
15.11.1974 Specialia 

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 -  

"////~ q l  

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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Effect of laser beam on wound healing: tensile strength measurement 

EXPERIENTIA 30/11 

Days after wounding Tensile strength (g) Mean -4- S.E. Difference from the controls 

Laserdrradiated Control % P 

3 120.1 ~- 8.8 ~ 
5 361.8 -4- 34.8 
8 644.0 -4- 38.8 

12 748.6 =~ 26.2 

123.5 • 7.9 -- 2.8 
281.6 ~- 25.8 + 28.5 0.1 > P > 0.05 
438.1 :~ 17.1 + 47.0 P < 0.001 
618.3 J_ 16.2 + 26.2 0.01 > P > 0.001 

12 rats/group. 

r a t s  were ki l led w i t h  chloroform,  t he  two  clips were 
r e m o v e d  a n d  TS  were d e t e r m i n e d  w i t h  a s imple  tens io-  
meter ,  as i l l u s t r a t ed  in the  Figure.  M e a s u r e m e n t  was  
pe r fo rmed  in situ,  2 a l l iga tor  clips were p laced  to  1 cm 
d i s t ance  f rom t h e  w o u n d  m ar g i n s  oppos i te  each  other .  A 
per i s ta l t i c  p u m p  work ing  a t  c o n s t r a n t  r a t e  d ropped  2,32 g 
m e r c u r y  in even  r h y t h m  in to  a vessel  wh ich  pul led  a p a r t  
t he  w o u n d  marg in s  b y  sheer  weight .  The  t i m e  f rom s ta r t -  
ing t h e  p u m p  to  t he  m o m e n t  w h e n  the  w o u n d  was dis- 
r u p t e d  was recorded  and  was cons idered  p r o p o r t i o n a l  to  
the  TS  of t he  wound .  The  resu l t s  are p re sen ted  in  t he  
Table .  

On dai ly  i r r ad i a t i on  w i t h  laser  beam,  TS  increased  
cons iderab ly .  S l ight  increase  was d e m o n s t r a b l e  on  t he  
5 th  day,  on t he  8 th  d a y  di f ference f rom t he  con t ro l s  was 
h igh ly  s ign i f ican t ;  on the  12 th  day  increase  of TS  was 
of lesser degree b u t  st i l l  s ignif icant .  

As ev idenced  b y  t he  resul t s  ob ta ined ,  w o u n d  hea l ing  
was p r o m o t e d  b y  l a s e r  b e a m  p a r t i c u l a r l y  in  t h e  ear ly  
stage.  The  hea l ing  of w o u n d s  is k n o w n  to  ensue  ill severa l  
consecut ive ,  fa i r ly  d i s t ingu i shab le  phases .  T he  first ,  i.e. 
' l ag  phase ' ,  is one of t yp i ca l  acu te  i n f l a m m a t o r y  reac t ion ,  
i nd ica t ed  b y  mic roc i r cu la to ry  disorder ,  p l a s m a - p r o t e i n  
leakage,  t h r o m b u s  fo rmat ion ,  l eukocy te  emigra t ion ,  the  
d e v e l o p m e n t  of new capi l lar ies  w i t h  deposi ts  of t h i n  
re t i cu la r  fibres. The  next ,  p ro l i fe ra t ive  phase  is decisive in 
t he  vascu t a r i za t i on  of t h e  'dead  space '  be t w een  t he  two  
marg in s  of t he  w o u n d  4. P ro l i f e ra t ive  vascu la r  a c t i v i t y  is 
followed b y  f ibroplas ia  and  the  a c c u m u l a t i o n  of col lagen 
fibres. I n  th i s  las t  s tage of c ica t r iza t ion ,  r e t i cu la r  f ibres  
are replaced  b y  col lagen ones and  g r a n u l a t i o n  t i ssue  
develops,  con t a in ing  ful ly  fo rmed  b lood vessels  and  
p l e n t y  of f ibroblas ts .  

