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h y p o t h a l a m u s ,  w i t h o u t  modi f i ca t ions  in  t he  midd le  hypo-  
t h a l a m u s .  

As can  be  seen in t h e  Table ,  c a s t r a t i o n  p roduces  a 
s ign i f ican t  decrease  in t he  c y t o c h r o m e  oxidase  ac t i v i t y  
in  t he  a n t e r i o r  and  pos te r io r  h y p o t h a l a m i c  area.  The  
va lues  o b t a i n e d  in t h e  midd le  h y p o t h a l a m u s  were s imi la r  
in b o t h  groups  of rats .  T he  a d m i n i s t r a t i o n  of t e s t o s t e rone  
(150 lxg twice a week) to  c a s t r a t e d  r a t s  cor rec ted  t he  
modi f ica t ions  obse rved  in t h e  h y p o t h a l a m i c  me tabo l i sm.  

D i s c u s s i o n .  I n  a p rev ious  p a p e r  i t  was  d e m o n s t r a t e d  
t h a t  g o n a d e c t o m y  of ma le  r a t s  p roduces  a decrease  in 
the  oxygen  u p t a k e  of t he  an t e r i o r  a n d  pos te r io r  hypo-  
t h a l a m i c  area,  such  modi f i ca t ions  be ing  cor rec ted  b y  the  
a d m i n i s t r a t i o n  of t e s t o s t e r one  to  c a s t r a t e d  rats~.  S tudies  
pe r fo rmed  w i t h  severa l  s u b s t r a t e s  of t h e  Krebs  cycle 
showed t h a t  succ ina te  and  c i t r a t e  ox ida t i on  b y  a n t e r i o r  
and  pos te r io r  h y p o t h a l a m u s  is lower in  c a s t r a t e d  t h a n  
ill n o r m a l  rats .  Never the less ,  t he  succ in ic -dehydrogenase  
ac t i v i t y  of such  h y p o t h a l a m i c  areas  was n o t  modif ied  
b y  g o n a d e c t o m y  3. 

The  resu l t s  of t he  p r e s en t  p a p e r  c lear ly  ind ica te  t h a t  
c a s t r a t i o n  p roduces  a decrease  in the  c y t o c h r o m e  oxidase  
a c t i v i t y  in  t he  an t e r i o r  and  pos te r io r  h y p o t h a l a m u s  a n d  
t h a t  s u b s t i t u t i v e  t h e r a p y  res tores  the  va lues  of gonadec-  
tomized  r a t s  to  those  found  in n o r m a l  animals .  

Cytochrome oxidase activity in different hypothalamie areas 

Cytochrome oxidase activity (~zl O~/mg wet tissue h) 
Hypothalamus 
Anterior Middle Posterior 

(A) Control 1.29 i 0.09~ 1.39 ~ 0.19 1.45 :~ 0.08 
(16) (11) (13) 

(B} Castrated 0,86 :j- 0.07 1.36 ~= 0.12 1.04 i 0.08 
(13) (11) (11) 

(C) Castrated with 1.34 2 L 0.13 1.40 ~ 0.15 1.36 ~ 0.1.2 
testosterone (13) (8) (13) 

Analysis of variance 
F ratio 8.33 0.13 4.71 
P value < 0.0I n.s. < 0.05 

Multiple comparisons test 
P < 0.05 between : A vs B A vs B 

B v s C  B v s C  

Mean • standard error. Figures in parenthesis are No. of deter- 
iniuations. 

The  fac t  t h a t  c a s t r a t i o n  depresses  t h e  succ ina te  ox ida-  
t ion  b y  h y p o t h a l a m u s  9 w i t h o u t  modi f i ca t ions  in  t h e  
succ in ic -dehydrogenase  ac t iv i ty ,  a n d  t h a t  t h e  c y t o c h r o m s  
oxidase  of t he  an t e r i o r  and  pos te r io r  h y p o t h a l a m i c  areae  
is less in  c a s t r a t e d  t h a n  in  n o r m a l  ra ts ,  seems to i nd i ca t e  
t h a t  t he  h y p o t h a l a m i c  m e t a b o l i c  a l t e r a t i ons  p roduced  
b y  g o n a d e c t o m y  are  d i rec t ly  r e l a t ed  to changes  in t h e  
r e s p i r a t o r y  cha in  (p robab ly  b e t w e e n  c y t o c h r o m e  C a n d  
O~) of t h i s  ne rvous  s t ruc tu re .  

