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A s tudy  of the  dis t r ibut ion of dopamine  in the  bra in  
has shown tha t  the  amine  is p redominan t ly  localized in 
the  corpus s t r i a tum of the hemispheres.  Fo r  example  the  
caudate  nucleus of the dog conta ins  about  6.5 ~tg dopa-  
mine/g  tissue, represent ing more than  80% of the to ta l  
brain dopamine.  The localizat ion of dopamine  in brain 
differs largely from tha t  of noradrenal ine,  as shown by 
s imul taneous  f luor imetr ic  de te rmina t ions  of the  two 
amines.  Noradrenal ine  appears  to be detec table  in all 
par ts  of the  brain, though  in va ry ing  concentrat ions.  The  
highest  amount s  are found in the diencephalon,  mesen- 
cephalon,  and medul la  oblongata ,  where very  l i t t le dop- 
amine can be detected.  On the o ther  hand the sites wi th  
the highest  dopamine  con ten t  conta in  l i t t le noradrenal ine,  
These da t a  on the  d is t r ibut ion  of noradrenal ine  in brain 
are essential ly in ag reemen t  wi th  earl ier  observat ions  4,~. 

The  a m o u n t  of dopamine  in the  per ipheral  organs ex-  
amined,  i.e. heart ,  lung, spleen, liver, and kidney,  is ve ry  
small  except  in some organs of the two ruminan ts  invest i-  
gated, namely,  cow and sheep. In  the lung and the  capsule 
of the  l iver of the  cow and the lung of the  sheep high 
values  have  been recorded, i . e . l l ,  5, and 4 ~g/g respect ive-  
ly. Appreciable  amount s  of dopamine  are also present  in 
the  hear t  and spleen of bo th  species. These observat ions  
in the  cowand  sheepconf i rmand  ex tend  earl ier  findings ~a  

The presence of these large amoun t s  of dopamine  in 
ruminan ts  has now led to the  d iscovery  of a h i ther to  un- 
known type  of chromaffin cells now being inves t iga ted  by 
FALEK and HILLARP 8. The  occurrence of these cells ap- 
pears to be closely related to  the  presence of dopamine  in 
tissues o ther  t han  brain,  where no such cells have  been 
seen. 

In  pre l iminary  exper iments  wi th  Amphib ia  (Rana tem- 
poraria and Bu/o wdgaris) i t  was found t h a t  dopamine  
contr ibutes  ve ry  l i t t le  to the to ta l  ca techol  amine content ,  
The principal  catechol  amine in both  brain and peripheral  
organs is adrenaline.  

The  dis t r ibut ion of dopamine  in brain and o t h e r  tissues 
indicates  t ha t  i t  may  have  a funct ion of its own and no t  
only  serve as an  in te rmedia te  in the  format ion of nor- 
adrenal ine and adrenaline.  The  results favour  the assump- 
t ion tha t  dopamine  is concerned with  the  funct ion of the 
corpus s t r i a tum and thus  wi th  the control  of motor  func- 
tion. This view is suppor ted  by the  fact  t ha t  drugs which 
influence the  dopamine  con ten t  of the  corpus s t r i a tum 
also produce d is turbances  in mo to r  ac t iv i ty .  As is well 
known, reserpine produces moto r  hypoac t i v i t y  and m a y  
also cause var ious  components  of Parkinson 's  syndrome.  
This  drug has been found to deplete the corpus s t r i a tum 
of dopamine,  the t ime course being about  the same as for 
noradrenal ine °. Excess of dopamine  in brain produced 
by  adminis t ra t ion  of D O P A  is accompanied  by moto r  
hyperac t iv i ty  lo 

The  results of this invest igat ion will be published in 
deta i l  elsewhere. 
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Zusammen/assung 

Dopamin  k o m m t  im Gehi rn  al ler  u n t e r s u c h t e n  S~uge- 
t iere ausschliesslich im Corpus  s t r i a t u m  ve t .  In  andern  Or- 
ganen der  un te r such ten  T ie ra r t en  ist  der  D o p a m i n g e h a l t  
sehr gering, mi t  A u s n a h m e  einzelner  Organe  bei Schafen  
und Ktihen. Die Verfi.nderung der  Motor ik  yon  Versuchs-  
t ieren (lurch Arzneimi t te l ,  welche den D o p a m i n g e h a l t  de r  
13asalganglien beeinflussen, und die Loka l i sa t ion  yon Do-  
pamin  im Gehirn  sprechen dafiir,  dass D o p a m i n  fiir  die 
Funk t ion  der  Basalgangl ien yon  B e d e u t u n g  ist. 

