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Abstract

Introduction: Several studies have found that cannabinoids, 

particularly delta-9-tetrahydrocannabinol and cannabidiol 

(CBD), have the ability to reduce cancer cell viability. An on-

going debate regarding the use of medical Cannabis re-

volves around the effectiveness of pure compounds versus 

intact plant material for treatment. Proponents for the use of 

intact plant material or botanical extracts argue that there is 

a synergistic effect between the different cannabinoids, ter-

penoids, and flavonoids; this is commonly referred to as the 

“entourage effect.” Our study was designed to test the valid-

ity of the proposed entourage effect in a narrow application 

using a cancer cell viability model. Materials and Methods: 

Six cancer cell lines, from 3 different types of human cancer 

were treated with 10 μM pure CBD or 10 μM CBD from hemp 

(Cannabis sativa) oil (obtained from 3 different commercial 

sources) for 48 h, and cell viability was measured with the 

MTS assay. Dose-response curves were then performed to 

compare the potencies of pure CBD to CBD oils. CBD concen-

trations were independently confirmed in the commercial 

oils, and cannabinoid and terpene composition were also 

compared. Results: CBD (10 μM) was able to reduce cell via-

bility in 3 of the 6 cell lines tested, and this was found to be 

cell line specific and not specific to select cancers. None of 

the CBD oils tested were able to reduce viability to a greater 

extent than that of pure CBD. Additionally, dose-response 

curves found lower IC50 values for pure CBD compared to the 

most potent CBD oil tested. Interestingly, some oils actually 

appeared to protect cancer cells from the effects of CBD. 

Conclusions: We found that pure CBD was as potent or more 

potent at reducing cancer cell viability as the most potent oil 

tested, suggesting that there is no “entourage” effect under 

these specific in vitro conditions. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

The Cannabis sativa plant (marijuana and hemp) has 
a long history of use in medical therapy. There are re-
cords of the use of this plant dating back almost 5,000 
years ago in China to treat gout, malaria, constipation, 
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rheumatism, and other conditions [1]. Extracts of C. sa-
tiva contain a large number of phytochemicals such as 
terpenes and flavonoids, as well as a unique class of mol-
ecules known as cannabinoids. There are over 100 dif-
ferent known cannabinoids, with the 2 most abundant 
being delta-9-tetrahydrocannabinol (THC) and canna-
bidiol (CBD). Unlike THC, CBD does not produce eu-
phoria but has been shown to modulate the activity of 
THC and have anti-inflammatory and analgesic activi-
ties [2–4].

There is a growing trend globally for the use of med-
ical cannabis. THC, in the synthetic form known as 
dronabinol, has been FDA-approved to stimulate appe-
tite and treat nausea patients with HIV/AIDS or under-
going chemotherapy [5–8]. More recently, CBD has 
been approved to treat pediatric seizure disorders in the 
US [9]. While studies using individual cannabinoids for 
the treatment of cancer have shown promise [10–13], 
proponents of medical marijuana argue that there is an 
additive effect between the various cannabinoids, terpe-
noids, and other compounds in C. sativa that increase 
the efficacy of the plant as a medicine, compared to the 
individual compounds [14–18]. This premise, that there 
is a synergistic activity of crude extracts, is known as the 
“entourage effect.” However, this has not been widely 
studied scientifically and may prove to be restricted to 
selected situations. In the present study, we assessed the 
potential entourage effect in CBD-induced cancer cell 
death in vitro.

A number of studies have investigated the ability of 
phytocannabinoids to reduce cancer cell viability in 
breast cancer, colorectal cancer, glioblastomas (GBM), 
lung cancer, and a variety of other models. Several of 
these studies have found that CBD or THC can reduce 
cancer cell viability [10, 19–26]. Interestingly, 2 studies 
have shown the opposite effect – that these compounds 
can promote tumor growth as well [27, 28].

The objective of this study was to examine if CBD oils 
isolated from hemp (C. sativa) would be more potent in 
reducing cancer cell viability than pure CBD – thus sup-
porting the concept of an “entourage” effect in this spe-
cific situation. Previously, we have shown that CBD had 
a very modest impact on the growth of select colorectal 
cancer cells (CRCs) [13], and we expanded those results 
here to identify any potential impact CBD has on mela-
noma or GBM cell growth as well. We did not find any 
additional efficacy in CBD oils as compared to pure 
CBD (when matched for CBD concentration).

