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Review Article

Introduction

Cannabis

Cannabis in both its pure and altered forms has been beneficial 
for human use since antiquity.1 Members of the genus Cannabis 
mostly produce dioecious annual herbs.2,3 The exact number of 
Cannabis species is a point of great debate, as according to differ-
ent researchers there are variable number of species.4–10 The spe-
cies that are most pertinent include, Cannabis sativa, Cannabis 
ruderalis and Cannabis indica. However, among these, the highly 
polymorphic species Cannabis sativa L. is considered as the most 
active, based on studies targeting its morphology, anatomy, phyto-

chemistry and genetics.11 The morphological diversity of this plant 
is phenomenal, and it has tremendous potential as foodstuff and 
fuel (edible food/oil from its achene), fibre (stem) and pharmaceu-
ticals. It also has unrivalled biochemical riches with regard to its 
considerable balance of active and biologically significant com-
pounds and their potential medical uses.12

History

The history of C. sativa use dates back to over 10,000 years, sup-
porting its recognition as one of the oldest domestic plants known 
to humanity.7,13 It originated from Central Asia and is one of the 
oldest known psychotropic drugs. C. sativa was cultivated and 
consumed long before civilization; therefore, uncovering the ori-
gin of its use by humans is a difficult task. Archaeological discov-
eries have shown that it has been recognized and acknowledged 
since the Neolithic era in China, (around 4000 BC).13 However 
the psychoactive potential of this plant was recognized by western 
medicine quite latter, with the year of 1839 seeing the first of its 
real description of actions.14

China’s Emperor Shen Nung wrote in his 2737 BC compen-
dium the first description of the properties and medicinal uses of 
C. sativa.14 Subsequently, it was cultivated for its fibre, fuel, seeds 
and medicinal purposes.11 A distinguished surgeon in ancient Chi-
na, Hua Tuo (115–205 AD), reportedly used cannabis as an anaes-
thetic. The analgesic and anaesthetic tendencies of C. sativa were 
also revealed in the biography of Chinese physician Hoa-tho, who 
practiced around 220 AD.15 C. sativa then spread to the rest of the 
world, to ancient Egypt, prehistoric Europe, ancient Greece and 
Rome, Persia and Arabia, India, South America, Europe and North 
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America.16

Habitat

C. sativa is a species well-adapted to diverse climates, from plains 
to altitudes of 10,000 feet. It probably originated from Central Asia 
and is now distributed widely, enjoying a global reputation. The 
major pool of cannabis supply is from China, Russia, India, Paki-
stan and Iran, but it is also cultivated in other parts of the world.

Forms/preparation

The strong narcotic obtained from the resin of stem, leaves, flow-
er and fruit is predominantly available in three different forms 
known by their Indian names, ‘bhang, ganja and charas’. These 
preparations vary according to their potency, extraction and ad-
ministration. Bhang is much weaker than charas or ganja and is 
actually constituted of a seeded blend of C. sativa flowers, as 
well as its stem and leaves. Ganja is essentially derived from 
seedless unfertilized female flowering tops, while charas (hash-
ish in Arabic) is procured through hand rolling or sieving and 
screening of cannabis trichomes.17 All preparations are presented 
in Figure 1.

Phytochemistry

The chemical makeup of C. sativa is highly complex, due to the 
wide array of chemical constituents and their possible interac-
tions with each other. These compounds are from diverse chemical 
classes (e.g., flavonoids, steroids, hydrocarbons, mono and sesquit-
erpenes, nitrogenous compounds and amino acids).18 More than 
500 constituents have been identified in C. sativa.18–23 C21 ter-
penophenolic cannabinoids are the most common and extensively 
studied class of cannabis constituents. The term cannabinoids rep-
resents a group of compounds found distinctively in C. sativa.24 
The introduction of synthetic cannabinoids and discovery of en-
docannabinoids (endogenous cannabinoids receptor ligands which 
are chemically different from those isolated from cannabis) has 

prompted utilization of the word “phytocannabinoids” to describe 
these compounds.25 The number of natural compounds identified 
in C. sativa is continuously increasing; for example, there were 
423 in 1980,26 483 in 199523 and more than 525 in 2008.18–23 De-
scribed below is a brief overview of the phytochemical aspects of 
C. sativa, with special focus on the psychoactive components (e.g., 
cannabinoids).

Cannabinoids

Cannabinoids, along with their analogues and transformation 
products, are the characteristic carbon 21 group of compounds 
found in C. sativa.18 The known cannabinoids can be classified 
into a few main structural types, while the variations amongst them 
are fairly basic (e.g., presence or absence of a carboxyl group on 
the phenolic ring, with one of the hydroxyl moieties of the basic 
structure been replaced by a methoxy group or a methyl, propyl or 
butyl side chain replacing the pentyl one). These compounds can 
be categorized into various sub-classes (Fig. 2).

