
STUDIES ON PLATELETS

VII. THE AGGLUTINATION OF PLATELETS ISOLATED FROM HUMAN, DOG,

AND SWINE BLOOD

By ALFRED L. COPLEY, M.D. AND RALPH B. HOULIHAN, PH.D.

T HROMBUS formation which in vessel wounds constitutes a protective

mechanism against prolonged hemorrhage can also become pathologic when

it blocks the circulation of the blood and produces clinical manifestations such

as thrombosis and thrombo-embolic disease. Such thrombi are not always pure

coagluation thrombi but may be initiated by the agglutination of platelets, and

also may present pure platelet agglutination thrombi.’

The results presented in this paper are based on the use of a method which is

sufficiently sensitive to permit more accurate studies on platelet agglutination than

have been possible hitherto. This method permits the elucidation of mechanisms

in thrombotic and hemorrhagic conditions which have considerable clinical

application. In a subsequent paper2 we shall report findings concerning the ag-

glutinability of platelets by various blood components and other substances.

Other investigators have reported various methods of platelet agglutination, but

these have not permitted quantitative comparisons, since they take no cognizance

of variables such as (a) time and temperature of incubation, (b) concentration of

platelets used in the test, (c) variations in the agglutinability of variously isolated

platelets, (d) variations in platelets isolated from various members of the same or

of different species.

The inherent value of our method is dependent upon, first, the use of a stable

suspension of isolated platelets free from other cellular elements and from plasma3;

second, upon the standardization to permit accurate comparisons. Our observa-

tions yield information concerning the agglutinability of platelets per se and in

plasma and serum from different origins.

I . PROCEDURES AND RESULTS

I . Preparation of the Platelet Suspension

To obtain satisfactory results with this test, it is essential to prepare a suitable

platelet suspension. This suspension, as described previously by the authors,3

should be stable and free from red cells, white cells and plasma. The platelets are

initially obtained from the buffy coat following high-speed centrifugation of blood

made incoagulable by a suitable anticoagulant or by saline. They are purified by

washing six or seven times and finally suspended in the desired volume of isotonic

saline. Clumps of platelets observed macroscopically or microscopically in this
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final suspension are removed by low-speed centrifugation, e.g., �oo rpm for ten

minutes when using 10 cc. amounts. The platelets in the suspension are then

counted and adjusted to a concentration of approximately 2.00,000 per cubic mm.,

although in certain specified instances, e.g., rabbit platelets, this may be increased

because of variations in the size of platelets in various animals. These suspensions

are kept in the icebox and have been used successfully up to � hours after their

isolation.

2.. Technic of Test

Test substances must be completely free from lint or any particulate matter,

since the presence of such material interferes with the proper readings. Glass tubes

are used for the test and measure 75X12. mm. Two-tenths cubic centimeters of the

test substances are diluted serially through 0.2. cc. of saline and stored at the in-

cubation temperature. The adjusted platelet suspension is then added to o.i cc.

volumes of the diluted test fluids and incubated, usually from o#{176}to 8#{176}C.Following

incubation, for various lengths of time, the tubes are centrifuged at i ,2.oo rpm

for 3 3/� minutes in aluminum cups (used for 6-inch Babcock bottles) in an SB-i

International Centrifuge with an 8-place head. The tests are read against a shielded

bright light by stroking the tubes to produce uniform resuspension of the sedi-

mented platelets. This centrifugation and resuspension technic was adopted, since

unsatisfactory results were obtained when the platelets were allowed to sediment

naturally. Although some of the tests were incubated as long as i� hours, complete

sedimentation of the platelets was not always observed. In addition, this lengthy

incubation period permitted degenerative changes to occur in some instances.

The degree of agglutination of platelets following resuspension was graded from

4+ , indicating very marked agglutination, to ± , indicating very weak agglutina-

tion. In each instance, these tests were rigidly controlled. The sedimented platelets

in saline must resuspend easily and without any trace of clumping, and the tube

containing the centrifuged test substance in saline must not show resuspension

of floccular particulate matter upon agitation.

