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The Inductive  Act ion of Alcohol -Ki l led  Chick Hensen's  Node  on A m p h i b i a n  E c t o d e r m  I 

R e c e n t  s tud ies  h a v e  s h o w n  t h a t  H e n s e n ' s  node  of 
a v i a n  b l a s t o d e r m  exer t s  an  i n d u c t i v e  inf luence  on  com- 
p e t e n t  a v i a n  ec toderm,  even  w h e n  ki l led b y  a lcohol  or 
hea t .  I n  t h e  e x p e r i m e n t s  of LEIKOLA a n d  MCCALLION 3, 
ill wh ich  t he  e c t o d e r m  was cu l t u r ed  in v i t ro  for 24-28 h, 
t he  ki l led H e n s e n ' s  node  induced  neu ra l  s t ruc tu re s  w i t h  
a r e l a t ive ly  h igh  f requency .  I n  s u b s e q u e n t  e x p e r i m e n t s  
b y  VISWANATtt et  al.3, t he  ec tode rm was cu l tu red  for  
10-12 days  in ch ick  coelomic cavi ty ,  a n d  b o t h  endo-  
d e r m a l  a n d  n e u r a l  s t r u c t u r e s  were i n d u c e d ,  a l t h o u g h  
w i t h  lesser f requency .  Since H e n s e n ' s  node  is in  m a n y  
respects  comparab le ,  if no t  homologous ,  to  t he  a m p h i b i a n  
u p p e r  b l a s t o p o r a l  lip, i t  h a s  a p p e a r e d  to  us  of in t e res t  to  
a p p l y  t h e  kil led H e n s e n ' s  node  on  c o m p e t e n t  a m p h i b i a n  
ec toderm,  wh ich  is k n o w n  to  be  read i ly  i nduced  b y  dif- 
f e ren t  dead  induc to rs ,  i nc lud ing  t h e  ki l led b las to -  
pora l  lip. 

H e n s e n ' s  nodes  were  excised f rom b l a s t o d e r m s  of 
W h i t e  L e g h o r n  eggs i n c u b a t e d  a t  38~ for 1 6 - 1 8 h  
( H a m b u r g e r - H a m i l t o n  s tage  4). The  nodes  were ki l led 
b y  i m m e r s i n g  t h e m  in 70% alcohol  for  some minu tes ,  
w h e r e a f t e r  t h e y  were  r insed  t h o r o u g h l y  w i t h  Ho l t f r e t e r -  
R i n g e r  solut ion.  The  c o m p e t e n t  e c tode rm was o b t a i n e d  
f rom y o u n g  Triturus vulgaris gas t ru lae .  ' S a n d w i c h e s '  
were m a d e  w i th  t h e  kil led node  be t w een  2 pieces of ecto- 
derm,  a n d  these  e x p l a n t s  were cu l tu red  for  7-10 days  a t  
18~ in H o l t f r e t e r - R i n g e r  solut ion.  T h e y  were f ixed in 
Bou in ' s  fluid, sect ioned,  s t a i ned  w i t h  B o r a x - C a r m i n e  a n d  
P i c rob lueb l ack  a n d  e x a m i n e d  his tological ly .  

Of a t o t a l  of 25 exp lan t s ,  18 surv ived .  I n  all of t h e m  
a rchencepha l i c  s t ruc tu res ,  inc lud ing  fo reb ra in  p a r t s  and,  
more  f r equen t ly ,  eyes were found.  I n  a d d i t i o n  to  t h e m ,  
on ly  u n d i f f e r e n t i a t e d  ep idermis  and,  in some cases, more  
regu la r  ep idermis  h a d  been  formed.  H i n d b r a i n ,  sp ina l  
cord or m e s o d e r m a l  s t r u c t u r e s  were n e v e r  presen t .  

