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i m p r o v e d  phys ica l  f i tness  favor  t he  l a t t e r  as t he  a g e n t  of 
choice. The  p o s t u l a t e d  r educ t i on  of e d e m a  po in t s  to  a 
possible  wider  t h e r a p e u t i c  usefulness  of oral  gelat ine.  

A n o t h e r  pe r iphe ra l  o b s e r v a t i o n  of d i e t a r y  ge la t ine  
s u p p l e m e n t a t i o n  is t h a t  in i t i a l ly  i t  is a ccom pan i ed  b y  a 
feeling of well  be ing  a n d  g rea te r  phys ica l  s t a m i n a  b o t h  of 
wh ich  seem u n r e l a t e d  to  t he  ame l io ra t i on  of u r i n a r y  
distress.  These  sub jec t ive  effects were obse rved  b y  indi-  
v idua l s  who  d id  no t  e x h i b i t  d e m o n s t r a b l e  p r o t e i n  or o the r  
d i e t a r y  deficiency.  The  h i g h  glycine c o n t e n t  of ge la t ine  
m a y  be  more  read i ly  l inked  to these  effects since glycine 
m a y  en t e r  n u m e r o u s  s y n t h e t i c  p a t h w a y s ,  inc lud ing  t h a t  
of s teroids.  Feed ing  of ge la t ine  ha s  been  r epo r t ed  to  
induce  g rea t  phys ica l  o u t p u t  a n d  work  endurance ,  an  
effect  a t t r i b u t e d  to  a more  r a p i d  syn thes i s  of c r ea t ine  s 
a n d  was  be l ieved  to be  benef ic ia l  in t he  m a n a g e m e n t  of 
p a t i e n t s  suffer ing f rom m u s c u l a r  d y s t r o p h y  n .  However ,  
glycine is no t  a p recursor  of c r ea t ine  9, even  t h o u g h  i ts  
inges t ion  induces  p r o m p t  c r ea f inu r i a  9-n.  The  r epo r t  t h a t  
f e e d i n g  of ge la t ine  does no t  increase  muscu l a r  s t r e n g t h  ~ 
does no t  necessar i ly  n e g a t e  t he  f ind ing  of decreased 
muscu l a r  fa t igue  a n d  g rea te r  work  o u t p u t  s . 

An  in t e re s t ing  and  poss ib ly  va luab l e  clue r ega rd ing  t he  
mode  of ac t ion  of ge la t ine  in b e n i g n  p r o s t a t i c  h y p e r t r o p h y  

is t he  o b s e r v a t i o n  t h a t  inges t ion  of th i s  s u b s t a n c e  increas-  
ed t he  work  o u t p u t  of m e n  b y  37% to  240% above  t h e  
con t ro l  t r a i n i n g  level  b u t  was  w i t h o u t  effect  in  w o m e n S  

Rdsumd. La c o n s o m m a t i o n  journa l ig re  de 25 g de g61a- 
t ine  soulage r a p i d e m e n t  les s y m p t o m e s  ur ina i res  accompa-  
g n a n t  l ' h y p e r t r o p h i e  p r o s t a t i q u e  b6nigne.  La  g61atine 
p e u t  @tre tr6s ut i le  dans  le t r a i t e m e n t  de ce d6sordre.  
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Selective Des truct ion  of Adrenerg ic  Nerve  T e r m i n a l s  by Chemica l  Ana logues  of 6 - H y d r o x y d o p a m i n e  

After  i t  h a d  been  shown  t h a t  6 - h y d r o x y d o p a m i n e  
(6-OHDA) se lec t ively  des t roys  adrenerg ic  neu rons  (ter- 
mina l s  on ly  if g iven  to  adu l t  an imals ,  whole  neu r ons  if 
g iven  to n e w - b o r n  animals) ,  t h i s  d rug  b e c a m e  a wide ly  
used e x p e r i m e n t a l  tool  for s t u d y i n g  b o t h  pe r iphe ra l  and  
cen t r a l  a d r e n e r g i c  m e c h a n i s m s  (for references  see 1). 

