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INTRODUCTION

A number o f  re c e n t neuroanatom ical in v e s tig a tio n s  have d esc rib ed  

a  r e t ln o - c o r t i c a l  pathway in  a d d itio n  to ,  and arranged in  p a r a l l e l  

w ith  th e  g e n ic u lo - s t r ia te  p ro je c tio n  (Diamond and H a ll, 1969; Diamond, 

Snyder, K llla c k e y , Jane  and H a ll ,  1970; G rayb ie l, 1970, 1972a,b;

N iim i and  Sprague, 1970; H artin g ,' Diamond and H a ll, 1973; see Jo n es,

1974 f o r  a review ; Benevento and Rezak, 1976). T h is  re c e n tly  id e n t i ­

f ie d  netw ork has f e a tu re s  th a t  a rc  common to  the v a rio u s  speclco  in  

which i t  has been examined. I t s  ascending component i s  a  pathway in  

which v is u a l  In fo rm atio n  i s  tra n sm itte d  to  the co r te x  v ia  (1) th e  

r e t ln o fu g a l  p ro je c t io n  to  th e  su p e r io r  c o l l ic u lu s  and p o r tio n s  o f th e  

p re -tec tu m  (Hayhow, S efto n  and Webb, 1962; L a tie s  and Sprague, 1966); 

th rough  (2) th e  ascending  connections o f th ese  m ldbrain  v is u a l  c e n te r s  to  

n u c le i w ith in  p o s te r io r  p o r tio n s  o f th e  d o rsa l thalam us (Altman and 

C arp en te r, 1961; T arlo v  and Moore, 1966; M artin , 1969; G ray b ie l, 1972a; 

H a rtin g , H a ll ,  Diamond and M artin , 1973; Benevento and F a llo n , 1975); 

and f i n a l l y  th rough  (3) th e  p ro je c t io n s  o f these  v a rio u s  thalam ic  c e l l  

groups to  m u ltip le  and sometimes overlapp ing  f i e ld s  w ith in  th e  p e r l -  

s t r l a t e  and tem poral reg io n s  o f th e  co r te x  (Le Gros C lark  and 

N o r th f le ld ,  1937; Chow, 1950; C luvcr and Campos-Ortega, 1969; Diamond 

e t .  a l . ,  1970; G ray b ie l, 1970, 1972a,b; Niimi and Sprague, 1970;

H artin g  e t ,  a l . , 1973; see  Jo n e s , 1974; R osenqu ist, Edwards and 

Palm er, 1974; M aciewicz, 1975; Benevento and Rezak, 1976).
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The p re se n t s e r ie s  of experim en ts i s  a  r e in v e s t ig a t io n  o f  th e  

th a la m o c o rtic a l o rg a n iza tio n  o f  th e  r a t* a  v is u a l  system  in  the  l i g h t  

o f  these  new developm ents. Two m ajor q u e s tio n s  were addressed . F i r s t ,  

do the  p ro je c tio n s  o f Nucleus l a t e r a l i s  p o s te r io r  (NLP) and th e  d o rsa l 

d iv is io n  o f th e  l a t e r a l  g e n ic u la te  nuc leu s  (LGNd) have fe a tu re s  in  

common w ith  analogous p ro je c t io n s  in  o th e r  mammalian spec ies?  I f  so , 

does t h i s  second pathway to th e  c o r te x  imply tlm t in  the r a t ,  an in  

c a ts  (Doty, 1971; Sprague, Levy D iB erardino and Conomy, 1973; Sprague, 

Levy, D iBernardino and B e r lu c c l, in  p r e s s ) ,  rh esu s monkeys CPssik and 

P aslk , 1971), and tu p a ia  (K illack ey  and Diamond, 1971; Ware, Diamond 

and Casagrande, 1974) th a t  th e  c l a s s i c a l  p ro je c t io n  to  the  s t r i a t e  

co rtex  i s  not n e c e s s a r i ly  o f p iv o ta l  im portance fo r  th e  c o r t ic a l  

p ro cess in g  of v is u o s p a t ia l  in fo rm atio n ?  The anatom ical problems were 

pursued through exam inations o f  th e  p ro je c t io n s  of NLP and LGNd w ith  

th e  methodB of au to rad iography  (Cowan, G o tt l ie b ,  H endrickson, P r ic e  

and Woolsey, 1972) and o f re tro g ra d e  t r a n s p o r t  of h o rse ra d ish  p e ro x i­

dase (LeVail and L eV ail, 1972). C oncurrent neu ro b eh av io ra l experim ents 

assessed  the d isc r im in a tiv e  b eh av io rs  o f r a t s  prepared  w ith  s t r i a t e  

c o r t ic a l  a b la t io n s ,  b i l a t e r a l  e l e c t r o l y t i c  le s io n s  o f NLP, and com­

bined a b la t io n s  of a re a s  17 and NLP.

The anatom ical r e s u l t s  in d ic a te d  th a t  NLP prov ides a f f e r e n ts  to 

an ex ten s iv e  p e r l s t r l a t e  c o r t i c a l  reg io n  and to  a c ircum scribed  zone 

in  the tem poral area  j u s t  d o r s a l  to  th e  r h in a l  s u I c u b .  Exam ination of 

th e  p ro je c t io n s  o f th e  LGNd re v e a le d , in  a d d it io n  to  th e  well-known 

s t r i a t e  connections, e x te n s iv e  e x t r a - s t r i a t e  p ro je c tio n s  which 

p a r t i a l l y  overlap  th e  c o r t i c a l  f i e ld  o f NLP. These r e s u l t s  provided



a framework fo r  th e  in te r p r e ta t io n  o f th e  n eu ro b eh av io ra l f in d in g s .  

The l a t t e r  o b se rv a tio n s  showed th a t  th e  s t r i a t e  c o r te x  o f th e  r a t  i s  

n o t e s s e n t ia l  fo r  perform ances o f v isu a l* » p a ttem  t e s t s ,  e s ta b lis h e d  a 

fu n c tio n a l in te ra c t io n  between th e  two th a la m o -c o r tic a l  netw orks, and 

in d ic a te d  th a t  th e  NLP system  i s  im p o rtan tly  Involved in  su b serv ing  

th e  v is u a l  a b i l i t i e s  o f th e  hooded r a t .



MATERIALS AMO METHODS 

F ig u re  1 p re se n ts  th e  c y to a rc h i te c tu ra l  a re a s  o f the  p o s te r io r  

n eo co rtex  o f  th e  r a t  as they  were defined by K rleg (1946a,b). The c o r­

t i c a l  zones which a re  re le v a n t to  the p re se n t r e s u l t s  a re  In d ic a te d  

by th e  hatched  a re a s .

S ix ty -s ix  a d u l t ,  m ale, Long-Evans hooded r a t s  (300-450 gins) 

served  a s  s u b je c ts .  They were housed in d iv id u a lly  and prov ided  w ith  

a  d i e t  o f  r a t  chow and w ater ad lib itu m . The s u rg ic a l  p rocedures were 

c a r r ie d  ou t w hile  th e  an im als were under a n e s th e s ia  Induced by i n t r a -  

p e r i to n e a l  in je c t io n  o f  sodium p e n to b a rb ita l  (60m g/lkg).

A utoradiography Procedure 

H ydrau lic  in je c t io n s  o f 3H -leuclne w ere made in  NLP and LGNd 

fo llo w in g  s te r e o ta x ic  placem ent o f  a 36g Ham ilton 5p l sy r in g e . The 

3H -leucine (New England N uclear) was in  aqueous (normal s a l in e )  s o lu ­

t io n  co n cen tra ted  to  an a c t iv i t y  o f 1 0 -2 0 p G i/.lp l. In  most c a s e s , 

, l - . 3 p l  o f t h i s  s o lu tio n  was in je c te d  a t  a  r a te  o f approxim ately  

. ly l /4 5  mln. One week subsequent to  the in t r a c r a n ia l  in je c t io n s ,  th e  

s u b je c ts  were ad m in is te red  an overdose o f  sodium p e n to b a rb ita l  and 

were th en  p erfu sed  in t r a c a r d ia l ly  w ith normal s a l in e  fo llow ed by 10X 

form ol s a l in e .  A f te r  p o s t- f ix in g  in  the p e r fu s a te  fo r  a t  l e a s t  

48 h r s . ,  the  b ra in s  were fro zen  and sec tio n ed  a t  34p. A lte rn a te  s e c ­

t io n s  through th e  d o rsa l  thalam us and p o s te r io r  c e re b ra l  c o r te x  were



mounted In  g e la t in  onto c le a n  s l id e s ,  and were then  d r ie d  and dipped 

in  Kodak NTB2 pho to g rap h ic  em ulsion (d ilu te d  3 :2 ) .  The p repared  

s l id e s  were p laced  in  l i g h t - t i g h t  boxes and exposed fo r  4-5 weeks a t  

4°C. They w ere then  developed and c o u n te rs ta in e d  l i g h t ly  w ith  c re sy l 

v io l e t .  The au to rad io g rap h s  were examined by l i g h t  and d a rk - f ie ld  

m icroscopy.

H o rserad ish  P ero x id ase  P rocedure 

R etrograde la b e l l in g  o f  th a lam ic  p ro je c t io n  neurons was accom­

p lish ed  through th e  use  o f  th e  h o rse ra d ish  p ero x id ase  (HR?) tech n iq u e . 

R e s tr ic te d  c o r t i c a l  p lacem ents of 30-50% HRP in  aqueouB s o lu t io n  (nor­

mal s a lin e )  w ere ad m in is te red  h y d ra u lic a l ly  v ia  a  36g Ham ilton 5yl 

sy rin g e  in to  a re a s  18, 17 and 18A (se e  F ig . 1 ) .  The volumes o f th e  

placem ents v a r ie d  from , l - . 3 y l  and were in je c te d  a t  r a te s  o f 

. l - .2 p l /4 0  min. The s u b je c ts  were s a c r i f ic e d  w ith  an overdose o f 

sodium p e n to b a rb ita l  24-36 h o u rs  a f t e r  th e  com pletion o f th e  in je c ­

t io n . At th a t  tim e ln t r a c a r d i a l  p e rfu s io n  of 0.5% p ro cain e  and s a l in e  

was follow ed by f ix a t io n  w ith  a m odified K.M. f ix a t iv e  (1.25% 

g lu ta ra ld e h y d e , 1% paraform aldehyde, 1% Bucrosc in  phosphate b u f fe r ) .  

