
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/329505584

Emerging role of cannabinoids and synthetic CB1/CB2 receptor agonists in

cancer treatment and chemotherapy-associated cancer management

Article  in  Journal of Cancer Research and Therapeutics · December 2018

DOI: 10.4103/jcrtJCRT_488_18

CITATIONS

0
READS

427

3 authors, including:

Some of the authors of this publication are also working on these related projects:

Phytosterols Purification View project

Purification of Vit B12 View project

Siddharth Shah

Amity university Mumbai

1 PUBLICATION   0 CITATIONS   

SEE PROFILE

Anand Gupta

Amity University Mumbai

11 PUBLICATIONS   3 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Piyush Kumar on 13 January 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/329505584_Emerging_role_of_cannabinoids_and_synthetic_CB1CB2_receptor_agonists_in_cancer_treatment_and_chemotherapy-associated_cancer_management?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/329505584_Emerging_role_of_cannabinoids_and_synthetic_CB1CB2_receptor_agonists_in_cancer_treatment_and_chemotherapy-associated_cancer_management?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Phytosterols-Purification?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Purification-of-Vit-B12?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siddharth_Shah24?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siddharth_Shah24?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Siddharth_Shah24?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Gupta52?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Gupta52?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Gupta52?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Piyush_Kumar7?enrichId=rgreq-bf77a0ef129fce428eee522618c5a558-XXX&enrichSource=Y292ZXJQYWdlOzMyOTUwNTU4NDtBUzo3MTQ0MTY5MDM0MzgzMzdAMTU0NzM0MTY3MTEzNg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

1© 2018 Journal of Cancer Research and Therapeutics | Published by Wolters Kluwer - Medknow

Emerging role of cannabinoids and 
synthetic cannabinoid receptor 
1/cannabinoid receptor 2 receptor 
agonists in cancer treatment and 
chemotherapy‑associated cancer 
management

ABSTRACT
Cannabis was extensively utilized for its medicinal properties till the 19th  century. A steep decline in its medicinal usage 
was observed later due to its emergence as an illegal recreational drug. Advances in technology and scientific findings led 
to the discovery of delta‑9‑tetrahydrocannabinol (THC), the primary psychoactive compound of cannabis, that further led to 
the discovery of endogenous cannabinoids system consisting of G‑protein‑coupled receptors – cannabinoid receptor 1 and 
cannabinoid receptor 2 along with their ligands, mainly anandamide and 2‑arachidonoylglycerol. Endocannabinoid (EC)  is 
shown to be a modulator not only for physiological functions but also for the immune system, endocrine network, and central 
nervous system. Medicinal research and meta‑data analysis over the last few decades have shown a significant potential for 
both THC and cannabidiol (CBD) to exert palliative effects. People suffering from many forms of advanced stages of cancers 
undergo chemotherapy‑induced nausea and vomiting followed by severe and chronic neuropathic pain and weight loss. 
THC and CBD exhibit effective analgesic, anxiolytic, and appetite‑stimulating effect on patients suffering from cancer. Drugs 
currently available in the market to treat such chemotherapy‑induced cancer‑related ailments are Sativex (GW Pharmaceutical), 
Dronabinol (Unimed Pharmaceuticals), and Nabilone (Valeant Pharmaceuticals). Apart from exerting palliative effects, THC 
also shows promising role in the treatment of cancer growth, neurodegenerative diseases (multiple sclerosis and Alzheimer’s 
disease), and alcohol addiction and hence should be exploited for potential benefits. The current review discusses the nature 
and role of CB receptors, specific applications of cannabinoids, and major studies that have assessed the role of cannabinoids 
in cancer management.

KEY WORDS: 2‑Arachidonoylglycerol, analgesic, anandamide, cannabidiol, cannabinoid receptor 1, cannabinoid receptor 2, 
cannabinol, delta‑9‑tetrahydrocannabinol, endocannabinoid system
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INTRODUCTION

The plant Cannabis, known to the human 
civilization since antiquity, has been frequently 
exploited owing to its medicinal and commercial 
properties. Majorly used cannabis species are 
Cannabis sativa and Cannabis indicia. Variations 
are observed in properties of Cannabis which 
can be attributed to the variation in geographic 
and climatic factors resulting into modification 
of pharmacologically active ingredients which 

are delta‑9‑tetrahydrocannabinol   (THC) , 
cannabidiol  (CBD), and cannabinol  (CBN). 
Cannabis spp can be categorized into psychoactive 
species  (drug phenotype) or nonpsychoactive 
species (fiber phenotype) depending on the (%delta-
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9-THC + %CBN)/ (%CBD) ratio; if the ratio exceeds one then 
the Cannabis is regarded as psychoactive species (drug 
phenotype), else it is considered as fiber phenotype.[1] The 
nonpsychoactive species of C. sativa L, known as industrial 
hemp (THC content <1%) is extensively cultivated and utilized 
in the textile, paper, and rope industries after processing. The 
outer layer of the hemp crop called bast fiber has industrial 
applications. Hemp seeds are nutritious and rich in protein 
and are edible.[2] The psychoactive species of C. sativa and C. 
indicia are known globally for their medicinal properties that 
are mainly due to the presence of bioactive compounds called 
“cannabinoids;” also, it contains active but nonpsychoactive 
cannabinoids such as CBD and CBN.[3] The psychoactive 
cannabinoid is strictly lipid and alcohol soluble.

The cannabinoid receptor 1 (CB1) and cannabinoid receptor 
2 (CB2) G‑protein‑coupled cannabinoid receptors in humans 
which mediate the prime action of phytocannabinoid 
have been cloned and studied in the last few decades. 
Autoradiographic studies, immunohistochemistry techniques, 
in situ histochemistry, and various other mapping techniques 
have shown abundant expression of CB1 receptors in the regions 
of the brain such as cortex, hippocampus, nucleus accumbens, 
basal ganglia, hypothalamus, amygdala, cerebellum, and 
retina. The highest density is observed in cerebellum, basal 
ganglia, and cortex and is also observed in the peripheral 
nervous system and peripheral organs. The CB2 cannabinoid 
receptor is largely localized to the cells and tissues of the 
immune system.[4] Phytocannabinoid THC  (a plant‑derived 
cannabinoid) deploys its effect by mimicking the endogenous 
cannabinoid anandamide and 2‑arachidonoylglycerol found 
in the human system and thereby binding specifically to the 
receptors of the EC with a very high affinity; also, evidences 
and studies indicate a possible role of various other receptors 
such as TRPV1, PPARs, and GPR55 in the activation of EC 
signaling.[5] Numerous clinical researches conducted to exploit 
the therapeutic benefits of cannabinoids over the past few 
decades have led to an interesting discovery showing the 
compound to be highly potent in the treatment of alcohol 
addiction, antimicrobial action, bronchial asthma, depression, 
dysmenorrhea, glaucoma, hypertension, migraine, neuralgia, 
postpartum psychoses, senile insomnia, and tetanus.[6‑10] The 
current review discusses the nature and role of CB receptors, 
specific applications of cannabinoids, and major studies that 
have assessed the role of cannabinoids in cancer management.

