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Pos t - Inh ib i tory  Rebound of the b-Wave  of the P igeon  ERG 

DOWLING 1 has  shown  t h a t  t he  b-waves of t he  electro-  
r e t i n o g r a m  (ERG) e x h i b i t  t he  f i rs t  s igns of n o r m a l  
a d a p t a t i o n  changes  in the  v i sua l  sys tem,  a n d  has  p roposed  
t h a t  th i s  a d a p t a t i o n  is p roduced  b y  a s imple  i n h i b i t o r y  
f eedback  loop invo lv ing  b ipo la r  and  amac r ine  cells of 
t he  re t ina .  In  s u p p o r t  of t h i s  h y p o t h e s i s  e lec t ron  micro-  
scope s tud ies  b y  DOWLING a n d  BOYCOTT 2 ind ica te  t h a t  
rec iprocal  synapses  occur  b e t w e e n  b ipo la r  t e rmina l s  and  
a m a c r i n e  processes, wh ich  could func t ion  to p roduce  
such  i n h i b i t o r y  f e e d b a c k  or gain  control .  I f  a d a p t a t i o n  
is p roduced  b y  inh ib i t i on  of b ipo la r  cells t h e n  some of 
the  signs of th i s  ac t ion  should  be seen in t he  b-waves of 
t he  E R G ,  since t h e y  p r e s u m a b l y  o r ig ina te  f rom the  
b ipo la r  cell l ayer  of t he  r e t i n a  a. Ev idence  is p r e sen t ed  
i n  t h i s  reporL wh ich  ind ica tes  t h a t  b ipo la r  cells are i n -  
h i b i t e d  dur ing  l igh t  a d a p t a t i o n ,  since a p o s t - a d a p t a t i o n  
r e b o u n d  effect  occurs  i n  t h e  b-waves of t he  E R G .  

Ten  pigeons, Columba livia, were anes t he t i z ed  w i t h  
sod ium p e n t a b a r b i t a l ,  and  t h e i r  pupi ls  were d i la ted  w i t h  
a t r o p i n e  su lpha te .  Si lver-s i lver  chlor ide  e lectrodes  were 
used in con junc t i on  w i t h  a DC preampl i f ie r ,  oscilloscope 
and  p o l y g r a p h  to  record  ERGs .  

The  m e t h o d  cons is ted  of p r e sen t ing  a f l icker ing l igh t  
to  t he  p igeon ' s  r i gh t  eye u n t i l  t h e  E R G s  so p roduced  
were oI c o n s t a n t  m a g n i t u d e .  This  i nd ica t ed  t h a t  a n  
e q u i l i b r i u m  h a d  been  r eached  be t w een  a d a p t a t i o n  pro- 
duced  b y  each  f lash a n d  r ecove ry  b e t w e e n  successive 
flashes.  T h e n  t he  f l icker  was  rep laced  m o m e n t a r i l y  b y  
a s t e a d y  a d a p t i n g  l ight ,  a n d  r e i n t r oduced  in s y n c h r o n y  
w i t h  a d a p t a t i o n  offset, as shown  in t he  inse t  in F igure  1. 
The  course t a k e n  b y  t he  p o s t - a d a p t a t i o n  b-waves i n  
recover ing  t h e i r  p r e - a d a p t a t i o n  equ i l ib r ium level was 
t he  p r i m e  in te res t  of th i s  s tudy .  

The  f l icker ing l igh t  a n d  t he  c o n t i n u o u s  a d a p t i n g  l igh t  
o r ig ina t ed  f rom separa te  op t ica l  sys tems  and  were focused 
on  t he  same area  of t he  p igeon ' s  r i gh t  re t ina .  The  illu- 
i n inance  of b o t h  b e a m s  was 983 I t  candles,  a n d  the  
r e l a t ive  i n t e n s i t y  was changed  b y  a d d i n g  n e u t r a l  dens i t y  

filters.  F l icker  r a t e  and  pe rcen t age  of l igh t  to  cycle were 
k e p t  c o n s t a n t  t h r o u g h o u t  these  e x p e r i m e n t s  a t  4/sec and  
25% respect ive ly .  