The b ra in s  were l e f t  to  p o s t f ix  fo r  24 hours a t  4°C and then  were 

p laced  in  a  30% su cro se  in  phosphate  b u f fe r  s o lu tio n  fo r  24-36 h o urs. 

Frozen s e c tio n s  o f 40|i were incu b a ted  in  T r is  b u f fe r  (pH 7 .6 ) a t  4°C 

and were then  t r a n s f e r r e d  to  a s o lu t io n  o f  diam lnobenzidene (DAB) and 

T r is  b u ffe r  (60mg DAB/200ml T r i s ) .  A f te r  warming th e  s o lu t io n  to  

37°C, the HRP-DAB re a c t io n  was ca ta ly ze d  by a d d it io n  o f 8% H202



(15ml/400ml DAB/Trls s o lu t io n ) .  The re a c te d  t i s s u e  was p laced  on 

chrom e-alum -coated s l id e s  and l ig h t ly  c o u n tc rs ta ln c d  w ltli c r c s y l  

v io l e t .  The H RP-labelled m a te r ia l  was examined by d a rk -  and l i g h t -  

f l e l d  m icroscopy.

R etrograde Thalam ic D egeneration

The tha lam ic  a f f e r e n ts  to  th e  s t r i a t e  c o r te x  (a re a  17) were a lso  

examined by determ in ing  th e  amount and locus o f re tro g ra d e  degenera­

t io n  subsequent to circum scribed  removal of a re a  17 (see  F ig . 1 ) .

These d e - s t r i a t e  p re p a ra tio n s  a lso  p a r t ic ip a te d  in  b e h a v io ra l e x p e r i­

ments designed  to  a s se s s  th e i r  r e s id u a l  c a p a c it ie s  f o r  b r ig h tn e s s  and 

p a t te rn  percep tion*  The p o s it io n  and e x te n t o f th e  c o r t i c a l  le s io n s  

was determ ined through measurements tak en  r e la t iv e  to  the  in te r s e c t io n  

o f  th e  tra n sv e rse  and s a g i t t a l  bone su tu re s  (lam bda). The c o o rd in a te s  

( r e l a t i v e  to  lambda) were: AP; -.6mm to  + 2 .Aram; ML; 2.0mm to  5.0mm a t

th e  a n te r io r  edge, and 2.5mm to  5.5mm a t  the p o s te r io r  edge. The bone 

o v e rly in g  th i s  c o r t ic a l  a re a  was removed and th e  exposed t i s s u e  was 

a s p ir a te d  w ith  a f in e  g la s s  p ip e t te .

On th e  28th  to  32nd p o s t-o p e ra tiv e  day, s u b je c ts  were g iv en  an 

overdose o f Sodium P e n to b a rb ita l  and perfused  ln t r a c a r d ia l ly  w ith  

normal s a l in e  follow ed by fo rm a lin . The b ra in s  were removed and 

allow ed to  p o s t - f ix  in  th e  p e rfu sa te  f o r  a t  l e a s t  2 days. P r io r  to  

s e c tio n in g , th e  e x te n ts  o f  th e  c o r t i c a l  le s io n s  were measured and 

tra n s f e r r e d  to  s tan d a rd ized  diagram s o f  the d o rsa l  a sp e c t o f  th e  

n e o c o r t ic a l  su rfa c e .



Frozen s e c t io n s  were c u t a t  30m* Every th ird  s e c tio n  through the  

p o s te r io r  thalam us and every 10th  through th e  c o r t ic a l  le s io n s  were 

s ta in e d  w ith  c r e s y l  v io l e t  and examined m ic ro sco p ica lly  fo r  the p re ­

sence o f h e a lth y  n eu rons. O ccasional caseB were c o u n te r -s ta in e d  w ith  

Luxol b lu e  (K lu v er-B arre ra  method) to  f a c i l i t a t e  i d e n t i f i c a t io n  o f 

a re a  17 and th e  f ib e r  system s w ith in  the  thalam us.

B ehavioral Methodology 

A p p ara tu s . The v is u a l  d isc r im in a tio n  apparatus was a m o d ific a tio n  

o f  th a t  used by Thompson and Bryant (1955). B r ie f ly ,  i t  c o n s is te d  of 

a  s t a r t  box and an a l l e y  (45cm long) a t  the end o f which were p laced  

two s tim u lu s  p a n e ls ,  8.5cm a p a r t  and sep ara ted  by a  p a r t i t i o n  th a t  

extended 7.5cm in to  th e  a l l e y .  The panels were p laced  in  a p e ra tu re s  

th a t  each le d  in to  th e  goal box. S ub jec ts  were tra in e d  to  le a v e  the  

s t a r t  box, run  down th e  a l le y  and g a in  access  to th e  goal box by 

pushing  th e  c o r re c t  s tim u lu s  door backward and e n te r in g  th e  goal box. 

The r a t s  were m otiva ted  w ith  m ild e l e c t r i c a l  shocks which were ap p lied  

th rough a  g r id  f lo o r  th a t  extended from th e  s t a r t  box to  th e  g o a l box 

e n tra n c e .

The s tim u lu s  p an e ls  were 9 X 9cm, and subtended 53° o f v is u a l  

an g le  a t  th e  end o f  th e  p a r t i t i o n  (cho ice p o in t f o r  most s u b je c ts ) .

The s t im u l i  were illu m in a te d  by l ig h t  r e f le c te d  from a f lo u re s c e n t 

lamp which was p laced  d i r e c t ly  above the two stim u lu s  p a n e ls . The 

lum inances o f th e  w h ite  and b lack  s t im u li  used in  th e  f lu x  d isc r im in a ­

t io n  was 3 .0  and 0 .1  m ill i la m b e r ts  re sp e c t iv e ly .  The p o s it io n  o f th e  

c o r r e c t  (w hite) s tim u lu s  was v a r ie d  quasi-random ly accord ing  to  a



Gellermann s e r ie s  (1933), w ith  th e  p r in c ip a l  c o n s tr a in t  being  th a t  the  

c o rre c t s tim u lu s  never appeared on th e  same s id e  on more than  3 conse­

c u tiv e  t r i a l s .

The p a t te rn  s t im u li  c o n s is te d  o f  two id e n t ic a l  p an e ls  o f  a l t e r ­

n a tin g  w hite  and b lack  s t r ip e s  (2 .5 cm /cy c le ) o r ie n te d  45° from h o r i­

z o n ta l. The lum inance o f  th e  w h ite  s t r i p e s  was th e  same a s  th a t  fo r  

th e  w hite  p an e l, and th e  same was t ru e  f o r  the  b lack  s t r i p e s  and 

b lack  p an e l as  a l l  o f  th e  s tim u lu s  p a n e ls  were made o f  th e  same p le x i­

g la s s  m a te r ia l .  The c o r re c t  s tim u lu s  in  th e  p a t te rn  problem s was th a t  

s t r ip e  o r ie n ta t io n  th a t  was 45° to  th e  l e f t  o f v e r t i c a l .  The s t im u li  

were designed so th a t  r o ta t io n  o f 90° would re v e rse  t h e i r  o r ie n ta t io n  

w hile  180° r o ta t io n  would p e rse rv e  th e  o r ie n ta t io n  b u t s h i f t  th e  

phase o f  th e  g ra tin g  180°.

T ra in ing  P rocedure. The t r a in in g  p ro ced u re  was s im ila r  to  th a t  which 

was p rev io u sly  employed in  a long s e r i e s  o f  v ls u a l-d ls c r im ln a tio n  

s tu d ie s  in  our la b o ra to ry  (Meyer and M eyer, in  p r e s s ) .

The p r in c ip a l  d if fe re n c e  from th e  s tan d a rd  method was th a t  th e  

p re tra in in g  s t im u li  were b lac k , s lo t t e d  p an e ls  such th a t  th e  anim als 

could r e a d i ly  see  th e  i n t e r i o r  o f  th e  g o a l compartment. T h is method 

was adopted because, in  th e  u su a l p r e t r a in in g  p rocedures fo r  e x p e r i­

ments concerned w ith  r e te n t io n s  of th e  b la ck -w h ite  h a b i t  in  the  

program o f The Ohio S ta te  U n iv e rs ity , o b llq u e -B tr ip e d  p an e ls  have been 

used f o r  the p re tra in in g  s t im u l i .  S in ce  our p r in c ip a l  i n t e r e s t  was in  

le a rn in g  o f v is u a l-p a t  te rn  h a b i t s ,  th e  u se  o f such cues was obv iously  

p recluded  as a  p a r t  o f  th e  p r e t r a in in g  p ro ced u re . The r e s u l t  was 

enhancement o f th e  r a te  o f p re o p e ra tiv e  le a rn in g  of th e  b lack -w h ite



h a b i t ,  w ith  t h e . f i n a l  c r i te r io n  o f  perform ance be in g  reached in  appro­

x im ately  9 fewer t r i a l s  th an  is  ty p ic a l ly  observed when th e  conven­

t io n a l  methods a re  fo llow ed.

The experim ent was c a r r ie d  o u t aa fo llo w s: days 1 -5 , s u b je c ts

were handled by experim enter 5 m inutes d a l ly ;  day 6 , s u b je c ts  were 

adapted  to  ap p ara tu s  by being  allow ed f r e e  access to  a l l  o f  th e  com­

partm en ts w ithou t being shocked; day 7, su b je c ts  w ere p re - t r a in e d  to  

e x i t  the s t a r t  box, run down the a l le y  and en te r th e  goal box through 

id e n t ic a l  n e u tr a l  panels  p laced in  the g o a l box e n tra n c e s ; days 8 -9 , 

s u b je c ts  were tra in e d  on the  b lack -w hite  d is c r im in a tio n ; day 10, sub­

j e c t s  were assig n ed  to  groups based on m atching t h e i r  f lu x  d isc r im in a ­

t io n  le a rn in g  sc o re s  and given a p p ro p ria te  s u rg ic a l  tre a tm e n ts ; 

days 11-21, p o s t-o p e ra tiv e  recovery ; day 22, s u b je c ts  were r e t r a in e d  

to  c r i t e r io n  on th e  b lack -w h ite  d isc r im in a tio n ; days 23-35, sub­

j e c t s  were tra in e d  fo r  I n i t i a l  a c q u is i t io n  of the  p a t te r n  d isc r im in a ­

t io n .  The re q u ire d  perform ance c r i t e r io n  was 9/10 c o r re c t  resp o n ses  

in  a l l  c a se s . T ra in in g  on p a t te rn  d isc r im in a tio n  was te rm in a ted  i f  the 

s u b je c t  f a i le d  to  reach  th e  9/10 c r i t e r io n  a f te r  12 t r a in in g  days 

(300 t r i a l s ) .  The p o s s ib le  m ediation o f th e  h a b i ts  by n o n -v isu a l 

( i . e . ,  o lfa c to ry )  cues was minimized by p e r io d ic  washing o f  th e  

s t im u l i  and a l l e y  w ith  a  d i lu te  v in eg ar s o lu t io n .