ENDOCANNABINOID SYSTEM AND ITS ROLE

The chemical structures of phytocannabinoids, such as CBD, 
were elucidated by 1950s, isolation of THC, the primary 
psychoactive constituent of cannabis was first reported 
in 1964[11] and cannabinoid receptor characterization was 
carried out in the late 1980s.[12] A few years later, the CB1 and 
CB2 receptors were cloned in 1990 and 1993, respectively, 
leading to further studies and characterization of the EC 
system.[13] Most of the endocannabinoids identified are amide, 

ester, or ether derivatives of long‑chain polyunsaturated 
fatty acids such as arachidonic acid. The selectivity for EC1 
and EC2 may vary. The better‑explored endocannabinoids 
include anandamide  (N‑arachidonoylethanolamine) 
and 2‑arachidonoylglycerol  (2‑AG). Figure  1 shows the 
endocannabinoid system, its functions, distribution, and 
components[14] (used with permission from Elsevier).

ECs usually inhibit adenylate cyclase activity, stimulate 
mitogen‑activated protein kinases, inhibit voltage‑activated 
Ca2+  channels, and stimulate K+  channels  (in case of CB1). 
Pharmacological, biochemical, and genetic approaches[15] 
have elucidated roles of endocannabinoid signaling under 
physiological and pathological conditions as a natural tool for 
modulating release of neurotransmitters.[16,17] CB1 receptors 
are shown to mediate neuromodulatory actions of ECs in the 
sensory and autonomic nervous systems, playing major roles 
in pain perception,[18] gastrointestinal,[19] respiratory,[20] and 
cardiovascular[21] functions, food intake, and reproduction.[22]

While the presence of CB2 receptors in immune cells has 
been known from a long time, recent reports suggest that the 
cells of immune system may express functional CB1 leading 
to regulation of T and B cells as well as macrophages and 
dendritic cells.[23‑26] Recently, role of CB receptors was also 
suggested in case of allergic responses through inhibition of 
mast cell activation in the airway mucosa and skin, identified 
through upregulated expression in tonsils and peripheral 
blood immune cells of allergic patients.[27] Various signalling 
pathways associated with CB1 and CB2 receptors is discussed 
in detail by Di Marzo et al.[28] and is also summarized in Figure 2.

PROPERTIES OF CANNABINOIDS USEFUL IN CANCER 
MANAGEMENT

Antiemetic
Chemotherapy is often a major treatment module, even as part 
of combination therapies. However, chemotherapy is associated 
with side effects such as nausea and vomiting, also referred 
to as chemotherapy‑induced nausea and vomiting  (CINV). 
Antiemetic drugs administered both before and after 
chemotherapy to ensure minimum CINV remain ineffective. 
Often, release of serotonin (5‑HT) from enterochromaffin cells, 
distributed throughout the gastrointestinal tract epithelium, 
provides the initial trigger for emesis. 5‑HT then activates 
5‑HT3  and/or 5‑HT4 receptors present on vagal primary 
afferent nerves. Vagal afferents may also be activated by 
enteric neurotransmitters leading to stimulation of circuits in 
the dorsal vagal complex of the brainstem. Appropriate motor 
responses involving activation of neuronal centers of laryngeal, 
salivatory, gastric, esophageal, and hypoglossal neural centers 
in the brainstem and spinal cord elicit typical emesis.[29,30]

Cannabis has been known to limit nausea/vomiting since a 
long time.[31] Although direct evidences for enterochromaffin 
cells with CB1 receptors are yet to be generated, studies 
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on  house musk shrew model for vomiting have suggested 
that CB1 receptor agonists may reduce intestinal release of 
5‑HT, thus suggesting presence of functional CB1 receptors.[32] 
For extensive details, Sharkey et al. and Parker et al. can be 
referred.[33,34] In summary, the action of cannabinoids on CB1 
receptor localized in the dorsal vagal complex of the brainstem, 
the region of the brain that brings about the vomiting reflux, 
is considered responsible for the antiemetic activity of 
cannabinoid.[35]

Appetite stimulation
The preparation of bhang is said to be stimulating while the 
potent preparation of “ganja/charas” inhibits food uptake. Due 
to lack of scientific knowledge and accessories, a thorough 
investigation could not be conducted until 1971. In the year 
1971, a study conducted to observe the appetite‑stimulating 
effect of marijuana on young volunteers in both the fed and 
fasting condition did result in more food intake for both 
types of volunteers. More than half of the patients suffering 
from various types of cancer and undergoing chemotherapy 
have expressed lack of appetite and weight loss, resulting in 
cachexia (wasting syndrome). Studies conducted have provided 
an insight into the endocannabinoid system and suggested that 
it might serve as a modulator in the food uptake mechanism; 
the reason for this could be the presence of CB1 receptor in 
the hypothalamus, the region of the brain that controls food 
intake. Numerous studies have reported the role of THC and 
some other cannabinoids in appetite stimulation, resulting 
in weight gain, when administered orally at low or moderate 
doses, with minimal side effects.[36] It is worth mentioning that 
Rimonabant  (Acomplia) – a product of Sanofi, the first‑ever 

drug to act as a selective CB1 antagonist launched in the 
European market in 2006 for the treatment of obesity, showed 
a significant amount of weight loss when used in a clinical 
trial.[37] However, later studies have shown association of the 
drug with psychiatric complications including anxiety and 
depression. While 26% of the participants displayed adverse 
psychiatric side effects, 14% of the placebo group reported side 
effects. Further, patients enrolled in a different study showed 
the effectiveness of the drug to induce depressive symptoms, 
which was 2.5 times more compared to placebo.[38]

Pain suppression
Cannabinoids for centuries have been used as analgesics and 
surgical anesthesia in ancient China, amelioration of childbirth 
pain in Israel, and also were widely recognized as potent 
analgesics in Asia throughout the middle age. In the 1800s, 
Lilly and Squibb supplied preparations made from cannabis for 
the treatment of chronic pain.[39] A large population of people 
suffering from different types of cancer had made remarks on 
extreme unbearable chronic and neuropathic pain. Chronic 
pain mostly experienced in cancer patient originates due to the 
inflammatory reaction caused at the site of injury, leading to 
release of nociceptive component.[35] Interaction of nociceptive 
component with nociceptors present at the peripheral of 
primary nerve fiber leads to the nociceptive neurotransmission 
which is projected from the spinal cord to various regions of 
brains such as the thalamus and parabrachial nucleus, leading 
to pain arousal.[40] Analgesics currently available to treat 
chronic cancer‑associated pain have shown severe side effects 
with fewer efficacies. Long‑term consumption of opiates, as an 
analgesic, has shown dependency and in worst case scenario 

