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Zerumbone induces mitochondria-mediated apoptosis via
increased calcium, generation of reactive oxygen species
and upregulation of soluble histone H2AX in K562 chronic
myelogenous leukemia cells
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Abstract Zerumbone, a natural cyclic sesquiterpene, is
known to exhibit selective toxicity toward various can-
cer cells. Sustained efforts to explore the potential of
new agents for effective therapy are critical in the con-
text of development of drug resistance especially in can-
cers like chronic myelogenous leukemia (CML). The
present study evaluated the effect of zerumbone on
CML-K562 cells. The cell viability of zerumbone-
treated K562 cells was detected by MTT assay, and
morphological changes were observed by light micros-
copy and scanning electron microscopy (SEM). Staining
with Hoechst 33258, acridine orange/ethidium bromide,
and AnnexinV-FITC were used to detect apoptosis. In-
tracellular reactive oxygen species (ROS), Ca2+, and
changes in mitochondrial membrane potential were mea-
sured using Dichloro-dihydro-fluorescein diacetate
(DCFH-DA), Fluo-3AM, and Rhodamine-123, respec-
tively. Western blot analysis was carried out to detect
key proteins involved in apoptosis. Zerumbone inhibited
K562 cell proliferation with an IC50 value of 3.5 μg/mL
and colony formation capability (P<0.001). Interesting-
ly, zerumbone did not affect the growth of normal hu-
man peripheral blood lymphocytes (hPBLs). Distinct
morphological changes observed by light microscopy
and fluorescent staining with Hoechst-33258, AO/EtBr,
annexin V-FITC, and cytotoxicity evaluation by comet

assay indicated induction of DNA damage and apopto-
sis. This was further confirmed by demonstration of
pro-caspase-3, -9 activation and Poly(ADP-ribose) poly-
merase (PARP) cleavage on western blots. Apoptosis
induction was found to be mitochondria mediated, in-
volving increased free intracellular Ca2+, ROS, and up-
regulation of soluble histone H2AX. Our results suggest
that zerumbone holds promise as a potential candidate
drug for CML.
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Introduction

Human chronic myelogenous leukemia (CML), a mye-
loproliferative malignancy, stands out from most other
cancers due to its association with a defined genetic
a l te ra t ion—a rec iproca l t rans loca t ion of c-abl
protooncogene from chromosome 9 to the breakpoint
cluster region of bcr gene on chromosome 22, leading
to the formation of the Philadelphia chromosome (Ph+)
[1]. The BCR-ABL fusion protein is constitutively
expressed and as a result; the tyrosine kinase encoded
by ABL is highly active in CML cells. It also serves as
a model for gene-based, rational design of anticancer
therapy. However, the use of the first-generation tyro-
sine kinase inhibitor (TKI), imatinib mesylate, though
initially successful in treating CML, was soon found
to be marred by the development of resistance in the
patients toward the drug mainly due to acquisition of
mutations in the BCR-ABL kinase domain. As this
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was a consequence of long-term monotherapy, cessation
or change of therapy has been recently reported [2].
Resistance continues to be encountered even with the
use of second-generation TKIs such as dasatinib,
nilotinib, and ponatinib which target specific mutations
associated with drug resistance. In this scenario,
sustained efforts are required to explore the potential
of new agents applied singly or in combination for ef-
fective anticancer therapy.

Plants have been exploited as a bioresource for many
therapeutic drugs for treating various ailments including
cancer [3, 4]. The therapeutic benefits emanate from the
structural diversity of phytochemicals contained therein
which possess diverse, pharmacologically active com-
pounds [5]. Plant-based compounds continue to play a
major role in anticancer drug development. Zerumbone,
a natural cyclic sesquiterpene from zingiber zerumbet,
reported to have a diverse range of biological activities
[6], including anticancer and antitumor activities [7, 8],
has attracted researchers as it also exhibits selective tox-
icity toward cancer cells compared to normal cells [9].
Zerumbone-induced apoptosis involving different signal-
ing pathways have been reported in various cell lines [6].
In the present study, we have evaluated the antiprolifer-
ative and apoptosis-inducing effect of zerumbone on
K562 cells.