Spawning in Coelenterates 

Recent ly ,  I r e -examined  the  spawning of  Hydractinia 
echinata, original ly  s tudied  by  BALLARDX, to compa re  it  
wi th  tha t  of the  Japanese  coelentera tes ;  H. epiconcha 2 
and Spirocodon saltatrix ~. 

As ment ioned  by  BALLARD, the male  and ' f ema le  gono-  
phores will discharge if i l luminatefl  af ter  a so journ  in 
darkness.  According  to him, photosens i t ive  substances,  
which in i t ia te  the  m a t u r a t i o n  process, are  a c c u m u l a t e d  
dur ing  the dark  period. In  H. echinata, I find t h a t  1-6 h 
in darkness  are required to induce spawning by re- i l lumi-  
nat ion,  bu t  longer periods are not  favourable  (Table). 
Since a longer period in l ight before darkness  increases the  
percentage of animals  which spawn, it  appears  t h a t  t he  
animals  ma tu re  dur ing the  i l luminat ion,  a l though  the  
final s tages of ma tu ra t i on  and discharge do no t  occur  unt i l  
the  animals  are  subjec ted  to  one fur ther  per iod in da rk -  
ness and one in light.  I t  is suggested t h a t  the  ear l ier  illu- 
mina t ion  adwlnces  changes associated wi th  m a t u r a t i o n  
to a cer ta in  level, a f ter  which the  b reakdown of pho to -  
sensi t ive substances,  accumula ted  dur ing  the  dark,  be- 
comes effect ive provided  a threshold concen t r a t ion  is a t -  
tained.  This hypothes is  is suppor ted  b y  the  fac t  t h a t  pe-  
riods of 5-10 s i l luminat ion  a t  10-20 rain in te rva l s  du r ing  
a 3 h dark  period grea t ly  reduce the  n u m b e r  of  an imals  
which spawn on subsequent  i l luminat ion.  The  darkness  
can thus  be regarded as the period d u r i n g w h i c h  the  pho to -  
sensi t iv i ty  is increased. 

The re- i l luminat ion  need no t  necessar i ly  be con t inued  
unti l  shedding occurs. In  general,  the  br igh ter  t he  i l lumi-  
nat ion,  the  shor ter  the  exposure  per iod t h a t  is necessary  
to induce responsiveness.  The  Bunsen-Roscoe  L a w  does 
not  hold here, for in d i m m e r  light, the  va lue  of the  prod-  
uc t  ( intensi ty  X t ime of exposure) t h a t  is requi red  to 
induce spawning in a g iven percentage  of cases is greater .  

Histological  examina t i on  reveals  no de tec tab le  change  
in the  gonophores  unt i l  t hey  are sub jec ted  to l ight  for t he  
second t ime,  a f te r  which bo th  m a t u r a t i o n  divis ions occur  
and t h e y  even tua l l y  discharge.  

Thus  spawning  is cont ro l led  by  a t  least  three  factors,  
two condi t ion ing  (the earl ier  i l luminat ion  and the  dark-  
ness) and one t r igger ing mechan i sm (the la te r  i l lumina-  
tion). 

The  effect of Ca- and  Mg-free sea wa te r  is also in teres t -  
ing. No change  in the  n u m b e r  of gonophores  which  spawn  
is caused by  l a c k ~ f  Mg, though  spawning  m a y  be s l igh t ly  
delayed,  l .ack of Ca dur ing  the  darkness ,  or  jus t  before  the  
spawning  is due to s tar t ,  inhibi ts  the  react ion.  No effect  
is seen when gonophores  are immersed  in Ca-free sea 
wa te r  for 30 min  af ter  re- i l luminat ion .  

1 W. W. BALLALI), Bi~l. I~,ull. 8~ (:~), 329 {1942). 
2 M. Yosun)h, J. Fac. Sci., Tokyo Univ. 7, 67 {195-1). 

M. YOSmDA, Zool. Mag., Tokyo 61, (t2)~ q58 (1952). 



12 Br~ves communications - Brevi eomunicazioni [ExPERIENTIA VOL. XV[1] 

Light 

H. epiconcha . 

H. echinata . 

• Gametogenesis 
including matura t ion  division 
Medusoid formation 
Ca-lndependent 

• Gametogenesis 
excluding ma tu ra t ion  division 

Dark 

Spawning 

Ca-dependent 
Photosensi t izat ion 
for completion of matura t ion  
division 
Ca-dependent 

Light 

Gametogenesis Spawning 
completion 

Ca-independent Ca-dependent 

Schematic comparison of spawning process in relation to photic and ionic conditions between H. epiconcha and H. echinata 

I n  H. epiconcha, d a r k n e s s  a lone  t r iggers  off t h e  spawn-  
ing  p r o p e r  ( m e m b r a n e  d i s so lu t ion  a n d  pu l sa t ion) .  Clear  
a n t a g o n i s m  b e t w e e n  Ca- a n d  Mg-ions ex i s t s  4. Sea  w a t e r  
l ack ing  Ca, or  w i t h  excess  Mg, i n h i b i t s  t h e  spawning ,  
wh i l s t  lack  of Mg or  excess  Ca elici ts  s p a w n i n g  w i t h o u t  
t h e  per iod  of da rkness .  G o n o p h o r e  d e v e l o p m e n t  a n d  ga- 
me togenes i s  p roceed  in l igh t  w i t h o u t  Ca-ions.  