The  syn thes i s  of ana logues  of 6 - O H D A  was des igned  to  
d i s cove r  even  more  effect ive  c o m p o u n d s  a n d  to  l ea rn  
more  a b o u t  t he  possible  m e c h a n i s m  of ac t ion  b y  com,  
p a r i n g  t he  chemica l  s t r u c t u r e  and  p r o b a b l e  f o r m a t i o n  of 
r eac t i ve  o x i d a t i o n  p r o d u c t s  w i t h  t h e  effect  on  adrenerg ic  
neurons .  

I n  a f i rs t  series of e x p e r i m e n t s  ma le  ~Vistar rats ,  
we igh ing  100-110 g, were in jec ted  i.v. w i t h  2 •  
mmoles  of t h e  var ious  amines  (Table) a t  an  i n t e r v a l  of 20 h. 
On a c c o u n t  of a genera l  h i g h  tox ic i ty ,  t he  dosage of 
severa l  amines  h a d  to  be  r educed  to  2 •  mmoles .  
4 h a f te r  t he  las t  i n j ec t ion  t he  an i m a l s  were killed, t he  
h e a r t  a n d  b r a i n  r ap id l y  r e m o v e d  and  homogen ized  in 
0.4 N HCtO 4. The  n o r e p i n e p h r i n e  (NE) c o n t e n t  was  
d e t e r m i n e d  accord ing  to p rev ious ly  descr ibed  procedu-  
res ~, a Those  ana logues  of 6 -OHDA,  w h i c h  h a d  p roduced  
a m a r k e d  dep le t ion  of N E  in t h e  s h o r t - t e r m  exper imen t s ,  
were f u r t h e r  i nves t i g a t ed  to  eva lua t e  t h e i r  ab i l i ty  to  
p roduce  a long- las t ing  N E  deple t ion.  T he  t r e a t m e n t  was 
t h e  same  as in  t h e  s h o r t - t e r m  e x p e r i m e n t s  b u t  t h e  
an ima l s  were ki l led 7 days  a f t e r  t he  las t  dose. T h e  
d e t e r m i n a t i o n  of the  N E  c o n t e n t  was  e x t e n d e d  to s a l iva ry  
gland,  sp leen a n d  vas  deferens,  whereas  t h a t  of t h e  b r a i n  
was omi t t ed ,  since in t he  s h o r t - t e r m  e x p e r i m e n t s  none  
of t he  c o m p o u n d s  s tud ied  h a d  p roduced  a m a r k e d  reduc-  
t ion  of t he  b r a i n  N E  con ten t .  Those  c o m p o u n d s  w h i c h  
p roduced  a long- las t ing  N E  dep le t ion  were also inves t i -  
ga t ed  for possible  u l t r amorpho log i ca l  changes  in t h e  
adrenerg ic  n e r v e  t e rmina l s .  T he  t r e a t m e n t  was t he  same 
as for t h e  b iochemica l  s tud ies  b u t  t he  an i m a l s  were 
ki l led 24 h a f t e r  i n j ec t ing  t he  las t  dose of t he  drug.  The  
process ing  of t h e  t i ssue  samples  for e l ec t ronmic roscopy  
was  pe r fo rmed  as descr ibed  p rev ious ly  4. 

The  fol lowing groups  of c o m p o u n d s  ( syn the t i zed  b y  
Dr. A. LANGEMANN and  U. FISCHER, Chemica l  Resea rch  
D e p a r t m e n t ,  F. H o f f m a n n - L a  Roche  & Co. Ltd . ,  Basel) 
were c o m p a r e d  (Table) :  a) = - m e t h y l - 6 - O H D A ;  b) analo-  
gues of 6 - O H D A  in wh ich  one of t he  phenol ic  OH=groups 
is rep laced  b y  - O C H  3, -NO~ or - N H ~ ;  c) ana logues  of 
6 - O H D A  in w h i c h  t he  H - a t o m s  of t he  a r o m a t i c  nuc leus  
are rep laced  b y  e i t he r  ha logen  or CH, ;  d) ana logues  of 
6 - O H D A  w i t h  t he  s u b s t i t u t i o n  p a t t e r n  on  t he  nuc leus  
d i f fer ing f rom the  2, 4, 5-type.  

