
  Introduction 

 Lung cancer is the leading cause of cancer-related 
mortality and is responsible for over 1 million deaths 
each year worldwide [1]. The 2 main types of lung 
cancer are small cell lung cancer (SCLC) and non-
SCLC (NSCLC); NSCLC accounts for approxi-
mately 85% of all cases of lung cancer [2]. Although 
chemotherapy is appropriate for many patients with 
NSCLC, there is a sense that the use of traditional 
chemotherapeutic agent has reached a therapeutic 
plateau [3] and 5-year survival from this disease is 
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  Abstract 
 Elemene is a broad-spectrum antitumor agent. In the present study, lysosomal membrane permeabilization (LMP) was 
detected after short elemene emulsion - exposure (12 h) that preceded a decrease of the mitochondrial membrane poten-
tial and DNA damage (24 h) in A549 cells. At later time points (36 h) elemene emulsion caused the appearance of A549 
cells with apoptotic features, including apoptotic morphology, phosphatidylserine exposure, and caspase-3 activation. A 
signifi cant increase in protein expression for cathepsin D was also observed utilizing Western blot analysis after exposure to 
elemene emulsion for 12 h. The present study showed that elemene emulsion induced the increased levels of reactive oxygen 
species (ROS) and depletion of glutathione (GSH) in A549 cells. Cells treated with pepstatin A, an inhibitor for cathepsin 
D, showed a signifi cant inhibition in DNA damage, mitochondrial membrane permeabilization, caspase-3 activation, and 
phosphatidylserine exposure. These results demonstrated that apoptosis induced by elemene emulsion in A549 cells is medi-
ated in part through LMP and lysosomal protease cathepsin D.  
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only 17% [4]. Obviously, developments of new med-
icine and new strategies to improve survival of 
patients with NSCLC are urgently needed. Recently, 
scientists have focused on the potential role of 
extracts of traditional Chinese medicinal herbs as 
alternative and complementary medications for 
NSCLC treatment [5]. 

 Elemene, isolated from the traditional Chinese 
medical herb  Curcuma Wenyujin  [6], is a mixture of  β -, 
 γ -, and  δ -elemene with  β -elemene as the most abun-
dant constituent. There is increasing evidence that 
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elemene possesses potent activities against malignant 
tumor cells. Elemene has been proved to inhibit the 
proliferation of human and rat glioblastoma cell [7,8]. 
The antitumor activity was also shown in leukemia 
cells [9 – 11]. In addition, preclinical studies have indi-
cated that elemene is cytotoxic in several cancer cell 
lines, including ovarian cancer cells, laryngeal cancer 
cells and breast cancer cells [12 – 14]. Furthermore, 
previous results have suggested that elemene may be 
a potential therapy for NSCLC, because it induces 
apoptosis of NSCLC cells by activating the mitochon-
drial mediated pathway [15 – 17]. 

 Two pathways can be involved in apoptosis induction: 
the extrinsic and intrinsic pathways. The extrinsic path-
way is mediated by the interaction of death receptors 
with ligands, leading to activation of initiator caspase-8 
and effector caspase-3. The intrinsic pathway is acti-
vated by many different stimuli and typically results in 
mitochondrial membrane depolarization, followed by 
activation of initiator caspase-9 and effector caspase-3 
[18]. Apoptosis is most studied program that plays an 
essential role in the antitumor activity of elemene. Mito-
chondrial dysfunction and caspase activation are sup-
posed to be involved in the apoptotic processes following 
exposure to elemene [15 – 17]. There is substantial evi-
dence that lysosomal membrane permeabilization 
(LMP) not only has an early but, in fact, initiating role 
in apoptosis, and that mitochondrial dysfunction may 
be a consequence of earlier LMP [19 – 22]. LMP has 
been shown to occur in apoptosis under the infl uence 
of several stimuli, such as anti-cancer drugs, oxidative 
stress, tumor necrosis factor (TNF), and Fas [23 – 26]. 

