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S t i m u l a t i o n  b y  A l d o s t e r o n e  of the S o d i u m  Eff lux 

There  is no  a g r e e m e n t  ye t  a b o u t  t he  mode  of ac t ion  of 
a ldos terone .  Th i s  is p e r h a p s  no t  surpr i s ing  especial ly  since 
mos t  of t he  i n f o r m a t i o n  a t  our  d isposa l  has  been  o b t a i n e d  
f rom s tudies  done  on  t i ssues  c o n t a i n i n g  a s y m m e t r i c  cells 
e.g. t o a d  b l a d d e r  a n d  d i s t a l  t ubu le s  of t he  k idney .  Two 
theor ies  are  p reva len t .  T he  f i rs t  s t a t e s  t h a t  a ldos te rone  
increases  t h e  r a t e  of e n t r y  of N a  + in to  t he  cell b y  i n d u c i n g  
t he  f o r m a t i o n  of e x t r a  permease~,  '~. T he  second t h e o r y  
s ta tes  t h a t  a ldos te rone  s t imu la t e s  N a  t r a n s p o r t  b y  
increas ing  cell me tabo l i sm,  e.g. by  inc reas ing  t he  s u p p l y  
of ATP,  or b y  d i rec t  ac t ion  of t he  a ldos t e rone - induced  
p ro t e in  on  t he  N a  p u m p  a, a Because  of t h e  dif f icul t ies  a n d  
unce r t a in t i e s  ar i s ing  f rom e x p e r i m e n t s  w i t h  t o a d  b l adde r  
a n d  k i d n e y  tubules ,  a n d  because  i t  is i m p o r t a n t  to  k n o w  
w h a t  h a p p e n s  to  N a  t r a n s p o r t  in  s y m m e t r i c  ceils in  t he  
presence  of a ldos terone ,  a t t e m p t s  were m a d e  w i t h  t he  
ob jec t  of seeing w h e t h e r  s ingle g i a n t  f ibres  f rom c rus t acea  
would  serve as a s a t i s f ac to ry  p r epa r a t i on .  Th i s  was  t h e  
a p p r o a c h  a d o p t e d  b y  BITTARS w h e n  he  worked  w i t h  
f ibres  f rom the  c rab  Maia  squinado. He found  t h e  f ibres  
insens i t ive  to  a ldos te rone  b u t  was  able  to  r ender  t h e m  
sens i t ive  b y  s i m p l y  in j ec t ing  t h e  c rab  w i t h  a dose of t h e  
s te ro id  some 15 h before  the  expe r imen t .  T he  same  seems 
to  be t r u e  of ba rnac l e  fibres.  As will be  shown  in t h i s  
paper ,  ba rnac l e  f ibres  acquire  sens i t i v i ty  to  a ldos te rone  
fol lowing exposure  of t h e  a n i m a l  to  a dose of t h e  s teroid.  
The  obvious  i m p l i c a t i o n  of th i s  resu l t  is t h a t  i t  no longer  
m a t t e r s  w h e t h e r  one is dea l ing  w i t h  a v e r t e b r a t e  or 
i n v e r t e b r a t e  b u t  r a t h e r  w h e t h e r  t he  p a t t e r n  of response,  
fol lowing e n z y m e  a c t i v a t i o n  a n d / o r  induc t ion ,  is t he  
same in d i f fe ren t  t issues.  

The  e x p e r i m e n t s  were done us ing  muscle  f ibres  f rom 
spec imens  of Balanus nubilus and  B. aquila. These  f ibres  
were c a n n u l a t e d  a n d  t h e n  loaded  w i t h  ~ N a  b y  micro-  
in j ec t ion  as descr ibed  b y  BITTAR, CHEN, DA?CIELSON, 
HARr~A~N and  To.,ca 6. T he  ar t i f ic ia l  sea w a t e r  used as 
t he  b a t h i n g  m e d i u m  h a d  t he  fol lowing compos i t i on  (mM) : 
NaC1 465, KC1 10, CaC12 10, MgCI~ 10, NaHCOa 10 a n d  
loll  7.8. The  m e t h o d  a d o p t e d  for r ad iosod ium m e a s u r e m e n t  
was  t h a t  descr ibed  b y  BITT&R 7 a n d  BITTAR, CALDWELL 
a n d  L o w ~  s. A ldos te rone  was o b t a i n e d  f rom S igma  
Chemica l  Co., St. Louis.  All  expe r i m en t s  were done be- 
t w e e n  22 a n d  24~ 

