,β-unsaturated ketone (Fig. 7). This ketone was then subjected to a 
Michael addition with diethyl malonate. The resulting product under
went hydrolysis, decarboxylation, and cyclization to form a pyranone. 
Subsequently, the pyranone was oxidized to the corresponding pyranone 
using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone. The resulting pyr
anone was reacted with propargyl bromide and then cyclized via an 
intramolecular Diels–Alder cycloaddition, leading to the formation of 
the corresponding pyran, which was oxidized to pyranone. Finally, 
treatment with methyllithium and trifluoroacetic acid resulted in CBN 
synthesis. 

Mou et al. (Mou et al., 2016) developed a novel approach to syn
thesize CBN through a formal [4+2] Diels-Alder process. First, a sali
cylaldehyde derivative and methyl acetoacetate were reacted in the 
presence of EtOH and piperidine to give 3-acetylcoumarin by Knoeve
nagel condensation. The resulting product was then reacted with 3, 
3-dimethylacrolein, leading to the formation of a benzocoumarin 
product in one step. This reaction was performed in the presence of 1, 
8-diazabicyclo[5.4.0]undec-7-ene and under air. The resulting product 
was subsequently converted to CBN using previously described pro
tocols (Teske and Deiters, 2008). 

Only a limited number of studies have documented the synthesis of 
CBN without relying on a lactone intermediate. Norseeda et al. 
(Norseeda et al., 2016) presented a comprehensive CBN synthesis 
through a Suzuki coupling between a bromide and a boronic acid, fol
lowed by gem-dimethylation (Fig. 8). The obtained benzo[c]-chromene 
derivative was treated with phosphorus tribromide and then lithium 
iodide, resulting in the corresponding tricyclic product, which was 

Fig. 2. Synthesis of CBN by condensation of dihydroolivetol with 4-methyl-2-bromobenzoic acid.  
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transformed to CBN via demethylation in the presence of hydrogen io
dide and acetic anhydride. Recently, Caprioglio et al. (Caprioglio et al., 
2019) created the inaugural one-pot complete CBN synthesis from oli
vetol and citral under basic conditions. 

Aromatization of Δ9-THC was deemed as one of the most straight
forward and efficient methods to achieve CBN synthesis. Recent studies 
by Pollastro et al. (Pollastro et al., 2017) revealed that iodine treatment 
can convert Δ9-THC and THCA to CBN (Fig. 9). Additionally, Mechou
lam et al. (Mechoulam et al., 1968) and Bastola et al. (Bastola et al., 
2007) reported that chloranil or selenium dioxide, and trimethylsilyl 
polyphosphate, respectively, can selectively convert Δ9-THC to CBN 
(Fig. 9). 

4. Metabolic effect of CBN 

The study conducted by Yamamoto et al. (Yamamoto et al., 1987) 
demonstrated that the pharmacological effects of 11-OH-CBN, a major 
metabolite of CBN, were stronger than CBN. From this study, the authors 
suggested that 11-OH-CBN has the potential to function as an active 
metabolite derived from CBN that can be used in the pharmacological 
effects of marihuana (Yamamoto et al., 1987). In 1993, Watanabe et al. 
(Watanabe et al., 1993) reported that CYP2C29 were the main CYP 
enzymes involved in THC hepatic metabolism in mice. Research con
ducted by Yamaori et al. (Yamaori et al., 2010) investigated the inhib
itory effects on the catalytic properties of human cytochrome P450 
(CYP) 1 enzymes and reported that CBN reduced the activity of CYP1A2 
(Ki = 0.0790 mM) and CYP1B1 (Ki = 0.148 mM) compared to CYP1A1 
(Ki = 0.541 mM) (Yamaori et al., 2010). Additionally, Yamaori et al. 
determined the inhibition effect of CBN diltiazem N-demethylase ac
tivity of human CYP3A enzymes and indicated that CYP3A4, CYP3A5, 
and HLMs have an IC50 greater than 50 μM, while CYP3A7 have an IC50 
= 23.8 μM (Yamaori et al., 2011). In another study, Yamaori et al. 
(Yamaori et al., 2012) indicated that CBN potently inhibited CYP2C9 
activity with a Ki value of 0.882–1.29 µM. 

5. Pharmacological properties of CBN 

5.1. Neuroprotective effect of CBN 

The pharmacological efficacy of CBN has been reported in numerous 
studies, several authors have described the neuroprotective potential of 
this molecule. Work et al. (Work et al., 1939) studied the corneal are
flexia test in rabbits to compare the biological effect between CBN and 
non-crystalline p-nitrobenzoates isolated from the resinous exudate of 
Cannabis indica (Indian origin) female flowers. They showed that hy
drolysis product was more active and less toxic than CBN, giving a more 
interesting positive correlation. Recently, Liang et al. (Liang et al., 2022) 
assessed the neuroprotective effect of CBN towards oxytosis/ferroptosis 
via the mitochondrial pathway by analyzing the interaction between 
Ca2+ uptake, biogenesis, oxidative stress, bioenergetics, membrane po
tential, and fusion/fission dynamics. The results showed that CBN 
effectively preserves the cited functions of mitochondrial keys. In the 
same year, Somvanshi et al. (Somvanshi et al., 2022) examined the 
neuroprotective ability of CBN, but against glaucoma. They have 
demonstrated that CBN was able to reduce the increased intraocular 
pressure, attenuate trabecular meshwork remodeling, and mediate 
retinal ganglion cell protection in vivo and in vitro. 

