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BISSI'I'Iq'I':, (;., ('. B. NI':Mi-I~,OI:I", P. T. LOOSEN, A. J. PRANGI:, JR., AND M. A. LIPTON. (,bntparison o]'the analeptic 
p~tcltcv ~i TRll. ACTtt .1.10. I, HRIt. and related i~epthh'~'. PItARMA('. BIO('IIEM. I~;I IIA\ '. 5: St'I'PL. 1, 135 138, 
1976, Variou~ peptide hormones appear to e,,ert behavioral and pharmacologic effet:ts apart from their classk'al 
endocrine aclions, l'hyrolropin-releasmg hormone (FRILL for e\alYqqe, anlag~mizes tile sedation and hypothermia 
produced by barhilurate and olhcr depressant drugs and de\Vied has sho~n that A('Ttl 4-1(I, TRIt, I.flRII and certain 
related substances sho~ sonic activity in inhibition of extinction of :1 pole-jurnpirlg avoidance response in the rat. These 
data provided the impetus for screenint~ A('TII 4-11), LIIRII. and related peptides for analcptic activity. AC'I tl 4-1(I and 
At'TIt 4-7 were inactive in antagonizing pcntobarbital whether adrninistered peripherally or centrally. ACTlt 4-7 amide 
and 4-Met(O~ hS-l)-l,ys,9-Phe-A(q'll 4-9 were active regardless of route of administration LI-IRtl and t~.o tripeptide 
I'ragllletlts (p(;lu-Ilis-Trp-NH: and p(;lu-flis-Phe-NIt, ) sho~ed analeptic activity ~mly after intracistcrnal administration. 
Fires, some peptide t'ragments related to A('Ttl 4-10 and I.HP, II were sh~wn to share to some degree the analeptic 
properties previously demonstrated R~r TRil. 

ACfll peptides "lhyrotropin releasing hormone Luteinizing hormone-releasing h~rmtmc Sodium penlobarbilal 

THE NEUROt tLIMORAL contro l  ot" adenohypop h y s ea l  
ho rmone  score(ion by hypo tha lamic  releasing and inhibit ing 
ho rmones  is now a largely accepted  hypothes i s  [141. In 
recent years, there  have been several repor ts  of direct  
central nervous sys tem effects  of these pept ide  ho rmones ,  
apparent ly  dist inct  from their role in the hypotha lamic-  
pituitary axis. These data have been recently reviewed [6, 
7, I1, 121. Thus, thyro t ropin- re leas ing  ho rmone  (TRH),  
besides s t imulat ing the release of  t hy ro t rop in  and prolact in  
from the anter ior  pi tui tary,  po ten t ia tes  the behavioral 
effects  of  L-I)OPA in intact ,  h y p o p h y s e c t o m i z e d ,  and 
thy ro idec tomized  animals [t~]. TRH is also a po ten t  
antagonist  of  the narcosis induced by barbi tura tes  I I 0 ] ,  
e thanol  [ 1 I,  and o ther  centrally acting depressants  [61. 

The pioneer ing work of  dc Wied has clearly demon-  
strafed that ad renocor t i co t roph ic  h o r m o n e  {AC'I'H). an 
anter ior  pi tui tary ho rmone ,  and A( 'TH-related pept idc  
f ragments  exert  marked effects  on behavior which are not 
mediated via the adenohypophysea l - ad renocor t i ca l  axis 
12]. Thc central nervous sys tem effects  of ACTH and 
related f ragments  have been reviewed [31, In recent work 
141 A ( F t t  4-7 has been shown to be the smallest t ragment  
with comparable  activity of the entire molecttle in causing 
inhibi t ion of  the ex t inc t ion  of  an active avoidance response.  

Because luteinizing hormone-re leas ing  h o rmo n e  (LIIRII)  
and TRH showed some activity in this behavioral paradigm 
and because of certain structural  similarities be tween  TRH 
and A("III  4-7, we sought to de te rmine  if LHRtl ,  A('TII 
4-7, and related analogues were active in reversing pentobar-  
bi tal- induced sedat ion and hypolhcrmia .  

