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The cannabis plant contains a system that naturally produces molecules labeled as cannabinoids, terpenes and
flavonoids which has ushered in a new era of medicine. There is an increasing global acceptance and interest in
the use of cannabinoid formulations in medicine, as well as in recreational use of cannabis [1,2]. These molecules
from the cannabis plant have the potential to treat numerous diseases. The rapidly shifting landscape and growing
body of clinical evidence for the therapeutic efficacy of cannabinoids is due in part to new knowledge on cannabis
molecular genetics, decoding its genome and the determination of CB1R and CB2R cannabinoid receptor crystal
structures, along with their heteromeric complex formations. This paradigmatic progress has transformed cannabis
research into mainstream science with remarkable advances, and the discovery of the human endocannabinoid
system (ECS). The endocannabinoidome refers to the extended ECS including CB1, CB2, CB3 cannabinoid
receptors and other candidates that are activated by cannabinoids, endocannabinoids and related compounds along
with their metabolic enzymes [1]. In addition, the cellular, molecular, biochemical and behavioral responses to
cannabinoids and cannabis use are encoded in our genome by CNR1 and CNR2 genes that have been mapped to
human chromosomes 6 and 1, respectively [2].

This previously unknown but ubiquitous and expanded complex ECS is involved in the regulation of sev-
eral functions in mammalian physiology and pathology, presenting potential targets that are being exploited for
cannabinoid-based therapies. Scientists are now beginning to understand the complex pharmacology of cannabi-
noids and the other constituents found in cannabis, with a rapidly advancing innovative cannabinoid therapeutic
options. Indeed, the conclusions of the US National Academies of Sciences, Engineering and Medicine provides the
current state of evidence and recommendations for research on the health effects of cannabis and cannabinoids [3].
Such evidence-based scientific knowledge supports novel approaches for cannabinoid-based nanoformulation and
cannabis use in theranostic nanomedicine. Therefore, progress in clinical development of nanomedicines due in part
to advances in nanotechnology is fueling the development of multifunctional nanocarrier strategies as drug-delivery
systems [4,5]. Nanopharmaceutical products using nanostrategies are already in clinical use and this commentary
describes the ongoing nanotechnological developments that can overcome cannabinoid delivery challenges for
optimal therapeutic effects.

The concept of cannabis & cannabinoid theranostic nanomedicines
The concept of cannabinoid theranostics are challenging to develop but they have potential applications and
advantages for a number of disease conditions, that are not adequately addressed with existing medicines. Although
cannabis has been used as a medicine for millennia, in recent years there has been an increased interest in
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legalizing cannabis for medicinal use in AIDS, cancer, multiple sclerosis, post-traumatic-stress disorder (PTSD),
nausea, anorexia, cachexia, neuropathic pain, drug dependency, neurological and other psychiatric disorders [1].
A nonintoxicating cannabinoid from the cannabis plant, cannabidiol (CBD), also called Epidiolex R©, has been
approved by the US FDA for the treatment of epileptic seizures, Lennox-Gastaut and Dravet syndrome in children
2 years and older [1]. The medicinal and recreational use of cannabis is increasing as countries worldwide are
setting up official programs to provide access to safe sources, and questions of formulations for safe delivery systems
and regulations must be addressed for traditional and nanomedicine approaches. New knowledge affirming the
traditional millennia use of cannabis for antiemetic, analgesic, anti-inflammatory and antiproliferative properties
are also fueling this global trend and catalyzing the wave of cannabis programs. This multiplicity of cannabis
products, pharmaceuticals and edibles are opening new opportunities and advances in routes of administration and
delivery systems for cannabis products and medicines. As cannabinoids are a class of lipophilic compounds, the use
of different surfactants and delivery systems to improve cannabinoid solubility and enhance bioavailability must be
considered. The physicochemical properties associated with poor long-term stability, and psychoactive side effects
present further challenges with cannabinoid delivery [6,7].

