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Electrostat ic  Field Induced Changes  in Mouse  S e r u m  Prote ins  

The use of electr ic i ty  in biological reasearch  and  
medicine holds  great  promise.  Direct  cur ren t  effects ~,2 
piezoelectric ~,4 and e lec t romagnet ic  rad ia t ion  effect  5 
may  all prove  useful or significant .  A coherent  t heo ry  of 
the  effect  of e lectr ic i ty  on l iving t issue will be grea t ly  
aided by  a de t e rmina t ion  of the  range of exper imen ta l ly  
observable  effects. We repor t  here t h a t  the  serum pro-  
te in  pa t t e rn s  of mice are a l tered by  cont inuous  ful l -body 
exposure  to e lect ros ta t ic  fields for per iods  up to  21 days.  
The result  es tabl ishes  t h a t  electrical effects can occur in 
m a m m a l i a n  sys tems  at  low energy thresholds ,  and in the  
absence of appl ied  current .  

The serum electrophoresis  pa t t e rn s  of ma tu re  female 
Swiss Ha/ICIR mice were s tudied  af ter  7,14 and 21 days  
of exposure  to  e lect ros ta t ic  fields of 2.7 • 108 vo l t s /m and 
10.7 • 108 vo l t s /m appl ied parallel  to  the  ea r th ' s  surface 
(Eli) and of 5.7 •  ~ vo l t s /m appl ied perpendicu la r ly  
(E 1) .  Many of the  detai ls  of the  appa ra tu s  and  the  
e lect rophoret ic  procedure  are descr ibed elsewhere% At  
each field s t r eng th  and t ime  interval ,  5 mice were sacri- 
ficed and the  sera f rom each group were pooled and frozen 
unt i l  s tudied.  The control  group recovered at  each t ime  
in terval  was t r ea ted  exac t ly  as the  cor responding  experi-  
m e n t a l  groups. 5 al iquots  of sera were e lect rophoresed on 
cellulose acetate .  Re la t ive  p ro te in  percentages  were 
de te rmined  by  measur ing  opt ical  dens i ty  along the  s ta ined 
cellulose ace ta te  s t r ips  and in tegra t ing  planimetr ical ly .  
The p a t t e r n s  observed were s imilar  to those  descr ibed by  
HEREMANS et ald and we have  adop ted  the i r  ass ignment  
of the  d i f ferent  p ro te in  peaks.  The s t r ips  were scanned  
ewice and  each scan was in tegra ted  twice. Averages  were 
then  t aken  over  t he  20 sets of da ta  for each pool. The 
mice were caged normal ly  and fed ad l ib i tum dur ing field 
exposure.  

The Table, shows t h a t  the  fl-proteins are mos t  affected 
by  e lect ros ta t ic  fields. W h e n  compared  to  t he  controls,  
the  re la t ive percentage  of the  fi-proteins increased at  the  
higher  paral lel  field at  day  7 and the  increase pers is ted  a t  
day  14 and  day  21. At  day  21, an increase in the  re la t ive 
percentage  of the  ~-proteins appeared  at  the  lower parallel  
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Calculated cumulative energies dissipated by a mouse in an electro- 
static field. Assumed values of the dielectric constant and resistivity 
were: for the skin, 10 ~ and 0.1 mho/m, for the bulk, 80 and 1.0 mho/ 
m 9. ell is the average cumulative energy dissipated in a motional 
mouse's bulk at Eii = 10.7 • 103 volts/m. ~• is the cumulative 
energy dissipated in a mouse's bulk at :E• -- 5.6 • 108 volts/re. The 
assumed physical model of the mouse is shown in the insert. 

field, while a decrease appeared  at  the  peperndicular  
field. The serum pro te in  changes seem to have  occurred 
a t  the  expense  of the  cor responding  a lbumin  fractions.  
The onset  of a fl-protein effect a t  the  lower parallel  field 
a t  day  21 raises the  poss ibi l i ty  t h a t  longer exposures  m a y  
produce  effects at  still  lower fields. 

To ob ta in  some idea of t he  energies involved in t he  
field exposure  exper iments ,  we model led the  mouse  as a 
rec tangular  solid sur rounded  by  a layer  of skin (Figure). 
In  such a model  energy is d iss ipa ted  via the  charging and  
discharging of air-skin and  skin-bulk  interfaces.  There  is 
also a s tored energy in bo th  media  and in bo th  types  of 
interfaces.  We discuss here the  sal ient  features  of the  
calculat ions for the  energies d iss ipa ted  and s tored for 
bo th  direct ions of the  e lect rosta t ic  field. Details  will be 
given elsewhere s. 

