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6-Shogaol (Alkanone from Ginger) Induces Apoptotic Cell Death
of Human Hepatoma p53 Mutant Mahlavu Subline via an
Oxidative Stress-Mediated Caspase-Dependent Mechanism
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Mahlavu cells, poorly differentiated and p53 mutants of a human hepatoma subline, are known to be
highly refractory to a number of chemotherapeutic agents and radiotherapy due to their high
expressions of multidrug resistance gene-1 (MDR-1) and Bcl-2 proteins. Thus, it is desirable to search
for an alternative strategy for effective eradication of this type of cancer cells. We present evidence
here for the first time that 6-shogaol (6-SG), an alkanone isolated from the rhizomes of ginger, can
effectively induce apoptotic cell death of Mahlavu cells via an oxidative stress-mediated caspase-
dependent mechanism. The cascade of events in 6-SG-induced apoptosis of these cells involved an
initial overproduction of reactive oxygen species (ROS) followed by a severe depletion of intracellular
glutathione (GSH) contents. Both events consequently entailed a significant drop in mitochondrial
transmembrane potential (AWy,), which ultimately activated the activities of caspases 3/7 resulting in
the DNA fragmentation. Interestingly, we also found that N-acetylcysteine (NAC), an antioxidant and
a precursor of GSH biosynthesis, could offer a near complete protection of apoptotic cell death exerted
by 6-SG. Similarly, exogenously added GSH could also provide protection with an equal efficacy.
However, it was paradoxical that both Boc-Asp(OMe)-fmk (a broad caspases inhibitor) and cyclosporin
A (an mitochondrial permeability transition opening inhibitor) could only partially protect these cells
from 6-SG-induced apoptosis. Taking these data into consideration, it is obvious that GSH depletion
is the major contributing factor in arbitrating 6-SG-induced apoptosis of Mahlavu cells. In conclusion,
we provide here a novel modality that can help to eradicate a p53 mutant of human hepatoma cells
by using a natural consistent isolated form of ginger. These data also provide evidence to reaffirm
the notion that consumption of certain foodstuffs can be beneficial to health because some of the
constituents contained in them may be anticarcinogenic.
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INTRODUCTION 0
Ginger (Zingiber officinaleRoscoe) is extensively used in CH50 =

cooking and is known for its flavor, pungency, and pleasing

perfume (1). 6-Shogaol (6-SG) is one of several phenolic HO

alkanones isolated from the rhizomes of gingErg@re 1) Figure 1. Structure of 6-SG.
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numerous biological functions of 6-SG that have been identified, Measurement of Intracellular Reactive Oxygen Species (ROS).
reports dealing with its anticancer effects have been scanty. The production of intracellular ROS was detected by flow cytometry

It has been documented that a variety of constituents isolated!Si"d DCFH-DA (4). Mahlavu cells were cultured in 60 mm fissue

; culture dishes. The culture medium was replaced with new medium
from foods and herbal plants are sometimes proved to be when the cells were 80% confluent and then treated with 0 and 100

antlca_lrcmogenlc and antlml_Jtagen_lc. Ironlcz_il_ly, all of these uM 6-SG for 1 and 3 h. After treatment, cells were treated with 10
constituents show strong antioxidative capacities. For example, ,\ pcFH-DA for 30 min in the dark, washed once with PBS, detached
crude extracts offoona sinensisvere reported to possess py trypsinization, collected by centrifugation, and resuspended in PBS.
anticancer and hypoglycemic effect2]. Resveratrol, a con-  The intracellular ROS, as exhibited by the fluorescence of dichlorof-
stituent isolated from seeds of grapes, was demonstrated tduorescein (DCF), was measured with a Becton-Dickinson FACS-
possess anticarcinogenic activity because of its capability to Calibur flow cytometer.