The  i n t r o d u c t i o n  of an  = -me thy l  group,  r ende r ing  t he  
a m i n e  r e s i s t a n t  to  m e t a b o l i s m  b y  m o n o a m i n e  oxidase,  
d id  no t  m a r k e d l y  increase  t h e  p o t e n c y  of 6 -OHDA.  Th i s  
is in  a g r e e m e n t  w i t h  t he  o b s e r v a t i o n  t h a t  in  t he  pe r iphe ry  
p r e t r e a t m e n t  w i t h  m o n o a m i n e  oxidase  i nh ib i t o r s  does 
no t  increase  t he  effect  o f  6 - O H D A  (unpub l i shed  results) .  
However ,  in  t he  b r a i n  t he  effect  of i n t r a v e n t r i c u l a r l y  
in j ec ted  6 - O H D A  is m a r k e d l y  p o t e n t i a t e d  a f te r  i n h i b i t i o n  
of m o n o a m i n e  oxidase,  p a r t i c n l a r l y  t h e  effect on  t he  
dopamine rg i c  neu rons  ~. O-Methy la t ed  de r iva t ives  and  
d ipheno l s  (see Table ,  c o m p o u n d s  Nos. 3 and  17) p roduced  
ne i t he r  a shor t  no r  a long- las t ing  dep le t ion  of NE,  m o s t  
p r o b a b l y  due  to  a lack of t r a n s p o r t  t h r o u g h  t he  n e u r o n a l  
m e m b r a n e  of t he  adrenerg ic  neuron .  Of t he  2 n i t r od iphe -  
nols, on ly  c o m p o u n d  No. 5 p roduced  a sho r t - l a s t ing  
deple t ion ,  whereas  c o m p o u n d  No. 6 w a s  ineffect ive.  Th i s  
f ind ing  was r a t h e r  unexpec ted ,  since a t  leas t  a pa r t i a l  
m e t a b o l i c  convers ion  in to  t he  co r respond ing  amine-  
de r iva t i ve s  could be  expected .  These  l a t t e r  c o m p o u n d s  
(Nos. 7, 8, 9) were no t  on ly  h igh ly  eff ic ient  deple tors  of 
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R4/ ' - , ,~[ /~ R2 1 
H3 

No. R 1 R 2 R 3 R 4 R 5 

Norepinephrine-content in % of controls 
Ultrastrnetural 

dose changes in 
R 6 (mmoles/ 4 h 7 days adrenergie nerves 

kg) (heart, vas 
salivary vas deferens) 

heart  brain heart  gland deferens spleen 

1 H OH H OH OH H 2• 7 4 - 2  70 -~8  15-L6  20~z4  29 4 -3  2 4 4 - 6  degeneration 
2 CH a OH H OH OH H 2• 7 4 - 2  82 ~-4  12 4 -2  1 6 4 - 4  2 1 •  8 4 - 4  degeneration 
3 H OCH~ H OH OH H 2•  89 4 -3  84 4- 7 
4 H OH H H OH H 2•  5 1 4 - 4  110~=6 9 2 4 - 5  9 9 4 - 6  1034-11 9 6 •  
5 H NO 2 H OH OH H 2•  8 ~ 3  102 j22  95 4- 7 91 4 -6  97 4 -6  81 4 -5  no degeneration 
6 H OH H NOe OH H 2•  87 4-5  97 4 -4  
7 H NH 2 H OH OH H 2• 1 6 : ~ 3  7 1 4 - 7  20 4 -4  32 4 -5  42 4 -5  25 4 -7  degeneration 
8 H OH H NH 2 OH H 2• < 1 76 4 -4  9 4 - 3  3 0 4 - 5  30 4 -3  16 4 -2  degeneration 
9 H OH H OH NH 2 H 2•  7 j : l  107 4 -5  15 4-1  35~=6 37 4 -2  12 4-3  degeneration 

