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Abstract
Cannabis and its natural derivatives have emerged as prom­
ising therapeutics for multiple pathological and nonpatho­
logical medical conditions. For example, cannabinoids, the 
most popular and biologically active chemicals in cannabis, 
aid in many clinical ailments, including pain, inflammation, 
epilepsy, sleep disturbances or insomnia, multiple sclerosis, 
anorexia, schizophrenia, neurodegenerative diseases, anti­
nausea, and most importantly, cancer. Despite the compre­
hensive benefits, certain aspects of cannabis present unique 
challenges in the medical cannabis landscape. Recent stud­
ies have highlighted the inherent challenges associated with 
cannabinoids' formulation like low solubility, rapid metabo­
lism, poor bioavailability, and erratic pharmacokinetics – all 
of which contribute to the limited efficacy of cannabinoids. 
Several efforts are underway to address the bottlenecks and 
modify the formulations along with the delivery systems to 
achieve greater solubility/bioavailability, potency, and effi­
cacy in treatment settings while minding the necessary stan­
dards for purity associated with the pharmaceutical industry. 
The current article presents a perspective on (1) a working 
knowledge of cannabinoids and their mechanisms of action, 

(2) the landscape of using medicinal cannabis for cancer-re­
lated medical conditions along with adversities, (3) current 
approaches, formulations, and challenges in medicinal can­
nabis delivery systems (oral, transdermal, pulmonary, and 
transmucosal), and lastly, (4) emerging approaches to im­
prove delivery systems. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction: What Are Cannabinoids and How Do 
They Work?

Cannabis and the bioactive derivatives come from ei-
ther plants (phytocannabinoids) or mammals (endocan-
nabinoids). Cannabis sativa, a member of the Cannaba-
ceae family and one of the oldest known psychoactive 
plants, has garnered worldwide attention for its medical 
and recreational uses. Studies on the therapeutic efficacy 
of cannabis formulations have been ongoing for more 
than three decades. The therapeutic benefits of cannabis 
have been ascribed to a diverse set of bioactive chemicals 
such as cannabinoids, terpenes, and flavonoids, with can-
nabinoids being the most well-known. Although the 
pharmacology of most cannabinoids is unknown, 9-tet-
rahydrocannabinol (9-THC) and cannabidiol (CBD) 
have been studied as key contributors to the therapeutic 
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effects of cannabis. These two cannabinoids are more 
abundant in cannabis, with THC having higher canna-
bimimetic activity than CBD. Furthermore, these two 
phytocannabinoids have similar chemical structures yet 
different pharmacological effects [1–3].

Recent studies have elucidated the molecular mecha-
nisms underlying the phytocannabinoids induced re-
sponses and crosstalk with the endocannabinoid signal-
ing (ECS) in humans. Identification of THC in cannabis 
created a roadmap to characterize cannabinoid receptor 
type 1 (CB1) and cannabinoid receptor type 2 (CB2), 
which belong to the G-protein-coupled receptor (GPCR) 
superfamily [4, 5]. CB1 receptors are distributed and ex-
pressed in the brain and peripheral nerve terminals and, 

upon activation, mediate the central effects and many of 
the peripheral effects of cannabinoids. The CB1 receptor 
is also present in the nonneural tissues such as the testis, 
eye, vascular endothelium, and spleen. Notably, the CB2 
receptor is expressed in immune cells, such as lympho-
cytes (B-cell and T-cell) and macrophages, and organs, 
such as the spleen, tonsils, and lymph nodes. Collectively, 
the CB2-driven signaling is responsible for the anti-in-
flammatory and immunomodulatory effects of cannabis 
[6–8].

To date, seven distinct endogenous endocannabinoid 
receptor ligands have been identified, with the derivatives 
of N-arachidonoyl ethanolamide (anandamide) and 
2-arachidonoylglycerol (2-AG) being the most studied 

Fig. 1. The endocannabinoid system regulates a battery of signal-
ing pathways involved in neurological stimulation and growth, in-
flammation and immune response, control of cell fate, growth dif-
ferentiation, and apoptosis. (1) Cannabinoids interact with the 
CB1 receptor to block voltage sensitive Ca2+ channels and activate 
K+ channels, resulting in neurotransmitter release and effects on 
learning, locomotion, and memory. (2.A–D) Cannabinoids inter-
act with cannabinoid receptors and modulate several signaling 
pathways that control cell growth, differentiation, survival, and ap-
optosis. These pathways include: (2.A) activation of mitogen-acti-

vated protein kinases (MAPKs) such as the extracellular-signal-
regulated kinase (ERK) and the stress-activated kinases JUN ami-
no-terminal kinase (JNK) and p38 MAPK; (2.B) activation of 
phosphatidylinositol 3-kinase (PI3K)-a serine/threonine kinase 
(AKT)-the mammalian target of rapamycin (mTOR) survival 
pathway; (2.C) activation of p42/p44 MAPKs by inhibiting adeny-
lyl cyclase (AC) and activating protein kinase C (PKC), which con-
trol neuronal growth, inflammation, and apoptosis; and (2.D) can-
nabinoids also promote survival by activating AKT by blocking 
ceramide induced AKT inhibition.
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endocannabinoids. These two endocannabinoids elicit 
physiological responses primarily through the CB1 and 
CB2 receptors [9, 10]. Similarly, 9-THC, a plant-derived 
psychotropic cannabinoid ligand, interacts with the CB1 
receptor to produce psychoactive effects and engages 
with the CB2 receptor to produce immune-modulatory 
effects. On the contrary, CBD is a nonintoxicating can-
nabinoid with a modest affinity for CB1 and CB2 [11]. 
Apart from cannabinoid receptors, endocannabinoids 
and phytocannabinoids have been reported to interact 
with other groups of receptors, including orphan G-pro-
tein-coupled receptor 55 (GPR55), peroxisome prolifera-
tor-activated receptors (PPARs), and transient receptor 
potential vanilloid channel type 1 (TRPV1) [12]. Figure 1 
depicts the signal transduction pathways modulated by 
endocannabinoids and their receptors.

The effects of the endocannabinoids on the CB recep-
tors-mediated downstream signaling under physiological 
conditions are well documented [13, 14]. Although the pre-
cise mechanism of cannabinoid receptor expression modu-
lation is unknown, studies have revealed a significant asso-
ciation between changes in the ECS activity and a wide va-
riety of diseases, including cancer. CB1 and CB2 receptors 
are overexpressed in many cancer types [15–18] and linked 
to poor clinical outcomes in patients with pancreatic, pros-
tate, ovarian, and colorectal cancers [19–21]. Interestingly, 
CB1 and CB2 receptor expression in the normal cells is sig-
nificantly lower than the cancer cells, suggesting that CB 
receptors are potential targets for cancer treatment.

Phytocannabinoid-mediated modulation of ECS recep-
tors is a promising therapeutic strategy for cancer and many 
other diseases. Cannabinoids have shown promise for treat-
ing a wide variety of ailments like multiple sclerosis spastic-
ity, chemotherapy-induced nausea and vomiting, sleep and 
anxiety disorder, and several other clinical conditions [1, 3]. 
This review article summarizes the evidence for the canna-
binoids’ palliative and antineoplastic effects in cancer, ad-
verse effects, perceptive delivery methods, and cannabi-
noids formulations for pain and cancer treatment. Relevant 
findings have been summarized from public databases 
(Pubmed and U.S. Patent and Trademark Office) and lit-
erature searches ranging from 2000 to 2022.

