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Prostaglandins (PG) are universal regulators of platelet function [9]. The antagonistic effect of PG E 
and F, which constitute the two arms of the mechanism controlling platelet aggregation [9], on platelet function 
is particLiLarly important. It has been shown that a change in the ratio between concentrations of PG E i and 
F2~ is an important factor causing increased aggregation of platelets in circulatory pathology [i0]. However, 
the mechanisms of the action of PG on platelet hmction are not yet clear. It is suggested that PG exert their 
action on platelets by changing the levels of cyclic AMP and cyclic GMP inside the platelet, but this hypothesis 
is not without contradictions [15]. This paper gives data on the effect of PG on the platelet membrane, evi- 
dence that they do indeed act on platelet ~mction. 

EXPERIMENTAL M E T H O D  

Pla te le ts  were isolated f rom f resh  donor 's  blood, some were used to de te rmine  ec to -ATPase  act ivi ty 
[13] and some for  isolat ion of platelet  membranes  [16]. To study Na, K-ATPase  activity,  during the las t  hour 
of  eentr ifugation of the platelet  membranes  0.2% Na deoxycholate was presen t .  Na ,K-ATPase  act ivi ty was 
determined in medium containing 100 mM NaC1, 20 mM KC1, 5 mM MgC12, 3 mM ATP,  and 30 mM Tris-HC1 
buffer  (pH 7.4). E ry th rocy t i c  membranes  were  isolated by the method of Dodge et al [14]. ATPase  activity 
was e:vpressed in nanomoles P in / r ag  pro te in /30  rain. 

F luorescence  spec t ra  were  r eco rded  on the MPF-2a  spec t ro f luoromete r  and absorpt ion spec t ra  on the 
"Specord UV-VIS" spec t rophotometer .  In cases  when the optical density exceeded 0.1, the effect  of the internal  
f i l t e r  was allowed for .  The change in the f luorescence  maximum was a s ses sed  by the two-wave method [11]. 

P la te te t  aggregation was studied on an aggregafometer  based on the "Specol-10" spec t roco lo r ime te r .  
ADP was used as aggregating agent. Liposomes were  obtained by the method in [12]. The resu l t s  were  sub- 
jec ted to s ta t is t ical  analysis using the Wi leoxon-Marm-Whi tney  nonparamet r ic  c r i t e r ion  [4]. 

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

In the f i r s t  stage of the investigation the effect  of PG on act ivi ty of ec to-  and Na ,K-ATPases  of platelet  
m e m b r a n e s  was studied. The choice of these enzymes was de termined  by the i r  impor tant  ro le  in the mechanism 
of platelet  aggregation.  E c to -ATPase ,  which is the A T P a s e  of thrombosthenin [8], re f lec t s  its functional state.  
Contract ion and re laxat ion of thrombosthenin  which, according to data in the l i t e ra tu re  [8], lie at the basis of 
platelet  aggregation,  a r e  linked with a change in ec to -ATPase  act ivi ty.  However ,  only a weak activating effect  
ofPG E 1 on ec to -ATPase  was observed,  and PG F2a had no effect  on this enzyme (Table 1). Converse ly ,  
PG E 1 and F2c ~ had a marked antagonistic action on Na, K-ATPase;  PG F2~ inhibited whereas  PG E~ st imulated 
its activity (Table 1). Na,K-ATPase  is known to regulate Ca ++ t r anspor t  through the ceil membrane  and its 
l ibera t ion f rom the in t race l lu la r  depots [1]. Consequently, by changing the activity of t r anspor t  ATPase ,  PG 
can affect  the in t race l lu la r  Ca ++ distr ibution inside the platelets ,  which plays an important  role  in the regula-  
tion of their function [17]o 

The hypothesis  that  the influence of PG on Na ,K-ATPase  is an impor tant  fac tor  in the action of these  
substances on platelet  aggregation is conf i rmed by the fact  that ouabaIn, a specif ic  inhibitor of Na ,K-ATPase ,  
l ike PG F2a, s t imulates  platelet  aggregat ion under  the influence of ADP (Fig. 1). The answer  to the question 
whether PG affect  platelet  aggregat ion through the same r ecep to r  as ouabain o r  not is in teres t ing.  It will be 
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TABLE 1. Effect of PG F2a and P G E  i on 
Membrane ATPase Activity of Platelet and 
E rythrocyte Membranes 

