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SANI)MAN. ('. A.. J. GI.IOR(;I:. B. B. WALKER, .I. 1). NOLAN AND A. J. KASHN..Veurolwptide MStl/A('TII 4.10 
enhance~" attention in the mentally retarded. PHARMA('. BIO('III.M. BI. ItAV. 5: S[.'PP[.. 1. 23. 28. 1976. - Twenty 
aduh mentally retarded men ',,,'ere randomly assigned to receive MSII/A("I'lt 4-10 or a vehicle control solution in a dm, ble 
blind procedure. After all intravenous injection the subjects were presented with an orienting sequence and  a series of 
Ix'havioral tests. "lreatment with the peptide resuhed in a significan! decelerative heart rale response during tile test 
stimulus of tire orienting sequence, hnprovcd performance of the intrg, dimensional and extradimensional shift of a visual 
discrimination procedure was significant for stlbjects receivin G blSH/A("I'II 4-10. The pattern of response on tile 
subproblenl Ullalysix o f  the extradimensional shift reflected greater dinrensional attention in tile subjects treated with the 
peptide. Attentive subjects given MSII/A('TI[ 4-10 evidenced significant inlprovenren! on a rhythm nratching text. a lest of 
spatial localization and a visual retention tesl. l'he data we:-e interpreted us indicating lhat tire peptide resuhed m improved 
attention of slimulus processing. It was speculated thal MSII/A('T|] 4-10 may be uniquely coded for perceptual/ 
attenlional functioning and ill~ly be useful as a treatment t'~,r disorders c,f attention. 

Behavioral elfeels of pcptides Attention Mentally retarded Orienting response Disorders of attention 
Concept learning 

RECENT evidence in rats [5,8] and in hun]an subjects  [2, 
6, 7] has suggested that the fract ion of MSH and ACTII 
which share tile hep tapep t ide ,  Met-Gh~-His-Phe-Arg-Trp-Gly 
(MSH/A("fH 4-10), enhance  selective a t t en t ion  and percep- 
tual processing.  For  instance,  rats adminis tered MSH or 
its analogues perform significantly be t te r  on the reversal 
shift of a visual discr iminat ion problem [5 ,8] .  Analogous 
research with heal thy human subjects  had indicated that 
t rea tment  with MSII/A( 'TH 4-10 improves pe r fo rmance  of  
tile in t radimensional  shift [6] and selectively facilitates 
learning of the changed dimension of the ex t rad imens iona l  
shif! in a visual d iscr i tnmat ion procedure  [7 ] .  Fur ther ,  
augmented  or iented responses,  improvement  of visual llleln- 
ory in tasks with :,ttentiom,1 demands  and increased 
capacity to discr iminate  tachis toscopical ly  presented slim- 
uli have been related to adminis t ra t ion  of MSII /A("HI 4-10 
in normal  human subjects  [71. 

Mentally retarded pat ients  of ten  perform poorly on 
tasks involving discr iminat ion shifts and their poor  per- 
formance  on such tasks has been a t t r ibu ted ,  at least in part,  
to  " 'a t ten t ional"  factors [4,101. Earlier studies with rats 
[5,81 indicated that visually or a t ten t ional ly  def ic ient  
animals evidenced a relatively larger improvement  in a t ten-  
tion lhan non-def ic ient  animals af ter  t rea tment  with MSH. 
"l'lms it was of  interest  in the present  s tudy to de te rmine  
the  impact of MSH/A( 'TH 4-10 on a t ten l iona l  processes in 

a popula t ion of hunlan subjects who are greatly com. 
promised in a t tent ional  ahility. 

