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Dopamine and Adenosinetriphosphatase Changes in the Corpus Striatum of the Rat 

T h e  c o r p u s  s t r i a t u m  of  t h e  r a t  c o n t a i n s  s i g n i f i c a n t  
a m o u n t s  of  t h e  c a t e c h o l a m i n e  d o p a m i n e  (DA),  w h i l e  t h e  
p r e s e n c e  of  o t h e r  b i o g e n i c  a m i n e s  (BAs)  i n  t h i s  a r e a  is 
s l i g h t  1, 2. D A  h a s  b e e n  r e l a t e d  to  c o r p u s  s t r i a t u m  f u n c t i o n  
in  a n u m b e r  of  a n i m a l s  a n d  in  m a n  as  wel l  1, 3, ~-6. 

T h e  e n z y m e  a d e n o s i n e t r i p h o s p h a t a s e  ( A T P a s e )  b e a r s  
a c o n s t a n t  r e l a t i o n s h i p  to  n o r e p i n e p h r i n e  (NE)  c o n t a i n i n g  
cel ls  in  t h e  a d r e n a l  m e d u l l a  of  a n u m b e r  of  spec i e s  of  
a n i m a l s  p o s s e s s i n g  N E  cel ls  ~-9. T h e  N E  cel ls  of  t h e  
a d r e n a l  m e d u l l a  c a n  be  a t  t i m e s  t y p i f i e d  as  b i o g e n i c  
a m i n e  (BA) c o n t a i n i n g  n e u r o n s .  R e s e r p i n e  i n j e c t i o n  
p r o d u c e s  a c o n s i s t e n t  i n c r e a s e  in  A T P a s e  c o n c e n t r a t i o n  
a l o n g  n e r v e  f i be r s  l e a d i n g  t o  N E  c o n t a i n i n g  cel ls  of  t h e  
a d r e n a l  m e d u l l a ,  a s  wel l  a s  a n  i n c r e a s e  in  a c t i v i t y  a r o u n d  
t h e  N E  c o n t a i n i n g  cel ls  s. T h i s  c o n c o m i t a n t  r i se  in  A T P a s e  

Data obtained from rat  corpus s tr iatum following i.p. reserpine 
injection 

Reserpine dose (i.p.) DA (~g/g) 

Control 5.12 4- 0.59 

5 mg/kg 1.58 • 0.01 

10 mg/kg No read ing-va lues  at the blank level 

All animals weighed approximately 500 g. All were saerified 24 h 
following injection. 

a c t i v i t y  w i t h  a d e c r e a s e  in  B A  c o n c e n t r a t i o n  a f t e r  r e s e r -  
p i n e  i n j e c t i o n  h a s  b e e n  f o u n d  t o  o c c u r  2 h p o s t - i n j e c t i o n  
a n d  p e r s i s t  for  u p  t o  48 h ;  t h u s  i n d i c a t i n g  a p o s s i b l e  f u n c -  
t i o n a l  r e l a t i o n s h i p  b e t w e e n  B A  c o n t a i n i n g  cei ls  a n d  
A T P a s e  a c t i v i t y .  

N o t  o n l y  h a s  D A  b e e n  d e t e r m i n e d  q u a n t i t a t i v e l y  in  
t h e  c o r p u s  s t r i a t u m  in  a n u m b e r  o f  a n i m a l s  1-6, b u t  t h i s  
B A  h a s  b e e n  l oca l i z ed  b y  t h e  h i s t o c h e m i c a l  f l u o r e s c e n t  
m e t h o d  1~ a n d  h a s  a l so  b e e n  l o c a l i z e d  c y t o c h e m i c a l l y  
u s i n g  e l e c t r o n  m i c r o s c o p y  a n d  h e a v y  m e t a l  t e c h -  
n i q u e s  3, 4,13 
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Fig. 1. Uninjected control art, perfused with glutaraldehyde and treated histochemically for ATPase activity. Fibre bundles of the 
corpus s t r ia tum are indicated by darker staining positive ATPase activity (unmarked arrows). The areas between these fibre bundles 
and arrows represent the neuron-neuropil which is relatively nonreactive and non-staining. The ependymal areas (E) indicate a high de- 
gree of precipitate for ATPase activity as does the external capsule (C) and the endothelial areas of the blood vessels (V) also represent a high 
degree of positive precipitate for ATPase activity. 
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Fig. 2. The same area of tissue taken from an animal sacrificed 4-h post-reserpine, 10 mg/kg, and treated for ATPase activity. The fibre 
bundles of the corpus striatum which had previously stained positive and dark in Figure 1 (control) are not now stainable by the ATPase 
reaction (unmarked arrows). The areas between the fibre bundles and arrows which represent the neuron-neuropil areas, now are highly 
positive and represent an increase in ATPase activity above that seen in similar areas in the control areas (CF 1 to 2). This is a significant 
shift, not only from fibre bundle to neuron-neuropil areas, but a significant shift histoehemically in levels of ATPase activity from 
control, thus representing a decrease in fibre bundle activity and an increase in the cellular area activity. ATPase activity ependymal 
area (E) and the external capsule (C) and in the vascular area (V) are unchanged. 