This  resu l t  i nd ica tes  t h a t  t h e  a lcohol-ki l led a v i a n  
H e n s e n ' s  node  ac t s  as a t yp i ca l  neura l i z ing  i n d u c t o r  in  
a m p h i b i a n  ec toderm.  I t s  ac t ion  is t h u s  c o m p a r a b l e  w i t h  
t h a t  of va r ious  o t h e r  he t e rogenous  indue tors ,  such  as 
l iver  or d i f fe ren t  o t h e r  h e a t - t r e a t e d  t issues,  wh ich  c o n t a i n  

on ly  a neura l i z ing  i n d u c t i v e  a g e n t  a n d  t h u s  cause on ly  
a rchencepha l i c  i nduc t ions  4. On t h e  o t h e r  hand ,  t h e  
ac t ion  of a ki l led H e n s e n ' s  node  on  c o m p e t e n t  a v i a n  
ec tode rm seems to  be  more  va r i ed  3. T h u s  i t  seems reason-  
able  to  conc lude  t h a t  t h e  u n d e t e r m i n e d  a v i a n  a n d  
a m p h i b i a n  e c t o d e r m  does n o t  r eac t  in  a s imi lar  way  if 
t he  same i n d u c t o r  is used as a p r i m a r y  tr igger.  Th i s  
conclus ion is well  in accordance  w i t h  t he  resul t s  of 
ROSTEDT ~'s, who  has  app l ied  d i f fe ren t  he t e rogenous  
i nduc to r s  on  a v i a n  b l a s t o d e r m  and  ob t a ined  i n d u c t i o n s  
t h a t  are r e m a r k a b l y  d i f fe ren t  f rom those  o b t a i n e d  ear l ier  
in a m p h i b i a n  e c t o d e r m  w i t h  t h e  same  he t e rogenous  
induc tors .  

Rdsumd. Le noeud de H e n s e n  du  b l a s t o d e r m e  du P o u l e t  
a 6t6 tu6  p a r  l 'a lcool  e t  app l iqu6  c o m m e  i n d u c t e u r  sur  
l ' e c tode rme  des gas t ru les  de Triturus vulgaris. Seules des 
s t ruc tu re s  a r chenc6pha l iques  o n t  6t6 indui tes ,  ce qu i  
ind ique  que  l ' e c tode rme  des A m p h i b i e n s  r6agi t  au m~me  
i n d u c t e u r  d ' u n e  mani~re  d i f f6rente  de celui du  Poule t .  
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R e s p o n s e s  of Res i s tance  and Capacitance Vesse l s  at Various  Frequency  Electrical  S t imulat ion  of 
S ympathe t i c  Nerves  

I t  is k n o w n  t h a t  m a x i m a l  reac t ions  of res i s tance  and  
capac i t ance  vessels are i nduced  b y  var ious  f requencies  of 
s y m p a t h e t i c  s t imu la t i on .  One group  of a u t h o r s  1 obse rved  
m a x i m a l  response  of ca t ' s  h i n d l i m b  res i s tance  vessels a t  
16 cps a n d  g rea t e s t  r eac t ions  of capac i t ance  vessels in  t h e  
same  p r e p a r a t i o n  a t  6 cps. T he  o the r  g roup  of au thors2 ,  
in  e x p e r i m e n t s  on  dogs, n o t e d  t h e  same va lue  of changes  
a t  10-20 cps for r es i s t ance  vessels and  a t  10 cps for 
c apac i t ance  vessels.  I t  was  also shown 3 t h a t  m a x i m a l  
changes  of capac i t ance  vessels in  the  skill  of h i n d l i m b s  
arose a t  15-20 cps. I t  shou ld  be  stressed,  however ,  t h a t  
t h e  resu l t s  n o t e d  a b o v e  were  obse rved  in e x p e r i m e n t s  on  
h i n d l i m b  p r epa ra t i on ,  a n d  i t  was  no t  qu i t e  clear  w h e t h e r  
t h e  p a r a m e t e r s  were of equa l  va lue  for all  va scu la r  zones 
or w h e t h e r  the  i n d u c t i o n  of m a x i m a l  r eac t ions  in each  of 
t h e m  needed  p a r t i c u l a r  f requencies ,  The  purpose  of th i s  
work  was to e luc ida te  t h e  o p t i m a l  f r equency  p a r a m e t e r s  
for i nduc ing  m a x i m a l  r eac t ions  of res i s tance  a n d  capaci-  

t ance  vessels of b r a i n  and  lungs,  as c o m p a r e d  to r eac t ions  
of res i s tance  a n d  capac i t ance  vessels s i t u a t e d  below t h e  
a b d o m i n a l  a o r t a  b i furca t ion .  

