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Dissoc ia t ion  Be twe e n  B iochemica l  and Ultrastructural  Effects of 6 - H y d r o x y d o p a m i n e  in Rat Brain  

I t  has  been  repor ted  t h a t  6 - h y d r o x y d o p a m i n e  (2, 4, 5- 
t r i h y d r o x y p h e n y l e t h y l a m i n e )  induces a long-last ing de- 
p le t ion  of norep inephr ine  f rom per iphera l  sympa the t i ca l l y  
i nne rva t ed  organs  ~,~ and t h a t  th is  dep le t ion  is a conse- 
quence  of a select ive degenera t ion  of adrenergic  nerve  
t e rmina l s  s,4. In t r ace rebra l  in jec t ion  of 6 -hydroxydop-  
amine  resul ts  in a d i sappearance  of ca techo lamine  
f luorescence in b ra in  neurons  5. Moreover,  in t raven t r i -  
cular  admin i s t r a t i on  of the  drug  decreases the  bra in  con- 
cen t ra t ion  of norep inephr ine  6,7 and dopamine  7 and  
marked ly  reduces  t h e  up take  of t r i t i a t ed  norep inephr ine  
in to  bra in  slices e. However ,  the  mechan i sm by  which  6- 
h y d r o x y d o p a m i n e  induces such a modi f ica t ion  in b ra in  
amines  has  no t  ye t  been  clarified. 

The p resen t  s t u d y  shows tha t ,  in the  brain,  6 -hydroxy-  
d o p a m i n e  m a y  decrease the  ca techo lamine  con t en t  wi th-  
out  appa ren t l y  causing u l t r a s t ruc tu ra l  damage.  

Methods. Male albino ra ts  of Wis t a r  origin (FiillinsdorI), 
weighing 250-280 g, were imp lan ted  wi th  a p e r m a n e n t  
cannula  in to  the  r igh t  la teral  ventr ic le  of the  b ra in  s. 10- 
15 days  later,  200 ~zg of 6 - h y d r o x y d o p a m i n e  (base, dis- 
solved in 10 al saline)9 were in jec ted  in t raven t r i cu la r ly  
once or twice wi th  an in te rva l  of 24 h. 2 or 5 days  af ter  
t he  single or the  second adminis t ra t ion ,  t he  animals  were 
sacrificed for b iochemica l  and  u l t ras t ruc tura l  invest iga-  
t ions.  Animals  in jec ted  wi th  saline served as controls.  In  
the  b ra in  (wi thout  cerebel lum and medul la  oblongata) ,  
dopam ine  and  norep inephr ine  1~ (with minor  modif ica-  
t ions  n) and  sero tonin  12 were de te rmined .  

For  e lectron microscopical  examinat ions ,  the  bra in  was  
f ixed by  vascular  perfus ion as previously  descr ibed ~3. 
H y p o t h a l a m u s  per ivent r icu lar i s  and  cauda te  nucleus 
were pos t f ixed  in o smium te t roxide ,  d e h y d r a t e d  and  em- 
bedded  in Epon.  U l t r a th in  sect ions were double -s ta ined  
wi th  uranyl  ace ta te  and  lead ci t rate .  

Results.  (1) 2 days  af ter  a single t r e a t m e n t  w i th  200 ag 
6 -hydroxydopamine ,  the  cerebral  con ten t  of b o t h  dop-  
amine  and  norep inephr ine  was reduced to  68 and 35% of 
controls  respect ive ly ,  whereas  5 - h y d r o x y t r y p t a m i n e  was 
decreased to 88% only (Table). 

(2) E lec t ron  microscopical  examina t ions  of b o t h  hypo-  
t ha l am us  per ivent r icular i s  and  nucleus cauda tus  2 or 5 
days  af ter  a single in ject ion of 6 -hydroxydopamine  re- 
vealed no a p p a r e n t  u l t r a s t ruc tu ra l  changes  of nerve  ter -  
minals  and  neuronal  pe r ika rya  compared  to t issues of 
animals  in jec ted  w i t h  saline (Figure, a). However ,  the  
admin i s t r a t i on  of twice 200 ~xg 6 -hydroxydopamine  in- 
duced u l t r a s t ruc tu ra l  a l te ra t ions  in the  h y p o t h a l a m u s  and  
the  nucleus caudatus .  B o t h  areas showed p re t e rmina l  and  
t e rmina l  neuronal  profiles of increased size, a numer ica l  
r educ t ion  of the  smal l  agranula r  vesicles, lysis of mi to-  
chondria ,  and prol i fera t ion of neurof i l aments  and neuro-  
tubules  (Figure, b -d ) .  Some p re t e rmina l  s t ruc tures  were 
par t icu lar ly  enlarged (Figure, c). Besides, neuronal  pro-  
files of normal  appea rance  occurred (Figure, d). 