 The overall object of the present study is to further 
explore the cellular mechanisms of apoptosis induced 
by elemene emulsion in A549 cells. The time relation-
ship of lysosomal and mitochondrial damage was 
determined to test the hypothesis that decrease in 
mitochondrial membrane potential and subsequent 
mitochondrial reactive oxygen species (ROS) are 
downstream events from LMP, and cathepsin D acti-
vation. The DNA damage and glutathione (GSH) 
depletion induced by elemene emulsion were also 
measured. Apoptosis was studied by examining cell 
morphology, phosphatidylserine exposure, and cas-
pase-3 activation. Furthermore, we investigated 
whether pepstatin A, an inhibitor of cathepsin D, 
inhibited apoptosis induced by elemene emulsion.   

 Materials and methods  

 Chemicals, materials and mediums 

 Elemene emulsion was purchased from Jingang 
 P har maceutical Co. (Dalian, China). 2,7-dichlorofl uo-
rescein diacetate (DCFH-DA), o-phthaladehyde (OPT), 
acridine orange (AO), rhodamine 123, Hoechst 33342, 
and  pepstatin A were obtained from Sigma (St. Louis, 
MO). Normal melting points agarose and low melting 

point agarose were provided by Gibco BRL, Life 
 Technologies (Paisley, UK). All tissue culture reagents, 
i.e., RPMI 1640 medium, fetal bovine serum, antibi-
otics  (penicillin, streptomycin) and trypsin-EDTA 
were bought from Gibco BRL-Life Technologies 
(Grand Island, NY).   

 Cell culture and treatment 

 The human lung adenocarcinoma A549 cells were 
supplied by the American Type Culture Collection 
(ATCC) and were grown in RPMI 1640 medium 
containing 10% (v/v) fetal bovine serum and anti-
biotics [penicillin (100 IU/ml), and streptomycin 
(100  m g/ml)] at 37 º C in 5% CO 2 . 

 Cells were allowed to attach for 24 h before treat-
ment with elemene emulsion. For the experiments, 
cultured cells were treated with various concentra-
tions of elemene emulsion (fi nal concentration: 5, 10, 
and 20  m g/ml) for 12 h, 24 h and 36 h. Control 
received only RPMI 1640 medium. For inhibition 
of the aspartic protease cathepsin D, cells were pre-
treated for 24 h with 50  m M pepstatin A and then 
concomitantly with elemene emulsion for 24 h or 
36 h. Elemene emulsion were diluted in RPMI 1640 
medium to working stocks immediately before use.    

 Assessment of apoptosis  

 Annexin V-Propidium Iodide staining 

 Normal, apoptotic, and necrotic cell were simultane-
ously distinguished using the Annexin V-Propidium 
Iodide (PI) kit according to the manufacturer ’ s instruc-
tion (Kaiji, Nanjing, China). Briefl y, control and 
treated cells were collected by trypsinization followed 
by staining with Annexin V and PI for 10 min. Single 
cell suspensions were analysed by fl ow cytometry.   

 Morphological assessment of apoptosis 

 After exposure to elemene emulsion, cells were rinsed 
with PBS. Nuclear morphology was assayed by fl uo-
rescence microscopy following Hoechst 33342 stain-
ing (fi nal concentration 8  m g/ml for 15 min at 37ºC). 
Imaging was carried out using an Olympus BX-51 
fl uorescent microscope with appropriate fi lter cubes.   

 Caspase-3 activity assay 

 After treatment with various concentrations of 
elemene emulsion, the caspase-3 activity of A549 
cells was measured with the caspase-3 assay kit 
according to the manufacturer ’ s instructions (Kaiji, 
Nanjing, China). Cells were assayed by use of 
the caspase-3 substrate Ac-DEVD-pNA. Briefl y, 
5  �  10 6  A549 cells were collected by trypsinization, 
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washed once with PBS, and lysed with lysis buffer. 
After  incubation with Ac-DEVD-pNA at 37 ºC  for 
4 h, samples were read on a microplate reader at 
405 nm (BIO-RAD 3550, USA).   