.VIA l't.it.~,lAl,.'q AND MI.'I'tI()I)S 

Adult ,  nlale Swiss-Websler mice (18 22 g~ were pur- 
chased from Dublin Laboratories,  Dublin, Virginia and 
housed in a cont ro l led  lighting animal facility with frec 
access to lab chow and water, Mice were not used for 
exper imenta l  purposes  for at least 7 days after arrival in 
order  to el iminate nonspecif ic  stress. In the first series of  
exper iments ,  mice were given ei ther  TRH (I mg/kg}, the 
test substance at 1 or 5 t imes ecluin~olar concen t ra t ion  of  1 
mglkg of  TRIt .  or vehicle consist ing of  0.t~ '" saline solut ion,  
pH 7.5. in t raper i toneal ly  liP).  I w o  minutes,  later. 
all animals received 50 mg/kg sodium pentobarb i ta l  {IPL 
Sleeping t ime was considered the interval be tween loss of 
the righting reflex after  barbi turate  t rea tment  and recovery 
of  the reflex. Rectal t empera tu res  were recorded al 33, 66, 
and c)t,~ rain af ter  pentobarbi ta l  inject ions with a thcrmis lor  
probe.  

~'l'hi~, research was supported by a Career Scientist Award t¢~ Arthur J. Prangc, Jr. IMIt-22536),a predoctoral fellowship to Charles B. 
Nemeroff t'roln the Schizophrenia Research I"¢mndation, NIt'lID grant 111)-03110, NIMII MII-I1107, MI1-15631, and an Allred P. Sloan 
I.~undation grant to lhe Neurobioh~gy Program. 
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136 BISSET'I -E,  /','T AL.  

In t he  s e c o n d  ser ies  o f  e x p e r i m e n t s ,  i n t r a c i s t c r n a l  l I t ' )  
i n j e c t i o n  o f  T R H  ( 1 0  #g) ,  c q u i m o l a r  a m o u n t s  o f  tes t  
s u b s t a n c e ,  o r  1 0 ~ 1  o f  veh i c l e  was  p e r f o r m e d  10 m i n  a f t e r  
b a r b i t u r a t e  a d m i n i s t r a t i o n  150 m g / k g  IP). O t h e r  expe r i -  
m e n t a l  c o n d i t i o n s  were  e s s e n t i a l l y  t he  s a m e  as d e s c r i b e d  
a b o v e .  Da ta  were  e v a l u a t e d  s t a t i s t i c a l l y  by use  o f  S t u d e n t ' s  
t t es t  I t w o - t a i l e d ) .  

P c p t i d e s  t e s t e d  were  A(.TTtt 4 - 1 0  I H - M e t - G h J - H i s - P h e -  
A r g - T r p - G l y - O H } :  A ( ' T H  4-7 ( H - M e I - G l u - H i s - P h c - O H } :  
A{ 'TI t  4-7 a m i d e  { l t - M e t - G l u - l l i s - P h e - N t l : ) :  a s u b s t i t u t e d  
A ( " I I i  4-9 f r a g m e n t :  4 -Met  (O~ }, 8-1) -Lys .  {}-Phc-A{ 'Tt l  4-{. ) 
[ H - M c ( ( O :  } - G l u - l l i s - P h e - D - L y s - P h e - O H ]  : a n d  t w o  t r ipep-  
t ide f r a g m e n t s  ( p G l u - H i s - ' l r p - N I l : )  and  { p G l u - l t i s - P h c -  
NI-12); T R I I  t . pGlu - l l i s -P ro -NI12) ;  a n d  L H R H  ( p G l u - H i s -  
" I rp -Se r -Ty r -G ly -  Le u - A r g - P r o - G l y - N  H 2 ). 

RESULTS 

T h e  r e su l t s  o f  t h e  f irst  ser ies  o f  e x p e r i m e n t s  t IP  
a d m i n i s t r a t i o n )  a re  s h o w n  in T ab l e  I. N o n e  o f  t h e  o t h e r  
p e p t i d e  h o r m o n e s  o r  f r a g m e n t s  h a d  a g r e a t e r  a n a l e p t i c  
p o t e n c y  t h a n  T R I I .  T h e  t wo  t r i p e p t i d e  a n a l o g u e s  o f  TRI-I 
s t u d i e d  were  inac t ive  as we re  A("F t l  4 - 1 0  a n d  A("FI t  4-7.  
A ( ' T H  4-7 a m i d e  and  t he  s u b s t i t u t e d  A ( ' T H  4-9 f r a g m e n t  
s i g n i f i c a n t l y  s h o r t e n e d  b a r b i t u r a t e - i n d u c e d  s l e e p i n g  t ime  
and  h y p o t h e r m i a .  T h e  a n t a g o n i s m  by  t h e  l a t t e r  c o m p o u n d  
was  d o s e  r e l a t ed .  

