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Iso-caryophyllene, a sesquiterpene, is present in several essential oils from vegetable species. In previous work, 
iso-caryophyllene was found cytotoxic against in vitro culture cell lines but its mechanism of action is still 
unknown. Reactive oxygen species (ROS) and lipid oxidation induced by iso-caryophyllene were assessed using 
DCFH-DA and BODIPY-C11, respectively. The results show that iso-caryophyllene induces significant 
overproduction of ROS by about 187 % at 100 µM and lipid oxidation, which are both partially inhibited by -
tocopherol. The effect of isocaryophyllene on membrane permeabilization was evaluated using calcein-AM assay 
that show that iso-caryophyllene causes membrane permeabilization and cell shrinking. -Tocopherol 
significantly prevents membrane permeabilization, cell shrinking and cell death, suggesting that lipid oxidation is 
in part implied in the cytotoxicity. Electrochemical experiments indicate that the superoxide anion reacts with 
iso-caryophyllene and possibly form oxidized derivatives which could initiate lipid oxidation. Interestingly, 
superoxide anion reacts more readily with -tocopherol in comparison with iso-caryophyllene which could 
explain its protective effect on cellular membrane.    
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INTRODUCTION 
 

Caryophyllenes, including -caryophyllene, -
caryophyllene(-humulene)and-caryophyllene(isocaryophyllene), 
are sesquiterpenes present in various essential oils such as Eugenia 
caryophyllus, Humulus lupulus, Teucrium marum and Lantana 
achyranthifolia (Katsiotis et al., 1990; Hernandez et al., 2005; 
Ricci et al., 2005; Jirovetz et al., 2006). Natural bicyclic -
caryophyllene and iso-caryophyllene are trans and cis double 
isomers, respectively, while -humulene is a ring-opened isomer. 
In essential oils, -caryophyllene is frequently found mixed with 
isocaryophyllene and/or -humulene (Budavari, 1996). Iso-
caryophyllene has been very seldom studied and its toxicity is still 
unknown. On the other hand, -caryophyllene is much more 
known due to its use as a cosmetic ingredient and a food flavoring 
additive (Opdyke, 1973; de Groot et al., 1994; JECFA, 2006). 
Additionally, -caryophyllene was used as skin penetration 
enhancers to promote the passage of compounds through the skin        . 
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or cytoplasmic membrane (Cornwell and Barry, 1994; Legault and 
Pichette, 2007). Moreover, this molecule is known to possess anti-
inflammatory (Tambe et al 1996; Cho et al 2007), anti-carcinogenic 
(Zheng et al 1992), 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 properties (Ghelardini et 
al., 2001). Recently, -caryophyllene was reported as a selective 
CB2 agonist (Gertsch et al., 2008).  

However, autoxidation of -caryophyllene to 
caryophyllene oxide can cause allergic contact dermatitis (Sköld et 
al., 2006). The toxicity of -caryophyllene has been well studied 
and it is relatively safe since it is not mutagenic and not 
carcinogenic (Seifried et al., 2006; Molina-Jasso et al., 2009) and 
was not cytotoxic in cell culture.  

Surprisingly, iso-caryophyllene induces significant 
cytotoxicity in culture cell lines (Legault, et al., 2003). The 
mechanism of cytotoxicity of iso-caryophyllene is not well 
understood. In this study, the mechanism responsible of the 
cytotoxicity of iso-caryophyllene in L-929 cell lines will be 
investigated. 
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MATERIAL AND METHODS 
 

Chemicals 
Iso-caryophyllene, dichlorofluorescin-diacetate (DCFH-

DA), resazurine, Hoechst 33342, (±) -6-hydroxy-2,5,7,8-tetra 
methylchromane-2-carboxylic acid (Trolox), trypan blue, �-
tocopherol, tert-butyl hydroperoxide (tBH), cumenehydroperoxide 
(CHP), diethyl maleate ester (DEM), sodium dodecyl sulfate 
(SDS), EDTA, tris-HCL, acetonitril, saponin,  and sodium chloride 
were obtained from Sigma-Aldrich (Oakville, Canada). 
Monochlorobimane, BODIPY C11, and iodurepropidium were 
obtained from Molecular Probe.  

