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Results and discussion. F r o m  the  s y m p a t h e t i c  nerve  of 
18 cats,  in local anaesthesia ,  we have  isolated 12 uni ts  
inf luenced by  d i f ferent  l ight  intensi t ies .  The discharge 
f requency  of the  tonical ly  act ive fibres showed lower 
values (0.2-5 imp/sec) dur ing  i l luminat ion and higher  
values  (0.5-18 imp/sec) in darkness.  Other  uni ts  were 
phas ica l ly  active,  only showing ac t iv i ty  in darkness  or 
a t  low values of l ight  in tens i ty .  The same uni ts  exh ib i ted  
spon taneous  discharge changes,  a t  t imes  even shif t ing 
f rom tonic to phasic  ac t iv i ty  (figure): however ,  an inverse 
re la t ionship  be tween  l ight  in tens i ty  and  discharge fre- 
quency  was always present .  A highly  s ignif icant  cor- 
relat ion,  p robab ly  linear, was found in our exper imenta l  
condit ions,  be tween  the  discharge f requency  in the  l ight  
and in the  darkness,  i ndependen t ly  f rom the  type  of 
ac t iv i ty  of the  fibres (r = 0.758). 
The p a t t e r n  of discharge f requency  of the  fibres, shif t ing 
f rom l ight  to darkness,  consis ted mos t ly  in an init ial  
peak  of f requency,  t hen  the  firing f requency  se t t led  
down at  lower values, b u t  h igher  t han  those  p resen ted  
dur ing  the  previous i l luminat ion.  Occasionally the  phasic  
units ,  a f ter  the  initial  peak,  became progress ively  silent.  
W h e n  shif t ing f rom darkness  to  l ight the  un i t a ry  dis- 
charge showed a sudden  comple te  inhib i t ion  last ing 
2 4 sec, followed by  a gradual  re tu rn  of the  firing fre- 
quency  a t  a level t h a t  depended  on the  l ight  in tens i ty .  
These fibres could never  be evidenced in pre l iminar  ex- 
pe r imen t s  in which  the  animals  u n d e r w e n t  d i f ferent  
levels of general  anaes thes ia  whe the r  Nembuta l ,  Ure- 
thane-Chloralose  or Chloralose were used. Very  small  
doses of N e m b u t a l  (5 mg/kg) adminis te red  in unanaes-  
the t i zed  cats  grea t ly  decreased the  res t ing  discharge of 
the  s y m p a t h e t i c  l ight- responsive  units  and comple te ly  
abolished the  response to darkness.  
An increase or decrease of the  discharge ra te  always 
coincided wi th  pupi l la ry  d i la ta t ion  or cons t r ic t ion  bo th  
in the  normal  and in the  syn lpa thec tomized  eye. Such 
pregangl ionic  fibres are ev iden t ly  concerned with pupil-  
lary di la ta t ion,  since no o ther  ocular s t ruc tures  are re- 
por ted to  have such a funct ional ly  s t r ic t  re la t ionship  
wi th  l ight  in tens i ty  s. The presence of l ight-responsive 

s y m p a t h e t i c  fibres indicates  t h a t  the  s y m p a t h e t i c  nerve  
no t  only  main ta ins  a tone  in the  d i la ta to r  pupil lae muscle  
b u t  also modula tes  f inely its d ischarge ac t iv i ty  in order  
to adjus t ,  t oge the r  w i th  the  p a r a s y m p a t h e t i c  nerve,  the  
pupi l  size in the  reflex response  to changes  of i l luminat ion.  
In  mos t  of our trials,  the  per  cen t  var ia t ion  in f r equency  
was  h igher  when  shi f t ing f rom l ight  to darkness  t h a n  
vice-versa and it was par t i cu la r ly  ev iden t  in those phasic  
fibres which,  a f ter  a few minu tes  of darkness,  exh ib i ted  a 
progressive decrease till comple te  inhibi t ion and no 
change of ac t iv i ty  to the  successive i l luminat ion occurred.  
These da t a  suggest  t h a t  the  s y m p a t h e t i c  sys t em plays  a 
bigger role in pupi l la ry  response  to darkness  t h a n  to 
light. Fur the rmore ,  the  p a r a s y m p a t h e t i c  ac t iv i ty  re- 
corded f rom the  shor t  ci l iary nerves  in the  ca t  showed 
t h a t  the  discharge e n h a n c e m e n t  dur ing  the  l ight  reflex 
is bigger t h a n  the  decrease in the  reflex to darkness  9. 
These results  conf i rm the  Duke-E lde r  hypo thes i s  ~~ ac- 
cording to which the  reflex to l ight  is p r imar i ly  p a r a s y m -  
pa the t i c  whereas  the  reflex to darkness  is p r imar i ly  sym-  
pa the t ic .  
The s tudy  of the  role of the  s y m p a t h e t i c  o u t p u t  in the  
direct  and consensual  l ight  reflex showed t h a t  the  var ia-  
t ions  of discharge f requency  of l ight-responsive fibres 
were much  larger when  the  same change  of i l luminat ion 
was pe r fo rmed  on the  ipsi la teral  t h a n  on the  cont ra la te ra l  
eye. This fact  gives electrophysiological  demons t r a t i on  
t h a t  the  s y m p a t h e t i c  reflex to l ight  is main ly  ipsi lateral  
in the  cat,  n o t w i t h s t a n d i n g  numerous  crossings of bo th  
af ferent  1~,12 and ef ferent  12 p a t h w a y s  in the  bra in  s t em 
and upper  cervical segments .  
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Summary .  Current  c lamp exper iments  pe r fo rmed  in ra t  ven t r icu la r  fibres revealed the  presence  of a res is tance Rs  
(between 14.5 and  1 5.5 Kf2) in series wi th  the  m e m b r a n e  capaci ty .  Rs behaved  as a lumped  res is tance  and its value 
remained  cons t an t  t h r o u g h o u t  the  act ion po ten t i a l  repolar iza t ion  phase.  

