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Abstract

Cannabis has been used for various medicinal applications including, but not limited to, cancer: most commonly to treat
chemotherapy-associated side effects. Cannabis is often used for its palliative effects in the form of purified cannabinoids,
or as extracts. This study was conducted using two breast cancer cell lines and aimed to evaluate potential anti-proliferative
“intra-entourage effects” between purified phytocannabinoids resembling the THC and CBD ratios of medicinal and recrea-
tional cannabis strains, as well as to investigate potential “inter-entourage effects” between the different ratios and the phyto-
chemicals found in a Cannabis sativa extract. This study also aimed to evaluate the potential interaction between cannabinoids
and chemotherapeutic agents. The data identified an intra-entourage effect present in the MCF-7 cells when treated with a
recreational, but not a medicinal, cannabis formulation. This effect may be due to THC partially exerting its anti-proliferative
effects through the estrogen receptor (ER), present in the MCF-7 cell line. Little to no intra-entourage effects were observed
in the MDA-MB-231 cell line and no inter-entourage effects were observed in either cell line. The simultaneous treatment
of the MCEF-7 cell line with various cannabinoid formulations and the common breast cancer treatment, tamoxifen, resulted
in the diminished anti-proliferative activity of tamoxifen, an effect that was more evident when combined with recreational
cannabis formulations. Since cannabis is commonly used in palliative care to treat chemotherapy-associated side effects,
further research is required to investigate the potential interference of various cannabis formulations to ensure that the efficacy
of chemotherapeutic agents is not compromised.
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Introduction

The medicinal applications of cannabis have been recorded
for centuries (Mouhamed et al. 2018). Besides the well-
known use of cannabinoids for their palliative effects to
alleviate the side effects associated with cancer treatment
regimes, cannabis has also gained interest for its potential
use as a chemotherapeutic agent. Several legal and regula-
tory barriers have limited investigation into the widespread
medicinal claims made by cannabis users in the treatment
of cancer, and cancer- and chemotherapy-related symptoms.
Consequently, the available data on the medicinal uses of
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cannabis for the management of cancer-related symptoms
have mainly come from non-scientific observations collected
from websites, lay press, and community interactions, as
opposed to comprehensive scientific research (Pergam et al.
2017). Additionally, the frequency of cannabis use in can-
cer patients is not well documented (Martell et al. 2018).
Saadeh and Rustem (2018) conducted a study on the use of
medicinal cannabis and found that 75% of the patients who
used cannabis did so of their own volition or at the advice
of a friend. They also found a general lack of understand-
ing regarding cannabis use, with most of the users having
received no counseling regarding the potential harmful or
beneficial effects, potential drug—drug interactions, and
drug—disease interactions.

