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Summary The synthetic caged Garcinia xanthone, cluvenone, has potent and selective cytotoxicity against numerous cancer cell lines including those that are multi-drug
resistant. The direct target of this structurally and functionally unique agent is unknown and that of the parent natural
product, gambogic acid (GA), presently in clinical trials, is
not yet entirely clear. For the first time, using fluorescently
labeled GA (GA-Bodipy), we determined that GA-Bodipy
localized in mitochondria and was effectively displaced by
cluvenone in competition experiments indicating that the
direct target of cluvenone resided in mitochondria and was
shared by GA. In agreement with these findings, treatment
of HeLa cells with cluvenone or GA resulted in disruption
of mitochondrial morphology within 4 h. Furthermore,
experiments using the potential sensitive JC-1 dye demon-

strated that cells treated with 1 μM cluvenone for 1 h had
significant loss of MMP compared to control cells.
Examination of Cyt c levels in leukemia cells treated with
1 μM cluvenone resulted in a 4-fold increase in levels of
both cytosolic and mitochondrial Cyt c. In agreement with
Cyt c release, caspase 9 activity was increased 2.6-fold after
treatment of cells for 5 h with 1 μM cluvenone.
Remarkably, the caspase-9 inhibitor, Z-LEHD-FMK,
blocked cluvenone-induced apoptosis in a dose-dependent
manner with apoptosis being completely blocked by 10 μM
of the inhibitor. In conclusion, cluvenone, an agent with
potent cytotoxicity against multi-drug resistant tumor cells,
has direct targets in mitochondria thus setting precedence
for drug discovery efforts against these targets in the
treatment of refractory cancers.
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Introduction
Despite the recent advances in molecular medicine,
neoplastic disease remains a significant challenge and is
the second leading cause of death in developed countries
[1]. The main obstacle to successful treatment is the
development of resistance to current chemotherapeutic
agents resulting from the occurrence of cellular alterations
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allowing tumor cells to adapt and escape the toxicity of
current chemotherapeutic agents. Hence, it is essential to
investigate novel agents with unique mechanism(s) of
action that are selective for tumor cells.
Mitochondria are the cells main energy producer and
thus are essential for maintaining cell survival. However,
mitochondria also play a major role in cell death and
contain many of the important mediators of apoptosis.
Mitochondrial membrane permeabilization resulting in the
dissipation of the mitochondrial membrane potential,
required for many of the functions of mitochondria, is the
key event leading to apoptosis and is a point of no return
[2]. Because of the important role of mitochondria in cell
death as well as the bio-energetic differences between
normal and cancer cell mitochondria, the mitochondrion
has recently emerged as a promising target in the treatment
of cancer [3]. Importantly, directly targeting mitochondria
offers the advantage to initiate apoptosis independently of
upstream signal transduction elements that are frequently
impaired in human cancers, thus bypassing some mechanisms of chemo-resistance. Lastly, mitochondria being an
invariant target common to all cells and in which mutations
are very rare, suggests a low probability for acquired
resistance to agents directed at mitochondria [4].
Agents that target mitochondria to exert their anti-cancer
effects are collectively termed mitocans (4). Such agents
often act by interfering with the energy-generating processes in the mitochondria of malignant cells leading to
accumulation of elevated levels of ROS that in turn
destabilize mitochondria to induce the intrinsic pathway of
apoptosis [4, 5]. Many cancer cells have reduced levels of
antioxidant enzymes such as the manganese superoxide
dismutase (MnSOD) and are subjected to higher levels of
oxidative stress than normal cells [6]. This characteristic
renders cancer cells a lower tolerance for ROS and an
increased susceptibility to apoptosis by mitocans that
induce ROS formation, making such agents attractive for
development as chemotherapeutics.
Natural products have been used to combat disease for
thousands of years and have demonstrated potent antitumor properties [7]. The Garcinia genus of tropical plants
has yielded a structurally intriguing family of caged
xanthone-derived natural products that have antimicrobial
and anticancer properties and a documented value in
traditional eastern medicine [8]. We have recently demonstrated that a synthetic analogue of the caged Garcinia
xanthone family of natural products, cluvenone, was an
effective inducer of apoptosis in numerous tumor cell types
[9, 10] and was equally cytotoxic to multi-drug resistant
cells as the parental cell lines. The direct cellular target of
this agent is not known and that of the parent natural
product, GA, is not entirely clear. We present the results of
studies examining the direct cellular target and pathway of
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apoptosis induced by cluvenone. Importantly, we provide
evidence that mitochondria, when targeted directly, may
bypass mechanisms of chemo-resistance. Secondly. We
demonstrate, for the first time, that the direct targets of
representatives of the caged Garcinia xanthones reside in
mitochondria challenging the belief of the transferrin
receptor being a direct target.

