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Abstract:

The aim of this study was to investigate the anti-tumor effects and mechanism of the selenium heteropoly compound (C�H��N�)�
(NH�)�H�[Se�W��V�O��]·9H�O (SeWV) in K562 cells. The results showed that 0.32–10.15 × 10�� mmol/l SeWV could

significantly inhibit the proliferation of K562 cells in vitro, as determined by the MTT assay, with IC�� values of 3.07 and

2.69 × 10�� mmol/l after 48 and 72 h of treatment with SeWV, respectively. Studies of the cell cycle indicated that SeWV could in-

duce K562 cells gathered in the G�/M phase upon treatment for 24 and 48 h, and a significant sub-G1 peak was evident at 0.32 and

2.54 × 10��mmol/l after treatment for 24 h. Morphological observations revealed typical apoptotic features. SeWV caused the accu-

mulation of Ca�	, Mg�	 and ROS, and the reduction of pH and mitochondrial membrane potential (MMP) in K562 cells as evidenced

by confocal laser scanning microscopy. Experiments also showed that the expression of Bcl-2 was significantly inhibited, but Bax

was increased by SeWV at 5.07 × 10��mmol/l. Additionally, the content of cytochrome-C was increased after treatment for 24 h. The

experiment implied that SeWV had anti-tumor activity and that its mechanism was partially attributable to the induction of cell cycle

distribution and apoptosis that was induced by a change in intracellular ion homeostasis.
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Abbreviations: IC�� – 50% growth-inhibition concentration,

IR – inhibition rate, MMP – mitochondrial membrane poten-

tial, OD – optical density, PI – propidium iodide, ROS – reac-

tive oxygen species, SeWV – (C�H��N�)� (NH�)�H�[Se�W��

V�O��] · 9H�O

Introduction

Selenium is essential for nutrition, and has been

shown to have anticarcinogenic activity [22, 23]. Epi-

demiological studies have shown that populations

with low selenium intake and low plasma selenium

levels have an increased incidence of cancer [3, 9, 26,

30], and some selenium compounds can inhibit colon

carcinoma, breast cancer, and prostatic carcinoma [8,

31]. Recently, researchers found that selenium could

act against liver and kidney damage induced by mer-

cury chloride [6]. Therefore, researchers have focused

their attention on searching for potent selenium com-

pounds that possess high anti-tumor efficacy and low

tissue toxicity. Heteropoly complexes, a class of poly-

anionic compounds with a variety of important bio-

logical activities such as antiviral and antitumor ef-

fects with low tissue toxicity have attracted attention

in view of their potential applications as antiviral or

288 �����������	��� 
������ ����� ��� �������

�����������	��� 
�����

����� ��� �������

	

� ��������

��������� � ����

�� 	�������� ��  �!�"!#�$���

 �$��� %#!&�"� �� 
#���#��



antitumor agents [10, 28, 32]. However, little has been

reported about selenium heteropoly complexes. In or-

der to obtain a selenium heteropoly complex that has

a high anti-tumor efficacy and low tissue toxicity,

a series of compounds were synthesized [32] with Se,

V, W, Mo, butyl, amido, hydroxyl, etc.

Several studies performed in vitro suggested that

the induction of apoptosis and/or inhibition of cell

growth could account for the cancer prevention in-

duced by selenium compounds [11].

Some researchers [17, 29] have reported that ge-

netic mutations culminating in the disturbance of

apoptosis or disruption of apoptosis-signaling path-

ways seem to be an essential factor in carcinogenesis.

The induction of apoptosis in cancer cells is one of the

most important methods of cancer treatment [15], and

apoptosis induced by changes in the intracellular con-

centrations of ions such as Ca2+, Mg2+, and H+ is one

of the mechanisms of cytotoxicity [18, 25]. Thus, the

aim of present study was to test whether SeWV,

a novel selenium heteropoly complex [32], has anti-

tumor activity in K562 cells, and to explore its

mechanism of action.

