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fish were upside  down or pulled to the  surface;  s tage I I  
was reached  when  the  fish swam cont inuous ly  a t  an angle 
of 45 ~ to  the  hor izon ta l ;  and s tage I I I  was reached  when  
the  fish swam normal ly .  The fish were sub jec ted  to  3 
trials : Trial  1 (day 1) for 180 min, t r ial  2 (day 2) for  90 rain, 
and t r ia l  3 (day 6) for 120 min. The pe rcen tage  t ra ined  
was p lo t t ed  agains t  t ime  for each 15-min-period dur ing  
the  t r a in ing  per iod for each trial.  
Results. The effect  of acc l imat ion on learning and  re t en t ion  
scores on the  5 groups  of fish is shown in t he  figure. F ish  
acc l imated  a t  21 ~ all reached  100 % t ra ined  af ter  150 min 
in t r ial  1, 75 rain in t r ial  2 and 105 rain in t r ia l  3. The fact  
t h a t  the  fistl learned bes t  on tr ial  2 and reached  100% 
t ra ined  on tr ial  3 in a t ime  in te rmedia te  be tween  tr ials  1 
and 2, indica tes  a m e m o r y  componen t .  
The cold acc l imated  fish failed to  learn the  task.  The fish 
remained  f loat ing upside down, bu t  occasional ly swam 
upside down.  F ish  t h a t  had  previous ly  been  acc l imated  
to 5~ for 3 weeks and then  placed in wa te r  a t  21~ 
48 h before the  f i rs t  trial,  learned the  t a sk  in 90 rain on 
day  1. The scores for th is  group of fish were similar  to the  
fish acc l imated  at  21 ~ dur ing  tr ial  2 and s l ight ly  be t t e r  
a t  tr ial  3. 
Fish  acc l imated  a t  33 ~ failed to learn the  t a sk  dur ing any  
one of the  3 trials,  and those  t ransfer red  f rom 33 ~ to 21 ~ 
still failed to learn the  task  even 1 week af ter  being t rans -  
ferred f rom the  warm tempera tu re .  These resul ts  agree wi th  
those  previous ly  repor ted  by  Shashoua  for summer  fish 3. 
Discussion. Shashoua  a found t h a t  goldfish learn the  task  
used in th is  e x p e r i m e n t  be t t e r  in win te r  t h a n  in summer .  
The previous  wa te r  t e m p e r a t u r e  at  which the  fish were 
kep t  a few days  before the  expe r imen t s  w a s  no t  men-  
t ioned.  Our resul ts  have  shown t h a t  fish t aken  from a 
warm wate r  e n v i r o n m e n t  and t ra ined  at  room t e m p e r a t u r e  
still fail to learn the  swimming  skill 8 days  af ter  the  
t ransfer .  Changes in biogenic amine  levels 4, as well as 

