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Summary. I t  was found  t h a t  m o s t  fea ther  follicles possess more  t h a n  a single muscle sys t em b u t  only  single nerve  
endings  were observed in a fea ther  follicle. I t  seems t h a t  muscles exis t  which  antagonize  each other.  Anas tomoses  
of nerves  org ina t ing  f rom di f ferent  sources and f lowing of mixed  nerves  into the  fea ther  follicle could explain the  
an tagonis t i c  act ion of the  muscles on the  fea ther  follicle. 

In  birds,  some evidence exists t h a t  b o t h  pa r t s  of the  
au tonomic  nervous  sys t em influence fea ther  follicle, 
since b o t h  s y m p a t h o m i m e t i c s  and  p a r a s y m p a t h o m i -  
met ics  affected fea ther  follicles4-% Moreover,  a d i rect  
influence of the  cent ra l  nervous  sys t em on fea ther  follicles 
also seems to  exist ,  since anaesthesiaT, 8, spinal  cord 
t r ansec t ion  9 and s ta te  of feeding1~ affect  fea ther  follicles. 
Muscles which  connec t  be tween  fea ther  follicles and the  
poss ibi l i ty  of mult iple  muscle connect ions  of follicles tlave 
been repor ted  n.  The p resen t  s t u d y  was unde r t aken  in 
order  to  define the  nerves  and  muscles which  control  
fea ther  follicle movement s .  

Methods. For  whole m o u n t  p repara t ions ,  pieces of skin 
were r emoved  f rom di f ferent  areas of whi te  Leghorn  
chickens,  anaes the t i zed  wi th  sodium pen toba rb i t a l  
(30 mg/kg).  These were s t r e t ched  and f ixed across 2 cm 
d iamete r  glass tubes.  Af ter  c l ipping of fea thers  to skin 
level, and  punch ing  smal l  d ra in  holes into t h e  skins, t h e  
tubes  were submerged  in to  f ixa t ives  and s ta in  solutions.  
Muscles 11 nerves12, za and blood vessels 1~ were s ta ined  
specifically or dif ferent ia l ly  la. Fol lowing staining,  careful 
dissect ion of fa t  t issue was pe r fo rmed  and, if necessary  
(to allow enough  l ight  to  pene t r a t e  t h ro u g h  the  pre- 
parat ion) ,  some of the  s t r a t u m  corneum of the  epidermis  

Fig. 1. Multi-directional nnlscles 
connected to feather follicle, in 
whole mount preparations. A) 
Two groups of radiating muscles, 
at different levels, are seen on the 
left side. B) Tip of feather follicle 
with muscles connected at various 
points. C) Cross section showing 
radiating muscles in all directions. 

Fig. 2. Whole mount preparations showing nerves (n) entering into 
muscles (m) connected to follicle wall (f). 

was removed.  The p repara t ions  were kep t  and pho to -  
g raphed  f loat ing in benzy la ldehyde  solution. 

Sections (10 tzm thick) of fresh skin, soaked in 30% 
sucrose solution, were p repared  on a Sloe cryos ta t .  The 
sect ions were aff ixed on slides by  fo rma ldehyde  fumes,  
t r iple  s ta ined according to  MALLORY 15 and  mo u n t ed  in 
aquamoun t .  

Results and discussion. Chicken skin, being relat ive]y 
thin,  allows l ight  to pass t h ro u g h  and  enables  examina-  
t ion of details.  On the  o ther  hand ,  d i f ferent  levels are 
observed at  the  same t ime,  wh ich  makes  the  homo-  
geneous focusing for p h o t o g r a p h y  difficult .  

Figure 1 shows fea ther  follicles and muscles or iginat ing 
f rom di f ferent  sides of the  follicle; One m a y  see t h a t  a 
fea ther  follicle is capable  of being pulled in various di- 
rect ions  and even make  ro ta t iona l  movements ,  since 
muscles rad ia te  in all direct ions,  in 3 dimensions.  

W i t h  the  aid of ink in jec ted  into the  blood s t ream of 
the  chicken,  the  d i f fe ren t ia t ion  of nerves  f rom blood 
vessels n was performed.  F igure  2 shows ne rve  en te r ing  
into muscles  connec ted  to  a fea ther  follicle. The ending of 
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a n e r v e  f ibre  in a musc le  f ibre  is seen in F i g u r e  3, in a 
h i s to log ica l  sect ion.  