Materials and Methods

Drugs and chemicals

(C2H10N2)5 (NH4)4H2 [Se2W10V8O62] · 9H2O (SeWV),

which forms deep red crystals, was kindly provided

by the Laboratory of Chemistry, Lanzhou University

(Lanzhou, China). MTT, SDS, mouse anti-human cy-

tochrome C, anti-rabbit IgG antibody and anti-goat

IgG antibody were purchased from Sigma Chemical

Co. (St. Louis, MO, USA). Fluo-3/AM, Mag-Fluo-4/AM,

Carboxy SNARF-1/AM, 2’,7’-dichlorofluorescin diace-

tate, Mito Tracker Green FM, and monoclonal anti-

body to Bcl-2, Bax and the Bio-Rad protein assay kit

were purchased from Molecular Probes Co. (Eugene,

Oregon, USA). Anti-mouse IgG antibody was pur-

chased from Amersham. RPMI-1640 medium was ob-

tained from GIBCO BRL (Grand Island, NY, USA).

Bovine serum was purchased from Hangzhou Sijiqing

Biotechnology Co. (Hangzhou, China). Other chemi-

cals were of analytical purity.

Elemental analyses

(C2H10N2)5 (NH4)4H2 [Se2W10V8O62] ·9H2O (SeWV)

was synthesized and kindly provided by the Labora-

tory of Chemistry, Lanzhou University (Lanzhou,

China). Elemental analyses: Se 3.69% (4.01%), W

46.32% (46.64%), V 10.28% (10.34%), N 4.84%

(4.97%), H 2.15% (2.18%), C 3.10% (3.04%), H2O

3.96% (4.10%). Numbers inside parentheses are theo-

retical values that are calculated according to the mo-

lecular formula. The molecular weight is 3941.8. Syn-

thesis and determination of the structure of SeWV

was referred to in the text [32].

Cell culture and MTT assay in vitro

K562 cells were grown in complete RPMI-1640

medium containing 10% heat-inactivated bovine se-

rum, 2 mmol/l glutamine, 100 units/ml penicillin and

100 µg/ml streptomycin at 37°C in a humidified at-

mosphere of 5% CO2 and routinely passaged every

other day.

Cytotoxicity was measured by the MTT assay [19].

Briefly, exponentially growing cells were washed and

resuspended in complete RPMI-1640 medium to

a concentration of 1 × 108 cells/l. One hundred microli-

ter aliquots of cells containing SeWV (0.32–10.15 ×

10–3 mmol/l) were seeded in quadruplicate into a 96-

well flat bottom microculture plate (Costar, Corning,

USA) for the designated time. At the end of the incu-

bation period, MTT (10 µl) was added and further

cultured for the last 4 h, and then SDS (100 µl) was

added and mixed thoroughly to dissolve the formazan

crystals at 37°C. Optical density (OD) at 570 nm was

read on a microplate reader to indirectly reflect the

number of viable cells. The inhibition rate (IR, IR =

(1-ODtest/ODcontrol) × 100) was used to evaluate the

cytotoxicity of SeWV.

Flow cytometry

After treatment with SeWV (0.32–10.15 × 10–3 mmol/l)

for the designated time, the cells were washed in PBS

and fixed in ice-cold 70% ethanol at 4°C for at least

24 h. The cells were washed and then stained with

propidium iodide solution (PI, containing PI (50 mg/l)

and RNase (50 mg/l)) at room temperature in the dark

for 30 min. The samples were read on a Coulter Epics

XL flow cytometer (Beckman-Coulter Inc., Fullerton,

CA, USA). The percentage of cell cycle was calcu-
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lated by Multicycle software (Phoenix Flow System,

San Diego, CA, USA).

Morphological features of apoptosis

K562 cells (1 × 105 cells/ml) were grown in complete

medium containing 0.32–10.15 × 10–3 mmol/l SeWV

for 24 h, stained with right-Giemsa and uranyl

acetate-lead citrate, respectively. Following, they

were observed under an inverted microscope and an

EM-1230 electron microscope (Japan).

Confocal laser scanning microscopy assay

Following the treatment as described above, K562

cells were washed in ice-cold PBS, and then loaded

with Fluo-3/AM (5 µmol/l), Mag-fluo-4 (5 mmol/l),

Carboxy SNARF-1/AM (10 µmol/l), 2’,7’-dichloro-

fluorescin diacetete and Mito Tracker Green FM

(1.25 µmol/l) for 45 min at 37°C, respectively. The

fluorescence intensity changes of intracellular Ca2+,

Mg2+, ROS, H+ and MMP were measured by confocal

laser scanning microscopy.

Immunohistochemistry assay

After treatment with SeWV (5.07 × 10–3 mmol/l) for

24 h, the cells were washed in cold PBS three times,

smeared, air dried, fixed, and then assayed according

to the manufacturer’s instructions and examined with

a microscope.

