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It seems plausible to suppose that both the above 
mechanisms operate. As regards to the possible role of 
phase-transition, the concentration dependence of t~ can 
be considered. It has recently been shown by TRXUBLE 
and EIBLIt that the ordered-fluid phase-transition 
temperature of phospholipids can be lowered to a large 
extent by increase of either the ionic strength or the pII. 
Applying TRK~JBLE and EIBL'S theoretical arguments 
to the liquid crystal-gel transition of membrane lipids, the 
variation of t~ with concentration can readily be explained. 

The concentration-dependence of the demarcation temperatures 
t~ and t~, as well as that of temperature-insensitive ranges At (At = 
t~ - -  t~) 

Concentration I0 -s M 10 -~ M 10 -~ M 

t~ (~ 4.5 9.5 9.5 
te (~ 17.0 17.0 14.0 
A t(~ 12.5 7.5 4.5 
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Fig. 3. Relative K + uptake by cucumber roots at different temper- 
atures and different K-ion concentrations of the absorption solution. 
Uptake time 64 rain. The arrows indicate that the data are not 
stationary values as shown in Figure 1. 

As far as the  P U  above  t 2 is concerned,  we have  no 
unequivocal  and  convincing in te rpre ta t ion .  I t  is possible 
t h a t  a K+-Na+-ac t iva ted  ATPase  sys tem m a y  be opera t -  
ing in the  roots.  The p robab i l i t y  of such a sys tem was 
a p p a r e n t l y  suppor t ed  by  the  concen t r a t ion -dependence  
of the  demarca t ion  t e m p e r a t u r e  t~. Namely ,  if such an 
up take  sys t em were involved in the  P U  above  t~, the  

L . 

inh ib i to ry  effect  of increasing K+ concen t ra t ion  in the  
absence of Na-ions could expla in  the  concen t ra t ion-  
dependence  of t 2. However ,  no increase in the  P U  could 
be induced  by  adding  di f ferent  amo u n t s  of NaCI to  t he  
absorp t ion  solution. Al though  there  is no doub t  t h a t  an 
act ive sys tem is opera t ing  above t2, t he  basic charac te r  of 
this  process is still  comple te ly  obscure. In  this  connect ion  
we refer to  the  excel lent  publ ica t ion  by  IPI ,  deal ing wi th  
the  biochemical  and physiological  aspects  of P U  by  
l iving organisms 15. Similarly, no sa t i s fac tory  exp lana t ion  
can be furnished for the  na tu re  and charac te r  of P U  
be tween  t 1 and  t 2. 

I t  seems t h a t  the  mechan i sm of the  A I P U  of t he rmo-  
phi!ic p lan t s  is r a the r  compl ica ted  and s o mew h a t  d i f ferent  
f rom t h a t  of o ther  plants .  However ,  t he  u n d e r s t a n d i n g  of 
these processes is of great  theore t ica l  and  prac t ica l  
(agricultural) impor t ance  and  w o r t h y  of fu r ther  invest iga-  
t ions. These are now ix progress.  

Zusammen/assung. Nachweis ,  dass in der  t he rmoph i l en  
Gurke (Cucumis sativus) ein mehrphas iges  K+-Aufnahme  - 
sys t em exist ier t ,  welches sich yon  j enem k~l teunempf ind-  
l icher Pf lanzen  unterscheidet .  U n t e r s u c h t  wurden  abge- 
t r en n t e  Gurkenwurze ln  im Tempera tu rbe re i ch  yon 0 und  
21~ 
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R 6 p e r c u s s i o n s  pr~coces  de l 'hypothyroi 'die  sur  la s y n a p t o g e n ~ s e  dans  le c o r t e x  c6r~be l leux  
du Rat  n o u v e a u - n ~  