T~pe of C o n c e n -  Pla~elet Erythrocytic 

Ecto- Na,K- 1 Mg 2+ N a , K -  - -  

ATPase ATPase IATPase ATPas~ 

F2~ 

El 

Control 

~o-~ 

152,4 
>0,05 
167,8 
>0,05 
172,4 
>0,05 
178,8 
GO ,05 

I ~ 0 , 5  

52,1 
<0,05 
42,1 

<0,01 
77,9 

>0,05 
98,6 

G0,05 

72,4 

100,8 
>0,05 
108,7 
>0,05 
110,5 
>0,05 
108,4 
>0,05 

10t,4 

110,7 
GO ,05 
91,4 

G0,05 
132,5 
G0,05 
118,4 
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Fig. 1 Fig. 2 

Fig. 1. Partial inhibition of platelet aggregation by PGE I (10 -5 iYi) in the presence of 
different concentrations of ouabain CA) and effect of ouabain on platelet aggregation in 
the absence of PG F2a (i) and in the presence of PG F2a (27 in a concentration of 
I0 -8 M (B). A) Ordinate, value of A = i-(VI/V0) , rate of aggregation; B) abscissa, 
ouabain concentration; ordinate, change in degree of aggregation (in % of control). 

Fig. 2. Effect of PG F2~ (i) and PGE i (27 on intensity of fluorescence (A, C) and 
raaxi.mtum of fluorescence (B, D) of tryptophanyl groups of proteins of platelet (A, B) 
and erythrocytic (C, D) membranes. Intensity of fluorescence estimated in relative 
units, maximum of fluorescence in % of change in value A =I36JI320. Abscissa, con- 
centrations of PG Fza and PGE i (in pieograms); ordinate, A = 1365/I~20. 

clear from Fig. 1B that the addition of PG Fza to a platelet suspension leads to a fall in [A 0.5] of ouabain, evi- 
dence of the synergism of their action. Such a change in [A 0.~] is interpreted in the literature as evidence of 
the existence of separate receptors for these two effects [6]. Other evidence in support is given by the graph 
of partial inhibition of platelet aggregation by PG E i in the presence of different concentrations of ouabain 
(Fig. 1A). Since the graph is a straight line, the presence of separate points of application for PGE I and 
ouabain on the platelct membrane can be postulated. 

It is possible that PG influence transport ATPase of the platelets without binding with its active center, 
and that they exert their action through a generalized membrane transformation,which the PG can induce by 
binding with the specific receptor. There are all the more grounds for this suggestion because such a mecha- 
nismis characteristic of many biologically active substances [5]. In order to study the membrane component 
of the action of PG on platelets, their effect on protein fluorescence of platelct membranes was investigated. 

It will be clear from Fig. 2 that PG E i and F a induce opposite changes in tryptophan fluorescence in the 
platelet membrane. PG F2a caused an increase in the intensity of fluorescence of tryptophanyl groups and a 
short-wave shift of the maximum of their fluorescence, evidence of an increase in rigidity and hydrophobicity 
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F i g .  3. E f f e c t  o f  P G  F2c~ and E I (10 -3 M) 

on the diffusion constant  of pyrene  in 
pla te le t  (A), e ry th rocy t ic  (B), and l ipo-  
somal  (C) m e m b r a n e s .  1) Control ,  2) 

PG F2c ~, 3) P G E  i. 

TABLE 2. Conductivity of B i l aye r  Lecithin 
Membranes  (in ~ - i .  era2), Modified by PG E i 
and F2c 2 in a Concentra t ion  of 10-r (M ~ m )  

Lipid bi- 
layer 
r-ernbran~ 
Without 

m od i fie r 
WithPOE 1 
With PG 

F2a 

K+ 

(3,1• r 
(1,3• 105 
(7,2• 106 

Na + 

(3,5___0,3). ]07 
(3,1 :t:O ,4). 106 
(3,6• 

Ca 2+ 

(4, i• 7 
(3,5_0,5). 10 5 
(3,1 • 106 

of the envi ronment  of  the t ryptophanyl  groups  in the m e m b r a n e  [2]. It can be tenta t ively  sugges ted  that  this is 
l inked with withdrawal of the t ryptophanyl  groups  into the deeper  l a y e r s  of  tide m e m b r a n e .  Conve r se ly  PG E 1 
caused  a long-wave shift of the m a x i m u m  of f luorescence  and quenching of f luorescence  of the t ryptophan r e s i -  
dues of the m e m b r a n e  pro te ins ,  ref lec t ing t r a n s f e r  of the t ryptophanyl  groups  into a m o r e  hydrophobic en-  
v i ronment ,  probably  c l o s e r  to the su r face  of  the m e m b r a n e .  Tryptophan res idues  a r e  known to play an i m -  
por tant  role in the active centers of transport ATPase [7]. Conformational changes recorded in the protein 
phase of platelet membranes thus probably lie at the basis of their action on Na, K-A TPase. The hypothesis 
that the type of membrane transformation is closely connected with the character of the effect of PG on trans- 
port ATPase is confirmed by comparison of the effect of PG on Na,K-ATPase activity and on the protein 
fluorescence of erythroeytic membranes. Figure 2 shows that PG E l and F2~ , by contrast with their action on 
platelet membranes, caused conformational shii~s of tryptophan fluorescence of erythrocytie membranes in 
the same direction; these transformations, moreover, were similar to the effect of PG F2~ on the platelet 
membrane, and both PG E i and PG F2a simultaneously inhibit Na,K-ATPase activity without affecting the 

Mg-ATPase of erythroeytic membranes (Table 1). 