Western blot assay

After treatment with SeWV for 24 h, the cells were re-

suspended in lysis buffer. Protein concentration was

determined by the Bradford assay (Pierce, Rockford,

IL, USA). Twenty micrograms of protein extract/lane

were loaded onto SDS-PAGE and separated under de-

naturing conditions. Protein samples were then trans-

ferred onto nitrocellulose membranes and the individ-

ual target protein was immunoreacted with the appro-

priate dilution of its primary antibody. Following, the

protein was incubated with an appropriate dilution of

horseradish peroxidase conjugated anti-rabbit IgG an-

tibody (1:2,000 dilution) as a secondary antibody. En-

hanced chemiluminescence was used to reveal anti-

body binding.

Statistical analysis

The two-tailed Student’s t-test was employed to as-

sess the significance of the data. The data are pre-

sented as the mean ± SD. The level of statistical sig-

nificance was taken at p < 0.05.

Results

Anti-proliferative activity of SeWV in vitro

As shown in Table 1, SeWV at 0.32–10.15 × 10–3 mmol/l

significantly inhibited the proliferation of K562 cells

in vitro. The inhibition rates (IRs) were 23, 25, 27–29,

and 56, respectively, after treatment for 24 h. The IRs

were 20, 27, 32, 34, 62, and 75, respectively, after
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Tab. 1. Anti-tumor effects of SeWV on K562 cells in vitro after 24, 48, 72 h of treatment

Groups Concentration/� 10–3 mmol/l 24 h *OD570 IR/% 48 h *OD570 IR/% 72 h *OD570 IR/%

Control 0 0.692 ± 0.010 — 0.956 ± 0.112 — 1.316 ± 0.115 —

SeWV 0.32 0.534 ± 0.039�� 23 0.762 ± 0.061 20 1.040 ± 0.054� 21

SeWV 0.63 0.516 ± 0.013�� 25 0.692 ± 0.008� 27 1.022 ± 0.025� 22

SeWV 1.27 0.506 ± 0.021�� 27 0.650 ± 0.017� 32 0.927 ± 0.030�� 29

SeWV 2.54 0.500 ± 0.029�� 28 0.633 ± 0.067� 34 0.905 ± 0.033�� 31

SeWV 5.07 0.491 ± 0.020�� 29 0.360 ± 0.047�� 62 0.492 ± 0.100�� 62

SeWV 10.15 0.306 ± 0.021�� 56 0.239 ± 0.014�� 75 0.146 ± 0.028�� 89

Note: * p < 0.05, ** p < 0.01 vs. control



�����������	��� 
������ ����� ��� ������� 291

Selenium and apoptosis
���� �������� ��	 
� ��������

0.32

0 64 128 192

0.63

0 64 128 192

0.32

0 64 128 192

0.63

0 64 128 192

1
8

0
1

2
0

6
0

1
8

0
1

2
0

6
0

48 h

24 h

Control

0 64 128 192

Control

0 64 128 192

4
2

0
2

8
0

1
4

0
7

8
0

5
2

0
2

6
0

6
0

0
4

0
0

2
0

0

1
0

2
0

6
8

0
3

4
0

1.27

0 64 128 192

1.27

0 64 128 192

1
8

0
1

2
0

6
0

6
6

0
4

4
0

2
2

0

5.07

0 64 128 192

5.07

0 64 128 192

6
6

0
4

4
0

2
2

0
2

4
0

1
6

0
8

0

2.54

0 64 128 192

2.54

0 64 128 192

1
8

0
1

2
0

6
0

3
6

0
2

4
0

1
2

0

Fig. 1. Apoptosis and cell cycle analysis in treated K562 cells with SeWV 0.32-5.07 x 10�� mmol/l for 24 and 48 h by flow cytometry

BA Fig. 2. Morphological observation of K562 cells treated with
SeWV 5.07 x 10�� mmol/l for 24 h by electron microscopy.
A: Untreated cells (6000x); B: treated cells (6000x), respecti-
vely. Scale bar = 1 µm. Normal arrow pointed cytoplasmic
vacuolation, swallowtail arrow pointed condensed hetero-
chromatin around the nuclear periphery

