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Two new Ru(II) complexes, [Ru(dmp)2(dadppz)](ClO4)2 (1) and [Ru(dip)2(dadppz)](ClO4)2 (2),
were synthesized and characterized by elemental analysis, ES-MS, and 1H NMR. DNA-binding
behaviors were investigated by absorption titration and luminescence spectra. The DNA-binding
constants were 3.1 (± 0.2)� 104 and 3.0 (± 0.2)� 105M�1 for 1 and 2. The antioxidant activity of
these complexes against hydroxyl radical (�OH) was explored. The cytotoxicities in vitro towards
A549, BEL-7402, MG-63, and SKBR-3 cells were studied by 3-(4,5dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide method. Complex 1 shows high cytotoxicity, but 2 is not cytotoxic
towards the selected cell lines. Apoptosis and cell cycle distribution were studied by flow cytome-
try. The cellular uptake showed that complexes can enter into the cytoplasm. JC-1 was used as a
fluorescence probe in detecting the mitochondrial membrane potential and results indicate that the
mitochondrial membrane potential decreases.

Keywords: Ruthenium(II) complexes; DNA-binding; Antioxidant activity; Bioactivity

1. Introduction

Binding of small molecules with DNA has been studied extensively. Small molecules
possessing DNA-binding abilities include metal complexes, porphyrins, natural antibiotics,
simple aromatic hydrocarbons, and some heterocyclic cations [1–6]. Among metal
complexes, the binding of ruthenium complexes to DNA has been paid great attention
[7–14]. [Ru(phen)2(mitatp)]2+ (mitatp = 5-methoxy-isatino[1,2-b]-1,4,8,9-tetraazatriphenyl-
ene) binds to DNA with a large affinity (2.77� 106M�1) [15]. [Ru(phen)2(bfipH)]

2+

(bfipH= 2-(benzofuran-2yl)imidazo[4,5-f][1,10]phenanthroline) is an efficient dual inhibitor
of topoisomerases I and II [16]. [Ru(bpy)2(dppz)]

2+ (dppz = dipyrido[3,2-a:2′,3′-c]phenazine)
shows no luminescence in aqueous solution, but luminesces brightly upon binding to DNA,
displaying the characteristic of a “molecular light switch” [17–21]. Ruthenium complexes
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also exhibit significant antitumor activity; [Ru(dmb)2(BHIP)]
2+ (BHIP= 2-(3-bromo-4-

hydroxyphenyl)imizado[4,5-f][1,10]phenanthroline) can suppress the growth of HeLa cells
with a low IC50 value [22]. [Ru(bpy)2(dppz)]

2+ effectively inhibits the proliferation of HT-29
cells [23]. Since complexes containing dppz show large DNA-binding affinity and significant
antitumor activity, in this article we synthesize a derivative of dppz and two Ru(II)
complexes [Ru(dmp)2(dadppz)]

2+ (dadppz = 11,12-diaminodipyrido[3,2-a:2′,3′-c]phenazine,
dmp = 2,9-dimethyl-1,10-phenanthroline) (1) and [Ru(dip)2(dadppz)]

2+ (dip= 4,7-diphenyl-
1,10-phenanthroline, scheme 1) (2). In order to observe the DNA-binding and cytotoxic
activity of the two complexes, DNA-binding behaviors were studied by absorption titration
and luminescence spectra. The cytotoxicities in vitro of 1 and 2 were investigated by
3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method. The apoptosis
and cell cycle arrest on BEL-7402 cells were performed by flow cytometry. The cellular
uptake and mitochondrial membrane potential were studied by fluorescence microscopy. The
antioxidant activity against hydroxyl radicals (�OH) was also explored.

2. Experimental

2.1. Materials and methods

All reagents and solvents were purchased commerially and used without purification unless
noted; Ultrapure MilliQ water was used in all experiments. Dimethyl sulfoxide (DMSO),
2,9-dimethyl-1,10-phenanthroline (dmp), 4,7-diphenyl-1,10-phenanthroline (dip), and
RPMI 1640 were purchased from Sigma. Cell lines of A549, BEL-7402, MG-63, and
SKBR-3 were purchased from American Type Culture Collection. RuCl3·xH2O was
purchased from Kunming Institute of Precious Metals. 1,10-Phenanthroline was obtained
from Guangzhou Chemical Reagent Factory.

