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fore, i t  is i m p o r t a n t  to  examine  f u r t h e r  t he  t a s t e  r ecep to r  
p o t e n t i a l  w i t h  an  a b r u p t  w a v e f o r m  of g u s t a t o r y  s t imu-  
la t ion.  To do th i s  a nozzle of t he  g u s t a t o r y  s t i m u l a t o r  was 
p u t  100-400 a m  a w a y  f rom t he  microe lec t rode  t ip  and  
0.5 M NaC1 was appl ied  a t  t he  r a t e  of 0.04 ml/sec.  I n  
successful  cases, where  in t race l lu la r  record ing  was no t  
d i s tu rbed ,  r ecep to r  po t en t i a l s  showing  m u c h  sho r t e r  rise 
t imes  were ob ta ined .  T he  uppe r  t r ace  of F igure  3 shows an  
example  where  t he  rise t i m e  was a p p r o x i m a t e l y  200 msec. 
I n  17 i nves t i ga t ed  t a s t e  cells t he  rise t ime  was in t he  range  
of 50-360 msec (mean • SE, 160 • 30 msec) and  no 
phas ic  c o m p o n e n t  was  observed .  In  these  exper iments ,  an  
a d a p t i n g  R inge r  so lu t ion  was no t  f lowed before the  ap- 
p l i ca t ion  of t e s t  0.5 WI NaC1 solut ion.  As shown in the  

lower t r ace  of F igure  3, t h e  c o n c e n t r a t i o n  change  of t he  
onse t  of 0.5 M NaC1 app l i ca t ion  was  a lmos t  r e c t angu l a r  in 
form, which  was m e a s u r e d  as t he  j u n c t i o n  p o t e n t i a l  be- 
tween  t he  microe lec t rode  t ip  loca ted  on t he  papi l la  surface 
and  t he  f lowing 0.5 M NaC1. 

I t  has  been  p red ic ted  t h a t  t h e  t a s t e  recep tor  p o t e n t i a l  
m a y  possess an  obv ious  in i t ia l  phas ic  response  w h e n  t h e  
r a t e  of t a s t e  s t imulus  onse t  is s teep  and  t h a t  t he  in i t ia l  
t r a n s i e n t  d i scharge  in t h e  g u s t a t o r y  ne rve  is caused b y  
t he  phas ic  r ecep to r  p o t e n t i a l  ~~ This  a s s u m p t i o n  pro-  
b a b l y  m u s t  be  discarded,  however ,  because  the  p r e sen t  
e x p e r i m e n t  done  w i t h  t he  r ap id  rise of t a s t e  s t imulus  
onse t  sti l l  could  no t  exh ib i t  a n y  phas ic  c o m p o n e n t  of 
recep tor  po ten t i a l .  
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Summary. Biocking  H 2 receptors  w i t h  b u r i m a m i d e  in t he  dose used (20 mg/kg)  a p p r o x i m a t e l y  doubles  the  a m o u n t  
of h i s t a m i n e  needed  to p roduce  the  same effect as seen when  H1 an t agon i s t s  ( ch lo rphen i r amine  or mepy ramine )  
are used alone. The  Kz ra t ios  for c h l o r p h e n i r a m i n e - c h l o r p h e n i r a m i n e  plus  b u r i m a m i d e  are 117 204 and  for m e p y r a m i n e -  
m e p y r a m i n e  phus  b u r i m a m i d e  are 200-478. H~ a n d  H 2 receptors ,  in t he  monkey ,  w h e n  s t imula ted ,  b o t h  cause car-  
d iovascu la r  responses  in the  same  direct ion.  

There  are two  types  of h i s t a m i n e  receptors  2, t he  H~ 
receptors  which  are b locked  b y  t he  classical ' m e p y r a m i n e -  
l ike'  a n t i h i s t a m i n e s  and  t he  H 2 receptors  which  are in- 
sens i t ive  to  th i s  g roup  of an t ih i s t amines .  E v e n  large 
doses of H 1 an t agon i s t s  do no t  comple te ly  b lock  t he  
h y p o t e n s i v e  effects of h i s t amine .  