A1 B1 C1 D1 E1

A0 B0 C0 D0 E0

Fig. 3. Fluorescent intensity of intracellular Ca��, Mg��, ROS, H� and MMP in K562 cells by confocal laser scanning microscopy after 24 h
treatment with SeWV. A0-E0: control; A1-E1: treatment with SeWV 2.54 x 10��mmol/l. A, B, C, D and E: fluorescent intensity of intracellular Ca��,
Mg��, ROS, H� and MMP, respectively. Scale bar = 20 µm



48 h, and 21, 22, 29, 31, 62, and 89, respectively, after

72 h. The IC50 values were 3.07 and 2.69 × 10–3 mmol/l

after 48 h and 72 h of treatment, respectively.

Effect of SeWV on cell cycle distribution of

K562 cells

The percentage of cell cycle distribution was analyzed

by flow cytometry on K562 cells, as shown in Figure 1.

The proportion of G0/G1 phase was decreased, and the

G2/M phase was increased after treatment for 24 and

48 h. There was also a significant sub-G1 peak at 0.32

and 2.54 × 10–3 mmol/l after treatment for 24 h. These

results indicated that SeWV has an effect on the in-

duction of cell cycle distribution and apoptosis.

Morphological features of apoptosis

Typical apoptotic character was present in the K562

cells treated with SeWV at 0.32–10.15 × 10–3 mmol/l

for 24 h. Nuclear condensation, chromosome frag-

mentation and apoptotic bodies were observed by in-

verted microscope (data not shown). Electron micro-

scopic observation also revealed typical apoptotic fea-

tures, including shrinkage of cellular and nuclear

membranes, condensed heterochromatin around the

nuclear periphery, and cytoplasmic vacuolation in the

K562 cells treated with SeWV at 5.07 × 10–3 mmol/l

for 24 h (Fig. 2).
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Tab. 2. Fluorescence intensity of intracellular Ca��, Mg��, ROS, H� concentration value and MMP in K562 cells after 24 h of treatment with
SeWV at 1.27-10.15 x 10�� mmol/l

Groups Concentration/
� 10–3 mmol/l

Intracellular fluorescent intensity

Ca2+ Mg2+ ROS H+ MMP

Contral – 25.25 ± 4.78 45.96 ± 4.98 126.71 ± 4.74 70.28 ± 4.02 231.43 ± 4.48

SeWV 1.27 32.16 ± 3.81 106.43 ± 3.39** 51.65 ± 3.03** 148.63 ± 2.68** 211.81 ± 3.79*

SeWV 2.54 59.08 ± 3.68** 115.00 ± 4.99** 144.09 ± 4.21* 175.33 ± 4.70** 205.85 ± 3.29*

SeWV 5.07 78.16 ± 4.75** 162.29 ± 4.89** 177.95 ± 5.36** 187.33 ± 3.92** 193.13 ± 4.32*

SeWV 10.15 137.00 ± 5.29** 236.93 ± 4.79** 199.74 ± 3.45** 209.22 ± 3.46** 153.51 ± 4.25*

Note: After 24 h of treatment, K562 cells were loaded with Fluo-3/AM (5 µmol/l), Mag-fluo-4 (5 mmol/l), Carboxy SNARF-1/AM (10 µmol/l), 2’,7’-
dichlorofluorescin diacetate D-399 and Mito Tracker Green FM (1.25 µmol/l), respectively, for 45 min at 37�C. The fluorescence intensity
changes of intracellular Ca��, Mg��, ROS, H� concentration, and MMP in K562 cells were determined by confocal laser scanning microscopy.
Results are expressed as the mean ± SD of three experiments.* p < 0.05, ** p < 0.01 vs. control (ANOVA)

Control Bax treatment Bax

Control Bcl-2 treatment Bcl-2

Fig. 4. Expression of Bcl-2 and Bax gene in K562 cells treated with
SeWV 5.07 x 10�� mmol/l by immunocytochemistry assay. Buffy
precipitate appearanced in endochylema or cell membrane was
regarded as positive expression

Fig. 5. Content of cytochrome C in K562 cells. C1: SeWV 10.15
x 10�� mmol/l, C2: 5.07 x 10��mmol/l, C3: 2.54 x 10�� mmol/l



Effect of SeWV on intracellular Ca2+, Mg2+ and

ROS concentration, pH and MMP

Changes of intracellular ion homeostasis may induce

mitochondrial apoptosis and lower its membrane po-

tential. Experiments showed that the fluorescence in-

tensities of intracellular Ca2+, Mg2+, and ROS were

greatly increased after treatment with SeWV when

compared with the control group. However, the fluo-

rescence intensity of the intracellular pH and MMP

was markedly lower (Tab. 2, Fig. 3).

