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('HAMPNEY, T. F., T. L. SAIII.EY AND C. A. SANDMAN. Lffi'cts of neonatal cerehral vent,'icular injecthm o.I,,tCTH 
4 9 and subsequent adult injectkms on learning in male and female albino rats. PHARMAC. BIO('HEM. BEHAV. 5: 
S[PPI.. 1, 3-9 ,  1976. An investigation ot permanent deveh~t~mental effects of a potent, long acting A("TIt/MSlt 4- 10 
analogue (Organon 2766) ~n adult passive avoidance performance and tJl" subsequent peripheral aduh injections of the 
same substance on visual ¢black and white) discrimination learning and reversal in a Thompson-Bryant box was 
conducted. A subqproblem analysis of visual and position preferences during rever~l was performed. No differences in 
passive avoidance performance or in original discrimination learning were obtained. Both infant and adult treatments 
enhanced reversal learning and visual orientation (proportion of responses to the previously positive stimulus). Infant 
treatment suppressed position orientation in males and enhanced position orientation in females. These effects were 
interpreted as indicating that ACTH-like peptides enhance attention to the relevant stimulus by a direct effect on the brain. 
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Melanocyt e-stimulating hormone 

CLASSICAL op in ion  suggested that  a d r e n o c o r t i c o t r o p h i c  
h o r m o n e  ( A ( ' T H )  was active in the stress response  of  mos t  
an imals  and  that  me lanocy t e - s t imu la t i ng  h o r m o n e  (MSH) 
changed the p i g m e n t a t i o n  of lower ve r t eb ra t e s  and  was 
merely vcstigeal in mammals ,  t towever ,  recent  evidence 
indica tes  tha t  ACTt t ,  MSH and the centra l ly  active amino  
acid sequence  thai  these two molecules  share ( M S H / A C T H  
4 10) have observable  behavioral  consequences .  Adminis-  
t r a t ion  of  these subs tances  to adul t  rats  has resul ted in 
delayed e x t i n c t i o n  of active [3 ,23]  and passive avoidance  
learning [ 1 7 , 3 2 ] ,  de layed e x t i n c t i o n  of an appe t i t ive  task 
[31] and enhanced  reversal learning of  a b r igh tness  
d i sc r imina t ion  task [ 2 7 , 3 3 ] .  The  results  have been  inter- 
pre ted  as indica t ing  that  the h e p t a p e p t i d e  inf luences  
e m o t i o n  or fear [2 ,231 ,  m e m o r y  [3 ] ,  m o t i v a t i o n  [ 8 . 3 4 ] ,  
arousal  [ 1 ] ,  and a t t e n t i o n  [ 2 7 , 2 9 ] .  

In a series of  recent  s tudies,  infant  rats (age 2--7 days)  
werc given in t r ape r i tonea l  in jec t ions  of MSH and tested as 
adul t s  with  several behaviora l  tasks [ 3 0 ] .  l-arly pos tna ta l  
t r e a t m e n t  of  rats with  MSH resul ted in improved  eff ic iency 
on a DRL-20 task, faci l i ta ted reversal learning,  improved  
p e r f o r m a n c e  of the changed  d imcns ion  of an extra-  
d imens iona l  shift in a visual discrimim~tion prob lem,  and 
enhanced  acquis i t ion  and has tened  e x t i n c t i o n  of an active 
avoidance  response.  

The results  of the deve lopmen ta l  s tudies  also raised the 
possibi l i ty  that  the behaviora l  ef fects  of  these neuro-  
pep t idcs  were sex-dependen t .  The enhanced  reversal 
learning appeared  to be res t r ic ted to male animals.  In 

a n o t h e r  deve lopmen ta l  s tudy,  increased gregar iousness  was 
most  evident  in females  t rea ted  with MSH [ 3 0 ] .  

