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MILLER, L. It., I,. (7. tlARRIS, H. VAN RIEZEN AND A. J. KASIIN. ,Vcurohcptapel~tide infl'tence on attention and 
memory in man. PHARMAC. BIOCIIEM. BEHAV. 5: SUPPL 1, 17--21, 1976. -- Twenty normal, male volunteers were 
administered a subcutaneous injection ofei lher  A('ItI!MSIt 4 10 or diluem and tx~,o weeks later received the ahernale 
injection in a complete crossover, double-blind design with order balanced. Subjects ',*,ere given a batter~ of psychological 
tests, including a continuous performance task (('P'I'I, following each injection. Visual evoked responscswcre recorded 
during the CPT. Resting, eyes-closed EE(;s were also obtained. ACTll/MSIt 4 10 improved attention and in so doing 
improved visual-motor learning and visual, but not verbal, memory. E|'G data were consistent with activation of the diffuse 
thalamic projection system. 
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S t lORF- ( ' I tAIN po lypep t ides  such :is ad renocor t i co t rop ic  
ho rmone  f A t " I l l )  anti melanocyte  s t imulat ing ho rmone  
(MStt)  and their f ract ions have been cons is tent ly  shown to 
have striking ef fec ts  on both  behavior  and electro-  
physiological activity in man and lower animals. The 
hep tapep t ide  compris ing ACII-I/MSIt 4 10, for instance.  
has been demons t r a t ed  to enhance  visual memory  [%121 
facilitate in t radimensional  shifts  in concept  fo rmat ion  [15] 
and reduce anxie ty  [12] in man. In the rat, this hepta-  
pept ide renders  active and passive condi t ioned  avoidance 
13 ,4 ,  17] and appeti t ive 1161 hehaviors highly resistant to 
ex l inc l ion .  It also tacilitates reversal learning [141 bul 
interferes with condi t ional  learning [ 21 ] in the rat. 

In a mixed group of  human  subjects  with hypo-  
pituitarism of varying et iology,  syn the t ic  aMStl  has been 
shown to interact  with the a t ten l ional  demands  of a simple 
reaction lime procedure  to dramatical ly  increase the mag- 
nitude of the somat ic  evoked potent ia l  [91 and to enhance  
visual, but not verbal, memory .  Endroczi  [5] has shown 
that A( 'Tt t  I 24 and ACTII 1 10 t'acilitate the recovery 
of a s t inmlus specific EEG arousal pa t tern  in man. A("I'II 
4 10 has been shown by Miller et al. 112] to effect ively 
reinst i tute a previously habi tuated cthlocking response 
during the inters t imulus interval of a fixcd foreper iod  
disjunctive react ion t ime task and to produce  a generally 
more activated EE(; also in human  sub.iects. 

A number  of  psychological  anti melaphysiological  
cons t ruc ts  have been forwarded as uni tying explana t ions  of  
t h e  behav io ra l  and electrophysiological  e f fec ts  of 
MStt /A( 'TII  4 10. Emot iona l i ty  1 2 1 ] , m e m o r y  [3 ,4 ] ,  and 
a t ten t ion  112.18] have all been explored ,  :,t one l ime or 
another ,  but ,  at the m o m e n t ,  influences on : , t tent ion 
appear to be lhe most pars imonious  explana t ion  of lhe 

behaviors that have been observed.  To date,  however,  no 
one has examined  the efl'ecl,, of  this neu rohep tapep t ide  on 
an explici t ly a t ten t ional  task in such a way :IS Io sys- 
tematically relate such behavior to the electrophysioh)gical  
activity of the sensory system involved. The s tudy repor ted  
here was designed primarily as a test of  an a t ten t ional  
explanat ion  of the A( 'TH/btSII  4 10 effects  on brain 
funct ion and behavior in man. 

M I( l'l.l () D 

l w e n t y ,  h e a l t h y ,  y o u n g ,  pa id ,  ma le  v o l u n t e e r s  were  
ret:ruited from the s tudent  popula t ion  at l e m p l e  University 
School of  Medicine. All subjects  were screened by physical 
and psychiatr ic  examina t ion  and were given Witkin's  rod 
and frame test [ 2 6 ]  and Spielberger 's  State-Trait  Anxie ty  
Inventory [20] .  Only low anxious,  f i e ld- independent  sub- 
jects  were included in the s tudy [1] .  Subjects  were 
randomly assigned to ei ther  A ( " I I I 4  10 Saline or Saline 

A('TII 4 10 sequences  in a comple te  crossover,  double- 
hlind design with order  bal:,nced. 

