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K+ c o n t e n t  c o n c o m i t a n t  to  t h e  decrease  in Na+ concen-  
t r a t i o n  should  be  expec ted  since t he  Na+ ac t ive  t r a n s p o r t  
appea r s  to  be  coupled  w i t h  t r a n s p o r t  of K + in t h e  eel 
gills 3-~3. I t  t h u s  seems t h a t  pressure  ac t s  in t h i s  exper i -  
m e n t a l  s i t u a t i o n  b y  decreas ing  t he  m e m b r a n e  pe rme-  
ab i l i ty  to  Na+ and  C1-. On t h e  o the r  h a n d ,  t h e  ex is tence  
of a Na+ /K+ coupled  ac t ive  t r a n s p o r t  process  is in  agree- 
m e n t  w i t h  our  f ind ings  t h a t  pressure  s teps  of large ampl i -  
tudes  (~> 500 kg / cm 2) affect  in  t h e  opposi te  w ay  t h e  t i ssue  
c o n c e n t r a t i o n s  of N a  + and  K +. I t  can  t h u s  be  t e n t a t i v e l y  
conc luded  t h a t  t h e  increase  in Na+ c o n t e n t  a n d  t h e  de- 
crease in K+ c o n c e n t r a t i o n  obse rved  a t  h i g h  pressures  are 
due to  a n  i n h i b i t i o n  of t he  ac t ive  N a  + t r a n s p o r t  sys tem.  
I t  is also in t e re s t ing  to  cons ider  t h a t  pressure  ac ts  differ- 
en t ly  on  t he  N a  + a n d  C1- con ten t s .  H i g h e r  pressures  
indeed  (p > 350 k g / c m  2 for C1- ins t ead  of 250 k g / c m  2 for 
Na+) are needed  to  increase  t he  C1- con ten t ,  a n d  t he  
m a g n i t u d e  of t he  C1- increase  m e a s u r e d  a t  p > 350 kg / cm 2 
is m u c h  larger  t h a n  for N a  + ions. This  ind ica tes  t h a t  N a  + 
a n d  C1- m o v e m e n t s  are gove rned  b y  i n d e p e n d a n t  mecha -  
nisms,  as a l r eady  sugges ted  b y  Maetz  13. I f  such  is t he  
case, the  large increase  in t i ssue  C1- c o n t e n t  obse rved  a t  
h igh  pressures  m u s t  be  ascr ibed  to a n  i nh ib i t i on  of t h e  
ac t ive  C1- t r a n s p o r t  process,  since app l i ca t ion  of h y d r o -  
s ta t ic  pressures  a p p a r e n t l y  decreases  t he  pass ive  pe rme-  
ab i l i ty  to  b o t h  Na+ a n d  C1-. 
The  modi f i ca t ions  obse rved  in t r a n s p o r t  ac t iv i t ies  m a y  
be  d i rec t ly  or ind i rec t ly  i nduced  b y  h i g h  h y d r o s t a t i c  
pressures .  I n  t h e  f i rs t  hypo thes i s ,  pressure  would  ac t  di- 
r ec t ly  on  t he  conf igura t ion  of s t ruc tu re s  impl i ca ted  in ion 

t r a n s p o r t .  T h a t  poss ib i l i ty  ha s  been  discussed a t  l e n g t h  
in a n o t h e r  p a p e r  9. I n  t h e  second one, pressure  may ,  for 
ins tance ,  mod i fy  t he  d i sposab i l i ty  of oxygen  to t he  t i ssue  ; 
t h i s  would  t h e n  induce  mod i f i ca t ion  in  t he  t r a n s p o r t  of 
ions. However ,  a n  effect  of pressure  on  t h e  oxygen  t en s ion  
in t h e  i n c u b a t i n g  sal ine can  be  neglected,  since t he re  is no 
gas phase  in t he  e x p e r i m e n t a l  se t -up  we h a v e  been  using.  
Therefore ,  a possible  ind i rec t  effect  m e d i a t e d  t h r o u g h  
changes  in cel lular  oxygen  d i sposab i l i ty  m u s t  impl i ca te  
changes  in t he  t r a n s p o r t  of oxygen,  to  t he  in t r ace l lu la r  
med ium.  U p  to  now, t he re  is no r e a s o n  to bel ieve t h a t  
h y d r o s t a t i c  pressure  would  ac t  more  specif ical ly on  
oxygen  t r a n s p o r t  t h a n  on  ion t r a n s p o r t .  On t he  o t h e r  
h a n d ,  d i rec t  effects  of pressure  on  ionic p e r m e a b i l i t y  h a v e  
a l r eady  been  descr ibed  s, 9. Moreover ,  t h e  i nh ib i t i on  of t he  
ac t ive  N a  + t r a n s p o r t  sugges ted  b y  our  resul ts  c an  be 
r e l a t ed  to a d i rec t  effect  of pressure  on  t h e  ac t i v i t y  of t he  
(Na+ + K +) A T P a s e  e x t r a c t e d  f rom the  gill ep i the l ium.  
Indeed ,  we h a v e  been  u n a b l e  to  d e m o n s t r a t e  a n y  effect  
of oxygen  on t he  enzyme  a c t i v i t y  and,  as shown in t he  
tab le ,  pressure  exer t s  a n  i n h i b i t o r y  effect  wh ich  increases  
w i t h  t he  m a g n i t u d e  of t h e  appl ied  pressure  step. 
H i g h  h y d r o s t a t i c  pressures  would  t h u s  d i rec t ly  induce,  
bes ides  a decrease  in p e r m e a b i l i t y  to  Na+ and  CI-, an  
i n h i b i t i o n  of t h e  ac t ive  processes i nvo lved  in t he  move-  
m e n t s  of these  ions. S tudies  on  ion f luxes u n d e r  h i g h  
h y d r o s t a t i c  pressures  are u n d e r  i nves t i ga t i on  in t h i s  labo-  
r a t o r y  in order  to  assess th i s  hypo thes i s .  

