
15. 10. 1971 Specialia 1179 

cent r i fuged for 10 min  a t  17,000 g. The  sed iment  was re- 
suspended and centr i fuged in 6 N HC1 3 t imes  and there-  
af ter  hydro lyzed  in 6 N HC1 for 7 h. The  last  supe rna tan t  
and the  hydro lysa te  were examined  for the  fol lowing sub- 
s tances : A) Dopa, according to  ANTON and SAYRE 10. B) Ad- 
renal ine and noradrenal ine,  according to BERTLER et  al. n 
C) Dopamine ,  according to  CARLSSON and WALDECK lz, 
D) 5 -hydroxy t ryp tamine ,  according to BEETLER and  RO- 
SENGREN 13 

Results and comments. The  de te rmina t ion  of dopa  and 
the  var ious  biogenic amines  showed t h a t  dopa  and dop- 
amine  could be recovered in t he  hydro lysa te  of Subs tan t i a  
nigra  melanin.  ~Vhen hydrolys is  was repea ted  3 t imes,  only  
dopa  was  found. No  dopa, dopamine  or o ther  amines  were 
present  in the  last  supe rna tan t  af ter  repea ted  washing  of 
melanin  in 6 N HC1. 

Dopamine  has  n o t  p rev ious ly  been  found in na tu ra l ly  
occurr ing melanin,  bu t  under  expe r imen ta l  condi t ions  
dopamine  m a y  form melanin,  and knowledge of th is  mela-  
nin is to  a considerable  ex ten t  thanks  to the  work  of 
SWAN 14. According  to the  classic Raper -Mason  concept ,  
melan in  formed f rom dopa or  dopamine  should conta in  
only  indole-quinones,  bu t  i t  is now though t  t h a t  dopa  or 
dopamine  can be incorpora ted  in the  melanin~4-xL 

The  presence of dopamine  in Subs tan t i a  nigra  melanin  
is of great  interest ,  since dopamine  has been demons t r a t ed  
in considerable  amoun t s  in this structureXS. Dopamine  is 
bel ieved to have  a special  funct ion  in the  ex t r a -py ramida l  
system, and the  dopamine-con ta in ing  nerve  t e rmina l s  of 
t he  p u t a m e n  and of the  cauda te  nucleus p robab ly  or iginate  
in Subs tan t i a  nigra  19. I t  is no t ewor thy  t h a t  p igment  forms 
only  in th is  s t ructure ,  while the  dopamine  concen t ra t ion  
is 10-fold h igher  in the  cauda te  nucleus  and the  pu ta -  
men  IS, 2o. 

Various exp lana t ions  m a y  be  offered for t he  presence of 
dopa  and  dopamine  in Subs tan t i a  nigra  p igment .  P i g m e n t  
granules  m a y  be  formed by  ox ida t ion  of ty ros in  and dopa  
and po lymer iza t ion  of the  ox ida t ion  products .  T h e n  dopa  
m a y  be  copolymer ized  wi th  t he  po lymer ized  indole-  
quinones.  Dopamine  avai lab le  in Subs tan t i a  n igra  cells 
m igh t  t hen  also be copolymerized.  I t  is also possible t h a t  
p igment  granules are  formed by  ox ida t ion  of dopamine  
and po lymer iza t ion  of the  formed indole-quinones.  Dop-  
amine,  bu t  also some still  undeca rboxy la t ed  dopa, m a y  
then  be copolymerized.  

Final ly ,  i t  canno t  be excluded t h a t  the  Subs tan t i a  nigra  
melanin  is a m ix tu r e  of dopa melan in  and dopamine  mela-  
nin in which case dopa  and dopamine  should be present  in 
di f ferent  granules.  

The f inding of dopa only, af ter  3 hydrolyses  of 7 h each, 
favours  the  v iew t h a t  the  p r imary  nucleus of melanin  for- 
med  is dopa  melanin,  while the  dopamine  melanin  forms 
a shell on the  melan in  part icles  21. 

