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BARBIAU, A., M. (;ON('I'I ANI) A..l .  KASIIN. Neurologically active peptides. PIIARMA('. BIO('III'M. BI..HAV. 5: 
SUPPL. I, 159- 163, 1976. -  This paper reviews recent evidence that a number of small peptides l\mnd in thc brain arc 
active in thc central ncrw~us system and behaviorally. Attenlion is focuscd on MSII/ACTtt 4-10, o-and /3-MStl, and the 
prohormone #-I.Ptl, as they produce a syndrome of yawning and stretchin.e. Studies with substance P and mainly with 
MIF-1 are also reviewed. It is shov,'n thal substance P i~ an excitatory transmitter or modulator in the dorsal ,q3inal c,~rd and 
that MII'-I has antiparkinson properties. It is concluded that many polypeplides have direc! acti(ms on the central ncrvou,, 
s vslem independent of lheir neuroendocrine properties. 
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TI lE LAST 15 years  have seen the  ex t r ao rd ina ry  g rowth  of  
knowledge  in the phys io logy,  pha r m aco l ogy  and bio- 
chemis t ry  of  m o n o a m i n e s ,  par t icular ly  spurred on  by the  
f indings of  a b n o r m a l  d o p a m i n e  me tabo l i sm in Pa rk inson ' s  
disease and the  encourag ing  success o f  levodopa the rapy  in 
tha t  illness [ 11. Recen t ly  there  has been  renewed interes t  in 
the role of  amino  acids in the  brain,  such as gam m a-amino -  
bu tyr ic  acid ( G A B A )  [561 anti the  more  neglected taur ine  
I311. 

In parallel wi th  this  act ivi ty,  the field of  neuro-  
endoc r ino logy  has been s teadi ly growing,  leading to excit-  
ing new findings.  One of  the p roduc t s  of  these s tudies  is 
u n d o u b t e d l y  the recogn i t ion  that  a n u m b e r  of  pep l ide  
h o r m o n e s  act d i rect ly  upon  the brain to affect  learning and 
behavior .  P r o m i n e n t  a m o n g  these active h o r m o n e s  are 
subs tances  isolated from the  h y p o l h a l a m u s  which  act, on  
the one hand ,  ;is releasing or re lease- inhibi t ing  factors  and.  
on the  o t h e r  hand,  possess i n d e p e n d e n t  behav io r  mod i fy ing  
proper t ies .  l ' h e  present  paper  will review some examples  of  
these recent  f indings,  wi th  par t icu lar  emphas is  upon  our  
own expe r imen t s .  A t h o r o u g h  s tudy  of  the role of pept ides  
in neuro logy  would have to cons ider  the  fol lowing three 
main facets:  (1) Behavioral  and neurological  ef fects  of 
p i tu i ta ry  h o r m o n e s  par t icular ly  A( 'T t l  and ~-btSt-I. (2) 
Behavioral  and  neurological  e f fec ts  of  in t racerebra l  pep- 
titles: In this ca tegory  are found  angio tens in ,  lysine 
vasopressin,  the sleep induc ing  pept ides ,  the  dark  avoidance  
pept ide,  s c o t o p h o b i n ,  amele t in  and finally subs tance  P. (3) 
Behavioral  and neurological  e f fec ts  of  h y p o t h a l a m i c  pep- 
titles. At present  there  is ev idence  of  act ivi ty  for TRH,  
I .HR| t .  s o m a t o s t a t i n  and MSH-release inh ib i t ing  h o r m o n e  
(Mll-) .  A more  comple t e  and detai led review is in prepar-  
a t ion for pub l i ca t ion  e lsewhere  13]. 

BI.'I{AVIORA1, AND NEUROLO(;ICAI, EFFECTS 
OF" PEPTII)E HORMONFS 

A n u m b e r  of  well known ,  and i m p o r t a n t ,  f unc t i ons  of  
the organism ;ire d e p e n d e n t  upon  the  ac t ion  of pep t ide  
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ho rmones :  sexual behavior ,  including temale  recept ivi ty  
state and mat ing,  are inf luenced by gonado t rop in s :  eat ing 
can be induced by insulin:  thirst  and the consequen t  
d r ink ing  are inh ib i t ed  by vasopressin,  while n lo l iva led  
dr inking  is induced  by ang io tens in  [59]  : pa r tu r i t i on  can be 
triggered or acce lera ted  by o x y t o c i n :  it is also well known,  
par t icular ly  in frogs, that  m e l a n o c y t e  s t imula t ing  h o r m o n e  
( M S | I )  can induce  skin color  changes:  lipolysis can he 
induced by b o t h  MSH and /3-1ipotropic h o r m o n e  (~-kPl l )  
[ 1 0 ] .  Final ly the best s tudied p h e n o m e n o n  is that  of  
neurosec re t ion  in the h y p o t h a l a m u s - p i t u i t a r y  in te rphase  
[ 2 4 ] . ,  