In  a perpendicu la r  field all interfaces  charge cont inu-  
ously, i ndependen t ly  of the  mouse ' s  motion.  The cumula-  
t ive  energy d iss ipa ted  in the  mouse ' s  bulk  a t  E •  = 5.6 • 
103 vo l t s /m  is shown in the  Figure.  The cumula t ive  
energy d iss ipa ted  in the  skin is of the  order  of 10 -17 
joules and is therefore  negligible. Of no consequence also 
are the  energies s tored in the  bulk  (10 -is  joules) and in the  
skin (10 -29 joules). In  a paral lel  field the  interfaces  alter-  
na te ly  charge and  discharge depend ing  on the i r  angular  
re la t ionship  to  the  e lect ros ta t ic  field. Assuming  a dai ly 
schedule of ac t iv i ty  in which  the  mouse makes  144 
circuits  of the  pe r iphe ry  of its cage at  a speed of 0.1 m/sec 
the  average cumula t ive  energy d iss ipa ted  in the  bulk  a t  
Eli  = 10.7 X 10 ~ vo l t s /m is shown in the  Figure.  Again 
the  energy d iss ipa ted  in the  skin and  the  energies s tored 
are negligible. For  bo th  fields, the  energy s tored in t he  
interfaces  is of the  order  of 10 8 joules. 

The calculat ions indicate  t h a t  a t  El i  = 10.7 x l03 
vo l t s /m abou t  18.7 joules /day are i mp a r t ed  to the  mouse.  
By comparison,  th is  is only 0.02% of the  energy  value of 
its dai ly  food intake.  I t  therefore  seems reasonable  to 
conclude t h a t  the  fl-protein effect  in the  mice exposed  a t  
E n  = 10.7 x103 vo l t s /m is an in format iona l  effect  as 
t h a t  t e r m  is used by  PRESMAN 9. The calculat ions also 
show t h a t  for equal  field s t reng ths  much  more  energy  
would be diss ipated in a parallel  field t h a n  in a perpendi -  
cular field. 

I t  seems cer ta in  t h a t  fu r the r  work  employ ing  our 
re la t ively  s imple exper imenta l  sys tem and its associa ted 
phys ica l  model  will yield ins ight  into the  na tu re  of some 
of the  effects p roduced  by  phys ica l ly  invasive techniques  10. 
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Serum protein relative percentages for mice exposed to parallel (Eli) and perpendicular (E• electrostatic fields 

1 2 7 5  

EIectrostatie field (volts/m) Albumin ~ fl 

7 Days 
E l i  = 2.7 • 108 65.3 4- 1.7 10.0 ~ 2.3 18.5 4- 1.2 6.2 4- 0.7 
Eli  = 10.7 • 10 s 59.1 4- 5.3 11.4 ~ 2.0 22.0 4- 2.0 ~ 6.9 4- 1.4 
E •  = 5.7 • 10 a 62.2 4- 2.3 12.1 4- 1.0 17.3 4- 0.8 8.5 4- 1.0 ~ 
Control 63.9 4- 3.8 12.6 4- 0.6 I7.6 ~ 0.6 6.0 4- 1.0 

14 Days 
Electrostatic field (volts/m) Albumin c~ fl y 
E n = 2.7 x 10 a 58.6 4- 3.4 14.0 4- 2.5 20.3 4- 2.3 7.7 -b 1.3 
Eli  = 10.7 • 10 z 56.2 4- 2.6 13.9 4- 1.4 22.7 4- 1.4~ 7.2 4- 1.4 
E s  = 5.7 • 103 57.9 :]_ 3.3 16.0 ~ 1.2 20.7 4- 1.8 5.3 4- 1.4 
Control 56.3 ~ 4.0 17.4 ~= 3.9 19.8 • 1.8 6.3 • 2.0 

21 Days 
Electrostatic field (volts/m) Albumin a fl y 
E I I =  2.7 X 103 57.7 4- 2.0 13.3 4- 1.0 23.3 -4- 1.1 �9 6.0 4- 1.2 
EII = 10.7 x 10 a 54.6 4- 2.8 ~ 15.0 4- 1.4 24.1 4- 1.0" 6.4 4- 1.5 
EZ  = 5.7 x 10 ~ 61.8 4- 1.5 �9 13.1 4- 0.6 19.0 4- 1.4 ~ 5.9 d_ 0.7 
Control 58.6 4- 1.5 13.4 4- 1.2 21.6 4- 1.1 6.2 • 1.5 

P < 0.05 for a two-tailed Z-test. 

