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Fig. 2. Comparison of the changes in mean plasma 
glueagon (a) and glucose concentrations (b) in re- 
sponse to i.v. insulin (0.1 units/kg) at time = 0, in 
normal calves (O, n = 4) and calves with cut splan- 
chnic nerves which were pretreated with atropine 
(0.2 mg/kg) (0, n = 4). Vertical bars: S.E. of each 
mean value. 

re la t ively  insensi t ive  to changes  in p lasma glucose con- 
cent ra t ion .  These results  do, however ,  suppor t  the  con- 
t en t ion  t h a t  a cholinergic mechan i sm is impl ica ted  in the  
release of glucagon which normal ly  occurs in response to 
hypoglycaemia .  

Zusammen/assung. Der durch  Insul in  herbeigeff ihr te  
hypoglyk~tmische Ef fek t  wurde  in K~lbern  mi t  durch-  
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t r e n n t e m  Nervous  sp lanchnicus  durch  At rop in  verst~irkt, 
wobei  sich der  Anst ieg  des P lasma-Glukagonwer tes  ver- 
z6gerte und  reduzier te ,  l?;s wird  ein chol inergischer  Me- 
chanismus  der Glukagonsekre t ion  w~ihrend der  H y p o -  
glyk/tmie ve rmute t .  
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Changes in Body Temperature Produced by Injecting Prostaglandin E 1, EGTA and Bacterial 
Endotoxins  into the P O ] A H  Region and the Medulla Oblongata of the Rat I 

Heat ing  and  cooling of the  medul la  ob longa ta  produces  
changes  in body  t e m p e r a t u r e  2, 3 and  behavior  a s imilar  to 
those  p roduced  by  al ter ing the  t e m p e r a t u r e  of the  pre- 
op t ic /an te r ior  h y p o t h a l a m i c  (PO/AH) t e m p e r a t u r e  contro l  
region. These paral lel  effects of t he rma l  s t imula t ion  of the  
2 regions and the  f inding t h a t  the  inf luence of medul la ry  
the rmorespons iveness  does no t  depend  upon med ia t ion  
by  the  PO/A H region s suggest  t h a t  the  medul la  conta ins  
a separa te  Secondary the rmosens i t ive  mechan i sm for 
body  t e m p e r a t u r e  control .  I t  is of in te res t  to know if the  
2 bra in  regions also respond  in paral lel  fashion to  cer ta in  
chemical  subs tances  known to influence thermoregula t ion .  
Therefore,  we compared  changes  in recta l  t e m p e r a t u r e  
(Tr) p roduced  by  in jec t ing  p ros tag land in  E t  (PGE1), 
which is p re sumed  to act  as a med ia to r  in thermoregula -  