Among these, the first compound to be isolated from resin 
obtained from marijuana was cannabigerol (CBG).27 Besides, 
another group of compounds named as cannabidiol (CBD), dis-
covered in 1940, has trans-absolute configuration and most prob-
ably negative optical rotation. Similarly, cannabicyclol (CBL) 
are compounds first considered to have structural similarity with 
trans-tetrahydrocannabinol (-THC) type compounds28 but later 
were confirmed to represent a different class, on the basis of results 
obtained via nuclear magnetic resonance and X-ray analysis.29–31 
A few miscellaneous types of cannabinoids have also been report-
ed, and these include terpenoids, flavonoids, carbohydrates, fatty 
acids, hydrocarbons, simple alcohols, aldehydes, ketones, acids, 
esters and lactones.32 Structures of the various cannabinoids are 
presented in Figure 3.

Pharmacology of cannabinoids

Cannabinoid receptors

The G protein-coupled receptors associated with the endocannabi-

Fig. 1. Cannabis products. First row, left to right: Indian, Lebanese, Turkish and Pakistani hashish. Second row, left to right: Swiss hashish, Zairean marijuana, 
Swiss marijuana, Moroccan hash oil. Adopted from: https://www.icmag.com/ic/.
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noid signalling system mediate actions of cannabinoids, namely 
the cannabinoids receptor type 1 (CB1) and type 2 (CB2). Activa-
tion of any of the aforementioned receptors leads to diminished cy-
clic adenosine monophosphate levels intracellularly, coupled with 
activation of phosphoinositide 3-kinase and mitogen-activated 
protein kinase pathways.33

The central and peripheral arms of the nervous system are 
known to possess the maximum concentration of CB1 receptors, 
with basal ganglia, cortex, olfactory lobes, hippocampus, spinal 
cord and cerebellum showing highest receptor densities. The pres-
ence of CB1 receptors at these areas accounts for the pharmaco-
logical effects of cannabinoids on movement, cognition, memory 
and emotions. Nociceptive transmission is mediated by the CB1 

receptors located in the spinal cord, predominantly in its peri-aq-
ueductal grey matter and dorsal horn. These receptors are very few 
in the brainstem, justifying the fact that respiratory depression is 
absent after administration of cannabinoids.

CB2 receptors are found peripherally and they are in close 
connection with cells in the immune system, particularly the 
macrophages and spleen, wherein they contribute to regulation 
of the immune system through meditated release of cytokines. 
These receptors are not allied with psychoactive effects. Another 
phytocannabinoid, CBD employs anti-inflammatory effects via 
stimulation of transient receptor potential vanillin (TRPV) chan-
nel proteins and inhibition of cyclooxygenase enzymes 1 and 2 
respectively.34

Fig. 2. Various classes of cannabinoids isolated from C. sativa. 
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Pharmacokinetics

The two most common routes for the intake of natural as well 
as synthetic cannabinoids include the inhalation and oral routes, 
although other routes are also available. A number of factors in-
fluence the concentration of THC present in its natural prepara-
tion, including plant variety, type of preparation (hash oil > hash > 
sinsemilla [seedless plant] > smoked or ingested leaves and flow-
ers) and the technique of cultivation.35 All the cannabinoids are 
absorbed swiftly when administered through the inhalation route, 
taking 15 min to achieve their maximum brain concentration.

Absorption seems to be variable depending upon the route of 
administration. After oral administration, THC undergoes first-
pass hepatic metabolism, which leads to generation of its psy-
choactive metabolite (i.e. 11-hydroxyΔ9-THC). Cannabinoids can 
cross the placenta, enter the foetal circulation and may pass into 
breast milk.34 Cannabinoids are also greatly lipid soluble, so they 
accumulate in fatty tissues and are released slowly into the circu-
lating blood. Because of this accumulation, elimination from the 
body is very slow and may take several days.