13 J. Maetz, Phil. Trans. Roy. Soc. Lond. B 262, 209 (1971). 
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Summary. Regenera t e s  of t h e  n e w t  fo rea rm were i n c u b a t e d  w i t h  noradrena l ine .  This  increased cyclic A M P  p r o d u c t i o n  
more  in t he  earl ier  t h a n  in t he  l a t e r  s tages  of regenera t ion .  

A m p h i b i a n  l imb  regenera t ion  depends  upon  t h e  ne rvous  
sys tem,  and  r ecen t  ev idence  suppor t s  t he  v iew t h a t  t h e  
n e u r o t r o p h i c  a g e n t  is chemicala ,  *. H i s to f luo rescen t  ob-  
s e rva t ions  h a v e  shown  t h e  presence of ca t echo lamines  in 
t he  ne rve  i n v a d i n g  t he  w o u n d  and  in t h e  regenera te ,  and  
inh ib i t i on  of t y ros ine  h y d r o x y l a s e  r e t a r d s  l imb  regenera-  
t ion  5. Va r i a t i ons  in  t he  r a t io  of cyclic A M P  to  D N A  
dur ing  t h e  d e v e l o p m e n t  of t he  n e w t  r egenera te  were re- 
por t ed6 ;  and  o t h e r  pape r s  h a v e  po in t ed  ou t  a possible  
i m p o r t a n c e  of cyclic A M P  dur ing  l imb,  lens a n d  l iver  
r egene ra t ion  7-11. The  purpose  of t he  p r e s en t  s t u d y  was to  
measu re  cyclic A M P  concen t r a t i ons  in  i so la ted  n e w t  l imb  
regenera tes  of 2 stages,  a f t e r  i n c u b a t i o n  in t he  presence  
of noradrena l ine .  Cyclic A M P  concen t r a t i ons  were com- 
p a r e d  w i t h  those  of con t ro l  regenera tes  a t  t he  same s tages  
of d e v e l o p m e n t  b u t  wh ich  were no t  exposed to t he  drug.  
Materials and methods. Newts ,  T r i t u r u s  cr i s ta tus ,  col- 
lected in I t a l y  were a m p u t a t e d  t h r o u g h  t he  forearm.  
La te r ,  t he  regenera tes  were careful ly  dissected a n d  iso- 
l a t ed  free f rom all  s t u m p  tissue.  6-7  regenera tes  of ear ly  
s tage (bump)  or 1-2  regenera tes  of l a te  s tage (palet te)  
were pooled in 0.25 ml  of R inger  a n d  p r e i n c u b a t e d  a t  
35~ for  20 min.  Af te r  add i t i on  of t h e o p h y l l i n e  (final 
c o n c e n t r a t i o n  1.5 raM), a n  i n c u b a t i o n  was car r ied  ou t  a t  
35 ~ for 10 min,  w i t h  or w i t h o u t  no rad rena l i ne  (concen- 

t r a t i o n  10-* M, t o t a l  vo lume  0.33 ml). Homogen ize r  t u b e s  
c o n t a i n i n g  t h e  regenera tes ,  were t h e n  p lunged  in to  
boi l ing  wa te r  b a t h  for 10 min.  The  t i ssues  were t h e n  
homogen ized  (at  4~ and  cent r i fuged .  The  pel le ts  were 
used for p r o t e i n  d e t e r m i n a t i o n  12. Dup l i ca t e  samples  
(50 ~1) of t he  c rude  s u p e r n a t a n t  were t a k e n  for t he  s a tu ra -  
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t ion  assay 18 and  the  same volume of Ringer  con ta in ing  
theophy l l ine  was used for p repar ing  the  s t a n d a r d  curve 
in the  presence  of 0, 1, 2, 4 and  8 pmoles  of cyclic AMP. 
Results and discussion. Resul ts  are shown in the  figure, 
and  these  conf i rm the  presence of cyclic AMP in the  
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Effects of noradrenaline (NA, 10 ~ M) on cyclic AMP concentration 
in isolated regenerates of newt forelimb at early (bump) and late 
(palette) stages. Regenerates were pooled and four samples of each 
stage were treated with noradrenaline or served as controls. The 
filial incubation was performed for 10 rain at 35 ~ in the presence 
of 1.5 mM theophylline. The data give the mean values ~_ S. E. M. 