Discussion.  The p re sen t  observa t ions  conf i rm the  de- 
crease of b ra in  norep inephr ine  ~,7 and dopamine  7 a f te r  
in t raven t r i cu la r  in jec t ion  of 6 -hydroxydopamine .  More- 
over, as receat ly  shown ~s the  bra in  5 - h y d r o x y t r y p t a m i n e  is 
less af fec ted  t h a n  the  ca techolamines  indica t ing  a rela- 
t ive ly  specific ac t ion  of 6 -hyd roxydopamine  on cate-  
cholaminergic  neurons.  

In  t he  per iphera l  s y m p a t h e t i c  nervous sys tem,  the  de- 
p le t ion  of norep inephr ine  by  6 -hydroxydopamine  has  been  
d e m o n s t r a t e d  to be re la ted  to  a degenera t ion  of nerve  
te rminals .  Besides, a r ep lacemen t  of norep inephr ine  b y  
6 -hyd roxydopam ine  (false t r a n s m i t t e r  action) has  also 
been  proposed  ~a suggest ing t h a t  t he  s t ruc tura l  d a m a g e  

m a y  not  be t he  only causat ive  factor  of ca techolamine  
deplet ion.  The presen t  expe r imen t s  in t he  central  ne rvous  
sys t em clearly show t h a t  6 -h y d ro x y d o p ami n e  (200 ~zg 
in t ravent r icular ly)  can deple te  ca techolamines  w i t h ou t  
causing a p p a r e n t  u l t r a s t ruc tu ra l  changes.  The decrease of 
cerebral  ca techolamines  m i g h t  be due to the i r  r ep lacement  
by  6 -h y d ro x y d o p ami n e  (false t r a n s m i t t e r  action) and /o r  
to inh ib i t ion  of the i r  synthes is  as indica ted  by  pre l iminary  
expe r imen t s  w i th  14C-tyrosine and  14C-dopa~5. 

Rep ea t ed  doses of 6 - h y d r o x y d o p a m i n e  (2 • 200 ~g) in 
add i t ion  cause s t ruc tura l  d a m a g e  in t he  caudate  nucleus  
and the  h y p o t h a l a m u s  (Figure, b -d )  but ,  compared  to  
200 [zg 6 -h y d ro x y d o p ami n e  given only  once, do no t  
marked ly  enhance  the  decrease of cerebral  norepine-  
phrine% The degenera t ive  features,  basical ly eva lua ted  
according to GLEES and  HASAN 16, are similar to  those  
occurr ing in t he  per iphera l  s y m p a t h e t i c  nervous sys t em 
af ter  6 -h y d ro x y d o p ami n e  a. Also the  ve ry  large pre te r -  
minal  profiles observed (Figure, c) resemble  those appear-  
ing af ter  nerve  sect ion 17 and m a y  be the  u l t ras t ruc tura l  

Effect of 6-hydroxydopamine (60HDA) on eatecholamines and 
5-hydroxytryptamine in the brain of rats 

Controls 6OHDA 6OHDA 
(lxg/g) ([xg/g) % of 

controls 

Dopamine + 0.85 0.58 68.0 a 
• 0.04 • 0.10 :k 2.9 

Norepinephrine 0.54 0.19 35.4 ~ 
• 0.06 • 0.01 4- 3.3 

5-Hydroxytryptamine 0.49 0.43 88.3 a 
4- 0.04 J_ 0.02 4- 3.2 

200 fig of 6-hydroxydopamine were injected into the lateral cerebral 
ventricle 48 h before sacrifice. The values are expressed in [zg/g 
and in % of controls. Means with standard error of 3-4 duplicate 
determinations each from a pool of 2 rat brains. ~ p < 0.01. 
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Ultrastructural  aspects of rat brain regions 48 h after injection of 6-hydroxydopaminc.  (a, b, c) hypothalamus pt'riventricularis after 
200 ~xg (a) and 2 ", 200 I• (b, e) 6-hydroxydopamine;  (d) nucleus caudatus after 2 x 200 ~zg 6-hydroxydopamine.  Large arrow: neurrmal 
cell membrane delineating terminal (a, b) or preterminal {e, d} neuronal profiles. 1, lysed mitochondria;  lgv, large granular  vesicles; nf, 
neuronal filaments; nt, neuro tubules; say, small agranular  vesicles; sc, synaptie contacts; *, 'normal '  nerve terininal, z 31,000. 
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cor re la te  of t h e  ' s t rong ly  f luorescent  bulges '  descr ibed  in 
t he  p e r i p h e r y  4. These  poss ib ly  r ep resen t  t he  si te  of accu-  
m u l a t i o n  of s torage  vesicles where  t he  a x o n  is i n t e r r up t ed .  

