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creased up to  7.01 by  sucking (table 3). Fu r the rmore ,  the  
admin i s t r a t ion  of f a t t y  acids wi th  skim milk increased 
p l a sma  unbound-b i l i rub in  concen t ra t ion  (table 2). I t  
would appear  t h a t  the  increase of p lasma-free  f a t t y  acids 
was one of the  causes which increased p lasma  unbound-  
bi l i rubin concen t ra t ion  by  sucking in homozygous  Gunn 
ra t  sucklings. The increase of p la sma  to ta l  bi l irubin con- 
cen t ra t ion  b y  s t a rva t ion  in table  1 suggested an increased 
t ransfer  of bi l irubin f rom tissues to p lasma due to the  
decrease of unbound-b i l i rub in  concen t ra t ion  and  a sub- 
sequent  equi l ibr ium change in bi l i rubin d i s t r ibu t ion  4. 
No signif icant  change in p lasma to ta l  bi l i rubin concen- 
t ra t ion,  however ,  was observed by  milk admin i s t r a t ion  
(table 2, excep t  for the  case of a mix tu re  of skim milk and 
f a t t y  acids) in spi te  of the  increase of unbound-b i l i rub in  
concent ra t ion .  I t  seems possible, therefore,  to ascribe the  
increase of to ta l  bi l irubin concen t ra t ion  by  s t a rva t ion  in 

table  1 to a decreased ra te  of hepa t ic  clearance le. The 
reason w h y  to ta l  bi l i rubin concen t ra t ion  increased by  the  
admin i s t r a t ion  of skim milk plus f a t t y  acids remains  un-  
explained.  
S ta r insky  and Shafr i r  17, and Thiessen et  al. ~5 sugges ted  
t h a t  p lasma-free  f a t t y  acids in h u m a n  newborns  did no t  
seem to reach concen t ra t ions  effective for increase of 
unbound-b i l i rub in  concent ra t ion .  The d i sc repancy  migh t  
be caused by  the  difference of species, e.g., l ipid compo-  
sit ion of milk. Since p lasma-free  f a t t y  acid concen t ra t ion  
increases t r ans i en t ly  af ter  l ipid administrationXa; the  in- 
cons is tency  migh t  also derive f rom the  difference in inter-  
vals be tween  the  last  sucking and blood sampling.  

16 J. R. Bloomer, P. V. Barrett, F. L. Rodkey and N. I; Berlin, 
Gastroenterology 61, 479 (1971). 

17 R. Starinsky and E. Shafrir, Clin. China. Aeta 29, 311 (1970). 
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Summary. Various soma tos t a t i n  (S) analogs exhib i ted  similar degree and similar, or shorter ,  dura t ion  of inhibi t ion of 
basal  gastr ic  acid secret ion as S in the  nnanes the t i zed  ra t  and  similar, or less, inhibi t ion of the  cyclic AMP accumula t ion  
induced by  p ros t ag l and in  E 2 in the  ra t  an ter ior  p i tu i t a ry  in vitro.  W i t h  the  analogs examined,  the  gas t ro in tes t ina l  and 
p i tu i t a ry  receptors  appear  to exhib i t  general ly similar recogni t ion specifici ty wi th  the  differences wi thin  the  gast ro-  
in tes t inal  act ivi t ies  reflecting dura t ion  of avai labi l i ty  r a the r  t h a n  receptor  affinity.  

Somatos ta t in*  inhibi ts  basal  gastr ic  acid secret ion in 
the  ra t "  and pen tagas t r in - induced  gastr ic  acid secret ion 
in the  ra t  2, dog 3 and cat  4. Somatos t a t i n  decreases fast ing 
p lasma  gas t r in  levels in normal  subjec ts  and p reven t s  
gas t r in  responses  to a food s t imulus  in pa t i en t s  5. The 
e levated gas t r in  levels of pa t i en t s  wi th  pernicious anemia  
and Zoll inger-Ell ison syndrome  are decreased by  somato-  
s ta t in  ~. Soma tos t a t i n  inhibi ts  gastric acid secret ion in 
normal  subjec ts  and in pa t i en t s  wi th  Zollinger-Ellison 
syndrome  s. 

S o m a t o s t a t i n  also inhibi ts  the  release of various o ther  
hormones  and  the  accumula t ion  of cyclic AMP, which 
appears  to be a med ia to r  in the  ho rmona l  release. The 
basal*, 7 and p ros tag land in- induced  increase 6--8 in the  
cyclic A M P  accumula t ion  in the  ra t  an te r ior  p i tu i t a ry  in 
vi tro are an tagonized  by  somatos ta t in .  