3 . Study of the Variable Factors Affecting Platelet Agglutination

The time and temperature of incubation, and the concentration of the platelet

suspension, all of which affect the degree of platelet agglutination, were investi-

gated and the results presented in tables i and 2..

Examination of table i shows that, in general, when the tests are incubated from

30 tO i8o minutes, the intensity of the agglutination increases progressively with

time. In certain instances, the degree of agglutination apparently decreases upon

longer incubation. This paradoxical finding can be explained by the fact that

lysis or fusion of the platelets was more apt to occur when the tests were incubated

at body temperature and for longer periods of time. Lysis was always suspected

during the reading of the tests when the sediment failed to resuspend on stroking,

and the turbidity in such tubes was noticeably less than in tubes in which resuspen-

sion had occurred. In certain tests, particularly those involving the use of sulfate-
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I 84 STUDIES ON PLATELETS. VII

platelets,* it was possible to resuspend some material by scraping the bottom of the

tubes with a glass rod. However, such resuspended material differed from the true

granular agglutinates, and was slimy, floccular, and stringy. Microscopic examina-

TABLE I. The Effect of Incubation Time, Temperature, and Concentration of Dog Platelets on Their

Agglutination by Serum and Plasma

Final dilutions of serumt

jfl’�.’;�:&�fl Turbiditvof 00 C 25#{176}� 37#{176}C

in minutes � �

- __-�-- � 2ILL±L 2L -�-- �

3C Light o o o ‘+ ‘+ i+ do d+ dE

Medium i+ ± + + 1+ 1+ d± do +

Heavy i+ 1+ 1+ 2+ + + do d± +

6c Light + + + ‘+ i+ + do o o

Medium 1+ 1+ 1+ di+ d+ ± do + +

Heavy 1+ 1+ 1+ do d± + do ± ±

iSo Light + + + + + + do do do

Medium + 1+ 2+ + ± ± do do d+

Heavy 3+ 3+ 3+ ± + + do do ±

30 Light

Medium

Heavy

Final dilution of sulfate plasma

1+

3+

1+

±

3+

3+

+

1+

3+

1+

3+

4+

1+

1+

3+

o

7.+

3+

d±

di+

4+

+

7.+

4+

‘+

3-r

3r

6o Light

Medium

Heavy

1+

1+

1+

2+

2+

1+

‘+

1+

3+

i+

do

3+

1+

1+

1+

3+

1+

2.+d

+

‘+

+

2+

1+

1+

+

±

1-r

z8o Light

Medium

Heavy

1+

1+

4+

1+

3+

4+

‘+

1+

4+

3+

1+

d±

1+

1+

7.+

l+d

+d
1+

±

+
3+

+

+
3+

‘+

o

1+

S Light = 131,000 per cu. mm.

Medium = 191,000 per cu. mm.

Heavy = 7.68,000 per cu. mm.

d = Disintegration as determined by relative amounts of platelet sediment resuspending.

do Disintegration, no agglutination upon resuspension.

d+ = Disintegration, and degree of agglutination.

t The symbols 4+, 3+, 1+, 1+, + indicate the degree of agglutination, 4+ being very strong

agglutination.

tion of such material showed that these resuspended masses were composed of fused

platelets. In other instances it was not possible to scrape material from the bottom

of the tubes, and we interpreted this reaction as platelet distintegration or de-

struction.