Technique. E x p e r i m e n t s  were pe r fo rmed  on ca ts  (49) 
anaes the t i z ed  w i t h  u r e t h a n e  (1 g/kg). R e a c t i o n s  of resist-  
ance  vessels were  ident i f ied  b y  t he  changes  of per fus ion  
pressure  a n d  r eac t ions  of capac i t ance  vessels b y  t he  va lue  
of m a x i m a l  o u t p u t  or s to r ing  of blood. A vascu la r  zone 
u n d e r  i n v e s t i g a t i o n  was per fused  b y  m e a n s  of a c o n s t a n t  
b lood flow p u m p .  Venous  ou t f low f rom th i s  zone was  
d i rec ted  in to  t he  m e a s u r i n g  cy l inder  f rom which  t he  b lood  
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was re tu rned  in to  the  venous  sys t em of the  an imal  by  
the  second canal  of perfus ion pump4,5. The efficiency of 
b o t h  perfus ion p u m p s  being cons tan t ,  changes  of pressure  
in the  ar ter ial  pa r t  of the  vascular  zone ref lected react ions  
of res is tance vessels, while changes  of the  venous  outf low 
ref lected the  react ions  of capac i tance  vessels. 

W h e n  react ions  of cerebral  vessels were s tudied,  the  
influence of ex t racran ia l  vessels and  sys temic  ar ter ial  
pressure  was precluded.  The blood f rom the  bra in  was 
f lowing out  t h rough  v.v.  jugularis  and  th rough  the  arti-  
ficially made  hole in the  t ransversa l  sinus, o the r  ways  of 
blood out f low being closed. Cervical s y m p a t h e t i c  chains  
were divided,  the i r  cranial  ends  being s t imula ted  below 
the  super ior  cervical  s y m p a t h e t i c  ganglions.  

The react ions  of the  p u l m o n a r y  vessels were s tudied  on 
cats  wi th  t he  t ho rax  opened  under  artificial  brea th ing .  
Vascular  reac t ions  were observed af ter  the  electrical  
s t imula t ion  of the  left  s te l la te  ganglion. Reac t ions  of 
vessels s i tua ted  below the  abdomina l  aor ta  b i furca t ion  
were s tudied  af ter  s imul taneous  s t imula t ion  of per iphera l  
ends  of cu t  s y m p a t h e t i c  chains  on the  level of the  5-6 
lumbar  segments .  

Electr ical  nerve  s t imula t ion  was per fo rmed  wi th  a 
rec tangular  wave  s t imula tor .  The p a r a m e t e r s  of s t imu-  
la t ion were the  following: vol tage  3-15 V; impulse 
durat ion,  5 msec;  f requencies  vary ing  f rom 3-50 cps. 

Results.  St imula t ion  of cervical  s y m p a t h e t i c  nerves  was 
followed in all 16 expe r imen t s  by  an increase of perfusion 
pressure  in cerebral  vessels. The m a g n i t u d e  of these  
react ions  rose as the  f requency  of impulses  was increased 
f rom 3-30 imp. /sec  (Figure 1, r). F u r t h e r  rise of impulse  
f requency  was accompanied  by  a decrease of reac t ion  
m a g n i t u d e  shown by  cerebral  res is tance  vessels. The in- 
crease of blood o u t p u t  f rom the  venous  pa r t  of cerebral  
vascular  bed  af ter  s t imula t ion  of cervical  s y m p a t h e t i c  
chains  was max ima l  a t  f requency  of 10 cps and  decreased 
when  a fu r the r  increase of impulse  f requency  up to  
50 cps was caused (Figure 1, c). In  42% of expe r imen t s  
t he  increased blood o u t p u t  was followed by  a s tor ing of 
blood wi th  average dura t ion  of 7.7 rain. Differences 
re la ted  to the  course of reac t ion  be tween  res is tance and 
capac i tance  vessels were noted,  too. Reac t ions  of cerebral  
res is tance vessels had  response  l a tency  of 1.6 ~_ 0.2 sec 
and react ions  of cerebral  capaci tance  vessels 3.7 -~ 0.3 sec. 
The react ions  of res is tance vessels reached the i r  h ighes t  
po in t  af ter  28.0 4- 1.3 see; in contras t ,  venous  o u t p u t  
reached  its m a x i m u m  only af ter  19.0 ~ 1.8 sec. 