Cons ider ing  t h a t  t he  o x i d a t i v e  m e t a b o l i s m  in t he  
cen t r a l  ne rvous  sys t em is one of t he  p r inc ipa l  source of 
h igh  ene rgy  c o m p o u n d s  i nvo lved  in t h e  pep t ide - syn-  
thes iz ing  sys tems,  a n d  r e m e m b e r i n g  t h e  p r o b a b l e  n a t u r e  
of t he  h y p o t h a l a m i c  re leas ing s u b s t a n c e s  10, i t  is possible  
t h a t  t h e  modi f i ca t ions  in  t he  ox ida t i ve  m e t a b o l i s m  of 
h y p o t h a l a m u s  r e l a t ed  w i t h  t he  sexua l  a c t i v i t y  are 
r e p r e s e n t a t i v e  of changes  in t he  syn thes i s  a n d / o r  l ibera-  
t i on  of t he  h y p o t h a l a m i c  re leas ing  factors .  

The  fac t  t h a t  no  modi f i ca t ions  were found  in t h e  cyto-  
c h r o m e  oxidase  a c t i v i t y  of midd le  h y p o t h a l a m u s  in 
c a s t r a t e d  r a t s  is in a g r e e m e n t  w i th  p rev ious  pub l i ca t ions  5,n 
in  wh ich  i t  has  been  d e m o n s t r a t e d  t h a t  such  h y p o t h a l a m i c  
a rea  d id  no t  m o d i f y  i ts  m e t a b o l i c  a c t i v i t y  du r ing  sexua l  
ac t iv i ty .  

R e s u m e n .  E n  el p re sen te  t r a b a j o  se h a  e s tud i ado  la 
a c t i v i d a d  de la c i t oc romoox idasa  en d iversas  areas  h ipo-  
t a l a m i c a s  de an ima le s  m a c h o s  ca s t r ados  y con t e r a p i a  
su s t i t u t i va .  Los r e su l t ados  d e m o n s t r a r o n  que  la  cas t r a -  
ci6n dep r ime  la  a c t i v i d a d  de la e n z i m a  en  el h ipo tAlamo 
a n t e r i o r  y poster ior .  La  pos ib le  impl i canc ia  de estos 
ha l lazgos  con cambios  en  la c a d e n a  r e sp i r a to r i a  p rodu-  
cidos por  la ca s t r ac i6n  es d i s cu t i da  en  el t r aba jo .  
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Long-Term Changes in Retinal Function Induced 

F o r  severa l  reasons  an  increas ing  i n t e r e s t  has  been  
pa id  d u r i n g  t h e  las t  decades  to  t he  effect  on t he  v i sua l  
processes  of shor t ,  h i g h  i n t e n s i t y  f lashes.  Firs t ,  i t  h a s  
been  shown  t h a t  t h e  changes  in  t he  r h o d o p s i n  cycle fol- 
lowing an  e lec t ronic  f lash differs  f rom those  fol lowing 
longer  l igh t  exposures  1-~. Secondly,  in  l i gh t  pe rcep t ion  
expe r imen t s ,  t he  f l a shb l indness  r ecovery  t ime  7,8 a n d  t he  
d e v e l o p m e n t  of t h e  foveal  a f t e r - images  ~ fol lowing f lash 
exposure  i nd ica t e  t h a t  special  r e t ina l  r eac t ions  occur  in  
response  to  th i s  t y p e  of l ight .  F ina l ly ,  in b o t h  exper i -  
m e n t a l  a n d  cl inical  e l e c t r o r e t i n o g r a p h y  the re  ha s  been  