* This term was adopted for the sake of brevity and indicates a final suspension of platelets which

has been isolated from blood originally made incoagulable with magnesium sulfate. Correspondingly,

the terms heparin-, oxalate-, citrate-, and saline-platelets have been used to indicate the original anti-

coagulant or diluent.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/2/Special_Issue_N

um
ber_1/182/786877/182.pdf by guest on 19 M

ay 2023



ALFRED L. COPLEY AND RALPH B. HOULIHAN 185

The lower temperature of incubation was arbitrarily adopted for routine studies

because we were more concerned with investigating the agglutination than the

disintegration of platelets. The incubation time of forty-five to sixty minutes was

selected for several reasons : (i) incubation longer than sixty minutes does not

enhance the intensity of agglutination sufficiently to warrant longer incubation

( tables I and 2.); (2.) disintegration or fusion occurs more readily following lengthier

incubation times (table 2.); (�) the shorter incubation time is much more conve-

nient when numerous comparative tests are being made.

As indicated in table i, the concentration of the platelet suspension affects the

intensity of the agglutination sufficiently so that each test must be standardized

in this respect. Unless the same concentration of platelets is used in comparative

TABLE 7.. Effect of Time and Temperature of Incubation on tix Agglutination (and Disintegration) of Dog

Platelets by Sulfate-Plasma and Serum5

Dilutions of plasma and serum

Hours System o’ C 25’ C 37’ C

34 3( H H � H Y� 3� H

I Plasma 1+ 3+ 1+ 3+ 3+ 1+ d± d± di±

Serum 1+ 1+ 1+ 1+ d± d± d± d± d±

2. Plasma 3+ 3+ 1+ + 7.+ i+ ‘+ + ±

Serum d+ dz+ d+ + ‘+ + ± ± 0

3 Plasma 1+ 1+ 1+ 3+ 1+ + 1+ 1+ +

Serum di+ d+ d+ ± + + ± ± 0

2.4 Plasma 1+ ‘+ 1+ 1+ ‘+ ± d± d+ d±

Serum 1+ 1+ �+ d± d± d± d± do do

S Concentration of platelets equals no. � MacFarland’s turbidity standards. See table i.

tests, the assumption of quantitative differences based on intensities of agglutina-

tion is not warranted. For example (table i), a heavy dog platelet suspension was

diluted and tested against one dog serum being incubated for thirty minutes at

00. It is seen that, although no agglutination was observed with the most dilute

platelet suspension, very definite agglutination was observed in the tubes contain-

ing the concentrated suspension. Upon the basis of our experience with numerous

suspensions, we arbitrarily adopted platelet suspensions containing approximately

2.00,000 per cubic mm. obtained by counting platelets as previously described.

This method of adjustment was found to be more satisfactory than the MacFarland

nephelometer which had been used in earlier tests. This latter method lacked the

desired accuracy, particularly when using different animal species, the platelets

of which were of different sizes.

II. THE AGGLUTINATION OF VARIOUS TYPES OF ISOLATED PLATELETS

In order that comparative tests might be performed, it was deemed necessary

to determine whether or not the agglutinability of platelets was affected by the
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i86 STUDIES ON PLATELETS. VII

anticoagulant used to keep the original blood incoagulable. Platelets were obtained

from the blood of one subject and added to sodium oxalate, sodium citrate, mag-

nesium sulfate and sodium heparin, the latter being us:d in a final concentration of

0.12.5 mg. per cent, while the other anticoagulants were used in usual concentra-

tions.3 Platelets were obtained from two humans, P and W, and tested against the

homologous plasmas and sera. It is shown in table 3 that the citrate-, sulfate-, and

heparin-platelets of case P agglutinated to the same degree when tested against

ci trate-plasma, whereas the oxalate-platelets agglutinated more intensely. The

TABLE 3. The Agglutination of Platelets Obtained with Various Anticoogulants by the Plasmas and Sera of

Two Human Subjecis�

Type of platelets

Systems Subject Citrate Sulfate Oxalate Heparin

P �y p w p w p

Citrate-plasma P i/� 1/4 i/i6 i/4

W ‘/4 ‘/4 ‘/4 i/8

Sulfate-plasma P 1/4 1/4 i/i6 1/4

W i/4 ‘/4 ‘/4 1/32.