The cu r ren t  expe r imen t s  were designed to explore  
fu r the r  the sex and task d e p e n d e n c y  of  early exposure  to 
pept ide  h o r m o n e  analogues.  A longer ac t ing derivat ive 
(A( 'T I t  4- -9  ana logue;  Met-402,  8 D-Lys, 9 Phe-A( 'TII  4 t~, 
Organon  2766)  p u r p o r t e d  to be many  t imes more  p o t e n t  
than  A( 'T t l ,  MSI-I or thei r  o the r  analogues  was employed .  
To maximize  the p robab i l i ty  that  the in jec t ions  would 
effect  the learning process  by direct  ( 'NS ac t ion ,  infant  rats 
were injected in t ravent r icu la r ly ,  in add i t ion ,  Exper imen t  2 
was designed to assess the possibi l i ty  thai  rats p rc t rea ted  
wi th  the A ( ' T H 4  C~ analogue as in fan ts  would be sensi t ized 
to admin i s t r a t i on  of this  pept ide  der ivat ive as adul ts .  
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Animals  

"Fen l i t ters  of  rats delivered by po lypa rous  m o t h e r s  of  
the Sprague-Dawley l i o l t z m a n  a lb ino  strain were housed 
wi th  the i r  m o t h e r s  for the  first three  weeks p o s t p a r t u m  in 
plastic m a t e r n i t y  cages. At app rox ima te ly  21 days of  age 
the pups  were weaned and housed  in doub le  meta l  cages in 
groups of  3 or 4. ( 'age mates  were kept  h o m o g e n e o u s  wi th  
respect  to l i t ter,  expe r imen t a l  group,  and sex. Twen ty - fou r  
hou r  cons t an t  diffuse l ighting was used t h r o u g h o u t  the 
expe r imen t .  Seventy-seven rat pups  were included in the 
expe r imen t .  

~Addrcss reprint requests to Curt A. Sandman, Department of l>',ychology, t'hc Ohio Slate University, 1945 N. [ligh St.,('¢~lumbus, Ohio 
43210. 
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At a p p r o x i m a t e l y  24 hr p o s t p a r t e m ,  pups  were anes the-  
t ized in a small jar  wi th  gauze soaked in Me tophane  
( m e t h o x y f l u r a n e )  for a p p r o x i m a t e l y  2 ram,  unt i l  they 
were no longer responsive to pain. Pups were re ta ined  
in mode l ing  clay m o u n t e d  on  a w o o d e n  block firmly 
secured in a s le reo lax ic  appara t t , s  wi th  head elevated 
abou t  five degrees f rom hor izon ta l .  A 10 ul I t ami l ton  
micro l i te r  syringe was m o u n t e d  on the s te reo tax ic  carrier.  
In jec t ion  coord ina te s  were uni la tera l  and 1.0 mm an te r io r  
to bregma,  1.0 mm lateral f rom the longi tud ina l  su ture  anti 
2.0 m m  vent ra l  f rom the surface of the skull. The locus of  
the in jec t ion  was the  lateral vent r ic le  near  its con f luence  
with the third ventr ic le .  ( ' o o r d i n a t e s  were varified by 
in jec t ing india ink in to  the brain of one pilot pup.  Pups 
were injected with 10 ,ug in 0.5 ul of  a s t ruc tura l  
modi f i ca t ion  of  A( 'TII  4 O ( 4 - 0 : - M e t ,  8 I)-Lys, 9 Phe- 
ACTl l  4 - %  Organon  2766) .  This c o m p o u n d  which is a 
longer act ing pha rmaco log ic  mod i f i ca t ion  of the A( 'T| ' I  
4 t.~ molecule ,  is pu ta t ive ly  an ACTH 4 10 like subs tance  
in its behaviora l  act ions .  The  rats were injected wi th  the 
ACTH 4-¢,  ~ analogue dissolved in .01 normal  acet ic  acid anti 
0.85!'; Na( ' l  in aqueous  so lu t ion  or wi th  the con t ro l  vehicle.  
The syringe needle  was left in place in the brain for a b o u t  
two minu t e s  fol lowing in jec t ion to allow h o r m o n e  to 
diffuse in to  the  ven t r i cu la r  system. The pups  were marked  
with a code so that  the e x p e r i m e n t e r  remained  blind with 
respect  to t r e a t m e n t  group m e m b e r s h i p  t h r o u g h o u t  the 
s tudy.  About  9057 of  the opera ted  pups  survived th rough  
the t ime of testing. Thei r  viabi l i ty  did not differ  l rom 
u n o p e r a t e d  cont ro ls .  

