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m~tl of 0 .5N N a O H  was added to each group of cells. 
Constr ic t ion micropipet tes ,  measur ing  vo lumes  of the  
order  of 0.1 mvtl w i th  2 - 3 %  accuracy,  were used (Figure). 
The  micropipe t tes  were made  in the  de Fonbrune  micro-  
forge, siliconized and then  cal ibrated by  measur ing  the  
d iamete r  of the  distil led wate r  drops let  in to  the  paraff in  
oil. The  cells were left  for 20 h a t  4°C in the  N a O H  solu- 
tion. Then  alkal ine ex t r ac t  was removed,  dr ied on 
ano ther  slide and r insed wi th  80% acet ic  acid to  neut ra l -  
ize NaOH• Surplus acet ic  acid was evapora ted .  

The ex t rac t  was t r ea ted  overn igh t  a t  37°C wi th  0.20 
m~tl of 0.5% papain  solut ion in 0 . 1 M  phospha te  buffer,  
p H  6.8, conta in ing 5 m M  cysteine and 5 m M  E D T A .  The  
solution ob ta ined  was then  evapora t ed  on ano ther  slide 
and the  residual  dissolved in 0.13 ml~l of HC1 solution,  
p H  1.5. No prec ip i ta te  appeared.  The  solut ion was t rans-  
ferred on to  ano the r  p lace  and the  same v o l u m e  of 1% 
r ivanol  (2: 5-d iamino-7-e thoxyacr id ine  lactate)  solut ion 
in HC1, p H  1.5, freshly prepared  jus t  before use, was 
added.  Af te r  the  addi t ion  of r ivanol  a complex  of r ivanol-  
SM precipi tates .  The  concent ra t ion  of sodium aceta te  in 

Number of silver grains in autoradiographs of total extracts and 
rivanol treated preparations. Each preparation obtained from 20 
cells. Number of silver grains in total extract is the sum of grain 
number in autoradiographs of washings and precipitates of the 
respective alkaline extract. All washings and precipitates were placed 
and autoradiographed on the same slide. Background is already 

subtracted (0.5 silver grains per 29.2/~8). 

the  react ing mix tu re  was abou t  0 .6M. Four  samples  of 
precipi ta tes ,  p laced on the  same slide, were washed  twice 
wi th  wa te r  (0.2mlzl each), then  covered  wi th  a collodion 
m e m b r a n e  and subjec ted  to  au to rad iography  (str ipping 
fi lm AR-1 0, Kodak) .  l~adioac t iv i ty  was found in prepara-  
t ions af ter  4 weeks of exposure.  Counts  of si lver grains 
were per formed in the  au torad iographs  of prec ip i ta tes  on 
the  same slide, and the  results  were expressed in t e rms  of 
grains per  prepara t ion .  

Si lver  gra in  counts  in au to rad iographs  of r ivanol-  
t r ea ted  preparat ions ,  ob ta ined  f rom different  groups of 
cells, gave re la t ive ly  un i form resul ts  (Table), The  coeffi- 
c ient  of va r i a t ion  of 12% is comparab le  wi th  t h a t  for the  
ind iv idual  cell 's nucleic acid de te rmina t ion  4. The  eva lua-  
t ion  of t he  m e t h o d  on a scale of smal l  groups of cells is 
possible when there  is no s ignif icant  va r ia t ion  in:  (1) the  
degree of zsS incorpora t ion  into  SM conta ined  in indi-  
v idua l  a lkal ine ex t rac t s  (this is assumed by  the  authors) ,  
and (2) the  re la t ion of asS-SM to  the  o ther  35S compo-  
nents  of the  ext rac t .  F r o m  the  results  obta ined,  this  seems 
to be the  case. Thus,  the  r ivanol  prec ip i ta t ion  of SM 
present  in the  ex t rac t s  occurs quan t i t a t ive ly .  However ,  
as ye t  there  is no w a y  of e s t ima t ing  the  a m o u n t  of SM in 
the  prepara t ions  obta ined .  

Rdsumd. Les pet i t s  groupes des chondrocytes  6 ta lent  
isol6s du car t i lage apr~s incuba t ion  avec  [9~S]Na,SO4. 
Les mucopolysacchar ides  6talent  extract6s  de ces cellules 
par  la t echn ique  de micromanipu la t ion .  Le r ivanol  pe rme t  
la pr6cipi ta t ion q u a n t i t a t i v e  des S-mucopolysacchar ides  
extract~s  de ces groupes des celtules. 

Total extract, Rivanol treated preparation 

grain number grain number % of total 

• 108 per 29•2 tz 8 total • 108 extract 

38.0 21.4 33.6 88.4 
35.1 14.6 31.6 90,0 
46.4 18.3 41.1 88.5 
40.9 16.0 33.9 82.8 
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Local izat ion  of M o n o a m i n e s  in the L o w e r  
Brain  S t e m  

W i t h  the  he lp  of a new fluorescence m e t h o d  for t he  
h is tochemical  local izat ion of monoamines ,  i t  has  been 
shown t h a t  noradrenal ine  and 5 -hydroxy t ryp tamine ,  in, 
for example ,  the  hypo tha l amus  and spinal  cord, are accu- 
mula ted  in ve ry  high concent ra t ions  in synap t ic  t e rmi -  
nals 1,~. The  te rminals  or iginate  f rom two special  types  of  
neurons,  which  con ta in  in the i r  cell  bodies low concent ra-  
t ions of the  respect ive  amines  and which  m a y  be charac-  
ter ized as adrenergic  and  5 -hydroxy t ryp tamine rg ic  re- 
spect ively  9. Ev idence  has now been obta ined  t h a t  also the  
dopamine,  which  is to be found in s ignif icant  amoun t s  in 
the  lower bra in  s tem 4, is localized to special neuron 
systems• 

Mesencephalon,  pOllS and medul la  ob longa ta  were  
examined  in some 250 adu l t  male  a lbino rats ,  w i t h  the  
me thod  of FALCK and HILLARP 6 aS described in deta i l  in 
ano ther  paper  9. His tochemica l  and pharmacologica l  ex-  

per iments  (reserpine, reserpine-nialamide,  m-tyrosine,  ~- 
methyl -m-tyros ine)  were used to check  the  specif ici ty of 
t he  f luorescence react ions  1-9 

Fol lowing fo rmaldehyde  t r ea tmen t ,  a specific fluores- 
cence due  to  t he  presence of monoamines  developed in t he  
per icarya  of several  groups of ne rve  cells, and in typ ica l  
nerve  t e rmina l s  present ,  in va ry ing  abundance ,  a lmost  
eve rywhere  in the  lower bra in  stem. The  te rmina ls  were 
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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.  
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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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