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The number of patients reporting the use of cannabis for medical purposes, whether
through state-regulated medical marijuana programs or through over-the-counter hemp
extracts, continues to grow. The growth in medicinal use of cannabis has in many ways
surpassed the scientific data on the benefits and hazards of cannabis, and the scientific
community has largely been left playing catch-up. Since 1996, when California became the
first jurisdiction to legalize medical cannabis, the number of states following suit has grown
and is currently at 37, while nearly 50 countries have legalized medical cannabis (and even
more have decriminalized the plant) including Canada, Austria, Uruguay, Australia, South
Korea, and Lesotho.

Cannabis sp. produces a number of phytochemicals with potential medical benefits
including terpenes, flavonoids, and a unique class of molecules called cannabinoids, of
which ∆9-tetrahydrocannabinol (THC) and cannabidiol (CBD) are the two most stud-
ied [1,2]. Amazingly, the plant produces over 100 different cannabinoids with different
potential therapeutic targets and activities, and these remain understudied. The thera-
peutic benefits of cannabinoids are due, in large part, to the endocannabinoid system
that exists in the human body, in addition to the ability of cannabinoids to interact and
signal through a large number of disparate receptor molecules [3].

The recent growth in cannabis and cannabinoid research is perhaps best highlighted
by the establishment of three scholarly journals devoted solely to this topic in the past few
years, namely, Cannabis and Cannabinoid Research, in 2016, Medical Cannabis and Cannabinoids,
in 2018, and The Journal of Cannabis, in 2019.

1. Original Research Articles

This Special Issue features fourteen original research articles across a wide range of
topics and includes 10 reports on phytocannabinoids, 2 studies examining the endocannabi-
noid system, and 2 papers using synthetic cannabinoids. Three of these studies looked at
the role of cannabinoids at mediating pain, two studies examined cannabinoids for treating
mental illness, two studies addressed the potential safety of cannabinoids, two looked
at cannabinoids as treatment options for gastrointestinal inflammation, and two studies
examined the impact of cannabinoids on neurodevelopmental diseases. Other studies
examined the impact of cannabinoids on cancer cell growth, anti-inflammatory activity in
fibroblasts from patients with rheumatoid arthritis, regulation of matrix metalloproteases
and cell proliferation, and regulation of neuroprotective genes in the brain. These various
topics highlight the wide-ranging potential benefit of cannabis and cannabinoids to treat
an array of human illness and disease.

In a study by Moreno-Sanz and colleagues, the impact of inhaled cannabis to treat
pain and anxiety was examined [4]. The authors found that inhalation of pharmaceutical-
grade cannabis flower provides patient-reported improvements to pain, mood, anxiety, and
sleep. Perhaps most importantly the study reports an overall increased quality of life in a
treatment-resistant group of patients. Sepulveda et al. found that pure THC, unlike pure
CBD, is capable of reducing hyperalgesia in a murine model of chemotherapeutic-induced
peripheral neuropathy [5]. This study also provides support for an “entourage” effect
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because a high CBD hemp extract, unlike the pure CBD, was able to reduce hyperalgesia
when normalized to CBD levels; however, high THC extract and pure THC were found
to offer the maximum reduction in sensitivity. In a study by Trevino and collaborators,
the authors report that levels of the endocannabinoid 2-arachidonoylglcerol (2-AG) in the
plasma at time of injury are positively correlated with chronic pain [6]. This suggests that
increased activation of the endocannabinoid system can contribute to the development of
chronic pain following an injury.

In addition to the Moreno-Sanz study described above, one other study examined
cannabinoids in mental illness. A study by Zer-Aviv et al., found that inhibition of the
endocannabinoid metabolizing enzyme fatty acid amide hydrolase (FAAH) produces a
stress-protective effect through activation of β-catenin in the nucleus accumbens region of
the brain [7]. The study also found that the increase in anandamide levels, from inhibition
of FAAH, acts through the cannabinoid receptor 1 to increase nuclear levels of β-catenin.