10 H OH CH 3 OH OH H 2 • 0.25 97 j :  10 97 4- 5 
11 H OH Br OH OH Br 2 • 0.25 115 4- 6 105 4- 5 
12 H H OH OH OH H 2•  1 0 •  102 4 -4  9 8 4 - 4  102 4 -4  81 4 -2  1044 -4  no degeneration 
13 H OH OH OH H H 2• 77~ 2 92=t=5 
14 CH~ OH OH OH H H 2 • 0.25 78 • 5 111 i 7 
15 H OH OH H OH H 2• < 1 85 4-5  25 4-3  49~_6  7 7 ~ 5  3 3 4 - 4  degeneration 
16 H OH OH H NH 2 H 2•  3 1 4 - 5  89:t_6 58- t -5  6 3 ~ 6  1104-11 74~=4 
17 H OH OCH 3 H OH H 2• 83 -4-4 9 7 •  
18 H OH OCHs H NH 2 H 2•  101 4-8  94 4 -6  
19 H OH NHe H H OH "2 • 0.25 92 ~= 5 85 4- 4 

The animals were injected i.v. with 2 doses of either 0.25 or 0.125 mmoles at an interval of 20 h. The animals were killed either 4 h or 7 days 
after the last dose. The norepinephrine content of the controls amounted to 977 =~ 70 ng/h in the heart, to 500 4- 45 ng/g in the spleen, to 
1380 • 105 ng/g in the salivary gland, to 8753 i 580 ng/g in the vas deferens and to 428 -4- 8 ng/g in the brain. 

N E  b u t  a l so  p r o d u c e d  a s e l e c t i v e  d e s t r u c t i o n  o f  a d r e n e r g i c  
n e r v e  t e r m i n a l s  s i m i l a r  t o  t h a t  p r o d u c e d  b y  6 - O H D A ,  as  
s h o w n  b y  e l e c t r o n m i c r o s c o p y  (Tab le ) .  A d d i t i o n a l  s u b -  
s t i t u t i o n s  o n  t h e  a r o m a t i c  n u c l e u s  b y  e i t h e r  m e t h y l  
(No.  10) o r  t3r (No. 11) a b o l i s h e d  b o t h  s h o r t -  a n d  l o n g -  
l a s t i n g  N E  d e p l e t i o n .  5 - h y d r o x y d o p a m i n e  (No. 12) 
p r o d u c e d  a m a r k e d  s h o r t - l a s t i n g  N E  d e p l e t i o n  w i t h o u t  
d e s t r o y i n g  a d r e n e r g i c  n e r v e  t e r m i n a l s ,  w h i c h  is in  ag r ee -  
m e n t  w i t h  p r e v i o u s  o b s e r v a t i o n s %  A n o t h e r  t r i h y d r o x y -  
p h e n e t h y l a m i n e ,  2 - h y d r o x y d o p a m i n e  (No. 13) a n d  i t s  
a - m e t h y l  c o n g e n e r  (No. 14) e x h i b i t e d  m i n o r  d e p l e t i n g  
e f f e c t s  on ly .  H o w e v e r ,  t h e  l a t t e r  t w o  c o m p o u n d s  c o u l d  
n o t  be  s t u d i e d  in  t h e  u s u a l  dose  of  2 • 0.25 m m o l e s / k g  on  
a c c o u n t  o f  s e v e r e  g e n e r a l  t o x i c i t y .  A l o n g - l a s t i n g  dep l e -  
t i o n  of  N E ,  a c c o m p a n i e d  b y  a d e s t r u c t i o n  of  a d r e n e r g i c  
n e r v e  t e r m i n a l s ,  w a s  a c h i e v e d  b y  a l t e r i n g  t h e  s u b s t i t u t i o n  
p a t t e r n  f r o m  2, 4, 5 i n t o  2, 3 a n d  5 - p o s i t i o n s  (No. 15). 
H e r e  a g a i n  t h e  r e p l a c e m e n t  of  a h y d r o x y  b y  a n  a m i n o  
g r o u p  (No. 16) d i d  n o t  a l t e r  t h e  e f f i c i e n c y  of  t h e  d e r i v a -  
t i v e s ,  w h e r e a s  t h e  c o r r e s p o n d i n g  m e t h o x y - c o m p o u n d s  
(Nos.  17 a n d  18) we re  i n a c t i v e .  C o m p o u n d  No .  19, s u b -  
s t i t u t e d  a t  p o s i t i o n  2, 3 a n d  6 e x h i b i t e d  n o  e f f ec t  on  t h e  
N E  c o n t e n t .  