changes  in s teroid levels wi th  the  onse t  of the  spawning  
season 3, have  been  ci ted by Shashoua  as reasons for these  
seasonal  var ia t ions  in learning. Control  for the  d i rec t  
t e m p e r a t u r e  effects  was not ,  however ,  carr ied out.  
F rench  6 has  t e s t ed  the  effect  of the  accl imat ion t emp e ra -  
ture  on the  r e t en t ion  of a learned maze pe r fo rmance  in 
goldfish. All the  fish were tes ted  at  16 ~ Fish  accl imat ized 
at  low t e m p e r a t u r e s  exh ib i t ed  increased re ten t ion  of the  
maze  habi t .  These results ,  which  involved t rans fe r r ing  
fish f rom cold to  w a rmer  wa te r  are in ag reemen t  wi th  our  
f indings t h a t  learning is improved  when  fish are t r ans -  
ferred f rom 5 ~ to 21 ~ Fur the rmore ,  F rench  also found  
t h a t  s ignif icant ly  more  errors were made  by  fish kep t  a t  
28~ t h a n  fish a t  16 or 4~ 1~ which is also in ag reemen t  
wi th  the  resul ts  we have  found for w a r m  accl imated  groups  
of fish. 
The poor  resul ts  of cold acc l imated  (5 ~ fish when  t h e y  
were no t  t r ans fe r red  to  21~ are p robab ly  due to the  
low t e m p e r a t u r e  slowing down metabol ic  react ions  and 
al ter ing neural  and  muscle  funct ion.  
The p resen t  paper ,  in which  sexual ly  i m m a t u r e  carp  
fingerlings were used, indicates  t h a t  t e m p e r a t u r e  accl ima- 
t ion  is a s ignif icant  factor  in learning and  memory .  
Al though  t e m p e r a t u r e  is known to affect  ionic composi-  
t ion 7, amino acid levels s, oxygen consumpt ion  9, biogenic 
amine  levels 4, h o rmo n a l  levels and  nervous  s y s t em 
funct ions  10, the  exac t  m a n n e r  in which m e m o r y  and  
learning are af fec ted  by  these changes  is no t  qui te  clear. 
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Summary. Posi t ive  af ter- images  (PAIs) evoked by  low in tens i ty  s t roboscopic  f lash are erased by  vo lun t a ry  large 
ampl i tude  saccadic eye movement s .  The dura t ion  of the  PAI  is shor t ened  by  a Jendrass ik  manoeuvre .  The resul ts  
suggest  t h a t  muscle spindle af ferent  impulses conduc ted  cen t ra l ly  are involved in the  erasure phenomenon .  The dura t ion  
of the  P A I  is modif iable  by  drugs.  The social impl ica t ions  of PAI  are considered briefly.  

A flash of s t roboscopic  l ight  evokes a series of images 
t h a t  can  be examined  subject ively .  The real image ob- 
served dur ing  the  flash fades rapidly,  d i sappears  and  is 
replaced by  a h ighly-deta i led  posi t ive af ter- image,  PAI ,  
the  onse t  and dura t ion  of which is d e p e n d e n t  upon the  
in tens i ty  of the  s t imula t ing  light.  This image fades  to a 
uni form neu t ra l  P A I  in which  the  detai l  is absent ,  and 
is followed by  a more durable  negat ive  af ter - image =-4. 
This com m un ica t i on  repor t s  t h a t  the  P A I  is erased by  
a large ampl i tude  saccadic eye movemen t .  This s t r iking 
p h e n o m e n o n  can be p roduced  easily by  s imply  f lashing 
a s t robe light,  pho to s t imu la to r  or electronic f lashgun of 
low in tens i ty  while observing ta rge t s  con ta in ing  detai led 
images. I t  is suggested t h a t  the  p h e n o m e n o n  of erasure 
is in i t ia ted by  afferent  impulses f rom ac t iva t ed  muscle 
spindle receptors  on the  ex t raocular  muscles  which are 
processed central ly .  

Methods. The subject ,  head  in a f ixed posi t ion,  sea ted  
comfor t ab ly  and al lowed to a d a p t  for 15 rain to a com- 
ple te ly  da rkened  room, faces a t a rge t  su r rounded  by  a 
black nonref lec t ing  surface. The t a rge t  consists  of a 
series of black and  whi te  concentr ic  r ings which  s u b t end  
a solid angle of 10 ~ a t  a d is tance  of 35 cm. 
A Grass Pho tos t imu la to r ,  Model PS22, p laced out  of 
view of the  sub jec t  a t  a he ight  of 75 cm above the  t a rge t  
which is t i l ted  a t  an angle of 45 ~ f rom the  hor izonta l  
toward  the  subject ,  is t r iggered every  15 sec by  a Grass 
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Duration of positive after-image as function of flash intensity, saecadie movement and Jendrassik manoeuvre 

EXPERIENTIA 34/1 

Flash intensity at source Procedure PAI duration -4- SD (see) 
Level Candlepower J .S . ,  age 28* A.F., age 49** 

