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fine and had a b u n d a n t  varicosi t ies,  which showed an in- 
tense green or  yel low fluorescence. His tochemica l ly  and 
pharmacological ly ,  th ree  types  of t e rmina l s  could be 
dis t inguished conta in ing  v e r y  h igh  concent ra t ions  of - in 
all p robab i l i ty  - dopamine ,  noradrenal ine  and 5-hydroxy-  
t r y p t a m i n e  respect ive ly .  

Noradre~caline and dopamine terminals. In  ag reemen t  
wi th  t h e  chemica l  determinations 4, mos t  of t h e  green 
f luorescent  t e rmina ls  were found to be of the  noradrena-  
aline type,  which have  a wide-spread dis t r ibut ion,  i.a. in 
the ent i re  re t icu lar  format ion .  More .or less dense accu- 
mula t ions  of such te rmina l s  exis t  in several  nuclei  of 
the  lower b ra in  s t em (e.g. nucleus of Ed inger -Wes tpha l ,  
motor  nucleus of t he  t r igemina l  nerve) .  The  nucleus 
t rac tus  soli tarius and the  dorsal  mo to r  nucleus of vagus  
have  a v e r y  high accumula t ion  of green f luorescent  te rmi-  
nals (Figures  1 and 2) b u t  a large p ropor t ion  of t h e m  seem 
to conta in  dopamine .  O the r  nuclei  of the  crania l  nerves  
receive a m u c h  sparser  innerva t ion  (Nucleus n. v i i ,  x n  
acusticus,  and nucleus ambiguus)  or  none a t  all (Nucleus 
n. h i ,  i v ,  v i  and vest ibular is) .  

5-Hydroxytryptamine terminals. These  te rmina ls  were 
more diff icult  to observe.  T h e y  are mos t ly  v e r y  fine, and 
thei r  yel low fluorescence disappears  rap id ly  on i r rad ia t ion  
wi th  UV-l igh t  a. I n  con t ras t  to  t h a t  of the  ca techolamine  
terminals ,  the  f luorescence of  the  yel low te rmina l s  re- 
appears  in reserpinized animals  af ter  n ia lamide  t rea t -  
merit  3. Many  te rmina ls  of this  t y p e  were found toge ther  
wi th  ca techolamine  t e rmina l s  in t he  lower bra in  s tem,  
e.g. in the  moto r  nuclei  of t he  vagus  and  t r igemina l  nerves  
and the  nucleus t rac tus  soli tarius.  A more  dense accumu-  
lat ion of terminals ,  a lmos t  exc lus ive ly  of this  type ,  was 
de tec ted  in an  area  a p p r o x i m a t e l y  cor responding  to  
nucleus in tercala tus .  Some of the  nuclei  of the  crania l  
nerves,  such as nucleus cochlearis,  Ed inge r -Wes tpha l  and 
ambiguus,  which receive ca techo lamine  terminals ,  seem 
to  lack terminals  of the  5 - h y d r o x y t r y p t a m i n e  type .  

Severa l  groups of ne rve  cells w i t h  low concen t ra t ions  
of e i ther  a p r imary  ca techo lamine  o r  5 - h y d r o x y t r y p t a m i n e  
in thei r  cell bodies and i~rocesses were found in the  lower 
bra in  stem. Of par t icu lar  in teres t  is the  f inding t h a t  a large 
group of ne rve  ceils which seem to  con ta in  dopamine  is 
p resent  in the  area  of subs tan t i a  nigra.  This  area,  which  is 
connected  to the  cauda te  nucleus,  has  been found to h a v e  
a fair ly high concen t ra t ion  of dopamine  4. Since ne rve  
te rminals  conta in ing  v e r y  h igh  concent ra t ions  of dopamine  
have  been ident i f ied in the  cauda te  nucleus 6, i t  seems 
possible t h a t  the  nerve  cells de tec ted  in the  subs tan t i a  
nigra  area  are dopaminerg ic  neurons t h a t  send the i r  
axons to the  cauda te  nucleus.  

Zusammen[assung. His tochemische  und  pharmakolog i -  
sche E x p e r i m e n t e  sprechen s ta rk  daftir, dass Dopamin ,  
Noradrenal in  und 5 - H y d r o x i t r y p t a m i n  im H i r n s t a m m  
der  R a t t e  in drei  T y p e n  yon  Nervenze l l en  und E n d -  
synapsen  gespeicher t  werden.  