The effectiveness of CBN neuroprotective effects has been confirmed 
in different ways. Indeed, the analysis of the neurochemical effects of 
CBN has focused mainly on rat brains by studying different pathways 
and the involved mechanisms. Domino (Domino, 1976) has compared 
the impact of 6,9-THC and CBN on rat brain acetylcholine (ACh). The 
results of this study have shown that CBN was less active than THC in 
modifying ACh production, even with a high dose of up to 100 mg/kg. In 
addition, the combined injection of CBN and THC was antagonistic, 
showing less efficacy than both phytocannabinoids injected alone. In 
another investigation, Olmsted (Olmsted, 1976) was interested in 
analyzing the impact of cannabinoids on synaptic membrane enzymes 
isolated from rat brains using electron micrographic analysis. The 

Fig. 3. Synthesis of CBN via oxazoline derivative and 2,6-dialkylphenolic benzoate ester.  
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findings obtained indicated that only Δ9-THC displayed an inhibitory 
effect on the activity of the synaptic membrane Na+, K+-ATPase, while 
CBN exhibited a comparable efficacy to Δ9-THC in terms of inhibiting 
both synaptic membrane ATPases. The mechanism by which these 
cannabinoids act on the brain was examined by Alozie et al. (Alozie 
et al., 1980), focusing on studying the penetration and regional distri
bution of 3H-CBN, 3H-CBD, and 3H-Δ9-THC in rat brain. Hence, the 
radioactivity levels in plasma remained comparable among the three 
tested cannabinoids. Nevertheless, 3H-CBD radioactivity exhibited a 
higher degree of penetration into the brain compared to 3H-Δ9-THC. 
However, these cannabinoids entered the brain and displayed analogous 
distribution across various brain regions. 

Enzymes are a specific target of cannabinoids mode of action, Δ9- 
THC was described as a promising inhibitor of adenylate cyclase activity 
of murine neuroblastoma cells, while CBN was partially active. This 
study has been extended to analyze structure features and their 
involvement in the inhibitory effects. Carbon hydroxylation was a 
determinant of activity (Howlett, 1987). Watanabe et al. (Watanabe 
et al., 1996) have reported that cannabinoids inhibited anandamide 
amidase activity in mouse brain microsomes, showing that CBD dis
played greater amidase inhibition potency than CBN and Δ9-THC and 
that mouse brain microsomes exhibited hydrolytic activity for ananda
mide. Two years later, the same team demonstrated that the enzymatic 
potential exhibited a greater magnitude in the liver, succeeded by the 
brain and the testis, where the main activity was localized in the 
microsomal fraction. Interestingly, this activity was inhibited by 

Δ9-THC, CBN, and CBD in the brain but not in the liver (Watanabe et al., 
1998). This finding was encouraging to analyze how brain microsomes 
are able to metabolize THC and CBN. Using human brain microsomes, 
the findings acquired indicated the metabolic conversion of CBN into 
8-hydroxy- and 11-hydroxy-CBN compounds (Watanabe et al., 2013). 

Cannabinoids have been reported to cure numerous diseases. 
Recently, Thornton et al. (Thornton et al., 2020) have shown that these 
constituents have decreased seizure activity in chemically-induced and 
snc1a-mutant zebrafish, which constitutes a promising trend in 
complicated epilepsy disease. In another study, CBN exhibited the 
ability to postpone the initiation of symptoms in SOD1 transgenic mice, 
which is a key factor in amyotrophic lateral sclerosis. The results also 
showed that CBN administration did not affect survival (Weydt et al., 
2005). However, CBN administrated to cats caused a significant 
decrease in ocular tension, while administrated to rats, CBN caused 
conjunctival and erythema and hyperemia, leading authors to conclude 
that CBN produced both ocular and neural toxicity (Colasanti et al., 
1984). Thus, knowing the concentration and the administrated dose 
plays an important role. 

5.2. Cannabinol immune effect 

The endocannabinoid system is present within both the innate and 
adaptive immune systems, where several phytocannabinoids have 
demonstrated significant effects on immune functions. These com
pounds play a substantial role in controlling inflammation, modulating 

Fig. 4. Synthesis of CBN by coupling with Gilman cuprate and using Pd(II)/Pd(IV)-catalyzed.  
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autoimmunity, and preemptively averting the emergence of detrimental 
immune reactions (Acharya et al., 2017; Cabral et al., 2015a, 2015b; 
Chiurchiù et al., 2015a; 2015b; McCoy, 2016). 