Reserpine,  a known BA deple t ing  agent ,  deple tes  DA 
in the  corpus s t r i a t u m  in the  ra t  s and  the  cauda te  nucleus 
of p r ima tes  4,18. This  has  also been  de t e rmined  cy tochemi-  
cally 3, 4,13. 

Changes in cauda te  nucleus DA concen t ra t ion  and  
ATPase  ac t iv i ty  in t he  squirrel  m o n k e y  have  been 
p resen ted  in a p re l imina ry  repor t  s which  is in the  final  
s tages of p repara t ion .  However ,  t he  p resen t  s tudy  using 
ra t  t issue sheds considerable  l ight  on the  act ivi t ies  of the  
DA conta in ing  areas of the  corpus s t r i a tum.  

Mater ia l  and methods. Male, 500 g ra ts  were d iv ided  
into 3 groups. (All animals  were anes the t i zed  wi th  
pen toba rb i t a l  pr ior  to sacrifice.) One group served as 
un in jec ted  controls .  The animals  in th is  group were 
decap i t a t ed  and. the  corpus s t r i a t um dissected  and  
analyzed b iochemica l ly  for DA according to t he  m e t h o d  
of ANTON and SAVER 14. Comparab le  animals  were perfu-  
sed wi th  3~o g lu ta ra ldehyde ,  t issue f ixed for 1/., h and  
incuba ted  in the  Wachs te in-Meise l  m e d i u m  for ATPase  
ac t iv i ty  15. A second group of an imals  received i.p. 
5 mg/kg  of reserpine.  These animals  were sacrificed 24 h 
fol lowing in jec t ion  and  analyzed for DA and  ATPase  as 
ind ica ted  above.  Animals  in a t h i r d  group received 
10 mg/kg  of reserpine  i.p. and were processed s imilar ly  
to t he  groups  above.  Animals  were sacrif iced as late  as 
48 h following reserpine  inject ion.  The spec t rof luoromet r ic  
analyses  were pe r fo rmed  on a Zeiss PMQ-2 spec t rophoto-  
f luorometer  and the  l ight  mic rographs  were t aken  on a 
Zeiss Ul t r apho t .  

Results  and comments. Quant i t a t ive  de te rmina t ions  are 
p resen ted  in the  Table.  The normal  or control  con t en t  of 
DA in ~g/g of wet  t i ssue  is a p p r o x i m a t e l y  5.1 which  
agrees in essence wi th  in fo rma t ion  p resen ted  in t he  
l i terature1,% 24 h af ter  a 5 mg/kg  dose of reserpine  the  
DA con t en t  was  reduced  to  a p p r o x i m a t e l y  1.6 ~zg/g, and  
a 10 mg/kg  level dose of reserpine  reduces  the  quan t i t a -  

t i r e  de t e rmina t i on  to t he  level of the  blank,  the  la t t e r  
ind ica t ing  a non-de tec tab le  a m o u n t  of DA in the  corpus 
s t r i a t u m of the  rat .  This dose-response re la t ionship  
coincides wi th  previous  work  done in th is  l abora to ry  3, 4, 3. 
This also indicates  the  h igh  level of to lerance  of the  ra t  to 
reserpine  as compared  to o ther  animals,  e.g. squirrel  
monkey,  1 mg/kg;  Syr ian hamster ,  0.1 mg/kg  on which  
work  has been done in th is  labora tory .  

