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Potentiating effect of b-caryophyllene on anticancer 
activity of a-humulene, isocaryophyllene and paclitaxel 

Jean Legault and André Pichette 

Abstract 

b-caryophyllene is a sesquiterpene widely distributed in essential oils of various plants. Several bio-
logical activities are attributed to b-caryophyllene, such as anti-inflammatory, antibiotic, antioxi-
dant, anticarcinogenic and local anaesthetic activities. In this work, the potentiating effect of b-
caryophyllene on the anticancer activity of a-humulene, isocaryophyllene and paclitaxel against
MCF-7, DLD-1 and L-929 human tumour cell lines was evaluated. A non-cytotoxic concentration of b-
caryophyllene significantly increased the anticancer activity of a-humulene and isocaryophyllene on
MCF-7 cells: a-humulene or isocaryophyllene alone (32 mg mL−1) inhibited cell growth by about 50%
and 69%, respectively, compared with 75% and 90% when combined with 10 mg mL−1 b-caryophyl-
lene. Moreover, b-caryophyllene potentiated the anticancer activity of paclitaxel on MCF-7, DLD-1
and L-929 cell lines. The highest potentiating effect was obtained in DLD-1 cells treated with paclit-
axel combined with 10 mg mL−1 b-caryophyllene, which increased the paclitaxel activity about 10-
fold. The intracellular accumulation of paclitaxel-oregon green was evaluated in combination with
concentrations of b-caryophyllene ranging from 2.5 to 40 mg mL−1. b-Caryophyllene (10 mg mL−1) sig-
nificantly increased the intracellular accumulation of paclitaxel-oregon green (about 64% over con-
trols). Moreover, b-caryophyllene induced intracellular accumulation of calcein but not verapamil,
an inhibitor of P-glycoprotein and multidrug resistance related protein transporters, suggesting
that b-caryophyllene promotes drug accumulation by a different mechanism of action. These results
suggest that b-caryophyllene facilitates the passage of paclitaxel through the membrane and thus
potentiates its anticancer activity. 

The sesquiterpene b-caryophyllene is present in various essential oils such as Eugenia cary-
ophyllata, Myrica gale and Comptonia peregrina (Zheng et al 1992; Sylvestre et al 2005;
2007). b-caryophyllene is known to possess anti-inflammatory (Tambe et al 1996; Cho et al
2007), anticarcinogenic (Kubo et al 1996), antibiotic (Alma et al 2003; Lourens et al 2004;
Pichette et al 2006), antioxidant (Lourens et al 2004; Singh et al 2006) and local anaesthetic
(Ghelardini et al 2001) activities. In essential oils this compound is frequently found mixed
with g-caryophyllene (isocaryophyllene) and/or a-caryophyllene (a-humulene) (Budavari
1996). In a previous study, we identified b-caryophyllene and a-humulene in Abies balsa-
mea essential oil (Legault et al 2003) and showed that a-humulene was partly responsible
for the cytotoxicity of this oil. We also showed that a-humulene induces intracellular deple-
tion of glutathione and increases production of reactive oxygen species, which may be
responsible for its cytotoxicity. Moreover, isocaryophyllene was found to be cytotoxic
against all tumour cell lines tested. In contrast, b-caryophyllene did not inhibit tumour cell
growth. The concentration of a-humulene in A. balsamea essential oil was not sufficient to
explain the activity of the oil, and all other compounds identified were found to be inactive.
We therefore suggested that b-caryophyllene could increase the anticancer activity of
a-humulene. Indeed, b-caryophyllene has been shown to promote the absorption of 5-fluor-
ouracil across human skin, suggesting that this compound could increase intracellular accu-
mulation of anticancer agents, thereby potentiating their cytotoxicity (Cornwell & Barry
1994). Moreover, several sesquiterpenes, such as nerolidol and bisabolol, have been shown
to sensitize bacteria to various antibiotic agents, thus increasing their antimicrobial activity
(Brehm-Stecher & Johnson 2003). 
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Together, the results reported in the literature suggest that
b-caryophyllene could increase the membrane permeation
and consequently the biological activity of drugs. In this
study, we have investigated the potentiating activity of b-
caryophyllene on the anticancer activity of a-humulene, iso-
caryophyllene and paclitaxel (Figure 1) on MCF-7, DLD-1
and L-929 tumour cell lines. The effect of b-caryophyllene on
the intracellular accumulation of paclitaxel was also tested. 