S u rg ic a l and H is to lo g ic a l Procedures

Following a tta in m e n t o f c r i te r io n  on o r ig in a l  le a rn in g  o f the  

f lu x  d isc r im in a tio n , th e  anim als were assigned  to  one of th e  fo llow ing  

groups on th e  b a s is  o f t h e i r  le a rn in g  s c o re s : (1) a group in  which
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both  th e  s t r i a t e  co r te x  (a re a  17) and N. L a te r a l i s  p o s te r io r  was 

a b la te d ; (2) a d e - s t r l a t e  group; (3) a group In  which NLP was destroyed  

and (4) an unoperated  c o n tro l  group.

Thalamic le s io n s  were accom plished through s te r e o ta x ic  (AP + 2 .2 , 

+ 3 .0 ; Dv +1 .0 , + 1 .0 ; ML + 2 .5 , 2 .7) placem ent o f  a  0 in s e c t  p in  whose 

t i p  had been f i l e d  f l a t  to  a  c i r c u la r  d iam eter o f  approx im ate ly  .25mm 

and which was in s u la te d  ex cep t fo r  th e  c r o s s - s e c t io n a l  a re a  o f the  

t i p .  T issu e  d e s tru c tio n  was a f fe c te d  by passage o f an anodal DC 

c u r re n t (.6mamp) f o r  4 seconds a t  each  e le c tro d e  p lacem ent. A ll o f 

th e  c o r t i c a l  a b la t io n s  w ere perform ed accord ing  to  th e  p rocedure 

o u tlin e d  in  the s e c tio n  d e sc rib in g  th e  anatom ica l m ethods.

Follow ing com pletion o f  the s u rg e r ie s ,  the  anim als were given 

in tram u scu la r in je c t io n s  o f  a broad-bond a n t i b i o t i c  and re tu rn e d  to  

th e i r  home cages f o r  an 11-day p o s t-o p e ra t iv e  co n v a lescen ce . The 

h i s to lo g ic a l  exam inations o f  the p re p a ra tio n s  which were s tu d ie d  w ith  

neiirobehavioral tech n iq u es  proceeded as  o u tl in e d  in  th e  methodology 

fo r  anatom ical s tu d ie s  o f d e - s t r i a t e  s u b je c ts .



RESULTS

A natom ical R esu lts  

P ro je c tIo n s  of Nucleus L a te r a l i s  P o s te r io r . The p ro je c t io n s  o f NLP 

were examined a u to ra d lo g ra p h lc a lly  in  2 c a s e s , and by re tro g ra d e  

t ra n s p o r t  of HRP In  fo u r cases. F ig u re  2 shows th e  c o r t ic a l  p ro je c ­

tio n s  o f  NLP dem onstrated  a u to ra d lo g ra p h lc a lly . The in je c t io n  s i t e  

in  c a se  LP2 (F ig . 2/1, S ec tio n s  A-C) Included v i r t u a l ly  Lltu on L ira  

roB tro -caudal e x te n t of th e  n u c leu s . R o s tra l ly ,  th e  la b e l le d  reg io n  

extended In to  th e  caudal po le  o f N. L a te r a l i s  th a la m i. M ed ia lly , 

th e re  was Involvement o f  th e  l a t e r a l  h a lf  o f  the a n te r io r  p o r tio n  o f  

N, P r e te c t a l i s ,  w hile l i g h t  la b e l  extended l a t e r a l l y  to  th e  extrem e 

m edial p o rtio n  o f  the LGNd. The hippocampus o v e rly in g  th e  NLP was 

a lso  v e ry  s l i g h t ly  invo lved .

The p o s t- in je c t io n  su rv iv a l  tim e o f  ca se  LP2 was 1 week, and a s  

F igure 2 a-D shows, th e  axons o f  p ro je c t io n  c e l l s  were h e a v ily  

l a b e l le d .  These axons w ere observed to  course  r o s t r a l l y  th rough  th e  

nucleus and th en  to co a le sc e  in to  a dense f a s c ic le  th a t  e x i t s  from 

the thalam us v i a  the su p e rio r  tha lam ic  r a d ia t io n  (F ig . 2A, S ec tio n  A). 

At th e  le v e l o f  i t s  tha lam ic  e x i t ,  the  f ib e r  bund le  b i fu r c a te s  w ith in  

the m edullary  substance  o f the c o r te x . The m a jo rity  o f th e  la b e l le d  

axons course d o r s a l ly  and p o s te r io r ly ,  w h ile  th e  sm a lle r  I n f e r io r  

limb o f  the p ro je c tio n  bends v e n tr a l ly  and te rm in a te s  in  a
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circum scribed  a re a  Im m ediately d o rsa l  to  th e  r h in a l  su lcu s  (F ig . 2A, 

S e c tio n  A ). T h is  tem poral f i e l d  l i e s  w ith in  th e  b oundaries  o f  a rea  20 

a s  d e fin ed  by K rieg  (1 9 4 6 a ,b ). The s u p e r io r  lim b, o r  d o rsa l d iv is io n  

o f  th e  NLP p ro je c t io n  co n tin u es  w ith in  and im m ediately s u p e r f ic ia l  to  

th e  m edullary  su b stan ce  to  te rm in a te  in  a re a s  7, 18A, and 18 (F ig . 2 

A -E).

A c lo se  exam ination  of c a se  LP 1 re v e a le d  a prom inent lam inar 

o rg a n iz a tio n  o f th e  f ib e r  te rm in a tio n s  a r i s in g  from NLP (P ig . 3 ) . Tha 

p a t te r n  appears to  be th e  same in  a l l  o f  th e  N L P -reclp len t zones. The 

h e a v ie s t  th a lam ic  in p u t te rm in a te s  in  la y e r  4 and th e  deeper p o r tio n  

o f  la y e r  3 . In  a d d i t io n ,  th e re  i s  a sm a lle r  in p u t to  la y e r  1 , and th e  

g ra in  d e n s ity  in  la y e r  6 i s  above the  background l e v e l s .  However, 

much o f  th e  l a b e l l i n g  in  la y e r  6 can be a t t r ib u te d  to  axons o f  passage 

(P e te rs  and S aldanha, 1976).

The o rg a n iz a tio n  of th e  NLP p ro je c t io n  was a ls o  examined through 

re tro g ra d e  l a b e l l in g  of th a lam ic  neurons fo llo w in g  in je c t io n  o f  HRP 

in to  a re a s  17, 18 , and 18A. F re q u en tly , la b e l le d  axons were seen 

em anating from th e se  c o r t i c a l  I n je c t io n  s i t e s .  O cc a s io n a lly , h e a v ily -  

la b e l le d  th a lam ic  a re a s  had a  brow nish hue when observed  in  b r ig h t -  

f i e l d .  This p ro b ab ly  was due to  the  an te ro g ra d e  tra n s p o r t  o f  HRP by 

c o r t ic o fu g a l  axons.

I n je c t io n s  o f  HRP in to  a re a  18 r e s u l te d  in  l a b e l l in g  o f  c e l l s  in  

NLP, N. l a t e r a l i s  thalam i (NLT), and th e  a n te r io r  d o r s a l  (NAD), 

a n te r io r  m edial (NAMI), and a n te r io r  v e n t r a l  th a lam ic  n u c le i  (NAVT). 

R etro g rad e  in c o rp o ra tio n  of HRP in  th e  l a t t e r  ceH  groups i s  most 

l i k e ly  a t t r i b u t a b l e  to  v e n t r a l  ex te n s io n  o f th e  in je c t io n  s i t e  in to
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th e  r e t ro s p e n ia l  c in g u la te  co rtex  (Domeslck, 1972). The la b e l le d  

neurons in  NLP were con fined  to  th e  a n te r io r  p a r t  o f  th e  nucleus 

(F ig . 4 , S ec tio n  E-F) and were g e n e ra lly  l e s s  den se ly  s ta in e d  than  th e  

more r o s t r a l l y  s i tu a te d  c e l l  g roups.

Placem ent o f HEP in to  area  17 rev ea led  a  v ery  sp a rse  p ro je c t io n  

from NLT and NLP to  th e  s t r i a t e  c o r te x  (F ig . 4A, B), T y p ic a lly , th e  

r e a c t io n  product in  th e s e  c e l l s  was very l i g h t ,  w ith  se v e ra l den se ly  

la b e l le d  neurons in  each  coronal s e c tio n  (F ig . SB). R etrograde c o l l  

la b e l l in g  was observed throughout th e  ro s tro -c a u d a l e x te n t o f NLP and 

tended to  be found in  th e  more c e n t r a l ly  lo c a te d  p o rtio n s  o f th e  

nuc leu s  (F ig . 5A). W hile th e re  was some in d ic a t io n  th a t  th e  m edial 

p o r tio n  o f a rea  ISA was .involved in  the in je c t io n  s i t e ,  th e  p a t te r n  of 

tha lam ic  la b e l l in g  in  case  HRP 5 was obv iously  d i f f e r e n t  than  in  case  

HRP 2 (F ig . 6A). T h is  suggests  th a t  the enzyme in  a rea  18A was n o t 

s u f f i c i e n t ly  dense to  r e s u l t  in  re tro g ra d e  u p take  by tha lam ic  c e l l s  

p ro je c t in g  to  a rea  18.

