
892 Experientia 44 (1988), Birkhguser Verlag, CH-4010 Basel/Switzerland Short Communications 

Acknowledgments. The authors are grateful to Prof. A. Iwashima for 
suggestions and helpful discussion. Thanks are also due to Kenji Sem- 
puku for critically reading the manuscript. 

1 Askari, A., J. gen. Physiol. 49 (1966) 1147. 
2 Martin, K., J. gen. Physiol. 51 (1968) 497. 
3 Diamond, I., and Kennedy, E. P., J. biol. Chem. 244 (1969) 3258. 
4 Sehuberth, A., Sundwall, B., Sorbo, B., and Lindell, J.-O., J. Neu- 

rochem. 13 (1966) 347. 
5 Marchbanks, R. M., Biochem. J. 110 (1968) 533. 
6 Plagemann, P. G. W., J. Lipid Res. 12 (1971) 715. 
7 Adamic, S., Biochim. biophys. Acta 196 (1970) 113. 
8 Sung, C.-P., and Johnstone, R. M., Can. J. Bioehem. 43 (1965) 1111. 
9 Sung, C.-P., and Johnstone, R.M., Biochim. biophys. Acta 173 

(1969) 548. 
10 Rennick, B. R., J. Pharmac. exp. Ther. 122 (1958) 449. 
11 Acara, M., and Rennick, B. R., J. Pharmac. exp. Ther. t82 (1972) 1. 
12 Herzerg, G. R., and Lerner, J., Biochim. biophys. Acta 307 (1973) 

234. 

13 Tuma, D. J., Barak, A. J., Schafer, D. F., and Sorell, M. F., Can. J. 
Biochem. 51 (1973) 117. 

14 Zeisel, S. H., Story, D.L., Wurtman, R. J., and Brunengraber, H., 
Proc. natl Acad. Sci. USA 77 (1980) 4417. 

15 Yoshioka, K., Nishimura, H., Himukai, M., and Iwashima, A., 
Biochim. biophys. Acta 815 (1985) 499. 

16 Yoshioka, K., Biochim. biophys. Acta 778 (1984) 201. 
17 Seglen, P. O., Exp. Cell Res. 74 (1975) 450. 
18 Yoshioka, K., Nishimura, H., and Iwashima, A., Biochim. biophys. 

Acta 732 (1983) 308. 
19 Whittaker, V. P., Handb. exp. Pharmak. 15 (1963) 23. 
20 Potter, L. T., and Murphy, W., Biochem. Pharmac. 16 (1967) /386. 
21 Wilkinson, G. N., Biochem. J. 80 (1961) 324. 

0014-4754/88/100889-0451.50 + 0.20/0 
�9 Birkhfiuser Verlag Basel, 1988 

In vitro enhancement of human platelet aggregation by somatostatin 
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Summary. Very low concentrations of somatostatin (S-14) strongly potentiate the in vitro aggregation induced by collagen, 
ristocetin and arachidonic acid, but not that induced by ADP or epinephrine, in both human platelet rich plasmas and 
gel-filtered platelet preparations. Desensitization phenomena may be induced either by repeated addition of S-14 or long 
lasting contact between S-14 and platelets. 
Key words. Somatostatin; platelet aggregation; platelet activation. 

The involvement of somatostatin in hemostasis and blood 
clotting has been extensively investigated 1 - 7, but its role in 
these physiological mechanisms is still largely obscure. While 
clotting factors appear to be unaffected by somatostatin 
both in animals and humans, thrombocytopenia has been 
reported in chronically somatostatin-treated baboons s and 
24 h after somatostatin infusion in man 5, 6, in spite of a lack 
of changes in platelet survival s Inhibition of platelet aggre- 
gation after in vivo infusion in man and rabbits has been 
reported by some investigators s - 1 o; however, no significant 
change has been reported under the same conditions in both 
platelet adhesion and aggregation 11 The production of cir- 
culating platelet aggregates was enhanced after infusion of 
somatostatin in diabetic, but not in normal subjects 12. In 
vitro studies also led to conflicting results as regards the 
effects of somatostatin on platelet function: evidence has 
been provided of a marked inhibition of platelet aggregation 
induced by ADP, collagen and ristocetin, in the presence of 
very high concentrations of somatostatin 8, whereas in- 
creased responses to epinephrine have been reported by oth- 
ers 9, 12. 
Some information has been obtained in recent years about 
platelet receptors for polypeptide hormones such as vaso- 
pressin13 - 17; specific recognition sites for somatostatin 
have been identified in several cell types, but not in human 
platelets is. Nevertheless, in this communication evidence 
will be given of a potentiating effect of very low concentra- 
tions of S-14 on the in vitro human platelet aggregation 
selectively induced by some platelet agonists. 
Samples of platelet-rich plasma (PRP) and platelet-poor 
plasma (PPP) were obtained from healthy aspirin-free stu- 
dents of the Rome University Medical School. In some ex- 
periments we used, instead of PRP, suspensions of plas- 
maprotein-free platelets, obtained by gel filtration according 
to Tangen and Berman 19: these gel-filtered platelets (GFP) 

