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Effects of pulsed electromagneUc fields on rat skin metabolism 
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In an atlempt to approach the mechanism of act, on of pulsed electromagnetic fields (PEMI~ on blologleal systems, the 
effects on protein syntbesufing aetivlty and an membrane transport ha~e been examined in rat skin PEMF 
characterized by specific pl~sleal parameters stimulate the ineorporanon of L-lU-'4C]lsaletmine into the proteins of rat 
skin as well as the ,*-aminoll-t4Cllsobut~e acid uptake during incubation in bufter medium with extraecllular 
eleOtrolyte composition. Analogous incubation experiments earned, out in an ,ntraeellular medium resnl~ in an 
inhibitory effect of PEMI¢ on 11o111 biological functions. Addition of l0 -3 M odahain to tim incubation medium, 
put ,  ally btocldng the Na+/K+-ATPase pump mechanism, apart f rom reducing amino ,~cid transport, results m an 
overall disappearance of any stimulatory effects by PEMF PEMF applied to the skm in the presence of 10 -~ M 
g,4.dinBrophcnol uncoupling tim oxula~ve phosphor#ation m the m=tochondna and seriously restricting protein 
synthesis, still provides a lim|t~l stlmulator) elfeet on protein synthes=zing actiwl~ and on membrane transport. The 
effect,, of PF_/tlF amy ~ell be understood Ey an increased availahil|ly of precursor dements controlled at the cell 
membrane level. Indeed the observed ef f~ ls  may even be simulated outside electromagnetic fields by modifications in 
the electrolyte cempositmn of the incubation n ~lium 

Inlxoduetinn 

Electric and electromagnetic fields have been shown 
to affect metabolism when chmcally apphed m the 
treatment of non-union of bone [1-3] Furthermore 
eptphyseal growth and nerve generaUon have been re- 
ported to be stimulated by electro and electromagnetm 
apphcauon [4-6] In expenmemal studies pulsed dec- 
tromagneUc fields (PEMF) appear to interact wtth bio- 
logocal systems at different levels, by reducing cyche 
AMP, by affecting Ca 2-" flow patterns and by sttmulat- 
mg the protean synthesmug actavtty m slan ussue [7-t2] 
Even plant growth regulator systems have been reported 
to be affected by PEMF !13] 

In order to approach the mechanism of action of 
PEMF, protein synthfs]s and membrane transport achv- 
lty have been exanuned m rat skan 

Materials and Methods 

The skin from the back of locally inbred male Wlstar 
R rats was used during the rest phase after the first 
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halrcyde at 2t days of age The hatr was plucked skin 
flaps measunng 5 by 6 cm and 0 5 mm thickness were 
zsolated After the manual removal of excesstve subcuta- 
neous fat and connecuve ussue wtth a scalpel, the skin 
was longRudmally halved One half was to be used as 
non-treated control, whtle the other half was treated 
~tth a PEMF {Fig 1) Each skan segment was attached 
wtth wooden plugs on a perspex frame, placed m a 
plastm container, submerged m etther a buffer medmm 
at pH 7 4 characterized by an ¢xtrac¢llular tugh Na +' 
low K +, or an mtracelhdar low Na +, Mgh K ÷ electro- 
lyte compomtton (Table 1) 10CI mi of incubation medium 
ahvays conlmned 1000O0 umts of pemedhn-K (Stgma, 
St Louts. Me) 1110 mg of streptomycin sulfale (Sigma) 
and 20 mg of gentamycm sulfate (Sigma) as well as 1 ml 
of a L-amino amd nuxture (Vamtn, Vttrum, Stock.holm 
12. Sweden) Fhts resulted m a hnai eoneentratmn of 
0 55 mmol of total free amino actds and 0 03 mmol of 
L-tsoleucme m 100 ml of mcubatton medium 40 ~Ct of 
L-[U-t4C]tsoleucme (spec radioact 150 mCt/mmol, 
Amersham ]ntemattonal, Ame~ham, Bucks, U K ) were 
added to 100 ml of buffer to follow the mcorporatton 
rote the proteins To evaluate the amano acxd transport 
activity through the celt membrane, 40 FCi of n- 
arnmo[1-~aC]lsobutync acid (AIB) (spee radioact 60 
mC1/mmol, Amersham Intemattonal) ~ere added to 
lfi0 ml of buffer 
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Fig I Schemaue represeatauon of sPan ~assue hxed on a perspex 
frame and trealed by mdueuvely coupled PEMF 