The p ro je c tio n  o f  NLP to  th e  l a t e r a l  p o r tio n  o f a re a  18A i s  re p ­

re se n te d  d ia g ra m a tic a lly  in  F ig , 6A. As th e  f ig u re  in d ic a te s ,  a 

group o f c e l l s  c o n ta in in g  the r e a c t io n  p ro d u ct extended l a t e r a l l y  

from the  c e n tra l  p o r tio n s  of NLP through th e  ven trom edia l a sp ec t o f  

th e  LGNd and extended in to  a lam ina su b jacen t to  th e  o p tic  t r a c t  

a long  the  d o r s o la te r a l  aspect o f  th e  LGNd. In  g e n e ra l, th e  c e l l s  

w ith in  NLP were more densely  la b e l le d  than c e l l s  in  the  LGNd 

(F ig s . 6, B and C).

The arrangem ent o f  c e l l s  co n ta in in g  th e  re a c t io n  p roduct 

fo llo w in g  HRP placem ents in  a re a s  18 and 18A su g g ests  a re g io n a l



d is t r ib u t io n  o f a f f e r e n t  neurons to  th e se  c o r t i c a l  a re a s . The more 

r o s t r a l  p a r t s  o f NLP p ro je c t  to  18 and a column o f c e l l s  ex tend ing  

throughout th e  ro s tro -c a u d a l ax is  o f  the  nucleus and com prising i t s  

l a t e r a l  a sp ec t p ro je c ts  to  a rea  18A (F ig s . 4 and 6),. D esp ite  the 

r e l a t iv e ly  la rg e  in je c t io n  s i t e  in  case  HRP 2, t h i s  case In d ic a te s  

th a t  th e  th a la m o -c o r tic a l o rg a n iz a tio n  o f a rea  18A i s  c h a ra c te r iz e d  

by a d ram atic  convergence o f  in p u t from th e  LGNd and NLP.

Some O bservations on the  P ro je c tio n s  o f th e  L a te ra l  G en icu la te  

N ucleus, p a rs  d o r s a l i s . The re tro g ra d e  c e l l  d eg en era tio n  in  th e  

thalam us o f d e - s t r i a t e  r a t s  i s  ty p i f ie d  in  F igure 7. N orm al-appearing 

nerve  c e l l s  were observed in  the LGNd along the m edial w a ll and in  a 

d o r s o la te r a l  lam ina su b jacen t to  th e  o p t ic  t r a c t .  F igure 7D shows 

th a t  th e  t r a n s i t i o n  between th e  degenera ted  p o r tio n s  of th e  nucleus 

and the  l a t e r a l  lamina i s  f a i r l y  a b ru p t. Exam ination of th e  su rfa c e  

diagram s In d ic a te d  th a t  th e re  was l i t t l e  v a r i a b i l i t y  in  th e  s iz e  of 

th e  le s io n s ,  an o b se rv a tio n  th a t  p robab ly  accounts fo r  th e  f in d in g  

th a t  th e  a c tu a l  s iz e  o f th e  a b la t io n  c o n tr ib u te d  l i t t l e  to  th e  

s e v e r i ty  o f re tro g ra d e  thalam ic  c e l l  changes (F ig . 9 ) . S in ce  the  

d o r s o la te r a l  p o r tio n  o f th e  LGNd seemed so r e s i s t a n t  to c e l l  lo s s  

fo llo w in g  s tr ia to to m y , a  search  fo r  e x t r a - s t r i a t e  g e n ic u la te  p ro je c ­

t io n s  was made u sing  au to rad iography  and re tro g ra d e  tra n s p o r t  o f  HRP. 

The c o r t i c a l  d i s t r ib u t io n s  o f s i l v e r  g ra in s  were examined fo llo w in g  

in je c t io n s  of 3H -leucine in to  th e  LGNd. In  th re e  c a se s , th e se  in je c ­

t io n s  d id  no t Invo lve  NLP. The r e s u l t s  f o r  case LGN 2 a re  p resen ted  

in  F ig u re  8. The in je c t io n  s i t e  o f  case LGN 2 i s  c le a r ly  confined  to  

th e  d o rsa l  d iv is io n  of th e  l a t e r a l  g e n ic u la te . I t  ex tends through the



15
m iddle 1 /3  of th e  nucleus in  th e  A-P p lane and throughout th is  e x te n t  

in c lu d es  th e  d o r s o - la te r a l  a sp e c t th a t  i s  u n a ffec ted  by r e s t r i c t e d  

s t r i a t e  removal (F ig . 7 ) . The p o s t- in je c t io n  s u rv iv a l tim e was 1 week, 

and th e  axons o f g e n ic u la te  neurons a re  c le a r ly  la b e l le d .  These 

axons p ass  r o s t r a l l y  through th e  nucleus and leav e  the  thalamus n e a r  

th e  r o s t r a l  p o le  o f LGNd, v ia  th e  su p e rio r  thalam ic  r a d ia t io n  

(F ig . 8 ) .  Follow ing a t r a je c to r y  s im ila r  to  th e  NLP p ro je c tio n , th e se  

axons cou rse  through the  s u p e r f ic ia l  s u b c o r t ic a l  w hite  m a tte r  to  t e r ­

m inate w ith in  two s p a t i a l l y  d i s t i n c t  c o r t i c a l  ta r g e t  a re a s .  The m ajor 

g e n ic u la te  p ro je c t io n  i s  confined  to  a re a  17 in  a l l  bu t i t s  most 

p o s te r io r  e x te n t,  where th e  l a b e l  ex tends in to  th e  extrem e m edial 

p o rtio n  o f a rea  18A o f K rieg (F ig . 8 , C and D). Examination of N is s l  

s ta in e d  m a te r ia l  in d ic a te s  th i s  a rea  has a  f a i r l y  w ell-developed  

g ra n u la r  la y e r ,  which has lead  Ribak and P e te rs  (1975) and M ontero, 

Bravo and Fernandez (1973) to  co n sid e r i t  th e  caudal ex ten sio n  o f 

a rea  17. In  a d d it io n  to  th e se  s t r i a t e  co n n ectio n s, th e  LGNd p ro v id es  

a f f e r e n ts  to  a  p o r tio n  o f th e  l a t e r a l  a sp ec t o f a re a  18A (F ig . 8 ,

B and C ).

The c o r t i c a l  a f f e r e n ts  from LGNd have a lam inar o rg a n iz a tio n .

The p r in c ip a l  g e n ic u lo -c o r t ic a l  inpu t i s  d e a r l y  confined  to  la y e r s  A 

and th e  deeper p a r ts  of 3 , b u t l i g h t  g ra in  d e p o s its  in  la y e rs  1 and 6 

a lso  in d ic a te  a g e n ic u la te  in p u t ,  a t  l e a s t  in  th o se  c o r t i c a l  re g io n s  

in  which la y e r  A was moat h e a v ily  la b e l le d  (F ig . 2D).

I n je c t io n  o f  HRP in to  a re a  18A re s u lte d  in  ex ten s iv e  re tro g ra d e  

c e l l  la b e l l in g  w ith in  LGNd (F ig . 6 ) .  The ventrom edial and dorso­

l a t e r a l  a sp ec t o f th e  nucleus con tained  la b e l le d  neurons in  a l l  b u t
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' I t s  m ost r o s t r a l  p o r tio n s  (F ig . 6, B-F). There 1b a lso  a  su g g estio n  

o f a lam inar p a t te r n  o f the  l a t e r a l  g e n ic u la te  c e l l s  th a t  p ro je c t  to  

a rea  18A. Comparison o f F ig u re  6A, F igure  7, and F ig u re  9 In d ic a te s  

the  c lo s e  correspondence between the lo c a tio n s  of neuronB w ith  e x tr a -  

s t r l a t e  p ro je c tio n s  and the  a re a  th a t  f a l l s  to  show re tro g ra d e  c e l l  

lo s s  fo llow ing  a  s t r i a t e  c o r t i c a l  a b la tio n .

In  case HRP 5 (F ig . 5A), the la b e l was in je c te d  In to  a re a  17. As 

the  f ig u re  shows in  S ec tio n s  A-E, a column of c e l l s  ex tend ing  through­

out th e  ro s tro -c a u d a l a x is  o f  th e  g e n ic u la te  p ro je c ts  to  a s in g le  

re g io n  w ith in  a re a  17. R o s tra l ly ,  the  la b e l le d  c e l l s  assume a v en tro ­

m edial lo c a tio n , and th e  p o s it io n  of th e  la b e l le d  group m ig ra tes  d o r-  

s a l l y  and l a t e r a l l y  In  the more p o s te r io r  p o r tio n s  o f th e  n u c leu s .

The m o re -d en se ly -lab e lled  g e n ic u la te  neurons were g e n e ra lly  observed 

In  th e  cen te r o f th e  column, w ith  the more p e r ip h e ra l  ce llB  co n ta in in g  

p ro g re s s iv e ly  sm a lle r  amounts o f the r e a c t io n  p roduct (F ig . 5C).

F in a lly , no s u b c o r t ic a l  e f fe r e n ts  o f  e i th e r  NLP o r LGNd were 

observed d e sp ite  an e x ten s iv e  sea rch , which focused e s p e c ia l ly  on th e  

d i-m esencephalic  ju n c tu re  and the tectum .

B ehavioral R esu lts  

H is to lo g ic a l R e c o n s tru c tio n s . F igure 9 p re se n ts  th e  most and l e a s t  

a c c u ra te  s u rg ic a l  outcomes fo r  each o f th e  th re e  o p era ted  groups. The 

f ig u r e  p resen ts  c lo s e ly  matched se c tio n s  through th re e  co ro n a l p lan es  

( a n te r io r ,  m iddle, and p o s te r io r )  which were s e le c te d  to  I l l u s t r a t e  

th e  h is to lo g ic a l  s ta tu s  o f bo th  the LGNd and th e  NLP. A nalysis  o f th e  

re tro g ra d e  c e l l  lo s s  r e s u l t in g  from s t r i a t e  a b la tio n s  has a lre ad y  been
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d e sc rib e d . F igu re  9 r e i t e r a t e s  th e  f in d in g  th a t ,  subsequent to  c i r ­

cum scribed removal o f a re a  17, neurons a re  c o n s is te n t ly  found along 

th e  m edial and e s p e c ia l ly  the  d o r s o la te r a l  a sp e c ts  o f  th e  LGNd. 