Most of the active pcpt ides  s tudied are not synlhes ized  
dc novo. Rathe r  they or iginate  f rom the  enzyma t i c  hreak- 
down of  much  larger molecules .  This  d iscovery  was made  
simultaneousl:¢ for insulin, which derives from proinsul in .  
by Ste iner  and Oyer  [62]  and forl3-MStl ,  which or iginates  
from l ipo t rop in ,  by ( 'hrt3lien and l.i [ 1 4 ] .  It has led to 
impor t an t  advances  in the chemis t ry  of  m a n y  ho rmones .  
For  example ,  it is no~,, k n o w n  that  ~-LPII. a pept ide  with 
91 amino  acids, is the precursor  oI/3-MSH (sequences  37 or 
41 Io 58) which may not even be presenl  as such in 
humans ,  and of 'y - l .PH ( sequence  1 5b;) [ 1 2 , 1 3 ] .  A recent  
s tudy [28]  indicates  th;,l residues 61 to 65 form the 
s t ruc ture  of  m e t h i o n i n e - e n k e p h a l i n ,  a p e n t a p e p t i d e  which 
may be the na tura l  ligand for opia te  receptors .  ( 'ells ct al. 
[9] have also d e m o n s t r a t e d  that  the {ripcptide MIF 
resulted from the spl i t t ing of  oxy toc in .  Such b r e a k d o w n  is 
carried out  by a n u m b e r  of  peptid;,ses which  arc being 
isolated in the brain.  It may well be that  the regional 
c o n c e n t r a t i o n s  of such pept idases  could be the local factor  
responsible  for specif ici ty  of  pept ide  mapping.  

Effects o f  A CTtt 

Some of the  early s tudies  on the  behaviora l  effects  ol  
pept ide  h o r m o n e s  were carried out  in h y p o p h y s e c t o m i z e d  
animals  by De Wied and his colleagues in Ut rech t  [20 ] .  
These an imals  had decreased e x t i n c t i o n  of cond i t i oned  
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I A B L E  I 

INCII)ENCE, FREQUENCY AND LA'I'EN(TY OI. YAWNING STRETCHING BEtlAVIOR INDUCEI) 
BY I'OLYPEPTII)I.;S AND AMINO A('IDS (;IVEN INTRAVENI'RICUI.ARI.Y IN RAI'S 

St, bstance Dose l-xcessive (;rooming Yawning Stretching 
(,t.tg/5 0 /21"1 Incidence Incidence l.requenc.v Latency 

m in ) 

,,31 -24A('TII 25.0 2/2 2/2 ++++ 41-42 

c~-MSH (Synthetic) 25.0 2/2 2/2 ++++ 45 49 

d-h-MSII (Synthetic) 15.(I 2/2 2/2 ++++ 61 62 

d-l.Plt (Sheep) 2500.0 2/2 2/2 ++++ 39 42 

t3-1.t)11 (Sheep) 25.0 0/2 0/2 

Acetale buffer 
in saline ( I . 0  M) 0/2 0/2 

Incidence: Number of animals where hehavior occurred/'lolal nunlber of anhnals 
I requency: ++++ (very marked). +++ (Markedl, ++ (moderate), + (mild) 

avoidance responses ( ( 'ARt  which were corrected by the 
adminis t ra t ion  of A t T I t .  MSH or vasopressin.  These effects  
,,,,'ere not dependen t  on lhe presence of  adrenals. De Wied is 
of the opinion thal A( 'Tt t  facilitates learning CAR by 
affect ing motivat ional  processes, tlc and his colleagues have 
studied many fract ions of the A('TII molecule  to find that 
the most active is composed  of  a 7 amino acid sequence 
situated be tween  amino acids 4 and 10 (A(" r t l  4-10): this 
sequence is Met-Gly-It is-Phe-Arg-i ' r-( , ly.  Modif icat ions and 
subs l i lu l ions  of the sequence have been a t t emp ted ,  but 
most are inactive except  when the meth ion ine  is oxidised to 
the sulfoxide,  arginine is replaced by D-Lysine and t rypto-  
phan by phenylalanine.  The resulting pept ide  is 1000 t imes 
more active than MSIt/A("I-It 4-10. probably  because the 
subs t i lu t ions  increase resistance to dcgradal ion by enzymes .  
l h e r e  is evidence that M S I I / A ( ' I t t  4-10 can increase visual 
memory  on the Benton retenticm test in man and that the 
pept ide  prolongs the pat tern  of  mental  alertness on the 
EE(,, by decreasing the dura t ion o f ~  pat lern .  This finding, 
duplicated by MSH. led Kaslin. Miller and Sandman [39] 
to postulate  that both  pepl ides  facilitate ( 'AR by increasing 
the ability of the animal to pay a t t en t ion  to the task. 