A ppara t us 

A passive avoidance  box was used in the expe r imen t .  It 
consis ted of  a wire mesh runway  ex t end ing  out  over the 
edge of a tahle,  a sliding doo r w ay  and a goal c o m p a r t m e n t .  
The goal c o m p a r t m e n t  was 25.4 cm high, 30.5 cm wide anti 
34.3 cm long, the doo r w ay  10.2 cm square and the runway  
10.2 cm wide by 24.5 cm long. The box was cons t ruc t ed  
with t r anspa ren t  red Plexiglas and the runway  wire mesh.  
The  grid f loor  cons is ted  of 0.5 cm brass bars spaced 1.3 cm 
apart .  Sc rambled  DC cur ren t ,  0.6 mA was delivered to the 
grids via a Scient i f ic  P r o t o t y p e  model  No. 4 0 2 7 J M  power  
source and Grason-S tad le r  model  No. E I I 0 0 D A  shock 
genera to r  and sc rambler  and t imed with a Tes tan  Universal 
t imer.  The  appa ra tus  was located in a walk-in sound 
a t t e n u a t e d  c o m p a r t m e n t  with  a 3(10 W incandescen t  light 
above the runway.  

Pro cedu re 

The procedure  was a doub le  bl ind one-tr ial  passive 
avoidance  learning s i tuat ion.  T r e a t m e n t  groups  consis ted  of 
15 male and  19 female A C T H 4  9 a n a l o g u e  t rea ted  rats, 12 
male and 15 female ope ra t ed  cont ro l s ,  and 9 male and 7 
female u n o p e r a t e d  controls .  Animals  were 90 to 120 days 
old at the  t ime of  testing. Animals  were hand led  rou t ine ly  
jus t  pr ior  to tes t ing  for 1--2 rain and were tested at abou t  
the same t ime every day. On Day 1 an imals  were placed on 
the runway  facing away f rom the goal box,  la tencies  to 
en te r  the box were recorded  end an imals  were al lowed to 
remain  in the box for five m i nu t e s  fol lowing ent ry .  On Day 
2 an imals  were placed on the  runway  and la tencies  
recorded,  the doo rway  was closed and a 3 sec 0.6 mA 

foo t shock  delivered to the grid immedia te ly  fol lowing 
ent ry .  Animals  were in lmedia te ly  removed  anti r e tu rned  to 
thei r  h o m e  cage. On I)ays 3 . 4 ,  5 and ~,~ an imals  were placed 
on the runway ,  la tencies  recorded ,  and animals  were 
re tu rned  to the i r  h o m e  cage fol lowing en t ry  in to  the box or 
a f te r  300  sec expi red  wi thou t  a response.  

v, t-,s t I l , lS 

Since rats t rea ted  as in fan t s  with  A ( ' T I I / M S f l 4  10-like 
subs tances  had never  been tested in a passive avoidance  
paradigm,  it was expec ted  that  ef fects  on pe r fo rmance  
would resemble  those previously repor ted  for bo th  infant  
and adul t  t rea ted  an imals  [ 1 0 , 3 2 ] .  This  expec ta t ion  was 
not  conf i rmed  by the present  expe r imen t .  The la tency data  
was analyzed by analysis  of variance (Balanova)  v,ith 
t r e a t m e n t ,  sex and days as factors.  There  were no signifi- 
cant  d i f ferences  be tween  u n o p e r a t e d  and opera ted  con t ro l  
animals ,  the re fore  con t ro l  animals  were pooled.  O the r  than 
an effect  of days, the only significant d i f ferences  be tween  
groups  emerged  as a three-way in te rac t ion .  I q 5 , 3 6 5 ) =  2.X3, 
p 0.025 for latencies) .  Simple effects  lests pe r fo rmed  for 
aw)idance la tencies  wi th in  each day indica ted  lhat  only the 
t r e a t m e n t  by sex in te rac t ion  was significant 4~ hr af ter  
shock,  F~1,73) = 6.82. p < 0 . 0 2 .  It is apparen t  l rom Fig. 1 
tha t  males t rea ted  with the A ( ' T l t 4  ~,~ analogue showed an 
enhanced  passive avoidance  la tency 48 hr a f te r  t oo t shock  
and from Fig. 2 tha t  females t reated v,'ith the A ( T I I  4 u 
analogue showed a decreased la tency 48 hr af ter  foo t shock .  
Latency data were t r ans fo rmed  logar i thmical ly  in order  to 
be t t e r  con fo rm to the analysis  of variance a s sumpl ions  and 
no di f ferences  in avoidance  la tencies  related to I rea lmcnl  or 
sex were signif icant .  
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FIG. 1. Latencies for males to place four feet in the goal box in a 
passive avoidance response (PAR) situation represented as a func- 