I n  r e c e n t  e x p e r i m e n t s  46, a n t a g o n i s t i c  n e r v e  a c t i v i t y  
on  f e a t h e r  follicle w a s  descr ibed .  I n  serial  sec t ions ,  n e v e r  
m o r e  t h a n  a s ingle  n e r v e  w a s  f o u n d  to  en t e r  i n to  t h e  
m u s c l e s  of a f e a t h e r  follicle. On  the  o t h e r  h a n d ,  w h e n  the  
i n t e r c o s t a l  n e r v e s  are o b s e r v e d  in t h e  who le  m o u n t  
p r e p a r a t i o n ,  t he i r  b r a n c h e s  d i rec ted  to  t h e  sk in  f low one  
in to  t h e  o t h e r  a n d  a p p e a r  to  a n a s t o m o s e .  T h u s ,  each  

n e r v e  w h i c h  ends  in f e a t h e r  follicle car r ies  f ibres  f r o m  
d i f f e ren t  source  a n d  m a y  cause  d i f fe ren t  effects  a t  t h e  
s a m e  t ime .  Th i s  f ind ing  can  e x p l a i n  t h e  fac t  t h a t  a wide  
r a n g e  of f ac to r s  in f luence  the  f e a t h e r  follicle a n d  f ea the r -  
sk in  connec t ion .  A m o n g  the se  f ac to r s  are  some  w h i c h  
ac t  b y  local  app l i ca t ion ,  s u c h  as t e m p e r a t u r e l T ,  is a n d  
sca ld ing  agents1% On t h e  o t h e r  h a n d ,  s o m e  d r u g s  ac t  
espec ia l ly  w h e n  app l i ed  p a r e n t e r a l l y ,  s u c h  as  anaes -  
t he t i c s  4, 6 s, s y m p a t h o m i m e t i c s  4, 5 a n d  p a r a s y m p a t h o m i -  
me t i c s  1% 

T h e  specific ac t ion  on  t h e  d i f fe ren t  n e r v e  end ings  a n d  
the  v a r i o u s  musc l e s  needs  p h y s i o l o g i c a l - p h a r m a c o l o g i c a l  
i n v e s t i g a t i o n .  

Fig. 3. Section showing the ending of a nerve fibre (n) in a muscle 
fibre (m) of feather follicle. 
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Summary .  A gene t ic  m a r k e r ,  t he  t u m o r  gene  Tu, w h i c h  causes  t he  f o r m a t i o n  of a b n o r m a l  m e l a n o p h o r e s ,  t he  T - m e -  
l a n o p h o r e s ,  in t h e  sk in  of X i p h o p h o r i n e  f ish  h a s  been  t r a n s f e r r e d  b y  d o n o r  D N A  f r o m  a T u  g e n o t y p e  to  rec ip ien t  em-  
b r y o s  l ack ing  Tu.  A b n o r m a l  m e l a n o p h o r e s  w h i c h  are  iden t ica l  to  t h e  T - m e l a n o p h o r e s  of t h e  d o n o r  g e n o t y p e  occu r r ed  
o n l y  in r ec ip i en t s  t r e a t e d  w i t h  T u - D N A  a n d  n o t  in t h o s e  t r e a t e d  w i t h  Tu- f ree  con t ro l  D N A .  

Gene t i c  t r a n s f o r m a t i o n  t h a t  is, t he  t r a n s f e r  of a 
gene t ic  m a r k e r  f r o m  a d o n o r  to  a r e c i p i e n t  o r g a n i s m  b y  
D N A  a n d  the  p h e n o t y p i c  e x p r e s s i o n  of t h i s  m a r k e r  in t he  
r ec ip i en t  w a s  f i r s t  a ch i eved  in b a c t e r i a  b y  AVERY, 
MACLEOD, a n d  McCARTY in 1944 3. D u r i n g  t h e  l a s t  t w o  
decades ,  n u m e r o u s  r e s e a r c h e r s  h a v e  t r i ed  to  s h o w  gene t ic  

t r a n s f o r m a t i o n  also in e u k a r y o t i c  o r g a n i s m s  4. S o m e  re- 
s e a r c h e r s  c l a imed  to  h a v e  succeeded  4,5, b u t  t h e  r e su l t s  
t h e y  o b t a i n e d  m a y  be o p e n  to  s o m e  o t h e r  i n t e r p r e t a t i o n s  
t h a n  gene t ic  t r a n s f o r m a t i o n %  Mos t  of t h e  e x p e r i m e n t s  

su f f e r ed  f r o m  t h e  n o n - a v a i l a b i l i t y  of a good  gene t ic  
m a r k e r  a n d  a sens i t ive  se lect ive  s y s t e m .  B o t h  of t he se  
c o n d i t i o n s  are  ava i l ab le  in t he  p l a t y f i s h - s w o r d t a i l  
m e l a n o m a  s y s t e m  ~. 
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