F r o m  t h e  t y p e  o f  s u b s t i t u t i o n  l e a d i n g  to  a s e l e c t i v e  
d e s t r u c t i o n  of  a d r e n e r g i c  n e r v e  t e r m i n a l s ,  o n e  m i g h t  
c o n c l u d e  t h a t  t h e  r e d o x  p o t e n t i a l  of  t h e s e  c o m p o u n d s ,  in  
a d d i t i o n  t o  t h e i r  a f f i n i t y  t o  t h e  n e u r o n a l  a m i n e  p u m p ,  is 
o n e  of  t h e  e s s e n t i a l  f a c t o r s  d e t e r m i n i n g  w h e t h e r  a c h e m i -  
ca l  s y m p a t h e e t o m y  o c c u r s  o r  n o t .  T h i s  is in  a c c o r d a n c e  
w i t h  t h e  a v a i l a b l e  i n f o r m a t i o n  o n  t h e  m e c h a n i s m  of 
a c t i o n  of  6 - O H D A ,  t h a t  t h e  u p t a k e  a n d  a c c u m u l a t i o n  in  
t h e  a d r e n e r g i c  n e u r o n s  is a n  a b s o l u t e  p r e r e q u i s i t e  for  t h e  

d e s t r u c t i v e  e f f ec t  of  6 - O H D A ,  w h e r e a s  a c c u m u l a t i o n  in  
t h e  s t o r a g e  v e s i c l e s  is  n o t  n e c e s s a r y  1, ~. O n  a c c o u n t  of  i t s  
low r e d o x  p o t e n t i a l ,  6 - O H D A  is e a s i l y  o x i d i z e d  t o  h i g h l y  
r e a c t i v e  i n t e r m e d i a t e s ,  w h i c h  u n d e r g o  c o v a l e n t  b i n d i n g s  
w i t h  n u c l e o p h i l i c  g r o u p s  of  p r o t e i n s  a n d  o t h e r  b i o l o g i c a l l y  
e s s e n t i a l  m a c r o m o l e c u l e s  w h i c h  a r e  t h u s  d e n a t u r e d T :  O n  
a c c o u n t  of  t h e  h i g h l y  e f f i c i e n t  t r a n s p o r t  of  5 - O H D A  i n t o  
t h e  a d r e n e r g i c  n e u r o n ,  t h e  d e n s i t y  o f  t h e  c o v a l e n t  
b i n d i n g s  f o r m e d  is h i g h e s t  in  t h e  a d r e n e r g i c  n e u r o n s  1, 7. 
A t  p r e s e n t  i t  c a n n o t  be  d e c i d e d  as  t o  w h a t  e x t e n t  t h e  
f o r m a t i o n  of  H s O  ~ is a l so  i n v o l v e d  in  t h e  d a m a g i n g  e f f ec t  
o f  6 - O H D A  s in  a d d i t i o n  to  t h e  c o v a l e n t  b i n d i n g  o f  i t s  
o x i d a t i o n  p r o d u c t s  1, 7. 

Zusammen/assung. V e r s c h i e d e n e  c h e m i s c h e  A n a l o g e  
y o n  6 - H y d r o x y d o p a m i n  b e w i r k e n  e b e n f a t l s  e i ne  s e l e k t i v e  
Z e r s t 6 r u n g  d e r  a d r e n e r g e n  N e r v e n e n d i g u n g e n .  E s  we r -  
d e n  d ie  ] 3 e z i e h u n g e n  z w i s c h e n  de r  c h e m i s c h e n  K o n s t i t u -  
t i o n  u n d  de r  F i i h i g k e i t  z u r  c h e m i s c h e n  S y m p a t h e k t o m e i  
d i s k u t i e r t .  
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