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Materials and methods. In  o rder  to  i nves t i ga t e  t he  v a l i d i t y  
of t he  p rev ious  hypo thes i s ,  we chose U b b a r t  ch ickens  as 
e x p e r i m e n t a l  an imals ,  as t h e i r  h igh  s ens i t i v i t y  to  neuro-  
toxic  subs t ances  was d e m o n s t r a t e d .  E x p e r i m e n t s  s t a r t e d  
w i t h  49-day-old  an i m a l s  and  were car r ied  on for a max i -  
m u m  of 65 days.  Chemicals  were da i ly  app l ied  (1 g /kg 
b .w t /day )  b y  a p a i n t b r u s h  on  a s h a v e d  skin p o r t i o n  (ca. 
10 cm 2) on t he  thorac ic  side area,  g r a d u a l l y  increas ing  the  
dose as t he  b . w t  of t he  a n i m a l  increased.  E a c h  m i x t u r e  
was t e s t ed  on  a g roup  of 5 e x p e r i m e n t a l  an imals ,  for a 
t o t a l  of 5 g roups  (A to E, see t ab le ) ;  a s i x th  g roup  of 5 
u n t r e a t e d  an ima l s  was  k e p t  as cont ro l .  
His to logica l  a n d  m i c r o s t r u c t u r e  ana lyses  were m a d e  on 
sp ina l  cord cervical  a n d  l u m b a r  swellings, as well  on t he  
sciat ic  ne rve  fol lowings per fus ion  of an i m a l s  w i t h  2 .5% 
g l u t a r a l d e h y d e  in sal ine buffer  (pH = 7.2) accord ing  to 
McEvans .  Pa ra f f i n  and  marag l a s  inc lus ions  were used. 
Results and discussion. 1. Chicken  f rom b o t h  A- and  B- 
groups,  as well  as con t ro l  group,  n e v e r  h a d  s y m p t o m s  of 
para lys is .  However ,  op t ica l  a n d  e lec t ronic  mic roscopy  
showed  t h a t  10 % pe r iphe ra l  neu r i t e s  of sciat ic  ne rve  f ibre 
b u n d l e s  h a d  been  modif ied  in t r ea ted ,  w i t h  c o n t r a s t  to  
control ,  an imals .  Myel inic  s h e a t h  appea red  u n l a m i n a t e d  
a n d  degene ra t ed  in some p a r t s  ; ba l l - shaped  swellings were 
p r e s e n t  and  c o n s e q u e n t l y  in some cases myel in ic  s h e a t h  
was b roken .  The  ra t io  of neu r o f i l am en t s  to  n e u r o t u b u l e s  
in t he  a x o p l a s m  was modif ied,  the  n u m b e r  of t he  l a t t e r  
decreased.  
2. 4 o u t  of 5 ch icken  f rom C group  h a d  been  comple t e ly  
p a r a l y z e d  a f t e r  28, 36, 58 and  64 days ,  r e spec t ive ly ;  ac- 
co rd ing  to t he  l eng th  of t r e a t m e n t ,  30 to 70% neur i t e s  
showed  i m p o r t a n t  de t e r io ra t ion  of myel in ic  shea th ,  wh ich  
h a d  f r e q u e n t  breaks ,  a b o v e  all  in l a rges t  neur i tes .  
3. I n  g roup  D also, 4 ou t  of 5 an i m a l s  were para lyzed ,  a f te r  
27, 45, 58 days,  respect ive ly .  The  microscopic  ana lys i s  
revea led  t h a t  up  to 95% neur i t e s  f rom b o t h  l u m b a r  

