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An original nephelometric method allows one to measure initial platelet aggregation after 
a long-term storage of  platelet concentrate. This attests to a high level of  platelet activity 
despite the fact that fmal platelet aggregation cannot be detected by usual turbidimetric 
method. N-chloroalanine more slowly inhibits initial platelet aggregation in comparison 
with sodium hypochlorite, which implies different mechanisms of  theh" membrane-mo-  
difying effects. 
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Enhanced platelet activity is a possible cause of  
thrombosis, therefore the search for new antiplatelet 
drugs is an important problem [4,9]. Transfusion of  
platelet concentrate is currently used in clinical prac- 
tice to stop internal hemorrhage [12]. In all cases the 
ability to form aggregates in response to addition of  
an inductor is used as a measure of platelet activity. 
Platelet aggregation (PA) is usually assessed in vitro 
by Born's turbidimetric method, which detects the 
formation of large platelet aggregates [5,10]. How- 
ever, direct microscopy showed that addition of  an 
inductor first leads to the formation of  small ag- 
gregates and this can be the only manifestation of  
platelet activity. This initial PA (iPA) cannot  be 
detected by turbidimetric aggregometers [6]. Re- 
cently, we proposed a new nephelometric analysis of  
iPA; this method was approved for ADP-induced 
platelet activation [10]. The primary objective of  the 
present study was to explore the possibility of  ne- 
phelometric recording of  iPA induced by thrombin 
and calcium ions in the presence of  plasma (these 
conditions induce rapid coagulation of  the plasma) 
and, second, to use this method for evaluation of  
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platelet activity during a long-term storage of platelet 
concentrate. 

Sometimes management  of patients with plate- 
let-mediated thrombosis requires general inactivation 
of  platelets, i.e., suppression of their activity regard- 
less the type o f  inductor and the mechanism of  cell 
signaling [4]. This can be achieved by chemical mo-  
dification of the plasma membrane [1,2], for instance 
with hypochiorite anion, a product of  myeloperoxi- 
dase reaction, and chloramine amino acid deriva- 
tives, which can be considered as the secondary 
products of  this reaction [13]. 

The second objective was to study the dynamics 
of  the effect of  hypochlorite anion and a chloramine 
alanine derivative on the initial aggregation of  iso- 
lated platelets. The studied effects were compared 
with the effect of  acetylsalicylic acid (aspirin), a 
standard antithrombotic drug. 

MATERIALS AND METHODS 

Experiments were carried out on rabbit platelets in 
the presence of plasma (platelet-rich plasma, PRP) 
and on pure human platelets (diluted platelet con- 
centrate). Rabbit platelets were isolated as described 
previously [1,2]. Human platelet concentrate (from 
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Fig. 1. Typical kinetic curves of light scattering intensity and light 
transmission in rabbit platelet-rich (PRP) and platelet-free plasma 
after addition of platelet activator. Ordinate: 1-7) intensity of 
scattered light, arb. units; 8) light transmission, %. Addition of 
thrombin (0.4 U/ml) and CaCI 2 (9 mM) is indicated by arrows. 1-3) 
PRP (activation with thrombin) under stirring, without stirring, and 
in the presence of 1 mM EDTA under stirring, respectively; 5 and 
6) PRP (activation with CaCI2) with and without stirring, respectively; 
4 and 7) plasma after addition of thrombin and CaCI 2, respectively, 
under stirring; 8) PRP (activation with thrombin), light transmission 
measured in a Chrono-log aggregometer. 

blood transfusion station) represented a suspension 
of  a volume o f  40 ml prepared from 400 ml blood. 
The concentra te  was kept in a thermostat  (22~ in 
a plastic bag (Green Cross Medical Corp.) under  
constant shaking (1 rock per  sec). Before measure- 
ments the concent ra te  was 5-fold diluted with a 
buffer containing (in mM): 10 HEPES,  134 NaC1, 
5 KC1, 1 M g S O 4 ,  0.5 Na2HPO4, and 0.5 glucose, pH 
7.4. Isolated rabbit platelets were suspended in the 
same buffer. 

