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Abstract − In view of obtaining potential anticancer compounds, we studied the inhibitory activity and the cyto-
toxic effects of a candidate compound in cancer cells. The cytotoxic effects of cannabidiol (CBD) in vitro were
evaluated in NIH3T3 fibroblasts, B16 melanoma cells, A549 lung cancer cells, MDA-MB-231 breast cancer
cells, Lenca kidney cells and SNU-C4 colon cancer cells. The cells were cultured in various concentrations of
CBD for 48 h and 25 µM of CBD for 6-36 h. The cells were observed to exhibit inhibitory effects of the cell via-
bility in their growth, and then cytotoxicity was estimated. The inhibitory activity of CBD was increased in all can-
cer cells and showed especially strong increment in breast cancer cells. The cytotoxicity of CBD increased in a
dose- and time-dependent manner with growth inhibition in all cancer cell lines. Also, to assess the membrane
toxicity induced by CBD, we investigated lactate dehydrogenase (LDH) release. After treatment with various
concentrations of CBD, LDH release rate of cancer cells was accelerated. On the other hand, in the induction of
cell death, caspase-3, -8 and -9 activations were detected in cancer cells after treatment with various concen-
trations of CBD, and CBD effectively induced activity of caspase-3, -8 and -9 in A549 lung cancer cells, MDA-
MB-231 breast cancer cells and Renca kidney cells. Therefore these results suggest that CBD has a possibility
of anticancer agents and anticancer effects against cancer cells by modulation of apoptotic pathway in the
range of 5-80 µM concentration. 
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INTRODUCTION 

For the biological study on cannabidiol (CBD), we
investigated the cytotoxic effects of CBD against cancer
cells. New herbal medicines containing drug and medici-
nal properties for controlling cancer cells are found in
medicinal plants and studied. In this aspect, research
groups in many countries are researching on plant
extracts and chemical compounds related to medicinal
plants. Cannabis sativa L. is one of the cultivated plants
for a long time from old times. It was used as a resource

of fiber and a remedy in West Asia region and China
from several thousands years ago, and was introduced
into Western and Southern Europe. However, Cannabis
sativa L. (Cannabis) has been an intoxicant plant in the
western world during the 20th century and now, it is
restricted as one of the illicit drugs. Cannabis consists of
several hundreds of varieties and is not a single uniform
plant. Chemical variants through Cannabis have been
identified by their content of psychoactive compounds.
Cannabis is a generic name for variety of botanical speci-
men derived from the plant Cannabis sativa L., and con-
tains more than 200 cannabinoid substances, including
delta-9-tetrahydrocannabinol (THC) (Pertwee, 1997).
Potential therapeutic applications of cannabis include
analgesia, attenuation of the nausea, vomiting of cancer
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chemotherapy, increase of stimulation, decrease of diar-
rhea, decrease of asthma by bronchial constriction,
decrease of intraocular pressure by glaucoma, anti-rheu-
matic and anti-pyretic action, and treatment of convul-
sant disorders. These effects were reviewed by Asakawa
et al., 1995 and Perry et al., 1996. The cannabinoid, can-
nabidiol compound, and the active constituents of Cann-
bis sativa L. have been known to affect many biological
systems (Carrier et al., 2006; Esposito et al., 2006; Gar-
cia-Arencibia et al., 2007; Giudice et al., 2007; Martin,
1986; Weiss et al., 2006). Cannbis sativa L. exhibits anti-
tumor effects on various cancer cell types (Ligresti et al.,
2006; Mckallip et al., 2006), but it is used only in the che-
motherapy which is limited by psychotropic therapy. Can-
nabidiol has been reported to operate potentially
important pharmacological properties as an anti-epileptic
(Consroe et al., 1981), anxiolytic (Guimaraes et al., 1990)
and anti-convulsant agent (Martin et al., 1987; Consroe et
al., 1982). Many natural products express various activi-
ties in the cell death pathway. In the cell death process,
activation of mediated proteins operates via apoptotic sig-
nal inclusive of mediated cascade-pathway mechanism.
One of the enzymatical characteristics of the cell deaths,
caspases are the important proteins involved in regulat-
ing the activation of apoptotic signal transmission, and
caspase-3 is the cell death signal protein activated by
caspase-8, -9 of upstream. Chemical structure of Canna-
bidiol tested is shown in Fig. 1. The aim of our study is to
estimate cytotoxic activity and growth inhibition against
cancer cell lines, and to find out a new superior com-
pound. In this aspect, we investigated cytotoxic effects of
cannabidiol compound against cancer cell lines. 