Zusammen/assung. Hydro lysa te  der  P igmen tpa r t ike l  
der  Subs tan t i a  nigra  en tha l t en  D o p a  und Dopamin ,  je- 
doch kein  Adrenal in ,  Noradrena l in  oder  Serotonin.  
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I n h i b i t o r y  E f f e c t  o f  P r o t e o l y t i c  E n z y m e s  on P l a t e l e t  A g g r e g a t i o n  I n d u c e d  by A D P  o r  T h r o m b i n  

A l t h o u g h  a n u m b e r  of substances have  been re- 
por ted  to  inh ib i t  p l a t e l e t  aggregat ion  or  adhesion,  mos t  
of t h e m  should be  inqui red  more  to  be approved  as 
rel iable and  avai lab le  in clinical use on th romboembot i sm.  
One of these  categories  includes pro teo ly t ic  enzymes.  The  
present  s tudy  describes a l te ra t ions  in t he  sensitivity- of 
unwashed and washed  p la te le ts  w i t h  A D P  and  t h rombin  
when p la te le ts  were t rea ted  wi th  pro teo ly t ic  enzymes.  

5¢ateriats and methods. H u m a n  venous  blood ant i -  
coagula ted  wi th  10% by  v o l u m e  of 8% t r i sodium c i t ra te  
was centr i fuged a t  170g for 30 rain a t  r o o m  t empera tu r e  
to ob ta in  p la te le t - r ich  p lasma (PEP) .  The  p la te le t  con- 
cen t ra t ion  in P R P  was ad jus ted  by  using p la te le t  poor  
p lasma (PPP) as a d i luent  to 25 × 1 0 / m m  3 employ ing  
BRECHER-CRONKITE m e t h o d  1. All  glasswares were sill- 

conized. 50 mg  of each p ro teo ly t i c  e n z y m e :  pro tease  
(1,900,000 U/g), by  cour tesy  of Pacif ic  Lab. ,  Inc. ,  Hono-  
lulu, HI.; papain  (1000 G D U  (gelat in digest ing uni t ) /g ,  
and bromela in  (1200 GDU/g) ,  p rov ided  by  Dr. S. TAUSIK) 
Direc tor  of Research,  Dole  Co., Honolulu ,  H I . ;  ficin 
(200-800 U]g), ob ta ined  f rom Sigma Chemical  Co. 
(St. Louis,  Mo.), was dissolved in phospha te  buffered 
saline (PBS) p H  7.2 to  yield t he  concen t ra t ion  of 20 and 
200 ~g/ml.  P R P  was incuba ted  wi th  an  equa l  vo lume  
of each enzyme  solut ion in a plast ic  t ube  a t  37°C for 
30 rain. The  mix tu r e  of P E P  and P B S  was used as a 
control .  

The  A D P  sens i t iv i ty  tes t  of p la te le ts  was per formed 
by  m e t h o d  of YAMAKIDO et  al. ~ as modif ied by  SANO 
et  al. 3,4. The  principle  of the  me thod  is to ob ta in  the  
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m i n i m u m  c o n c e n t r a t i o n  of A D P  r equ i r ed  to  i nduce  
p l a t e l e t  a g g r e g a t i o n  b y  m i x i n g  e q u a l  vo lumes  of P R P  
a n d  ser ia l ly  two- fo ld  d i l u t e d  A D P .  T h e  s ens i t i v i t y  was  
expressed  b y  t h e  abso lu t e  v a l u e  of t h e  e x p o n e n t  of t h e  
c o n c e n t r a t i o n  (2-~ m g / m l )  of A D P  requ i red .  F o r  in s t ance ,  
w h e n  t h e  e n d p o i n t  was  2 -zs m g / m l ,  t h e  v a l u e  of s ens i t i v i t y  
was expressed  as '13' .  
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Fig. 1. Effect of proteolytic enzymes on ADP-induced aggregation 
of unwashed platelets. 

PRP 

PPP 

Fig. 2. Aggregometric curve of platelet aggregation after treatment 
with protease (ADP 5 ~g/ml). 