T h e  s imi la r  r eac t ions  of b o t h  species to  l igh t  a n d  ions 
are s h o w n  schema t i ca l Iy  in  t he  F igure .  T h u s  in b o t h  cases 
t he  process  of m a t u r a t i o n  ( inc luding  t h e  m a t u r a t i o n  d iv i -  
sions) d e p e n d s  o n  l ight ,  b u t  is i n d e p e n d e n t  of t h e  p resence  
of Ca-ions.  T h e  da rkness ,  on  t he  o t h e r  h a n d ,  s t i m u l a t e s  
s p a w n i n g  in one  case (H. epiconcha) a n d  increases  p h o t o -  
s e n s i t i v i t y  in  t he  o t h e r  (H. echinata). I n  bo th ,  e v e n t s  in 
da rknes s  are p r o f o u n d l y  in f luenced  b y  Ca-ions,  b u t  in  t he  
former ,  Mg-ions  are  i nh ib i t o ry .  Again ,  d i s c h a r g e  of ge rm 
ceils w h e n  t r igge red  e i t he r  b y  t h e  d a r k  (H. epiconcha) or 
t h e  l i gh t  (H. echinata) is d e p e n d e n t  on  Ca-ions.  
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Spirocodon differs  in  t h a t  game togenes i s  beg ins  in  da rk -  
ness a n d  s p a w n i n g  follows a u t o m a t i c a l l y  in  due  course.  
The  p a r t  p l a y e d  b y  Ca- a n d  Mg-ions is u n k n o w n .  

4 M. YOSIHDA, unpublished. 

T h e  d i f fe ren t  ways  in w h i c h  l igh t  affects  t he  s p a w n i n g  
of h y d r o z o a n s  a re  s u m m a r i z e d  as  a b o v e .  

The work was clone at the MiUport Marine Station with a grant 
from the Medical Research Council. The author's thanks are due to 
both and to Professor N. MILLOTT for his kindness in reading the 
manuscript. 

M. YOSHIDA 

Zoology Department, Bed[ord College, University o/ Lon- 
don, July 31, 1958 

Rdsum~ 

L a  p o n t c  de  H. eehinata es t  inf luenc6e p a r  ta lumi~re,  
qu i  c s t  n~cessaire  p e n d a n t  d e u x  p6r iodes :  d ' a b o r d  pen-  
d a n t  la gam~togen~se  e t  p lus  t a r d  (apr~s une  pSriode d 'obs -  
curi t6)  p o u r  d6c lencher  la m a t u r a t i o n  f inale e t l a  ponte .  

L ' e f f e t  de la lumi~re  p e n d a n t  la deux i~me  p6r iode ne  
su i t  pas  la  r~gle de Bunsen -Roscoe .  H. echinata es t  com- 
par~e,  en  ce qu i  conee rne  Fac t ion  des d ive r s  fac teurs ,  avec  
Slirocodon e t  H. epiconcha. L a  s ign i f i ca t ion  des  ions  de 
Ca e t  Mg es t  examinee .  

S o m e  O b s e r v a t i o n s  

o n  t h e  C o n t r o l  o f  t h e  T o n g u e  M u s c l e s  

T h e  p r o b l e m  of t h e  p r o p r i o c e p t i v e  i n n e r v a t i o n  of t he  
t o n g u e  ha s  for  a long  t i m e  a t t r a c t e d  a t t e n t i o n ,  no  d o u b t  
for  t h e  r ea son  t h a t  t he  hypog lossa l  n e r v e  does n o t  h a v e  
a pos t e r io r  root .  The  m a j o r  p rob lem,  u sua l ly  a t t a c k e d  
w i t h  morpho log ica l  m e t h o d s  only,  h a s  b e e n  w h e t h e r  t he re  
are a n y  musc le  sp indles  in  t h e  t o n g u e  a n d  - if t h e y  are 
p r e s e n t  - b y  w h i c h  n e r v e  a n d  pos t e r io r  r o o t  t h e i r  connec-  
t i o n  w i t h  t h e  c e n t r a l  n e r v o u s  s y s t e m  is es tab l i shed .  E a r -  

Effect of first illumirmtion period and darkness on spawning. The figures for each experiment are percentages of gonophores in a given 
batch which spawned 
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