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i nh ib i t i on  was sho r t e r  (53 m i n  vs 74 min) w i th  the  o the r  
charac te r i s t i c s  be ing  s imi lar  (Table  1). 

Var ious  ana logs  of s o m a t o s t a t i n  were e x a m i n e d  u n d e r  
Similar cond i t ions  a t  0.6 ~xmole/kg, s.c. Di -Gly-S  and  
Leu-d i -Gly-S  exh ib i t ed  act ivi t ies ,  w i t h  respec t  to  t he  
d u r a t i o n  a n d  degree of inh ib i t ion ,  s imi lar  to  s o m a t o s t a t i n  
(86 min ;  71%) (Table  1). Leu-di-Gly-[descarboxy14J-S 
was sho r t e r  in d u r a t i o n  of ac t ion  (41 min) whi le  be ing  as 
effect ive in degree of inh ib i t ion .  [Des-AlalGly2][des - 
amino  a] [descarboxy14]-S was shor t e r  in d u r a t i o n  of ac t ion  
t h a n  s o m a t o s t a t i n  (39 rain vs  90 min)  b u t  exh ib i t ed  a 
s imi lar  degree of i nh ib i t i on  (60% vs 59%) ; s imi lar  ac t iv-  
ities were e x h i b i t e d  b y  [Des-Ala lGly~[ace ty la ] [descar  - 
boxy14~-S (43 min  vs  74 m i n ;  72% vs  75%).  E a c h  of t he  
ana logs  was s imi lar  to  s o m a t o s t a t i n  w i t h  respec t  to  t he  
m a x i m a l  i n h i b i t o r y  effect  and  t ime  in r each ing  th i s  effect  
w i t h  t he  difference be ing  t h a t  the  less ac t ive  ana log  ex- 
h ib i t ed  a more  rap id  r a t e  of r e t u r n  to con t ro l  secre tory  
levels t h a n  s o m a t o s t a t i n  (Fig. B, C). The  less ac t ive  
ana logs  exh ib i t ed  a b o u t  one-hal f  t he  d u r a t i o n  of ac t ion  
as s o m a t o s t a t i n .  

S o m a t o s t a t i n  a t  1 • 10 7 2~I i n h i b i t e d  by  a b o u t  50% 
the  a d e n o h y p o p h y s e a l  cyclic A M P  a c c u m u l a t i o n  induced  
b y  PGE~ (Table  2). A t  the  lower c o n c e n t r a t i o n  of 0.2 • 
10 -7 M ,  s o m a t o s t a t i n  did  no t  cause a s igni f icant  inh ib i -  
t ion.  Similar  i n h i b i t o r y  ac t iv i t ies  a t  these  c o n c e n t r a t i o n s  
were exh ib i t ed  by  t he  di-Gly-,  t r i -Gly-  and  [Des-AlalGly2~ 
[acetyla][descarboxy14]-S and  [Des-Ala~Gly2][desamino a] 
[descarboxy14]-S analogs.  The  r e t r o - e n a n t i o - d e r i v a t i v e  
of t he  l a t t e r  ana log  was ineffect ive  even  a t  1 • 10 -4 M as 
was Edesamino 1] [ d e s c a r b o x y l q - r e t r o - e n a n t i o - S  ; t he  l a t t e r  
ana log  exh ib i t ed  a s ign i f ican t  decrease  a t  1 X 10 -a M.  

Diseussio~z. The f ind ings  show t h a t  for i n h i b i t i o n  of 
basa l  gas t r ic  acid secre t ion e longa t ion  of s o m a t o s t a t i n  a t  
the  amine  t e r m i n a l  b y  a d i -Gly  or Leu-d i -Gly  does no t  
p ro long  the  act ion.  The  t e r m i n a l  c a rboxy l  g roup  in t he  
e longa ted  analog,  i.e., Leu-di-Gly-S,  is of i m p o r t a n c e  for 
d u r a t i o n  of ac t ion  since the  ana log  lacking th i s  g roup  
exh ib i t ed  a sho r t e r  d u r a t i o n  of ac t iv i ty .  This  l a t t e r  ob- 