Introduction. Since the  results  of Hodgkin  et  al. ~ on the  
squid axon,  the  presence of a res is tance (Rs) in series wi th  
the  m e m b r a n e  capac i ty  (Cm) was observed in var ious  
cardiac t issues a s. There  has been evidence t h a t  in volt-  
age c lamp exper imen t s  the  presence of Rs causes devia-  
t ions  of the  t r a n s m e m b r a n e  vol tage f rom the  c o m m a n d  
puls e and  shif ts  the  vo l tage-cur ren t  re la t ionships  6, L In  
the  squid  axon, Rs is usual ly a t t r i b u t e d  to the  Schwann  
cell layer, while in cardiac muscle it m a y  represen t  the  
cleft  res is tance s. 
Dur ing  a cardiac act ion potent ia l ,  Na, Ca and K ions 
move t h rough  the  cell membrane .  If the  cleft  nar rowness  
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acts  as a diffusion barr ier ,  the  extracel lular  ion co n t en t  
migh t  change  in the  course of the  electrical  ac t iv i ty .  This  
suggests  t h a t  the  ext racel lu lar  space conduc t iv i ty  and 
consequen t ly  t he  Rs could devia te  f rom the i r  res t ing  
values. 
The purpose  of the  p re sen t  paper  is to conf i rm the  pre-  
sence of a series res is tance  in the  cardiac t issue being 
s u b m i t t e d  to the  e x p e r i m e n t  and  to s t u d y  the  Rs value 
a t  d i f fe rent  m e m b r a n e  po ten t i a l s  levels. 
Mater ia l  and methods. Righ t  vent r icu la r  fibres of abou t  
2 m m  long and  100 ~xm d i ame te r  were isolated f rom ra t  
hear ts .  They  were laid in a double  sucrose gap perfus ion 
chambe r  in wh ich  a small  s egmen t  (100 ~m) was elec- 
t r ical ly  isolated f rom the  ends  by  2 h i g h  res i s tance  iso- 
tonic  sucrose flows 9,t~ The c o m p a r t m e n t s  were sepa- 
r a ted  by  vasel ine seals, which  gives a b e t t e r  vol tage  
contro l  t h a n  liquid pa r t i t i ons  n .  The no rma l  solut ion was  
a modif ied Tyrode  solut ion of following compos i t ion  
(mM) : Na  143, Ca 2.16, Mg 0.25, C1 155, i r is  5, glucose ]1, 
p H  7.4. The sucrose solut ion (300 mM) con ta ined  also 
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Fig. 1. The fibre (AB) arrangement for current-clamp recordings 
(upper part) and the associated equivalent electrical circuit (lower 
part). (See symbols in material and methods.) 
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Fig. 2. Recording of membrane potential changes (upper traces) in 
response to de-current pulses (lower traces) increasing from A to D. 
The potential steps appearing upon switching the current on and off 
increased proportionally to the current amplitude. Horizontal scale 
10 ins, vertical scales: 100 nA and 10 inV. 