Hajjar and colleagues examined the use of prescription and non-prescription med-
ications in patients using medical cannabis, as self-reported by patients [8]. The study
found that patients frequently switch medical cannabis products, which may be due to
the need to find a dose and product that work well for the patient. The study also found
that despite the use of medical cannabis, the majority of patients taking antidepressants
and anxiolytic medications did not change their medications or the dose of these medica-
tions. Bouassa et al., found that THC and CBD were well-tolerated by patients with HIV
on anti-retroviral therapy [9]. Their study did find that patients on high doses of CBD
(800 mg/day) should be monitored for liver pathology.

Bacalia et al. examined the impact of CBD on intestinal inflammation, and they
found that in female mice, CBD suppresses inflammation in the absence of estradiol,
but it enhances inflammation in animals with estradiol [10]. Yekhtin and colleagues
found that both THC and CBD reduced nitric oxide production by lipopolysaccharide
(LPS)-stimulated peritoneal macrophages [11]. Interestingly, only CBD was able to reduce
cytokine production in LPS-stimulated macrophages, suggesting differences in the anti-
inflammatory properties of these two cannabinoids. Both cannabinoids were equally
beneficial at improving clinical outcomes in the dextran sodium sulfate murine model
of colitis.

Gáll and collaborators found that CBD increases the latency to the first seizure and
decreased the mortality associated with the pentylenetetrazol (PTZ)-kindling model of
epilepsy in rats [12]. However, no impact was observed for seizure frequency or duration in
this model. In a placebo-controlled trial of cannabinoids (CBD and THC at a 20:1 ratio using
both extracts and pure compounds), Schnapp et al. found no impact on sleep parameters
in patients with autism spectrum disorder [13].

In another study that examined the anti-inflammatory activity of cannabinoids outside
of the gastrointestinal tract, Lowin et al. found that the impact of THC on inflammation
in synovial fibroblasts from rheumatoid arthritis (RA) patients is dose dependent [14].
Therefore, using THC to treat RA may require titrating the dose to find an effective dose
for each patient. Golan and colleagues found that a novel compound (HU-585), a synthetic
derivative of anandamide and oleic acid, induces apoptosis and senescence in treatment-
resistant neuroblastoma cells [15]. Greiner et al. report that activation of the cannabinoid
receptor 2 produces protective effects in vascular smooth muscle cells and cardiac myocytes,
and the opposite effect is observed when cannabinoid receptor 1 is activated in these
cells [16]. Finally, in a study by Mottarlini and colleagues, it was found that cannabidiol
administered via intraperitoneal injection is able to be detected in the prefrontal cortex of the
brain, and that CBD treatment modulates the expression of brain-derived neurotropic factor
(BDNF) [17]. BDNF plays a role in neurodevelopment, neuroplasticity, and neuroprotection,
and the authors propose that CBD may prove beneficial in these areas when taken as
a supplement.
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2. Review Articles, Brief Reports, and Systematic Reviews

Four review articles in this Special Issue summarize information on a wide array of
topics related to cannabinoids. Duranti and collaborators review the current literature on
the endocannabinoid system with regard to neuroprotection and neuroregeneration [18].
The focus of their review highlights the potential of modulating the endocannabinoid sys-
tem to treat hypoxia–ischemia in newborns, which can lead to encephalopathy, a condition
for which there are currently limited treatment options. Chacon et al. review some of
the less abundant (“secondary”) terpenes found in Cannabis and the potential therapeutic
utility of some of these molecules to treat a number of medical conditions [19]. Tudo-
rancea and colleagues review the evidence that supports targeting the endocannabinoid
system to treat age-related conditions such as Alzheimer’s disease, osteoarthritis, and
hypertension [20]. Finally, Sionov and Steinberg examine the antimicrobial activity of
endocannabinoids and phytocannabinoids. This latter review is important because the
development of novel antibiotics is an ongoing need as resistance to current drugs is a
continually evolving issue [21].

