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Fig. 2. Vibrationssignale eines c~ von Panorpa communis. Zeitmarke am oberen Rand = 1 sec. 

re ichen  U n t e r s u c h u n g e n  b e k a n n t  6,7 (weitere L i t e r a t u r  
siehe s), s ind die c~c? ers t  7-10 Tage  n a c h  d e m  Schl i ipfen 
bega t tungs f / i h ig  ( H e r a n w a c h s e n  der  Speicheldr i isen) .  D a  
sich die Tiere in  i h r e m  na t i i r l i chen  B io top  6f ters  begegnen,  
k a n n  so eine schnel lere  Sor t i e rung  e r r e i ch t  werden.  
A u s s e r d e m  d ienen  die Signale  dazu,  das  langwier ige  
Liebesspie l  zu synchron i s i e r en  bzw. z u m  fr i ihes t  m6g l i chen  
Z e i t p u n k t  b e g i n n e n  zu lassen.  A h m t  m a n  die V i b r a t i o n e n  
m i t  e inem S inusgene ra to r  nach ,  so werden  for tp f lan-  
zungswil l ige ?~, die ruh ig  si tzen,  p l6 tz l ich  sehr  ak t iv ,  
sp r ingen  in die H 6 h e  u n d  w i n k e n  l e b h a f t  m i t  den  Fl t igeln  
und  v ib r i e r en  m i t  d e m  A b d o m e n .  Diese Ak t iv i t / i t  k l i ng t  
n u r  a l lm/ ih l ich  a b  u n d  k a n n  d a n a c h  e r n e u t  s t imul i e r t  

werden.  T r e n n t  m a n  c~ u n d  ~?, die m i t  d e m  Vorspie l  schon  
b e g o n n e n  h a b e n ,  e inzeln  in GI/iser, so wird  yon  be iden  
i n t e n s i v e r  als v o r h e r  gewink t  u n d  v i b r i e r t ;  be ide  ~ suchen  ~ 
auf  diese Weise  den  Gesch lech t spa r tne r .  Die Ar t spez i f i t / i t  
dieser  Signale  s t e h t  noch  n i c h t  Iest. Dabe i  k 6 n n e n  
k o m b i n i e r t e  F i lm-  u n d  T o n b a n d a u f n a h m e n  wei terhel fen .  

V ib ra t i ons s igna l e  be i  der  P a a r u n g  w u r d e n  s u c h  y o n  den  
Ch l o ro p i d ae / D i p t e r a  2 beschr ieben .  Diese O r d n n n g  k a n n  
n a c h  der  p h y l o g e n e t i s c h - s y s t e m a t i s c h e n  Gl iederung  der  
I n s ec t a  9 als die n h c h s t  v e r w a n d t e  O r d n u n g  der  Mecop te ra  
angesehen  werden.  D a r a u s  e rg ib t  s ich abe r  ke ine  synapo-  
m o r p h e  Homolog ie  ftir die Mecoptero idea ,  da  / ihnl iche 
Signale  s u c h  yon  d en  wel te r  e n t f e r n t  s t e h e n d e n  Sia l iden/  
Mega lop te r a  ~0 b e k a n n t  sind.  

Summary. Male a n d  female  of Panorpa f ind  each  o the r  
for copu la t ion  b y  v i b r a t i o n  signals,  wh ich  t h e y  p roduce  
t h r o u g h  up  an d  d o w n w a r d  m o v e m e n t s  w i t h  t h e  end  of 
t h e  a b d o m e n .  The  f r equency  is a b o u t  100 Hz/sec,  the  
d u r a t i o n  1 to  10 see. 
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Fig. 3. Klopffolge eines ~ yon Panorpa communis, die durch Antippen 
des Untergrundes mit dem Abdomenende entsteht. Die dadurch 
ausge16sten Piks sind durch Pfeile markiert. Zeitmarken am oberen 
Rand = 1 see. 
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Laser-Induced St imulat ion of the Vascularization of the Healing Wound. 
An Ear Chamber Experiment  

Var ious  biological  r eac t ions  of l iv ing  ceils a n d  t i ssues  
are cons ide rab ly  inf luenced  b y  t h e  laser  i r r a d i a t i o n  1, ~. 
Some of t h e  effects, i nc lud ing  d e s t r u c t i o n  of c e r t a i n  
t umors ,  t r e a t m e n t  of d e t a c h e d  r e t i na l  layers,  etc., are of 
cl inical  impor t ance .  