Material and methods
Cell lines
T-cell acute lymphoblastic leukemia cells, CEM, were
purchased from ATTC in 2008. The multi-drug resistant
promyelocytic leukemia cells, HL60/ADR, were a gift from
Dr. Michael J. Kelner. These leukemia cell lines were
authenticated by observation of morphology and/or by
measuring sensitivity to known agents and then comparing
the IC50 for cytotoxicity to that reported in the literature.
This testing is performed routinely in our laboratory. The
prostate cancer cell line, PC3, was obtained from ATCC in
2000. These cells were authenticated by observation of their
morphology. HeLa cells were obtained from Dr. Olivier
Schwartz (Pasteur Institute) and maintained in DMEM
supplemented with 10% FBS and 100 units/ml penicillin/
streptomycin (complete DMEM). The HeLa cells were not
authenticated in our laboratory. CEM, HL60/ADR, and PC3
cells were maintained in RPMI medium supplemented with
10% FBS, 2 mM glutamine, and 100 units/ml penicillin/
streptomycin (complete RPMI).
Examination of anti-proliferative activity of GA-Bodipy
The synthesis of GA-Bodipy was as described by us
previously [9]. The anti-proliferative effect of GA-Bodipy
was tested in a 3H-thymidine incorporation assay using
HL60/ADR cells as described previously [9, 11].
Fluorescence microscopy
Intracellular localization studies
Hela cells (1×106) were placed on glass cover slips and
were incubated with Mitotracker Red CMX Ros (Invitrogen, Carlsbad, CA) at a final concentration of 50 nM for
15 min. Cells were then fixed with 2% Formaldehyde for
2 min and treated with 1 μM GA-Bodipy for 30 min,
followed by extensive washing in PBS. Stained cells were
examined by fluorescence microscopy with excitation at
579 nm and emission at 599 nm using a Zeiss Observer Z1
inverted microscope with 63× objective controlled by
AxioVision software (Zeiss, Thornwood, NY). For compe-
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tition studies with cluvenone, HeLa cells were treated as
above and further incubated in 0.1% DMSO or 20 μM
cluvenone for 1 h then washed and visualized as above.
Determination of mitochondrial depolarization and loss
of structural integrity
HeLa cells placed on cover slips were treated with 0.1%
DMSO or 1 μM cluvenone for 1 h followed by incubation
with 5 μM JC-1 (a gift from Dr. Fabrizia Stavru) for
15 min. The potential sensitive dye, JC-1, exists as
aggregates which emit at 590 nm (red fluorescence) when
concentrated in mitochondria having intact membrane
potential. In depolarized mitochondria JC-1 exists as a
monomer and yields green fluorescence (530 nm). Fluorescence was measured using a Zeiss Observer Z1 inverted
microscope (excitation at 490 nm).
In studies examining mitochondrial structural integrity,
HeLa cells were treated with 1 μM of each of cluvenone or
GA (positive control), or with 0.1% DMSO (negative
control) for 4 h. The cells were then fixed with 4%
paraformaldehyde for 10 min followed by permeabilization
with 0.1% Triton X-100 in PBS. Non-specific binding of
antibodies was blocked by incubation with PBS containing
5% fetal goat serum (blocking buffer). Primary antibody,
anti-Tom 20 (BD Bioscience, San Diego, CA), was
resuspended in blocking buffer (1:500 dilution) and added
to the cells for 1 h at room temperature. Following three
washes in PBS, the secondary antibody, Alexa Fluor 488
(excitation 495 nm/emission 519 nm) conjugated goat antimouse IgG (Invitrogen, Carlsbad, CA), was added to cells