Microanalysis (C, H, and N) was carried out with a Perkin-Elmer 240Q elemental
analyzer. Electrospray ionization mass spectra (ES-MS) were recorded on a LCQ system
(Finnigan MAT, USA) using methanol as mobile phase. The spray voltage, tube lens
offset, capillary voltage, and capillary temperature were set at 4.50 kV, 30.00V, 23.00V,
and 200 °C, respectively, and the quoted m/z values are for the major peaks in the isotope

Scheme 1. The structures of 1 and 2.

2424 Y.-Y. Xie et al.
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distribution. 1H NMR and 13C NMR spectra were recorded on a Varian-500 spectrometer
with DMSO [D6] as solvent and tetramethylsilane as an internal standard at 500MHz at
room temperature.

2.2. Synthesis of ligand dadppz and complexes

2.2.1. Synthesis of ligand dadppz. dadppz was synthesized according to modified
method [24]. Briefly, a mixture of 1,10-phenanthroline-5,6-dione (0.252 g, 1.2mM),
1,2,4,5-benzenetetramine tetrahydrochloride (0.341 g, 1.2mM), and potassium carbonate
(0.331 g, 2.4mM) in ethanol (50mL) and H2O (5mL) was refluxed under argon for
40min. After the reaction mixture was allowed to stand at room temperature, the precipi-
tate was filtered and washed with 10mL ethanol. The filtrate was evaporated under
reduced pressure to 5mL. Upon cooling, a red precipitate was obtained by dropwise
addition of water. ES-MS (CH3CN, m/z): 313.3 [M+ 1]+.

2.2.2. Synthesis of [Ru(dmp)2(dadppz)](ClO4)2 (1). A mixture of cis-[Ru
(dmp)2Cl2]·2H2O [25] (0.312 g, 0.5mmol) and dadppz (0.156 g, 0.5mmol) in ethanol
(70 cm3) was refluxed under argon for 2 h to give a clear red solution and the solvent was
removed to 10 cm3 under reduced pressure. Upon cooling, a red precipitate was obtained
by dropwise addition of saturated aqueous NaClO4 solution. The crude product was puri-
fied by column chromatography on neutral alumina with a mixture of CH3CN–C2H5OH
(4 : 1, v/v) as eluent. The red band was collected. The solvent was removed under reduced
pressure and a red powder was obtained. Yield: 69%. Anal. Calcd for C46H36N10Cl2O8Ru:
C, 53.70; H, 3.53; N, 13.61%. Found: C, 53.52; H, 3.38; N, 13.78%. 1H NMR (DMSO-
d6, ppm): δ 9.28 (d, 2H, J= 7.0Hz), 8.91 (d, 2H, J= 8.0Hz), 8.43 (dd, 4H, J = 8.5,
J= 8.5Hz), 8.25 (d, 2H, J = 8.5Hz), 7.98 (d, 2H, J = 8.0Hz), 7.49 (dd, 4H, J= 5.5,
J= 5.5Hz), 7.40–7.35 (m, 2H), 7.11 (s, 2H), 6.29 (s, 4H), 2.92 (s, 6H), 2.50 (s, 6H). ES-
MS (CH3CN): m/z 928.9 ([M-ClO4]

+), 829.2 ([M-2ClO4-H]
+), 415.3 ([M-2ClO4]

2+).

2.2.3. Synthesis of [Ru(dip)(dadppz)](ClO4)2 (2). This complex was synthesized
according to the modified procedure and in a manner identical to that described for 1, with
cis-[Ru(dip)2Cl2]·2H2O [26] in place of cis-[Ru(dmp)2Cl2]·2H2O. Yield: 70%. Anal. Calcd
for C66H44N10Cl2O8Ru: C, 62.07; H, 3.47; N, 10.97%. Found: C, 62.36; H, 3.60; N,
10.82%. 1H NMR (DMSO-d6, ppm): δ 9.53 (d, 2H, J= 8.0Hz), 8.35 (dd, 4H, J = 5.5,
J= 5.0Hz), 8.28 (s, 4H), 8.20 (d, 2H, J = 5.5Hz), 7.92–7.89 (m, 2H), 7.82 (d, 2H,
J= 5.5Hz), 7.78 (d, 2H, J= 5.5Hz), 7.71–7.60 (m, 20H), 7.21 (s, 2H), 6.61 (s, 4H).
ES-MS (CH3CN): m/z 1177.1 ([M-ClO4]

+), 539.5 ([M-2ClO4]
2+).