Daring the mcubatton periods from 15 rmn up to 360 
nun in a thermostatically controlled watethath at 37 ~'C 
a PEMF was applied to one skin segment while the 
collateral half ~as tdemlcally incubated outsxdo the 
reach of the electromagnette field 

Ouabmn (Stgma) to block the Na÷/K+ATPase  and 
2,4-dlmtrophcool (DNP, Sigma) to uncouple the oxlda- 
ave phosphoryhttoa were supplementary added to 
spe~]hc experiments m final concentrations of 10 -3 
molar The electromagrmtm field soure.¢ (E S A T,, Fa- 
culty of Eng~nem-ugg, Umverstty of Leaven) contained 
five variable parameters driving voltage from 5 to 20 V, 
pulse frequency from 0 5 to t0 kHz, pulse wtdths from 
10 to 150 #s, pulse-burgt frequency from 1 to 70 Hz and 

TABLE I 

Electrolyte CO~pOSlI~Ot~ of ttl~ tOc-glXqtton buffers 

Comp n s mo n  Extracollular [mraceltala~ 
charactenstxcg characlen~ll¢~ 

lqa + (meqmv I 115 10 
K + (mcqutv) 10 115 
Ct (mcqmv) 15 15 
HCO~" (meqmv } Ift 10 
HPO~- (m~mv) 3S 85 
HzPO 4- (me.qmv I 15 15 
Glucose (raM) 194 194 
Osmo~ahty (mosmol/kg) 330 320 

number of pulses per pulse burst from 1 to 100. The 
wave-form apphed to the coils was rectangular and the 
held was apphed perpendicularly on the surface of the 
skaa [9l 

After meub,~tlon with tsoleueme, 100 mg portmns of 
shn  msue were weighed and placed m 5 ml of 20~ 
mcMoroaceue acid (TCA, Merck, Darmstadt, F R G ) 
to prectpRate the proteins After centnfugatmn, the 
ttssue was furthermore washed three ttmes wRh 10 ml of 
5~o TCA and fmaJly placed m 3 In] of Lumasolve 
(Lumdc Systems AG, Basel, Svatzefland) to be dts- 
solved overmght m an oven at 60°C After the addition 
of 10 ml of Ltpoluma (Lumac Systems AG) the radtoac- 
tlvaty m the samples was counted m a liquid scmtdla- 
non ~pectrometer (Rack Beta, LKB, Wallae, OY. Turku, 
Finland) After mcubatton wtth AIB, the tissues were 
washed four umes vath 10-ml fractions of tee-cold phys- 
tologtcal sahne cormumng 30 mmolar non-radmacttve 
AIB (Sigma), finally to be dissolved m Lumasolve and 
processed as descabed for the attune acad incorpora- 
tion 

The radmactavity incorporated rote the proteins or 
taken up by the cells was expressed as disintegrations 
per nun (dpra) + S E Every experiment was canned out 
on slan of at least s~x different rats Stausttcal evalua- 
Uons of the stgraftcanee was earned out according to 
Student's t-test 

Results 

Effecl~ of PEMF on protein synthes:zmg and membrane 
lransport actwlt~es 

Specific mducUvely coupled magnetic helds apphcd 
perpendmularly to the skin tissue were able to affect 
metabohsm Wtth dnwng voltages between 5 and 20 V 
and wtth 20 pulses pet pulse burst, sttmulatory effects 
of tdermeal magmtude were obtamed w t h  pulse fre- 
quencies between I and 5 kHz, pulse-widths of 10 to 20 
~s and pulse-bursts frcquen,aes between 10 and 30 I.-Iz. 
Instead of pulse bursts, continuously ruumng pulses 
resulted m analogous obscrvaUons Outside these hnuts 
modlfi,~atlons of pulse frequencms, pulse-widths or 
pulse-bursts frequencies considerable reduced the stimu- 
latory effects These el~tromagneUo fields apphed dur- 
ing meubauon of the skin at 37°C for 15, 30. 60, 120, 
180 and 360 nun tn a buffer medium charactertzed by 
an extracelhilar electrolyte eomposmon resulted m an 

