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ABSTRACT

Intensive research of the main products of the cannabis plant -
tetrahydrocannabinolic (THCA) and cannabidiolic (CBDA) acids in recent
years provided supportive evidence for their anti-inflammatory and
anticancer activity, as well as the absence of any psychoactive properties.
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 article is dedicated to description
of some nitrogen containing THCA and CBDA derivatives and in vitro
and in vivo anticancer activity of these compounds toward various cancer
cell lines. A study of the cannabinoid influence on the hormesis effect in
a HT-29 colon cancer cell line showed its direct dependence on the
structure of both the cannabinoid moiety and the side chain substituents
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1. Introduction

Marijuana is known as a natural drug useful in the
treatment of inflammation, pain, psychoses, migraine
and other disorders of the nervous system. Owing
to their various activity, natural cannabinoids can
often be used for the development of new potential
drugs especially as starting materials for organic
synthesis.

Cannabinoids are active ingredients of the Cannabis
Sativa plant, which mimic the effects of the endogenous
cannabinoid system (endocannabinoids), and impact
human body by activating cannabinoid receptors.
Cannabinoid receptors include the cannabinoid
type 1 (CB1) receptor, predominantly expressed in
the brain, and the cannabinoid type 2 (CB2)
receptor, primarily found in the immune system
cells. Cannabinoids receptors as well as the entire
endocannabinoid system are commonly treated as
putative targets for the treatment of various diseases,
including neurodegenerative diseases, multiple
sclerosis and numerous inflammatory diseases
such as asthma, allergic, Rheumatoid arthritis, and
colitis.

Cannabinoids can be classified into endogenous
cannabinoids, phytocannabinoids and synthetic
cannabinoids. Endocannabinoids are produced in
the human body and mostly act as neuromodulators.
They play an important role in inflammation, insulin
sensitivity and metabolism, and have an important
role in regulating the mood, appetite, pain sensation,
inflammation response and memory.

CBDA

Figure 1. The structures of THCA and CBDA.

There are many publications that disclose the
isolation and purification of THCA and CBDA
using liquid chromatography' as well as methods
for isolating of cannabinoid acids on an semi-
industrial scale®*.

Currently, the most advanced process for isolation
of natural cannabinolic acids from a crude cannabis

There are about 100 cannabinoids in the cannabis
plant. Cannabinolic acids THCA, CBDA and their
derivatives THC and CBD obtained after
decarboxylation are the most widespread natural
cannabinoids. While THC is the primary psychoactive
component of the plant and has been used to treat
a wide range of medical conditions, the most
abundant non-psychoactive phytocannabinoid CBD
is known to exert many positive pharmacological
effects including anti-inflammatory, anti-anxiety,
anti-diabetic, and anti-cancer effects. In addition,
CBD is proposed to reverse some of the central
side effects of THC, emphasizing the therapeutic
value of the THC-CBD formulations.

Cannabis extract obtained immediately from plant
material contains up to about 70-75% cannabinolic
acids together with terpenoids and other materials
like lignin, gums, pigments and lecithin. Crude
extracts from cannabis can be used immediately
for patients suffering from many diseases, but they
are not suitable for pharmacological purposes. For
this reason, modern research aim is the development
of the new strategies enabling isolation of most
important cannabinolic acids THCA and CBDA
(Figure 1) which can be dosed and standardized,
enabling pharmaceutical activity without psychotropic
side effects.

plant (e.g., Cannabis saliva) is the ion exchange
resin extraction resulting in THCA and CBDA with
purity 95-99% and suitable for industrial production®.
The acids obtained in this way can be used as a
basis for the synthesis of new medicinal substances.

This article is dedicated to description of THCA
and CBDA nitrogen containing derivatives
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including their anti-inflammatory properties and
anticancer activity toward various cancer cells.