Oxalate-plasma P i/� 1/4 i/x6 1/4

W i/8 i/� 1/4 1/64

Heparin-plasmat P z/8 1/4 i/i6 1/4

W 1/64 1/4 1/4 1/7.56

Serum P 1/64 i/ii8 x/8

W 1/64 1/4 1/4

S The titer is taken as the highest dilution of plasma or serum showing definite (+) agglutina-

tion. Tests incubated 2. hours at 4#{176}C, centrifuged i,ooo rpm for 3.5 minutes, and read by resuspen-

sion technic.

t Heparin concentration = 11.5 mg. per ioo cc. blood.

oxalate-platelets of case P also showed the greatest agglutinability when tested

against sulfate-, heparin- and citrate-plasma and serum. When the different platelet

suspensions of case P were tested against serum, the oxalate-, sulfate-, citrate-,

and heparin-platelets were agglutinated in decreasing intensity, respectively. In

addition, the serum agglutinated the platelets more intensely than any of the plas-

mas.

Somewhat different results were obtained when the platelets and plasmas of case

W were studied. For example, in every case, the heparin-platelets were the most

agglutinable. Interestingly, heparin-plasma agglutinated platelets just as in-

tensely as did serum.

Additional data concerning the relative agglutinability of the various platelets

are presented in table 4. Citrate- and oxalate-platelets from two subjects, Wal and

Pat, were tested with heterologous and homologous sera. The citrate- and oxalate-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/2/Special_Issue_N

um
ber_1/182/786877/182.pdf by guest on 19 M

ay 2023



ALFRED L. COPLEY AND RALPH B. HOULIHAN 187

platelets of Pat were agglutinated by the sera of Pat and Wal and Cop to approxi-

mately the same degree; however, the citrate platelets were agglutinated somewhat

more intensely than the oxalate-platelets. The citrate- and oxalate-platelets of Wal

did not agglutinate in any of the sera from these 3 subjects. These results indicate

that the agglutinability of platelets isolated from the same individual by different

methods may vary, as may the agglutinability of similarly isolated platelets from

different individuals.

TABLE 4. Agglutination of Citrate and Oxalate Platelets by Homologous and Heterologous Sera5

Platelets Serum dilutions
Serum

subject
Type Subject � � i�e s�s �j sic

WAL Citrate PAT i+ 1+ 1+ + o o

Citrate WAL o o o o o o

Oxalate PAT + + + + + 0

Oxalate WAL o o o o o o

PAT Citrate PAT d+ i+ + o o o

Citrate WAL o o o o o o

Oxalate PAT + + o o o o

Oxalate WAL o o o o o o

COP Citrate PAT si+ S7.+ + 1+ 0 0

Citrate WAL o o o o o o

Oxalate PAT + + + + + 0

Oxalate WAL o o o o o o

S Tests incubated I hour at i� C. s = stringy.

LII. AGGLUTINATION OF PLATELETS BY SERUM AND DIFFERENT PLASMAS FROM

THE SAME SUBJECT

In order to determine whether or not various plasmas from the same subject

showed any significant differences in agglutinative ability, blood samples were

drawn at the same times and made incoagulable with the various anticoagu-

lants used throughout this work. These anticoagulants were diluted with 0.9

per cent saline so that each plasma was diluted equally. The platelets were isolated

from the same blood-anticoagulant systems. One sample of native blood was

allowed to coagulate in order to procure serum.