Im p o rtan tly , th e se  a re a s  correspond to  those  p o r tio n s  o f the  LGNd 

which were Id e n t i f ie d  as  having e x t r a - s t r i a t e  p ro je c t io n  f i e l d s ,  which 

su g g e s ts  th a t  th e  e x t r a - s t r i a t e  connections a re  a t  l e a s t  su s ta in in g  

p ro je c t io n s  (Rose and Woolsey, 1959). According to  e le c tro p h y s io -  

lo g ic a l  s tu d ie s  by M ontero, Brugge and B e ite l  (1968), th e se  u n a ffec ted  

p o r tio n s  o f  th e  LGNd re p re s e n t su p e r io r  p o r tio n s  o f th e  v is u a l  f i e l d ,  

where th e  tem poral f i e ld  i s  re p re se n te d  l a t e r a l l y  and th e  n a s a l f i e ld  

more m e d ia lly . V ir tu a l ly  no d e te c ta b le  d eg en era tio n  was noted  in  the  

NLP o f any of th e  s t r i a t e  le s lo n e d  an im als.

In  s u b je c ts  w ith  le s io n s  o f  NLP, damage to  th e  o v e rly in g  o p tic  

t r a c t  was a lso  commonly observed (F ig s . 9 and 10B). Encroachment o f 

th e  g l l o t i c  s c a r  in  N. p r e t e c t a l i s  (4 c a s e s ) ,  th e  p o s te r io r  tha lam ic  

nucleus (2 cases) o r  th e  v e n tr a l  tha lam ic  nucleus (1 case) was l e s s  

f re q u e n tly  observed . In  no case  was s ig n i f ic a n t  damage to  th e  LGNd 

observed , b u t minimal involvem ent o f i t s  m edial a sp e c t was noted in  

2 c a se s . A photom icrograph o f  a ty p ic a l  thalam ic le s io n  i s  provided 

in  F ig u re  10B.

The h is to lo g ic a l  r e c o n s tru c tio n s  f o r  s u b je c ts  w ith  combined a b la ­

t io n s  o f  a re a  17 and NLP were s im ila r  to  those  fo r  s u b je c ts  w ith  

s t r i a t e  o r NLP a b la t io n s  a lo n e . Thus, th e  a re a s  th a t  f a i le d  to  Bhow 

re tro g ra d e  changes in  th e  d e - s t r i a t e  p re p a ra tio n s  rem ained I n ta c t  in  

th e  17 + NLP p re p a ra tio n s . The p resence  of normal c e l l s  a long  th e  

m edial w a ll o f  th e  LGNd in  many cases  suggested  th a t  the  e l e c t r o ly t i c
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le s io n s  d id  n o t c o n tr ib u te  to  th e  g l io s i s  no ted  In  th e  g e n ic u la te . As 

in  Group NLP, o cc a s io n a l Involvement o f N. p r e t e c t a l l s  (4 c a s e s ) ,  th e  

p o s te r io r  th a lam ic  nucleus (1 case) and th e  v e n tr a l  thalam ic nucleus 

(2 ca se s)  was observed In  a d d it io n  to  the  fre q u en t In c lu s io n  o f th e  

o p t ic  t r a c t  o v e rly in g  NLP. F ig u re  10A shows the  appearance o f  th e  

thalam us in  a ty p ic a l  case  taken  from Group 17 + NLP.

E igh t s u b je c ts  were excluded from c o n s id e ra tio n  because th e i r  

th a lam ic  le s io n s  proved to  be in a c c u ra te ly  p laced . Three of th e se  

r a t s  were from Group NLP and f iv e  were from Group 17 -I* NLP. A lso, 

th re e  s u b je c ts  were p repared  w ith  c o r t i c a l  a b la t io n s  th a t  were s ig n i ­

f ic a n t ly  l a r g e r  than those  fo r  th e  a c c e p ta b le  d e - s t r i a t e  p re p a ra tio n s  

because we were I n te re s te d  in  a s c e r ta in in g  w hether th e  LGNd would 

com pletely  d eg en era te  I f  p o r tio n s  o f a re a s  18 and 18A were Included  

in  th e  e x t i r p a t io n .  I n te r e s t in g ly ,  th e  re tro g ra d e  p ic tu re s  fo r  th e  

l a t t e r  anim als were B lm ilar to  th o se  fo r  th e  d c - s t r in te  p re p a ra t io n s ,  

b u t they  n o n e th e le ss  f a i le d  to  le a rn  th e  p a t te rn  problem w ith in  th e  

maximum o f 300 t r i a l s .  The In c lu s io n s  and ex c lu s io n s  of s u b je c ts  were 

made on the b a s is  o f th e  h is to lo g ic a l  f in d in g s , and o f  cou rse  w ithou t 

re fe re n c e  to  the  outcomes from the  n eu ro b eh av io ra l t e s t s .  There were 

t e a  anim als in  Group 17, n in e  in  Group NLP, eleven  in  Group 17 + NLP, 

and te n  in  th e  unoperated  C o n tro l Group.

Comparison o f p la n lm e tr ic  measurements o f th e  c ro s s - s e c t io n a l  

a re a s  o f  th e  th a lam ic  le s io n s  in  Group NLP and Group 17 + NLP in d i ­

c a te d  th a t  th e re  were no sy stem a tic  d if fe re n c e s  in  th e  s iz e  o f th e  

NLP le s io n s  in  th e se  two groups ( t  ■ .6 0 , d f 1 8 ). S im ila r  m easure­

ments o f  th e  c o r t i c a l  le s io n s  confirm ed th e  co m p arab ility  o f  th e
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s t r i a t e  a b la t io n s  in  Group 17 and Group 17 + NLP ( t  *» 1 .1 6 , d f  “ 19). 

V isu a l Perform ances. The b eh av io ra l r e s u l t s  were a sse ssed  through 

th e  a n a ly s is  of v a r ia n c e  on t r i a l s  to  c r i te r io n *  In d iv id u a l betw een- 

group d if fe re n c e s  were asse ssed  v ia  th e  j t - t e s t ,  and w ith  D u n n e tt 's  jt 

when non-orthogonal com parisons re q u ire d  ad justm en ts  in  th e  degrees o f 

freedom (W iner, 1962; p . 8 9 ).

F re o p e ra tiv e ly , th e  an im als re q u ire d  an average o f 16 .20  t r i a l s  to  

reach  c r i te r io n  on th e  b lack -w h ite  d is c r im in a tio n . Comparison between 

th e  s u b je c ts  grouped accord ing  to  t h e i r  ev en tu a l tre a tm e n t assignm ents 

in d ic a te d  th a t  th e re  were no d if fe re n c e s  between th e  groups in  terms 

of t h e i r  o r ig in a l  le a rn in g  sco res  on th e  b r ig h tn e s s  h a b it  (F “ .99 ; 

df “ 3 .3 6 ) .

A ll o f th e  anim als e x h ib ite d  e x c e l le n t  p o s t-o p e ra tiv e  r e te n t io n  

o f th e  b lack -w h ite  problem (F ig . 1 1 ) . D esp ite  th e se  h igh  perform ance 

le v e l s ,  th e  a n a ly s is  o f v a r ia n c e  rev ea led  th a t  th e re  were r e l i a b le  

betw een-group d if fe re n c e s  in  th e  numbers o f t r i a l s  re q u ire d  to  re g a in  

c r i t e r io n  perform ance on th e  f lu x  d isc r im in a tio n  (F “  7 .1 7 , d f ■ 3 ,3 6 ,

* < .0 1 ) . P ost-hoc  com parisons rev ea led  th a t  th e  d if f e re n c e  can be 

a t t r ib u te d  to  th e  poorer perform ance o f Group 17 + NLP when compared 

to  any o f th e  o th e r  groups ( t  “ 2 .2 5 , d f “  19, ■ < .0 5 ) .

The numbers o f t r i a l s  to  c r i t e r io n  on th e  p a t te r n  problem served  

to  d i f f e r e n t i a t e  th e  tre a tm e n t groups in  a  much more d ram atic  fa sh io n . 

The mean numbers o f t r i a l s  re q u ire d  f o r  a tta in m en t o f  9/10 c o r re c t  

re sp o n ses , along w ith  t h e i r  a s so c ia te d  s tan d a rd  e r ro r s  o f th e  means 

(SEM), were as fo llo w s: C o n tro l, X » 28.3 + 3 .61 ; Group NLP; X »

33.56 + 4 .72 ; Group 17, X » 75 .20 , + 10 .98 , Group 17 + NLP; X » 146.36,



20
+ 20 .72 . The a n a ly s is  o f  v a r ia n c e  confirm ed th e  r e l i a b i l i t y  o f th e se  

d if fe re n c e s  (F » 18 .35 , d f  ■ 3 ,3 6 , « < .0 1 ) .

F igu re  12 p re se n ts  the- mean numbers o f  t r i a l s  re q u ire d  by each 

group to  reach  each o f th e  su ccess iv e  c r i t e r i a .  The a c q u is it io n  

fu n c tio n s  o f th e  groups began to  d iv e rg e  a t  th e  7/10 c r i t e r i o n ,  as  

r e f le c te d  in  th e  g r e a te r  numbers o f t r i a l s  taken  by Groups 17 and 

17 + NLP to  a t t a i n  t h i s  modest degree o f d is c r im in a tiv e  b eh av io r. The 

d if f e re n c e  between th e  groups in c rea sed  as  more s t r in g e n t  c r i t e r i a  o f  

perform ance were reach ed . P ost-hoc  an a ly ses  o f t r i a l s  to  th e  te rm in a l 

9/10 c r i t e r io n  in d ic a te d  th a t  w h ile  Group NLP was n o t im paired when 

compared to  th e  normal anim als ( t  -  .9 0 , d f ■ 1 7 .0 0 ), d e - s t r i a t e  r a t s  

were s ig n i f ic a n t ly  im paired  r e l a t i v e  to  normal s u b je c ts  (D u n n e tt 's  

t  ■ 2 .4 9 , “  < .025) and to  NLP p re p a ra tio n s  (D u n n e tt's  t  ■ 2 .26 ,

* < .0 5 ) .

Im p o rtan tly , however, Group 17 + NLP were much more se v e re ly  

im paired than th e  d e - s t r i a t e  s u b je c ts  ( t  “  2 .9 4 , d f  ■ 19, * < .0 1 ) . 