 Analysis of LMP 

 The AO is a metachromatic fl uorophore which accu-
mulates within acidic vacuolar compartments (lyso-
somes) due to protonation at low pH [27]. Damage 
of lysosomes was measured using the weak base AO, 
according to a protocol previously described [28]. 
Cells were incubated for 15 min with 5  m g/ml AO 
under otherwise ordinary culture conditions, then 
washed twice in PBS to remove the fl uorescent dye 
from the media, followed by fl uorescence spectropho-
tometer analysis (HITACHI, 650-60, Tokyo, Japan, 
excitation wavelength of 495 nm, emission wave-
length of 530 nm).   

 Analysis of mitochondrial membrane potential 

 Changes in the mitochondrial membrane potential 
were measured using rhodamine 123 [28], which is a 
membrane-permeable fl uorescent cationic dye. In 
brief, cells were incubated with rhodamine 123 (fi nal 
concentration 1.5  m M) for 10 min at 37ºC in a ther-
mostatic bath with gentle shaking. The cells were cen-
trifuged, and fl uorescence from the supernatant 
was measured at an excitation wavelength of 490nm 
and an emission wavelength of 530 nm with a 
 fl uorescence spectrophotometer (HITACHI, 650-60, 
Tokyo, Japan).   

 Western blot analysis 

 Western blot analysis was performed using cytosolic 
fractions as previously described [19]. Equal amounts 
of cytosolic protein were separated by SDS-PAGE 
and transferred to nitrocellulose membrane. The 
blots were blocked with 5% nonfat milk in TBS with 
0.1% Tween 20. Membranes were incubated with 
goat anti-cathepsin D polyclonal antibody overnight 
at 4 ºC . Finally membrane were incubated with HRP-
conjugated secondary rabbit anti-goat antibodies at 
37 ºC  for 2 h, and assayed by an enhanced chemilu-
minescence plus (ECL  � ) detection system.   

 Comet assay 

 The Comet assay was performed as described by 
Singh and Stephens with slight modifi cations [29]. 
Cell suspension was mixed with 1% LMP agarose 
and added to fully frosted slides that had been cov-
ered with a layer of 1.5% NMP agarose. The cells 
were then lysed for 1 h at 4 ºC  in a buffer consisting 
of 2.5 M NaCl, 100 mM EDTA, 1% Triton X-100, 

and 10 mM Tris, pH 10. After lysis, the slides were 
placed on an electrophoresis unit fi lled with fresh 
electrophoretic buffer (300 mM NaOH and 1 mM 
EDTA, pH 13) and left for 20 min for DNA unwind-
ing and then electrophoresed for 30 min at 18 V and 
200 mA. Afterwards, the slides were neutralized with 
0.4 M Tris buffer (pH 7.5) and stained with 50  m l of 
ethidium bromide (20 m g/ml). Finally, the slides were 
viewed using an Olympus BX-51 fl uorescent micro-
scope (excitation fi lter 549 nm, barrier fi lter 590 nm). 
Images of 50 randomly selected cells from each slide 
were analysed with Comet Assay Software Project 
casp-1.2.2 (University of Wroclaw, Poland). In the 
present study, tail moment was used as a parameter 
to assess DNA damage.   

 Intracellular ROS formation 

 The formation of intracellular ROS was measured 
using a fl uorescent probe DCFH-DA as described pre-
viously [30]. The principle of the test is based upon the 
fl uorescent probe DCFH-DA diffusing into the cells 
through cell membrane. Then, the DCFH-DA is 
hydrolyzed to non-fl uorescent 2 � ,7 � -dichlorofl uorescin 
(DCFH). ROS cause oxidation of DCFH to a measur-
able fl uorescent product, DCF. The DCF fl uorescence 
intensity is proportional to the amount of ROS formed 
intracellularly. H 2 O 2  is the principle ROS responsible 
for the oxidation of DCFH-DA to DCF [31]. 

 Following elemene emulsion treatment, cells were 
washed with cold PBS, suspended in PBS at 5  �  10 5  
cells/ml, and incubated with DCFH-DA at a fi nal 
concentration of 5  m M (40 min, 37 ºC  in darkness). 
The relative fl uorescence intensity was monitored 
using a fl uorescence spectrophotometer (HITACHI, 
650-60, Tokyo, Japan, excitation wavelength of 485 
nm, emission wavelength of 530 nm).   

