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Fig. 3. Long axon-like process originates from a cell cluster. Phase 
contrast microscopy. F hotographed through the culture dish. x 500. 

t u mo u r ,  l ike more  m a t u r e  cell t ypes  or st i l l  und i f f e r en t i a t -  
ed cells, wh ich  would  b e h a v e  l ike n e u r a l  c res t  ceils a n d  be  
sens i t ive  to  NGF.  On t h e  o t h e r  h a n d ,  no  a x o n  f o r m a t i o n  
was obse rved  in  cu l tu res  w i t h o u t  NGF,  a l t h o u g h  t h e  ceils 
were t a k e n  f rom t h e  same  n e u r o b l a s t o m a .  Severa l  agen t s  
are k n o w n  to induce  t h e  d i f f e r en t i a t i on  of n e u r o b l a s t o m a  
cells such  as p r o s t a g l a n d i n s  an d  cyclic A M P  8,9. The  
p r o m o t i o n  of neu r i t e  g r o w t h  w i t h  N G F  would  be  m e d i a t e d  
t h r o u g h  cyclic AMP,  as h a s  also been  suggested,  b y  
ROISEN et  al. ~0. 

F u r t h e r  s tud ies  on  t h e  n a t u r e  an d  m a t u r a t i o n  s tages  
of t h e  processes p roduced  b y  cu l tu red  n e u r o b l a s t o m a  cells 
w i t h  N G F  are needed,  i.e. b y  f luorescence a n d  e lec t ron  
microscopy.  However ,  our  o b s e rv a t i o n s  show t h a t  pur i f ied  
N G F  causes  d i f f e r en t i a t i on  in  v i t ro  of the  t u m o u r  Cells 
an d  s u g g e s t  t h a t  t h e  s p o n t a n e o u s  t r a n s f o r m a t i o n  of 
h u m a n  n e u r o b l a s t o m a s  to  g an g l i o n eu ro mas  m a y  be  due  
to t h e  ac t ion  of a NGF- l i ke  subs tance .  

Zusammen/assung.  D u r c h  Zf i ch tung  in v i t ro  wi rd  
gezeigt, dass  Zel len eines m e n s c h l i c h e n  N e u r o b l a s t o m s  
u n t e r  d e m  Einf luss  eines N e r v e n w a c h s t u m s f a k t o r s  die 
F~ihigkeit haben ,  s ich in Nervenze l l en  zu d i f fe renz ieren  
u n d  somi t  die Zellen dieses bSsa r t igen  T u m o r s  h is to-  
genet i sehe  P o t e n z e n  besi tzen,  welche n i c h t  a k t i v i e r t  
werden.  
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Development of the New Pacinian Corpuscles.  Studies on the Foreign Innervation of Mesentery 

D e v e l o p m e n t  of t he  r ecep to r s  is one of t he  m o s t  im-  
p o r t a n t  b u t  u n f o r t u n a t e l y  unso lved  p rob l ems  of sensory  
phys io logy.  I t  is wel l  k n o w n  t h a t  t he  g r o w t h  of a f fe ren t  
ne rve  f ibres  p roduces  sensory  recep tors  specific to  t h e  
g iven  t issue.  However ,  i t  is ye t  to  be  seen w h a t  d e t e r m i n e s  
t he  d e v e l o p m e n t  of such  recep to r s  : t h e  p rope r t i e s  of n e r v e  
f ibres  1, 2 or j u s t  t h e  spec i f ica t ion  of t i ssue  e l emen t s  3-5. 