L 1,1 increased mcorporatmn of -[U- qlsoleueme into the 
proteins amounung to 27~, 19~, 20%, 21~ (P < 0 0-~), 
26% (P  < D 01) and 52% (P < 0 01), respeetwely (Fig 
2) 

Analogous experiments carried out w the presence o[ 
~-anuno[1-~4C]~obutyne acid led to an increased amino 
aod analogue uptake (P < 0 01) by the skin amoummg 
to resp~chvely 41%, 48~, 40%, 23%, 2-% and 12 55 m 
fuactmn of incubation time (F1g 3) 



11 

?ooo 

~ 6ec0 

~ ~00~ 
~ 2  

i ~ ~00c 
~f 

-g 

15 BO 60 120 180 
[nc~bat~oo time irl m~n 

]60 

Fig. 2 The effects of PEMF on protein synthesizing aett~ty The 
denuded skin fgom tile ba~k of 21 days old Wistar R rats w~ 
longltudtnqlly halved and trtcl/.baTcd for 15 .30, be, %20, 180 and 360 
nun m 1~0 ral of buffer charactenzed by ¢xtracellalar charaetectsttt.~ 
(Table 1) at 37°C containing 40 /~CL of L-lO-t*ClmoleUClnt. (bp~c 
rad~oact 150 mCi/mrrml) One half of the sk,n served as control 
while the oil ier half was eleetromagnet~eally shmulated ruth continu- 
ously nlnnmg pulses ¢har~ct¢:nzed by a dmang vollage of l0 V, a 
pulse frequency of 5 kHz and pulse ~dlhs of 20/~s A ~ r  mcubahon 
100 mg slon tissue poraons were taken a~d prepared [or hquid 
temtdlauon ¢otmtm& The armuo at,td meo~porahon into the prolt,mb 
of ¢.ont¢ol skin ts rapier:uteri by open Mocks and the PEMF-trealed 
Ussue by shaded blocks Each value represents the mean of eight 

©~p~nmcnls -I- ~ E 

Interaetmn of buffer composuton on PEMF effects 
Although PEMF application on skan tissue for a 

p e n e d  of  120 nun m a buffer  m e d m m  characterized by 
extracellutar tome composition, stimulated the mcor- 
poraUon of L-[U-IaC]tsoleucme into the proteins by 
18~ {P < 0 01), analogous ~xpenmcnts  t a m e d  out in an 
mtrac, ellular medium resulted in an mlubltory effect of  
PEMF by 14% ( P < 0 0 1 )  The  control incorporation 
values into an extraeellular m e d m m  were shghtiy lasher  
than those observed m an mtracellular medium were 
slightly basher than those ol:6erved m an mtracellular 
med ium Th e  et-am~r~o[1-taClIsobut3ffte acid uptake dur- 
ing PEMF sttmulataon m an extracellular med ium was 
increased by 19q~ ( P <  0 0 l ) w l u l e  PEMF stimulation 
apphed d u n n g  meubalaon m an mtracellular mechum 
decreased label uptake by 9% ( P  < 005)  Armno acid 
transport  was already considerably reduced in the m- 
tracellular m~dlum compared  to the extraeellular buffer 
(Table I lA) 

W~thout applying any PEMF, the transfer of the skin 
tissue from art extraeellular mechum, where tt had  been 
premeubated  for 30 nun, into an mtraeeltular medium 
conta tmog the amino acid tracer, reduced th~ ,~ :or- 
porat ion by 135 ( P < 0 0 ] )  over a further 60 r:..n of  

tTleubauou, compared to tissue contmued to be 111- 

eubated m the extraceltular buffer Ho,,~ever when after 
premeuhat lou m an mtracellular medlun., meuballon 
with labeled armno acids present took place in an 
extracellular medmm,  the incorporation was increased 
by 29'£ ( P < 0 01) Analogous expenmems  without any 
PEMF sttmulatton carried out m the pre,,ence of ot- 
armno[1-1aC]lsobut>rm acid resulted m im mhtbatton of 
31% (P  < 0 0 l )  when the tissue after premcubauon tn 
extracellular medium was transferred to mttaeellular 
buffer conta tmng the labelled amino acid analogue 
Transfer after a premcubatton in an mtracellular 
medium to an extrat.ellular buffer contatmng the tracer 
r evd ted  Into a sttmulatory effect of 53% ( P < 0 0 I )  
(Table lIB) 