swell ing a n d  sciatic ne rve  h a d  been  s t rong ly  modif ied  a t  
42, 56, 64 days  a f t e r  t he  b e g i n n i n g  of t he  e x p e r i m e n t s :  
The  myel in ic  s h e a t h  was swollen a n d  f r equen t ly  b r o k e n  
(figure 1) ; in t he  a x o p l a s m  neu ro f i l amen t s  p reva i led  over  
n e u r o t u b u l e s ;  the  l e t t e r s  t e n d e d  to l ink  up  in a r ing  
shape  (a s tage  which  preceeds  degenera t ion)  ; t he  p resence  
of dense  bodies  (200-800 n m  in d iameter )  w i th  g r a n u l a r  or 
l amel l a r  c o n t e n t s  of t h e  lysosomia l  t y p e  was also obse rved  
(figure 2). 
4. In  g roup  E chicken,  4 ou t  of 5 an ima l s  were p a r a l y z e d  
a f te r  12 ,  12, 45, 65 days ,  respect ive ly .  
The  t ab l e  shows t h a t  h i g h  c o n c e n t r a t i o n  of n - h e x a n e  and  
m e t h y l p e n t a n e s  were w i t h  A- a n d  B-groups ,  w i t h o u t  
e v i d e n t  signs of para lys is .  On t he  con t r a ry ,  the  p resence  
of apprec iab le  a m o u n t  of cyc lohexane  (D- a n d  E-groups)  
m a t c h  the  m a x i m u m  d a m a g e  obse rved  du r ing  t he  ex- 
pe r imen t s .  The  k n o w n  neu ro tox i c  power  of TOCP,  even  
a t  low concen t r a t i ons ,  ha s  been  conf i rmed  b y  our  f indings.  
Cyc lohexane  is of ten  p r e sen t  in glue compos i t ions  and  i t  
has  a lways  been  de t ec t ed  in shoe factor ies '  a t m o -  
sphere  35--37; t h e  c o m p o u n d  can  be  abso rbed  b o t h  b y  t he  
r e s p i r a t o r y  t r a c t  and  b y  t he  skin.  W e  should  like to  
sugges t  t h a t  th i s  c o m p o u n d  m u s t  be  cons idered  as one 
of t he  m o s t  powerfu l  agen t s  in  caus ing  n e u r o p a t h y .  
T O C P  also, even  if p r e sen t  in  low q u a n t i t i e s  in s y n t h e t i c  
lea thers ,  could  induce  t he  same dange rous  effects, b u t  
m o s t  p r o b a b l y  on ly  b y  a b s o r p t i o n  t h r o u g h  the  skin.  
Resea rch  is in progress  in o rder  the  b e t t e r  to  s u b s t a n t i a t e  
p rev ious  f ind ings  and  hypo theses ,  also t h r o u g h  the  s t u d y  
of t he  effects  of cyc lohexane  me tabo l i t e s .  
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Summary. Y o u n g  cockroach  n y m p h s  h a v e  the  ab i l i t y  to  genera te  en t i r e  legs which  become  the  same size as n o r m a l  legs 
w h e n  t he  a n i m a l  is an  adul t .  S tudies  of the  physiological ,  s t r u c t u r a l  a n d  b iochemica l  p roper t i e s  of some of t he  re- 
g e n e r a t e d  muscles  sugges t  t h a t  these  muscles  are  d i f fe ren t  f rom n o r m a l  ones. 

W h e n  t he  axons  of ident i f ied  m o t o r  n e u r o n s  f rom t h e  cock- 
r o a c h  Periplaneta americana are cut ,  t h e y  regrow a n d  even-  
t u a l l y  fo rm f u n c t i o n a l  connec t ions  exclus ive ly  w i th  t he  
musc les  to  w h i c h  t h e y  were or ig ina l ly  a t t a c h e d  2. W e  h a v e  
been  s t u d y i n g  th i s  p h e n o m e n o n  w i t h  t he  a i m  of i den t i fy ing  
t he  m e c h a n i s m s  respons ib le  for the  speci f ic i ty  of t h e  in te r -  
ac t ions  b e t w e e n  m o t o n e u r o n s  and  muscles  3 and  of iden t i -  
fy ing  t he  macromolecu les  i nvo lved  in this4.  However ,  of 
u l t i m a t e  i n t e r e s t  to  us is the  ab i l i t y  to  e x t r a p o l a t e  f rom 
our  o b s e r v a t i o n s  of a x o n a l  r egene r a t i on  in a d u l t  cock- 
roaches  to  e v e n t s  occur r ing  d u r i n g  t he  in i t ia l  f o r m a t i o n  
of n e u r o m u s c u l a r  connec t ions  in  e m b r y o n i c  deve l opmen t .  
As ye t  t he re  is no  ev idence  t h a t  t h e  m e c h a n i s m s  de ter -  
m i n i n g  t h e  i n n e r v a t i o n  of muscles  in  these  2 s i t ua t i ons  are 
s imilar .  Because  of the  d i f f icu l ty  in s t u d y i n g  th i s  process  
in  embryos ,  i t  was  dec ided  to  e x a m i n e  the  feas ib i l i ty  of 
us ing  t he  r egene ra t i on  of new en t i r e  legs as a mode l  for 
d e v e l o p m e n t a l  even ts .  
I t  h a d  p rev ious ly  been  s h o w n  t h a t  P. americana h a s  the  
ab i l i t y  to  r egene ra t e  en t i r e  new legs even  w h e n  t he  old 
leg is r e m o v e d  above  t h e  level  of t he  coxa  5. In  order  to  

