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Relation Between the Chick Electroretinogram and Body Temperature 

A n u m b e r  of p ape r s  h a v e  been  repor t ed  conce rn ing  t he  
e l ec t ro r e t i nog ram (ERG) of t he  deve lop ing  chick 1-6. 
Whi l e  t h e  a u t h o r s  m a d e  E R G  s tud ie s  of pre-  and  pos t -  
n a t a l  s t ages  of the  ch ickL the  inf luence  of decreased  body  
t e m p e r a t u r e  on t h e  E R G  would  s eem to  be i m p o r t a n t .  
However ,  as far  as our  re ferences  are concerned,  t hese  
effects  on t h e  ch ick ' s  E R G  has  no t  ye t  been  ful ly  exa-  
mined .  Th i s  is a repor t  of a m a r k e d  cor re la t ion  be tw e e n  
t he  E R G  an d  t h e  rec ta l  t e m p e r a t u r e  wh ich  h a s  been  
obse rved  in th i s  l abora to ry .  

Methods. 102 \Vhi te  L e g h o r n  chicks,  aged f rom 1 to 3 
d a y s  a n d  the  e m b r y o n i c  age r ang ing  be tween  16 a n d  21 
d a y s  of i ncuba t ion ,  were used.  For  the  p u r p o s e  of decreas-  
ing b o d y  t e m p e r a t u r e ,  ch icks  were p laced in t he  room of 
15-17 ~ Bo d y  t e m p e r a t u r e  was  checked  bv  m e a n s  of a 
t h e r m i s t e r  p laced in t he  r ec tum.  The  E R G  was  recorded 
w i t h  a p l a t i n u m - b a l l  e lectrode a t t a c h e d  by  a c o n t a c t  lens. 
T h e  reference or g round  e lect rode was  s teel  needle,  in- 
se r ted  in to  the  exposed  orbit .  U n d e r  local a n e s t h e s i a  
(Benoxil) ,  b o t h  eyelids,  t he  n i c t i a t i ng  m e m b r a n e  and  the  
u p p e r  edge of t h e  orb i t  were resected.  Genera l  a n e s t h e s i a  
was  no t  e m p l o y e d  in th i s  e x p e r i m e n t  to avoid  a b n o r m a l  
p a t t e r n s  of the  E R G .  The  E R G  was  recorded af te r  severa l  
m i n u t e s  of da rk  a d a p t a t i o n .  D u r i n g  t he  record of the  ERG ,  
t he  bird was  k ep t  in an  abso lu t e ly  da rk  shie lded room.  
T h e  E R G  was  reg is te red  w i th  a d u a l - b e a m  oscil loscope 
(N ihon-Koden ,  VC7) and  p h o t o g r a p h e d .  T h e  uppe r  b e a m  

of t h e  oscil loscope was  used  for d i sp l a y ing  a r e sponse  
o b t a i n e d  t h r o u g h  the  p re -ampl i f i e r  w i t h  a t i m e  c o n s t a n t  
of 0.2 sec, a n d  lower for t he  m a r k  of pho t i c  s t i m u l u s .  A 
x e n o n  f lash  l a m p  (Nihon-Koden ,  M S P - 2 R )  para l le led  w i th  
t he  opt ic  axis ,  was  used.  The  d i s t ance  be tw e e n  t he  pho to -  
s t i m u l a t o r  a nd  t he  eye was  a b o u t  1 m.  The  e ne rgy  of t he  
d i scharge  was  20 J. A n  u p w a r d  d i s p l a c e m e n t  in t he  
record was  t a k e n  as pos i t ive  for cornea l  electrode.  The  
m e a s u r e m e n t s  of the  recorded  re sponses  on t he  f i lm were 
m a d e  wi th  t he  he lp  of t he  enlarger .  The  a m p l i t u d e  of t he  
a -w a ve  was  m e a s u r e d  f rom the  base l ine  to t h e  t r o u g h  of 
t he  a-wave,  while t he  a m p l i t u d e  of t he  b-wave was  
m e a s u r e d  f rom the  t r o u g h  of the  a -w a ve  to t he  m a x i m u m  
a m p l i t u d e  of t he  b-wave. The  c-wave was  no t  t a k e n  in to  
accoun t .  T h e  p r e p a r a t i o n  of t he  ch ick  for e x p e r i m e n t a -  
t ion  a nd  t h e  a p p a r a t u s  were descr ibed  in more  de ta i l  else- 
where  v. 

Results  and disc,~ssion. Figure  1 shows  a t yp ica l  E R G  
ob t a ine d  f rom a 3-day-old  ch ick  u n d e r  the  in f luence  of 
g r a d u a l  decrease  of b o d y  t e m p e r a t u r e .  I t  is clear  t h a t  the  
b-wave decreases  w i th  dec reas ing  rec ta l  t e m p e r a t u r e ,  
while the  a m p l i t u d e  of t he  a -w a ve  is una f f e c t e d  (Figures  1 
a n d  2). W h e n  t he  E R G s  are supe r impose d ,  t h e y  are 
s imilar .  I n  m o s t  cases  t he  rec ta l  t e m p e r a t u r e  read i ly  de- 
creased un t i l  i t  b e c a m e  25 or 24 ~ w h e n  t he  b i rds  were 
exposed  to a cooling room a t  t he  t e m p e r a t u r e  of 15 19 ~ 
b u t  no f u r t h e r  depress ion  of rec ta l  t e m p e r a t u r e  was  
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Fig. 2. Influence of gradual decrease of rectal temperature on the 
amplitude of the a- and b-waves. The results were obtained from five 
3-day-old chicks. 