Methods

Cell Culture
CRC lines (SW480 and HCT116) and melanoma cell lines 

(1205Lu and A375M) were grown in DMEM supplemented with 
10% fetal bovine serum, 2 mM GlutaMAX, 10 U/mL penicillin, 10 
μg/mL streptomycin, and 0.25 μg/mL amphotericin B. GBM cell 
lines (T98G and U87MG) were grown in DMEM supplemented, 
as above, but with the addition of 1 mM sodium pyruvate and 1x 
nonessential amino acids (ThermoFisher; Waltham, MA, USA). 
Cells were cultured at 37°C in 5% CO2. All cell lines had been ob-
tained from the American Type Culture Collection and their iden-
tities confirmed by short tandem repeat DNA profiling by Genet-
ica Cell Line Testing (Burlington, NC, USA). As noted throughout, 
experiments were conducted in the presence of fetal bovine serum 
as opposed to serum-deprived cells so as to better mimic the phar-
macokinetic conditions of the cancer cell environment in vivo.

Cell Treatment & Viability Assay
CRC cell lines were treated as previously described, except cells 

were seeded at a density of 10,000 cells/well [13]. Melanoma and 
GBM cells were seeded at a density of 7,500 cells/well and 12 h 
later treated with pure CBD (Cayman Chemical; Ann Arbor, MI, 
USA) or CBD oils containing an equivalent concentration of CBD 
(in addition to the other lower levels of the other constituents of the 
oil – e.g., cannabinoids, terpenes, and flavonoids). In all treatments, 
the DMSO was maintained at a constant 1%. Oil manufacturers are 
not listed due to the lack of consent for disclosure. The MTS 
((3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium), Biovision; Milpitas, CA, USA) 
assay was used to assess viability as previously described [13].

Commercial CBD Oil Analysis
Commercial CBD extracts were purchased, and their cannabi-

noid compositions confirmed by standard American Herbal Phar-
macopeia methodologies [29] by a state-accredited cannabinoid 
testing laboratory (Keystone State Testing; Harrisburg, PA, USA). 
Briefly, 0.1 g of sample is dissolved in 20 mL acetonitrile (Thermo-
Fisher; Waltham, MA, USA) and then placed in a ball mill grinder 
at 1,000 rpm for 1 min. Subsequently, the sample was sonicated for 
15 min and then filtered through 0.2 μm filter. Samples were then 
analyzed by reverse phase HPLC using a Restek (State College, PA, 
USA) Raptor ARC C-18 column (2.7 μm particle size, 150 mm, 4.6 
mm ID, and matching guard length 5 mm), with mobile phase A: 
1% phosphoric acid in water, B: 1% phosphoric acid in acetonitrile. 
Cannabinoids were detected by spectrometry at 220 nm (Shimad-
zu; Columbia, MD, USA) where instrument control, data acquisi-
tion, and integration were achieved with LabSolutions (Ver 5.87 
SP1, Shimadzu), calibrated with a 7 point curve from 0.5 μg/mL to 
100 μg/mL using an 11 compound cannabinoid certified reference 
material mixture (Shimadzu; Columbia, MD, USA).

Terpenes were extracted with methanol and analyzed by head-
space in a Shimadzu 8050 GCMS-MS (Shimadzu; Columbia, MD, 
USA). A collection of 42 terpene compounds were used as calibra-
tion standards (CAN-TERP-MIX1H and CAN-TERP-MIX2H 
[Spex; Metuchen, NJ, USA]).

Dose Response Curves
Cells were treated as described above at varying concentrations 

of CBD or CBD Oil A (the most potent of the 3 oils based on viabil-
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ity analyses (Fig. 2)): 100, 56, 33, 18, 10, 3.3, 1.0, 0.33, and 0.1 μM. 
Viability was measured as described above and GraphPad Prism 
software (GraphPad Software; San Diego, CA, USA) was used to 
calculate IC50 values and to prepare semi-logarithmic dose-effect 
curves.

Statistical Analysis
For studies involving pure CBD (vs. control), the Student’s t 

test was used to determine statistical significance and a p ≤ 0.05 
was employed as the threshold for significance. For the studies in-
volving the various CBD oils, an ANOVA was first performed fol-
lowed by a Student’s t test, if appropriate, with the same threshold 
as above.