In  t he  f i rs t  e x p e r i m e n t  5 b i rds  were p resen ted  w i t h  
a d a p t a t i o n  per iods  of 0.5, 1, 2 and  4 sec. The  i n t e n s i t y  
of t he  f l icker ing l igh t  was r educed  to 25% of the  i n t e n s i t y  
of t he  a d a p t i n g  l ight.  In  t he  second e x p e r i m e n t  i nvo lv ing  
the  o t h e r  5 b i rds ,  the  d u r a t i o n  of a d a p t a t i o n  was k e p t  
c o n s t a n t  a t  10 sec, while  the  r e l a t ive  i n t ens i t y  of t he  
a d a p t i n g  l igh t  was  va r i ed  f rom 1 log u n i t  above  t he  
i n t e n s i t y  of t h e  f l icker ing l igh t  to  1 log u n i t  below, in 
0.4 log u n i t  steps.  A con t ro l  condi t ion ,  where  10 sec of 
da rkness  rep laced  the  flicker, was  also presented .  

The  b-waves  p roduced  b y  t he  3 f lashes i m m e d i a t e l y  
p reced ing  a d a p t a t i o n  were m e a s u r e d  to t he  nea res t  3 [xV, 
t o g e t h e r  w i t h  those  p roduced  b y  t he  first,  second, th i rd ,  
s i x th  a n d  twe l f t h  p o s t - a d a p t a t i o n  flashes.  P o s t - a d a p t a t i o n  
b-waves, expressed  as a pe rcen t age  of m e a n  p r e - a d a p t a t i o n  
b-waves, are p r e sen t ed  in F igure  1 for t he  f i rs t  e x p e r i m e n t  
a n d  in  F igure  2 for the  second expe r imen t .  F r o m  F igure  1 
i t  can  be  seen t h a t  a p o s t - a d a p t a t i o n  r e b o u n d  effect  
occurs  in  t he  b-waves of t he  p igeon E R G .  A l t h o u g h  
th i s  effect  is r e l a t ive ly  small ,  a Wi l coxen  M a t c h e d - P a i r s  
S i g n e d - R a n k s  Difference Tes t  4 reveals  t h a t  the  b-waves 
p roduced  b y  t h e  t h i rd  p o s t - a d a p t a t i o n  f lash are signi- 
f i can t ly  larger  t h a n  those  p roduced  b y  t h e  s ix th  (T = 2, 
N -- 33, p -  0.0014, for a 2- tai led test) .  This  t r a n s i e n t  
increase  in t he  b-waves appea r s  to  be re la ted  to l igh t  
a d a p t a t i o n ,  w i t h  shor t e r  per iods  of a d a p t a t i o n  resu l t ing  
in increases  a b o v e  the  m e a n  p r e - a d a p t a t i o n  level. 

1 j .  E. DOWLING, Science 155, No. 3760, 273 (1967). 
J. E, DOWLING and B. B. BOYCOTT, Cold Spring Harb. Symp. 
quant. Biol. 30, 393 (1965). 

3 A.L. Bvzov, Cold Spring Harb. Symp. quant. Biol. 30, 547 (1965). 
4 S. SiEoEL, NonparametricStatistics(McGraw-Hill, NewYork1956). 
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Fig. 1. Post-adaptation b-waves as a function of duration of light 
adaptation, b-Waves are expressed as a percentage of their mean 
pre-adaptation value. Flash position indicates the ordinal position 
of flashes following the offset of adaptation. Flash rate 4/see, The 
temporal pattern of stimulation shown in the inset is explained in 
the text. 
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Fig. 2. Post-adaptation b-waves as a function of relative intens i ty  
of light adaptation. Adaptation intensity values are expressed in 
log units relative to the flicker intensity. Duration of adaptation 
10 See, flash rate 4/see. 
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The results  of the  second expe r imen t  show t h a t  a l though  
the  p o s t - a d a p t a t i o n  b-waves general ly are d iminished  
more  wi th  increased in tens i ty  of adap ta t ion ,  a non- 
monoton ic  recovery  curve is still obta ined.  Since no 
rebound  effect  was ob ta ined  for the  dark  a d a p t a t i o n  
control ,  it can  be concluded t h a t  l ight  is necessary  to 
produce  this  effect, which in t u rn  adds  weight  to  the  
a rgumen t  t h a t  these  are pos t - inh ib i to ry  r ebound  effects.  
The p rominence  of the  b-wave rebound  at  lower levels 
of a d a p t a t i o n  suggests  t h a t  2 processes m a y  be involved,  
one an ini t ial  rapid t r ans i en t  effect  p roduc ing  the  
rebound,  and a second slower and more gradual  recovery.  
As in the  early stages of da rk  a d a p t a t i o n  the  slow pro- 
cess m a y  be ascr ibed to pho tochemica l  changes,  and the  
rapid  t r ans i en t  effect  to neural  processes 5. 

