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'consol idat ion '  of a re inforced response.  The reciprocal,  
t h a t  consol idat ion can be suppressed  or p r even t ed  by  
pun i shment ,  would be a logical consequence  of th is  
hypothes is .  

I t  would be desirable in the  l ight  of th is  hypo thes i s  to  
re-evaluate  the  various t r e a t m e n t s  known to  faci l i tate  
and inhibi t  consol idat ion in t e rms  of the i r  possible 
reward ing  and avers ive effects, and thus  to  inves t iga te  
the  usefulness of a t heo ry  which  tr ies to  account  for the  
modif icat ions  of m e m o r y  processes by  pos t - t r ia l  manipula-  
t ions in t e rms  of mechan i sms  of re in forcement  and 
pun i shment ,  which  would open the  possibi l i ty  of inte-  

grat ing 'memory-conso l ida t ion '  t heo ry  wi th  'behaviour-  
modif ica t ion '  theory .  

Zusammen]assung. Unte r  Verwendung  einer pass iven  
Vermeidungs reak t ion  mi t  Fu t t e rb e l o h n u n g  nach  ver- 
schiedenen Zei t in terval len zwischen 0 und 120 sec 
konn te  gezeigt  werden,  dass  Be lohnung  20, 30 und  50 sec 
nach  dem Fusschock  s igni f ikant  verbesser tes  Lernen  
bewirkt .  Diese Da ten  un te rs t i i t zen  die Hypothese ,  dass  
Ged/ ichtnisprozesse - konzept ionel l  als ope ran te  Reak t i on  
aufgefass t  - d u t c h  Belohnung  modif iz ierbar  sind. 
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Rhythmic Activity in Frog (Rana pipiens) Visual System 

Oscil latory po ten t ia l s  have  been  d e m o n s t r a t e d  in t he  
visual sys tem of the  frog 1,2 and  m a n y  o ther  visual 
sys tems  3-5. These oscillations were observed in the  re t ina  
and opt ic  nerve.  For  a given species, the  f requency  of 
these oscillations was found to be cons t an t  despi te  
changes in l ight  intensi ty3,  t The osci l latory poten t ia l s  
are genera ted  by  the  synchronous  discharge of re t ina l  
ganglion cells. I n  the  cat,  t he  r h y t h m i c  po ten t ia l s  
occurred af ter  the  onset  of i l luminat ion  as well as its 
offset  s . In  the  p resen t  exper iments ,  the  occurrence and  
p a t t e r n  of the  r h y t h m i c  po ten t ia l s  was s tudied  in R. pi- 
piens. 

Methods. 29 specimens of R. pipiens were used. The 
frogs were anaes the t i zed  by  immers ion  in 0.1% tr icaine 
methanesu l fona te* .  The sciatic and  branchia l  nerves  were 
severed to inhibi t  movemen t .  The frogs were p inned  onto  
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Fig. 1. Recordings of the off-response. Both flashes 30 see duration. 
Trace A photopic level stimulus; trace B mesopic level stimulus. 
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Fig. 2. Interval histogram of iuterspike intervals excluding the 
intervMs shorter than 0.02 see. The interspike intervals tend to 
cluster at interval of 0.048 see, 0.096 sec, 0.144 see, and 0.192 sec. 
Histogram based upon mesopie level stimulus of 30-sec-duration. 

a holder,  covered wi th  a d a m p  sponge,  and p resen ted  
95% 03-5 % CO~ 7. Recordings  were made  e i ther  extracel-  
lularly f rom class I I I  cells of the  left  re t ina  or f rom the  
r ight  opt ic  t e c t u m  s. All recordings  were made  on awake 
frogs which  had  been dark  ad ap t ed  for 1 h before com- 
mencing  the  exper iment .  The electrodes used were meta l  
filled, and had  t ip  d iameters  of 2-5 ~m 9. 

The frogs were placed beh ind  a screen which  covered 
the  visual field of the  left eye. A drop  of wa te r  was 
per iodical ly  p resen ted  to the  left eye to  p r e v e n t  drying.  
The l ight  s t imuli  covered the  full range of in tens i ty  levels 
f rom scotopic to  photopic .  The dura t ions  of the  s t imul i  
ranged  f rom 0.05 to 90 sec durat ion.  The responses  to the  
s t imuli  were moni to red  audi tora l ly  and visually as well as 
recorded for la ter  p l ayback  and  pho tog raphy .  