Rdsumd. C h e z  d e s  s o u r i s  a y a n t  4t6  e x p o s 6 e  s u r  t o u t  
l eu r s  c o r p s  a u x  c h a m p s  6 1 e c t r o s t a t i q u e s  para l l61es  /~ la 
s u r f a c e  de  la  t e r r e ,  le p o u r c e n t a g e  r e l a t i f  de s  f i -p ro t6 ines  
de  l e u r  s 6 r u m  s '616ve.  N o s  e a l c u l s  m o n t r e n t  q u e  l ' 6 n e r g i e  
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d61ivr6e p a r  ces  c h a m p s  e s t  n6g l i geab l e .  Son  e f fe t  s u r  les 
f i -p ro t6 ines  ne  p a r a i t  d o n c  p a s  ~ t re  le r 6 s u l t a t  d ' u n  t r a n s f e r  
d ' 6ne rg i e ,  m a i s  p l u t 6 t  u n  e f fe t  i n f o r m a t i o n n e l .  
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S t i m u l a t i o n  of W o u n d  H e a l i n g  w i t h  Laser  B e a m  

I n  t h e  p r e c e d i n g  w o r k s  i t  w a s  d e m o n s t r a t e d  t h a t  t h e  
h e a l i n g  of  s u r g i c a l  w o u n d s  i n d u c e d  in  l a b o r a t o r y  a n i m a l s  
w a s  e n h a n c e d  b y  l a s e r  i r rad ia t io I~  1,~. T h e  p r o m o t i n g  
e f f ec t  of  l a se r  b e a m  o n  w o u n d  h e a l i n g  h a s  b e e n  c o n f i r m e d  
in  t h e  c l in ics  : so  f a r  26 c a s e s  of  c l in i ca l  h e a l i n g  h a v e  b e e n  
r e p o r t e d  3. T h e  w o u n d s  h e a l e d  b y  l a s e r  b e a m  h a d  p r e -  
v i o u s l y  f a i l ed  t o  r e s p o n d  t o  u s u a l l y  a p p l i e d  m e t h o d s ,  
i n c l u d e d  p l a s t i c  s u r g e r y .  T h e  a i m  of  t h e  p r e s e n t  e x p e r i -  
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Simple tensiometer for laser beam measurement.  

in the  Rat  

m e n t  w a s  to  s t u d y  t h e  e f f ec t  of  l a s e r  b e a m  on  w o u n d  
h e a l i n g  b y  t h e  s i m p l e  m e t h o d  of  d e t e r m i n i n g  t e n s i l e  
s t r e n g t h  (TS) .  

S p r a g u e - D a w l e y  (CFY)  m a l e  r a t s  of  150 + 10 g we re  
u sed .  D e p i l a t i o n  a l o n g  t h e  d o r s o - l u m b a r  r e g i o n  w a s  
p e r f o r m e d  w i t h  a n  e l ec t r i c  c l i p p e r  a n d  d e p i l a t o r y  c r e a m .  
A s l i t  (2.5 c m  tong)  w a s  c u t  i n t o  t h e  s k i n  of  t h e  c e n t r a I  
l ine,  w h e r e a f t e r  t h e  e d g e s  of  t h e  w o u n d  we re  c lo sed  w i t h  
2 M i c h e l  w o u n d  cl ips .  T h e  w o u n d  s u r f a c e  of  1 c m  l e n g t h  
b e t w e e n  t h e  t w o  c l ips  w a s  e x p o s e d  to  l a s e r  b e a m  t w i c e  for  
3 ra in ,  da i ly .  T h e  s o u r c e  of  r a d i a t i o n  w a s  a n  t - Ie-Ne g a s -  
l a s e r  ( H u n g a r i a n  O p t i c a l  W o r k s ,  5 m W  e n e r g y  o u t p u t  
power ) .  F o r  t h e  t i m e  of  i r r a d i a t i o n ,  t h e  a n i m a l s  w e r e  
a n a e s t h e t i z e d  w i t h  n e m b u t a I  (40 m g / k g ,  i .p.),  t h e  c o n t r o l s  
b e i n g  g i v e n  s i m i l a r  t r e a t m e n t .  T h e  f i r s t  dose  of l a s e r  b e a m  
w a s  t i m e d  for  4 h a f t e r  i n c i s i o n  of  t h e  w o u n d .  3, 5, 8 a n d  
12 d a y s  a f t e r  h a v i n g  b e e n  w o u n d e d ,  r e s p e c t i v e  g r o u p s  of  
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