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Preparation and Biological Properties of ( - - ) -  and 

I t  has  been  d e m o n s t r a t e d  t h a t  6 - h y d r o x y d o p a m i n e  
causes dep le t ion  of n o r e p i n e p h r i n e  levels in  va r ious  
t issues 1 and  degene r a t i on  of adrenerg ic  neu r ons  2-~ and  
t h a t  ( 4- ) - 3 - (2, 4, 5 - t r i h y d r o x y p h e n y l ) a l a n i n e  [( • ) - 6- hy-  
d r o x y d o p a  3 also reduces  t issue s tores  of norep inephr ineS .  
W e  now r e p o r t  t he  p r e p a r a t i o n  of t h e  op t ica l  i somers  of 
6 - h y d r o x y d o p a  and  t h e i r  b iological  ac t iv i t ies .  

The  p r e p a r a t i o n  of ( - - ) - 6 - h y d r o x y d o p a  [(- - ) - I I~ a n d  i ts  
e n a n t i o m e r  ( + ) - I I  (opposi te  s t e reochemis t ry )  was  accom- 
p l i shed  v ia  reso lu t ion  of ( + ) - N - b e n z o y l - 3 - ( 2 , 4 , 5 - t r i -  
m e t h o x y p h e n y l ) a l a n i n e  5 [ ( •  w i t h  ha l f  a n  e q u i v a l e n t  
of e i the r  ( - - ) -  or ( + ) - a - m e t h y l b e n z y l a m i n e  (e-MBA). 
T r e a t m e n t  of ( •  w i t h  the  levo base  in i sop ropano l  
p rov ided  t he  ( - - ) - e - M B A  sa l t  of ( - - ) - I :  m p  147 ~ E~]~ 
- -25 .7  ~ (c 2, CH~OH). U n d e r  t he  same condi t ions ,  
( •  and  t he  dex t ro  base  y ie lded t he  (+)-c~-MBA sa l t  
of ( + ) - I :  m p  147 ~ , [~]~5 +25.0 ~ (c 2, CHaOH ). Each of 
these  d ias te reo isomers  was neu t r a l i zed  to give t he  cor- 
r e s p o n d i n g  free acids ( - - ) - I :  m p  205-206 ~ (from CH3OH ), 
[c~]~ 5 --  53.1 ~ (c 1, CHaOH ) and  ( + ) - I :  m p  205-206 ~ ( f rom 
CHaOH),  [~]~ + 52.7 ~ (c 1, CH3OH ). 

Re f lux ing  ( - - ) - I  w i t h  48% H B r  in a N 2 a t m o s p h e r e  
for 4 h effected s imu l t aneous  c leavage  of t h e  amide  a n d  
e t h e r ' f u n c t i o n s  to  afford,  a f t e r  n e u t r a l i z a t i o n  w i t h  pro-  
py lene  oxide, ( - - ) - 6 - h y d r o x y d o p a  6 [ ( - - ) - I I ]  : m p  239-240 ~ 
(from SO 2 s a t u r a t e d  HeO); [~]~)~ --11.7 ~ (c 2.1, CHaOH:  
1 N  HC1, 1 :1) ;  CD (c 0.007 mole,  C H a O H : I N  HCI, 1:1) 
E01309 0, [012s9 + 860, and  [01265 0. Similar ly ,  ( + ) - I  was 
t r a n s f o r m e d  to t h e  d e x t r o r o t a t o r y  i somer  ( + ) - I I :  m p  240 
_ 2 4 1  ~ ' [a~)5 + 1 1 . 1  ~ (c 2.1, C H 3 O H : I N  HCI, 1:1),  
iden t ica l  in  IR,  U V  and  N M R  w i t h  ( - - ) - I I ,  CD m i r r o r  
image  of ( - - ) - I I .  

All c o m p o u n d s  g a v e  accep tab le  e l emen ta l  analyses .  
T h i n  layer  c h r o m a t o g r a p h i c  s tud ies  on ( - - ) -  and  ( + ) - I f  
ind ica ted  t he  absence  of a n y  s ign i f ican t  a m o u n t  of 
6 - h y d r o x y d o p a m i n e  (<  0.01%).  