The following chemicals were used: salts of  the 
pure for analysis and chemically pure grades, bovine 
o~-thrombin (Medio), and commercial preparations of 
acetylsalicylic acid (aspirin, Sigma), ADP (Chrono- 
log) and ~-alanine (Reanal). N-Chloroalanine was 
synthesized by mixing the amino acid with sodium 
hypochlorite [11. 

Platelet aggregation was analyzed by two optical 
methods: Born's turbidimetry [5] and nephelometry. 
Usual turbidimetric analysis was carried out in an 
aggregometer constructed on the basis of  a KFK- 
2MP photoelectrocolor imeter  and equipped with a 
magnetic stir with a magnet positioned on the side of  
the measuring cell. The cuvette was 1-cm thick. Light 
transmission at 670 nm was recorded with an auto- 
matic recorder. In some cases turbidimetric analysis of  
PA was performed in a Chrono-log aggregometer. 

We developed a new nephelometric method based 
on the fact that the formation of small platelet ag- 
gregates is accompanied by an increase in the inten- 
sity o f  light scattered at sharp angles [10]. The mea- 
surements were performed in a nephelometric ag- 
gregometer.  The intensity of  light scattered within 
0.7-1.5 ~ from the incident beam emitted by a helium- 
neon laser (632.2 nm) was measured. 

RESULTS 

Addition o f  thrombin (fmal concentration 0.4 U/ml)  
to rabbit PRP under  constant stirring induced an 
increase in the intensity of  scattered light, which was 
noted after a certain latency and attained the maxi- 
m u m  1.5-2 min after addition of the inductor (Fig. 
1, 1). Similar changes but with a longer latency were 
observed after addition of  high concentrations (3-10 
raM) of  calcium ions (Fig. 1, 5). Both thrombin and 
Ca 2+ induced coagulation of  PRP, this process is 
initiated 2.5-4 rain after addition of  the inductor, 
i.e., later than light scattering peak. 

The observed increase in light scattering was not 
due to aggregation of plasma proteins or other chmlges 
in the plasma, since the addition of  thrombin and 
calcium to platelet-free plasma did not induce changes 
in light scattering (Fig. 1, 4, 7). Two types of  experi- 
ments showed that intensification of light scattering 
reflects PA. First, the effect markedly decreased in 
the presence of  1 mM EDTA (Fig. 1, 3), an inhibi- 
tor of  PA [3]. Second, the intensity of light scattering 
did not  increase if stirring was stopped immediately 
after addition of  thrombin and calcium (Fig. 1, 2, 
6). It is known that PA proceeds only with stirring, 
which makes effective cell collisions possible [8]. It 
should be noted that when aggregation was measured 
in a Chrono-log aggregometer, no thrombin-induced 
rise o f  light scattering was noted (Fig. 1, 8). This 
implies that large aggregates are not formed within 
the studied time range (final PA). Our findings sug- 
gest that nephelometry detects the formation of  small 
aggregates, i.e., iPA. The increment of  light scat- 
tering intensity AI (degree of  aggregation) certain 
time after the addition o f  a PA inductor  can serve 
as a quantitative measure of  iPA (Fig. 1). It should 
be emphasized that this method allows one to mea- 
sure PA in the presence of  plasma before the be- 
ginning of  its coagulation. 

In the concentrate stored for 1 day, thrombin- 
induced initial aggregation of  human platelets was 
clearly pronounced (Fig. 2, a, 1) as well as their 
secondary turbidimetry-detectable aggregation (Fig. 
2, b, 1). After a 4-day storage, the secondary ag- 
gregation was not  detected (Fig. 2, b, 2) ,  but plate- 
lets were still active. Indeed, nephelolnetry revealed 
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Fig. 2. Kinetic curves of initial (a) and final (b) aggregation of conserved human platelets. 1) 1-day storing, 2) 4-day storing. Arrow indicates 
the addition of thrombin (0.05 U/ml). 

potent, although slower iPA (Fig. 2, a, 2). Thus, 
nephelometry provides a more adequate information 
on platelet functional activity in the concentrate for 
transfusion. 