I n  t he  cat ,  H~ and  H 2 receptors  b o t h  ac t  in t he  same 
d i rec t ion  to lower b lood pressurea.  However ,  in the  calf, 
some of the  H 2 receptors  m o d u l a t e  t he  depressor  effect 
of H~ recep tor  s t imu la t ion ,  t he  two receptors  ac t ing  in 
oppos i te  d i rec t ions  4. 

B u r i m a m i d e ,  a t h i o u r e a  ana logue  of h i s t amine ,  wh ich  
seems to be a specific a n t a g o n i s t  of t he  H 2 ~eceptors, was 
i n t r o d u c e d  in 1972 ~. The  p re sen t  s t u d y  was u n d e r t a k e n  
to d e t e r m i n e  t he  h y p o t e n s i v e  response  of m o n k e y s  to 
h i s t a m i n e  and  t he  e x t e n t  and  d i rec t ion  to which  the  H~ 

an t agon i s t s  c h l o r p h e n i r a m i n e  and  m e p y r a m i n e  and  t he  
t t  2 a n t a g o n i s t  b u r i m a m i d e  affect  th i s  response.  

Materials and methods. The  an ima l s  used in th is  s t u d y  
were young,  h e a l t h y  Macaca mulatta, weighing 3.0-3.5 kg. 
In j ec t ions  were m a d e  t h r o u g h  a femora l  venous  ca the te r ,  
and  blood pressure  m e a s u r e m e n t s  were m a d e  w i t h  a 
c a t h e t e r  inse r t ed  into the  femora l  a r te ry .  Pr io r  to  each  
test ,  each  a n i m a l  was anes the t i z ed  w i th  an  i .v.  i n j ec t ion  
of sod ium N e m b u t a l  (35 mg/kg) .  E a c h  a n i m a l  was  t h e n  
g iven  a series of h i s t a m i n e  in jec t ions  of g radua l ly  in- 
creasing c o n c e n t r a t i o n  f rom 0.025 to 100 fzg/kg. Af te r  
each  dose of h i s t amine ,  changes  in blood pressure  were 
measu red  as t he  m a x i m u m  decrease  of m e a n  a r t e r i a l  
pressure.  E a c h  an ima l ' s  b lood pressure  was al lowed to 
recover  to  n o r m a l  be tween  doses which  were g iven  a t  
least  10 rain  apa r t .  
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Fig. 1. Effect of histamine antagonists on 
histamine-induced vasodilation in the mon- 
key. a) Histamine alone; b) after chlor- 
pheniramine; c) after chlorpheniramine and 
burimamide; d) after mepyralnine; e) after 
mepyranfine and buriznamide; f) after phe- 
noxybenzamine. 
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Computed characteristics associated with double reciprocal dose-response plot of histamine with and without antagonists 
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Maximal response One-half maximal response Dose at 1/2/I max Kz ratio 
(A max), % (1/2 A max), % (Kx), [zg/kg (Kx agonist + antagonist) 

(Kx agonist) 

Agonist 
Histamine alone 37 

Antagolfists 
Chlorpheniramine (10 mg/kg) 56 
Chlorpheniramine (10 mg/kg) and 
burimamide (20 mg/kg) 62 
Mepyramine (10 ing/kg) 63 
Mepyramine (10 mg/kg) and 
burimamide (20 mg/kg) 53 
Phenoxybenzamine (2 mg/kg) 47 

18.5 0.115 

28 13.5 117 

31 23.5 204 
31.5 23 200 

26.5 55 478 
23.5 12.5 110 

Seven animals  were then  in jec ted  wi th  chlorphenir-  
amine  5 (10 mg/kg),  an H I antagonis t ,  and the  h i s tamine  
in jec t ions  repeated .  Ano the r  7 animals  were injected wi th  
m e p y r a m i n e  6 (10 mg/kg),  an H 1 antagonis t ,  and the  
h i s t amine  inject ions  repea ted .  8 animals  were given a 
combina t ion  of ch lo rphen i ramine  (10 mg/ka) and bu- 
rimamideV (20 mg/kg),  an H2 antagonis t ,  before the  his- 
t amine  injections.  7 o ther  animals  were given a combina-  
t ion of m e p y r a m i n e  (10 mg/kg) and bu r imamide  (20 mg/  
kg) before the  h i s t amine  injections.  The ch lorpheni ramine  
and m e p y r a m i n e  were in 10 ml of isotonic saline. The 
bu r imamide  (10 mg/ml  of water)  was buffered to a p H  
of 7.2 and infused over  a 10 min per iod because of its 
hypo ton ic i ty .  

