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Abstract

With the development and increasing popularity of the wireless communication equipments,

the potential impact of magnetic fields on human health is invoking increasing concerns. Due to the differences

between cell types as well as magnetic field parameters, people have not correctly understood the mechanism of

the biological effects caused by the magnetic field. This review gives an overview of the current results of scientific

research regarding in the effects of magnetic field on cell proliferation, taking magnetic field type and intensity,

cell type and density into account. Furthermore, some potential biological mechanisms by analyzing the magnetic

effects on signal transduction pathways are also discussed in this review. To provide some starting points for future

explorations of the magnetic effects on biology in the basic and clinical research, we summary and analyze the

existing data in the literature to find out the causes of the diversity and contradictions.
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Table 1 The effect of magnetic fields on tumor and non-cancer cell proliferation

AT it]

WinH

ZJESH . ; A 5Kk
Cell type Magnetic Magnetic field Cell proliferation References
field type parameter
Tumor
Pituitary tumor 05T Inhibit [7]
Human cervical carcinoma cell 06T Inhibit [11]
Tongue cancer cell 035T Inhibit [22]
Human melanoma cells 120 mT Inhibit [23]
Hepatoma carcinoma cell (HepG2) SMF Inhibit
Hepatoma carcinoma cell (SMMC-7721) 02~04T No influence &
Breast cancer cell Promote
Lymphoma cells 475T Inhibit [24]
Mouse myeloma cell 30 Hz, 0.8 mT Promote [3]
Pituitary tumor DMF 50 Hz, 1 mT Promote [6]
Hepatoma carcinoma cell (HepG2) 80 Hz, 1.55 mT No influence [8]
Non-cancer
Hemameba 1T No influence [25]
Chinese hamster ovary cell 10T No influence [26]
Skin fibroblast SMF
Hamster cell 13T No influence [27]
Chinese hamster ovary cell
Human epidermal stem cell 50 Hz, 5 mT Promote [4]
Rat osteoblast DME 50 Hz, 0.3 mT Inhibit [30]

SMF: i#i7); DMF: 3l .
SMF: static magnetic field; DMF: dynamic magnetic field.
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(A) Reference [37]
Control EGF

RFR 0.1 W/kg RFR 0.5 W/kg

RFR (W/kg)
Incoherent MF

RER 1 W/kg
(B) Reference [40]

RFR 2 W/kg

<«— N-MF

EGF - + - - - -
- 04mT0.2mTO0.1 mT 0.05mT

.- -
P - .-

0.2mT 0.2mT0.2mT0.2mT
0.4mT 0.2 mTO0.1 mT

-
L L

N-MF
50 Hz MF

fh o e o

<« p-EGFR (Tyr-1173)

<« p-EGFR (Tyr-1173)

2 1 05 1 05
- +

+ +

«— p-EGFR (Tyr-1173)

(C) Reference [42]

1 2 3 4 5 6
Number of EGFRs per aggregate

A TP T v LI SR 5067 0 40 e P9 EGF RS BRI IR AL O 5405 B W 7 g v AR T AT 7 68 4 S P EGFRIFSE ) C: 2L FVEGFR 8

FERK i E R SRR

A: the incoherent magnetic field can inhibit radiofrequency radiation (RFR)-induced epidermal growth factor (EGF) receptor clustering and

phosphorylation in cultured cells; B: the noise magnetic field can inhibit the effect of the 50 Hz magnetic field on intracellular EGFR; C: aggregation of

purified EGFR in 50 Hz magnetic field.

El1 #3534 AR R EGFREY R M0 (1R B 5 % SCAK[37,40,42] 18 25)
Fig.1 The effect of magnetic fields on cell membrane receptor EGFR (modified from references [37,40,42])
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ANAZINF, 30~90 Hz [ “Me 75 fih 37 AR AN i T 4% 52 il
EGFRZ 7R ¥ SR 45, 1 n] LLAE 5 I3 3% 8 i s F
EGFRIFIX 5 A4 IR« BE AR A2, 4lifbrr
EGFRAE I /E AR SME ] LLAESO Hzy 0.4 mT 1 ik i 1
N B4, XM 5 4L AEEGFR 1) B 35 1 40 41 59 1)
PEHT R R4, T 3 i T #E 3% v DL BAE T
EGFRIFIEHG(F1C) . LA &5 R, myA A AT )

fik g3z my AR I B ) A TR 45 EGFR, I
FLE S R 3 v] O AT T X ER I, A [RIEAY
(LR 4 IR —15 5 0 7 ] Re s = AR AN A (1 1 T
BN, AATAT S 40 B S5 ek S e RS AR . AL,
Tl 37 A RUAN [R) AR A2 3 B0 Al A FH 5 7 A2 AN R A= 4
SN IRIR 2 — o BT, T RS A EGFRE
JEESZ A (A FH i R A 40
2.2 {RSNEFEIAFTHME A E ZEER RN