Calcein-AM was obtained from Calbiochem. 
Tetrabutylammonium tetrafluoroborate (TBA (BF4) ) was obtained 
from Fluka, and ethanol was obtained from Commercial Alcohols 
(Montréal, Québec). 

 
Cell culture 

L-929 cells (murinfibrosarcoma) were obtained from 
American Type Culture Collection (ATCC, Manassas, USA). 
Cells were grown, as describe by ATCC procedures in minimal 
essential medium (MEM) completed with 10 % foetal calf serum, 
100X vitamins, 100X sodium pyruvate, 100X non essential amino 
acids, 100 IU penicillin and 100 µg mL-1 streptomycin. Cells were 
incubated at 37°C at a 5 % CO2 humidified atmospheric 
conditions. In all cell based experiments, final solvent 
concentration was kept under 0.5 % (v/v) to avoid ethanol toxicity.  
 
Cytotoxic assay 

Cytotoxicity was evaluated using the resazurin reduction 
test (O’Brien et al., 2000). Cytotoxicity was expressed in survival 
percentage in comparison with untreated cells.  Fluorescence was 
measured using an automated Fluoroskan Ascent FL™ plate 
reader (Thermo Labsystems) with excitation wavelength of 530 
nm and emission wavelength of 590 nm. To study antioxidant 
effects on cell survival, α-tocopherol (vitamin E) 200 µM and (±) -
6-hydroxy-2,5,7,8-tetra methylchromane-2-carboxylic acid 
(Trolox) 100 µM were used.  
 
Reactive oxygen species (ROS) quantification 

Reactive oxygen species production was measured                
with 2,7-dichlorofluorescin-diacetate (DCFH-DA) (Wang and 
Joseph, 1999). L-929 cells were seeded in 96-wells microplates                 
at 1x104 cells per well in 100 µL of culture medium and                     
incubated 24 hours at 37°C. Cells were then washed                           
with  100 µL PBS 1X and incubated 1 hour at 37°C  with 100 µL 
of HBSS 1X containing DCFH-DA 20 µM. After another                 
wash with PBS 1X, cells were incubated again at 37°C                          
with or without tert-butyl hydroperoxide (tBH) 200 µM (positive 
control), ethanol (solvent control), and iso-caryophyllene                      
(400 µM to 50 µM), in presence or absence of an antioxidant. 
Fluorescence was measured using an automated Fluoroskan 
Ascent FL™ plate reader (Thermo Lab systems) with excitation 
wavelength   of   485 nm   and   emission   wavelength  of 530 nm. 

Lipid Peroxidation measurement 
Lipid peroxidation was measured using BODIPY C11 

(Molecular Probe), according to an adapted procedure (Drummen 
et al., 2004). L-929 cells were seeded in 96-wells microplates at 
5x103 cells per well in 100 µL of culture medium and incubated 24 
hours at 37°C.  Then, cells were washed with 100 µL of HBSS and 
incubated once again during 24 hours at 37°C with 100 µL of 
culture medium, with or without antioxidant. To study the effects 
of antioxidants on lipid peroxidation in presence of iso-
caryophyllene, vitamin E (400 µM) and Trolox (100 µM) were 
used. After this second incubation, cells were washed with 100 µL 
HBSS and incubated 30 minutes at 37°C with BODIPY C11 (10 
µM) in culture medium. After a second wash with 100 µL HBSS, 
cells were incubated at 37°C with HBSS, with or without ethanol 
(solvent control), iso-caryophyllene (400 µM to 50 µM), and 
cumenehydroperoxyde (CHP) 20 µM (positive control). 
Fluorescence was measured with an automated Varioskanplate 
reader (Thermo Electron Corporation) with an excitation 
wavelength of 590 nm and emission wavelength of 635 nm.   
 