Levy and Heppner (Levy and Heppner, 1978) investigated the ability 
of CBN to influence the delayed-type hypersensitivity (DTH) in mice 
induced by sheep red blood cells (SPEC) derived from a single sheep. The 
authors of this study indicated that CBN exhibited mild to moderate 
effectiveness in suppressing DTH (Levy and Heppner, 1978). Herring 
et al. (Herring et al., 1998) examined the effect of CBN on the modu
lation of immune function and cAMP signal transduction in lymphoid 
cells of mice. The findings from this research revealed that CBN exhibits 
immunomodulatory properties by engaging CB2 receptors in the process 
of cannabinoid-mediated immune suppression. In addition, CBN 
modulated cAMP-mediated signal transduction, displayed greater 
binding affinity for CB2 receptors, and influenced immune responses in 
mouse lymphoid cells. Furthermore, using CBN, a dose-dependent in
hibition (in vitro) of anti-sheep red blood cell IgM antibody was noted. 
CBN exerted its influence on immune function by hindering lymphocyte 
proliferation and suppressing T-cell-dependent humoral immune re
actions. In 1999, Herring and Kaminski (Herring and Kaminski, 1999) 
explored in deep the mechanism by with CBN influences NF-κB DNA 
binding activity, cAMP response element (CRE) functioning, and 
interleukin-2 (IL-2) secretion within phorbol ester (phorbol-12-myr
istate-13-acetate, PMA) in addition to calcium ionophore (PMA/Io)-ac
tivated thymocytes. From this research, they found that CBN inhibited 
both CRE complexes (CREB-1/activating transcription factor (ATF)-2 
complex, and CREB-1 homodimer) by decreasing phosphorylation of 
CREB/ATF nuclear proteins in PMA/Io-activated thymocytes. Further
more, NF-kB/Rel and IL-2 production were inhibited after CBN treat
ment in thymocytes (Herring and Kaminski, 1999). In addition, 
according to Yea et al. (Yea et al., 2000), CBN inhibited the secretion of 

IL-2 by the inhibition of IL-2 gene transcription through the inhibition of 
DNA binding affinity of nuclear factor of activated T-cells (NF-AT) in 
EL4 cells and activator protein-1 (AP-1). One year later, Herring et al. 
(Herring et al., 2001) studied the involvement of protein kinase A (PKA) 
and cAMP in the inhibition exerted by CBN on NF-κB, IL-2, and cAMP 
response element binding protein (CREB). From this study, CBN 
inhibited IL-2 expression and activation of CREB, and nuclear factor for 
the chain k of immunoglobulin (Ig) in B cells (NF-κB). Surprisingly, it has 
been reported that CBN can negatively and positively modulate IL-2 
expression. In 2001, Jan and Kaminski (Jan and Kaminski, 2001) 
examined the mechanism of action in charge of cannabinol-mediated 
IL-2 modulation. Their study demonstrated that CBN-induced IL-2 
enhancement or inhibition depends on the extent of T cell activation. 
Indeed, IL-2 inhibition by CBN is obtained when the T lymphocytes are 
activated to achieve maximal IL-2 production. In contrast, CBN en
hances IL-2 production when T cells are stimulated with a suboptimal 
IL-2 activator. They also reported that the activating and suppressive 
impacts of CBN on IL-2 seemed to exhibit a strong association with the 
decrease and elevation of extracellular regulated kinase (ERK), which is 
a member of the mitogen-activated protein (MAP) family. The same 
collaborators studied the mechanism of action by which IL-2 gene 
expression enhanced by CBN. They demonstrated that the elevation in 
IL-2 secretion induced by CBN was facilitated through the augmentation 
of IL-2 gene transcription by activating NF-AT in a 
CB1/CB2-independent manner (Jan et al., 2002). The application of 
phytocannabinoids promises to be beneficial when it is necessary to 
quell potentially harmful immune reactions (for example, in autoim
mune diseases or organ transplantation). Additionally, the use of CBN 
can be a potential therapeutic use in immune modulation by selectively 
engaging the CB2 receptors on lymphoid cells. However, it is necessary 
to verify the use of CBN against pathogens and tumor cells and verify 

Fig. 5. Synthesis of CBN by intramolecular aromatic C− H/C− H coupling and photochemical aryl coupling.  
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their effect on immunological responses. 

5.3. Anticancer effect of CBN 

Over the past few years, cannabis and its derivatives have been uti
lized for various purposes, such as alleviating chemotherapy-induced 
nausea and vomiting, managing epilepsy, addressing multiple scle
rosis, and addressing other medical conditions (Kleckner et al., 2019). 
Increasingly, a growing body of in vivo data started to provide in
dications of the potential of cannabis to influence the signaling path
ways responsible for cancer cell growth, autophagy regulation, 
programmed cell death, inhibition of blood vessel formation, and the 
spread of cancer cells to distant sites (Velasco et al., 2016). CBN has only 
10% of the psychoactive properties of THC, which makes it interesting 
from a medical point of view. There are few data that studied the role of 
CBN in tumor generation and progression. 