Effect of SeWV on the expressions of Bcl-2

and Bax

The sensitivity of cells to apoptotic stimuli can depend

on the balance of pro- and anti-apoptotic proteins.

The expressions of Bcl-2 and Bax were used as sym-

bolic genes of apoptosis. The study showed that the

expression of Bcl-2 was significantly inhibited, but

Bax was increased by SeWV at 5.07 × 10–3 mmol/l

(Fig. 4).

Effect of SeWV on the content of cytochrome-C

Perturbations in MMP and the release of cytochrome

C could be one of the most conspicuous manifesta-

tions of apoptosis. Figure 5 shows that the content of

cytochrome-C was increased markedly after treatment

with SeWV for 24 h.

Discussion

Our results clearly demonstrated that SeWV signifi-

cantly inhibited the proliferation of K562 cells, and

induced K562 cells accumulated in the G2/M phase

after treatment for 24 and 48 h. There was also a sig-

nificant sub-G1 peak at 0.32 and 2.54 × 10–3 mmol/l

after 48 h, along with typical apoptotic features. It is

known that apoptosis is an important cellular event

that can account for the cancer-preventive effects of

selenium compounds [14].

Apoptosis is regarded as an active suicidal re-

sponse to various physiological or pathological stim-

uli, including anti-cancer agents. It is a genetically

controlled mechanism essential for development,

maintenance of tissue homeostasis and elimination of

unwanted or damaged cells such as tumor cells [26],

as well as a commonly accepted mechanism of che-

motherapeutic drugs. In addition, mitochondria dys-

function is a critical event that leads to cytochrome C

release and subsequent activation of caspases, a group

of enzymes that executes apoptosis [1, 16]. Evalua-

tion of the mitochondrial function during the induc-

tion of apoptosis was recorded through changes in its

decreased MMP, as monitored with a fluorescent

probe, which has generally been adopted as an indica-

tor of cell apoptosis [2, 21]. The Bcl-2 proteins are

a family of proteins that are involved in the response

to apoptosis. Many of the pro-apoptotic and anti-

apoptotic members, such as Bax and Bcl-2, regulate

apoptosis through the mitochondria through their di-

rect interactions with the mitochondrial membrane.

Our results showed that SeWV markedly induced

the collapse of MMP and increased cytochrome C lev-

els. This is consistent with the report [24] that selenite

induced the mitochondrial permeability transition and

provoked the release of cytochrome C. Experiments

also showed that the expression of Bcl-2 was signifi-

cantly inhibited by SeWV at 5.07 × 10–3 mmol/l, and

that Bax was increased. These results implied that the

mechanism of SeWV related to apoptosis was in-

duced by decreased MMP and the release of cyto-

chrome C.

An excellent approach to apoptosis research has fo-

cused on changes in intracellular ion concentrations.

It is presumed that perturbations in intracellular ion

homeostasis could be other conspicuous manifesta-

tion of apoptosis. The multitude of proteins activated

in the apoptotic cascade invariably depends on the ex-

istence of certain intracellular ions, especially Ca2+

and Mg2+ [20]. Consistent with the above implica-

tions, our study showed that SeWV markedly in-

creased intracellular Ca2+ and Mg2+ concentrations.

This suggested that Mg2+ may be adjunct to Ca2+ ions

and responsible for apoptosis induction. These results

are consistent with other reports [27, 33].

The changes in intracellular ion homeostasis, such

as Ca2+ and Mg2+ accumulation, may induce mito-

chondrial apoptosis, lower its MMP, and play a cru-

cial role in governing the morphological and bio-

chemical changes attributed to apoptotic cell death

[4]. Thus, the perturbations in intracellular ion ho-

meostasis, pH and MMP could be a conspicuous

manifestation of apoptosis.