Cannabinoids are metabolised primarily in the liver by the 
CYP2 C subfamily, and a large inter-individual difference exists in 
the metabolizing capabilities of cannabinoids. Therefore, the rate 
of metabolism is slowed down in case of liver disease. 11-hydroxy-
(Δ9-THC), which is the chief metabolite and more potent than Δ9-
THC, may be responsible for some of the characteristic effects of 
cannabis. THC is predominantly eliminated in the faeces and to a 
less extent in the urine.25,34

Cannabinoids as medicine/anticancer agents

C. sativa has been known for its euphoric and psychoactive effects, 
but limited research has been done on its possible pharmaceuti-
cal application. Studies exploring the pharmacological potential of 
this plant were provoked by the isolation of its main psychoactive 
component (i.e. THC).36 Thus far, cannabinoids have been used 
efficiently in the treatment of nausea, vomiting, lack of appetite 
and pain,37 representing the side effects most usually manifested 
in cancer patients during chemotherapy. Cannabinoid use in on-
cology is somehow underrated, since studies reporting the growth 
inhibitory action of various cannabinoids on different cancer cell 
types have grown in number.

The first study that reported the antitumor effects of cannabi-
noids was done in 1975.38 In vitro and in vivo inhibition (mice) 
of Lewis lung adenocarcinoma cell growth was demonstrated by 
the administration of Δ9-THC, Δ8-THC and CBN. Since then, the 
anti-angiogenic, antimetastatic, antiproliferative and pro-apoptotic 
effects of cannabinoids have been shown in various cancer types 
(e.g., lung, glioma, skin, thyroid, lymphoma, skin, pancreas, uter-
us, breast and prostate carcinoma) using both in vitro and in vivo 
models.39–43

A promising area of study for the therapeutic applications of 
cannabinoids has been their antitumor activity against a variety 
of aggressive cancers.44 Table 138–41,45–59 shows the types of tu-
mours that are sensitive to growth inhibition induced by cannabi-
noids. Other in vitro studies have also suggested that THC and 
other naturally occurring cannabinoids have antineoplastic effects 

Fig. 3. Structures of various cannabinoids isolated from C. sativa and their derivatives. 

Table 1.  Cannabinoids action against various tumours

Type Study model Action [Reference]

Breast carcinoma In vitro Cell cycle arrest [47,55,56]

Colorectal carcinoma In vivo (mouse); in vitro Apoptosis; reduced cell proliferation [45,50–52]

Glioma In vivo (mouse, rat); in vitro Decreased tumour size; apoptosis [39,40,49,57]

Lung carcinoma In vivo (mouse); in vitro Decreased tumour size; inhibition of cell growth [38]

Lymphoma In vivo (mouse); in vitro Decreased tumour size; apoptosis [53]

Neuroblastoma In vitro Apoptosis [48,49]

Skin carcinoma In vivo (mouse); in vitro Decreased tumour size; apoptosis [41]

Prostate carcinoma In vitro Apoptosis [46,47,54]

Uterus carcinoma In vitro Inhibition of cell growth [58,59]
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against breast cancer, gliomas, lung carcinomas, lymphomas, neu-
roblastoma, colorectal carcinoma (CRC), skin carcinomas, pros-
tate carcinoma and uterine carcinoma.45,60 Antineoplastic effects 
of naturally occurring cannabinoids have also been shown through 
various in vivo studies involving mice having xenografts of lung 
and skin carcinomas, lymphomas and gliomas.39,60

Mechanism of anticancer action

The roles of cannabinoid receptors in mediating the anticancer 
action of cannabinoids have been advocated by expression stud-
ies and by the inhibitory action of cannabinoid antagonists. It has 
also been found that CB2 plays a more important role than CB1 in 
bringing about the anticancer activity of cannabinoids.46 Also, the 
concentration of cannabinoid receptors on tumour cells has been 
found to be much higher than on the corresponding normal tissue 

in different cancer types. For instance, CB2 expression in human 
epidermal growth factor receptor-2 (HER2)-positive breast cancer 
is significantly higher (91%) than in HER2-negative breast cancers 
(35–72%) and normal breast tissue (5%).61,62

Furthermore, cannabinoids may cause selective growth inhibi-
tion in tumour cells while sparing normal tissue.63,64 For example, 
cannabinoid exposure causes ceramide-induced cell death in glioma 
cells, whereas the same cannabinoid-mediated mechanism is re-
sponsible for the protection of astrocytes from oxidative stress.64 
The antitumor effects of cannabinoids can be mediated by their ac-
tion on either CB146,47,65,66 or CB2 receptors or both,40,41,67 and on 
TRPV1 receptors in the case of endocannabinoid anandamide.48,68,69 
The association between expression of CB1 and/or CB2 receptors 
and prognosis has also been reported for several tumour types.70

Despite the data presented by numerous authors, the exact 
mechanism of the antitumor action of these molecules has not 
been fully characterized. Furthermore, the mechanisms of action 

Table 2.  Mechanism of action and intracellular signals involved in the anticancer action of cannabinoids60,71