Caution: Perchlorate salts of metal compounds with organic ligands are potentially explo-
sive, and only small amounts of the material should be prepared and handled with great care.

2.3. DNA-binding studies

The DNA-binding experiments were performed at room temperature. Buffer (5mM Tris,
50mM NaCl, pH 7.0) was used for absorption titration and luminescence titration. The
absorption titration of Ru(II) complexes with increasing DNA in buffer were performed on
a Shimadzu UV-3101PC spectrophotometer at room temperature.

Bioactive ruthenium(II) complexes 2425
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Titrations of the complex in buffer were performed using a fixed concentration (20 μM)
for complex to which increments of the DNA stock solution were added. Ru-DNA solu-
tions were allowed to incubate for 5min before the absorption spectra were recorded. The
intrinsic binding constants K, based on the absorption titration, were measured by monitor-
ing changes of absorption in the MLCT band with increasing concentration of DNA using
the following equation [27],

½DNA�=ðea � ef Þ ¼ ½DNA�=ðeb � ef Þ þ 1=½Kbððeb � ef Þ�

where [DNA] is the concentration of DNA in base pairs, ea, ef and eb correspond to the
apparent absorption coefficient Aobsd/[Ru], the extinction coefficient for the free ruthe-
nium complex and the extinction coefficient for the ruthenium complex in the fully bound
form, respectively. In plots of [DNA]/(ɛa� ɛf) versus [DNA], Kb is given by the ratio of
slope to intercept.

2.4. Scavenger measurements of hydroxyl radical (�OH)

The hydroxyl radical (�OH) in aqueous media was generated by the Fenton system [28].
The solution of the tested complexes was prepared with DMF. The 5ml of assay mixture
contained the following reagents: safranin (28.5 μM), EDTA-Fe(II) (100 μM), H2O2

(44.0 μM), the tested compounds (0.25–1.75 μM), and a phosphate buffer (67mM,
pH= 7.4). The assay mixtures were incubated at 37 °C for 30min in a water bath, after
which the absorbance was measured at 520 nm. All the tests were run in triplicate and
expressed as the mean. Ai was the absorbance in the presence of the tested compound; A0

was the absorbance in the absence of tested compounds; Ac was the absorbance in the
absence of tested compound, EDTA-Fe(II), H2O2. The suppression ratio (ηa) was calcu-
lated on the basis of (Ai�A0)/(Ac�A0)� 100%.

2.5. Cytotoxicity assay in vitro

MTT assay procedures were used [29]. Cells were placed in 96-well microassay culture
plates (8� 103 cells per well) and grown overnight at 37 °C in a 5% CO2 incubator.
Complexes tested were then added to the wells to achieve final concentrations ranging
from 10�6 to 10�4M. Control wells were prepared by addition of culture medium
(100 μL). The plates were incubated at 37 °C in a 5% CO2 incubator for 48 h. Upon
completion of the incubation, stock MTT dye solution (20 μL, 5mgmL�1) was added to
each well. After 4 h, buffer (100 μL) containing DMF (50%) and sodium dodecyl sulfate
(20%) was added to solubilize the MTT formazan. The optical density of each well was
then measured with a microplate spectrophotometer at 490 nm. The IC50 values were deter-
mined by plotting the percentage viability versus concentration on a logarithmic graph and
reading off the concentration at which 50% of cells remain viable relative to the control.
Each experiment was repeated at least thrice to obtain the mean values. Four different
tumor cell lines were studied: A549 (Human lung adenocarcinoma cell Line), BEL-7402
(Human hepatocellular carcinoma cell line), MG-63 (Human osteosarcoma cell line), and
SKBR-3 (Human breast cancer cell line).

2426 Y.-Y. Xie et al.
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2.6. Apoptosis assay by flow cytometry

After chemical treatment, 1�106 cells were harvested, washed with PBS, then fixed with
70% ethanol, and finally, maintained at 4 °C for at least 24 h. Then, the pellets were
stained with the fluorescent probe solution containing 50 μgmL�1 PI and 1mgmL�1

annexin in PBS on ice in the dark for 15min. Then the fluorescence emission was
measured at 530 and 575 nm (or equivalent) using 488 nm excitation by a FACS Calibur
flow cytometer (Beckman Dickinson & Co., Franklin Lakes, NJ). A minimum of 10,000
cells were analyzed.