by Short, High Intensity Flashes 

a n  inc reas ing  use of shor t ,  h i g h  i n t e n s i t y  e lec t ronic  
f lashes.  Thus ,  t h e  ear ly  r ecep to r  p o t e n t i a l  1~ a n d  t he  
so-called osci l la tory  p o t e n t i a l  t l  are evoked  w i t h  t h i s  t y p e  
of s t imulus .  I n  a g r e e m e n t  w i t h  t h e  r e su l t s  of t h e  afore- 
m e n t i o n e d  l igh t  pe rcep t ion  expe r imen t s ,  a suppress ion  
of t h e  E R G  fol lowing short ,  h i g h  i n t e n s i t y  f lashes  ha s  
been  no t ed  1~,1s. 

I n  connec t ion  w i t h  a s t u d y  on  l o n g - t e r m  re t ina l  effects  
caused  b y  d i f fe ren t  agents ,  a m e t h o d  has  been  worked  
ou t  b y  which  t he  E R G  of t he  i n t a c t  r a b b i t  eye can  be  
recorded  a n d  e v a l u a t e d  over  a pe r iod  of severa l  m o n t h s  14. 
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W i t h  th is  m e t h o d  i t  was shown t h a t  electronic l ight  
f lashes are fol lowed by  revers ible  long- t e rm changes  in 
the  E R G  of a t y p e  which h a d  no t  been descr ibed before. 

The  Figure  shows the  changes  in t he  amp l i t ude  of the  
b-wave dur ing  10 days  a f te r  condi t ion ing  flash i l lumina-  
t ion  of t he  eye. Curve A shows the  ampl i tude  changes  
af ter  a single condi t ion ing  l ight  f lash and  ]3, C and  D the  
changes  following upon  a series of repe t i t ive  condi t ion ing  
f lashes (condi t ioning s t imulus  p re sen ted  a t  zero on t ime  
axis). The in t ens i ty  of the  t e s t  f lash was  abou t  2 log uni ts  
above  the  b-wave th reshold  of t he  d a r k - a d a p t e d  eye. The 
expe r imen t s  i l lus t ra ted  in t he  Figure  were pe r fo rmed  on 
4 rabbi ts ,  each curve represen t ing  a series of measure-  
m e n t s  on 1 animal .  In  t he  d iag ram t h e  amp l i t ude  of t he  
b-wave is expressed in per  cent  of t he  pre- i l luminat ion  
value,  which  in t he  4 expe r imen ta l  series var ied be t w een  
0.33 and  0.39 m V  wi th  a s t a n d a r d  deviat ion(s)  for each 
reg is t ra t ion  of 2.5%. The in tensi t ies  of t he  condi t ion ing  
l ight  f lashes were abou t  7 log uni ts  (curve A and  B), 
8 log  uni ts  (curve C) and  9 log uni ts  (curve D) above the  
th re sho ld  of t he  b-wave in t h e  d a r k - a d a p t e d  eye. W h e n  
repe t i t ive  f lashes were given (]3, 10 flashes;  C and  D, 
100 flashes) t he  in tervals  were 30 sec be tween  flashes. As 
show n by  curve  A, even a single l ight  f lash wi th  an in ten-  
s i ty  abou t  7 log uni ts  above  the  th resho ld  of the  dark-  
a d a p t e d  eye is followed by  a s ignif icant  r educ t ion  of t he  
b-wave which  lasts  for abou t  a week. The conspicuous  
increase in t he  b-wave, following upon  10 flashes of the  
same in t ens i ty  (curve B), is no t  s ta t is t ica l ly  significant .  
I n  order  to  f ind out  if s t rong  l ight  f lashes real ly can 
induce  an increase of the  b-wave, an increased flash in ten-  
s i ty  as well as an increased n u m b e r  of condi t ion ing  flashes 
were used (curve C and  D). Curve C shows t h a t  100 f lashes 
wi th  all i n t ens i ty  of abou t  8 log uni ts  above  the  b-wave 
th resho ld  resul ted  in a p ronounced  ini t ial  increase of the  
b-wave. W h e n  the  in t ens i ty  of the  condi t ion ing  in t e rmi t -  
t e n t  l ight  s t imulus  was raised to  abou t  9 log uni ts  above 
the  b-wave th resho ld  (D) the  init ial  increase was  even  
larger,  las t ing  abou t  48 h w i th  a m a x i m u m  value of 
160% 6 h af ter  exposure  of t he  eye to  t he  repe t i t ive  
condi t ion ing  flashes. Fol lowing this  increase a t r ans i en t  

decrease w a s  no ted  in the  b-wave and  a recovery  to pre- 
i l luminat ion  values  was accompl ished  in 2 weeks. 