L ' h y p o t h y r o [ d i e  entrMne,  chez le jeune Rat ,  un ralen- 
t i s s emen t  de l ' a u g m e n t a t i o n  de la densi t4 des synapses  
darts la t ouche  mol4culaire du cor tex  c6r4belleux. Selon 
NmHOLSON et ALTMAN 1, la diff4rence ne dev ien t  significa- 
t i r e  qu 'aprSs  l 's  de 15 jours,  mais  darts un t rava i l  
pr4c4dent  ~ nous l ' av ions  t rouv4e d6js i m p o r t a n t e  et 
h a u t e m e n t  s ignif icat ive s l '~ge de 14 jours. Pa r  ailleurs les 
r4percussions les plus ne t t e s  de l ' hypo thy ro id i e  sur la 
m a t u r a t i o n  his to logique du cor tex  c4r4belleux s ' obse rven t  
p e n d a n t  la deuxi~me semaine  pos t -na ta le  3-5, et, p e n d a n t  
la p remiere  semaine,  on no te  d6j ~ des effets de la d6ficience 
thyro[d ienne  sur la m a t u r a t i o n  b iochimique  de For- 
gane 8,6-s. De plus, un r a l en t i s semen t  de l ' a u g m e n t a t i o n  
de la f rac t ion  synap to somique  du cervelet ,  est im6e 
d 'apr~s  son con tenu  en prot6ines,  a 4t6 mis  en 4vidence d~s 

l 'gge de 10 j ours chez l ' an imal  h y p o t h y ro i d i en  9. L ' ensemble  
de ces donn6es e t  plus par t icu l i~rement  la derniSre, jo in t  
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4 j. LEORAND, Arehs. Anat. microse. Morph. exp. 56, 205 (1967). 
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s j .  CLOS, C.r. Acad. Sci., Paris 275, 2917 (1972). 
9 A. RABIE et J. LEORAND, Brain Res. 61, 267 (1973). 



78 Specialia EXPERIENTIA 31/1 

a u  f a i t  q u e  la  p r 6 s e n c e  de  s y n a p s e s  a ~t6 o b s e r v ~ e  d a n s  la  
c o u c h e  m o l ~ c u l a i r e  d u  c e r v e l e t  d u  R a t  d~s les p r e m i e r s  
i n s t a n t s  de  la  v i e  p o s t - n a t a l e  1~ r e n d a i e n t  i n t ~ r e s s a n t e  
l ' ~ t u d e ,  dgs  la  n a i s s a n c e ,  de s  r @ e r c u s s i o n s  6 v e n t u e l l e s  de  
l ' h y p o t h y r o i d J e  s u s  la  s y n a p t o g e n ~ s e  dar t s  c e t t e  c o u c h e  
d u  c o r t e x  c6 r6be l l e ux .  

L ' ~ t u d e  a p o r t 6  s u r  40 r a t s  W i s t a r  de  s o u c h e  C .F .  d u  
C . N . R . S .  61eves a u  l a b o r a t o i r e .  L a  d u r ~ e  de  la  g e s t a t i o n ,  
a i n s i  q u e  le m o m e n t  de  la  n a i s s a n c e ,  o n t  gt~ s o i g n e u s e m e n t  

contr61~s ,  e t  n ' o n t  ~t~ u t i l i s~es  q u e  les p o r t ~ e s  m i s e s - b a s  le 
m a t i n  d u  23~me  j o u r  s u i v a n t  la  n u i t  d u  coi t .  L ' h y p o -  
t h y r o i d i e  de s  j e u n e s  a 6t~ r6a l i s~e  p a r  g a r a g e  q u o t i d i e n  
de  la m ~ r e  a u  p r o p y l t h i o u r a c i l e  ~ r a i s o n  de  50 m g  e n  
s u s p e n s i o n  d a n s  2 m l  d ' e a u ,  a u  m o y e n  d ' u n e  s o n d e  
s t o m a c a l e ,  k p a r t i r  d u  1 8 g m e  j o u r  de  l a  g e s t a t i o n ,  a u  
m o m e n t  o h  la  t h y r o i d e  f o e t a l e  se m e t  n o r m a l e m e n t  

