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Die zum Ze i tpunk t  der  T ransp lan ta t ion  de te rmin ie r ten ,  
im his tologischen Schni t tb i ld  noch we i tgehend  un- 
di f ferenzier ten Organanlagen  differenzieren sich am neuen  
Ort  herkunftsgem~Lss aus 5. 2) Die en twede r  in der  
Tr ich te rgegend  oder  im Mundgeb ie t  l iegende (~Auganlage 
yon S tad ium VIIi> dif ferenzier t  sich nur  zu einer Retina 
(Figur 1). Es wird kein benachbar t e s  ZelImater ial  zur 
eventuel len Ausbi ldung eines vollst/~ndigen Auges ein- 
bezogen. 3) Auf der  t r ansp lan t i e r t en  Ten take la rman lage  
(Figur 2) t r e t en  keine Saugn/ipfe auf zum Zei tpunkt ,  wo 
solche auf dem in t ak t en  Kon t ro l l t en take l  erscheinen.  
4) Die verpf lanz te  S ta tocys te  d i f ferenzier t  sich am neuen 
Oft  au tonom wel ter  (Figur 3). 5) An der  Exp l an t a t i o n s -  
stelle der  Auganlage en t s t eh t  nach  dem VVundverschluss - 
erwartungsgem~iss bei unver l e t z t em D o t t e r s y n c y t i u m  ~- - 
eine Neubi ldung.  Im  Gegensatz  zu ARNOLD erhal te  ich 
aber  in meinen  Versuchen (bei den 3 ve rwer tba ren  
F~illen mi t  e inem H o m o t r a n s p l a n t a t  wie bei allen 7 
Spendern  der  als H e t e r o t r a n s p l a n t a t e  benu t z t en  Augan-  
lagen) xwei kleine, jedoch vollstXndige Augen mi t  je einer 
Linse (Figur 4). 6) An den gegensei t igen Imp lan t a t i o n s -  
stellen yon S ta tocys te  und  Ten take la rm lassen sich keine 
Anzeichen fiir Neubi ldungen  der en t f e rn t en  Organan-  
lagen erkennen.  7) Der  Organismus  zeigt nach  S tad ium 
X I I  gegentiber den im S tad ium VI I  ve rp f l anz ten  Organ- 
anlagen eine zunehmende  Abs tossungs tendenz  (Figur 1, 
n). 8) Weder  im Fall  der  t r ansp lan t i e r t en  Auganlage noch 
im Aus t auschexpe r imen t  der S ta tocys ten-  und  Tentakel-  
a rmanlage  l~isst sich mi t  Sicherhei t  eine indukt ive  Wir-  
kung des h n p i a n t a t s  auf seine U m g e b u n g  feststellen.  
Detai l l ier tere  Un te r suchungen  sind notwendig ,  um ab- 
klXren zu k6nnen,  ob sich e twa die A n n a h m e  I~ANZI'S 6 
best~ttigen l~isst, wonach  das Auge sein zugeh6riges 
opt isches  Ganglion induziert .  

Trotz  bef r iedigender  Transp lan ta t ionsve r suche  ist 
schliesslich auch eine kri t ische Bemerkung  dazu ange- 
zeigt, l)as prinzipielle Problem der  angewand tcn  Methode 
liegt darin, dass Or~ananlagen au/ das Dollersy~zcylium 

t r ansp l an t i e r t  werden  miissen, da  nur  so D o t t e rv e r l u s t  
(nnd d a m i t  eine W a c h s t u m s s t 6 r u n g  4) ve rmieden  werden  
kann.  Das D o t t e r s y n c y t i u m  ist  aber  nach  ARNOLD 2 _ und  
wie eigene Versuche  nun  zu best i i t igen scheinen - Tr~iger 
eines <~morphogenetischen Induktionsplanes~). Der  Wech-  
selbeziehung und Wechse lwi rkung  also zwischen einer  
imp lan t i e r t en  Organanlage  und  dem zum Ze i tpunk t  der  
T ransp l an t a t i on  noch induk t iv  t~itigen D o t t e r s y n c y t i u m  
ist daher  (speziell auch  im Hinbl ick  auf P u n k t  7) be-  
sondere  Beach tung  zu schenken  7, s. 