Another crucial factor, ROS, leads to numerous al-

terations in cellular morphology and physiology [12],
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and may induce apoptosis or necrosis [5] by them-

selves or act as intracellular messengers during cell

death induced by various kinds of stimuli [13]. An ex-

cess of selenium is likely to create an over-oxidized

environment in cells and cause cell dysfunction and

apoptosis [7]. Our experiments showed that intracel-

lular ROS were significantly increased by SeWV, and

suggested that apoptosis induced by SeWV was

closely related to the increase of intracellular ROS

levels through affects on the intracellular redox status.

In summary, the present study demonstrated that

SeWV could significantly inhibit the growth of K562

cells, induce K562 cells accumulated in the G2/M

phase, and a clear sub-G1 peak. The antitumor mecha-

nism may be related to the induction of cell cycle dis-

tribution and apoptosis that was induced by a change

in intracellular ion homeostasis.

Acknowledgments:

The present work was supported by the Natural Science

Foundation of Henan Province (082300453201 and

082102310105), and the Department of Education (2008A180013).

References:

1. Bednarz N, Zawacka-Pankau J, Kowalska A: Protopor-

phyrin IX induces apoptosis in HeLa cells prior to photo-

dynamic treatment. Pharmacol Rep, 2007, 59, 474–479.

2. Bolduc JS, Denizeau F, Jumarie C: Cadmium-induced

mitochondrial membrane-potential dissipation does not

necessarily require cytosolic oxidative stress: studies us-

ing rhodamine-123 fluorescence unquenching. Toxicol

Sci, 2004, 77, 299–306.

3. Burney PG, Comstock GW, Morris JS: Serologic precur-

sors of cancer: serum micronutrients and the subsequent risk

of pancreatic cancer. Am J Clin Nutr, 1989, 49, 895–900.

4. Cain K, Inayat-Hussain SH, Kokileva L, Cohen GM:

DNA cleavage in rat liver nuclei activated by Mg�	 or

Ca�	 + Mg�	 is inhibited by a variety of structurally unre-

lated inhibitors. Biochem Cell Biol, 1994, 72, 631–638.

5. Danial, NN, Korsmeyer, SJ: Cell death: critical control

points. Cell, 2004, 116, 205–219.

6. El-Shenawy SM, Hassan NS: Comparative evaluation of

the protective effect of selenium and garlic against liver

and kidney damage induced by mercury chloride in the

rats. Pharmacol Rep, 2008, 60, 199–208.

7. Foster LH, Sumar S: Selenium in health and disease:

a review. Crit Rev Food Sci Nutr, 1997, 37, 211–228.

8. Gazi MH, Gong A, Donkena KV, Young CY: Sodium se-

lenite inhibits interleukin-6-mediated androgen receptor

activation in prostate cancer cells via upregulation of c-

Jun. Clin Chim Acta, 2007, 380, 145–150.

9. Huang YL, Sheu JY, Lin TH: Association between oxi-

dative stress and changes of trace elements in patients

with breast cancer. Clin Biochem, 1999, 32, 131–136.

10. Inouye Y, Tokutake Y, Yoshida T, Seto Y, Hujita H, Dan

K, Yamamoto A et al.: In vitro antiviral activity of

polyoxomolybdates. Mechanism of inhibitory effect of

PM-104 (NH�)��H�(Eu�(MoO�)(H�O)��(Mo
O��)�)

·13H�O on human immunodeficiency virus type 1. An-

tiviral Res, 1993, 20, 317–331.

11. Ip C, Dong Y, Ganther HE: New concepts in selenium che-

moprevention. Cancer Metastasis Rev, 2002, 21, 281–289.

12. Jacobson MD: Reactive oxygen species and programmed

cell death. Trends Biochem Sci, 1996, 21, 83–86.

13. Jung U, Zheng X, Yoon SO, Chung AS: Se-

Methylselenocysteine induces apoptosis mediated by re-

active oxygen species in HL-60 cells. Free Radic Biol.

Med, 2001, 31, 479–489.

14. Kamesaki H: Mechanisms involved in chemotherapy-

induced apoptosis and their implications in cancer che-

motherapy. Int J Hematol, 1998, 68, 29–43.

15. Kornblau SM: The role of apoptosis in the pathogenesis,

prognosis, and therapy of hematologic malignancies.

Leukemia, 1998, 12, S41–46.

16. Lin MT, Beal MF: Mitochondrial dysfunction and oxida-

tive stress in neurodegenerative diseases. Nature, 2006,

443, 787–795.

17. Lowe SW, Lin AW: Apoptosis in cancer. Carcinogenesis,

2000, 21, 485–495.