W h e n  s t u d y i n g  t h e  process  of r ecep to r  deve lopmen t ,  
u s ing  n o t  on ly  morpho log ica l  b u t  also phys io log ica l  
me thods ,  i t  is v e r y  i m p o r t a n t  to  h a v e  a poss ib i l i t y  of 
c o n t i n u o u s  o b s e r v a t i o n  of a single sensory  e l e m e n t  a t  
va r ious  s tages  of d e v e l o p m e n t .  So, t h e  P a c i n i a n  cor- 
puscles  of ca t  mesen te ry ,  v i s ib le  even  to  t h e  n a k e d  eye, 
are well  su i ted  for a s t u d y  of t h i s  k ind.  P r e l i m i n a r y  r e p o r t  
was p u b l i s h e d  e lsewhere  6 

The  f i rs t  series of e x p e r i m e n t s  were p e r f o r m e d  to  f ind  
ou t  t he  r egene ra t i on  a b i l i t y  of  m e c h a n o r e c e p t o r s  of the  
mesocolom I n  16 a d u l t  ca t s  t h e  P a c i n i a n  corpuscles  were 
e x t i r p a t e d  or s i m p l y  t he  n e r v e  f ibres  were  severed.  T h e  
d a t a  show t h a t  even  8 m o n t h s  a f t e r  ope ra t i on  t he  rege- 
n e r a t i o n  of r ecep to r s  f rom t h e  r e m a i n e d  n e r v e  f ibres  
could n o t  be  seen anywhere .  These  resu l t s  conf i rm well  
w i t h  o t h e r  d a t a  7-11. 

Af t e r  f in i sh ing  t he  f i r s t  p a r t  of expe r imen t s ,  we 
i n v e s t i g a t e d  t he  effect  of a d d i t i o n a l  i n n e r v a t i o n  of 
m e s e n t e r y  t i ssue  b y  t he  soma t i c  sens i t ive  n e r v e  (n. 

saphenus)  foreign to  th i s  t issue,  w h i c h  ramif ies  in  t h e  
h a i r y  sk in  of an  a n i m a l  where  P a c i n i a n  corpuscles  are 
absen t .  To accompl i sh  t h i s  task ,  t h e  ne rve  was d issected  
on  t h e  level  of t h e  knee  j o i n t  a n d  t h e n  i ts  c en t r a l  end  was 
guided  in to  t h e  a b d o m i n a l  c a v i t y  a n d  l ed  b e t w e e n  t he  
two layers  of mesen te ry .  Original ly ,  t he re  were no  Paci-  
n i a n  corpuscles  a t  al l  in  t h e  mesocolon  of some cats .  I n  
o t h e r  ca ts  all  P a c i n i a n  corpuscles  were e x t i r p a t e d  f rom 
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Fig. 1. Newly formed receptors in the cat's mesocolon. (A, B) silver 
method of Bilshovsky; C) OsO 4 impregnation). A) cat No. 25 in 
7 months after operation (the graft of N. saphenus was made on 22nd 
december 1971). N, the starlike neuroma; arrows indicate some small 
(to the left and both fully formed (to the right) receptors. B) eat No. 6 
in 5 months after operation (the graft of N. saphenus was made on 
15th october 1971) ; the arrow indicates one small Pacinian corpuscle. 
x 20. C) comparison of receptors at various stages of development 
(the same cat as in B); the smaller receptor has a bead-like form. 
x 160. 

t he  mesoco lon  before  t r a n s p l a n t a t i o n .  I n  b o t h  cases in  
3-8 m o n t h s  a f t e r  t h e  opera t ion ,  t h e  new P a c i n i a n  
corpuscles  were c lear ly  obse rved  in t he  mesocolon.  The  
g ra f t ed  n e r v e  deve loped  t h e  n e u r o m a  on i ts  end.  F r o m  
th i s  n e u r o m a  a n d  a long t he  n e r v e - t r u n k ,  t h e  g r o w t h  of 
co l la tera ls  was observed .  Some col la tera ls  gave  new 
P a c i n i a n  corpuscles  a t  va r ious  s tages  of d e v e l o p m e n t  
(Figure  1). Somet imes ,  t h e  n e r v e  f ibre  was growing  
t h r o u g h  t h e  n e w - b o r n  capsules,  g iv ing  severa l  new 
bead l ike  P a c i n i a n  corpuscles  (Figure  1B, C). Thus ,  in  
t h i s  series of expe r imen t s ,  11 an ima l s  ou t  of 13 deve loped  
f rom 2 to  6 new ful ly  fo rmed  receptors  each. 