serve as an antioxidant, antiinflammatory agent as well as a Measurement of the Cellular Membrane Integrity. The cellular
phase Il enzyme inducer (13). On the basis of these argumentsmembrane integrity was detected by propidium iodide stainir. (

it can be inferred that 6-SG, a structural analogue to resveratrol Mahlavu cells were cultured in 60 mm tissue culture dishes. The culture
may also exhibit anticarcin’ogenic activity "'medium was replaced with new medium when the cells were 80%

. . confluent and then exposed to 0 and 100 6-SG for 3, 6, and 9 h.
The specific aim of the present Stl{dy 1S t.herefore to attest after treatment, trypsinized cells were resuspended in PBS and stained
whether or not 6-SG can exert a carcinogenic effect. Here, We for 10 min with 5.g/mL propidium iodide. Stained cells were excited
present evidence that 6-SG can indeed provoke apoptotic cellby exposure to argon laser at 488 nm, collection of fluorescence
death on human hepatoma p53 mutant Mahlavu sublines via aemission at 580 nm, and at least 10000 cells counted with a FACS-
mechanism involving an oxidative stress-mediated caspase-Calibur flow cytometer, using CellQuest software.
dependent pathway. Measurement of Intracellular GSH Depletion. The intracellular
GSH depletion was determined by flow cytometry after staining with
CMF-DA (16). Mahlavu cells were cultured in 60 mm tissue culture
MATERIALS AND METHODS dishes. The culture medium was replaced with new medium when the
cells were 80% confluent and then treated with 0 and 2R06-SG
. . . . for 3, 6, and 9 h. After treatment, adherent and floating cells were
fsrg(?ci?nEﬁﬂgﬂgﬁ)ﬁéjﬁiﬁg&Ir?Jg;\\;\ggit‘; July 2005. A voucher collected, washed with PBS, and then resuspended with PBS. It was
i i ’ . added at 253xM CMF-DA in cell suspensions adjusted at2 x 10°
Extraction and Isolation. The roots (4.1 kg) oZ. officinalewere cells per mL. After 30 min of incubation at 3T, cells were washed
chipped and air-dried and extracted repeatedly with GH€Iroom twice in PBS, resuspended at a concentration 6fcills/mL in PBS,
temperature. The combined CH@ktracts were then evaporated further ;g analyzed on a Becton-Dickinson FACS-Calibur flow cytometer.
separated into 14 fractions by column chromatography on silica gel Thg flyorescent dyethioether adduct was excited at 488 nm, and the
with gradients ofn-hexane/CHGI Fraction 11 eluted with CHet+ fluorescence was collected with a 525 nm band-pass filter. Analyses
MeOH (40:1) was next repeatedly subjected to silica gel CC and yielded \ygre performed on at least 10000 cells, and fluorescence intensities

6-SG (70 mg). As a result, 6-SG (purity99%) was isolated. The  \yere measured on a logarithmic scale of fluorescence of four decades

Plant Material. The roots ofZ. officinale (Ginger) were purchased

structure of 6-SG was identified by spectroscopic analysigufe 1). of log. The data were collected, stored, and analyzed with the CellQuest
Cell Line and Reagents.The Mahlavu cell line was obtained from  software.
the American Type Culture Collection (Rockville, MD). The “Apo- Measurement of Mitochondrial Transmembrane Potential AW,y).