M l.~ l l l O l )  

Su h iec t  s 

Mentally retarded adult men.  ages 20 42, were recruited 
from workshops  for lhe trainable retarded.  The prospect ive 
subjects  were given a comple te  demons t r a t i on  of  the 
procedure  and then interviewed for comprehens ion  of the 
exper iment  and interest in part icipat ion.  Fhose  who under- 
s tood (as assessed by several conten t  related quest ions)  and 
expressed an interest in part icipal ing,  signed a consent  
sheet.  In formed  consent  was also obta ined from their  legal 
guardians. The subjects  received payment  which was 
equivalent to tile wage they would have earned if they 
remained at the workshop  and earned an average wage. All 
cff the subjects were fur ther  screened for generM good 
medical health,  lack of drug main tenance ,  and absence of 
grand real seizure activity. Of the fifty-five subject~ 
screened,  twen ty  were selected Io part icipate in tile study. 

Procedure 

T h e  subjects were t ranspor ted  to the laboratory ~,nd 
tested in a sound a t tenua ted  chamber  be tween c,~ II a.m. 
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All o f  l,he eqtLipmenl, was housed in an adjacenl cont ro l  
chamber .  During the initial phase of the exper imenl  thcy 
reclined in a comfor t ab le  chair, and l,hey ,,,,,ere allowed (o 
a c c o m m o d a l e  I,o lhe labora(ory while elecl,rodes for llleastlr- 
ing hearl, rate were a t tached.  Afl,er the period of  accommo-  
dal,ion half of (he subjects  were randomly  assigned to 
receive a 15 rag, IV inecc ion  of MSH,'A('TII 4- I0  (O103. 
Organon,  OSS, the Nether lands)  and half were assigned l,o 
receive a vehicle contro l  solul,ion (10 inI in 0.0"; Na( ' l ) in  a 
double blind procedure .  Fifl,een nlinul,es following (he 
injecl,ion a s tandard or ient ing sequence w:.,s presented.  

Twelve green slides were projecl,ed into the chamber  for 2 
sec each with an interl,rial interval ol, 30 sec. On l,he 
thirteenl,h presenta t ion  a red slide appeared (tesl, s t imulus) 
:.illd il, was repeated for a lol,al of tweh'e  iPreselll,al,iollS. 

Tile visual discriminal,ion procedure  was presented by ,0 
means of the Wisconsin General  Test Appara tus  31,) mm 
atter  the injection,  t-ach subjecl, was trained on a two- 
choice problem with one relevant dimensi(m (e.g.. color) 69. 
and one irrelevanl, d imens ion  (e.g.. shal,~e). After  acquiring 
tile original d iscr iminat ion ( 1 0  consecut ive correct) ,  l,he ~6~ 
sul'~ject learned, in succession,  revers:.,l, in t radimensional  
and ex t rad imens iona l  shifts. For  example ,  if color (e.g., ,,7. 
red) ,*,'as re in fo rced  for  l.he or ig ina l  p roh lem,  dur ing  the 
reversal procedure  color remained tile relevant dinlension ,,~ 
bul (he opposi te  value (e.g., green) was reinforced.  On file 
mtrad imens ional  shift ,  a hey,. set of slimuli differing in holh  
shape and c(flor was in t roduced,  hut color  remained 
the relevant d imens ion  (e.g., hlue was reinforced) .  I. or l,he 
ex t rad imens iona l  shift ,  a value of l,he formerly  irrelevant 
d imension oi, shape (e.g., square) was re inforced.  

The Benton Visual Re ten t ion  Test was adminis(ered in 
il,s s tandard form. Ten increasingly complex  geometr ic  
figures were presented  to the sul~jecl for five seconds  and 
l,hen removed from view. t ' i f teen seconds h, ler the sub eels 
were instructed (o reprodt ice  lhe l,igure fr()m llleJ'llory Oil a 
plain sheet of paper.  The pe r fo rmance  of lhe mentall,,. 
r e t a r d e d  sll['~.jecl, w a s  v e r y  |-~o(q ;111(] l lo l  scarable with 
(raditional procedures .  Tile forms were divided into simple 
a n d  COl l l p l ex  f i g t i r e s  and p O J ; l l s  w e r e  a w a l t J e t t  f o r  l h c  
number  oi," details accural,ely reproduced.  