Munson et al. (Munson et al., 1975) investigated in vivo and in vitro 
the potential of CBN against cancer cells. In in vitro tests, CBN was 
evaluated against Lewis lung tumor, bone marrow, and L1210 leukemia 
cells. At 2.5 10− 5 M, CBN inhibited the radiolabel uptake of tritiated 
thymidine (3H-TDR) in the three cell types. In in vivo tests, the effect of 
CBN was evaluated on Lewis lung carcinoma, B-tropic Friend leukemia 
virus, and murine leukemia L1210 maintained into mice. At 50 mg/kg, 
CBN decreased the size of tumor (from 875 g during 14 days of treat
ment to 5.7 g during 24 days of treatment) and increased the mean 
survival time (27%). Turner and Elsohly (Turner and Elsohly, 1981) 
studied in vivo the effect of CBN on their ability to reduce intraocular 
pressure on albino rabbits. Using CBN at 10 mg/kg intravenously, the 
result indicated that this molecule has an equal intraocular pressure 
lowering effect than 1.5 mg/kg using THC. Shammas et al. (Shammas 
et al., 2006) evaluated the effect of CBN on hsRAD51 promoter activity 
transfected into multiple myeloma cell lines (ARP, OPM1, and U266). 

CBN reduced by 8-fold the activity of the HsRAD51 promoter, a main 
target in the treatment of multiple myeloma cancer. In 2019, Grijó and 
coworkers (2019) evaluated the anticancer effect of bioactive com
pounds of cannabis flowers using supercritical carbon dioxide (scCO2). 
Using MTT assay, the extract containing CBD (2.7%), 9-THC (68.3%), 
CBN (3.0%), and (Others 26%) showed a greater anticancer potential 
against Caco-2, PC3, Hela, SiHa, and C33 tumor cells with a CC50 value 
of inhibition of cells at a concentration of 22 mg/mL, 2.7 mg/mL, 
3.1 mg/mL, and 2.8 mg/mL, respectively (Grijó et al., 2019). In their 
research, Wang et al. (Wang et al., 2022) provided evidence of how CBN 
can suppress neuroblastoma tumorigenesis by revealing a previously 
unknown tumor suppressor network involving miR-34a, which con
tributes to the anti-neuroblastoma effects of CBN. Similarly, Leelawat 
et al. (Leelawat et al., 2022) showed that CBN can induce apoptosis in 
CCA by inhibiting the AKT and MAPK pathways. This led to a reduction 
in cellular proliferation (in vitro) and a decrease in tumor volume (in 
vivo). 

All of the studies that have been cited in this discussion express very 
encouraging results on the anti-cancer effect of CBN, one of the very 
important compounds of cannabinoids Table 1. 

5.4. Antimicrobial effect of CBN 

Given the appearance of resistance of microorganisms to drugs and 
the serious threat to human healthcare globally, the search for alterna
tive substances and methods has included medicinal plants traditionally 
used for treating many diseases and no sign of drug resistance has been 
reported till now (AlSheikh et al., 2020; Khare et al., 2021). Cannabis, an 
herbaceous plant that has been employed for an extended period for 
medicinal intentions owing to its cannabinoid content (Karas et al., 
2020), possesses good antimicrobial activities against many bacteria 
(including acid-fast bacteria), filamentous fungi, yeast, and 

Fig. 6. Synthesis of CBN by cyclization of a salicylaldehyde derivative.  
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Fig. 7. CBN synthesis through Diels–Alder approach.  

Fig. 8. CBN synthesis through Suzuki coupling.  
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dermatophyte (Turner and Elsohly, 1981). According to a detailed study 
carried out on 5 types of cannabinoids, CBN showed promising effect 
towards a variety of resistant bacterial strains, including 
methicillin-resistant Staphylococcus aureus (MRSA) strains EMRSA-15 
(methicillin-resistant), XU212 (tetracycline-resistant), RN4220 (macro
lide-resistant strain), SA-1199B (multidrug-resistant strain), and a 
standard laboratory strain (ATCC25923). The minimum inhibitory 
concentration (MIC) was around 1 µg/mL (Appendino et al., 2008). 

