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Abstract

The study of the anti-cancer activity of marijuana derivatives is currently focusing on two cannabinoids: THC and CBD. They show good in-vitro 
and in-vivo activity against many types of cancer cells, but their psychoactive properties (THC) and low bioavailability make them difficult to use 
as a cancer treatment. The development of a new technology to isolate cannabinoid acids THCA and CBDA opens new directions in the search for 
anticancer drugs based on their derivatives with good anti-tumor activity, better bioavailability, and a lack of psychoactive properties.
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Mini Review 
The ever-growing interest in cannabinoids as potential anti-

cancer drugs has led to many studies investigating their activity 
on several types of cancers both in-vitro and in-vivo [1,2]. Most 
studies have focused on characterizing the activity of the two main 
and most available cannabinoids: THC and CBD. Both cannabinoids 
have been shown to decrease proliferation and induce apoptosis 
of some types of cancer cells. One potential mechanism of their 
action may be mediated by specific binding to the cannabinoid 
G-protein coupled receptors CB1 and CB2. Numerous studies have 
confirmed that cancer cells express these receptors in significantly 
higher amounts than normal cells and that the concentration of 
receptors on the cell surface largely determines the severity of the 
disease [3]. Therefore, the use of cannabinoids in pancreatic cancer 
therapy is often beneficial, particularly when combined with other 
anti-cancer drugs such as nab-paclitaxel and gemcitabine [4]. 
Exposure to these cannabinoids can however also yield ambiguous 
results. The presence of up to 1µM of THC reported in the blood 
of marijuana smokers results in the progression of some types of 
head and neck squamous cell carcinomas [5]. A similar action of 
THC has been reported in SF126 glioblastoma cells, but in U87MG 
cells THC does not exhibit such an effect at 1µM concentrations  

 
and below [6]. Another important property of these cannabinoids 
is their effect on the immune system, specifically the suppression 
of cancer-causing cytokines such as IL-6 and cyclooxygenases [7]. 
In some instances, however cannabinoid use has a negative effect 
on cancer treatments particularly when combined with modern 
immunomodulatory anticancer drugs [8]. Since the use of these 
cannabinoids, and CBD, is now gaining momentum, not only as a 
potential “cure for all diseases” but also as an additive in various 
creams and foods, the issue of their bioavailability has come to the 
fore. In the process of a more in-depth study of the pharmacokinetic 
parameters of these compounds, their low bioavailability when 
taken orally gives rise to an insurmountable problem especially 
because of the requirement for high blood concentration of the 
drugs. The bioavailability of THC taken orally is reported to be 
4-12%, inhalation (smoking marijuana) increases bioavailability 
to 25-35% [9]. The bioavailability of oral CBD is only 13-19% in 
humans, and it is mainly eliminated in feces. 

Research on the medicinal use of THC, and CBD, has most 
recently focused on the derivatives of these compounds which yield 
prodrugs with significantly higher bioavailability [10]. The main 
problem with this approach is the difficulty of determining whether 
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these substances break down to the original drug or act as a new 
drug. Addressing this issue will require significant expenditure 
to synthesize the derivatives as well as to evaluate their efficacy 
in preclinical and clinical studies. Other synthetic modifications 
of THC and CBD, in particular the reduction or oxidation of the 
double C-C bonds, lead to a loss of activity. The only example of a 
successful modification of the CBD is oxidation of the phenol ring to 
a quinone HU-331, which inhibited the human topoisomerase IIα, 
a known anticancer drug target [11]. Using extracts from different 
cannabis hybrids, as well as changing extraction methods and 
solvents, are also not viable options to obtain anticancer medicines 
due to variability in the composition of the starting cannabinoids 
and the presence of a large amount of trace impurities as well as 
the potential risk of copurifying chemicals used to protect the plant 
crop.

All these results lead us to consider the main products of the 
cannabis plant- tetrahydrocannabinolic (THCA) and cannibidiolic 
(CBDA) acids - as the basis for new anti-cancer drugs. Intensive 
research on these compounds in recent years has not only provided 
supportive evidence for their anti-inflammatory and anticancer 
activity, but, more importantly, the absence of any psychoactive 
properties. This is consistent with the fact that they bind to CB1 
and CB2 cannabinoid receptors: THCA binds to CB1R at the 
concentration range of 630nM to 3µM and to CB2R from 1.3nM to 
10µM. The large THCA concentration range for binding to CB1R may 
be indicative of a partial THCA decarboxylation event which forms 
THC during the course of the experiment, as THC has a significantly 
higher affinity for the CB1R. CBDA has been shown to bind to CB1R 
at >10000nM but has very good CB2R affinity (4.9-77nM) [12,13]. 
Another important feature of cannabinoid acids compared to THC 
and CBD is their high bioavailability. A preliminary study comparing 
the oral bioavailability of cannabinolic acids with THC, CBD and 
their metabolites showed that THCA and CBDA concentrations in 
blood are more than 10 times higher than for THC and CBD and 
reach a maximum one hour after ingestion. Comparison of half-life 
data of these acids in the body showed the significant advantage 
of THCA compared to CBDA and other things being equal, makes 
THCA particularly useful as a potential drug [14].