Membrane permeability measurement using calcein-AM 

L-929 cells were seeded in 96-wells microplates at 1x104 
cells per well in 100 µL of culture medium and incubated at 37°C 
overnight. Cells were then washed with 100 µL MEM and 
incubated 90 minutes at 37°C with a calcein-AM solution (4 µM). 
Then, cells were washed with 100 µL MEM and incubated 90 
minutes at 37°C with MEM, with or without ethanol (solvent 
control), iso-caryophyllene (400 µM to 50 µM) and saponin 2 % 
(positive control). Then, MEM was removed and replaced with 
fresh MEM. Fluorescence was measured with an automated 
Varioskan plate reader (Thermo Electron Corporation) with 
excitation wavelength of 480 nm and emission wavelength of 530 
nm (Thorpe et al., 1995). 
 
Electrochemical measurements 

All electrochemical experiments were carried out in 
anhydrous acetonitrile (ACN) (99.8 % (Sigma-Aldrich) ) 
containing 0.1 M tetrabutylammonium tetrafluoroborate (TBA 
(BF4) ) (Fluka electrochemical grade ( 99 %) ) as electrolyte. 
Prior to each experiment, tetrabutylammonium tetrafluoro-borate 
salt was allowed to dry at 115 3C for two hours. Iso-
caryophyllene (98 %) (Sigma-Aldrich) was used without further 
purification. 

Cyclic voltammetry (CV) experiments were performed 
using a PAR 263-2A potentiostat. All measurements were 
performed in a 20 mL three-electrode electrochemical cell. A 
glassy carbon (GC) disk electrode with an area of 0.071 cm2 was 
used as a working electrode. A platinized foil served as counter 
electrode and a Ag/Ag+ electrode (AgNO3 0.01 M  TBA (BF4) 0.1 
M  ACN) as reference. The GC disk working electrode was 
polished using 0.05 µm alumina suspension on a polishing cloth 
before each experiment. All cyclic voltammograms were recorded 
at a controlled temperature of 20 0.2C. The working electrode 
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was kept stationary and a potential sweep rate of 0.050 V s-1 was 
used. In order to investigate the reactivity of iso-caryophyllene 
toward superoxide ion, this reactive oxygen species (ROS) was 
directly electrogenerated in situ by the electrochemical reduction 
of dissolved O2. Prior to the electrolysis, the reduction potential of 
O2 was determined using cyclic voltammetry in O2 saturated 
solution. Afterward, to quantitatively generate superoxide ion, the 
electrochemical reduction of O2 was achieved at a constant 
potential, using a reticulated glassy carbon (RGC) electrode. The 
RGC electrode was used since it allows the massive production of 
O2

- species within a short time because of its high specific area. 
Thereafter, the remaining dissolved O2 was removed from the 
solution by a N2 purging step. Finally, quantitative determination 
of iso-caryophyllene was done using GC electrode. 
 
Statistical analysis 

Data were analysed with Statview 5.0 (SAS Institute 
Inc.). Presented data are the mean of three measurements with 
standard deviation. Statistical comparison were performed using 
Kruskal-Wallis test and post hoc Student-Newman-Keuls test; P 
0.05. Each experiment was done at least three times.   

 
RESULTS 
 

Reactive oxygen species (ROS) overproduction induced 
by iso-caryophyllene was evaluated using DCFH-DA assay in L-
929 cells. DCFH-DA crosses membrane and it is cleaved to non-
fluorescent DCFH by intracellular esterase. DCFH can be oxidized 
to fluorescent DCF by various oxidants (Afri et al., 2004). L-929 
cells were incubated for 48 hours with growing concentration of 
iso-caryophyllene ranging from 50 to 400 µM. The result 
presented in Fig. 1 shows that iso-caryophyllene induces 
significant oxidation of DCFH probes with an increasing of 
relative fluorescence by about 57, 187, 490 and 719 % at iso-
caryophyllene concentrations of 50, 100, 200 and 400 µM, 
respectively. The effect of hydrophilic antioxidant Trolox (100 
µM) was evaluated in L-929 cells treated with 50, 100, 200 and 
400 µM iso-caryophyllene. Trolox does not inhibit ROS 
overproduction at doses of 50 and 100 µM of iso-caryophyllene. In 
contrast, at higher doses of 200 and 400 µM, Trolox inhibits 
DCFH oxidation induced by iso-caryophyllene by about 49 and 61 
%, respectively. The effect of hydrophobic antioxidant -
tocopherol was also investigated. The results show that -
tocopherol (200 µM) significantly decreases iso-caryophyllene-
induced DCFH oxidation to fluorescent DCF by about 58, 68, 74 
and 69 % at concentrations of 50, 100, 200 and 400 µM, 
respectively.                          