Materials and methods

Chemical reagents

Zerumbone, (5-bromo-4-chloro-3′-indolylphosphate/nitro-
blue tetrazolium) BCIP/NBT, Dimethyl sulfoxide
(DMSO), Dichloro-dihydro-fluorescein diacetate
(DCFH-DA), rhodamine-123, Fluo-3AM, methylcellu-
lose, annexin V-FITC apoptosis detection kit, propidium
iodide, anti-H2A-X, anti-γH2A-X, and anti-actin anti-
bodies were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Anti-caspase-3, -9 and anti-PARP were pur-
chased from Cell Signaling Technology, USA. Tris base,
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
HEPES, glycine, acridine orange, ethidium bromide,
and triton X-100 were purchased from SRL Pvt. Ltd.,
Mumbai, India. Goat anti-rabbit IgG-ALP conjugate,
Goat anti-mouse IgG-ALP conjugate, and agarose were
procured from Genei, Bangalore, India. Fetal bovine se-
rum (FBS,) RPMI-1640, HiSep™ LSM lymphocyte sep-
aration medium, and HiKaryoXL™ RPMI medium were
purchased from HiMedia Laboratories Pvt. Ltd, Mumbai,
India. Positively charged nylon membrane was purchased
from BDH laboratory supplies, England. All other
chemicals and reagents used were of analytical grade.

Cells and culture conditions

The human K562 cell line was cultured in RPMI-1640 medi-
um supplemented with FBS (10 %, v/v), HEPES (25 mM),
streptomycin (100 μg/mL), and penicillin (100 U/mL) in
CO2 humidified atmosphere at 37 °C. Human peripheral
blood lymphocytes (hPBLs) were cultured using
HiKaryoXL™ RPMI medium according to the manufac-
turer’s protocol. Giemsa-stained chromosome spreads
prepared from lymphocytes were used for the determina-
tion of mitotic index (MI) calculated as the percentage of
cells undergoing mitosis [10]. MI is a standard means to
determine the proliferation status of cell populations such
as hPBLs in response to compounds that inhibit or in-
duce cell division. The number of metaphases per thou-
sand cells was scored to determine the MI.

Cell viability assay

K562 cells (2×104 cells/well) were seeded into 96-well plates
and cultured overnight. For lymphocytes, 48-h cultures were
used for treatment. The cells were treated with different con-
centrations of zerumbone. Cells treated with equivalent
amounts of the solvent DMSO were used as negative control.
After incubation for 24, 48, and 72 h, MTT assay was per-
formed as described by Mosmann [11].

Clonogenic assay

K562 cells were treated with zerumbone for 24 h at 37 °C in a
humidified incubator and subsequently used for clonogenic
assay [12]. Briefly, the control and treated cells (1×103) were
washed with PBS (pH 7.4), mixed with semi-solid methylcel-
lulose culture medium [complete RPMI-1640 medium con-
taining 0.8 % (w/v) methylcellulose], and then plated into a
6-well dish. After a 10-day incubation period, the colonies
were stained with crystal violet (0.5 % w/v) and then counted
using an inverted microscope.

Comet assay

The comet assay was performed under alkaline conditions.
The control and zerumbone-treated cells were subjected to
alkaline gel electrophoresis as per Singh et al. [13]. The slides
were stained with ethidium bromide (10 μg/mL) for 10 min
and observed under fluorescence microscope.

Light microscopy

K562 cells (1×106) were treated with different concen-
trations of zerumbone for 24 h. The control and treated
cells were harvested and washed with ice-cold PBS and
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then visualized through phase-contrast inverted micro-
scope to note the morphological differences.

Scanning electron microscopy (SEM)

The control and treated cells were fixed with 2.5 % (v/v) glu-
taraldehyde at room temperature for 1 h, washed in 1× PBS,
and exposed to 1 % (w/v) osmium tetroxide for another hour.
They were then dehydrated by sequential immersion in an
ascending (10 % increment) graded series of alcohol ranging
from 10 to 90%, followed by two changes in absolute alcohol.
The dried cells were then coated with gold and observed with
a Hitachi SU 6600 scanning electron microscope [14].

Hoechst 33258 staining

Cells (1×106) were seeded into 24-well plates and treated with
various concentrations of zerumbone for 24 h. After collec-
tion, the cells were washed twice with PBS and re-suspended
in the Hoechst 33258 solution (1 mg/mL). The cells were then
observed through a fluorescence microscope and imaged
using cool CCD camera.