Summary. The au tho r  describes a me t h o d  for t rans -  
p lan t ing  the  organ anlagen of Loligo wdgaris embryos .  
The anlagen of the  eye, the  s t a tocys te  and the  t en tac le  
a rm were exp lan ted  and t r a n s p l a n t e d  in to to  as homo-  or 
he te rogra f t s  on the  vitel l ine syncy t ium in d i f fe ren t  re- 
gions of t he  embryo  body.  The t r a n s p l a n t e d  an lagen  
combine  per fec t ly  wi th  the  hos t  t issue and  d i f fe ren t i a te  
according to  the i r  original  de te rmina t ion .  
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T h e  Ef fec t  of  L - D o p a  on  M o n o a m i n e  M e t a b o l i t e s  

A t t e m p t s  to replenish the  decreased dopamine  levels in 
the  bra ins  of pa t i en t s  wi th  Park inson ' s  disease have  led to 
the therapeut ic  use of large doses of its precursor,  3,4- 
d ihydroxypheny la l an ine  (Dopa)0-,3 In  the  brain,  Dopa  is 
deca rboxy la ted  to dopamine  by  the  enzyme a romat ic  
L-amino-acid decarboxylase .  This enzyme decarboxyta tes  
several  o ther  a romat ic  amino acids including 5-hydroxy-  
t r y p t o p h a n  which is conver ted  to sero tonin  *. In  the  
nervous  system,  homovanil l ic  acid (HVA) and 5-hydroxy-  
indoleacet ic  acid (SHIAA) are the  main  degrada t ion  pro- 
ducts  of dopamine  and serotonin,  respectivelyS,  S. 
Aromat ic  amino acids also have  a c o m m o n  specific 
t r anspo r t  mechan i sm and changes  in c i rculat ing levels of 
one or more  amino  acids can affect  the  t r a n s p o r t  of o ther  
amino  acids into the  bra in  v. The purpose  of th is  invest i-  
gat ion was to de te rmine  the  effect  of L-Dopa on the  con- 
cen t ra t ions  of HVA,  5HIAA and tyros ine  in the  cerebro- 
spinal  fluid (CSF) and p lasma of pa t i en t s  wi th  Park inson ' s  
disease. 

;tlethods. Samples  of p lasma and CSF were ob ta ined  
f rom pa t i en t s  wi th  Park inson ' s  disease before and  during 
t r e a t m e n t  wi th  L-Dopa. Samples  were depro te in ized  and 
s tored at  20 ~ unti l  analyzed,  which was wi th in  a week. 

in  P a r k i n s o n ' s  D i s e a s e  x 

The 14 pa rk inson ian  pa t i en t s  had  a mean  age of 64 years  
and only one was on ant ichol inergic  medica t ion  a t  t he  
t ime of th is  s tudy.  L-Dopa was admin is te red  oral ly in 4 
equal  doses (after meals  and  21.00 h). The to ta l  dai ly  dose 
of L-Dopa for each p a t i en t  was de t e rmined  indiv idua l ly  
according to the rapeu t i c  response  and ranged  b e t ween  
4 and 7.5 g. All blood and CSF samples  were o b t a i ned  
be tween  09.00 and  10.00 h af ter  a 12 h fas t  and  pr ior  to  
the  first  dose of L-Dopa. Control  CSF for H V A  and  5 H I A A  
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de te rmina t ions  were ob ta ined  f r6m psychia t r ic  inpa t i en t s  
who were no t  on medicat ions .  Control  samples  of CSF and  
blood for assay of ty ros ine  were ob ta ined  f rom hos- 
pi ta l ized pa t i en t s  w i thou t  hepat ic ,  renal  or endocr ine  
disease, be tween  the  ages of 56 and  78 years.  