Fo l lowing  p rev ious  a n i m a l  e x p e r i m e n t s  8, a new field 
of cl inical  app l i c a t i on  was opened  b y  t h e  o b s e r v a t i o n  of 
MESTER et  al. 4-s, t h a t  t h e  laser  i r r ad i a t i on  has  a s t i m u l a t -  
ing effect  on  w o u n d  heal ing.  I n  va r ious  u lcera t ions ,  in  
wh ich  d i spos i t ion  for  s p o n t a n e o u s  hea l ing  was n e v e r  n o t e d  
and  c o n v e n t i o n a l  t r e a t m e n t  p r o v e d  to  be  unsuccessful ,  
i n t ense  g r a n u l a t i o n  s t a r t e d  a f t e r  a p p r o p r i a t e  laser  
t r e a t m e n t .  I n  12 cl inical  cases, comple t e  hea l ing  of t h e  
ulcer  was ach ieved  b y  r epea t ed  i r r ad ia t ion .  

The  biological  m e c h a n i s m  of ac t ion  of laser  i r r a d i a t i o n  
on  w o u n d  hea l ing  is so fa r  n o t  comple t e ly  unde r s tood .  
Accord ing  to  our  p r ev ious  s tudies ,  col lagen f o r m a t i o n  is 
s t i m u l a t e d  b y  e n z y m a t i c  processes  n o t  ye t  e luc ida ted  s. 
I n  t h i s  s t u d y  we h a v e  i n v e s t i g a t e d  one of t h e  m o s t  im-  
p o r t a n t  phases  of w o u n d  hea l ing :  t h e  d e v e l o p m e n t  of 
b lood  vessels,  a n d  t h e  inf luence  of laser  i r r a d i a t i o n  on  
t h i s  process.  Accord ing  to  our  results ,  t h e  d e v e l o p m e n t  of 
b lood  c i rcu la t ion  in t h e  g rowing  t i ssue  is s ign i f i can t ly  
inc reased  b y  i r r a d i a t i o n  w i t h  laser. 

Method. R a b b i t  ear  chamber .  The  ear  c h a m b e r  used in 
these  e x p e r i m e n t s  h a s  been  descr ibed  in de ta i l  b y  SANDERS 
et  al. 9. I t  is a mod i f i ca t i on  of t h e  or ig inal  Sand i son-Cla rk  
c h a m b e r  a n d  up  to  da t e  t h i s  c h a m b e r  has  been  t h e  m o s t  
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used. I n  our  p r e sen t  s tudy ,  however ,  t h e  v a l v e  was 
miss ing  f rom the  cen t r a l  tab le ,  because  t h i s  was  cons idered  
superf luous.  The  t h i cknes s  of t he  space, in to  wh ich  t h e  
new t i ssue  grew, was 50-55 ~m. 

Lase r - i r r ad ia t ion .  He -Ne  gas laser  (5 m W  power  
ou tpu t ,  p roduced  b y  t h e  H u n g a r i a n  Opt ica l  Works)  was  
used. Af te r  opera t ion ,  c h a m b e r s  of 6 r a b b i t s  were i r rad ia -  
t ed  da i ly  w i t h  laser  a n d  o the r  6 an ima l s  (1 c h a m b e r  in  
eve ry  r a b b i t )  se rved  as controls .  Fo r  12 days  a f t e r  
i m p l a n t a t i o n ,  t he  b o r d e r  a rea  of t he  cen t r a l  t a b l e  was 
i r r ad i a t ed  t a n g e n t i a l l y  in  3 spots,  w i t h  an  i n d i v i d u a l  
e n e r g y - o u t p u t  of 1 Joule.  2 of t he  3 spots  were nea r  to  t h e  
cen t r a l  a r t e ry ,  as t h e  va scu l a r i z a t i on  i n v a r i a b l y  s t a r t e d  
f rom th i s  side. B e t w e e n  t he  13 th  a n d  18th  day  fol lowing 
i m p l a n t a t i o n ,  t he  t o t a l  surface  of t h e  cen t r a l  t a b l e  was 
i r r ad i a t ed  once a day  w i t h  a n  energy  of 1 Joule.  Th i s  was  
ach ieved  b y  a s c a t t e r i n g  lens t h r o u g h  w h i c h  t he  laser  
b e a m  covered  t he  en t i r e  a rea  (8 m m  d iamete r )  of t h e  
r o u n d  cen t r a l  t a b l e  of t he  chamber .  