Cell culture 

Human breast cancer adenocarcinoma MCF-7, colon adeno-
carcinoma DLD-1 (ATCC #CCL-221) and murine fibroblast
L-929 (ATCC #CCL-1) cell lines were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). The MCF-7, DLD-1 and L-929 cell lines were grown
in Dulbecco’s minimum essential medium (DMEM) with
Earle’s salts (Mediatech Cellgro, Herndon, USA). The culture
medium was supplemented with 10% fetal bovine serum
(FBS; Hyclone, Logan, USA), a solution of vitamins, sodium
pyruvate and non-essential amino acids (all at 1:100 v/v dilu-
tion of supplied solutions), penicillin (100 IU) and streptomy-
cin (100 mg mL−1) (Mediatech Cellgro). Cells were cultured
in a humidified atmosphere at 37°C in 5% CO2. 

Cytotoxicity assay 

Exponentially growing cells were plated at a density of
5 × 103 cells per well in 96-well microplates (Costar, Corning
Inc., Lowell, MA, USA) in 100 mL culture medium and were
allowed to adhere for 16 h before treatment. Cells were then
treated with a-humulene (16–64 mg mL−1), isocaryophyllene
(16–64 mg mL−1) or paclitaxel (0.008–1 mg mL−1), alone or in
combination with b-caryophyllene (2.5 or 10 mg mL−1). Etha-
nol 100% (Sigma-Aldrich, Oakville, Ontario, Canada) was
used as a solvent. The final concentration of ethanol in the
culture medium was 0.5% (volume/volume) to avoid solvent
toxicity. After 48 h, the cytotoxicity was assessed using the
resazurin reduction test (O’Brien et al 2000). Fluorescence

was measured on an automated 96-well Fluoroskan Ascent Fl
plate reader (Labsystems, Vienna, VA, USA) using an excita-
tion wavelength of 530 nm and an emission wavelength of
590 nm. Cytotoxicity was expressed as the concentration that
inhibited cell growth by 50% (IC50). 

Evaluation of the intracellular accumulation 
of paclitaxel-oregon green 

Exponentially growing cells were plated at a density of
15 × 103 cells per well in 96-well microplates (Costar, Corn-
ing Inc.) in 100 mL culture medium. The plates were incu-
bated at 37°C and 5% CO2 for 24 h before treatment. Cells
were washed with 100 mL DMEM without FBS. A 100 ml vol-
ume of DMEM containing 2.5, 5, 10, 20 or 40 mg mL−1 b-
caryophyllene with 0.5 mM (0.6 mg mL−1) paclitaxel-oregon
green was added to each well. The final concentration of
solvent in the culture medium was 0.5% (volume/volume) to
avoid solvent toxicity. The cells were incubated for 60 min at
37°C and 5% CO2. Cells were then washed three times with
phosphate-buffered saline. Fluorescence was measured on an
automated 96-well Varioskan plate reader (Thermo,
Waltham, MA, USA) using excitation and emission wave-
lengths of 495 nm and 525 nm, respectively. 

Statistical analysis 

Values are expressed as mean ± s.d. of three determinations.
The results were analysed by the Kruskal–Wallis test fol-
lowed by a Student–Newman–Keuls’ test or Dunn’s post-hoc
test. P values of 0.05 or less were considered significant. 

Previous studies have shown that a-humulene and isocaryo-
phyllene inhibit growth of tumour cells in-vitro. In contrast,
b-caryophyllene was not found to be cytotoxic (Legault et al
2003). In this study, we have evaluated the potentiating effect
of b-caryophyllene on the anticancer activity of a-humulene,
isocaryophyllene and paclitaxel against tumour cell lines. 

Materials and Methods 
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Figure 1 Molecular structures of b-caryophyllene (left), a-humulene (middle) and isocaryophyllene (right). 