BrdU” kits were purchased from BD Pharmingen (San Diego, CA). Rhodamine123 is a fluorescent dye that is incorporated into mitochon-
The Apo-one homogeneous caspase-3/7 assay kit was obtained fromjria in aAW,-dependent manner (14). Mahlavu cells were cultured in
Promega (Madison, WI). The chloromethylflourescein diacetate (CMF- 60 mm tissue culture dishes. The culture medium was replaced with
DA) employed herein was obtained from Invitrogen Taiwan, Ltd. new medium when the cells were 80% confluent and then treated with
N-Acetylcysteine (NAC), cyclosporin A, propidium iodide (Pl), 0 and 100uM 6-SG for 3, 6, and 9 h. After treatment, the culture
rhodamine 123,'27"-dichlorodihydrofluorescein-diacetate (DCFH-DA),  medium was replaced with a new medium with8 rhodamine123
Boc-Asp(OMe)-fmk, NAC, glutathione (GSH), Dulbecco’s modified  for 30 min in the dark. Subsequent to the incubation step, cells were
Eagle’s medium (DMEM), and other chemicals were bought from narvested by trypsinization, following whichW,, as indicated by
Sigma Chemical Co. (St. Louis, MO). the fluorescence level of rhodamine123, was analyzed using a Becton-
Cell Cultures and Treatment. The basal medium for Mahlavu cell Dickinson FACS-Calibur flow cytometer.
line culture was DMEM supplemented with 10% fetal bovine serum  Measurement of Caspase 3/7 Activitie<Caspase 3/7 activities were
(FBS), 100 units/mL penicillin G, and 1Q@g/mL streptomycin. The evaluated by a method followed from our previous publication with
stock solution of 6-SG (100 mM) was liquefied in DMSO, and various Apo-one homogeneous caspase-3/7 assaylKiJ. (The caspase 3/7
concentrations were prepared in the previous basal medium with a final substrate, Z-DEVD-R110, was diluted with a buffer to make the desired
DMSO concentration of 0.1%. amount of homogeneous substrate reagent. Mahlavu cells were cultured
Cell Cycle Analysis of Cell Line. Various cells were individually in 60 mm tissue culture dishes. The culture medium was replaced with
cultured in 60 mm tissue culture dishes. The culture medium was a new medium when the cells were 80% confluent and then treated
replaced by a new medium when the cells were 80% growth confluent, with 100uM 6-SG for 1, 3, 6, and 9 h. After treatment, the cells were
and then, it was treated with various concentrations of 6-SG for 9 h. washed once with PBS, detached by trypsinization, and collected by
After treatment, adherent and floating cells were collected, washed with centrifugation. Aliquot 1x 1(° cells were suspended in a DMEM

phosphate-buffered saline (PBS), then fixed with PR&thanol (1: medium, and then, homogeneous substrate reagents were added to the
2, volume/volume) solution, and stored at°@ for at least 18 h. cells, maintaining a 1:1 ratio of reagent to cell solution. Afteh of
Following two more washes with PBS, the cell pellets were stained incubation at 37°C, the cells were washed once with PBS, collected
with the fluorescent probe solution containing PBS, 48/mL by centrifugation, and suspended in PBS. Substrate cleavage to release

propidium iodide, and 4(g/mL DNase-free RNaseA for 30 min at  free R110 or FITC fluorescence intensity was measured in a Becton-
room temperature in the dark. DNA fluorescence of Pl-stained cells Dickinson FACS-Calibur flow cytometer with excitation wavelength
was evaluated by excitation at 488 nm and detected through a 630/22set at 488 nm and emission wavelength at 520 nm.

nm band-pass filter using a Becton-Dickinson FACS-Calibur flow TUNEL Assay for Apoptosis. Following incubation of drugs,
cytometer. A minimum of 10000 cells were analyzed per sample, and TUNEL was followed from our previous publication with the “Apo-
the DNA histograms were gated and analyzed further using Modfit BrdU” kits (14). Mahlavu cells were cultured in 60 mm tissue culture
software on a Mac workstation to estimate the percentage of cells in dishes. The culture medium was replaced with new medium when the
various phases of the cell cycle. cells were 80% confluent. The cells were pretreated with NAC, GSH,
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Figure 2. Cell cycle and DNA damage analysis in 6-SG-treated Mahlavu cell line. Cells were plated in 60 mm cultured dishes at 80% confluence and
then treated with 0, 25, 50, 75, and 100 uM 6-SG for 9 h. After treatment, adherent and floating cells were harvested, fixed in PBS—methanol (1:2,