I'roccdure 

Subjecls arrived at the laboratory at 7:45 a.m. and were 
taken to an electrically shielded, sound-a t tenua ted  room 
where they were seated in a comfor tab le  reclining chair. 
Grass silver cup e lect rodes  were a t tached with (;rass 
e lectrode cream at O, and O: t ln te rna t iona l  10 20 
System) referenced to ipsilateral mastoid.  Electrodes  for 
Galvanic Skin Potential  ((;SPI and heartrate  were also 
applied at this t ime. 

Subiects  were given ins t ruct ions  to look at an oscilh)- 
scope screen upon which letters would appear  and to press 
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a key wheneve r  the le t ter  X appeared .  ] ' h e  le t ters  were 
genera ted  by a PDP-12 c o m p u t e r  in such a way tha t  the  
more accura te  the pe r f o r m ance ,  the  shor t e r  the  interval  
be tween  let ters  and the  shor te r  the i r  dura t ion .  There  were 
four  levels of  d i f f icul ty  in this  mod i f i ca t ion  of  Rosvold and 
Mirsky 's  [13]  c o n t i n u o u s p c r f o r m a n c e t a s k ( C P T ) ,  l , evc l4 ,  
the most  d i f f icul t  level, had an in t c r s t imu lus  interval  ( ISI)  
ot" 800  msec and a s t imulus  du ra t i on  (SI))  of  100 msec. 

Fol lowing a 15 rain warn lup  session on a CPT with a 
ratio o t  1 re levant  s t imulus  (X)  in two,  Ss received a 
s u b c u t a n e o u s  in jec t ion  of e i the r  30 mg ACTII  4 - 1 0  or 
saline and rested quie t ly  for 20 min.  Subjec ts  were then  
readmin i s te red  the  1:2 CI'T plus 1:5, 1:9, and 1:13 ( P T s  
with 2 min rest per iods in terspersed  be tween .  At the 

Pre 
conc lus ion  of the pos t in j ec t ion  CPT runs,  Subjec ts  were 
admin i s t e red :  (1)  B e n t o n  Visual R e t e n t i o n  Test  121, 12) 1'2 
Wechsler Memory  Scale [ 2 4 ] :  (3) Digit S y m b o l  Sub- 
s t i tu t ion  [ 2 5 ] ;  (4)  S ta te- t ra i t  Anx ie ty  Inven to ry  [ 2 0 ] ;  (5)  Post 

Subject ive State  Ques t ionna i r e :  and.  (6 )  Rod and Frame 
[261.  1,'2 

Af ter  an interval  of two weeks,  subjects  r e tu rned  to the  1~5 
l abora to ry ,  received the a l te rna te  of the i r  first in ject ion,  1,'9 
and were admin i s t e red  a l t e rna te  fo rms  of  the various tests 1,'13 
within a fo rmat  ident ical  to tha t  of the  first session. 

• p .05 
( :PI '  scores were calculated as % t imes at level 4 (most 

diff icult  level). All o the r  tests  were scored m the m a n n e r  
prescr ibed for each test.  

Averaged evoked po ten t i a l s  were ob ta ined  l rom right 
and left occipi ta l  areas for the re levant  and nonre levan t  
s t imuli  u n d e r  b o t h  ACTH 4 - 1 0  and saline cond i t ions .  
Galvanic  skin po ten t i a l  and hea r t r a t e  were recorded con- 
t inuous ly .  Eyes closed, rest ing EE(,s  were ob ta ined  for 
off-line power  spectra l  analysis  dur ing  in te r - ( 'PT rest 
periods.  

R ESL-I.'['S 

The CPT data presen ted  in Table  1 indicate  tha t  
A ( T I I / M S t l  4 - 1 0  on ly  improved object ive  a t t e n t i o n a l  
behavior  to a s ignif icant  degree ( p < 0 . 0 5 )  at the t ime of the  pre 

first shif t  in the  rat io  of  re levant  s t imuli  to non-re levant  
s t imuli .  It is appa ren t  that  a ceiling effect  was in ope ra t ion  1/2 
as the  subjects  pe r fo rmed  very well even on the con t ro l  
saline runs.  Only at the  t ime of the greatest  a t t e n t i o n a l  Post 

d e m a n d  (i.e., subjects  had to a t t end  while developing  new 
expec tanc ies )  was the  excel lent  pe r fo rmance  on con t ro l  1/2 

1/5 
runs s ignif icant ly  exceeded by pe r fo rmance  on the  1/9 
ACTI I /MSIt  4 -  l 0 runs.  1/13 