Initially biological studies of these acids focused on their in vitro 
and in vivo anti-inflammatory activity. These studies established 

the ability of THCA and CBDA to suppress the proinflammatory 
cytokines COX-1 and COX-2, IL-2, IL-8 as well as others [15]. 
THCA, unlike THC, was able to inhibit the expression of tumor 
necrosis factor alpha (TNF-a) in a dose dependent manner [16,17]. 
Anticancer studies have shown poor CBDA activity against CEM and 
HL60 leukemia and human prostate LNCaP cells [18]. In contrast 
CBDA has been shown to inhibit cell migration and to decrease 
the c-fos protooncogene expression and cyclooxygenase-2 (COX-
2) in the highly aggressive MDA-MB-231 breast cancer cell line 
[19]. THCA also inhibits the growth of some types of breast cancer 
(IC50 of 9.8µM in MCF-7 and 18.2µM in MDA-MB-231) and prostate 
cancer cell lines (IC50 of 25µM in DU-145) [20]. Although there 
is currently an explosive expansion of cannabinolic acid research, 
these compounds tend to spontaneously decarboxylate and there 
is currently no inexpensive and effective method to isolate them 
from plants. Cannabinolic acid decarboxylation is influenced by 
the phenolic OH-groups in the ortho- and para-positions, which 
correlate with the greater tendency of THCA to decarboxylate 
compared to CBDA [21]. The isolation problem was recently 
successfully resolved by using extraction technology based on ion-
exchange resins [22] which gave good yields and sufficient purity 
for the compounds to be used as starting materials in organic 
synthesis [23]. 

The presence of a carboxyl group in the cannabinoid acid 
molecules opens up a truly “Klondike” opportunity to obtain 
different derivatives and study their biological activity. This was 
initially shown as part of a patent [23] describing the synthesis 
and biological activity of some of the amide, hydrazide and other 
derivatives of THCA and CBDA. In vitro anticancer screening on 
some types of cancer cells such as T47D (breast), U251, U87MG 
(brain), A549 (lung), PC-3 (prostate), TE-6 (esophagus), Caco-2, 
HT-29 (colon), OPM-2, U266 (myeloma), SK-HEP-1 (liver), PANC-
1, AsPC-1 (pancreas) allowed to identify several compounds with 
activity at the 1.3-10µM level. Two THCA derivatives, ALAM027 
and ALAM108, have been shown to suppress tumor growth to a 
level that is comparable to that of established anticancer drugs 
such as gemcitabine and paclitaxel, in vivo, in the human PANC-
1 pancreatic tumor xenograft model (Figure 1) [24]. It should be 
noted that these compounds were administered orally as oil-based 
solutions, as opposed to via injection as is the case for many of the 
established cancer drugs.
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Figure 1: Chemical structures of THCA, ALAM027 and ALAM108.

Conclusion
Potential mechanisms for the anticancer and cytotoxic activity 

of ALAM027 and ALAM108 may involve their ability to initiate 
expression of the proinflammatory cytokine THF-alpha in LPS 
induced PBMCs [23].

The use of cannabinoid acids as starting compounds for 
the synthesis of novel derivatives can be considered as the next 
significant stage in the evolution of cannabinoid anticancer 
research.

References
1.	 Cristina P, Giovanna N, Laura C, Maurizio B, Chiara L (2021) Molecular 

mechanism of cannabinoids in cancer progression. Int J Mol Sci 22(7): 
3680.

2.	 Ersilia N, Marialuisa F, Giuseppina C, Aurora D (2021) Cancer initiation, 
progression and resistance: are phytocannabinoids from Cannabis sativa 
L. promising compounds? Molecules 26(9): 2668.

3.	 Paweł S, Agnieszka NT, Joanna Z (2021) Cannabinoids in medicine: 
cancer, immunity and microbial diseases. Int J Mol Sci 22(1): 263.

4.	 Niranjan A, Changhua Z, Anna S, Stefan H, Changguang W, et al. (2013) 
Comparative benefits of nab-paclitaxel over gemcitabine or polysorbate- 
based docetaxel in experimental pancreatic cancer. Carcinogenesis 
34(10): 1-38. 