tion of day of testing. 
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HG. 2. Latencies for females to place four feet in the goal box 
represented as a function of day of tesling. Animals received a shock 

on Day 2. 

I ' X P E R I M E N T 2  

M E'I HOt)  

,.1 nimal,~ 

The Sitllle rats as in Exper iment  1 were used in this 
expe r imen t  except  for 1 male opera ted  and 3 male 
unopera ted  cont ro ls  for a total of 73 animals. 

,4pparatu.s 

The test apparatus  was a Thompson-Bryan t  discrimina- 
tion Box consist ing of a start c o m p a r t m e n t ,  a choice 
c o m p a r t m e n t  and a goal box. The start c o m p a r t m e n t  was 
separated from the choice c o m p a r t m e n t  by a guillotine 
door.  Black and white discr iminanada doors  were inserted 
into g.6 cm square openings  separating the choice compar t -  
ment  from the goal c o m p a r t m e n t - o n e  of  these could be 
barred shut from behind.  The distance from the start 
c o m p a r t m e n t  to the goal c o m p a r t m e n t  was 52.0 cm. "l'he 
discr iminanda were 4.4 t in  apart with a 6.7 cm part i t ion 
pro t ruding  be tween  them. The walls of the box were 
cons t ruc ted  of  black Plexiglas 17.8 cm in height and the 
top was clear. One 3 W light was a t tached to the top above 
the start c o m p a r t m e n t  and one above each of  the dis- 
cr iminanda.  The floor of  the goal box was black Hexiglas. 
The same grid, shock apparatus  and sound a t t enua ted  
chamber  as in Fixperiment 1 were used. 

Procedure 

The procedure  was a double  blind visual d iscr iminat ion 

learning and reversal s i tuation.  In order  to test the 
possibili ty that infant injection may have sensitized rats to 
later injections,  the t r ea tmen t  groups from Exper iment  1 
were each divided in h a l f - h a l f  of each group received a 
subcu taneous  injection of 4 - 0 2 - M e t ,  8-D Lys, 9 Phe-A("rl-t 
4 - 9  (Organon 2766) and hall" the vehicle solut ion 5 rain 
prior to testing during every day of original learning and 
reversal. Table 1 represents  the exper imenta l  design. The 
dosage of the ACTH 4 9 analogue was 1 0 u g  in 0.5 cc of  
0.01 normal acetic acid and 0.857; Na('l in aqueous  
solution.  One half of  one cc of the vehicle was adminis tered  
to controls .  On the day prior to the beginning of  the 
exper iment  each animal was adapted  to the T h o mpson  box 
for 15 min with all doors  open.  Animals were tested at 
about  the same time every day. On each trial animals were 
placed in the start box and the door  was opened  lhrough- 
out the rest of  the procedure .  Animals were tested in 
squads of  6, a l ternat ing with the o ther  animals in the squad 
so that trials were spaced. Goal box discr iminanda doors  
were kept clean and free of ex t raneous  odor  using a 
cleaning solution of  95'7"¢ ethyl  alcohol and diluted acetic 
a c i d - d o o r s  were cleaned at least once during every trial. 
Animals were tested 25 trials per day or until a criteria was 
reached and then re turned to the home cage. Reversal 
training did not  begin until about  7 days after  the beginning 
of  original learning. Three days intervened be tween tasks. 
One expe r imen te r  un in fo rmed  of group membersh ip  tested 
all of  the animals th roughou t  the procedure .  One-half  
second of 0.6 mA footshock was used as negative reinforce- 
menI.  