F igure  1 i l lus t ra tes  a cont ro l  ra t  corpus s t r i a t u m 
showing dark  ATPase  ac t iv i ty  in f ibre bundles  (arrows); 
in t he  area of t he  e p e n d y m a  (E) of the  la tera l  vent r ic le ;  
and  in the  ex te rna l  capsule area (C). Nerve  cell body  and 
neuropi l  areas are l ight  and  much  less reac t ive  t h a n  the  
f ibre bundles.  Control  ATPase  react ions  were pe r fo rmed  
using unf ixed  tissues. Al though  the  reac t ion  p ro d u c t  is 
grea ter  in unf ixed  tissue, the  morpho logy  is less preserved.  
The densi t ies  of the  react ive  sites are re la t ively  co n s t an t  
when  f ixed and unf ixed  t issues are compared .  

His tochemica l  de t e rmina t ions  on corpus s t r i a tum in 
th is  s t u d y  were done on at  least  6 animals  to  ma i n t a i n  a 
s y s t em of contro l  for the  react ion.  ATPase  ac t iv i ty  is 
also, as ind ica ted  by  o ther  inves t iga tors  15, localized in the  
vascular  s t ruc tures  which  due to  t he  perfus ion t echn ique  
in these  par t icu lar  animals  is shown as open spaces (V). 
The fibre bundles  of the  corpus s t r i a t u m  (arrows) are da rk  
and  s t rongly  posi t ive,  while the  cellular and  neuropi l  
areas show less react ion.  F igure  2 i l lus t ra tes  changes  
occurr ing in the  ATPase  ac t iv i ty  in the  corpus s t r i a t u m 
of the  r a t  fol lowing reserpine inject ion.  This  p h o t o g r a p h  
was t aken  f rom a series of an imals  which  were sacrificed 
by  perfus ion 4 h pos t - reserp ine  inject ion.  This  area of the  
corpus s t r i a t u m when  compared  wi th  Figure  1 indica tes  

1~ A. H. ANTON and D. F. SaYRE, J. Pharmac. 138, 360 (1962). 
15 M. WACHSTEIN and E. MEISEL~ Am. J. clin. Path. 27, 13 (1957). 



836 Specialia EXPERIENTIA 29/7 

Fig. 3. A 48-h, post-reserpine injection animal sacrificed as those in Figures 1 and 2, the ATPase activity has not returned to normal in 
the fibre bundIes (unmarked arrows) which are still unreactive for ATPase activity in that they appear light, whereas there remains 
some increased activity indicated by the darker staining areas in the neuropil areas between the fibre bundles. The ependymal area (E), 
external capsule (C), and vascular endothelial areas remain unchanged for ATPase aerivity. (Note: the marked differences in the 3 photo- 
graphs represent a change from positive reactivity for ATPase in the fibre bundles in the control animals to non-reactivity in Figures 2 and 
3 in the reserpine injected animals. The other significant feature is the marked increased enzymatic (ATPase) activity from the control 
animals (Figure 1) to markedly increased neuron-neuropil ATPase present in Figures 2 and 3.) 

