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h a d  2 smal l  aper tu res ,  one used to a c c o m m o d a t e  t he  
p o l y v i n y l  p las t ic  t u b i n g  b y  wh ich  t he  gas m i x t u r e s  were 
del ivered,  the  o the r  used to pass  t he  ECG leads f rom the  
a n i m a l  to  t he  p o l y g r a p h  a n d  to al low for c o n t i n u o u s  f lush-  
ing and  exchange  of gases. Gas was al lowed to flow a t  
4 l /rain,  p e r m i t t i n g  comple te  equ i l ib ra t ion  of t he  gas in the  
box  wi th in  1 min  of swi tch ing  to  a new gas mix tu re .  Oxy-  
gen  c o n t e n t  of t he  gas mix tu re ,  de l ivered  f rom cyl inders  
of O2 and  N2 b y  an  a d j u s t a b l e  mul t ip le  flow meter ,  was 
con t i nuous ly  m o n i t o r e d  by  a B e c k m a n  model  E2 Oxygen  
Analyzer ,  a l lowing con t ro l  of the  02 c o n c e n t r a t i o n  to 
w i t h i n  0.5%. 
In i t ia l ly ,  compressed  air  was al lowed to flow for a t  leas t  
15 min  to p e r m i t  a t t a i n m e n t  of a s teady,  basa l  HR.  A t  
t he  desired t ime,  de l ive ry  of t he  e x p e r i m e n t a l  gas was 
s t a r t e d  and  m a i n t a i n e d  a t  21% (20.6 • 0 .5%) 02 for a 
15 m i n  con t ro l  period,  t h e n  changed  to  10.0 • 0.5% 
02 for 5 min,  and  f ina l ly  r e t u r n e d  to 21% 02 for a 10 min  
r ecove ry  per iod.  T h r o u g h o u t ,  H R  was s am p l ed  a t  i/2- 
min- in te rva l s .  To t e s t  t he  effects of b lock ing  drugs,  e i the r  
0.5 ml  0.9% NaC1 alone, or 0.2 m g  a t rop ine  sul fa te  or 
5.0 mg  p roprano lo l  hyd roch lo r ide  ( Inderal ,  Ayers t )  dis- 
so lved  in 0.5 ml  0 .9% NaC1, was  in jec ted  i.p. An ima l s  
were t h e n  placed in the  boxes  and,  a f te r  15 m i n  to al low 
s t ab i l i za t ion  of HR,  t he  15 min  con t ro l  per iod  w i t h  21% 
02 was begun.  ( In  p r e l i m i n a r y  tests ,  0.2 mg  a t rop ine  
b locked  for a t  leas t  1 h t he  b r a d y c a r d i a  p roduced  in a 
p e n t o b a r b i t a l - a n e s t h e t i z e d  400 g r a t  b y  s t i m u l a t i o n  of t he  
r i gh t  vagus  w i t h  s q u a r e w a v e  impulses  a t  15 Hz, 2 msec 
du ra t ion ,  8 V. 5.0 m g  p roprano lo l  b locked t he  t a c h y c a r d i c  
effect  of 0.125 btg i sopro te renol  [Isuprel ,  W i n t h r o p ]  g iven  
i.v.) The  order  of a d m i n i s t r a t i o n  of d rugs  was r a n d o m i z e d  
a m o n g  the  animals ,  and  a n  in t e rva l  of a t  leas t  2 days  was 
a l lowed b e t w e e n  d rug  t r i a l s  on  each  an imal .  
24 t r ia ls  of h y p o x i a  were conduc t ed  on the  u n t r e a t e d  rats ,  
i.e. 5 t r ia ls  on each  of 4 animals ,  4 t r ia l s  on one. In  ad-  
d i t ion ,  5 t r ia ls  on each  of the  5 an inmls  were c o n d u c t e t  
w i th  0.9% NaC1 inject ion,  and  4 t r ia ls  per  a n i m a l  were 
m a d e  w i th  each  of the  b lock ing  drugs.  Analys i s  of va r i ance  
of t he  d a t a  o b t a i n e d  d u r i n g  cont ro l  per iods  ind ica t ed  t h a t  
t he  va r i ances  a m o n g  an ima l s  were no t  s ignif icant ,  i.e. 
p > 0.25. Hence,  H R s  m e a s u r e d  in the  20-25 t r ia l s  for 
each  sample  poin t ,  i.e. a t  each  x/2-min-interval ,  were 
pooled and  r epo r t ed  as a m e a n  va lue  for t h a t  po in t  plus  
or minus  the  s t a n d a r d  er ror  of t he  mean .  