A M A AR 2 oy T H AN BE EL B N4 L, AT
T LW I bR AR B, D0 e 2R
AR A (R FECa NIRRT TR cAMPEE), MRS 5
WHATEEA AL ) MBS . HAr, TR R



1286

WS S IHRIE K 2 55 N R il 35 D) 1) A 3
795, AT R 1 M Ca2 Flc AMPZE % Bk T 5 45 1 4y
e

Ca® 7E 41 M {55 5 % 330 1 DL R FoAth 2 Fh o #2 v
R A% LR, B A LA WA AR ) s
S A0 iy ZAAEE TS . H R, B BURUAUR, 1Y
AT T P A 2 G 2 1450 i L AR AR 5 R
AR 2 AL PO, FRAT TN 3K AT i A T S5 7%
() B8 5 L RES PR, A S B 3R 55 AT LA AIE 58 2
ATY T A2 R W A PR PN )4 1 R L. Grassi SRR T
K B 2 4098 4 B GH3 A1 fif 48 B: 41 iR 40 iU IMR 32
7650 Hzy 1 mTHE/ERTT, 4 M I i 475 38 1 2
Fak W, Ca* Wi 2, Marchionni %" [\ #F 7T 45
FFRW, 50 Hz. 125 pwTIIREIZ 5 5 %5 R R AR 1 4
J{IDRG L A Ca> ¥4 B2 1) 385 0t A7 (2 kA F; N2 Y
YR U-373MGAI I /ES0 Hz. 3 mTHiIA A HE T 1
HH24 h, Ca™ W JE 1 3% ETH®,

YR A5 Al 2 —, cAMPH] L A5 B I 36
T A% 328 2] 40 i PN AR5 5 S8, DA TR 4 i 3 3
MG B ARG AR ) S NG S o A SRR
H HT 8 27, 137560 40 M N cAMPIR) 5 1 2L AT I
IE R RRA Y T DL BRI R SRR AR EA 1ol 1 M
G cAMP S 55 AR A FL 1 ] LR = A FR &
KL IR SH-SY SY e AMP & f:54; fifHogan %515
RIR, RS L3 RURAT f g 3% 35 e 4 /N i 5 Mg
J e AMPIF % 5 I A A ML e AMPI) & i 5 k3%
o B I 5 G 37 25 B 6 2% Schimmelpfeng 2 PO
SEH0 W B, A 2 R AN (7] A s 1 R 3 %) 4 i
cAMPE B T AR KL 50 Hzy 2 mTHi 15 H
T 2N BB AT e 40 i T LS BUR AN cAMP_E T 1
FH T 15 55 40 B A cAMP2 B A, T /E ] T2
S HIBRAR I, cAMPE 5 EW] WAL . BREZcAMP
RN, B EE T cAMP R i A I U A (protein
kinase A, PKA) P& PE S & 5o N B2k s 4 4 4 e
HPKAVEPEAES0 Hzy 7~8 mTEA L RE 1 ] R &2
T HE 5 184 i AR AT PR 070, DRl o R 4 i o i
1 IIPK AR & 7550 Hzy 1 mTRE/E T T 200 H
SEHEIN G IR ISR, T AE R I IE T
MR A AR ] (3 2 3O TR L
R T Be ity 2 FEE, A8 H B ATTSC T REI RS A5
ffiCa*. cAMP/PKAfS 5 il i A/ H i WA — 4
K5t

3 ERESRE

AEAE K (1) 2 THF I 45 S 4B SE T Bk 24
RN A BRSRUE, B A BN
(ARG —, — 7 TH 42 TR A B 102 0 LA )% 25
NI RN f s e e N CIOL Sih e SRIMIE L OB
TR AR [ R 7S 5 0 ) 22, DKL S [ 245 200 4
0 2 5 AE B8 AL 15 S A IR 2 . R E 2 A,
WA AR AL 7 3 DR R A )
T P A 25 5 RS A e 44 0 2%, A0 S0 T Sk o
FORG—[se s B, T, W50 76 B A 50t
TN L 1 2 57 LA AR R B 32 24 TR 4 B S AT
GEPE L, % TR 56 0 40 ) 43 T WL T i
b, FENIHUEIRZ B AR Z . Rk, RGN MR
AR 4 A3 R R 0 B HEAT R -4 0 3. IR
A B h AT (R A 2 BN SR AR N 1 43
FACOE BRI, ELGE % A 3 v A2
0 1) ST L B3 1 W R £ 7 S 92 6