Acridine orange/ethidium bromide staining

Apoptosis and cell viability were determined by differential
stainingwith ethidium bromide/acridine orange [15]. The con-
trol and treated cells were harvested and centrifuged at 800×g.
The cell pellets were washed with cold PBS and adjusted to a
cell density of 2×105 cells/mL using PBS. The acridine
orange/ethidium bromide (AO/EtBr) solution (1:1, v/v) was
added to the cell suspension at a final concentration of
100 μg/mL. The cells were then observed under a fluores-
cence microscope.

Study of phosphatidylserine externalization

Phosphatidylserine (PS) externalization in control and
treated cells (1×106) was analyzed using annexin V-
FITC apoptosis detection kit according to the manufac-
turer’s instruction. The cells were mounted on slides,
and the images were captured to observe the cells un-
dergoing apoptosis.

Assessment of intracellular reactive oxygen species

Intracellular ROS was measured using the dye,
Dichloro-dihydro-fluorescein diacetate (DCFH-DA)-
based assay [16, 17]. Both the control and treated cells
were incubated with 10 μM DCFH-DA at 37 °C for
30 min and then washed twice with PBS followed by
observation under fluorescence microscope, and ROS

Fig. 1 Effect of zerumbone on K562 cells and normal hPBLs. a Cell
viability of K562 cells was assessed by the MTT method after 24-, 48-,
and 72-h treatment. b Cell viability of normal hPBLs was assessed by the
MTT method after 24-h treatment. Viable cell count was determined
taking untreated controls as 100 %. c Mitotic index of cultured hPBLs.
Data shown as mean±SD of three independent experiments
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was measured using a flow cytometer and analyzed with
BD FACS Diva software version 5.0.2.

Measurement of mitochondrial membrane potential

K562 cells were seeded (1×106) into six-well plates and
cultured with or without zerumbone (2 to 5 μg/mL) for
24 h. After treatment, cells were incubated with the
lipophilic cationic dye Rhodamine 123 (10 μg/mL) for
30 min. Cells were then harvested and washed with
PBS. The green fluorescence from the depolarized

mitochondria observed under fluorescence microscope
was measured by flow cytometry with BD FACS Diva
software version 5.0.2 [18].

Analysis of intracellular Ca2+ concentration

Changes in intracellular Ca2+ concentrations were determined
by a fluorescent dye, Fluo-3AM. Cells were washed twice
with PBS and incubated with 5 μM Fluo-3AM at 37 °C for
30 min. The cells were then washed and subjected to FACS
analysis [19].

Fig. 2 a Clonogenic capacity in zerumbone-treated K562 cells as
measured by colony-forming assay stained with crystal violet. b The
number of colonies in zerumbone-treated K562 cells was significantly

reduced compared with that of untreated control. Data shown as mean±
SD of three independent experiments. ***P<0.001 compared with the
untreated control group

Fig. 3 Morphological changes in
K562 cells after 24-h treatment
with zerumbone at different
concentrations. Representative
images taken using a light
microscopy and b SEM.
Fluorescence microscopy images
of K562 cells stained with c
Hoechst 33258; arrow heads
indicate apoptotic nuclear
condensation and DNA
fragmentation. Scale bars: 15 μm
for all images
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Western blot analysis

The control and zerumbone-treated cells were washed
with cold PBS and lysed in RIPA buffer containing
protease/phosphatase inhibitors. The protein concentra-
tion was measured using Bradford method. Proteins
(50 μg) were fractionated on a 12.5 % SDS-PAGE gel

and then transferred onto a positively charged nylon
membrane. Membranes were blocked (1 h, room tem-
perature) in 3 % BSA in TBS, incubated (overnight,
4 °C) with the following primary antibodies separately
(dilution 1:1000): anti-Caspase-3, anti-Caspase-9, anti-
PARP, anti-actin, anti-γH2A-X, and anti-H2A-X. The
membranes were then washed in TBS and incubated

Fig. 4 Effect of zerumbone on
K562 cells after 24-h treatment.
Fluorescence microscopy images
of K562 cells stained with a AO/
EtBr and its b quantitative
analysis of late apoptotic cells.
Scale bars: 15 μm for all images.
Data shown as mean±SD of three
independent experiments.
*P<0.05, **P<0.0, ***P<0.001
compared with the untreated
control group

Fig. 5 Effect of zerumbone on
K562 cells after 24-h treatment.
Fluorescence microscopy images
of K562 cells stained with a
Annexin V-FITC/PI and its b
quantitative analysis of late
apoptotic cells. Scale bars: 15 μm
for all images. Data shown as
mean±SD of three independent
experiments. *P<0.05, **P<0.0,
***P<0.001 compared with the
untreated control group
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(1 h, room temperature) with ALP-conjugated secondary
antibody which was either anti-mouse or anti-rabbit
(1:2000). Membranes were then washed and visualized
with BCIP/NBT solution [20].

