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Abstract . The effects of electiic fields of diffeient intensities and dnections on the 
collagen synthesis of guinea pigs was studied The effects of veitical and horizontal 
electric fields of 1 9 kV/m and 0 9 kV/m, geneiated with voltages of 300V and 150V 
DC, respectively, on collagen synthesis, was evaluated by assessing the amount of 
hydioxypiohne m the liver tissue and by histological examination of tissue samples 
The Stegemann-Staldei method was used to deteimme hydioxypiohne content of 
the tissues While the 0 9 kV/m vertical and honzontal electric fields substantially 
decreased the amount of hydioxypiohne in the liver, the 1 9 kV/m electiic fields 
in both dnections nicieased the hydroxypiolme content The vertical electric field 
was moie effective than the honzontal one both in the mcieases and the decreases 
These findings weie veirfied histologically 

K e y woids: Electiic field — Tissue — Hydioxypiohne — Fine structure — 
Histopathology 

Introduction 

The effects of electiic fields (E) on living oiganisms have been studied by many 
reseaicheis The essence of these studies is that living cells aie sensitive to electncal 
changes due to then electiic propeities Membianes have a stiucture capable of 
changing then permeability levels to various ions when affected by an externally 
applied electric field This may cause changes m tissue functions like EEG, C a + + 

ion efflux behavioui etc (Gavalas-Medici and Waltei 1970 Gavalas Medici et al 
1973 Kaczmaiek and Adey 1974 Sheppaid and Eisenbud 1977, Blackmail and 
Benane 1982) Studies on the mteiaction of suriounding electiic fields and tissue 
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electiic fields aie quite new (Gulei et al 1994, 1995, 1996a,b,c,d Gulei and Atalav 
Seyhan 1995a,b, 199Ca,b Such studies will be \eiv mipoitant foi the undei standing 
of the mechanisms involved 

How much is the electncal field of the tells m living oigamsms affected by the 
electric field m the atmospheie and the electiic fields of all the electncal mstiu-
ments in the enviionment In this study, it was hypothesized that collagen synthesis 
would be affected fiom externally applied electiic fields of diffeient intensities and 
dnections Foi this puipose the effect of veiticalh and honzontally applied electiic 
fields on collagen synthesis was assessed by deteimining the liydiox\pioline c ontent 
m tissue and by histological examinations 

Materials and Methods 

Sixty male white guinea pigs weighing 350 400 g weie used foi the study The 
animals weie divided into foui sepaiate gioups and subjected to vanous intensities 
and dnections of electiic fields Ten guinea pigs weie in each gioup The E field 
of 1 9 kV/m obtained from a DC (Direct Cuiient) powei supply with 300 V was 
applied m vertical dnection to 10 guinea pigs (Gioup I), and m honzontal dnection 
to othei 10 guinea pigs (Gioup II) In the same niannei, 0 9 kV/ni obtained fiom 
a DC powei supply with 150 V was applied in veitical dnection to 10 guinea pigs 
(Gioup III), and m honzontal dnections to othei 10 guinea pigs (Gioup IV) The 
lemammg 20 guinea pigs weie used as control without any E field exposme, but 
otheiwise maintained undei the same conditions The guinea pigs weie exposed to 
E fields foi 3 days, 9 houis/da} (between 8 a m and 5 p m ) m wooden cages (50 cm 
x 50 cm x 14 cm) with coppei plates mounted \eitically oi honzontally ovei them 
Neithei the contiol gioup guinea pigs noi those exposed to E fields weie taken out 
of the wooden cages foi 3 days Taking into consideiation that placing moie than 
one animal pei cage would cieate a stiess factoi only one animal was placed pei 
cage The intensity of the anient was kept constant and contiolled contmuousl> 
thioughout the expenment with a multinietei connected to the cncuit 
Vertical and honzontal elivhic field en c ait In experiments with veitical electiic 
field cncuits two coppei plates of the same dimensions as the suifaces of the cage 
weie mounted on the top and the bottom of the cages The cncuit was completed 
by connecting the positive outlet of the powei somce to the coppei plate on top, 
and the negative outlet to the one at the bottom Foi the honzontal electiic field 
application the coppei plates weie mounted to both sides of the cage This cmuit 
was completed by always connecting the positive outlet of the powei source to 
the plate on the light hand side, and the negative outlet to the one on the left 
At the end of day 3 of is field application, hvei tissue samples weie taken fiom 
all guinea pigs after decapitation, and hydioxypiohne content was deteimmed and 
histological examination was perfoimed 
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The modified Stegemann-Stalder method was used to deteimme hydroxy 