volume/volume) solution, and stained with PI, followed by flow cytometric analysis. These experiments were performed at least three times, and a
representative experiment is presented.
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Figure 3. Intracellular ROS analysis in 6-SG-treated Mahlavu cells. Cells 8- 8. 37%
were plated in 60 mm cultured dishes. The culture medium was replaced 9h §. 2.4% 8
with new medium when the cells were 80% confluent and then treated 2 }-—-| 8
with 0 (untreated) and 100 uM 6-SG for 1 and 3 h. After drug treatments, CE f ]
cells were treated with 10 «M DCFH-DA for 30 min in the dark, washed ® 3o :
once with PBS, detached by trypsinization, collected by centrifugation, ! 0 1o 1o
and suspended in PBS. The mtracellular ROS, as |nd|c§ted by the PrOpldlum |Od|de
fluorescence of dichlorofluorescein (DCF), was measured with a Becton- _ o
Dickinson FACS-Calibur flow cytometer. The data in each panel represent Figure 4.~ Cell membrane damage anaylsis in 6-SG-treated Mahlavu cells.
the DCF fluorescence intensity within the cells. The values shown are Cells were plated in 60 mm cultured dishes. The culture medium was
means =+ standard errors (n = 6 of individual experiments). Significant replaced with new medium when the cells were 80% confluent and then
differences from the untreated group are P < 0.05 (¥). treated with O (untreated) and 100 M 6-SG for 3, 6, and 9 h. After

treatment, trypsinized cells were resuspended in PBS and stained for 10
min with 5 g/mL propidium iodide and then measured by flow cytometry.
Boc-Asp(OMe)-fmk, and cyclosporine A for 1 h and then treated with Data represent the percentage of cells displaying cell membrane damaged
100uM 6-SG for 9 h. After drug treatments, both floating and adherent cells. These experiments were performed at least three times, and a
cells were harvested and fixed using 1% paraformaldehyde for 30 min representative experiment is presented.
at 4°C. After fixation, cells were permeated with 70% ethanol for 30
min at 4 °C for at least 18 h, followed by two washes with PBS RESULTS
containing 0.2% BSA. To label DNA strand breaks;2Lx 10° cells

were incubated with 5L of TUNEL reaction buffer containing 6-SG-Induced DNA Damages of Mahlavu CellsWe first
terminal deoxynucleotidyl transferase and fluorescein-BrdUTP, and it tested the DNA damage at concentrations ranging from 25 to
was then incubated fal h at 37°C in a humidified 5% C@in-air 100 uM 6-SG in Mahlavu cells by flowcytometry and Pl

atmosphere. Cells were washed twice with PBS, suspended in PBS

staining. As shown irFigure 2, the SubG1 fraction of cells
containing 5Qug/mL of Pl and 5Qug/mL of DNase-free RNase A for 9 g

30 mi ) treated with 25M 6-SG was merely 2.2% that was comparable
min at room temperature in the dark, and then analyzed by a Becton-t h d | (0.9%). Th d indi d that th
Dickinson FACS-Calibur flow cytometer. o the untreate' contro (0.9%). These ata indicate t' gt the
Statistical Analysis.Data were presented as meanstandard errors ~ C€llS treated with this concentration of 6-SG caused minimal
from at least three independent experiments and ana|yzed usingDNA damage In Contrast, a dI'aStIC Increment Of the 0bta|nment
Student'st-test. A P value of less than 0.05 was considered as Of SubG1 fractions occurred when the concentrations of 6-SG
statistically significant. treatment were beyond %0M. For the subsequent experiments,
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we therefore selected a concentration of 10@ for the untreated 6-shogaol
treatment of Mahlavu cells because extensive DNA damage )
could be vividly observed by this concentration used (72.2%). 't

6-SG-Induced Increased ROS Production of Mahlavu 3h 8

Cells. We evaluated the effect of 6-SG on the production of
intracellular of ROS by the DCFH-DA staining technique. As
shown inFigure 3, Mahlavu cells treated with 100M 6-SG
caused approximately 4-fold increases in DCF fluorescence
intensity undergoing 3 h of treatment when compared to the
untreated counterparts.