examine  t he  physiological ,  a n a t o m i c a l  and  b iochemica l  
p roper t i e s  of t he  r egene ra t ed  coxal  depressor  muscles  i t  
was  necessa ry  t h a t  t he  r egene ra t e  legs be nea r ly  equa l  in 
size to  n o i m a l  legs w h e n  t he  an ima l s  h a v e  become adul ts .  
I n  all ou r  s tud ies  1 m e t a t h o r a c i c  leg was r e m o v e d  j u s t  
above  t he  coxa  f rom cockroach  n y m p h s  of va r ious  ages. 
I t  was obse rved  t h a t  t h e  size of t he  r egene ra t ed  leg in the  
a d u l t  d e p e n d e d  on  t he  age of t he  e x p e r i m e n t a l  n y m p h .  
The  l e n g t h  of the  n y m p h s  was used as a measu re  of 
t he i r  age. W h e n  n y m p h s  15-17 m m  in l e n g t h  were 
o p e r a t e d  on, t h e  r egene ra t ed  leg in t he  a d u l t  was  signi- 
f i c an t l y  smal le r  t h a n  t h e  c o n t r a l a t e r a l  con t ro l  leg (figure 
1). However ,  w h e n  10-11 m m  n y m p h s  or smal le r  were 
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used the  regenera ted  leg in the  adul t  was near ly  ident ica l  
in size to the  cont ro l  leg (figure 2). 6 animals  of th is  size 
represen t  the  expe r imen ta l  sub jec ts  of th is  s tudy.  
In  all the  expe r imen ta l  animals  the  regenera ted  leg ap-  
p a r e n t l y  func t ioned  in a normal  manner .  I t  was used to 
hold  on to a surface when  the  animal  was t u rned  ups ide  
down.  I t  also moved  in the  appropr i a t e  r h y t h m  wi th  
respec t  to the  con t ra l a t e ra l  me ta thorac ic  leg dur ing  
walking or when  the  an imal  was  immobi l ized  on i ts  back.  
The inne rva t ion  of the  coxal  depressor  muscles  was  
inves t iga ted  in 2 of the  regenera te  animals  by  electro-  
physiological  t echniques .  Ev idence  for mis innerva t ion  was 
ob ta ined  in one of these ;  intracel lular  muscle  recordings  
sugges ted  t h a t  muscle 179 was inne rva ted  by  more  t h a n  
1 neuron  whereas  in normal  animals  th is  same muscle  is 
i nne rva t ed  by  a single motor  neuron,  Df 6. No signs of 
mis innerva t ion  were found in the  o ther  an imal  assayed.  
The a n a t o m y  of the  coxal  depressor  muscles was observed  
to have  a l tered in all the  exper imenta l  animals .  Usual ly  
6 coxal  dep lessor  muscles  can be easily ident i f ied and 
separa ted  from one another .  In the  regenera tes  4 smal l  
muscles  were fused together .  This  p r even t ed  the  ident i -  
f icat ion of all of the  individual  coxal  depressor  muscles  in 
the  regenerates .  In  addi t ion,  the  b ranch ing  p a t t e r n  of the  
nerve  root  con ta in ing  the  axons  of the  mo to r  neurons  
t h a t  i nne rva te  the  coxal  muscles was comple te ly  d i f fe rent  
f rom t h a t  of no rma l  animals  (figures 3 and 4). 

E a c h  of the  coxal  depressor  muscles can no rma l ly  be 
charac te r ized  by  its p ro te in  compos i t ion  as de t e rmined  by  
SDS po lyacry lamide  gel e lect rophoresis  4. In  all cases, the  
muscles  in the  regenera ted  leg had  d i f ferent  gel p ro te in  
p a t t e r n s  f rom muscles  in cont ro l  legs. In  addi t ion,  in the  
an imal  in which mul t ip le  inne rva t ion  of 179 was observed,  
the  gel p ro te in  p a t t e r n  of th is  muscle  could no t  be dis t in-  
guished f rom those  of t he  o the r  coxal  muscles.  In  cont ras t ,  
in the  an imal  where  179 was cor rec t ly  i nne rva t ed  the  gel 
p ro te in  p a t t e r n  of this  muscle  could easily be d is t inguished 
f rom t h a t  of the  o the r  coxal  muscles.  This  is fu r the r  
evidence t h a t  the  presence  of some pro te ins  used to  
character ize  the  gel p ro te in  p a t t e r n  is bes t  corre la ted  
wi th  the  innerva t ion  of the  muscle by  par t i cu la r  m o t o r  
neurons.  
These observa t ions  sugges t  t h a t  the  even t s  occurr ing 
when  a cockroach  n y m p h  regenera tes  a new leg are dif- 
ferent  f rom those  occurr ing dur ing  embryon ic  develop-  
m e n t  and adu l t  axonal  regenera t ion .  The var ia t ions  ob- 
served in s t ruc ture ,  i nne rva t ion  p a t t e r n  and p ro te in  
compos i t ion  of the  coxal  depressor  muscles,  which  were 
a p p a r e n t l y  still used in a no rma l  manner ,  is in con t r a s t  
to  the  precise m a n n e r  in which  these  proper t ies  appear  
af ter  embryon ic  d e v e l o p m e n t  and  axonal  regenerat ion.  
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Figs 1 and 2. Adult cockroaches 
which had one of their inetathoracic 
legs completely removed when 
they nymphs 15-17 mm long 
(figure 1) and 10-11 mm long 
(figure 2). Arrows indicate regen- 
erated legs. 

Figs 3 and 4. Metathoracic ganglia 
together with the long portion of 
the nerve root that contains the 
axons of the motor neurons that 
innervate the coxal muscles from 
a normal animal (figure 3) and 
one with a regenerated leg (figure 
4), 