In a brief report by Sestan-Pesa et al. the authors explore the mechanism by which
THC may lead to increased risk of schizophrenia, depression, and anxiety by looking at
ghrelin signaling [22]. Ghrelin and its receptor, growth hormone secretagogue receptor
(GHSR), have previously been found to play a role in anxiety- and depression-related
behavior in animal models. However, the authors report no difference in anxiety-like
behavior between wild-type and GHSR knockout animals after exposure to THC.

Licitra and colleagues performed a systematic review of the literature on cannabinoids
in zebrafish [23]. The authors find that in many ways zebrafish respond similarly to rodents
following cannabinoid exposure, and may serve as another useful model for studying the
effects of cannabinoids in disease and on humans.

3. Closing Remarks

Cannabis is a complicated plant that produces over 100 cannabinoids in addition to
terpenes and flavonoids. Adding to the complexity of trying to address the mechanism
of action for cannabis is the fact that the cannabinoids that have been studied have been
reported to exhibit activity at a number of different receptors. This makes cannabinoids
(and cannabis) a promiscuous drug. While typically viewed as a negative, promiscuous
drugs do offer some advantages, most notably the ability to target different pathways of a
disease with one medication [24]. The field of medical cannabis is growing rapidly, and
as patients continue to use this plant to treat their conditions, there will remain a growing
need for the scientific and medical communities to better understand how cannabis can
impact the body. Not only is research needed to address the potential benefit and hazards
of cannabis and individual cannabinoids, but also we must determine which routes of
administration are best for each condition.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Nachnani, R.; Raup-Konsavage, W.M.; Vrana, K.E. The Pharmacological Case for Cannabigerol. J. Pharmacol. Exp. Ther. 2021,

376, 204–212. [CrossRef] [PubMed]
2. Legare, C.A.; Raup-Konsavage, W.M.; Vrana, K.E. Therapeutic Potential of Cannabis, Cannabidiol, and Cannabinoid-Based

Pharmaceuticals. Pharmacology 2022, 107, 1–19. [CrossRef] [PubMed]
3. Biringer, R.G. Endocannabinoid signaling pathways: Beyond CB1R and CB2R. J. Cell Commun. Signal. 2021, 15, 335–360.

[CrossRef]
4. Moreno-Sanz, G.; Madiedo, A.; Lynskey, M.; Brown, M.R.D. “Flower Power”: Controlled Inhalation of THC-Predominant

Cannabis Flos Improves Health-Related Quality of Life and Symptoms of Chronic Pain and Anxiety in Eligible UK Patients.
Biomedicines 2022, 10, 2576. [CrossRef]

5. Sepulveda, D.E.; Vrana, K.E.; Graziane, N.M.; Raup-Konsavage, W.M. Combinations of Cannabidiol and ∆9-Tetrahydrocannabinol
in Reducing Chemotherapeutic Induced Neuropathic Pain. Biomedicines 2022, 10, 2548. [CrossRef] [PubMed]

http://doi.org/10.1124/jpet.120.000340
http://www.ncbi.nlm.nih.gov/pubmed/33168643
http://doi.org/10.1159/000521683
http://www.ncbi.nlm.nih.gov/pubmed/35093949
http://doi.org/10.1007/s12079-021-00622-6
http://doi.org/10.3390/biomedicines10102576
http://doi.org/10.3390/biomedicines10102548
http://www.ncbi.nlm.nih.gov/pubmed/36289810


Biomedicines 2023, 11, 902 4 of 4

6. Trevino, C.M.; Hillard, C.J.; Szabo, A.; Deroon-Cassini, T.A. Serum Concentrations of the Endocannabinoid, 2-Arachidonoylglycerol,
in the Peri-Trauma Period Are Positively Associated with Chronic Pain Months Later. Biomedicines 2022, 10, 1599. [CrossRef]
[PubMed]

7. Zer-Aviv, T.M.; Islami, L.; Hamilton, P.J.; Parise, E.M.; Nestler, E.J.; Sbarski, B.; Akirav, I. Enhancing Endocannabinoid Signaling
via β-Catenin in the Nucleus Accumbens Attenuates PTSD- and Depression-like Behavior of Male Rats. Biomedicines 2022,
10, 1789. [CrossRef]