Three  animals  were given an a-adrenergic  blocking 
agent ,  p h e n o x y b e n z a m i n e  8 (2 mg/kg),  1 h before a series 
of 12 h i s tamine  inject ions  in g raded  doses f rom 0.14 to 
100 b~g/kg to de te rmine  the  effect  of adrenergic  s t imula-  
t ion by  h i s tamine  on max ima l  response.  

Resul ts  and discussion. The response to exogenous his- 
f amine  is graphical ly  depic ted  in Figure 1. 

One m e t h o d  of compar ing  the  eff icacy of an tagonis t s  is 
by  first  de te rmin ing  the  effective dose a t  the  middle  of 
tile dose response curve,  i.e., one-half  m a x i m u m  re- 
sponseg-~t. By  using a double  reciprocal  plot ,  the  value 
of the  max ima l  response can be der ived f rom responses 
elici ted by  physiological  concen t ra t ions  of the  agonist.  

A double reciprocal  p lo t  of the  da ta  can be seen in 
Figure 2. Using the  da t a  f rom Figure 1 (with the  excep- 
t ion of the  responses  less t h a n  10%, hav ing  var ia t ion  
coefficients (SD/x) close to unity),  s t r a igh t  lines were 
f i t t ed  by  the  least  squares  method .  Using the  no ta t ion  
of GOLI)STEIN et  al. n, the  equat ions  associated wi th  these  
lines can be w r i t t en  in the  usual  l inear f roma t  of j --  a + 
bx: 

1 1 K x 1 

+ A  " - -  = A  max max x (1) 
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Fig. 2. Double reciprocal dose-response plot 
of histamine with and without antagonists. 
a) f) see Fig. 1. 
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where  A is t he  biological  response  (percent  decreased  
m e a n  a r te r ia l  pressure) ,  Amax is the  m a x i m a l  response,  
x is t h e  c o n c e n t r a t i o n  of h i s t a m i n e  (~.g/kg), and  K~ is 
t he  dissocia t ion c o n s t a n t .  I n  th i s  ins tance ,  Kx is also t he  
c o n c e n t r a t i o n  of h i s t a m i n e  needed  to p roduce  one-hal f  
t he  m a x i m u m  response.  T h e  i n t e r cep t  in e q u a t i o n  (1) is 
1/Amax, which  p rov ides  t he  va lue  of m a x i m a l  response  
f rom which  one-ha l f  t he  m a x i m u m  response  is ca lcula ted .  
Tile c o n c e n t r a t i o n  Kx a t  wh ich  t he  one-hal f  m a x i m u m  
response  occurs  can  also be  o b t a i n e d  f rom t he  leas t  
squares  so lu t ion  to  e q u a t i o n  (1) b y  s imple  a lgebra ic  
m a n i p u l a t i o n .  K~ is the  dose ra t io  of the  c o n c e n t r a t i o n s  
of agonis t  needed  in t i le  p resence  and  absence  of an t ag -  
on is t  to  p roduce  t he  same response.  Theore t ica l ly ,  for 
compe t i t i ve  an t agon i sm,  the  doseresponse  curves  w i t h  
and  w i t h o u t  a n t a g o n i s t s  should  be  para l le l  a n d  of equa l  
he igh  or m a x i m a l  response  0,10. The  response  in vivo,  
however ,  is compl i ca t ed  b y  the  i n t e r ac t i on  of d i f fe ren t  
phys io logica l  sys tems,  r e su l t ing  in th i s  i n s t ance  in in- 
creased m a x i m a l  response  a f te r  an t agon i sm.  

The  m a x i m a l  responses  to  h i s t a m i n e  a f te r  a n t o g o n i s m  
do n o t  differ  s ign i f i can t ly  f rom each  o the r  b u t  do differ  
s ign i f ican t ly  f rom the  m a x i m a l  response  wtlen h i s t a m i n e  
is g iven  a lone (Table).  Th i s  would  seem to ind ica te  t h a t  
some fac to r  is p r e sen t  wh ich  modu la t e s  t he  effect  of the  
agonis t  and  is a b s e n t  a f t e r  t he  an t agon i s t s  are given.  