5.5. Analgesic and anti-inflammatory effects of CBN 

Numerous research described the pharmacological activities of 
cannabis (Paton and Pertwee, 1973) but its use as an analgesic is still 
under discussion due to its psychoactive effects (Maione et al., 2013). 
Besides the major psychoactive constituent of cannabis (Burstein, 1973; 
Ulugöl, 2014), CBN showed analgesic and anti-inflammatory effects. 
The analgesic effectiveness was tested in vivo compared to aspirin and 
morphine using the Randall-Selitto paw pressure test, hot plate (heat) 
test, and the acetic-induced writhing test. CBN showed differences in 
effectiveness depending on the test. It was found that, like aspirin, CBN 
exhibited efficacy only in decreasing the frequency of writhing and in 
particular increasing the pain threshold of the non-injected paw. The 
magnitude of the analgesic activity in both tests was linear, dose-related 
and stable at some dose. In the case of acetic-induced writhing test, CBN 
was effective at a dose ranging from 12.5 to 50.0 mg/kg. In the same 
context, the extent of analgesic efficacy in the paw pressure test 
remained unaffected even when the dosage of CBN was raised beyond 
160.0 mg/kg. In addition, the CBN was ineffective against 
thermally-induced pain (Sofia et al., 1975). Another study evaluated the 
effect of CBN and their combinations with other cannabinoids on nerve 
growth factor (NGF)-induced masticatory muscle sensitization and on 
masseter muscle mechanoreceptors. At a concentration of 1 mg/mL, 

CBN proved effective in alleviating the mechanical sensitization 
prompted by NGF. However, the combination of CBD/CBN resulted in a 
prolonged and sustained reduction in sensitivity (Wong and Cairns, 
2019). The authors of this study suggested that CBD and CBN could be 
used as analgesics for chronic muscle pain disorders without central side 
effects. Although the impact of CBN effect was less potent than that of 
THC, its potential benefits lie in its minimal psychotropic effects (Amar, 
2006; Pertwee, 2005). 

The anti-inflammatory effect of CBN has been investigated in vitro on 
human U937 cells (Zaiachuk et al., 2023). The inhibitory effects of 
cannabinoids on TNF-α inhibition were studied in LPS-stimulated U937 
cell lines. CBN show highly significant inhibition of IL-6, IL-10 and 
MCP-1 cytokines at the concentration ranging between 50–100 pg/mL 
despite it is less responsive to IL-1β, IL-8 and TNF-α (Zaiachuk et al., 
2023). Besides that, CBN has been investigated for its anticonvulsant 
and anti-inflammatory properties (Evans, 1991; Turner et al., 1980). 
Since CBN showed a high affinity with CB2 receptors, the effect can be 
more than just on the central nervous system. The correlation between 
analgesic and anti-inflammatory properties within cannabinoids has 
been established to be associated with their peripheral actions, which 
are separate from THC central effects. 

5.6. Concentration of CBN in the blood and capillary 

Due to its low concentration, there are very few publications 
describing the distribution of CBN in the blood and hair. According to 
the study of McCallum (McCallum, 1974), blood tests, performed on 
individuals 25 minutes after smoking cannabis, showed abnormally 
high levels of the detected CBN (about 100 ng/mL). However, smoked 
CBN cannot reach this level in the blood. Therefore, it appears that CBN 
may result from further metabolism of 11-hydroxy-Δ9-THC (Fig. 2). 
Furthermore, analyses discovered 2 g of CBN in the blood of rats, even 

Fig. 9. The semisynthesis of CBN through Δ9-THC aromatization.  
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though CBN was administrated in doses that did not surpass 1 g. This 
increase in the quantity of CBN is due to its formation from Δ1-THC and 
Δ6-THC (Fig. 10). 

The primary objective of a single study was to examine CBN distri
bution in hair samples taken from 7 males and females respectively. 
Using GC/GC-MS method, these samples were examined. Analysis 
revealed that THC was detected only in one sample at a concentration 
below the cut-off value, while CBN was not detected in all hair samples 
(Rodrigues et al., 2018). The study suggested that there is no linear 
correlation between CBD levels in hair and the daily consumption 
dosage of CBD (Rodrigues et al., 2018). 

5.7. Other activities of CBN 

In addition to their pharmacological activities, researchers reported 
other biological effects of CBN as antinociceptive effects. Chesher et al. 
(Chesher et al., 1973) investigated the antinociceptive effects of CBN 
acetate extract. This was accomplished through a hot-plate test to assess 
reaction times and by gauging intestinal motility via the pace of a 
charcoal meal in mice. The authors showed that administering CBN 
acetate orally at varying doses (10, 20, 40, and 60 mg/kg) led to a 
proportional escalation in reaction time during the hot-plate test, while 
also resulting in corresponding dose-dependent reductions in the 
movement of the charcoal meal. Levy and Heppner (Levy and Heppner, 