piohne levels in the hvei tissues of guinea pigs exposed to veitical and honzontal 

electiic fields and contiols (Stegemann and Staldei 1967) The pnnciple of this 

method is to get the hydioxypiohne of the tissue by hydiolyzation of the sam­

ple after homogemzation and measunng the optical density of the coloi foimed 

by adding p dimethylammobenzaldehyde, perchlonc acid and piopan-2-ol at pH 

8 and at A = 560 nm Hydioxypiohne contents of the tissue samples weie deter­

mined using the s tandaid cuives for samples containing known concentrations of 

hydioxypiohne (Sigma H 1637) 

Two samples weie taken fiom each homogenized tissue and the concentiations 

measuied by spectrophotometry weie aveiaged 

Five tissue samples fiom each gioup and ten from the contiol gioup weie taken 

for histological examinations These tissue samples weie cut into pieces of 1 mm 3 

each and subjected to election nncioscopic method b\ fiist being assessed with 

gluteraldeh>de buffeied with phosphate and then with O s 0 4 Semi thin sections 

cut and stained with toluidine blue and examined undei photonncioscope 

R e s u l t s 

Foi each gioup hydioxypiohne contents of tissues fiom gioups exposed to electiic 

field and then contiols weie compaied with DUNCAN test (Table 1) and the 

íesults aie shown in Figs 1 and 2 

Honzontal and veitical application of electiic field of 0 9 k V / m decieased the 

Imliox}piohne le\ols as compaied to contiols (p < 0 05 and p < 0 01 íespectnely) 

wheieas 1 9 k\ / m electiic field incieascd (p < 0 01) the level in both application 

dnections (Fig 1) Both the hon/onta l and the \ei t ical application oi electiic field 

Table 1 Liver tissue hydio\> piohne levels (/ig/g (issue) m groups oxpostd to \<itical 
and honzontal electiic field and contiol gioup The \alues m the table lepnsi nt the least 
squares means ± standaid deviation 

Electiic Tields Hvdroxvpiolme 

(miciogiams/g tissue) 

Intensity Direction x±S D 

1 9 kV/m VeitRcd 0 56 ± 0 19 (n = 10) 
Honzontal 0 46 ± 0 18 (n = 10) 

0 9 kV/m Veitical 0 08 ± 0 02 (u = 10) 
Honzontal 0 12 ± 0 03 (n = 10) 

Control 0 26 ± 0 15 (n = 20) 
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0 9 kV/m 1 9 kV/m 

F i g u r e 1. ( hanges in hydiox> proline levels u p o n t h e application of veitical and h o n z o n t a l 
electiic fields as compared to contiols 
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F i g u r e 2. Difľeiences in tissue hydioxypiohne levels upon the application of electiic fields 
in t h e same direction at two diffeient intensities 

of 1 9 kV/m me leased (p < 0 01) hydioxypiohne levels as compaied to the1 effect 
of the electiic field of 0 9 kV/m (Fig 2) 

Veitical application of both electiic fields was found moie effective than the 
honzontal one, the diffeiences weie not statistically significant (p > 0 05) The 
lesult of the histological examinations of contiol tissues and those fiom animals 
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Figure 3. Control gioup, low magnification Toluidme blue x400 

Figure 4. Contiol group, high magnification Collagen nbeis (arrows) Toluidme blue 
xlOOO 
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Figure 5. The group exposed to 0 9 kV/m vertical electiic field (low magnification) 
Toluidine blue x 400 

L. •> 

Figure 6. The gioup exposed to 0.9 kV/m veitical electiic field (high magnification) 
The amounts of collagen fibeis weie decieased Toluidine blue x 1000 
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Figure 7. The group exposed to 1 9 kV/m vertical electric field (low magnification). 
Toluidine blue x 400 
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Figure 8. The group exposed to 1 9 kV/m veitical electiic field (high magnification) 
The amounts of collagen fibeis weie increased (anows). Toluidine blue x 1000 
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exposed to electiic field supported our biochemical findings In the contiol gioup 

the amount of collagen fibeis was noinial, pait iculaily in the poital section wheie 

the connectrve tissue of the hvei was dense (Figs 3 4) Undei the effect of the 

veitical electiic field of 0 9 k V / m a substantial decrease of collagen fibeis was 

obseived compared to contiols (Figs 5 6), whereas an increase in collagen content 

of the connective tissue was evident undei the effect of the veitical electric field of 