One of the major drawbacks associated with chemo-
therapy is the non-specific nature of the treatment, result-
ing in the development of several side effects that may be
immediate, short, or long term. The intensity of the side
effects range from mild to life-threatening. The documented
immediate side effects include loss of appetite, nausea and
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vomiting, hair loss, fatigue, mouth sores, weight changes,
fertility problems, and various toxicities including renal,
neuro, cardiac, hepatic, and lung toxicity (Tao et al. 2015),
which often results in non-adherence to chemotherapy pro-
tocols. The increasing demand for alleviative therapies has
led to several cancer patients resorting to the use of can-
nabis to alleviate chemotherapy-associated side effects
(Parker et al. 2011; Wasik et al. 2011). The anti-emetic and
analgesic use of cannabis is well documented. Various pure
and synthetic cannabinoid formulations have been approved
to treat cancer-associated pain and chemotherapy-induced
nausea and vomiting in patients who failed to respond to
conventional anti-emetic and analgesic treatments. The most
common anti-emetic treatments include corticosteroids, ser-
otonin receptor agonists, and neurokinin receptor antago-
nists (May and Glode 2016). Analgesic treatment in cancer
patients can range from non-steroidal anti-inflammatory
drugs to weak opioids and then potent opioids, depending
on pain severity (Jose et al. 2020). The types of cannabinoid
formulations approved for use include THC-dominant, bal-
anced THC/CBD, and CBD-dominant products (Steele et al.
2019). THC-dominant products include a synthetic A’ THC
product, dronabinol (Marinol® capsules or Syndros®, the
liquid formulation) and a synthetic A°-THC analog prod-
uct, nabilone (Cesamet™). Balanced THC/CBD products
include nabiximols (Sativex), which are refined extrac-
tion products that contain roughly equal amounts of THC
and CBD. CBD-dominant products also include refined
extraction products that contain 99% pure oil-based CBD
(Epidiolex®). Various studies—many of which were con-
trolled clinical trials—have assessed the impact of these
products on cancer-related pain, as well as chemotherapy-
associated nausea and vomiting. Nabiximols have frequently
been studied for their effect on cancer-associated pain (John-
son et al. 2010, 2013; Portenoy et al. 2012; Lynch et al. 2014;
Fallon et al. 2017; Lichtman et al. 2018), while dronabinol
and nabilone have frequently been studied for their effect on
a wide range of chemotherapy-induced side effects includ-
ing nausea and vomiting (Zutt et al. 2006; Meiri et al. 2007;
Elder and Knoderer 2015), as well as anorexia and appetite
suppression (Jatoi et al. 2002; Walsh et al. 2005). These tri-
als generally studied the efficacy of the anti-emetic agent to
alleviate the chemotherapy-induced side effects, but failed to
report on the potential cannabinoid—chemotherapy interac-
tions that could potentially have affected the efficacy of the
chemotherapeutic agent. Synergistic interactions between
CBD and various agents have been observed in vitro, includ-
ing 7-ethyl-10-hydroxycamptothecin and vinorelbine in the
MCEF-7 cell line (Alsherbiny et al. 2021) and paclitaxel and
doxorubicin in the MCF-7 and MDA-MB-231 cell lines
(Fraguas-Sanchez et al. 2020). A 2018 study by Kosgodage
et al. (2018) reported a novel role for CBD as a potent inhibi-
tor of the release of exosomes and microvesicles (EMV)
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from three cancer cell lines. Various studies have shown that
EMYV shedding from cancer cells results in increased drug
efflux and contributes to their resistance to chemotherapeutic
agents; therefore, an inhibition of EMV would sensitize can-
cer cells to chemotherapeutic agents, which various in vitro
and in vivo studies have demonstrated (Federici et al. 2014;
Jorfi et al. 2015; Koch et al. 2016; Muralidharan-Chari et al.
2016; Kosgodage et al. 2017). Consistent with these studies,
Kosgodage et al. (2018) found that the CBD-mediated EMV
inhibition sensitized HEPG2 and MDA-MB-231 cell lines
to cisplatin-induced apoptosis. CBD has also been shown
to sensitive glioblastoma to temozolomide, carmustine, and
doxorubicin (Nabissi et al. 2012).

In addition to its palliative effects, there is evidence that
suggests that cannabis may be used as a potential chemo-
therapeutic agent. Munson et al. (1975) showed that mice
with lung adenocarcinoma exhibited decreased tumor
growth when given oral THC, prompting further investiga-
tions into the anti-tumor mechanisms of THC. The in vitro
anti-proliferative action of CBD was first investigated by
Massi et al. (2004) in human glioma cell lines. They showed
that CBD inhibited the growth of implanted human glioma
cells, which highlighted the potential application of CBD as
a chemotherapeutic agent. CBD and THC have since been
extensively studied for their anti-tumor effects. Specific can-
nabis strains are characterized by the content of these two
phytocannabinoids (Namdar et al. 2019). The first systematic
chemotaxonomy of the various cannabis strains was pro-
posed by Small and Beckstead (1973), who classified strains
into three chemical types according to the THC and CBD
content of the strain. The three chemotypes are chemotype I
(high THC; > 85% of total extract), chemotype II (dominant
CBD content, THC at varying concentrations), and chemo-
type III (high CBD; > 85% of total extract). However, this
THC/CBD-based classification does not consider the role
of secondary metabolites in cannabis strains. Cannabis can
produce more than 600 different secondary metabolites,
many of which are biologically active (Russo 2011), and
have been found to enhance the bioactivity of single, purified
phytocannabinoids (Russo 2011, 2019; Andre et al. 2016).
This phenomenon was coined as the “entourage effect”
(Blasco-Benito et al. 2018). These entourage effects are fur-
ther classified as the “intra-entourage effect” which refers
to enhanced bioactivity due to interaction between different
phytocannabinoids, and the “inter-entourage effect”, which
refers to enhanced bioactivity associated with the presence
of secondary plant metabolites, primarily terpenoids. It has
also been suggested that synthetic and/or pure cannabinoid
formulations may induce increased health risks compared to
cannabis plant extracts (Kiskova et al. 2019). An example
of this includes the documented increase in patients admit-
ted to emergency rooms in the USA and Europe present-
ing toxic side effects attributed to the use of illicit synthetic
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cannabinoid products, called “Spice” (Von Bueren et al.
2008).