ANNICA DAHLSTR6M and K. FUXE v 

Department o/Histology, Karolinska Instituter, Stockholm 
(Sweden), February 74, 196Z. 

The cranial part of the nucleus tractus solitarius (1) and the dorsal 
motor nucleus of the vagus (2) in the rat. A high accumulation of 
fine, varicose, green fluorescent fibres is present. Fluorescence micro- 

photograph: x75 and x 190. 
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The I m p o r t a n c e  of Sulfur and Iron in the Retina 
as  D e t e r m i n e d  by P a r a m a g n e t i c  Resonance  

Studies  

Severa l  mechanisms  have  been suggested for t he  mode  
of act ion of l ight  t ransfer  in the  re t ina  1. The  comple te  
mechanism,  however ,  is still  unknown.  In te rmolecu la r  
energy t ransfer  in the  re t ina  is considered to be the  mos t  
probable  process for nervous  exc i t a t ion  in t he  rods  and 
cones. I t  is the  purpose  of  this  commun ica t i on  to  discuss 
ano ther  possible concept  and to give some of the  evidence 
which suppor ts  it. 

R e c e n t l y  we h a v e  repor ted  2 t he  presence of sulfur in 
m a n y  biological  sys tems as de te rmined  by  means  of 

e lectron pa r amagne t i c  resonance (EPR)  studies.  The  im-  
por tance  of sulfur for charge  t ransfer  was po in ted  out .  

A sulfur  signal (character ized by  a delocal izat ion of 
odd electrons by  the  sul fur-conta ining group) was also 
found to  be p resen t  in re t inae  which  were  ob ta ined  f rom 
deceased h u m a n  beings wi th in  hours  a f te r  dea th  occurred.  
Af te r  air drying,  the  E P R  spec t rum of samples of the  
re t ina l  t issue (a few mg) was measured  a t  295°K as well 
as a t  77 ° K.  E x p e r i m e n t a l  detai ls  are g iven  elsewhere 2. 
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The E P R  spec t rum of re t ina  is shown in Figure  1. 
Since the  sulfur signal was re la t ive ly  large, i ts pa r t  of the  
spec t rum was recorded under  different  opera t iona l  con- 
dit ions as marked.  Arrows indicate  which par t s  of the  
curve  belong together .  The  spec t rum from the  re t ina l  
t issue conta ins  two clearly defined signals, one of which 
is the sulfur signal near  g =  2. The  iron signal, a t  abou t  
g =  5, is a l ready recognizable in the  upper  curve  bu t  more 
pronounced in the  sample  measured  a t  77°K.  The  iron 
signal a t  this g-value is due to a ve ry  s t rong a s y m m e t r y  
of the crystal  field surrounding the  iron, which is caused 
by  occupying  the  d i f ferent  iron axis wi th  one of each  
H , O  and N a tom ~. 

F r o m  these results i t  migh t  be concluded t h a t  sulfur 
and iron are ot impor tance  in the  process of photorecep-  
tion. This  is no t  surpris ing since i t  is well  known t h a t  
sulfur and ano ther  meta l ,  Ag, are i m p o r t a n t  and necessary 
for the  p roduc t ion  of a la ten t  image in photographic  
emulsions.  No  pic ture  can be obta ined  wi th  h ighly  purif ied 
gelat ine ( removal  of all sulfur). Therefore,  one migh t  be 
t e m p t e d  to compare  the  processes in photographic  
emulsions 4 wi th  those occurr ing in  the  eye. Then,  the  
process of photorecept ion  m a y  be d iv ided  into several  
phases:  the  ini t ial  events  character ized by  the  produc-  
tion, motion,  and t r app ing  of photoe lec t rons  wi th in  t he  
crys ta l  called ret ina,  and the  IinaI event ,  the  mechan i sm 
of nervous  exci ta t ion.  Ini t ia l ly ,  electrons of nega t ive  
ions, such as sulfur (electron donor) are raised to s t a t ionary  
or  quas i s ta t ionary  energy  levels in the  c o n t i n u u m  (con- 
duc tance  band of the  crystal) by  the  passage e l  inc ident  
light. These photoe lec t rons  then  migra te  freely th rough  
the  re t ina  unt i l  t h e y  are t r apped  in places (sensi t ivi ty 
specks) charac ter ized  by  localized energy levels below 

those of the  conductance  band.  The  sens i t iv i ty  specks 
migh t  be the  iron ions and /or  o ther  e lectron accepters  
which are probably  located a t  the  beginning  e l  the nerves.  
Thus,  an impulse is induced in the  nerves  and is par t  of 
the  to t a l  image.  