T A B L E I  

THE I)[ 'SIGN OF EXPERIMENT 2: THE NUMBER OF ANIMAI.S IN 
EACH TREATMENT GROUP. EACH ANIMAL RECEIVED TREAT- 

MENTS BOTH AS AN INFANT AND AS AN ADUI.T 

Infant 
Treatment: ACTH 4-9 ACTH Control Control 
Adult 
Treatment: ACTH 4-9 Contro l  ACTH Control 

Males N - 7 N = 8 

Females N = 9 N -: 10 

N =FI N - 9  
(op. = 6) (op. : 5) 

(unop. = 2) (unop. = 4) 

N = 11 N = 11 
(op. = 8) (op. = 7) 

(unop. - 3) (unop. = 4) 

Pretraining. During the shaping procedure  animals 
received cont inuous  bursts of hal l  second shock for 
hesi ta t ion of  more than 5 sec on movemen t  toward the 
start box until forward progress was resumed.  Black and 
white diagonally str iped doors  were used during shaping. 
On trial one the doors  were placed against the back of the 
goal box. On trial two they were halfway closed. On trial 
three they were three-quar ters  closed. And for the re- 
mainder  the doors  were comple te ly  closed. ( ' r i ter ion was 5 
consecut ive correct  responses  of knocking down a goal box 
door  when all the way closed. Trials to cri terion during 
shaping were recorded.  

Original h'arning. Animals were trained to run to an 
unlocked white door  to enter  the goal box to a cri terion ot 
9 out of  10 correct  responses.  The black door  was locked. 
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The positive d i s c r i m i n a n d a - t h e  white door  was a l ternated 
be tween left and right according to a Gel lerman sequence.  
An error  was recorded and the animals received a shock if 
any part o f  their  body  (usually the nose) came in contac t  
with the negative d i s c r i m i n a n d a - t h e  black door.  During the 
first 15 trials animals also received a shock for lack of  
forward progress exceeding 5 sec but an error was not 
recorded for this. All recorded errors and correct  responses  
also ref lected a left or right choice• 

Reversal learning. The procedure  was exactly the same as 
for original learning except  that  the black door  was positive 
and the white door ,  negative. Because the cr i ter ion for 
errors was exclusively for discriminative as opposed  to 
hesi ta t ional  errors,  the number  of trials during reversal 
spent  responding  to the previously positive visual dis- 
cr iminanda (visual o r ien ta t ion)  to an 8 out o f  10 criteria or 
be t te r  was de te rmined .  The number  of  reversal trials spent 
responding to a left or right posi t ion preference  (posi t ion 
or ien ta t ion) ,  to an 8 out of  10 criteria was also tabulated.  
Visual o r ien ta t ion  was evaluated as an ex t inc t ion  score. 
init iated on the first reversal trial and te rmina ted  when 
choices of the previously positive s t imulus de te r iora ted  to 7 
out of 10. The number  of  visual or ien ta t ion  responses  was 
divided by the total reversal score to yield a p ropor t ion  
independen t  of total trials to criteria. The number  of  
posi t ion response trials was then de te rmined .  Trials 
included in the visual o r ien ta t ion  scores were not coun ted .  
First the correc t -er ror  scores in the raw' data were conver ted  
to left-right responses  using the Gel lerman sequence  as a 
kcy. Preferred posi t ion responses  were def ined as left or 
right responses  occurr ing m sequence that included eight or 
more responses  out of 1 0 in the same direct ion.  The last ten 
trials of reversal learning were never included.  If an animal 
shifted f rom one posi t ion preference  to the o the r  and met 
the 8 out of 10 criteria in both  cases, both  sets o f  trials 
counted  in the socre {only one male and one female 
perfornted in this manner) .  The p ropor t ion  of  the total  
trials to cr i ter ion spent responding to a posi t ion preference  
was tabulated and repor ted .  

Rt.:SU LI S 

During original learning males reached cr i ter ion in 
significantly fewer trials than females, F(1,65)  = 5.03. 
p < 0 . 0 5 ,  t lowever ,  no effect  of  h o r m o n e  t rea tmen!  was 
observed during original learning. The opera ted  and unop-  
erated cont ro ls  did not differ in pe r fo rmance  and were 
therefore  pooled.  Reversal learning pe r fo rmance  was 
significantly enhanced  by inject ions of  the A( 'Tt t  4 - 9  
analogue. This was in agreement  with previous studies in 
which A( 'TII ,  MSH or their analogues were adminis tered  to 
adult rats [27,33] and to rats pre t rea ted  as infants  [30] .  

