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The C- terminal  tetrapeptide of cholecystokinin, containing the amino-acid sequence H - T r p - M e t - A s p -  
Phe-NH 2 (Trimafam, CCK-4), is also a s t ruc tura l  f ragmeut  of gast r in  and ceruleiu. It has been shown [9] that 
CCK-4, together  with cholecystokinin, is present  in nerve endings in the pancreat ic  islets of Langerhans.  After 
administrat ion to man, and also during perfusiou of the pig pancreas ,  the tetrapeptide can stimulate the s e c r e -  
tion of pancreat ic  hormones [7, 9]. 

The object of this investigation was to study the direct  action of C- terminal  cholecystokinin tetrapeptide 
on the s ec r e to ry  function of the A- ,  B-, and D-cel ls  of the islets of Langerhans of the rat  pancreas .  Consider-  
ing the neuro t ransmi t t e r  role of cholecystokinin in the CNS, the possible direct  action of CCK--4 on the adeno- 
hypophysis and, in par t icular ,  on its lactotrophic function, also was investigated. 

E X P E R I M E N T A L  M E T H O D  

CCK-4 was obtained by chemical synthesis,  by a scheme embodying stepwise addition of amino-acid  r e s -  
idues in solution, and based on the use of amides of a C-terminal  amino acid (L-phenylalanine) and in t e rme-  
diate peptides as the amino components, and pentafluorophenyl es te rs  of correspondingly protected amino acids 
as the activated earboxyl components.  After synthesis of the par t ia l ly  protected tetrapeptide,  it was demasked 
and purified to obtain CCK-4 (monohydrate-monohydrochloride)  in an analytically pure state.  The preparat ion 
of CCK-4 used in the subsequent experiments  possessed  the following constants:  m.p. 162-163~ (decomposi- 
tion); [aiD 25-31.5~ (C 1.0; dimethylformamide);  Rf 0.70 (n-butanol -ace t ic  a c i d - w a t e r ,  4 : 1 : 1; TLC on Silafol 
UV-254 plates).  The experiments  in vivo Were car r ied  out on male Wistar rats  weighing 200 g, CCK-4 in 
physiological saline was injected into the jugular vein under superficial  ether anesthesia.  The animals were 
killed by decapitation 2 and 15 rain af ter  injection. Blood se rum was kept at -20~ Experiments  in vitro were 
car r ied  out on a 4-day culture of islet  cells of newborn rats  or  on 4-day monolayer  cultures of adult rat  adeno- 
hypophysis.  The technique of preparat ion and management of the cultures was descr ibed previously [2-4], Cell 
cultures were grown in medium No. 199 with the addition of 10% embryonic  calf se rum.  The tetrapeptide for 
investigation was added to the culture medium and incubated with cells of is lets  of Langerhans for 30 min and 
with adenohypophysis cells for 2 h. After incubation the medium was separated f rom the cells, frozen,  and kept 
at -20~ Hormones inthe medium and insulin in the blood se rum Were determined by rad io immunoassay  using 
kits f rom RSL, USA (glucagon), INC, USA (somatostatin), and the Isotopes Institute, Hungary (insulin). The 
prolact in concentration in the medium was determined by radioimmunoassay,  by a method developed in the 
wr i te rs  T labora tory ,  using prolactin isolated f rom ra ts  and purified (for iodination and as the standard), and 
also a highly specific ant iserum against it [1]. A gamma-coun te r  (Searle) was used for  the rad iomet r ic  anal-  
ysis .  
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TABLE 1. Effect of Intravenous Injection of Te t ra -  
peptide on Blood Insulin Level (~U/ml) in Rats 

,J 

Legend. 

Dose of 
preparation 

Physiological 
saline 
gg/kg 

hysiological 
saline 
pg/kg 

pg/kg 

Time after injection of 
preparation, rain 

27,1_+1,5 (7) 
40,8___3,0 (16) 
P<O,O01 

15 

16,6--'__1,6 (8) 
25,8-+22 00) 
P<:0 ,01  
29,8-+3,5 (9) 
P<O,O1 

Number of animals given in parentheses .  

TABLE 2. Effect of Tetrapeptide on Secretion of Insulin, Glucagon, and Somatostatin by Culture 
of Rat Islet  Cells 

Concentration in medium 
Dose of preparation, M 

0 
10-10 
10-9 
10--s 
10--7 
10-6 
10-5 

insulin, /JU/ml 

333,5_+21,2 (7) 
298,0_+19,9 (8) 
549,0+__7,4* (7) 
585,4-+92,0* (7) 
667,0• (8) 
796,0_+80,0* (6) 
741,04-66,0" (7) 

Glucagon, pg/ml 

533,5_+ 104,3 (4) 
531,0-+41,0 (8) 
810,0-+68,9" (8) 
3800-+649* (5) 
4076___502* (8) 
4047• (8) 
4910_+866" (8) 

somatostatin, pg/ml 

2,91-+0,55 (IO) 
5,75_+0,80 (12) 

11,43_+0,90. (9) 
12,74_+1,10" (10) 
12,50=t=1,50" (12) 
15,44-+ 1,85" (12) 
15,65-+1,38" (14) 

Legend. Number of observat ions in parentheses .  *P < 0.05. 