The Landscape of Cannabinoids in Cancer 
Treatments

Palliative Care
Until the 1900s, the use of cannabis in oncology was 

not well documented; however, reports from the early 

1970s highlight the palliative effects of cannabinoids in 
cancer. Cannabinoids and cannabinoid-based formula-
tions were primarily exploited for their analgesic and an-
tiemetic effects as well as alleviating chemotherapy-in-
duced side effects [1]. For example, Sallan et al. [22] re-
ported that THC relieves nausea and vomiting caused by 
chemotherapy. Subsequently, many other studies have 
documented the inhibition of chemotherapy-induced 
nausea and vomiting by THC and its synthetic derivatives 
[23, 24]. Dronabinol, a synthetic isomer of THC, and nab-
ilone have been approved by the U.S. Food and Drug Ad-
ministration (FDA) for nausea and vomiting caused by 
chemotherapy [25, 26]. Dronabinol is now being pre-
scribed for anorexia with weight loss in patients with 
AIDS [1, 26, 27]. The FDA also approved THC for an-
orexia in HIV/AIDS [1, 25]. Epidiolex (cannabidiol), an 
oral CBD solution approved by the FDA in 2018, is pre-
scribed for severe forms of epilepsy occurring in two rare 
genetic disorders (Dravet syndrome and tuberous sclero-
sis complex) and one peripartum brain injury condition 
(Lennox-Gastaut syndrome in both adults and children 
[25, 28, 29]. For chronic pain and in patients with cancer, 
oral THC alone or in combination with CBD, or vapor-
ized cannabis, has been shown to reduce neuropathic and 
cancer pain, as well as enhance self-reported sleep [25, 
30]. In mice injected with paclitaxel (side effect includes 
peripheral neuropathy), CBD pretreatment inhibits pa-
clitaxel-induced peripheral neuropathy [29, 31]. Nabixi-
mols effectively relieve the pain associated with multiple 
sclerosis, cancer, and rheumatoid arthritis [32, 33]. Inter-
estingly, the effects of oral THC 20 mg were comparable 
to codeine 120 mg, but with markedly fewer psychologi-
cal effects, providing a solid basis for using THC as a sub-
stitute for opioids [34]. Although the mechanisms under-
lying the palliative effects of cannabis and cannabinoids 
are still being investigated, its anti-inflammatory, antian-
giogenic, and proapoptotic effects paved the way for ex-
ploring its effects on other pathological conditions such 
as microbial infections, inflammation, and cancer [1, 3].

Cannabinoids are currently being tested in clinical tri-
als for palliative care (for pain and nausea). Furthermore, 
many recent studies suggest that cannabinoids could also 
be used as antineoplastic agents. Munson et al. [35] first 
reported the antineoplastic effects of cannabinoids, such 
as ∆8-THC, ∆9-THC, and CBD, in lung adenocarcino-
ma. Subsequently, multiple studies confirmed the anti-
neoplastic activities of cannabinoids in a broad spectrum 
of cancer cells and tumors, including lung, glioma, breast, 
pancreatic, prostate, skin, colorectal, thyroid epithelio-
ma, and lymphomas [1, 36, 37]. The cannabinoids that 
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modulate key cell-signaling pathways involved in cell 
proliferation, cell death, tumor angiogenesis, invasion, 
and metastasis are depicted in Figure 2 [1, 36]. The most 
intriguing aspect of cannabinoids activity is that it selec-
tively targets tumor cells but does not affect nonneoplas-
tic cells, implying differential regulation of prosurvival 
and apoptotic pathways in neoplastic and nonneoplastic 
cells by cannabinoids. For e.g., cannabinoids induce apo-
ptosis in glioma cells through ceramide but inhibit apo-
ptosis in normal glial cells by activating the CB1 receptor 
and the PI3K-AKT survival pathway [1, 38, 39].

In recent years, cannabinoids have received increased 
attention as chemosensitizers. Studies suggest that can-

nabinoids, CBD and/or THC and enhance the sensitivity 
of traditional anticancer drugs including vinblastine, mi-
toxantrone, cytarabine, doxorubicin, vincristine, bort-
ezomib, carmustine, doxorubicin temozolomide, and 
carfilzomib [1, 36]. A combination of gemcitabine and 
cannabinoids synergistically inhibited the growth of pan-
creatic adenocarcinoma [40]. Similarly, a combination of 
temozolomide, THC, and CBD blocked the growth of gli-
oma xenografts [41]. Although there is a wealth of pre-
clinical evidence supporting the anticancer properties of 
cannabinoids THC and CBD, clinical evidence is still 
lacking mostly due to regulatory conditions limiting en-
gagement of medical professionals.

Fig. 2. Schematic representation of cannabinoid mediated signal-
ing pathways in cancer cells. In cancer cells, cannabinoids engage 
the CB1 or CB2 receptors to modulate numerous signaling path-
ways promoting cell cycle arrest, autophagy, and apoptosis and 
inhibit cell proliferation, invasion, metastasis, and angiogenesis. 
(1) Cannabinoids inhibit cAMP-dependent protein kinase, which 
modulates mitogen-activated protein kinases (MAPKs) and leads 
to stimulation of cyclin kinase inhibitor p27 and inhibition of cell 
cycle regulatory molecules, resulting in G1 arrest and apoptosis. 
(2) Cannabinoids also modulate MAPKs and PI3K/Akt pathways 
and its downstream apoptotic proteins leading to induction of ap-
optosis. (3) Cannabinoids also stimulate ceramide synthesis via 
activation of serine palmitoyl transferase (SPT) and upregulate p8, 

leading to induction of apoptosis through autophagy. (4) Canna-
binoids also cause depolarization of the mitochondrial membrane, 
and caspase activation. (5) Cannabinoids inhibit cancer cell prolif-
eration and apoptosis by modulating Wnt/β-catenin signaling 
pathway. (6) Cannabinoids inhibit invasion, metastasis, and an-
giogenesis through modulating COX-2/prostaglandin E2 (PGE2) 
signaling pathways, focal adhesion kinase (FAK) and RhoA-ROCK 
pathways and inhibiting MMPs respectively. (7) Cannabinoids 
also induce cell death via CB1/CB2 receptor-independent mecha-
nisms by activating nuclear factor (erythroid derived 2)-like 2 
(Nrf2)/antioxidant responsive element (ARE) pathway and heme 
oxygenase-1 (HO-1) induction and transcription.
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Adverse Effects of Cannabinoids in Cancer Treatments
Many therapeutically efficacious drug candidates nev-

er make it to the clinical trials because of their adverse ef-
fects. Cannabinoids, on the other hand, are regarded as a 
safe medicine that is well tolerated in animals. In preclin-
ical animal studies, a combination of delta-9-THC mari-
juana with conventional chemotherapy agents improved 
the efficacy of the chemotherapeutic drugs with no ad-
verse side effects [1, 3, 42].