I n  t he  mode l  out l ined above,  the  presence of iron seems 
to be impor tan t .  L igh t  absorpt ion  studies done by  
SCHELER ~ demons t r a t ed  t h a t  p ro tohemin  as well as ferri- 
hemopro te ins  have  a m a x i m u m  absorp t ion  a t  abou t  
500 mt~ (rods ?, scotopic), while p ro toporphyr ins  have  a 
clearly defined absorpt ion  peak  at  560 m~x (cones ?, 
photopic) .  The  coincidence of these  absorp t ion  peaks a t  
500 and 560 m~t wi th  the ones observed  in rods and 
cones, respect ively ,  m a y  show a possible connect ion  be- 
tween these re t inal  s t ruc tu ra l  e lements  and the  proteins  
(iron). 

The  mechan i sm of bleaching can also be described by  
the  proposed model.  To inves t iga te  this effect the  mag-  
net ic  sweeping field was s topped  in the  peak  of the  sulfur 
signal. The  re t ina l  sample  then  was i r rad ia ted  wi th  br igh t  
whi te  light.  As can be seen in F igure  2, the  sulfur signal 
increases, reaches a p la teau  and decreases again  af ter  
tu rn ing  off the  l ight.  CAMPBELL and  RUSHTON 6 also 
measured  bleaching (open circles, decrease) and subse- 
quen t  regenera t ion  (black dots, increase) of rhodopsin  in 
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Fig. t. Electron paramagnetic resonance 
spectrum of human retina. The curves 
represent the second derivative of the 
actual resonance curves. 
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Fig, 2. Time course of bleaching and sub- 
sequent regeneration of the sulfur signal, 
Results of purple wedge displacement meas- 
u rements6 I©, it) are superimposed. Note 
that both results are actually inverted. 
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the  h u m a n  eye. Thei r  results,  ob ta ined  by  a me thod  using 
purple wedge displacements ,  showed an inver ted  effect to 
the E P R  resul ts  b u t  were, nevertheless ,  p lo t ted  in the  
same direct ion.  The  results  of bo th  measuremen t s  agree 
well, excep t  for the  opposi te  d i rec t ion  of the  changes.  The  
E P R  d a t a  suggest  t h a t  more  odd electrons are  produced  
or released f rom t h e  S~-; t h a t  is, the  e lec t ron donor  in- 
t ens i ty  is reduced.  This  no t  on ly  suppor ts  the  proposed  
charge t ransfer  hypothes is  b u t  is also in cont ras t  to  t he  
previous ly  accep ted  mechan i sm of b leaching z. I t  was 
usual ly  expla ined  as hydro lyz ing  of t h e  visual  p igment ,  
rhodopsin,  in to  re t inene and opsim This  b leaching process 
requires the  presence of water .  

W e  inves t iga ted ,  therefore,  t he  inf luence of the  re la t ive  
h u m i d i t y  on the  sulfur  signal. Af te r  equ i l ib ra t ing  re t ina l  
samples in a tmospheres  of cons t an t  h u m i d i t y  by  s torage 
for 3 weeks over  s a tu ra t ed  salt  solut ions ~, the i r  peak  
heights (Ph) were measured.  The  peak  heights  of the  con- 
trol  values  (p,) were measured  a t  18% re la t ive  humid i ty .  