Accord ing  to  t he  p r e sen t  da ta ,  t he  speed of fo rming  
new P a c i n i a n  corpuscles  in  adu l t  an ima l s  is no t  fas t  
enough  (more t h a n  3 m o n t h s  were needed  to give differ-  
e n t i a t e d  forms  of receptors) .  Fo r  th i s  r eason  t h e  n e x t  
series of e x p e r i m e n t s  were pe r fo rmed  on y o u n g  an ima l s  
w h i c h  have ,  as is well  known,  a h ighe r  speed of regenera-  
t ion .  T he  new fo rming  of recep tors  was  qu i te  successful  
in  all  of 8 cases;  i t  was  a l r eady  comple t ed  in  2 m o n t h s  
a f t e r  t h e  t r a n s p l a n t a t i o n  of t he  n e r v e  a n d  t he  q u a n t i t y  
of newly  fo rmed  P a c i n i a n  corpuscles  was  g rea te r  t h a n  in 
t he  case of a d u l t  an imals .  Two 2 -months -o ld  k i t t ens ,  
w h e n  opera ted ,  h a d  no P a c i n i a n  corpuscles  a t  al l  in  t h e  
mesocolon,  b u t  5 m o n t h s  l a t e r  one  h a d  18 and  t h e  o t h e r  
19 well  fo rmed  large receptors .  

Fig. 2. The section of newly formed receptor. Kitten No. 15 in 5 
months after operation (the graft of N. saphenus was made on 22nd 
May 1972). NF, nerve fibre; C, cleft in the inner core. x 2000. 

Accord ing  to  t h e  h is to logica l  an d  phys io logica l  inves t i -  
ga t ion ,  newly-  a n d  n o r m a l l y  fo rmed  in t h e  same  ca t ' s  
m e s e n t e r y  P a c i n i a n  corpuscles  showed  no dif ferences  in  
t h e i r  morpho log ica l  a n d  f u n c t i o n a l  proper t ies .  I n  t h e  
i nves t i ga t i on  of t h e  u l t r a s t r u c t u r a l  o rgan i sa t i on  of newly  
fo rmed  receptors ,  t h e  axis  cyl inder ,  ceils nuc leous  of t h e  
inne r  core a n d  va r ious  c y t o l p a s m a t i c  processes  were as 
usual .  I n  t h e  d i rec t ion  of t h e  long t r a n s v e r s a l  axis  of 
t h e  n e r v e  ending,  a cleft  was c lear ly  vis ible .  (Figure  2). 
T h e  e x t r a c o r p u s c u l a r  p a r t  of t h e  n e r v e  f ibres  of newly  
fo rmed  recep tors  was  of a b o u t  5 to  10 ~zm in d iamete r .  The  
e lectr ical  answers  to  t h e  m e c h a n i c a l  s t i m u l a t i o n  of newly  
fo rmed  recep tors  a n d  of t h e  recep tors  f rom o the r  p a r t s  
of t h e  m e s e n t e r y  in  one a n i m a l  were  iden t ica l  (Figure  3). 
Some t imes  t h e  s p o n t a n e o u s  ac t ion  p o t e n t i a l s  were 
regis tered.  

Thus  t h e  nerve ,  w h i c h  usua l ly  does n o t  fo rm P a c i n i a n  
corpuscles,  develops  t h i s  t y p e  of sensory  end ings  charac-  
t e r i s t i c  of t h e  m e s e n t e r y  t issue,  w h e n  m a k i n g  c o n t a c t  w i t h  
it.  Therefore ,  t h e  t i ssue  fac to r  m a y  be  cons idered  deter -  
m i n a t i v e  in t h e  process  of t h e  d e v e l o p m e n t  of r ecep to r  
endings.  

Recen t ly ,  some a u t h o r s  12 showed  t h e  poss ib i l i ty  t h a t  
t h e  foreign ne rve  (n. hypogas t i cus )  m a y  grow in to  t h e  old 
capsules.  The i r  conclus ions  on  t h e  d e t e r m i n a t i v e  role of 
t h e  t i ssue  fac to r  in  t h e  d e v e l o p m e n t  of sensory  recep tors  
agree  w i t h  t h e  conclus ions  of t h e  p r e s e n t  work.  Our  d a t a  
also show t h a t  n o t  all of t h e  growing in t h e  mesoco lon  

13 j .  SCruFF and W. R. LOEWENSTEIN, Science 777, 712 (1972). 