Results (figure). In  the  u n t r e a t e d  rats ,  H R  ave raged  330 
b e a t s  per  m in  (bpm) du r ing  the  l a t t e r  p a r t  of the  con t ro l  
per iod  (21% 02). H R  began  to rise w i t h i n  1/2 m i n  f rom the  
onse t  of a d m i n i s t r a t i o n  of 10% 0 2, and  a t t a i n e d  a max i -  

mum,  s t e a d y  level  a r o u n d  415 b p m  a t  a b o u t  3 rain.  On re- 
s u m p t i o n  of 21% 02, H R  fell to  i ts  con t ro l  level  w i t h i n  
3 min.  I n j e c t i o n  of sal ine increased  res t ing  H R  b y  10-15 
bpm,  b u t  d id  n o t  af fec t  t h e  p a t t e r n  of response  to  hypox ia .  
F r o m  a level  of 340 bpm,  H R  rose s tead i ly  to  a p e a k  of 
420 b p m  a f t e r  3 m in  of exposure  to  10% 02. W h e n  10% 
02 was rep laced  b y  21% 02, H R  r e t u r n e d  to i ts  r e s t ing  
level in  a b o u t  3 min.  A t rop ine  ra ised  the  r e s t ing  H R  to  
420-440 bpm.  H R  increased  s tead i ly  in response  to 10% 
02, peak ing  a f t e r  3 m in  a t  470-480 bpm.  W h e n  21% 02 
was r e sumed  HIR decreased  to i ts  p rev ious  res t ing  level  
in a b o u t  2 min.  I t  t h e n  c o n t i n u e d  to decrease  s l ight ly ,  
s tab i l iz ing  a t  390-410 bpm.  P rop rano lo l  lowered r e s t i ng  
H R  to a p p r o x i m a t e l y  300 b p m  a n d  g rea t ly  modif ied  t he  
response  to  10% 02. H R  rose t r a n s i e n t l y  b y  15 b p m  for 
t he  f irst  1 2 m i n  of exposure ,  t h e n  decreased g r a d u a l l y  to  
i ts  res t ing  level  where  i t  r ema ined .  On r e s u m p t i o n  of 21% 
02 H R  fell to  a b o u t  270 b p m  in t he  f irst  m i n u t e ;  i t  t h e n  
g radua l ly  inc reased  a n d  s tab i l ized  a t  t he  p r ev ious  r e s t i ng  
level. 
Discussion. The  fac t  t h a t  a t r o p i n e  m a r k e d l y  ra ised  the  
res t ing  h e a r t  r a t e  (HR) implies  a fa i r ly  h igh  degree  of 
vaga l  tone  in t he  n o r m a l  res t ing  animal .  The  r e d u c t i o n  in 
t he  abso lu te  m a g n i t u d e  of t a c h y c a r d i a  in response  to 
h y p o x i a  ( m a x i m u m  m e a n  increase  of 60 b p m  w i t h  a t ro -  
pine vs. 80 b p m  w i t h  saline) p r o b a b l y  ind ica tes  t h a t ,  
s t a r t i ng  f rom a g rea t ly  e l eva ted  level, H R  was a p p r o a c h -  
ing an  u p p e r  l imi t  w h e n  i t  increased  to 480 b p m  in re- 
sponse  to hypox ia .  The  fai lure  of a t rop ine  to a l t e r  qua l i t a -  
t i ve ly  the  hypox i c  t a c h y c a r d i a  s t rong ly  ind ica tes  t h a t  
i nh ib i t i on  of vaga l  t one  p lays  l i t t le  role in  the  response.  