Several tests from lhe ]kllslead-ReJlan nee nq,sy-  
chological ball,cry were adminis tered including: Trails. 
I'"inger Tapping,  Taclile Recogni l ion,  Rt ly lhms and Asler- 
eognosis. ' lhe  Trail B l,est requires lhat the subjecl connecl  
:, series of  poinl,s in order  hy' a]terllallng he lwcen  lllllllhers 
and letl,ers. For insl,ance, lhe suh ect should connecl  1 wilh 
A and iX with 2 and 2 wit]l B, etc. l h e  l,esl, requires l,hal, lJie 
stlb cot work wilh Ix,,'() sets of informa(ion sinltl l taneously g 
and cont inue  to all,ernate I~el,ween them. For the l'mger 
tapping test the sub eel is insl,rucled I,o depress a lever, '- 

8 which is al,lached Io a nleL']lanJcal courtier, as fast as o 
possible. I:ive l,rials el, oh are adminis tercd l,or the dnminan t  
and n o n d o m i n a n t  hand. The tactile recognil,ion test in- 
volves tile subject ' s  ahilil,y to de te rmine ,  wjthot~l, benefit  <if 
visual cues, which olf his l,ingers lilt' exper imenle r  h)uches 
:.ill(-] he lllUsl also recognize numbers  wri t ten on this halld. 
l h e  rhy lhm tcsl requires that lhe subject lislen Io, and 
compare  tv,,o rhythms,  In the test oi, as tereognosis  the 
subjecl, is given a geonlelr ic  shape l,a hold in one hand while 
his vision is ohscured and point with his o ther  hand Io a 
match from a set of four  visaally presented geomel,r/c 
forills. 

P, KSU I. 'I'S 

Basal hearl ral,e declined significanlly,  FI2,2()) = 5.12. 
p , ;0 .01 ,  l,hroughoul the course of the experimenl, probably 
reflecl,ing halfil,ual,ion to l,he exper imenta l  sihJalh)n. ' l he  
changes in basal hearl, r:.,te were not specific for eil,her 
sul~jects Irealed with M S H / A ( T t t  4-10 or the control  
solution,  l lowever  subjects  t reated x~.il,h MSII, 'A('TII 4 - 1 0  
evidenced a significant.  I : t4,48) = 2.71, p,, 0.05, dccelera- 
live hearl,-ral,e response I,o the test sl,imuh~s durhlg l,hc 
orienl,ing se(luence (t:Jg. 1). Sul~jecls ~realed with ~'hc 
con(rol  solut ion hz, d an initial hear(-rate increase tollowed 
by a hiphasic response p;,ttern. 

CONTROL 

- -  - -  __ MSH/~,CTH 4 - , 0  
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STIMULUS 

I I(;. 1. llearl rate l'~r UaL'h ~I 5 bcal~, drain,,.: lhc lasI xlJnllllu,; o la  
sl;.tnd~lrd '-;cqtlL'llL'e (habJtuatL, d response) and the fJrsl ',lJmulu,; of :1 

ICM xCqtlL'llCC (i)rJ,gnlJn~ FeSpOll:,,c). 

As i l lust rated hy Fig. 2 l , rcatment ,.,.'Jill M S I I . ' A ( T t l  4-10 
improved the subjecl,s pe r formance  on all I'ml. the original 
prob lcn l  o f  a visual disL'rJmJnalJon sc(tllcnce" ]~er]ol-i l latlce 
of  the i n t rad imens iona l  and ex t rad imehs iona l  shifl, were 
significantly improved after I reatment  with the pepl,hJe 
fragmenl . . , 'ks  illustraled Jn ]:ig. 3, l rea tmenl  of  suhjccls 
with MSI I /A(TH 4-10 significanl,ly, F ~ I , I I )  = 6.20. 
p. 0.03, improved lheir per formance  of lhe inlradimen- 
sional shift. The pertorn}ance of  st)bjecl,s trualed ~vilh Ille 
control  snh ' t ion  was opposi te  to lhal of subjecl,,~ receiving 
MSII. 'A("rH 4-1 0. 