Sk (References)

1 Wi U1, TR, AR RN R 900t e, BARAE P e 2 i e
(Yang Zhen, Wo Xingde. New progress of research of biological
effect of magnetic fields. Progress in Modern Biomedine) 2006;
6(9): 86-9.

2 J g, BRem, e, RREEEL EREEL B, BN
FH 59Tk . IAR A W I 2% 30k F#(Zhou Jian, Chen Keming,
Ge Baofeng, Cheng Guozheng, Wang Jiaqi, Wei Zhe. Biological
electromagnetic research progress. Progress in Modern
Biomedine) 2011; 11(24): 5162-7.

300 xR, E R, RE, TIRE, EAH, RYI5E, 45 6B1AIRK
A RS RN ET. B HF R 2 2 (EL AR h)(Liu Man,
Wang Xing, Zhou Aihua, Yu Haiying, Pang Lijun, Zhu Mingyao,
et al. Effect of extermely low frequency weak electromagnetic
fields on 6B1 myeloma cells. Acta Scientiarum Naturalium
Universitatis Nankaiensis) 2000; 33(1): 110-3.

4 Zhang M, Li X, Bai L, Uchida K, Bai W, Wu B, et al. Effects of
low frequency electromagnetic field on proliferation of human
epidermal stem cells: An in vitro study. Bioelectromagnetics
2013; 34(1): 74-80.

5 Nordenson I, Mild KH, Nordstrom S, Sweins A, Birke E.
Clastogenic effects in human-lymphocytes of power frequency
electric-fields-in vivo and in vitro studies. Radiat Environ Bioph
1984; 23(3): 191-201.

6 Grassi C, D’Ascenzo M, Torsello A, Martinotti G, Wolf F,
Cittadini A, et al. Effects of 50 Hz electromagnetic fields on
voltage-gated Ca®" channels and their role in modulation of
neuroendocrine cell proliferation and death. Cell Calcium 2004;
35(4): 307-15.

7 Rosen AD, Chastney EE. Effect of long term exposure to
0.5 T static magnetic fields on growth and size of GH3 cells.
Bioelectromagnetics 2009; 30(2): 114-9.

8 O, B R W, AR BRI 0 I 40 MR Hep G2



3

TS WA AL B 2 AN 2 BRI AT

1287

20

A0 Hu R4S A R s . b A7 ) 1A 2% 5 (Zhen Tao,
Yang Wei, Song Tao, Huo Xiaolin. Effects of low frequency
plused magnetic field on the proliferation and differentiation
of HepG2 cells. Chinese Journal of Industrial Hygiene and
Occupational Diseases) 2003; 21(5): 9-11.

WP, R, 0K Yk, T2 0.2-0.4THF R R 40 i 2k
KANF B T RE MR M. 54 A £ 2 & (Cao Jianping, Qian
Airong, Zhang Wei, Shang Peng. Effects of exposure to static
magnetic fields (0.2-0.4T) on the growth and adhesion of tumor
cells. World Chinese Journal of Digestology) 2010; 18(13): 1337-
43,

Tofani S, Ferrara A, Anglesio L, Gilli G. Evidence for genotoxic
effects of resonant ELF magnetic fields. Bioelectrochem Bioen
1995; 36(1): 9-13.
gk 2, BRIBETE. TH R S 3% 0 Heladt i A2 K 20 R 1 52 . R}
2# B4R (Zhang Xiaoyun, Zhang Xiaoe. Chinese Science Bulletin)
1989; (24): 1901-4.

SRR W, I3 U, 9K /N 2o, AN [ S RE (R #5624 ff
FOAE . o [ E 42 B 2% 2% 3 (Song Guoli, Su Haijing, Zhang
Xiaoyun. Effects of static magnetic fields of different intensities
on K562 leukemia cells. Chinese Journal of Rehabilitation
Medicine) 2009; 24(3): 204-7.