6-SG-Damaged Cell Membrane Integrity of Mahlavu
Cells. We further studied if 6-SG could damage the cell
membranes of Mahlavu cells by using Pl staining technique. gh
The principle of this technique is that when the cell membrane
is damaged, Pl can cross the cell membrane to the nucleus.
Conversely, if the membrane integrity is intact, Pl across the
membrane can be prevented. As indicatedrigure 4, when
the cells were treated with 10M 6-SG, the Pl-positive cells
were drastically increased to 17.5 and 37.0%, respectively, after
6 and 9 h oftreatment. In comparison, the untreated controls
merely generated3% of Pl-positive cells. 9h

6-SG-Caused GSH Depletion of Mahlavu CellsNe studied
the possibility that 6-SG could also deplete intracellular GSH
contents by using flowcyotmetric analysis based on CMF-DA
staining technique. CMF-DA, a nonfluorescence compound, can
enter the intracellular compartment and react with esterase to
allow CMF trapped inside the cell. The interaction of CMF with ) CMI,: ﬂOU (BSCOHCe
thiol group of GSH will result in the generation of fluorescence. Fi9ure 5. GSH depletion anayisis in 6-SG-treated Mahlavu cells. Cells
Thus, the decrease in fluorescence reflects the depletion of thevere plated |n_60 mm cultured dishes. The culture medium was replaced
availability of GSH. As shown irFigure 5, 6-SG treatment w!th new medium when the cells were 80% confluent and then treated
resulted in drastic decreases in CMF fluorescence in a time- with 0 (untreatgd) and 100.” M 6-SG for 3, 6, and 9 h._Af_ter treatment,
dependent fashion. It is interesting to note that approximately e cells were incubated with 25 4M CMF-DA for 30 min in 37 °C CO,

93% of GSH-depleted cells can be observed after 24 h of incubator and then measured by flow cytometry. Data represent the
treatment with 100M 6-SG percentage of cells displaying intracellular GSH negative cells. These

experiments were performed at least three times, and a representative

60.28%
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. 6-S_G-Iryduced AW, Decrease of Mahlavu CeII§Sever§I experiment is presented.
investigations have demonstrated that apoptosis requires a
process that concomitantly proceeds with an irreversible loss
of mitochondrial membrane potentiadWr,) (17,18). We thus
proceeded to examine the possibility that 6-SG could induce
apoptosis via the mitochondrial signaling pathway. In this study,
the AWy, was evaluated by using the rhodamine 123 fluorescent
dye, which specifically accumulates within the mitochondrial
compartment in &AW ,-dependent manner. ReducAd®, is
reflected by reduced staining with rhodamine 123. As shown
in Figure 6, the untreated cells maintained rhodamine 123
fluorescence readings at 56512. The rhodamine 123 fluo-
rescence was significantly decreased to 414:183.95, 156.52

+ 11.82, and 145.86- 1.16 after treatment of 100M 6-SG at

treatment of the cells with 100V 6-SG. At a designated period

of time after these treatments, the cells were analyzed by
TUNEL assay. As shown irFigure 8, the proportion of
apoptotic cells in the untreated group remained remarkably low
(0.6%). However, after the cells were treated with Z806-SG,

the proportion of TUNEL-positive cells rose to 89.3% at 9 h.
Interestingly, after pretreatment of the cells with 10 mM NAC
or 10 mM GSH, followed by treatment with 100M 6-SG, the
proportion of TUNEL-positive cells dropped to a remarkably
lower level (0.6 and 1.4%, respectively). These data indicate
that NAC and GSH are potent inhibitors of 6-SG-induced
apoptotic cell death. In addition, Boc-Asp(OMe)-fmk and

3,6, and 9 h, respeptyely. . cyclosporin A could only offer partial protection against 6-SG-
6-SG-Induced Activation of Caspase 3/7 in Mahlavu Cells. induced apoptotic cell death.