t ion  4, 5, in to  the  P O / A H  region and  medulla.  E G T A  and 
bacter ia l  endotoxins ,  compounds  which  have  been shown 
to  cause h y p e r t h e r m i a  af ter  cent ra l  or per iphera l  admin-  
is trat ion,  were also injected.  
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M a t e r i a l  a n d  methods .  Male a lb ino  r a t s  (300-400 g) were 
m a i n t a i n e d  a t  a r oom t e m p e r a t u r e  of 21-23 ~ A single 
guide t u b e  (0.016 in id) w i t h  an  o b t u r a t o r  was  i m p l a n t e d  
in  t h e  P O / A H  region in each  of 20 r a t s  a n d  in t he  medu l l a  
o b l o n g a t a  of 15 others .  T he  surgica l  p rocedures  a n d  
s t e reo tax ic  coord ina tes  were t h e  same  as those  used  to 
i m p l a n t  t h e r m o d e s  in p rev ious  e x p e r i m e n t s  3. 7 to  10 days  
were al lowed for  recovery .  Before  m a k i n g  inject ions ,  Tr  
was  m e a s u r e d  eve ry  15 m i n  w i t h  a t h e r m i s t o r  p robe  
(6 cm inser t ion)  Unti l  t h e  va lues  recorded  were cons is tent .  
T h e n  t he  o b t u r a t o r  was  r emoved ,  a n d  a n  in j ec t ion  c a n n u l a  
(0.012 in od) was  in se r t ed  so t h a t  i t  e x t e n d e d  0.5 m m  
b e y o n d  t h e  t i p  of t he  guide tube .  1 ~xl of nonpyrogen ic  
sal ine or one of t h e  o the r  chemica l  agen t s  was  in jec ted  
over  a 30-50 see per iod.  T he  c a n n u l a  was left  in place  
for a n o t h e r  20-40 sec before  removal .  Tr  was t h e n  m e a s u r e d  
eve ry  15 m i n  for 1 h, a t  30 m i n  in t e rva l s  du r ing  t he  2nd h 
and  a t  h o u r l y  in t e rva l s  the rea f te r .  T he  agen ts  in j ec ted  
w e r e :  P G E  1 (95% pure ) ;  t he  che l a t i ng  a g e n t  E G T A  
(Sigma) which ,  w h e n  in jec ted  in to  t he  pos te r io r  hypo-  
t h a l a m u s ,  p roduces  a large rise in  t e m p e r a t u r e  ~ ; t y p h o i d  
vacc ine  (TV; W y e t h )  wh ich  p roduces  h y p e r t h e r m i a  w h e n  
p laced  in t he  P O / A H  region T,~; a n d  P i r o m e n  w h i c h  
causes  fever  w h e n  g iven  per iphera l ly .  P G E  1 and  E G T A  
were dissolved in n o n p y r o g e n i c  sal ine j u s t  before  injec-  
t ion .  I n j ec t i ons  were n o t  r epea t ed  a t  i n t e rva l s  of less t h a n  
72 h. Loca t ions  of t he  in j ec t ion  si tes were d e t e r m i n e d  
t h r o u g h  s t a n d a r d  h is to logica l  procedures .  

Resu l t s .  PGE1. PGE~ in jec ted  in to  t he  P O / A H  region 
caused  a r ise in  Tr (Figure).  M a x i m u m  increases  in  Tr  
(0.9-2.5~ range)  occurred  15-120 m i n  a f te r  1.0 ~zg was 
given.  B o t h  t he  m a g n i t u d e  of h y p e r t h e r m i a  a n d  t he  t i m e  
to p e a k  rise in  % were d e p e n d e n t  upon  t h e  locus of t he  
c a n n u l a  t ip.  I n j e c t i o n s  w i t h i n  0.8 m m  of t he  mid l ine  
p roduced  t he  g rea t e s t  increases  in  Tr  (1.7-2.5~ in t he  
sho r t e s t  i n t e rva l s  (15-60 min) .  Lower  doses (0.01-0.5 ~zg) 
p roduced  smal le r  and  less re l iable  rises in Tr. There  was no  
ev idence  of to l e rance  w i t h  r epea t ed  in jec t ions .  No 
decreases  in  Tr  be low sal ine con t ro l  levels were recorded.  
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Changes in rectal temperature produced by injecting PGE 1 into the 
PO/AH region or the medulla oblongata in 2 unanesthetized rats 
resting in a neutral environment (23 ~ 

On t he  o the r  hand ,  in j ec t ion  of equa l  a m o u n t s  of P G E  1 
in to  t h e  medu l l a  lowered Tr (Figure) in  all  ra ts .  M a x i m u m  
decreases  as g rea t  as 2.2 ~ occur red  1-5 h a f te r  i n j ec t i on  
a n d  were seen cons i s t en t ly  w i t h  up  to  5 r epe t i t i ons  of t he  
dose. Smal le r  doses of P G E  1 (0.01-0.5 ~zg) were less consis- 
t e n t  in  lower ing  Tr. All  in j ec t ion  s i tes  were w i t h i n  t he  
region of t h e  medu l l a  where  t h e r m a l  s t i m u l a t i o n  a l ters  Tr  3. 