Cannabis is used in various forms ranging from crude
extracts to purified ingredients with different THC/cannabi-
noid ratios, and the drug interactions that are potentially
caused by cannabis not only depend on the drugs involved,
but also on the chemical profile of the cannabis preparations
used (Alsherbiny and Li 2019). Breast cancer is the second
most commonly diagnosed cancer worldwide, second only
to lung cancer and the most commonly diagnosed cancer
in women. It is also ranked as the leading cause of cancer-
related death in women in less developed regions; as the
second leading cause of death in women in more developed
regions; and as the fifth leading cause of cancer-related
death overall (Ferlay et al. 2015). This indicates that breast
cancer is one of the most commonly treated cancers world-
wide. With the exponential increase in the use of cannabis
for both its palliative and potential anti-tumor effects, more
understanding regarding the effects of different cannabi-
noid ratios and potential interaction between cannabis and
chemotherapeutic agents is required. The estrogen recep-
tor (ER) positive (MCF-7) and estrogen receptor negative
(MDA-MB-231) cell lines represent two common types of
cancer, and the dose-dependent effects of THC and CBD
on these cell lines is well established, making them good
models for further investigation into the effect of cannabis
on breast cancer. This study aimed to evaluate the potential
anti-proliferative “intra-entourage effects” between puri-
fied phytocannabinoids resembling the THC:CBD content
of general medicinal and recreational cannabis strains in the
MCF-7 and MDA-MB-231 cell lines. This study also aimed
to evaluate the potential “inter-entourage effect” between the
phytocannabinoids and the phytochemicals extracted from
C. Sativa in these cell lines. Additionally, both the puri-
fied cannabinoid formulations and the cannabis extract were
investigated for their “entourage effect” in combination with
the conventional breast cancer treatment, tamoxifen, in the
MCF-7 cell line.

Materials and methods
Cell maintenance

The cell lines used in this study were the human breast
cancer cell lines, MDA-MB-231 and MCF-7. The MDA-
MB-231 cell line was cultured in Leibovitz’s L-15 medium
(Sigma-Aldrich) supplemented with 10% (v/v) fetal bovine
serum (FBS, Biowest), while the MCF-7 cell line was cul-
tured in high glucose Dulbecco’s modified Eagle’s medium
(DMEM, Biowest) supplemented with 10% (v/v) FBS. Cul-
tures were maintained at 37 °C in a humidified atmosphere.
The MCF-7 cell line was incubated in 5% CO,, while the

MDA-MB-231 cell line was incubated in a CO,-free envi-
ronment. All cell lines were obtained from the American
Type Culture Collection (ATCC). At approximately 80%
confluence, cells were either sub-cultured or seeded at a den-
sity of 10 000 cells per well in 96-well plates and allowed to
attach for 24 h before treatment.

Phytochemical extraction

An aged cannabis extract (10 g) was dried and ground using
a mortar and pestle. The phytochemicals were extracted by
the addition of 10 mL analytical grade chloroform (Merck).
After 1 h at room temperature, the chloroform was removed,
and the procedure was repeated twice more. The three chlo-
roform fractions were pooled, filtered, and evaporated under
nitrogen gas to yield a resin. The resin was resuspended in
100% analytical-grade methanol (Merck), flushed with nitro-
gen, and stored in the dark under a vacuum at 4 °C (Ben-
Shabat et al. 1998).

Phytocannabinoid quantification using RP-HPLC

Reverse-phase high-performance liquid chromatography
(RP-HPLC—Agilent Technologies Infinity 1260) was used
to construct calibration curves of commercial cannabinoid
standards (0-100 ng/uL), including A°-THC (Leco) and
CBD (LGC Standards). The standards were resuspended in
the relevant mobile phase (0.1% (v/v) formic acid acidified
acetonitrile: 0.1% (v/v) formic acid acidified water, 75:25).
The elution profiles were obtained using a C18 column
(Restek RaptorTM ARC-18 column; 4.6 mm X 150 mm)
with isocratic elution. The injection volume was 1 pL. with a
flow rate of 1.5 mL/min (Ramlugon et al. 2018). The absorb-
ance was recorded at 214 nm and chromatograms were ana-
lyzed using the DioArray detection Agilent software. The
retention times and peak areas of commercial cannabinoid
standards were used to putatively identify and quantify the
respective cannabinoids in the cannabis extract.

Formulation of the recreational and medicinal
cannabinoid combinations

To mimic a chemotype I cannabis strain (commonly referred
to as a recreational cannabis strain), a high THC:CBD (9:1)
ratio was prepared. Hereafter, this ratio will be referred to
as the recreational cannabinoid-only formulation (RCOF)
and was based on the THC and CBD content of a recrea-
tional cannabis strain, previously quantified by our research
group. To mimic a chemotype II/chemotype III cannabis
strain (commonly referred to as a medicinal cannabis strain),
a moderate THC and high CBD ratio of THC:CBD (1:3)
was prepared. Hereafter, this ratio will be referred to as
the medicinal cannabinoid-only formulation (MCOF) and
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was based on a medicinal cannabis ratio sold in cannabis
dispensaries.