These da t a  indica te  t h a t  the  decrease in the  ERG,  as 
found  by  13UCKSER z2, m a y  be a reversible  process.  This 
l a t t e r  au tho r  no ted  t h a t  the  E R G  decl ined over  a 12 h 
per iod following an electronic flash and  he in te rp re ted  
th i s  as an ' inab i l i ty '  of t he  E R G  to  recover.  

In  connect ion  wi th  the  p resen t  exper iments ,  t he  influ- 
ence of f lashes on the  b-wave th resho ld  of t he  dark-  
a d a p t e d  eye was  also s tudied  in the  same 4 animals.  A 
reversible  increase in the  threshold,  cor responding  to the  
decrease in amp l i t ude  in the  Figure,  was  no ted  in the  A 
and  13 series. W h e n  the  in t ens i ty  and  n u m b e r  of flashes 
were  raised, as in C and D, the  increase was preceded by  
a decrease in threshold ,  cor responding  to  t he  initial  
increase in ampl i tude .  

This  m e t h o d  1~ allows bo th  r abb i t  eyes to the  st;_mulated 
s imul taneous ly  wi th  l ight  of equal  in tens i ty .  In  an addi-  
t iona l  e x p e r i m e n t  an in t racrania l  t r ansec t ion  of t he  left  
opt ic  nerve was performed.  Af ter  t ransec t ion ,  the  flash 
effects  descr ibed above  were seen in b o t h  eyes, a l though 
the  ampl i tude  of t he  b-wave elicited by  the  tes t  f lash was 
abou t  10% higher  on the  left side t h a n  on the  r igh t  side. 
I t  should also be added  t h a t  s imilar  f lash effects  were 
ob ta ined  on albino rabbi ts .  

Thus  the  effects  descr ibed are no t  due to  influences 
on a shielding p i g m e n t  or an efferent  mechanism.  F u r t h e r  
inves t iga t ions  are in progress  to  de te rmine  w h e t h e r  the  
effect  is due to  changes  in the  func t ion  of the  receptOr 
cells and /o r  t he  ret inal ,  neuronal  ne twork  is. 

Zusammen/assung.  Die Versuchs techn ik  wurde  so ge- 
w~hlt ,  dass die Re t ina funk t ion  tiber 1Angere Xeit regis t r ier t  
werden  konnte .  E in  E lek t ronenb l i t z  mi t  einer In tens i t / i t  
yon  ca. 7 Loga r i thmene inhe i t en  tiber dem Schwel lenwert  
der  b-Welle erzielte eine s ignif ikante,  of t  eine Woche  
daue rnde  Ve rminde rung  der  b-Wel lenampl i tude  des dun- 
ke ladap t i e r t en  Auges. Dies war  auch der  Fal l  m i t  Elek- 
t ronenb l i t zen  von  gr6sserer In tens i t~ t .  Der  of t  viele 
~Vochen daue rnden  Verminde rung  ging aber  d a n n  eine 
init iale E r h 6 h u n g  der  b-Wel lenampl i tude  voraus.  En t -  
sprechende  Ver~inderungen des Schwel lenwerts  der  b-Welle 
wurden  auch beobach te t .  
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Iimeldays) 
Amplitude of b-wave (in per cent of pre-illumination value) after 
illumination with single and repetitive (10 flashes in B; 100 flashes 
in C and D) light flashes. Intensity of illumination 7 (A and B), 
8 (C) and 9 (D) log units above the b-wave threshold in the dark- 
adapted eye. 
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