Lipid peroxidation was evaluated using BODIPY-C11 
assay. This highly hydrophobic fluorochrome inserts preferentially 
in membrane. It can react with ROS and become fluorescent. 
Therefore, BODIPY-C11 is a good marker to measure lipid 
peroxidation in membrane (Yoshida et al., 2003).As shown in Fig. 
2, a dose-dependent lipid peroxidation was observed in presence of 
iso-caryophyllene, with a significant increase of 40, 71, 113 and 

148 % at concentrations of 50, 100, 200 and 400 µM, respectively. 
It has been noticed also that α-tocopherol (200 µM) significantly 
decreased lipid peroxidation induced by iso-caryophyllene with a 
reduction of 33, 41, 42 and 36 % at iso-caryophyllene 
concentrations of 50, 100, 200 and 400 µM, respectively. No 
significant decrease was observed in the presence of 100 µM 
Trolox.  
 

 
Fig. 1:  Oxidative stress induced by iso-caryophyllene and effect of Trolox and 
-tocopherol. Data represent the means ± standard deviation of three 
determinations. Significantly different from untreated cells; ‡Significantly 
different from iso-caryophyllene used alone; P  0.05, Kruskal-Wallis test and 
post hoc Student-Newman-Keuls test.     

 

 
Fig. 2:  Lipid peroxidation induced by iso-caryophyllene and effect of Trolox 
and -tocopherol. Data represent the means ± standard deviation of three 
determinations. *Significantly different from untreated cells; ‡Significantly 
different from iso-caryophyllene used alone; P  0.05, Kruskal-Wallis test and 
post hoc Student-Newman-Keuls test.     
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Membrane permeability in the presence of 50, 100, 200 
and 400 µM iso-caryophyllene was evaluated using calcein-AM 
assay (Thorpe et al., 1995). This no fluorescent probe accumulates 
in the cells and the acetate group is cleaved by intracellular 
esterase. The fluorescent calcein cannot cross back the membrane 
and remains in the cell. When membrane permeability is altered, 
fluorescent calcein diffuses outside the cells and a partial loss of 
fluorescence can be observed (Hanning et al., 2000; Guzman and 
McCrae, 2005). Saponin was used as positive control with a 
decrease of calcein fluorescence of about 74 %. In Fig. 3, the 
results indicate that 200 and 400 µM iso-caryophyllene induce a 
significant membrane permeabilization. The decrease of calcein 
fluorescence is about 43 % and 57 % for iso-caryophyllene 
concentrations of 200 µM and 400 µM respectively. This 
observation was confirmed using propidium iodide probe (data not 
shown). The effect of antioxidant on membrane permeability was 
assessed in L-929 cells treated with iso-caryophyllene. In contrast 
to Trolox, the presence of 200 µM α-tocopherol almost completely 
prevents the decrease of calcein fluorescence induced by iso-
caryophyllene 200 and 400 µM. 
 

 
Fig. 3: Membrane permeabilization induced by iso-caryophyllene and effect of 
Trolox and -tocopherol. Data represent the means ± standard deviation of 
three determinations. *Significantly different from untreated cells; 
‡Significantly different from iso-caryophyllene used alone; P  0.05, Kruskal-
Wallis test and post hoc Student-Newman-Keuls test.     

