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GB.C)'..,ViJ·I OF HUM1\N BQ2T:F; I',,IARRC'/7 CELLS IN ii.GAR CUT/fURE 
;Jt..flJJ~~H- '.rI-IE Irr-~IJUE[JC!~~ os~ ELECTRI(;_i\_I: CUF{If?.~Jl'I1J. 
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e~: £'ectt3 o:f AC- [t°r1d. DC-ct1~~_:-erits or1- g:r·o~vtb. o~~f _ ·tcr1e 
mr?..~cY·o-::v <;ell:3 i_r~ · ::1r_:;~11~ ::"1.3 :J. IJGdel ,_ 

E:y r.~ocltfict1tj_or1 of plt:1.~:;~:·ic l)etrj_ dishes 2,..r1 e1.e<.~·trode .. 
s~ys1;e~ -vva.G c.onstrt1.otecl ~i'fj __ -t,h two fixed pl:c?.,.t~_.rlw11 elec~ 
traies. Electrical cont~ct was established ta the 
culture by gelling of agar around each electrode and 
by _p:l5.cing a geJ. ~3lab f:::--om the electrode gel to the 
E! .. gr-1..~c c1.1l ture· .. Tl1e ctg8.r rne·tf1od of cUl tur·ing .,oo·.ne . 
TT'r'.'.';Y•"Y'(','✓ ,--.e·11~ i ~ ,,,.<'>,.1.' 7J_ . .-..},,;-::,•p,--.+_oy,i' z,::,d (1) (' 1,l +·nr•e;-! T,1·ere ~~ .. ,_.•,·--···./~ .._, ......, ~-..._,,. ~ ,_, ..__,. ____ ,.__..,. _ _,..,'-,,...,-..,;_ ._, ~ • V;..A..._;_,J~ ,.,_. 'J' 

pl,~::::ed 7 days in a fully hu~idified inct:;.b:=ttor under 
el1:;c;trical influence 8..D.d the results scored as number 
r, ·.P .-. 0 ·, -, .l-.,, r, + C> C,· ("- .:; C>-, -, ~ \ 
v~ ~0-i C ~ou~rv /J CcLL~j. 

Electrical currents were supplied frbm 1) a biphasic 
square-wave generator with fixed identics_l amp1i tud es 
( l? vnl+s) Th 0 cu~~Qnt P~pli+ud 0 s werQ limite_d by •-~ ..._ '-' ~ V • ,_, ._ ..1. ,_, - ..__..,~ ~ -•-',.. ,_, . .,A. ..._,. , J ,✓ • LJ 

series resistors chosen in decade steps from l k.O.. 
to l :Mn. In most of the experiments the impulse 
w:i.dth were individug_lly adjusted to 5 µsec and 2.4 
m~3ec respectively and with the repetition frequency 
at 8 or 80 Hz. Electrode and agar impedanc~s were 
determined. 2) A mercury b8.ttery ( 5- .4 v - 1 Ah) in 
series with DC-current limiting resistors (0.2 nA in 
dec:,J.de steps to 2 mA). DC-current-voltage characteri­
stics were. measured. 

S~ortly, the results showed an symmetric8.1 AC-impulse 
""rr-·•n-Ylt +o b 0 ,.,-; thout e·f'f'ec+ on cell ~=oui-1··-- whi" 1° a L-<"--· .,,.c., V C, n.~ -~ ~.c v . . - OJ. >> ~~J., U 

DC-current ( lD µA) gave severe growth reduction and 
p1~ctein electrophoresis in the· culture. The red,uction 
in cell growth was propo~tiona.l to the logarith...m of 
th~; AC-current amplitudes. ·However t when the fre­
quency was changed to 8 H~ a proportional shift was 
S -:,c,Y, 7 Yl + 11e arr,~,,th rc,r1·L-lt:+-ir.Y1 ,.,,,-rv·p d1' 0 +,-,,·-t:'i,,e de 0 .,,,·eas0 ~....,, ,._,, .. ,.,. _... l,l t:> ,; •~ .. l ,...,\..._ _. ·..1 • .-v.:.... v Ul.- -.1 A·-.., V 'J l..!... -....,.L '-" 

. in !',mount of charge d:i.;:3tributed. It could be proved, 
th~t the observed growth.reduction was non-rel~ted to 
heo., t _pr-eduction, pH ch8.nges, or protein el,3ctropho­
res:ts. On cellular level an explanation for the found 
res:.:.l ts remg,in obscure ?,rrd need further investigation. 