Results

Ability of CBD to Reduce Cancer Cell Viability
We previously reported that CBD was able to reduce 

the viability of some CRC lines; however, it was not as 
potent as synthetic cannabinoids at reducing cell viability 
[13]. In the present studies, we selected 2 lines that had 
different sensitives in the previous study. Cells were treat-
ed with CBD at a concentration of 10 μM for 48 h and vi-
ability was measured by MTS assay. We confirmed our 
previous results in CRC cells (Fig. 1a) and expanded our 
finding to melanoma (Fig.  1b) and GBM (Fig.  1c) cell 
lines. CBD had an effect on SW480 CRC cells, 1205Lu 
melanoma cells, and T98G GBM cells and did not sig-
nificantly reduce viability in the other cell lines tested. 
The results of the MTS assay were confirmed in select cell 
lines by trypan blue staining and cell counting (data not 
shown). These data suggest that CBD is not inducing 
apoptosis, but restricting growth, as the percentage of 
dead cells was not significantly different between vehicle 
and CBD-treated cells. This was consistent with our pre-
vious report that CBD is not universally efficacious in re-
ducing cancer cell viability.

Selection of CBD Oils
Efforts were made to select high-quality oils for this 

study. Oils were selected based upon the following crite-
ria: (1) unflavored oils to avoid added chemicals; (2) the 
company provided third party analysis of composition; 
(3) the company tracked lot numbers; and (4) the com-
pany was highly reviewed by independent online sources. 
Three oils that met these criteria were selected for study, 
hereafter referred to as Oil A, Oil B, and Oil C.

Characterization of CBD Oils
Oils for this study were specifically selected because 

the companies provided third party verification of their 

content; however, we verified their content through inde-
pendent confirmatory testing. The testing laboratory was 
blinded to the identity of the oils. Only minor discrepan-
cies were observed between the reported values and our 
analysis (Table 1; each oil was within 8% of their reported 
CBD concentration upon independent testing). The THC 
content for all 3 oils was below 0.3% (based on total mass 
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Fig. 1. CBD and cancer cell viability. Cell viability was measured 
by MTS assay 48 h after treatment with 10 μM CBD: colorectal can-
cer cell lines (SW480 and HCT116 cells) (a); melanoma cell lines 
(1205Lu and A375M) (b); and GBM cell lines (T98G and U87MG) 
(c). Results are normalized to DMSO vehicle. Error bars are SEM; 
**p ≤ 0.01, ***p ≤ 0.001. CBD, cannabidiol; GBM, glioblastoma.
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of the oil), the maximum level allowed in the US for 
hemp-derived products. We also analyzed the oils for ter-
pene content as shown in Table 2, this information was 
not provided by all of the companies, and therefore, only 
our data are provided. The 3 oils varied in color and so 
chlorophyll/carotenoid content was assessed spectropho-
tometrically (see online suppl. Table 1 [30, 31]; see www.
karger.com/doi/10.1159/000510256 for all online suppl. 
material). Additionally, 2 of the oils (Oil B and Oil C) 
listed fractionated coconut oil (or medium-chain triglyc-
eride coconut oil) on the ingredient list, while Oil A was 
pure hemp oil.

Ability of CBD Oils to Reduce Cancer Cell Viability
To assess the ability of the CBD oils to reduce cell vi-

ability, we conducted cell death experiments as previ-
ously described for pure CBD [13]. The oils were diluted 
in DMSO such that the cells were treated with 10 μM 

CBD for each oil (oil content varied between 0.05 and 
0.06%). There was again a cell-type specific effect of CBD 
oils to reduce cell viability observed in all 3 cancer types. 
Selected CBD oils were effective at reducing viability in 
SW480 and HCT116 CRC cells (Fig. 2a), 1205Lu mela-
noma cells (Fig. 2b), and T98G GBM cells (Fig. 2c), but 
not effective against the melanoma cell line A375M 
(Fig. 2b) or the GBM cell line U87MG (Fig. 2c). Interest-
ingly, despite all the oils being diluted to the same CBD 
concentration, Oil A was consistently the most potent, 
while Oil C was always the least potent and never pro-
duced a statistically significant reduction in cell viability 
(Fig.  2). Indeed, not only was Oil C indistinguishable 
from control, Oil A was significantly better than Oil C at 
reducing cell viability in 4 of the 6 lines tested (statistical 
analysis not shown). The potency of Oil B was variable 
based upon cell line tested. To confirm these results, we 
purchased a different lot of oil from each company and 
found no significant differences in the ability to reduce 
cancer cell viability between lots (data not shown). The 
Oil A results were confirmed by trypan blue staining. 
Given the same results, these new preparations were not 
analyzed for CBD content.