2. Biological properties of cannabinolic

acids

The use of cannabinoids as a new drugs has invited
the attention of researchers for a long time. Among
the possible ways of their activity study the main
interest has their anti-inflammatory and anticancer
activity due to binding with cannabinoid receptors
and affect the ability to expression of pro-inflammatory
cytokines like TNF-a, interleukins and INF-y*2. Till
now the focus was mainly concentrated on THC
and CBD as the most affordable and stable products
isolated from marijuana. Intensive research on
THCA and CBDA 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
630 nM to 3 pM and to CB2R from 1.3nM to 10
pM. 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 >10000 nM, but
has very good CB2R affinity (4.9-77 nM)*"". Another
important feature of cannabinolic 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'. Initially
biological studies of these acids focused on their
in vitro and in vivo anti-inflammatory activity.
These 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'. THCA,
unlike THC, was able to inhibit the expression of
tumor necrosis factor alpha (TNF-a) in a dose
dependent manner''>. The anticancer activity of

cannabinoids and their derivatives is one of the
important directions in the search for new
marijuana-based drugs. This is particularly pertinent
for the most common malignant diseases of the
gastrointestinal tract and accessory organs, namely
cancers of the small intestine, colon and pancreas.
The main focus in the search for potential anticancer
candidates among products derived from cannabis
has so far turned to derivatives such as THC, CBD
and CBG on a smaller scale’. Their precursors, the
cannabinolic acids and their derivatives, have been
studied to a much lesser extent, even though these
compounds have clear advantages in many of their
characteristics such as biocompatibility, solubility
in biological fluids, and the absence of psychoactive
properties'’. Anticancer studies have shown poor
CBDA activity against CEM and HL60 leukemia
and human prostate LNCaP cells™. 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'. THCA also
inhibits the growth of some types of breast cancer
(IC50 of 9.8 pM in MCF-7 and 18.2 uM in MDA-
MB-231) and prostate cancer cell lines (IC50 of 25
uM in DU-145)%. Thus, although cannabinoid acids
exhibit both anti-inflammatory and anti-cancer
activities, their levels do not exceed those of
known drugs. Moreover, the tendency of these
acids to decarboxylate during heating and storage
makes their use problematic. In the same time 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. All this leads to
understanding that the main products of the
cannabis plant - tetrahydrocannabinolic (THCA)
and cannabidiolic (CBDA) acids can be used as the
precursors for new anti-cancer drugs.

3. The in vitro anticancer activity study
of some THCA and CBDA nitrogen

containing derivatives
The in vitro anticancer screening toward some
types of cancer cells allowed to identify the two
compounds ALAMO027 1 and ALAM108 2 with activity
below 10 uM level?' (Table 1).

These compounds were obtained by the following
synthetic routes (Figure 2).
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ALAM108

Figure 2. Synthesis of ALAM027 1 and ALAM108 2: i - 3-morpholinopropan-1-amine, CDI, THF; ii - hydrazine
hydrate, CDI, THF; iii - pyrimidine-2-carbaldehyde, EtOH, reflux.

According to World Health Organization the data
the most widespread types of cancers are breast,
lung, colon, intestine, pancreatic, prostate tumors
and blood diseases such as multiple myeloma.
Brain tumors such as gliomas are also potentially
interesting, particularly because of their aggressive
and highly invasive characteristic so facilitate
comparison of the anti-cancer activity of the natural
cannabinoids THC and CBD in relation to ALAM027
1 and ALAM108 2, the current study examined the

effects of these compounds on the following
human cancer cell lines: T47D (breast), PC-3
(prostate), HT-29, Caco-2 (colon), A549 (lung),
UB7MG (brain), U266B1 (multiple myeloma) and
three pancreatic cancer cell lines (PANC-1, AsPC-
1, MiaPaCa-2). The current study of the activity of
(1) and (2) in these selected tumor cell lines
provides an estimate of their anti-cancer activity
sufficient for in vivo animal experiments.

Table 1. /n vitro data of ALAM027 1 and ALAM108 2 obtained by Celltiter Glo assay for 72-hour treatment.

Cancer cells 1 2
Inhibition ICs0 uM Inhibition [Cso uM
% %

T47D breast 97.90 5.52 47.20 >10
U251 brain 68.11 8.91 - -
U-87 MG brain 19.84 >10 73.80 3.37

A549 lung 77.08 5.59 70.01 5.53
TE-6 esophagus 67.27 7.36 - -
Caco-2 colon 60.81 8.87 67.16 6.56
HT-29 colon 86.21 6.27 88.13 1.99
OPM-2 myeloma 76.40 6.72 - -
U266B1 myeloma 58.33 8.20 73.05 4.52
SK-HEP-1 liver 78.20 5.41 - -
PC-3 prostate 61.13 9.94 63.61 7.45
PANC-1 pancreas 92.19 5.46 85.71 1.88
AsPC-1 pancreas 64.62 7.78 67.69 4.46
MiaPaCa-2 pancreas 61.41 8.12 90.65 1.76
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3.1. Hormesis effect of some compounds on the in
vitro study of HT-29 colon cancer cells