Despite the minimal toxicity of cannabinoids, their 
history of psychotropic effects limits clinical use. Canna-
binoids like THC exert their psychoactive effects through 
the CB1 receptor activation, while cannabinoids targeting 
the CB2 receptor have reduced psychotropic effects. Se-
lective CB2-receptor activation has been shown to sup-
press the growth of gliomas, skin carcinomas, and pain in 
animals without any signs of psychotropic activity. Non-
psychoactive cannabinoids, such as CBD, have a lower 
affinity for CB1 and CB2 receptors and a higher affinity 
for noncannabinoid receptors, which may prove helpful 
in the treatment of various pathological conditions in-
cluding cancer. Synthesizing cannabinoids, from prede-
termined genetic strains of that cannabis, that do not pen-
etrate the blood-brain barrier can be another strategy to 
minimize the psychotropic effects while improving anti-
tumor, pain-relief, and appetite-stimulating qualities.

Current Approaches, Formulations, and Challenges 
in Medicinal Cannabis Delivery Systems

Cannabinoids’ poor bioavailability limits their clinical 
use. Over the past several decades, various pharmaceuti-
cal industries have developed and customized cannabis 
formulations to improve bioavailability. This section de-
scribes the current routes of administration, and formu-
lations of cannabinoids designed to improve bioavailabil-
ity. Table 1 surveys and summarizes currently available 
cannabinoids delivery systems.

Oral Administration, Formulations, and 
Modifications
Many cannabis products are taken orally via transmu-

cosal route. Patients with chronic conditions constantly 
requiring large quantities of cannabis prefer oral delivery 
[43, 44]. Findings from the preclinical and clinical studies 
evaluating oral administration of cannabinoids (THC 
and CBD) have shown low bioavailability, likely due to 
slow and erratic absorption and degradation of the can-
nabinoids by stomach acids [43, 44]. Maximum plasma 

concentrations are usually obtained after 60–120 min but 
can last up to 6 h [45]. THC’s oral bioavailability is further 
reduced by its presystemic metabolism in the liver and 
storage in the adipose tissue for a longer period of time 
[43, 44].

Another approach to oral administration of cannabi-
noids is encapsulation within micelles. When cannabi-
noids were loaded into micelles using nonionic surfac-
tants (e.g., macrogolglycerol hydroxystearate) and deliv-
ered as oral aqueous formulations, they demonstrated a 
2-fold increase in Cmax and a 1.21-fold greater area under 
the curve (AUC) in healthy participants. Soft-gelatin cap-
sules containing cannabinoids have also been developed 
[46–48]. For gelatin encapsulation, cannabinoids are 
melted with poloxamers (poloxamer 124 and poloxamer 
188 in particular) and then filled into hydroxypropyl 
methylcellulose.

Echo Pharmaceuticals is developing a CBD pill formu-
lation (Arvisol®) to treat neurological conditions includ-
ing Rett syndrome, schizophrenia, and epilepsy. The for-
mulation consists of CBD (6.7% w/w), sucrose monolau-
rate (13.3%), ascorbic acid (0.7%), and lactose), which are 
combined in the wet granulation process to create the tab-
lets and granules. Pharmacokinetic (PK) studies revealed 
a significant increase (100-fold) in the AUC of pills com-
pared to CBD powder filled [49, 50].

The bioavailability of currently available cannabinoid 
pharmacological preparations, Dronabinol (available as a 
capsule (Marinol) and a solution (Syndros)), nabilone 
(available as a capsule, in a polyvinylpyrrolidone carrier), 
and Epidiolex is improved by using adjuvants (like sur-
factant, solubilizers, cosolvency, hydrotrophy, and novel 
excipients) and complexation (like cyclodextrins [CDs]) 
technologies) [43, 44, 51, 52].

The oral bioavailability of cannabinoids can be boost-
ed by combining them with lipids from food. When CBD 
was taken with alcohol or a high-fat/high-calorie meal, 
the rate and degree of absorption increased. Lipid/oil-
based formulations and gelatin matrix pellets are two ef-
fective formulations. Notably, the bioavailability of can-
nabinoids was significantly increased by a cannabis for-
mulation in sesame oil (a vehicle with long-chain 
triglycerides, containing 42% oleic, 40% linoleic, and 16% 
palmitic acids). When THC and CBD are combined with 
long-chain triglycerides, they can bypass the liver, lower-
ing the risk of presystemic metabolism [53]. In the USA, 
Epidiolex, as previously stated, was approved in 2018, as 
an adjuvant treatment for Dravet syndrome, Lennox-
Gastaut syndrome, and severe myoclonic epilepsy in chil-
dren [54–56]. The FDA recently approved a Phase II/III 
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Table 1. Currently available cannabinoids delivery systems

Name Formulation Admin route Disease References

Cannabinoids Encapsulation within micelles Oral [46–48]

Arvisol® CBD Oral Rett syndrome, schizophrenia, and epilepsy [49, 50]

Dronabinol THC Syndros as Oral and 
Marinol as capsule

Pain and nausea [51, 52]

Nabilone THC Oral, capsule Parkinson’s disease [52, 68, 69]

Epidiolex CBD Oral Dravet syndrome, Lennox-Gastaut syndrome, 
and severe myoclonic epilepsy

[54–56]

CardiolRxTM CBD oil Oral Prevent cardiovascular problems in SARS-
CoV-2 infected patients

[57, 58]

CBD conjugates Oral Cancer [59]

TurboCBDTM CBD in hemp oil Increasing circulating CBD [60, 61]

Nanoemulsion CBD Oral – [62]

PTL 101 CBD Oral Intractable epilepsy [61, 63]

Canemes® CBD cyclodextrins;
cannabinoids with sulfo-alkyl-β-CD

Oral Pain, Parkinson’s disease [68, 69];
[70]

CBD/naproxen Oral Acute and chronic pain [71, 72]

CBD formulation Oral Graft-Versus-Host Disease prevention [73, 74]

CBD in self-emulsifying delivery Oral Increases bioavailability [75, 76]

CBD and THC combination Oral Pain-relieving drug [77, 78]

AX 1505 Chewing cum with cannabinoids Oral Multiple sclerosis-related pain and spasticity, 
Parkinson’s disease, dementia, restless leg 
syndrome, and post-herpetic neuralgia

[79–81]

BCT-521 Combination of CBD and THC Oral Pain management with cancer patients EudraCT2019-
001382-32

Liquid formulation of CBD: THC combination Oral Fibromyalgia [82]

THC/CBD (1:1) Oral Symptom relief in patients with advanced 
cancer

[83]

ZYN001 Synthetic D-glyceric acid ester prodrug of 
THC

Transdermal Fibromyalgia and neuropathic pain [86]

THC encapsulated in multilayered lipid 
vesicles

Topical and 
transdermal

Pain treatment [87, 88]

Transcutol®-Neat  
or Diluted Mixtures

Cannabinoids in a gel formulation Transdermal Increased penetration through skin [91–93]

Gel containing CBD Transdermal Epilepsy, developmental and epileptic 
encephalopathy, fragile-X syndrome, and 
osteoarthritis

[94–96]

CBD and argan oil combination Transdermal Pain and edema associated with arthritic 
inflammation and rheumatic disorders

[97]

THC prodrugs Transdermal Glaucoma patients with pathologically high 
intraocular pressure lowered ocular pressure

[94, 95]

CBD and THC Inhalation [101]

THC, CBD, and various terpenes Inhalation Pain and inflammation [102, 103]
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trial for an oral CBD oil formulation (CardiolRxTM) (de-
veloped by Cardiol Therapeutics Inc. [CA]) to prevent 
cardiovascular problems in hospitalized patients with a 
confirmed diagnosis of SARS-CoV-2 infection [57, 58].