Figure 1: The endocannabinoid system: its functions, distribution, and components (reproduced with permission from Elsevier) [14]
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as an addiction. Experimental findings and studies over the 
years have shown that administration of cannabinoid can lead 
to suppression of nociceptive stimuli.[41] The antinociceptive 
effects of cannabinoid are mediated through its binding at 
CB1 receptor present at peripheral ends of afferent neurons, 
leading to suppression of noxious stimuli‑induced activity in 
nociceptive spinal and thalamic regions. Direct application 
of cannabinoid to spinal nociceptive neurons and thalamic 
regions of the brain is feasible, resulting in obstruction of 
nociceptive response.[42] Studies have suggested reversal 
of tactile and thermal hypersensitivity on administration 
of CB2 receptor agonist AM1241, leading to pathways for 
new research in neuropathic pain.[43] Sativex, an oral‑based 
phytocannabinoid formulation, is widely prescribed by 
physicians for its analgesic attributes in certain European 
countries.[44]

CANNABINOIDS IN DIFFERENT TYPES OF CANCER

Cannabinoid‑based medications currently approved and 
deployed in markets are synthetic THC  (Dronabinol) and 
LY109514  (Nabilone) which are prescribed to treat nausea 
and vomiting in response to cancer therapy.[45] Antineoplastic 
activity of cannabinoids, first reported by Munson et  al. 
in mice, demonstrated inhibition in growth of Lewis lung 
carcinoma cells when treated orally with cannabinoids such 
as delta‑9‑THC, delta‑8‑THC, and CBN. CBD was also assessed 
for inhibitory activity but showed negative results.[46]

ANTITUMOR EFFECT OF CANNABINOID ON GLIOMA

Glioma is the most common malignant brain cancers with a 
survival rate of less than a year in spite of current therapeutic 
approaches, i.e., radiation, surgery, and chemotherapy, which 
indicates current therapeutics to palliative limited, making 
the treatment quite ineffective and expensive, leading to 
exploration for a potential therapeutic alternative.[47] Recent 
studies have demonstrated that cannabinoids exert potent 
antiproliferative activity and activate various apoptotic 
mechanisms eventually leading to cell death in glioma cell 
lines.[48] Guzman et al. for the first time conducted a phase 
1 pilot clinical trial to test effects of THC on patients with 
recurrent glioblastoma multiforme  (GBM). Nine patients 
with recurrent GBM who had stopped responding displayed 
clear progression of tumor on sequential magnetic resonance 
imaging. Among these, two patients survived for 1 year after 
THC administration.[49] Human GBM cell line SF126, U87‑MG, 
U251, SF188, and U373‑MG were showed decreased survival 
when exposed to both THC and WIN 55,212‑2.[50] Since some 
of the cannabinoids are psychoactive in nature, their usage 
for medicinal purposes is limited. CBD, a nonpsychoactive 
cannabinoid compound, was found to exert antiproliferative 
effects for the first time on U87 and U373 human glioma cell 
lines in vivo. Studies further conducted also suggested that 
the nonpsychoactive CBD does induce apoptosis.[51] Studies 
have reported that combinational administration of THC and 

temozolomide have shown stronger antitumoral actions on 
T98G, HG19 tumor xenograft, and U87MG glioma‑based cell 
line that shows resistance toward temozolomide. Studies have 
also suggested enhanced autophagy.[52] GW pharmaceuticals 
which focused on the production of cannabinoid‑based 
therapeutics have been reported to be successful in phase 
2 placebo‑based clinical study of a proprietary combination 
of THC and CBD. Patients (83%) with recurrent GBM showed 
1‑year survival rate when administered with THC and CBD 
compared to placebo group where 1‑year survival rate was 
only 53%.[53]

ANTITUMOR EFFECT OF CANNABINOID IN PROSTATE CANCER

Sarfaraz et  al. explored androgen‑sensitive prostate 
adenocarcinoma cell lines such as LNCaP, CWR22Rr1, DUI45, 
PC3, and normal human prostate epithelial cells – PZ‑HPV‑7 
and demonstrated higher expression for both CB1 and CB2 
in adenocarcinoma prostate cancer cells compared to normal 
human prostate cells. The study further showed a decrease 
in cell viability for the LNCaP cells along with no change in 
cell viability for PrEC cells, when subjected to the agonist 
WIN‑55,212,‑2. Apoptosis and necrosis ensued further after 
cell growth inhibition for the LNCaP cell through CB1 and CB2 
receptor‑mediated activation by WIN‑55,212,‑2.[54] Inhibition of 
cell growth and induction of apoptosis due to WIN‑55,212‑2 in 
LNCaP and PC3 cell were investigated separately in a different 
study by Sarfaraz et  al. wherein the mechanistic basis of 
these phenomena was studied in detail. Treatment of LNCaP 
and androgenic‑independent PC3  cells with WIN‑55,212‑2 
resulted in activation and upregulation of p53 and p27 (tumor 
suppressors) and downregulation of cyclins D1, D2, E (cell cycle 
regulation), and transcription factor E2F. Reduced expression 
was noticed for pRb, DP1, and DP2. Further, inhibition of 
Akt pathways, upregulation of protein kinases extracellular 
signal‑regulated kinase  (ERK) 1/2, dose‑dependent increase 
in Bax/Bcl‑2 ratio, and downregulation of caspases 3, 6, 7, 
and 9 favor and induce apoptosis.[55] Cannabis extract rich in 
CBD (20–70 µg/ml CBD, 10–30 ug/ml THC, and 0.4–12 µg/ml 
CBN) has shown a dose‑dependent decrease of cell viability in 
prostate cancer cells – LNCaP and PC3 cells as compared with 
normal prostate cells – PrEC cells, along with downregulation 
in expression of CB1, CB2 receptor, and vascular endothelial 
growth factor, leading to inhibition in angiogenesis and 
apoptosis in prostate cancer cells.[56] Significant cell growth 
inhibition followed by apoptosis was observed in PC3 cell 
line as well as primary prostate cancer and benign prostatic 
hyperplasia culture in a study which was designed to evaluate 
the in vitro effects of endocannabinoids such as 2‑arachidonoyl 
glycerol, anandamide, and its synthetic analog methazolamide. 
Treatment of PC3 cell line as well as primary prostate cancer and 
benign prostatic hyperplasia culture with endocannabinoids 
resulted in an increase in number of activated caspase‑3 
and a reduction in the level of Bcl‑2, leading to decrease in 
cell viability and confirming the role of apoptotic pathways; 
furthermore, the study showed an increase in activation of 
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ERK pathway and a decrease in activation of Akt pathways.[57] 
DLD‑1 and HT29 when investigated for apoptotic activity by 
synthetic CB1 and CB2 agonists – ACEA and CB13, respectively, 
revealed significant protein expression for both CB1 and 
CB2 on all three cell lines through immunofluorescence and 
western blot. Apoptosis‑based studies have revealed reduced 
procaspases‑3 levels and increased caspase‑3 activation in 
DLD‑1 and HT29 in response to CS12 and ACE. Apoptotic 
studies further revealed reduced procaspase‑3 levels along 
with a significant increase in caspase‑3 activation in DLD‑1 
and HT29 when subjected to CB12 and ACEA, while also 
mediating activation for TNF‑alpha leading to de novo ceramide 
production and eventually resulting in cell death.[58] CBD 
treatment of azoxymethane‑induced colorectal mice model 
showed significant chemopreventive effects.[59]