The pa t te rn  o f  ( 'PT  er rors  as shown  in Tab le  2 
demons t ra ted  that  the i n lp roven ]en t  in pe r fo rmance  on the 
1:'5 ( 'PT shown dur ing  the ACTII/MSH 4 10 runs was not  
merely a func t ion  of an increased response  rate such as one 
might expect  wi th  an amphe tamine - l i ke  subs tance .  Whilst 
errors of  omiss ion were s ignif icant ly  reduced  ( p < 0 . 0 5 )  
dur ing A C I H / M S I I  4 10 runs,  errors  of  commiss ion  were Pre 

also fewer,  but  not  s ignif icant ly  so. This would suggest that  
ACTII /MSH 4 -. 10 has a highly selective effect  on 1/2 
a t t en t i ona l  m e c h a n i s m s  ra ther  than  a general ized ac t iva t ing  
effect.  Post 

Visual evoked po ten t i a l  data (Fig. l )  fu r the r  suppor t  the  
s u g g e s t i o n  that  ACTH/MSt l  4 - -10  inf luences  the  1/2 

1/5 
a t t en t iona l  tnechan i sms  associated with pe r f o r m ance  on the 

1/9 
( ' P T .  ACTH/MSH 4 - 1 0  served to s ignif icant ly  ( p < 0 . 0 5 )  1/13 
increase the la tency and decrease the magn i tude  of the 
negative c o m p o n e n t  occurr ing  at a round  200 msec. In 
add i t ion ,  visual evoked po ten t i a l s  f rom the ACI 'H/MSI t  
4 10 runs con ta ined  an add i t iona l  negative e l ement  

TABLE 1 
A V E R A G E  P E R C I - N T A G E  OF FIME SPEN' I  AT I H E  MOSI" 
I ) I F F I C U L T  I ,EVEL OF THE ( 'PT D U R I N ( ;  T I lE  V A R I O U S  
R A T I O S  Ol" RESPONSE/NONRESP( )NSI ' I  CONI ' IN( ;ENCIFIS .  
ONLY I ' H E  1/5 S E C I ' I O N  POST I N J E C T I O N  SI IOWED A 
S I G N I H C A N I "  PI.IPTIDI*[ IMPROVEMI')N I' ( )VER SAI . INE RUNS. 

CPT 

% Time Level 4 

ACTH4_IQ____ Saline . . tdlf~ 

S.EX.  X S.E.X. df=19 

92.79 1.31 91.32 1.95 1.01 

93.75 1.13 92.11 1.78 1.25 

94.35 59 91.10 1.81 2.03" 

90.47 1.76 88.85 2.93 114 

93.00 .67 92 58 .58 .52 

TABLE 2 

THE P A T T E R N  OF E R R O R S  I N D I C A T E S  THE IMPROVEI )  
PERI"ORMAN(?E ON I'IIF: I /5  CPT D U R I N G  ACTH 4 - 1 0  RUNS 
WAS DUE 1 0  I ) t ' ( ' R I - A S E S  IN BOTH F i l e  NUMBER OF E R R O R S  

Ot" OMISSION ANt)  UOMM ISSION. 

Errors of Omission 

A C T H 4 _ I O  _ .  Saline 

S . E . X .  

5.47 1.68 9.84 

tdiff  

CPT 

Errors of Commission 

5.58 1.12 4.32 .76 1.03 

4.80 1.25 5.11 .87 - .20 

.95 29  1.35 .33 - 7 . 1 4  

1.16 .62 .95 .34 .24 

26  .17 .53 .19 -1.05 

3.85 1.61 6.58 2.76 - 98 

1.10 .31 3.20 1.31 -1.81 " 

1.21 .45 1.90 1 24 - .71 

.68 .33 58  .18 .28 

331 -1,75 

S.E.X. df=19 
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FIG. 1. Averaged evoked visual responses of left and right 
hemispheres (0~ and ()2 referenced to ipsilateral mastoid) to 
relevant and non-relevant stimuli of 1/5 CPT for MSH/ACTH4- 10 

and saline control runs. 

(a r row)  at a r o u n d  350  rese ts  tha t  was not  present  dur ing  
the con t ro l  runs.  As it occur red  in 17 of the 20 subjects  
dur ing ACTI t /MSH 4 - -10  runs and in none  of  the  con t ro l  
(saline) runs,  the presence of this  add i t iona l  negative 
c o m p o n e n t  c a n n o t  be a t t r i b u t e d  to an ar t i fac t  of  averaging 
131. 

Visual and power  spectral  analysis of  eyes-closed,  rest ing 
EEGs taken  dur ing  the in ter-CP' [  rest per iods indica ted  a 
t endency  toward  lower ampl i tude  and faster  f r equency  
a lpha act ivi ty  under  the  inf luence  of ACTH/MSH 4- 10. 
Slower f requencies  also t ended  to drop  out  dur ing  ex- 
per imenta l ,  but  not  con t ro l ,  runs.  

