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C-terminal fragment (residues 61-91) of fl-lipotropin: Is it the natural opiate-like 
neurohormon of the brain? 

J. I. SZI~KELY, A. Z. I~6NAI, ZSUZSA DUNAI-Kov-~cs, L. GRA-F and S. ]3AJUSZ 

Research Institute ]or Pharmaceutical Chemistry, P.  0. Box 82, H-7325  Budapest (Hungary), 29 June 7976 

Summary.  The C-terminal  f r agmen t  of porcine/5-1ipotropin (residues 61-91) has a ve ry  s t rong  analgesic ac t iv i ty  in vivo 
in rats .  I t  is 20 t imes  more  p o t e n t  t h a n  morph ine  if admin is te red  in t racerebroven t r icu la r ly  (ICV) to rats .  I t s  effect  
could be antagonized  by  naloxone.  P r e s u m a b l y  i r i s  a na tu ra l  opiate-l ike neu roho rmon  of t he  brain.  

An endogenous  pep t ide  wi th  opioid agonis t  ac t iv i ty  
t e rmed  enkephal in  was isolated by  HUGHES et  al. 1 and  
more  recent ly  the  p r ima ry  s t ruc ture  of th is  p e n t a p e p t i d e  

has  been e lucidated:  H - T y r - G l y - P h e - ~ - O H  2 This g ~ u  

p e n t a p e p t i d e  mimicks  the  in v i t ro  ac t iv i ty  of morph ine  
to  block the  electr ical ly evoked cont rac t ions  of mouse 
vas deferens  and guinea-pig  ileum, fu r the rmore  it in- 
h ibi ts  the  stereospecific b inding  of opiate  an tagon i s t  3H- 
na loxone in bra in  homogena te s  2. I t  ~has been  proposed 
t h a t  t he  opioid agonists  exer t  the i r  analgesic act ion at  
the  enkephal in  receptors  and  the  enkephal in  itself m a y  
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]?ig. 1. Time-response curves of the analgesic effects of morphine 
(upper panel) and LPH-(61-91) (lower panel), given intraeere- 
broventrieularly to rats, On the abscissa is plotted the tilne elapsed 
after ICV administration of drugs expressed in minutes. The ordinate 
shows the reaction time in seconds. The symbols are as follows: 
Upper panel: �9 morphine 1.68 • 10 -s mole/animal (n 10); 

[] morphine 8.4 • 10 9 mole/animaI (n = 15); 
nlorphine 4.2 • 10-9 mole/animal (n = 10); 

�9 morphine 6.8 • 10 -s mole/animal + naloxone. 
2 mg/kg s.c. 30 rain prior to morphine (n = 10). 

Lower panel: �9 LPH-(61 91) 1.6• 10 -9 mole/animal (n = 12); 
[] LPH-(61-91) 4.0 • 10 -l~ mole/animal (n = 12); 
a LPH-(61 91) 2.0 • 10-10 mole/animal (n = 12); 
�9 LPH-(61-91) 1.6 • 10-9 mole/animal + naloxone. 

2 mg/kg s.c. 30 min prior to LPH-(61-91) (n ~ 12). 
Saline (20 [xl ICV) or saline + naloxone (2 mg/kg nalosone s. c. 
30 min before saline administration) failed to alter significantly the 
reaction time. 