t h e  m a i n t e n a n c e  of A T P a s e  a c t i v i t y  in  t he  ex t e rna l  
capsule  (C) a n d  in t he  e p e n d y m a l  areas  (E). The  vascu la r  
e n z y m a t i c  a c t i v i t y  (V) appea r s  u n c h a n g e d  b y  reserpine.  
t3UCI~LXY and  WOOD a h a v e  r epo r t ed  a sh i f t  in  A T P a s e  
t o w a r d  t h e  i n t e r n a l  capsu le  in  monkeys .  However ,  t h e  
m a r k e d  change  in t he  cu r r en t  group of an ima l s  is a sh i f t  
of A T P a s e  a c t i v i t y  f rom t h e  f ibre  bund l e s  of t h e  corpus  
s t r i a t u m  (arrows) in to  t h e  cel lular  a n d  neurop i l  areas  
p roduc ing  a n  a l m o s t  nega t ive  image  w h e n  c o m p a r e d  
w i t h  F igure  1. Thus ,  t he  f ibre  bund l e s  (arrows) are  
l i gh t e r  t h a n  t he  n e u r o n  and  neurop i l  areas  wh ich  are no w  
dark .  Also, t h e  f ibre  b u n d l e s  (arrows) of F igure  2 are 
l igh te r  a n d  less r eac t ive  t h a n  those  of F igure  1 (arrows) 
whi le  t he  increased  A T P a s e  a c t i v i t y  of t he  neu ron -  
neu rop i l  a rea  F igure  2 (be tween  t he  arrows) is m u c h  
d a r k e r  fol lowing reserp ine  in j ec t ion  w h e n  c o m p a r e d  to  
s imilar ,  b u t  l ighter ,  areas  in  F igu re  1. Th i s  sh i f t  to  in- 
creased a c t i v i t y  in  t i le  cel lular  a reas  is s imi la r  to  t h a t  re- 
p o r t e d  b y  WOOD, BENJAMIN a n d  13oGY 8 for t he  N E  cells 
of t h e  ad r ena l  medul la .  This  sh i f t  in  A T P a s e  a c t i v i t y  per-  
sists  t h r o u g h  t h e  24 h pos t - in j ec t ion  per iod  w h e n  D A  
qua l l t i t a t i ons  were done  and  in to  t h e  48-h pos t - in j ec t ion  
per iod  w h i c h  is i l l u s t r a t ed  in F igure  3. A t  48 h, t h e r e  is 
b e g i n n i n g  of a r e t u r n  to  r e l a t ive ly  n o r m a l  A T P a s e ;  how- 
ever,  t h e r e  is s t i l l  decreased a c t i v i t y  in  t h e  f ibre  bund l e s  
(arrows) whi le  t h e  in t e r f ib re  areas  of t he  s t r i a t u m  a p p e a r  
to  be  a t  h igher  e n z y m a t i c  a c t i v i t y  level  thai1 t h a t  ill t h e  
con t ro l  (Figure 3 c o m p a r e d  w i t h  F igure  1). 

The  i n f o r m a t i o n  f rom th i s  s t u d y  ind ica tes  t h a t  severa l  
even t s  m a y  be  occur r ing  : 1. The re  is a r easonab le  a m o u n t  

of A T P a s e  a c t i v i t y  w h i c h  r e m a i n s  in  t h e  b r a i n  of an i ma l s  
fol lowing g l u t a r a l d e h y d e  f ixa t ion  a n d  t h i s  e n z y m a t i c  
a c t i v i t y  is sufficiently,  h i g h  to  be  localized a t  t h e  l igh t  
microscopic  level. 2. Graded  doses of reserp ine  p roduce  
changes  in t h e  D A  c o n t e n t  in  t h e  r a t  b r a i n  a n d  a r e l a t ive ly  
m a x i m u m  dep le t ing  dose of reserp ine  in t h e  r a t  a d u l t  is 
10 mg/kg.  3. T h e  c o n c o m i t a n t  changes ,  i.e., decrease  in 
DA c o n t e n t  an d  increase  in  A T P a s e  a c t i v i t y  are c o n s t a n t  
a n d  repea tab le .  A t  leas t  6 an ima l s  in  each  e x p e r i m e n t a l  
g r o u p  were used  in t h i s  series of expe r imen t s .  4. Th i s  
sh i f t  i n  A T P a s e  w i t h  a decrease  in D A  c o n t e n t  can  be  
cor re la ted  w i t h  t i le increased  A T P a s e  r e l a t ed  to  N E  
decrease  ill t h e  ad r en a l  medul la .  Th i s  l a t t e r  was  found  to  
be  a ne rve  d e p e n d e n t  ac t iv i ty ,  i.e., t h e  increased  A T P a s e  
a c t i v i t y  a n d  decreased  N E  c o n t e n t  was  abo l i shed  b y  
c u t t i n g  t h e  n e r v e  supp ly  to  t h e  ad r en a l  med u l l a  s. 