1 9 k V / m (Figs 7-8) 

No histological diffeienee was observed between the hvei tissues ol guinea pigs 

exposed to honzontal electiic fields of 0 9 k V / m and 1 9 k V / m as compaied to that 

of the contiol gioup 

D i s c u s s i o n 

If 1 /tA direct curient rs applied to a collagen solution soluble m acid, collagen 

forms a concave band neai the cathode (Fukada 1983, Haupt 1984, Singh and 

Kai tz 1986) This finding shows that collagen acts as a cation under E field 

Proteins with a net electiic al chaige move undei the influence of electiic field 

Since tlie> aie of diffeient molecular s truetuie and shape the> aie subject of dif-

ferent inetional foices in a medium Foi these íeasons, diffeient piotem molecules 

move with diffeient velocities m the same electiic field Ammo and caiboxyl gioups 

aie lesponsible foi the net charge of a piotem molecule Secondly, proteins may gam 

positive oi negative chaige oi they may have no chaige accoidmg to the pH value 

of the medium In the lattei case piotems do not have the ability to move m an 

electiic field If the pH value of the medium is less than the isoelectiic pH of the 

piotem then the piotem posseses a net positive chaige and moves in the dnection 

ol the electiic field, wheieas it gams a negative chaige and moves in the opposite 

dnection if the pH value of the medium is gieatei than the isoelectiic pH of the 

piotem 

The obseived mciease of hydioxypiohne content undei the influence of the 

electiic held (1 9 kV/m) geneiated by applying 300 V DC may be explained by 

the above mentioned facts since piotems have a net electiic chaige depending on 

the pH value of the medium, and therefoie aie mobile withm the electiic field 

the fibioblast cells move along the electiic field thus synthesizing moie collagen 

resulting m an mciease in the HP content m the tissue This mciease m h \d ioxy-

piolme content has also been substantiated with our histological findings The 

dense appeaiance of the fibioblasts m the histological pictuie of the tissue fiom 

this gioup suppoi ts the mciease m hydioxypiohne content In the hveis ol animals 

exposed to a veitical electiic field of 1 9 kV/m, the mciease in collagen fibeis is 

quite obvious m the areas wheie the connective tissue is dense 

Studies h a \ e piovided a cleaiei undei standing oi the mechanisms of absoiption 

of electlomagnetic eneigj by the tissues (Schwan 1957 Schwan and Pieisol 1984) 
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Many majoi hoimones including coiticosteione, testosterone, and melatonin, have 
been examined undei electiic field m ía ts and mice (Phillips et al 1979) The 
immunocompetence of animals exposed to electric field was obseived m ía t s , mice, 
chicks and guinea pigs (Le Bais and Andie 1976, M o m s and Phillips 1983) Changes 
m heai t ía te and blood pressuie undei electric field weie also analyzed (Ceitelh and 
Malaguti 1976) Electiic field intensity that will cause cell fusion and íotation has 
been lepoi ted to be in the íange of 10-100 k V / m (Pohl 1978) A calcium efflux effect 
had also been íeported fiom in vivo studies m cats (Adey 1980) Changes m EEG 
patterns (Blancln et al 1973), concentiation of glial cell piotems and in blood cell 
populations have also been lepoited (Hansson 1981) Long term exposuie to ELF 
and multi-geneiation studies íevealed developmental defects (Phillips 1981, 1983) 
Changes m hydioxypiohne level m chick embiyomc tibia clue to the effect of electiic 
field were found by Fitzsimmons and Failey (1986) Nessler and Mass (1987) also 
found an mciease in íabbit flcxoi tendon with the effect of DC miciocunent Atalay 
lepoited enhanced collagen synthesis in wound tissue at DC cunen t intensities 
of 200-400//A (Atalay Seyhan and Celik 1985, Atalay Seyhan et al 1986, 1988, 
1992, Atalay Seyhan 1994, Canseven et al 1994, Canseven and Atalay 1995 1996) 
When low intensity dnect cunent is applied to tissues, 0 2 is consumed at cathode 
Tissue 0> tension decieases and an mciease occuis in the numbei of hychoxyl 
íadicals piesent (Bnghton et al 1977, Bnghton 1981, Barker 1984) The mciease 
m íadicals can be tiaced with the vanation m malondialdehyde (MDA) level In 
our othei study earned out m paiallel to this one, contiaiy to 300 V both vertical 
and honzontal E fields of 150 V caused an mciease in MDA levels in the hvei 
and the medullar glands of guinea pigs, wheieas a dec i ease m the hydroxy proline 
levels of the hvei tissue was obseived (Atalay Seyhan et al 1994) Reassessing the 
íesults of this study fiom this point of wiev, we may say that as a lesult of eneigy 
tiansfei of electiic field to the applied tissue aiea, molecular O2 could have been 
tiansfoimed to fiee radrcals The mciease 111 free íadicals may deciease molecular 
O2 which is íequned foi hydroxypiohne synthesis 