Nanotechnological advances and increasing scientific knowledge on delivery systems and dosage requirements for
specific therapeutic indications could be used to overcome these barriers to developing cannabis and cannabinoid
theranostic nanomedicines. Indeed, with increasing opportunities and challenges in the formulation of cannabis
products and quality control and safety issues, there is a growing research activity on cannabis and cannabinoids
in nanomedicine. In practice, this means that the cannabinoids can be loaded into or conjugated to nanoparticles,
offering the opportunity to effectively deliver the cannabis and cannabinoid formulations to target diseased sites.
The application of nanotechnology in medicine involves employing nanoparticles not only to enhance the action of
drugs, but also to improve the diagnosis and therapy of diseases and reduce healthcare costs [6]. The higher efficacy,
reduction in toxicity, targeted release and control of biodistribution of the drug provides nanoparticle-based
medicinal advantages over traditional medications. Many pharmaceutical products using strategies and devices
incorporating nanovehicular drug carriers as nanoparticle-based medicines are already in clinical use [8]. Thus,
nanotechnology may allow targeted delivery of cannabinoid formulations with the potential to elevate their use to
scientifically validated nanotherapeutic and theranostic applications as the field of cannabis nanoscience matures.

Nanoparticle cannabinoid conjugates
Nanotechnological innovations has opened ‘theranostic medicine’, facilitating the development of combined di-
agnostic and therapeutic strategies with demonstrable potential in malignant gliomas [9]. Nanoconjugation and
encapsulation strategies have been demonstrated to be a strategy for improving drug delivery and therapeutic
efficacy of poorly water-soluble drugs [7]. Thus, cannabinoid nanoformulations using nanoconjugation strategies
for biomedical applications can be considered in attempts to overcome drug delivery challenges to improve bioavail-
ability, safety, diagnosis and efficacy. Specifically, cannabinoid theranostic nanoparticles have translational potential
in breast cancer and in targeting components of the ECS in a number of health disorders [10,11].

Development and recent advances in nanocarrier-mediated delivery of bioactive molecules of plant origin is
derived from the structure and properties of the nanocarrier and the controlled release of the phytocannabinoid [7,9].
The new frontiers of cannabis science, and the availability of the human genome and draft genome of the cannabis
plant [12], are providing and allowing the examination of the development of therapeutic cannabis strains with
tailored profiles or the bioengineering or genetic modification of cannabinoids in yeast for use as cannabinoid
nanoconjugates [13]. There are over 100 cannabinoids in the cannabis plant, many of which have not yet been
functionally characterized [14], and whether these bioengineering platforms present a cheaper way to produce natural
and synthetic cannabinoids for use in nanoformulations for specific biomedical indications remains to be elucidated.
However, investigation into this area could allow the development of multifunctional cannabinoid-nanocarriers
with potential to treat a variety of diseases especially in conditions of endocannabinoid insufficiency.

Cannabinoid nanodelivery systems
In the last decade, the success of new and innovative nano synthetic tools has created novel theranostic opportunities
in drug design that can no longer be considered futuristic. Nanotechnology-based drug-delivery strategies allow
the creation of drugs, prodrugs or diagnostic materials which have been approved in many therapeutic fields [7].
To improve efficacy as well as reduce side effects, the active substances used in nanoformulations for diagnostic
and therapeutic applications possess unique nanosized mechanical, physical, chemical and optical properties. These
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properties make nanoscale systems suitable for targeted delivery to specific cells and tissues throughout the human
body. Recent applications of cell membrane-coated nanoparticles now provide biomimetic systems for efficient
drug delivery, but have not been fully developed [7,15].