D u r i n g  i r rad ia t ion ,  t h e  r a b b i t s  were k e p t  in stocks,  t h e  
ear  w i t h  t h e  c h a m b e r  was held  in t h e  p a t h  of t he  laser  
b e a m  b y  h a n d .  Qua l i t a t i ve  e v a l u a t i o n  was car r ied  o u t  
w i t h  t a k i n g  p h o t o g r a p h  of t h e  growing t issues.  The  
resu l t s  were expressed  also in q u a n t i t a t i v e  fo rm in t h e  
fol lowing m a n n e r :  The  image  of t h e  cen t r a l  t a b l e  was 
p ro jec t ed  on  paper ,  t h e  vascu la r i zed  area  dep ic ted  a n d  
a f te r  c u t t i n g  ou t  t he  we igh t  was  measured .  The  we igh t  
o b t a i n e d  in  th i s  way  was expressed  in t he  pe rcen t age  of 
t h e  we igh t  of t he  t o t a l  a rea  of t he  cen t r a l  t a b l e  (100%).  
Fo r  t h e  p h o t o g r a p h i c  work,  a b lue  f i l te r  was  used for 
a d d i t i o n a l  con t ras t .  

Resul ts  and discussion.  The  field opened  up  b y  t h e  
t r a n s p a r e n t  c h a m b e r  is e n o r m o u s  for t h e  pa tho log i s t  a n d  
t he  p h a r m a c o l o g i s t  as well  as for bacter io logis ts .  Tile 
r a b b i t  ear  c h a m b e r  t e c h n i q u e  is m o s t  wide ly  used for t h e  
microscopic  s t u d y  of l iv ing  b lood  vessels.  The  selected 
vessel  m a y  be  obse rved  w i t h  t he  h ighes t  power  of t h e  
microscope.  I n  our  p r e sen t  s tudy ,  t h e  ear  c h a m b e r  
t e c h n i q u e  was used in  a new way.  Since t he  s t u d y  
concerned  t h e  i n t e n s i t y  of vascu la r  deve lopmen t ,  t h e  
e x p e r i m e n t s  could n o t  h a v e  been  self-control l ing.  I n  

th i s  s t u d y  t h e  resu l t  o b t a i n e d  in one c h a m b e r  was  
c o m p a r e d  to  t h e  resu l t  obse rved  in t h e  o the r  one. Th i s  
fac t  needs  some f u r t h e r  ex p l an a t i o n .  

Obv ious ly  t h e  succes of t h e  ear  c h a m b e r  t e c h n i q u e  
depends  m a i n l y  on  t h e  surgical  condi t ions ,  i m p l a n t a t i o n  
t e c h n i q u e  a n d  a f t e r - t r e a t m e n t  of an imals .  Accord ing  to  
our  experience,  however ,  in  t h e  case of iden t i ca l  chambers ,  
d issec t ion  t e c h n i q u e  a n d  p o s t o p e r a t i v e  t r e a t m e n t  (ad- 
m i n i s t r a t i o n  of penici l l in) ,  t h e  di f ference in t h e  i n t e n s i t y  
of the  v a s c u l a r i z a t i o n  of t h e  d i f fe ren t  c h a m b e r s  was no t  
s ignif icant .  Th i s  o b s e rv a t i o n  is t h e  basis  of t h e  m e t h o d  in 
t h e  m a n n e r  used b y  us. 

U n d e r  our  u n i fo rm  condi t ions ,  t h e  f i rs t  capi l lar ies  
appea red  on  t h e  edge of t h e  cen t r a l  t a b l e  12-18 days  a f t e r  
i m p l a n t a t i o n .  A b o u t  30-40 days  was necessa ry  for  t he  
comple te  v a s c u l a r i z a t i o n  of t h e  chamber .  I n  eve ry  case, 
t h e  f i r s t  vessels o r ig ina t ed  f rom t h e  p r e f o r m e d  vessels in  
the  region a d j a c e n t  to  t h e  cen t r a l  a r t e ry .  The  en t i r e  
process  i tself  is descr ibed  in de ta i l  b y  EBERT et  al. 10. 
Our  f ind ings  conf i rmed  t h e i r  obse rva t ions .  T h e  p a t h  
before  t h e  ingrowing  vessels is c leared up  b y  macrophags ,  
p h a g o c y t i n g  t h e  b loodc lo t  in t h e  t h i n  o b s e r v a t i o n  space. 
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Fig. 1. Photograph of the central 
table of the ear chambersinrabbits 
irradiated daily with laser (18th 
day after implantation of the 
chambers). 
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Fig. 2. Photograph of the central 
table of the ear chambers in the 
control rabbits 18th day after the 
implantation. 

