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The platelet release reaction (PRR) of biologically active substances is unchanged by 
the action of a critical concentration of aggregating substances on the platelets, of which 
thrombin gives the most complete natural effect. The study of PRR is interesting in order to 
understand the mechanisms of prevention of formation of platelet aggregates in the circula- 
tion and the development of vascular thrombosis. 

Aggregating platelets release a number of pharmacologically active substances [i], si- 
multaneously with which they also release ionized calcium (Ca++). Quantitative determination 
of extruded ATP, ADP, serotonin, various enzymes, and other substances requires the use of 
complex techniques, whereas no great difficulty arises during precise measurement of Ca ++ by 
the use of an ion-selective technique [7]. 

The method of atomic absorptiometry has shown [3] that the total calcium content in hu- 
man platelets may reach 260 • 62 nmoles/109 cells. Under the influence of thrombin, depend- 
ing on the functional activity of the cells, up to 58-85% of the Ca ++ is released from the 
platelets [8]. The exceptional importance of this ion in the activity of all cells of the 
body is confirmed by the latest convincing evidence [2, 4, 6]. Accordingly the possibility 
of monitoring PRR by Ca-selective electrodes can facilitate the study of this phenomenon in 
pathological states associated with the risk of disturbances of blood coagulation, and also 
during treatment with various drugs. 

This paper gives the results of an investigation of the release of Ca++ from platelets 
under the influence of thrombin, using an ion-selective electrode. 

EXPERIMENTAL METHOD 

Platelet-enriched plasma was obtained from citrated human plasma in the usual way. Plate- 
lets were isolated by repeated centrifugation for 15 min at i000 g, then washed three times 
with buffer consisting of 0.9% NaCI, 0.5% glucose, and 0.02 M Tris-HCl, pH 7.4. The plate- 
lets were then resuspended in the same buffer up to a concentration of 2.2.108 cells/ml. To 
unify the conditions of measurement the calcium concentration in the suspension was adjusted 
to 10 -5 M. 

Commercial thrombin, manufactured by the Kaunas Bacterial Preparations Factory, was di- 
alyzed for 48 h against Tris-HCl, pH 7.0, to remove as much as possible of the calcium con- 
tained in it. Thrombin with activity of I00 units/ml and with a residual calcium content of 
0.i mmole/liter was used in the experiment. 
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Fig. i. Dynamics of Ca~-Frelease from plate- 
lets underthe influence of thrombin, i) After 
addition of thrombin in final concentration 
of 1.5 units/ml to platelet suspension con- 
taining 2.2.10 s cells/ml; 2) the same, but 
after preliminary addition of verapamil up 
to 8.0 mg/ml to the same suspension before 
addition of the same dose of thrombin. Ab- 
scissa, time (in sec); ordinate, Ca ++ con- 
tent (in nmoles/lO 8 platelets). 

Fig. 2. Dynamics of Ca++release from plate- 
lets under the influence of 1.5 units/ml 
thrombin (data of 20 measurements). Legend 
as to Fig. i. 

The concentration of extracellular Ca++ and the kinetics of its liberation from the 
platelets were recorded by measuring system containing a Selelectrode F 2:/~2 Ca (from Ra- 
diometer, Denmark) Ca-selective electrode, consisting of an ion-exchange membrane electrode 
with a sensitive element consisting of a polyvinyl chloride membrane [5]. Before measure- 
ment the system was calibrated against standard solutions in which the calcium concentration 
was determined by amperimetric titration of the basic solution. 

To record the kinetics (for 3-4 min) of Ca ++ release from the platelets, thrombin was 
added to 2 ml of the suspension in a final concentration of i-i.5 units/ml. 

EXPERIMENTAL RESULTS 

The kinetics of liberation of Ca ++ from platelets under the influence of thrombin is 
illustrated in Fig. i. On the addition of more than the critical quantity of thrombin, grad- 
ual liberation of Ca++ from the platelets took place. The most intensive release of Ca ~-~ 
took place in the first minute, but after 2-3 min the process slowed down considerably and 
by the 4th minute it was completely stabilized. 

The presence of verapamil, which blocks the calcium current, in the system in a final 
concentration of 8.0 mg/ml completely inhibited PRR (Fig. i). 

A curve of the kinetics of Ca ++ release from platelets plotted from data of 20 measure- 
ments is given in Fig. 2. It shows that the quantity of Ca ++ released differed significantly 
after 20, 40, 80, and 160 sec of PRR. 

Changes in the quantity of Ca ++ liberated with time can be represented by the following 
equation: 

Kca = 11.39"0-14(~176 

In Kca =2.43--1 ,  97(~176 

where KCa is the quantity of Ca++ (in nmoles/ml suspension containing 2.2.108 platelets/ml; 
T is the time of action of thrombin, in sec.lO-~). 

After transformation for a concentration of 108 platelets/ml the equation assumed the 
form: 

Kc~ =5 . t8 .0 ,14  (o.so~) or 
In Kca = 1.64--1.97 (o.8oT). 
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In the course of the PRR, 5.04 • 0.58 nmoles Ca ++ ions was thus released from 108 plate- 
lets. If this is converted to the platelet concentration usually adopted in the literature, 
namely 109 cells/ml, the figure is 50.4 • 5.8 nmoles Ca ++ , or about 20% of the total content 
in human platelets. 

The results for the kinetics of Ca ++ release under the influence of thrombin thus ob- 
tained indicate that this process can be recorded by means of ion-selective electrodes and 
they open up definite prospects for the study of PRR and the mechanism of aggregation of 
platelets and their activity in various pathological states and under the influence of cer- 
tain drugs. 
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Processes of free-radical lipid peroxidation (LPO) may play an essential role in dis- 
turbance of the function of cell systems [i, 2]. The writers previously found a considerable 
increase in activity of enzymic and nonenzymic LPO liver membranes in various pathological 
states, includingexperimental malignant growth [3, 4],chemical carcinogenesis [4,5], andexperi- 
mental atherosclerosis [6, 7]. It was shown that activation of LPO systems in the liver is 
observed not only in pathological states, but also during normal physiological processes and, 
in particular in the early stage of postnatal development [7, 8]. This finding was confirmed 
in investigations by various workers in recent years, both in vitro [9-12] and in vivo [13]. 
The intensity of LPO in the subcellular organelles of the rat liver falls with age [7-10], 
simultaneously with an increase in NADPH and in the SH-dependent antioxidant action of the 
cytosol [i0]. It can be postulated on the basis of results so far obtained [7, 8, i0] that 
LPO in the cell at various stages of development and aging does not lead to induction of path- 
ological changes, for it is under the effective control of "antioxidant" enzymes [2, 7], 
namely superoxide dismutase (SOD) and glutathione peroxidase (GP). The investigation de- 
scribed below was devoted to an experimental test of this hypothesis. 

EXPERIMENTAL METHOD 

Male Wistar rats of different ages (newborn, aged 1 and 2 weeks and i, 2, 3, 6, 12, 18, 
and 24 months), kept under standard conditions, were used. Embryos were obtained by autopsy 
of the pregnant females of the same line one week before the expected date of birth. The rats 
were killed by decapitation and, after perfusion with cold 0.154 M KCI, pH 7.4 (the liver of 
the embryos and of the newborn and week-old rats was not perfused) the liver was homogenized 
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