10 M. P. DEL CERRO et R. S. SNIDER, Brain Res. g3, 581 (1972). 

Fig. 1 ~ 4. Synapses dans la couche mol~culaire du cortex c4r~belleux de Rats nouveau-n~s (age = 0 jour). 1. Rat  normal: La synapse est bien 
earact~risfie. Noter l '~paississement post-synaptique plus d~velopp~ que le pr~-synaptique l'espaee intersynaptique bien apparent et les 
nombreuses v~sieules sph4riques groupies pros de Ia membrane pr~synaptique. 2. Rat  hypothyroldien : Contacts synaptiques dans la zone de 
la couehe mol4eulaire voisine de la couche granulaire interne. Seules les 2 synapses marquees d 'une fl~ehe, qui pr6sentent simultanBment 
2 @aississements denses s~par~s par un espace net  et plus de 3 v6sicules pr~-synaptiques, ont  ~t~ prises en eompte pour l '~valuation de la 
densit~ des synapses. 3 et 4. Rat  hypothyroidien: Contacts synaptiques dans la zone de la eouche mol6culaire voisine de la couche granulaire 
externe. Les synapses pr~sentent les m~mes earact~res que chez l 'animal normal. 
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fo nc t i onne r  n.  Cet te  m 6 t h o d e  p r o v o q u e  une  for te  h y p e r -  
p las ie  des thyro~'des ma te rne l l e s  et  foeta les  en f in de 
g e s t a t i o n  ~. 

Mdthodes .  Darts lea deux  groupes  d ' a n i m a u x ,  et  p o u r  
c h a q u e  s tade,  les j eunes  a p p a r t e n a i e n t  ~ 3 por t6es  
diff6rentes.  Les r a t s  ou t  6t6 anesth6si6s  5  ̀ l ' 6 the r  et  
sacrifi~s p a r  pe r fus ion  i n t r a c a r d i a q u e  ~, d ' u n  m61ange de 
g l u t a r a l d 6 h y d e  (3,83%) duns  u n  t a m p o n  p h o s p h a t e  
m o n o s o d i q u e - h y d r o x y d e  de sodium,  a d d i t i o n n 6  de 
ch lorure  de ca lc ium 1% 5. r a i son  d ' u n e  gou t t e  p o u r  50 ml  
de f i xa t eu r  (pH 7,4). Les cerve le ts  o u t  ensu i te  6t6 im- 
merg6s p e n d a n t  24 h darts le mSme f i x a t e u r  puis  diss6qu6s. 
Les pibces a ins i  pr61ev6es on t  6t6 post-f ix6es  au  t 6 t r o x y d e  
d ' o s m i u m  4 %  p e n d a n t  30 rain,  d6shydra t6es  a u x  alcools 
et  incluses  duns  l ' a ra ld i t e .  Les coupes f ines on t  6t6 
con t ras t6es  p a r  l ' a c6 t a t e  d ' u r a n y l e  e t  le c i t r a t e  de  p l o m b  
puis  observ~es  au mic roscope  J E M  100 B. P o u r  c h a q u e  
a n i m a l  les synapses  ou t  ~t6 d6nombr~es  duns  la r6gion 
superf iciel le  du  cu lmen  et  du d6clive sur  une  p o r t i o n  de la  
couche  mol6cula i re  d61imi%e du cot6 i n t e r n e  p a r  le soma  
d ' a u  moins  une  cellule de Purk in j e ,  e t  du cot6 ex t e rne  p a r  
la t o u c h e  i n t e r n e  des 616merits de la  couche  g r a n u l a i r e  
ex te rne .  Cet te  p o r t i o n  de couche  m o l & u l a i r e  cons t i t ue  
une  b a n d e  pe rpend i cu l a i r e  5. la couche  des cellules de 
P u r k i n j e  et  5. la couche  g ranu la i r e  ex te rne .  Dans  ce t t e  
b a n d e  sont  pr is  10 clich6s r6par t i s  ~ peu  pros 6ga lement  
dans  les pa r t i e s  in te rne ,  m ~d i ane  et  ex t e rne  de la zone 
m o l & u l a i r e  et  c o u v r a n t  au  t o t a l  420 a m  ~. Seules ]es 
f o r m a t i o n s  p r 6 s e n t a n t  s i m n l t a n 6 m e n t  2 *pa iss i ssements  
denses  s6par6s p a r  u n  espace  d ' e n v i r o n  30 n m  et  au  mo ins  
3 v6sicules p r 6 s y n a p t i q u e s  d ' e n v i r o n  30 n m  de d i a m 6 t r e  
on t  6% prises  en  c o m p t e  ~*. Les a n i m a u x  ~g6s de 0 jours  ou t  
6t6 sacrifi6s duns  ma d61ais de 1 ~ 6 h apr~s la na issance .  

