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and the i r  a f ferent  impulses  can be recorded in the  superior  
colliculus as well as in o the r  brain  loci involved wi th  eye 
m o v e m e n t s  ~'. Cooper e t  al. n also found evidence of 
l imb propr iocep tor  a f fe ren t  connect ions  in the  same bra in  
areas. A l though  P icke t ing  and Varju  ~ s t a t ed  t h a t  opt ic  
nerve  efferents  do no t  con t r ibu te  to the  delayed-off  
responses,  the  p resen t  s t u d y  suggests  the  possibi l i ty  t h a t  
the  process ing of a f te r - images  is modif iable  central ly .  
Fu r the rmore ,  the  Popovs  12 have  d e m o n s t r a t e d  t h a t  af ter-  
images can be ob ta ined  by  condi t ioned  reflex responses  to  
sound ! 
Graham and  Pong  7 hypo thes ize  feedback loops wi th in  
the  amacr ine-b ipola r  dyads  of the  re t ina  which  regulate  
ganglion cell o u t p u t  and  are med ia t ed  t h rough  GABA- 
minergic  sys tems.  The t ime-course  of GABA depolar iza-  
t ion in p r ima ry  af ferent  muscle spindle neurons~3, bears  
t empora l  resemblance  to the  posi t ive  af ter - image t ime-  
course resul t ing f rom u l t ra - shor t  l ight  stimuli.  GABA, 
however ,  is only  1 of a number  of pu ta t ive  inh ib i to ry  
neu ro t r ansm i t t e r s  p resen t  in the  visual and cent ra l  
nervous  sys t em ~4. The p resen t  s tudy  of posi t ive  af ter-  
imputes and the i r  erasure by  saccadic m o v e m e n t  suggests  
t h a t  there  is an a p p a r e n t l y  t ime- l inked la tching  mecha-  

n ism t h a t  is unmasked  by  very  brief  l ight  st imuli .  The 
la tch ing  mechan i sm possibly causes s torage of the  t rans -  
mi t t ed  re t inal  image in the  visual  cor tex  or a t  an in te rme-  
d ia te  locus. U n d e r  s t eady  s t a te  i l lumina t ion  it ma in ta ins  
a s t a t i ona ry  image while the  micro-saccadic  ac t iv i ty  of 
the  eye involves o the r  receptors  to fix the  same po in t  in 
space. The concomi t an t  la tching  and  un la tch ing  t h ro ugh  
the  in t e rven t ion  of exc i t a to ry  and  inh ib i to ry  neuro-  
t r a n s m i t t e r s  is pe rhaps  the  'neuronic  shu t t e r  mechan i sm '  
p roposed  by  Linds ley  ~5 to expla in  w h y  one perceives  
images while scanning t h a t  are s table  and  s ta t ionary ,  
w i t h  clari ty.  
A 2-sec P A I  resul t ing f rom a 10-~xsec s t imulus  represen ts  
an ampl i f ica t ion  factor  of 2 • 105. This  f inding has far- 
reaching impl ica t ions  w i th  respec t  to subIiminal  percep-  
t ion,  educat ion  and  even t h o u g h t  control .  
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Summary. St imula t ion  of the  nucleus accumbens  evokes a p o t e n t  inhib i t ion  in neurons  of t he  ven t r a l  t egmen ta l  area. 
GABA is l ikely to ac t  as a t r a n s m i t t e r  in this  descending inh ib i to ry  sys tem.  

Neurons  or iginat ing in the  ven t ra l  t egmen ta l  area (VTA) 
have  diffuse projec t ions  to subcort ical  Iimbic s t ruc tures  t, 2. 
This mesol imbic  sys tem has recent ly  received considerable  
a t t en t ion  because of its possible invo lvement  in the  pa tho -  
genesis of schizophrenia  ~, a. Biochemical  3 and behaviora l  * 
expe r imen t s  have  p rov ided  indirect  evidence to suggest  
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A Inhibition of a VTA neuron by stimulation of the nucleus ac- 
cumbens (left trace), antagonized by iontophoretieally applied 
bieueulline methiodide (100 nA, 3 nfin, middle trace) and recovery 
of the inhibition 6 min after withdrawal of bicueulline. 6 superim- 
posed sweeps. Triangles mark the time of stimulation of the nucleus 
aeeumbens (10 V, 0.5 msee). Calibration: 40 msee; 1 inV. 
B Same neuron as in A: peristimulus-time-histograms. 64 sweeps, 
205 bins, 200 msee duration. 
C Reversible block of depressant actions of GABA (40 nA) by 
microiontophoretieally applied bicuculline methiodide (50 nA). Gap 
represents 6 min. 