For the treatment of cancer, preclinical trials using 
CBD conjugates created by Diverse Biotech Inc. (USA) 
are now underway [59]. Capsules (TurboCBDTM) with 
CBD in hemp oil, a high proportion of American ginseng 
and Ginko Biloba extracts have been proposed by Lexaria 
Bioscience Corp. (CA) [60]. In this formulation, long-
chain fatty acids that are high in oleic acid compositions 
are associated with CBD using a dehydration process pro-
cedure. The presence of long-chain fatty acids, associated 
with CBD allowed higher concentrations of CBD to enter 
the circulatory system, perhaps by bypassing first-pass 
liver metabolism. The clinical trial using TurboCBDTM re-
vealed that the use of TurboCBDTM increased CBD bio-
availability by 111 percent as compared to an identical 
generic 90 mg dose but not with a half dose, according to 
a clinical trial. The authors also found that TurboCBDTM 
had a potential advantage over CBD in gelatin matrix pel-
lets, with a Cmax time of 120 min, compared to the 3–3.5 
h associated with gelatin matrix pellets. TurboCBDTM is 
now being tested in clinical research as a dietary supple-
ment [61].

An oral nanoemulsion formulation of CBD containing 
lactose monohydrate powder, as a base substrate, and 

highly purified CBD crystals and sunflower oil in a 1:1 
ratio has been reported in a recent patent by Docherty 
and Bunka [62]. MMJ PhytoTech Ltd is developing PTL 
101 capsules (oral formulation) for the treatment of in-
tractable epilepsy using Satipharm’s Gelpell R product 
technology (AU) [63]. Briefly, 10–100 mg CBD dissolved 
in oil was added to a hot gelatin solution, which was then 
cooled and dried to produce gelatin pellets, and finally 
placed in hard gastro-resistant capsules. The soluble gela-
tin polymer was employed to facilitate dispersion by cre-
ating an in situ microemulsion, which is expected to im-
prove CBD bioavailability while preventing stomach mu-
cosa irritation. A clinical trial has demonstrated that PTL 
101 capsules significantly reduce seizures in pediatric pa-
tients with treatment-resistant epilepsy over 12 weeks 
[61–64]. When compared to an oromucosal spray, PK re-
search found that CBD delivered during fed conditions 
caused a significant increase in AUC (134 percent for a 
100 mg dose) [65].

Studies have shown that host-guest inclusion com-
plexes of native CD with CBD increase aqueous solubility 
of CBD. Among the host-guest inclusion complexes at 1:1 
(α-CD), 2:1 (β-CD), and 2:1 (γ-CD), complexation of 
CBD with γ-CD is insensitive to temperature, suggesting 
that the CBD-γ-CD complex is more stable than the oth-
ers [66, 67].

Name Formulation Admin route Disease References

THC buccal formulation Transmucosal Cancer pain management, chemotherapy-
induced nausea, vomiting, anorexia, and 
weight loss in AIDS patients

[107]

BRCX014 Sublingual formulation of CBD Transmucosal Cancer treatment [108]

Nabiximols The oromucosal spray Multiple sclerosis spasticity, overrative 
bladder, and neuropathic pain management 
in adults with multiple sclerosis

[32, 33, 109]

Sativex® with temozolomide Transmucosal Cancer pain management, muscle stiffness, 
post-traumatic stress disorder

[112, 113]

CBD with Poloxamer 407, carboxymethyl 
cellulose, and starch

Transmucosal [114]

Combination of CBD and THC Chewing cum Pain management, multiple sclerosis-
associated spasticity, Parkinson’s disease, 
post-herpetic neuralgia, dementia, and other 
illnesses

[79, 81]

CBD formulations Nasal [90]

Numerous cannabis formulations Nasal [115]

Table 1 (continued)
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Another formulation, developed by AOP Orphan 
Pharmaceuticals, significantly increased the aqueous sol-
ubility and bioavailability of the drug by using randomly 
methylated β-CD inclusion complexes of nabilone [52]. 
A pilot Phase II trial with Canemes® for pain was started 
in Austria in 2016 (EudraCT2015-004227-31), and Phase 
III development for its use in Parkinson’s disease in the 
elderly is currently ongoing (EudraCT2017-004253-16) 
[68, 69]. The water solubility of CD-cannabinoid com-
plexes can be further improved by chemically derivatiz-
ing β-CD. A patent application has been filed for the com-
plexation of cannabinoids with sulfo-alkyl-β-CD in the 
presence of Cremophor EL (polyoxyl-35 castor oil) to 
promote cannabinoid solubility [70].

Another potential approach is chemically modifying 
CBD and creating prodrugs or conjugates that increase its 
solubility. Claritas Pharmaceuticals, USA is developing 
an oral CBD/naproxen combination drug that targets the 
glycine pain receptor-alpha3 mediated synthesis of the 
pain-inducing prostaglandin molecule PGE2 (dinopros-
tone) in the spinal cord to treat acute and chronic pain. 
Claritas Pharmaceuticals is also working on an intrave-
nous (IV) formulation of CBD/naproxen drug [71, 72]. 
An oral CBD formulation is being tested for Graft-Ver-
sus-Host Disease prevention after allogeneic hematopoi-
etic stem-cell transplantation [73, 74]. Williams et al. [75] 
have developed five oral CBD formulations; a dose of 30 
mg CBD as a solid in suspension in water (code 203); with 
oil and starch (code 472); an oil solution (code 178); a liq-
uid formulation with quillaia extract (20% CBD, code 
340); with gum arabic (5% CBD code 707). CBD with 
gum arabic (5% CBD code 707) displayed maximum sol-
ubility, fastest Tmax, highest Cmax, and AUC. This finding 
agrees with the available data and literature on oral CBD. 
Knaub et al. [75, 76] found that higher Cmax and solubil-
ity were reached only when CBD was formulated in a self-
emulsifying delivery manner (25 mg).

AusCann Group Holdings Ltd, AU, has developed a 
CBD and THC-containing pain-relieving drug. A ran-
domized, open-label crossover trial is underway in Aus-
tralia, where 28 fed and healthy volunteers were given 
capsules containing (ratio 1:1) 2.5 mg and 10 mg formu-
lations of the pain-relieving drug. Two patents applica-
tions have been filed for this formulation, which includes 
solid self-emulsifying compositions containing either a 
single or a blend of cannabinoids, medium-chain triglyc-
erides, surfactant Cremophor EL, and colloidal anhy-
drous silica [77, 78].

Axim Biotechnologies Inc., USA is developing a con-
trolled release chewing composition that combines the 

two cannabinoids (1:1) at a 5 mg dose to treat patients 
with multiple sclerosis-related pain and spasticity, Par-
kinson’s disease, dementia, restless leg syndrome, and 
post-herpetic neuralgia. Clinical trials for post-herpetic 
neuralgia and psychotic illnesses are ongoing in the USA. 
Patents have been filed for the coadministration of can-
nabis and opioid agonists and/or antagonists. AX 1505, 
an analogous orally administrable formulation, is a sus-
tained release, floating-capsule containing cannabinoids 
developed by Axim Biotechnologies for the treatment of 
Crohn’s disease. Preclinical testing of AX 1505 is in prog-
ress [79–81].