Rdsul ta t s .  Chez les r a t s  n o r m a u x  (Figure  1) c o m m e  chez 
les r a t s  r e n d u s  h y p o t h y r o i d i e n s  (Figures  2, 3 e t  4), la  
couche  m o l & u l a i r e  du  cor tex  c6r6belIeux r en fe rme  des 
synapses  d~s le j ou r  de la na issance .  Duns  les 2 groupes  
d ' a n i m a u x ,  la dens i t6  des synapses  s ' acc ro i t  avec  l 'gge 
(Tableau) .  

D~s la na i s sance  la dens i t6  des synapses  es t  plus  fa ible  
chez les a n i m a u x  h y p o t h y r o i d i e n s  que  chez les a n i m a u x  
n o r m a u x  e t  la d i f ference est  devenue  s ign i f ica t ive  5. 
l ' s  de 5 jours.  Chez les a n i m a u x  h y p o t h y r o i d i e n s ,  
l ' i n h i b i t i o n  de la synap togen~se  a u g m e n t e  avec  l '~ge 
jusqu'5.  10 jours ,  s t ade  auque l  la dens i t6  des synapses  es t  
r6du i te  d ' e n v i r o n  60%.  U n  t r a v a i l  p r~e6den t  ~ a v a i t  
m o n t r 6  que  ce t te  i n h i b i t i o n  res te  aussi  i m p o r t a n t e  
14 jours ,  ma i s  qu ' i l  y a ensu i t e  une  ce r t a ine  r & u p 6 r a t i o n .  

I1 est  i n t 6 r e s s a n t  de c o n s t a t e r  que  l ' i n h i b i t i o n  de la 
synap togen~se  a c c o m p a g n a n t  l ' h y p o t h y r o i d i e  a t t e i n t  sa 
v a l e u r  m a x i m u m  p e n d a n t  la  f in  de la  d e u x i & n e  sema ine  
pos t -na ta l e ,  c ' es t  ~ dire  au  m o m e n t  oh l '~vo lu t ion  n o r m a l e  
des s t r u c t u r e s  c6r6belleuses es t  la p lus  r ap ide  et  oh  le 
r e t a r d  de la m a t u r a t i o n  h i s to log ique  de l ' o rgane  chez 
l ' a n i m a l  h y p o t h y r o i d i e n  est  le p lus  i m p o r t a n t ,  off l ' a spec t  
e t  le c o m p o r t e m e n t  du  j eune  R a t  se t r a n s f o r m e n t  le 
p lus  p r o f o n d 6 m e n t  e t  off les s ignes extSr ieurs  du  c r6 t in i sme 
e x p e r i m e n t a l  d e v i e n n e n t  tr~s ne t s  chez l ' a n i m a l  p r iv6  
d ' h o r m o n e s  t h y r o i d i e n n e s  4. C 'es t  aussi  le m o m e n t  oh  la 
c o n c e n t r a t i o n  p l a s m a t i q u e  de la t h y r o x i n e  x5-~7 e t  le 
t u r n o v e r  de l ' h o r m o n e  3, ~* son t  n o r m a l e m e n t  m a x i m a u x .  

Des 6 tudes  61ectrophysiologiques  on t  m o n t r 6  que  des 
c o n t a c t s  f ibres  paral l~les-cel lules  de P u r k i n j e  son t  
fonc t ionne l s  5. l 'gge de 3 ou 4 jour s  chez  te j e u n e  R a t  
n o r m a l  ts,~9 comme chez l ' a n i m a l  h y p o t h y r o [ d i e n  20 et  
les p remie res  obse rva t i ons  en  microscopic  61ectronique 
n ' a v a i e n t  pu  m e t t r e  en  6vidence,  chez l ' an i rna l  normal ,  la 
pr6sence de con t ac t s  s y n a p t i q u e s  duns  la couche  mol6- 
cula i re  a v a n t  le m~me ~ge ~9. Or il est  conf i rm6 ici, /~ la  
su i te  des t r a v a u x  de D~L CER~O et  SNIDER ~~ que  la 
synap togen~se  d~bu te  au con t r a i r e  d~s la  na i s sance  et  
p r o b a b l e m e n t  m~me  a v a n t .  I1 est  5. r e m a r q u e r  que  nous  
a v o n s  c o m m e  DEE CERRO et  SNIDER uti l is6 la co lo ra t ion  
c lass ique 5  ̀l ' a c~ ta t e  d ' u r a n y l e  et  c i t r a t e  de p l o m b  et  n o n  la 
t e c h n i q u e  5  ̀l '~ thano l -ac ide  p h o s p h o t u n g s t i q u e  de BLOOM 
e t  AGHAJANIAN 21 qui  n ' a v a i t  pus pe rmis  ~ WOODWARD et  
al. ~" d ' o b t e n i r  des r6su l t a t s  posi t i fs  sn r  des a n i m a u x  
nouveau-n~s .  