A very strange neurological p h e n o m e n o n  consist ing of  
yawning amt s t re tching crises of muscular  hype r tonus  has 
been observed in dogs anti rals af ter  the intracerebral  
iniection of  MSII/A( 'TH 4-10. MStl and/3-IPII  132] {Table 
IL Since yawning and s t re tching can be considered as an 
effort  of  the body to delay the onset of sleep or to 
reinforce wakefulness  after sleep, this neurological observa- 
ticm is of impor tance  in unders landing  the hehavioral 
e l feels  of the peptides.  

II is also n o t e w o r t h y  that the 7 amino acid sequence 
(MeI-(;lu-His-Phe-Arg-Try-Gly) is c o m m o n  to all 3 pept ides  
lhal were active intraventricularly in our  studies. The fact 
that it takes a much higher dose of  ,(3-1PH to produce  the 
syndrome,  is in accord with its funct ion as p ro-hormone .  

k'ffects o/ MSII 

Melanocyte  st i tnulal ing h o r m o n e  (MSH) possesses the 

same 7 amino acid sequence as MSII/A( 'TII  4-10 and it has 
essentially the same behvvioral action. In addi t ion it has 
been demons t r a t ed  that,  in vitro, il can facilitate spinal 
cord t ransmission in cats. This proper ty  is antagonized by 
chlorpromazine .  MSH can also produce  s t re tching and 
yawning when injected mtracerebral ly [32] .  II is also 
known to produce  al terat ions in learning behavior  and EEG 
changes similar to limbic system electrical activity [58] .  
Stra t ton and Kastin [64] suggest that MSH produces  
increased motivat ional  arousal. 

BI:.IIAVIORAL AND NI:~UROLO(;I('AL t'I't 'E('TS 
OF INTRACEREBRAI, PEPTIDES 

We will discuss in this chapter  only one such peptide:  
Substance P. discovered in 1~31 by yon [-uler anti by 
Gaddum [68] ,  and characterized as an undecapep t ide  by 
Chang and col laborators  [10] .  In human brain highest 
concen t ra t ions  of the substance are found in the suhstantia  
nigra and hypo tha l amus  [ 21.45 I. In the spinal cord, it was 
found highly concen t ra ted  in the dorsal horn.  where tile 
highest level was in the dorsal part [65] .  After  the 
unilateral ligation and/or  section of the dorsal roots,  the 
level of  substance P in the dorsal ho,-n, particularly in the 
dorsal part. was markedly lowered [651. In the ligated and 
sect ioned dorsal root .  substance P was highly acct, mulated 
on the ganglion side, whereas its level was lowered on the 
central side of the ligature. Spinal cord substance P was 
found to he identical with hypothalanl ic  substance P [661. 
This and o ther  argunlents  led to the hypothes is  thal 
substance P may be a sensory neuro t ransmi t t e r  [ I 5 . 4 4 . 4 5 .  
63] .  This has been conf i rmed by neurophysiological  
studies. Substance P is indeed exci ta tory  at spinal cord 
[40] ,  cuneate  [41] and cortical [4~.~) levels. 11 is ant~,gonis- 
t ic  to the effect  of l.ioresal (/3-( 4 -ch lorophenyl  )- 
T-aminol~ulyric acid) [57] .  a subshmce uset'tfl in the 
t r ea tment  of  some forms of  spasticity. Substance P has also 
been shown to s t imulate  adenylate  cyclase in brain 122 ]. 
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BEHAVIORAL ANt) NEUROLOGICAL EFI:I-CTS 
OF HYPOTHAI.AMI(" P|-PTII)ES 

TRII ITSIt Releasing llormone) 

This  small t r ipep t idc  (L-pyrog lu tamyl -L-h i s t idy l -L-pro-  
l ineamide)  was first shown in 1772 to bc behaviora l ly  act ive 
in an imals  [53]  and in man 154] .  The subscqucn t  
expe r imen ta l  obse rva t ions  include:  t l )  Increased m o t o r  
act ivi ty [7 .26]:  (2) EE(, ac t iva t ion  anti d e s y n c h r o n i z a t i o n  
1421 : (3) An tagon i sm of  p h e n o h a r b i t a l  induced  and 
reserpine induced  h y p o t h e r m i a  [54,611 : t4 )  An tagon i sm of  
s leeping-t ime induced by p h e n o b a r b i t a l  and reversal of the 
p h e n o b a r b i t a l  sedat ion  [8, 16, 5 4 ] ( 5 )  An tagon i sm of  the  
depressant  effect  of  0~-methyl-p-tyrosine on l l lO lo f  act iv i ty  
[431 ; and ~6) P o t e n t i a t i o n  of  Dopa- induced  h y p e r m o t i l i t y  
and of  the  t r emor  p roduced  by 5HTP [ 531. 