Fig. 1. Influence of gradual decrease of rectal temperature on ERG 
in a 3-day-old chick. These ERGs are obtained from 1 chick in a 
series of experiment. 
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a t ta ined .  As seen in t he  Figures  1 and  3, we a lways  ob- 
t a ined  in the  a-wave 2 nega t ive  deflect ions a t  the  recta l  
t e m p e r a t u r e  be tween  27 and 28 ~ Each  peak  la tency  was 
measured  f rom the  onset  of the  s t imulus  to  the  t rough.  
In  the  chick embryo  of 18 days,  the  peak  la tency  was 30-  
50 msec for the  f i rs t  def lect ion (a~), and 80-120 msec for 
the  second (a2). In  3-day-old chicks, the  l a tency  of the  
f i rs t  is s imilar  to t h a t  of 18 days  of incubat ion,  b u t  t he  
l a tency  of t h e  second is shor te r  (45-90 msec). Two a-waves  
called a~ and a 2 waves  have  been  repor ted  in m a m m a l s  s-x0 
and  frogs n.  The evidence f rom d e p t h  recording in the  
frog indica tes  t h a t  the  a~ is f rom the  receptors  while the  

a 2 is f rom the  inner  nuclear  layer  11. In  the  chick, GARCrA- 
AOSTT and  PArETTA-QuEIROLO 2 have  a l ready men t ioned  
t h a t  the  a -wave  was of ten  b road  and  quadrangu la r  wi th  a 
no tch  in i ts  midpo in t  on the  chick embryo  of 18 days.  
F u r t h e r  evidence is p rov ided  by  WITKOVSKY ~ who 
d e m o n s t r a t e d  t h a t  cornea-negat ive  ac t iv i ty  could be 
d iv ided in to  2 componen t s ,  a I and a 2 waves, in the  chick 
embryo.  I t  is of in teres t  t h a t  the  division be tween  al and  
a~ waves  could be accen tua t ed  by  repe t i t ive  l ight  s t imu-  
la t ion 4. Two nega t ive  deflect ions ob ta ined  in the  p re sen t  
expe r imen t  m a y  be comparab le  to  the  ax and a 2 waves,  
t hough  th.e fu r ther  analysis  remains  to be inves t iga ted .  

In  addi t ion,  we of ten  observed the  2 componen t s  on the  
b-wave dur ing  the  course of decreased body  t empera tu re ,  
as could be seen in Figure i a t  the  recta l  t e m p e r a t u r e  be- 
tween  25 and  26~ Similar  double  b-waves have  been  
repor ted  in the  chick anes the t ized  wi th  pen toba rb i t a l  4, ~. 
Since i t  has  been  shown in the  previous  7 as well as t he  
p resen t  s tudy,  t h a t  double  b-wave was never  observed 
under  no rma l  condit ions,  i t  is suggested t h a t  these  m i g h t  
be caused under  the  abnorma l  condi t ions  induced by  a 
decreased b o d y  t e m p e r a t u r e  or anesthesia .  Changes in t he  
p a t t e r n  of the  b-wave compar ing  wi th  t h a t  in vi t ro  will be 
repor ted  in the  subsequen t  pape r  10,1~. 

Zusammen/assung. U n t e r s u c h u n g  der  Beziehung zwi- 
schen E R G  und  K 6 r p e r t e m p e r a t u r  bei  Kfiken ergab 
A b n a h m e  der  b-Wellen bei Verminde rung  der  Rekta l -  
t empe ra tu r ,  ohne  Beeinf lussung der  Ampl i tude  der  a- 
Welle. 
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Fig. 3. Effect of decrease of body temperature on ERG in a chick 
embryo at 18 days of incubation (A) and in a 2-day-old (B). 4 succes- 
sive sweeps have been superimposed in A and B records at the rectal 
temperature of 28~ respectively. The stimulus was given at the 
point marked by the bottom record in every ease. 
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The Inh ib i tory  Effect of S o d i u m  on the Contract ion  of F r o g ' s  Hear t  Per fused  w i t h  S u c r o s e  So lu t ion  

Frog ' s  hea r t  cont inues  to  bea t  spon taneous ly  and  to 
respond  to  electrical s t imula t ion  for 5-6 h if per fused  
wi th  hal f  isotonic solut ion of sucrose a t  18-20~ At  
h igher  t e m p e r a t u r e s  (25-32~ the  hea r t  does no t  bea t  
unless 0.1-0.2 m M  sodium p y r o p h o s p h a t e  (PP) or P P  
wi th  0.05-0.2 m M  adenos ine t r i phospha t e  (ATP) is added  
to  the  sucrose solutionS; add i t ion  of sodium salts  of P P  
and  A T P  in t roduces  sod ium up to 1.2 m M  in the  sucrose 
solution.  The  beneficial effect  of P P  and A T P  is no t  due  
to  sodium,  since add i t ion  of an equiva len t  q u a n t i t y  of 
sod ium chloride or more  (up to 2.4 mM) produces  no such 
effect ;  the  beneficial  effect  is therefore  due to P P  and 
A T P  par t s  of the  molecules.  A t  still h igher  t e m p e r a t u r e s  
(37-38 ~ P P  and A T P  become ineffect ive and the  hea r t  
bea ts  for  1-2 h if sod ium c i t r a t e  (0.8 raM) is added  to t he  

sucrose solution.  Addi t ion  of equ iva len t  q u a n t i t y  or 
more  (up to 3.6 mM) of sodium chloride produces  no 
beneficial  effect.  
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