EGTA.  W h e n  in jec ted  in to  t he  P O / A H  region, doses of 
1-5 ~zg of E G T A  a lways  caused  a r ap id  r i se  (1.0-1.5~ 
in Tr  followed b y  a r e t u r n  to  base l ine  w i t h i n  1 h. The  
sho r t e s t  t i m e  to  p e a k  response  (15 min)  was  seen in  ani-  
mals  w i t h  cannu la s  p laced  nea r  t he  midl ine .  R a t s  w i t h  
l a te ra l  p l a c e m e n t s  showed  p e a k  responses  a t  30-45 m i n  
pos t - in jec t ion .  S imi la r  doses of E G T A  p laced  in t h e  
medu l l a  p roduced  2 types  of effects  on Tr :  e i the r  a rise 
of 1 .4-1.5~ w i t h i n  the  1st h or a fall  of 1 .0-1.3~ 2-4  h 
a f te r  t he  in jec t ion .  

Bac te r i a l  endotox ins .  There  were no  para l le l  changes  
w h e n  bac te r i a l  py rogens  were in jec ted  in to  t he  P O / A H  
region a n d  t he  medul la .  1 ~zl of T V  in jec ted  in to  t he  
P O / A H  region p roduced  no s ign i f ican t  change  in Tr. The  
same  dose in t he  medu l l a  lowered T r ( - - 1 . 7 - - - 2 . 6 ~  in 
3 an ima l s  b u t  h a d  no inf luence  on  T r in  6 others .  1 ~zl of 
P i r o m e n  increased  Tr (0.8-2.1~ w i t h  a m a x i m u m  a t  
1-2 h pos t - in j  ec t ion  w h e n  p laced  in the  PO/AI: t  region b u t  
d id  no t  s ign i f ican t ly  change  Tr  w h e n  p laced  in t he  medul la .  