for 1 h at a dilution of 1:500 in blocking buffer. The cells
were then washed in PBS and stained with Hoescht
(Invitogen, Carlsbad, CA) (1:100,000 in PBS) to stain
DNA. Coverslips were mounted onto glass slides with
Aqua-Poly/Mount (Polysciences Inc., Warrington, PA) and
cells were visualized using a Zeiss Observer Z1 inverted
microscope with 63× objective controlled by AxioVision
software (Zeiss, Thornwood, NY).
Measurement of cytochrome c
CEM cells were plated at 10–15×106 cells/ T-75 flask and
treated with 1 μM cluvenone or 0.1% DMSO for 7 h before
harvesting. Cytosolic and mitochondrial extracts were
generated using a digitonin-based subcellular fractionation
kit (Enzo Life Sciences, Plymouth Meeting, PA) as
recommended by manufacturer. Briefly, cell pellets were
resuspended in 300 μl of digitonin cell permeabilization
buffer and placed on ice for 5 min. Suspensions were then
centrifuged at 1000 g for 5 min at 4°C. Supernatant
containing the cytosolic fraction was removed and stored
at −80°C until further use. The remaining pellet was
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resuspended in 250 μl RIPA cell lysis buffer and placed
on ice for 5 min before centrifuging at 10,000 g for 10 min
at 4°C to obtain the supernatant containing the mitochondrial fraction. Cytochrome c (Cyt c) in cell extracts was
measured by an ELISA assay using the cytochrome c EIA
kit (Enzo Life Sciences) according to manufacturer’s
recommendations. All conditions were performed in duplicate and absorbance was measured in a Synergy Mx
microplate reader (BioTek Instruments Inc., Winooski,
VT) at 405 nm with correction at 580 nm. Levels of Cyt
c in samples were determined by comparison to standards
provided in the kit and all values were reported per 10×106
cells. Background was determined in the absence of extract.
Measurement of caspase-9 activity
Caspase-9 activity was measured using a colorimetric assay
kit from BioVision (Mountain View, CA) according to the
manufacturer’s recommendations. Briefly, CEM cells were
plated at 5×106 cells/well in a 6-well plate in complete
RPMI. Cells were then treated with 0.1% DMSO or 1 μM
cluvenone for 5 h before harvesting and extraction of cell
protein. Cell lysates were incubated with caspase-9 substrate for 2 h at 37°C and resulting color was measured in a
Synergy Mx microplate reader (BioTek Instruments Inc.,
Winooski, VT) at 405 nm. Background was determined in
the absence of substrate and subtracted from values
obtained from untreated and treated cells. All conditions
were performed in triplicate.
Determination of the effect of a Caspase-9 inhibitor
on apoptosis induced by cluvenone
PC3 cells were plated at 10,000 cells\well (96-well plate) in
complete RPMI and allowed to attach overnight. Following
day, cells were pre-treated with increasing concentrations of
the caspase 9 inhibitor, Z-LEHD-FMK (BD Biosciences,
Bedford, MA) for 30 min prior to treatment with 1.5 μM
cluvenone. Control cells received 0.2% DMSO, cluvenone
alone, or Z-LEHD-FMK alone. After a 7 h incubation with
the additions, cells were lysed and cytoplasmic fractions
were obtained after centrifugation at 200 × g for 10 min.
Apoptosis was measured by a photometric enzymeimmunoassay which measures cytoplasmic histoneassociated-DNA fragments with the Cell Death Detection
ELISAplus kit (Roche Applied Science, Mannheim, Germany) according to the manufacturer’s recommendations.