The  dua l  ac t ion  of 6 - h y d r o x y d o p a m i n e  r e m a i n s  to  be 
clarified. The  compound ,  owing to i ts  chemica l  s imi la r i ty  
to  dopamine ,  m i g h t  be  t r a n s p o r t e d  in to  t he  ca techol -  
amine rg ic  ne rve  end ings  b y  t he  same specific m e c h a n i s m  
as t h e  endogenous  ca teeho lamines .  As a consequence,  6- 
h y d r o x y d o p a m i n e  would  a c c u m u l a t e  in  t he  ne rve  ter -  
m i n a l s  and  m a y  replace  t he  endogenous  ca t echo l amines  
a n d / o r  i n h i b i t  t he i r  syn thes i s  (see above) .  As long as t he  
i n t r a n e u r o n a l  c o n c e n t r a t i o n  of 6 - h y d r o x y d o p a m i n e  a n d /  
or i ts  p o t e n t i a l  m e t a b o l i t e  6 - h y d r o x y n o r e p i n e p h r i n e  is 
r e la t ive ly  low (as a f t e r  once 200 ~g 6 -hyd roxydopamine ) ,  
no  u l t r a s t r u c t u r a l  changes  appear ,  H i g h e r  i n t r a n e u r o n a l  
c o n c e n t r a t i o n s  of 6 - h y d r o x y c a t e c h o l a m i n e s  (af ter  twice  
200 vg 6 - h y d r o x y d o p a m i n e )  ev iden t ly  cause in a d d i t i o n  
morpho log ica l  damage .  This  m i g h t  be  due, for ins tance ,  to  
d i s rup t ion  of t he  t e r t i a r y  a n d  q u a r t e r n a r y  s t r u c t u r e  of 
p ro t e in s  in  t h e  ne rve  endings ,  since 6 - h y d r o x y d o p a m i n e  
is a d e r i v a t i v e  of 6 - h y d r o x y h y d r o q u i n o n e ,  a s t rong  reduc-  
ing agent .  

I n  conclusion,  6 - h y d r o x y d o p a m i n e  seems to  h a v e  two 
m a i n  act ions .  A single dose decreases  t he  cerebra l  nor-  
ep inephr ine  a n d  dopamine ,  poss ib ly  b y  ac t ing  as a false 
t r a n s m i t t e r  a n d / o r  b y  i n h i b i t i n g  ca t echo l amine  synthes is .  
R e p e a t e d  doses, in add i t ion ,  cause  specific u l t r a s t r u c t u r a l  

lesions of t h e  ca t echo lamine rg i c  neu rons  s imilar  to  those  
found  in t h e  pe r iphe ra l  s y m p a t h e t i c  ne rvous  sys t em is. 

Zusammen/assung.  I m  Geh i rn  yon  R a t t e n  b e w i r k t  ein- 
mal ige  i n t r aven t r i ku l / i r e  Inj  ek t ion  yon  200 ~g 6 -Hydroxy-  
d o p a m i n  n a c h  2 u n d  5 Tagen  eine deut l iche  V e r m i n d e r u n g  
yon  N o r a d r e n a l i n  u n d  D o p a m i n ,  w/ ihrend 5 -Hydroxy-  
t r y p t a m i n  n u r  geringfi igig he r abgese t z t  wird. E l ek t ronen -  
mik roskop i sch  s ind ke ine  s t ruk tu re l l en  Ver~inderungen 
fes tzuste l len.  Zweimal ige  I n j e k t i o n  yon  200 ~xg 6-Hy-  
d r o x y d o p a m i n  f t ihr t  dagegen  zu schweren  spezi f ischen 
Degene ra t i onen  im Bere ich  des Nucleus  c a u d a t u s  u n d  
H y p o t h a l a m u s .  D a r a u s  wi rd  geschlossen, dass n iedr ige  
Dosen  6 - H y d r o x y d o p a m i n  die ce rebra len  Ca techo lamine  
v e r m i n d e r n  k6nnen ,  ohne  u l t r a s t ruk tu re l l e  Sch~idigungen 
des Geh i rns  zu ve ru r sachen .  