1978) studied the ability of CBN component to alter DTH response to 
sheep red blood cells (SPBC) in mice. The results of this study demon
strated that four daily postimmunization treatments with 100 mg/kg 
CBN beginning 1 hour after immunization reduced 60% peak response 
in day 4. In another study, administering CBN to mice prior to swim
ming, at concentrations of 5.0 and 40.0 mg/kg, displayed a significant 
decrease in the post-swim grooming behavior observed (Chesher and 
Jackson, 1980). This effect might be due to generalized suppression of 
responding and to the efficacy of CBN in blocking other dopamine (DA) 
receptor antagonists mediated behaviors. The antitussive activity of 
CBN were explored through methodologies involving electrical stimu
lation of the superior laryngeal nerve or mechanical stimulation of the 
tracheal mucosa on pentobarbital-anesthetized cats. Even at dosages as 
high as 10.0 mg/kg, CBN showed antitussive properties (Gordon et al., 
1976). Furthermore, when administered concurrently, CBN and Δ9-THC 
exhibited a combined effect. This was evidenced by CBN enhancing the 
cue-related effects of Δ9-THC, leading to an elevation in the percentage 
of appropriate responses to the drug. However, the duration of this effect 
remained unchanged, as indicated by the results obtained (Järbe and 
Hiltunen, 1987). McLaughlin et al. found that cannabinoids stimulate 
hunger in humans (McLaughlin et al., 1979). Furthermore, Farrimond 
et al. concluded for the first time that CBN increased feeding by inducing 
a CB1R-mediated increase in appetite behavior (Farrimond et al., 2012). 
Faubert and Kaminski conducted an in vivo investigation into the impact 
of CBN on the activity of AP-1 in primary mouse splenocytes (Faubert 
and Kaminski, 2000). They reported that cannabinoid components 
exhibited immunosuppressive effects, likely orchestrated via Gi-protein 
coupled receptors that exerted a downregulatory influence on adenylate 
cyclase. They determined that this effect was attributable to a reduction 
in the nuclear expression of c-fos and c-jun, alongside posttranslational 
alterations of these phosphoproteins, as well as the suppression of ERK 
MAP kinase activation. Moreover, Stinchcomb et al. (Stinchcomb et al., 
2004) evaluated the in vitro cutaneous transdermal flux of CBN by 
measuring the permeability, flux, lag times, and tissue concentration. 
Based on the results of this study, the researchers observed that both 
CBD and CBN exhibited permeabilities that were ten times greater than 
that of Δ8-THC. Additionally, CBD demonstrated notably shorter lag 
times compared to CBN. Furthermore, the tissue concentrations of 
Δ8-THC were markedly elevated in comparison to those of CBN 
(Stinchcomb et al., 2004). Despite the results obtained, more controlled 
human studies are required to determine the ultimate role of these 
products in human skin permeation. The antioxidant activity of CBN has 
been studied by Dawidowicz and co-workers in vitro using spectropho
tometric methods: DPPH, ABTS, β-carotene CUPRAC, ORAC, and FRAP 
(Dawidowicz et al., 2021). The outcomes demonstrated that CBN pos
sesses antioxidant capabilities, which were evident in its capacity to 
diminish metal ions, halt the oxidation process, and scavenge free rad
icals. Additionally, the antioxidant potential of CBN was assessed 
through in vitro experimentation involving H2O2-induced oxidative 
stress in differentiated neuronal SH-SY5Y cells. The findings from this 
investigation highlighted the significant antioxidant efficacy of CBN, 
indicating its potential for the development of novel pharmaceuticals 
targeted at oxidative stress therapy (Raja et al., 2020). Moreover, the 
CBN showed narcotic detoxification as evidenced by its significant 
suppression of certain manifestations of the morphine abstinence syn
drome in morphine-dependent mice. These included behaviors such as 
rearing, defecation, and withdrawal-induced jumping upon naloxone 
administration (Bhargava, 1976). Karler and Turkanis (Karler and Tur
kanis, 1981) assessed the anticonvulsant effects of CBN through oral 
administration in mice utilizing an electroshock test. The results indicate 
that CBN is an effective anticonvulsant with an anticonvulsant dose 
(ED50 values) of 230 mg/kg and a peak effect of about 2 hr. From this 
study, the authors showed that CBN blocked the hippocampal seizure 
discharges induced by direct electrical stimulation, which allowed it to 
have strong anticonvulsant activity. The same effect was reported by 
Chesher and Jackson (Chesher and Jackson, 1974), which investigated 

Table 1 
Anticancer activity of CBN.  

Types of cell lines used Tests used Major results References 

Occular cell in 
glaucomatous 

In vivo study in 
two-sex albino 
rabbits weighing 
2–4 kg based on 
intra-ocular 
pressure 
measurement 

CBN is slightly 
active in reducing 
intraocular 
pressure 

(Elsohly 
et al., 
1981) 

Lewis lung tumor, bone 
marrow, and L1210 
leukemia cells 

In vitro effects of 
cannabinoids on 
3 H-TDR 

CBN inhibited the 
radiolabel uptake 
of tritiated 
thymidine (3H- 
TDR) in the three 
cell types 

(Munson 
et al., 
1975) 

Lewis lung carcinoma, 
B-tropic Friend 
leukemia virus, and 
murine leukemia 
L1210 cells 

In vivo mice 
hosting cells 

- CBN decreased 
the size of tumor 
(from 875 g to 
5.7 g) 
- CBN increased 
the mean survival 
time (27%) 

