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Effect of larval diapause on sex pheromone secretion by female 
T. granarium 

Female 
age 
(days) 

No. of males responding" to pheromone extract from 
post-diapause females normal females 
I II III I II III 

1-2 8.7 6.0 8.3 9.0 8.7 8.8 
3-4 8.2 7.2 7.0 8.7 7.6 8.5 
5-7 8.2 8.4 8.5 7.6 8.0 8.4 
8- 9 8.8 8.2 9.4 6.7 6.0 5.7 

10-11 8.1 7.9 7.8 4.8 6.6 6.2 
12-14 8.0 8.4 8.7 - - 
15-16 6.6 5.8 5.9 - - 
17-18 5.2 5.1 5.9 

�9 Each figure represents mean of 10 assays. I, II, III: Pheromone 
extracted fronl 3 batches of 50 females each. 
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The degree of response of pos t -d iapause  males  was also 
s ignif icant ly  h igher  t h a n  t h a t  of normal  males  (figure). 
The enhanced  responsiveness  of d iapause  males  was evi- 
den t  even wi th in  the  first  minu te  of observa t ion ;  and th is  
difference was discernible t h r o u g h o u t  the  per iod of assay. 
I t  is therefore  a p p a r e n t  t h a t  t he  d iapause  males  are able 
to  de tec t  the  presence of phe romone  more  quickly. I t  
m a y  be due to t he  enhanced  agil i ty of the  pos t -d iapause  
males as a resul t  of increased energy  reserves.  Also the  
possibi l i ty  of lowered th resho ld  for phe romone  icercep- 
t ion  can n o t  be ruled out.  This,  and  the  fac t  t h a t  such 
diapause pe rmi t s  enhanced  n u t r i en t  reserves,  t ends  to 
suggest  t h a t  these  insects  m a y  have  grea ter  ma t ing  
vigour t h a n  normal  ones. E n h a n c e d  ma t ing  vigour as a 
result  of d iapause  has  been  observed  in alfalfa weevil  s. 

The resul ts  p resen ted  here  clearly indicate  t h a t  induc-  
t ion of larval  d iapause  by  sub-op t imal  t emp~ra tu ie ,  en- 
hances  the  efficiency of phe romone  communica t ion  be- 
tween  the  sexes. In  T. granarium diapause  is also induced 
by  factors  like crowding,  presence  of faecal m a t t e r  in the  
medium,  and sub-op t imal  nu t r i t i on  10,11. However ,  i t  is 
no t  known  w h e t h e r  larval  d iapause  induced  by these  
f ac to r s  will lead to  enhanced  phe romone  secret ion and 
male response.  

Effects  of h igh  h y d r o s t a t i c  p r e s s u r e s  on the  m o v e m e n t s  of N a  +, K + and CI- in i so la ted  ee l  g i l l s  
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Summary. Hydros t a t i c  pressure appl ied to  isolated eel gills induces changes  in the  t issue Na  +, K + and  C1- contents .  
I t  also inhibi ts  the  ac t iv i ty  of t he  (Na+ + K +) ATPase.  Resul ts  are discussed in t e rms  of an effect  of pressure  on the  
Na + and C1- p u m p s  and  on the  passive permeabi l i ty  processes.  

W h e n  isolated gills f rom sea wa te r  eels are incuba ted  in 
oxygena ted  sea water ,  a cons t an t  level of NaC1 is main-  
t a ined  agains t  the  diffusion grad ien t  ~-5. This seems to  
resul t  f rom an act ive NaC1 ext rus ion  coupled witt l  K + 
entry .  The ma in t enance  of th is  cons t an t  ionic level indeed 
is ve ry  sensit ive to  the  presence  of oxygen  in the  m e d i u m  
and to the  act ion of specific inhibi tors  like ouabain  and  
2-4(e)-dinitrophen01~-~. Nevertheless ,  the  connect ions  
be tween  di f ferent  t r a n s p o r t  processes, as well as t he  real  
na tu re  of the  act ive mechanisms ,  are still unknown.  
Most  of the  theories  on ionic pass ive  and  act ive t ransfers  
involve the  existence of chemical  react ions,  ionizat ion 
processes,  b inding  to  carriers or enzymes.  These chemical  
processes m a y  be associated wi th  volume changes  and 
m a y  therefore  be sensi t ive to  hydros t a t i c  pressure  ~. Hence  
h igh  pressure  could be uti l ized as an analyt ica l  tool  to  
approach  the  s tudy  of t he  s t ruc tu re  of the  cell m e m b r a n e  
in re la t ion to  funct ion.  F r o m  this  po in t  of view, pressure  
has  a l ready been shown to act  select ively on passive ionic 
permeabi l i ty  and  to inh ib i t  the  Na  + act ive t r a n s p o r t  of 
the  isolated frog skin 8-1~ Such results  led us to  s t u d y  the  
effects of h igh  hyd ros t a t i c  pressure  on the  m o v e m e n t s  o f  
Na  +, K + and CI- in isolated gills of the  eel. 
Material and methods. E x p e r i m e n t s  have  been  pe r fo rmed  
on isolated gills f rom silver eels Anguil la  anguilla L. 
a d a p t e d  to  sea wa te r  (521 mEq/1 Na+, 19 mEq/1 K+, 
610 mEq/1 CI-, p H  7.8, t ~ 15 ~ The isolated t issues have  
been  submi t t ed  for 1 h to h y d r o s t a t i c  pressures in an 
appa ra tus  designed to  avoid the  presence of any  gas 
phase  which  has  been  descr ibed elsewhere s. In  t he  p resen t  
s tudy,  the  volume of p r eoxygena t ed  saline used in the  