A Phase I/II trial using BCT-521, an oral, fixed-dose 
combination of CBD and THC for pain management 
with cancer patients who have already received standard-
of-care treatment with opioids, has been completed  
by Beckley Canopy Therapeutics (UK) (Eu-
draCT2019-001382-32; BCT-521-201). Knop labs (Chile) 
is working on an oral, fixed-dose, liquid formulation of 
CBD: THC combination (1 mg THC and 0.45 mg CBD 
per drop) to treat fibromyalgia. A Phase II trial evaluating 
this formulation in patients with fibromyalgia is ongoing 
in Chile [82]. Similarly, Hardy et al. are assessing the ef-
ficacy, safety, and acceptability of 1:1 THC/CBD for 
symptom relief in patients with advanced cancer in an 
ongoing clinical trial [83].

Transdermal, nasal, inhaled/pulmonary, and oral 
transmucosal delivery formulations circumvent the is-
sues associated with oral administration by facilitating di-
rect drug uptake and transport into the bloodstream, 
thereby avoiding hepatic metabolism. These delivery 
mechanisms will be described in more detail in the fol-
lowing sections.

Transdermal Administration, Formulations, and 
Modifications
The two types of dermal formulations include trans-

dermal (for systemic effects) and topical formulations 
(for localized effects in the skin). Transdermal delivery 
bypasses the first-pass metabolism effect, resulting in in-
creased drug bioavailability. Furthermore, transdermal 
administration provides continuous medicine release 
over an extended period while limiting the adverse effects 
of higher drug concentrations and thus improving pa-
tient adherence. Topical application is suitable for local-
ized symptoms observed in dermatological disorders, ar-
thritis, and peripheral neuropathic pain. Local irritation 
and limited skin penetration of drugs with a hydrophilic 
structure are the primary drawbacks of this method. En-
hancers can be used in transdermal formulations to boost 
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permeant penetration by altering the structure of the stra-
tum corneum, the skin’s outer layer, and enhancing per-
meant solubility. As cannabis is highly lipophilic, its de-
livery through the skin is challenging. Thus, there is an 
unmet need for synthesizing cannabis medicines with 
greater skin permeability [43, 84]. Several groups have 
developed synthetic cannabinoid prodrugs that are more 
skin permeable than the parent [43, 85].

ZYN001, a synthetic D-glyceric acid ester prodrug of 
THC, synthesized by Zynerba Pharmaceuticals Inc. 
(USA), is administered as a transdermal patch (36 mg 
dose). Although this formulation underwent Phase I test-
ing in Australia for the treatment of fibromyalgia and 
neuropathic pain, the drug failed to achieve the desired 
blood levels of 5–15 ng/mL of THC and was withdrawn 
[86]. Biphasic multilayered lipid vesicles (MLVs) have 
also found applications in the delivery of cannabinoids. 
Altum Pharmaceuticals Inc. developed THC encapsulat-
ed in MLVs for topical and transdermal applications in 
pain treatment. MLVs are typically comprised of concen-
tric lipid bilayers, separated by an aqueous phase, that 
encapsulate a central aqueous core [87]. In the biphasic 
MLVs, the core is an emulsion with a continuous aqueous 
phase and hydrophobic dispersed phase. The region be-
tween the lipid bilayers may also consist of an emulsion 
in the case of biphasic MLVs. Hydrophilic drugs can be 
dissolved in the aqueous phase and hydrophilic drugs can 
be encapsulated within the hydrophobic regions of the 
emulsions, or within the lipid bilayers [88].

CBD transdermal treatments are becoming increas-
ingly popular. Paudel et al. [89] reported preclinical data 
on the pharmacokinetics of CBD patches. Compared to 
CBD in a propylene glycol-hydroxyethyl cellulose gel, 
Transcutol-HP (diethylene glycol monoethyl ether) at 6% 
CBD in a gel formulation increased skin absorption 3.7-
fold [89, 90]. Stinchcomb et al. [91–93] also developed 
alternative approaches to improve delta-THC, cannabi-
nol, and CBD transdermal penetration.

Zynerba Pharmaceuticals Inc. (USA) is actively devel-
oping a topical, transdermal gel containing CBD to treat 
epilepsy, developmental and epileptic encephalopathy, 
fragile-X syndrome, and osteoarthritis [94–96]. Shem-
anky et al. [97] reported the beneficial effects of CBD and 
argan oil combination in the treatment of pain and edema 
associated with arthritic inflammation and rheumatic 
disorders. Topical (ocular) administration of THC pro-
drugs in glaucoma patients with pathologically high in-
traocular pressure lowered ocular pressure [98, 99]. Link-
ing THC prodrugs to valine, dipeptides, and amino acid-
dicarboxylic esters created hydrophilic THC prodrugs, 

and of these, the THC-Val-HS emulsion and micellar so-
lution formulations showed the best corneal permeability 
and intraocular pressure-lowering efficacy [98, 99].

Pulmonary Administration, Formulations, and 
Modifications
Inhalation and smoking cannabis cigarettes are the 

two most common consumption methods among recre-
ational and therapeutic users. Intrapulmonary cannabis 
delivery is highly effective, with maximum plasma con-
centration reaching at 5–10 min (maintained at a steady-
state for 3–5 h), rapid distribution to the central nervous 
system, and higher systemic bioavailability [43, 44, 100]. 
Inhaled cannabis PK profile is like IV delivered THC, de-
spite having a lower AUC. CBDs PK profile is comparable 
to THC, regardless of whether taken orally, IV, or in-
haled. Furthermore, patients unable to take oral drugs 
benefit from the pulmonary administration method. Po-
tential disadvantages of pulmonary delivery include 
chronic cough and bronchitis as a result of inhaling haz-
ardous combustion products [43].

Solowij et al. [101] developed a vaporization method 
for delivering CBD and THC. Vaporization involves 
heating cannabis to cannabinoid vaporization tempera-
ture (below the combustion point], to avoid the generat-
ing combustion by-products. A liquid pad (a removable 
disc made of tightly packed stainless steel wire mesh) 
from the Volcano® vaporizer device was used to load the 
crystalline-form CBD (preliminary experiments), and the 
ethanolic solutions of CBD (4 or 200 mg) and THC (4 or 
8 mg) separately into the vaporizer filling chamber [101]. 
Tetra Bio-Pharma, USA, is developing a dry, compressed 
cannabis inhalable formulation standardized in THC, 
CBD, and various terpenes to treat pain and inflamma-
tion. This formulation is currently being tested in clinical 
trials in Canada and the USA [102, 103]. Multiple reports 
and patents describing cannabis vaporization systems 
and nebulization formulations for enhanced cannabinoid 
bioavailability upon pulmonary administration have 
been published [104–106].

Transmucosal Administration, Formulations, and 
Modifications
Transmucosal dosing is a noninvasive delivery meth-

od in which the drug is absorbed into the systemic circu-
lation via the highly vascularized mouth mucosa, bypass-
ing first-pass liver processing. The principal transmuco-
sal routes that have been demonstrated to be more 
effective than oral dosing include intranasal, oral trans-
mucosal, and rectal [43, 44]. Orally disintegrating tablets, 
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buccal mucoadhesive tablets, films, and patches, sublin-
gual disintegrating thin films, sprays, chewing gum, and 
lozenges are some of the pharmacological dosage forms 
of cannabinoids that are available [43, 44].