These  n e u r o p h a r m a c o l o g i c a l  f indings  soon  led to trials in 
man in var ious fo rms  of  t, n ipolar  or b ipolar  depress ions  and 
in sch izophren ia ,  wi th  widely divergent  results  [17,  47,  
531. At the present  t ime the eff icacy of  TRII  as an 
an t idepressan t  still has to lye d e m o n s t r a l c d  [361.  

I.tlRIt (I, uteinizing lh>rm~)nc Releasing II<>rmon~') 

As is well k n o w n ,  LIIRII  triggers ovula t ion ,  it has also 
bcen shown  tha t  LIIRtf  can increase sexual recept iv i ty  in 
female an imals  and that  it induces  ma t ing  behavior ,  as long 
as the an imals  are given a pr iming  dose of  t c s to s t c ronc  or 
estrogen according to their sex 134,43].  

MII,-I (MSll-Release Inhibiting Ilormonc) 

In m a m m a l s  the  p r e d o n i i n a n t  con t ro l  over me lanocy ie -  
s t imula t ing  h o r m o n e  (MSIII  release f rom the p i tu i t a ry  is 
exer led  hy a h y p o l h a l a m i c  faclor .  MIF-I or M.R.I.I t .  (MSII 
re lease- inhibi t ing  h o r m o n e /  137},  whose  s t ruc tu re  was 
shov,'n to be tha t  e t a  l r ipep l ide :  L-prolyl-L-leucyl-glycine 
amkte tP-I,-(;-NH2 ) [ 4 8 ] .  In fact,  two such t r ipept ides  have 
been ident i f ied in h y p o l h a l a m i c  tissues, but  MIF-I appears  
to he the c o m p o u n d  more  w o r t h y  of  s tudy.  ( 'el |s ,  Taleisnik 
and Walter lY] have indeed s h o w n  tha t  this  t r ipep t ide  can 
be fo rmed ,  l h rough  the ac t ion of  pept idases ,  f rom 
oxy toc in .  

Nun le rous  pha rmaceu t i ca l  s tudies  have indicated that  
MIF-I can p o t e n t i a t e  the behaviora l  ef fects  of  l ,evodopa 
and o x o t r c m o r i n e  in b o t h  in tac t  and h y p o p h y s e c t o m i s e d  
animals  [2% 30, 35. 50. 51. 52 l .  On the basis of  these 
observa t ions .  Mlt;-I was tried in man.  The  ra t iona le  for this  
approach  was fu r the r  s t r eng thened  by the  f indings of  
( 'o tz ias  et al. [ l g l  tha t  MStt in iec l ions  aggravated the  
s y m p t o m s  of Pa rk inson ' s  disease and by the  facl l[lal MStt 
levels were usually,  hut  not ,ilways. elevated in I~arkinson's 
disease 138,601.  

Based on lhese premises,  Kasl in and Barheau 133l 
carried out  a n u m b e r  of expe r in l en l s  in Montreal .  The 
an t ipa rk inson ian  act ivi ty  of  slow in t ravenous  infus ions  of  
20 to 40 mg MII.-I was clearly d e m o n s t r a t e d .  These  restilts 
were soon part ial ly con f i rmed  by ( 'hase  and co l l abora to r s  
l11 ,6Y] ,  who  found  some an t i pa rk in son  act ivi ty wi th  small 
infus ions  of  the drug. More recent ly ,  Fischer  and associates  
[231 in (-;ermany made  similar posit ive obse rva t ions  in 10 
pa t ien ts ,  again af ter  in l r avcnous  t r e a t m e n t .  They  observed 
s imu l t aneous  mood  b r igh ten ing  and t h o u g h t  tha t  the  effect  
of MIF-I was mos t ly  upon  mood  vnd mot iva t ion .  