MATERIALS AND METHODS

Materials 
Fetal bovine serum (FBS), RPMI medium 1640, DMEM

medium, 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl-2H-tetrazo-
lium bromide (MTT), dimethyl sulfoxide (DMSO), trypsin-
EDTA, 0.4% trypan blue solution, penicillin, and the LDH

activity kit were purchased from Sigma Chemical Co. Ltd.
(St. Louis, MO, USA). The caspase-3 kit (FLICATH FAM-
DEVD-FMK), caspase-8 kit (FLICATH FAM-LETD-FMK)
and caspase-9 kit (FLICATH FAM-LEHD-FMK) were pur-
chased from Immunochemistry Technologies, LLC (James
Ave. Bloomington, MN, USA). Cancer cell lines were
obtained from the Korean Cell Line Bank at Seoul
National University. All other chemicals and reagents
were purchased from Merck and Sigma Chemical Co.
Ltd. (St. Louis, MO, USA). 

Cell culture 
Cancer cells lines were obtained from the Korean Cell

Line Bank at Seoul National University. Cells were cul-
tured in RPMI medium 1640 or DMEM medium contain-
ing 2 mM L-glutamine, supplemented with 10% fetal
bovine serum (FBS), penicillin 100 units/ml and strepto-
mycin 100 µg/ml (Biofluids, Rockville, MD, USA) in a
humidified atmosphere containing 5% CO2 in air at 37oC.
The cells were dissociated with trypsin-EDTA (0.05%
trypsin, 0.53 mM EDTA, Gibco, USA) and were counted
with a hemocytometer just before transferring them for
the experiment. 

MTT assay on cell viability 
Cell growth in the presence of Cannabidiol (CBD) was

determined by an MTT (3-(4,5-dimethythiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide; Thiazolyl blue) assay.
This assay was performed as described in the modified
method of Mosmann (Mosmann, 1983). Cells were
seeded in a 96-well micro-multiculture plate at 4×104 cells
per well and allowed to adhere overnight. Cells were cul-
tured that exposed to various concentrations of CBD for
48 h and 25 µM of CBD for 6-36 h. MTT was prepared at
a concentration of 5 mg/ml using a sterile phosphate buff-
ered saline (PBS) system. A 50 µl aliquot of the stock
solution of MTT (100 µg/ml) was added to each well.
After 3 h of incubation at 37oC, 150 µl of DMSO was
added to each well in order to dissolve the formazan
crystals. Optical absorbance was measured at a wave-
length of 570 nm using an ELISA reader (Molecular
Devices, Spectra MAX 250, USA). Each well containing
RPMI 1640 medium or DMEM medium, MTT buffer in the
absence of cells was used as the blank. All results
obtained were calculated from three experiments and
presented as a percentage of control values. The value of
IC50 which annihilated the 50% compared control cells is
the concentration of CBD that inhibits the proliferation of
cancer cells. There was good reproducibility among tripli-
cate determinations. Fig. 1. Chemical structure of cannabidiol (CBD) 
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Lactate dehydrogenase (LDH) assay 
The LDH release assay measures the leakage of the

soluble cytoplasmic lactate dehydrogenase enzyme into
the extracellular medium due to cellular lysis. To watch
the characteristic showed during the progress of the cell
deaths in the cancer cell, we measured the effects of
CBD on the cancer cells using the LDH release assay.
Namely, when cells were cultured with CBD for 24 h, can-
cer cells’ viability was measured by the release of the
cytosolic enzyme and LDH from cells. The activity of LDH
released was measured using in Sigma Kit according to
the manufacturer’s measurement directions. 

Caspase-3, -8, -9 activity assay 
Cancer cell lines were cultured with CBD in a 96-well

micro-multiculture plate at 5×105 cells per well for vari-
ous times, and with various concentrations (25 µM) for 24
h. A fluorescent assay was used to measure caspase-3, -8
and -9 activities. The enzymatic reaction for caspase-3, -8
and -9 activity was determined by using the caspase-3, -8
and -9 assay kit according to the instructions supplied by
the manufacturer. Cells were labeled with FAM-DEVD-
FMK (caspase-3), FAM-LETD-FMK (caspase-8) and
FAM-LEHD-FMK (caspase-9) solution at 37oC for 60 min,
and the fluorescent optical density of the assay solution
was detected with excitation at 490 nm and emission at
520 nm.