Newt  l imb regenerate .  Fu r the rmore ,  i t  can  be seen t h a t  
cyclic A M P  genera t ing  sys t em is ve ry  sensi t ive to nor- 
adrenaline,  b o t h  a t  ear ly  and late stages of regenerat ion.  
However ,  t he  increase in cyclic AMP concen t ra t ion  in 
response to  noradrenal ine  is 2 fold larger in t he  ear ly  
s tage regenera te  t h a n  in the  late regenera te ;  t he  contro l  
values being similar in b o t h  cases (8.1 4- 0.5; 7.6 4- 0.2 
p m o l e s . m g  pro te in- i ) .  These resul ts  suggest  t h a t  t he  
main  role of noradrena l ine  (and cyclic AMP) is in t h e  
phase  of prol i fera t ion (bumps),  r a the r  t h a n  in t he  phase  
of pro l i fe ra t ion/d i f ferent ia t ion  (palette). The role of cyclic 
AMP dur ing the  process  of g rowth  and di f ferent ia t ion  has 
been reviewed recent ly  14, and confl ict ing resul ts  have  
been repor ted .  F u r t h e r  inves t iga t ions  are clearly required,  
for t issue cul ture sys tems  and inves t igat ions  in vivo are 
no t  s t r ic t ly  comparab le  6. On the  o ther  hand,  the  var ia t ion  
in the  ca techolamine  sens i t iv i ty  of the  n e r v e - d e p e n d e n t  
regenerate ,  r epor ted  in th is  paper ,  m a y  provide  a useful 
sys t em in which  to separa te  the  d i f ferent  deve lopmenta l  
stages on a b iochemical  basis. 

13 /3. L. Brown, J. D. M. Albano, R. P. Ekins and A. M. Sgherzi, 
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Summary. Arylsulfa tase  ac t iv i ty  has been d e m o n s t r a t e d  in ra t  and h u m a n  paro t id  and  submand ibu la r  saliva indica t ing  
t h a t  oral bac te r ia  are no t  the  only source of sa l ivary  sulfatase act ivi ty .  Ac t iv i ty  was also observed in h u m a n  sweat,  
tears  and in snake venom. 

The character is t ics  of arylsutfatase A (EC 3.1.6.1) f rom 
various t issues have  been extens ive ly  s tudied  2-6. While  
the  in vi tro ac t iv i ty  is usual ly measured  by  the  cleavage 
of sulfate f rom various organic sulfates 2, the  substrate(s)  
upon which arylsulfa tase  A acts in vivo are unk n o w n  
a l though recent  invest igat ions6,  7 s t rongly  suggest  t h a t  
cerebroside sulfate m a y  he the  physiological  subs t ra te .  

In  the  course of s tudies  conduc ted  in this  l abora to ry  
on sal ivary secret ion 8-'~ a high level of arylsulfa tase  A 
ac t iv i ty  was observed in sal ivary gland homogenates .  
F u r t h e r  inves t iga t ion  showed t h a t  the  ac t iv i ty  was also 
p resen t  in b o t h  h u m a n  and ra t  pa ro t id  and submand ib -  
ular saliva as well as secret ions such as tears,  sweat  and 
some snake venoms.  

Methods. Saliva collection. R a t  saliva f rom parot id ,  
submand ibu la r  and subl ingual  glands were ob ta ined  by  
cannula t ion  of the  gland duc ts  af ter  pi locarpine s t imula-  
t ion as descr ibed by  ABE and DAWES 11. The sal iva was 
s tored  at  - -10~  unti l  required.  Pa ro t id  saliva was col- 
lected f rom 6 adul t  h u m a n  males by  means  of a modif ied  
Lash ley  cannulae  and submand ibu la r  sal iva b y  means  
of indiv idual ly  f i t ted  molded plast ic  cover  ~2. Saliva was 
collected at  a ra te  of 1 ml /min  for 5 min by  means  of 
lemon drop  s t imulat ion.  Enzymic  ac t iv i ty  was deter-  
mined  according to  YAMATO et  al. xa. P ro te in  de te rmina -  
t ion was pe r fo rmed  by  the  me thod  of LOWRY et a l )  4. 
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