H V A  was  measured  by  the  m e t h o d  of ANDEN et  al. s, 
CSF  5 H I A A  by  the  m e t h o d  of ASHCROFT and SHARMAN 8, 
and tyros ine  according to  WAALKES and  UDENFRIEND 9. 
P l a sm a  Dopa  was  sepa ra ted  on Dowex-50 columns f rom 
18 ml samples  of blood and  assayed by  the  m e t h o d  of 
CARLSSON and  WALDECK10 as modif ied  by  LAVERTY and  
TAYLOR n. The add i t ion  of Dopa  and  dopamine  to  CSF  
and  p lasma  were found  no t  to affect  t he  HVA, 5HIAA or 
ty ros ine  assays.  

Results.  Prior  to  L-Dopa adminis t ra t ion ,  the  concent ra-  
t ions  of H V A  and  5 H I A A  in the  lumbar  CSF  of 10 
pa t i en t s  w i th  Pa rk inson ' s  disease were s ignif icant ly  lower 
t h a n  t h a t  of the  control  group (p < 0.005) (Table I ) . 'The  
subnormal  levels of CSF  H V A  and  5HIAA, also no ted  by  
JOHANSSON and  R o o s  12, are cons is ten t  w i th  t he  f indings  
t h a t  dopamine ,  H V A  and  serotonin  are decreased in t he  
park inson ian  bra in  la, "After 1-2 m o n t h s  of L-Dopa (4- 
7.5 g/day,  orally), t he  CSF  H V A  increased app rox ima t e l y  
18-fold when  measured  12 h af ter  t he  last  dose. P l a s ma  
H V A  ob ta ined  at  t he  same t ime  as the  CSF also increased 
dur ing  L-Dopa t h e r a p y / ( T a b l e  II).  These results  do no t  
resolve the  ques t ion  whe the r  CSF  H V A  comes f rom the  
cerebral  me tabo l i sm of dopamine  or f rom the  blood. 
However ,  b o t h  BERNHEIMER et  al. 14 and  BARTHOLINI et  
al. 15 found t h a t  only  minor  a m o u n t s  of H V A  are found  in 
the  CSF af ter  a cont inuous  H V A  infusion. They  con- 
c luded t h a t  CSF H V A  at  least  par t ia l ly  reflects  the  meta -  
bol ism of bra in  dopamine .  

The CSF 5HIAA of t he  park inson ian  pa t i en t s  decreased 
s ignif icant ly  dur ing  L-Dopa t r e a t m e n t  (p < 0.005) (Table 

I). E v e r y  p a t i en t  had  a lower 5HIAA level dur ing L-Dopa 
admin i s t r a t i on  t h a n  before the rapy .  The levels of H V A  
and  5 H I A A  before or dur ing  L-Dopa admin i s t r a t i on  
could no t  be corre la ted  wi th  the  neurological  f indings,  age 
of pa t ien t ,  du ra t ion  of illness, dose or response to  the rapy .  
One pa rk inson ian  p a t i en t  (not included in Table  I) who 
was able to  to lera te  only  2 g of L-Dopa per  day  was sub- 
sequen t ly  given Probenec id  (1.5 g/day).  Probenec id  in- 
creased the  CSF  H V A  from 118 (Dopa) to 980 (Dopa + 
Probenecid)  and  the  CSF  5HIAA decreased f rom 22 
(Dopa) to  15 (Dopa + Probenecid) .  Probenec id  p r ev en t s  
the  act ive  t r a n s p o r t  of acid amine  metabol i tes  f rom the  
bra in  to t he  blood and  t h e r eb y  increases CSF H V A  16 and  
5HIAAI , , l s .  The admin i s t r a t i on  of Dopa  m a y  have  pre-  
v en t ed  the  expec ted  increase in CSF  5HIAA following 
Probenec id  in th is  case. 