 Measurement of intracellular GSH 

 GSH was measured using a modifi ed method of  Hissin 
and Hilf [32]. The cells were exposed to elemene emul-
sion, washed twice with PBS, and then 5% trichloroa-
cetic acid (0.4 ml) was added. After incubation at 4ºC 
for 30 min to extract GSH, 50 m l of the trichloroacetic 
acid extract was mixed with 0.8 ml 50 mM phosphate/
5  m M EDTA buffer (pH 8) and the reaction was initi-
ated by the addition of 50  m l OPT (1 mg/ml). The 
mixture was incubated at 37 ºC  for 15 min in darkness. 
Fluorescence intensity was  monitored by a fl uores-
cence spectrophotometer (HITACHI 650-60, Tokyo, 
Japan, excitation wavelength of 350 nm, emission 
wavelength of 420 nm).   

 Statistical analysis 

 Statistical analysis was performed using SPSS v13.0 
software. Data are expressed as mean  �  standard 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



   The mechanisms of apoptosis induced by elemene emulsion    1235

deviation (S.D.). The statistical signifi cance of differ-
ences among groups was determined by analysis of 
variance with one-way ANOVA, followed by least sig-
nifi cant difference (LSD) for multiple comparisons, 
as a post hoc test. The level of signifi cance was set at 
 P   �  0.05 and  P   �  0.01 for all statistical analysis.    

 Results  

 Induction of apoptosis 

 Following exposure to elemene emulsion, cells were 
stained with Annexin V and PI and analysed by fl ow 
cytometry. The concentrations tested were 0, 5, 10, and 
20  m g/ml and the points of time studied were 12 h, 24 h, 
and 36 h. There was no increase in apoptotic cells above 
background levels 12 h and 24 h after exposure to 
5 – 20  m g/ml of elemene emulsion (data not shown). At 
36 h, pronounced apoptotic cell death was observed 
following exposure to 10 – 20  m g/ml of elemene emul-
sion (Figure 1A). Morphological evaluation of apopto-
sis using Hoechst 33342 reinforced these observations. 
The elemene emulsion-induced apoptosis was further 
confi rmed by caspase-3 activity assay. After cells were 
incubated for 36 h with different concentrations of 
elemene emulsion, a striking increase in caspase-3 activ-
ity was observed in A549 cells (Figure 1B). 10  m g/ml 
and 20  m g/ml elemene emulsion induced  ≈ 2.1-fold and 
 ≈ 5.2-fold increases compared to control, respectively.   

 Disruption of lysosomal membrane and decrease of 
mitochondrial membrane potential 

 Elemene emulsion-induced lysosomal damage was 
assessed by determination of increased cytosolic/
nuclear AO fl uorescence in A549 cells. As early as 12 h 
following exposure to 20  m g/ml of elemene emulsion, 
A549 cells had increased fl uorescence, indicating the 
change of localization of AO from lysosomes to the 
cytoplasm (Figure 2). The lysosomal alternations 
were persistent, as shown by measurement of AO-
fl uorescence in cells exposed to elemene emulsion for 
24 h and 36 h. In spite of the increased AO fl uores-
cence, A549 cells treated with elemene emulsion for 
12 h exhibited mitochondrial membrane potential 
similar to control cells (Figure 3). After exposure to 
elemene emulsion for 24 h, the decrease in mitochon-
drial membrane potential was detected, and this 
depolarization was more dramatic after 36 h. These 
results showed that LMP and decrease of mitochon-
drial membrane potential occurred following elemene 
emulsion exposure with lysosome changes preceding 
mitochondrial membrane potential changes.   

 Western bolts analysis of cathepsin D 

 To identify the possible involvement of the lysosomal 
systems, we sought to further characterize cathepsin 

D protein expression. A549 cells were exposed to dif-
ferent concentrations of elemene emulsion for 12 h. 
Following treatment with elemene emulsion, there 
was a clear increase in cathepsin D expression in 
A549 cells (Figure 4). It is possible to infer that cathe-
psin D may play an important role in the induction 
of apoptosis by elemene emulsion exposure.   