EFFECT OF CANNABINOID ON BLOOD CANCERS

CB1 and CB2 receptor expressing MCL cell lines – Rec‑1, Jeko, 
and JVM‑2 when treated with dose‑dependent synthetic 
endocannabinoid methanandamide and WIN55,212‑2 
resulted in apoptosis. Inhibitory studies confirmed the 
synergetic activation of CB1 and CB2 receptor‑mediated 
apoptosis. Mechanism of cell death, when further explored, 
suggested activation of CB1 and CB2 receptor through 
methanandamide and WIN5,212‑2 led to activation of p38 
followed by activation of caspase‑3, ultimately leading to 
apoptosis in cells.[60] A study conducted on Jurkat Leukemia T 
cells to determine the effects of THC also showed induction of 
apoptosis. Data obtained from the study suggested a critical 
role of Raf‑1/MEK/ERK/RSK‑mediated bad translocation when 
induced with THC, resulting into apoptosis.[61] Treatment 
of human leukemia cells with CBD showed a reduction 
in its cell viability and apoptosis, mediated through CB2 
receptor activation. Mechanistic basis of such phenomenon 
was obtained from leukemia cell that when exposed to CBD 
showed cleavage of poly (ADP‑ribose) polymerase, activation 
of caspase‑8, caspase‑9, caspase‑3, release of cytochrome c 
from mitochondria, increase in number of reactive oxygen 
species (ROS) as well as increase in the expression of NAD (P) 
H oxidases Nox4 and p22phox, ultimately leading to apoptosis.[62] 
A study investigating cannabinoid receptor expression in 
non‑Hodgkin lymphoma of B types showed high mRNA 
expression level for CB1 and CB2 in majority of the lymphoma 
studied, except MCL which displayed uniform level of receptor 
expressions for both types such that CB1 and CB2. Furthermore, 
the study continued to see the effect of endogenous ligand 
anandamide on MCL, Burkitt lymphoma (BL), chronic lymphatic 
leukemia, and plasma cell leukemia cell of which except for BL 
all other showed cell death in vivo.[63]

ANTITUMOR EFFECT OF CANNABINOIDS IN LUNG CANCER

A study conducted on CB1 and CB2 expressing nonsmall cell 
lung cancer cell lines such as A549 and SW‑1573 when exposed 
to THC showed inhibition in chemotaxis, chemoinvasion, and 

EGF‑induced growth. Signaling pathways studied during the 
course suggested THC‑inhibited EGF induced phosphorylation of 
ERK1/2, JNK1/2, AKT, and focal adhesion kinase at tyrosine 397. 
Additional in vivo studies performed on immunodeficient mouse 
showed a notable reduction of the subcutaneous tumor growth 
and lung metastasis of A549 cells when THC treated, prompting 
its significance as a novel therapeutic molecule in lung cancer 
treatment.[64] CBD, a nonpsychotropic cannabinoid available in 
cannabis, when subjected to lung cancer cells – A549 and H460, 
resulted in upregulation of intracellular adhesion molecule 1 
and increased the susceptibility of cancer here toward LAK cells, 
resulting in LAK‑mediated cancer cell lysis.[65]

ANTITUMOR EFFECT OF CANNABINOIDS IN BREAST CANCER

Antiproliferative and invasive potencies of natural as well 
as synthetic cannabinoids when tested on CB1 and CB2 
receptor expressing breast cancer cell lines – MDA‑MB231 and 
MDA‑MB436 showed promising results. Of all the cannabinoids 
utilized in the experiment – CBD, THC, CBN, WIN55,212‑2, CBG, 
and CP55, 940‑CBD was found to be the most potent in terms 
of antiproliferative effects and invasiveness. Exposure of CBD 
concentrates to breast cancer cell lines  –  MDA‑MD221 and 
MDA‑MB436 led to effective Id‑1 expression inhibition at the 
mRNA level, which in turn led to inhibition of breast cancer 
cell invasiveness for the cell lines studied.[66] Mechanistic 
basis of phenomenon observed in studies conducted by 
McAllister et al. (2007) revealed modulation of ERK and ROS 
pathways to play a pivotal role in downregulation of Id‑1 
gene expression when exposed to CBD, ultimately leading 
to inhibition of growth and invasiveness in breast cancer 
cell lines studied.[67] Breast cancer can be categorized into 
many subtypes, of which breast tumor expressing epidermal 
growth factor receptor  (EGFR) constitutes one such type. 
EGFR family further consists of four different members 
(ErbB1/HER1/EGRF, ErbB2/HER2, ErbB3/HER3, and ErbB/HER4), 
all of which demonstrate oncogenic processes on their 
activation.[68] ErbB2/HER2-positive breast cancer is shown to 
be aggressive and resistant to existing therapeutic aproaches.

A study examining the presence of cannabinoid receptor and 
effects of cannabinoid THC and JWH‑133 on 87 breast cancer 
tumors showed the presence of CB2 receptor expression in 
91% ErbB2‑positive breast tumor; furthermore, effects of 
cannabinoids studied in an ErbB2-driven MMTV-neu mouse 
model for metastatic breast cancer revealed that cannabinoid 
induced antitumoral effect brought about by akt pathway 
regulation. Clinical evidences showed a decrease in metastasis 
of breast cancer to the lungs.[69]

ANTITUMOR EFFECTS OF CANNABINOIDS IN ORAL CANCER

A human oral cancer cell line  (Tu183), overexpressing bcl‑2 
and highly resistant to anticancer drugs, was subjected to 
delta‑9‑THC and delta‑8‑THC. Findings suggested cellular 
respiration inhibition to be more effective by delta‑9‑THC. 
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Tu183 when treated with anandamide showed no such 
effect.[70]

ANTITUMOR EFFECTS OF CANNABINOIDS IN LIVER CANCER

The exposure of delta‑9‑THC and JWH‑015 on hepatocellular 
carcinoma cell lines  –  HepG2 and HuH‑7 resulted in 
autophagy and apoptosis, mediated through activation of 
the CB2 receptor. Mechanistic basis when studied suggested 
upregulation of TRB3 and activation of AMPK responsible in 
bringing about the autophagy.[71]

CANNABINOID RECEPTOR 1/CANNABINOID RECEPTOR 2 
AGONISTS AS POTENTIAL ANTICANCER AGENTS

JWH‑133, a selective cannabinoid receptor 2 agonist, as a 
potent anticancer agent
I n  1 9 9 9 ,  H u f f m a n  e t   a l .  s y n t h e s i z e d  s e v e r a l 
1‑deoxy–delta‑8–THC analogues, of which a significant 
affinity for CB2 receptor was displayed by 3‑(10, 10‑dimethyl 
butyl)‑1‑deoxy‑D8–THC (Ki = 677nM) as compared to that for 