Wei M, Guizzetti M, Yost M, Costa LG. Exposure to 60-Hz
magnetic fields and proliferation of human astrocytoma cells in
vitro. Toxicol Appl Pharmacol 2000; 162(3): 166-76.

Katsir G, Parola AH. Enhanced proliferation caused by a low
frequency weak magnetic field in chick embryo fibroblasts
is suppressed by radical scavengers. Biochem Biophys Res
Commun 1998; 252(3): 753-6.

A=K, ST R, RARER, k) T, ROH L e I K
P A0 0 B B (5 . rh AR A B R A 5 R A 2% A5 (L Fed, Jia
Guoliang, Zhang Rongqing, Liu Bing, Zhao Xinguo. The effects
of static magnetic field on the proliferation of human umbilical
vein endothelial cells. Chinese Journal of Physical Medicine and
Rehabilitation) 2003; 25(3): 7-9.

Cridland NA, Haylock RG, Saunders RD. 50 Hz magnetic field
exposure alters onset of S-phase in normal human fibroblasts.
Bioelectromagnetics 1999; 20(7): 446-52.

Manni V, Lisi A, Rieti S, Serafino A, Ledda M, Giuliani L, et
al. Low electromagnetic field (50Hz) induces differentiation on
primary human oral keratinocytes (HOK). Bioelectromagnetics
2004; 25(2): 118-26.

MUK, STREEN, BRAG A, SOHZIC AR R S5 1 37 o) 4 H 384 5 1) 5%
Wi N FEHLFR RO, b i PR 55 BL 2% (Tian Bing, Jia Caili, Chen
Shude. Effects of extremely low frequency (ELF) Magnetic
field exposure on cells proliferation and mechanism analysis.
Shanghai Environment Science) 2003; 22(12): 991-4,1012.
XM, RN, EAESC, W s, EOKW, AR, . TR
Wy 2V 2 B X PC 1240 o AR K AN H T2 5E . A= ) B AR
(Liu Xiao, Zuo Hongyan, Wang Dewen, Peng Ruiyun, Wang
Shuiming, Xu Xinping, et al. Effect of power frequency magnetic
fields acute exposure on growth and apoptosis of PC12 cells.
Acta Biophysica Sinica) 2012; 28(12): 961-70.

BANG DT, 2208, S K, ok 4 W I, BB oD AR R
gy %oF 11 0975 20 o 35 SR 4400 6 00 1) S . S DU 2 B R A
#i% (Hu Lifang, Qian Airong, Yang Pengfei, Zhang Wei, Xie Li,
Shang Peng. Effects of moderate static magnetic field on cell

21

22

23

24

25

26

27

28

29

30

31

32

33

34

proliferation an cell cycle of leukemia cells. J Fourth Mil Med
Univ) 2009; 30(5): 397-400.

JAJIRE. WEIm QT R B N 5 PPk, WA RL A 2 (Zhou
Wangsong. Application and Review of magnetic field treatment
for cancer. Journal of Magnetic Materials and Devices) 2000;
31(4): 32-4.

PR, AR, BRI E A T S A PR R R AT XA
9 A M B A AL B8 DU 22 B2 K% 2% 4 (Han Zeming, Li Delun,
Xue Zhenxun. The study of effects of static magnetic field
induced and combined with pingyangmycin chemotherapy on
human lingual cancer cell. J Fourth Mil Med Univ) 1997; 18(2):
50-3.

Sullivan K, Balin AK, Allen RG. Effects of static magnetic
fields on the growth of various types of human cells.
Bioelectromagnetics 2011; 32(2): 140-7.

Aldinucci C, Garcia JB, Palmi M, Sgaragli G, Benocci A,
Meini A, et al. The effect of strong static magnetic field on
lymphocytes. Bioelectromagnetics 2003; 24(2): 109-17.

Ghibelli L, Cerella C, Cordisco S, Clavarino G, Marazzi S,
De Nicola M, ef al. NMR exposure sensitizes tumor cells to
apoptosis. Apoptosis 2006; 11(3): 359-65.

Nakahara T, Yaguchi H, Yoshida M, Miyakoshi J. Effects of
exposure of CHO-K1 cells to a 10-T static magnetic field.
Radiology 2002; 224(3): 817-22.

Guoping Z, Shaopeng C, Ye Z, Lingyan Z, Pei H, Lingzhi B, et
al. Effects of 13 T static magnetic fields (SMF) in the cell cycle
distribution and cell viability in immortalized hamster cells and
human primary fibroblasts cells. Plasma Sci Technol 2010; 12(1):
123.