Efficacy of CBD Compared to CBD Oil
To compare the efficacy of pure CBD compared to the 

most potent CBD oil preparation (Oil A), we performed 
dose effect experiments for each preparation based upon 
the CBD content. As shown, in Figure 3 and Table 3, the 
efficacy of CBD was generally better than that observed 
for Oil A; however, this difference only achieved statisti-
cal significance between pure CBD and Oil A in the CRC 
cell line SW480.

Table 1. Cannabinoid composition of CBD oils

Cannabinoid Reported by company, mg/mL Independent testing, mg/mL

oil A oil B oil C oil A oil B oil C

CBD 54.59 51.90 35.22 54.42 47.52 32.36
CBC 2.09 2.72 1.72 2.35 2.70 1.74
CBDA 0.23 n.r. 0.33 0.28 0.34 <lod
CBDV 0.67 0.29 n.r. 1.00 0.37 0.33
CBG 0.93 2.47 0.29 <lod 2.36 <lod
CBN 0.24 0.04 0.09 0.35 <lod <lod
THC 1.32 2.02 1.54 1.16 1.73 1.73

CBD, cannabidiol; THC, delta-9-tetrahydrocannabinol; lod, limits of detection; n.r., not reported. Shown are 
the results reported by the commercial source of the CBD oil and the results of our testing of cannabinoid com-
position for each of the 3 CBD oils.

Table 2. Terpene composition of CBD oils

Terpene, ppm Oil A Oil B Oil C

β-Farnesene 3,790 1,635 <lod
Trans caryophyllene 728 750 301
α-Humulene 272 317 170
(–)-α-Bisabolol <lod 192 <lod
α-Farnesene 188 148 <lod

CBD, cannabidiol; lod, limits of detection. Shown are the re-
sults of our testing of terpene composition for each of the 3 CBD 
oils.
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Discussion

We did not observe an increased efficacy for the CBD 
oils tested compared to pure CBD, nor a decrease in IC50 
(increased pharmacological potency). These data suggest 
that, in reducing the viability of cancer cells in tissue cul-
ture, there is no entourage effect in this restricted area of 
investigation. Moreover, it further suggests that the con-
tributions from less abundant cannabinoids and other 
phytochemicals are very minor (if any).

Our results – showing that there does not appear to be 
an entourage effect when comparing pure CBD to high 
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Fig. 2. The ability of CBD oils to reduce 
cancer cell viability. Cell viability was mea-
sured by MTS assay 48 h after treatment 
with CBD Oil normalized to 10 μM CBD: 
colorectal cancer cell lines (SW480 and 
HCT116 cells) (a); melanoma cell lines 
(1205Lu and A375M) (b); and GBM cell 
lines (T98G, U87MG) (c). Results are nor-
malized to DMSO vehicle. Error bars are 
SEM; *p ≤ 0.05, **p ≤ 0.01. CBD, cannabi-
diol; GBM, glioblastoma.

Table 3. CBD is more potent than CBD Oil A

Cell line CBD IC50 µm CBD Oil A IC50 µm

SW480 5.8±2.6* 36.8±5.6
HCT116 8.0±4.8 25.5±8.3
1,205Lu 16.6±3.2 23.5±1.7
A375M 14.1±1.2 25.1±1.6
T98G 10.4±1.9 19.1±2.7
U87MG 17.8±1.5 18±2.0