Statistical analysis

The data are expressed as the mean±SD from three in-
dependent experiments. Results were analyzed for

Fig. 6 Detection of DNA
damage by alkaline comet assay
in K562 cells after treatment with
zerumbone at different
concentrations for 24 h. a Images
of comets taken after treatment
with zerumbone. b Quantitative
analysis of the comets using
CASP software. Box-and-
Whisker plots represent results for
ten comets, each taken from a
different concentration. The
percentage of DNA in the tail
moment (TM), olive tail moment
(OTM), tail length (TL), and
comet tail DNA (TDNA%) was
recorded to characterize DNA
damage

Fig. 7 a Proteolytic cleavage of PARP and activation of caspase-3, -9
was analyzed in zerumbone-treated K562 cells by immunoblotting. b No
PARP cleavage was observed in hPBLs. β-actin was used as a loading
control

Fig. 8 aUpregulation of γH2AX and soluble H2AX protein levels were
observed in zerumbone-treated K562 cells. b Soluble H2AX was not
affected in hPBLs after treatment with zerumbone. β-actin was used as
a loading control
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significance by one-way ANOVA using SPSS software
version 16.0. Differences with P<0.05 were considered
significant. Asterisks (*) were used to identify the level
of significance (*P≤0.05, **P≤0.01, and ***P≤0.001).

Results

Zerumbone inhibits proliferation of K562 cells but not
that of hPBLs

The effect of zerumbone on the proliferation of K562 cells and
hPBLs was measured by the MTT assay. Treatment of K562
cells with zerumbone for 24, 48, and 72 h at different concen-
trations (1–10 μg/mL) resulted in significant inhibition of cell
growth in comparison to untreated (control) cells. After 24-h
treatment, up to 50 % of growth reduction was observed to be
dose-dependent within the concentration range of 1–3 μg/mL,
IC50 value being 3.5 μg/mL. Beyond this, up to 10 μg/mL,
further growth reduction was not concentration-dependent
and was found to be less than 15 % only. Prolonged treatment
with zerumbone (48 and 72 h), however, did not result in

increased cell death (Fig. 1a). Hence, further analysis was
carried out only on 24-h treated cells. On the other hand,
growth reduction in hPBLs was affected minimally by
zerumbone after 24-h treatment at the concentrations tested
(Fig. 1b). In DMSO-treated K562 cells and hPBLs, only less
than 10 % reduction in growth was observed at the maximum
concentration tested (data not shown). The mitotic indices
showed that zerumbone treatment did not inhibit proliferation
of normal hPBLs (Fig. 1c). Likewise, clonogenic or colony-
forming potential of cells is routinely evaluated to determine
cell’s reproductive ability. Our results showed that
zerumbone-treated K562 cells displayed a concentration-
dependent reduction in colony formation capability compared
to that of untreated control cells, indicating that zerumbone
effectively suppressed growth and proliferation of these cells
(Fig. 2a, b).

Zerumbone changes cell morphology and induces cell
death in K562 cancer cells

Observations of cells by light microscopy and the scanning
electron microscopy demonstrated that zerumbone-treated

Fig. 9 Effect of zerumbone on K562 cells after 24-h treatment. a
Microscopic images, b flow cytometric analysis, and c mean
fluorescence intensity of K562 cells stained with ROS indicator DCFH-