Using rapid nephelometric analysis of  iPA we 
studied the dynamics of  the effect of  sodium hypo- 
chlorite, N-chloroalanine, and aspirin on isolated 
rabbit platelets. Platelets were incubated in the pre- 
sence of  these agents for different times and then 
their thrombin-induced aggregation activity was as- 
sessed. Aggregation was measured 1 min after addi- 
tion of  thrombin; the data were presented as the ratio 
of  AI/AIo, where AIo and AI are the change in the 
intensity of  scattered light in the control and treated 
platelets, respectively. The inhibiting effect of  sodium 
hypochlorite attained the maximum after 0.5-1 rain 
of  incubation (Fig. 3, 1), whereas N-chloroalanine 
acted more slowly, and its effect peaked on the 5th 
minu te  of  incubation (Fig. 3, 2). This difference 
implies that although the activity of  both agents is 
due to the presence of  active chlorine atom, the 
mechanism of  their effect is different. It is obvious 
that a highly reactive compound is inconvenient for 
the use as a platelet inhibitor in the organism, since 
special care should be taken for its equal distribution 
in the circulation. Chloramine amino acid derivatives 
are more preferable inhibitors of  platelet activity in 
the blood. 

Acetylsalicylic acid (aspirin) is currently used for 
prevention and treatment of  platelet-mediated throm- 
bosis [4,14]. Its inhibiting effect is due to irreversible 
modification (acetylation)of cyclooxygenase [1] and 
probably other proteins. Preincubation with aspirin 

(1 rain) markedly suppressed the thrombin-induced 
iPA: 60% of  the control level (p=0.01, Student's t 
test, Fig. 3, 3). Interestingly, the inhibiting effect of 
aspirin inversely depended on the time of  platelet 
preincubation with aspirin. For instance, the degree 
of  PA after a 20-min incubation with aspirin con- 
stituted 80% of  the control (p=0.05 in comparison 
with 1-min incubation, nonparametric Wilcoxon T 
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Fig. 3, Suppression of initial aggregation of rabbit platelets with 
various agents. Ordinate: degree of aggregation, % of control. 1) 
sodium hypochlorite (0.02-0.04 mM)+O.05-O.06 U/ml thrombin for 
platelet activation; 2) N-chioroalanine (0.05-0.12 mM)+O.04-O.07 
U/ml thrombin for platelet activation; 3) acetylsalicylic acid (0.25-0.5 
mM)§ U/ml thrombin for platelet activation. 
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test). It has been previously found that aspirin sup- 
presses thrombin activity via its acetylation [7]. In 
light o f  this our findings can be explained as follows. 
Platelet suspension incubated with aspirin for a short 
time contains considerable amounts of  acetylsalicylic 
acid which partially inactivates added thrombin, thus 
weakening PA. Unde r  these conditions, no direct 
effect o f  acetylsalicylic acid on platelets is detected. 
During longer incubation, the bulk of  acetylsalicylic 
acid disappears in the reaction with platelets, throm- 
bin inactivation is reduced,  while PA is enhanced.  
Thus, our fmdings confirm the concept that thrombin 
inactivation is a component  of  antithrombotic effect 
of  aspirin [7]. 

Thus, nephelometry allows one to analyze iPA 
under  conditions of  plasma coagulation. The method 
also demonstrates that platelets in the concentrate for 
transfusion retain high aggregation ability over a 4- 
day storing, which cannot be detected by usual turbi- 
dimetric method. Nephelometric  iPA assay proposed 
by us can be recommended for a more adequate con- 
trol o f  the quality o f  a platelet concentrate.  Judging 
from the dynamics of  the effects of  hypochlorite 

anion and N-chloroalanine,  their mechanisms are 
different. 
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