Results
In order to gain information on the possible cellular targets
of cluvenone, a fluorescent analog (GA-Bodipy) of the
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Fig. 1 GA-Bodipy localizes to mitochondria. HeLa cells were incubated
with MitoTracker Red at 50 nM for 15 min. Cells were then fixed and
treated with GA-Bodipy at 1 uM for 30 min, followed by washing with

PBS. Stained cells were then examined by fluorescence microscopy with
excitation at 579 nm and emission at 599 nm. Mitochondria (b) are
shown in red and BODIPY (a) in green. Merged image is shown in (c)

parent molecule, GA, known to induce the intrinsic
pathway of apoptosis, was synthesized since cluvenone
was not amenable to functionalization. In this way, it was
possible to visualize not only the sub-cellular component(s)
to which GA localizes but, more importantly, to determine
potential sub-cellular targets of cluvenone that are shared
with GA via competition experiments. GA-Bodipy was first
tested for bioactivity in a proliferation assay to ensure that it
had not lost activity due to labeling. In a 3H-thymidine
incorporation assay, GA-Bodipy was similarly cytotoxic to
GA and cluvenone with an IC50 of 0.6 μM in HL60/ADR
cells indicating that GA-Bodipy retained biological activity
[9]. To determine the intracellular localization of GABodipy, HeLa cells were stained with the mitochondrial dye
MitoTracker Red and then fixed prior to treatment with
1 μM GA-Bodipy. As shown in Fig. 1, the green
fluorescence due to GA-Bodipy clearly co-localized with
MitoTracker Red indicating that GA-Bodipy localized in

the mitochondria. In addition, incubation of cells with GABodipy resulted in a diffuse, bright, peri-nuclear signal
which could not be ascribed to any specific intra-cellular
structure. At this point, it is not clear whether this signal
represents a nonspecific cytosolic accumulation or indicates
the presence of additional GA targets.
The localization of GA-Bodipy in mitochondria led to
the question of whether cluvenone also localized to the
mitochondria and shared targets with GA. To address this
question, competition experiments were conducted in
which cells stained with MitoTracker Red and GABodipy, were then incubated with cluvenone or DMSO as
control. In the presence of DMSO, GA-Bodipy maintained
mitochondrial localization (Fig. 2a, b, c). However, in the
presence of cluvenone, GA-Bodipy was significantly
displaced (Fig. 2d, e, f) suggesting that GA and cluvenone
share targets in the mitochondria. The finding that cluvenone localized in the mitochondria suggested that it may

Fig. 2 Cluvenone competes
with GA-Bodipy for sites in
mitochondria. HeLa cells were
incubated with MitoTracker Red
at 50 nM for 15 min and then
fixed. Fixed cells were then
treated with 1 μM GA-Bodipy
for 30 min followed by washing.
Cells were then further incubated with 0.1% DMSO (a, b, c) or
20 μM cluvenone (d, e, f) for
1 h followed by washing. Fluorescence microscopy was performed with excitation at
579 nm and emission at 599 nm.
Mitochondria (red) are shown in
(b) and (e). BODIPY fluorescence (green) is shown in (a)
and (d). Merged images are in
(c) and (f)
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disrupt mitochondrial function and trigger the mitochondrial pathway of apoptosis.
To determine whether cluvenone disrupted mitochondrial
function, mitochondrial membrane potential was measured
qualitatively in HeLa cells treated with cluvenone or
DMSO using the mitochondrial membrane potential
(MMP) sensitive dye JC-1 (Fig. 3, top panel). Regions of
high mitochondrial polarization are indicated by red
fluorescence due to aggregate formation by the JC-1 dye.
Depolarized regions are indicated by the green fluorescence
of the JC-1 monomers. The results of fluorescence
microscopy experiments using JC-1 show that cells treated
with cluvenone (Fig. 3 Top panel d, e, f) display a greater
level of green fluorescence and less red fluorescence