By changing the protein conformation of platelet and erylhrocylic membranes, PG also affect their lipid 
phase. It will be clear from Fig. 3 that both PGE I and PG F2a cause an increase in the viscosity of the lipid 
b i l aye r  of e ry th rocy t ic ,  p la te le t ,  and Iiposom al m e m b r a n e s ,  which is man i f e s t ed  concre te ly  b y a  change in 
the diffusion constant  of  pyrene  in the m e m b r a n e .  In Fig.  3 the diffusion constant  of pyrene  is p ropor t iona l  to 
the  tangent of the angle of slope of the curve  [3]. The fact  that  in this case  the c h a r a c t e r  of the effect  of PG 
E 1 and PG F2c ~ was the same  on different  m e m b r a n e s ,  and also that  it exe r t s  i ts  act ion in much  higher  concen-  
t ra t ions  than on prote in  f luorescence ,  suggests  that  PG r ea l i z e  the i r  eonformat iona l  effect  on m e m b r a n e  l ipids 
not through a specif ic  r ecep to r ,  but unselect ively ,  by infi l t rat ion into the  lipid b i l aye r  with its hydrophobic pa r t .  
Never the less ,  modif icat ion of the lipid b i l ayer  may  be one of the m e c h a n i s m s  of act ion of PG on pla te le t  func-  
tion, for  PG cause  an i nc rea se  in pe rmeab i l i ty  of the lipid m e m b r a n e  of one or  two o r d e r s  of magnitude fo r  
K +, Na +, and Ca ++ ions (Table 2). 

This invest igat ion thus demons t ra t e s  the complex  and m a n y - s i d e d e f f e e t  of PG on the m e m b r a n e ;  this 
effect  probably  plays an impor tan t  ro le  in the m e c h a n i s m  of the i r  physiological  action on pla te le t  function. 

l o  
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MECHANISM OF THE RELAXING ACTION OF NORADRENALIN 

ON SMOOTH MUSCLE CELLS OF THE CORONARY ARTERIES 
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The basal tone of the coronary vessels and of the vessels of skeletal muscles,  the mesentery,  etc. is 
determined mainly by the inflow of external calcium ions into the smooth-muscle cells (SMC). Previously 
the writers  showed that the inilow of calcium takes place through potential-dependent slow calcium channels 
[2, 11]. The aim of the present investigation was to continue the study of the membrane mechanisms of regu- 
lation of basal tone and, in particular,  to examine the role of mediators (noradrenal in-  NA) in these processes.  

E X P E R I M E N T A L  ME THODS 

Experiments were carr ied out on circular  strips of the anterior descending branch of the bovine left 
coronary ar tery  with an external diameter of 1.0-1.5 mm by the double sucrose gap method, with simultaneous 
recording of electrical  and contractile activity of the SMC. Electr ical  activity was derived and the SMC stimu- 
lated by Ag-A gC 1 electrodes.  Contact between muscle and electrodes was effected through agar bridges. 
The original Krebs '  solution had the following composition (in raM): NaC1 120.4; KC1 5.9; NaHCO~ 15.5; MaC12 
1.2; NaH2PO 4 1.2; CaC12 2.5; glucose 11.5 raM, made up in bidistilled water. Potassium-enriched solution 
(80 ram KC1) was prepared by adding the dry KC1 salt to Krebs '  solution; calcium-free solution was prepared 
by removing calcium ions from Krebs ' solution by the addition of 0.5 mME GTA. To stabilize the membrane, 
the MaC12 concentration in the calcium-fre~ Krebs, solution was hmreased to 12 raM. NA was added in a con- 
centration of 10 -5 M and the testing solutions were aerated with a gas mixture containing 95% O 2 aad 5% CO 2. 
The temperature of all solutions was maintained at 35-36~ The preparations in the chamber were subjected 
to a load of 7• 10 -3 to 10 • 10 -3 N. The e~periments began 60-90 rain after  loading the p~parat ious  in the 
chamber.  
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