IntelGenx Technologies Corp, USA, and Tetra Bio-
Pharma are working on a THC buccal formulation for 
cancer pain management, chemotherapy-induced nau-
sea, vomiting, anorexia, and weight loss in AIDS patients. 
The sublingual THC is an orally dissolving film formu-
lated using IntelGenx technology (AdVersaTM) that im-
proves its solubility, stability, and bioavailability [107]. 
Diverse Biotech Inc., USA, is preclinically testing an oral, 
sublingual formulation of CBD (BRCX014) for cancer 
treatment. A patent application describing the methods 
for extraction and purification of CBD (>99%) as well as 
some preliminary clinical testing data from cancer pa-
tients treated with standard-of-care medication plus 
BRCX014 is pending approval [108].

The oromucosal spray formulations of nabiximols 
(Sativex®) produced by GW Pharmaceuticals plc., UK, 
have been used to treat various disorders, including mul-
tiple sclerosis spasticity, overrative bladder, and neuro-
pathic pain management in adults with multiple sclerosis 
[32, 33, 109]. In addition, nabiximols have also been used 
as an adjuvant analgesic in adult cancer patients with per-
sistent background pain receiving the highest tolerated 
dose of potent opioids [32]. Mouth ulcers, due to the eth-
anol excipient, are a common adverse effect associated 
with long-term usage of nabiximols. Discontinuation of 
nabiximols during long-term follow-up results in multi-
ple sclerosis patients with spasticity was reported to result 
in physical disability and cognitive impairment [110, 
111]. A Phase Ib study of Sativex® with temozolomide in 
cancer patients with recurrent glioblastoma reported ad-
equate safety and tolerability with no drug-drug interac-
tions [112]. After multiple successful clinical trials, Sa-
tivex® is approved in Israel and Canada for neuropathic 
pain management in multiple sclerosis patients [113]. 
Other clinical trials with Sativex® include cancer pain 
management, muscle stiffness, posttraumatic stress dis-
order, and glioblastoma and are ongoing in several coun-
tries [43, 44]. However, in-depth research is needed to 
establish the optimum responder profile for nabiximols 
and to comprehensively explore nabiximols potential.

Temtsin-Krayz et al. [114] developed the transmuco-
sal formulations of CBD with Poloxamer 407, carboxy-
methyl cellulose, and starch. Axim Biotech Inc., USA, is 
developing a controlled release chewing gum containing 
a 1:1 combination of CBD and THC that enables oromu-
cosal adsorption. Clinical trials evaluating this formula-

tion for pain management, multiple sclerosis-associated 
spasticity, Parkinson’s disease, post-herpetic neuralgia, 
dementia, and other illnesses are ongoing. More recently, 
Axim Biotech has developed chewing gums with micro-
encapsulated cannabinoids, opioid agonists, and opioid 
antagonists that are controlled released during mastica-
tion [79, 81].

Intranasally administered drugs enter the systemic 
blood circulation via the well-vascularized thin mucosal 
lining of the nasal cavity and escape the hepatic and in-
testinal metabolism, resulting in a robust effect. This 
method is suitable for patients experiencing nausea, vom-
iting, oral mucositis, and impaired gastrointestinal func-
tion. Furthermore, intranasal delivery is painless and 
noninvasive, preferred over IV injection, and improves 
patient compliance [43, 44]. Paudel et al. [89] evaluated 
the intranasal permeation ability of various CBD formu-
lations prepared in polyethylene glycol (PEG) 400 and in 
a 50:35:15 (v/v) PEG: saline: ethanol solvent system in the 
presence and absence of permeation enhancers (1% so-
dium glycocholate or 1% dimethyl-beta-cyclodextrin) us-
ing an anesthetized rat model. They found that CBD was 
absorbed within 10 min of nasal administration with 34–
46% bioavailability. On the contrary, the formulation 
with 100% PEG exhibited lower bioavailability than the 
other formulations with enhancers [89]. Bryson and 
Sharma developed numerous cannabis formulations for 
nasally delivery and a device to provide targeted nasal de-
livery – these formulations have been patented [115]. 
While gelatin matrix pellets and lipid/oil-based formula-
tions were initially employed to boost cannabis bioavail-
ability, they could not target cannabis to tumors or dis-
eased sites and had significant adverse effects. Injecting a 
low dose of cannabis directly into the target site may im-
prove efficacy and reduce adverse side effects. Thus, there 
is an urgent need to develop cannabis-based nano-for-
mulations for pain management, cancer therapy, and 
treatment of several other pathological conditions.

Emerging Approaches to Improve Delivery Systems

Many factors contribute to the utility and efficacy of 
successful delivery systems. Properties such as solubility, 
drug half-life, metabolism, distribution, and ease of use 
can all impact whether formulations move forward for 
clinical use. To this end, many efforts are in place to en-
hance the properties listed above for improved and prac-
tical delivery systems that will support optimal efficacy 
for medicinal cannabis. The section below describes how 
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current formulations are being subjected to novel ap-
proaches and formulations to further improve these de-
livery systems.

Nanotechnology Approaches for Cannabinoid 
Delivery
Nanoparticle technology has been widely used in med-

ical applications. Their attractive features are (i) enhanced 
encapsulation efficiency or drug solubilization capacity 
for safe and targeted delivery, (ii) presence of surface 
functional groups that can be modified to improve stabil-
ity and internalization, (iii) potential for superior phar-
macokinetics, increased bioavailability, and minimal 
clearance from the body, and (iv) controlled, stimuli-re-
sponsive, remote actuation, and on-demand drug release 
properties [43, 44, 116, 117]. Several studies have report-
ed the development of nanoparticle-based delivery sys-
tems for cannabis, cannabinoids, and ECS components 
delivery [118–128]. Cannabinoid delivery systems based 
on nanoconjugates consist of nano-conjugated cannabi-
noids in a multifunctional metallic nanocarrier, classified 
as inorganic, organic, or hybrid nano systems, depending 
upon the specific requirements and administration route. 
Encapsulation approaches such as nanoemulsions, den-

drimers, micelles, liposomes, and biodegradable polymer 
nanoparticles for cannabis products increase physical sta-
bility, controlled release, targeted, and safe delivery [43, 
44, 117]. Many cannabis-based nanoformulations are 
currently in preclinical or clinical development. Table 2 
summarizes prominent nano-based cannabinoids deliv-
ery systems.

Lipid-Based Nanoformulations
Cannabinoids have been successfully developed in na-

nomicelles, nanoemulsions, and nanostructured lipid 
carriers (NLCs) for potential medicinal purposes. Pulmo-
nary administration of THC (0.3 mg/mL) in a liposomal 
formulation containing dipalmitoyl phosphatidylcholine 
and cholesterol, average size of 300–500 nm, resulted in 
sustained release with rapid bioavailability of THC [129].