8. Hajjar, E.R.; Herens, A.; Kelly, E.L.; Madden, K.; Lungen, J.M.; Worster, B.K. A Longitudinal Observational Study of Medical
Cannabis Use and Polypharmacy among Patients Presenting to Dispensaries in Pennsylvania. Biomedicines 2023, 11, 158.
[CrossRef]

9. Bouassa, R.-S.M.; Needham, J.; Nohynek, D.; Singer, J.; Lee, T.; Bobeuf, F.; Samarani, S.; Del Balso, L.; Paisible, N.; Vertzagias,
C.; et al. Safety and Tolerability of Oral Cannabinoids in People Living with HIV on Long-Term ART: A Randomized, Open-Label,
Interventional Pilot Clinical Trial (CTNPT 028). Biomedicines 2022, 10, 3168. [CrossRef]

10. Bacalia, K.M.A.; Tveter, K.M.; Palmer, H.; Douyere, J.; Martinez, S.; Sui, K.; Roopchand, D.E. Cannabidiol Decreases Intestinal
Inflammation in the Ovariectomized Murine Model of Postmenopause. Biomedicines 2022, 11, 74. [CrossRef]

11. Yekhtin, Z.; Khuja, I.; Meiri, D.; Or, R.; Almogi-Hazan, O. Differential Effects of D9 Tetrahydrocannabinol (THC)- and Cannabidiol
(CBD)-Based Cannabinoid Treatments on Macrophage Immune Function In Vitro and on Gastrointestinal Inflammation in a
Murine Model. Biomedicines 2022, 10, 1793. [CrossRef] [PubMed]

12. Gáll, Z.; Kelemen, K.; Tolokán, A.; Zolcseak, I.; Sável, I.; Bod, R.; Ferencz, E.; Vancea, S.; Urkon, M.; Kolcsár, M. Anticonvulsant
Action and Long-Term Effects of Chronic Cannabidiol Treatment in the Rat Pentylenetetrazole-Kindling Model of Epilepsy.
Biomedicines 2022, 10, 1811. [CrossRef] [PubMed]

13. Schnapp, A.; Harel, M.; Cayam-Rand, D.; Cassuto, H.; Polyansky, L.; Aran, A. A Placebo-Controlled Trial of Cannabinoid
Treatment for Disruptive Behavior in Children and Adolescents with Autism Spectrum Disorder: Effects on Sleep Parameters as
Measured by the CSHQ. Biomedicines 2022, 10, 1685. [CrossRef] [PubMed]

14. Lowin, T.; Kok, C.; Smutny, S.; Pongratz, G. Impact of ∆9-Tetrahydrocannabinol on Rheumatoid Arthritis Synovial Fibroblasts
Alone and in Co-Culture with Peripheral Blood Mononuclear Cells. Biomedicines 2022, 10, 1118. [CrossRef]

15. Golan, H.; Mechoulam, R.; Smoum, R.; Cohen-Zada, E.; Pri-Chen, S.; Wiener, S.; Grinberg, I.; Bar-Lev, D.D.; Haj, C.G.; Fisher,
T.; et al. Anti-Tumorigenic Effect of a Novel Derivative of 2-Hydroxyoleic Acid and the Endocannabinoid Anandamide on
Neuroblastoma Cells. Biomedicines 2022, 10, 1552. [CrossRef]

16. Greiner, B.; Sommerfeld, M.; Kintscher, U.; Unger, T.; Kappert, K.; Kaschina, E. Differential Regulation of MMPs, Apoptosis
and Cell Proliferation by the Cannabinoid Receptors CB1 and CB2 in Vascular Smooth Muscle Cells and Cardiac Myocytes.
Biomedicines 2022, 10, 3271. [CrossRef]

17. Mottarlini, F.; Fumagalli, M.; Castillo-Díaz, F.; Piazza, S.; Targa, G.; Sangiovanni, E.; Pacchetti, B.; Sodergren, M.H.; Dell’Agli, M.;
Fumagalli, F.; et al. Single and Repeated Exposure to Cannabidiol Differently Modulate BDNF Expression and Signaling in the
Cortico-Striatal Brain Network. Biomedicines 2022, 10, 1853. [CrossRef]