1) Metcalf, D. In: Recent Results in Cancer Research, 
Vol. 61. Springer-Verlag 1977. 
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Several reports concerning biological effects of expo­
sure to electric or magnetic fields have appeared : 
wit:h.in recent years (1). More scn.nty e.re reports on 
,.-.all,,:<-Y, .,-.·p,~·<)nr,c:•c ·+,,., el·ec+=·i --::il .-~ 1 lY'1" 0 nt (2) s 0 ~n1·-· 1.;<;, ..... ~ .. \,Ll.-'.:'.t~ ... ~01-~-s,J~• vV v.L-l_;~··· -,~.c->::,.. • S::,H 

-sol:Ld .. a.ga.r \~;r-{s assumed. to be -st:.:L"ta.ble for this sort 
of experiments· and the a.im with the present study was. 
to elucidate the effects ·of. AC- and DC-currents on 
growth of bone marrow cells in agar as a model. 

By modificatic~ of plastic petri dishes an elect~ode 
system was constructed allm-;ing culturing of cells in 
the agaf without dir~ct contact to the electrodes. The 
inverted lids from 35 mm petri dishes were used to 
contain the culture s·urrounded by a glass ring 1,iith 
two fixed platinum electrodes inside larger 53 mni petri 
dishes. Electrical contact was established to the cul.­
ture by gelling of 1 % agar around each electrode and 
by placing a gel ~lab from the electrode gel to the 
culture gel. 

The agar method of culturing bone.marrow cells is well 
characterized (3). In this study the culture was c9m­
posed of an tu1derlayer (1.5 ml, 0.5 % agar) without 
cells and an ove1..,layer ( l. 5 ml, 0. 3 % agar) with 2xlo5 
nucl.ea.ted hone. marrow cells per ml. The suspending 
medium being McCoy added 10 % human serum. Cultures 
were placed 7 days in a fully humidified incubator (37° 
C, 5-7 % CO2) under electrical influence and the resu1t.s· 
scored as number of cell clusters (::.5 cells) by coun­
ting u.:...rid er a dissecting microscope. 

Electrical currents were supplied from 1) a special· 
conntructed b:i.phasic square-wave generator with fixed 
identical pos:i..ti ve and negative voltage a.mpli tudes (12 
·vol ts). The current amplitudes were limited by series · 
resistors chosen iri decade steps from 1 k..O..to 1 M...n.. 
In most of the experiments the impulse width v1ere indi­
vidually adjusted to 5 µsec a0j 2.4 msec respectively 
and with the repetition frequency at 8 or 80 Hz. Elec­
trode and agEJ.Y' impedances were determined as a function 
of the sinus-frequency for better m1derstanding and 
interpreta:tion of the biological results. 2) A mercury 
battery (5.4 v - 1 Ah) in series with DC-current limi­
ting resistors (0.2 nA in decade steps to 2 mA). DC­
-current-voltage charistics were measured. 

Shortly, -the results· showed an symrnetrica:l· AC-impulse 
current to be without effect on ce11- gro-wth, while a' 
DC-current (>10 µA) gave severe growth reduction and 
protein electrophoresis in the culture. In AC-experf-
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ments it could be shown that a negative impulse with a 
5 fl:Jec w:Ldth HJ.s 8.ble to p-cevent electrc)phorcsis. At 
80 Hz and 350 µsec ~s positive impulse wiith no reduc­
tion in cell gro~th ~as see~, while a pulse width of 8 
G'l'S(• C 2;~2:vt:? 3. dr21m<J.tj_caJ._ r.ed.t~.ction_, in cori.s0::crL<.eo.(;e a. 
width of 2.4 msec was chosen. The reduction in cell 
_.,..,. ... .,_,,.._ ~l-"'. tr,·""" Dv-"Y)0..,,,,..1 ..... ; QYl".:17 ·+-n ..1...1,,-1"" ~1 00-- -v-o-: .+,..1-im n.J.-:~ ,-.1.1- - t c,.!.. '-UI lHl •;,El,-::, ..: 0. '-').--' .L v..!.. ,_ ,, ... !... c,v L,,_::-, - t:,8 .. t .l '.;;. ,11 .J.:.. ,,w.rren 
am_p.li t116.e::.:i, due to the ~10:-1-L .. near impedance ch8.r:::i.cteri.­
t1ttcs o~f t.he electr.ocle 8.r1d. 2i.g8.r cttlture cys·tern .. Hovr-­
e·v·er· ~ ·H}1er~ the frequer1c;r ,ve.s cl1ang·ecl to 8 Hz a propo1:~­
tio.r:r1l r:l1i1~t 1113,s seen. in ·:_:b.e gr!o~•1th. r;ed11ct5_.J11 c11r""1e by 
crJ i:; d.ecc:}J.e drte to the d.ec-r'::-:.2..se ir.1 a.moi.:rnt o~f c}1a1: .. ge 
d_i2.tr.:L·bu.tt.=:cl ~ It COiJ_}_cl ·be p.ro-·v"ed., th3.t t11e ol1f1erved 
growth ~eduction was non-related to heat production, 
pH c~angasr or protein electrophoresis. On cellular 
le~r,:el G.!1 e::zp1.'2:t11a_.ti.or1 :fcy~c t.h~ fou.:r1d r·e-su_.l ts r·eTI18~.in ob­
scur~ and need further investigat~on. 
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