Also it has been lepoited that the direction the E field was impoi tant Manno 

and Beiger (1983) applied 19 7 V / m E field m veitical and honzontal dnections to 

mice, and obseived a big deciease 111 serum protein fiactions 111 the group exposed 

to veitical E field and a slight change 111 the gioup exposed to horizontal E field In 

his othei study, Manno (1976) applied 15 k V / m veitical and 10 k V / m honzontal 

E fields to mice, and obseived an mciease 111 the moi tahty m the veitical E group 

as compaied to the honzontal field gioup Gulei and Atalay found alteiations in 

total blood piotem levels, supei oxide dismutase, ascoibic acid and hydioxypiohne 

levels ol the lung and kidney tissues (Atalay Seyhan 1994, 1995, Atalaj Seyhan 

and Gulei 1994, Atalay Sevhan et al 1994, Gulei et al 1994, 1995, 1996a,b,c,d, 

Gulei and Atalay Sevhan 1995a,b, 1996a,b) In 0111 piesent study, the deciease and 

mciease 111 tissue hydioxypiohne levels undei the influence of the veitical electiic 
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field weie stiongei than undei the honzontal electiic field 
Since the hvei hydioxypiohne content mcieased undei 1 9 kV/m and de-

cieased undei 0 9 kV/m theie may be the thieshold electiic field value m the 
tiansition fiom deciease to increase between 19 0 9 kV/m Studies using small 
mcieases between 1 9 kV/m and 0 9 kV/m may íeveal this threshold value 

References 

Adey W R (1980) Fiequencv and powei windowing m tissue interactions with weak 
elect iomagnetic fields Proc I Ľ Ľ E 68 119—125 

Atalay Seyhan N (1994) W h a t is the mechanism of wound healing with t h e effect of 
electric c u r r e n t 7 Gazi Med J 5 99—103 

\ ta lay Seyhan N (1995) Does electiic field effect collagen synthesis in t i s sue 7 Gazi Med 
J 6 1—6 

Atalav Seyhan N (^elik S (1985) The efľec t s of direct current on bactena l glow t h Med 
Biol Eng C o m p u t 2 3 Suppl 1 100—101 

Atalav Seyhan N Guler & (1994) T h e effect of horizontal and vertical electric fields 
on lung 6t Nat ional Biophysics Congress S i h v n / I s t a n b u l September 28—30 
Pioceedmgs p 64 (Turkish) 

Atalay Seyhan N Avdm G P a m u k F (1986) The effects of a l ternat ing c u n e n t on 
b a c t e n a l growth I E E L / V I I I Annu C onf Eng Med Biol Soc Fort Woi t h Dallas 
Novembei 7 10 Pioceedmgs C H 2 % 8 9/86/00 pp 1398 1399 

Atalay Seyhan N Aydin G Is,ik B foktas, S (1988) Low intensity constant direct 
cm rent effect on wound healing World Congr Med P h y s Biomed Eng San 
Antonio Texas August 6-12 Proceedings p 312 Medical Physics M a y / J u n e Vol 
15 p 464 

\talav Sevhan N A \ d m G Is,ik B Tokta-; S (1992) Accelerating wound healing with 
electncal c u n e n t and the effect of c u n e n t on lissue hvdioxyprolnif content J 
Biochein Special Issue Vol X V I I Suppl B 15 

Atalay Seyhan N Gulei & k o z M Gonul B (1991) T h e effect of electiic held on 
malondialdehyde (MDA) levels of the adienal gland Medical J Turkiye 1 1 6 1 — 
167 (Turkish) 

Baiker \ T (1984) Some biological effects of low fiequency magnet ic and electiic fields 
In Proceedings of t h e II Internat ional Gonfeience on Applications of Physics to 
Medicine and Biology (Eds Z Bajzei P Baxa C Franconi) pp 421- 434 World 
Scientific P u b l C o m p a n y Tokyo 