I 9.20 • 104 1.43 -4- 0.15 1.61 i 0.04 
II 1.85 • l0 s 1.93 i 0.06 2.09 -4- 0.13 
III  3.75 X 10 s 2.09 -4- 0.05 1.94 -4- 0.14 
IV 7.50 • 10 s 2.40 -4- 0.10 2.30 -4- 0.10 
V 1.50 x 106 3.54 -4- 0.10 2.97 • 0.10 
III 3.75 • 105 a) Control 2.70 -4- 0.07 2.27 -4- 0.19 
III  3.75 • 105 b) Saccadic movement 1.21 i 0.35*** 1.19 -4- 0.16"** 
III 3.75 • 105 c) Control -- 2.15 -4- 0.16 
III 3.75 • 105 d) Jendrassik manoeuvre - 1.58 :L 0.18"** 

Ratio b/a 0.448 0.524 
Ratio d/e - 0.735 

* Each point is the average of 3 trials. ** Each point is the average of 4-6 trials. ***p < 0.05. 

$88 s t i m u l a t o r  to  p roduce  pulses  of wh i t e  l igh t  of 
a b o u t  10 ~sec d u r a t i o n  over  a 5 l oga r i t hmic  s tep  in- 
t e n s i t y  r ange  of f rom 9.2 • 104 to 1.5 x 106 candlepower .  
Onse t  and  d u r a t i o n  of P A I s  are quan t i f i ed  over  t h i s  
i n t e n s i t y  r ange  b y  h a v i n g  t he  sub jec t  a c t i v a t e  a t i m e r  
for the  d u r a t i o n  of t he  P A I  b y  m e a n s  of a microswi tch .  
Responses  are q u a n t i f i e d  a f t e r  a series of t r a i n i n g  t r ia ls .  
Quan t i f i c a t i on  p rob l ems  arise f rom sub jec t s '  i n t e r p r e t a -  
t ion  of endpo in t s ,  r eac t ion  t ime,  p a r t l y  or comple t e ly  
ob l i t e r a t i ng  t a rge t s  b y  b l ink ing ,  a n t i c i p a t o r y  responses,  
i na t t en t i venes s ,  pe r iphe ra l  r a t h e r  t h a n  foveal  v iewing and  
a f t e r - images  t h a t  seem to move.  T ra in ing  e l imina tes  m o s t  
of these  p rob lems .  
Onse t  and  d u r a t i o n  of P A I  are measu red  over  t he  5 s tep  
series of in tensi t ies .  An  i n t e r m e d i a t e  i n t e n s i t y  of s t imula -  
t ion  is selected a n d  t he  s ub j ec t  is asked to m a k e  a r ap id  
m a x i m a l  saccadic  m o v e m e n t  (from cen t r a l  f ixa t ion  to 
fa r  left,  to  far  r ight ,  b a c k  to c e n t r a l  f ixa t ion)  w h e n  t he  
P A I  f i rs t  appears .  He  r epo r t s  the  s t a t u s  of t he  P A I  wi th -  
o u t  be ing  to ld  w h a t  to  e x p e c t  f rom t he  saccadic  move-  
m e n t .  The  response  is c o m p a r e d  w i t h  t he  con t ro l  response.  