 
 To determine the cytotoxicity of iso-caryophyllene, L-
929 cells were treated with increasing concentrations of iso-
caryophyllene ranging from 6.25 to 400 µM for 48 h. The result 
presented in Fig. 4 shows that concentrations of iso-caryophyllene 
ranging from 6.25 to 50 µM do not significantly inhibit cell 
growth. However, iso-caryophyllene at concentrations of 100, 200 
and 400 µM significantly decreases cell survival by about 54, 100 
and 100 %, respectively. Trolox (100 µM) does not protect cells 

against isocaryophyllene cytotoxicity. However, α-tocopherol (200 
µM) partially prevents the cytotoxicity of isocaryophyllene with a 
protective effect of about 25, 63 and 35 % at concentrations of 
100, 200 and 400 µM, respectively.  
 

 
Fig. 4: Cytotoxicity induced by iso-caryophyllene and effect of Trolox and -
tocopherol. Data represent the means ± standard deviation of three 
determinations. *Significantly different from untreated cells; ‡Significantly 
different from iso-caryophyllene used alone; P  0.05, Kruskal-Wallis test and 
post hoc Student-Newman-Keuls test.     

 

 
Fig. 5: Morphology of untreated L-929 cells (A) or treated with 200 µM iso-
caryophyllene (B) ; 200 µM iso-caryophyllene with 100 µM Trolox (C) ; and 
200 µM iso-caryophyllene with 200 µM -tocopherol (D). 
 
As shown in Fig. 5, the protective effect of α-tocopherol (200 µM) 
was confirmed by microscopic visualization of L-929 cells. In 
comparison with untreated cells (Fig. 5A), isocaryophyllene 200 
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µM induces cell shrinking characterized by cell rounding and an 
important decrease in their volume (Fig. 5B). No protective effect 
is noted when 100 µM Trolox was combined with 200 µM iso-
caryophyllene (Fig. 5C). However, the presence of 200 µM α-
tocopherol prevents cell shrinking induced by iso-caryophyllene 
(Fig. 5D). 

To evaluate the propensity of iso-caryophyllene to be 
oxidized, its electrochemical behavior has been studied in 
anhydrous acetonitrile. Fig. 6 shows the voltammogram obtained 
in a iso-caryophyllene solution where electrochemical oxidation of 
this molecule is clearly observed by the presence of an anodic 
current peak having a maximum intensity at 1.35 V.  

However, this oxidation is more difficult compared to the 
well-known antioxidant –tocopherol (oxidation at 0.50 V, see 
Fig. 6).  
 

 
Fig. 6: Cyclic voltammogram at a glassy carbon disk electrode obtained in: 
acetonitrile + 0.1 M TBA (BF4) solution () ; acetonitrile + 0.1 M TBA 
(BF4) + 3.0 mM -Tocopherol) solution (- - - - ) and acetonitrile + 0.1 M TBA 
(BF4) + 2.2 mM iso-caryophyllene solution (). dE/dt = 0.050 V s-1. 
 
While iso-caryophyllene does not have a strong antioxidant 
character like –tocopherol, iso-caryophyllene can be oxidized 
electrochemically and its oxidation by a chemical oxidant such as 
the superoxide anion (O2

-) could be envisaged.  
This anion can be electrogeneratedin situ 

(electrochemical reduction) on a glassy carbon electrode using 
dissolved oxygen in acetonitrile, see Fig. 7A. By exposing iso-
caryophyllene to electrogenerated O2

- and by monitoring its 
quantity by the analysis of the current peak intensities, iso-
caryophyllene reactivity toward O2

- could be assessed.  
Figure 7B displays the voltammogram of iso-

caryophyllene solution after exposure to various amounts of 
electrogenerated O2

-. It was observed that the oxidation                   
current peak present at 1.35 V disappears gradually as the 
electrogenerated O2

- amount increases confirming that the                      
iso-caryophyllene   molecules are consumed in the presence of O2

-. 

 

 
Fig. 7:  Cyclic voltammograms at a glassy carbon disk electrode obtained in an 
acetonitrile solution with 0.1 M TBA (BF4) and saturated with oxygen. dE/dt = 
0.050 V s-1 (A) or with 0.1 M TBA (BF4) + 17.5 mM iso-caryophyllene 
solution. dE/dt = 0.050 V s-1 (B). 
 