Imeraczwn of ouabam on PEMF effecm 
In the presence of  oaabmn added to a buffer medium 

chamctermed by extraLellular eleclrolyte composiUon. 
the ~t~mulatory effect~ of PEMF on armno acid moor- 
potat ion into the proteIn~ d~appcared  complctdy 
Equally the armno acid transport already being reduced 
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Fig 3 The ef[e~t~ of PEMF on membmxte trar~port Skin tif, s.ue fl~tps 
were prepared and incubated wLh or ,mthouI PEMF treatment tdcntx- 
tally as m F~g l but m the presence of 40 pCl of e~amm~t-~'tCItso - 
bulvn¢ acid (,~p~: rad~o.~! 60 m41~/mmol) Afier ii'Icub~ttlOn Ihe 
tl~-que wa.q prepared for hqmd ~¢ml~llatlon counting. The control 
armnu ac,d analogue uptake ts e~presscd by 0pc0 ~xl Ihe PEMF- 
ttealed one by shaded blocks Each value feptesenls lee mean of m~ht 

experiments-4- S E_ 



t ABLE 11 

E/tacit of eiectrobyte c~tmpo.~ltlon on PEMF mteracnan and on protein 
syntlzests and membrane transport 

.a, Skin nsst~¢ flaps prepared as m Fig. 2 ~,ert moubated Ior 120 nan 
eRhe~: at buffer medium eharaelenzed by an extraeel]ular (El and 
mtraceLt.dlor (I) electrolyte composahon m the prese~.oe of L-[U- 
VtClugTleuctne or a amano[i-iaC"]tsobutytae acid, with and wUhout 
PEMF sttmnlatmn 
B After a prcaneubav ~n period o130 nun either in (E~ or (i) medium, 
¢~eh uzme was ttamferted, re_~pecn~ely, into (1) or rote (E) mm:hum 
and farther incubated for 60 nan in the pr~en~ of L '~U ' I4c ] I~C " 

leucme or a ammo[lJaCJtsobutync acid mthoat PEMF treatmenL 
Ea:h value r~pres~nts the mean of eight expenment,~4-S E 

tlleuballOB characteastlcs t-[UJaCI . a-Ammoll-t~CI * 
isoleucme tsobat~rl¢ 
mcorporatl on u~td uptake 
(dpm/tO0 mg (dpm/1CO mg 
tissue(wet ,at )} ugsue (wet wt.)) 

E. Canirols 0525- ~,9 1394fi 4- 251 
E PEMF-sumdaled 1175-4-2l 16507~ 439 

I Controls 904+42 10934±237 
i PEM F-Munulated 7S9x 24 10149~303 

Pretneubatxcn and meu- 
bahon in E 947±41 145074-406 

Premcuballoa m E followed 
by mcubanon ,n I BlO± 30 10016 ± 356 

Prel~C~JballOB add illetlba- 
11011 In i 8~.~ -k ~2 11 102 4-7 '9 

Pr~neubatmn m ] foXnwed 
by incubation m E 10954-29 16908 .a. 99~ 

'IABLE [II 

Effect o1" PEMP on p~tem symhe*tzmg aca~ttp and on m~mbrane 
transport In the presence ol ouabam 

Ouahmn m a conet.ntratton of 10 -~ M wa~ added to Ibe ~xtraemilular 
incubation, buffer mv, htch rat skin tissue was incubated for riO, 170 
180, 240 and 360 rata in the presence of L-IU-S4Clmeleueme to 
evaluate the In~o l~o l~ t lOn  I n t o  t h t  ptO|l-=ltlg ,~r in the pr~eaee of 
a-armno[1-14Cllsobutync acid to fcllo~ the transporl or the attune 
atrial nnaln~lle into the: eellg Prenaratmn of the samoles and ILI~glEI.enl 
wlh PEMF took place a+ m Fig. 2 I~eh value represents the Inca i of 
eight experiments ± $ E 

ineu- t.-lUJ4 C]isoleacme a-Armno[l-l* CItsobutyn¢ 
batlon meorgnratton acid uptake 
time (dpm/lO0 m8 ossue (dpm/100 mg tissue 
(rmn) (wet wt.I) (wet wt )) 