compared to control cells (Fig. 3 Top panel a, b, c) after
1 h treatment. These observations indicate that mitochondria in cells treated with cluvenone have lost MMP and
have become depolarized.
Additional evidence suggesting that cluvenone disrupts
mitochondrial function comes from examination of mitochondrial morphology by immuno-fluorescence staining of
the outer mitochondrial membrane receptor protein, Tom20,
in cells treated with cluvenone, GA, or DMSO. HeLa cells
treated for 4 h with 1 μM cluvenone or GA revealed a
dramatic change in mitochondrial morphology compared to
control cells (Fig. 3, bottom panel). The complex branching
network of tubular shaped mitochondria was converted into
vesicular shaped organelles. Longer incubations resulted in

Fig. 3 Loss of mitochondrial membrane potential and structural
integrity in cells treated with cluvenone. Mitochondrial membrane
potential was examined in HeLa cells after treatment with 0.1%
DMSO (a, b, c), or 1 μM cluvenone (d, e, f) for 1 h, followed by
staining with JC-1 for 15 min. Cells with high membrane potential
promote the formation of JC-1 aggregates which fluoresce red (a, d).
In cells with low potential monomeric JC-1 fluoresces green (b, e).

Yellow color in merged images (c, f) indicates depolarized mitochondria (Top Panel). Structural integrity of mitochondria was examined in
HeLa cells treated for 4 h with 0.1% DMSO (a), or with 1 μM each of
GA (b), or cluvenone (c). Fixed and permeabilized cells were then
stained for the mitochondrial protein Tom 20 (green) as well as for
nuclei, shown in blue (Bottom Panel)

1846

an even more dramatic phenotype with a decrease in size
and a reduction in the number of mitochondria (data not
shown). In summary, the fluorescent analog of GA was
found to localize in mitochondria which could be displaced
by cluvenone suggesting shared mitochondrial targets
between GA and cluvenone. Furthermore, cluvenone disrupted mitochondrial morphology and resulted in mitochondrial depolarization. These results are in agreement to
that obtained with GA in human hepatoma cells [12].
Since cluvenone was found to depolarize mitochondria,
it was hypothesized that it induced apoptosis through the
mitochondrial pathway. Hence, the classic indicators of the
mitochondrial pathway of apoptosis including the release of
Cyt c and activation of caspase 9, were examined. Cyt c
was measured by an ELISA in both the cytosolic and
mitochondrial fractions of cell lysates obtained from CEM
cells treated with 1 μM cluvenone or 0.1% DMSO for 7 h.
The results demonstrated that the levels of both cytosolic
and mitochondrial Cyt c were increased at least 4-fold in
CEM cells treated with cluvenone (Fig. 4). This observation
indicated that cluvenone increased the expression of Cyt c
of which, a portion, was released into the cytoplasm as part
of the process of apoptosis. This finding is supported by
Sanchez-Alcazar et al. [13] who reported that teniposide
and various other chemotherapeutic agents induced a dosedependent increase in the expression of Cyt c and other
mitochondrial respiratory chain proteins, and that Cyt c was
released into the cytoplasm only after maximal levels had
been reached in the mitochondria. An immuno-fluorescence
based assay was performed to further confirm that Cyt c
was released from the mitochondria. In these experiments,