As a resul t  of the  left  s tel late  gangl ion s t imula t ion  
(8 animals),  the  increase of pcrfus ion pressure  in vessels 
of the  left lower lung lobe was observed  in 77 cases (81%), 
the  perfus ion pressure  decreased in 5 ins tances  (53%) and  
showed no changes  in 13 (13.7%). The m a x i m a l  perfus ion 
pressure  increase was observed at  the  50 cps s t imula t ion  
(Figure 2, r);  however  in all expe r imen t s  m a x i m a l  value 
of perfus ion pressure  increase was  no t  h igher  t h a n  
3.1 m m  Hg. Venous  outf low f rom the  same p u l m o n a r y  
lobe decreased in 79 ins tances  (96.4%) and  was unchanged  
in 3. The max ima l  value of the  s tor ing of blood in pul- 
m o n a r y  vessels was observed at  40 cps f requency,  while 
a decrease or increase of f requencies  caused capac i tance  
vessel reac t ions  of less magn i tude  (Figure 2, c). 

Response  la tency  for p u l m o n a r y  res is tance  vessels was 
equal  to  3.4 :~ 0.3 sec, of capac i tance  to 1.3 ~ 0.2 sec. 

React ions  of res is tance vessels s i tua ted  below the  
abdomina l  aor ta  b i furca t ion  in response  to  the  s y m p a t h -  

4 W. J. RASHKIND, D. H. LEWIS, J. B. HENDERSON, D. F. HEIMAN 
and R. B. DIETRICK, Am. J. Physiol. 773, 415 (1953). 

5 D. P. DVORETSK'Z, Fiziol. Zh. SSSR 53, 543 (1967). 
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Fig. 2. Reactions of resistance (r) and capacitance (c) vessels of the 
lower puhnonary lobe at various frequency of stimulation of the left 
stellate ganglion (values averaged from 8 experiments). On the 
abscissa, iinp./sec; on the ordinate, above the abscissa, changes of 
perfusion pressure, under the abscissa, values of decreasing of blood 
outflow from the puhnonary veins. 
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Fig. 1. Reactions of resistance (r) and capacitance (c) cerebral vessels 
at the different frequencies of electrical stimulation of cranial ends 
of cervical sympathetic chains (values averaged from 16 experiments). 
On the abscissa, imp./sec; on the ordinate, scale in mm Hg, changes 
of perfusion pressure, scale in ml, values of venous blood output. 
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below the abdominal aorta bifurcation at the various frequencies 
of stimulation of lumbar sympathetic chain (values averaged from 
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et ic  s t i m u l a t i o n  were cons t r ic t ive .  I n  all  e x p e r i m e n t s  (25), 
t he  g rea te r  t he  s t i m u l a t i o n  f r equency  (ill r ange  f rom 
6-50 cps), t he  g rea te r  t he  m a g n i t u d e  of res i s tance  vessel  
r eac t ions  in  th i s  vascu la r  zone (Figure 3, r). Capac i t ance  
vessel  r eac t ions  were obse rved  t h r o u g h  t he  whole  r ange  
of f requencies  used. T he  m a x i m a l  va lue  of these  vessel  
r eac t ions  t o o k  place a t  t he  f r equency  of 20 cps, f u r t h e r  
increase  of f r equency  led to a lesser m a g n i t u d e  of vascu la r  
r eac t ions  (Figure  3, c). Response  l a t ency  for  res i s tance  
vessels a m o u n t e d  to  2.2 ~ 0.5 sec and  5.0 • 0.6 sec for 
capac i tance .  

The  g rea t  i nd iv idua l  v a r i a b i l i t y  of r es i s t ance  and  
capac i t ance  vessel  r eac t ions  ill d i f fe ren t  a n i m a l  sub jec t s  
a t  t he  same  p a r a m e t e r s  of e lectr ical  s t i m u l a t i o n  should  
be  noted ,  too. T h u s  u n d e r  s t i m u l a t i o n  of l u m b a r  s y m p a t h -  
et ic  ne rves  w i th  t he  f r equency  of 15 cps, t he  per fus ion  
pressure  increased  b y  6 m m  H g  w i t h  one a n i m a l  a n d  b y  
66 m m  H g  w i t h  ano the r ,  v e n o u s  o u t p u t  a t  t he  same  
f r equency  was 1.4 ml  ill one case and  5.6 ml  in t h e  o ther .  