18. McConkey DJ, Orrenius S: The role of calcium in the

regulation of apoptosis. Biochem Biophys Res Commun,

1997, 239, 357–366.

19. Mosmann T: Rapid colorimetric assay for cellular

growth and survival: application to proliferation and cy-

totoxicity assays. J Immunol Methods, 1983, 65, 55–63.

20. Munaron L, Antoniotti S, Fiorio Pla A, Lovisolo D:

Blocking Ca�	 entry: a way to control cell proliferation.

Curr Med Chem, 2004, 11, 1533–1543.

21. Nicholls DG., Ward MW: Mitochondrial membrane po-

tential and neuronal glutamate excitotoxicity: mortality

and millivolts. Trends Neurosci, 2000, 23, 166–174.

22. Rojas E, Herrera LA, Poirier LA, Ostrosky-Wegman P: Are

metals dietary carcinogens? Mutat Res, 1999, 443, 157–181.

23. Shamberge RJ: The genotoxicity of selenium. Mutat Res,

1985, 154, 29–48.

24. Shilo S, Aronis A, Komarnitsky R, Tirosh O: Selenite

sensitizes mitochondrial permeability transition pore

opening in vitro and in vivo: a possible mechanism for

chemo-protection. Biochem J, 2003, 370, 283–290.

25. Simon SM, Roy D, Schindler M: Intracellular pH and the

control of multidrug resistance. Proc Natl Acad Sci

USA, 1994, 91, 1128–1132.

26. Sinha R, El-Bayoumy K: Apoptosis is a critical cellular

event in cancer chemoprevention and chemotherapy by

selenium compounds. Curr Cancer Drug Targets, 2004,

4, 13–28.

27. Wang HT, Yang XL, Zhang ZH, Lu JL, Xu HB: Reactive

oxygen species from mitochondria mediate SW480 cells

apoptosis induced by Na�SeO�. Biol Trace Elem Res,

2002, 85, 241–254.

28. Wang XH, Liu JF, Chen YG, Liu Q, Liu JT, Pope MT:

Synthesis, characterization and biological activity of or-

294 �����������	��� 
������ ����� ��� �������



ganotitanium substituted heteropolytungstates. J Chem

Soc Dalton Trans, 2000, 1139–1142.

29. Wang XW: Role of p53 and apoptosis in carcinogenesis.

Anticancer Res, 1999, 19, 4759–4771.

30. Westin T, Ahlbom E, Johansson E, Sandstrom B, Karl-

berg I, Edstrom S: Circulating levels of selenium and

zinc in relation to nutritional status in patients with head

and neck cancer. Arch Otolaryngol Head Neck Surg,

1989, 115, 1079–1082.

31. Yamanoshita O, Ichihara S, Hama H, Ichihara G, Chiba

M, Kamijima M, Takeda I, Nakajima T: Chemopreven-

tive effect of selenium-enriched Japanese radish sprout

against breast cancer induced by 7,12-dimethylbenz-

[a]anthracene in rats. Tohoku J Exp Med, 2007, 212,

191–198.

32. Zhang PY, Wang W, Huang Y, Wu JG: Synthesis and

characterization of heteropoly complex (C�H��N�)�
(NH�)�H�[Se�W��V�O��]·9H�O (in Chinese). J Lanzhou

University (Natural sciences), 2006, 42, 145–146.

33. Zhong W, Oberley TD: Redox-mediated effects of sele-

nium on apoptosis and cell cycle in the LNCaP human pros-

tate cancer cell line. Cancer Res, 2001, 61, 7071–7078.

Received:

July 15, 2008; in revised form: February 23, 2009.

�����������	��� 
������ ����� ��� ������� 295

Selenium and apoptosis
���� �������� ��	 
� ��������


	197	Review Œ Third-generation antiepileptic drugs: mechanisms of action, pharmacokinetics and interactions.
	Jarogniew J. £uszczki
	217	Review Œ Rimonabant: an antagonist drug of the endocannabinoid system for the treatment of obesity.
	Carlos E. Leite, Clei A. Mocelin, Guilherme O. Petersen, Mirna B. Leal, Flavia V. Thiesen

	225	Review Œ Pharmacology of dimethyl sulfoxide in cardiac and CNS damage.
	Stanley W. Jacob, Jack C. de la Torre

	236	Influence of bupropion and calcium channel antagonists on the nicotine-induced memory-related response of mice in the elevated plus maze in mice.
	Gra¿yna Bia³a, Marta Kruk