s e rva t i on  is cons i s t en t  w i t h  t he  f indings  u n d e r  s imi la r  
cond i t ions  t h a t  t he  s o m a t o s t a t i n  ana log  lack ing  t he  
t e r m i n a l  c a rb6xy l  g roup  a n d  also t he  s o m a t o s t a t i n  ana log  
lack ing  t he  t e r m i n a l  ca rboxy l  a n d  amino  groups  were 
also sho r t e r  in d u r a t i o n  of ac t ion  t h a n  s o m a t o s t a t i n  2. 
The  r ing po r t i on  of s o m a t o s t a t i n ,  i.e., t h e  r ing  pep t ide  
cha in  c o n t a i n i n g  the  2 l inked  cys te ine  moiet ies ,  is suf- 
f ic ient  for m a x i m a l  i n h i b i t o r y  ac t iv i ty ,  b u t  no t  for t he  
d u r a t i o n  of act ion,  as th i s  ana log  exh ib i t ed  a sho r t e r  
d u r a t i o n  of ac t ion ;  t he  d u r a t i o n  of ac t ion  is no t  e n h a n c e d  
to  t h a t  of s o m a t o s t a t i n  by  t he  presence  of an  ace ty l  
g roup  on the  amine  t e rmina l .  

The  resul t s  o b t a i n e d  ind ica te  t h a t  for i n h i b i t i o n  of 
cyclic A M P  a c c u m u l a t i o n  e longa t ion  of s o m a t o s t a t i n  a t  
the  amine  t e r m i n a l  b y  a d i -Gly  or t r i -Gly  does no t  de- 
crease the  i n h i b i t o r y  a c t i v i t y ;  fu r ther ,  t he  a c t i v i t y  is 
no t  increased  u n d e r  t he  cond i t ions  examined .  I n  s imi lar  
a c t i v i t y  s tudies  t he  t e r m i n a l  amino  group  was also shown  
to be unessen t i a l  for the  i n h i b i t o r y  a c t i v i t y  s. The  r ing 
por t ion  of s o m a t o s t a t i n  is suff ic ient  for m a x i m a l  ac t iv i ty .  
The  n a t u r e  of t he  a m i n e  t e r m i n a l  in the  l a t t e r  t y p e  of 
ana log  does no t  a p p e a r  to  be of i m p o r t a n c e  as the  presence  
of an  ace ty l  g roup  does no t  a l t e r  the  a c t i v i t y ;  th i s  is also 
cons i s t en t  w i t h  the  above  obse rva t ions .  In  the  r ing  por-  
t ion  of s o m a t o s t a t i n  reversa l  of t he  d i rec t ion  of t he  pep-  
t ide  bond  and  inve r s ion  of all a s y m m e t r i c  centers ,  i.e., 
t he  r e t r o e n a n t i o  i somer  of t he  r ing  por t ion ,  causes  loss 

o f  the  a c t i v i t y  even  a t  m u c h  h ighe r  concen t r a t i ons .  In  
accord  are the  f indings  t h a t  the  ana log  lacking t he  
t e r m i n a l  amino  and  ca rboxy l  g roups  is effect ive 8 whereas  
t he  r e t r o e n a n t i o  i somer  is r e l a t ive ly  ineffect ive  (present  
studies).  

W i t h  the  s o m a t o s t a t i n  ana logs  e x a m i n e d  in the  p r e sen t  
and  prev ious  s tudies  2, 8, i t  appea r s  t h a t  the  p i t u i t a r y  and  
ga s t ro in t e s t i na l  receptors  e x h i b i t  s imi lar  recogni t ion  
specificity.  Differences in the  g a s t r o i n t e s t i n a l  ac t iv i t ies  
of the  analogs  appea r s  to  reflect  dif ferences  in the  dura-  
t ion of ava i lab i l i t y  of the  ana logs  r a t h e r  t h a n  recep tor  
aff ini ty .  
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Summary .  Pimozide,  a select ive blocker  of DA receptors ,  p a r t l y  i nh ib i t s  b u t  do es no t  suppress  e i the r  the  DA- induced  
h y p e r t h e r m i a  or the  L P S - i n d u c e d  fever  in rabbi t s .  Th i s  suggests  t h a t  a c o m m o n  DA-re l a t ed  m e c h a n i s m  could be a t  
leas t  p a r t l y  invo lved  in b o t h  responses.  