CB1 receptor (Ki = 3.4nM).[72] In 2001, inhibition of cancer cell 
growth in vivo due to JWH‑133 was conducted and reported 
by Sanchez et al. who found a significant regression of C6 
glioma cell in mice injected intratumorally with 50 µg/day 
of JWH‑133 compared to control animals. Proliferation of 
human astrocytomas in vivo by selective CB2 activation was 
also demonstrated. Later investigation suggested that de 
novo synthesis of ceramide on selective activation of the 
CB2 receptor triggered apoptosis of C6 glioma cells in vivo.[73] 
Caffarel et al. reported a noticeable reduction in tumor growth 
and blood vessels in mice model when administered with THC 
and JHW‑133 separately.[69] Considerable growth inhibition 
of malignant tumor cell was reported by Casanova et  al. 
in nude mice, which was administered with JWH‑133 (CB2 
selective agonist). Tumor induction in the respective nude 
mice was made possible after successful inoculation of 
PDVC.C57 epidermal tumor cells.[74] JWH‑133 at a nontoxic 
concentration  (10−5–10−8 M) showed inhibition of colony 
formation in A549 cells (nonsmall lung cancer) and human 
umbilical vein endothelial cells  (HUVECs); also, it was 
successful in inducing DNA fragmentation in A549 cells and 
in inhibiting steps involved in angiogenesis.[75]

WIN 55,212‑2‑A NONSELECTIVE CANNABINOID RECEPTOR 1/
CANNABINOID RECEPTOR 2 AGONIST EXHIBITING ANTICANCER 
ACTIVITY

WIN55,212‑2 is an aminoalkylindole derivative which is 
a synthetic nonselective agonist for both CB1 and CB2 
receptors.[45] While several roles of WIN 55,212‑2 have already 
been described in previous sections, additional roles and effects 
are described here. Dose‑dependent timely administration 
of WIN 55,212‑2 in rat C6 glioma cells led to the apoptosis 
of glioma cells and was reported by Ellert‑Miklaszewska 
et  al.[76] Combinational effect of WIN55,212‑2 and radiation 
was carried out on human MCF‑7 and MDA‑MB231 cells and 
murine 4T1 breast cancer cells by Emery et al. who reported 
effective antiproliferative combinatorial effects in all the cells, 
compared to effect of only one agent; further studies also 
suggested that WIN55,212‑2 either alone or in combination 
with radiation promoted growth arrest but not death of tumors 
in the cell lines.[77]

While cannabinoids have shown several encouraging properties 
in various studies, their therapeutic monitoring becomes 
equally important when being used for cancer management. 
While several analytical techniques, including thin layer 
chromatography, gas chromatography, and mass spectrometry, 
have been used to determine and identify cannabinoid, both 
natural and synthetic,[78] not all of them might be suitable for 
measuring therapeutic response and residual content in body 
fluids. In the recent decades, spectroscopy‑based techniques, 
especially Raman spectroscopy, have shown immense potential 
in diagnosis as well as therapeutic monitoring of several 
biomedical conditions, including cancers.[79‑84] An advancement 
on Raman spectroscopy, known as surface‑enhanced Raman 

Figure  2: Major signaling pathways associated with cannabinoid 
receptor activation by agonists. Activation of both cannabinoid 
CB1 and CB2 receptors and the subsequent stimulation of Gi/o 
heterotrimeric proteins is well known to be coupled to inhibition of 
adenylate cyclase with corresponding inactivation of the protein kinase 
A phosphorylation pathway or to stimulation of mitogen‑activated 
protein kinase. These intracellular events lead to, among other 
effects, the regulation of expression of several genes. However, 
more complex protein phosphorylation cascades ‑ specifically, those 
involving phosphoinositide‑3‑kinase and protein kinase B ‑ are also 
proposed to be triggered by CB1 receptors. Furthermore, stimulation, 
rather than inhibition, of AC by CB1, but not CB2, receptors, through 
Gs proteins, has also been described occasionally. CB1, but not 
CB2, receptor stimulation of Gi/o proteins is also directly coupled 
to inhibition of voltage‑activated Ca2+  channels and stimulation of 
inwardly rectifying K+ channels in neurons, with subsequent inhibition of 
neurotransmitter release. The choice between which of these pathways 
is modulated by cannabinoid receptor activation also depends on the 
type of agonist under study. Reused with permission from Di Marzo 
et al. [28] Springer Nature. cAMP = Cyclic AMP, CB1 = Cannabinoid 
receptor 1, CB2 = Cannabinoid receptor 2
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spectroscopy  (SERS) has been shown to detect very small 
amount of metabolites and molecules. Recent studies have 
also explored SERS for selection as well as toxicological 
analysis of cannabinoid derivatives.[85,86] Table  1 represents 
some natural and synthetic cannabinoid‑based pharmaceutical 
drugs. Figure 3 represents overall summary of anticancer and 
palliative effects of cannabinoids and their synthetic receptor 
agonists.

CONCLUSION

Despite research since decades, treatment for cancers using 
different classes of compounds such as alkylating agent, alkyl 
sulfonates, radioisotopes, cytotoxic antibiotics, antimitotic and 
miscellaneous agents such as cisplatin and 1‑asparaginase,[87] 
the utilization of THC and their derivatives is still unexplored 
pharmacologically owing to their “habit‑forming” nature. 
Specific targeting of cannabinoid receptors can be used to 
manage severe side effects during chemotherapy, palliative 
care, and overall cancer management. Furthermore, research 
evidences on cannabinoids have suggested tumor inhibiting 
and suppressing properties which warrant reconsidering 
legality of the substance. Studies on CB1 and CB2 receptors, 
in case of cancers, have demonstrated the psychoactive 
constituents of cannabinoids to be potent against tumor 
growth. Interestingly, studies have also shown that activation 
of CB1 and CB2 cannabinoid receptors by their respective 
synthetic agonists tends to limit human cancer cell growth, 

suggesting the role of the endocannabinoid system as a 
novel target for treatment of cancers. Further explorations 
are required to exploit cannabinoids for an effective cancer 
management.

Acknowledgment
We would like to thank Dr. Nilesh Wagh, Dr. Sandeep Pai, and 
Dr. Neetin Desai for their guidance and editorial help.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Fetterman  PS, Keith  ES, Waller  CW, Guerrero  O, Doorenbos  NJ, 
Quimby MW, et al. Mississippi‑grown Cannabis sativa L: Preliminary 
observation on chemical definition of phenotype and variations 
in tetrahydrocannabinol content versus age, sex, and plant part. 
J Pharm Sci 1971;60:1246‑9.

2.	 Addlesperger E. Commodity of the Quarter-Hemp. J Agricultural Food 
Information 2015;16:196-202. Available from: https://doi.org/10.108
0/10496505.2015.1050323.

3.	 Izzo  AA, Borrelli  F, Capasso  R, Di Marzo  V, Mechoulam  R. 
Non‑psychotropic plant cannabinoids: New therapeutic opportunities 
from an ancient herb. Trends Pharmacol Sci 2009;30:515‑27.

4.	 Sullivan JM. Cannabinoid receptors. Curr Biol 2002;12:R681.
5.	 Velasco  G, Hernández‑Tiedra  S, Dávila D, Lorente  M. The use of 

cannabinoids as anticancer agents. Prog Neuropsychopharmacol 
Biol Psychiatry 2016;64:259‑66.