Caspases, a group of cysteine proteases, have been demonstrated
to play a pivotal role in the induction of apoptosi9j. Thus,
we set out to explore if 6-SG-induced apoptosis of Mahlavu
cells proceeded by a caspase-dependent mechanism. As shown First, the selection of p53 mutants of human hepatoma
in Figure 7, when the cells were treated with 10M 6-SG, Mahlavu cells as our experimental model needs some qualifica-
caspase 3/7 activities rose approximately 3-, 8-, and 9-fold at tions. The most frequent alteration in human malignancies is
1, 3, and 6 h ofreatment as compared to untreated controls. deletion or mutation of the p53 gene. p53 is a nuclear
Effects of Various Affectors in 6-SG-Induced Apoptosis. phosphoprotein and is a tumor suppressor whose inactivation
We test the effects of NAC (an antioxidant and a precursor for is strongly correlated with human canc@2(23). Wild-type
GSH biosynthesis)20), GSH, Boc-Asp(OMe)-fmk (a broad  p53 induces the transcription of a number of downstream genes
caspases inhibitor)1Q), and cyclosporin A (an mitochondrial linked to cell cycle arrest (24). However, wild-type p53 also
permeability transition-opening inhibitor2{) on 6-SG-induced represses the transcription of some genes that correlate with the
apoptosis of Mahlavu cells. The cells were pretreated with all ability of p53 to induce apoptosi2%). Loss of p53 repression
of the above-mentioned substances for 1 h, followed by functions results in decreased susceptibility to apoptotic stimuli.

DISCUSSION
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Figure 6. Mitochondrial transmembrane potential (AWy,) anaylsis in 6-SG- ] e i ¥ 221‘771‘? 12
treated Mahlavu cells. Cells were plated in 60 mm cultured dishes. The 3 Al £ ]-.
culture medium was replaced with new medium when the cells were 80% oh 8 f | 3! 11
confluent and then treated with O (untreated) and 100 uM 6-SG for 3, 6, % f i ®
and 9 h. After treatment, the cells were incubated with 5 M rhodamine
123 for 30 min in 37 °C CO, incubator and then measured by flow i
cytometry. Data represent the rhodamine 123 fluorescence intensity within C 3 /7 B
the cells. Values shown are means * standard deviations (n = 6). aspase activities
Significant differences from the untreated group are P < 0.05 (¥). Figure 7. Caspase 3/7 activities anaylsis in 6-SG-treated Mahlavu cells.

Indeed, mutations in p53 correlate with chemotherapeutic Cells were plated in 60 mm cultured dishes. The culture medium was
resistar’me (26). Mahlavu cells, being a p53 mutant, have beeneplaced with new medium when the cells were 80% confluent and then
demonstrated by us to be resistant to some chemotherapeutid/éated with 0 (untreated) and 100 4M 6-SG for 1, 3, 6, and 9 h. After
agents and acquired radioresistance due to high expression offéatment, the Z-DEVD-R110 substrate was added to the cells for 1 h at
Bcl-2 protein (Liu et al., unpublished data). Therefore, it is of 37 °C. Data represent the intracellular caspase 3/7 activities within the

necessity to find an alternative approach and/or agent that cancells. Values shown are means + standard deviations (n = 6). Significant
eradicate these cells effectively. differences from the untreated group are P < 0.05 (¥).

