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INTRODUCTION 

Heparin is a heterogeneous mixture of partially sulfated polysaccharide 
chains. Different subfractions of heparin have been found to interact with 
platelets to different degrees, which do not parallel the anticoagulant activity 
of the preparation.] There is some suggestion that the low antithrombin I11 
atfinity of a subfraction results in more potent platelet interaction. It is, 
however, extremely difficult to relate function to molecular structure when 
heterogeneity of molecular species exists. A logical approach is to work with 
more homogeneous model compounds (sulfated polyanions) in order to under- 
stand the molecular features involved in the functions observed and is the basis 
for the following report. 

MATERIALS AND METHWS 

The following materials were used: heparin beef lung and intestinal mucosa, 
Upjohn Company, Kalamazoo, MI and Armour Pharmaceutical Company, 
Phoenix, AZ; polyvinyl sulfate (molecular weight lOO,OOO), dextran sulfate 
(molecular weight 500,000 and 40,Ooo). dextran (molecular weight 500,000 
and 10,000) and carrageenan (lamda and iota type), Sigma Chemical Com- 
pany, St. Louis, MO; polyanetholesulfonate, Eastman Kodak Company, Roch- 
ester, NY and Roche Diagnostics, Nutley, NJ; cellulose sulfate, Aldrich Chemi- 
cal Company, Milwaukee, WI; poly methacrylic acid, Polysciences, Warrington, 
PA; poly-L-glutamic acid, Pilot Chemicals, Inc., Watertown, MA. 

Blood was collected in buffered citrate, monojet tubes, final concentrated 
citrate 0.38% and centrifuged ( 160 X g ,  5 min) to prepare platelet rich plasma. 
Platelet poor plasma was made by spinning at loo0 X g ,  10 min. The platelet 
rich plasma count was adjusted to be 200,000 with plasma or phosphate 
buffered saline, as desired. To remove plasma as completely as possible, the 
procedure of albumin density centrifugation followed by Sepharose 2B was 
followed.* 

Comparison aggregation studies were using a dual sample aggregometer, 
Scienco Inc., Morrison, CO. Aggregation with release measured simultaneously 
was recorded with a lumiaggregometer, Chrono-log Company, Havertown, PA. 
All polyanions were diluted in phosphate-buffered saline, pH 7.8 and 0.01 ml 
was added to plasma for me-incubation studies. This was then added to 0.2 ml 
of platelet-rich plasma (dX lo5 platelets per p l )  and aggregation was recorded 
at 37" C. 

* Supported by The Skillman Foundation, Detroit, Michigan. 
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RESULTS 

Studies discussed in the following portion of the paper are illustrated in 
FIGURES 1 through 6 which demonstrate the effects of sulfated and nonsulfated 
polyanions on platelet aggregation under conditions specified. 

DISCUSSION 

Some insight into the molecular properties required for activation of 
platelets is derived by our comparative studies of the various polyanions. 
Dextran sulfate of molecular weight 500,000 was more effective than dextran 
sulfate of molecular weight 40,000 (FIG. 5C). The degree of sulfation is stated 
by the manufacturer to be the same. Therefore, chain length is an important 
factor. 

1 0.49 U/ml(36pq/ml] 

/ 2.4U/ml 
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FIGURE 1. Aggregation induced by heparin. 

Dextran, sulfated and nonsulfated, of the same molecular weight, 500,000, 
also were compared. No platelet aggregation was possible with any concentra- 
tion of dextran when the conditions of observation were 37" C with stirring. 
If, however, the conditions were room temperature and no stirring, platelets 
clumped in a high concentration of both forms of dextran ( 5 % ) .  The clumps 
were easily dispersed by shaking. This is similar to the results reported by 
Taketomi and Ku~amoto.~ The same percent dextran ( 5 % )  completely in- 
hibited platelet aggregation by ADP, epinephrine and collagen, as did similar 
concentrations of the sulfated polyanions. This inhibition may be a result of 
coating of the platelet with polymers leading to nonspecific interference with 
activation of the platelet. 

High concentration of polymethacrylic acid (25 pg/ml) was found to 
induce a slight platelet aggregation response, but another polyanion, poly-~- 
glutamic acid was without any activity. Thus, a negative charge on the polymer 
is a necessary, but not a sufficient condition, for activation. 