t h a t  there  is a preferen t ia l  inh ib i to ry  modula t ion  of VTA 
neurons  by  GABAergic  p a t h w a y s  descending f rom the  
l imbic forebrain.  This  possibi l i ty  was  examined  more  di- 
rec t ly  in the  p resen t  s t u d y  by  using microelect rode re- 
cording and micro ion tophore t ic  techniques .  
Materials and methods. 10 male ra t s  (200-400 g) were 
anes the t ized  wi th  u re thane  (1.3 g/kg i.p.) and m o u n t e d  
in a s te reo tax ic  f rame.  Mul t ibarre l  glass microp ipe t tes  
(2-4 barrels,  3-5 ~m t ip  diameter)  were used for recording 
and micro iontophore t ic  appl ica t ion  of the  following sub- 
s tances :  g a m m a - a m i n o b u t y r i c  acid (GABA, 0.5 M, p H  
3.5), bicucull ine meth iod ide  (20 mM in 165 mM NaC1, 
p H  3.5) and p o n t a m i n e  sky blue (2% in 0.5 M acetic acid). 
The microp ipe t t es  were placed s tereotaxica l ly  in the  VTA 
using the  at las  of De Groot  5 and  the  location of the  
mic rop ipe t t es  was marked  by  e jec t ing p o n t a m i n e  sky 
blue f rom the  tips.  The nucleus accumbens  sept i  was 
s t imula ted  by  small  b ipolar  e lectrodes which were also 
used to make  electrolyt ic  lesions a t  the  t e r m i n a t i o n  of the  
expe r imen t s  to  ver i fy the  s t imula t ion  sites. 
Results and discussion. St imula t ion  of the  nucleus accum- 
bens  (1-20 V, 0.2-0.5 msec) evoked  p a t t e r n s  of inh ib i t ion  
and exc i ta t ion  in neurons  of the  VTA similar to those  
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descr ibed for nigral  neurons  af ter  s t r ia ta l  s t imula t ion  ~-n.  
Complex  p a t t e r n s  consis t ing of brief exc i ta t ion  preced ing  
the  inhibi t ion,  an exc i ta t ion  in t e r rup t ing  a long period of 
inhib i t ion  or r eve rbe ra t ing  pa t t e rn s  were seen more  often 
t h a n  shor t  l a t ency  simple inhibi t ions .  Out  of 46 cells in- 
h ib i ted  by  accumbens  s t imulat ion,  15 d e m o n s t r a t e d  an 
inh ib i t ion  wi th  a l a t ency  of less t h a n  10 msec and  a 
dura t ion  of up to  250 msec.  
Micro iontophore t ica l ly  appl ied GABA also readi ly  in- 
h ib i ted  VTA neurons  wi th  eject ion cur ren ts  usual ly below 
20 nA. Appl ica t ion  of bicucull ine meth iodide ,  a G A B A  
an tagon i s t  9, 10, i2 (20-100 nA, 3-10 min), of ten  p roduced  
a slow increase in fir ing ra te  and revers ib ly  an tagonized  
the  inhibi t ion evoked by  accumbens  s t imula t ion  (10 of 
13 cells) or local admin i s t ra t ion  of GABA (3 ceils). 
E x a m p l e s  are i l lus t ra ted  in the  figure. None of these  ceils 
could be invaded  an t id romica l ly  by  s t imula t ion  of the  
nucleus accumbens ,  an observa t ion  which  is in line wi th  
the  f indings of Dray  et  al. 10 in the  subs t an t i a  nigra.  
These resul ts  suggest  t h a t  VTA neurons  are inh ib i ted  by  
p a t h w a y s  descending  f rom the  nucleus accumbens  and  