Several  cont ro l  observa t ions  were made  which  ruled 
out  the  poss ibi l i ty  t h a t  these  r ebound  effects resul ted 
f rom a mere s u m m a t i o n  wi th  o ther  waves  of the  ERG,  
or f rom real differences in the  in tens i ty  of t he  post-  
adap t a t i on  l ight  flashes. 

These results,  t oge the r  wi th  a s imilar  observa t ion  
made  by  GAP.CIA-AUSTT and PATETTA-QUEIROLO 6 on the  
E R G s  of neona ta l  chickens, lend suppor t  to DOWLIN~'S 
view t h a t  visual adap ta t ion  results  f rom inh ib i to ry  feed- 
back  to re t inal  b ipolar  cellsL 

Zusammen/assung. I m  E R G  von  Tauben  zeigen die 
b-Wellen einen Riickpral leffekt ,  <,rebound effects>, nach  
der L i ch t adap ta t i on .  Dies scheint  darauf  hinzuweisen,  
dass w/ihrend der  L i c h t a d a p t a t i o n  die b ipolaren  Zellen 
g e h e m m t  werden.  
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Zur Frage der Bez i ehungen  z w i s c h e n  e n d d i a s t o l i s c h e m  Ventr ike ldruck und dp/dt bzw.  dap/dt 2 der 
Ventr ike ldruckkurve  des Herzens  

Die Di f fe ren t ia lquo t ien ten  dp/dt und d2p#tt 2 der  Ven- 
t r ike ldruckkurve  des Herzens  informieren fiber dessen 
Kon t r ak t i onsdynamik .  Diese ebenso wie die Kont rak t i l i -  
t~tt werden  durch  inotrope Fak to ren  und enddias to l i sche  
FaserlXnge bzw. - spannung  bes t immt .  Als Ausdruck der 
Fase r spannung  kann der enddias to l i sche  Vent r ike ldruck  
gelten, der durch  enddias to l isches  Volumen und Myo- 
ka rddehnba rke i t  de te rmin ie r t  ist. 

Da der enddias tol ische I)ruck teilweise als wesentl icher ,  
die Kont rak t i l i t / i t  b e s t i m m e n d e r  Fak to r  angesehen 
wurde  I 3, haben  wir die Beziehungen zwischen end- 
d ias to l i schem Druck sowie dp/dt und d2p/dt ~ unte r  ver- 
schiedenen h ~ m o d y n a m i s c h e n  bzw, kon t rak t i l en  Situa- 
t ionen  des Herzens  un te rsucht .  

Methodik. Die Un te r suchungen  wurden  an 28 kfinst l ich 
b e a t m e t e n  und  t h o r a k o t o m i e r t e n  Ka t zen  durchgef i ihr t .  
Die Ven t r ike ld ruckmessung  erfolgte durch  Metal lkanfi len 
nach  vorher iger  t ransvent r iku l~rer  P u n k t i o n  des l inken 
Herzvent r ike ls  und S t a thame le l emen ten  23 Db. sowie 
en t sp rechenden  Druckverst/~rkern.  Es  erfolgte eine elek- 
t r ische Dif ferent ia t ion  der Ven t r ike ld ruckkurve  mi t  2 in 
Serie geschal te ten  RC-Gliedern (Zei tkons tante  0, 25 msec). 
Regis t r ie rung der  Druck-  und RC-Signale  mi t  e inem 
Electronics  for Medicine Research  Recorder  D R  8. 