Cannabinoids/Cannabimimetics Mechanism of action Intracellular signals

CB1 agonists Inhibition of the mitogen-induced 
stimulation of G0/G1-S phase of cell cycle

Extracellular signal-regulated kinase (ERK) 
activation; suppression of p21ras activity; 
protein kinase A (PKA) inhibition

CB2 agonists Induction of apoptosis ERK activation; sustained ceramide generation 
through elevated de novo synthesis

Endocannabinoids Inhibition of the mitogen-induced 
stimulation of G0/G1-S phase of cell cycle

ERK activation; obstruction/inhibition of p21ras activity

CB1/vanilloid receptor 
‘hybrid’ agonists

Inhibition of the mitogen-induced 
stimulation of G0/G1-S phase of cell 
cycle; induction of apoptosis

PKA suppression; ERK activation; vigorous/
strong elevation in Ca2+ level

Fig. 4. Cannabinoid receptors, intracellular signals and mechanisms of the anticancer action of cannabinoids/cannabimimetics. Cannabinoids receptor 
type 1 (CB1) activation in human breast and prostate cancer cells signal in various intracellular pathways which have a role in control of cell fate. The apo-
ptotic action of cannabinoids on glioma cells rely on de novo ceramide generation and extracellular signal-regulated kinase (ERK) activation. Cannabinoid 
action on cannabinoids receptor type 2 (CB2) in vascular endothelial cells tends to block the angiogenic process and metastasis in mouse models of glioma 
and skin carcinoma. The figure is a simplified version and crosstalk between different pathways has been omitted. (PKA, protein kinase A; p21ras

, K-ras onco-
gene product; VEGF, vascular endothelial growth factor).60,71
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of these molecules vary according to the various tumour cell type 
under examination. Review of various studies has indicated that 
cannabinoids can act via diverse cellular mechanisms (Fig. 460,71), 
and the mechanism may involve induction of apoptosis and/or au-
tophagy, suppression of cell signalling pathways working in cell 
proliferation, cell growth inhibition or cell cycle arrest, but it may 
also include targeting of angiogenesis and cell migration.60,63,71–73

The possible mechanisms and intracellular signals involved in 
the anticancer action of cannabinoids are summarized in Table 260,71.

Cannabinoids in treatment of cancer

Brain cancer

Clinical management of malignant gliomas is an important research 
area. Gliomas represent the most common form of brain tumour, are 
associated with an adverse prognosis and unresponsiveness to treat-
ment. Natural and synthetic cannabinoids, as well as those found 
endogenously, have been reported to affect the cell proliferation rate 
in cell lines derived from the central nervous system. A study dem-
onstrated that THC and WIN-55,212-2 (a mixed CB1/CB2 agonist) 
stifled the growth of rat glioma C6 cells inoculated intra-cerebrally 
(rat) or subcutaneously (mice), with the mechanism of action being 
based in activation of cannabinoid receptors.39,49,74

In another study that aimed to determine the possible in vitro 
antiproliferative effect of CBD, a non-psychoactive cannabinoid, 
two glioma cell lines of human origin were used (U87 and U373). 
A significant decrease in viability and mitochondrial oxidative 
metabolism was observed in the glioma cells, in a concentration-
dependent manner with an apparent IC50 of 25 µM. The antiprolif-
erative effect of CBD was also shown to be correlated to induction 
of apoptosis. The significant antitumor activity of CBD suggested 
its possible application as an antineoplastic agent.75

Torres et al.76 examined the combined effect of Δ9-THC and 
temozolomide (TMZ) in the treatment of glioblastoma multiforme. 
A significant antitumor action in glioma xenografts was observed. 
Moreover, tumours that are resistant to TMZ treatment were also 
shown to be responsive to the combination. This formulation also 
increased the autophagy and the mechanism was confirmed by 
pharmacological or genetic inhibition of this process, which re-
sulted in the prevention of cell death. Likewise, a fair safety pro-
file and antiproliferative action of Δ9-THC on tumour cells was 
reported in its phase 1 clinical trial in 9 patients with recurrent 
glioblastoma multiforme.77

When comparison of CB2 receptor expression in paraffin-
embedded sections from primary brain tumours of paediatric and 
adult patients was made, their expression was found to be high in 
most glioblastomas and to correlate with tumour grade. High CB2 
immunoreactivity was also observed in some benign paediatric 
astrocytic tumours, such as subependymal giant cell astrocytoma. 
Thus, these tumours might be vulnerable to cannabinoid treat-
ment.78 Despite a few contradictory reports regarding the mecha-
nism of action of cannabinoids, these studies offer exciting new 
dimensions in the treatment of brain cancers.