Trials to cri terion and reversal subproblem data were 
analyzed with a comple te ly  crossed infant t r ea tmen t  by 
adult t r ea tment  by sex analysis of variance. Trials to 
cri terion scores served as the dependen t  variables for 
shaping, original learning and reversal. The p ropor t ions  of  
total trials to cr i ter ion spent  responding to the previously 
positive visual s t imulus and to a posi t ion preference  served 
as dependen t  variables for the reversal subproblem analysis. 
Simple effects  tests werc c o m p u t e d  independen t ly  for each 
sex. Due to the heurist ic and suggestive nature  of the 
subprob lem analysis, marginally significant in terac t ions  
p,'O. lO were accepted  as a jus t i f icat ion for pe r fo rming  
simple ef fec ts  tests. 

Reversal learning was significantly enhanced after both 
infant,  F(1,65) = 8.25, p < 0 . 0 0 5 ,  and adult ,  I " ( I , 6 5 ) =  
l l . 1 8 ,  p , . 0 . 0 0 1 ,  inject ions of  the A t ' T I t 4  9 analogue. It is 
apparent  froin Figs. 3 and 4 that the A("I t l  4 9 analogue 
exer ted  an idenlical effect  in malcs and females, v,hich 
resulted in a decrease in the number  of trials to criterion for 
reversal learning. Animals treated as infants,  as adults or 
both  learned reversal much faster than animals given saline 
both  as infants  and as adults.  
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Simple effects  wi th in  each sex ind ica ted  tha t  the 
d i f fe rence  be tween  p e r f o r m a n c e  of males t rea ted  as in fan ts  
with  the ACTH 4 9 analogue  and con t ro l  an imals  was 
s ignif icant ,  E(1 ,28)  = 8.02, p < 0 . 0 1  while the ef fec t  was 
nons ign i f i can t  for females.  T r e a t m e n t  of adu l t s  wi th  the 
A t ' T I t  4 - g  ana logue  s ignif icant ly  enhanced  reversal 
pe r f o rmance  in males,  F (1 ,28)  = 9.82,  p < 0 . 0 0 5 ,  bu t  the  
e n h a n c e m e n t  was nons ign i f i can t  in females,  F (1 ,37)  = 3.65, 
p > 0 . 0 5 .  The ef fec ts  of  ACTI I /MSH 4 10-like subs tances  
on reversal learning ob ta in  in b o t h  male and female rats but  
appea r  to be m u c h  more  robus t  in males  than  in females.  

During acquis i t ion  of reversal learning in the T h o m p s o n  
Bryant  box,  rats  were typical ly  observed to e labora te  a 
sequence  of  behaviors  possibly related to a t t e m p t s  at 
p rob lem solving, coping  or min imiz ing  p u n i s h m e n t .  At first 
the  sequence  involved r e spond ing  to the previously  posit ive 
visual s t imulus .  In the  second phase reversion to a pos i t ion  
preference  was observed and finally, acquis i t ion  of  the  
reversal d i sc r imina t ion  was accompl i shed .  During the inter-  
vening trials r e spond ing  was observed to vary be tween  
str ic t ly  pos i t ion  choices  and unclassif iable  a l t hough  
p robab ly  not r a n d o m  choices.  Posi t ion o r ien ted  rats t ended  
to acquire  reversal by persever ing in the pos i t ion  habi t  and 
shif t ing to the new posi t ive s t imuhts  when  it was d iscrepant  
with  the pos i t ion  choice  just  pr ior  to c o m m i t t i n g  an error .  
They thus avoided p u n i s h m e n t  and solved the reversal 
p rob lem in a go-no go [111 fashion.  Visually o r i en ted  rats 
were observed to IllOvc [0 a point  close to but  equ id i s tan t  
from lhc two d i sc r iminanda  and shift  gaze be tween  the 
sti tnuli  prior to making  a choice.  Figure 5 i l lustrates the 
profiles of  o r i e n t a t i o n  response  pa t t e rn ing  in each of  the  
t r e a t m e n t  groups  for males and Fig. 7 for females.  The 
mean p ropo r t i ons  represen ted  were derived by the sub- 
problem analysis  of reversal learning previously descr ibed.  
The unclassif ied p r o p o r t i o n s  presented  are merely  equal  to 
one r'niTlus the sum of the o the r  two nleans.  
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Infant t rea tment  with the ACTtt  4 9 analogue signifi- 
cantly enhanced visual or ienta t ion in animals given the 
control  solution as adults, F(1,34)  = 5.52, p<0 .025 .  
Animals given the control  solution as infants, but treated as 
adults with the ACTH 4.--9 analogue showed significant 
enhancement  of visual or ientat ion,  F (1 ,35 )=  8 . 0 1 , p < 0 . 0 1 .  
Figure 5 indicates that enhanced visual or ienta t ion was 
obtained in male rats treated with the A( 'TH 4--9 analogue 
ei ther as infants, as adults or both.  Figure 6 indicates that 
while adult inject ions of the A C T H 4  9 analogue enhanced 
visual or ienta t ion  in females, infant injections of  the A( 'TII  
4 - 9  analogue produced a decrement  in this effect.  