A patent application for stable, fast-acting liposome 
and micelle formulations containing terpenes, hemp oil, 
cannabinoids, or combinations of cannabinoids, with sta-
bility ranging from a few days (micelles) to several months 
(liposomes), has been filed [130]. Medlab Clinical, Aus-
tralia has developed NanoCelleTM, a micelle formulation 
made from oils, glycerol, and nonionic surfactants, to de-
liver lipophilic molecules (vitamin D3, statins, testoster-

Table 2. Nano-based cannabinoids delivery systems

Drugs Type Administration 
routes

References

Lipid-based nanosized cannabinoids delivery systems
THC Liposomes IV [129]
Terpenes, hemp oil, cannabinoids, or combinations of cannabinoids Liposome and Micelle [130]
CBD Micelle Oromucosal [131, 132]
Synthetic cannabinoid Nanomicellar formulation [120]
THC and CBD NLC Nasal [123, 125]
AM251, rimonabant, and URB597 NLC Nasal [122]
CB-13 NLC Oral [134]
CBD Lipid nanocapsules [121, 123]
PTL401 (THC:CBD) Pro-nano liposphere Oral [119, 126]

Self-emulsifying drug delivery systems
Namisol Self-emulsifying drug delivery Oral [138, 139]
CBD Self-emulsifying drug delivery [76, 140, 141]
THC-CBD-piperine Emulsifying nanoformulation [78, 79]
Cannabinoids and terpenes Nanoemulsion Oral [143]
CTX01 (CBD) Nanotherapeutic formulation [144]
Synthetic CBD Self-emulsifying drug delivery Oral [76, 145]

Polymeric nano-formulations
CB-13 PLGA Oral [147]
Cannabinoid PLGA IP [127]
THC PLGA [148]
CBD PLGA [149]
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one propionate, CBD) across the oral buccal mucosa, by-
passing the gastrointestinal (GI) tract [131, 132]. Nano-
micellar formulation of synthetic cannabinoid has been 
shown to inhibit tumor growth and adverse psychoactive 
effects in a syngeneic mouse model of triple-negative 
breast cancer [120].

NLCs have great potential as a carrier system for THC 
and CBD because they use solid particle matrices rather 
than fluid matrices like emulsions and liposomes and 
thus can better host and protect drugs from degradation. 
THC transport from inside to the particle surface is fur-
ther slowed by the solid particle matrix [43, 133]. Esposi-
to et al. [122] encapsulated cannabinoid drugs including 
AM251, rimonabant, and URB597 (a fatty acid amide hy-
drolase inhibitor), in NLCs (100 nm) with enhanced en-
capsulation efficiency. Furthermore, improvement in 
mucoadhesive THC-loaded NLC formulation and long-
term physicochemical stability appears conceivable [125].

Duran-Lobato et al. [134] developed a promising car-
rier for the oral administration of CB-13, a cannabinoid 
with strong therapeutic potential in chronic pain man-
agement for which an effective oral treatment is lacking. 
This formulation consists of either glyceryl dibehenate or 
glyceryl palmitostearate together with two different sur-
factants (polysorbate 20 and sodium deoxycholate) using 
the emulsification-solvent evaporation method. Glyceryl 
palmitostearate proved to be effective as a lipid matrix in 
producing cannabinoid-loaded particles with high en-
capsulation efficiency and storage stability at 4°C [134]. 
CBD encapsulated into lipid nanocapsules (LNCs) dis-
played an antitumor effect in cell-based glioma model 
[121]. Notably, as tiny cannabinoid-decorated LNCs have 
been shown to improve transport across the blood-brain 
barrier and increase bioavailability, LNCs represent a 
promising strategy for the designing and developing nov-
el CNS therapeutics [121, 123]. A potential limitation of 
LNCs is the lower encapsulation efficiencies. Collectively, 
these findings suggest that NLC based cannabinoid for-
mulations have the potential to overcome the low solubil-
ity, absorption, lipophilicity, and oral bioavailability re-
lated challenges.

Self-Emulsifying Drug Delivery Systems
The self-emulsifying delivery systems (SEDDS) have 

attracted considerable attention as a strategy for cannabi-
noids to improve dissolution, stability, and bioavailability 
[43, 44, 135]. SEDDS are isotropic mixtures of oils, sur-
factants, solvents, and cosolvents/surfactants. They spon-
taneously disperse upon contact with an aqueous phase, 
such as gastric or intestinal fluids, under conditions of 

mild agitation comparable to those found in the GI tract. 
Resulting in situ droplets preserve the lipophilic active 
ingredient and solubilize them in the aqueous environ-
ment, which facilitates the transport of the active ingredi-
ent across the aqueous lumen of the GI tract to the ab-
sorptive epithelium surface. The active ingredient then 
dissociates from the droplets and is transported to the 
blood or lymphatic vessels via the enterocyte membrane 
[43, 44, 135, 136]. The performance of the self-emulsify-
ing delivery systems in improving the bioavailability is 
dependent on the emulsion droplet size distribution. 
SEDDS, self-micro emulsifying drug delivery systems 
(SMEDDS), and self-nano emulsifying drug delivery sys-
tems (SNEDDS) are all examples of self-emulsifying for-
mulations. SEDDS produces coarse emulsions, whereas 
SNEDDS and SMEDDS produce nano- and micro-sized 
emulsions, respectively [135].

Several studies have demonstrated that the incorporat-
ing lipids in SNEDDS improve solubility and contribute 
to the lymphatic absorption of cannabinoids. The absorp-
tion of lipid-based nano-formulations in healthy rats was 
quick, whereas the absorption of oily preparations took 
longer, lasting 4–6 h [137]. PTL4 is a self-emulsifying-
based formulation of THC and CBD (1:1) with polysor-
bate 20, sorbitan monooleate 80, polyoxyethylene hydro-
genated castor oil 40, glyceryl tridecanoate, lecithin, and 
ethyl lactate [119, 126]. NamisolTM, an oral tablet formu-
lation of dronabinol, was produced using AlitraTM, an 
emulsifying drug delivery technology. In this method, 
THC microgranules (size 30 micron) were coated with 
the surfactant sucrose monolaurate to increase the solu-
bility of THC. One study reported no significant PK 
changes after oral and sublingual (crushed tablets) ad-
ministration of NamisolTM [138]. In another Phase II 
study using NamisolTM in subjects with anorexia, study 
results indicated a shorter time to reach maximum THC 
concentration (39–56 min) while maintaining high safety 
and tolerability [139]. It has been reported that self-emul-
sifying drug delivery of CBD increases the bioavailability 
of CBD with a 4.2-fold higher Cmax and a 2.2-fold higher 
AUC, compared to the reference oromucosal spray Sa-
tivex®, a CBD/THC ethanol/propylene glycol solution 
[140]. Similarly, VESIsorb®, a self-emulsifying drug de-
livery formulation technology developed by Vesifact AG 
(Baar, Switzerland), has increased CBD absorption and 
oral bioavailability in healthy subjects. These findings 
collectively indicate that cannabis pharmacokinetics are 
model-dependent with inconsistency between study 
groups and impacted by the delivery technique, further 
stressing the need for a standardized CBD oral formula-
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tion to lower the significant intra- and inter-subject ab-
sorption variability in humans [76, 141].