One e x p l a n a t i o n  for th i s  m a y  be based  on  t he  s t i m u l a t -  
ing effect  of h i s t a m i n e  on  tile ad rena l  medu l l a  caus ing  
t he  l ibe ra t ion  of c a t echo l amines  w i t h  the i r  cha rac t e r i s t i c  

,pressor effects  12, ~3. The  response  to h i s t a m i n e  would  t h u s  
be  a s u m m a t i o n  of pressor  and  depressor  effects. The  
release of ca t echo lamines  b y  h i s t a m i n e  is abol i shed  b y  
a n t i h i s t a m i n e s ;  t h i s  could resu l t  in  t he  increased  max i -  
ma l  response  a f te r  a n t i h i s t a m i n e s  are given.  To t e s t  th i s  
possibi l i ty ,  3 m o n k e y s  were  g iven  a n  ~-adrenergic  block-  
ing a g e n t  (phenozybenzamine ,  2 mg/kg)  which  would 
p r e s u m a b l y  b lock  a n y  m o d u l a t i n g  effect  of ca techot -  
amines  on  t he  m a x i m a l  response.  Af te r  th i s  t r e a t m e n t ,  
t he  m a x i m a l  effect  was  increased  to 47%,  p r o v i d i n g  a 
possible  e x p l a n a t i o n  for t he  d i sc repancy  (Figure 1). 

A l t h o u g h  the  L i n e w e a v e r - B u r k e  m e t h o d  is an  excel- 
l en t  m e a n s  of d e t e r m i n i n g  t he  m a x i m a l  response  of an  
agonis t ,  t h e  va lue  of t he  d issocia t ion  cons t an t ,  w h e n  
based  on  b lood  pressure  presponses ,  is of lesser accuracy .  
The  c o n c e n t r a t i o n  of t i le d rug  in c o n t a c t  w i t h  recep tors  
m a y  be d i f fe ren t  f rom the  c o n c e n t r a t i o n  in the  c i rcu la t ing  
b lood wh ich  is a ref lec t ion of t h e  c o n c e n t r a t i o n  of the  
in j ec t an t .  The  changes  in b lood  pressure  ref lect  a com- 
pos i te  of changes  in t h e  en t i re  ca rd iovascu la r  sys t em 9. 
The  d issoc ia t ion  c o n s t a n t  be tween  a d rug  and  i ts  re- 
cep tors  m a y  be d i f fe ren t  in d i f fe ren t  tissue, hence  the  
d issoc ia t ion  c o n s t a n t  d e t e r m i n e d  f rom in v ivo  d a t a  m u s t  
be  v iewed w i t h  these  fac tors  in mind .  

12 j .  H. BUI~N and H. H. DALE, J. Physiol., Lond. 61, 185 (1926). 
la U. TRENDELENBUR% Br. J. Pharniac. 9, 481 (1954). 
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Summary. The  specific a c t i v i t y  of CAT and  A C h E  was d e t e r m i n e d  in d i f fe rent  regions of the  ch ick  e m b r y o  opt ic  lobe 
a t  severa l  s tages  of deve lopmen t .  :Regional differences  in CAT a c t i v i t y  appea red  in 9-day-old r ec tum,  be ing  the  pos tero-  
basa l  area  t he  one w i t h  h ighe r  e n z y m a t i c  ac t iv i ty .  On  the  o t h e r  hand ,  a t  6 th  and  13 th  day  of deve lopmen t ,  t he  levels 
of A C h E  and  CAT are s imi la r  t h r o u g h o u t  t he  opt ic  lobe. 

