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Sympathetic  preganglionic pupillodilator fibres in the l ight reflex 1 

M. Passa to re ,  V. E. Pe t to ross i  and  R. P e r i n e t t i  Casoni  

Istituto di Fisiologia Umana, Universitd~ Cattolica S. Cuore, via della Pineta Saccetti 644, 1-00168 Roma (Italy), 
6 August 1976 

Summary. The  modi f i ca t ions  of the  s y m p a t h e t i c  pup i l lod i la to r  a c t i v i t y  in t h e  l igh t  ref lex h a v e  been  d e m o n s t r a t e d  
b y  record ing  t he  e lectr ical  d i scharge  of single pregangl ion ic  f ibres in the  cerv ica l  s y m p a t h e t i c  nerve .  

Severa l  s tud ies  ~-6 h a v e  been  pe r fo rmed  to  i nves t i ga t e  a 
possible  mod i f i ca t i on  of t he  a c t i v i t y  of t he  s y m p a t h e t i c  
pup i l lod i l a to r  f ibres in  l igh t  reflex. The  s tud ies  car r ied  
ou t  b y  ana lyz ing  t he  pup i l l a ry  size a f t e r  un i l a t e r a l  sec- 
t ion  of t he  t h i r d  c ran ia l  ne rve  or of t he  cervical  sym-  
p a t h e t i c  nerve ,  or a f t e r  a d m i n i s t r a t i o n  of a u t o n o m i c  
b lock ing  drugs,  h a v e  no t  g iven  def in i t ive  ev idence  of a 
s y m p a t h e t i c  ac t ive  role ill t h e  l igh t  reflex. R e c e n t l y  such  
a s y m p a t h e t i c  role ha s  been  d e m o n s t r a t e d  b y  ana lyz ing  
t he  e lect r ica l  a c t i v i t y  of t he  long c i l iary  ne rve  in t h e  ca t  
u n d e r  l igh t  genera l  anae s the s i a  v. 

T h e  a im  of t he  p re sen t  research  is to  f ind,  in t he  cen t r a l  
s t u m p  of t he  cervical  s y m p a t h e t i c  ne rve  of the  cat ,  pre-  
gangl ionic  f ibres  i nvo lved  in t he  l igh t  reflex, a n d  to 
ana lyze  t h e i r  p a t t e r n  of d ischarge  in response  to l igh t  
a n d  darkness .  F u r t h e r m o r e ,  record ings  f rom pupi l lo-  
d i l a to r  f ibres in  t he  cervical  s y m p a t h e t i c  ne rve  p e r m i t  
compar i son  of t he  d i rec t  w i t h  t he  consensua l  s y m p a t h e t i c  
reflex, wh ich  could no t  be  v a l u e d  w h e n  t he  s y m p a t h e t i c  
a c t i v i t y  was i so la ted  f rom t h e  long ci l iary nerve ,  as th i s  
p r e p a r a t i o n  needed  ips i la te ra l  eye enuclea t ion .  
Methods. The  an ima l s  were u n d e r  genera l  anae s t h e s i a  
(Th iopen tone  sod ium:  40 m g / k g  i .p.)  on ly  d u r i n g  t h e  
p r e p a r a t o r y  surgery.  The  t r a c h e a  was cannu l a t ed ,  poly-  
e thy l ene  t ubes  were i n t r o d u c e d  in to  a femora l  ve in  for 
d r u g  a d m i n i s t r a t i o n  a n d  in to  a femora l  a r t e r y  to  record  
b lood pressure .  T rachea l  CO S was measu red  w i t h  an  

in f ra red  a b s o r p t i o n  ana lyze r  ( B e c k m a n  LB1) d u r i n g  t he  
whole ex p e r i men t .  T h e  cervical  s y m p a t h e t i c  ne rve  was 
exposed,  i so la ted  a n d  cu t  j u s t  be low t h e  super ior  cerv ica l  
gangl ion.  A f t e r w a r d s  t h e  an i ma l s  were curar ized  (Tubo-  
cu ra r ine  0.25 m g / k g  i. v: or  1 m g / k g  i .m.)  a n d  local ly ana-  
es the t i zed  (Xi locaine  solut ion) .  The  s y m p a t h e t i c  a c t i v i t y  
was recorded  us ing  t h e  c o n v e n t i o n a l  few-fibre t echn ique ,  
sp l i t t i ng  t h e  cen t r a l  s t u m p  of t h e  cerv ica l  s y m p a t h e t i c  
nerve .  The  f ine b u n d l e s  of f ibres  were p laced  on 2 p la t i -  
n u m  elect rodes  connec t ed  t h r o u g h  a n  AC p reampl i f i e r  
(Grass PS) to  a l oudspeake r  an d  a n  oscilloscope (Tek- 
t r o n i x  565). The  u n i t a r y  d ischarge  was obse rved  whi le  
s t i m u l a t i n g  t h e  eyes w i t h  d i f fe ren t  va lues  of i l l u mi n a t i on  
(from 0 to  1500 lux). 
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Unitary discharge of a light-responsive fibre during a period of tonic activity (upper trace) and of phasic activity (lower trace). Light intensity 
on the cat's eye: 1000 lux. Heavy lille: darkness. Time signal: 10 see. 
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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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