DISCUSSION 
 

In previous studies the cytotoxic humulene was found to 
induce oxidative stress in culture cell lines (Legault et al., 2003). 
Therefore, evaluation of the effect of iso-caryophyllene on ROS 
overproduction in L-929 cell lines using DCFH probes was 
performed. DCFH can accumulate inside cytoplasm and also in the 
cytoplasmic membrane (Yoshida et al., 2003; Afri et al., 2004). 
Consequently, it is difficult to distinguish between an oxidation of 
the membrane and a cytoplasmic oxidation. It was reported that 
hydrophobic antioxidant as -tocopherol was more effective to 
inhibit lipid oxidation in comparison with hydrophilic Trolox 
(Massey and Burton, 1990; Kaneko et al., 1991; Inar et al., 2006). 
Therefore, evaluation of the protective effect of Trolox and -
tocopherol on the ROS overproduction induced by iso-
caryophyllene was also performed to determine roughly the 
subcellular site of oxidation. The results indicate that iso-
caryophyllene strongly induces overproduction of ROS which is 
significantly suppressed by -tocopherol. In constrast, Trolox 
inhibit ROS only at high doses of iso-caryophyllene. Overall, these 

A 

B 
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results suggest that iso-caryophyllene possibly induces lipid 
oxidation of cellular membrane. The oxidation of BODIPY-C11 
induced by iso-caryophyllene, a probe measuring specifically lipid 
oxidation, supports this hypothesis (Yoshida et al., 2003). As 
expected, -tocopherol inhibits BODIPY-C11 oxidation induced 
by iso-caryophyllene but not Trolox. Lipid oxidation was reported 
to alter membrane permeability and induce cell death (Stark, 2005; 
Pamplona, 2008). Iso-caryophyllene causes membrane 
permeabilization and cell shrinking, which are inhibited by -
tocopherol. Moreover, -tocopherol protects against cytotoxicity 
of iso-caryophyllene in L-929 cells but not Trolox. Altogether, 
these results strongly suggest that the cytotoxicity of iso-
caryophyllene is induced by lipid oxidation, membrane 
permeabilization and cell shrinking. Caryophyllene oxide was 
reported to inhibit mitochondrial electron transport chain via direct 
complex I inhibition (Monzote et al., 2009). Therefore, like 
caryophyllene oxide, it is possible that iso-caryophyllene also 
blocks mitochondrial electron transport chain generating ROS 
such as superoxide anion and hydrogen peroxide (Fariss et al., 
2005).  

Additionally, the reactivity of iso-caryophyllene with 
superoxide anion was evaluated using electrochemical oxidation 
and compared with -tocopherol. Clearly, the results show that 
iso-caryophyllene can react with superoxide anion. Therefore, iso-
caryophyllene oxidized derivatives formed in the cell membrane 
could possibly initiate lipid peroxidation. This assumption will be 
verified in a cellular model. Moreover, superoxide anion reacts 
more easily with -tocopherol than iso-caryophyllene. These 
results could explain, in part, the protective effect of -tocopherol. 
Lipid peroxidation products were found mutagen and carcinogen, 
consequently, iso-caryophyllene may be genotoxic (Hu et al., 
2002; Niedernhofer, 2002; Feng et al., 2003). To the best of our 
knowledge, the genotoxicity of the iso-caryophyllene is unknown 
and it would be appropriate to evaluate this possibility. 
Surprisingly, trans-caryophyllene (-caryophyllene) was not 
cytotoxic and not genotoxic suggesting that the endocyclic double 
bond is less reactive or more stable than the exocyclic double bond 
(iso-caryophyllene) but  this hypothesis needs more investigations. 
 
CONCLUSION 
 

In conclusion, the results presented in this work show 
that cytotoxicity of iso-caryophyllene is induced by lipid 
oxidation, membrane permeabilization and cell shrinking. -
Tocopherol protects the cell against cytotoxicity inhibiting lipid 
oxidation and membrane permeabilization. Lipid oxidation could 
be initiated by oxidized iso-caryophyllene derivatives generated by 
superoxide anion. 
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