Some sub jec t s  are asked  to pe r fo rm a J e n d r a s s i k  ma-  
noeuvre ,  i.e., r e i n f o r c e m e n t  of t he  s t r e t c h  ref lex a c t i v i t y  
b y  c lasping the i r  h a n d s  and  pu l l ing  t h e m  aga ins t  each  
to  a c t i v a t e  the  g a m m a  e f fe ren t  fu s imoto r  sys tem.  Onse t  
a n d  d u r a t i o n  of t h e  P A I  a f t e r  fu s imoto r  a c t i v a t i o n  is 
c o m p a r e d  w i t h  con t ro l  pe r f o r m ances  c o n d u c t e d  a t  t he  
same  l igh t  in t ens i ty .  
Results. The  P A I  onset ,  d u r a t i o n  and  erasure  p h e n o m e n o n  
was  s tud ied  in 28 sub jec t s  of b o t h  sexes r ang i ng  in age 
f rom 8 to  59 years .  A pos i t ive  a f t e r - image  was de t ec t ed  
b y  all sub jec t s  w h e t h e r  t r a i n e d  or na ive ;  27 of 28 r epo r t ed  
t h e  e rasure  p h e n o m e n o n .  Some r epo r t ed  a m o d e r a t e  
a m o u n t  of t ens ion  ( ' sensa t ion  of effort ' )  deve loped  w h e n  
t h e y  a t t e m p t e d  to  f ixa te  an  invis ib le  t a rge t .  O the r s  no ted  
t h a t  t he  P A I  dr i f ted.  
The  t ab l e  d e m o n s t r a t e s  t h a t  t he  d u r a t i o n  of P A I  is 
d i r ec t ly  p r o p o r t i o n a l  to  t h e  l igh t  in tens i ty ,  a t t a i n i n g  a 
va lue  a t  t he  h ighes t  i n t e n s i t y  t h a t  was  twice  t h a t  a t  t he  
lowes t  in t ens i ty .  Onse t  t i m e  itself, for a p a r t i c u l a r  sub jec t ,  
does n o t  change  s ign i f i can t ly  over  t he  s t imulus  range,  
b u t  va r ies  cons ide rab ly  f rom sub jec t  to  sub jec t l  e.g., 
a t  3.75 • 106 cand lepower  onse t  t ime  for J.  S., male,  age 
28, was  0.45 -4- 0.26 sec as c o m p a r e d  to 1.13 i 0.29 sec 
for A. F., male,  age 49. T he  P A I  d u r a t i o n  is s ign i f ican t ly  
s h o r t e n e d  b y  large  a m p l i t u d e  saccades  (55.2% a n d  47 .6% 
for J. S. and  A. F., respec t ive ly ,  table) .  T he  c i ted examples  
are  typica l .  I n  t he  case of chi ldren,  t he  P A I  a t  a g iven  
s t imu lus  i n t e n s i t y  t e n d e d  to  be  longer  t h a n  in adul t s ,  
e.g., a t  s t imu lus  i n t e n s i t y  I, S. H.,  male,  age 8, a n d  S. M., 