B o t h  C S F  and  p lasma  tyros ine  levels were normal  in 
Pa rk inson ' s  disease (Table I). P l a s ma  tyros ine  decreased 
dur ing  L-Dopa t h e r a p y  (p < 0.005) ; CSF tyros ine  did no t  
change  s ignif icant ly  (p < 0.50). Pr ior  to L-Dopa adminis -  
t ra t ion,  p l a sma  Dopa  was no t  detectable ,  bu t  s ignif icant  
levels of p l a sma  Dopa  were found 12 h af ter  the  last  dose 
of th is  amino  acid (Table II).  

Discussion.  The CSF  changes  in H V A  and 5HIAA pro-  
duced by  L-Dopa m a y  be i m p o r t a n t  in unde r s t and ing  the  
the rapeu t i c  and  toxic  effects of th is  amino  acid. The ve ry  
high levels of CSF  H V A  12 h af ter  the  last  dose of L-Dopa 
would suggest  t h a t  dopamine  levels in the  bra in  are also 
marked ly  increased dur ing  th is  the rapy .  This exp lana t ion  
would be compa t ib le  wi th  the  clinical side effects  of 
nausea,  vomi t ing  and  invo lun ta ry  chewing m o v e m e n t s  
which  have  been  associa ted wi th  dopaminerg ic  nerve  
s t imula t ion  in animals  19. 

Considerable  evidence suggests  t h a t  CSF 5HIAA is 
der ived f rom bra in  serotonin16,1L Dopa  and d o p ami ne  

Table I. CSF HVA, 5HIAA, tyrosine and plasma tyrosine in parkinsonian patients and controls before and during L-Dopa therapy 

No. of patients Controls Parkinsonian patients 

No. of patients Before Dopa therapy During Dopa therapy 

CSF HVA (ng/ml) 31 23 4- 2 10 <10 4- 1 �9 183 :1:30 
CSF 5HIAA (ng/ml) 27 30 ~: 2 10 20 4- 2 11 4- 2 
CSF tyrosine ([xg/ml) 18 1.63 4- 0.20 10 1.67 4- 0.10 1.54 :j: 0.14 
Plasma tyrosine ([ig/ml) 16 10.2 4- 0.7 14 10.7 4- 0.4 8.8 4- 0.4 

All CSF and blood samples were obtained fasting between 09.00 and 10.00 h, 12 h after the last dose of L-Dopa. The daily dose of L-Dopa 
ranged from 4-7.5 g orally. The values are the means 4- S.E.M. �9 5 of the values were less than 8 ng/ml, which was below the lower sensitivity 
of the method. 

Table II. Concentrations of plasma HVA and Dopa in Parkinsonian 
patients before and during L-Dopa therapy 

Plasma concentration (ng/ml) 

Before Dopa therapy During Dopa therapy 

HVA < 20 10584-262 
(4) (6) 

Dopa 0 835 4- 100 
(4) (8) 

The blood samples were obtained at the same time as in Table I. The 
daily dose of L-Dopa ranged from 4-7.5 g orally. The values are the 
mean 4- S.E.M. and the number of patients is in parenthesis. 
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are p o t e n t  i nh ib i t o r s  of b r a i n  t r y p t o p h a n  h y d r o x y l a s e  20, 
t he  r a t e  l imi t ing  enzymic  s tep  in se ro ton in  b iosyn thes i s .  
Th i s  m a y  be  t h e  m e c h a n i s m  p roduc ing  t he  decrease  in 
C S F  5 H I A A  induced  b y  L-Dopa t he r apy .  However ,  D o p a  
could also c o m p e t i t i v e l y  i nh i b i t  ce rebra l  d e c a r b o x y l a t i o n  
of 5 - h y d r o x y t r y p t o p h a n  or in ter fere  w i t h  the  t r a n s p o r t  
of se ro ton in  precursors  in to  t he  bra in .  