Blackman C F Benane S G (1982) Effects of E L F fields on calcium ion efflux from 
brain tissue in vitro R a d i a t Res 9 510—520 

Blanchi C L C e d n m L C e n a F Meda E Re G (1973) Exposure of m a m m a l i a n s to 
s trong 50 Hz electric fields 2 Fffects on heai t and brain electric activitv Aich 
Fisiol 70 30— 34 

Brighton C T (1981) T h e t r e a t m e n t of non unions with electncity ] Bone Joint Surg 
Amer 6 3 , 847—851 

B n g h t o n C T F n e d e n b e i g Z B Mitchell Ľ I Booth R E (1977) T r e a t m e n t of 
nonunion with constant Direct Current Clin O r t h o p 1 2 4 106—123 

Canseven A Atalay Seyhan N (1995) The interaction of electiic c u n e n t - collagen 
synthesis in wound healing I, Medical J Tuikiye 2 71—77 

file:///talay
file:///talav


Collagen Synthesis Undei Electiic Fields 439 

Canseven A G , Atalay Sevhan, N (1996) Is it possible t o ti igger the collagen synthesis 
by electiic c u n e n t in skin w o u n d s ? Indian J Biochem Biophys 3 3 , 223—227 
(Turkish) 

Canseven A G , Gulei G Atalav Seyhann N (1994) Biochemical changes m skin with t h e 
effect of low intensity direct c u n e n t (LIDC) Woild Congiess on Medical Physics 
and Biomedical Engineering, Rio de Janeiro Brazil, August 21—26, P h y s Med 
Biol , 3 9 a p 767 

Cerretell i P , Malaguti C (1976) Reseaich carried out in Italy by E N E L on t h e effects of 
high-voltage electric fields Rev Gen Electr Nuineio special (juillet), 65—74 

Fi tzs immons R J , far ley J (1986) Embryonic bone n i a t n x fonnation is increased after 
exposure t o a low-amplitude capacitively coupled electiic field in uitro Biochem 
Biophys Acta 8 8 2 51—56 

F u k a d a E (1983) Piezoelectric p iopert ies of oiganic polymeis Ann N Y Acad Sci 
4 0 5 , 7—25 

Gavalas-Medici R J , Walter D O (1970) Effect of low level low fiequency electiic fields 
on E E G and behavioi in macaca n e m e s t i m a B i a m Res 18, 491—501 

Gavalas-Medici R J Bawm S M Adev W R (1973) Effects of m o d u l a t e d v eiv high 
frequency fields on specific brain r h y t h m s in cats Brain Res 58 365—384 

Gulei G Atalay Sevhan N (1995a) A new appioach for altering supeioxide dismutase 
activity Electric field exposure Internat ional Congiess on Free Radicals in Heal th 
and Disease Is tanbul September 6--10 P i o g i a m m e \r Abst iacts p 176 

Gulei G Atalay Seyhan N (1995b) Does sur iounding electiic fields eflect p i o t e m synthe­
sis 2 1 s i National Physiologv Congiess Vnkaia Septembei 26 28 P ioceedmgs 
p 125 (Tuikish) 

Gulei G Atalay Sevhan N (1996a) T h e effect of veitical and horizontal electiic fields on 
collagen synthesis Progi ess in Biophysics K' Molec ulai Biology XII Internat ional 
Biophysics Congress, Amsle idain 11—16 August 6 5 , Supplement 1, p 215 

Guler G 'Vtalav Seyhan N (1996b) Changes in hvdioxv p iohne levels m electiic field 
tissue mte iact ion Indian I Biochem Biophys 3 3 5 31—533 

Gulei G , Canseven A G , \talav Sevhan N (19<)4) DC Electric field effect on tissue 
hvdioxv p iohne level Woild ( ongiess on Medical Physics and Biomedical Engi-
neeiing Rio de J a n e n o Biazil 21—26 August Phys Med Biol 3 9 a p 767 

Guler G Atalav Seyhan N Dmcei S I\oz M Gonul B (1995) T h e effect of DC 
electiic fields on p iotem synthesis, ascorbic acid level and lachcals VII Nat ional 
Biophysics Congress želaná Octobei 11—13 Pioceedmgs p 16 (Turkish) 

Gulei G , Atalay Seyhan N Ozogul C Ľidogan D (1996a) DC electiic field effed on 
s t r u c t u i e of tissues VIII National Bioph\ sics Congiess Gebze/kocae l i September 
26—28 Proceedings p 32 (Turkish) 

