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ABSTRACT Objective: The aim of the present study is to investigate the inhibitory efficacy of alternating current at intermediate
frequency (ACIF) on tumor cells and normal cells in vitro. Influencing effect of different parameters (frequency, electric current,
duration) was observed. Then the possible mechanism of ACIF inhibition on tumor cell proliferation in vitro was analyzed based on the
result of the experiments. Methods: The cells in logarithmic growth phase were planted in 24-well plates. ACIF of different parameters
was applied after cells attachment. The survival rates to cells were determined by methyl thiazolyl tetrazolium (MTT) method. In human
breast cancer cells (MCF-7), for example, effect of ACIF on temperature and pH of cell survival environment was observed. Apoptosis or
death grates of MCF-7 cells were evaluated by Annexin V-FITC and PI double labeled flow cytometry. Scanning electron microscopy
and transmission electron microscopy were applied to examine the changes in morphology and structural of MCF-7 cells, in order to
evaluate cells apoptosis. Results: ACIF could decrease survival rates of tumor cells and induce apoptosis, but does not affect normal cells
(L929) survival. The optimum stimulation parameters for MCF-7 cells are 100 kHz, 50 mA, lasting 30 min every day. Results of scanning
electron microscopy and transmission electron microscopy showed that MCF-7 cells after treatment were damaged seriously, including
reduction of microvilli, mitochondrial swelling, multi-vesicle body and lysosome. Conclusion: ACIF can inhibit tumor cell proliferation,
but not normal cells. The effects are consistent with the frequency, electric current and duration. ACIF may act in two possible modes:
inducing apoptosis and affecting function of membrane proteins. And this conclusion provides a new way for proliferative diseases.

Key words: Alternating current at intermediate frequency (ACIF); Tumor cells; Apoptosis; Human breast cancer cells (MCF-7)

Chinese Library Classification: Q683, R730.59 Document code: A

Article ID: 1673-6273(2014)11-2032-05

FEH T AR (1990- )& B A W58 5 1] - i3 IRYT
fE, 15201391422, E-mail: majun.ok@foxmail.com

A HIRSEE 7K FAfE , E-mail:zyd073 1@yahoo.com.cn

(Hickes H #1:2013-11-25 #5232 H 1]:2013-12-20)



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.11 APR.2014

+ 2033 -

22

Al S

IEAER , LU RTHL 3 B A 0 2 308 SR T AR T i sz 8 A
12N, 40 45 87 VA ¥7 H. 3% (Tumor Treating Fields, TTF) . i
FHARST Rk T RS, 1 M A A B A IRYT .
WFFE & B0 AR (A) ST (Hz ) 958 725 ok it E 35 R 5 10 i
T BRI Je TR AR C6 . A TITA g AL PC3 R 1A 1 1 5,
15/25 mA B R B f0FRL I AE % 410 ) N T 51 i 98 4 i C4-2B
CaP LuCaP 35 [Py 345E B e MREAE AR NG K ALFE
fife VKB B TR A AL SR Ak 2R AR AL R B AR
BCE AN A R AR A R 2y SR R N O, 2011 4R, S
FDA It# TTF £ AR F 69T B K80 & 1 N 2T s 1
4t iR,

AP B R i se AR g B I (Alternating micro-cur-
rent at intermediate frequency , ACIF ) Jif FH T4 1 frfrJed 2 it 6 AF
9%, LA ATISE I & B, ACIF AT AT 5 i 22 b ggg 44 138
BH , FEAER AN AR ST LAt R Wk alt , ik T = AR RE
ASHLIRTT AL, PRI SRR b, AS TR HOi RS AR B R YT
SHCHATIAL , IFXF HAL R o 25480
1 Bk 5%

L1

MR 2H . HepG2 \BEL-7402, A LI 40 I8 MCE-7, A
P2 BT A AR A U251 FI/NBRET e L929(Hsk B |
TR ), LA s TRk s 7
1.2 LI

PR IR AN (SEImE A R ), EESE ik
50-500 kHz, L 0-50 mA, IE5% i . AR : 814 A BT, LR, AR
0.5 mm, L G BE 1.0 cm HEAT, A EEE 1.0 cm,

1.3 SARBRIBAE

FEXTEAE R R AR T 24 FLEGESRMR, Aot BRZE AN

BRI , A 6 MR AL

X BREH « IR R IR A ORI - A R S8 OBt Ry
Ui ] ) PO S A v G R O R AU 24 o OT AR B
B 24 h 10,3k 3 0, AL ARt A7 CONAL T AN & 1 s o

<414 1% Pt electrode

1.0 cm

—

€« BFRW culture medium
« HEEZRfL adherent cells

1 EARE A AR E
Fig.1 Sketch of experiment equipment
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Table 1 Survival rates varying frequency

Frequency(kHz) HepG2 BEL-7402 MCE-7 U251 L929
50 86.83+ 8.91* 86.31% 6.59* 78.39+ 18.49* 85.01+ 18.24* 103.28+ 15.69
100 92.07+ 13.28 104.02+ 17.75 69.95+ 2.94%* 86.79+ 17.37 99.23+ 10.48
200 94.39+ 6.91 86.12+ 6.98* 84.89+ 7.72% 100.02+ 13.24 108.33+ 11.16
300 8491+ 11.42%* 92.47+ 10.17 96.16+ 8.24 93.84+ 11.85 99.57+ 14.68
400 60.75% 17.13** 93.12+ 13.51 94.92+ 4.6 93.75% 14.68 102.57+ 12.86
500 69.43+ 10.66** 97.92+ 14.29 93.97+ 7.79 77.54% 13.33*%* 109.35+ 15.99

7% P<0.05,** P<0.01 vs. Xt BB 20
Note: * P<0.05,** P<0.01 vs. control group

2.2 AEE# ACIF 3 MCF-7 4Hpa a3 El1E A
LI MCF-7 4461, J 1 100 kHz, 10-50 mA N[ H 37 19
3% 30 min, ZHHEAFIE R ANFE 2. BT 0L, MCF-7 1796 2Bl HL I
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Table 2 Survival rates of MCF-7 varying current
Current(mA) 10 20 30 40 50
Survival rate( %) 108.82+ 12.07 99.51% 16.72 88.42+ 11.00 70.70% 13.58%* 61.97+ 7.02%*

7% P<0.05,** P<0.01 vs. 3B 4H
Note: * P<0.05,** P<0.01 vs. control group
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FAH IO i 22 5 (P=0.227)
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Table 3 Survival rates of MCF-7 varying lasting time

Lasting time( min ) 15

60 90

Survival rate( % ) 69.93+ 8.99

0.27+ 12.54

50.20% 13.07 44.92+ 6.40
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Table 4 Normal, apoptosis, necrosis percentage of MCF-7 in test and

control groups

Normal(% ) Apoptosis(% ) Necrosis(% )
Control group 9321+ 1.82 0.86% 0.74 4.52+ 1.58
Test group 74.72+ 8.00* 1143+ 6.01* 9.14%+ 1.71*

7 * P<0.05,** P<0.01 vs. XTHBZH
Note: * P<0.05,** P<0.01 vs. control group
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Fig.4 pH of culture medium varying frequency
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Fig.5 Micrographs of MCF-7 under SEM( A test group, B control group )
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Fig.6 Micrographs of MCF-7 under TEM( A test group, B control group )
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