Breast cancer

About 30% of newly diagnosed cancers each year are breast cancer 
cases, and the ErbB2 tyrosine kinase receptor is over expressed in 
almost one-third of them (Her2 in humans, Neu in rats).79 ErbB2-
positive cancer characterizes highly aggressive phenotypes and 

such tumours are often described by their reduced responsiveness 
to standard treatment plans. To determine the potential of cannabi-
noids as a new therapeutic choice in the management of ErbB2-
positive breast tumours a study was conducted by which their an-
titumor potential was examined in a clinically relevant model of 
ErbB2-driven metastatic breast cancer (the MMTV-neu mouse). 
A series of human breast tumours were used to analyse the ex-
pression of cannabinoid targets. The results obtained showed that 
Δ9-THC and non-psychotropic CB2 cannabinoid receptor agonist 
JWH-133 reduced tumour progression to a significant extent and 
that these belligerent and less responsive tumours could be effec-
tively treated with these agents.61

A group of researchers investigated the antitumor potential of 
numerous plant cannabinoids (i.e. CBD, CBG, CBC, CBD acid, 
and THC acid), and compared the efficacy and advantage of canna-
bis extracts compared to the use of pure cannabinoids. Amongst the 
tested compounds, CBD was found to be the most powerful growth 
inhibitor in cancer cells, with IC50 values between 6.0 and 10.6 µM. 
The researchers concluded that CBD and cannabis extract enriched 
in this natural cannabinoid may serve as an encouraging choice in 
non-psychoactive antineoplastic strategy. It inhibited cell growth 
as well as tumour metastasis, particularly in the case of a highly 
malignant human breast carcinoma cell line. The mechanism of 
antineoplastic action of CBD in human breast carcinoma included 
activation of CB2 and TRPV1 receptors and initiation of oxidative 
stress, all of which contribute to apoptosis induction.80

In another study, the down-regulation of Id-1 in aggressive hu-
man breast cancer cells was reported with CBD and to occur in 
a dose-dependent fashion.81 Basic helix-loop-helix transcription 
factors are negatively regulated by Id-1.82 There is strong evidence 
to suggest that Id-1 controls cellular processes related to tumour 
progression.83 A study in which Id-1 was reduced showed marked 
decline in proliferation and invasiveness of breast cancer cells in 
vitro.84 CBD, therefore, offers a novel nontoxic exogenous choice, 
effectively decreasing Id-1 expression in metastatic breast cancer 
cells and rendering the tumour less aggressive.81

In a different study intended to discover a compound that could 
efficiently co-target different antitumor pathways associated with 
Δ9-THC and CBD, screening for different analogues was done 
and around 40 resorcinol derivatives were selected for examina-
tion owing to their structural similarity with CBD. The compound 
O-1663 was found to be the most potent of all the tested deriva-
tives in inhibiting breast cancer cell proliferation and invasion in 
culture and metastasis in vivo. The study suggested the potential 
use of cannabinoids in the treatment of patients with metastatic 
breast cancer, and proposed a framework for using these lead com-
pounds for the synthesis of novel cannabinoid analogs.85 Likewise, 
another research group reported that Δ9-THC blocked cell cycle 
progression and induced apoptosis, thereby reducing human breast 
cancer cell proliferation. They also reported that these effects were 
produced via activation of CB2 cannabinoid receptors. The Δ9-
THC caused down-regulation of Cdc2, arresting cells particularly 
in G2-M phase. Normal human mammary epithelial cells, in terms 
of their proliferation pattern, were less affected by the cannabinoid 
used, which is quite encouraging; these findings may lead to an in-
novative approach for the treatment of breast cancer.86

Colon cancer

CRC, also known as bowel cancer, is regarded as the third most 
common cancer worldwide both in men and women, with 50,830 
deaths and 142,820 new cases estimated to have occurred in 2013.87 
A trend of steadily rising treatment costs associated with CRC has 
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been shown by pharmacoeconomic studies and surveys, which is 
due to the increasing use of targeted biological therapies.88

CBG is a safe and non-psychotropic cannabinoid and inter-
acts with specific targets involved in carcinogenesis. The effect of 
CBG against colon tumorigenesis was investigated by a group of 
researchers; mouse models of colon cancer were employed to as-
sess the in vivo antineoplastic effect of CBG. The study revealed 
growth inhibition of CRC cells by CBG, occurring largely through 
a pro-apoptotic mechanism. The in vivo growth and development of 
colon carcinogenesis was also retarded. The inhibitory role of CBG 
in tumoural cell growth has a close association to reactive oxygen 
species overproduction. Notably, the action against CRC cells was 
rather selective. CBG was hypothesized to be a worthy anti-CRC 
curative and preventive therapeutic agent, keeping in line with the 
safety profile of Cannabis-derived cannabinoids.45