G. BARTHOLINI,  J.  G.  RICHARDS 
and  A. PLETSCHER 

Forschungsabteilung der F.  Ho/ /mann-La Roche and Co. A G, 
CH-4002 Basel (Switzerland), 3 November 1969. 
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C a r o t e n o i d s  o f  Betaeus harfordi ( C r u s t a c e a :  D e c a p o d a )  l 

Betaeus har/ordi is a sma l l  s h r i m p  wh ich  l ives in t he  
m a n t l e  c a v i t y  of abalone .  I t  occurs  a long t h e  coas t  of 
Cal i fornia  a n d  p a r t  of Mexico in all species of Haliotis b u t  
m o s t  c o m m o n l y  in t he  p i n k  abalone,  Haliotis corrugata 2. 

The  p re sen t  i nves t i ga t i on  was  u n d e r t a k e n  for the  pur -  
pose of cha rac t e r i z ing  t he  t o t a l  ca ro teno id  p i g m e n t s  of 
Betaeus har/ordi and  to  d e t e r m i n e  t he  ca ro teno id  m o i e t y  
of t he  supposed  c a r o t e n o - p r o t e i n  wh ich  causes t h e  deep 
b lue -purp le  ex t e rna l  b o d y  color. 

Methods. Anima l s  wh ich  h a d  been  s t a r ved  for 5 days  
were  used for t he  s tudy.  T he  ca ro teno ids  were e x t r a c t e d  
w i t h  e t h a n o l  a n d  washed  t h e n c e  b y  d i lu t ion  in to  hexane .  
A b s o r p t i o n  spec t ra  were d e t e r m i n e d  on  a B a u s c h  a n d  
L o m b  spec t ron ic  505 record ing  s pec t r opho t om e t e r .  Th in -  
layer  c h r o m a t o g r a p h y  was conduc t ed  upon  silica gel H 
us ing  e luan t s  composed  of 15% ace tone  in h e x a n e  (v/v) 
for  zones 1-4 and  25% ace tone  in h e x a n e  for zone 5. The  
ca ro teno ids  were iden t i f i ed  b y  (1) a b s o r p t i o n  m a x i m a ,  
(2) b e h a v i o r  before  a n d  a f t e r  saponi f ica t ion ,  (3) p a r t i t i o n  

coeff icients  be tween  95% m e t h a n o l  and  h e x a n e  a, and  
(4) c o - c h r o m a t o g r a p h y  w i t h  au then i c  samples.  The  caro- 
t eno id  c h r o m o p r o t e i n  was e x t r a c t e d  in 0 . 1 M  p h o s p h a t e  
buffer  (pH 7.2), f i l tered,  a n d  cen t r i fuga t ed  a t  27,000 g for 
1 h in  t he  cold to  r emove  non-col lo idal  pa r t i cu l a t e  m a t t e r .  

Results. T h e  n a t u r e  a n d  re la t ive  a m o u n t s  of t h e  caro- 
t eno ids  found  are  recorded  in t he  Table ,  t oge the r  w i t h  
a b s o r p t i o n  m a x i m a  in h e x a n e  a n d  p a r t i t i o n  coeff icients  
b o t h  before  a n d  a f te r  t r e a t m e n t  w i t h  alcoholic alkali .  
Zone 1 did  n o t  sepa ra te  f rom s y n t h e t i c  f l-carotene w h e n  
the  2 c o m p o u n d s  were co -ch roma tog raphed .  Zone 2 was 
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Carotenoids found in Betaeus har/ordi, listed in order of increasing adsorption on silica gel thin layer 

Pigment % of total ,ima x (hexane, nm) 
A S B b 

Partition coefficients between 
hexane and 95% methanol 
A S B b 

fl-carotene 4.2 470, 442, ~422 
Echinenone 2.2 ~476, 450 
Astaxanthin ester 37.6 464 
Astaxanthin ester 35.8 464 
Astaxanthin 20.2 464 

470, Zg2,~422 100:0 100:0 
- epiphasic epiphasic 

466 93:7 25:75 
466 74:26 25:75 
466 13:87 25:75 

Before saponification, b After saponification. 