Results. The results  are based  upon  686 recordings  f rom 
class I I I  cells. One- th i rd  were ac t iv i ty  recorded f rom the  
r ec tum;  the  r emainder  were extracel lular  recordings f rom 
class I I I  cells in t he  ret ina.  W i t h i n  a nar row range of 
s t imulus  intensi t ies  and flash lengths,  when  s t iumli  were 
p resen ted  to  a previously  da rk  ad ap t ed  ret ina,  a r h y t h m i c  
burs t ing  f ir ing appeared.  The p a t t e r n  was mos t  clearly 
observed in response to the  ext inguishing of a 30-sec- 
per iod of i l luminat ion  using a 3.6 neut ra l  den t i s i ty  filter. 
Cal ibrat ion of th is  f i l ter  d e m o n s t r a t e d  the  s t imulus  to  
be app rox ima te ly  0.02 lux. This value falls in the  mesopic  
range ~~ The p a t t e r n  was occasionally observed in 
response to  a sl ightly b r igh te r  s t imulus  (3.2 N.D. filter) 
of the  same duration_ 

The f i r ing p a t t e r n  can be seen in Figure  1. In te rva l  
h i s tograms were genera ted  by  measur ing  the  in terspike  
in tervals  be tween  single cells spikes in response to the  

1 F. GOTCH, J. Physiol., Lond. 2Y, 388 (1903). 
2 W. ]~INTHOVEN and W. A. JOLLY, Q. Jl exp. Physiol. 1,373 (1908). 
a R. W. DOTY and D. S. KIMURA, J. Physiol., Lond. 168, 205 (1963). 

R. N. STmNBERG, J. Neurophysiol. 29, 139 (1966). 
s M. LAur~R and IV[. V~RZEA~O, Vision Res. 7, 215 (1967). 
6 H. M. KAPLAN, Fedn Proc. 28, 154 (1968). 
v p. O. FROMM and R. E. Jo~{~soN, J. cell. comp. Physiol. 45, 343 

(1955). 
s H. R. MATORA~A, J. Y. LETTVlN, M. S. IV[CCuLLOCH and H. W. 

PITTS, J. gen. Physiol. d3, 129 (1960). 
9 R. C. GESTLAND, ]3. HOWLAND, J. Y. LECTVlN and W. H. PITTS, 

Proc. IRE, November 1856 (1959). 
to G. BIRKOW, Z. vergl. Physiol. 27, 41 (1940). 



15. 9. 1974 Specialia 1041 

30-see-periods of i l luminat ion  and the  mesopic  level 
s t imulus.  The h i s tog ram (Figure 2) indica tes  some 
cluster ing of in terspike  in tervals  a round  values  of 
0.048 sec, 0.096 sec, 0.144 sec and  0.192 sec. This indica tes  
a regular  f ir ing pa t t e rn .  

In  m a n y  cases the  e lect rode recorded ac t iv i ty  f rom a 
n u m b e r  of cells in which  the  r h y t h m i c  ac t iv i ty  appeared  
on burs t s  of spikes. The dura t ion  of the  burs t  was 
examined.  The m e a n  burs t  du ra t ion  was 0.047 4- 0.002 
sec. The si lent  per iod be tween  burs t s  was found to  be 
0.028 4- 0.006 sec. The average burs t  f requency  of 12.8 
4- 0.3 burs ts / see  was observed for the  mesopic  s t imulus  
of 30 sec durat ion.  W h e n  a s l ight ly  b r igh te r  s t imulus  was 
used (3.2 N.D.) wi th  a 30-see-duration,  these  values were 
observed  to  change.  The first  du ra t ion  was found to be 
0.032 4- 0.002 sec wi th  a si lent  per iod  of 0.031 • 0.003 
sec. The average burs t ing  f requency was found to  be 
15.6 -4- 0.5 bursts /see.  

Discussion. The r h y t h m i c  ac t iv i ty  was found to be 
ident ical  when  recorded f rom ei ther  the  opt ic  r e c t u m or 
ret ina.  Since the  ac t iv i ty  was recorded f rom unanaes-  
the t i zed  frogs, it  is unl ikely t h a t  the  ac t iv i ty  was the  
resul t  of anaes the t i c  influences. H y p o x i a  was reduced  by  
keeping the  frog mois t  and  the  p re sen ta t ion  of an en- 
r iched O 2 a tmosphere .  The ac t iv i ty  recorded in the  frog is 
s imilar  to  t h a t  observed  in the  cat. In  both,  burs t s  of 
spikes were separa ted  by  si lent per iods  of inact iv i ty .  One 