To evaluate the inter-entourage effects between the can-
nabinoids and phytochemicals found in cannabis, the THC
and CBD content in 5 mg/ml phytochemicals (extracted
as described in Section "Phytochemical extraction") was
quantified using RP-HPLC (as described in Section "Phyto-
cannabinoid quantification using RP-HPLC"). Calibration
curves of the cannabinoid standards were constructed using
RP-HPLC (supplementary Fig. S1). The retention times (in
minutes) for CBG, CBD, CBN, and THC were 3.15 min,
3.30 min, 5.00 min, and 6.26 min, respectively. After the
retention times were confirmed, the THC and CBD content
in a recreational cannabis strain was quantified (Fig. 1). The
cannabinoid content was adjusted to 1) the same final THC
and CBD concentration (9:1) present in the RCOF, with a
total THC content of 74% of the extract, and 2) the same
THC and CBD concentration (1:3) present in the MCOF
where the total CBD content was 83% of the extract. These
ratios will hereafter be referred to as the 1) recreational
cannabis extract formulation (RCEF) and 2) medicinal can-
nabis extract formulation (MCEF), respectively (Table 1).
The interactions between cannabinoid combinations were
evaluated using the median-effect method described by Chou
(2010), using the CompuSyn software version 1.0 (available
at: www.combosyn.com).

MTT cell viability assay

To evaluate the effects of the various treatments on the breast
cancer cell lines, spent media were removed and replaced
with MTT solution (0.5 mg/mL final concentration) in the
respective media. The cells were incubated for 2 h at 37 °C
(Mosmann 1983). The MTT reagent was removed, and
dimethyl sulfoxide (DMSO, Merck) was added to solubi-
lize the formazan crystals. The absorbance was measured at
550 nm using an EPOCH 2 microplate reader™ (BioTek®
Instruments Inc., USA). Cell density standard curves were
used to normalize the data to cell number.

Results and discussion
Medicinal vs. recreational cannabis formulations

The MDA-MB-231 and MCF-7 cell lines were treated with
the RCOF and MCOF (Table 1) for 48 h. These ratios were
chosen to represent commonly used recreational (high THC)
and medicinal (high CBD) cannabis strains. The highest con-
centration of the ratios tested was THC:CBD—45 uM:5 uM
and 34 uM:88 uM for the recreational and medicinal formu-
lations, respectively. The ratios were diluted to create the
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various concentrations used to construct the dose-response
curves (Fig. 2), maintaining the respective ratios.

The dose-response curves were linearized to create
median-effect plots (Supplementary Fig. S2) to obtain the
median-effect parameters at inhibitory concentrations of 50,
75 and 90%, which were used to determine the CI values.
The dose—response curves were linearized by plotting the
logarithm of the drug concentration (log dose) against the
logarithm of the fraction of the cell population affected (F,)
against the fraction unaffected (F,).

According to Chou (2006), an R value of 0.95-1 is
required for in vitro studies. All the R values were higher
than 0.95, adhering to this prerequisite. The linear equations
obtained from median-effect plots were then used to deter-
mine the median-effect parameters (Table 2).

When comparing the efficacy of the MCOF and RCOF
formulations within each cell line, the RCOF combination
had greater efficacy than the MCOF in the MDA-MB-231
cell line at the ICs, value, but the MCOF combination
showed greater efficacy at the IC;5s and ICy, values when
compared to the RCOF. In the MCF-7 cell line, the RCOF
had greater efficacy than the MCOF at all tested concen-
trations. When comparing the efficacy of the formulations
between the two cell lines, the RCOF had a greater efficacy
in the MCF-7 cell line, and the MCOF in the MDA-MB-231
cell line.

Most studies have shown that THC exerts its cytotoxic
effects via the cannabinoid G-protein coupled receptors
(GPCR), CB1 and CB2, while non-THC cannabinoids such
as CBD exert their effect through orphans GPCRs, de-
orphan GPCRs, and non-GPCRs (Afrin et al. 2020; Mangal
et al. 2021). Therefore, the difference observed between the
recreational and medicinal formulations across the cell lines
may be explained by differences in the expression of various
receptors. One of these receptors is the estrogen receptor
(ER). The proliferation of the MCF-7 cell line is stimulated
by 17p-estradiol (E2), resulting from the activation of ERa
signal transduction pathways, and ERp is recognized as
a repressor of ERa activity (Takeda et al. 2013). Takeda
et al. (2013) reported that THC increases the expression of
ERp, disrupting the proliferative E2/ERa signaling pathway
(Repka et al. 2006; Takeda et al. 2013). Therefore, THC
may have exerted dual anti-proliferative action via both the
cannabinoid receptors (CB1 and CB2), as well as upregula-
tion of ERP expression in the MCF-7 ER* cell line. This
effect on the estrogen receptor would not be observed in
the MDA-MB-231 cell line, as it expresses very low basal
levels of ERf and lacks ERa expression. This was confirmed
by Takeda et al. (2013), who showed that, in the presence
of E2, THC did not show anti-proliferative effects in the
MDA-MB-231 cell line, suggesting that ERa expression is
required to exhibit the anti-proliferative effects of THC. This
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Table 1 The various cannabinoid formulations evaluated in this study
and their respective codes