~ S N / A C T H  4 - t O  

ORIG INAL  REVERSAL INTRA EXTRA 
LEARNING LEARNING D IMENSIONAL D IMENSIONAL 

SH IFT  SH IFT  

I'I,(L 2. Ir ials Io criterion during ori,~inal learnin.~ and lhe rever,~al, 
inlradimensJ,.mal :.ltld e\tKldinlvnsJonal ~.llJlt in mentalh' rclz.lrdcd 
subjccp, receiving MSII : 'ACrl l  4-1()on th,: ,,chide L'~mlh~l '~)haion. 
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I1(;. 3. Irials t¢~ criterion on the intradimensional shift before and 
at'lcr Ireatment wilh MSII:'A("Ill 4-1() or the vehicle control 

s()l t l t  i ( ) l l .  

It is apparent  from Fig. 4 that the subjects  treated with 
MSII/A("I"tl 4-10 improved dramatical ly  on the extra- 
dimensional  shift ,  | q l , I 1  ) = 5.02. 0.05. Per formance  of 
tile shift af ter  t rea tment  with the pept ide  was comple ted  in 
half as iilany trials as before t rea tment .  t h e  pe r fo rmance  of 
subiecls given the cont ro l  solut ion was oppos i t e  to that of 
the subjects  t reated with tile pept ide.  Even though the 
subjects were randomly assigned to groups there were initial 
differences be tween  thc groups,  l towcver ,  tile pre- to-post  
di f ferences  for lhe contro l  groups were not statistically 
reliable for ei ther  tile intradi lnensional  or  the ex l rad imen-  
siona] shift. 

As described by Tighe, (;lick and ( 'ole [0] the extra- 
dimensional  shift can be divided into/ two subprob]ents .  In 
one. the unchanged problem,  the positively reinforced 
st imulus during the ex / radimensional  shift cor responds  to 
the st imulus previously reinforced during the in t radimen-  
sional shifl.  For instance,  if yellow stimuli were reinforced 
during the in t radimensional  shift :,nd it tr iangular shapes 
were reinforced during the ex t rad imens iona l  xhift, then 
yelh)w Iriangles cou ld  be responded to  because o f  color. 
shape or as specific stimuli not necessarily representat ive of 
a d imension.  During the changed suhproblcm the positive 
st imulus of the extradimensi(mal  shift does not c(~rrespond 
Io tile stinlulus re inforccd during thc in t radimensional  shifl. 
The subject  must learn that blue triangles are also repre- 
sentative of  tile new correct  concept ,  tr iangulari ty,  and that 
the d imens ion  of shape and not color is correct .  It a subject 
responds to  a stinlulus as representat ive of a d imens ion  (i.e., 
shape) and not :,s separate stimuli (i.e., yellow triangles) 
then no di f ferences  be tween  the initial responses to tile 
changed and unchanged st imulus pairs would be expec ted .  

From Fig. 5 it can be seen that groups treated with 
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C H A N G E D  U N C H A N G E D  

I,[(;. 5. Percentage or correct responses for bl()u'ks of I',L.() trials on 
the changed and tmchanged subproblenl analysis td the e\tra¢limcn- 
siona[ shift. "lhe smaller ,'.:raph illustrates the si,,_,nifieant intcracti~m. 

MSII/A("III  4-10 respond di f ferent ly  during tire changed 
and unchanged subproblenls  that1 subjects  receiving the 
control  soh, tion. The differences  for the changed dimension 
were statistically significant (X 2 = 7 . 7 0 , d / =  I , p -  0.01 ) since 
pe r fo rmance  was best after t r ea tment  with the peptide.  
Sign tests conduc ted  for each group revealed Ihat the 
improvement  in per formance  was significant only for the 
subjects t reated with the pepl ide  (changed problem,  
p. 0.01: unchanged problent ,  p ,  0.03). 