t h a t  th is  inhibi t ion is GABA media ted .  One m i g h t  assume 
t h a t  th is  p o t e n t  inhibi t ion,  even  if med i a t ed  th rough  
in terneurons ,  impedes  the  an t id romic  invasion of VTA 
cells f rom the  nucleus accumbens .  A GABAergic  inhibi t ion 
of neurons  in the  subs t an t i a  n igra  by  fibres descending 
f rom the  s t r i a t u m has  previous ly  been  d e m o n s t r a t e d  in 
the  ra t  9,10 and  ca t  s, la. F r o m  our resul ts  it  is likely t h a t  a 
similar inh ib i to ry  s y s t em exists  b e t w een  the  l imbie fore- 
bra in  and the  ven t r a l  t e g m e n t a l  area. 
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Summary. Serotonin  was de t e rmined  in p la te le t s  of 47 pa t i en t s  wi th  alcoholism dur ing  the  s t a t e  of w i thd rawa l  as well 
as in a group of hea l t hy  persons.  The results  show t h a t  sero tonin  values were s ignif icant ly  lower in the  group of pa t i en t s  
wi th  alcohol ism as compared  wi th  the  contro l  group of hea l thy  persons.  

Beim Menschen  wie auch  t ie rexper imente l l  wurden  Ver- 
Anderungen im Serotonins tof fwechsel  un te r  E inwi rkung  
yon  A thano l  beschr ieben.  Olsen et  al. 1 f anden  bei Pa t i en -  
t en  mi t  ch ron i sehem Alkohol ismus  die 24-h-Harnausschei-  
dung  yon  5-Hydroxyindoless igsgure  im Vergleich zu einer 
Kon t ro l lg ruppe  s ignif ikant  erniedrigt .  E n t s p r e c h e n d e  Be- 
Iunde wurden  nach  Verabre ichung  von )kthanol  an 
Norma lpe r sonen  e rhoben  2. Diese Ergebnisse  zusammen  
mi t  einer  gleichzei t igen E r h 6 h u n g  yon 5 - H y d r o x y t r y p t o -  
phol  wurden  im Sinne einer kompe t i t i ven  H e m m u n g  des 
o x y d a t i v e n  Sero ton inabbaus  zuguns ten  des r eduk t iven  
Weges  zu 5 - H y d r o x y t r y p t o p h o l  in te rpre t i e r ta ;  hierbei  
wurde  diese H e m m u n g  dem beim K t h a n o l a b b a u  en ts te -  
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Serotonin in Thrombozyten bei gesunden Personen im Vergleich zu 
Patienten mit Alkoholismus im Stadium des Entzuges. A, Gesunde 
Personen (n = 11); B, Patienten mit Alkoholismus (n = 47). Die 
S/iulen repr/isentieren Mittelwerte, =[= SEM. 

henden  Ace ta ldehyd  zugeordne t  4. Tierexperimentei1 zeig- 
t en  sich zum Teil unterschiedl iche  Ergebnisse.  I m  Hirn-  
s t a m m  des K a n i n c h e n s  f anden  sich deut l iche  Verminde-  
rungen  yon  Sero ton in  und  Noradrena l in  nach  i.v. Gaben 
yon )kthanol 5, ein Befund,  der  auf eine en t spe ichernde  
Wi rkung  des Ace ta ldehyds  zuri ickgefi ihr t  wurde  9. I m  
Mgusegehirn zeigte sich nach  )l, t hano lgaben  bei gleich- 
b le ibenden  Se ro ton inwer ten  eine E rh 6 h u n g  yon 5- 
Hydroxyindoless igs~ure ;  dieser Befund  wurde  als Folge 
eines T ranspor tde fek te s  fiir 5-HydroxyindolessigsAure ge- 
deu te t  7. Aufgrund  yon  U n t e r s u ch u n g en  an Ra t t engeh i rn -  
h o m o g e n a t e n  wurde  wei te rh in  die M6glichkeit  der  Bil- 
dung  einer in termedi / i ren  Schiffschen Base aus Acetyl-  
d e h y d  und  Noradrena l in  bzw. Serotonin  mi t  nachfolgen-  
der  spon tane r  molekularer  Reorgan isa t ion  und  E n t -  
s t ehung  von Isochinol ina lkalo iden postul ier t .  Dieser Vor- 
gang wurde  als m6glicher  such te rzeugender  Fak t o r  des 
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