D i s c u s s i o n .  The  resu l t s  showed  no clear  para l le l  
be tween  the  effects on  Tr p roduced  b y  in j ec t ing  hype r -  
t h e r m o g e n i c  agen t s  in to  p r i m a r y  (PO/AH)  a n d  seconda ry  
(medulla)  t e m p e r a t u r e  con t ro l  regions  of t h e  b ra in .  
E x c e p t  for E G T A  which  increased  Tr in  r a t s  w i t h  P O / A H  
c a n n u l a s  a n d  in a few ra t s  w i t h  m e d u l l a r y  cannulas ,  t he re  
were no s imi lar i t ies  in  t he  responses.  The  d iss imi lar i t ies  
in t he  effects of chemica l  in jec t ions  c o n t r a s t  w i t h  t he  
para l le l  changes  in Tr  a n d  b e h a v i o r a l  t h e r m o r e g u l a t i o n  
p roduced  b y  h e a t i n g  a n d  cooling t he  2 b r a i n  regions 3. 
Th i s  c o n t r a s t  suggests  t h a t  t he  t h e r m o r e g u l a t o r y  sys tems  
of t he  P O / A H  region and  medu l l a  o b l o n g a t a  are organized  
in one way  w i t h  respec t  to  respons iveness  to  t h e r m a l  
s t imul i  and  in qu i te  d i f fe ren t  ways  w i t h  respec t  to  re- 
spons iveness  to  the  chemica l  compounds .  One of t he  m o s t  
r e m a r k a b l e  resu l t s  in  t he  p r e sen t  e x p e r i m e n t s  was  t h a t  
oppos i te  effects on  Tr were p roduced  b y  in jec t ing  P G E  1 
in to  t he  P O / A H  region a n d  in to  t he  medul la .  The  rise in  T r 
caused  b y  PGE~ in t he  P O / A H  region is in  a g r e e m e n t  w i t h  
resu l t s  o b t a i n e d  w i t h  t he  ca t  9 and  r a b b i t  1~ The  fall  in Tr  
w h e n  P G E  1 was p laced  in t he  medu l l a  has  no t  been  
r epo r t ed  before  and  was unexpec ted .  Resu l t s  of o the r  
e x p e r i m e n t s  in  wh ich  PGE~ was in j ec t ed  in to  t he  cerebra l  
ven t r ic les  of u n a n e s t h e t i z e d  cats,  r a b b i t s  a n d  rats4,  5 
ra ised  t he  poss ib i l i ty  t h a t  i t  m i g h t  serve as a m e d i a t o r  in 
n o r m a l  t h e r m o r e g u l a t i o n  4. The  p r e sen t  f ind ings  i nd ica t e  
t h a t  PGE1 in jec ted  in to  2 b r a i n  regions  wh ich  are  k n o w n  
to be  t h e r m o r e s p o n s i v e  can  in f luence  t e m p e r a t u r e .  If  
P G E t  does p l ay  a role as a m e d i a t o r  of t he rmoregu la t i on ,  
i ts  f unc t i on  in t he  medu l l a  m u s t  be  an t agon i s t i c  to  i ts  
f unc t i on  in t he  P O / A H  region : to  lower b o d y  t e m p e r a t u r e  
r a t h e r  t h a n  to  raise it. The  poss ib i l i ty  t h a t  PGE1 in t he  
medu l l a  ha s  a role in t h e r m o r e g u l a t i o n  is m a d e  more  
p laus ib le  b y  f ind ings  t h a t  t h e  medu l l a  n o r m a l l y  con ta ins  
smal l  a m o u n t s  91 PGE1 n and  t h a t  i o n t o p h o r e t i c  appl ica-  
t ion  of t h i s  a g e n t  a l te rs  s p o n t a n e o u s  f i r ing  of neu rons  in 
t he  r e t i cu la r  s u b s t a n c e  of t he  lower brainstem12.  
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Rdsumd. La pros tag land ine  E 1 a caus@ de l 'hyper -  
the rmie  si on l ' in jec ta i t  dans  la r6gion p r 6 o p t i q u e / h y p o -  
t ha l amique  ant6rieure/  des ra ts  e t  de t ' h y p o t h e r m i e  an 
niveau de la r6gion .m6duIlaire oblongue. L ' E G T A ,  te 
P i romen  et  le vaccin  typho ides  on t  r a r emen t  caus6 des 
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changemen t s  parall@les darts la t emp4ra tu re  rectale si on 
ies in jec ta i t  darts les deux r4gions c4r@brales. 
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Two Types of Response Patterns from Cat Retinal 

Recen t  s tudies  1-3 have  shown t h a t  on center  (and off 
center) re t inal  ganglion ceils of cats  can be separa ted  into 
two types.  The f irs t  or sus ta ined  type  responds  to  a s tep  
inpu t  of l ight  w i th  a h igh f requency  burs t  of spikes 
followed by  a ma in t a ined  fir ing level which  is cons iderably  
higher  t h a n  the  spon taneous  level. This ma in t a ined  level 
lasts for t he  dura t ion  of the  s t imulus.  The second or 
t r ans i en t  t ype  responds  to t he  same s t imulus  also wi th  a 
h igh  f requency  bu r s t  of spikes, b u t  the  f ir ing level decays  
rapidly  to  a f ir ing close to  the  spon taneous  level. The 
two types  also respond  d i f fe ren t ly  a t  s t imulus  off; the  
sus ta ined t y p e  shows a s t rong and  long-last ing inhib i t ion  
while the  t r ans i en t  t y p e  shows a weak and  shor t - las t ing  
inhibi t ion.  

We have  examined  the  responses  of re t ina l  ganglion 
cells of cats  to moving  s t imul i  and  have  found  2 types  of 
response pa t t e rn s ;  the  t ype  1 on-center  uni ts  show a 
decrease in the  fir ing ra te  (inhibition) pr ior  to  the  e x c i t a -  
t ion  f rom the  recept ive  field center  (RFC);  the  t y p e  2 
on-center  uni ts  do no t  show the  decrease pr ior  to  the  
exci ta t ion  r We  wish to  p resen t  evidence t h a t  these  2 
types  correspond to the  sus ta ined  and t r ans i en t  types  and  
to po in t  out  t h a t  the  differences can be accounted  for by  a 
difference in the  spat ia l  a r r a n g e m e n t  of the  center  and 
sur round componen t s  of the  recept ive  field (RF). 