T h is  r e s u l t  shows th a t  a lthough  NLP le s io n s  have v i r t u a l l y  inconse­

q u e n tia l  e f f e c ts  upon v is u a l - p a t te r n  le a rn in g  when th e  s t r i a t e  c o r te x  

i s  i n t a c t ,  they  m arkedly p o te n t ia te  th e  d e f i c i t  produced by a s t r i a t e  

c o r t i c a l  a b la t io n .  Thus, le s io n s  o f  NLP have d i f f e r e n t  consequences 

when they occur in  i s o la t io n  as  opposed to  when they a re  combined 

w ith  s t r i a t e  c o r t i c a l  damage.
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The r e s u l t s  o f th e se  experim ents show th a t  th e  o rg a n iz a tio n  of 

th e  r a t ' s  v is u a l  system  i s  c h a ra c te r iz e d  by p a r a l l e l  thalam ic  p ro je c ­

t io n s  which each p rov ide  a f f e r e n ts  to  s e v e ra l  d i f f e r e n t  c o r t ic a l  

f i e ld s .  NLP p ro je c ts  to  a n e o c o r tic a l  expanse th a t  in c lu d es  a re a  18A 

and a t  l e a s t  some p o rtio n s  of areaB 18, 7, and 20. I t  a ls o  may have 

an ex trem ely  sp a rse  connection  w ith  the  s t r i a t e  c o r te x  (a re a  1 7 ).

The LGNd, in  a d d it io n  to  i t s  w e ll-e s ta b l is h e d  lin k ag e  to  a re a  17, a lso  

p ro je c ts  to  a rea  18A and to  th e  co r te x  caudal and m edial to  K r lc g 's  

a rea  17. Exam ination o f cases in  which 3H -leucine was p laced  in  LGNd, 

o r  HRP was in je c te d  in to  a rea  18 d id  no t re v e a l comparable g e n ic u la te  

p ro je c t io n s  to  a re a  18, b u t perhaps f u r th e r  s tu d ie s  w i l l  show th a t  

such p ro je c t io n s  e x i s t .

Although e x t r a - s t r i a t e  g e n ic u la te  p ro je c t io n s  have been d escrib ed  

in  th e  c a t  (Minkowski, 1914; W ilson and Cragg, 1967; N iirai and 

Sprague, 1970; Burrows and Hayhow, 1971; R osenqulst e t  a l . ,  1974; 

M aciewicz, 1975) and in  th e  s q u i r r e l  monkey (Wong-Riley, 1976), th e  

p re se n t r e s u l t s  a r e  th e  f i r s t  dem onstration  of analogous connections 

in  th e  r a t .  R ibak and P e te rs  (1975) d esc rib ed  th e  p ro je c t io n s  o f th e  

LGNd in  th e  a lb in o  r a t  as  being la rg e ly  confined  to  a rea  17. The

21
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absence o f a g e n ic u la te  p ro je c t io n  to  th e  l a t e r a l  f i e ld  i n  a re a  18A 

o f  a lb in o s  I s  in  c o n tr a s t  to  th e  p re se n t r e s u l t s ,  and must t e n ta t iv e ly  

be a t t r ib u te d  to  d if fe re n c e s  between the  s t r a i n s .  Such a  su g g estio n  

i s  no t un reasonab le  in  l i g h t  of th e  f a c t  th a t  d if fe re n c e s  between th e  

o rg a n iz a tio n  o f the  r e t in o - f u g a l  p ro je c t io n s  in  th ese  s t r a in s  have 

a lre a d y  been d esc rib ed  (bund, 1965; G io l l i  and C ree l, 1974; Lund, Lund 

and Wise, 1974; Hickey and S pear, 1976).

The f a c t  th a t  th e re  i s  p re s e n tly  a la c k  o f consensus w ith  re sp e c t 

to  th e  posterom edial e x te n t o f a re a  17 makes in te r p r e ta t io n s  o f  th e  

n a tu re  o f th e  g e n ic u la te  p ro je c tio n  to  th i s  a re a  n e c e s s a r i ly  eq u iv o ca l. 

K rieg  (1946a,b) d esc rib ed  th e  p e r l s t r i a t e  c o r te x  as  com pletely  su r­

rounding a rea  17 in  a l l  bu t i t s  a n te r io r  a s p e c t .  The e le c tro p h y s io -  

lo g lc a l  r e s u l t s  o f Adams and F o r re s te r  (1968) seemed to  be c o n s is te n t  

w ith  K rieg*s d e f in i t io n  o f  th e  f i e l d .  A lso , th e  e v o k e d -p o ten tla l map 

o f  Montero (1973) p e rm itte d  a s im i la r  co n c lu s io n . However, th e  u n it  

map o f  V -I o f M ontero, Rojas and T o rrea lb a  (1973) ex tends to  th e  

p o s te r io r  margin o f th e  c e re b ra l  hem isphere, and Rlbak and P e te rs  

(1975) have argued on c y to a r c h i te c tu r a l  grounds th a t  th e  posterom ed ia l 

c o r te x  should  be in c lu d ed  in  a re a  17. Rlbak and P e te rs  have a lso  

d esc rib ed  a g e n lc u lo -c o r t ic a l  p ro je c t io n  to  th e  subzone in  q u e s tio n , 

and th e  p re se n t r e s u l t s  a re  com pletely  c o n s is te n t  w ith  t h e i r  ob ser­

v a tio n s  on th i s  p o in t .  T h e re fo re , r e g a rd le s s  o f w hether th e  p o s te ro ­

m edial c o r te x  i s  a p a r t  o f 17 o r ,  in s te a d , i s  a  p a r t  o f 18A, i t  i s  

c le a r  th a t  t h i s  reg io n  i s  h ea v ily  su p p lied  w ith  a p ro je c tio n  from 

th e  LGNd.



Placem ent of HRP In to  a re a  17 I l l u s t r a t e s  th e  n a tu re  o f  th e  

h ig h ly  to pograph ic  g e n lc u lo - s t r la te  p ro je c t io n . Our r e s u l t s  w ith  

t h i s  p ro cedure , In  co n firm a tio n  o f th e  c l a s s i c a l  r e tro g ra d e  degenera­

t io n  f in d in g s  o f L ash ley  (1934), show th a t  a  column o f c e l l s  which 

p ro je c ts  to  th e  same a re a  w ith in  th e  s t r i a t e  c o r te x  runs throughout 

th e  ro s tro c a u d a l a x is  o f  th e  nucleus* The o b liq u e  o r ie n ta t io n  of 

t h i s  column i s  c o n s is te n t  w ith  th e  l in e s  o f p ro je c t io n  f i r s t  d i s ­

covered in  th e  c a t by B ishop, Kozak, Levick and Vakkur (1962) and 

su b sequen tly  d esc rib ed  in  th e  r a t  by M ontero, Brugge and B e ite l  

(1963). These l in e s  o f p ro je c tio n  re p re s e n t th e  p ro je c t io n  o f r e t i n a l  

p o in ts  onto  th e  LGNd, and may be m ediated by th e  lo n g itu d in a l  r e t in o -  

fu g a l f ib e r  system  (Montero and G u ille ry , 1968).

Some Comments on th e  O rR anization  o f the  L a te ra l  G en icu la te  Nucleus 

in  th e  R a t. The p ro je c tio n s  o f th e  f e l in e  g e n ic u la te  have been in ­

v e s tig a te d  by a number o f w orkers ( e .g . ,  W ilson and Cragg, 1967;

N iim i and Sprague, 1970; R o sen q u lst, Palm er and Edwards, 1974; 

M aciewlcz, 1975). The r e s u l t s  o f  th e se  and o th e r  in v e s t ig a t io n s  have 

in d ic a te d  t h a t ,  in  th e  c a t ,  th e  LGNd i s  so i n t r i c a t e l y  o rg an ized  in  

term s o f  i t s  a f f e r e n t  and e f f e r e n t  connections th a t  i t  i s  more pro­

p e r ly  regarded  as a n u c le a r  complex than a s  a u n i ta ry  s t r u c tu r e .  The 

p re se n t f in d in g s  w ith  reg ard  to  the g e n ic u lo -c o r t lc a l  system  o f  th e  

r a t  su g g est th a t  t h i s  complex o rg a n iz a tio n  i s  no t s p e c i f ic  to  th e  c a t .  

Thus th e  r a t *8 LGNd has been shown to  p ro je c t  beyond th e  boundaries 

o f a rea  17, and th e  e x t r a - s t r i a t e  c o r t i c a l  p ro je c tio n s  seem to  be 

r e g io n a lly  s p e c i f ic .
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There i s  no in d ic a t io n  o f  h e te ro g e n e ity  in  N is e i- s ta in e d  s e c tio n s  

o f th e  r a t s '  LGNd, b u t i t  has been observed and d esc rib ed  by Cunningham 

and Lund (1971) on th e  b a s is  o f th e  re g io n a l d i s t r ib u t io n  o f  neuro­

f i b r i l l a r y  and Fink-Heimer d eg en era tio n  fo llow ing  e n u c le a tio n . The 

d eg en era tio n  p a t te rn s  form a t  l e a s t  th re e  d e f in a b le  lam inae. The most 

d o rs a l  o f  th e se  lam inae corresponds c lo s e ly  to  th e  d o r s o la te r a l  lam ina 

th a t  p ro je c ts  to  a re a  18A. I n te r e s t in g ly ,  t h i s  a re a  i s  a ls o  th e  only 

s e c to r  o f th e  LGNd th a t  co n ta in s  sy n a p tic  g lo m eru li (Cunningham and 

Lund, 1971) s im ila r  to  those  found in  lam ina A in  th e  c a t  (G u ille ry , 

1969). G olgi s tu d ie s  on th e  r a t  LGNd (K rieb e l, 1975) have shown th a t  

a  d i s t i n c t  m orphological c e l l  type i s  found only  in  t h i s  a rea  

(K rie b e l 'a  type 2 ) . These neurons, accord ing  to  K rie b e l, resem ble 

c e l l s  found in  G olgi p re p a ra tio n s  o f lam inae A and A1 in  th e  c a t .