The in vitro activity of THCA derivative 1 in a variety
of cancer cell lines was found to induce a slight
increase in cell proliferation at low test substance
concentrations?'?. Although this deviates from the
classical model of a concentration-dependent
reduction in cell growth with increasing anticancer
drug concentrations, the proliferative effect may
be explained by experimental error or by a
potential hormetic effect as has indeed been
established for many of the currently deployed
anticancer drugs®?. In the article? E.J. Calabrese
defined hormesis as “an adaptive response to low
levels of stress or damage resulting in improved
fitness for some physiological systems for a finite
period”. For cancer cells this means activation of

cell growth at specific drug concentrations and
suppression of growth at increased drug
concentrations. Hormetic effects have also been
identified in /n wvitro studies of some of the
cannabinoids®>?. The article by Fowler? .for example
describes results from a 66-hour incubation of four
different lines of pancreatic cancer cells with THC
concentrations of 3 and 4 uM, which resulted in
completely inhibition of cell growth in all tested cell
lines. However, a concentration of 1 uM THC on
PANC-1 and 0.5 uM on Capan2 cells significantly
increased cell viability, but this was not observed
in BxPc3 and MiaPaCa2 cells. Stimulation of the
midkine/ALK axis by low concentrations of THC
followed by cell growth suppression by more
concentrated samples is considered as one of
possible mechanism for this phenomenon?.

Figure 3. Chemical structures of compounds (1-6).

The hormesis effect stady, therefore, was focused on
investigating the in vitro activity of a CBD and number
of cannabinolic acid derivatives 1-6 in the HT-29
colon cancer cell line using the XTT assay (Figure 3).

The HT-29 cell line was chosen because it is
accessible and has been previously shown to have
a propensity for hormetic responses to anticancer

23,29

drugs The HT-29 cancer cell line viability
curves with increasing concentrations of
cannabinoid compounds 3 (A) and 1, 5, 6 and CBD
(B) follow a hormetic response characterized by a
growth inhibition and stimulation phase at lower
compound concentrations, followed by inhibition
of growth at increasing compound concentrations
(Figure 4).
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Figure 4. The dose-response curves of compounds 2-4 (A) and 1, 5, 6 and CBD (B) activity on HT-29 cell line

viability (3 repeats, 72 hours, Average = SEM).
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For compounds 1, 5, 6, and CBD IC50 values can
be considered along with other curve parameters
namely MS and h/c IC50 which are obtained by
considering the 50% value as the base line. Since
compounds 2 and 4 shows a very slight rise in the
curve around the 0.5-1 uM concentrations, it is

unclear whether this is due to hormesis or an
experimental deviation, and we are omitting the
MS and IC50 data points for this compound. The
remaining dose-response curve parameters are
shown in Table 2.

Compounds hIC50 uM IC50 uM MS %

1 0.30 3.09 48
2 - 0.33 -

3 0.26 1.62 32
4 - 1.54 -

5 0.30 3.09 44
6 - 7.93 98

CBD - 8.12 102

Table 2. Dose-response curve parameters: hIC50 - IC50 of pre-hormetic reaction; IC50 - cytotoxicity; MS -
maximum stimulation. The base line was considered to correspond to 50% viability.

As shown in Table 4, the propensity of colon
cancer HT-29 to hormetic effects in the presence
of anticancer drugs allowed to reveal the influence
of basic cannabinoid structures THCA and CBDA
on the balance between their real anticancer
activity and activation of the hormetic response.
Paradoxically the main contribution to the clC50
values for compounds 1, 5, 6, and CBD is the
hormetic effect, whilst neither the structure of the
cannabinoid moiety nor the nature of the carbonyl
substituent has a large effect on the hIC50 value.
The change of pyrimidine cycle in 2 to imidazole 4
resulted in an increasing of IC50. The very slight
hormetic reaction of these compounds shows the
advantage of a THCA cannabinoid structure in 2
over the CBDA analog 3.