Post-CPT psychological  test  data (Table  3) indicate  that  
A ( ' T H / M S t t  4 - 1 0  inf luences  a host  ot" behaviors  associated 
with a var iety of psychological  cons t ruc t s .  The  m e m o r y  
quo t i en t  (MQ) from the  Wechsler  Memory  Scale was 
s ignif icant ly  ( p < 0 . 0 5 )  higher  for the A C I I t / M S H  4 - 1 0  
runs.  A n o t h e r  f inding related to  m e m o r y  was made  on the 
Ben ton  Visual R e t e n t i o n  Test where  the n u m b e r  of correct  
r ep roduc t i ons  was s ignif icant ly  ( p < 0 . 0 5 )  higher  [2 ] on the  
ACTtI /MSII  4 10 runs.  Improved  (p,- '0 .05)  pe r fo rmance  
on the  Digit Symbo l  S u b s t i t u t i o n  Test  would ,  on the o the r  
hand suggest a pept ide  inf luence on v isual -motor  learning. 

A b r e a k d o w n  of the  Wechsler  Memory  Scale into  its 
c o m p o n e n t s  reveals a highly selective effect  of this  neuro-  
h e p t a p e p t i d e  on the m n e m o n i c  process.  Visual m e m o r y  
(visual r ep roduc t i ons )  was improved  s ignif icant ly  ( p < 0 . 0 5 )  
by the pept ide  as was m e m o r y  for digits (digits total) .  

TABLE 3 

P S Y C H O L O ( ; I C A I ,  I ' E S ' /  D A T A  I N I ) I C A ' [ E  A S I ( ; N I F I ( ? A N I  P E P T I I ) E  INFI ,UEN( . 'ES  ON A t t O S T  ()F" P S Y C t I O -  
L O G I C A l .  C ( ) N S  I'P, U C T S .  

P S Y C H O L O G I C A L  D A T A  N=20  

ACTH4_IO Saline tdiff 

Variable X S.E.X. X S.E.X. df =19 

Wechsler Memory 61.10 1.26 58.45 1.48 1.74* 

Mental Control 8.65 .18 8.45 .33 .57 
Memory Passages 11.53 .52 11.58 .67 - . 7 4  
Digits Total 13.35 .39 12.75 .36 1.79* 

Visual Reproductions 10.10 .48 9.00 .57 1.74" 
Paired Associates 17.48 .59 16.68 .61 1.30 

Digit Symbol 75.23 2.04 72.55 1.76 2.01 * 

Benton (Correct) 7.65 .27 6.90 .38 2.03* 
Benton (Errors) 3.00 .48 4.50 .67 -2 .57  * * 

Rod and Frame 1.86 .19 1.84 .20 .23 

Trait Anxiety 33.05 1.38 33.00 1.29 
State Anxiety 36.55 2.22 32.95 1.24 

**  p<.01 
* p<.05 

1.69 
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A s s o c i a t i v e  ve rba l  l e a r n i n g  ( p a i r e d  a s s o c i a t e s )  did  a p p e a r  to 
be i n f l u e n c e d  in a f a v o r a b l e  d i r e c t i o n  hu t  no t  to  
s i g n i f i c a n t  deg ree .  

F ie ld  d e p e n d e n c y  s c o r e s  ( rod  and  f r a m e )  were  n o t  
i n f l u e n c e d  by t h e  p e p t i d e .  S t a t e  a n x i e t y  s c o r e s  were  
e l eva t ed  to  ~, n o n s i g n i f i c a n t  deg ree ,  bu t  r e m a i n e d  wel l  
w i t h i n  t he  l o w - a n x i o u s  r ange .  

I)ISCtJSSIt)N 

Whi le  p o r t i o n s  o f  the  b e h a v i o r a l  d a t a  w o u l d  be cons i s -  
l en t  w i l h  a p e p l i d e  i n f l u e n c e  on  m e m o r y ,  the  we igh t  o f  
the  e v i d e n c e  f a v o r s  an  i n f l u e n c e  on  a t t e n t i o n a l  p r o c e s s e s .  
l 'h.e m e m o r i a l  da t a  c o u l d  be e x p l a i n e d  on  lhe  bas is  o f  an  
a t t e n t i o n a l  h y p o t h e s i s  in lha l  it was  t h o s e  e l e m e n t s  o f  t he  
W e c h s l e r  M e m o r y  Scale  w h i c h  r e q u i r e d  i m m e d i a t e ,  l'o- 
c u s s e d  a t t e n t i o n  a n d  we re  no t  s u b j e c t  to s u b v o c a l  r ehea r s a l  