Figures 6 and 7 clearly indicate that the di f ferences  
between the groups on the ext radinlens ional  shift after  
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I'1(;. 6. Percentage of correct responses t'~r the changed and 
unchanged subproblems of the extradimensional shift for st, biects 
treated with MSH/A('TH 4-10. (The apparent decline in the 
performance ct, rves is due to the fact that only the slowest subjects 

remained after trial block 6}. 
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FIG. 7. Percentage of  correct responses for the changed and 
unch,mged subproblems of  the extradimensional shift for sub.iects 

given the vehicle conlrol solution. 

t , e a t m e n t  wi th  e i ther  the  pept ide  or the  vehicle so lu t ion  is 
due to the init ial  response  to the  subprob lems .  The subjects  
t rea ted  wi th  MSt I /ACTI t  4-10 (Fig. 6) evidence vir tual ly  no 
di f ferences  in r e spond ing  to the changed anti unchanged  
problems.  Accord ing  to the  logic developed by  Tighe et al. 
[~.)] the data  for subjects  given the MSII /A( 'TH 4-10 
pept ide  indicate  tha t  they are r e spond ing  a t t en t iona l ly .  The 
menta l ly  re tarded  subjec ts  given the  con t ro l  so lu t ion  (Fig. 
7) appa ren t ly  respond to the s t imulus  pairs as separate  
s t imuli  (yel low tr iangles - blue t r iangles)  and not  d imen-  
sionally.  

The  di f ferences .  F (1 ,11)  = 6.08,  p < 0 . 0 5 ,  in the test of 
as tereognosis  {Fig. 8) is due to the improvernen t  in 
pe r fo rmance  of  the con t ro l  subjects .  The  subjects  given the  
pept ide  showed no change in pe r fo rmance .  Since the 
subjects  given MSII /ACI 'H 4-10 per fo rmed  very well in the 

0] ~ MSH/ACTH 4-10 

45 D CONTROL 

4 0  

35 

~ 30. 

25 

20  

I l i a  
l l l  *,~ 
r * l a  
, t * a  

r z l a  

1 1 1  a 

I I I ]  

f i l l  

I l i a  
l l l a  

"//_d 
e j f  ~ 

PRE 

/ / /  

i i i  

I l l  
i i i  

¢ 1 1  

I I I  

I J i  
i 1 1  
1 I I  

~Z 

POST 

TEST PERIOD 

I ' IG. 8. The l ime required 'ct~ match tactile stimuli wi th a vi,;ually 
displayed set or" stimuli. 

pretest  cond i t ion ,  i m p r o v e m e n t  may have been l imited by a 
ceiling effect.  

Based upon  the pre tes t ing  data for the in l r ad imens iona l  
shift ,  the subjects  were placed in e i ther  a l t en t iona l ly  
deficient  or nonde f i c i en l  groups.  ( o n s i s t e n t  with the 
reasoning of  Nolan [31,  so lu t ion  of the in t r admlens iona l  
shift in two or less trials is related to a t t en t iona l ly  eff icient  
responding.  Subjec ts  requir ing more  than  two trials to solve 
the in t r ad imens iona l  pr~blem were placed in the a t ten-  
t ional ly  def ic ient  group. Four  groups of 5 suhiccts  e,,ch 
were genera ted .  The remain ing  analyses were pe r fo rmed  
with a t t e n t i o n  as a factor .  