I n  t he  f i rs t  group of 24 exper iments ,  ex t e rna l  appl ica-  
t ion  of 10 -~ M a ldos te rone  was w i t h o u t  effect  on  t he  N a  
efflux. Th i s  led us to  explore  t h e  poss ib i l ty  t h a t  pre-  
exposure  of t h e  ba rnac l e  ill v ivo  to  a dose of a ldos te rone  
m i g h t  r ende r  t he  f ibres  sens i t ive  to  t h e  s tero id  a f te r  a 
ce r t a in  per iod  of t ime.  Aldos te rone  (0.5 rag) was  in jec ted  
in to  t h e  ope rcu lum a n d  t he  ba rnac l e  was left  o v e r n i g h t  
in  1000 cm ~ of ar t i f ic ia l  sea w a t e r  (ASW) c o n t a i n i n g  10-~ 
M aldos terone .  F ib res  i sola ted f rom spec imens  of ba rnac les  

in Barnac le  Musc l e  F ibres  

i n j ec ted  w i t h  th i s  dose of a ldos te rone  and  lef t  in  A S W  for 
16 h were found,  w i t h o u t  except ion ,  t o  be  r e spons ive  to 
ex t e rna l ly  app l ied  a ldos te rone  As i l l u s t r a t ed  in F igu re  1, 
ex t e rna l  app l i c a t i on  of 10-~ M a ldos te rone  caused d iphas ic  
s t i m u l a t i o n  of t h e  N a  efflux. The  b e h a v i o r  of t h e  N a  
eff lux t o w a r d  a ldos terone ,  t h o u g h  no t  a lways  so, was  
m a r k e d  b y  2 l a t e n t  periods,  t he  f i r s t  a v e r a g i n g  36.6 ra in  
a n d  t he  second 96.6 rain.  E s t i m a t e s  of t h e  m a g n i t u d e  of 
t he  2 s t i m u l a t o r y  responses  gave m e a n  va lues  of 15.5 a n d  
37.3% (n = 24). I t  is i n s t r u c t i v e  to give an  i n t e r p r e t a t i o n  
of the  k ine t ics  of t he  obse rved  d iphas ic  response,  s ince  
t he  f i rs t  p h a s e  is cha rac t e r i zed  b y  a slow s t ep -up  in t h e  
r a t e  of N a  af f lux  fol lowed b y  a r e d u c t i o n  in i t s  r a t e  of 
decline.  F u r t h e r m o r e ,  i n spec t ion  of t he  r a t e  coeff ic ient  
p lo t  reveals  t h a t  t he  r a t e  coeff ic ient  s lowly b e c a m e  a 
c o n s t a n t  d u r i n g  t h i s  f i rs t  p h a s e  of a ldos te rone  act ion.  
K ine t i c  resu l t s  of t h i s  t y p e  could be  t a k e n  to  m e a n  t h a t  
a ldos te rone  ac ts  b y  mobi l i z ing  t he  f r ac t ion  of seques te red  
sod ium (see BITTAR~). 

The  s ens i t i v i t y  of t he  f ibres  to  a ldos te rone  va r i ed  
r a t h e r  widely.  As shown  in F igu re  2a, ex t e rna l  appl ica-  
t ion  of 10 -5 M a ldos te rone  caused  m o n o p h a s i c  r a t h e r  than 
diphas ic  s t imu la t ion ,  wh ich  was de layed  and  brief.  As 
expected ,  however ,  i t  also caused  a p r o m p t  r e d u c t i o n  in  
t he  r a t e  of decl ine  of t he  N a  efflux.  T h a t  i ndeed  t he  
f rac t iona l  loss of Na* h a d  become  a c o n s t a n t  is s h o w n  in 
F igu re  2b, wh ich  is t he  r a t e  coeff ic ient  plot .  E v i d e n c e  of 
a mere  change  in slope in t h e  eff lux plot ,  a n d  of c o n s t a n c y  
of t he  f r ac t ion  of Na* lost  pe r  second also comes  f rom 
expe r imen t s  done  w i t h  10 -10 21/1 a ldos terone ,  a concen t r a -  
t i on  w h i c h  falls w i t h i n  t he  phys io log ica l  range.  

Las t ly ,  i t  is n o t  poss ible  to  over look  t h e  fac t  t h a t  
s t i m u l a t i o n  b y  a ldos te rone  of t he  N a  eff lux in ba rnac l e  
f ibers  is a resu l t  wh ich  is t h e  oppos i te  of t h a t  f ound  b y  
BITTAR ~ in Maia  fibres.  To accoun t  for s lowing d o w n  of 
N a  t r a n s p o r t  in  Maia  f ibres  one would  h a v e  to  suppose  
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Fig. 1. Semilog plot showing Na efflux before and aiter exter- 
nal application of 10-6M a]dosterone. 
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Fig. 2. Effect of external application of 10-hM aldostezone, a) Efflux plot. b) Rate coefficient plot. 

t ha t  a ldosterone increased the  size of the  in te rna l ly  
sequestered fract ion of Na or increased the  Na  influx. 
W h a t e v e r  one m a y  th ink  of these con t rad ic to ry  obser- 
vations,  i t  looks ve ry  much  as if we now have  the  best  
of reasons for in tensi fying our  work  wi th  aldosterone ~~ 
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Zusammen/assung. Es wurde  gezeigt, dass die Na t r ium-  
Ausscheidung in der Muskelfaser yon En tenmuske ln  
auf  Aldosteron reagiert .  
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N e u r o t o x i c  Effect  of  L e p t o p h o s  