T h e  r e su l t s  o f  t h e  s e c o n d  e x p e r i n a e n t a l  scr ies  t IC  

a d m i n i s t r a t i o n )  are  i l l u s t r a t e d  in " table 2. As o p p o s e d  to t h e  
r e s u l t s  o b t a i n e d  f r o m  IP s t u d y ,  t h e  c e n t r a l  a d m i n i s t r a t i o n  
o f  t he  2 ( r i p e p t i d e  a n a l o g u e s  s i g n i f i c a n t l y  a n t a g o n i z e d  
b a r b i t u r a t e - i n d u c e d  na rcos i s .  A('-[ 'II  4-7 and  A ( ' T I I  4-1(I 
were inac t ive  c e n t r a l l y  as well  as p e r i p h e r a l l y .  A ( ' T t l  4-7 
a m i d e  a n d  the  s u b s t i t u t e d  A{ 'TH 4-9 c o n g e n e r  c o n t i n u e d  
to  s h o w  s i g n i f i c a n t  a n a l e p t i c  p o t e n c y  a f t e r  i n t r a c i s l e r n a l  
i n j e c t i o n  as well  as i n t r a p e r i t o n e a l  i n j ec t i on .  I, I IRH was  
also f{}tmd to  be ac t ive  a f t e r  cen t r a l  admin i s t r a t i{}n .  

I)ISCUSSION 

l h e s e  e x p e r i m e n t s  have  c lea r ly  s h o w n  th~,t L I I R F I  and 
s o m e  p e p t i d e  f r a g m e n t s  r e l a t ed  to I . ] tRII  and  A{" I t [  4 -1 0  
sha r e  to  s o m e  deg ree  t h e  a n a l e p t i c  p r o p e r t i e s  p r e v i o u s l y  
d e m o n s t r a t e d  for  T R H .  Tab le  3 is a s u m m a r y  o f  t h e  
b e h a v i o r a l  14] and  t he  a n a l c p t i c  p o t c n c i e s  {IP a n d  i ( ' ) o f  
T R I I ,  l . H R t l ,  and  A ( ' T H  r e l a t ed  p c p t i d e s .  T h e  l a t t e r  t w o  
c o l u n m s  r e p r e s e n t  da t a  p r e s e n t e d  in th is  r epo r t .  T h e r e  is n o  
c lear  c o r r e l a t i o n  b e t w e e n  t he  b e h a v i o r a l  aml  a n a l c p t i c  
p o t e n c i e s  o f  t h e s e  c o m p o u n d s .  T h e r e  are  s o m e  i n t e r e s t i n g  
o b s e r v a t i o n s  t ha t  can  h o w e v e r  be m a d e .  All c o m p o u n d s  
tha t  are  ac t ive  p e r i p h e r a l l y  are  a lso ac t ive  c e n t r a l l y ,  b u t  
s o m e  c o n ] p o u n d s  d i sp l ay  ac t iv i ty  o n l y  w h e n  in j ec t ed  
c e n t r a l l y .  T h e  s u h s t i l u t e d  A { " F I I  4-9  t ' r a g m e n t ,  'a h ich  is the  
m o s t  ac t ive  c o n ] p o u n d  in t he  pole  j u m p i n g  a v o i d a n c e  
p a r a d i g m ,  ha s  s ign i f i can t  a n a l e p t i c  p o t e n c y  w h e l h c r  a d m i n i -  
s l e r ed  c e n l r a l l y  or  p e r i p h e r a l l y .  T h i s  n l ay  be d u e  to 

T A B L E  I 

INTRAPERIT(}N EAI. AI)MINISTRA'I ION 

Regain righting 33 rain rectal 
Compound  Dose* N Min y SEM Tempera ture  : SEM 

pGlu -His - l rp -NHz  Control~ 20 107.7 ~- 6.4 38.7 +_ 0.24 
I 20 90.5 z 6.7 29.4 .- 0.22 
5 20 95.6 ± 6.2 29.5 .~- 0.22 

pGlu-His-Phe-NH,., Control 10 112.7 -_ 9.4 29.1 ± (I.21 
I I{1 89.9 -': 8.1 29.7 -,- 0.28 
5 I(1 1(12.2 ~_ 5.9 29.4 ~_ 0.16 

ACTH4. , ,OH Control 10 94.0 _+ 7.3 30.4 _-- 0.27 
I 10 85.9 - 10.9 30.1 e. 0.29 

10 97.1 _+ 7.7 3(I.4 *_ 0.26 

ACTH4.rOH Control 10 83.3 ~ 6.4 29.0 ": 0.23 
I 10 66.3 +_ 4.5:.t 3(I.2 -: 0.31'i 
5 II1 78.8 :r 11).2 3(I.6 .~ (I.42 