CaCle (10 -5 M) in order  to keep the  in te rna l  longi tudinal  
res is tance (Ri) more  co n s t an t  1~. The 2 ends  of the  fibre 
were soaked in an isotonic KC1 solution.  All the  liquids 
were  s a tu ra t ed  wi th  pure  o x y g e n  and  the rmos ta t i ca l ly  
regula ted  a t  18 ~ • 1 ~ 
Figure  I shows a simplif ied d iag ram of the  electrical 
c ircui t  associa ted wi th  the  double  sucrose gap fibre ar- 
r angemen t .  The po ten t i a l  changes  (V) were measured  at  
the  o u t p u t  of a de- feedback ampl i f ier  le connec ted  to the 
cen t ra l  gap. In  the  results,  only  expe r imen t s  in which 
the  shor t  c ircui t  fac tor  was 0.8 or more  were considered.  
A sub th resho ld  depolar iz ing cu r ren t  s tep  (I) is assumed 
to genera te  t he  consecut ive  m e m b r a n e  po ten t i a l  t ran-  
sients.  At  t ime  0, the  m e m b r a n e  res is tance  (Rm) is shor t  
c i rcui ted by  the  m e m b r a n e  capac i ty  (Cm). The cur ren t  
passes t hen  ent i re ly  t h ro u g h  the  CmRs  b r an ch  and 
induces  a s t ep  magn i tude  IRs  in t he  vol tage  response  t3. 
L a t e r  on, the  m e m b r a n e  po ten t i a l  dev ia tes  exponen t ia l ly  
t oward  a s t eady  value V m  = (Rm + Rs) I w i th  a t ime 
co n s t an t  which  will no t  be discussed here.  
Results  and discussion. Depolar iz ing cu r ren t  s teps  are 
appl ied every  10 sec t h ro u g h  the  fibre and the  potent ia I  
changes  be tween  the  cent ra l  pool and  the  KC1 pool (A) 
are recorded.  As p red ic ted  by  the  theory ,  the  m e m b r a n e  
po ten t i a l  p resen ted  2 inver ted  s teps  of the  same magni-  
t ude  upon swi tching  the  cu r ren t  on and  off (figure 2). 
The po ten t i a l  s teps  increased p ropor t iona l ly  to  the  cur- 
r en t  ampl i tude  (figure 2, A-D) .  
There  are, however ,  considerable  factors  agains t  a lumped  
series res is tance in a mult icel lular  p repara t ion .  The ceils 
in t h e  core of the  bundle  have  p ro b ab l y  a m u c h  higher  
series res is tance t h a n  those  near  the  outs ide  of the  fibre. 
Moreover,  near  the  core of t he  p repara t ion ,  all along the  
cent ra l  gap, the  b o u n d a r y  be tween  the  Tyrode  solut ion 
and  sucrose solut ion will no t  be accurate .  In  th is  con- 
nect ion,  the  initial  po ten t i a l  s tep  was  s tudied  a t  fas t  
sweep speed. The  figure 3 shows 2 init ial  po ten t i a l  drops 
recorded on a r a t  ven t r icu la r  f ibre (left part)  and  on an 
equiva len t  circuit  showing very  similar  electrical charac- 
ter is t ics  (right part) ,  in response to  the  same cur ren t  
pulse. In  the  2 cases, the  a p p a r e n t  t ime  to peak  for the  
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Fig. 3. High speed recorded initial potential steps (V) elicited by a 
depolarizing current (I) of 175 hA, in a rat fibre (left) and in an equi- 
valent electrical circuit (right). In the rat fibre the following para- 
meters have been calculated Ri -- 830 KQ, Rm = 500 K~, Rs (fibre 
+ electrode + liquid) = 13.7 K~Q, Cin = 23 nF. In the RC-eireuit: 
Ri = 820 K~Q, Rm = 510 K~Q, Rs = 14 KQ, Cm = 22 nF. The time 
to peak for initial potential (tp) is very similar in the 2 eases. Hori- 
zontal scale: 20 [.Ls, vertical scale: 2 mV. 
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po ten t ia l  s t ep  (tp) is ve ry  near  f rom the  rising current .  
However ,  in b o t h  the  ra t  f ibre and  the  equ iva len t  circuit,  
t he  t ime for half  po ten t i a l  peak  is 5-10 ~s longer t h a n  the  
t ime  for hal f  rising current .  This  de lay  m a y  p r o b a b l y  be 
a t t r i b u t e d  to  the  recording e q u i p e m e n t ' s  t ime  lag, since 
the  amplif ier  b a n d w i d t h  was abou t  40-50 kHz  under  cur- 
r en t  c lamp condi t ions .  The init ial  po ten t i a l  s tep  and  the  
cu r ren t  i n t ens i ty  follow the  Ohm' s  law and  a global Rs 
of 20.5 K~2 • 2.11 K~2 has  been ob ta ined  f rom 8 experi-  
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Fig. 4. From A to l) : Identical initial potential steps in response to a 
constant current pulse applied at the resting potential or throughout 
the repolarization phase of the action potential. The steps 1 and 2 
(panel B) were magnified respectively in B 1 and B 2 in order to 
emphasize this similitude. Scales from A to D; horizontal line: 20 ms, 
vertieular line: 40 inV. B 1 and 13 2 are enlarged 3.8 times. 