6.	 Nelson KA, Walsh D. The use of cannabinoids in palliative medicine. 
Prog Palliat Care 1998;6:160‑3.

7.	 Vo t h   E A ,  S c h w a r t z   R H .  M e d i c i n a l  a p p l i c a t i o n s  o f 
delta‑9‑tetrahydrocannabinol and marijuana. Ann Intern Med 
1997;126:791‑8.

8.	 Maurya N, Velmurugan BK. Therapeutic applications of cannabinoids. 
Chem Biol Interact 2018;293:77‑88.

9.	 Whiting PF, Wolff RF, Deshpande S, Di Nisio M, Duffy S, Hernandez AV, 
et  al. Cannabinoids for medical use: A  systematic review and 
meta‑analysis. JAMA 2015;313:2456‑73.

10.	 Grotenhermen  F, Müller‑Vahl  K. Medicinal uses of marijuana and 
cannabinoids. Crit Rev Plant Sci 2016;35:378‑405.

11.	 Gaoni Y, Mechoulam R. Isolation, structure, and partial synthesis of 
an active constituent of Hashish. J Am Chem Soc 1964;86:1646‑7.

12.	 Mechoulam  R, Hanuš LO, Pertwee  R, Howlett  AC. Early 
phytocannabinoid chemistry to endocannabinoids and beyond. 
Nat Rev Neurosci 2014;15:757‑64.

13.	 Mechoulam R, Parker LA. The endocannabinoid system and the brain. 
Annu Rev Psychol 2013;64:21‑47.

14.	 Aizpurua‑Olaizola  O, Elezgarai  I, Rico‑Barrio  I, Zarandona  I, 

AQ14

Figure 3: Anticancer and palliative effects of cannabinoids and their 
synthetic receptor agonists

Table 1: Some natural and synthetic cannabinoid‑based pharmaceutical drugs

Drugs Manufacturer Constituent Prescribed for Legality by country References
Sativex GW pharmaceuticals THC and CBD Analgesic in cancer 

management multiple sclerosis
European Countries [17]

Dronabinol/marinol Unimed pharmaceuticals Synthetic 
delta‑9‑THC

Chemotherapy‑induced 
nausea

USA, Germany, Canada, 
and Australia

[18]

Nabilone/cesamet Valeant pharmaceuticals 
international

Synthetic 
delta‑9‑THC

Antiemetic, analgesic, 
chemotherapy‑induced nausea

UK, Europe, and USA [18]

THC=Delta‑9‑tetrahydrocannabinol, CBD=Cannabidiol



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Shah, et al.: Cannabinoids and receptor agonists in cancer management

8 Journal of Cancer Research and Therapeutics - Volume XX - Issue XX - Month 2018

Etxebarria  N, Usobiaga  A, et  al. Targeting the endocannabinoid 
system: Future therapeutic strategies. Drug Discov Today 
2017;22:105‑10.

15.	 Piomelli D. The molecular logic of endocannabinoid signalling. Nat 
Rev Neurosci 2003;4:873‑84.

16.	 Di Marzo V, Melck D, Bisogno T, De Petrocellis L. Endocannabinoids: 
Endogenous cannabinoid receptor ligands with neuromodulatory 
action. Trends Neurosci 1998;21:521‑8.

17.	 Schlicker  E, Kathmann  M. Modulation of transmitter release 
via presynaptic cannabinoid receptors. Trends Pharmacol Sci 
2001;22:565‑72.

18.	 Iversen L, Chapman V. Cannabinoids: A real prospect for pain relief? 
Curr Opin Pharmacol 2002;2:50‑5.

19.	 Di Carlo  G, Izzo  AA. Cannabinoids for gastrointestinal diseases: 
Potential therapeutic applications. Expert Opin Investig Drugs 
2003;12:39‑49.

20.	 Schmid K, Niederhoffer N, Szabo B. Analysis of the respiratory effects 
of cannabinoids in rats. Naunyn Schmiedebergs Arch Pharmacol 
2003;368:301‑8.

21.	 Randall MD, Harris D, Kendall DA, Ralevic V. Cardiovascular effects 
of cannabinoids. Pharmacol Ther 2002;95:191‑202.

22.	 Park  B, McPartland  JM, Glass  M. Cannabis, cannabinoids 
and reproduction. Prostaglandins Leukot Essent Fatty Acids 
2004;70:189‑97.

23.	 Pandey R, Mousawy K, Nagarkatti M, Nagarkatti P. Endocannabinoids 
and immune regulation. Pharmacol Res 2009;60:85‑92.

24.	 Kaplan BL. The role of CB1 in immune modulation by cannabinoids. 
Pharmacol Ther 2013;137:365‑74.

25.	 Wacnik  PW, Luhr  KM, Hill  RH, Ljunggren  HG, Kristensson  K, 
Svensson M, et al. Cannabinoids affect dendritic cell (DC) potassium 
channel function and modulate DC T cell stimulatory capacity. 
J Immunol 2008;181:3057‑66.

26.	 Matias I, Pochard P, Orlando P, Salzet M, Pestel J, Di Marzo V, et al. 
Presence and regulation of the endocannabinoid system in human 
dendritic cells. Eur J Biochem 2002;269:3771‑8.

27.	 Martín‑Fontecha  M, Eiwegger  T, Jartti  T, Rueda‑Zubiaurre  A, 
Tiringer K, Stepanow J, et al. The expression of cannabinoid receptor 
1 is significantly increased in atopic patients. J Allergy Clin Immunol 
2014;133:926‑900.

28.	 Di Marzo V, Bifulco M, De Petrocellis L. The endocannabinoid system 
and its therapeutic exploitation. Nat Rev Drug Discov 2004;3:771‑84.

29.	 Carpenter DO. Neural mechanisms of emesis. Can J Physiol Pharmacol 
1990;68:230‑6.

30.	 Hornby PJ. Central neurocircuitry associated with emesis. Am J Med 
2001;111 Suppl 8A: 106S‑12S.

31.	 Kalant H. Medicinal use of cannabis: History and current status. Pain 
Res Manag 2001;6:80‑91.

32.	 Hu  DL, Zhu  G, Mori  F, Omoe  K, Okada  M, Wakabayashi  K, et  al. 
Staphylococcal enterotoxin induces emesis through increasing 
serotonin release in intestine and it is downregulated by cannabinoid 
receptor 1. Cell Microbiol 2007;9:2267‑77.

33.	 Parker LA, Rock EM, Limebeer CL. Regulation of nausea and vomiting 
by cannabinoids. Br J Pharmacol 2011;163:1411‑22.

34.	 Sharkey  KA, Darmani  NA, Parker  LA. Regulation of nausea and 
vomiting by cannabinoids and the endocannabinoid system. Eur J 
Pharmacol 2014;722:134‑46.