Ratio type Code Formulation
Recreational RCOF THC:CBD -9:1
RCEF THC:CBD + Phytochemicals” —
9:1+5 pg/mL
Medicinal MCOF THC:CBD - 1:3
MCEF THC:CBD + Phytochemicals” —
1:34+5 pg/mL

*Phytochemicals extracted from C. sativa

may partially explain the increased efficacy of the RCOF
combination in the MCF-7 cell line.

Fig.2 Screening of recreational
and medicinal cannabinoid for-

Recreational formulation

In contrast to THC, CBD shows decreased affinity for
CB1 and CB2, but has been shown to exhibit high potency
at non-CB receptors, such as the G-protein coupled recep-
tor 55 (GPRS5), transient receptor potential vanilloid type 1
(TRPV1) and transient receptor potential cation channel sub-
family M member 8 (TRPMS) (De Petrocellis et al. 2011).
TRPMBS8 has been shown to play an important role in the
initiation and progression of tumors (Liu et al. 2016) where
the antagonization of this receptor by the phytocannabinoid,
cannabigerol, led to a concentration-dependent decrease in
the viability of Caco-2 cells (Borrelli et al. 2014). CBD
has also been shown to be a potent TRPMS antagonist (De
Petrocellis et al. 2011) and Liu et al. (2014) showed that
the MDA-MB-231 cell line had higher expression of the
TRPMBS receptor compared to the MCF-7 cell line. CBD

Medicinal formulation

mulations both in the presence 1 1
and absence of phytochemicals — 08 =08
in the MDA-MB-231 and £ w
MCF-7 cell lines. The recrea- S 0,6 3 0,6
tional (RCOF and RCEF) and - T 04 S 04
medicinal (MCOF and MCEF) : £ 02 = 02
formulations were evaluated S ¢ ’ 5 ’
against the MDA-MB-231 and z 2 0 z 0
MCF-7 cell lines. The cells 8 ©-020 60 ©.02 0 20 40 60 80 100 120 140
S o -
were treated for 48 h, and cell -0,4 04
viability was determined using [THC + CBD] (uM) ’ [THC + CBD] (uM)
the MTT cell viability assay.
Error bars represent SEM =
(n=3) *RCOF =RCEF *MCOF MCEF
1 1
= 08 = 08
. 5
o 0,6 5 06
S 04 S 04
= 0,2 s 0,2
b c c
s 2 0 2 0
& 02 0 20 40 60 © 92 O 20 40 60 80 100 120 140
[ [ ’
-0,4 -0,4
[THC + CBD] (uM) [THC + CBD] (uM)
<RCOF =RCEF ~MCOF =MCEF
Table 2 Median.—effect plot Cell line Formulation Parameters”
parameters obtained for the
recreational and medicinal m r D,, (uM) +SEM
cannabinoid-only formulations
ICs IC35 ICy
MDA-MB-231 RCOF 2.135 0.959 22.9+4.38 383+134 64.0+33.9
MCOF 4.536 0.957 29.9+9.1 38.1+11.1 48.6+134
MCEF-7 RCOF 2.793 0.962 20.8+3.5 309+7.1 45.8+13.7
MCOF 9.584 0.991 49.2+4.0 55.1+£338 61.8+4.9

#Parameters consist of the slope (m), potency (D,,) and the linear correlation coefficient of the median-

effect plot ()
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has also been shown to be a potent antagonist of GPR55
(Mangal et al. 2021), which has also been found to be more
abundantly expressed in the MDA-MB-231 cell line when
compared to the MCF-7 cell line (Ford et al. 2010). GPR55
has been proposed as a potential target for cancer treatment.
Ferro et al. (2018) showed that antagonization of this recep-
tor by CBD decreased proliferation of pancreatic cancer cells
and also increased responsiveness to Gemcitabine treatment
in mice. These differences in expression between the cell
lines, combined with the varying affinities of CBD and THC
for these receptors, potentially explains the increased effi-
cacy of the high THC formulation in the MCF-7 cell line,
and the high CBD formulation in the MDA-MB-231 cell
line.