5.	 Yoon YG, Kim SR, Kim DY, Chae SW, Song JJ (2020) Cannabidiol enhances 
cytotoxicity of anti‑cancer drugs in human head and neck squamous cell 
carcinoma. Nature research 10(1): 20622.

6.	 Fowler CJ (2015) ∆9-Tetrahydrocannabinol and cannabidiol as potential 
curative agents for cancer. A critical examination of the preclinical 
literature. CPT 97(6): 587-596.

7.	 Neeraj K, Dwarakanath BS, Asmita D, Anant NB (2016) Role of 
interleukin-6 in cancer progression and therapeutic resistance. Tumor 
Biol 37(9): 11553-11572.

8.	 Taha T, Meiri D, Talhami S, Wollner M, Avivit P, et al. (2019) Cannabis 
impacts tumor response rate to nivolumab in patients with advanced 
malignancies. The Oncologist 24: 1-6.

9.	 Marilyn AH (2007) Human cannabinoid pharmacokinetics. Chemistry & 
Biodiversity 4(8): 1770-1804.

10.	Morales P, Reggio PH, Jagerovic N (2017) An overview on medicinal 
chemistry of synthetic and natural derivatives of cannabidiol. Front 
Pharmacol 8: 422.

11.	Trac J, Keck JM, Deweese JE (2021) Cannabidiol oxidation product HU-
331 is a potential anticancer cannabinoid-quinone: a narrative review. J 
Cannabis Res 3(1): 11.

12.	Marialuisa F, Giuseppina C, Monica S, Antonio F, Maria T, et al. (2020) 
Cannabidiolic acid, a still overlooked bioactive compound: an 
introductory review and preliminary research. Molecules 25(11): 2638.

13.	Guillermo MS (2016) Can you pass the acid test? critical review and 
novel therapeutic perspectives of ∆9-tetrahydrocannabinolic acid A. 
Cannabis and Cannabinoid Research 1(1): 124-130.

14.	Lanfranco P, Manuela L, Patrizia V, Daniele V, Federica P, et al. (2018) 
Pharmacokinetics and tolerability of oral cannabis preparations in 
patients with medication overuse headache (MOH) a pilot study. Eur J 
Clin Pharmacol 74(11): 1427-1436.

15.	Ruhaak LR, Felth J, Karlsson PC, Rafter JJ, Verpoorte R, et al. (2011) 
Evaluation of the cyclooxygenase inhibiting effects of six major 
cannabinoids isolated from Cannabis Sativa. Biol Pharm Bull 34(5): 774-
778.

16.	Zagzoog A, Mohamed KA, Kim HJ, Kim ED, Frank CS, et al. (2020) In vitro 
and In vivo pharmacological activity of minor cannabinoids isolated 
from Cannabis sativa. Sci Rep10(1): 20405.

17.	Yang L, Li FF, Hzan YC, Jia B, Ding Y (2015) Cannabinoid receptor CB2 
is involved in tetrahydrocannabinol-induced anti-inflammation against 
Lipopolysaccharide in MG-63 cells. Mediators Inflamm: 362126.

18.	Marialuisa F, Giuseppina C, Monica S, Antonio F, Pecoraro MT, et al. 
(2020) Cannabidiolic acid, a still overlooked bioactive compound: an 
introductory review and preliminary research. Molecules 25(11): 2638.

19.	Takeda S, Okazaki H, Ikeda E, Abe S, Yoshioka Y, et al. (2014) Down-
regulation of cyclooxygenase-2 (COX-2) by cannabidiolic acid in human 
breast cancer cells. J Toxicol Sci 39(5): 711-716.

20.	Ligresti A, Moriello AS, Starowicz K, Matias I, Pisanti S, et al. (2006) 
Antitumor activity of plant cannabinoids with emphasis on the effect of 
cannabidiol on human breast carcinoma. J Pharmacol Exp Ther 318(3): 
1375-1387.

21.	Wang M, Wang YH, Avula B, Radwan MM, Wanas AS, et al. (2016) 
Decarboxylation study of acidic cannabinoids: a novel approach using 
ultra-high-performance supercritical fluid chromatography/photodiode 
array-mass spectrometry. Cannabis Cannabinoid Res 1(1): 262-271.