Both lam inae A and A1 in  th e  c a t  and th e  l a t e r a l  c re sc e n t o f th e  r a t  

p ro je c t  to  th e  p e r i s t r i a t e  c o rte x  (R osenquist e t  a l . ,  1974; th e  

p re se n t p a p e r) . Thus th e  r e s u l t s  o f t h i s  and o th e r  s tu d ie s  using  

r a t s ,  when compared w ith  th e  a v a i la b le  d a ta  fo r  th e  c a t ,  suggest th a t  

th e re  a re  p a r a l l e l s  between th e  o rg a n iz a tio n  o f th e  r a t  and c a t  

l a t e r a l  g e n ic u la te  nucleus in  term s o f lam in a tio n , c e l l  morphology, 

sy n a p tic  o rg a n iz a tio n , and c o r t i c a l  co n n ec tio n s .

N eurobehavioral R esu lts  

P o s to p e ra tiv e  R e ten tio n  o f  F lux D isc rim in a tio n . I t  has long been 

recogn ized  th a t  an im als w ith  r a d ic a l  a b la tio n s  of th e  p o s te r io r  

Iso c o r te x  s u f f e r  from d e f i c i t s  in  th e  r e te n t io n  o f p re -o p e ra tiv e ly  

le a rn e d  f lu x  d is c r im in a tio n s  (L ash ley , 1935; H ore l, B e ttin g e r , Royce
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and Meyer, 1966; see Meyer and Meyer, In  p re s s ,  fo r  rev iew ). The 

expected mean numbers o f  t r i a l s  re q u ire d  by th e se  p re p a ra tio n s  to  

reg a in  p re -o p e ra tiv e  perform ance le v e ls  I s  23 + 3  when tra in e d  In  

accordance w ith  th e  procedures used In  t h i s  In v e s t ig a t io n  (G lendenning,

1972). The e x c e lle n t  r e te n t io n  o f p re -o p e ra tiv e ly  lea rn ed  b lack -w h ite  

d isc r im in a tio n  h a b i ts  by th e  d e - s t r i a t e  r a t s  in  th e  p re se n t study  

shows th a t  th ese  Impairm ents o f r e te n t io n  a re  no t s p e c i f ic a l ly  r e ­

la te d  to  th e  removal o f a rea  17 in  th e  r a d ic a l  p re p a ra tio n s . Indeed , the  

group-mean p o s to p e ra tiv e  perform ance of d e - s t r l a t c  p re p a ra tio n s  

I s  on ly  two t r i a l s  more than th a t  o f normal c o n tro l an im als.

A lthough th e  experim ents d esc rib ed  above were c a r r ie d  ou t w ith  

s u b je c ts  whose le s io n s  ty p ic a l ly  included  a re a s  17, 18A, 18, 7 and 

20 as  d efined  by K rleg , r e s u l t s  from o th e r  re c e n t s tu d ie s  suggest 

th a t  le s io n s  o f  th e  s t r i a t e  and p e r i s t r i a t e  c o r te x  a re  p robably  

s u f f i c i e n t  fo r  p ro d u c tio n  of com plete Impairm ents o f r e te n t io n  of 

th e  b lack -w h ite  h a b i t .  An example i s  provided by th e  work o f Scheff 

and h is  a s s o c ia te s  (S cheff and W right, In  p re ss ; S ch eff, W right,

Morgan and Bowers, in  p r e s s ) .  The experim ents concerned th e  e f f e c t s  

o f  in te ro p e ra t iv e  p r a c t ic e  w ith  t h i s  ta sk  upon u lt im a te  r e te n t io n  o f 

th e  b lack -w h ite  h a b it  fo llow ing  th e  second o f two u n i l a t e r a l  p o s te r io r  

c o r t i c a l  a b la t io n s .  That I s ,  Scheff e t  a l .  were examining th e  bases 

o f Thompson's (1960) o b se rv a tio n  th a t  p ro te c tio n  o f r e te n t io n  i s  p ro ­

duced by and i s  a lso  e x p l i c i t ly  a fu n c tio n  o f ln te ro p e ra t lv c  t r a in in g .

A fte r  having r e p l ic a te d  Thompson's f in d in g s  w ith  an im als p re ­

pared w ith  p o s te r io r  le s io n s  which were la rg e ly  confined  to  th e  

s t r l a t e - p e r i s t r l a t e  c o r te x , S cheff and h is  co lleag u es  s tu d ie d  th e
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e f f e c t s  o f  th i r d - s ta g e  a b la t io n s  o f th e  c o r te x  im m ediately a n te r io r  

to  th e  s t r i a t e - p e r i s t r i a t e  reg io n . When they  r e tr a in e d  th e  s u b je c ts  

f o r  a  t h i r d  tim e, they  found th a t  r e te n t io n  o f  th e  h a b it  was im paired , 

a lth o u g h  th e  h a b it  had been p a r t i a l l y  re ta in e d  fo llow ing  th e  second 

u n i l a t e r a l  a b la t io n  provided  th a t  th e  anim als had p re v io u s ly  been 

g iven  in te ro p e ra t iv e  t r a in in g  on th e  h a b i t .  They a lso  showed th a t  

com parable, bu t f a r - a n te r io r  th i r d - s ta g e  a b la t io n s  do n o t produce 

Impairm ents o f r e te n t io n .  In  a d d it io n , they showed th a t  ln tc ro p c rn -  

t iv e  t r a in in g  a l t e r s  th e  v isu a lly -ev o k ed  responses which can be 

reco rded  from th e  c o r t i c a l  sub reg ions whose th i rd - s ta g e  rem ovals a re  

fo llow ed by u lt im a te  im pairm ents o f  r e te n t io n  o f  th e  h a b i t .

These im portan t f in d in g s  have suggested  th e  In d u c tio n  o f v is u a l  

fu n c tio n s  by a com bination o f  c o r t i c a l  ab la tlo n B  and p o s to p e ra tiv e  

t r a in in g  in  system s which do n o t o r d in a r i ly  perform  v is u a l  fu n c tio n s . 

N otab ly , however, th e  reg io n s  which Scheff e t  a l .  d e sc rib e  as  th e  

co n tlg u o u s-to -v iB u a l c o r te x  in c lu d es  a re a  7 a s  d efin ed  by K rieg .

Our own f in d in g s  show th a t  NLP, in  a d d it io n  to  p ro je c t in g  to  the  

e x t r a - s t r i a t e  co r te x  and to  K r ie g 's  a re a  20, a ls o  p ro je c ts  to  a re a  7. 

F u r th e r ,  our r e s u l t s  f o r  r e te n t io n  o f th e  b lack -w h ite  h a b i t  by sub­

j e c t s  p repared  w ith  a b la t io n s  o f a re a  17 and NLP su g g est th a t  damage 

to  th e  NLP p ro je c t io n s  r e s u l t  in  a  modest p o te n t ia t io n  of th e  t r i v i a l  

im pairm ents which a re  seen in  d e -B tr la te  s u b je c ts .  Hence i t  i s  

p o s s ib le  to  e n te r ta in  th e  view th a t  th e  Scheff e t  a l .  f in d in g s  were 

r e s u l t s  o f enhancem ents, v ia  t r a in in g ,  o f  th e  fu n c tio n s  o f  one o f the  

f o r e b r a in 's  i n t r i n s i c a l l y - v i s u a l  mechanisms, and no t o f v ic a r io u s  

re o rg a n iz a tio n  of th e  fu n c tio n s  o f  e x t r a -v is u a l  system s.
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P o s to p e ra tiv e  L earning of V isu a l P a t te rn  D isc rim in a tio n s . R ad ica l 

b i l a t e r a l  p o s te r io r  a b la tio n s  perm anently  suppress  perform ance of 

v l s u a l - p a t t e m  problem s of th e  k ind  employed In  t h i s  in v e s t ig a t io n  

(H orel e t  a l . , 1966). Im p o rta n tly , th e  problem  was In so lu b le  in  

term s o f  o v e r - a l l  d if fe re n c e s  In  f lu x ,  o v e r - a l l  d if fe re n c e s  In  con tou r, 

lo c a l  d if fe re n c e s  in  f lu x ,  lo c a l  d if fe re n c e s  in  co n to u r , o r d if fe re n c e s  

in  q u a n t i t ie s  o f r e t i n a l  s ig n a ls  which m ight a r i s e  from h o r iz o n ta l  

scann ings o f th e  s t r ip e s  on the  p a n e ls . These s p e c i f ic a t io n s  a re  

s ig n i f ic a n t  because r a t s  p rep ared  w ith  le s io n s  o f th e  s t r i a t e  and th e  

e x t r a - s t r i a t e  c o r te x  (a re a s  17, 18 and 18A o f K rieg) can e v e n tu a lly  

m aster problem s i f  th e  s t im u li  a r e  d i f f e r e n t  w ith  r e s p e c t  to  con tour 

(Mize, W etzel and Thompson, 1971; W eiskran tz , 1974) o r  problem s which 

p re se n t a r ra y s  o f v e r t i c a l  and h o r iz o n ta l  s t r ip e s  (Cowey and 

W eiskran tz , 1971; Spear and B arbas, 1975).

The r e s u l t s  o f  th e  p re se n t p a t te rn - le a rn in g  s tu d y  have shown 

th a t  b i l a t e r a l  a b la t io n s  o f  a re a  17 have only  a  r e l a t iv e ly  modest 

e f f e c t  upon th e  r a t e  o f p o s to p e ra tiv e  a c q u is i t io n  o f th e  o b liq u e -  

s t r i p e s  d isc r im in a tio n  h a b i t .  These f in d in g s  a re  c o n s is te n t  w ith  a 

number o f re c e n t o b se rv a tio n s  concern ing  th e  v iB u o sp a tia l c a p a c i t ie s  

o f  o th e r  mammalian sp e c ie s  fo llo w in g  removal o f the  s t r i a t e  c o r te x . 

Thus, c a ts  (Levy, D iB erardlno and Conomy, 1973; Sprague, Levy, 

D iB erardino and B e rlu c c h i, in  p r e s s ;  B erk ley , Sprague and Bloom,

1976), tu p a ia  (K illack ey  and Diamond, 1971; Ware, Diamond and 

Casagrande, 1974), r a b b i ts  (Murphy and S tew art, 1974), and rhesus 

monkeys (P asik  and P a s lk , 1971) have a l l  been re p o rte d  to  be capab le  

o f  m aste rin g  v is u a l - p a t te r n  problem s a f t e r  having been p repared  w ith
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a b la tio n s  o f th e  s t r i a t e  c o r te x .