15.9.1973 Specialia 1131 

Fig. 3. The spikes of Paeinian corpuscles. 1. and 2. Kitten No. 11 in 6 
months after operation; 3 and 4. cat No. 27 in 8 months after opera- 
tion. 2 and 4, newly formed receptors; 1 and 3, normally formed 
receptors. The duration of mechanical stimulation (the mark 
beneath photoes) is 1 msee; calibration is 25 ~V. 

ne rve  f ibres  deve loped  P a c i n i a n  corpuscles.  There fore ,  i t  
is necessa ry  to  p roduce  t h e  d e t e r m i n a t i v e  ne rve - t i s sue  
s i t u a t i o n  to m a k e  i t  poss ible  to  deve lope  these  receptors .  

Zusammen/assung. N a c h  I m p l a n t a t i o n  des p r o x i m a l e n  
S tumpfes  eines a f fe ren ten ,  s o ma t o s en s i b l en  N e r v e n  in das  
Mes en t e r i u m e iner  I~atze b i lden  s ich u m  die auswachsen-  
den  N e r v e n f a s e r n  n a c h  3-5 M o n a t e n  neue,  abe r  d em O f t  
e n t s p r e c h e n d e  R e z e p t o r e n  aus,  im  Fa l l  des K a t z e n -  
m e s e n t e r i u m s  also Pac in i sche  K6rperchen ,  Rezep to ren ,  
die normale rwe i se  n i c h t  im Geb ie t  des i m p l a n t i e r t e n  
N e r v e n  v o r k o m m e n .  
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Asymmetrical Growth of Superior Temporal Gyri 

Records  of sensory  exper ience  seem to  be  s tored  in the  
super ior  t e m p o r a l  gyr i :  s t i m u l a t i o n  of t h i s  reg ion  in 
conscious  p a t i e n t s  ha s  s o m e t i m e s  caused  t h e m  to  r e p o r t  
t h e  re -exper ienc ing  of a u d i t o r y  a n d  v i sua l  exper iences  
f rom t h e i r  p a s t  l ives  i, 2. Spec iMiza t ion  of one  hemisphere ,  
usua l ly  t h e  left, for v e r b a l  f unc t i on  m a y  be  re f lec ted  in 
a n a t o m i c a l  a s y m m e t r i e s  8,4. The  p r e sen t  s t u d y  was  
des igned  to  de t ec t  poss ib le  macroscopic  differences  be-  
t w e e n  t h e  r i g h t  a n d  lef t  super ior  t e m p o r a l  gyr i  in  h u m a n  
i n f an t s  a n d  adul ts .  

Materials and methods. B r a i n s  used in t h i s  s t u d y  h a d  
been  dec lared  n o r m a l  a t  au topsy .  T h e y  a p p e a r e d  free 
f rom d i s t o r t i o n  a f t e r  f ixa t ion ,  a n d  were i n t a c t  e x c e p t  for  
our  r e m o v a l  of t he  meninges .  H a n d e d n e s s  d a t a  were n o t  
avai lable .  

M e a s u r e m e n t s  were m a d e  d i rec t ly  on  t h e  b r a i n s  oE 
27 y o u n g  i n f a n t s  who  d ied  before  t he  age of 4 m o n t h s .  
W i d t h s  were m e a s u r e d  a t  5 m m  in t e rva l s  a long  t h e  
ho r i zon ta l  p a r t s  of t he  super ior  t e m p o r a l  gyri.  To 
e l im ina t e  a n y  bias,  a n o t h e r  series of 54 b ra ins  was measu r -  
ed  us ing  p h o t o g r a p h s ,  50% of w h i c h  were r eve r sed  in a 
r a n d o m  sequence.  I n  each  of 42 a d u l t  b ra ins ,  10-14 pa i rs  
of w i d t h s  were measured .  Fewer  m e a s u r e m e n t s  were 
o b t a i n e d  f rom t h e  p h o t o g r a p h s  of 12 smal le r  b r a i n s  of 
2 - 1 8 - m o n t h - o l d  in fan ts .  