The  a v i a n  opt ic  r e c t u m  is an  excel lent  mode l  to  s t u d y  
t he  p a t t e r n  of d e v e l o p m e n t  of a ne rvous  cen te r  a n d  t he  
effect  of pe r iphe ra l  i n n e r v a t i o n  upon  its d i f fe ren t ia t ion .  
A sizable b o d y  of l i t e ra tu re ,  ga the red  ill t h e  las t  few 
years  2-4, has  p rov ided  ins igh t  in to  the  m a j o r  fea tures  
of i ts  deve lopmen t .  Thus ,  i t  is k n o w n  t h a t  severa l  phases  
of cell p ro l i fe ra t ion  a n d  m i g r a t i o n  are i n v o l v e d  in t he  
o rgan iza t i on  of i ts  precise  l a m i n a t e d  s t r u c t u r e  so t h a t ,  
b y  t he  12th  d a y  of deve lopmen t ,  all  t he  m a i n  s t r a t a  of 
t he  m a t u r e  r e c t u m  are recognizable .  A t  e v e r y  s tage  i ts  
a n t e r o - l a t e r o - v e n t r a l  po r t i on  is f u r t he r  deve loped  t h a n  
t he  caudo-dorso -media l  region.  

The  opt ic  nerve ,  w h i c h  is t he  m a i n  a f fe ren t  connec t ion  
of t he  r ec tum,  reaches  i ts  a n t e r o - v e n t r a l  base  a r o u n d  t h e  
6 th  d a y  of d e v e l o p m e n t  and  progress ively  i nvades  the  
t e c t a l  surface in a n  a n t e r o - v e n t r a l  (AV) to pos te ro-dorsa l  
(PD) sequence,  para l le l ing  t he  g r ad i en t  of morpholog ica l  
d i f f e ren t i a t ion  and  cell pro l i fe ra t ion .  Be t w een  days  12 
a n d  13 of d e v e l o p m e n t  t h e  growing f ron t  of t he  opt ic  
f ibres has  i n v a d e d  all  p a r t s  of the  t e c t u m  inc lud ing  i ts  
pos te ro-dorsa l  surface 5. 

The  p re sen t  s t u d y  ana lyzes  w h e t h e r  t he  A V - P D  wave  
of c y t o a r c h i t e c t o n i c  d i f f e ren t i a t ion  and  of s equen t i a l  in- 
g r o w t h  of r e t i na l  f ibres  across the  t ec t a l  surface is also 
para l le led  b y  a d i f fe rent ia l  e n z y m a t i c  a c t i v i t y  of the  

neu ra l  cells. For  th i s  purpose ,  t he  a c t i v i t y  of the  enzymes  
of the  chol inergic  sys tem,  chol ine  ace ty l t r ans fe ra se  (CAT) 
and  ace ty lcho l ines te rase  (ACHE) was d e t e r m i n e d  in dif- 
f e ren t  regions of t he  opt ic  lobe a t  severa l  s tages of devel-  
opmen t .  

Materials and methods. Eggs f rom a fert i le  s tock  of 
W h i t e  Leghorns  were i n c u b a t e d  a t  37~ W h e n  the  em- 
b ryos  r eached  t he  desi red s tage of deve lopmen t ,  t h e y  
were r e m o v e d  f rom the  shell  and  washed  severa l  t imes  
w i th  H a n k s  sal ine solut ion.  

Since t he  opt ic  lobe undergoes  a r o t a t i o n  of 90 ~ be- 
tween  days  7 a n d  13 of deve lopmentS ,  6, i t  is e x t r e m e l y  
i m p o r t a n t  to  def ine t he  coord ina tes  used to isolate  t he  
d i f fe rent  regions. I n  t h e  6-day-old  embryo ,  t he  r e c t u m  

1 Acknowledgments. The authors are deeply indebted to Drs R. 
ADLER, A. M. SUBURO and J. LATORRE for their critical reading 
of the manuscript. This work was supported by a grant from the 
Consejo Nacional de Investigaciones Cientificas y Tecnicas de la 
Republics Argentina. 
J. H. LA VAIL and W. M. COWAN, Brain Res. 28, 391 (1971). 

a j .  H. LA VAIL and W. M. COWAN, Brain Res. 28, 421 (1971). 
4 W. M. COWAN, A. H. MARTIN and E. WENGER, J. exp. Zool. 169, 

71 09~S). 
a S. GOLDBERG, Devl Biol. 36, 24 (1974). 
6 K. T. ROGERS, J. exp. Zool 144, 77 (1960). 