Piperine, an alkaloid, was also mixed with SNEDDS 
and orally fed to rats to increase the bioavailability of can-
nabinoids. When compared to CBD-SNEDDS alone, the 
oral bioavailability of CBD with piperine dissolved in 
SNEDDS (once-daily dose) increased by about 2.5 times 
[142]. A rat model was also utilized to test the effects of 
advanced pro-nano lipospheres and SNEDDS loaded 
with natural absorption enhancers on the oral bioavail-
ability of THC and CBD. The addition of different en-
hancers such as curcumin, resveratrol, and piperine to 
CBD-THC self-emulsifying systems increased CBD oral 
bioavailability in vivo, with piperine having the maxi-
mum effect [77]. The presence of piperine in the CBD-
THC self-emulsifying system slows intestinal processes 
rather than hepatic first-pass metabolism, which explains 
the increased bioavailability. THC-CBD-piperine-emul-
sifying nanoformulation demonstrated higher absorp-
tion rates than Sativex® in healthy human volunteers. 
However, as a cytochrome and glucuronyl transferase in-
hibitor, piperine can modify the metabolism of several 
other medicines and has a nonnegligible toxicity [78, 79].

A patent also provides rectal-vaginal and solid oral 
dosage forms using micro and nanoemulsions of active 
cannabis components (cannabinoids and terpenes) [143]. 
Cardiol Therapeutics (Oakville, ON, Canada) is develop-
ing a patented CBD nanotherapeutic formulation 
(CTX01) for subcutaneous delivery to treat heart failure 
[144]. A study investigated the oral absorption processes 
of synthetic CBD when given in different oral formula-
tions (powder form, dissolved in sesame oil, and in 
SNEDDS) in a three-way, blind, crossover single admin-
istration. When compared to powder form, CBD in 
SNEDDS was quickly absorbed by all volunteers, fol-
lowed by CBD in lipid-based vehicle [145]. Similarly, 
Knaub et al. [76] orally administered the CBD (used as 
hemp extract)-containing SEDDS formulation or the 
same extract diluted with medium-chain triglycerides oil 
in a randomized, double-blind, crossover study in 16 
healthy volunteers under fasting conditions. Compared 
to the reference formulation, a single oral dosage of CBD-
SEDDS increased Cmax and AUC0–8h/AUC0–24h [76].

Polymeric Nano-Formulations
Polymeric drug delivery systems have also been used 

for enhancing stability and controlled release of cannabis 
and cannabinoids. Specifically, the polymer poly (lactic-
co-glycolic acid) (PLGA) is often utilized for drug encap-
sulation due to its biocompatibility and biodegradability 

[43, 146]. CB-13-loaded nanoparticles coated with a 
range of agents (chitosan, Eudragit RS, vitamin E, and 
lecithin) for oral administration create nanoparticles with 
particle sizes ranging from 250 to 350 nm, good entrap-
ment efficiency, and CB-13 nanoparticles release rates 
improve with vitamin E and lecithin surface modifica-
tions [147]. In an ovarian cancer model, intraperitoneal 
delivery of cannabinoid-loaded PLGA nanoparticles de-
creased tumor growth [127]. Martin-Banderas developed 
THC-loaded PLGA nanoparticles (size 290–800 nm) for 
applications as an anticancer agent. PEG, chitosan, and 
PEG-chitosan conjugates were used as coating agents 
with increased encapsulation efficiency [148]. Poly-ε-
caprolactone is another polymer extensively utilized in 
drug delivery systems as it is biocompatible, biodegrad-
able, FDA-approved semi-crystalline aliphatic polyester. 
Hernán Pérez de la Ossa et al. [149] developed spherical 
CBD-loaded poly-ε-caprolactone microparticles with a 
size range of 20–50 nm and high entrapment efficiency.

More recently, the use of nanoparticle-based cannabis 
in treating cancer and infections caused by microbial bio-
films was reported [118, 150]. Formulations based on pro 
nanodispersion technology enhanced oral cannabis bio-
availability in healthy volunteers [119]. Aparicio-Blanco 
et al. [121] showed that LNCs containing CBD could be 
used as targeted long-acting carriers for glioma therapy. 
Although cell membrane-derived cannabinoid delivery 
systems may offer advantages in terms of delivering bio-
mimetic systems for the efficient administration of can-
nabis nanomedicines [151], these systems have not been 
fully developed yet.

Conclusions

Cannabis has fascinating pharmacological properties 
and could prove to be a viable source of novel medica-
tions. Despite the efficacy and safety of cannabis, low wa-
ter solubility, weak stability, and poor bioavailability rep-
resent the significant challenges in therapeutic challenges 
moving forward with cannabis use in clinics. Finding ap-
propriate delivery systems for cannabis and cannabinoids 
is another challenge to overcome. Many studies support-
ed by emerging technologies are ongoing to improve the 
bioavailability of cannabis and its analogs.

Numerous strategies and cannabinoid formulations 
have been explored, such as modulation of route and me-
dium of cannabinoids administration as well as conjuga-
tion and structural modifications of cannabinoids. Can-
nabinoid nanoformulations offer several advantages like 
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increased efficacy, tumor targeting, lower systemic toxic-
ity, and controlled release at target sites. Pharmaceutical 
and generic firms have developed tailored cannabis for-
mulations to enhance solubility and bioavailability. Sev-
eral cannabis formulations are currently undergoing clin-
ical trials to establish efficacy in treating pain and other 
pathological conditions, and more formulations are in 
the pipeline.

Most of the cannabinoid formulations are based on 
pure THC and a mixture of THC and CBD, which have 
poor water solubility. To circumvent the solubility issue, 
adjuvants, cyclodextrin, and several other patented tech-
nologies have been used in the past. The solubility and 
bioavailability of cannabinoids are also enhanced by the 
modifying cannabinoids' chemical structure. Recent re-
ports suggest that combining cannabis with dietary lipids 
increases cannabis bioavailability by escaping the hepatic 
and intestinal metabolism. Furthermore, combining can-
nabis with piperine lowers hepatic and intestinal gluc-
uronidation, allowing them to bypass liver and intestinal 
metabolism and improve bioavailability.

A drug’s bioavailability directs the dosage and mode of 
administration modification. Oral administration is the 
most common and popular route of administration, fol-
lowed by inhalation and transmucosal administration. 
Transdermal, nasal, inhaled-pulmonary, and oral trans-
mucosal delivery formulations circumvent the bioavail-
ability issues associated with oral administration by fa-
cilitating direct uptake of drug into the bloodstream. 
Nonetheless, all cannabis delivery methods have some re-
strictions – poor water solubility makes IV administra-
tion difficult, orally administered medications are metab-
olized, resulting in low bioavailability, and inhaled can-
nabis have an adverse effect on the respiratory system.

Nanotechnology-based cannabis nano-formulations 
could provide several benefits, including increased effi-
cacy, tumor targeting, and lower systemic toxicity. One 
formulation does not fit all cannabinoids, so it is essential 
to develop and optimize specific cannabinoid-based na-

no-formulations. In our viewpoints, cannabis nano-for-
mulations based on the lipophilic carrier are highly ap-
propriate. Cannabinoid delivery by nano-formulations 
based on liposomes, polymeric nanoparticles, and others 
are currently being tested in preclinical studies, with self-
emulsifying systems being one of the more fascinating 
and lucrative techniques. Again, as there are limited new 
nano-formulations in the market or clinical trials cur-
rently, there is a need for extensive preclinical and clinical 
research to support its development as a drug for cancer 
therapy and various other conditions. Last but not the 
least, extensive investigations on cannabinoids and their 
analogs, efficient delivery systems, and nano-formula-
tions that can enhance the bioavailability, and studies on 
sub-acute, acute, and chronic toxicity are, however, war-
ranted before translating preclinical findings to the clinic.
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