2.7. Cellular uptake

BEL-7402 cells were placed in 24-well microassay culture plates (4� 104 cells per well)
and grown overnight at 37 °C in a 5% CO2 incubator. Complex 2 was then added to the
wells. The plates were incubated at 37 °C in a 5% CO2 incubator for 24 h. Upon comple-
tion of the incubation, the wells were washed thrice with phosphate buffered saline (PBS);
after discarding the culture medium, the cells were visualized by fluorescence microscopy.

2.8. Cell cycle arrest by cytometric analysis

BEL-7402 and SKBR-3 cells were seeded into six-well plates (Costar, Corning Corp, New
York) at a density of 2� 105 cells per well and incubated for 24 h. The cells were cultured
in RPMI 1640 supplemented with fetal bovine serum (10%) and incubated at 37 °C and
5% CO2. The medium was removed and replaced with medium (final DMSO concentra-
tion, 1% v/v) containing 1 (black) (50 μM). After incubation for 24 h, the cell layer was
trypsinized and washed with cold PBS and fixed with 70% ethanol. 20 μL of RNAse
(0.2mgmL�1) and 20 μL of propidium iodide (PI) (0.02mgmL�1) were added to the cell
suspensions and incubated at 37 °C for 30min. Then, the samples were analyzed with a
FACSCalibur flow cytometer (Becton Dickinson & Co., Franklin Lakes, NJ). The number
of cells analyzed for each sample was 10,000 [30].

2.9. Mitochondrial membrane potential assay

Cells were treated for 24 h with complex in 12-well plates and then washed thrice with
cold PBS. The cells were then detached with trypsin-EDTA solution. Collected cells were
incubated for 20min with 1 μgmL�1 of JC-1 (5,5′,6,6′-tetrachloro-1,1′,3,3′-tetra-
ethylbenzimidazolcarbocyanine iodide) in culture medium at 37 °C in the dark. Cells were
immediately centrifuged to remove the supernatant. Cell pellets were suspended in PBS
and then imaged under microscope.

3. Results and discussion

3.1. Synthesis and characterization

The ligand dadppz was prepared through condensation of 1,10-phenanthroline-5,6-dione
with 1,2,4,5-benzenetetramine tetrahydrochloride using a method similar to that reported
[24]. The corresponding ruthenium(II) mixed-ligand complexes were synthesized by direct
reaction of dadppz with the appropriate precursor complexes in ethanol. The desired

Bioactive ruthenium(II) complexes 2427
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ruthenium(II) complexes were isolated as the perchlorates and purified by column chroma-
tography. In the ES-MS spectra for the Ru(II) complexes, all of the expected signals
[M-ClO4]

+, [M-2ClO4-H]
+, and [M-2ClO4]

2+ were observed (Supplementary material) The
measured molecular weights were consistent with the expected values. In the IR spectra,
3369 cm�1 for 1 and 3364 cm�1 for 2 are characteristic of N–H stretch; 2925 cm�1 for 1 is
the C–H stretch (Supplementary material). Two singlets at 6.29 ppm for 1 and 6.61 ppm for
2 are assigned to NH2. These data show that 1 and 2 were synthesized.

3.2. Electronic absorption titration

The electronic absorption spectra of 1 and 2 in the absence and presence of CT-DNA are
given in figure 1. As DNA concentration is increased, MLCT bands of 1 at 453 and 2 at
464 nm exhibit hypochromism of about 24.2 and 23.3%, and bathochromism of 5 and
3 nm, respectively. These spectral characteristics suggest a stacking interaction between the
aromatic chromophore and the DNA base pairs.

To further elucidate the binding strength of the complexes, the intrinsic constants Kb are
determined by monitoring the changes in absorbance of the MLCT band with increasing
concentration of CT-DNA. The values of Kb are determined to be 3.1 (± 0.2)� 104 and
3.0 (± 0.2)� 105M�1 for 1 and 2, respectively. These values are smaller than those of
[Ru(bpy)2(dppz)]

2+ (4.9� 106M�1, dppz = dipyrido[2,3-a:3′,2′-c]phenazine) [21] and
[Ru(bpy)2(HBT)]

2+ (5.71 (± 0.20)� 107M�1, HBT= 11H, 13H-4, 5, 9, 10, 12, 14-hexa-
azabenzo [b] triphenylene) [31], but comparable to that of [Ru(dmp)2(dcdppz)]

2+

(1.78� 105M�1, dcdppz = 7, 8-dichlorodipyrido[3,2-a:2′,3′-c]phenazine) [32].