In another study, CBD was investigated for its possible chemo-
preventive effect in an experimental model of colon cancer and 
its likely mechanism of action evaluated in CRC cell lines. The 
azoxymethane (AOM)-induced colon cancer mouse model was 
used to study the effect. The effects of AOM treatment were aber-
rant crypt foci (ACF), tumour and polyp formation, phospho-Akt, 
iNOS and COX-2 up-regulation, and caspase-3 down-regulation. 
CBD impeded AOM-induced phospho-Akt and caspase-3 changes 
and reduced ACF, polyps and tumours, while in CRC cell lines it 
prevented oxidative damage of DNA, diminished cell proliferation 
in a CB1, PPARγ and TRPV1 antagonists sensitive manner, it also 
elevated endocannabinoid levels. It was concluded from the find-
ings that CBD exerts an in vivo chemopreventive effect and retards 
cell proliferation via numerous mechanisms worthy of clinical 
consideration in colon cancer prevention.50

A study conducted on CRC investigated related expression and 
the underlying molecular mechanism of apoptotic activity associ-
ated with CB1 and CB2 up-regulation. The receptor expression was 
studied in cell lines of colon cancer (DLD-1 and HT29) as well as 
human cancer specimens. CB1 expression was found to be high in 
normal human colonic epithelium, while CB2 expression was sig-
nificantly high in tumour tissue. Activation of these receptors, es-
pecially CB2 triggered apoptosis and elevated ceramide level in the 
cell lines investigated. Pharmacologic inhibition of new ceramide 
synthesis inhibited apoptosis. Ceramide upsurge and consequent 
apoptosis initiated by cannabinoid receptor activation was abrogated 
by the knockdown of TNF-α mRNA. The study’s authors concluded 
that apoptosis was induced through ceramide de novo synthesis in 
colon cancer cells via activation of either the CB1 or CB2 receptor. 
TNF-α was determined to primarily serve as a link between activa-
tion of cannabinoid receptors and ceramide production.51

In another study, CBD-rich C. sativa extract was tested for its 
possible effect on healthy colonic and CRC cell proliferation (us-
ing DLD-1 and HCT116 cell lines), while the in vivo effect was 
estimated using experimental models of colon cancer. The results 
showed that proliferation in tumour cells was reduced by CBD, but 
it did not show a similar response in normal cells. AOM-induced 
polyps, preneoplastic lesions and tumour progression in a xeno-
graft model of colon cancer was reduced by CBD in vivo. It was, 
thus, concluded that CB1 and CB2 receptor activation by CBD 
was responsible for attenuation of colon carcinogenesis and inhibi-
tion of colorectal cancer cell proliferation.52

Liver cancer

A study conducted to investigate the effects of cannabinoids on 
growth of hepatocellular carcinoma (HCC) showed that Δ9-THC 
and JWH-015 (a CB2 receptor agonist) via stimulation of CB2 re-

ceptors reduced the viability of HuH-7 (HCC cells) and HepG2 
(human HCC cell line). The investigators found that Δ9-THC and 
JWH-015 promoted human HCC death via induction of autophagy, 
both in cell culture and xenografted mice experimental systems. 
Those study results might well help in designing novel therapeutic 
strategies for the management of HCC.89

Lung cancer

Survival rate in lung cancer patients is low, leading to a demand for 
design of new approaches that will allow for better management 
of the disease. Cannabinoid-based antitumor therapies represent 
new strategies and many studies have reported their antiprolif-
erative potential. The first study to show that oral administration 
of Δ9-THC can retard the growth of Lewis lung adenocarcinoma 
also indicated that the mechanism of these effects involved DNA 
synthesis inhibition.60 Another study showed that Δ9-THC caused 
inhibition of epidermal growth factor–induced phosphorylation of 
ERK1/2, c-Jun-NH2-kinase1/2, and Akt in the A549 human lung 
cancer cell line. Moreover, when studied in vivo, it resulted in sup-
pression of subcutaneous tumour growth and metastasis in severe-
ly immunodeficient mice.90