35.	 Guzmán M. Cannabinoids: Potential anticancer agents. Nat Rev 
Cancer 2003;3:745‑55.

36.	 Vincent  BJ, McQuiston  DJ, Einhorn  LH, Nagy  CM, Brames  MJ. 
Review of cannabinoids and their antiemetic effectiveness. Drugs 
1983;25 Suppl 1:52‑62.

37.	 Henness S, Robinson DM, Lyseng‑Williamson KA. Rimonabant. Drugs 
2006;66:2109‑19.

38.	 Moreira FA, Crippa JA. The psychiatric side‑effects of rimonabant. 
Braz J Psychiatr 2009;31:145‑53.

39.	 Walker JM, Strangman NM, Huang SM. Cannabinoids and pain. Pain 

Res Manag 2001;6:74‑9.
40.	 Starowicz K, Malek N, Przewlocka B. Cannabinoid receptors and pain. 

Wiley Interdiscip Rev Membr Transp Signal 2013;2:121‑32.
41.	 Zogopoulos  P, Vasileiou  I, Patsouris  E, Theocharis  SE. The role of 

endocannabinoids in pain modulation. Fundam Clin Pharmacol 
2013;27:64‑80.

42.	 Mbvundula EC, Rainsford KD, Bunning RA. Cannabinoids in pain and 
inflammation. Inflammopharmacology 2004;12:99‑114.

43.	 Ibrahim MM, Deng H, Zvonok A, Cockayne DA, Kwan  J, Mata HP, 
et al. Activation of CB2 cannabinoid receptors by AM1241 inhibits 
experimental neuropathic pain: Pain inhibition by receptors not 
present in the CNS. Proc Natl Acad Sci U S A 2003;100:10529‑33.

44.	 Bifulco M, Pisanti S. Medicinal use of cannabis in europe: The fact 
that more countries legalize the medicinal use of cannabis should 
not become an argument for unfettered and uncontrolled use. EMBO 
Rep 2015;16:130‑2.

45.	 Alexander A, Smith PF, Rosengren RJ. Cannabinoids in the treatment 
of cancer. Cancer Lett 2009;285:6‑12.

46.	 Munson  AE, Harris  LS, Friedman  MA, Dewey  WL, Carchman  RA. 
Antineoplastic activity of cannabinoids. J  Natl Cancer Inst 
1975;55:597‑602.

47.	 Sarfaraz S, Adhami VM, Syed DN, Afaq F, Mukhtar H. Cannabinoids for 
cancer treatment: Progress and promise. Cancer Res 2008;68:339‑42.

48.	 Parolaro D, Massi P. Cannabinoids as potential new therapy for the 
treatment of gliomas. Expert Rev Neurother 2008;8:37‑49.

49.	 Guzmán M, Duarte MJ, Blázquez C, Ravina J, Rosa MC, Galve‑Roperh I, 
et al. A pilot clinical study of delta9‑tetrahydrocannabinol in patients 
with recurrent glioblastoma multiforme. Br J Cancer 2006;95:197‑203.

50.	 McAllister SD, Chan C, Taft RJ, Luu T, Abood ME, Moore DH, et al. 
Cannabinoids selectively inhibit proliferation and induce death 
of cultured human glioblastoma multiforme cells. J  Neurooncol 
2005;74:31‑40.

51.	 Massi P, Vaccani A, Ceruti S, Colombo A, Abbracchio MP, Parolaro D, 
et  al. Antitumor effects of cannabidiol, a nonpsychoactive 
cannabinoid, on human glioma cell lines. J  Pharmacol Exp Ther 
2004;308:838‑45.

52.	 Torres  S, Lorente  M, Rodríguez‑Fornés F, Hernández‑Tiedra  S, 
Salazar M, García‑Taboada E, et al. A combined preclinical therapy of 
cannabinoids and temozolomide against glioma. Mol Cancer Ther 
2011;10:90‑103.

53.	 Gurunathan S, Han JW, Kim ES, Park JH, Kim JH. Reduction of graphene 
oxide by resveratrol: A novel and simple biological method for the 
synthesis of an effective anticancer nanotherapeutic molecule. Int J 
Nanomedicine 2015;10:2951‑69.

54.	 Sarfaraz S, Afaq F, Adhami VM, Mukhtar H. Cannabinoid receptor 
as a novel target for the treatment of prostate cancer. Cancer Res 
2005;65:1635‑41.

55.	 Sarfaraz S, Afaq F, Adhami VM, Malik A, Mukhtar H. Cannabinoid 
receptor agonist‑induced apoptosis of human prostate cancer cells 
LNCaP proceeds through sustained activation of ERK1/2 leading to 
G1 cell cycle arrest. J Biol Chem 2006;281:39480‑91.

56.	 Sharma M, Hudson JB, Adomat H, Guns E, Cox ME. In vitro anticancer 
activity of plant‑derived cannabidiol on prostate cancer cell lines. 
Pharmacol Pharm 2014;5:806.

57.	 Orellana‑Serradell O, Poblete CE, Sanchez C, Castellón EA, Gallegos I, 
Huidobro C, et al. Proapoptotic effect of endocannabinoids in prostate 
cancer cells. Oncol Rep 2015;33:1599‑608.

58.	 Cianchi F, Papucci L, Schiavone N, Lulli M, Magnelli L, Vinci MC, et al. 
Cannabinoid receptor activation induces apoptosis through tumor 
necrosis factor alpha‑mediated ceramide de novo synthesis in colon 
cancer cells. Clin Cancer Res 2008;14:7691‑700.

59.	 Aviello G, Romano B, Borrelli F, Capasso R, Gallo L, Piscitelli F, et al. 
Chemopreventive effect of the non‑psychotropic phytocannabinoid 
cannabidiol on experimental colon cancer. J  Mol Med  (Berl) 
2012;90:925‑34.

60.	 Gustafsson  K, Christensson  B, Sander  B, Flygare  J. Cannabinoid 



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Shah, et al.: Cannabinoids and receptor agonists in cancer management

9Journal of Cancer Research and Therapeutics - Volume XX - Issue XX - Month 2018

receptor‑mediated apoptosis induced by R(+)‑methanandamide 
and Win55,212‑2 is associated with ceramide accumulation and p38 
activation in mantle cell lymphoma. Mol Pharmacol 2006;70:1612‑20.

61.	 Jia  W, Hegde  VL, Singh  NP, Sisco  D, Grant  S, Nagarkatti  M, et  al. 
Delta9‑tetrahydrocannabinol‑induced apoptosis in Jurkat leukemia 
T cells is regulated by translocation of bad to mitochondria. Mol 
Cancer Res 2006;4:549‑62.

62.	 McKallip RJ, Jia W, Schlomer J, Warren JW, Nagarkatti PS, Nagarkatti M, 
et al. Cannabidiol‑induced apoptosis in human leukemia cells: A novel 
role of cannabidiol in the regulation of p22phox and Nox4 expression. 
Mol Pharmacol 2006;70:897‑908.

63.	 Gustafsson K, Wang X, Severa D, Eriksson M, Kimby E, Merup M, et al. 
Expression of cannabinoid receptors type 1 and type 2 in non‑hodgkin 
lymphoma: Growth inhibition by receptor activation. Int J Cancer 
2008;123:1025‑33.