-- PEMF ÷ PEMF - PEMF + PEMF 

60 450-+35 5D5 ±4V 7455-+544 7462-1-246 
120 84.5_¢39 820±52 127234"488 127124-~.2| 
180 17705.62 17524-58 17 ~i31 :k 532 17988±356 
24O 2688+44 2754+64 182624-568 15 $62 -,- 5~.1 
360 3445±42 3421+61 202224-498 20669±359 

a~gmh,~ance of  t tus s t i m u l a t o r y  e f fec t  h o w e v e r  b e c a m e  

g r ea t l y  r e d u c e d  ( T a b l e  IV)  

C o m p a r e d  to c o n t r o l  i nc uba t i ons ,  e a r n e d  o u t  m ex-  

t race l lu la r  b u f f e r  m e d i u m ,  D N P  m a c o n e e n t r a t m n  o f  
10 -~  M r e d u c e d  the  e n u n o  ac id  meorpomuon by  90% 
( P  < 0 01) wlu le  t h e  a - a m m o l s o b u t y n e  acxd t r a n s p o r t  
w a s  on ly  r e d u c e d  b~ a p p r o x  10% ( P  < 0 0 5 )  o v e r  per t -  

ot is  o f  120, 240 a n d  360 nutx 

I)i,~USS loll 

by  o u a b a t a  cou ld  no t  f u r t he r  be s t i m u l a t e d  b y  t h e  

a p p h c a t t o n  of  P E M F  ( T a b l e  i i i )  
C o m p a r i n g  the  sole e f fec t  o f  t h e  p r e sence  o f  10 - 3  M 

o u a b m n  wi thou t  eons~denng  P E M F  effects ,  o v e r  in-  
c u b a t i o n  p e n o d s  of  120, 240 a n d  360 n a n ,  ~soleueme 

m c o r p o r a t m n  in to  the  p ro te ins  b e c a m e  r e d u c e d  by ,  

r e spec twe ly ,  20c£, 10~  a n d  7 ~  ( P < 0 0 5 )  whi l e  a -  

a m m o ~ s o b u t y n c  a c i d  u p t a k e  by  tMs t~ssue o v e r  p e r i o d s  
of  120, 240 a n d  360 rmn  b e c a m e  r educed  m the  p r e p  
ence  o f  o u a b a m  by  26%, 16,% a n d  22%, r e spec t ive ly  
( P  < O 0 1 )  

I t  h a s  a l r e a d y  b e e n  o b s e r v e d  tha t  the  s t t m u l a t o r y  

e f fec t s  o f  P E M F  on  p r o t e i n  ~yn thesJzmg  aoUwty  a n d  o n  

m e m b r a n e  t r a n s p o r t  a re  essen t ia l ly  c o n d i t i o n e d  by  

TABLE ]V 

Effect of PEMF on promm s~mkOslzmg acftoay and on mem3"ratte 
transport to the presence of 2,4 dinltraphe'wl (DNP) 

Skin 08sues pr~pesed as m Table 11 were incubated m bullet char- 
actanzed by extracellular ©teclrol~te eomlms~,tton ¢ontanung tO -~ M 
of 2,4-dtmtrophenol m the presence of t-[U-laCllsoleueme or of 
a-mmaoll-~aC]taobut2mc acid PEMF Ifealmeal was rained out 
described m Fig 2 F~ch Va]tl~ represents the recalls of elgbt experi- 
ments 4- g E 