I1 est  m o n t r 6  de plus  que la d6ficience t h y r o i d i e n n e  
e n t r a i n e  d~s la na i s sance  une  i n h i b i t i o n  de la  s y n a p t o -  
gen~se, ce qu i  cons t i t ue  sa m a n i f e s t a t i o n  la p lus  p r & o c e  
a c t u e l l e m e n t  raise en  ~vidence duns  la m a t u r a t i o n  
s t r u c t u r a l e  du  cervelet .  I1 s ' ag i t  15  ̀ d ' u n  a r g u m e n t  en  
f aveu r  d ' u n e  ac t ion  sp&i f ique  des h o r m o n e s  t h y r o i d i e n n e s  
sur  l ' 6 t ab l i s s emen t  des synapses .  

La  concep t ion  selon laquel le  les r e t a r d s  et  les anomal ie s  
de la croissance et  de la r a m i f i c a t i o n  des p r o l o n g e m e n t s  
des neu rones  p rovoquds  p a r  l ' h y p o t h y r o [ d i e  en t r a ine -  
t a l e n t  une  r6duc t ion  de leur  p r o b a b i l i %  d ' i n t e r a c t i o n  
fonctionellee~, "~ semble  donc  p o u v o i r  g t re  compMt~e. 
E n  effet, pu i sque  le h o m b r e  de con t ac t s  s y n a p t i q u e s  es t  
d iminu6  b ien  a v a n t  q u e n e  se m a n i f e s t e n t  les anomal ie s  
de la morphogen~se  des neurones ,  ces derni~res  p o u r r a i e n t  
~tre a u t a n t  la cause  que  la consequence  d ' u n e  c o m p e t e n c e  
s y n a p t o g 6 n 6 t i q u e  a n o r m a l e  de la p a r t  des neu rones  
i m m a t u r e s .  

Densit~ des synapses �9 dans la couche mol~culaire 

Age (jours) Animanx normaux Animaux hypothyroidiens 

0 6,75 • 1,03 4,20 ~ 1,01 
(4) (5) 

5 9,80 ~= 0,80 5,66 :t= 0,42 b 
(5) (6) 

7 15,60 4- 0,74~ 8,20 =L 0,58 b' ~ 
(5) (5) 

10 21,60 ~ 2,78 9,20 :t= 1, 77b 
{5) (5) 

a Nombre moyen de synapses pour 420 [zm 2 -4- ]~2rreur Standard. 
E*ltre parentheses le hombre d'animaux 6tudi4s. ~ Diffdrenee signifi- 
cative avee les animaux normaux de mGIne ~tge (p < 0,01), test 
t de Student. o Au sein d'une m~me eatGgorie d'animaux, diff@rence 
significative avec les animaux du stade pr4eGdent (p < 0,01). 
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Enfin,  ces r6sul ta ts  posen t  le problgme d 'une  influence 
de la d6ficience thy ro id ienne  sur la m a t u r a t i o n  du sys tgme 
ne rvenx  s 'exer~ant  d6jg p e n d a n t  la p6riode foetale, 
mgme chez une esp~ce c o m m e  le Ra t ,  don t  le degr~ 
d ' immatu r i t 6  nerveuse  est  par t icu l i~rement  grand 5, la 
naissance.  

2~ Je remercie le Professeur J. LEGRAND pour sa participation & la 
discussion et 5 la r6daetion de eet article ainsi que F. CARUSO qui a 
r6alis6 son illustration. 