Fig. 4 Cluvenone increases total Cyt c levels and induces cytosolic
release in CEM cells. Cells were treated with 1 μM cluvenone or 0.1%
DMSO for 7 h, followed by subcellular fractionation using a
digitonin-based extraction method. Cytochrome c in cell extracts
was measured by an ELISA assay with absorbance measured at
405 nm with correction at 580 nm. All conditions were performed in
duplicate. Levels of Cyt c in samples was determined by comparison
to standards and all values were reported per 10×106 cells. Cyto -,
cytosolic extract from untreated cells; Mito -, mitochondrial extract
from untreated cells; Cyto +, cytosolic extract from cells treated with
cluvenone; Mito +, mitochondrial extract from cells treated with
cluvenone
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HeLa cells treated with 1 μM cluvenone for 4 h were
stained for the mitochondrial marker Tom20 and Cyt c.
While Tom20 staining revealed extensively damaged,
rounded, and swollen mitochondria, Cyt c appeared as
diffuse cytosolic staining (data not shown).
The activity of caspase 9, one of the hallmarks of the
mitochondrial pathway of apoptosis, was measured in CEM
cells cultured in the presence and absence of cluvenone.
After treatment of cells for 5 h with 1 μM cluvenone,
caspase-9 activity was measured in a colorimetric assay
using the caspase 9-specific substrate, LEHD-pNA. The
results presented in Fig. 5 demonstrated that the activity of
caspase-9 was increased 2.6-fold upon treatment of cells
with cluvenone for 5 h. These results confirmed those of an
earlier experiment in which cluvenone induced the activity
of caspase-9 3.4-fold (data not shown), slightly greater the
induction (2.3-fold induction) by an equal concentration of
the serine/threonine kinase inhibitor and inducer of apoptosis, UCN01.
To further confirm that cluvenone induces apoptosis
through the mitochondrial pathway, a caspase-9 inhibitor
was used to block the induction of apoptosis by cluvenone.
In these experiments, PC3 cells were pre-treated with
increasing concentrations of the caspase-9 inhibitor, ZLEHD-FMK, followed by treatment with 1.5 μM cluvenone for 7 h prior to measuring apoptosis by a photometric
enzyme-immunoassay which measures cytoplasmic
histone-associated-DNA fragments. The results presented
in Fig. 6 demonstrated that the caspase-9 inhibitor blocked
cluvenone-induced apoptosis in a dose-dependent manner.
Apoptosis was completely blocked with 10 μM of the
caspase-9 inhibitor and was equal to background levels of
control cells (0.2% DMSO±Z-LEHD-FMK). These results
suggest that the mitochondrial pathway is the predominant
mechanism of apoptosis elicited by cluvenone in PC3 cells
and, presumably, in Hela cells as well since cluvenone

Fig. 5 Activation of caspase 9 by cluvenone in CEM cells. CEM cells
were treated with 0.1% DMSO or 1 μM cluvenone for 5 h and cell
protein was extracted. Caspase 9 activity was measured using a
colorimetric assay in which cell lysates were incubated with caspase-9
substrate for 2 h at 37°C and absorbance was measured at 405 nm. All
conditions were performed in triplicate and error bars represent SD
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Fig. 6 The caspase-9 specific inhibitor blocks apoptosis induced by
cluvenone. PC3 cells were pre-treated with increasing concentrations
of the caspase 9 inhibitor, Z-LEHD-FMK for 30 min prior to treatment
with 1.5 μM cluvenone for 7 h. Control cells received 0.2% DMSO,

cluvenone alone, or Z-LEHD-FMK alone. Apoptosis was measured
by the Cell Death Detection ELISAplus kit. All conditions were
performed in triplicate and error bars represent SD

clearly localized in the mitochondria (Figs. 1 and 2).
Whether the mitochondrial pathway is the main mechanism
of apoptosis induced by cluvenone in other types of tumor
cells remains to be determined.