Several inter~,ctions be tween  t r ea tmen l  with  pept ide  and 
a l t en t iona l  r esponding  were de tec ted .  It is apparen t  from 
Fig. 9 thal  a t t en t ive  subjects  t rea ted  wi th  M S I I / A ( ' I I I  4-10 
made fewer errors,  I:( 1,12} = 5.2~, p. 0 .05,  on the r h y t h m s  
test than  subjects  given the cont ro l  so lut ion.  Addi t iona l ly  
a t ten t ive  subjects  given MSt I /A( 'TI I  4-10 madc  s ignif icant ly  
fewer errors  on the ' l r ials  B test ,  F ( I , 1 2 )  = 8;.85, p. 0 . 0 1 .  
{Fig. 10} and pe r fo rmed  signif icant ly be t te r  on the complex  
figures of the Ben ton  Visual R e t e n t i o n  l e s t .  F (1 ,12)  = 
4 .55,  p - -0 .05 ,  (Fig. I1)  than  subjects  given the vehicl t  
solul ion. 

I)IS('t/SSIt)N 

[n this  first con t ro l led  s tudy  of a pa t ien t  popu la l i on  it 
was clearly d e m o n s t r a t e d  that  M S H / A ( ' T l l  4-10 has a 
significant inf luence  on behavior .  ( ' ons i s t en t  wilh  f indings 
in hea l thy ,  h u m a n  volunteer  subjects  [6 ,7 ] ,  the menta l ly  
re tarded  subjects  receiving M S I I / A ( ' I I I  4-10 s ignif icant ly  
improved on the in t r ad imens iona l  shift anti responded  in a 
d imens iona l ly  a t t en t ive  m a n n e r  accnrding  to lhe sub- 
problem analysis of the  ex t r ad imens iona l  shift ,  l h e  pept idc  
also resulted in a significant heart  dece le ra t ion  to lhe tesl 
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1'1(;. I0. Performance of attentive zllld unattcntive mentally 
relarded subjects on the Trails B tcstr, after treatment with 

MSII/A('Itt 4-10 or the vehicle control solutions. 

stimuh~s of an orient ing sequence.  It has heen suggested 
that heart-rate decelerat ion is a sensitive measure of  
or ient ing tendencies  anti that  the response ilia}' serve to 
lower threshold for envi ronmenta l  s t imulat ion 11]. 
Adminis t ra t ion of the pept ide  did not result in a dec remen t  
of pe r fo rmance  on an:,' of  the lests adminis tered and 
appeared to improve pe r fo rmance  primarily on tests with 
a t ten t ional  demands .  
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treatment with MSII/AC'I'II 4-10 or thc vehicle control solution. 

The finding that MSII/ACFH 4-10 dramatical ly im- 
proved the per formance  of a t ten l ional  subjects  support  the 
explanat ion that the pept idc  may influence a t ten t ion .  On 
three tests, not directly related to a t t en t ion ,  a t tent ive 
subjects given the pept ide ,  evidenced significant improve- 
mont. While these data suggest that certain st .bgroups of the 
mental ly retarded popula t ion  may improve their per- 
formance  on a variely of tasks af ler  t rea tment  with 
MSH/ACTI I  4-10, in te rpre ta t ion  of these data must bc 
tempered  by the relatively small numher  of suhjects  in each 
group with this analysis and lhe possible confound ing  of 
pretest and post tes t  scores. 

"rhe pat tern  of rest, Its obta ined in this s tudy strongly 
indicate that one injection of  the hep lapep t ide ,  MSt]/ 
A("I'I-! 4-10. improves a t t en t ion  or s t imulus processing in a 
group of subjects  severely deficient  in this ahility. These 
data together  with those collected in rats 15,81 and heal thy 
human subjects,  12, 6, 7] suggest that the p redominan t  
neuropept ide  effecl  of  MSIt, A( 'Tll  and their analogues 
may be to improve selective a t tent ion .  It is conceivable (hat 
the behaviorally active chain of the MSII and A('TII 
molecules are uniquely coded for a t t cn t iona l -percep tua l  
funct ioning.  If this is true then disorders of  a t t en l ion ,  
evident in some forms of schizophrenia ,  p sychopa thy  and 
mental  re tardat ion,  may he amelioraled by adminis t ra l ion 
of MSII/A("FII fragments.  
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