The  decrease  in res t ing  H R  fol lowing in jec t ion  of pro-  
p rano lo l  suggests  some be t a - ad rene rg i c  con t ro l  of t he  
h e a r t  in  t he  n o r m a l  res t ing  ra t .  Since p rop rano lo l  essen-  
t ia l ly  b locked  t he  hypox ic  t a chyca rd i a ,  t h i s  response  is 
a p p a r e n t l y  due  a l m o s t  en t i r e ly  to  be t a - ad rene rg i c  s t im-  
u la t ion  (cardiac  s y m p a t h e t i c  i n n e r v a t i o n  and  c i rcu la t ing  
ca techolamines) .  The  t r a n s i e n c y  of the  s l ight  t a c h y c a r d i a  
a t  the  beg inn ing  of the  per iod  of h y p o x i a  suggests  t h a t  i t  
differs f rom the  n o r m a l  t a c h y c a r d i c  response.  As th i s  
s l ight  rise in H R  d i s appea red  d u r i n g  c o n t i n u e d  exposure  
to  10% 02 , t he  poss ib i l i ty  of incomple te  b lock  of t he  
adrenerg ic  recep tors  b y  the  p roprano lo l  is unl ikely .  No 
r e a d y  e x p l a n a t i o n  for t he  p o s t - h y p o x i c  b r a d y c a r d i a  in 
t he  p r o p r a n o l o l - t r e a t e d  an ima l s  is a t  hand ,  b u t  m e d i a t i o n  
of the  b r a d y c a r d i a  b y  a b a r o r e c e p t o r  ref lex m a y  be  ru led  
ou t  since p r e l i m i n a r y  u n p u b l i s h e d  obse rva t i ons  i nd ica t e  
t h a t  a r t e r i a l  p ressure  does n o t  rise in  response  to  h y p o x i a  
in  u n t r e a t e d  or p rop rano lo l -b locked  ra ts .  
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Summary. The  m a j o r i t y  of the  s imple  cells in a rea  18 of the  ca t ' s  v i sua l  co r t ex  gave  pu re  t r a n s i e n t  responses  to  f l ash ing  
slits of l ight.  A few simple cells gave  sus ta ined  responses  to  s t a t i o n a r y  sli ts of l ight .  All  of t he  complex  cells e n c o u n t e r e d  
gave  t r a n s i e n t  responses.  

Neurophys io log ica l  i nves t iga t ions  of t he  r ecep t ive  field 
p roper t i e s  of the  re lay  ceils in  the  l a t e ra l  gen icu la te  
nuc leus  (LGN) of t he  ca t  h a v e  revea led  2 m a j o r  g roups  of 
cells, X or ' su s t a ined '  a n d  Y or ' t r a n s i e n t '  cells 2-~. I k e d a  
and  W r i g h t  6 h a v e  classified cells in area  17 of t he  v i sua l  
co r t ex  as ' su s t a ined '  or ' t r a n s i e n t '  a n d  r epo r t ed  t h a t  t h e  
' s u s t a i n e d / t r a n s i e n t '  c lass i f icat ion is i n d e p e n d e n t  of t he  
' s imple /complex '  classif icat ion.  
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I t  is well  e s t a b l i s h e d  t h a t  t h e  p e r i s t r i a t e  a r ea  18 rece ives  a 
d i rec t  i n p u t  f r o m  the  L G N  ~ 14. A t  l eas t  t he  m a j o r i t y  of 
t h e  s imple  a n d  c o m p l e x  ceils in a r ea  18 were  m o n o s y n -  
ap t i ca l l y  exc i t ed  b y  e lect r ical  s t i m u l a t i o n  in t h e  
L G N  3,15,16. Moreover ,  t h e  a x o n s  r e a c h i n g  a r ea  18 f r o m  
the  L G ~  be long  e x c l u s i v e l y  to  Y-cells  5, 16. There fore ,  i t  is 
e x p e c t e d  t h a t  t h e  m a j o r i t y  of t h e  s imple  a n d  c o m p l e x  

cells in a r ea  18 w o u l d  be classif ied as  ' t r a n s i e n t '  cells. T h e  
a i m  of t h e  p r e s e n t  p a p e r  is to  check  t h e  a b o v e  p red ic t ion .  
Material  and methods. 12 a d u l t  c a t s  we igh ing  2.5-3.5 kg  
were  used .  C a n n u l a t i o n s  of t h e  t r a c h e a  a n d  the  r i g h t  
cepha l ic  ve in  a n d  c r a n i o t o m y  Were p e r f o r m e d  u n d e r  
f l u o t h a n e  (2 .5 -3 .5%)  anes thes i a .  E a r s  a n d  w o u n d l i p s  
were  loca l ly  a n e s t h e t i z e d  w i t h  1~ xyloca ine .  To p r e v e n t  
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Classification of cortical cells in area 18 into 3 types. Average response histograms were obtained from 'simple-transient' (S-T), 'simple-sus- 
tained' (S-S), and 'colnplex-transient' (C-T) cortical cells. Each histogram was obtained using a flashing stationary slit of light, optimally 
oriented and placed in the position indicated in the receptive field (RF) profile, and was collected over 20 presentations of the slit of light. 