F i v e  spec imens  were  t e s t e d  be io re  a n d  a f t e r  t r e a t m e n t  
w i t h  each  of t h e  4 e n z y m e  p r e p a r a t i o n s  a t  e ach  of 2 
d i f f e ren t  co n cen t r a t i o n s .  Changes  in  p l a t e l e t  a g g r e g a t i o n  
were  t e s t e d  for  s ign i f icance  u s ing  a t - t es t  on  t h e  dif-  
ference b e t w e e n  t h e  p a i r e d  obse rva t ions .  T u r b i d i m e t r i c  
o b s e r v a t i o n  of p l a t e l e t  ag g reg a t i o n  5, e was  also p e r f o r m e d  
on  t h e  effect  of p ro t ea se  b y  a n  a g g r e g o m e t e r  (Chrono-  
Log Corp.,  Broomal l ,  Pa.) .  

I n  c o m p a r i s o n  w i t h  P R P  analys is ,  e x p e r i m e n t s  were  
ca r r i ed  o u t  u s ing  w a s h e d  p la te le t s .  I n  t h i s  case, 15% 
b y  v o l u m e  of h y p e r a c i d  ACD ( 0 . 0 8 5 M  t r i s o d i u m  c i t ra te ,  
0 . 0 6 5 M  ci t r ic  acid a n d  2 %  dext rose)  ~ was  emp loyed  
as  a n  a n t i c o a g u l a n t .  R e d  b lood  cells in  P R P  was  el im- 
i n a t e d  b y  a n  a d d i t i o n a l  s p i n n i n g  a t  260g for  5 min .  
W a s h i n g  a n d  r e suspens ion  of p la te le t ,  o b t a i n e d  b y  cen- 
t r i f ug ing  P R P  a t  1000g for  30 min ,  was  p e r f o r m e d  us ing  
5.4 m M  t r i s o d i u m  c i t r a t e  in  P B S  p H  7.2. Af te r  w a s h i n g  
3 t imes ,  p l a t e l e t  su spens ion  w i t h  a c o n c e n t r a t i o n  of 
25 × 104/mm s was  t r e a t e d  b y  200 ~g /ml  so lu t ion  of p ro-  
t ease  for  5 m i n  in  t h e  s a m e  m a n n e r  desc r ibed  above .  
T h e n  t h e  s amples  were  w a s h e d  a n d  r e s u s p e n d e d  in P B S  
to  res to re  t h e  a b o v e  c o n c e n t r a t i o n .  

H u m a n  t h r o m b i n  ( ' F i b r i n d e x '  O r t h o  Diagnos t ic ,  Ra r i -  
t an ,  N.J . )  was  e m p l o y e d  as a n  a g g r e g a t i n g  a g e n t  for  
t h e  w a s h e d  p l a t e l e t  suspens ion .  T h e  t h r o m b i n  was  dis-  
so lved  in  phys io logic  sa l ine  i m m e d i a t e l y  before  use  in  
a c o n c e n t r a t i o n  of 50 U / m l  a n d  d i l u t e d  ser ia l ly  two- fo ld  
w i t h  P B S  y ie ld ing  50 x 2 -1 t h r o u g h  50 × 2 -zs U / m l .  T h e  
p r o c e d u r e  for  ag g reg a t i o n  s t u d y  was  fo l lowed b y  t h e  
p r e v i o u s  descr ip t ion .  

Resu l t s .  T h e  s en s i t i v i t y  of u n w a s h e d  p l a t e l e t s  a g a i n s t  
A D P  dec reased  s ign i f i can t ly  a t  t h e  0 . 0 1 - 0 . 0 5  conf idence  
level  b y  t r e a t m e n t  w i t h  10 a n d  100 ~g /ml  of p ro tease ,  
p a p a i n ,  b r o m e l a i n  a n d  f icin (Tab le  a n d  F igu re  1). 

A n  e x a m p l e  of t u r b i d i m e t r i c  o b s e r v a t i o n  of A D P -  
i n d u ced  p l a t e l e t  a g g r e g a t i o n  is s h o w n  in F igu re  2. T h e  
decrease  of op t i ca l  d e n s i t y  w as  m i n i m i z e d  b y  t r e a t m e n t  
w i t h  10 ~g /ml  so lu t ion  of p ro tease .  