the mitochondrial inner membrane, voltage-dependent
anion channels, electron transport chain proteins, hexokinases I and II, and several others [4].
One of the best studied mitocans whose targets have
been clearly identified includes the vitamin E analog, αTOS. α-TOS targets complex II of the respiratory chain to
displace ubiquinone binding thus interrupting electron flow
and resulting in the generation of ROS, which in turn,
destabilizes the mitochondria [17, 19]. In addition, α-TOS
has also been found to bind the Bcl-2 family of proteins
thus acting as a BH3 mimetic [20]. Interestingly, GA was
also recently reported to bind to the Bcl-2 family of
mitochondrial proteins [21] and neutralize their effects.
Because cluvenone not only localizes in the mitochondria
and appears to share targets with GA, but like α-TOS and
GA, also induces ROS formation and destabilizes mitochondria to activate the mitochondrial pathway of apoptosis, the complexes of the electron transport chain and the
Bcl-2 family of proteins are likely targets of cluvenone. The
fact that cluvenone induced ROS formation requires more
than 2 h [10] in contrast to the agent elesclomol [22] which
induces ROS within 30 min, presumably by directly
stimulating ROS-generating enzymes in the cytoplasm, is
consistent with the induction of ROS formation by
cluvenone as a consequence of the disruption of the
mitochondria, specifically, in the electron transport chain.
The role of cluvenone as a BH3 mimetic has yet to be
demonstrated and may be secondary to its role as an
inducer of ROS but would enhance cluvenone’s apoptogenic potential. We are currently investigating the potential
specific targets of cluvenone in the mitochondria.
Our current findings, in combination with those of our
previous report, highlight the potential of cluvenone as an
effective chemotherapeutic agent and provide a potential

Discussion
Our current results demonstrate that cluvenone localizes in
the mitochondria by displacing GA-Bodipy and disrupts the
function of mitochondria as evidenced by loss of mitochondrial structural integrity and membrane potential. In
agreement with these results, cluvenone induced the release
of Cyt c into the cytoplasm and activated caspase-9.
Furthermore, blocking the activity of caspase-9 with the
caspase-9 specific inhibitor, Z-LEHD-FMK, inhibited the
induction of apoptosis by cluvenone. Collectively, these
results confirm that cluvenone induces apoptosis through
the mitochondrial pathway. More importantly, however, our
results indicate for the first time that the direct target(s) of
cluvenone resides within the mitochondria and is shared
with GA.
In recent years several unrelated natural products have
been found to elicit their cytotoxic effects by targeting
mitochondria, thereby acting as a mitocans. For instance,
GA and α-mangostin from the Garcinia genus of plants are
known to activate the mitochondrial pathway of apoptosis
by disrupting mitochondrial function [12, 14]. Furthermore,
unrelated natural products or their analogs including
betulinic acid [15], fenretinide [16], α-tocopheryl succinate
(α-TOS) [17], and resveratrol [18] have also been found to
destabilize mitochondria and induce apoptosis. Mitocans as
such can target mitochondria at various sites to disrupt their
function. These targets include the Bcl-2 family of proteins,
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basis for cluvenone’s cancer cell selectivity and ability to
circumvent chemo-resistance. The induction of ROS has
been shown to initiate apoptosis preferentially in cancer
cells since, unlike normal cells, cancer cells are under high
oxidative stress often having limited anti-oxidant capacity
and thus, have a lower tolerance to oxidative stress [6].
Furthermore, ROS production can activate the proapoptotic
proteins Bax and Bak by allowing them to dimerize and
mobilize to the mitochondrial outer membrane [23]. Lastly,
the potential activity of cluvenone as a BH3 mimetic would
allow the release of Bax and Bak from the Bcl-2 family of
proteins known to be over expressed in many cancer cells
providing a source of chemo-resistance. In conclusion, our
results indicate that cluvenone, an agent with potent and
selective cytotoxicity against multi-drug resistant cancer
cells, has direct targets in mitochondria underscoring the
therapeutic value of mitochondrial targets in the treatment
of refractory cancers, thus, setting precedence for drug
discovery efforts against these targets.
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