Statistical analysis 
All data are expressed as the mean±standard deviation

(S.D.) of the three independent experiments. Statistical
analysis was performed using student's t-test. The differ-
ences were considered significant at *P < 0.05. 

RESULTS 

Inhibitory effect on cell viability 
Many research groups have used the MTT assay

based on the metabolic reduction to evaluate the drug
effects in cell viability or cytotoxicity. This assay is a
method of examining the level of cytotoxicity and measur-
ing the mitochondrial activity of cells, and then shows us
the result of the cell viability. We used the MTT assay as
a direct measure of cell viability and cytotoxicity in can-
cer cells exposed to various concentrations of CBD. The
cells were incubated with various concentrations of CBD
from 5 µM to 80 µM for 48 h and 25 µM of CBD for 6-36
h. As shown in Fig. 2, CBD strongly inhibited the viability
of cancer cells. Notably, the IC50 for viability of MDA-MB-
231 cells treated with CBD was 29.04 µM (Table I). The

CBD-induced cytotoxicity increased in a dose- and time-
dependent manner when CBD was increased from 5 µM
to 80 µM, and was treated to 25 µM for 6-36 h. These
results show that cancer cells exposed with various con-
centrations of CBD caused the morphological changes of
apoptosis including a feature of cell shrinkage, forma-
tions of cell protuberance and the change of membrane
bleb (Fig. 3). Therefore, these results show that the viabil-
ity of cancer cells decreased in a dose- and time-depen-
dent manner by CBD. 

Effects of CBD on LDH release 
NIH3T3 and cancer cells exposed with 5-80 µM of

Fig. 2. Inhibitory effects of CBD on cell viability in cancer cell
lines by the MTT assay. (A); The cells were cultured in the
presence of various concentrations of CBD for 48 h and (B); in
25 µM concentration of CBD for 6-36 h. NIH3T3 is fibroblast
normal cells, B16; melanoma cells, A549; lung cancer cells,
MDA-MB-231; breast cancer, Renca; kidney cancer cells, and
SNU-C4; colon cancer cells. Results are expressed as a % of
the control and data are the mean±S.D. of three experiments
performed in triplicate. *P<0.05, significant versus control
untreated cells. 
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CBD for 24 h produced an obvious increase in the LDH
release. The LDH release from cells is one of the indica-
tors, a measure to estimate LDH activity and the cell
death in the medium (measured spectrophotometrically
as NADH oxidation at 340 nm). As shown in Table II,
when the cells were treated with various concentrations
of CBD for 24 h, the cytotoxicity of CBD was increased in
a dose dependent manner, and LDH release of CBD-
induced cells was increased significantly. It is the result
that CBD inhibits the activity of the metabolism process in

the cells, and then shows the cytotoxicity. 

Activation of caspases in cell death 
The caspase-3, -8 and -9 activities after 24 h of treat-

ment by CBD showed a gradual increase for 0-6 h, and
appeared a tendency of the strong increase from 6-24 h,
but colon cancer cells (SNU-C4) and B16 melanoma
cells showed slight increase (Fig. 4A-C). The activation of
caspase-3, -8 and -9 caused by CBD had the tendency
to depend in time dependent manner in MDA-MB-231,

Fig. 3. Morphological changes of cancer cell lines exposed to various concentrations of CBD for 48 h. The arrow (←) shows the
morphological changes including a feature of cell shrinkage, formations of cell protuberance. 
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Renca and A549 cells. The caspase-3 activity by CBD for
12-24 h became more active, and the amount of fluores-
cence was increased over 300% in CBD-induced MDA-
MB-231, Renca and A549 cells. Also, the caspase-9 acti-
vation showed a gradual increase for 0-6 h and high
increase for 6-18 h in a time-dependent manner, even
though showed the tendency to decrease as 18 h over. In
the other cells (B16, SNU-C4) exposed, the caspase-3,
-8 and -9 exhibited inactivation. 