The  me tabo l i c  convers ion  of Dopa  to  i ts  m e t abo l i t e s  
procedes  ve ry  r ap id ly  a f te r  a single d o s e 2 '  The  presence  
of L-Dopa in t he  p l a s m a  12 h a f te r  the  las t  dose suggests  
t h a t  w i t h  chronic  a d m i n i s t r a t i o n  of 4-7.5 g of L-Dopa 
daily,  th i s  a m i n o  acid accumula t e s  and  is s to red  in t he  
t issues.  An  a l t e r n a t e  hypo thes i s  is t h a t  a r o m a t i c  L-amino- 
acid deca rboxy lase  is t o t a l l y  s a t u r a t e d  b y  L-Dopa and  is 
u n a b l e  to  conve r t  all of t he  ava i l ab le  D o p a  to dopamine .  

Rdsumd. L ' a d m i n i s t r a t i o n  de L-Dopa chez les p a t i e n t s  
a t t e i n t s  de la ma lad ie  de P a r k i n s o n  p rovoqua i t ,  dans  le 

l iquide  c6pha lo- rach id ien ,  une  a u g m e n t a t i o n  de la con-  
c e n t r a t i o n  d ' ac ide  h o m o v a n i l l i q u e  e t  une  baisse  de la con- 
c e n t r a t i o n  de l ' ac ide  5 -hydroxy indo leac6 t ique ,  a ins i  que  
de la c o n c e n t r a t i o n  p l a s m a t i q u e  de tyros ine .  
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U n t e r s u c h u n g e n  f i b e r  d i e  f l - a d r e n o l y t i s c h e  W i r k u n g  s o w i e  d e n  E i n f l u s s  a u f  R e f r a k t / i r z e i t  u n d  

K o n t r a k t i l i t / i t  y o n  I N P E A  u n d  M J  1 9 9 9  a m  M e e r s c h w e i n c h e n v o r h o f  

N a c h  U n t e r s u c h u n g e n  v o n  SOMANI u n d  LUM 1'2 s ind 
weder  N - I sop ropy l  - p - N i t r o p h e n y l i i t h a n o l a n f i n  - HC1 
( I N P E A )  noch  4- ( 2 - I s o p r o p y l a m i n o -  1 - h y d r o x y g t h y l ) -  
me thansu l fonan i l id -HC1 (MJ 1999) in de r  Lage, die d u r c h  
O u a b a i n  v e r u r s a c h t e n  A r r h y t h m i e n  a m  H u n d e h e r z e n  zu 
regular is ieren.  An  der  Ka tze  dagegen  l iessen s ich diese 
A r r h y t h m i e n  d u t c h  MJ  1999 a u f h e b e n  u n d  a m  isol ier ten  
K a n i n c h e n v o r h o f  eine Ver l / ingerung  der  Ref rak t / i r ze i t  
erzielen a. M J  1999 is t  n u r  s chwach  l o k a l a n g s t h e t i s c h  
w i r k s a m  a. N a c h d e m  HERMANSEN 4 vor  k u r z e m  a m  Meer- 
schweinchen  auch  fiir I N P E A  eine a n t i a r r h y t h m i s c h e  so- 
wie eine schwache  loka lan / i s the t i sche  W i r k u n g  nach -  
weisen konn te ,  h a b e n  wir  gepriift ,  ob I N P E A  wie 
MJ  1999 die Ref rak t / i r ze i t  ver lgnger t .  Zusgtz l ich  soll te 
m i t  Hilfe der  op t i schen  I someren  des I N P E A ,  die un te r -  
schiedl ich  f l -adrenoly t i sch  wi rken  5, geklgr t  werden,  ob 
der  spezifisch f l -adrenoly t i schen oder  der  m e b r  un-  
spezif ischen,  l oka lan / i s the t i schen  W i r k u n g  die gr6ssere 
B e d e u t u n g  fiir die Verl~ingerung der  R e f r a k t g r z e i t  zu- 
k o m m t .  