RN Y. AR R R I3 IR 4 5 1) S B 9 S B R 2R
fli~#(Zhu Jiexi. Study on the inhibiting effects of static magnetic
field to the tumor growth in experimentation and theory.
Biomagnetism) 2006; 6(1): 10-3.

Wang JQ, Ma XN, Zhou J, Ge BF, Guo XY, Chen KM. Effects
of static magnetic field with different exposure time on the
maturation of rat osteoblasts in vitro and the expression of the
estrogen receptor gene. Zhongguo Yi Xue Ke Xue Yuan Xue Bao
2013; 35(1): 58-63.

Zhou J, Ming LG, Ge BF, Wang JQ, Zhu RQ, Wei Z, et al.
Effects of 50 Hz sinusoidal electromagnetic fields of different
intensities on proliferation, differentiation and mineralization
potentials of rat osteoblasts. Bone 2011; 49(4): 753-61.

Zhou J, Wang JQ, Ge BF, Ma XN, Chen KM, Wei Z. Effect of
3.6-mT sinusoidal electromagnetic fields on proliferation and
differentiation of osteoblasts in vitro. Zhongguo Yi Xue Ke Xue
Yuan Xue Bao 2012; 34(4): 353-8.

BASCAR, R, S, R, S, W] . TA AN
[Fi) 0 24 155 N AR A UMIG-63 Pk A1 K B Fy S iy e A4 3
5 2% 5 B &2 /% & (Zhao Wenchun, Wu Hua, Ma Weiming, Hao
Haihu, Zhang Haijun, Hu An. The effect of exposure to 50 Hz
magnetic fields on the proliferation of different cell densities of
human MG-63 osteosarcoma cell line in vitro. Chinese Journal of
Physical Medicine and Rehabilitation) 2007; 29(5): 300-2.

van Gestel J, Nowak MA, Tarnita CE. The evolution of cell-to-
cell communication in a sporulating bacterium. PLoS Computat
Biol 2012; 8(12): €1002818.

Aoki K, Kumagai Y, Sakurai A, Komatsu N, Fujita Y, Shionyu C,



1288

35

36

37

38

39

40

41

42

43

44

45

46

et al. Stochastic ERK activation induced by noise and cell-to-cell
propagation regulates cell density-dependent proliferation. Mol
Cell 2013; 52(4): 529-40.

Swat A, Dolado I, Rojas JM, Nebreda AR. Cell density-
dependent inhibition of epidermal growth factor receptor
signaling by p38alpha mitogen-activated protein kinase via
Sprouty2 downregulation. Mol Cell Biol 2009; 29(12): 3332-43.
Karabakhtsian R, Broude N, Shalts N, Kochlatyi S, Goodman R,
Henderson AS. Calcium is necessary in the cell response to EM
fields. FEBS Lett 1994; 349(1): 1-6.

Sun W, Shen X, Lu D, Lu D, Chiang H. Superposition of an
incoherent magnetic field inhibited EGF receptor clustering
and phosphorylation induced by a 1.8 GHz pulse-modulated
radiofrequency radiation. Int J Radiat Biol 2013; 89(5): 378-83.
McLaughlin S, Poo MM. The role of electro-osmosis in the
electric-field-induced movement of charged macromolecules on
the surfaces of cells. Biophys J 1981; 34(1): 85-93.

Friedman J, Kraus S, Hauptman Y, Schiff Y, Seger R. Mechanism
of short-term ERK activation by electromagnetic fields at mobile
phone frequencies. Biochem J 2007; 405(3): 559-68.

Sun W, Gan Y, Fu Y, Lu D, Chiang H. An incoherent magnetic
field inhibited EGF receptor clustering and phosphorylation
induced by a 50-Hz magnetic field in cultured FL cells. Cell
Physiol Bbiochem 2008; 22(5-6): 507-14.

Ke XQ, Sun WJ, Lu DQ, Fu YT, Chiang H. 50-Hz magnetic field
induces EGF-receptor clustering and activates RAS. Int J Radiat
Biol 2008; 84(5): 413-20.

Jia C, Zhou Z, Liu R, Chen S, Xia R. EGF receptor clustering
is induced by a 0.4 mT power frequency magnetic field and
blocked by the EGF receptor tyrosine kinase inhibitor PD153035.
Bioelectromagnetics 2007; 28(3): 197-207.