18. Duranti, A.; Beldarrain, G.; Álvarez, A.; Sbriscia, M.; Carloni, S.; Balduini, W.; Alonso-Alconada, D. The Endocannabinoid
System as a Target for Neuroprotection/Neuroregeneration in Perinatal Hypoxic–Ischemic Brain Injury. Biomedicines 2022, 11, 28.
[CrossRef]

19. Chacon, F.T.; Raup-Konsavage, W.M.; Vrana, K.E.; Kellogg, J.J. Secondary Terpenes in Cannabis sativa L.: Synthesis and Synergy.
Biomedicines 2022, 10, 3142. [CrossRef]

20. Tudorancea, I.M.; Ciorpac, M.; Stanciu, G.D.; Caratas, u, C.; Săcărescu, A.; Ignat, B.; Burlui, A.; Rezus, , E.; Creangă, I.; Alexa-
Stratulat, T.; et al. The Therapeutic Potential of the Endocannabinoid System in Age-Related Diseases. Biomedicines 2022, 10, 2492.
[CrossRef]

21. Sionov, R.V.; Steinberg, D. Anti-Microbial Activity of Phytocannabinoids and Endocannabinoids in the Light of Their Physiological
and Pathophysiological Roles. Biomedicines 2022, 10, 631. [CrossRef] [PubMed]

22. Sestan-Pesa, M.; Shanabrough, M.; Horvath, T.L.; Miletta, M.C. Impaired Ghrelin Signaling Does Not Lead to Alterations of
Anxiety-like Behaviors in Adult Mice Chronically Exposed to THC during Adolescence. Biomedicines 2023, 11, 144. [CrossRef]
[PubMed]

23. Licitra, R.; Marchese, M.; Naef, V.; Ogi, A.; Martinelli, M.; Kiferle, C.; Fronte, B.; Santorelli, F.M. A Review on the Bioactivity of
Cannabinoids on Zebrafish Models: Emphasis on Neurodevelopment. Biomedicines 2022, 10, 1820. [CrossRef]

24. Espinoza-Fonseca, L.M. The benefits of the multi-target approach in drug design and discovery. Bioorg. Med. Chem. 2006,
14, 896–897. [CrossRef] [PubMed]

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

http://doi.org/10.3390/biomedicines10071599
http://www.ncbi.nlm.nih.gov/pubmed/35884902
http://doi.org/10.3390/biomedicines10081789
http://doi.org/10.3390/biomedicines11010158
http://doi.org/10.3390/biomedicines10123168
http://doi.org/10.3390/biomedicines11010074
http://doi.org/10.3390/biomedicines10081793
http://www.ncbi.nlm.nih.gov/pubmed/35892693
http://doi.org/10.3390/biomedicines10081811
http://www.ncbi.nlm.nih.gov/pubmed/36009358
http://doi.org/10.3390/biomedicines10071685
http://www.ncbi.nlm.nih.gov/pubmed/35884990
http://doi.org/10.3390/biomedicines10051118
http://doi.org/10.3390/biomedicines10071552
http://doi.org/10.3390/biomedicines10123271
http://doi.org/10.3390/biomedicines10081853
http://doi.org/10.3390/biomedicines11010028
http://doi.org/10.3390/biomedicines10123142
http://doi.org/10.3390/biomedicines10102492
http://doi.org/10.3390/biomedicines10030631
http://www.ncbi.nlm.nih.gov/pubmed/35327432
http://doi.org/10.3390/biomedicines11010144
http://www.ncbi.nlm.nih.gov/pubmed/36672651
http://doi.org/10.3390/biomedicines10081820
http://doi.org/10.1016/j.bmc.2005.09.011
http://www.ncbi.nlm.nih.gov/pubmed/16203151

	Original Research Articles 
	Review Articles, Brief Reports, and Systematic Reviews 
	Closing Remarks 
	References