Only infant inject ions of  the ACTH 4-~, ~ analogue 
appeared to effect posit ion or ientat ion.  The infant treat- 
ment by sex interact ion was significant F(1,65) = 3.97, 
p<0 .05 ,  and is illustrated m Fig. 7. The figure illustrates 
that infanl t rea tments  with A ( ' T H / M S H 4  10-1ikepeptides 
suppress posit ion or ienta t ion in males and enhance posit ion 
or ienta t ion in females. Also, control  males were less 
posit ion oriented than control  females. 

DISCUSSION 

Primarily this study was conceived as a further  test of 
the applicabil i ty of an a t tent ional  model  [19, 20, 36] for 
explaining the effects  of ACTH 4-10-like substances. It was 
surmised that an inject ion of a potent ,  long acting 
compound  directly inlo the brains of l-day-old rat pups 
followed by a daily regimen of inject ions as adults during 
the discr iminat ion learning and reversal procedure would 
serve to maximize  behavioral effects  and thus enable a more 
definit ive resolution of  the behavioral actions of  these 
peptides. 

The results of  Exper iment  1 indicated that infant 
t reatment  with the ACTH 4 9 analogue did not effect 
avoidance learning. In Exper iment  2 the same animals were 
tested but were further divided into groups receiving daily 
injections of  the A( 'TH 4 - 9  analogue or saline-acetic acid 
vehicle solution.  An enhancement  of visual discr iminat ion 
reversal learning was obtained as a result of  both infant and 
adult t rea tments  with the A( 'T t I  4 - 0  analogue. These 
results provide strong support to the con ten t ion  that ACTH 
4-10-like substances enhance processes in the central 
nervous system related to a t tent ion.  If the effect of  these 
peptides was merely to prolong ext inc t ion  performance  
rather than enhance a t ten t ion  to the relevant st imulus 
category a decremenl  in reversal learning would have been 
expected as a result of the peptide.  If the effect of these 
peptides was merely to heighten arousal levels a decrement  
in passive avoidance performance  would have been 
expected.  

The effects  of  early injections of  A ( " I ' H / M S H 4  10-like 
substances have been investigated in several o ther  recent 
studies in our laboratory.  For instance, neonatal  IP in jec -  
tions of  MSII on Days 2 - 7  ~1) produced a significant 
enhancement  of eff iciency ratios on a DRL 20 schedule in 
male albino rats tested as juveniles.  (2) enhanced perfor- 
mance of visual discr iminat ion learning, reversal, and 
extradimensional  shift paradigms in males bul not in 
females" and ( 3 ) a  significant enhancement  of gregarious- 
ness (rats spent more t ime in contact )  was observed in 
preestrous females and in males as juveniles and as adults 
1301. The effects of  early injections of A("I I I  4--10-like 
substances can be accounted for in terms of enhancement  
of a single process, a t tent ion .  An enhanced ability to direct 

the focus of  a t tent ion,  to maintain focus on relevant 
unchanged stimulus condi t ions  and to switch focus when 
the changed stimulus condi t ions  are motivat ional ly  signifi- 
cant, account  best for the present results. The effect ot 
inject ions of  A("I'H 4 10-like substances is proposed to be 
obtainable  by either infant or adult injections and in both 
males and females. The effect may require a more potent  
substance (or possibly a higher dose of a weaker substance), 
a more effective route  of  administrat ion,  and different 
measurements  in order to be detected in females. 