The endo the l ium of the  new capil laries beh ind  macro-  
phags  is still  t h in  and cons iderable  haemorr t lage  m a y  be 
observed in f ront  of the  growing edge. At  the  same t ime,  
these  haemorrhag ic  edges s impl i fy  the  ident i f ica t ion  of 
vascular ized areas on the  pho tograph .  

Fi rs t ,  the  area of the  t issue was i r r ad ia ted  where  the  
fo rma t ion  of new vessels had  s t a r t ed  from. L a t e r  we 
proceeded  a t  t he  i r rad ia t ion  of the  pa r t l y  vascular ized 
cent ra l  table .  Of the  p h o t o g r a p h s  m a d e  a t  var ious  t imes,  
we p re sen t  t he  p ic tures  t a k e n  on the  18th day  af ter  t he  
i m p l a n t a t i o n  of the  chamber ,  because  the  difference 
be tween  vascu la r iza t ion  of i r rad ia ted  and  control  cham-  
bers  was the  mos t  conspicuous  a t  th is  t ime.  Figure  1. 
clearly shows t h a t  on the  18th day  af ter  opera t ion  abou t  
one-half  (in cer ta in  cases two- th i rds )  ot the  cent ra l  t ab le  
of t he  chambe r s  i r r ad ia ted  were vascularized.  In  1 of 
the  6 i r r ad ia ted  r abb i t s  vascular iza t ion  was comple ted  
a t  th is  t ime.  At  t he  same t ime,  in t he  contro l  chamber s  
the  vascular iza t ion  was in a ve ry  early stage,  t he  f i rs t  
capil laries appeared  on the  edge of t he  cent ra l  table  and  
in one case, one- th i rd  of the  cent ra l  t ab le  was vascular ized 
(Figure 2). The resul ts  are expressed  in q u a n t i t a t i v e  form 
in the  Table.  

L a t e r  on the  difference remains ,  because the  ar range-  
m e n t  of vessels, the  d e v e l o p m e n t  of ar ter ioles and  venules  
is more  rap id  in animals  receiving laser i r radia t ion.  

The effect of repeated laser irradiation on the vascularization of the 
rabbit ear chamber 

Treatment a No. of Area vaseularized b 
rabbit (% -V S.E.) 

Control 6 7.7 • 2.4 
Laser-irradiated 6 56.6 =~: 9.3 

But ,  a t  t he  same t ime,  the  microscopic p ic ture  no longer 
shows so marked  a difference f rom the  control  animals,  
because paral lel  to  t he  progress ion of the  process  the  
n u m b e r  of vessels decreases.  

I t  is difficult ,  for the  t ime  being, to ascer ta in  the  
mechan i sm of act ion by  which  the  laser beam increases 
the  vascular iza t ion  of t he  newly  formed tissue. Several  
exp lana t ions  are feasible. I r r ad ia t ion  m a y  ac t iva te  the  
vessels in t he  region ad jacen t  to the  cent ra l  table,  which  
were in jured  dur ing  the  opera t ion  ( induced f ibr inolysis  ?) ; 
i t  m a y  increase the  phagocy t i c  capac i ty  of macrophages ,  
accelerat ing its ac t iv i ty  to clear the  way  for the  advanc ing  
vessels;  i t  m a y  loosen the  f ibr in  n e t w o rk  of the  clot, etc. 
Considering the  small  a m o u n t  of energy  used, i t  is no t  
conceivable  t h a t  laser i r rad ia t ion  exer ts  its ac t ion by  
increasing the  t empera tu re .  

In  the  case of new t issue format ion ,  t he  enhanc ing  
effect  of laser i r rad ia t ion  on vascular iza t ion  (leading 
to  increase in t he  n u m b e r  of f ibroblas ts  and  thus  to  
increased collagen synthesis)  m a y  serve as a basis for the  
comprehens ion  of its s t imula t ing  effect  on wound  healing. 
F u r t h e r  inves t iga t ions  are needed  to solve th is  problem.  

Zusammen/assung. In  O h r k a m m e r  Mode l l exper imenten  
k o n n t en  die W u n d h e i l u n g  wie auch  die Gef~tssformation 
mi t te l s  Lase r s t r ah len  wesent l ich  s t imul ier t  werden.  
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