M ~ D ~ C ~ Q P  HO~COOH 
M e 0 ~..-,A-~/~k-. 0 M e NH C OC#s HO ~../%~./~k-..OH NHz 

I (-) -~ 

F o r  d e t e r m i n a t i o n  of t he  biological  act ivi t ies ,  ( + ) -  
a n d  ( - - ) - I I  were dissolved in sal ine acidif ied w i t h  severa l  
d rops  of 1 N  HC1 a n d  in jec ted  i.p. i n to  female  Sprague  
Dawley  r a t s  (200g).  B r a i n s t e m  a n d  adrena l s  were 
ana lyzed  f luoromet r i ca l ly  for n o r e p i n e p h r i n e  or se ro ton in  
a f te r  e x t r a c t i o n  b y  t he  m e t h o d  of MEAD a n d  FINGER 7, 
H e a r t  n o r e p i n e p h r i n e  was i so la ted  b y  a l u m i n a  adso rp t ion  
as descr ibed  b y  DE CHAMPLAIN et  al. s a n d  assayed  
spec t ropho to f luo rome t r i ca l l y  us ing  a mod i f i ca t ion  of t he  
t r i h y d r o x y i n d o l e  p rocedure  descr ibed  b y  CROUTg. 6-Hy-  
d r o x y d o p a  was ana lyzed  f luoromet r i ca l ly  b y  t he  same  
p rocedure  as no rep inephr ine .  T he  f luorescence a t t r i b u t -  
able  to  6 - h y d r o x y d o p a  was negl igible  ( < 2 %  of an  
e q u i v a l e n t  a m o u n t  of no rep inephr ine ) .  A l t h o u g h  t h e  
no rep ineph r ine  f luorescence could be  quenched  as m u c h  
as 25% b y  6 - h y d r o x y d o p a  w h e n  t he  two were mixed  in 
vi t ro ,  t i ssue  samples  f rom an i m a l s  t r e a t e d  w i t h  6-hy-  
d r o x y d o p a  exh ib i t ed  no q u e n c h i n g  of no r ep i neph r ine  
f luorescence.  

W h e n  g iven  once a day  for 2 days,  100 m g / k g  of ( - - ) - I I  
lowered t he  levels of n o r e p i n e p h r i n e  in r a t  b r a i n s t e m  b y  
34% (from 0.83 ~zg/g of t he  cont ro l s  to  0.55 • 0.05). The  
same dosage of t he  ( + ) - i s o m e r  a n d  25 m g / k g  of t h e  
( - - ) - i somer  were w i t h o u t  s ign i f ican t  effect. Ne i the r  

( + ) - 6 - H y d r o x y d o p a  

i somer  dep le ted  b r a i n s t e m  se ro ton in  a t  e i the r  of t h e  doses 
tes ted .  

I n  c o n t r a s t  to  t he  b ra in ,  b o t h  t he  ( + ) -  a n d  ( - - ) - i somer  
of 6 - h y d r o x y d o p a  dep le ted  pe r iphe ra l  t i ssues  of cate-  
cho lamines  (Table).  The  ( - - ) - i somer  was t he  m o s t  effec- 
t ive  in  lower ing  t he  c a t e c h o l a m i n e  c o n t e n t  of t he  h e a r t  
and  adrena l .  A dose of 25 m g / k g  of ( - - ) - 6 - h y d r o x y d o p a  
deple ted  h e a r t  n o r e p i n e p h r i n e  more  t h a n  90% whi le  
( + ) - 6 - h y d r o x y d o p a  p roduced  more  t h a n  a 50% decline.  
AdrenMs were s ign i f i can t ly  dep le ted  b y  b o t h  isomers  a t  
t he  100 m g / k g  dose, 50% b y  t he  ( - - ) - i somer  and  2 0 %  
b y  t he  (+ ) - i somer .  

6 - H y d r o x y d o p a m i n e  is capab le  of dep le t ing  norepine~ 
p h r i n e  f rom pe r iphe ra l  t issues1, 4,t~ I t  also has  t h e  
p o t e n t i a l  of r educ ing  b r a i n  n o r e p i n e p h r i n e  levels if 
a d m i n i s t e r e d  d i rec t ly  in to  the  cen t r a l  ne rvous  s y s t e m  2, 3. 
The  p recurso r  of th i s  a m i n e  is v e r y  p r o b a b l y  t h e  a m i n o  
acid ( - - ) - 6 - h y d r o x y d o p a  5. The  m a r k e d  effects r epo r t ed  
in these  s tudies  b y  ( - - ) - 6 - h y d r o x y d o p a  on  t he  nor-  
ep inephr ine  c o n t e n t  are  u n d e r s t a n d a b l e  as i t  is easi ly  
d e c a r b o x y l a t e d  enzymatical lyS,~K However ,  t he  me-  
c h a n i s m  b y  which  ( + ) - 6 - h y d r o x y d o p a  also lowers t he  

Effect of (+)- and (--)-6-hydroxydopa on the catecholamine levels 
in heart and adrenals of the rat 

Isomer Dose 
(mg/kg) 

Catecholamines b 

Heart Adrenal 
(~xg/g) (~zg/pair) 