showed normal ultrastructure, with uniform distribution of 
granules and absence of pseudopodia or other signs of acti- 
vation. These GFPs, resuspended in phosphate buffer, ag- 
gregated in response to thrombin (>  0.05 U/ml), arachidon- 
ic acid (>  50 gM) and ristocetin (>  1.5 mg/ml) also in ab- 
sence of added human fibrinogen and Ca a +; to elicit a re- 
sponse to ADP (>  0.8 gM), epinephrine (>  5 gM) and col- 
lagen (>  4 Ixg/ml), the addition of human fibrinogen (final 
concentration 1.5 mg/ml) and Ca 2+ (final concentration 
25 p.g/ml) were required. 
The aggregation assays were performed in plastic cells, using 
a Dual Channel Elvi-Logos 840 Aggregometer. ADP, epi- 
nephrine, collagen, ristocetin and arachidonic acid were used 
as inducers. For each specimen of PRP or GFP, we sought 
the concentration of each of the aggregating agents which 
was able to induce a minimal primary aggregation wave 
(threshold concentration): then concentrations as low as at 
least 1/5 of the threshold ones were added to PRP or GFP. 
Prior to the addition of each aggregation inducer, somato- 
statin was introduced in one of the two cells; its final concen- 
tration was in different experiments 250 pg/ml, 1 ng/ml, 
60 ng/ml, 300 ng/ml, 1 gg/ml. The second cell was used as a 
control. The interval between addition of somatostatin and 
that of the aggregation inducer ranged from 5 s to 20 rain. In 
some experiments a second addition of the same dose of 
somatostatin followed the first one in the same cell contain- 
ing PRP or GFP, 20 min or more later. 
Somatostatin alone did not induce platelet aggregation, ei- 
ther in PRP or in GFP. After addition of somatostatin to 
PRP, subthreshold concentrations of collagen (from 0.1 to 
2 ~tg/ml), arachidonic acid (from 0.55 to 1.1 ~tM) and risto- 
cetin (from 0.5 to 1 mg/ml) induced a nearly maximal aggre- 
gation response (fig. 1). The table analytically reports the 
experiments performed at a concentration of 60 ng/ml (see 
also figs 1 and 2); however, S-14 showed similar enhancing 



Short Communications Experientia 44 (1988), Birkh~iuser Yerlag, CH-4010 Basel/Switzerland 893 

Figure 1. Somatostatin (S) strongly enhances the effect on human PRP 
of subthreshold concentrations of ristocetin (RIST) (on the left) and ara- 
chidonic acid (A.A.) (on the fight). 

Figure 2. Somatostatin (S) strongly enhances the effect on human gel fil- 
tered platelets (GFP) of subthreshold concentrations of ristocetin (RIST) 
(on the left) and arachidonic acid (A.A.) (on the right). 

effects at concentrations of 1 ng/ml, 300 ng/ml and 1 gg/ml; 
the effect of 250 pg/ml of S-14 was not statistically signifi- 
cant, although in some experiments concentrations of S-14 
as low as 50 pg/ml were effective. In the range from 1 ng/ml 
to 1 ~tg/ml the effect of S-14 was not dose-dependent. The 
enhancing effect was maximal when the interval between 
addition of S-14 and addition of the aggregation inducer was 
in the range of 10 s 5 min, but markedly decreased at inter- 
vals of 5 20 rain and was lacking after long-lasting contact 

of S-14 with PRP (more than 20 min). When, after intervals 
of 20 min or more, a second identical dose of S-14 was ap- 
plied to specimens of PRP, previously treated with 60 ng/rnl 
of S-14, a lack of enhancing effect was observed. No enhanc- 
ing effect of S-~4 was observed on the platelet aggregation 
induced by ADP or epinephrine (table). Gel-filtered platelet 
preparations were similarly stimulated by previous addition 
of S-14 (in the above range of concentrations) to aggregate 
in response to subthreshold concentrations of arachidonic 
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Effect of somatostatin (S-14) (60 ng/ml) on the percent of aggregation of normal PRPs 
arachidonic acid, ristocetin, epinephrine and ADP 
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stimulated with subthreshold concentrations of collagen, 