 Generation of ROS and depletion of intracellular GSH 

 To identify the role of oxidative stress as a potential 
regular of elemene emulsion-induced apoptosis, we 
monitored the levels of intracellular ROS and GSH, 
respectively. As shown in Figure 5 and Figure 6, there 
were no signifi cant changes concerning GSH and 

   

Figure 1. Evaluation of cell death and activation of caspase-3 
in A549 cells after elemene emulsion treatment. Cells were 
exposed to 0–20  m g/ml of elemene emulsion for 36 h. (A) A549 
cells were stained with a combination of Annexin V and PI to assay 
for viable, apoptotic, and necrotic cells. Fluorescence intensities 
were measured by fl ow cytometry. (B) Caspase-3 activity of elemene 
emulsion-incubated A549 cells was measured as the amount of 
pNA liberated from Ac-DEVD �pNA after a 4h incubation at 
37°C  , using a microplate reader at 405 nm. The illustrate results 
are mean  �  S.D. of three independent experiments (n  �  3). 
 ∗  ∗   P    �  0.01 vs control.   
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ROS  levels when A549 cells were exposed to elemene 
emulsion for 12 h. A signifi cant increase of DCF fl u-
orescence intensity was observed in cells treated with 
elemene emulsion for 24 h (Figure 5). We also deter-
mined GSH level under the same experimental condi-
tions. The cellular thiols are endogenous antioxidants 
that can counteract ROS. After cells were incubated 
with elemene emulsion for 24 h, a striking decrease of 
intracellular GSH was observed (Figure 6).   

 Induction of DNA damage 

 The ability of elemene emulsion to cause DNA  damage 
was assessed with the Comet assay. Under alkaline 

   Figure 2. Evaluation of elemene emulsion-induced LMP in A549 
cells. Cells were incubated with various concentrations of elemene 
emulsion for 12 h, 24 h, and 36 h. LMP was analyzed with a 
fl uorescence spectrophotometer using AO. The illustrate results are 
mean  �  S.D. of three independent experiments (n  �  3).  ∗   P    �  0.05 
vs control.  ∗  ∗   P    �  0.01 vs control.   

 

  Figure 3. Decrease of mitochondrial membrane potential induced 
by elemene emulsion in A549 cells. A549 cells were exposed to 
0–20  m g/ml of elemene emulsion for 12 h, 24 h, and 36 h, and the 
mitochondrial membrane potential was assayed using the probe 
rhodamine 123. The illustrate results are mean  �  S.D. of three 
independent experiments (n  �  3).  ∗   P    �  0.05 vs control.  ∗  ∗   P    �  0.01 
vs control.   

   

Figure 5. Detection of elemene emulsion-elicited cellular ROS in 
A549 cells. Cellular ROS was assayed using a fl uorescence 
spectrophotometer (DCFH-DA staining) following administration 
of elemene emulsion for 24 h. Fluorescence intensities are presented 
as mean  �  S.D. of three independent experiments (n  �  3).  ∗   P    �  0.05 
vs control.  ∗  ∗   P    �  0.01 vs control.   

   Figure 4. Elemene emulsion induced cathepsin D activation in 
A549 cells. Cells were incubated with various concentrations of 
elemene emulsion for 12 h. A dose course of cathepsin D 
translocation into cytoplasm was investigated by western blot 
analysis. Following treatment with elemene emulsion, there was a 
clear increase in cathepsin D expression in A549 cells.   

conditions, it detects DNA single- and double-strand 
breaks and alkali-labile sites. As shown in Figure 7, 
DNA damage was induced in A549 cells from 24 h 
treatment of elemene emulsion, which is  convinced by 
the increased quantitative comet tail moment.   