female,  age 11, d i sp layed  P A I s  of 3.06 -4- 0.19 a n d  2.45 • 
0.08 see, respect ive ly .  P A I  d u r a t i o n  was s ign i f ican t ly  
decreased b y  a J e n d r a s s i k  m a n o e u v r e .  This  procedure ,  
usual ly,  was  less effect ive t h a n  a saccade  (table,  compare  
b / a  ra t io  w i t h  d/c  r a t io  for sub jec t  A. F.). 2 d rug  re la ted  
effects  on  P A I  d u r a t i o n  were no ted .  Af te r  coffee (con- 
t a i n i n g  a b o u t  100 mg of caffeine),  in  ma le  s u b j e c t  M,A., 
age 22, t he  saccade- induced  r e d u c t i o n  of P A I  d u r a t i o n  
was s h o r t e n e d  b y  more  t h a n  60%,  ini t ia l ly ,  t h e n  r e tu rned  
to  levels more  cha rac t e r i s t i c  for t h i s  sub jec t  w i t h i n  1 h. 
Sub jec t  D. G., male,  age 26, who  r ecen t l y  was  p laced on  
0.3 r ag /day  of l e v o t h y r o x i n e  sod ium t h e r a p y  exh ib i t ed  
P A I s  of g rea t ly  reduced  d u r a t i o n  a t  all s t imu lus  in ten -  
sit ies (e.g. a t  a s t imulus  i n t e n s i t y  of 1.5 • 106 cand lepower  
his  P A I  d u r a t i o n  was 1.63 -4- 0.19 sec, a l t h o u g h  the  onse t  
t i m e  was s imi la r  to  t h a t  of drug-f ree  subjects ,  viz., 0.83 • 
0.23 sec). 
Discussion. Accord ing  to Cra ik  5 pos i t ive  a n d  nega t ive  
a f t e r - images  o r ig ina te  in t he  r e t i n a  f rom p h o t o c h e m i c a l  
e v e n t s  occur r ing  a t  t he  r ecep to r  as t he  resu l t  of s t imula-  
t i on  b y  l ight .  B e y o n d  t he  receptors ,  r e t i na l  process ing 
involves  b o t h  i n h i b i t o r y  and  e x c i t a t o r y  even t s  ~, 7. 
P i cke t ing  a n d  V a r j u  6 record ing  f rom the  opt ic  r e c t u m  of 
an ima l s  w i t h  i n t a c t  opt ic  t rac t s ,  a n d  Sickel a n d  Cresci- 
tell• 8 f rom the  i so la ted  frog r e t i n a  found  t h a t  a br ief  
l igh t  s t imu lus  in i t i a l ly  evoked  spiking,  t h e n  a s i lent  
pe r iod  or de layed-off  response  fol lowed b y  pro longed  
spiking.  Th i s  suggests  an  i n t e r p l a y  b e t w e e n  ongoing 
e x c i t a t o r y  a n d  i n h i b i t o r y  processes  and  accord ing  to 
these  inves t iga to rs ,  a possible  i n v o l v e m e n t  w i t h  af ter -  
images.  Riggs  e t  al. ~, e x a m i n e d  suppress ion  of the  elec- 
t r i ca l ly -evoked  v i sua l  phosphenes  d u r i n g  saccadic  move-  
m e n t  and  found  t h a t  t he  t h r e s h o l d  was ra ised  du r ing  eye 
m o v e m e n t  i nd i ca t i ng  the  p a r t i c i p a t i o n  of n e u r a l  e lements  
in  th i s  p h e n o m e n o n  since t he  op t i ca l  sys t em was bypassed .  
F o r  a recent ,  c o m p r e h e n s i v e  t r e a t m e n t  of t he  sub jec t  of 
saccadic  suppres s ion  see M a t i n  ~. 
The  s h o r t e n i n g  of t he  d u r a t i o n  of t he  P A I  b y  saccadic 
m o v e m e n t  or  J e n d r a s s i k  m a n o e u v r e  in t he  p r e sen t  s t u d y  
appea r s  to  i nd i ca t e  i n v o l v e m e n t  of a f fe ren t  p a t h w a y s  
f rom e x t r a o c u l a r  muscle  spindles  c o n d u c t i n g  impulses  
cen t r a l l y  s u p p o r t i n g  a hypo thes i s  f i r s t  sugges ted  in 190310. 
I n  man ,  e x t r a o c u l a r  muscle  sp indles  are in a b u n d a n c e  

5 K . J . W .  Craik, Nature 145, 512 (1940). 
6 S.G. Pickering and D. Varju, Vision Res. 9, 65 (1969). 
7 L.T. Graham, Jr, and S. R. Pong, Expl Neurol. 36, 399 (1972). 
8 E. Sickel and R. Crest•177 Pfliigers Arch. 297, 266 (1967). 
9 E. Matin, Psychol. Bull. 81, 899 (1974). 
10 E. Holt, Psychol. Monographs 4, 3 (1903). 
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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 .  

11 S. Cooper, P. M. Daniel and D. Whitteridge, Brain 78,564 (1955). 
12 N. Popov and C. Popov, C.r. Aead. Sci. (Paris) 238, 2118 (1954). 
13 S. Nishi, S. Minota and A. G. Karezmar, Neuropharmacology 

73, 215 (1974). 
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G A B A e r g i c  i n h i b i t i o n  o f  n e u r o n s  i n  t h e  v e n t r a l  t e g m e n t a l  a r e a  

P. Wolf, H,-R.  Olpe, D. Avr i th  and  H. L. Haas  

Department o/Neurosurgery, University o/Ziirich, C H 8 0 9 1  Zi~rich (Switzerland), 24 June 1977 

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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