All of the sulfated polyanions studied could induce some platelet aggrega- 
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FIGURE 2. Aggregation induced by polyvinyl sulfate. 

tion (examples of aggregation studies are given in FIGS. 1,  2, 3 & 4), although 
only over a limited range of concentrations and in the presence of plasma or 
serum (example, FIG. 6A). Preincubation of the polyanion either in plasma or 
in heat-denatured serum enhanced the platelet response (FIG. 6B) suggesting an 
indirect mechanism of platelet aggregation mediated by a plasma factor. There 
are a number of reports in the literature which would support a concept that 
the protease precursor, plasminogen, is the plasma factor responsible. The 
possible interaction of the sulfated polyanion heparin with an inhibitor to 
plasminogen activator (thus accelerating plasminogen activation) was postulated 
by Vairel.4 Similarly, a “release” of plasminogen activator by sulfated poly- 
anions was suggested by Olesen5 and Ugar and Mist.6 On the other hand, 

/- ~ 2.5pg/ml 

FIGURE 3. Aggregation induced by dextran sulfate. 
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FIGURE 4. Aggregation 
with concomitant ATP re- 
lease by relatively high con- 
centration of polyanethol 
sulfonate (25 pg/ml). As- 
pirin is not very effective in 
inhibiting aggregation or re- 
lease. 
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FIGURE 5. (A) Aggregation 
by 25 &ml polyvinyl sulfate 
is rapidly inhibited and com- 
pletely reversed by 2.94 U/ml 
of antithrombin 111. (B)  Simi- 
lar inhibition and reversal of 
aggregation produced by 25 
pg/ml of cellulose sulfate is 
seen with epsilon aminocaproic 
acid at 0.0065 M. (C) Aggrega- 
tion is produced at  low con- 
centrations with (a) 25 pg/ml 
of dextran sulfate 500,000 com- 
pared to (b) the minimal re- 
sponse by dextran 40,000 under 
the same conditions of testing. 
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heparin also was found to accelerate the rate of formation of a complex of 
antithrombin 111 with plasmin.7 This would increase the rate of inhibition of 
proteolytic and esterolytic activity of this protease. It is possible that low 
concentrations of heparin increase the formation of plasmin, while excess 
heparin would interfere with the activity of this enzyme once it is formed. 
If plasmin is responsible for platelet aggregation produced when polyanions 
are present, an optimal concentration of polyanion would, therefore, be ex- 
pected to be most effective in inducing aggregation. 

Inhibition of aggregation by the sulfated polyanions occurred at low concen- 
trations of the plasmin inhibitor antithrombin 111 (2.94 u/ml) (FIG. 5A), as 

MINUTES w 

FIGURE 6. (A) Platelets, well 
washed by albumin density 
centrifugation followed by gel 
filtration are not aggregated by 
A carrageen (50  pg/ml) until 
plasma is added, to be 2.5% 
of final volume. (B) In (a) 
threshold concentration for ag- 
gregation by polyvinyl sulfate 
exceeds 2.5 pg/ml when the 
polyanion is first preincubated 
in plasma or serum for 25 min 
at room temperature. In control 
(b) with no preincubation, 
there is no aggregation response 
in the first 5 min in contact 
with the platelets at 37” C. 

MINUTES 

well as with C1 esterase inhibitor (not shown) and also occurred with low 
concentration of epsilon aminocaproic acid (0.0065 M) (FIG. 5B), an inhibitor 
of plasminogen activation.8* These findings also may be taken as evidence to 
support the concept that activated plasrninogen is capable of inducing platelet 
aggregation and that the sulfated polyanions exert their action by means of 
this protease. 

In summary, we find sulfated polyanions induce platelet aggregation indi- 
rectly by activation of a plasma factor. On a weight basis, the amount of 
polyanion needed to induce threshold aggregation, is a function of the degree 
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of polymerization and the degree of sulfalion of the polymer. Negative charge 
on the polymer is a necessary but not sufficient condition for activation. Platelet 
aggregation is inhibited by high concentration (5% ) of all ply-saccharides 
whether they are sulfated or not. 
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