DA. Scale bars: 15 μm for all images. Data shown as mean±SD of three
independent experiments. *P<0.05, **P<0.0, ***P<0.001 compared
with the untreated control group
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cells displayed distinct morphological changes. While
many cells were observed to assume a more or less “sau-
sage” or “spindle” shape at concentrations below 3.5 μg/
mL, changes such as cell shrinkage, extensive membrane
blebbing, and cellular fragmentation were more evident
at higher concentrations tested up to 5 μg/mL (Fig. 3a,
b). Induction of such spindle-shaped cells has been ob-
served in K562 cells treated with a synthetic compound,
MZ3, apparently due to its interference with microtubule
assembly [21]. Chromatin condensation and nuclear frag-
mentation were also seen on staining cells with the nu-
clear stain, Hoechst 33258 (Fig. 3c). Further, to deter-
mine whether these morphological changes were associ-
ated with induction of cell death, AO/EtBr and annexin
V-FITC/PI staining was carried out. The characteristic
green fluorescence emitted by untreated cells, yellow by
early apoptotic, and orange by late apoptotic cells were
observed in zerumbone-treated cells (Fig. 4a, b,
P<0.001). Zerumbone-induced, concentration-dependent
increase in the number of annexin V positive cells was

also observed which enabled better determination of ap-
optosis in K562 cells (Fig. 5a, b, P<0.001).

Zerumbone induces DNA damage, caspase-3, -9
activation, and PARP cleavage in K562 cells

The comet assay is a rapid, simple, and sensitive method
for measuring DNA damage at the single cell level [22].
Based on the four parameters considered for the assess-
ment of DNA damage, namely, tail moment, olive tail
moment, tail length, and tail DNA%, our data showed
a proportionate increase in all of the four attributes indi-
cating that zerumbone induces DNA damage in a
concentration-dependent manner (Fig. 6a, b, P<0.001).
To confirm induction of apoptosis by zerumbone, we
analyzed the canonical hallmarks, namely, proteolysis of
PARP protein and caspase-3, -9 activation in K562 cells
by western blot. We found evidence of the expression of
116-kDa PARP and its partial cleavage to the character-
istic 85-kDa fragment in addition to activation of pro-

Fig. 10 Effect of zerumbone on K562 cells after 24-h treatment. a
Microscopic images, b flow cytometric analysis, and mean c
fluorescence intensity of K562 cells stained with Ca indicator Fluo-

3AM. Scale bars: 15 μm for all images. Data shown as mean±SD of
three independent experiments. *P<0.05, **P<0.0, ***P<0.001
compared with the untreated control group
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caspase-3 and -9 in zerumbone-treated K562 cells; how-
ever, PARP cleavage was not observed in hPBLs
(Fig. 7c, d).

Zerumbone induces increase in levels of γH2AX
and upregulates soluble H2AX expression in K562 cells

It is well established that in the event of DNA damage,
H2AX assumes critical importance in influencing the
cell’s decision to repair DNA or induce apoptosis.
DNA double-strand breaks are known to induce phos-
phorylation of the histone variant H2AX to γH2AX
[23]. Western blot analysis showed that the levels of
γH2AX increased in K562 cells treated with lower doses
(2 and 3.5 μg/mL) and decreased in those treated with a
higher dose (5 μg/mL). Recent studies have highlighted
a link between increased non-chromatin soluble H2AX
and apoptosis induction [24]. We observed a conspicuous
increase in the levels of this protein in zerumbone-treated
cells, in a concentration-dependent manner, while no

difference could be found in the levels of the protein in
hPBLs (Fig. 8a, b).

Zerumbone increases intracellular Ca2+, ROS production,
and mitochondrial membrane potential loss

The parameters such as intracellular calcium, ROS, and
change in the mitochondrial membrane potential, widely im-
plicated in apoptosis induction [25–27], were assessed in or-
der to ascertain their involvement in zerumbone-induced apo-
ptosis in K562 cells. Increased fluorescence intensity was ob-
served in response to the levels of free intracellular Ca2+ and
ROS using calcium indicator Fluo-3AM and DCFH-DA, re-
spectively. Similarly, increased fluorescence of mitochondria-
specific and voltage-dependent fluorescent probe, Rhoda-
mine-123, was also observed which indicated loss in mito-
chondrial membrane potential. In all the three cases, the in-
crease in fluorescence was dose-dependent (Figs. 9, 10, and
11). These results indicated that zerumbone-induced apoptosis

Fig. 11 Effect of zerumbone on K562 cells after 24-h treatment. a
Microscopic images, b flow cytometric analysis, and c mean
fluorescence intensity of K562 cells stained with mitochondrial-
specific, voltage-dependent fluorescent probe, Rhodamine-123. Scale

bars: 15 μm for all images. Data shown as mean±SD of three
independent experiments. *P<0.05, **P<0.0, ***P<0.001 compared
with the untreated control group
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was mediated through calcium, ROS, and loss of mitochon-
drial membrane potential in K562 cells.