 Cathepsin D contributed to elemene emulsion-induced 
apoptosis 

 To assess the role of cathepsin D in elemene 
 emulsion-induced apoptosis, an inhibitor for cathepsin 
D (pepstatin A) was used to investigate its involvement 
with DNA damage (24 h), mitochondrial membrane 
potential (24 h), caspase-3 activation, and apoptosis (36 
h) following 20  m g/ml of elemene  emulsion  exposure. 
Figure 8A shows that elemene  emulsion  elicited a 
20-fold increase of comet tail moment and that  pepstatin 
A signifi cantly reduced this effect. As shown in Figure 
8B, inhibition of cathepsin D with  pepastatin A signifi -
cantly attenuated elemene  emulsion-induced decrease in 
mitochondrial  membrane potential.  Pepstatin A treat-
ment also inhibited activation of caspase-3 in A549 cells 
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 following exposure to 20  m g/ml elemene emulsion for 
36h (Figure 8C). In addition, elemene emulsion-
induced apoptosis in A549 cells was inhibited by pep-
statin A, as determined by fl ow cytometry using Annexin 
V and PI (Figure 8D). These results provide evidence 
that inhibition of cathepsin D prevent apoptosis induced 
by elemene emulsion.    

 Discussion 

 Here we investigate the molecular mechanisms of 
elemene emulsion-triggered apoptosis. As early as 

12 h following exposure to elemene emulsion, A549 
cells had increased AO fl uorescence, indicating the 
change of localization of AO from lysosomes to the 
cytoplasm. Lysosomes could be one of the main bio-
chemical targets for elemene emulsion in A549 cells 
since the lysosomal damage was found to precede 
any effect on mitochondrial, GSH levels, formation 
of ROS, DNA, or apoptosis. Involvement of lyso-
somes and lysosomal proteases, also known as cathe-
psins, has been now established in a number of cell 
models as one of the important pathways in apopto-
sis [33,34]. Cathepsins are members of the papain 
superfamily of cysteine proteases [35], and predom-
inantly located in lysosomes. Because cathepins B, L, 
and D are abundant among the lysosomal proteases, 
they are often used as markers of lysosomal activa-
tion [36]. Cathepsin B appears to be involved in 
TNF-induced apoptosis [37], whereas cathepsin D 
contributes to apoptosis induced by oxidative stress 
[38], TNF- α  [39], Fas [40], or free radical injury 
[41]. In the present study, a signifi cant increase in 
protein expression for cathepsin D was observed 
 utilizing Western blot analysis. 

 Oxidative stress refers to a serious imbalance 
between production of reactive species and antioxi-
dant defence [42]. To explore the role of oxidative 
stress in elemene emulsion-induced apoptosis, we 
tested the effects of elemene emulsion on the forma-
tion of intracellular ROS and cellular GSH content 
in A549 cells. Here we found a dose-dependent ROS 
production and depletion of cellular GSH following 
a 24 h exposure of cells to elemene emulsion. ROS 
have been suggested as possible mediators of apop-
tosis induced by  δ -elemene and N-( β -elemene-13-yl) 
tryptophan methyl ester [43 – 45]. Mitochondrial are 
one of the most important cellular sources of ROS 
production and are particularly susceptible to oxida-
tive stress [46]. The release of lysosomal enzymes 
into the cell cytoplasm may directly and/or indirectly 
cause enhanced formation of mitochondrial ROS 
and these ROS of mitochondrial origin could pro-
mote further lysosomal rupture [47]. GSH is the 
major intracellular antioxidant, which serves as a 
substrate for GSH peroxidase to degrade hydrogen 
peroxide to H 2 O and also acts as a free radical scav-
enger [48]. In the present study, a decrease of intra-
cellular GSH was observed in A549 cells exposed to 
elemene emulsion. 

 The Comet assay is a sensitive test for the mea-
surement of DNA damage in individual cells. We 
detected single- and double-strand breaks and/or 
alkali-labile sites in DNA after exposure of A549 
cells to elemene emulsion using Comet assay. The 
degrees of DNA damage were augmented as the 
concentrations of elemene emulsion increased. When 
the damage reaches to a certain level, cell apoptosis 
or death would eventually occur. DNA damage can 
be either the consequence of a direct interaction of 

   
Figure 7. Increase of comet tail moment following elemene 
emulsion treatment in A549 cells. The alkaline Comet assay was 
applied to evaluate DNA damage associated with exposure to 
elemene emulsion for 24 h. Results are indicated as mean  �  S.D. 
of three independent experiments (n�3).  ∗   P    �  0.05 vs control. 
 ∗  ∗   P    �  0.01 vs control.   