Lymphoma

Numerous studies have reported on the antitumor potential of 
cannabinoids in various lymphoma tumours. Lymphoma tumours 
EL-4, LSA and P815, when exposed in vitro to Δ9-THC, showed 
increased apoptosis and significantly reduced cell viability; moreo-
ver, the Δ9-THC administration to EL-4 tumour–bearing mice re-
duced tumour load significantly, potentiated apoptosis in tumour 
cells and, likewise, the survival of tumour-bearing mice.91 In an-
other study, cannabinoid receptor ligands (anandamide and WIN-
55,212-2) were used to treat mantle cell lymphoma (MCL), with a 
resultant decrease in cell viability.92 Cannabinoid receptor–medi-
ated apoptosis was shown to be induced by (R)-methanandamide 
and WIN-55,212-2 in MCL. These studies propose that CB1 and 
CB2 receptors might be targeted by cannabinoids and/or their ago-
nists, taking the field one step further in the quest towards finding 
new therapeutic strategies for the treatment of lymphoma.93

Another research group reported expression of CB2 receptors 
after examination of numerous human leukaemia and lymphoma 
cell lines, including Jurkat, Molt-4 and Sup-T1. These cell lines 
showed susceptibility to apoptosis induced by Δ9-THC, HU-210 
(a synthetic cannabinoid), anandamide (endogenous cannabinoid) 
and CB2 receptor agonist JWH-015. Δ9-THC also induced apo-
ptosis and reduced cell viability in primary acute lymphoblastic 
leukaemia cell culture. The results suggest that CB2 receptors may 
represent possible targets for apoptosis induction and that selec-
tive CB2 agonists bearing minimal or no psychotropic effects may 
serve as novel anticancer agents.53

Pancreatic cancer

Pancreatic cancer is classified as one of the most fatal cancer 
types. Cannabinoid exposure has been shown to cause apoptosis 
of pancreatic tumour cells, and this effect was found to rely on 
CB2 receptor and ceramide-dependent up-regulation of the stress 
regulation protein p8 and ATF-4 and TRB3 stress–related genes.93 
However, to identify the true potential of cannabinoid-based thera-
py for the management of pancreatic cancer, detailed studies are a 
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prerequisite to determine the mechanism of cell death induced by 
these compounds.

Prostate cancer

Prostate cancer is amongst the most prevalent cancers diagnosed in 
men, and it has been quite a challenge to develop novel therapeutic 
strategies for its management. A study aimed at developing new 
targets for the treatment of prostate cancer showed significantly 
higher expression levels of CB1 and CB2 in cells derived from 
adenocarcinoma of human prostate tissue (CA-human papilloma 
virus-10), as well as some other human prostate cells (LNCaP, 
CWR22RN1, DUI45 and PC3) as compared to cells derived from 
normal human prostate tissue (PZ-HPV-7). A dose-and time-reliant 
cell growth inhibition was observed in LNCaP cells when treated 
with WIN-55,212-2, the effect being prevented by CB1 and CB2 
receptor antagonists (SR 141716 and SR 144528, respectively). 
The results suggested the possible development of cannabinoid re-
ceptor agonists for the treatment of prostate cancer.94

Another study revealed the expression of cannabinoid recep-
tors in prostate tissue and PC-3 cells (human prostate cancer cell 
line). However, the induction of apoptosis by Δ9-THC treatment 
was found to occur through a receptor-independent mechanism.54 

It was also found that the endogenous cannabinoid anandamide 
possesses antiproliferative and apoptotic effects in human prostate 
cancer cell lines (LNCaP, DU145 and PC3); the effects of which 
being mediated by epidermal growth factor receptor (EGFR) 
down-regulation and ceramide accumulation.46 Various cannabi-
noid analogues and various cannabinoid receptor ligands are listed 
in Table 3,46,53,61,75,85,89,92–95 along with their pharmacological ac-
tions. Structures of the cannabinoid analogues and synthetic can-
nabinoids are presented in Figure 5.

Cannabinoids in cancer palliation

Cannabinoids were used for the palliative treatment of cancer long 
before its medicinal use in oncology was recognized.39 Rather than 
treating the underlying cause of cancer, they were primarily used 
for the relief of symptoms associated with cancer.96 The pallia-
tive use of cannabinoids in cancer include its uses as an antiemet-
ic,97–100 analgesic101–103 and appetite stimulant.104

Limitations and possibilities

The possible use of THC in oncology might be accompanied by 

Fig. 5. Structures of various cannabinoid analogues. 