One of th e  best-remembered statem ents o f  L ashley (1939) was h i s  

claim  th a t  approxim ately  700 c e l l s  o f the LGNd a re  s u f f i c i e n t  to 

perm it v is u a l-p a t  te rn  le a rn in g  by r a t s  w ith  n e a r - t o t a l  a b la tio n s  o f  

th e  s t r i a t e  reg io n . T h is s ta tem en t has come t o  be regarded  nH a 

t r u th ,  as i t  must be i f  the s t r i a t e  cortex  i s  I n  fac t o f  p iv o ta l 

Im portance in  p e rcep tio n s  o f v is u o s p a tia l  p a t t e r n s .  However, a lthough  

i t  has become th e  custom to  d e sc rib e  p r e p a r a t i o n s  with le s io n s  which 

extend f a r  beyond the boundaries o f  the s t r i a t e  cortex  a s  animals w ith  

s t r i a t e  le s io n s ,  the  b u lk  of th e  a v a ila b le  e v id e n c e  su g g e s ts  th a t  

s t r i a t e - e x t r a - s t r i a t e  le s io n s  do no t produce Im pairm ents o f  v is u a l -  

p a t te m  le a rn in g  sim ply because they g u a r a n te e  complete d e s tru c tio n  

of th e  s t r i a t e  c o rtex . Hence, the t r a d i t i o n a l  concept t h a t  to ta l  de­

gen era tio n  o f th e  LGNd i s  an ap p ro p ria te  c r i t e r i o n  of com pleteness 

of s t r i a t e  a b la tio n s  needs to  be abandoned, a s  i s  c le a r  from our 

r e s u l t s  and from the anatom ical f in d in g s  o f  D o ty  (1971) and Niimi and 

Sprague (1970) w ith  re sp e c t to  d e - s t r i a te  c a t s .

Comparisons between th e  le a rn in g  s c o re s  f o r  the fo u r  experim ental 

groups th i s  experim ent shows th a t  s t r i a t e  a n d  e x t r a - s t r i a t e  mechanisms 

in te r a c t  in  m ediating lea rn ed  v is u a l  f u n c t io n s  in  r a t s .  This conclu ­

s io n  r e s t s  on our dem onstration  th a t  a l th o u g h  NLP a b la t io n s  by them­

se lv e s  produce no d isce rn a b le  e f f e c ts  upon r e t e n t i o n  o f  b r ig h tn e ss  

h a b its  o r  upon a c q u is it io n  o f v i s u a l - p a t t e r n  h a b i t s ,  I d e n t ic a l  

le s io n s  in  com bination w ith  s t r i a t e  c o r t i c a l  damage r e s u l t s  in 

b eh av io ra l im pairm ents th a t  exceed th e  e x p e c te d  consequences of th e  

c o r t ic a l  le s io n s  a lo n e .
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A l i k e l y  ex p lan a tio n  o f th e  dynamics u n d e rly in g  th i s  o b se rv a tio n  

d e r iv e s  from th e  n a tu re  o f  th e  two major a f f e r e n t  channels to  p e r i -  

s t r i a t e  v i s u a l  c o r te x  in  th e  r a t .  The g e n ic u lo s t r l a te  e x t r a - s t r i a t e  

channel in v o lv es  th e  p ro je c tio n  o f th e  LGNd to  the s t r i a t e  c o rtex  

(L ash ley , 1941; R ibak and P e te r s , 1975) and th e  e f f e r e n t  connections 

o f a re a  17 to  18 and 18A (Nauta and Bucher, 1954; Montero e t  a l . ,

1973). An a l t e r n a te  so u rce  of a f f e r e n t  in fo rm a tio n  to  a reas  18 and 

18A l i e s  in  th e  c o r t i c a l  p ro je c t io n s  of N. l a t e r a l i s  p o s te r io r .  Thus, 

th e  c o n n e c tiv ity  o f t h i s  system , when examined in  c o n ju n c tio n  w ith  th e  

p re se n t b e h a v io ra l f in d in g s ,  lead s  to  the su g g es tio n  th a t  under c i r ­

cum stances In  which one o f  th ese  p a ra l le l-c o n d u c tin g  th a la m o c o rtic a l 

system s i s  damaged, v is u a l  in fo rm ation  can s t i l l  be tra n sm itte d  

through th e  rem ain ing , i n t a c t  p o r tio n  of th e  ascending  pathways to  

e x t r a - s t r i a t e  c o r te x . An im p lic a tio n  of t h i s  su g g estio n  i s  th a t  the 

p resen ce  o f  th e  g e n ic u lo s t r la te  system  masks th e  e f f e c t  o f damage to  

th e  NLP p ro je c t io n  more com pletely  than does th e  NLP p ro je c tio n  

compensate fo r  s t r i a t e  c o r t ic a l  damage. The em phasis, however, 

should be p laced  on the  es ta b lish m en t of e x t r a - g c n ic u lo s t r ia tc  

mechanisms having an im portan t r o le  of any k in d , and in  a ttem p ts  

to  e s ta b l i s h  what th a t  r o le  might be.
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F igu re  1. C y to a rc h lte c tu ra l f ie ld s  o f th e  p o s te r io r  co rtex  in  the 
r a t .  (Adapted from K rieg , 1946),
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Figure  2. A utoradiographic dem onstration  o f th e  p ro je c tio n s  of
Nucleus l a t e r a l i s  p o s te r io r .  The lo c a tio n  o f th e  in je c t io n  
s i t e  i s  in d ica te d  by th e  d ark  arrows in  s e c tio n s  A, B and 
C.



F igure  3 . Laminar d i s t r ib u t io n  o f  s i l v e r  g ra in s  in  a re a  18A
fo llow ing  in je c t io n s  o f 3H -leucine in to  NLF. C o r t ic a l  
lam inae a re  in d ic a te d  a t  l e f t .  Dark f i e ld  i l lu m in a tio n  
taken  from case NLF 1.



34

F ig u re  4 . Drawings o f tha lam ic  s e c tio n s  s e le c te d  to  i l l u s t r a t e  
re tro g ra d e  c e l l  l a b e l l in g  r e s u l t in g  from I n je c t io n  o f 
h o rse ra d ish  p ero x id ase  in to  a re a  18. L igh t l a b e l l in g  
i s  in d ic a te d  by open c i r c l e s ,  h e a v ily  la b e l le d  neurons 
a re  in d ic a te d  by f i l l e d  c i r c l e s .
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Figure 5, A. Drawings of s e l e c t e d  thalam ic se c tio n s  i l l u s t r a t in g  
re tro g ra d e  up take o f  HRP fo llow ing  in je c t io n  in to  
area  17.

B. Appearance o f l a b e l l e d  c e lls  in  NLP, dark f i e ld  
il lu m in a tio n .

C. Appearance o f l a b e l l e d  ce lls  in  LGNd, dark f i e ld  
i l lu m in a tio n .
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F igure  6 . A. Drawing o f thalam ic s e c tio n s  s e le c te d  to  i l l u s t r a t e
re tro g ra d e  In co rp o ra tio n  o f HRP fo llow ing  In je c t io n  in to  
a re a  18A. L igh t la b e l l in g  i s  in d ic a te d  by open c i r c l e s ,  
h e a v ily  la b e l le d  neurons by f i l l e d  c i r c l e s .  Note th e  
accum ulation o f la b e l le d  c e l l s  in  th e  l a t e r a l  h a l f  of
NLP and in  the d o r s o la te ra l  p o r tio n  of th e  LGN.

B. Dark f i e l d  photom icrograph of H R P-labelled neurons in  NLP.
C. Dark f i e ld  photom icrograph o f H R P-labelled neurons in

LGNd.
L ig h tly  la b e l le d  neurons a re  in d ic a te d  by open arrow s.



»

*» ’
• v u  •

.• > •  £  V 6* , .
1'.<L »  “*^7^ ‘:lA * '>  %

i v t ;
* V *

> v  V h * -  v

t a s s  «  v v

^’fcWS&r."V • jtfivn J K i ia ie -o a K

<•„-.'*«*» ,■ **

< V *1» -  7.
*4 %  *

* V  >  >-. • . * * ? . • • ^ ‘ / ' «
•**' # V *

.  . *v‘*S * '''**  *
* * v  ’

F ig u re  7.

37

a ‘ < .5 .

A. D orsal view  o f b i l a t e r a l  a b la tio n  of a rea  17 (o u tlin e d  
w ith  heavy b lack  l i n e ) .  Lesion ex ten t i s  in d ic a te d  by 
s t ip p l in g .

B. Photom icrograph o f  s e c tio n  through the le s io n  s i t e .
N is s l  s ta in .

C. Photom icrograph taken  from r ig h t  LGNd showing a re a  which 
i s  degenera ted  fo llow ing  removal o f s t r i a t e  c o r te x ,

D. H igher power view o f LGNd showing t r a n s i t io n  between 
degenerated  and I n ta c t  p o r tio n s  o f LGNd.
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F igure  8. Drawings made from se c tio n s  se le c te d  to  i l l u s t r a t e  th e
c o r t ic a l  d is t r ib u t io n  o f s i lv e r  g ra in s  fo llow ing  in je c t io n  
of 3H -leucine in to  th e  LGNd.
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F ig u re  9. L east and most a cc u ra te  le s io n s  in  each of th e  th ree  
o p era ted  groupB.
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F ig u re  10. A. Photom icrograph o f th e  thalam us o f a ty p ic a l  case 
taken from Group 17 + LP.

B. Photom icrograph of the  thalam us o f a ty p ic a l  case 
taken  from Group LP.
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F igure  11. P re o p e ra tiv e  a c q u is it io n  and p o s to p e ra tiv e  r e te n t io n  o f 
f lu x  d isc r im in a tio n  fo r  each o f th e  th re e  experim ental 
groups and th e  normal c o n tro l group. Data p o in ts  re p re ­
se n t group-mean numbers o f  t r i a l s  (ab sc is sae )  needed to  
perform  a t  each su ccess iv e  c r i te r io n  (o rd in a te s ) .
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Figure 12. P ostopera tive  a c q u is itio n  of p a tte rn  d isc rim in a tio n  fo r 
each of the th re e  experim ental groups and fo r th e  normal 
co n tro l group. Data p o in ts  rep resen t group-mean numbers 
o f t r i a l s  (absc issae) needed to  perform a t  each successive 
c r i te r io n  (o rd in a te s ) ,
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