F igu re  3 shows t h e  ef fec t  of p ro t ease  on  t h r o m b i n -  
i n d u ced  a g g r e g a t i o n  of w a s h e d  p la te le t s .  T h e  m e a n  a n d  
S.D. of t h e  abso lu t e  v a l u e s  of t h e  e x p o n e n t  in  t h i s  con-  
c e n t r a t i o n  of t h r o m b i n  (50 × 2-~ U/ml )  r equ i r ed  to  i nduce  
p l a t e l e t  a g g r e g a t i o n  in  co n t ro l  a n d  t r e a t e d  s amp l e s  v~ere 
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Effet of proteolytic enzymes on ADP induced platelet aggregation 

Enzyme Protease Papain Bromelain Ficin 

~.g/ml (final) 100 10 100 10 100 10 100 10 
Control 13.4 4- 1.1 13.4 q- 1.1 13.6 4- 0.9 13.6 4- 0.9 13.2 ± 1.5 13.2 i 1.5 13.2 4- 1.5 13.2 4- 1.5 
Treated 9.0 4- 1.2 b 10.0 4- 1.7 b 10.6 4- 1.1 • 10.8 -t- 0.8 b 9.6 4- 0.9 b 10.0 4- LO b 10.4 4- 1.1 b 10.4 4- 1.1 b 

Value indicates mean 4- 1 S.D. • p < 0.05. b p < 0.01. 



15. 10. 1971 Specialia 1181 

8.5-1.3 and  5.5-1.7, respect ively .  The  decrease by  t rea t -  
m e n t  was s ta t i s t ica l ly  s ignif icant  a t  the  0.05 confidence 
level.  

Discussion. The  inhib i t ion  of ADP- induced  p la te le t  
aggregat ion  by  add i t ion  of Aspergillus enzyme  to  P R P  
in v i t ro  was repor ted  by  BYGDEMAN s and  DE NmOLA 
et  a l A  The  la t t e r  inves t iga tors  also, observed this  act ion 
of the  enzyme  in v i v o  by  i.v. infusion 9. 

Our  resul ts  show t h a t  p ro teo ly t ic  enzyme  counter-  
ac ted  the  aggregat ion  of unwashed as well  as washed 
platelets ,  induced by  A D P  or  th rombin .  

H y p e r a c i d  ACD ~ used as an  ant icoagulant ,  exclusion 
of red cells b y  respinning and washing of p la te le ts  
wi th  5.4 m M  sodium c i t ra te  x0, p romoted  the  prepara-  
t ion of washed p la te le ts  w i thou t  spontaneous  aggregat ion 
ma in ta in ing  the i r  p roper  aggregabi l i ty .  

A l though  the  depr iva t ion  of p la te le t  sens i t iv i ty  to  
A D P  by  washing had  been repor ted  xx, res tora t ion  of ag- 
gregabi l i ty  by  inclusion of  calc ium,  magnes ium,  glucose 
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protease on thrombin-induced aggregation of Fig. 3. Effect of 
washed platelets. 

and a lbumin  in the  suspending fluid was described by  
ARDLIE et  al. x2. But ,  because of unsu i tab i l i ty  of p rov id ing  
ex t raneous  pro te in  as a componen t  of  p la te le t  susperuting 
solut ion in t he  present  s tudy,  t h r o m b i n  was chosen as an  
aggregat ing  agen t  instead of ADP.  The  enzymat ica l ly  
t rea ted  p la te le ts  were rewashed pr ior  to mix ing  wi th  
th rombin  to  avoid  fur ther  enzymat ic  act ion of th rombin .  

The  effect iveness  of protease  on washed pla te le ts  
would a t  least  pa r t i a l ly  suggest  t h a t  the  inh ib i to ry  effect  
of p ro teo ly t i c  enzymes  on p la te le t  aggregat ion  could 
be an  effect  of enzymes  on p la te le t  membrane .  