E X P E R I M E N T A L  R E S U L T S  

Intravenous injection of CCK-4 into ra ts  in doses of 5 and 50 #g/kg body weight led to a significant in-  
crease  in the blood immunoreact ive  insulin concentration. This effect was found as ear ly  as 2 min after in jec-  
tion of the prepara t ion and it continued for  at least  15 rain (Table 1). Having confirmed that the preparat ion is 
highly effective as a s t imulator  of insulin secret ion,  as Rehfeld et al. [7] discovered previously on volunteers,  
tests  were  car r ied  out on rat  pancreat ic  islet  cells in culture in o rde r  to obtain proof of the direct  action of 
CCK-4 on sec re to ry  activity of the ho rmone-sec re t ing  cells.  

The resu l t s  of experiments  showing the effect of the tetrapeptide on function of three  types of cells of the 
is lets  of Langerhans,  secret ing insulin (B~cells), glucagon (A-cells), and somatostat in  (D-cells), are given in 
Table 2, By using a wide range of doses of CCK-4 it was possible to show that, s tar t ing with a dose of 10 -9 M, 
the tetrapeptide had a s ta t is t ical ly  significant stimulating action on secre t ion of all three hormones studied. 
Within the dose range f rom 10 -9 to 10 -6 M, the d o s e - e f f e c t  relat ionship was l inear  in charac ter .  

Considering that choleeystokinin and its f ragments  are widely represented  in the brain  and peripheral  
nervous sys tem [5, 6], an attempt was made to d iscover  whether CCK-4 has a direct  action also on function of 
the adenohypophysis,  in view of the possible t r anspor t  of this peptide f ragment  f rom the hypothalamus into the 
an ter ior  lobe of the pi tui tary through the sys tem of its portal  vein. 

The resul ts  in Table 3 show conclusively that CCK--4 has no direct  stimulating action on sec re to ry  activity 
of the adenohypophysis or,  at least ,  on its lactotrophic function. In doses causing intensive stimulation of hor-  
mone secre t ion by the is lets  of Langerhans,  in the course of incubation for 2 h the tetrapeptide had no effect 
on ei ther  basal o r  dopamine-inhibited prolact in secre t ion  by adenohypophyseal cells in culture. 

The investigations of Rehfeld et al. [8, 9] showed that the intestinal hormones gas t r in  and cholecystokinin 
are  synthesized in nerve ceils and accumulate in synaptic vesicles .  The use of an immunohistochemical  tech-  
nique revealed the presence  of the C- te rminal  cholecystokinin tetrapeptide in nerve endings of the is lets  of 
Langerhans.  Perfus ion of pig pancreas  with the tetrapeptide led to an increase  in the concentration of pancre-  
atic hormones  in the perfusion fluid; the effect of the C- terminal  fragment,  moreover ,  was more  marked than 
the effect of cholecystokinin itself [9]. 
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TABLE 3. Effect  of Tet rapept ide  on Basal  and 
Dopamine-Inhibi ted Secret ion of P ro lac t in  by 
Rat Adenohypophyseal  Cell Culture 

Ex pt. 
No. Group 

Control 
Tetrapeptide 
(10--~ 
Tetrapeptide 
(5.10 -~ 54) 
Dopamine (80 rig) 
Dopamine (80 ng) 

+ tetrapeptide 
(10 -6 M) 

Dopamine (80 rig) 
-- tetrapeptide 
(5.10 4 M) 

g4~ >e. ~.o 
Prolactin con- 
centration in 
medium, 
ng/ml(Ms 

3393• 

2938_+285 

2419+_109 
602+-39 

614+--59 

663+_122 

I--2>0,05 

1--3> 0,05 
1--4<0,01 

4--5> 0,05 

4--6> 0,05 

Consequently,  the C- t e rmina l  te t rapept ide  of cholecystokinin s t imula tes  the sec re t ion  of insulin,  glucagon, 
and somatos ta t in ,  through di rec t  contact between the peptide and t a rge t  cells .  The rapid  r e sponse  of is le t  cel ls  
to the te t rapept ide  p resen t  in the culture medium sugges ts  that spec i f ic  r e c e p t o r s  a re  present  on the i r  m e m -  
b ranes .  On the other  hand, the absence of r e sponse  of the lac to t rophs  sugges ts  that CCK-4 does not bind spec i f -  
i ca l ly  with the h o r m o n e - s e c r e t i n g  cells  of the adenohypophysis ,  and, hence, that CCK-4 has no phys io log ic~  
role  in the regulat ion of p i tu i tary  functions.  
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