CBD, cannabidiol. IC50 values for each of the 6 cell lines for 
both CBD and CBD Oil A (normalized to constant amounts of 
CBD).
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CBD content hemp oils – are in contrast to a recent study 
in breast cancer cells that showed botanical drug prepa-
rations were more efficacious than pure THC at reducing 
cell viability [32]. We also conducted an experiment in 
which CRCs were treated with equal amounts of CBD 
and THC in media containing serum and did not see any 

further enhancement of the toxic effect of CBD alone 
(data not shown). However, there are several differences 
between our study and the study of Blasco-Benito and 
colleagues [32]. First, our study did not serum-starve 
cells, and this likely accounts for the difference in find-
ings. Cannabinoids have been found to be greater than 
90% bound to protein in blood samples from human 
pharmacokinetic experiments and so, in the absence of 
plasma proteins, the effective concentration of free drug 
will be much higher. In the present study, we chose to 
avoid serum starvation because it less accurately reflects 
the human system and renders the cells more fragile and 
sensitive to drug treatment [33–36]. Second, the 2 studies 
examined different principal cannabinoids; here, we ex-
amined the effect around CBD oil and attendant addi-
tional phytochemicals, and the former study focused on 
THC. Interestingly, their plant extract did not contain 
any CBD [32]. We have not observed an ability of pure 
THC to reduce viability in CRC cells [13], nor melanoma 
or GBM cells (data not shown). Several studies have re-
ported that THC can reduce cancer cell viability; how-
ever, these studies were all performed in low or no serum 
conditions [10, 19, 21, 22]. In agreement with these stud-
ies, we did find that THC can reduce cell viability in 
CRCs to levels similar to CBD under no serum condi-
tions (data not shown) and so, our findings are not in 
conflict. However, in the presence of serum, we do not 
see an effect of THC, and this is in agreement with a 
study that showed that cell viability of cancer cells in se-
rum was not impacted by THC at concentrations less 
than 63.5 μM[37].

Another interesting finding from this study is that Oil 
C appeared to protect cancer cells from the toxic effects 
of CBD (Fig. 2), particularly when compared to Oil A. 
That is, even though they contained identical levels of 
CBD, Oil A was comparable in restricting cancer cell vi-
ability to pure CBD, while Oil C was without effect. Ex-
amination of the analyzed cannabinoid and terpenoid 
content of Oil C compared to Oils A and B did not reveal 
any notable differences in composition that could be po-
tential chemical entities that could be the cause of this 
protection, and further analysis of the composition of Oil 
C will be required. This finding does highlight the differ-
ence between utilizing a pure compound versus a botani-
cal extract.

A number of recent studies have highlighted that not 
all CBD oils are in agreement with their labels. With re-
gard to CBD oil composition our findings is in agreement 
with a study by Urasaki et al. [38] that found oil composi-
tion in agreement with the manufacturer’s label. This is 
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Fig. 3. Sample dose response curves for CBD compared to CBD oil 
A. Cell viability was measured by MTS assay 48 h after treatment 
with CBD or CBD Oil A at 100, 56, 33, 18, 10, 3.3, 1.0 μM, 330 nM, 
and 100 nM: CRC line SW480 (a); melanoma cell line 1205Lu (b); 
and GBM cell line T98G (c). CBD, cannabidiol; CRC, colorectal 
cancer cell; GBM, glioblastoma.
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in contrast with other studies that have shown marked 
differences between the actual composition of CBD oil 
and what is stated on the label [39, 40]. This highlights a 
concern that, in this unregulated commercial environ-
ment, CBD composition is highly variable and that there 
is a need for regulatory control and government-sanc-
tioned independent testing of commercial products. Ad-
ditionally, the findings from Urasaki and colleagues re-
garding the ability of pure CBD versus CBD oils to down-
regulate PI3K/Akt/mTOR signaling in neuronal cells, 
parallel our results in that pure hemp oil (Oil A) was more 
potent in their studies than hemp oil that was diluted in 
coconut oil (Oils B and C) [38].

In summary, we found that no CBD oil was more po-
tent than pure CBD at reducing cancer cell viability and, 
in fact, at least 1 oil was consistently less efficacious. It is 
important to recognize that this is a narrow application 
of using CBD oils to reduce cancer cell viability in culture. 
We do not suggest that there are no synergistic effects of 
CBD oil in other clinical settings. However, the findings 
do speak to the need to empirically examine the possibil-
ity for “entourage” effects before drawing conclusions. 
Moreover, the variability in composition and activities of 
botanical extracts highlights the difficulties in assessing 
their therapeutic potential compared to pure (or highly 
purified) chemical entities.
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