Multiple myeloma cell 
lines (ARP, OPM1, 
U266) 

In vitro hsRAD51 
promoter activity 

CBN reduced by 8- 
fold the activity of 
the HsRAD51 
promoter in 
multiple myeloma 
cells 

(Shammas 
et al., 
2006) 

Neuroblastoma cell 
lines (IMR-5 and SK- 
N-AS) 

Anti- 
neuroblastoma 
effect of CBN via 
inhibition of AKT 
pathway and 
transactivation of 
miR-34a 

Demonstration of 
CBN’s suppressive 
role in 
neuroblastoma 
tumorigenesis, 
highlighting a 
novel and crucial 
miR-34a tumor 
suppressor 
network in the 
anti- 
neuroblastoma 
actions of CBN 

(Wang 
et al., 
2022) 

Cholangiocarcinoma 
cell line 

In vivo antitumor 
effect of 
cannabinol on 
CCA cells and 
xenograft mice 

CBN induced 
apoptosis in CCA 
by inhibiting AKT 
and MAPK 
pathways 

(Leelawat 
et al., 
2022)  
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the anticonvulsant activity of orally administered CBN in mice utilizing 
chemoshock (Phenobarbitone induced convulsions) methods and 
revealed that oral administration of CBN was effective in protecting 
mice against PTZ induced convulsions. Using cultured rat granulosa 
cells, Adashi et al. (Adashi et al., 1983) studied the immediate impacts of 
cannabinoids on ovarian activities. The study revealed that cannabi
noids, specifically those related to THC but without psychoactive 
properties (such as CBN), exerted direct inhibitory influences on various 
granulosa cell functions that are dependent on FSH Table 2. 

6. Clinical trials 

CBN human tests are limited, and few studies on humans have dis
cussed its pharmacokinetic properties and their effects (Agurell et al., 
1981; Hollister, 1973; Johansson et al., 1987; Perez-Reyes et al., 1973). 
Karniol et al. (Karniol et al., 2008) studied the interaction of 50 mg CBN, 
25 mg CBN + 25 mg Δ9-THC, and 50 mg CBN + 25 mg Δ9-THC orally. 
From this research, CBN tended to increase the effects of THC on certain 
aspects of psychological and physiological processes. Hollister (Hollis
ter, 1973) tested the effect of administration of 100 mg of CBN orally 
and 30 mg of CBN by injection. They reported that CBN did not 
contribute to the pharmacological effect and had no cannabis-like effect. 
In addition, CBN is excreted partially unchanged in the urine. In the 
same year, Perez-Reyes et al. (Perez-Reyes et al., 1973) studied the 
pharmacological effect of infused 10 mg of CBN in humans. They re
ported that CBN is capable of producing a marijuana-like ‘high’ although 
the doses required for it are several larger than those of Δ9-THC. The 
interaction between CBN and THC has also been studied. According to 
Hollister and Gillespie (Hollister and Gillespie, 1975), THC combined 
with CBN (20 mg and 40 mg, respectively) produced no detectable 
modification in the intensity, quality, or duration of the effects observed 
with THC alone. In a study conducted by Agurell et al. (Agurell et al., 
1981), the oral ingestion of CBN (40 mg) resulted in plasma levels 
comparable to those achieved with THC (20 mg), suggesting that CBN 
might possess a shorter half-life than THC. In another study, Johansson 
et al. (Johansson et al., 1987) indicated that CBN had a high clearance, a 
substantial volume of distribution, and notably slow elimination from 
the body. This assessment of deuterium labeled CBN’s pharmacokinetics 
provided insights into CBN’s dynamics. Furthermore, this study 
demonstrated that the kinetics of CBN, THC, and CBD are similar 

excluding the terminal half-life and the volume of distribution. 

7. Concluding remark and perspectives 

Here we have reported the chemical and biological properties of 
CBN. It has been pointed out that CBN is generated as a result of the 
degradation of THC when the plant is exposed to heat and oxygen. While 
CBN is present in small amounts in fresh cannabis, its concentration 
increases as the plant ages or undergoes oxidation. CBN interacts with 
the ECS in the human body, weakly binding to cannabinoid receptors 
(CB2 and CB1). Its primary effects are associated with sedation and 
relaxation, making it a potential natural sleep aid. CBN analgesic 
properties suggest that it may have a role in pain management, partic
ularly for neuropathic and inflammatory pain. 

In addition to its potential as a remedy for sleep issues and pain re
lief, CBN shows promise in other areas. Some studies provided that it has 
neuroprotective properties, offering potential benefits in addressing 
neurodegenerative disorders such as Parkinson’s and Alzheimer’s dis
eases. It may also stimulate appetite, making it useful for people with 
reduced appetite due to medical conditions or treatments. Preliminary 
research indicates that CBN might possess antibacterial activities, which 
may be helpful in fighting certain bacterial infections. 