Pimozide,  a select ive b locker  of d o p a m i n e  (DA) recep- 
to rs  a has  been  r ep u t ed  to i nh i b i t  t he  h y p e r t h e r m i c  ef- 
fects  of apomorph ine ,  a m p h e t a m i n e  and  L-dopa  in r ab -  
b i t s  ~ 6, and  for th i s  reason  i t  was suggested  t h a t  dopa-  
mine  was invo lved  in these  effects. Since the re  is no d a t a  
on  t he  possible in te r fe rence  of p imozide  w i t h  bac te r i a l  
py rogen - induced  fever,  we inves t i ga t ed  the  effects of 
th is  s u b s t a n c e  when  a d m i n i s t e r e d  to r a b b i t s  b y  d i f fe ren t  
routes  alone and  before the  in jec t ion  of e i the r  DA or 
E. coli l ipopolysacchar ide  (LPS).  
Mater ials  and methods. The  e x p e r i m e n t s  were pe r fo rmed  
on male  mongre l  r abb i t s ,  w i t h  a m e a n  b o d y  we igh t  of 
2,5 kg. T h e y  were k e p t  in a t e m p e r a t u r e - c o n t r o l l e d  en- 
v i r o n m e n t  (20 ~ • 1) for a week and  d u r i n g  t he  whole 
expe r imen t .  All  the  m a t e r i a l  used were m a d e  pyrogen-  
free b y  t r e a t i n g  a t  180~ for 3 h. P imozide  was dissolved 
in 100 ~zl glacial  acet ic  acid and  t h e n  d i lu ted  to 2.5 ml  in 
t he  pyrogen-f ree  0 .9% NaC1 solu t ion  (pH = 3.5). The  

py rogen  so lu t ion  (E. coli LPS,  D I F C O  W . E .  Coli 0127 
B8) and  d o p a m i n e  (HC1) were also m a d e  up  in pyrogen-  
free 0.9% NaC1 solut ion.  In j ec t i ons  were m a d e  e i the r  i .p.  
or in to  the  l a te ra l  ven t r i c l e  ( i .c.v.) .  Fo r  c a n n u l a t i o n  of 
the  la te ra l  ven t r i c le  in rabb i t s ,  t h e  m e t h o d  was t h a t  de- 
scr ibed b y  H a s s e l b l a t t  and  Sprou l lL  The  sequence  of 
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inject ions  was  as follows: a) 150 tal of 0.9% NaC1 as a 
control ,  followed by  100 tal of e i ther  t h  e solvent ,  pimozide,  
DA or L P S  followed by  an in ject ion of 50 tal 0.9 NaC1; 
b) 150 tal of 0.9% NaC1 followed 2 h la ter  by  the  same 
selection of pimozide,  DA or LPS .  The results  r epor ted  
were ob ta ined  f rom 5 to  8 individual  measuremen t s .  
Results.  Pimozide  effects  when  in jec ted  i .p.  A convulsive 
effect  similar to  t h a t  p roduced  b y  pen te t r azo l  was  of ten  
observed  wi th  4 mg/kg  pimozide  i .p. ,  t he  dose used by  
Hill  and H o r i t a L  W h e n  this  dose was followed by  L P S  
1.5 tag/kg i .v .  4 h later,  mos t  rabb i t s  showed febrile 
responses.  On the  o ther  hand ,  this  dose of p imozide  only 
pa r t l y  p r e v e n t e d  the  deve lopmen t  of h y p e r t h e r m i a  in 
response  to DA (400 tag i .c .v ,  injected) (figure l a ) .  The 
s ta t is t ica l  analysis  of the  resul ts  showed no significance 
be tween  curves  1 and 2 when  the  analysis was pe r fo rmed  
a t  each po in t  w i th  t he  S t u d e n t ' s  t - tes t .  However ,  the  
s ta t is t ica l  eva lua t ion  of the  per iod f rom 0.5 to 1.5 h 
showed a s ignif icant  difference (p ~< 0.05). Fu r the rmore ,  
the  compar i son  of the  fever  index  (F. I.) a t  po in t  2 h also 
showed a difference (DA F . I .  ~ 100; P imozide  + DA 
F . I .  = 52). Those differences in s ta t is t ica l  analysis  were 
p robab ly  due to  the  l imi ted  n u m b e r  of resul ts  a t  each 
po in t  and  the  var ia t ions  in individual  responses.  