The present s>tl;ddeemor|1Csltrated kthaél\?fg' at a prgperThe resulting phenolic radicals are capable of acquiring a
concentrations (>5G:M), could provoke amage anc ydrogen atom to return to its original configuration with
apoptosis in Mahlavu cells. The cascade of events associate ommensurate formation of thiyl radical (§SThe latter can
with this apoptotic process involved an initial increased produc- thus ; g :

. . . . generate superoxide radical,{Q in the presence of
tion of ROS and GSH depletion. This ROS/GSH depletion- molecular oxygen. Subsequently, the interaction betwegn O

evoked oxidative stress subsequently led to the changes iny,q No will generate peroxynitrite (OONQ The latter could
mitochondrial transmembrane potential and ultimately resulted be the culprit responsible for the induction of apoptotic cell

in the activation of caspase 3/7 activities. Interestingly, our data 4o The possible sequences of these reactions are depicted
also revealed that 6-SG-provoked ROS production preceded theoelow.: P g P

depletion of GSH contents.

There are two pathways that may help to interpret the possible Hico H;CO H3CO
mechanism(s) associated with the 6-SG-induced GSH depletion GoH
in Mahlavu cells. First, we have previously demonstrated that HO R—>.0 R HO R
Mabhlavu cells could express increased amounts of nitric oxide
(NO) constitutively due to its high contents of inducible NO 6.SG 6-SG

synthase (iNOS) (data not shown). The depletion of intracellular
GSH can then proceed via the interaction of NO and GSH:

_. . NO
NO + GSH— GSNO+ H 1) G-+ 0, —> o1} —N > [o0NOT]

Alternatively, 6-SG, being a guaiacol-containing compound,
is able to form a phenolic radical via reaction with an oxidant. peroxynitrite

phenolic radical GS -
thiyl radical
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BrdU-FITC
content

DNA content

Figure 8. Evaluation of critical role in 6-SG-induced apoptosis. Mahlavu cells were cultured in 60 mm tissue culture dishes. The culture medium was
replaced with a new medium when the cells were 80% confluent. Mahlavu cells were treated with 0 (untreated) or 100 M 6-SG alone for 9 h, pretreated
with 10 mM NAC, 10 mM GSH, 100 M Boc-Asp(OMe)-fmk, or 5 uM cyclosporin A (CyA) for 1 h, followed by 100 uM 6-SG treatment for 9 h, and then
proceeded to the TUNEL assay. The representative plots depict DNA content on the x-axis and BrdU-FITC-labeled apoptotic DNA strand breaks on the
y-axis. Data represent the percentage of cells in the upper box of apoptosis. These experiments were performed at least three times, and a representative
experiment is presented.

Several reports indicated that intracellular GSH depletion (et el
could result in mitochondria dysfunctio27, 28). In neurons, 10
treatment with monochlorobimane, a GSH-depleting agent, 0,
induced mitochondrial dysfunction, with transmembrane po- H R ass S (o5}
tential breakdown followed by cytoplasmic €aderegulation. < X
Furthermore, in some lung cancer cell lines, GSH depletion had RN R st -
been found to enhance Bax protein translocation to mitochon- .0—@}{
drial membrane and then sensitized cells to apopt@8s (n
our 6-SG-treated Mahlavu cells, severe depletion of intracellular moj 4
GSH contents (>80%) could be detected at 6—9 h after 6-SG roono ] |
treatment, which coincidently correlated with the severe drops
in mitochondrial transmembrane potentiAM¥,,). Thus, intra- [GSNO]
cellular GSH depletion evoked by 6-SG may be one of key
elements in arbitrating apoptosis.

Alternatively, increased NO production by Mahlavu cells can  NacasH | [GSH] dep
be very disruptive in destroying the mitochondrial function, a
procedure promoted by its high reactivity with,)Q This l
interaction increases the OON@roduction, further provoking
mitochondrial dysfunction and damage to cells by apopt88is (
Our data are also consistent with this notion. On the basis of

[ oxidative stress ] T

this argument, we speculate that OON@rmation may also [Afm] ¢
contribute at least in part to the induction of apoptotic cell death [ Caspases 317] }
provoked by 6-SG. |

The ultimate step of apoptosis is proceeded by the activation [ Apoptosis |
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