Results and Discussion 
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Potentiating effect of b-caryophyllene on 
a-humulene and isocaryophyllene 

The potentiating effect of b-caryophyllene has been evalu-
ated in combination with a-humulene on the human breast
adenocarcinoma cell line, MCF-7. Cells were treated with
increasing concentrations (16, 32 and 64 mg mL−1) of b-
caryophyllene, a-humulene or a combination of the two
sesquiterpenes. b-Caryophyllene did not inhibit cell growth
at all doses tested but a-humulene was cytotoxic at 32 and
64 mg mL−1 (Figure 2A). Interestingly, the two sesquiterpe-
nes together were significantly more cytotoxic than a-
humulene alone: a-humulene (32 mg mL−1) inhibited cell
growth by 50 ± 6% alone, but by 75 ± 6% when combined
with 10 mg mL−1 b-caryophyllene. These results indicate
that b-caryophyllene potentiates the cytotoxicity of a-
humulene. 

The potentiating effect of b-caryophyllene was also
evaluated with isocaryophyllene. As shown in Figure 2B,
non-toxic concentrations of b-caryophyllene significantly
improved the activity of isocaryophyllene. Thus, isocaryo-
phyllene (16 mg mL−1) alone did not inhibit cell growth
whereas inhibition was 52 ± 4% when combined with 10 mg
mL−1 b-caryophyllene. b-Caryophyllene increased the
cytotoxicity of isocaryophyllene 32 mg mL−1 from 69% to
90%. Altogether, the results indicate that b-caryophyllene
potentiates the activity of a-humulene and isocaryophyl-
lene in-vitro. 

Potentiating effect of b-caryophyllene with 
paclitaxel 

The potentiating activity of b-caryophyllene was also eval-
uated in combination with paclitaxel, a diterpene origi-
nally isolated from Taxus brevifolia (Wani et al 1971) and
then from T. canadensis (Zamir et al 1992). This antitu-
mour agent is used clinically to treat breast, ovarian and
lung cancers. 

MCF-7, DLD-1 and L-929 cell lines were treated with
paclitaxel alone or in combination with b-caryophyllene (2.5
and 10 mg mL−1). b-Caryophyllene did not inhibit the growth
of any of the cell lines tested (data not shown) whereas
0.025 mg mL−1 paclitaxel significantly inhibited the growth of
MCF-7 (28 ± 2%), DLD-1 (17.3 ± 0.2%) and L-929
(18.4 ± 0.2%), compared with untreated cells (Figure 3). b-
Caryophyllene significantly increased the activity of paclit-
axel (0.025 mg mL−1) in all tumour cell lines tested. In MCF-7
cells, growth inhibition by paclitaxel was increased by about
50% and 68% with 2.5 and 10 mg mL−1 b-caryophyllene,
respectively, and by about 36% and 123%, respectively in L-
929 cells. The greatest potentiating effect of b-caryophyllene
was obtained in DLD-1 cell lines. At concentrations of 2.5
and 10 mg mL−1, b-caryophyllene increased growth inhibition
induced by paclitaxel by about 91% and 189%, respectively.
Moreover, the IC50 calculated from the survival curve shows
that b-caryophyllene (10 mg mL−1) increased the cytotoxicity
induced by paclitaxel by about 10-fold (Table 1). Similar
results were obtained with L-929 cells. These results suggest
that b-caryophyllene promotes the intracellular accumulation
of paclitaxel. 

Intracellular accumulation of paclitaxel and 
calcein induced by b-caryophyllene 

The effect of b-caryophyllene on the accumulation of paclit-
axel was evaluated in DLD-1 cells (colorectal cancer cells).
The cells were incubated with paclitaxel-oregon green, alone
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Figure 2 Potentiating activity of b-caryophyllene combined with a-
humulene (A) or isocaryophyllene (B) on MCF-7 tumour cell lines. b-
Caryophyllene (10 mg mL−1) did not inhibit cell growth (data not
shown). Data represent the mean ± s.d. of three determinations.
*P ≤ 0.05 vs b-caryophyllene alone; †P ≤ 0.05 vs a-humulene alone;
‡P ≤ 0.05 vs isocaryophyllene alone (Kruskal–Wallis test and post-hoc
Student–Newman–Keuls’ test). 
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or in combination with concentrations of b-caryophyllene
ranging from 2.5 to 40 mgmL−1. b-Caryophyllene induced an
increase in the accumulation of paclitaxel-oregon green com-
pared with untreated cells (Figure 4). The percentage of pacl-
itaxel-oregon green accumulation induced by 2.5, 5 and 10 mg
mL−1 b-caryophyllene was 19 ± 3%, 25 ± 3% and 64 ± 2%
higher than controls, respectively (P ≤ 0.05). The quantity of
intracellular paclitaxel-oregon green remained stable at
higher doses of 20 mgmL−1 (+60 ± 3%; P ≤ 0.05) and 40 mg
mL−1 (+64 ± 7%; P ≤ 0.05) b-caryophyllene. 