Resu l t s  of e x p e r i m e n t s  showed  t h a t  t he re  is a g rea t  
di f ference b e t w e e n  f requencies  of s t imula t ion ,  i nduc ing  
m a x i m a l  r eac t ions  of res i s tance  and  capac i t ance  vessels 
for va r ious  va scu l a r  zones. 

Conclusion. (1) T he  m a x i m a l  reac t ions  of cerebra l  
res i s tance  vessels arise a t  t he  s t i m u l a t i o n  f r equency  of 
30 cps, t he  m a x i m a l  reac t ions  of capac i t ance  vessels a t  

t he  f r equency  of 10 cps. (2) Reac t i ons  of res i s tance  vessels 
in  t he  p u l m o n a r y  lobe increase  in t he  r ange  of s t i m u l a t i o n  
f requencies  f rom 11-50 cps, m a x i m a l  reac t ions  of pul-  
m o n a r y  capac i t ance  vessels are obse rved  a t  the  f r equency  
of 30-40 cps. (3) Reac t i ons  of res i s tance  vessels  s i t ua t ed  
below the  a b d o m i n a l  a o r t a  b i fu r ca t i on  increase  progres-  
s ively in t he  r ange  of f requencies  f rom 6-50 cps, t h e  
m a g n i t u d e  of capac i t ance  vessel  r eac t ion  reach ing  i ts  
m a x i m u m  va lue  a t  20 cps. 

BblB0~IbI. MaKCHMa~IbHble peaKIIHH pe3HCTHBHblX c0cy~IOB 
M03ra B03HHKaIOT FIpH qaCTOTe CTHMMJI~IILHH 30 HMFI/CeK, 
eMK0CTHblX - l0  HMII/CeK. PeaKIIHH pe3HCTHBHblX c0cy~IOB 
~erI<OFO 14 pacrI0~I0>I<eHHblX HH>I<e 6HdpypKatIHH 6pmmHO~ 
a0pTbI yBeJIHqHBaIOTC~I IIpH HapaCTaHHH qaCTOTbI CTHMyJI~II~HH 
~10 50 HMH/CeK. MaKcHMa~bHI, Ie peaKHHH eMK0CTHblX c0cy~10B 
~IerK0ro Ha6Jl~la~Hcb rlpH qaCTOTe 30-40 HMH/ceK, c0cy~10B 
pacn0n0~<eHHblX nn~<e 5Hqbyp~aaHH a0pTbl np~i 20 Hmn/ce~. 
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Inf luence  of s o m e  T h i a m i n e  A n t a g o n i s t s  on  Frog  

Accord ing  to  YON MURALT a n d  ZOTTERMAN 1, a c rude  
e x t r a c t  of ca rp  in t e s t ine  c o n t a i n i n g  a t h i aminase ,  s t rong ly  
i nh ib i t s  t he  response  of t a s t e  recep tors  to  chemica l  s t imul i  
w h e n  appl ied  to t he  surface  of t he  frog tongue .  As a resu l t  
t h i a m i n e  (T) has  been  he ld  to be  d i rec t ly  i nvo lved  in 
r ecep to r  ac t iv i ty .  

I n  o rder  to  o b t a i n  more  conclus ive  ev idence  for th i s  
hypo thes i s ,  we h a v e  i nves t i ga t ed  t he  inf luence  on  t a s t e  
recep tors  of o the r  a n t a g o n i s t s  of T like p y r i t h i a m i n e  (PT) 
a n d  o x y t h i a m i n e  (OT). 

The  a d v a n t a g e  of P T  a n d  OT over  t h i a m i n a s e  p repa ra -  
t ions  is t h a t  t he  fo rmer  are  pu re  c o m p o u n d s  whi l s t  t he  
l a t t e r  m a y  con t a i n  severa l  in t e r fe r r ing  subs tances .  