3.3. Luminescence spectroscopy

At room temperature, 1 shows no luminescence and 2 exhibits luminescence in Tris buffer
with a maximum at 594 nm. The luminescence spectra of 2 in the presence of CT-DNA in
buffer solution are shown in figure 2. As the concentrations of DNA increased, the emission
intensity of 2 was 4.02 times larger than the original, implying that 2 can interact with
CT-DNA and be protected by DNA efficiently, since the hydrophobic environment inside

Figure 1. Absorption spectra of complexes in Tris-HCl buffer upon addition of CT DNA in the presence of (a)
1 and (b) 2. [Ru] = 20 μM. Arrow shows the absorbance change upon increase of DNA concentration. Plots of
[DNA]/(ɛa � ɛf) vs. [DNA] for the titration of DNA with Ru(II) complexes.

2428 Y.-Y. Xie et al.
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the DNA helix reduces the accessibility of water to the complex and the complex mobility
is restricted at the binding site, leading to the decrease of vibrational modes of relaxation.

3.4. Antioxidant activity against hydroxyl radical

Hydroxyl radical (�OH) production can result in cell membrane protein damage. It has
been reported that the free radical-scavenging ability of chromones is excellently directed
toward hydroxyl radical [33]. The antioxidant activities on hydroxyl radicals of 1 and 2
were studied (table 1). As shown in figure 3, the suppress ratio against �OH ranged from
0.25 to 72.86% for 1, 0.52 to 77.86% for 2. The inhibitory effect of 1 and 2 on �OH was
concentration related and the suppression ratio increased with increasing complex concen-
tration of 0.25–1.75 μM. At low concentration, the antioxidant activity of 1 is higher than
2, however, 2 shows higher antioxidant activity than 1 at high concentration. It may be
believed that the information obtained from the present work would ultimately be helpful
to develop new potential antioxidants and new therapeutic reagents for some diseases.

3.5. Cytotoxicity assay in vitro

The cytotoxicities in vitro of 1 and 2 on A549, BEL-7402, MG-63, and SKBR-3 cell lines
were assayed by MTT method. After exposure to different concentrations of 1 and 2 for
48 h, the IC50 values were calculated and are listed in table 2. Unexpectedly, 2 shows no
cytotoxicity toward the above tumor cell lines. Complex 1 exhibits high cytotoxic activities

Table 1. Scavenging ratio (%) of complexes against �OH.

Complex

Average inhibition (%) for �OH

0.25 0.50 0.75 1.0 1.25 1.50 1.75 (μM)

1 0.25 17.09 43.22 51.01 62.31 68.59 72.86
2 0.52 10.68 37.76 52.60 64.84 73.96 77.86

Figure 2. Emission spectra of 2 in Tris-HCl buffer in the absence and presence of CT-DNA. Arrow shows the
intensity change upon increasing DNA concentrations.

Bioactive ruthenium(II) complexes 2429
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against the selected tumor cell lines, more sensitive on MG-63 (IC50 = 11.0 μM) and
SKBR-3 (IC50 = 10.6 μM) than toward A549 (IC50 = 25.7 μM) and BEL-7402
(IC50 = 16.4 μM) cells; its cytotoxicity is lower than cisplatin under identical conditions.
Cell viability is concentration dependent (figure 4), with increasing concentrations of 1, an
obvious decrease is observed for cell viability. These results imply that 1 is cytotoxic
against different tumor cell lines.

3.6. Apoptosis assay by flow cytometry

Apoptosis is the process of programed cell death that may occur in multicellular organ-
isms. Biochemical events lead to characteristic cell changes (morphology) and death. In
order to determine the percentage of apoptotic and necrotic cells, the apoptosis was per-
formed with BEL-7402 cells exposure to different concentrations of 1 for 24 h. As shown
in Supplementary material, in the control (a), the percentage of necrotic and apoptotic cells
are 0.01 and 0.00%. Treatment of BEL-7402 with 25 (b) and 50 μM (c) 1, the percentage
of necrotic and apoptotic cells are 0.70 and 5.21, 4.41, and 13.51%, respectively. These
results show that 1 can effectively induce BEL-7402 cell apoptosis, and the apoptotic
effect is closely related to the concentrations of 1.