be the  modu la to r  or t r a n s m i t t e r  for pain  suppress ion 3, 4. 
However  in previous  expe r imen t s  we could no t  de tec t  
s ignif icant  and sus ta ined analgesia following Met-en-  
kephal in  adminis t ra t ion ,  i.e. i ts  in vivo efficacy was no t  
comparab le  w i th  t h a t  of the  morph ine  5, 6, while BELUZZI 
et  al. 7 r epor ted  on a shor t - las t ing  analgesic effect, which  
could be an tagonized  by  naloxone.  The amino acid se- 
quence of enkephal in  is con ta ined  in the  p r i ma ry  s t ruc ture  
of fi-l ipotropin be tween  amino  acid residues 61-65 s,~. 
According to  our previous  exper iments ,  fl-lipotropin pre-  
pa ra t ion  showed a weak morphine- l ike  in vivo ac t iv i ty  ~, 6 
suggest ing t h a t  ano the r  p a r t  of l ipot ropin  molecule m a y  
be responsible  for the  in vivo analgesic effect.  Therefore  
we analyzed some C-terminal  f r agment s  of fl-l ipotropin 
for analgesia. The expe r imen t s  were focussed pr imar i ly  
on a f r ag men t  c o n t a i n i n g  residues 61-91 (LPH-[61-91~), 
because th is  t e rmina l  f r ag men t  of fi-l ipotropin was found  
to be more  act ive t h a n  enkepha l in  by  LI and CHUNG 10 
and BRADBURY et  al. 11 as t es ted  in vi t ro  in receptor  b ind-  
ing assay. (This na tu ra l ly  occurr ing f r ag men t  was de- 
s ignated as f i -endorphin by  LI and  CHUNG10.) 
�9 Materials and methods. LPH-(61-91)  was isolated f rom 
a crude porcine adrenocor toco t rop ic  h o rmo n e  prepara-  
t ion 12 by  high vol tage paper  e lect rophoresis  at  p H  6,5. 
The pep t ide  was charac ter ized  b y  N- t e rmina l  residue 13 
and amino acid analysis  and  also by  mapp ing  of i ts  
t ryp t i c  digest.  The analgesic effect  of subs tances  was 
tes ted  b y  the  tail-fl ick m e t h o d  in ra t s  1~, a procedure  wi th  
good se lect iv i ty  for opiate  drugs.  Male ra ts  weighing 
120-130 g were used. The in t ens i ty  of h e a t  i r rad ia t ion  
was regula ted  such t h a t  the  contro l  react ion t ime of tai l-  
w i thd rawa l  - measured  au tomat ica l ly  - var ied be tween  
3 and 6 sec. A cutoff  t ime  of 15 sec was applied: In  the  
quan ta l  s ta t is t ica l  assay, the  animals  were considered 
posi t ive for analgesia if the  reac t ion  t ime was prolonged 
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for a t  leas t  twice  t he  con t ro l  value.  T he  subs t ances  were 
dissolved in 20 ~xl sal ine and  in jec ted  d i rec t ly  in to  t he  
r i g h t  l a te ra l  h o r n  of t he  t h i r d  ven t r i c l e  accord ing  to 
CHERMAT and  SIMO1~15. The  doses of t he  c o m p o u n d s  ad-  
min i s t e r ed  ICV were expressed  in mole /an imal .  

Results. The  t ime- response  curves  showing  t he  anal -  
gesic effect  of m o r p h i n e  and  L PH - ( 61 - 91 )  are of s imi la r  
c h a r a c t e r  (Figure 1). The  analgesic  effect  deve loped  
gradua l ly ,  r eached  t he  m a x i m u m  be t w een  30 a n d  60 rain  
and  was sus ta ined  for hours .  The  slow onse t  of m o r p h i n e ' s  
ac t ion  w h e n  a d m i n i s t e r e d  i n t r ace r eb r a l l y  was also shown  
b y  others16,17. The  effect  of b o t h  m o r p h i n e  and  L P H -  
(61-91) could be  a n t a g o n i z e d  b y  na loxone ,  g iven  sub-  
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Fig. 2. Dose-response curves of the analgesic effect of morphine (0) 
and LPH-(61-9I} (�9 plotted according to LITCHFIELD and WIL- 
CO• TM , 

c u t a n e o u s l y  30 min  pr ior  to  ICV a d m i n i s t r a t i o n  of the  
c o m p o u n d s  (Figure 1). The  r eac t ion  t imes  in t he  m o r p h i n e  
or LPH- (61 -91 )  + na loxone  t r e a t e d  group  were signifi- 
c a n t l y  lower (p < 0.05) t h a n  in t he  an ima l s  g iven  mor-  
p h i n e  or LPH- (61 -91 )  alone, a t  15, 30, 45 and  60 min  
and  5, 15, 30 a n d  45 rain, respec t ive ly .  As t he  F igure  2 
shows, the  dose-response  curves  p lo t t ed  f rom the  d a t a  
t r a n s f o r m e d  for  p r o b i t  ana lys i s  18 are parallel .  The  EDso 
va lues  were 7.7 • 10-9 (5.4-11.0) m o l e / a n i m a l  for  mor-  
ph ine  and  4 • 10 -1~ (2.7-5.9) m o l e / a n i m a l  for L P H -  
(61-91), i.e. t h e  p o t e n c y  ra t io  was as h igh  as 19.3 (11.3-  
32.7) ca lcu la ted  on  mola r  basis.  The  Met -enkepha l in  and  
LPH- (61 -79 )  also showed  weak  analgesic  ac t ion  (the 
l a t t e r  be ing  the  more  efficient) b u t  t he i r  a c t i v i t y  was too 
low for ca lcu la t ing  the  EDs0 va lues  t e s t ed  a t  doses as 
h igh  as 6.7 • 10 -7 and  8 • 10 -s mole /an imal ,  respect ively .  