I n  a f i rs t  se t  of e x p e r i m e n t s  car r ied  o u t  on  i so la ted  frog 
t o n g u e  p repa ra t ions ,  PT,  e i the r  appl ied  to  the  t o n g u e  
surface or  infused in t ra -a r t e r i a l ly ,  p roduced  on ly  a s l ight  
and  t r a n s i e n t  decrease  of r ecep to r  response  to  chemica l  
s t imul i  2. However ,  t i le i so la ted  frog t o n g u e  is no t  a n  
a p p r o p r i a t e  p r e p a r a t i o n  for t e s t i n g  t he  ac t ion  of com- 
pe t i t i ve  i nh ib i t o r s  l ike P T  a n d  OT, because  n o r m a l  
exc i t ab i l i t y  of t he  t a s t e  recep tors  is m a i n t a i n e d  on ly  for  
15-20 rain  a f t e r  i n t e r r u p t i o n  of t he  b lood  supply  

B e t t e r  e x p e r i m e n t a l  cond i t ions  were o b t a i n e d  w i t h  frog 
t o n g u e  p r e p a r a t i o n s  i n t r a - a r t e r i a l l y  per fused  w i t h  oxygen-  
a t ed  t y r o d e  solut ion.  

U n d e r  these  e x p e r i m e n t a l  condi t ions ,  the  recep tors  
m a i n t a i n  t h e i r  response  to s t a n d a r d  chemica l  s t imul i  un-  
c h a n g e d  over  a per iod of severa l  h o u r s  F u r t h e r m o r e ,  b y  
th i s  t e c h n i q u e  i t  is possible  to  add  t he  t h i a m i n e  an t ago-  
n i s t s  in  k n o w n  c o n c e n t r a t i o n s  to  t h e  per fus ion  m e d i u m  
and  to  assure  t h e i r  i n t i m a t ~  c o n t a c t  w i t h  the  recep tors  
for t he  desi red l eng th  of t ime.  

All t h e  f rog 's  t o n g u e  p r e p a r a t i o n s  were pe r fused  t h r o u g h  
t h e  l ingual  a r t e ry  for  30 m i n  w i t h  a m p h i b i a n  ty rode  
solut ions ,  so t h a t  t h e y  m i g h t  ach ieve  equ i l ib r ium u n d e r  
t he  new condi t ions .  

Tas te  R e c e p t o r s  

After  30 rain  e i the r  P T  or OT was added  to  t he  per fus ing  
med ium.  Recep to r  response  was t e s t ed  e v e r y  15 min  b y  
app ly ing  a so lu t ion  of CaCI~ c o n t a i n i n g  0.75 • 10-4M/1 
Ca ++ to  t h e  surface  of t he  t o n g u e  for  30 sec. 

The  ac t ion  p o t e n t i a l s  were p icked  up  f rom one of t he  
g lossopharyngea l  ne rves  w i t h  a su i t ab l e  p ipe t te ,  m o n i t o r e d  
on  a T e k t r o n i x  c a t h o d e - r a y  oscil loscope a n d  coun ted  on  
a n  e lect ronic  scaler.  The  per fus ion  t e c h n i q u e  and  t he  
record ing  a s sembly  used in these  e x p e r i m e n t s  h a v e  been  
descr ibed e lsewhere  8A. 

Fou r  g roups  of e x p e r i m e n t s  were car r ied  ou t  to  assay  
the effect  of P T  on  t a s t e  receptors .  The  f i rs t  group of 
t ongue  p r e p a r a t i o n s  was per fused  w i t h  p la in  t y r o d e  
solut ion.  In  t he  o t h e r  3 groups,  PT,  T and  P T  + T 
respec t ive ly  were added  to t he  per fus ing  med ium.  The  
c o n c e n t r a t i o n  of each  ac t ive  c o m p o u n d  in t he  m e d i u m  
was a lways  1.2 x 10-4M.  

Three  s epa ra t e  groups  of e x p e r i m e n t s  were  carr ied o u t  
to  s t u d y  t he  effect  of OT on frog t o n g u e  p repa ra t ions .  I n  
1 se t  of e x p e r i m e n t s  OT was pe r fused  a t  a c o n c e n t r a t i o n  
of 2.6 • 10-4M,  in t h e  o t h e r  t he  c o n c e n t r a t i o n  was higher ,  
5.3 • 10-4M.  The  OT response  was c o m p a r e d  w i th  a 
s e p a r a t e  g roup  of con t ro l  p repa ra t ions .  F o r  each t r ea t -  
m e n t  8 e x p e r i m e n t s  were car r ied  out .  

I n  F igure  1 t h e  a c t i v i t y  of t he  t a s t e  receptors ,  recorded 
du r ing  per fus ion  in our  expe r imen t s ,  is r epo r t ed  as a 
p e r c e n t a g e  of t he  ave rage  recep to r  response  ob t a ined  for  
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