Cannabinoid nanodelivery systems have been applied in vitro and in vivo to serve as therapeutic strategies. A
number of studies are building nanoparticles for nanodelivery of cannabis, cannabinoids and ECS components as
nanotherapeutics [6,16–26]. They include strategies for creating cannabinoid delivery systems incorporating cannabi-
noid nanoconjugates in a multifunctional nanocarrier. Such nanostructured carriers are metallic; categorized as
inorganic, organic or hybrid nanosytems loaded as different types of nanocarriers, based on specific requirements
and the route of administration. Encapsulation strategies for cannabis products and edibles that can be considered
as solid delivery systems will require greater physical stability, protection against oxidation and flavor masking using
liposomes, micelles, polyplexes, polymersomes and silica nanoparticles as the industry matures and develops. How-
ever, the research in the nanoengineering area is still not sufficiently mature to achieve this, but it is conceivable that
the surface of nano objects can be tailored to control the solubility of the drugs, ensuring effective circulation time
and limiting the biodistribution. In addition, this strategy allows controlled drug release, which in turn reduces and
diminishes immunogenicity. One of the promising strategies has been to conjugate the nano object’s surface with
microenvironment specific and/or receptor-specific biomacromolecules such as peptides, proteins and aptamers.
A review of such studies provides a comprehensive picture of accomplishments and bottlenecks in this research
area [7]. Some of these nanoconjugates have shown excellent in vitro preclinical and clinical efficacy as summarized
by these selected examples of cannabinoid-based nanodelivery systems described below.

The successful development of synthetic cannabinoids in nanomicelles, nanoemulsions and nanostructured lipid
carriers (NLCs) for potential therapeutic applications have been demonstrated [18,19,21]. In preclinical studies,
there is an evidence indicating that nanoparticles and nanoemulsions consisting of hemp oil provide a promising
alternative to current formulation technologies and are suitable for the oral delivery of drugs with bioavailability
issues [22]. Further, a nanomicellar formulation of a synthetic cannabinoid reduced tumor growth and psychoactive
side effects in a syngenic mouse model of triple-negative breast cancer [18]. CBD, a nonintoxicating component in
cannabis, was incorporated in lipid nanocapsules (LNCs) and was effective for prolonged-release against a human
glioblastoma cell line in vitro [19]. The blood–brain barrier (BBB) limits drug penetration into the brain leading to
poor prognosis and therapeutic outcomes for neurological conditions. While brain drug delivery is a challenging
route of administration, nanoparticle drug delivery systems are showing promise in overcoming this barrier [4,21].
In preclinical studies, nose-to-brain administration is showing a promising increase in drug concentration in
the brain. NLCs, solid lipid nanoparticles and polymeric nanoparticle-delivery systems were compared with
drug delivery to the brain, and cannabinoid-loaded NLCs were shown to be better, indicating the potential
of cannabinoid nanoformulations in overcoming the limitations of poor solubility and absorption, lipophilicity
and oral bioavailability of cannabis and cannabinoids [18–21]. Furthermore, LNCs have been widely studied as
nanocarriers for the encapsulation of lipophilic compounds including cannabinoids. CBD enhanced the passage of
LNCs across the BBB both in vitro and in vivo and highest brain-targeting ability was achieved with the smallest-
sized cannabinoid-decorated LNCs [21]. In addition, the formulation optimization and long-term physicochemical
stability of mucoadhesive tetrahydrocannabinol-loaded NLCs seems feasible [23]. Therefore, nanostructured lipid
carrier-based formulations are promising drug-delivery systems with modifications of nanoparticle strategies not
only for cannabis and cannabinoids but also for other therapeutic agents.