I t  c an  be  concluded,  therefore ,  t h a t  t h e r e  is a conco- 
m i t a n t  increase  in A T P a s e  a c t i v i t y  a long  w i t h  a decrease  
in D A  c o n t e n t  in  t h e  corpus  s t r i a t u m  of t h e  r a t  fol lowing 
reserp ine  in jec t ion .  These  e n z y m a t i c - B A  changes  in al l  
p r o b a b i l i t y  i nd i ca t e  a f u n c t i o n a l  r e l a t ionsh ip  b e t w een  
t h i s  p a r t i c u l a r  B A  an d  t h e  e n z y m e  concerned.  T h e  exac t  
i n t e r a c t i o n  of m e m b r a n e  p e r m e a b i l i t y  a long  w i t h  D A  
release or poss ib ly  r e u p t a k e  of D A  b y  t h e  a m i n e  p u m p  
c a n n o t  ful ly  be  d e t e r m i n e d  a t  t h i s  t i m e  b u t  t h e  a m i n e  
p u m p  m a y  be  r e l a t ed  to  t h e  increased  e n z y m a t i c  ac t iv i ty .  
Th i s  i n f o r m a t i o n  appea r s  s ign i f i can t ly  i m p o r t a n t  in  t h a t  
i t  e s tab l i shes  a d r u g - B A - e n z y m a t i c  a c t i v i t y  r e Ia t ionsh ip  
w h i c h  h a s  been  c o n s t a n t  in  a n u m b e r  of species of 
an ima l s  in  va r ious  b iogenic  a m i n e  areas.  F u r t h e r  s tud ies  



15.7.1973 Speeialia 837 

are in progress  a t  t he  e lec t ron microscopic  and  biochemi-  
cal levels in order  to de te rmine  the  mechan i sm and  fine 
s t ruc tu ra l  loci of ac t iv i ty  I6,1~. 

Zusammen/assung.  Nachweis ,  dass  im R a t t e n - S t r i a t u m  
die Reserp in - induz ie r te  Dopamin -Dep le t i on  mi t  einer 
E r h 6 h u n g  der ATPase-Akt iv i t / i t  v e r b u n d e n  ist. 

~6 Supported by: NIH grant No. NB 06980, The University of Texas 
Medical School at San Antonio, NIH grant No. 10326, The 
University of Texas Medical School at Houston and Nathaniel 
Henry Asten Fund for Paralysis Agitans, San Antonio. 

1, Special appreciation: Dr. CAROLINE BEXJAMIN for performing the 
biochemical determinations. 
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The Histology of the Retina of Pomatoschistus (Gobius) microps (Kroyer) 

In  near ly  all m e m b e r s  of the  te leosts  there  are 3 types  of 
visual  ceils: rods, single cones and twin  cones. The twin  
cones are found only in teleosts.  I n  1911 HEss  1, hav ing  
s tud ied  d i f fe ren t  re t inae,  no ted  t h a t  in no o the r  ver te-  
b ra te  class is the re  such a va r i e ty  in s t ruc tu re  and distr i-  
bu t ion  of rods and cones. Subsequent ly ,  the  te leost  re t ina  
has received only scan t  a t t en t i on  2-~. 

Various te leos tean  re t inae  are cur ren t ly  being s tudied  
b o t h  his tological ly (light and electron microscope) and  
h is tochemica l ly  in th is  d e p a r t m e n t .  In  this  paper  t he  
s t r u c t u r e  of the  ret ina,  par t i cu la r ly  of the  photorecep tors ,  
of Pomatoschistus microps is given. 

. Material and methods. Pomatoschistus microps is a 
ka t ad romous  fish, found f rom October  to March in the  
Salt  Marsh,  Bull Is land,  Dubl in  ~. The fish were decap i ta t -  

t C. vo• HEss, Arch. vergl. Ophthal. 7, 12 (1911). 
.z G.L. WACLS, The Vertebrate Eye and its Adaptive Radiation (Cran- 

brook Inst. Set., Bloomfield, Michigan 1942). 
3 S. POLYAK, The Vertebrate Visual System (Univ. Chicago Press, 

Chicago 1958). 
4 j .  H. PRINCE, Comparative Anatomy o/the Eye. Charles C. Thomas. 

Springfield Ill. USA 1956). 
5 y. KIJNz Proc. R. Ir. Acad. 68, 77 (1969). 

Fig. 1. Retina of Pomatosehistus microps (dark adapted). 
C, cone; GCL, ganglion cell layer; INL, inner nuclear layer~ 
IPL, inner plexiform layer; ONL, outer nuclear layer; OPL, 
outer plexiform layer; PE, pigment epithelimn; R, rod. 