The combination index (CI) values were determined for
the cannabinoid combinations (Table 3) to elucidate the type
of interaction between THC and CBD. The CI is a practical
model used to analyze the synergy of a combination in a
fixed ratio. The dose—response curves of the individual com-
ponents, as well as the combined components were deter-
mined, and the dose that resulted in a specified effect (e.g.,
50%, 75% and 90% inhibition in this case) are determined.
The doses for the individual components required in the
combination to produce the same effect could be calculated,
and the synergism/addition/antagonism determined (Zhou
et al. 2016). The CI was calculated using Eq. 1.

D), D),
= .
Dy, T D), M

(D), and (D), refer to the dose of each drug in the combina-
tion required to cell death by a certain level. (D,), and (D,),
refer to the dose of the individual drugs required to induce
the same level of cell death calculated using Eq. 2.

(D), = D )/ = )1 @)

D,, refers to the inhibitory concentration (potency), fa refers
to the fraction of the cell population affected by the drug,

Table 3 Combination index values of the recreational and medicinal
cannabinoid-only formulations determined using the median-effect
plot parameters

Cell line Formulation Combination index*
50% 75% 90%
MDA-MB-231 RCOF 0.843 1.044 1.310
MCOF 1.740 1.316 1.015
MCE-7 RCOF 0.715 0.762 0.817
MCOF 2.674 1.867 1.313

*CI< 1 indicates synergism, CI=1 indicates an additive effect and
CI> 1 indicates antagonism

and m refers to the slope of the median-effect equation. The
dose-response curves and corresponding values for the
parameters needed to calculate the dose of the individual
drugs (THC and CBD) were obtained from results that were
published in a previous paper by our research group (Schoe-
man et al. 2020).

The CI values for the RCOF were generally lower than
those for the MCOF in both cell lines. The RCOF combina-
tion displayed a moderately synergistic interaction in the
MDA-MB-231 cell line (CI< 1) at 50% growth inhibition.
The RCOF combination displayed moderately synergistic
interactions at 50%, 75% and 90% growth inhibition in the
MCEF-7 cell line. This synergism measured between THC
and CBD suggested that an “intra-entourage effect” was evi-
dent. In contrast, the MCOF resulted in antagonistic interac-
tions against both of the cell lines tested, with the CI values
being lower in the MDA-MB-231.

Phytochemicals and cannabis efficacy

To determine the effect of the phytochemicals in C. sativa
on cannabinoid efficacy, a recreational cannabis extract was
supplemented with THC and CBD to the same concentra-
tions present in the RCOF and MCOF, thereby creating the
RCEF and MCEF combinations, respectively. The MDA-
MB-231 and MCF-7 cell lines were treated with the RCEF
and MCEF, and their efficacy was compared to the respec-
tive cannabinoid-only formulations (Fig. 2). The highest
concentration of the ratios tested were THC:CBD:phytoche
micals—45 uM:5 uM:5 pg/mL and 34 uM:88 uM:5 pg/mL
for the recreational and medicinal formulations, respectively.
The ratios were then diluted to create the concentrations
used to construct the dose-response curves, maintaining the
various ratios.

The anti-proliferative effects of the medicinal cannabi-
noid formulations remained relatively unchanged in the pres-
ence (MCEF) and absence (MCOF) of the phytochemicals.
The presence of the phytochemicals (RCEF) decreased the
efficacy of the recreational (RCOF) formulation in both cell
lines. Although several studies have reported the enhanced
bioactivity of cannabinoids in the presence of the phyto-
chemicals in C. sativa (Russo 2011, 2019; Stuyt 2018), an
“inter-entourage effect” was not evident between the phy-
tocannabinoids and phytochemicals in this study. The dif-
ference in the effect observed between the medicinal and
recreational formulations, in terms of cell death, is most
likely due to the differences in the THC and CBD content
of the recreational and medicinal formulations. A decrease
in efficacy of the recreational strain in the presence of the
phytochemicals was seen in both the ER* and ER™ cell lines,
suggesting that this decrease in efficacy was most likely
not a result of ER signaling. As mentioned previously, the
effects of THC are predominantly mediated by CB1 and CB2
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activation and since the phytochemical-induced decrease in
efficacy was only observed in the recreational, but not the
medicinal formulation, it suggests that the phytochemicals
present in the C. sativa extract may oppose the effects of
the RCOF combination in a cannabinoid receptor-dependent
mechanism, due to the THC-rich content of the RCEF com-
bination. Alternatively, one particular study found that the
anti-proliferative activity of THC was only enhanced when
combined with its co-related terpenoids, while the combina-
tion with other terpenoids (i.e., CBDA-related terpenoids)
inhibited the anti-proliferative activity of THC. They also
highlighted that the specificity of the terpenoid content was
less stringent when combined with CBD (Santiago et al.
2019), supporting the results obtained in this study, where
the addition of phytochemicals had little effect on the high
CBD (MCEF) formulation (Fig. 2). This suggests that an
“inter-entourage effect” is dependent on both the type of
cannabinoid formulation (recreational or medicinal) and the
phytochemical profile of the specific strain.