Zusammen/assung. Behandlung  ungewaschener  und ge- 
waschener  T h r o m b o z y t e n  m i t  pro teoly t i schen E n z y m e n  
(Protease, Bromela in  und Ficin) bewi rk t  eine Abnahme  
der Aggregationsf/~higkeit  von T h r o m b o z y t e n  mi t  A D P "  
oder  Thrombin .  
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Inf luences  of N y s t a g m i c  and S p o n t a n e o u s  O c u l o m o t o r  Act iv i ty  on  Super ior  Col l iculus  N e u r o n s  in 
Curarized Cat 

The  influence of eye  m o v e m e n t  on neurons in p r imary  
v isual  s t ruc tures  of ca t  has  recent ly  been s tud ied  by  seve- 
ral  authors.  Modif icat ions of neurona l  a c t i v i t y  re la ted  to  
eye m o v e m e n t s  h a v e  been described a t  the  level  of la tera l  
geniculate  body  z and r ec tum op t i cum 2. The  a im of the  
present  s tudy  was to  inves t iga te  the  inf luence of nys tag-  
mic and spontaneous  ocu lomotor  ac t i v i t y  on superior  
colliculus (SC) neurons  in absence of ac tua l  eye movements ,  
thus  avo id ing  possible re t ina l  image shif t  or  p ropr iocep t ive  
input .  

Material and methods. Cats were p repared  under  e ther  
anesthesia.  A h igh  cervical  t ranssect ion  was per formed 
( 'enc6phale isol6') ; exp i ra to ry  COz and body  t e m p e r a t u r e  
were moni tored .  Af te r  recover ing f rom the  surgical  pro-  
cedure, an imals  usual ly  exhib i ted  a sa t i s fac tory  a m o u n t  
of spontaneous  and pursu i t  eye movemen t .  N y s t a g m u s  
was induced by  polar iza t ion  of labyr in ths .  Hor i zon ta l  eye  
m o v e m e n t s  were recorded by  e lect rooculography.  A con- 
centr ic  b ipolar  macroe lec t rode  was then  in t roduced  ste- 
reo tac t ica l ly  in or  in t he  close ne ighborhood of nucleus 
abducens.  Correla t ion be tween  eye m o v e m e n t  and syn- 
chronous ocu lomotor  discharges was establ ished for each 
animal .  Glass microelect rodes  were in t roduced  th rough  the  
cor tex  into  the  SC and the  an imal  curar ized w i t h  Flax6dil .  
Visual  s t imul i  consis ted in swi tching on and  off a diffuse 
l ight,  or  h a n d - m o v i n g  b r igh t  or  da rk  objects.  In  absence 
of these  s t imuli ,  t he  an imal  was  facing a s t ructureless  
background  (photopic conditions).  Bo th  eyes were left  
open. Microelectrode tip, a t  the  end of a penet ra t ion ,  was 

localized by  electrophoresis  of p o n t a m i n e  a. The  brain was 
perfused wi th  formalin,  frozen and  cu t  serially. Blue spots  
were used to  recons t ruc t  t he  e lec t rode  t rack  and the  loca- 
t ion of the  uni ts  wi th in  the  coll icular layers. 

Results and discussion. The  influence of nys tagmic  ocu- 
lomotor  ac t iv i ty  on spontaneous  firing pa t t e rn  of 82 colli- 
cular  neurons was studied. Their  visual  character is t ics  were 
de te rmined  by  methods  described above :  46 uni ts  (56%) 
were thus  found to  be unresponsive to  visual  s t imula t ion .  

The  effects of nys tagmic  ocu lomotor  a c t i v i t y  m a y  be  
roughly  d iv ided  in to  2 categories.  Spon taneous  a c t i v i t y  
of 9 col l icular  neurons (ll~/o, group I) was phasical ly  mo- 
dified in synchrony  wi th  nys tagmic  ocu lomoto r  discharges 
recorded a t  the  level of nucleus abducens  (Figure,  I). 2 cells 
were inhibi ted,  the  o thers  were ac t iva ted .  3 uni ts  were 
found to  be v isual ly  dr iven.  A second set  of 7 neurons 
(9%;  group II)  showed ' ton ic '  modi f ica t ions  of a c t i v i t y  
dur ing sequences of n y s t a g m i c  ocu lomoto r  discharges.  
These effects  a re  r a the r  complex  and, mos t  f requent ly ,  
consist  of an  increase of spike f requency  (Figure,  II) .  2 of 
these uni ts  were sensi t ive to m o v e m e n t  of a visual  s t imu-  
lus, o thers  could no t  be d r iven  by  visual  s t imula t ion .  
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