Interaction o f  2,4-dmltrophenol  ( D N P )  on P E M F  e/fecZs tncubaUon 

ALthough drasUcal ]y  r e d u c i n g  p r o t e i n  s~nthes ts ,  m time(nun3 
the  p resence  o f  D N P ,  a s t l m u l a t o r y  e f fec t  b y  P E M F  
w a s  still o b s e r v e d  a m o u m t n g  to 19% ( P <  0 0 5 ) ,  10% 
( P < O 0 5 ) ,  17,% ( P < O 0 5 ) ,  23% ( P < O 0 1 )  a u d  22% 

t P < 0 0 1 )  o v e r  m c e b a t t o n  p e r i o d s  of,  resl~C~lvely, 60,  60 
120, 180, 240 a n d  360 n u n  T h e  a - a m m o l s o b u t y t a c  ac id  120 

u p t a k e  r e m a i n e d  s t i m u l a t e d  b y  P E M F  m the p r e s e n c e  180 

o f  D N P  b y  4 ~ ,  3%, 7 ~  ( P  < 0  05), 7 5% ( p  < 0 05) a n d  ~4o 
360 

7% ( P  < 0  05) o v e r  the  s a m e  i n c u b a t i o n  p e r i o d s  T h e  

l.-[U)*Cl[soleueme a,-A rmno[1 - v= C ]t sobut ync 
incorporation acid uptake 
(dpm/100 mg tissue (dpm/10O mg tissue 
(wet wt )) (,,vat wt )) 

- PEMF -- pEr.AF --PEMF 4- PEMF 

187 d-34 242± I1 qsg7 ; 366 10120±412 
2~0~17 314±14 12354±560 1302g + 406 
293+20 375±21 171)3±347 18586±387 
382_+23. 492_+18 20082-1.334 21674-321 
501±24 6224-17 2g120:1:581 30064±536 



sveczftc electromagnetic parameters [9] Several expen- 
mental approaches ha~,e illustrated that eleettae fields 
induce ATP synthcsm m different energy-transducing 
membranes [14-16] KanetTe ~.u&es on the ouabam 
inhabiter effect indicate that Na~/K"-ATPase is capa- 
ble of responding to a transmembrane electric held [17] 
Furthermore several bmlogleal aettvtues sumulated by 
pulsed electric fields appear to be medmated by 
Na+/K+-ATPase [16] Thus stimulated pumping of ions 
against ~neentratmn gradients e.an be aehJeved by en- 
ergy derived from external electric fields [15,16] Our 
present results seem to provide illustrative and con- 
ftrmatory e~adence of the "eleetroconformauonal cou- 
pling' concept proposed by Tsong and Asturman [18] A 
protein such as Na+/K+-ATPase prowded with two 
accessible conformation states of different dectnc mo- 
ments may absorb free energy from an external oscdlat- 
mg electric fidd to be transduced rote chemical or 
transport work The~retlcally as calculated on the basts 
of a four-state model, one cycle of smusoadal electric 
field could effectively ;nduee the enzyme to turnover 
on¢¢ when the system is m resonance with the alternat- 
ing field [19,20] Enzyme recyehng by modulanon of the 
stationary potentml to as~ ~sedlatmg wave form would 
essentml|y oCCur m a eha,~gmg held [18] As pulsed 
electromagnetic fields in proxamtty of the tissue reduce 
altemaung currents and as pulse frequencies exceeding 
5 kHz reduce or abohsh the sttmulatory effects on 
metabohsm, at would appear that an accelerated change 
tn polarity could destroy the eleetroeonformauonal cou- 
phng, bloeklng precursor substances and runs to trans- 
gress the cell membrane 

It has already been suggested that snmulatory effects 
of PEMF on protein metabohsm may be due to an 
increased avaalabthry of precursor e'ements across the 
cell membrane [7,211 

Furthermore as membrane transport stlmulauon be- 
comes proportionally reduced over the incubation 
period, sUmulatton of the attune acid incorporation 
continues to mc~ea,~ voth time, mdtcatmg protean 
synthesis consecutive to the avatlabdJty of precursors 
Moreover, the kind of PEMF effect greatly depends on 
the eleetrulyte eomposatton of the incubation medium 
For the anuno acid incorporation rote the proteins as 
for tim AIB transport across the eeU membrane, PEMF 
treatment results m an mh~bnory effect on both param- 
eters when PEMF ts apphed dutang meubauon of the 
skin m a buffer characterized by an mtraeeltular electro- 
lyte composition The crucial tml~ortance of the electro- 
lyre composition ~s clearly demonstrated by the evalua- 
tion of metabohsm m mtra- and extraceilular electrolyte 
buffer after art Lruttal premcubauon tn extra- or lrt- 
traeellular huffer, illustrating the overall reduction m 
metabolism dunng incubation in an lrttracellular 
medium 