Cannabis and tamoxifen efficacy

Cancer patients use both pure cannabinoids and cannabis
extracts in the treatment of chemotherapy-associated side
effects (Ware et al. 2008). Therefore, the cannabinoid-only
(RCOF and MCOF) and cannabinoid-extract (RCEF and
MCEF) combinations were evaluated in combination with
the common endocrine treatment, tamoxifen (Tam).

To determine the ICs, value of Tam against the MCF-7
cell line, a dose-response curve was constructed in the
range of 0-88 pM. Tam was combined at a concentration
of 2xthe ICs, value (18 pM X 2) with the various can-
nabinoid ratios. The highest concentrations for the ratios
tested were THC:CBD:Tam—45 pM:5 pyM:36 pM and
34 uM:88 uM:36 pM for the recreational and medicinal for-
mulations, respectively. Tam alone, as well in combination
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Fig.3 Dose-response curves of tamoxifen alone and in combination
with (a) recreational and (b) medicinal cannabinoid-only and cannab-
inoid-extract formulations. The MCF-7 cell line was treated with a
various concentrations of Tamoxifen alone, as well as tamoxifen in
combination with a recreational cannabinoid-only and cannabinoid-
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with the recreational and medicinal cannabinoid formula-
tions, was diluted to construct the dose-response curves,
maintaining the various ratios. This was only completed
against the ER* MCF-7 cell line, since tamoxifen targets
the estrogen signaling pathway.

The combination of tamoxifen with both the recrea-
tional and medicinal cannabinoid formulations resulted in a
decrease in tamoxifen efficacy (Fig. 3). This was highlighted
by the calculated ICs, values (Table 4), which showed that
the lowest ICy, was obtained for tamoxifen treatment alone
and that combination with any of the cannabinoid formula-
tions decreased the toxicity of tamoxifen. This decrease in
toxicity was observed to a lesser degree when tamoxifen
was combined with the medicinal cannabinoid formula-
tions (Fig. 3b) as opposed to the recreational formulations
(Fig. 3a), which is shown by the greater increase in the ICy,
when combined with the recreational formulations. As men-
tioned previously, various studies have found synergistic
interactions between CBD and various chemotherapeutic
agents, including -ethyl-10-hydroxycamptothecin, vinorel-
bine, (Alsherbiny et al. 2021), paclitaxel and doxorubicin
(Fraguas-Sanchez et al. 2020), as well as increased sensitiv-
ity to cisplatin, temozolomide, carmustine, and doxorubicin
(Nabissi et al. 2012). No synergistic interactions or increase

Table 4 ICs, values of tamoxifen with the various recreational and
medicinal cannabinoid formulations, determined using GraphPad
Prism® 5 (version 5.01) software

Treatment IC5y (UM) = SEM
Tam only 18.2+0.8

Recreational Tam:RCOF 33.9+45
Tam:RCEF 39.1+0.6

Medicinal Tam:MCOF 269+19
Tam:MCEF 23.2+0.9
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extract formulation and b various concentrations of tamoxifen alone,
as well as tamoxifen in combination with a medicinal cannabinoid-
only and cannabinoid-extract formulation. The dose (uM) refers to
the combined concentration of Tam+CBD +THC. Error bars repre-
sent SEM (n=3)
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in sensitivity was observed in this study; however, this may
be due to several reasons including the type of chemothera-
peutic agent used or the use of a THC:CBD ratio, as opposed
to CBD alone, which was used in the above-mentioned
studies. With regard to the effect of the phytochemicals on
tamoxifen efficacy, the high THC formulation had greater
efficacy in the absence of the phytochemicals. In contrast,
the high CBD formulation had greater efficacy in the pres-
ence of the phytochemicals (MCEF). This further supports
the theory that the phytochemicals may oppose cannabinoid
efficacy in a CB receptor-dependent mechanism, due to the
decreased efficacy of the high THC formulation when com-
bined with the phytochemicals.

Interestingly, tamoxifen has been shown to act as an
inverse agonist of the cannabinoid receptors 1 and 2, thus
inducing a pharmacological response opposite to that of
an agonist (Chang 2012). This suggests that the reduced
tamoxifen efficacy observed when combined with the can-
nabinoid formulations may have been mediated via the CB1
and CB2 receptors. Since the THC-mediated effects are can-
nabinoid receptor dependent, the inverse agonistic binding
of tamoxifen may counteract the anti-proliferative effects of
THC. This potentially explains the greater decrease in effi-
cacy with the recreational cannabinoid formulations when
compared to the medicinal cannabinoid formulations, which
contained a lower THC content. The anti-proliferative effects
of CBD are cannabinoid receptor-independent, explaining
the enhanced anti-proliferative effect of the combination
between tamoxifen and the medicinal cannabinoid formula-
tions when compared to combination with the recreational
cannabinoid formulations. Overall, these results suggested
that the efficacy of tamoxifen is greatest when used as a
monotherapy, as the efficacy decreases when used in com-
bination with a cannabis extract.