Table 3.  Cannabinoid analogy and cannabinoid receptor ligands

S. No Compound Chemistry Pharmacology [Reference]

1 Anandamide Endogenous cannabinoid MCL, Prostate cancer [46,92]

2 HU-210 Synthetic cannabinoid Leukaemia, lymphoma [53]

3 HU-331 Synthetic cannabinoid (quninone synthesized from CBD) colon carcinoma [95]

3 JWH-015 Synthetic CB2 receptor agonist Leukaemia, lymphoma, HCC [89,53]

4 JWH-133 Synthetic CB2 receptor agonist ErbB2-positive breast tumours [61]

5 Methanandamide Synthetic endocannabinoid analogy Lymphoma [93]

6 O-1663 Synthetic cannabinoid Breast cancer [85]

7 WIN-55-212-2 Synthetic cannabinoid (full CB1 agonist) Glioma, MCL, prostate cancer [75,92,94]
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certain limitations, especially its side effects at the central nervous 
system level, which include hallucinations, somnolence, dyspho-
ria, abnormalities in thoughts and perception, and depersonaliza-
tion.105 On the contrary, direct psychotropic proprieties are not 
usually reported in cases of most non-THC plant cannabinoids, 
particularly for CBD.106,107 CBD even blocks the conversion of 
THC to the more psychoactive 11-hydroxy-THC, thus mitigating 
its psychoactivity.108,109 Furthermore, it has been reported that the 
response to marijuana, whether neurophysiological or behavioural, 
is not affected by the systematic variations in its constituents (i.e. 
CBD and CBC).110 Numerous such observations and studies have 
strengthened the concept of promoting non-psychoactive cannabi-
noids as potential anticancer agents. Their development, therefore, 
will demand more advanced studies focusing on the underlying 
anticancer mechanisms as well as the pros and cons of their pos-
sible use in treating different cancer types.

A perplexing situation has arisen from reports of the cancer 
cell growth-stimulating properties of cannabinoids at low doses in 
vitro.90 The role of proteins is of great importance and in some in-
stances their dual roles make them a double-edged sword. Studies 
have shown that there are numerous proteins capable of existing in 
more than one subcellular location. Moreover, additional activities 
have been reported for identical proteins found in different loca-
tions within the cell. Such differential localization profiles may be 
illustrative of a new mechanism through which cells can exploit a 
partial sum of genomic information to elicit complex behavioural 
and biological phenotypes.

Cancer prognosis can be negatively affected by dysregulation of 
translocation. Proteins exhibiting multiple, independent functions 
(other than those already identified) are designated as “moonlight-
ing proteins”. Apart from change in cellular localization, the func-
tions of such moonlighting proteins can vary based on changes in 
redox state of cell, oligomeric state of the protein, and temperature 
or variations in cellular concentration of a substrate, ligand, co-
factor or product.111 The target proteins of different cancers have 
been identified as moonlighting proteins owing to their ability to 
accomplish mechanistically discrete functions.

Proteins with dual characteristics relevant to anticancer action 
of cannabinoids include the following: ERK, c-Jun, and Akt in 
lung cancer; ATF4 and TBR3 in pancreatic cancer; and EGFR in 
prostate cancer.112–115 Thus, the critical review and rationalization 
of understanding related to protein functions in cancer pathways is 
of primary importance. Notwithstanding the fact that the observed 
effects of cannabinoids are multifaceted, complicated and contra-
dictory in some instances, formidable evidence exists to advocate 
that cannabinoids might present useful alternatives in our pursuit 
for new chemotherapeutic agents.42,43,80,93,116,117

Future research direction

Development of new anticancer therapies is the need of the hour; 
however, their introduction to and potential application in clinic 
should be made with great caution and systematically. The anti-
cancer value of this ancient remedy can only be fully exploited if 
future research is directed towards drawing a realistic correlation 
between the significant in vitro findings and results obtained from 
clinical trials run in parallel.

A decent safety profile and palliative effects of cannabinoids in 
cancer patients make them useful candidates for clinical trials. The 
anticancer mechanism of bioactive principles from C. sativa can be 
better understood if further research is performed on molecular level 
explaining the cellular pathways involved in the anticancer effects of 

cannabinoids. Moreover, a deep understanding of the multiple func-
tions of some proteins involved in these pathways can also help in 
optimizing the use of cannabinoids as potential anticancer agents.

Conclusions

C. sativa has been known for its psychoactive activity attributed 
to the exclusive presence of cannabinoids. Identification of can-
nabinoid receptors has triggered researchers to validate the under-
explored pharmacological prospects of this prehistoric remedy. 
These efforts have provided momentous evidence of the promise 
of cannabinoids in the quest for the treatment of numerous neo-
plastic brutalities involving brain, breast, colon, liver, pancreas, 
lung, blood and prostate, among others. Psychoactive effects as-
sociated with cannabis utilization pose serious hurdles against 
its therapeutic application, so that extensive research is required 
in standardization of its pharmacokinetic parameters. In order to 
identify the real potential of cannabinoid-based therapeutics and 
their anticancer mechanism for the management of various types 
of cancer, detailed clinical studies are still a prerequisite to ascer-
taining their safe utility as anticancer agents.
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