AC'I'H~.rNH~ Control 20 1114.4 -_ 5.9 29.0 +_ (I.23 
I 20 74.4 * 5 .5  30.2 .~ 0.31 ~ 
5 2(1 72.1 + 6.2 30.6 -' 0.42 t' 

AC'I'H4-,aI4-Met {0:~) Control 20 116.0 + 6.2 29.2 *- 0.1g 
8-D-Lys.  9-Phel (1.1 10 84.1 -_ 10.45 29.8 _+ 0.27 

0.3 10 80.2 -+ 5.2 t 30.2 :'- 0.20 'l 

1 20  74.(I _' 5.3 3(I.3 -: 0.26qi 
5 I0 70.3 ~_ 6.5 30.2 _+ 0.21.~ 

TOT Al .  C O N T R O L  90 110.6 t 3.119 29.2 ± 0.11} 

T O T A l .  T R H  (I mg/kg} 80 5(1.0 _+ 1.96 32.8 _, 0.22 

* = Dose equimolar  to I mg/kg TRH.  
-1- = Control is 0 .9~  NaC I ,  pH 7.5. 
{ = p < 0 . 0 5  (Student ' s  two tailed t-lest}. 
§ - p<0 .02 .  
q: = p < 0 . 0 1 .  

= p <0.001. 
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Cont ro l *  
Regain righting Regain righting 

Compound N Min ± SEM N Min +_ SEM 

TRH 
Regain righting 

Min *_ S E M  

p(]hMlis-Trp-NH= 20 54.2 _- 2.7+ 

pGlu-His-Phe-NH~ 20 55.2 +- 2.2,* 
ACTH4-u,OH I0 7g.g _+ 9.9 

AC'I'H.8.7Ott It) 97.g .+_ 7.1 
AC'I'H4rNHe 20 54.4 + 3.5+ 

ACTH4-, D-Met (0._,) 
8-D-l.ys, 9-Phe] 20 54.9 ± 3.9t 

I.HRH 20 49.0 4_ 5.1+ 

20 go.9 _+ 4.7 

10 91.6 ~ g.g 

10 83.2 = 4.1 

10 86.7 ± 10.6 

2O 

I0 

It) 

10 

34g * 2.0 

36.6 +_ 2.8t 

41 .9  ± 2.7+ 

37.7 + 2.8 

All do';es equimolar m I tlug TRIt. 
*Control ix 10 ,~11).9% NaCI, pH 7.5. 
+-  p.:().IR'll (Student's two-tailed t-test). 

T A B I , E  3 

Compound 

Relative value* in de Wied's 
Inhibition of Extinction 

of Pole Jumping Avoidance 
(Subcutaneous) 

Relative value," in 
shortening pentobarbital 

induced sedation 
( In t rac is temal)  

Relative value + in 
shortening pentobarhi ta l  

induced sedation 
( In t raper i toneal )  

pGlu - I | i s -Pro -NHa 0.3 I. 0:!:. I .( l- 
( T R l l )  

pGlu- H is - l ' rp -N Ha 0.5 I).58~ 0.31 
pGlu-His-Phe-NH= 0.3 0.56+ 0.42 
H-Mel-(ilu-His-Phe- 

A rg-Trp-( i l  y - ( )H 1.0 0.23 0.15 
(ACTH., - . , )  

I t -Met -Glu-H is -Phe-  
O H  4AC'I'H4-r) l.I) 0. I I 0.27 

H-MebGlu-His-Phe-N H~ - -  0.70- 0.52:1: 
H-Met (0e)-Glu-His-Phe- 

D-Lys-Phe-OH I(X)0.0 0.69- 0.61 - 
pGlu- His-Trp-Se r-Ty r-Gly- 

I .eu- A rg- Pro-(;I y- N H a 1.0 I).77 - - -  
(I.HRHI 

"Vah,es compared to ACTH4-,, as the standard. 
+Values compared to TRH as the standard and obtained from data presented in Table I and 2. 
{.= p--(l.IR)l (Student's two-tailed /-test). 