Conclusions

With regard to the comparative effect of the RCOF and
MCOF on the two cell lines tested, the RCOF was more
effective against the MCF-7 cell line, displaying moderately
synergistic interactions and provided evidence that an “intra-
entourage effect” may be present. The RCOF contained a
high THC content, and it was hypothesized that its anti-
proliferative effect was more prominent in the ER* MCF-7
cell line due to THC exerting its anti-proliferative effects
via the ER (Blasco-Benito et al. 2018). The MCOF, with its
high CBD content that exerts its effects independent of the
CB receptors and ER (Takeda et al. 2013), was more effec-
tive against the ER™ MDA-MB-231 cell line. CBD has been
documented to exert its anti-proliferative effects via various
receptors including—but not limited to—the GPRS55 and
TRMS receptors, both of which are more highly expressed

in the MDA-MB-231 cell line when compared to the MCF-7
cell line. This may explain the enhanced effect of the MCOF
in the MDA-MB-231 cell line. Overall, the data highlights
the need for the development of specialized cannabinoid
formulations to cater for specific cancer cell types, support-
ing the notion for patient- and cancer-specific treatments as
opposed to a “one-size-fits-all” therapy regime.

Concerning the effect of treatment with the RCEF and
MCEF combinations, no “inter-entourage effects” were pre-
sent in either of the cell lines, contradicting previous reports
that showed evidence of an inter-entourage effect between
phytocannabinoids and terpenes (Blasco-Benito et al. 2018;
Russo 2019). No difference in the anti-proliferative effects
of the medicinal formulations in the presence (MCEF) and
absence (MCOF) of phytochemicals was observed, while
the presence of the phytochemicals showed a decreased anti-
proliferative effect between the RCEF and RCOF combi-
nations, suggesting that the phytochemicals present in the
C. sativa extract may antagonize the CB receptor-mediated
effects of THC. With regard to the effect of the combina-
tion treatment of tamoxifen with the various cannabinoid
formulations, the results indicated that the cannabinoid for-
mulations generally reduced the efficacy of tamoxifen, with
a more pronounced reduction with the recreational cannabis
formulations.

The anti-emetic and analgesic prescription of cannabi-
noids is well-documented to alleviate cancer-associated
pain and chemotherapy-induced side effects. With several
cancer patients using cannabis-based products in the form
of extracts, as opposed to pure cannabinoid formulations,
the results of this study suggest that medicinal cannabis for-
mulations should be recommended for two main reasons:
(1) ahigh CBD content is crucial to counteract the potential
psychosis induced by THC and (2) the potential for reduced
chemotherapeutic treatment efficacy is minimized. Vari-
ous studies have shown the beneficial effects of combined
CBD and chemotherapeutic drug treatment; however, this
same beneficial effect was not observed in this study when
tamoxifen was combined with a THC:CBD ratio, or with a
cannabis extract. This suggests that the synergistic effect
observed by previous studies may be limited to combination
with CBD alone. This means that patients should maintain
caution when combining their chemotherapy regime with
cannabis extracts with an unknown THC:CBD ratio and phy-
tochemical profile, due to the potential for undesired interac-
tions. This study highlights the need for research to holisti-
cally investigate the safety and efficacy of cannabinoids, and
more specifically cannabis extracts, as anti-emetic agents as
well as their effect on the efficacy on the chemotherapeutic
agent it is combined with.
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Limitations of the study

This paper served as an initial screening to observe the over-
all effect of general recreational and medicinal THC:CBD
ratios, as well as a Cannabis extract on breast cancer cell
lines and their effect on tamoxifen efficacy. Many of the
conclusions drawn from the data are based on previous stud-
ies, as no quantitative markers were completed to confirm
the findings. Another limitation of this study was the com-
bination of tamoxifen with the THC:CBD ratios only, and
not with the individual cannabinoids. THC and CBD alone
should be tested in combination with tamoxifen to determine
the effect of the individual cannabinoids on tamoxifen effi-
cacy, especially due to the synergistic interactions between
CBD and various chemotherapeutic drugs that have been
observed in previous studies. Additionally, only one chemo-
therapeutic drug was tested. Ideally, multiple drugs should
be tested to determine if the trends are observed across mul-
tiple agents, or if the interactions are drug specific. All of
these limitations are opportunities for further investigation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13205-021-03102-1.
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