W'hile organophosphorus  insecticides m a y  produce 
acute  poisoning, wi th  t e m p o r a r y  muscle weakness from 
its cholinergic act ivi ty ,  only a few of these compounds  
produce delayed locomotor  ataxia,  which first  develops 
7 days or more after  the  adminis t ra t ion  of the  compound,  
as described by SMITH and ELVOVE 1, SMITH and LILLIE g 
and JOHNSON ~. This  effect has been demons t ra ted  in 
12 species including rodents,  mammal s  and birds by  
ALI)RIDGB et al. 4. In  the  original reports,  the  clinical 
condi t ion in hens was ve ry  similar  to t ha t  in m a n  (CAVA- 
NAGH 5). 

In  the  present  s tudy,  3 insecticides used current ly  in 
E g y p t  were tes ted for any  delayed meuro tox ic i ty  in 
chickens. 2 of these compounds,  leptophos (Phosvel) and 
cyolane were accused of poisoning and kil l ing about  
1,300 water  buffaloes in the  Nile del ta  in Summer,  1971 
(Near Eas t  News Roundup)  r 

Materials and methods. Male chickens of local breed 
(Alexandrian) each weighing approx ima te ly  2 kg, and 
5 months  old, were placed in open pens. Each  bird 
received a single dose of the  insecticide in a gelat in 
capsule in the case of cyolane (2-(diethoxyphosphenyl)-  
1,3-dithiolane) (97%) and cyt ro lane  (2-(diethoxyphos- 
phenyl ) -4-methyl - l ,3 -d i th io lane)  (98%, bo th  obta ined  
f rom Amer ican  Cyanamide  Co., Pr inceton,  N.J .  USA).  
However ,  wi th  leptophos (O-(4-bromo-2, 5-dichlorophenyl) 
O-methyl  phenylphosphonoth ioa te)  i t  was necessary to 
dissolve i t  in corn oil and adminis ter  i t  wi th  oral 
in tubat ion,  since large doses were required to reach the  
toxic  level. The birds were g iven free access to food and 
water .  For  each dose at  least  5 birds (5-9 birds) were 
used. The  dose kil l ing 50% of the  birds wi th in  24 h is 
repor ted  as LD~0. The  surv iv ing  birds were observed 
every  2 days for 60 days or unt i l  t h e y  died. An adequa te  
un t rea ted  group of chickens was included in every  test.  

Results and discussion. The present  da ta  demons t ra te  
t ha t  cyolane and cyt ro lane  have  ve ry  high acute  tox ic i ty  
to male chickens. The  LDh0 for a single oral dose is 5.2 
and 2.8 mg/kg  for cyolane and cytrolane.  The  2 values  
were used to de termine  the  delayed neurotoxic  effect for 

these 2 compounds.  A single dose of 5.2 and 2.8 mg/kg  of 
cyolane and cytrolane,  respectively,  were adminis tered  
to 10 birds for each compound,  and the  surv iv ing  birds 
were observed for 2 months.  No delayed neurotoxic  
symptons  were de tec ted  in any of the  surv iv ing  birds. 

Our results show tha t  the  acute  tox ic i ty  in male  
chickens to leptophos is ve ry  low. The LDho for a single 
oral dose is 4,700 mg/kg.  The Table  shows tha t  the lowest  
dose tested, i.e., 140 and 160 mg/kg,  caused no neuro- 
toxici ty .  However ,  higher  doses (180-3,000 mg/kg) 
caused delayed neuro toxic  effect in some cases. This 
condi t ion was character ized by a tax ia  developing 8 to 
13 days after  the  beginning of the  exper iment .  Ea r ly  signs 
were less act ivi ty ,  loss of appet i te ,  loss of feathers, 
lowering of h indquar te rs  and re luctance to stand. As 
t ime  passed, the  signs progressed as incoordinat ion of the  
leg movemen t ,  legs sprawling out  in front,  inabi l i ty  to 
s t re tch the legs, t endency  to lay down on the  side and 
paralysis  of the  wings. Once weakness and a tax ia  had 
appeared in the  birds, decline was rapid, paralysis  
occurred and bird migh t  collapse and die wi th  respi ra tory  
failure. Recove ry  was never  observed in any bird hav ing  
developed ataxia.  The  sever i ty  of the neuro toxic  signs 
and the  nmnbe r  of birds tha t  developed the  condi t ion 
were dose-dependent ;  bu t  no t  ma t t e r  how great  the  dose, 
the  la ten t  period before a neurotoxic  appeared was never  
less than  8 days. 

In  conclusion, the  present  results clearly demons t ra te  
t ha t  leptophos causes delayed neurotoxic  effects when 
adminis tered  oral ly to male  chickens. Since it  is assumed 
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