64.	 Preet  A, Ganju  RK, Groopman  JE. Delta9‑tetrahydrocannabinol 
inhibits epithelial growth factor‑induced lung cancer cell migration 
in  vitro as well as its growth and metastasis in  vivo. Oncogene 
2008;27:339‑46.

65.	 Haustein M, Ramer R, Linnebacher M, Manda K, Hinz B. Cannabinoids 
increase lung cancer cell lysis by lymphokine‑activated killer cells 
via upregulation of ICAM‑1. Biochem Pharmacol 2014;92:312‑25.

66.	 McAllister  SD, Christian  RT, Horowitz  MP, Garcia  A, Desprez  PY. 
Cannabidiol as a novel inhibitor of Id‑1 gene expression in aggressive 
breast cancer cells. Mol Cancer Ther 2007;6:2921‑7.

67.	 McAllister SD, Murase R, Christian RT, Lau D, Zielinski AJ, Allison J, 
et al. Pathways mediating the effects of cannabidiol on the reduction 
of breast cancer cell proliferation, invasion, and metastasis. Breast 
Cancer Res Treat 2011;129:37‑47.

68.	 Caffarel MM, Andradas C, Pérez‑Gómez E, Guzmán M, Sánchez C. 
Cannabinoids: A new hope for breast cancer therapy? Cancer Treat 
Rev 2012;38:911‑8.

69.	 Caffarel  MM, Andradas  C, Mira  E, Pérez‑Gómez E, Cerutti  C, 
Moreno‑Bueno  G, et  al. Cannabinoids reduce ErbB2‑driven breast 
cancer progression through Akt inhibition. Mol Cancer 2010;9:196.

70.	 Whyte  DA, Al‑Hammadi  S, Balhaj  G, Brown  OM, Penefsky  HS, 
Souid AK, et al. Cannabinoids inhibit cellular respiration of human 
oral cancer cells. Pharmacology 2010;85:328‑35.

71.	 Vara  D, Salazar  M, Olea‑Herrero  N, Guzmán M, Velasco  G, 
Díaz‑Laviada  I, et  al. Anti‑tumoral action of cannabinoids on 
hepatocellular carcinoma: Role of AMPK‑dependent activation of 
autophagy. Cell Death Differ 2011;18:1099‑111.

72.	 Huffman  JW, Liddle  J, Yu S, Aung MM, Abood ME, Wiley  JL, et al. 
3‑(1’,1’‑dimethylbutyl)‑1‑deoxy‑delta8‑THC and related compounds: 
Synthesis of selective ligands for the CB2 receptor. Bioorg Med Chem 
1999;7:2905‑14.

73.	 Sánchez C, de Ceballos  ML, Gomez del Pulgar  T, Rueda  D, 
Corbacho C, Velasco G, et al. Inhibition of glioma growth in vivo by 
selective activation of the CB(2) cannabinoid receptor. Cancer Res 
2001;61:5784‑9.

74.	 Casanova  ML, Blázquez C, Martínez‑Palacio  J, Villanueva  C, 
Fernández‑Aceñero MJ, Huffman JW, et al. Inhibition of skin tumor 
growth and angiogenesis in  vivo by activation of cannabinoid 
receptors. J Clin Invest 2003;111:43‑50.

75.	 Vidinský B, Gál P, Pilátová M, Vidová Z, Solár P, Varinská L, 
et  al. Anti‑proliferative and anti‑angiogenic effects of CB2R 
agonist (JWH‑133) in non‑small lung cancer cells (A549) and human 
umbilical vein endothelial cells: An in  vitro investigation. Folia 
Biol (Praha) 2012;58:75‑80.

76.	 Ellert‑Miklaszewska  A, Kaminska  B, Konarska  L. Cannabinoids 
down‑regulate PI3K/Akt and erk signalling pathways and activate 
proapoptotic function of bad protein. Cell Signal 2005;17:25‑37.

77.	 Emery SM, Alotaibi MR, Tao Q, Selley DE, Lichtman AH, Gewirtz DA, 
et  al. Combined antiproliferative effects of the aminoalkylindole 
WIN55,212‑2 and radiation in breast cancer cells. J Pharmacol Exp 
Ther 2014;348:293‑302.

78.	 Znaleziona  J, Ginterová P, Petr  J, Ondra  P, Válka I, Ševčík J, et  al. 
Determination and identification of synthetic cannabinoids and their 
metabolites in different matrices by modern analytical techniques – A 
review. Anal Chim Acta 2015;874:11‑25.

79.	 Pence  I, Mahadevan‑Jansen  A. Clinical instrumentation and 
applications of Raman spectroscopy. Chem Soc Rev 2016;45:1958‑79.

80.	 Kumar P, Krishna CM. Optical Techniques: Investigations in Oral 
Cancers. Springer International Publishing AG, part of Springer 
Nature. In:  Panta P, (ed.), Oral Cancer Detection, 2018. p. 167-188. 
DOI: https://doi.org/10.1007/978-3-319-61255-3_8.

81.	 Panta P, Lu CW, Kumar P, Ho TS, Huang SL, Kumar P, et al. Optical 
Coherence Tomography: Emerging In Vivo Optical Biopsy Technique 
for Oral Cancers. Springer International Publishing AG, part of 
Springer Nature. In: Panta P, (ed.), Oral Cancer Detection, 2018. p. 
217-237. DOI: https://doi.org/10.1007/978-3-319-61255-3_11.

82.	 Kumar P. Raman spectroscopy as a promising noninvasive tool in 
brain cancer detection. J Innov Opt Health Sci 2017;10:1730012.

83.	 Kumar P, Bhattacharjee T, Pandey M, Hole AR, Ingle A, Murali Krishna C. 
Raman spectroscopy in experimental oral carcinogenesis: 
investigation of abnormal changes in control tissues. J  Raman 
Spectrosc 2016;47:1318-26.

84.	 Kumar  P, Bhattacharjee  T, Ingle  A, Maru  G, Krishna  CM. Raman 
spectroscopy of experimental oral carcinogenesis: Study on 
sequential cancer progression in hamster buccal pouch model. 
Technol Cancer Res Treat 2016;15:NP60‑72.

85.	 Islam SK, Cheng YP, Birke RL, Green O, Kubic T, Lombardi JR. Rapid 
and sensitive detection of synthetic cannabinoids AMB‑FUBINACA 
and α‑PVP using surface enhanced Raman scattering (SERS). Chem 
Phys 2018;506:31‑5.

86.	 Mostowtt T, McCord B. Surface enhanced raman spectroscopy (SERS) 
as a method for the toxicological analysis of synthetic cannabinoids. 
Talanta 2017;164:396‑402.

87.	 Satoskar  RS, Rege  N, Bhandarkar  S. Pharmacology and 
Pharmacotherapeutics‑E‑Book. Elsevier India, New Delhi, 2015.

Author Queries???
AQ4:	 Please check the edit made.
AQ14:	 Kindly provide last accessed details.

View publication statsView publication stats

https://www.researchgate.net/publication/329505584