Horizontal bar below each histogram: presentation of a slit of light for 5 see. Arrows: spontaneous firing rate. Slit dimensions: 15 ~ • 0.6 ~ 
in A, and 15 ~ • 1.5 ~ in B and C. Receptive field location from the vertical meridian and from the horizontal meridian: 14 ~ lateral and 20 ~ 
below in A, 20 ~ lateral arid 20 ~ below in B and 10 ~ lateral and 25 ~ below in C. Receptive field profiles were obtained from the responses to 
a slit of light. Ordinate: peak evoked response (spikes/s). Abscissa: distance across the receptive field at right angles to the prefered orien- 
tation. Open circles: on response. Filled circles: off-response. 
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eye movemen t ,  the  an imal  was para lyzed  wi th  a con- 
t inuous perfusion of gal lamine t r ie th iodide  (6 mg/kg  
per  h) and  d - tubocura l ine  (1 mg/kg  per  h). The animal  
was art if icially ven t i l a t ed  wi th  70% N~O and 30% O~ 
wi th  addi t ional  f luothane  0.5%. The body  t e m p e r a t u r e  
was ma in ta ined  a t  37-38~ by  a the rmos ta t i ca l ly  con- 
trolled hea t ing  blanket .  
The animal  was fixed in a Bishop t y p e  s te reotaxic  ap- 
pa ra tus  facing a 114 cm t a n g e n t  screen wi th  a luminance  
of app rox ima te ly  10 cd /m 2. The pupils  were di la ted by  
applying  t rop icamid  and pheny lepher ine  chloride (Mi- 
dorin, San ten  Chemical). A pair  of c o n t a n t  lenses were 
selected f rom a family  of lenses p repa red  in 1/s d iop te r  
steps,  so t h a t  the  re t ina  was focussed on the  screen using 
direct  pro jec t ion  me thod  17. F r o m  the  posi t ion of the  bl ind 
spots  p ro jec ted  by  the  me thod ,  the  area central is  of each 
eye was marked  on the  screen using the  d a t a  of Vakkur  
et  al. is. A slit of l ight  of ad jus tab le  d imensions  and 
or ien ta t ion  was pro jec ted  on the  screen. I t  could be 
moved  back and for th  by  a pair  of mirrors  a t t a ch ed  to 
moving  coil ga lvanometers .  A mechanica l  shut ter ,  opera ted  
electrically, was employed  for f lashing the  slit  of l ight.  
The in t ens i ty  of the  slit of l ight  was  abou t  60 cd /m ~. 
Single uni ts  were recorded extracel lu lar ly  by  a glass- 
coa ted  tungs t en  microelec t rode  inser ted  t h rough  the  
dura  mat te r .  The t reph ine  hole in the  c ran ium was sealed 
wi th  soft  bone wax  to minimize  brain  movemen t .  Once a 
uni t  was isolated, its op t imal  o r ien ta t ion  was de te rmined  
using slits of l ight  moved  in a d i rect ion perpendicu la r  to 
the  sli t 's  or ienta t ion.  Thereaf ter ,  a f lashing slit of l ight,  
or iented parallel  to the  recept ive  field or ienta t ion,  was 
used for the  s t imulus.  Average  response h i s tog rams  (bin 
wid th  = 10 ms) were ob ta ined  over  20 p resen ta t ions  of 
this  st imulus.  The spon taneous  firing of a uni t  was also 
collected wi th  background  i l luminat ion alone. The aver-  
age response of the  uni t  was compared  wi th  the  spon- 
taneous  firing, in order  to classify the  uni t  as ' sus ta ined '  
or ' t r ans ien t ' .  
Recept ive  fields were also classified as simple or complex  
cells according to the  cr i ter ia  set  by  Hubel  and Wiese119, 20 
We considered therefore  as simple cells only those  
or ien ta t ion  specific units  whose recept ive  fields could be 
subdivided into spat ia l ly  d i s t inc t  on- and off-areas,  and 
whose responses  were max ima l  wi th  s t imuli  filling an en- 
tire on- or off-area. We considered as complex  cells those  
or ien ta t ion  specific cells which  e i ther  did no t  show a 
separa t ion  of the  recept ive  field into exc i t a to ry  areas, or 
which did no t  show s u m m a t i o n  of the  s t imulus  effect  over  
such separa te  areas. 