22.	Aizikovich A (2020) Process of purification of cannabinolic acids from 
plant material extract. WO 2020016875.

23.	Aizikovich A (2019) Cannabinolic acid derivatives and used thereof. 
US20210087159

24.	Aizikovich A (2020) Anticancer effect of new cannabinoids derived from 
tetrahydrocannabinolic acid on PANC-1 and AsPC-1 human pancreas 
tumor cells. J Pancreatic Cancer 6(1): 40-44. 

https://pubmed.ncbi.nlm.nih.gov/33916164/
https://pubmed.ncbi.nlm.nih.gov/33916164/
https://pubmed.ncbi.nlm.nih.gov/33916164/
https://pubmed.ncbi.nlm.nih.gov/34063214/
https://pubmed.ncbi.nlm.nih.gov/34063214/
https://pubmed.ncbi.nlm.nih.gov/34063214/
https://pubmed.ncbi.nlm.nih.gov/33383838/
https://pubmed.ncbi.nlm.nih.gov/33383838/
https://pubmed.ncbi.nlm.nih.gov/23803690/
https://pubmed.ncbi.nlm.nih.gov/23803690/
https://pubmed.ncbi.nlm.nih.gov/23803690/
https://pubmed.ncbi.nlm.nih.gov/23803690/
https://pubmed.ncbi.nlm.nih.gov/33244087/
https://pubmed.ncbi.nlm.nih.gov/33244087/
https://pubmed.ncbi.nlm.nih.gov/33244087/
https://ascpt.onlinelibrary.wiley.com/doi/epdf/10.1002/cpt.84/
https://ascpt.onlinelibrary.wiley.com/doi/epdf/10.1002/cpt.84/
https://ascpt.onlinelibrary.wiley.com/doi/epdf/10.1002/cpt.84/
https://pubmed.ncbi.nlm.nih.gov/27260630/
https://pubmed.ncbi.nlm.nih.gov/27260630/
https://pubmed.ncbi.nlm.nih.gov/27260630/
https://pubmed.ncbi.nlm.nih.gov/30670598/
https://pubmed.ncbi.nlm.nih.gov/30670598/
https://pubmed.ncbi.nlm.nih.gov/30670598/
https://pubmed.ncbi.nlm.nih.gov/17712819/
https://pubmed.ncbi.nlm.nih.gov/17712819/
https://pubmed.ncbi.nlm.nih.gov/28701957/
https://pubmed.ncbi.nlm.nih.gov/28701957/
https://pubmed.ncbi.nlm.nih.gov/28701957/
https://pubmed.ncbi.nlm.nih.gov/33892826/
https://pubmed.ncbi.nlm.nih.gov/33892826/
https://pubmed.ncbi.nlm.nih.gov/33892826/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://pubmed.ncbi.nlm.nih.gov/28861488/
https://pubmed.ncbi.nlm.nih.gov/28861488/
https://pubmed.ncbi.nlm.nih.gov/28861488/
https://pubmed.ncbi.nlm.nih.gov/29980818/
https://pubmed.ncbi.nlm.nih.gov/29980818/
https://pubmed.ncbi.nlm.nih.gov/29980818/
https://pubmed.ncbi.nlm.nih.gov/29980818/
https://pubmed.ncbi.nlm.nih.gov/21532172/
https://pubmed.ncbi.nlm.nih.gov/21532172/
https://pubmed.ncbi.nlm.nih.gov/21532172/
https://pubmed.ncbi.nlm.nih.gov/21532172/
https://pubmed.ncbi.nlm.nih.gov/33230154/
https://pubmed.ncbi.nlm.nih.gov/33230154/
https://pubmed.ncbi.nlm.nih.gov/33230154/
https://pubmed.ncbi.nlm.nih.gov/25653478/
https://pubmed.ncbi.nlm.nih.gov/25653478/
https://pubmed.ncbi.nlm.nih.gov/25653478/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://pubmed.ncbi.nlm.nih.gov/32517131/
https://www.jstage.jst.go.jp/article/jts/39/5/39_711/_pdf
https://www.jstage.jst.go.jp/article/jts/39/5/39_711/_pdf
https://www.jstage.jst.go.jp/article/jts/39/5/39_711/_pdf
https://pubmed.ncbi.nlm.nih.gov/16728591/
https://pubmed.ncbi.nlm.nih.gov/16728591/
https://pubmed.ncbi.nlm.nih.gov/16728591/
https://pubmed.ncbi.nlm.nih.gov/16728591/
https://pubmed.ncbi.nlm.nih.gov/28861498/
https://pubmed.ncbi.nlm.nih.gov/28861498/
https://pubmed.ncbi.nlm.nih.gov/28861498/
https://pubmed.ncbi.nlm.nih.gov/28861498/
https://pubmed.ncbi.nlm.nih.gov/32642629/
https://pubmed.ncbi.nlm.nih.gov/32642629/
https://pubmed.ncbi.nlm.nih.gov/32642629/