	245	Characterization of the anticonvulsant activity of doxepin in various experimental seizure models in mice.
	Xian-Yu Sun, Lei Zhang, Cheng-Xi Wei, Hu-Ri Piao, Zhe-Shan Quan

	252	Influence of agmatine on the protective action of numerous antiepileptic drugs against pentetrazole-induced seizures in mice.
	Jarogniew J. £uszczki, Remigiusz Czernecki, Monika Dudra- Jastrzêbska, Kinga K. Borowicz, Stanis³aw J. Czuczwar

	261	5-HT-induced depression of the spinal monosynaptic reflex potential utilizes different types of 5-HT receptors depending on Mg2+ availability.
	Shripad B. Deshpande, Amar N. Maurya, Jitendra N. Singh

	268	Lack of effect of naltrexone on the spinal synergism between morphine and non steroidal anti-inflammatory drugs.
	Hugo F. Miranda, Gianni Pinardi

	275	Role of potassium channels in the relaxant effect of levosimendan in guinea pig tracheal preparations.
	Bilsen Eksert, Coºkun Usta

	281	IL-1b, IL-6, and TNF gene polymorphisms do not affect the treatment outcome of rheumatoid arthritis patients with leflunomide.
	Andrzej Pawlik, Magdalena Herczyñska, Mateusz Kurzawski, Krzysztof Safranow, Violetta Dziedziejko, Zygmunt Juzyszyn, Marek Dro�dzik

	288	Antitumor effects of a selenium heteropoly complex in K562 cells.
	Yang Jun-Ying, Xu Cun-Shuan

	296	Antigenotoxic effect of genistein against 7,12-dimethylbenz[a]anthracene induced genotoxicity in bone marrow cells of female Wistar rats.
	
Pachaiappan Pugalendhi, Shanmugam Manoharan, Kuppusamy Panjamurthy, Subramanian Balakrishnan, Madhavan R. Nirmal

	304	Effects of the cannabinoid CB1 receptor antagonist AM 251 on the reinstatement of nicotine-conditioned place preference by drug priming in rats.
	
Barbara Budzyñska, Marta Kruk, Gra¿yna Bia³a

	SHORT COMMUNICATIONS
	311	Neonatal co-lesion by DSP-4 and 5,7-DHT produces adulthood behavioral sensitization to dopamine D2 
receptor agonists.
	Przemys³aw Nowak, Dariusz Nitka, Adam Kwieciñski, Jadwiga Joœko, Jacek Drab, Dorota Pojda-Wilczek, Jacek Kasperski, Richard M. Kostrzewa, Ryszard Brus


	319	Investigation of the acute effect of leptin 
on the inhibition of glycogen catabolism 
by insulin in rat liver perfused in situ.
	Erica G. Mario, Eledir S. Leonardo, Bruna K. Bassoli, Priscila Cassolla, Glaucia R. Borba-Murad, Roberto B. Bazotte, Helenir M. 
de Souza

	325	Use of transgenic (knockout) mice reveals a site distinct from the a2A-adrenoceptors for agmatine in the vas deferens.
	Wilson C. Santos, Lucia Garcez-do-Carmo, Eliane C. da Silva, Ricardo de Pascual, Neide H. Jurkiewicz, Aron Jurkiewicz, Luis Gandía

	330	Contribution of NO, ATP-sensitive K+ channels and prostaglandins to adenosine receptor agonists-induced relaxation of the rat tail artery.
	Katarzyna Kêdzior, Renata Szczepañska, Ivan Kociæ

	335	Acute doxorubicin pulmotoxicity in rats with malignant neoplasm is effectively treated with fullerenol C60(OH)24 through inhibition of oxidative stress.
	
Rade Injac, Natasa Radic, Biljana Govedarica, Martina Perse, Anton Cerar, Aleksandar Djordjevic, Borut Strukelj

	343	4-Thio-uridylate (UD29) interferes with the function of protein ŒSH and inhibits HIV replication in vitro.
	Zoltán Beck, Andrea Kis, Erika Berényi, Péter Kovács, László Fésüs, János Aradi
	Abstracts of THE EIGHTEENTH DAYS OF NEUROPSYCHOPHARMACOLOGY



	contents