DISCUSSION

Natural products isolated from oriental plants are being
investigated for their therapeutic application against many
diseases such as cancer, diabetes and hypertension.
Today, in the Netherlands, Cannabis sativa L. has been
recognized that it has a pharmacological efficacy, and it
will be permitted the sale officially in 2008-2010. Recent
reports on Cannabidiol (CBD) show that it decreases pro-
liferation activity in cancer cell lines (Casanova et al.,
2003; Vaccani et al., 2005). Also, recent reports state that
CBD is a potent inhibitor of cell growth in human breast
carcinoma and human leukemia cells (Ligresti et al.,
2006; Mckallip et al., 2006). This research investigated
the cytotoxicity and inhibitory effects of CBD against can-
cer cells. As noted above, the MTT assay was used in
this research to demonstrate the cytotoxic activity of CBD
on cancer cell lines. CBD compound had shown an inhib-
itory activity in the micro-molar range against cancer cells
in vitro. As shown in Fig. 2, the inhibitory activity of CBD

Fig. 4. Activations of caspase-3, -8 and -9 on apoptotic signal
pathways in cancer cell lines. After treatment of CBD (25 µM)
for 0-24 h, cells were labeled with FAM-LETD-FMK (Caspase-8),
FAM-LEHD-FMK (Caspase-9) and FAM-DEVD-FMK (Caspase-
3) solution for 1 h at 37oC. (A); caspase-8, (B); caspase-9 and
(C); caspase-3 exhibit activity of caspase in cancer cells. Acti-
vation of caspase was detected with excitation at 490 nm and
emission at 520 nm. Results are expressed as a % of the con-
trol and data are the mean±S.D. of three experiments per-
formed in triplicate. 

Table I. IC50 values of CBD against cancer cell lines treated
with various concentration of CBD for 48 h. The cytotoxicity was
determined by the MTT assay. 

Constituents
MTT assay (µM)a)

IC50 value of cannabidiol 

NIH3T3 40.78±4.21

B16 melanoma 38.69±3.58

A549 36.70±4.60

Renca kidney 54.82±4.35

MDA-MB-231 29.04±2.13

SNU-C4 32.37±2.84
a)IC50 represents the concen-tration of the tested compound
required for 50% inhibition of cell proliferation. NIH3T3 is fibro-
blast normal cells. B16; melanoma cells, A549; lung cancer cells,
MDA-MB-231; breast cancer cells, Renca; kidney cancer cells,
SNU-C4; colon cancer cells. Cells were examined in five concen-
trations of CBD in triplicate experiments. Results are expressed as
a % of the control and data are the mean±S.D. of three experiments
performed in triplicate. 
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in cell lines was increased in a concentration- and time-
dependent manner from 5 µM to 80 µM range. The num-
ber of cells was decreased when CBD was increased to
80 µM, and IC50 values of CBD on cell lines decreased in
the following order: MDA-MB-231>SNU-C4>A549>B16
melanoma>NIH3T3>Renca kidney cells by the MTT assay
according to sensitivity of cells (Table I). The cytotoxic
activity of CBD shown in results was the effective proof
for the growth inhibition of cancer cell lines, and then IC50

value of MDA-MB-231 cells was measured as 29.04 µM.
This IC50 value was estimated to be lowest while com-
pared among cancer cell lines. 

Apoptosis is a form of self-regulated cell death, which
is distinguished from necrosis (Kerr et al., 1972). The
characteristic morphological changes of apoptosis include
the change of membrane bleb, chromatin condensation
and the formation of apoptotic bodies. In the present
study, data presented in Table II show the results of LDH
leakage rates on the membrane permeability in NIH3T3
and cancer cell lines treated with CBD for 24 h. In meta-
bolic system of cells, LDH is a stable cytoplasmic enzyme
which is present in cells, and is released into culture