Discussion

The use of natural anticancer agents, in comparison to their
synthetic counterparts, has been regarded to be relatively safe
pharmaceutically as they are non-toxic or exert minimal cyto-
toxicity [28]. Zerumbone is one such compound which has
recently been hailed to possess tremendous anticancer poten-
tial as it exhibits selective toxicity toward cancer cells com-
pared to normal cells [9].

In the present study, we have evaluated the antiproliferative
and apoptosis-inducing effect of zerumbone on CML K562
cells and normal hPBLs. The results of MTT and clonogenic
assay showed that zerumbone inhibited proliferation and
growth of K562 cells. Interestingly, both MTT assay and MI
of zerumbone-treated normal hPBLs failed to show discern-
ible deleterious effects. These results are significant as they
confirm the selective killing property of zerumbone, at the
concentrations tested in this study, with respect to K562 cells.
At higher doses (40 and 80 μM), however, zerumbone has
been reported to be cytotoxic but not clastogenic in hPBLs
[29] while exerting minimal effects at 13 and 50 μM on
growth of normal human dermal (2F0-C25) and colon
(CCD-18 Co) fibroblasts [9]. We have also provided clear
morphological evidences associated with apoptosis such as
cell shrinkage, dynamic membrane blebbing, chromatin con-
densation, and nuclear fragmentation indicating that
zerumbone induces apoptosis in K562 cells.

Further, our results showed that zerumbone treatment in
K562 cells not only induced DNA double-stranded breaks in
a concentration-dependent manner as evidenced by comet as-
say but also additionally resulted in caspase-3 and -9 activa-
tion which is primarily responsible for PARP cleavage. Calci-
um and reactive oxygen species constitute two important sig-
naling molecules which have been implicated in the induction
of apoptosis [27]. Enhanced entry and release of calcium from
ER and mitochondria have been shown to result in disruption
of intracellular calcium homeostasis [25, 30]. Mitochondrial
calcium uptake and overload has also been linked with en-
hanced ROS generation, opening of permeability transition
pore, release of cytochrome c followed by caspase-3 activa-
tion and apoptosis [25, 27, 31]. Our results showed that
zerumbone treatment significantly increased the levels of in-
tracellular calcium, ROS, and loss of mitochondrial mem-
brane potential. An increase in intracellular cytosolic calcium
due to calcium release from ER in zerumbone-treated cells has
already been reported [32].

The status of histone H2AX phosphorylation is a key de-
terminant which regulates the cell’s response in either
repairing the damaged DNA for survival or undergoing

apoptosis [23]. As expected, following zerumbone treatment
in K562 cells, the levels of γH2AX were found to increase.
But this was true only with respect to lower concentrations
tested (2 and 3.5 μg/mL); at a dose of 5 μg/mL beyond the
IC50 value, however, the level of γH2AX was found to be
decreased for reasons that remain unclear to us. But results
of the comet assay show that zerumbone induces
concentration-dependent increase in DNA double-strand
breaks. However, analysis of total H2AX protein expression
by immunoblotting clearly showed its upregulation on
zerumbone treatment in a dose-dependent manner. This is in
agreement with reports showing apoptosis induction mediated
through upregulation of H2AX following Bortizomib and I-
matinib mesylate treatment in Gastrointestinal stromal tumor
(GIST) cells. It has also been reported that DNA replication
stress leads to upregulation of soluble histone H2AX and that
chromatin-associated H2AX sensitizes cells to undergo apo-
ptosis [24, 33, 34]. Interestingly, Kang et al. [35] has recently
demonstrated that DNA damage induces ROS through over-
expression of histone H2AX. Our results also corroborate that
increased H2AX is linked with increased ROS production in
zerumbone-treated cells.

The present study has revealed that zerumbone treatment in
K562 cells induces apoptosis through mitochondrial mediated
pathway linked to upregulation of total histone H2AX, in-
creased calcium and ROS production. Considering our results,
zerumbone holds promise as a potential candidate drug for
CML.
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