The s t ruc tu re -ac t iv i ty  re la t ionships  for various soma- 
tos t a t in  analogs have  been repor ted  wi th  regard to the i r  
abilities to inhibi t  basal  gastric acid secret ion in the  ra t  ~ 
and p ros tag land in - induced  cyclic AMP in the  ra t  anter ior  
p i tu i t a ry  in vi t ro  s. The presen t  s tudies  with addi t ional  
analogs fu r the r  define these  relat ionships.  

Materials and methods. For  the  de t e rmina t ion  of the  
basal  gastric acid secretion,  male albino ra ts  (Canadian 
Breeding Labora tor ies ;  160-220 g) were chronical ly-  
implan ted  wi th  two gastr ic  cannulas  as previous ly  de- 
scribed 9. The animals  were fasted,  s tomachs  perfused,  
and the  acid in the  gastr ic  perfusa te  de t e rmined  as pre-  
viously descr ibed 2. 

* H-ala-(31y-eys-kys-Asn-Phe-Phe-Trp-kys-Ihr Phe-Thr-Ser-Oys-OH 
I 1 

The m e t h o d  employed  in the  de t e rmina t ion  of the  ac- 
cumula t ion  of cyclic A M P  in the  anter ior  p i tu i t a ry  was 
based upon t h a t  repor ted  previously  ~~ n and was carried 

out  as previously  descr ibed s. Af ter  a 60 rain incubat ion,  
the  incuba t ion  med i u m was replaced by  fresh buffer  and 
glucose, and the  somatos ta t in  analog was added ;  a f te r  a 
fur ther  2 rain incubat ion,  20 ~tl vehicle or PGEe (1 • 
10 6 M) was added  for the  incuba t ion  per iod of 4 min. 
The vehicle employed  for the  P G E  2 was 0.1 ml  e thanol ,  
0.1 ml sodium ca rbona te  (1.8 nlg/ml) and 0.8 ml  water .  
For  the  assay of the  cyclic AMP, the  cyclic A M P  was 
ex t rac ted  f rom the  tissues wi th  5% tr ichloracet ic  acid 
and measured  by  the  recep tor -b ind ing  assay a" uti l izing 
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10 ~zg of prote i r l  of  t h e  i n h i b i t o r  (P-5636, S i g m a  Chemica l  
Co.) a n d  i ~zg of r e c e p t o r  p r e p a r a t i o n  (P-5511, S i g m a  
Chemica l  Co.). [8-3HI-Cyclic A M P  ( S c h w a r z - M a n n  Co.; 
28 Ci/mole)  w a s  e m p l o y e d  a t  a f inal  c o n c e n t r a t i o n  of 
40 riM. Un labe l l ed  cyclic A M P  w a s  o b t a i n e d  f r o m  Cal- 
b i o c h e m  Co. A s s a y s  were  p e r f o r m e d  in t r ip l ica te .  Af t e r  
f i l t r a t ion ,  t h e  f i l ters  were  d r ied  a n d  10 m l  t o l u e n e - p h o s -  
p h o r  [0.4% 2, Szd ipheny loxazo le  a n d  0 .005% 1,4-bis(5- 
p h e n y l o x a z o l e - 2 - y l ) b e n z e n e ]  e m p l o y e d  for  sc in t i l l a t ion  
c o u n t i n g .  

I n  t he  ca l cu la t ion  of t h e  acid o u t p u t ,  t h e  a r ea  u n d e r  
t h e  c u r v e  w a s  d e t e r m i n e d .  T h e  d a t a  were  a n a l y z e d  
s t a t i s t i c a l l y  u t i l i z ing  S t u d e n t ' s  t - test .  S o m a t o s t a t i n  and  
t h e  s o m a t o s t a t i n  ana logs  were  p r e p a r e d  b y  D r s  H .  U.  
IMMER, K.  SESTANJ, V. R.  NELSON, N.  A. ABRAHAM a n d  
M. GOTZ s,la,x4, PGE2  w a s  o b t a i n e d  f r o m  Ono  P h a r m a -  
ceu t ica l  Co. 