Accord ing  to  our  results ,  t h e  effect  of laser  b e a m  is t he  
m o s t  m a r k e d  in  t he  phase  of p ro l i fe ra t ive  vascu la r  ac t iv -  
i ty.  I t  has  been  shown in a n o t h e r  s t u d y  t h a t  t he  develop-  
m e n t  of new blood vessels in  t he  r a b b i t ' s  e a r - c h a m b e r  was 
s t rong ly  e n h a n c e d  b y  laser  i r r ad ia t ionS ,<  I t  seems pro-  
bab le  t h a t  in t he  increased  TS  a decis ive role is p l ayed  b y  
t he  larger  n u m b e r  of vessels developed,  as a resu l t  of laser  
i r rad ia t ion .  Besides r i cher  vascu la r i sa t ion ,  t he  p ro te in -  
b iosyn thes i s - inc reas ing  effect of laser  i r r ad i a t i on  (observed 
in f ibroblas ts )  m a y  also h a v e  a h a n d  in a u g m e n t i n g  TS  6. 
Collagen f o r m a t i o n  and  a c c u m u l a t i o n  p lay  a decis ive role 
in w o u n d  heal ing,  and  b y  s t i m u l a t i o n  of f i b rob l a s t -me ta -  
bol ism,  laser  b e a m  m a y  p r o m o t e  these  processes. 

Zusammen/assung. Die Laser- 'vVirkung auf  die Zug- 
fes t igkei t  ge schn i t t ene r  u n d  m i t  K l a m m e r n  ve re in ig te r  
H a u t w u n d e n  wurde  in R a t t e n - V e r s u c h e n  gepriif t .  T~gl ich  
wiederho l t e  B e s t r a h l u n g e n  m i t  He l ium-Neon-Gas -Lase r  
e rgaben  eine wesent l iche  S te ige rung  der  Zugfes t igkei t .  
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V a r i a t i o n s  de l ' e x c i t a b i l i t 6  et  de la  c o n d u c t i o n  n e r v e u s e  s o u s  l ' i n f l u e n c e  d es  m i c r o - o n d e s  

Nous  nous  sommes  int6ress6s k l ' 6 tude  des v a r i a t i o n s  du  
f o n c t i o n n e m e n t  du  sys t6me n e r v e u x  sous l ' in f luence  des 
micro-ondes  pou r  p lus ieurs  raisons.  D ' u n e  pa r t ,  de 
n o m b r e u x  r a p p o r t s  fon t  6 ta t  de l ' appa r i t i on ,  chez des 
su je ts  a p p a r e m m e n t  sains,  de t roub les  n e r v e u x :  fa t iga-  
blur6,  as th6nie ,  pe r tu rbs •  du  sommeil ,  hype r - exc i t a -  
bi l i t6  neuromuscu la i r e ,  5. la sui te  d ' u n e  expos i t ion  fr6- 
q u e n t e  et  prolong6e aux  ondes  61ectro-magn6t iques  
6mises p a r  les radars .  D ' a u t r e  pa r t ,  des 6 tudes  exp6r imen-  
ta les  la i ssent  supposer  une  p e r t u r b a t i o n  de la  p o m p e  g 
N a  + lors d ' i r r a d i a t i o n  p a r  les micro-ondes .  

~LEMING 1, a ins i  que  MACAPEE 2 obse rv6 ren t  des effets  
neuro log iques  p a r  m ic ro -6chau f f emen t  ~ une  f r6quence de 
3 GHz  (puissance:  156 mW/cm2) .  P a r  la suite, JKAMENSKI a 

a p u  m e t t r e  en 6vidence une  mod i f i ca t ion  de la p ropaga -  
t i on  de l ' in f lux  ne rveux ,  i n d 6 p e n d a n t e  de l 'e f fe t  t he rmi -  
que, k la seule longueur  d ' o n d e  6tudi6e (2,4 GHz).  

E n  ce qui  nous  concerne,  nous  avons  6tudi6 les effets 
sp6cifiques des micro-ondes  sur  le nerf  sc ia t ique  de gre- 
nouil le.  L 'or ig inMit6  de  n o t r e  t r a v a i l  r6side dans  l 'explo-  
r a t i o n  s y s t 4 m a t i q u e  de la g a m m e  de f r6quence de 1 
11 GHz,  avec  une  pu i ssance  absorb6e  de 100 roW. Cet te  
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