In order to avoid the intestinal first-pass effect, solubility, absorption and high lipophilicity of cannabinoids,
advanced pro nanolipospheres and self-nano emulsifying drug delivery systems containing natural absorption en-
hancers on the oral bioavailability of tetrahydrocannabinol (THC) and CBD have been used in a rat model [7,24].
Cannabinoid-loaded poly(lactic-co-glycolic acid) PLGA nanoparticles also have potential for theranostic appli-
cations, for example, CBD-loaded PLGA nanoparticles were effective at inhibiting tumor growth following in-
traperitoneal administration in a model of ovarian cancer [25]. In a proof of concept study, it was demonstrated
that green synthesis of gold and silver nanoparticles from cannabis could be used to fight infections caused by
microbial biofilms [16]. In human volunteers, formulations based on pro nano dispersion technology improved oral
cannabinoid bioavailability [17]. Nanoparticle formulation of a poorly soluble cannabinoid receptor 1 antagonist
also improved absorption in rat and human intestines [26]. LNCs can be used as carriers for lipophilic drugs to
overcome their low aqueous solubility. For example, Aparicio-Blanco et al., were able perform in vitro screening of
LNCs decorated and loaded with CBD as targeted prolonged-release carriers for glioma therapy [19]. LNCs have also
been examined as carriers of ECS components and monoglyceride-LNCs have demonstrated potential for encapsu-
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lation and optimization of encapsulation of cannabinoid drugs [20]. Indeed, it has been reported that cannabinoid
receptors are the most abundant G-protein coupled receptors (GPCRs) in the CNS and can be therapeutic targets
for psychiatric and neurological disorders [27]. Application of cell membrane-based cannabinoid delivery systems
may have advantages in providing biomimetic systems for efficient delivery of cannabinoid nanomedicines, but
these have not yet been fully developed [15].

Our ‘Nanomaterials Laboratory’ group at William Paterson University targets developing new materials with
unique optical, electrical and signaling properties, which are not available in traditional nanosystems [28]. We
have been exploring various synthetic strategies to tailor metallic and semiconductor nanoparticles with various
silicon-based biocompatible oligo- or polymers to manipulate the stability, solubility and delivery of drugs in a
predictable fashion. This strategy can provide control over drug delivery in cases where traditional oral or injectable
drug formulations cannot be used. We are also trying to generate new nanoparticle systems loaded with cytokines
and cannabinoids for theranostic application in viral infections inducing inflammation [29]. The approach is to
synthesize drug conjugates, which are inert, biocompatible, mechanically strong and safe. The goal is to incorporate
cannabinoid nanoparticles in our mechanistic in vitro and in vivo studies taking into account particle size and route
of delivery of the cannabinoid molecules in transgenic mice models of CNS function.

Conclusion & future perspective
The growing acceptance of cannabis and cannabinoids raises questions and concerns not only about safety and ther-
apeutic effects, but also about formulation and delivery strategies that bypass previous challenges. Nanotechnology
is already transforming multiple facets of drug delivery in healthcare and the future of cannabis and cannabinoid use
in nanomedicine offers promising solutions for many disease conditions. While the low aqueous solubility, low cell
penetration and susceptibility to degradation of lipophilic cannabinoids present sustained delivery issues, progress
in the formulation of targeted cannabinoid-nanocarrier delivery systems using different materials and techniques,
provides unique opportunities to protect these compounds from degradation [6,7,10,11]. Many carrier systems have
been studied, including liposomes, polymeric micelles, microspheres and nanoparticles and the choice of carrier
depends on the molecular target for delivery. However, solid lipid nanoparticles show major advantages such as
sustained release, improved bioavailability, improved drug incorporation and a wide range of applications [7,20].
CNS disorders are a key therapeutic targets for cannabis and cannabinoids, and nanoformulation platforms for
cannabinoid nanoconjugates that provides efficient transportation across the BBB and limit opsonization are most
desirable. The selected examples of cannabinoid nanoconjugates showed enhanced bioavailability and improved
bio-efficacy with promising outcomes in biomedical applications.

The set back and withdrawal of the CB1R antagonist Acomplia as an antiobesity medication in Europe because of
suicide inducing side effects in some patients, and the severe adverse effects seen during the clinical trial of the fatty
acid amide hydrolase inhibitor [30] may benefit from nanomedical strategies. We believe that significant progress is
being made, and that new generations of cannabinoid nanoparticle-based approaches will play an important role
in human disease and healthcare and that future studies will allow the development of strategies to overcome the
challenges that limit the use of cannabinoids.
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