NI, A e, B, L B AL R 2T A
I 5 A SRR e T R T T AR . e MR S B A A
(Sun Wenjun, Fu Yiti, Lu Deqiang, Jiang Huai. Superposition of
noise magnetic fields inhibits clustering of f ibroblast membrane
surface receptors induced by 50 Hz magnetic f ields in Chinese
hamster lungs. Chinese Journal of Physical Medicine and
Rehabilitation) 2004; 38(1): 5-7+72.

VORI, J s, 4T R, AR, WRR A, ST, S0HZ5Y
Tl by 5 S VS AR 2 B A A A 1 R AR SR AR ) B 24 4 (Jia
Caili, Zhou Zhen jie, Liu Renchen, Li Huiqin, Chen Shude, Xia
Ruohong. The clustering effect of purified epidermal growth
factor receptor induced by 50 Hz magnetic field. Acta Biophysica
sinica) 2005; 21(4): 269-76.

Ferrari MB, Podugu S, Eskew JD. Assembling the myofibril:
Coordinating contractile cable construction with calcium. Cell
Biochem Biophys 2006; 45(3): 317-37.

Petersen OH. Ca”" signaling in pancreatic acinar cells: Physiology

47

48

49

50

51

52

53

54

55

56

57

58

and pathophysiology. Braz ] Med Biol Res 2009; 42(1): 9-16.
Munaron L, Antoniotti S, Lovisolo D. Intracellular calcium
signals and control of cell proliferation: How many mechanisms?
J Cell Mol Med 2004; 8(2): 161-8.

Marchionni I, Paffi A, Pellegrino M, Liberti M, Apollonio F,
Abeti R, et al. Comparison between low-level 50 Hz and 900
MHz electromagnetic stimulation on single channel ionic
currents and on firing frequency in dorsal root ganglion isolated
neurons. Biochim Biophys Acta 2006; 1758(5): 597-605.
Pessina GP, Aldinucci C, Palmi M, Sgaragli G, Benocci
A, Meini A, et al. Pulsed electromagnetic fields affect the
intracellular calcium concentrations in human astrocytoma cells.
Bioelectromagnetics 2001; 22(7): 503-10.

Galvanovskis J, Sandblom J, Bergqvist B, Galt S, Hamnerius
Y. Cytoplasmic Ca** oscillations in human leukemia T-cells are
reduced by 50 Hz magnetic fields. Bioelectromagnetics 1999;
20(5): 269-76.

Wey HE, Conover DP, Mathias P, Toraason M, Lotz WG. 50-
Hertz magnetic field and calcium transients in Jurkat cells:
Results of a research and public information dissemination
(RAPID) program study. Environ Health Perspect 2000; 108(2):
135-40.

K A5, cAMPY 2 BELPE 5 I IR, I IR 25 % (Zhao Yushu.
Clinical Focus) 1991; 6(9): 414-7.

Rudolph K, Wirz-Justice A, Krauchi K, Feer H. Static magnetic
fields decrease nocturnal pineal cAMP in the rat. Brain Res 1988;
446(1): 159-60.

Hellmann J, Juttner R, Roth C, Bajbouj M, Kirste I, Heuser I, et
al. Repetitive magnetic stimulation of human-derived neuron-
like cells activates cAMP-CREB pathway. Eur Arch Psychiatry
Clin Neurosci 2012; 262(1): 87-91.

Hogan MV, Wieraszko A. An increase in cAMP concentration in
mouse hippocampal slices exposed to low-frequency and pulsed
magnetic fields. Neurosci Lett 2004; 366(1): 43-7.
Schimmelpfeng J, Stein JC, Dertinger H. Action of 50 Hz
magnetic fields on cyclic AMP and intercellular communication
in monolayers and spheroids of mammalian cells. Bioelectro-
magnetics 1995; 16(6): 381-6.

Thumm S, Loschinger M, Glock S, Hammerle H, Rodemann HP.
Induction of cAMP-dependent protein kinase A activity in human
skin fibroblasts and rat osteoblasts by extremely low-frequency
electromagnetic fields. Radiat Environ Biophys 1999; 38(3): 195-9.
He YL, Liu DD, Fang YJ, Zhan XQ, Yao JJ, Mei YA. Exposure
to extremely low-frequency electromagnetic fields modulates Na*
currents in rat cerebellar granule cells through increase of AA/
PGE2 and EP receptor-mediated cAMP/PKA pathway. PLoS One
2013; 8(1): e54376.