Control 1.15 4- 0.05 27.1 4- 1.9 
(+)- 25 0.38 4- 0.15 o 24.7 i 0.7 
(+)- 100 0.55 4- 0.05 o 20.5 4- 1.5 o 
(--)- 25 0.10 4- 0.05 o 24.0 • 0.6 
(--)- 100 0.11 4- 0.02 o 14.6 ~= 2.0 o 

Drugs were injected i.p. for two days and rats sacrificed on the 
third day. Results are the mean 4- S.E. of 6 animals per dose. 
b Heart cateeholamine is norepinephrine, the adrenal catecholamine 
was calculated as norepinephrine equivalents per adrenal pair. 
o Statistically significant p<0.05  (calculated by Student t-test). 
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h e a r t  and  ad rena l  c a t e c h o l a m i n e  c o n c e n t r a t i o n  is as ye t  
to  be  de t e rmined .  

The  h e a r t  is t h e  m o s t  sens i t ive  t i ssue  to  t he  dep le t ing  
ac t ion  of t h e  ( - - ) - i somer  w i t h  g rea te r  t h a n  90% reduc t i on  
of n o r e p i n e p h r i n e  a t  t he  25 m g / k g  dose. B r a i n s t e m  and  
ad rena l  g lands  were lowered 30 a n d  50% respec t ive ly  
a t  t he  100 m g / k g  dose. Th i s  dep le t ing  ac t ion  on  t he  adre-  
nals  ha s  been  conf i rmed  b y  DAIRMAN 13 and  has  no t  been  
obse rved  w i t h  6 - h y d r o x y d o p a m i n e  ~4. I n  con t ras t ,  b o t h  
isomers  fai led to lower  b r a i n s t e m  se ro ton in  c o n c e n t r a t i o n  
wh ich  is s imi lar  to  t he  effects of 6 - h y d r o x y d o p a m i n e K  

The  resu l t s  w i t h  t i le op t ica l  i somers  of 6 - h y d r o x y d o p a  
sugges t  some in t e r e s t i ng  possibi l i t ies  in  u t i l iz ing  one of 
these  c o m p o u n d s  as e x p e r i m e n t a l  pha rmaco log ica l  tool. 
F i rs t ,  ( - - ) - 6 - h y d r o x y d o p a  a t  a dose of 25 m g / k g  for 2 days  
can  m a r k e d l y  deple te  pe r iphe ra l  s tores  of no r ep i neph r ine  
w i t h o u t  a l t e r i ng  cen t r a l  levels. A l t e rna t ive ly ,  u t i l iz ing 
( - - ) - 6 - h y d r o x y d o p a  w i t h  a p e r i p h e r a l  deca rboxy la se  
i n h i b i t o r  such  as NI-(DL-Seryl)-N~-(2, 3, 4 - t r i h y d r o x y b e n -  
zy l )hydraz ine  12, pe r iphe ra l  dep le t ion  of ca t echo lamines  
can  be  k e p t  a t  m i n i m a l  levels  whi le  cen t r a l  deple t ion  is 
p ronounced .  Final ly ,  ( - - ) - 6 - h y d r o x y d o p a  (100mg/kg)  
a d m i n i s t e r e d  pe r iphe ra l l y  can  dep le te  b r a i n  norep ine-  
p h r i n e  w i t h o u t  a l t e r ing  b r a i n  se ro ton in  con ten t .  

Zusammen/assung. Die op t i schen  I s o m e r e n  yon  6-Hy-  
d r o x y d o p a  w u r d e n  s y n t h e t i s i e r t  u n d  ih r  E f f e k t  auf  den  
Ka techo laminsp i ege l  ve r sch iedene r  Organe  in der  R a t t e  
b e s t i m m t .  D e m  ( - - ) - I s o m e r e n  gegeni iber  wa ren  Herz  u n d  
N e b e n n i e r e n  ~iusserst empf ind l i ch  und  im Geh i rn  wurde  
der  Norep inephr insp iege l  erniedr ig t .  
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Electrocardiographic and Behavioral Effects of L-DOPA in the Guinea-Pig  

Since 19601 t he  gu inea-p ig  has  been  shown  to be  
suscep t ib le  to  p s y c h o p h a r m a c o l o g i c a l  procedures ,  par -  
t i cu la r ly  to  t he  decond i t i on ing  effect  of p s ycho t rop i c  
d rugs  ~ le. 