Drug transporters such as P-glycoprotein (or multidrug
resistance 1 (MDR1)) and multidrug resistance related pro-
tein (MRP1) can decrease drug accumulation; thus, inhibition

of these transporters can increase intracellular accumulation
of anticancer agents such as paclitaxel. P-gp and MRP1 are
found in DLD-1 cells, but their levels depend on the culture
conditions of the cells (Nakumura et al 2003). Therefore, b-
caryophyllene may inhibit drug transporters and increase the
accumulation of intracellular paclitaxel, potentiating its activ-
ity. To test this hypothesis, the effect of b-caryophyllene and
verapamil, an inhibitor of P-gp and MRP1, was evaluated in
DLD-1 using a calcein accumulation assay (Hollo et al 1994).
Verapamil did not induce a significant accumulation of intra-
cellular calcein (data not shown), suggesting that P-gp and
MRP1 were weakly active in the culture conditions used. In
contrast, b-caryophyllene (10mg mL−1) significantly increased
the accumulation of intracellular calcein by 25 ± 1%
(P = 0.004, one-way analysis of variance; data not shown).
These results suggest that b-caryophyllene promotes drug
accumulation by another mechanism. Several cyclic hydro-
carbons, including terpenes, have been shown to accumulate
in the biological membrane bilayer, causing it to swell and
resulting in increased membrane fluidity (Sikkema et al
1994). Therefore, b-caryophyllene may accumulate in the
membranes of cancer cells and increase membrane permea-
bility. This membrane alteration could facilitate the passage
of bioactive compounds through the cytoplasmic membrane
of cancer cells. Consequently, b-caryophyllene could increase
intracellular accumulation of antitumour drugs such as paclit-
axel and potentiate their anticancer activity. 

In conclusion, this study shows that non-cytotoxic concen-
trations of b-caryophyllene increase the growth inhibition
induced by a-humulene, isocaryophyllene and paclitaxel on
tumour cell lines. The potentiating effect of b-caryophyllene
could be due in part to alteration of membrane permeability.
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Figure 3 Potentiating activity of b-caryophyllene combined with
paclitaxel (0.025 mg mL−1) on MCF-7, DLD-1 and L-929 tumour cell
lines. b-Caryophyllene (2.5 and 10 mg mL−1) did not inhibit cell growth
(data not shown). Data represent the mean ± s.d. of three determina-
tions. *P ≤ 0.05 vs paclitaxel alone; ‡P ≤ 0.05 vs b-caryophyllene
(2.5 mg mL−1) combined with paclitaxel (Kruskal–Wallis test and post-
hoc Student–Newman–Keuls’ test). 

Table 1 Cytotoxic activity of paclitaxel combined with b-caryophyllene
against DLD-1 and L-929 cell lines. Values are the concentration that
inhibits 50% of cell growth (IC50; mg mL−1) 

*P ≤ 0.05 vs paclitaxel alone; †P ≤ 0.05 vs b-caryophyllene + paclitaxel
2.5 mg mL−1 (Kruskal–Wallis test and Student–Newman–Keuls’
method). 

 DLD-1 L-929 

b-caryophyllene > 40 > 40 
Paclitaxel 0.43 ± 0.09 0.7 ± 0.3 
b-caryophyllene + paclitaxel 

(2.5 mg mL−1) 
0.16 ± 0.03* 0.4 ± 0.2 

b-caryophyllene + paclitaxel 
(10 mg mL−1) 

0.042 ± 0.008*,† 0.06 ± 0.01*,† 
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Figure 4 Intracellular accumulation of paclitaxel-oregon green
induced by b-caryophyllene on DLD-1 colorectal cancer cells. Data rep-
resent the mean ± s.d. of three determinations. *P ≤ 0.05 vs control with-
out b-caryophyllene (Kruskal–Wallis test and Dunn’s post-hoc test).
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