Results  and  discussion.  All uni ts  were recorded f rom an 
area wi th in  Hors ley  Clarke coordina tes  anter ior  3-5 and 
lateral  4 5 mm, in order  to avoid the  border  be tween  
area 17 and 18. And  also to  avoid recording f rom the  
upper  bank  of the  supra-splenia l  sulcus, electrodes were 
advanced  up to 2 m m  from the  cort ical  surface. Most  
uni ts  of the  sample  had  the i r  recept ive  fields located 
7-20 ~ lateral  f rom the  ver t ica l  mer id ian  and  8-25 ~ below 
the  hor izonta l  meridian.  We have  always checked up on 
the  m a t t e r  t h a t  recept ive  fields of uni ts  recorded f rom an 
area wi th in  lateral  3 and an te r ior  3-5 m m  were located 
nearer  to  the  ver t ical  mer id ian  t h a n  those of the  sampled 
units.  The cells of the sample  were actual ly  reg is t ra ted  
in area 18. 
We observed 3 charac ter i s t ic  t ypes  of responses  to flash- 
ing slits of l ight wi th in  recept ive  fields. These are shown 
in average response  h i s tograms  of the  figure, wi th  arrows 
to indicate  the  mean  spon taneous  firing ra te  of the  unit .  
The first  t ype  of the  uni t  is i l lus t ra ted by  the  h i s tograms  
in the  figure A. I t  gave a t r ans i en t  response to a f lashing 
slit of light. After  the  t r ans i en t  response,  the  firing ra te  

immed ia t e ly  fell to the  spon taneous  level. The  recept ive  
field was subdiv ided  into spat ia l ly  d i s t inc t  on- and  off- 
areas.  
The second t y p e  of the  uni t  is i l lus t ra ted  b y  the  histo-, 
g rams  in the  figure B. I t  had  a recept ive  field profile 
s imilar  to the  f i rs t  type .  I t  gave a sus ta ined  response  to  a 
slit  of l ight  wi th in  on-area.  The response  remained  more  
t h a n  t0  spikes/sec above  the  spon taneous  ra te  af ter  5 sec. 
W i t h i n  off-area, th is  uni t  gave a t r ans i en t  response  to 
off-s t imulus of the  slit  of light. 
The th i rd  t y p e  of the  uni t  is i l ius t ra ted  by  the  h i s tog rams  
in the  figure, C. I t  gave a t r ans i en t  response  to b o t h  on- 
and  off-s t imuli  of a sl i t  of l ight  wi th in  its recep t ive  field. 
The first  and  second types  were classified as simple ceils, 
and  the  th i rd  as complex  cells. Of 137 uni ts  encountered ,  
42 were simple cells, 73 were complex  cells, and  the  re- 
main ing  22 cells were no t  classified in the  s imple /complex  
scheme either.  Of 42 s imple cells, 34 gave pure  t r a n s i e n t  
responses  to f lashing slits of l ight,  and  only  8 gave 
sus ta ined  responses  to  s t a t i ona ry  slits of l ight  wi th in  on- 
area.  All of the  complex  cells encoun te red  gave t r ans i en t  
responses .  Therefore,  of s imple and complex  cells in area 
18, 93% were of t r ans i en t  type .  
In  co n t r a s t  to area 18, in area 17, 61% out  of s imple and  
complex  cells were t r ans i en t  t ype  and  sus t a ined  responses  
were observed bo th  in the  simple and complex  cells 21. 
Therefore ,  ' t r ans i en t '  cells were much  more  f r equen t  in 
area 18 t h a n  in area 17. A n o t h e r  difference was t h a t  
sus ta ined  responses  were no t  observed  in the  complex  
cells encoun te red  in area 18. 
The grea t  ma j o r i t y  of area 18 cells gave pure  t r ans i en t  
responses.  This  is cons i s ten t  w i th  tile fact  t h a t  Y-cells 
cons t i tu t e  the  only inpu t  f rom the  LGN to area 18. How-  
ever, our da t a  have  shown t h a t  a few simple cells in a rea  
18 give sus ta ined responses,  which X-cells  are likely to  
give. 
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