I t  is k n o w n  t h a t  L-DOPA, bes ide  r ep re sen t ing  a new 
a n d  v e r y  effect ive  a g e n t  for t he  t r e a t m e n t  of pa rk in -  
sonism, m a y  inf luence  h u m a n  a n d  a n i m a l  b e h a v i o r  is. 
P e r h a p s  t he  b e h a v i o r a l  effects of L-DOPA m a y  con- 
t r i b u t e  in  some degree to  t h e  eff icacy of the  d rug  in 
p a r k i n s o n i s m .  Therefore ,  in  t he  p r e s e n t  no te  we r e p o r t  
some resu l t s  of research  in progress  on  t he  b e h a v i o r a l  
effects  of I , -DOPA in t h e  guinea-pig.  A specific decon-  
d i t i on ing  effect  6,11, ~2 of t he  d rug  in th i s  a n i m a l  could 
s u p p o r t  t he  h y p o t h e s i s  t h a t  L-DOPA has  p s ycho t rop i c  
proper t ies ,  in  a d d i t i o n  to a n t i p a r k i n s o n  act ion.  

On t h e  o t h e r  hand ,  m a n y  P a r k i n s o n  p a t i e n t s  t r e a t e d  
w i t h  L-DOPA develop  side effects, inc lud ing  psycho-  
neurologica l  and  cardiological  a l t e r a t ions  ~3. Thus  t h e  
pu rpose  of our  research  was also to  invesLigate a n d  
compare  t he  effects  of L-DOPA on s p o n t a n e o u s  b e h a v i o r  
a n d  ECG in guinea-pigsZ, K Since t h e  side-effects  a n d  
t o x i c i t y  of L-DOPA pe r  os in  m a n  seem to  be  m a i n l y  
connec ted  w i t h  impur i t i e s  c o n t a i n e d  in a ' p r e p a r a t i o n  of 
d o u b t f u l  qua l i t y  'la, in our  e x p e r i m e n t s  we h a v e  used 
5 - D O P A  suppl ied  b y  R o c h e  of Swi t ze r l and  ( L A R O D O P A ) ,  
wh ich  ' un t i l  r ecen t ly  was t he  on ly  L-DOPA a p p r o v e d  b y  
t he  C o m m i t t e e '  on  t he  Sa fe ty  of Drugs  ~8 

Fo r  t he  cl inical  impl i ca t ions  of our  e x p e r i m e n t a l  resu l t s  
we h a v e  used t h e  same  rou t e  of a d m i n i s t r a t i o n  a n d  a 
dose pro  kg close to  t h e  da i ly  dose pro  kg usua l ly  employed  
in Clinics for t he  L-DOPA t r e a t m e n t  of pa rk in son i sm.  

Melhods a~d results. ENects on spontaneous behavior and 
ECG. I n  15 ma le  guinea-pigs  we igh ing  420-650 g, L-DOPA 
in single oral  dose of 10-100-1000 m g / k g  (5 a n i m a l s  for 
each  dose) d id  no t  induce  a n y  changes  in  s p o n t a n e o u s  
b e h a v i o r  or  ECG recorded  before  and  1-24 h a f t e r  t h e  
a d m i n i s t r a t i o n .  

In  a n o t h e r  expe r imen t ,  4 ma le  guinea-pigs ,  each  weigh- 
ing a b o u t  500 g, were sub jec t ed  f i rs t  to  a d m i n i s t r a t i o n  of 

1000 m g / k g  pe r  os of L-DOPA followed 2 4 h  la te r  b y  
a second a d m i n i s t r a t i o n  of 3000 m g / k g  per  os of L-DOPA.  
Af te r  t he  f i r s t  a d m i n i s t r a t i o n  no  behav io ra l  changes  were 
observed ,  while  increased  diuresis,  t r e m o r s  a n d  depres-  
s ion were found  in all  t h e  4 guinea-p igs  a f te r  Che second 
a d m i n i s t r a t i o n .  1 gu inea-p ig  d ied  40 h a f t e r  t he  second 
admin i s t r a t i on ,  while  t he  o the r  3 an ima l s  surv ived ,  
recover ing  f rom the  b e h a v i o r a l  changes  in a few hours  
fol lowing t he  second L-DOPA a d m i n i s t r a t i o n .  

No s ign i f i can t  changes  were  f o u n d  in t h e  electro-  
ca rd iograph ic  records  m a d e  in D 2 before,  1 h a n d  24 h 
a f t e r  each  a d m i n i s t r a t i o n  of L-DOPA. No more  d e a t h s  
or b e h a v i o r a l  changes  occur red  in t he  18 guinea-pigs  
d u r i n g  t he  week  fol lowing b o t h  expe r imen t s .  

E//ects on avoidance conditioning. 12 ma le  guinea-pigs  
weigh ing  a b o u t  5 0 0 g  each  were cond i t i oned  to  a n  
avo idance  s i t u a t i o n  b y  t he  m e t h o d  descr ibed  b y  MA- 
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