Sex differences obtained in the present study were 
consistent wilh fairly well known sex differences reported 
to occur in human learning [18] ,  and those obtained in 
o ther  studies with ACTIt 4--10-like peptides {30]. It was 
reported [18] that visuospatial and quant i ta t ive abilities in 
boys are greater while haptic anti propr iocept ive  abilities 
are greater in girls. The female rats would thus lye expected 
to show less visual or ienta t ion than males so that the 
reversal habit would extinguish faster regardless of treat- 
ment when a posit ion response was the correct solution. 
The trends observed in the present study, indicating greater 
visual or ienta t ion in males and greater position orientat ion 
in untreated females are consistent with these observations 
in humans. 

A study of visual discrimination reversal learning in cats 
following neonatal  h ippocampec tomy  obtained findings 
similar to the present results [ 11,24].  Reversal learning was 
observed to encompass three phase s - ex t i nc t i on  of the 
previously learned response, reversion to a position 
response pat tern,  and acquisit ion of the reversal discrimina- 
lion. I l ippocampec tomized  cats responded to the reversal 
problem in a go-no go serial decision making fashion as did 
posit ion oriented rats in the present stud,,'. Infant injections 
of  A( 'TI t  4 9 suppressed posit ion or ientat ion in males and 
enhanced posit ion or ientat ion in females although the 
effects were more subtle than those reported with hippo- 
campec tomized  cats. Female rats treated as infants with the 
ACTtt  4. 9 analogue behaved like neonalal ly  hippocampec-  
tomized cats; they appeared hyperact ive and solved the 
discr iminat ion problem in a go-no go fashion. 

Several lines of  evidence indicate that the activity of the 
h ippocampus  is effected by A("I ' I t /MSH 4.-10-l ike sub- 
stances. Radioactive labeling studies indicate that this 
action may be indirect,  via target sites in other  regions of 
the brain such as the occipital  cortex or the brain stem 
[14] .  It has been found [321 thal changes in l"ti(, 
associated with MSH injections resembled hippocampal  
lheta activity. It has also been reported [6,26] that 
neonatal  adminis t ra t ion of cor t icosterone impaired uptake 
of 3H-cort icosterone hy the h ippocampus  in adult rats and 
that this was correlated with increased activity and suppres- 
sion of  passive avoidance learning. Fur thermore ,  o ther  
evidence [21] has demonst ra ted  that single units in the 
h ippocampus  can be inhibited by peripheral injections of 
cor t icos terone and facilitated by injections of A( 'TH. 

It has been suggested [5] ,  , ,mong other  possibilities, th.at 
the h ippocampus  may lye inw)lved in a t tent ional  processes. 
The h ippocampus  may subserve selective a t tent ion  by 
inhibiting on-going activity subserving processing of infor- 
mation within irrelevant categories leaving areas in the brain 
within the focus of  a t tent ion  unaffected.  Both infant and 
adult inject ions of  the A ( ' T H 4  t~ analogue enhanced visual 
or ienta t ion during reversal learning. This effect may have 
been mediated by alterations in h ippocampal  activity. 
Effects of  A("FII /MSH 4 10- l ike  substances on position 
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and  v isual  o r i e n t a l i o n  m a y  r e su l t  f r o m  s u p p r e s s i o n  o f  o t h e r ,  
less r e l e v a n t  s e n s o r y - m o t o r  i n t e g r a t i v e  p r o c e s s e s  a n d  m a y  
be m e d i a t e d  by  t a rge t  t i s sue  s i tes  t h a t  in t u r n  i n f l u e n c e  t he  
a c t i v i t y  o f  t he  h i p p o c a m p u s .  
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