Discussion. Accord ing  to the  d a t a  in t he  l i t e ra tu re ,  a 
f l -LPH f ragmen t ,  to  e x h i b i t  op ia te  agonis t  p roper t i e s  in 
vi t ro ,  m u s t  c o n t a i n  res idues  61-65 a t  t he  N- t e rminus .  
However ,  th i s  s e g m e n t  is n o t  suff ic ient  to  p roduce  re- 
m a r k a b l e  in v ivo  efficacy. Fo r  t he  la t te r ,  t he  whole  C- 
t e r m i n a l  f r a g m e n t  of f l -LPH is required .  I t  m a y  be 
specu la ted  t h a t  LPH- (61 -91 )  con t a in s  f u r t h e r  b ind ing  
site(s) w i th in  res idues  66 91 a n d / o r  th i s  p a r t  of t he  
molecule  has  a p r o t e c t i v e  role aga ins t  the  i n a c t i v a t i n g  
enzyme(s)  of the  brain.  In  a n y  case, i t  seems p r o b a b l e  
t h a t  the  LPH- (61 -91 )  is a ( the ?) physiological  m o d u l a t o r  
in m a m m a l i a n  b r a i n  in supress ion  of t he  pain  react ion.  
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7-Chloro-3-(4-methy|-I-piperazinyl)-4H-1,2,4-benzothiadiazine- 1,1-dioxide, 
a new antihypertensive agent 
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Department o/ Pharmacology, Research Laboratories, Dainippon Pharmaceutical Co., Ltd., Enohi 3S-9~, Suits, Osaka, 
564 (Japan), 30 July  1976 

Summary. 7-Chloro-3-(4-methyl-l-piperazinyl)-4H-1,2,4-benzothiadiazine-l,l-dioxide (DU-717) is a new c o m p o u n d  
h a v i n g  sus ta ined  a n t i h y p e r t e n s i v e  ac t i v i t y  in  a s imi lar  m a n n e r  to t h a t  of hydroch lo ro th i az ide .  However ,  th i s  com- 
p o u n d  shows ne i t he r  d iure t ic  nor  hyperg lycemic  effect, be ing  d i f fe rent  f rom those  of hyd roch lo ro th i az ide  or diazoxide.  

Dur ing  the  process of pha rmaco log ica l  s tudies  on a series 
of 1, 2 ,4 -benzo th iad iaz ine -1 ,  1-dioxide der iva t ives ,  we 
h a v e  found  t h a t  some c o m p o u n d s  show an  a n t i h y p e r -  
t ens ive  ac t i v i t y  w i t h o u t  d iure t ic  and  hype rg lycemic  ef- 
fect  in  e x p e r i m e n t a l  an imals .  7-Chloro-3-(4-methyl-1-  
p ipe raz iny l ) -4H-1 ,  2, 4 -benzoth iad iaz ine-1 ,  1-dioxide (DU- 
717) is one of such  c o m p o u n d s  w i t h  the  chemica l  s t r u c t u r e  

s h o w n  in f igure 1. 
H y p o t e n s i v e  a c t i v i t y  was i nves t i ga t ed  in male  spon-  
t a n e o u s l y  h y p e r t e n s i v e  r a t s  (SHR)1,  12-16 weeks of age 
and  270-320 g of b o d y  weight ,  w i th  systol ic  b lood pres-  
sure levels above  170 m m  Hg, or  in n o r m o t e n s i v e  W i s t a r  
r a t s  (NWR),  300-350 g of b o d y  weight ,  w i th  systol ic  
b lood pressure  levels 120-140 m m  Hg. DU-717,  d iazoxide  
and  h y d r o c h l o r o t h i a z i d e  (HCT) were suspended  in 0 .5% 
t r a g a c a n t h  so lu t ion  and  a d m i n i s t e r e d  ora l ly  b y  a s t o m a c h  
tube .  Blood pressure  was m e a s u r e d  w i t h  t he  t a i l -p le thys -  
m o g r a p h i c  m e t h o d  a f t e r  w a r m i n g  the  a n i m a l  in a h e a t e d  

box  m a i n t a i n e d  a t  38~ for 10 min  w i t h o u t  anes thes ia .  
H y p o t e n s i v e  a c t i v i t y  of a single a d m i n i s t r a t i o n  was in- 
ve s t i ga t ed  in S H R  and  b lood pressure  was m e a s u r e d  
p r io r  to  dos ing a n d  1, 3, 5, 7 and  24 h a f t e r  an  oral  ad-  
min i s t r a t ion .  DU-717 and  HCT a t  a dose of 1000 m g / k g  
showed no effect  on  blood pressure .  However ,  d iazoxide  
a t  a dose of 100 m g / k g  s ign i f i can t ly  lowered b lood pres-  
sure and  the  m a x i m u m  effect  was  obse rved  5 h a f te r  an  
oral  admin i s t r a t i on .  Moreover ,  h y p o t e n s i v e  a c t i v i t y  of 
a r epea t ed  a d m i n i s t r a t i o n  was i n v e s t i g a t e d  in S H R  and  
N W R .  DU-717,  d iazoxide  and  HCT were admin i s t e r ed  
ora l ly  to  S H R  and  N W R  once a day  for 10 successive 
days.  Blood pressure  was m e a s u r e d  pr ior  to  dos ing  and  
5 h a f t e r  an  oral  a d m i n i s t r a t i o n  on  a l t e r n a t e  days.  A t  a 
dose of 1 mg/kg/day, DU-717,  d iazoxide  and  HCT showed 
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