Results. I n  t h e  27 i n f a n t  b ra ins  m e a s u r e d  di rec t ly ,  
r i g h t  gyr i  were n o t  s igrf if icantly wide r :  t (unpaired)  = 
0.956, P < 0.34. The  M a n n - W h i t n e y  t e s t  gave  a Z-va lue  
of 1.192, P < 0.22. Fo r  t h e  12 i n f a n t  b ra ins  in  t he  second 
series, t = 1.4577, P < 0.10. I n  t h e  42 a d u l t  b r a ins  
m e a s u r e d  w i t h  t h e  b l i n d  t e c h n i q u e  t h e  r i g h t  gyrus  
appea r s  wider  (Table) : t (paired) = 2.911, P < 0.005. 

Means and standard deviations of gyral widths 

Widths Right Left 
(mm) 

12infants 125 pairs 11.895 • 4.287 11.310 4- 3.373 

42 adults 502 pairs 13.148 4. 3.977 12.538 4- 4.098 

in Man 

I n  8 adul ts ,  t h e  two- ta i l ed  Wi l coxon  s igned r a n k s  t e s t  
showed  t h e  r i g h t  gyrus  as  be ing  wider .  I n  one a d u l t  t h e  
1eft gyrus  was  wider ,  a t  t h e  s ame  level of s igni f icance  
( P  < 0.05). I n  42 b ra ins ,  r a n d o m  v a r i a t i o n  of gyra l  
w i d t h s  shou ld  a c c o u n t  for  a wide r  r i g h t  gyrus  in 1.05 
bra ins ,  an d  a wider  left  gyrus  in  a n o t h e r  1.05 ( P  < 0.05). 
C o m p a r i n g  t h e  obse rved  n u m b e r  of 8 h a v i n g  larger  r i g h t  
gyri,  33 symmet r i ca l ,  a n d  1 h a v i n g  a larger  lef t  gyrus  
w i t h  t h e  expec t ed  va lues  of 1.05, 39.90, a n d  1.05, t h e  Z 
s q u a red  goodness  of f i t  t e s t  gave  a va lue  of 47.1, for wh ich  
P < 0.001 w i t h  2 degrees of f reedom.  No such  di f ference 
a p p e a r e d  in  e i the r  group of in fan ts .  

Discussion. PE~FIELn a n d  PEI~Or z r e p o r t e d  p o i n t s  in  
t h e  super ior  t e m p o r a l  gyri  f r om wh ich  ' expe r i en t i a l '  
responses  were ob ta ined .  E x c l u d i n g  po in t s  in  t h e  r i g h t  
gyr i  co r re spond ing  w i t h  those  in t h e  speech  a r r e s t  a rea  of 
t h e  left,  60 were  f o u n d  on  t h e  r i g h t  a n d  30 on  t h e  left.  
Conf idence l imi t s  (5%) for  t h e  p e r c e n t a g e  of p o i n t s  
found  on  t h e  r i gh t  are 60-79.  Few  cerebra l  func t ions  are 
de l inea t ed  b y  a n a t o m i c a l  l a n d m a r k s .  G rea t e r  w i d t h s  of 
t i le  r i g h t  super ior  t e m p o r a l  gyr i  in  adu l t s  may ,  however ,  
ref lect  t h e  b ias  t o w a r d  t h e  r i gh t  t e m p o r a l  lobe seen in  • 
p h e n o m e n o n  of ' exper i en t i a l '  response.  Th i s  a n a t o m i c a l  
b ias  t o w a r d  t h e  r ight ,  seen in 42 adul ts ,  d id  n o t  a p p e a r  in  
35 in fan ts .  

Zusammen/assung. Nachweis ,  dass  in  E r w a c h s e n e n  der  
Gyrus  super io r  t empora l i s  an t  der  r e ch t en  H i rn se i t e  
b re i t e r  is t  als auf  der  l i n k en ,w ~h ren d  in IZle ink indern  be ide  
Gyr i  gleich b r e i t  s ind.  
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