tha t  were  i n t p r o v e d  by  t he  p e p t i d e .  
T h e  f i n d i n g  o f  i m p r o v e d  v isua l ,  hu l  no t  verba l ,  m e m o r y  

f o l l o w i n g  A C T H / M S H  4 10 a d m i n i s t r a t i o n  h a s  p r e v i o u s l y  
been  r e p o r t e d  by  o u r  g r o u p  [q]  and  a p p e a r s  to  be a gene ra l  
e f fec l  a c r o s s  a va r i e t y  o f  s u b j e c l s .  T o  i m p u t e  th i s  e f f ec t  to a 
se lec t ive  i n f l u e n c e  on  spec i f i c  a s p e c t s  o f  t he  m n e m o n i c  
p r o c e s s  v ;ou ld  r e q u i r e  t h e  p o s t u l a t i o n  o f  f u n c t i o n - s t r u c t u r e  
r e l a t i o n s h i p s  for  w h i c h  t h e r e  w o u l d  be l i t t le  s u p p o r t  in the  
l i t e r a tu re .  

'[]le v isual  e v o k e d  r e s p o n s e  da t a  a rc  q u i t e  c o n s o n a n t  
wi lh  the  e x i s t i n g  l i t e r a t u r e  on  p e p t i d e  i n f l u e n c e s  on  
e l c c l r o c o r t i c a l  a c t i v i t y  and  f u r t h e r  s u p p o r t  the  a t t e n t i o n a l  
h y p o t h e s i s .  U r b a n  c t a l .  122] have  s h o w n  A ( ' T H / M S t l  
4 I0  to  el ici t  h i p p o c a m p a l  t h e t a  a c l i v i l y  m the  b o x e r  d o g  
and  A d e y  [ 1 ] and  V a n  L e e u w e n  et al. 123 I have  

d e m o n s t r a t e d  tha t  h i p p o c a m p a l  t h c t a  a c t i v i t y  a c c o m p a n i e s  
v ig i l ance  b e h a v i o r s  in a va r i e ty  o f  spec ies .  I : u r t h e r  e v i d e n c e  
in t he  i n f e r e n t i a l  c h a i n  dea l s  w i t h  lhe  r ec ip ro ca l  re- 
l a t i o n s h i p  b e t w e e n  h i p p o c a m p a l  t h e t a  and  late COl l lponen l s  
o f  the  v isual  e v o k e d  r e s p o n s e  1(~, 7, 8, 1 I, lU ] .  T h a t  is, t h e  
g r ea t e r  t he  t h e t a ,  the  s m a l l e r  lhe  late c o m p o n e n t s .  Whi le  
h i p p o c a m p a l  r e c o r d i n g s  were  nol  o b l a i n c d  in th i s  s l u d y ,  
the  visual  e v o k e d  r e s p o n s e  da t a  are  c o n s i s t e n t  w i t h  t h e  
p o s t u l a t e d  p e p l i d e  i n f l u e n c e  on  neu ra l  s u b s l r a t e s  o f  a t t c n -  
t iona l  p r o c e s s e s  w h i c h  w o u l d  i n c l u d e  the  h i p p o c a m p u s .  

Ear l ie r  w o r k  [ 1 0 ]  h a d  i n d i c a t e d  tha t  blSl l  fz, c i l i t a t e s  
s y n a p t i c  t r a n s m i s s i o n  in e l e m e n t s  o f  t h e  d i f f u s e  t h a l a m i c  
p r o j e c t i o n  s y s t e m  p o s s i b l y  via m o d u l a t i o n  o f  p o s t s y n a p t i c  
m e m b r a n e s .  M o r e o v e r ,  t he  d i f f u s e  l h a l a m i c  p r o j e c t i o n  
s y s t e m  is i m p l i c a t e d  in t he  b e h a v i o r a l  e f f e c t s  o f  A C T l l /  
MSH 4 10 by  t he  f i n d i n g  tha t  l e s ions  in t h e p a r a f a s c i c u l a r  
n u c l e u s  s i g n i f i c a n t l y  i n t e r f e r e  v,.ith c o n d i t i o n e d  aw~idance  
r e s p o n d i n g  a n d  its r e s i s l a n c e  I17 e x t i n c t i o n .  E u r l h e r ,  t h e  
d i f fu se  t h a l a m i c  p r o j e c l i o n  s y s t e m  has  I r a d i t i o n a l l y  b e e n  
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