25 Ce travail a 6t6 financ6 par la D.G.R.S.T., contrat No. 72.7.0102. 

Summary. Synaptogenes i s  is a l ready under  way  in t he  
cerebel lum of the  ra t  immedia te ly  af ter  b i r th .  The 
synap t i c  con tac t s  are def ined by  the  s imul taneous  
occurrence of 2 m e m b r a n o u s  thickenings ,  an in t e rven ing  
gap, and  a m i n i m u m  of 3 p re synap t i c  vesicles. A difference 
in synapse  concent ra t ion  per  area of sect ion for animals  
bo rn  of t hy ro id - inh ib i t ed  mothe r s  as compared  to normal  
controls  is demons t r a t ed .  Synaptogenes i s  is de layed  by  
thyrodepress ive  t r e a t m e n t  immed ia t e ly  af ter  b i r th .  
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Effect of D e c a p a c i t a t i o n  Factor  on  the  O x y g e n  U p t a k e  of Rabbi t  S p e r m a t o z o a  
R e c o v e r e d  f r o m  the U t e r u s  

R a b b i t  spe rma tozoa  m u s t  reside in the  female  re- 
p roduc t ive  t r ac t  for several  hours  belore  t h e y  can pene t r a t e  
and  fertilize an ovum 1,2 This capac i t a t ion  process m a y  
involve removal ,  p robab ly  by  enzymic  act ion,  of mater ia l  
located on the  surface of the  spe rma tozoa ;  re -exposure  of 
the  spe rma tozoa  to  seminal  p la sma  leads to loss of 
capac i ta t ion  and the  process  m a y  well involve the  
res to ra t ion  of the  surface layer  or decapac i t a t ion  factor  
which normal ly  coats  t he  spe rma tozoa  as they pass  
t h rough  the  ep id idymis  a-6. 

Several  workers  have  recovered spe rma tozoa  f rom the  
u terus  of rabb i t s  and compared  the i r  me tabo l i sm wi th  
those  f rom fresh samples  of semen ~-9. Bo th  the  oxygen  
up take  and  glycolyt ic  ac t iv i ty  of t he  spe rma tozoa  
appears  to  be increased af ter  incuba t ion  in t he  u terus  
and  there  is also evidence of some swi tch  to  pen tose  s h u n t  
ac t iv i ty ,  as judged  by  a decrease in t he  ra t io  of 1~CO2 f rom 
6-14C glucose and  1-~4C glucose when  these  are used as 
subs t r a t e  for the  spermatozoa .  The grea tes t  increase in the  
oxygen  up take  0f spe rma tozoa  took  place be tween  the  
4th and 6th h of incuba t ion  in utero and since r abb i t  
spe rma tozoa  require  abou t  6 h to become capac i t a t ed  in 
the  uterus  i t  is t e m p t i n g  to  suggest  t h a t  these  metabol ic  
changes  m a y  be associated wi th  t he  process.  

One possible cr i t ic ism of th is  t y p e  of work  is t h a t  the  
semen  suspensions  recovered f rom the  u terus  are con- 
t a m i n a t i o n  wi th  leucocytes  and  o ther  ex t raneous  cells 
t h a t  migh t  inf luence the  results.  In  the  expe r imen t s  re- 
po r t ed  in th is  pape r  t he  washed  spe rma tozoa  suspensions  
have  been sealed into Millipore tubes  before placing the  
suspension into the  uterus  of does. This sys tem was also 
used to s t u d y  the  effect  of add ing  decapac i t a t ion  fac tor  
to the  spe rma tozoa  suspens ion  a i te r  recovery  f rom the  
uterus,  in expec ta t ion  t h a t  the  decapac i t a t ion  fac tor  
migh t  decrease the  oxygen  up take  of the  spe rma tozoa  
suspension.  
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Oxygen consumption by spermatozoa (btl Q/b/108 spermatozoa) 

Experimen t i (n = 6 ~) 

Spermatozoa from fresh semen 
Spermatozoa after incubation in the uterus 
Spermatozoa after incubation in the uterus, deeapacitation factor added u 

Experiment 2 (n = 3) 

Spermatozoa from fresh semen 
Spermatozoa from fresh semen, deeapacitation factor added b 

Experiment 3 (n -- 5) 

Spermatozoa from fresh semen 
Spermatozoa from fresh semen, bovine serum albumin added b 

Mean -6 SE 

11.0 • 3.49 
25.8 i 9.42 
69.6 ~- 39.44 

10.0 i 5.24 
8.5 -t- 4.15 

9.2 J= 3.01 
10.7 -t- 2.63 

a n, Number of replicates, b Decapacitation factor (10 or 5 mg) or bovine serum albumin (10 mg) were added to the sample chamber of the 
oxygen electrode. 