3.7. Cellular uptake studies

The uptake of 2 by BEL-7402 cells was studied; 12.5 μM complex 2 was added to
the wells (4� 104 cells per well) and incubated at 37 °C in a 5% CO2 incubator for 24 h.

Table 2. The IC50 values of 1 and 2 against selected cell lines.

Complex

IC50 (μM)

A549 BEL-7402 MG-63 SKBR-3

1 25.7 ± 2.4 16.4 ± 1.5 11.0 ± 1.1 10.6 ± 1.4
2 >100 >100 >100 >100
Cisplatin 11.2 ± 1.3 7.4 ± 1.5 6.5 ± 0.7 –

Figure 3. Scavenging effect of 1 and 2 on hydroxyl radicals. Experiments were performed in triplicate.

2430 Y.-Y. Xie et al.
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Then the cells were observed under fluorescence microscope (Supplementary material). In
the presence of 12.5 μM of 2, bright red fluorescent spots in the images were observed.
The results show that 2 can be uptaken by cells and can enter into the cytoplasm and
accumulate in the nuclei.

3.8. Cell cycle arrest studies

The effect of 1 on the cell cycle of BEL-7402 and SKBR-3 cells was studied by flow
cytometry in PI-stained cells after the two cell lines were treated with 50 μM of 1 for 24 h.
The representative DNA distribution histograms of BEL-7402 (a) and SKBR-3 (b) cells in
the presence of 1 are shown in figure 5. With treatment of BEL-7402 cells, an obvious
enhancement (6.60%) in the percentage of cells at S phase was observed, accompanied by
a corresponding reduction in the percentage of cells in the G0/G1 and G2/M phases. These
results indicate that the antiproliferative mechanism induced by 1 on BEL-7402 cells is S
phase and on SKBR-3 cells is G2/M phase arrest. We also conclude that the same complex
displays different antitumor mechanism toward different tumor cell lines.

3.9. Mitochondrial membrane potential detection

JC-1 was used as a fluorescence probe in assaying the change of mitochondrial membrane
potential. JC-1 forms aggregates and emits a red fluorescence at high mitochondrial

Figure 4. Cell viability of 1 and 2 on A549 (a) BEL-7402 (b) MG-63 (c) and SKBR-3 (d) cells proliferation
in vitro. Each point is the mean ± standard error obtained from three independent experiments.
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membrane potential. When the values of the mitochondrial membrane potential are low,
JC-1 forms monomers, which emit green fluorescence. After BEL-7402 cells are exposed
to 12.5 μM 1 for 24 h, the change of mitochondrial membrane potential is shown in Sup-
plementary material. In the control (a), JC-1 exhibits red fluorescence (JC-1 aggregates)
accompanied by high mitochondrial membrane potential. In the presence of 1 (b), JC-1
emits green fluorescence (JC-1 monomers) corresponding to low mitochondrial membrane
potential. The change in fluorescence from red to green indicates decrease of mitochondrial
membrane potential. These results suggest that 1 induces apoptosis in BEL-7402 cells
through the mitochondrial signal transduction pathway.

4. Conclusions

Two new Ru(II) complexes, [Ru(dmp)2(dadppz)]
2+ (1) and [Ru(dip)2(dadppz)]

2+ (2), were
synthesized and characterized. The DNA-binding shows that 1 and 2 bind to CT-DNA.
Complex 1 demonstrates high cytotoxic activity against the selected tumor cell lines, while 2
shows little cytotoxicity towards these cell lines under the same experimental conditions.
The cytotoxic activity is not consistent with the DNA-binding strength. Complex 1 can
effectively induce apoptosis in BEL-7402 cells. The cell cycle assay exhibits that the
antiproliferative mechanism induced by 1 on BEL-7402 cells is S phase and on SKBR-3 cells
is G2/M phase arrest. Mitochondrial membrane potential detection shows that 1 induces
apoptosis in BEL-7402 cells through the mitochondrial signal transduction pathway.
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