   

Figure 6. Reduction of intracellular GSH caused by elemene 
emulsion. After 24 h exposure, the intracellular GSH was measured 
spectrophotometrically following incubation with OPT. Data 
presented as mean  �  S.D. of three independent experiments (n  �  3). 
 ∗  ∗   P    �  0.01 vs control.   
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elemene emulsion with DNA or indirectly due to the 
generation of ROS. Lysosomal enzymes can target 
the cell membrane and proteins whereas the release 
of DNA-ase can induce DNA double strand breaks 
[49]. DNA damage is signaled to the mitochondrial 
and cause apoptosis through multiple independent 
pathway [50]. 

 It is widely accepted that perturbations in the 
mitochondrial contribute to apoptosis. To establish 
whether mitochondrial damage is involved in elemene 
emulsion-induced apoptosis in A549 cells, we 
assessed changes in the mitochondrial membrane 
potential by using the cationic dye rhodamine 123. 
In this work, the mitochondrial membrane potential 
was found signifi cantly decreased after exposure to 
elemene emulsion for 24 h, that is, several hours after 
the lysosomes had begun to undergo leakage. This 
suggests the existence of a lysosomal-mitochondrial 
crosstalk associated with elemene emulsion-induced 
apoptosis. A possible mechanism by which lysosomal 
protease exerts its effect is by cleavage and activation 
of Bid (a full-length, inactive Bcl-2 related protein) 
to a proapoptotic truncated protein (tBid), as a 
fi nal result of mitochondrial depolarization and 

   

Figure 8. The effect of cathepsin D inhibitor (pepstatin A, 50  m M) on A549 cells 24 h or 36 h following exposure to 20  m g/ml elemene 
emulsion. A549 cells were pretreated 24 h with or without 50  m M pepstatin A, then treated concomitantly with either media or elemene 
emulsion for 24 h or 36 h. Treatment of A549 cells with pepstatin A demonstrated a signifi cant inhibition in (A) comet tail moment after 
exposure to elemene emulsion for 24 h, (B) decrease of mitochondrial membrane potential in A549 cells exposed to elemene emulsion 
for 24 h, (C) caspase-3 activity in A549 cells treated with elemene emulsion for 36 h, (D) percentage of apoptotic cells exposed to elemene 
emulsion for 36 h. Results are indicated as mean  �  S.D. of three independent experiments (n  �  3).  ∗   P    �  0.05 vs control,  ∗  ∗   P    �  0.01 vs 
control. #  P    �  0.05 vs elemene emulsion alone, ##  P    �  0.01 vs elemene emulsion alone.   

 cytochrome c release [51 – 53]. Along these lines, 
cathepsin D has been suggested to mediate mito-
chondrial apoptotic pathway by activation of Bid 
[54]. The studies of Bidere et al. [55] suggest that 
cathepsin D may activate Bax in a Bid-independent 
manner as demonstrated in staurosporine-treated T 
cells. Also signifi cant is that cathepsins can mediate 
the activation of phospholipase A2 (PLA2), which 
may attack both mitochondrial and lysosomal mem-
branes and causing further lysosomal rupture [56]. 

 We found that mitochondrial dysfunction and cas-
pase activation were involved in the apoptotic pro-
cess caused by elemene emulsion, which is consistent 
with previous investigations [15 – 17]. Our results 
also suggest that elemene emulsion-induced apopto-
sis depends in part on the lysosomes. There may be 
a direct activation of caspase by cathepsin B [57]. 
Cathepsins D and L have also been shown to directly 
activate caspase in some cell models [58,59]. In our 
present study, the cathepsin D inhibitor pep statin 
A prevented subsequent DNA damage, decrease 
of mitochondrial membrane potential,  caspase-3 
 activation, and apoptosis, which suggests that the 
release of cathepsin D from disrupted lysosomes 
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plays an important role in elemene emulsion-induced 
apoptosis in A549 cells. 

 In conclusion, our data suggest that LMP associ-
ated with relocation of cathepsin D play important 
and initiating roles during elemene emulsion-induced 
apoptosis in A549 cells and that precede decrease of 
mitochondrial membrane potential, oxidative stress, 
DNA damage, caspase activation, and apoptosis.   
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