El f  Versuche  erfolgten am isolierten Katzenherzen .  
Einze lhe i ten  der  Methodik  bei  KOHLHARDT et alA Per- 
fusion der spon t an  schlagenden Pr/~parate bei  35-37~ 
fiber den l inken Vorhof  mi t  einem O2-begasten E r y t h r o -  
zy ten-Tyrode-Gemisch .  Zusammense t zung  der Tyrode-  
16sung: 8,0 g NaC1; 0,3 g KC1; 0,28 g CaC12; 0,12 g 
MgC12; 1 ,0g  NaHCO3; 64 ,8mg  NaH2PO 4 sowie 2 ,0g  
Glukose in 1000 ml. Im  l inken Vent r ike l  war  ein PVC- 
K a t h e t e r  zur Druckmessung  e ingebunden.  Druckregi-  
s t r ierung und  elektr ische Differenzierung der Ventr ikel -  
d ruckkurve  erfolgte wie bei  den In-v ivo-Versuchen .  Mes- 
sung des Herzze i tvo lumens  durch Messzylinder.  

Ergebnisse. Druckbe las tung  des l inken Ventr ike ls  in 
vivo durch  Aor t enkompress ion  fiihrte zum Anst ieg  seines 
enddias to l i schen  Druckes.  Gleichzeitig ergab sich Pin 
Anst ieg yon dp/dt ...... und d2p/dt~ax (Figur 1). Auffal lend 
ist eine st/trkere Zunahme  von d2p/dt2,,,x. 

Bei k o n s t a n t e m  enddias to l i schem Ventr ike ldruck  stei 
gert  K - S t r o p h a n t h i n  (30 ~zg, 40 ag, 60 ~xg/kg) die Wer t e  
von dp/dtm, ~ yon 2547,5 • 261,4 mm Hg )< sec 1 bis auf 
3185,9 -~ 8 6 , 6 n ~ m H g  x sec -1 (p 0,01) und die Wer t e  
ffir d2p/dt2 ax von 79586,0 • 8153 ,7mm H g •  2 bis 
auf 106556,0 ~ 4377,2 m m  Hg X sec 2. 

Vo lumenbe la s tung  mi t  6prozent iger  Makrodexl6sung 
(stufenweise In jek t ion  yon  jeweils 5 ml /kg bis zu einer 
G e s a m t m e n g e  von 25 ml/kg) e rh6ht  den enddias to l i schen  
Vent r ike ldruck  von 6,7 ~_ 0,8 m m  Hg auf 17,1 • 3,6 
m m  Hg (p < 0,01). Mit  diesem enddias to l i schen Druck-  
anst ieg ist eine Zunahine  yon dp/dt bzw. d2p/dt 2 verbun-  
den, wobei  jedoch bei e inem Teil der  Versuche die Wer t e  
ffir dp/dt,~ax und  d2p/dt2ma x bei weiterer  Z u n ah me  des end- 
dias tol ischen Druckes  wieder  a b n e h m e n  (Figur 2). 

Er fo lg t  am isolierten Herzen  eine ab rup te  Ffil lungs- 
d rucke rh6hung  von 4 auf 10 m m  Hg im l inken Vorhof,  
so steigen enddias to l i scher  l inker Vent r ike ld ruck  von 
4,02 • 0,95 m m  Hg auf 9,02 zk 0,68 m m  Hg (p < 0,01), 
dp/dt ax von 1507,8 ~c 36,5 auf 1588,4 • 2 2 , S m m H g •  
sec 1 ( p - - 0 , 0 5 ) ,  d2p/dt ~ .... von 35168,2-F 1740,0 auf 
40948,3 _~ 2890,1 m m  Hg  • sec -2 (p < 0,05) und  die 
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