Recordings  were made  f rom single opt ic  t r ac t  f ibres 
f rom l ight ly  anes the t ized  cats  wi th  lacquer-coated  micro- 
electrodes.  The p repa ra t ion  of the  an imal  and  recording  
sys t em have  been p resen ted  in detai l  earl ier  5. The 
s t imulus  was  a square  or slit  of l ight  moved  across t he  
visual field a t  a cons t an t  veloci ty  of 3.6~ The da t a  

Ganglion Cells to Moving Stimuli  

were analyzed on a P D P - 8  compu te r  to give average 
response  h is tograms.  

Average response  h i s tograms  f rom a t y p e  1 on-center  
uni t  which  shows the  inh ib i t ion  pr ior  to t he  exc i ta t ion  
f rom the  R F C  are shown in the  left co lumn of Figure  1. 
The s t imulus  was a 0.7 ~ square  which  moved  at  a co n s t an t  
veloci ty  of 3.6~ across t he  RF.  The number s  a t  the  
left  r ep resen t  the  s t imulus  i n t ens i ty  in log threshold  
unit,  i.e., 0.4 represen ts  a s t imulus  0.4 log uni ts  above  
threshold .  W i t h  a s t imulus  0.4 log uni ts  above  threshold ,  
t he  fir ing ra te  increases f rom the  spon taneous  Ievel 
(40 spikes/sec) to a m a x i m u m  of 200 spikes/sec as the  
s t imulus  passes into the  center  of the  RFC.  As the  s t imulus  
moves  out  of the  R F C  the  fir ing level drops  to 25 spikes/sec 
before re turn ing  to  the  spon taneous  level. W i t h  the  s t imu-  
lus in t ens i ty  1.2 log unt is  above threshold ,  there  is a 
decrease in the  f ir ing ra te  jus t  prior  to  t he  exc i ta t ion  f rom 
the  RFC.  This inhib i t ion  arises f rom the  an tagonis t ic  
sur round of the  RF.  At  2.0 log uni ts  above theshold ,  the  
degree of inhib i t ion  pr ior  to  the  exc i ta t ion  is s t ronger .  

Average  response  h i s tog rams  f rom a t y p e  2 uni t  are 
shown in the  r igh t  co lumn of Figure  1. The response  

1 y.  FUKADA, Vision Res. 71,209 (1972). 
2 B.G. CLELAND, M. W. DUBIN and W. R. LEVICK, J. Physiol., Loud. 

277, 473 (1971). 
B. G. CLELAND and W. R. LEVICK, Invest. Ophthal. 1 I, 285 (1972). 

4 D. I. HAMASAKI, ROSEMARY CAMPBELL, JANET ZENGEL and L. 
HAZELTON, in preparation. 

5 D. I.  HAMASAKI~ W. RACKENSPERGER and J. VESPER, Vision Res. 
72, 843 (1972). 
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Fig. 1. Average response histograms of type t and type 2 on center 
units. The numbers on the left represent the stimulus intensity in log 
threshold units. The stimulus was a 0.7 ~ square for the type 1 unit 
and a 0.7 ~ • 5.6 ~ vertical slit for the type 2 unit. Background lumi- 
nance was --1.0 log ftl. 

Fig. 2. Average response histograms of type 1 and type 2 on center 
units. The responses to 0.7 ~ square are shown in the upper row while 
the responses to a 5.6 ~ • 0.7 ~ horizontal slit are shown in the lower 
row. The stimulus was 2.0 log units above threshold for all responses. 
Background luminance was --1.0 log ftl. 