difference was observed.  In  the  cat,  the  burs t ing  fre- 
quency  was co n s t an t  and  did no t  depend  on the  s t imulus  
in tens i ty  ~. In  the  frog, the  burs t ing  f requency  was observed  
to  change wi th  a sl ight  change in s t imulus  in tens i ty .  
Ste inberg 4 s tudied  the  osci l latory poten t ia l s  in the  cat  
ret ina,  and concluded t h a t  th is  t y p e  of ganglion cell 
discharge was p robab ly  re la ted to a process of neural  l ight  
adap ta t ion .  Other  workers  3 specula te  t h a t  ef ferent  f ibers 
m a y  be involved in regula t ing  the  r h y t h m i c  fir ing of 
the  ganglion cells. E x p e r i m e n t s  are p resen t ly  under  way  
to de te rmine  if efferent  f ibres in the  frog opt ic  nerve  
m a y  be involved in t he  genen t ion  of the  r h y t h m  burs t ing  
fir ing pa t t e rn .  

Zusammen/assung. Nachweis ,  dass die Ne tzhau t -  
Ganglienzel len d r i t t e r  Klasse bei  Rc~na pipiens auf 
Beleuchtungsper iodenausgle ich  reak t iv  r h y t h m i s c h e  Po- 
tent ia l fo lgen von <~bursts, und <diring~ erzeugen. Als 
wi rksams te  Be leuch tungsper ioden  erwiesen sieh solche 
im mesopischen  Bereieh bei Mindes tdauer  yon  15 sec. 
W e d e r  skotopische  noch pho top i sche  Be l ich tungen  fiihr- 
t en  zu r h y t h m i s c h e r  Aktivit~it. 
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Changed Chronotropic Sensitivity to Sympathomimet ic  Amines  in Isolated Atria 
from Rats Fol lowing Cold Acclimation 

I t  has  been es tab l i shed  t h a t  cold accl imat ion sensit izes 
the  animals  to  the  metabol ic  effect  of noradrena l ine  (NA) 
and  of isoprenal ine (ISO), which  effect  is med ia t ed  by  the  
f l -adrenoreceptors  t, 2 Some au thors  have  also observed  an 
increase in card iovascular  sens i t iv i ty  to NA and to  
ISO ~,3-5, whereas  some have  found a decreased sensi- 
t ivi ty% Moreover,  HIMMS-HAGEN and MAZURKIEVICZ- 
KWlLECKI v did no t  f ind any  change in the  sens i t iv i ty  to 
NA in isolated t issues f rom cold-accl imated rats.  

A possible  reason for the  var iab i l i ty  ill the  cardio- 
vascular  responses  may  be the  var iable  e x t e n t  of reflex 
ad ju s tmen t .  In  addi t ion,  the  cardiac responses  to  sympa-  
t h o m i m e t i c  amines  ill v ivo are d e p e n d e n t  on the  dura t ion  
of cold exposureS. Therefore  the  p rob lem of the  changes  

in response  to  s y m p a t h o m i m e t i c  amines  was s tud ied  ill 
isolated cardiac t issues by  measur ing  the  chronot rop ic  
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The basic contraction rates, the pD2-values (qog molar EDh0 ) and the maximum responses (4- SE) to isoprenaline, noradrenaline and 
phenylephrine in isolated atria from control rats (kept at 23 ~ and from animals transferred to 5 ~ for different lengths of time 

Days at 5 ~ Basic atrial Isoprenaline Noradrenaline Phenylephrine 
rate/min 

pD, Maximum pDe Maximum pD, Maximum 
response/inin response/min response/rain 

Control 228 4- 8 8.23 4- 0.12 137 4- 14 7.10 -4- 0.08 138 4- 7 
(29) (6) (7) 

4 220 4- 10 8.22 4- 0.09 124 4- 15 7.08 4- 0.15 142 4- 6 
(21) (8) (6) 

7 196 • 6 c 8.30 4- 0.11 133 ~= 8 6.60 4- 0.13 b 136 q- 10 
(26) (6) (7) 

12 204 • 13 7.06 4- 0.11 139 i 16 
{6) (6) 

40-45 228-]= 9 8.124-0.12 167-}= 6 ~ 7.38~:0.10 1 7 2 !  7 b 
(17) (6) (6) 

5.39 • 0.08 134 4- 10 
(7) 
4.76 i 0.06 c 91 ~ 8 b 
(6) 
4.96 i 0.04 c 101~ 12~ 
(6) 

5.29 ~_ 0.06 130 -k 17 
(5) 

Significant difference from the control: �9 P < 0.05; ~' P < 0.01; c p < 0.001. Figures in parentheses indicate number of rats in the groups. 