The  rat ios of these  peak  heights  as funct ion  of the  re la t ive  
h u m i d i t y  are  p lo t t ed  in F igure  3. The  grea tes t  signal is 
ob ta ined  from comple te ly  d ry  mater ia l ,  hence,  wa te r  and 
l ight  have  opposi te  effects on the  sulfur signal. Therefore,  
i t  seems doubt fu l  t h a t  wa te r  is invo lved  in the  ac tua l  
b leaching process (decrease in e lec t ron donor  intensi ty) .  
I t s  influence seems to be on the  e lec t ron accep to r  si te 
(energy sink). Toge the r  w i th  oxygen  i t  migh t  be respon-  
sible for res tor ing the  h igher  pos i t ive  charge  of iron, 
changed  b y  l ight  absorpt ion ,  according  to  

2 Fe  ~+ + ~/, O,  + H~O ->- 2 Fe  s+ + 2 0 H -  

ALBOUY and F~RAGG: * and  LOHM~CNO proposed  this  
react ion to  expla in  t h e  fading process occurr ing  in pho to-  
graphic  emulsions.  The  sens i t iv i ty  of t he  r e t i na  to  
anoxia  '" migh t  be expla ined  b y  this reac t ion  as well. The  
e levat ion  of visual  th reshold  (or % reduc t ion  of rhodop-  
sin n) m igh t  be based on the  change in va lence  of iron 
under  the  influence of oxygen  and water**. 
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Fig. 3. Influence of relative humidity on the peak height of the 
sulfur signal. 

Zusammen[assung. Eine  neue Theor ie  fiber Photorezep-  
t ion wird vorgesehlagen.  Mit tels  E P R - U n t e r s u c h u n g e n  
wird gezeigt,  dass die in der  R e t i n a  v o r k o m m e n d e n  
E lemen te  Schwefel und  Eisen  eine w i c h t i g e  Rol le  im 
Photorezept ionsprozess  spielen. Ffir  die Nervene r r egung  
scheinen Ladungs le i tungen  und nicht  in te rmoleku la re  
Energ ie le i tungen  ve ran twor t l i ch  zu sein. 
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I n f l u e n c e  d e  l a  t e m p 6 r a t u r e  d e  F a i r  a m b i a n t  s u r  

q u e l q u e s  a c t i v i t 6 s  m 6 t a b o l i q u e s  d ' a n i r n a u x  

h 6 t 6 r o t h e r m e s  

On sal t  b ien  que la  t emp6ra tu re  exerce in vitro une 
ac t ion  d ' impor t ance  fondamenta le  sur  routes  les r6actions 
chimiques  et  sur  les act ivi t6s  enzyma t iques  en par t icu-  
lier :. Cependant ,  darts les organismes v ivan t s  e t  sp6ciale- 
raent  dans  les a n i m a u x  ~ sang chaud  qui  ou t  6t6 ceux 
q u ' o n  a l e  pIus a m p l e m e n t  ~tudi~s, i l y  a s imul tan~ment  
et  o rdonn~ment  d ' innombrab les  r6act ions enzymat iques  
dont  le par fa i t  ~quilibre assure ta r6al isat ion normale  des 
fonet ions vitales.  T o u t  procbs enzyma t ique  ne fonet ionne 
done pas au m a x i m u m  de ses possibilit~s, mais  de fa~on 
g. s ' in t~grer  avec  les act ivi t~s 5~ lui li~es; p o u r t a n t  la 
rapidi t6 et  l ' in tensi t~ de chaque  r6act ion peuven t  ~tre 
stimul~es ou ralent ies  selon les exigences.  Cet ~ tonnant  
equi l ibre  de Ionct ions se v~rifie de fa~on op t ima  k la 

t emp6ra tu re  phys io logique  qui  est, en gros, en t re  36 °-  
39°C pour  les a n i m a u x  ~ sang chaud.  

Les changement s  de la t emp6ra tu re  corporelle ou t  done 
une profonde  inf luence sur  Ia vie ~ t ravers  une ac t ion  sur  
les r~actions enzymat iques  e t  sur  les s t ruc tures  qu i  con- 
d i t ionnen t  ces r~actions memes.  On a ob tenu  des r~sultats  
tr~s in teressants  en ~ tudian t  les changement s  biochi-  
miques  d ' a n i m a u x  £ sang chaud qu i  o u t  6t6 rendus  ar t i -  
f ic ie l lement  hype r the rmiques  * ou h ~ o t h e r m i q u e s  3-s. 

Sur  la base de ces considerat ions,  il nous  a sembl6 ut i le  
d '6 tud ie r  les effets des changement s  t he rmiques  in vivo 
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