Collagen Arachidonic acid Ristocetiu Epinephrine ADP 
% % % % % 
gg/ml - + S-14 pM - + S-14 mg/ml - + S-14 gM - + S-14 gM - + S-14 

0.1 0 73 
0.3 27 41 
0.3 10 45 
0.4 0 72 
0.5 5 70 
0.6 0 18 
1.0 36 57 
2.0 17 67 
2.0 48 87 

Mean 15.9 51.9 
+ SD 17.6 26.6 

p < 0.001 

0.55 0 87 0.5 2 32 1.0 3 4 0.2 8 3 
0.60 4 82 0.5 5 84 1.0 3 3 0.4 6 5 
0.70 0 72 0.6 3 45 1.0 7 7 0.4 15 5 
0.75 3 65 0.7 5 77 1.0 4 8 0.6 4 6 
0.80 0 76 0.9 0 72 5.0 32 27 0.6 25 25 
0.80 6 82 0.9 0 88 5.0 10 15 0.8 7 12 
1,00 5 68 1.0 0 20 5.0 10 5 0.8 3 2 
1.10 0 88 

2.2 77.5 2.1 59.7 9.8 9.8 9.4 8.28 
2.5 8.6 2.3 27.8 10.2 8.5 7.1 8.36 

p<0.001 p<0.001 p<0.3N.S,  p<0.3N.S. 

- = control; + S-14 = after somatostatin. Statistical evaluation by means of Aspin-Welch test. 

acid, r is tocetin and  collagen (fig. 2), bu t  no t  of  A D P  or 
epinephrine.  N o n e  of  the repor ted  effects were observed 
when  only the vehicle of  S-14 was used. 
Our  da ta  provide  some evidence of  a direct  effect of  somato-  
s tat in,  under  in vitro condi t ions ,  on  n o r m a l  h u m a n  platelets. 
The  seIectivity o f  the enhanc ing  effect of  soma tos t a t in  on  the  
platelet  aggregat ion  induced by  collagen and  ristocetin and  
no t  on  t ha t  induced by A D P  or  epinephr ine  deserves fur ther  
invest igat ion,  wi th  reference to the different  mechan i sms  by  
which the agonis ts  we used induce platelet  aggregat ion.  Ris- 
tocet in  induces platelet  aggregat ion  by media t ing  the  bind-  
ing o f  p la sma  v W F  to the platelet  m e m b r a n e  glycoprotein  
I b  zo; the collagen molecule conta ins  a relatively wide distri- 
bu t ion  o f  p la te le t -b inding  sites, some of  which consist  of  
amino  acid sequences also in terac t ing wi th  platelet  glyco- 
pro te in  I b 21, 22; however,  platelet  s t imula t ion  by b o t h  A D P  
and  ep inephr ine  requires a more  complex in terac t ion  involv-  
ing f ibr inogen b inding  to specific recogni t ion  sites (glyco- 
pro te ins  I I b  and  I I Ia) .  Our  hypothes is  is t ha t  somatos ta t in  
can  modu la t e  specific b ind ing  sites on  the platelet  mem-  
brane ,  pe rhaps  the platelet  glycoprotein I b. 
The  desensi t izat ion p h e n o m e n a  observed when  somatos t a t in  
was repeatedly applied to the same specimen of  P R P  also 
po in t  to a mechan i sm of  in terac t ion  at  recogni t ion  sites. 
Specific somatos t a t in  recogni t ion  sites on  the platelet  mem-  
b rane  have no t  been identified, bu t  it is no tewor thy  tha t  the 
somatos t a t in  b inding  sites recently character ized in CNS as 
well as in m a n y  different types of  per iphera l  tissues t ransduce  
a signal leading to inh ib i t ion  of  c A M P  produc t ion ,  via cou- 
pling of  somatos t a t in  b inding  sites with  the regula tory  sub- 
uni t  of  the G T P - d e p e n d e n t  adenylate  cyclase t 8, 23: a reduc- 
t ion o f  platelet  c A M P  levels m ay  well accoun t  for the  en- 
hanc ing  effect of  somatos ta t in  on  the platelet  aggregation.  I t  
is also no t ewor thy  tha t  the in vi t ro concen t ra t ion  levels of  
somatos t a t in  effective in our  exper iments  were similar  to 
those  ob ta ined  in vivo by somatos ta t in  infusion in man,  
suggesting a role of  the p la te le t / somatos ta t in  in terac t ion  in 
the hemos ta t i c  effect of  this peptide.  
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