medium by a damage of the plasma membrane. After
stimulation of CBD in cell lines, it caused a significant
increase in LDH release rates in a dose-dependent man-
ner. However, LDH release in cell cultures dose not nec-
essarily imply necrosis. Namely, plasma membrane
damage is one feature of necrotic cells, and is one
among other parameters to determine necrosis. Accord-
ing to the recent studies, there is a report that LDH
release is one feature of late apoptotic cells (Grub et al.,
2000). In vivo, apoptotic cell bodies are rapidly cleaned
from the local tissue by macrophages (Wyllie, 1985). But,
under the cell culture conditions used in this research, the
apoptotic cells can not undergo rapid phagocytosis as
they do in vivo in the intact tissue. Therefore, this result
means to be slight discrepancy on the process of the cell
death in vivo and in vitro. Apoptosis is cellular suicide or
programmed cell death that is mediated by the activation
of an evolutionarily conserved intracellular pathway (Bold
et al., 1997; Wyllie et al., 1980; Wyllie, 1992). Apoptosis
includes a feature of cell shrinkage, loss of contact with
neighboring cells, formation of cytoplasmic vacuoles,
plasma and nuclear membrane bubbling, DNA fragmen-
tation and nucleic condensation (Buja et al., 1993; Buttke
et al., 1994; Nicoletti et al., 1991). One of the enzymati-
cal characteristics of the cell deaths, caspases are the
important protein involved in regulating the activation of
apoptic signal transmission. And caspases are divided
into two classes based on the lengths of their N-terminal
prodomains, including upstream and downstream caspases
(Nicholson et al., 1995). Caspase-3 is a major executor
caspase with caspase-6, -7 at the downstream of the cell
death cascade mechanism, and is activated by other initi-
ator (caspase-9) with upstream caspase (-2, -8, -10). In
this research, the activation of caspase-3 caused by CBD
showed that the apoptotic signal pathway participated in
CBD-induced cancer cell death. These results strongly
suggest that the activation of caspase-3 caused by CBD
is responsible for inducing the cell death in cancer cells.
Also, the caspase-3 induces apoptosis by caspase-9
activity involved mitochondria pathway. After treatment
with CBD, caspase-9 activity evinces that caspase-8 acti-
vated by extrinsic death ligand stimulates tBid after bind-
ing with Bid, and then stimulated tBid activates MMP in
mitochondria through Bax, induces apoptosis by caspase-
3, caspase-9 to promote activation of APAF-1 through a
release of cytochrome-c from mitochondria at last. 

As noted above, activation of caspase-3, -8 and -9
caused by CBD showed activations of cell death via
caspase cascade in MDA-MB-231, A549 and Renca can-
cer cells, even though exhibited cytotoxicity in B16 mela-

Table II. Results of CBD on LDH release in NIH3T3 cells and
Cancer cell lines. Cells were treated with various concentrations
of CBD (5-80 µM) for 24 h. 

(A)

Constituents
 LDH release rates by Cannabidiol (%)

NIH3T3 B16 melanoma A549

Control (0 µM) 100.00±2.65a) 100.00±1.53 100.00±3.28

5 107.23±3.28 110.26±3.60 104.55±2.36

10 115.58±4.50 117.85±2.31 107.72±3.02

20 136.37±2.84 139.06±4.72 112.35±2.13

40 144.26±4.35 152.93±4.69 119.08±3.58

80 158.69±3.81 163.77±3.75 127.69±4.32

(B)

Constituents
 LDH release rates by Cannabidiol (%) 

MDA-MB-231 SNU-C4 Renca

Control (0 µM) 100.00±4.16 100.00±2.58 100.00±3.73

5 102.23±2.40 108.33±3.12 105.14±1.92

10 110.36±3.31 121.30±4.36 113.83±2.65

20 115.62±2.75 129.05±4.51 122.42±4.74

40 123.71±4.63 140.21±3.62 131.60±1.30

80 132.25±2.35 154.65±3.70 139.51±4.58

Results are expressed as a % of the control and data are the
mean±S.D. of three experiments performed in triplicate.
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noma and SNU-C4 cells. Although CBD exhibited
cytotoxicity in normal NIH3T3 cells, CBD effectively inhib-
ited the growth of cancer cells in a dose- and time-depen-
dent manner. These results suggest that physiological
reactions of cells by CBD cause the different interaction
among cells and ligand because of difference in reactive
mechanism and sensitivity of cancer and normal cells. In
conclusion, our present results show that CBD may be
used to control cancer cells by killing them and that has
the potential to perform anticancer activities. Therefore,
these results suggest a possibility of anticancer agent
and medical application parts on range of the biological
activity of CBD. We think it is necessary to get a new
viewpoint of the biological activity of CBD from a different
angle. 
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