This current /in wvitro study investigating the
anticancer activity of several THCA and CBDA
derivatives in the HT-29 colon cancer cell line
shows the presence of a hormetic proliferative
effect that is depended on cannabinolic acid and
substituent structures and can be eliminated by
selecting substituents in the cannabinoid carbonyl
group. The results of the CBD activity study show
its ability to induce cancer cell proliferation at low
concentrations. This makes it necessary to treat
with some caution the recommendations for its
widespread use as an anti-cancer drug itself and
after chemotherapy.

4. In vivo study of compounds 1 and 2
toward PANC-1 cancer cell.

The pancreatic cancer is one of the most
dangerous forms of tumors due to its aggressive
growth, early metastases and poor response to any
known therapeutic treatments. That why the THCA
derivatives 1 and 2 which showed good activity
toward three pancreatic cancer cell lines (Table 1)
were chosen to the in vivo study using the human
PANC-1 pancreatic tumor xenograft model with
nude female mice®. The choice of PANC-1 cell line
as a model for in vivo research is primarily due to
its resistance, in contrast to other cell lines, to known
MEK inhibitors such as trametinib and afatinib®'.

The compounds were administered orally as oil-
based solutions, as opposed to injection as is the
case for many of the established cancer drugs. The
weight of the mice was monitored three times a week.

140+ -8~ 1F Vehicle
1304

1204

Begining of
treatment

Body Weight (% from Day 1)

— T T T T T T T T T T T T T
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57
Time (Days)

Figure 5. Follow up of the mice weight throughout
the study.
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Cannabinolic acids derivatives as a new anticancer drugs

As can be seen, all mice gained weight steadily
during the study, with no significant difference
between cancer cells treated versus vehicle injected
mice. The study results of these cannabinoids on

PANC-1 cells showed that their oral administration
decreased the tumor size 1.6-2 times and did not
lead to any discomfort, psychotic effects and weight
loss of mice (Figures 5, 6).

A

220 -@ 1F Vehicle

T T T T T T T T T
1 4 7 10 13 16 19 22 25
Time (Treatment days)

2004 A 2F ALAM027 120mg/kg 1201 *
& 3F ALAML08 40mg/kg

B

Tumor weight (mg)

Figure 6. A) Tumor volume measurements in female nude mice during four weeks of treatment with the
cannabinoids 2F 1 and 3F 2 (*p<0.05 according to two-tailed t-test); B) Tumor weight: F1 Vehicle, F2 1 and
F3 2. Results represent means +SEM of mice in each group (Statistics are presented for each Group
compared to Group 1F only; *p<0.05 according to t-Test).

ARV

S ﬁ}&:

Figure 7. Histology (X40 field) of three tumors: 1F Vehicle, 2F ALAM027 1, 3F ALAM108 2.

Histopathologic evaluation of tumor samples
(Figure 7) suggested that in both treated groups
2F and 3F an apparent decrease in the mitotic
figures was noted when comparing to the group
treated with the vehicle. No apparent treatment
related change was not in the area of necrosis and
peritumoral mixed mononuclear cell infiltration.

Thus the both compounds orally administration
was effective in reducing tumor volume and tumor
weight. Based on the data obtained, the most likely
mechanism of their action is to slow down mitosis
of tumor cells.

Conclusion

The decriminalization of cannabis and the increase
of its use for medical and recreational purposes
opens up significant opportunities for researchers
to find new medicines. Cannabinoid acids are ideal

drug precursors due to the carboxyl group easily
converted into multifunctional aliphatic, aromatic
and heterocyclic moieties, unlike traditional CBD and
THC. The nitrogen containing derivatives described
in this article can be compared in its synthetic
availability and anticancer activity, especially
compound ALAM108 2, to such widely used drugs
as fluorouracil and carboplatin. A study of the
cannabinoid influence on the hormesis effect in a
HT-29 colon cancer cell line showed its direct
dependence on the structure of both the
cannabinoid moiety and the side chain substituents.

Further study of these compounds will determine
the mechanism of their action on cancer cells and
may open the way to new therapeutic drugs. The
applying of cannabinoid acids THCA and CBDA as
starting materials for the synthesis of novel
anticancer drugs can be considered as the next

© 2025 European Society of Medicine 7



Cannabinolic acids derivatives as a new anticancer drugs

significant stage in the development of cannabinoid
anticancer research. The results of this work serve
as good confirmation of this statement.
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