Although these insights highlight the potential applications of CBN, 
further research is necessary to understand its mechanisms of action, 
potential side effects, and optimal clinical use. It is important to note 
that regulations regarding cannabinoids can vary by region. It is there
fore essential to consult healthcare professionals or experts in your 
jurisdiction for accurate and up-to-date information. 

In summary, CBN, derived from cannabis, exhibits sedative, anal
gesic, potential neuroprotective, appetite-stimulating, and antibacterial 
properties. Thus, CBN is a promising candidate for sleep disorders, pain 
management, neurodegenerative conditions, appetite stimulation, and 
potential antimicrobial applications. However, continued research is 
essential to establish its effectiveness, safety, and appropriate clinical 
use. 
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Fig. 10. Structure of cannabinol and its derivatives.  
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Table 2 
Other activities of cannabinol.  

Activities Experimental 
approaches 

Key results References 

Antinociceptive 
effects 

Hot-plate method 
Oral administration 
of cannabinol 
acetate at doses of 
10,20, 40, 60 mg/ 
kg 

Showed dose- 
dependent 
antinociceptive 
effect 
Induced a rise in 
reaction time 
proportional to 
the administered 
dose 

(Chesher 
et al., 1973) 

Hypersensitivity 
(DTH) responses 

Injected 
intradermally was a 
volume of 0.02 mL 
containing 1 ×10^8 
SRBCs using a 30- 
gauge needle in 
mice 
DTH reaction was 
quantified by 
determining the 
disparity in footpad 
enlargement 
between the 
injected left hind 
paw and the non- 
injected right hind 
paw 

Reduced the Day 
4 peak response 
by 60% 

(Levy and 
Heppner, 
1978) 

Suppressed post- 
swim grooming 
behavior in mice 

Grooming 
behaviour induced 
by swimming 

CBN elicited a 
dosage-dependent 
reduction in 
swim-induced 
grooming 
behavior in mice 

(Chesher and 
Jackson, 
1980) 

Antitussive activity Cats under 
pentobarbital 
anesthesia were 
subjected to either 
electrical 
stimulation of the 
superior laryngeal 
nerve 

Induced 
antitussive effects 
even at doses as 
elevated as 
10.0 mg/kg 

(Gordon 
et al., 1976) 

Cannabimimetic 
activity 

Drug 
discrimination 
learning 
techniques, open- 
field and 
temperature 
measurements, 
along with a 
procedure 
involving 
palpation-induced 
vocalization in rats 

Increased the 
percentage of 
responding 
appropriately to 
the drug, 

(Järbe and 
Hiltunen, 
1987) 

Immunosuppressive 
actions 

Primary mouse 
splenocytes in vitro 

Diminished the 
nuclear presence 
of c-jun and c-fos 
Inhibited the 
activation of ERK 
MAP kinases. 

(Faubert and 
Kaminski, 
2000) 

Antioxidant activity DPPH, ABTS, 
ORAC, FRAP, 
β-carotene, and 
CUPRAC 

Antioxidant 
activity greater 
than that of 
Trolox in all tests 

(Dawidowicz 
et al., 2021) 

An in vitro model 
utilizing 
specialized human 
neuronal SY-SH5Y 
cells that have 
undergone 
differentiation 
Oxidative damage 
induced by 
hydrogen peroxide 

Exhibited a 
significant 
antioxidant 
activity 

(Raja et al., 
2020)  

Table 2 (continued ) 

Activities Experimental 
approaches 

Key results References 

Narcotic 
detoxification 

Naloxone- 
Precipitated 
Abstinence in 
Morphine- 
Dependent Mice 

Suppressed the 
morphine 
abstinence 
precipitated by 
naloxone, as 
indicated by an 
elevation in the 
naloxone ED50 

value 
Suppressed 
defecation and 
rearing behavior 

(Bhargava, 
1976) 

Anticonvulsant 
activity 

Chemoshock 
(Phenobarbitone 
induced 
convulsions) 
methods in mice. 

Significant 
anticonvulsant 
activity 

(Chesher and 
Jackson, 
1974) 

Electroshock test in 
mice 

ED50 values of 
230 mg/kg 
Peak effect about 
2 hr 

(Karler and 
Turkanis, 
1981) 

Anti-gonadal activity In vitro ovarian 
functions using 
cultured rat 
granulosa cells 

Direct inhibitory 
effects on a 
variety of FSH- 
dependent 
granulosa cell 
functions 

(Adashi 
et al., 1983) 

Human skin effect In vitro human 
cutaneous 
transdermal flux of 
CBN, CBD, and Δ8- 
THC 

CBD and CBN 
exhibited 
permeabilities 10 
times greater than 
Δ8-THC 
Lag times for CBD 
were notably 
briefer compared 
to CBN 
Δ8-THC amassed 
considerably 
higher tissue 
concentrations 
compared to CBN 

(Stinchcomb 
et al., 2004)  
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