Die Versuche  w u r d e n  an  e lek t r i sch  gere iz ten  l inken  
Vorh6fen  (1 Hz,  6-fache Schwel l enspannung)  yon  Meer- 
schweinchen  durchgef i ih r t ,  die in Tyrode  bei  30~ 
suspend ie r t  waren.  U n t e r s u c h t  w u r d e n  1) die f l-adreno- 
ly t i sche  Wi rku l lg  yon  D{- - ) INPEA,  L ( + ) I N P E A  im 
Vergle ich  zu ( + , - ) M J 1 9 9 9  gegeni iber  d e m  Ef fek t  yon  
0,59 btM/1 N o r a d r e n a l i n  = 100%;  2) der  Einf luss  dieser  
S u b s t a n z e n  auf  die Ref rak t / i r ze i t  u n d  3) auf  die Kon-  
t r a k t i o n s k r a f t  als Mass fiir die unspezi f i sche  ~Virkung. 
Die Ref rak t / i rze i t  wurde  m i t  der  Me thode  der  g e p a a r t e n  
S t imu l i e rung  6, 7 b e s t i m m t ,  die K o n t r a k t i o n s k r a f t  i n i t  d e m  
Dehnungsmef i s t r e i f en  auf  e inem D i r ek t s ch r e i be r  re- 
gis tr ier t .  Die E i n w i r k u n g s d a u e r  der  S u b s t a n z e n  b e t r u g  
jeweils 10 min .  

Von  den  be iden  op t i schen  I someren  des I N P E A  war  
n u r  die D ( - - ) F o r m  f l -adrenolyt isch  wi rksam,  die L(+)-  
F o r m  v e r u r s a c h t e  bis  zur  h 6 c h s t e n  K o n z e n t r a t i o n  von  
1 mM/1 keine  H e m m u n g  der  pos i t iv  i no t ropen  W i r k u n g  
des N o r a d r e n a l i n s  (Tabelle).  Die K o n z e n t r a t i o n e n  fiir 
eine 35%ige  H e m m u n g  der  N o r a d r e n a l i n w i r k u n g  be- 
t r u g e n  fiir D ( - - ) I N P E A  0,68 und  fiir (+ ,  ) M J 1 9 9 9  
1,5 ballet/l, D ( - - ) I N P E A  ist  d a m i t  2,2 real  w i r k s a m e r  als 
( + , - - )  MJ 1999. 

Die Re/rakldrzeit, die bei  den  K o n t r o l l v e r s u c h e n  
zwischen 75 u n d  135 msec be t rug ,  wurde  d u r c h  alle Sub-  
s t anzen  k o n z e n t r a t i o n s a b h / i n g i g  verl~tngert  (Figur).  Das  
f l -adrenoly t i sch  w i r k s a m e  D( ) I N P E A  ver l~nger t e  die 
R e f r a k t g r z e i t  a m  s t / t rks ten ,  das  n i c h t  f l -adrenoly t i sch  
w i rk same  L ( + ) I N P E A  war  weniger  wi rksam.  Die Kon-  
zen t r a t i onen ,  die die R e f r a k t g r z e i t  u m  35% (EDa~) ver-  
lgnger ten ,  b e t r u g e n  ftir D ( - - ) I N P E A  bez iehungsweise  
L ( + ) I N P E A  26 bez iehungsweise  65 bt3f/1 (Tabelle).  Das  
in unse ren  Versuchen  f l -adrenoly t i sch  a m  wen igs ten  

lsolierter, elektrisch gereizter Meerschweinchenvorhof: Vergleich 
der Konzentrationen yon D(--}INPEA, L(+)INPEA und (+, ) 
MJ 1999, die eine gleichstarke fl-adrenolyti.sche, negativ inotrope und 
die RefraktSrzeit verlgngernde Wirkung verursachen 

Substanz fl-adrenolytische Verliingerung Hemnmngder 
Wirkung (hiM/l) der Kontraktions- 

Refraktarzeit amplitude 
(~zM/1) (btM/1) 

EDs0 EDa5 EDas ED35 
D(--)INPEA 1,7 0,68 26,0 580,0 
n 5 
L(+)INPEA >1000,0 65,0 575,0 
n - 5  
( + , ) M J 1 9 9 9  3,8 1,5 140,0 >3000,0 
n - 5 
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