exper imenta l  se t -up was 50 ml. Dissect ion of the  gills as 
well as incuba t ion  condi t ions  have  been  descr ibed pre- 
viously 5. 
At  the  end of the  exper iments ,  gill f i laments  are cu t  off 
the  incuba ted  gills; t h e y  are b lo t t ed  on fil ter paper ,  
weighed and  dried at  co n s t an t  we igh t  in an oven at  110 ~ 
for d ry  weigh t  measurements .  The gill f i laments  are t h e n  
digested for 48 h in 4 ml  H N O  a 0.1 N. Tissue ionic con- 
cen t ra t ions  have  been  calcula ted f rom the  measu remen t s  
of the  ions con ten t  in the  diges t ion medium.  Na + and  K + 
de te rmina t ions  were done by  f lame p h o t o m e t r y .  CI- con- 
t e n t  was e s t ima ted  wi th  a Buchler-Cot love chlor idometer .  
The results,  ca lcula ted  in txEq of ion per  g t issue d ry  
weight ,  have  been  expressed in th is  repor t  as rat io of the  
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ATPase activity of gill extract from sea water adapted eels* 
at 1 A t m ( ~  1.03 kg/cm 2) 

Effects of high hydrostatic pressures on the 
activity of the (Na + + K +) ATPase 

Pressure in kg/cm 2 % variation due to pressure 

(Mg ++, Na + + K +) ATPase 
Mg ++ ATPase (ouabaine non sensitive) 
(Na + + K +) ATPase (ouabain sensitive) 
% (Na + + K +) ATPase 
(Mg ++, Na + + K +) ATPase 

Mg ++ ATPase 

0.65 ~ 0.02 (n = 6) 
0.34 ~- 0.01 (n = 6) 
0.31 =~: 0.01 (n = 6) 
47 .4-k0 .5  ( n =  6) 

1.90 ~ 0.02 (n = 6) 

100 no significant effect 
250 25.5 
500 - 52.8 
750 - 71.9 

1000 - 83.7 

* Incubation medium: ATP 4 raM, NaCI 100 raM, EGTA 0.25 mM 
MgCI~ 5 raM, KCI 25 mM, Tris buffer 25 mM 

(+  ouabain 0.2 mM when necessary) 

Results are express;ed as mean ~ S. E. M., in ~zMPi/mg membrane protein/h. 
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Effects of hydrostatic pressure oi1 the Na +, K + and C1- content of the 
eel isolated gills. Ionic concentrations are expressed as the ratio 
between the ion content of the tissue after (Na+60, K+60 or CI-60 ) and 
before (Na+0, K+0 or C1 0) 60 rain at elevated pressure. The doted line 
gives the ionic level reached when gills are incubated at atmospheric 
pressure without oxygenation in the experimental set-up. (n) re- 
presents the number of experiments. S.E.M. are always lower than 
+ 0.23. 