Results. S o m a t o s t a t i n  a t  0.6 txmole/kg, s .c. ,  dec reased  
t h e  b a s a l  gas t r i c  acid o u t p u t  to  a r a t e  of a b o u t  10 ~ E q /  
15 ra in  ( f rom a b o u t  60 tzEq/15 rain) for  a pe r iod  of 15 ra in  
w i t h  a m a x i m a l  i nh ib i t i on  o c c u r r i n g  b y  30 rain.  T h e  r a t e  
of  o u t p u t  r e t u r n e d  to  t h e  in i t ia l  r a t e  d u r i n g  a s u b s e q u e n t  
45 m i n  pe r iod  (Fig. A). A t  0.2 [xmole/kg the  d u r a t i o n  of 

Table 1. Effect of somatostatin analogs on basal gastric acid se- 
cretion 

Compound Dose No. Duration Inhibition 
([xmole/ of of in- of total 
kg, ani- hibitory acid out- 
s.c.) mals effect put 

(rain 4- (percent 
S.E.) 4- S.E.) 

S ~ 0.6 20 86 4- 7 7t • 2 
Di-Gly-S 0.6 11 79 4- 9 71 4- 2 
Leu-di-Gly-S 0.6 11 86 t 9 66 4- 3 

Leu-di-Gly[descarboxylt.]-S 0.6 8 41 • 6 ~ 72 • 3 
S 0.6 7 90 4- 7 59 Jz 2 

[Des-AlaiGty ~] [desamino a/ 
[descarboxyl4]-S 0.6 8 39 j= 3 b 60 4- 5 

S 0.6 13 74 4- 6 76 4- 4 
0.2 8 534-6  ~ 75 • 3 

[Des-AlaXGly e/[acetyP] 
[desearboxyl~]-S 0.6 7 43 4- 5 b 72 ~ 6 

,Soinatostatin, bp<0.001, ~p<0.05 vs somatostatin-treated (0.6 
[zmole/kg) 

Table 2. Effect of somatostatin analogs on PGE2-induced accumula- 
tion of cyclic AMP in anterior pituitary in vitro 

Addition Final N pmoles Cyclic Percent 
concen- AMP/anterior inhi- 
tration pituitary 4- bition 
(M x S.E.  
10 7) 

None 16 28.3 -4- 3.2 
S" 1.0 16 15.5 4- 1.3 b 45 

0.2 16 24.5 4- 1.9 13 

di-Gly-S 1.0 5 17.9 4- 2.4 e 37 
0.2 6 26.2 • 2.8 7 

tri-Gly-S 1.0 5 16.0 4- 3.1 c 43 
0.2 5 22.5 4- 3.6 20 

[Des-AlalGly~][acetyl ~] 1.0 5 12.8 4- 1.1 b 55 
[desearboxylt.]-S 0.2 5 27.3 • 5.9 4 

None 8 68.0 4- 4.1 
S 5.0 8 38.3 4- 2.4 b 44 

1.0 8 43.0 4- 2.9 b 37 
0.2 8 61.4 4- 4.8 10 

[Des-AlalGlye][desamino 3] 5.0 7 293 i 3 -5b 57 
[descarboxyit.]-S 1.0 8 35.4 4- 2.6 b 48 

0.2 7 55.8 4- 2.8 b 18 

None 6 55.2 4- 8.0 
[Des-AlaXGly2][desamino 3] 1.0 6 25.8 4- 3.6 c 53 
[desearboxylt.]-S 0.2 5 48.8 4- 6.2 12 

[Des-AlalGly3][desamino3] 1000 6 40.2 4- 3.1 27 
[descarboxylt.]-retroenantio-S 10 5 49.2 4- 4.3 11 

None 5 55.4 4- 5.4 
S 1.0 5 34.2 4- 3.4 a 38 

0.2 5 43.7 4- 3.7 21 

[Desaminol][descarboxy 14] 10,000 5 36.1 4- 4.4e 35 
retro-enantio-S 1000 5 52.5 4- 6.0 5 

N = number of groups of hemipituitaries in each determination; 3 
pituitary halves per group. ~Somatostatin, b p <  0,001, ~p < 0.05, 
~p <2 0.01. 

13 H. U. IMMER, K. SESTANJ, V. R. NELSON and M. G6TZ, Helv. 
Chim. Acta 57, 730 (1974). 

It_ H. IMMER, N. A.' ABRAHAM, V. NELSON, K. SESTANJ, M. GOTZ, 
P. BRAZEAU and J. B. MARTIN, in Proceedings oJ International 
Symposium on Hypothalamus and Endocrine Functions (Plenum 
Press, in press). 
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Effect of somatostatin analogs on basal gastric acid secretion. The test compounds (0.6 [zmole/kg, s.c,, in 0.5 ml): A Somatostatin; 
B di-Gly-somatostatin; C Leu-di-Gly-desearboxylt.-somatostatin were administered at time shown by arrow designation. There were 
20, 11 and 7 animals employed, respectively. 
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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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