ments .  In  the  cent ra l  gap, the  res is tance  of t he  calomel 
e lect rode and  ex te rna l  l iquid was 5 to  6 I(Q, so t h a t  the  
ac tua l  series res is tance  of our p repa ra t ions  m a y  be esti-  
m a t e d  to be be tween  14.4 KI2 • 2.06 Ks and 15.4 KI2 • 
2.06 KI2. F a s t  po ten t i a l  s teps  (5-10 mV) in response  to  
depolar iz ing cur ren ts  were recent ly  r epor ted  in r a t  papil-  
lary  muscle f looded wi th  Na  free solut ions 1~ (figure 2). 
Unfo r tuna te ly ,  Rs could no t  be calcula ted since the  size 
of cur ren t s  was no t  shown in the  recordings.  
In  a second series of exper iments ,  2 ident ical  s teps  of 
supra th resho ld  depolar iz ing cur ren t  were appl ied th rough  
the  membrane .  The f irs t  cu r ren t  pulse genera ted  an 
act ion potent ia l .  The second pulse, imposed  dur ing  the  
repolar iza t ion phase  p e r m i t t e d  us to de te rmine  Rs value 
a t  d i f ferent  po ten t i a l  levels. A typica l  e x p e r i m e n t  is 
shown in t he  figure 4. The init ial  po ten t i a l  s tep  remains  
cons t an t  e i ther  a t  the  res t ing po ten t i a l  or a t  all m e m b r a n e  
po ten t ia l s  be tween  10 and  90% of the  act ion po ten t i a l  
repolar iza t ion phase.  
F r o m  our expe r imen t s  carr ied on ra t  ven t r icu la r  fibres, 
i t  can be po in ted  ou t  t h a t :  a) Rs behaves  as a pure  
l umped  series resis tance,  b) Rs is i n d e p e n d e n t  of the  
m e m b r a n e  potent ia l .  The la t te r  resul t  suggests  t h a t  ionic 
m o v e m e n t s  involved in a single cardiac act ion po ten t i a l  
are unable  to  change apprec iab ly  the  global conduc tance  
of extracel lu lar  spaces. This work  does no t  prec lude  the  
cable p rob lem in mult icel lular  p repara t ions  since the  
ana tomica l  fea tures  of Rs (clefts, tubules,  intercel lular  
spaces)~a author izes  us to assume t h a t  each cell in the  
bundle  has p ro b ab l y  its own Rs. However ,  the  po ten t i a l  
i n d e p e n d e n t  behav iour  of Rs m a y  become i m p o r t a n t  
la ter  on when  electronic compensa t ion  of th is  p a r a m e t e r  
is a t t e m p t e d .  
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R e p e r c u s s i o n s  de l 'hyperthyro~'die sur  le contenu  tota l  en A D N  du cerve l e t  de rat fig~ de 6 et 35 jours .  
Effets  c o m p a r 6 s  de la LT3 et de la DLT4 

R e p e r c u s s i o n s  of h y p e r t h y r o i d i s m  on the  tota l  c erebe l lar  D N A  content s  in the rat  at 6 and 35 days  of 
age .  C o m p a r a t i v e  effects  of LT3 and DLT4  
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Summary. The to ta l  cerebellar  p ro te ins  R N A  and  D N A  con ten t s  f rom DLT4-  and  LT3- t r ea ted  ra ts  was s tud ied  at  
6 and  35 days  of age. The effect  of inject ions of 5 ~zg/j of DLT4 is comparab le  to t h a t  of 25 ~zg of LT3 at  b i r th ,  followed 
by  0.5 ~tg every  2 days.  On the  o ther  hand,  in ject ion of 0.5 ~g of LT3 every  2 days  does no t  induce any  s ignif icant  
modif ica t ion  of the  to ta l  D N A  con ten t s  in the  cerebellum. 

L ' in jec t ion  d ' h o r m o n e s  thyro id iennes  depuis la naissance 
de jeunes  rats,  acc616re la m a t u r a t i o n  his tologique 1-3 

et  b iochimique  4-6 du cervelet .  Toutefois,  les 4tudes con- 
ce rnan t  le con tenu  en A D N  de cet  organe 4,7, ne d o n n e n t  
pas  des r6sul ta ts  concordants .  E n  effet,  les an imaux  
6tudi6s re~oivent  de la LT3 avec une forte  dose X la nais- 
sance dans  une exp6rience a e t  de la DLT4 ~ doses beau-  
coup plus faibles darts l ' au t re  7. Cette  cons t a t a t i on  nous  a 
condui ts  5~ 6tudier  l ' inf luence de la na tu r e  et  des doses des 
hormones  thyro id iennes  administr6es.  
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