ion ic  c o n t e n t  m e a s u r e d  be fo r e  a n d  a f t e r  i n c u b a t i o n  u n d e r  
h y d r o s t a t i c  p r e s s u r e .  
T h e  m e m b r a n e  A T P a s e  e x t r a c t s  h a v e  b e e n  p r e p a r e d  f r o m  
i s o l a t e d  gill  f i l a m e n t s  a c c o r d i n g  to  t h e  m e t h o d  p r e v i o u s l y  
d e s c r i b e d  s. T h e  t o t a l  A T P a s e  a c t i v i t y  w a s  d e t e r m i n e d  in  
p r e s e n c e  of  4 m M  A T P ,  5 m M  MgCI~, 100 m M  NaC1, 
25 m M  KC1, 0.25 m M  E G T A ,  T r i s  b u f f e r  25 mY[ p H  7.4. 
A f t e r  i n c u b a t i o n  a t  22~  for  30 m i n  a t  t h e  a t m o s p h e r i c  
p r e s s u r e  or  u n d e r  h i g h  h y d r o s t a t i c  p r e s s u r e s ,  t h e  r e a c t i o n  
w a s  s t o p p e d  b y  a d d i n g  0.2 m l  of  5 0 %  t r i c h l o r o a c e t i c  ac id .  
I n o r g a n i c  p h o s p h a t e  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  
F i s k e  a n d  S u b b a r o w  n .  P r o t e i n  w a s  d e t e r m i n e d  a c c o r d i n g  
to  t h e  m e t h o d  of  L o w r y  e t  al. 12. (Na  + + K + ) A T P a s e  
( o u a b a i n e  s ens i t i ve )  w a s  c a l c u l a t e d  as  t h e  d i f f e r e n c e  be -  
t w e e n  t h e  t o t a l  a c t i v i t y  a n d  t h e  p a r t  r e m a i n i n g  w h e n  
0.2 m M  o u a b a i n  w a s  a d d e d  to  t h e  m e d i u m .  A c t i v i t y  w a s  
e x p r e s s e d  in ~xM P i / ( m g  m e m b r a n e  p ro te in}  �9 h. 
Results  and discussion. T h e  e f f ec t s  of  p r e s s u r e  s t e p s  u p  to  
750 kg/cm'- '  on  t h e  Na+ ,  K +  a n d  C1- c o n t e n t s  o f  i s o l a t e d  
gil ls  a r e  s u m m a r i z e d  in  t h e  f igure .  F i r s t  of  all, i t  c a n  be  
s een  t h a t  i n c u b a t i o n  a t  a t m o s p h e r i c  p r e s s u r e  in  o u r  ex -  
p e r i m e n t a l  s e t - u p ,  w h e r e  no  o x y g e n a t i o n  c a n  be  p r o v i d e d ,  
l e a d s  to  a n  i n c r e a s e  in  t h e  N a  + a n d  CI -  t i s s u e  c o n t e n t .  
YVe h a v e  p r e v i o u s l y  s h o w n  5 t h a t  t h e  m e t h o d  of  s u p p l y i n g  
o x y g e n  to  t h e  t i s s u e  in  v i t r o  d e t e r m i n e s  i t s  ion ic  s t e a d y  
s t a t e  levels .  T h e  leve l  r e a c h e d  w i t h  o x y g e n  was ,  for  
e x a m p l e ,  lower  t h a n  w i t h  air .  I n  t h e  p r e s e n t  e x p e r i m e n t a l  
c o n d i t i o n s ,  t h e  i n c r e a s e  t h e r e f o r e  o n l y  r e f l ec t s  t h e  t r a n -  
s i e n t  v a r i a t i o n s  in  ion ic  c o n t e n t  l e a d i n g  to  a n o t h e r  sp e -  
cific s t e a d y - s t a t e  level .  
A p p l i c a t i o n  of p r e s s u r e  s t e p s  h i g h e r  t h a n  250 k g / c m  2 
i n d u c e s  a n  i n c r e a s e  in  N a  + c o n t e n t .  A t  t h e  lower  p r e s s u r e  
of  100 k g / c m  z, t h e  N a  + t i s s u e  c o n c e n t r a t i o n  a p p e a r s  to  be  
lower  t h a n  c o n t r o l  v a l u e s  b u t  r e m a i n s  h i g h e r  t h a n  t h e  
N a +  c o n t e n t  m e a s u r e d  on  i s o l a t e d  gil ls  i n c u b a t e d  in  t h e  
p r e s e n c e  of o x y g e n  a t  a t m o s p h e r i c  p r e s s u r e .  S imi l a r l y ,  
p r e s s u r e  s t e p s  of  s m a l l  a m p l i t u d e s  (100 or  250 k g / c m  2) 
i n d u c e  a d e c r e a s e  in  C1- c o n t e n t ,  wh i l e  p r e s s u r e s  h i g h e r  
t h a n  350 k g / c m  2 l e ad  to  a n  i n c r e a s e  in  C1- c o n c e n t r a t i o n .  
I n  s u c h  c o n d i t i o n s  of h i g h  h y d r o s t a t i c  p r e s s u r e ,  t h e r e  is 
a lso  a d e c r e a s e  in  K +  c o n c e n t r a t i o n .  
P r e s s u r e  s t e p s  u p  to  250 k g / c m  2 t h u s  a p p e a r  to  d i m i n i s h  
t h e  i n c r e a s e  in  N a C l  c o n t e n t  o b s e r v e d  a t  a t m o s p e r i c  p re s -  
s u r e  in  t h e  e x p e r i m e n t a l  s e t - u p .  T h i s  o b s e r v a t i o n  m a y  
r e s u l t  e i t h e r  f r o m  a p r e s s u r e  e f f ec t  o n  t h e  p a s s i v e  N a  + 
a n d  C1- e n t r a n c e  or  f r o m  a s t i m u l a t i o n  of  t h e i r  a c t i v e  
e x t r u s i o n .  I n  t h e  l a s t  h y p o t h e s i s ,  h o w e v e r ,  a n  i n c r e a s e  in  

11 C. H. Fiske and Y. Subbarow, J. biol. Chem. 66, 375 (1925). 
12 O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, 

J. biol. Chem. 193, 265 (1951). 
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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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