In order to btoek artfftcaally or considerably inhibit 
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uther membrane transport or protein synthesm the 
effects of ouabam and of DNP are analysed 

It has prevmu~ly been observed that addition of 
ouabam m vitro blocking the Na+/K+-ATPase or re- 
moval ot Na ÷ f[om the incubation medmm mhrbtt 
mco,poraUon of leuLme rote proteins of rat skeletal 
muscle I22] 

Conslderang lhe ,,anous more or less specific trans- 
porl systems serving, different groups of anuno acids 
and analogues we essentially analyze the AIB uptake 
mainly by the A s~stem ~hteh is inhabited by ouabam 
Cellular uptake of L-lSoleueme ta equally performed by 
the A system although outward transport occurs more 
hkely by the L system [23,24] 

[n the presence of ouabaln All] tranqport a~ ,,~ell as 
the ,~olencmc incorporation into '.he proteins ,s reduced 
,,,bale PEMF treatment rem0ans ,vtthout effect Ouabmn 
added to the ~km tissue m an extracellular incubation 
medium cons, derably mhtbats the amino acid transport 
wl~le the simultaneous reduction m protein s~nthestzmg 
activity seems secondary to the reduced avmlabdlty of 
precursors The d~.scnbed dtgttahz mse~qs~tt~ dy of the 
rat appears essentially due to an excessively fast hcpanc 
clearance for ouabam, deraonstrated by m vt~o experi- 
ments The bmdmg of glycosades to Na+/K+-ATFase 
of intact cells is lesq species dependent and is promoted 
by mtracellular Na + and inhabited by extraceUular K * 
concentratmns [25-27] Our observanons are m agree- 
meat with the ~mUa| assumption that a ¢onunon grada- 
¢rtt could be re';oons~ble for K + and attune acid trans- 
port, with the energy reqmred for the attune acid trans- 
port, provided by the potentml energy of the potassium 
grathenl Thus attune acid uptake w l l  be reduced when 
extracelhalar potassmm ~s mcreased competing with 
a.mmo acid uptake or when extracellular Na + levels 
decrease at constant K + concentrations, thus mainly 
lmphcatlng the ?Ca ~ electrochermcal potential gradient 
in aauno acad transport meehamsm I24,28,29] 

With DNP ho,~c*er, uncouphng the oxidative phos- 
pho~latlon m the m~tocnondna, PEMF treatment coJ~- 
tmues to stimulate the A[B uptake across the membrane 
and the precursor incorporation rote the protcans al- 
though ~t a much reduced rote Although ATP levels 
may remain unaffected dunng the uncouphng, ATP 
,,ynthes~ do¢.~ not or.cur and the reqmrements for pro 
tern synthesis of lugh-energy intermediates of the oxada- 
twe phosphorylataon appear confirmed m thus expert- 
mental system Inhibitory effects on DNA synthes~s m 
the presence of DNP has been attnhuted to the failure 
to synthesize proteins essential for nuclear DNA retina- 
ton  [30] DNP added to a buffer medmm characterized 
by extracelhalar electrolyte eomposthon essenttaUy re- 
duces protein synthes~s whale the coneomnuuant shght 
reduction in attune acid transport, without excluding an 
additional membrane effect, may even be due to the 
generally reduced metabohc acuvtty reqmrtng only small 
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quanutleS of  amino  acids to be avadable  i¢. m~orpora-  

lion 
The present expenm em M approach  ~o the mecha-  

m s m  of ac tmn of  P E M F  mchcates that  e leet romagnetm 
fields affect p r o t o n  synthestzmg acuwty  through m o d -  
tficauons m transport  act~wt3 at cellular m e m b r a n e  
level w h c h  ade.quat¢]y r¢lale to the "eleetroeonforma- 
Ltonal couplmg'  concept  [18] Changes m electrolyte and 
amino acad transport  reduced by P E M F  explmn the 

observed metabohc  effects winch can be su'nulat~d out-  
side dec t romagne tm fields by  modLfiCaUons m the elec- 
trolyte e o m p o s m o n  of  the mcubaUon mexhum 
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