Moving to oral p repa ra t ions  of  MIF-I proved to be 
d i sappo in t ing  in the  hands  of  Barheau and co l l abora to r s  
i51.  A double -b l ind  s tudy in 20 pa t i en t s  failed to show any 
i m p r o v e m e n t  wi th  doses as high as 1.5 g/day.  However,  
i n t r avenous  re ject ions  of 200 mg of MIF-I 14,51 were 
clearly benef ic ia l  upon  rigidity and akinesia m 6 pat ienls .  
This was corHirmed m independen l  s tudies  hy ( ; e r s t e n h r a n d  
etal. {251 who  used doses as high as 400  tug IV per day. 

A n u m b e r  of  pharmacolog ica l  s l t |dies d e m o n s l r a l e d  thal  
MIF-I p o t e n t i a t e d  a p o m o r p h i n e - i n d u c e d  i lypermot i l i ty  in 
rats rendered  ak ine t ic  th rough  a bi lateral  hypo tha lan f i c  
lesion with O - h y d r o x y d o p a m i n e  14,(,I. ( ' oup led  with lhe  
[,-l)opa p o t e n t i a t i o n  observed by P lo tn iko f f  et al. [52 l  
these data just i f ied ti le rise o f  MII"-I  in con junc t ion  wi th 
Levodopci in nlan. | tarbeau repor ted lmdings in (y pi i l ief l tS 
121. When MIF- I  was injected i r t l ravenously :.is a bolus o f  
2Of,) n'lg, it l r e a l l y  po len i i , i l cd  the effect e l  all oral 
levodopa dose upon i no lo r  per forn lance ob icc l i ve ly  inca- 
sured by a hci l tery of  tests. This c in ie l io ia i ion in mo t i l i t y  
was accompanied by in lp rovemen l  in intc lh:ctual  fu i lc l ion-  

ing. 
These  e x p e r i m e n t s  suggest thal  MIF-I  is cin aclive 

t r ipepl ide  m the  centra l  nervous  sys tem and lhal  it can 
offer  t he rapeu l i c  aidvantages. I lowever  nluch work still 
remains  to he done  Io prove this  lal ler  atTirmaiion.  

14()l.I: AND M()IH: ( ) I  .\C I'I()N ()I. ('N.'5 l'l.:P III'H.S 

There is sti l l  much cont roversy,  and few facts, bearing 
on the quest ion o f  the mode o f  act ion of  ( 'KS peptides. 
The observat ions that they are main ly  local ized in 
synap loson le s  and t:ven a long cer tain paihw:tys  ou ts ide  the 
h y p o t h a l a m u s  127,461 mil i ta te  in favor el a possible 
n e u r o l r a n s m i t t e r  or neu ron lod t l l a lo r  role. Our  previously 
n len l ioned  f inding [4[ that  MIF-I po l en l i a t e s  lhe ac t ion of  
apon lo rph ine ,  a dopan l ine  recep tor  a g o n i s l ,  Call be inter- 
preled to mean  thai  this n | od t | l a l i ng  ac t ion is s i luated at 
the  recep tor  sile. I b i s  would lye c o m p a t i b l e  with some 
pep l ide- induced  changes  in lhe  c o n c e n l r a t i o n  of  cAMP and 
the m o r p h i n e  act ivi ty  an tagon i sm observed wilh MStl : |nd 
A( 'TII .  I:invlly Ungar 1~'>71 has hypo thes i zed  lhal sonic 
pep t ides  may play a role in neural  coding, l ie pos lu la les  
thal pep t ides  are the code des igna t ion  el  each innate  
pa thway.  There  is now accunlu la l ing  evidence lhal son |c  
pep | i des  increase the exc i tab i l i ty  of nerve cells 1551, 
possibly lh rough  an effect  on I ranspor l  of  ca lc iun |  ions. 

I)ISCI~SSI()N 

Whatever their  trl.|e role as neuro-hul l lora l  transdtlcers in 
the brain, il is becoming increasingly evidenl that ( 'NS 
pepl ides, in par t icu lar  those from lhe hypotha lamus,  have 
major  ex t raendocr ine  funct ions [ 3~1 which can perhaps lye 
used in the fu ture  for new t he rapeu t i c  approaches  in men ta l  
and neurological  disorders.  Such t en ta t ive  sleps have 
already been taken.  

A( ' K N O W I. l.i I')( ; l.i'vl I N l .'F, 

These ~ludies ,,,,ere suplYorled in part hy ,..:ranis from lhe bledical 
Research ('ouncil of Canada IM'I'-4938L tlle tlniled Parkins~m 
l.oundalion. Ablyoll [ aboratorics of ('hica,.zo and the W. (;arfield 
Weslon l.oundaii~m, lhe author,; v. ould like to lhank Mr. I erdinand 
B~langer and Mrs. I.rancc Landreville fur technical assistance and 
Mrs. M. ,Sa~ard for secretarial help. 
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