P imozide  effects when  in jec ted  i .c .v .  I n t r aven t r i cu l a r  in- 
ject ion of 100 F1 of t he  solvent  caused a sl ight hyper -  
t he rmia  (0.5~ 4- 0.06 in 0.5 h) which  had  subsided in 2 h. 
In  consequence  of th is  so lvent  effect,  resul ts  w i th  the  
drugs are only cons idered  after  two  hours  have  elapsed. 
Such a procedure  is cons i s ten t  w i th  the  long-last ing ef- 
fect  of pimozide3. 
The p imozide  doses were 0.25, 0.5 or 4 tag followed 2 h 
later  by  e i ther  400 tag DA or 1.5 ng L P S  i .c .v .  Convulsive 
effects occurred only  w h e n  the  dose of p imozide  was 
grea ter  t h a n  4 tag. DA h y p e r t h e r m i a  was reduced  only 
by  4 tag p imozide  (figure l b )  (DA F . I .  = 100; P imozide  + 
DA F . I .  = 27), whereas  L P S  fever  was reduced b y  b o t h  
1 tag and 4 tag doses (figure 2). S ta t i s t ica l  evalua t ion  of 
the  per iod f rom 2.5 to  4 h showed t h a t  the  decrease in 
L P S  febrile response  wi th  p imozide  was highly  signif icant  
(p < 0.001) as co mp a red  to the  response  wi th  L P S  con- 
t rol ;  the  effect  of the  2 dose levels were no t  s ignif icant ly  
different .  
Discussion.  The e levat ion  in t e m p e r a t u r e  p roduced  by  
i .c .v ,  admin i s t r a t ion  of DA was reduced  b u t  no t  abol- 
ished when  p imozide  was given by  the  same route.  In t r a -  
per i tonea l ly  in jec ted  p imozide  had  a lessened effect  which 
could explain  the  inabi l i ty  of p imozide  when  in jec ted  i .p. 
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Fig. 1. Effect of pimozide on the time course of dopamine-induced hyperthermia in rabbits. A) Curve 1 : DA 400 tag i.e.v. Curve 2 : pimo- 
zide 4 mg/kg i.p. following 4 h later by DA 400 tag i.c.v. Curve 3: Controls (NaCI 0.9% i. c. v.). Significance between curves 1 and 2: 
see text. B) Curve 1: DA 400 tag i.e.v. Curve 4: pimozide 4 F'g i.e.v, following 2 h later by DA 400 tag i. c. v. Significance between the 
points of curves 4 and 1: * p ~< 0.05, **p ~< 0.01,***p ~< 0.001. 
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Fig. 2. Inhibition of i.c.v. LPS-induced fever in rabbits treated with 
pirnozide. Curve 1: LPS 1.5 ng, i.e.v. Curve 2 : pimozide 4 tag, i.c.v., 
2 h before LPS. Curve 3: pimozide 1 tag, i.c.v., 2 h before LPS. 
Significance against the controls (curve 1): ** 0.02 < p < 0.01, 
*** 0.01% p < 0.001. 

to block h y p e r t h e r m i a  induced by  large dosis of DA 
(1 mg/kg  -1 i .c .v . ) ,  as shown by  Giraul t  et  al.L This sug- 
gests t h a t  DA h y p e r t h e r m i a  m a y  be only  in p a r t  due to  
a d i rect  s t imula t ion  of brain  DA receptors .  However ,  
when  pimozide  was in jec ted  i .p ,  the  a m o u n t  of drug 
which  reached  the  r e l evan t  receptors  in an act ive  form 
migh t  be so smal l  as to  be unable  to  inhibi t  the  DA effect. 
Since pimozide  also p a r t l y  suppresses  L P S  fever  when  
in jec ted  i .c .v ,  in rabbi t s ,  th is  is cons is ten t  wi th  the  
hypo thes i s  t h a t  DA receptors  m a y  be involved to some 
e x t e n t  in L P S - i n d u c e d  fever. Such an hypo thes i s  m a y  
be re levan t  to the  resul ts  of Gardey-Levassor t  e t  al. 1~ 
who observed decreased levels of DA metabol i tes  in the  
bra in  dur ing the  ear ly  phase  of pyrogen  fever in rabbi ts ,  
as well as previous ly  found by  Roos 11 af ter  the  inject ion 
of apomorphine ,  a dopamine  receptor  s t imulant .  
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