Gulei G Atalay Seyhan N Omeroglu S , Erdogan D (1996b) T h e effect of AC elec­
t i ic field on bone s t i u c t u i e VIII National Biophysics Congress G e b z e / k o c a e l i 
Septembei 26 —28 Pioceedmgs, p 25 (Turkish) 

Gulei G Atalay Seyhan N , Boi V Cevik C (1996c) T h e effect of electiic fields on blood 
Ca C ' P a n d P + levels VIII National Biophysics Congiess Gebze/Kocaeh 
September 26—28 Pioceedmgs p 23 (Tuikish) 

Guler G Atalay Seyhan N Allan N , Gonul B (,'evik C (1996d) Tissue response to 
electric fields with diffeient intensities and dnect ions Progiess m Biophysics & 
Molecular Biology, XII Internat ional Biophysics Congiess A n i s t e i d a m 11—16 
August, 6 5 , Supplement 1, p 215 

file:///talav


440 Gule i et al 

Hansson H A (1981) Puikinje nerve cell changes caused by electric fields U l t r a s t i u c t u r a l 
studies on long t e i m effects on rabbi ts Med Biol 5 9 103—110 

H a u p t H A (1984) Electrical s t imulat ion of osteogenesis South Med J 77 56 64 
Kaczmarek L K Adev W R (1974) Weak electiic giadients change ionic and ti insmit te i 

fluxes in coi t ex B i a m Res 6 6 537—540 
LeBais H A n d i e G (1976) Biological effects of an electric field on ía t s and l a b b i t s Rev 

Gen Ľlectr Numero special (]iullet) 91—97 
Mar ino A A Bergei T J (198 3) Electi ic field effects m selected biological systems 

Ann N Y Acad Sci 4 0 5 í36 —144 
Marino A A Becker R O Ullrich B (1976) The effect of continuous exposuie t o low 

fieque ncy electiic fields on th iee geneiations of mice A pilot study L x p e n e n t i a 
3 2 565—566 

M o m s J L Phillips R D (198 3) f ffects of electiic fields on specific humoia l a n d ccdlular 
components of the immune systems Bioelectiomagnetics 4 294 

Nessler J P Mass D P (1987) Dnect current electncal s t imulat ion of t e n d o n healing 
HI mtio Clin O r t h o p 2 1 7 3 0 3 - 3 1 2 

Phillips R D (1981) Biological e ffects of 60 Hz c lee t n e fields on small and laige animals 
In Biological effects of static and low fieque ncy electiouiagnetic fields Symposium 
of t h e U S / U S S R Scientific Fxchange P i o g i a m on Physical l a c t o i s Kiev USSR 
May 1—8 Kiev 

Phillips R D (1983) Biological effects of electric fields on m i n i a t u i e pigs In P ioceedmgs 
of t h e Four th Woikshop of t h e U S / U S S R Scientific Exchange on Physical Factors in 
the Environment J u n e 21—21 Reseaich I n a n g l e P a i k N o i t h C aro lma National 
I n s t i t u t e of I nvi ionmental Heal th Science s 

Phillips R D Gilhs M I K a u n e W 1 Mahluni D D (1979) 1 xtremelv Low 1 l tquencv 
( E L F ) Fields I nvironmental Heal th C n t e n a 35 World Heal th O i g a m z a t i o n Gen 
ova 

Polil H A (1978) Dielectiophoresis The Behavioi of M a t t e l in Non-Uniloiin Llectnc 
Fields London C an ibndge Univeisity Press 

Schwan H P (1957) F lec tnca l piope it ies of tissue and cell suspensions In \dv inces m 
Biological and Medical Physics (Eds I H Iavvicnee C A Tobias) pp 117 209 
\ o l 5 Academic Piess New \ o r k 

Schwan H P Pieisol G M (1984) T h e absorption of electromagnetic eneigy m body 
tissues In Biological Effects of Electromagnetic Radia t ion (Fd I M Osepchuk ) 
pp 6—22 I E E E Press New York 

S h e p p a i d A R Eisenbud M (1977) Biological Effects of Electric and Magnet ic Fields 
of Extremely Low Fiecpiencv New \ o r k Univeisity New \ o i k 

Singh S K a i t z I L (1986) Scientific basis of e lee tro-st imulat ion 1 Bioelectnci ty 5 
285 327 

Stegemann H Staldei K (1967) D e t e i m m a t i o n of hydroxyprolme Clin C h im Acta 18 
267—273 

Final version accepted Decembei 13 1996 