this c o m p o u n d ' s  increased resistance to biological degrada- 
tion [ 151. This is the only c o m p o u n d  tested with analept ic  
activity that does not have an amide on the carboxy 
le rmmus  of its po lypep t ide  chain. Both A( 'TH 4-7 and 
A('TII 4-10 arc missing this C-terminal amide,  and both  of  
these c o m p o u n d s  were inactive regardless of route of 
adminis t ra t ion.  A( 'Tt l  4-7 regains analept ic  proper t ies  in 
both m e thods  of  adminis t ra t ion  when an amide is sub- 
s t i tu ted for the O11 group on the carboxy terminus.  
Previous work f rom this laboratory  has shown that TRl l  
loses its analeptic po t ency  when deamina ted  [131. All 
c o m p o u n d s  with activity in the reversal of  pentobarbi ta l -  
induced sedat ion conta in  a Glu-His d ipept ide  that  is 
stabilized by ano the r  residue or by cyclizat ion of  the 

glutamate residue at the N-terminal end of the pept ide  
chain and is p ro tec ted  by an amide group on the carboxyl  
end of the chain. Thus, TRI-t has a cyclized glutamate and 
( ' - terminal  amide as does LHRII and the lwo t r ipept ide 
fragments.  A C I l l  4-7 amide is p ro tec ted  at both  ends by an 
atnide, LttR|-I is an antagonist  to barbi turate  if given 
intracisternally.  LHRH is thought  to be excluded l'ronl the 
central nervous system after peripheral  adminis t ra t ion 151. 
The t r ipept ide  pGlu-His-Trp-NII 2, is active centrally bul 
not peripherally and conta ins  the first three fragments  of 
[.]IRH with a ( ' - terminal  amide group. The exclusion of 
LHRI1 from the CNS after peripheral  adminis t ra t ion may 
explain why this t r ipept ide  is aclive only centrally,  p(; lu- 
His-Phe-Nll: represents  A( 'qI I  %7 with a cyclized glu- 
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t a m a t e  res idue  on the  N- te rmina l  s ide and an a m i d e  on the  
c a r b o x y  t e rminus .  It, too ,  is e f f ec t ive  in revers ing  ba rb i tu -  
rate  na rcos i s  on ly  w h e n  a d m i n i s t e r e d  in t r ac i s t c rna l ly .  This  
spec i f i c i ty  for  r o u t e  o f  in j ec t ion  may  r e p r e s e n t  inab i l i ty  to 
survive b r e a k d o w n  in t he  p e r i p h e r y  o r  inabi l i ty  to p e n e t r a t e  
the b l o o d - b r a i n  barr ier .  

Doses  o f  t hese  c o m p o u n d s  n e e d e d  to  reverse  b a r b i t u r a t e  
na rcos i s  arc m u c h  g rea t e r  t h a n  the  a m o u n t s  n e e d e d  to 
i nduce  behav io ra l  changes .  F o r  e x a m p l e ,  L I I R H ,  w h e n  
given to  o v a r i e c t o m i z e d ,  h y p o p h y s e c t o m i z e d ,  e s t r o g e n -  
p r i m e d  female  rats  i n d u c e s  l o r d o t i c  b e h a v i o r  in the  
p r e s e n c e  o f  a male  a f t e r  as l i t t le  as 250 n a n o g r a m s  i n j ec t ed  
subcutaneously 181. C o n s i d e r a b l y  g r e a t e r  q u a n t i t i e s  o f  
L H R I I  i n j e c t e d  IC are h o w e v e r  r equ i r ed  to  reverse  the  
e f f e c t s  o f  b a r b i t u r a t e  t r e a t m e n t .  This  d i s c r e p a n c y  unde r -  
l ines t he  p r o b l e m  o f  c o m p a r i n g  phys io log ica l  and 
p h a r m a c o l o g i c a l  e f f e c t s  

The  m o l e c u l a r  r e q u i r e m e n t s  for  the  ana l ep t i c  p r o p e r t i e s  
of  p c p t i d e  f r a g m e n t s  a p p e a r  to be less rigid than  the i r  
r e q u i r e m e n t s  for  e n d o c r i n o l o g i c a l  ac t iv i ty .  The  r e q u i r e m e n t  
o f  s o m e  s tab i l iz ing  c o n f i g u r a t i o n  for  a Glu- l t i s  d i p e p t i d e  
b o n d  s e e m s  to  be i m p o r t a n t .  C h a r a c t e r i z a t i o n  o f  the  exac t  
c o n f o r m a t i o n a l  e l e m e n t s  that  are i m p o r t a n t  for  this  ac t iv i ty  
awai t s  f u r t h e r  inves t iga t ion .  

AC K N t )WLI . : I ) ( ;EM I';N T 

Dr. H. M. Grcven of  ORGANON, Oss, l'hc Netherlands, 
generously supplied tire At?TIt fragments and the two tripeptide 
arkalogues. TRII (Lot #21-220-A1,) was a gift of  Abbott Labora- 
tories, Norlh ('hicago, Illinois. LIIRII was purchased from Beckman 
Instruments, Fttllerton, California. 
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