In table 3 such plasmas from 2. humans, P and W, were tested against various

types of platelets from the same 2. humans. Citrate-, sulfate-, oxalate-, and heparin-

plasma ofcase P showed little difference in their ability to agglutinate the citrate-,

sulfate-, oxalate-, or heparin-platelets of P. The same tendency is true with the

plasma and platelets of case W, with the exception of the heparin-platelets and

plasma. The heparin-platelets of W were agglutinated in order of progressive

intensity by citrate-, sulfate-, oxalate-, and heparin-plasmas. The serum of case

P showed greater agglutinative abilities than the plasmas. This was not always

true of case W.
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I 88 STUDIES ON PLATELETS. VII

This type of experiment was repeated using plasmas and serum from a dog (918)

tested against heparin platelets of the same animal and the results are given in

table 5 . The serum not only agglutinated the platelets more intensely than did the

TABLE 5. Auto-Agglutination of Dog Heparin-Platelets by Various Plasmas5

Type of plasma
Plasma and serum dilutions

-

lit 111 555 Control

Oxalate

Heparin

Citrate

Sulfate

Serum

551+

do

S52.+

1+

di+

+

+

1+

1+

d7.+

+

+

+

+

3+

+

±

+

+

3+

±

±

±

±

1+

±

±

±

+

1+

o

S All blood-anticoagulant systems were diluted with saline to equal concentration in plasma.

Tests incubated at o#{176}C for i� minutes.

55 = stringy platelet agglutinates adhere to bottom of tube, difficult to resuspend.

TABLE 6. Auto-Agglutination of Dog Citrate-Platelets by Plasmas and Serum at Varied Temperatures5

Temper-
ature

DegreesC
Test substances

Plasma or serum dilutions

*
I i’� *‘�

0 Citrate P.

Oxalate P.

SulfateP.t

Heparin P.
Serum

+
t+

+

1+

1+

±
1+

±

+

3+

0

+
±

±

i+

0

±

±

±

+

0

0

±

0

o

0

0

o

0

o

o

0

o

0

o

7.4 Citrate P.
Oxalate P.

Sulfate P.t
HeparinP.

Serum �

+
3+

+
t+

t+

±

1+

3+
+

i +

±

+

1+

±

+

0

±

+
0

±

0

0

+
0

0

0

0

±

0

o

0

0

0

0

o

37 Citrate P.

Oxalate P.

Sulfate P.t
Heparin P.
Serum

i+f

4+

d+t
2.+t

dz+

+
3+

1+

1+

t+

±

1+

1+

+

+

#{176}

+

1+

±

±

#{176}

0

1+

0

o

#{176}

0

+

0

o

#{176}

0

±

0

o

S Tests incubated for i hour.

t Platelet sediments adhere to bottom of tube. Sulfate system appears to be more sticky

throughout. P. = plasma.

plasmas, but also produced fusion or disintegration of the platelets in lower dilu-

tions. With the exception of possible disintegration in the lower dilutions of he-

parin plasma, the plasmas did not differ significantly in the degree of agglutination

of heparin-platelets.
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ALFRED L. COPLEY AND RALPH B. HOULIHAN I 89

Tests were carried out using dog plasmas and serum in which the tubes were

incubated at various temperatures with citrate-platelets from the same dog.

They are listed in table 6. In the systems incubated at o#{176}C,the citrate-plasma ap-

peared to be the weakest and serum the strongest in agglutinating ability. The

oxalate-plasma appeared to be more potent than the heparin- or sulfate-plasma.

However, the results with sulfate-plasma were difficult to evaluate strictly, since

the platelets in this system adhered to the bottom of the tubes and were difficult

to resuspend.

At 2.40C sulfate-plasma acts considerably stronger than at o#{176}C.The action of

serum is weaker at �0 than at 0#{176}.At 370C the titers are higher with some plasmas

and disintegration is present with sulfate-plasma and serum. The sedimented plate-

lets in magnesium sulfate were resuspended by scraping with glass rods, giving

rise to floccular masses, and the titers obtained in this plasma were higher than

those in the other plasmas and sera. However, such a procedure is not conducive

to comparative results and therefore is not recommended for use in standardized

tests.

TABLE 7. The Agglutination of Saline- and Citrate-Platelets From Dogs By Their Sera

Dog
number

Type of platelets
Serum dilutions

4 1 1 i’s

918 Native

Citrate

4+

4+

1+

1+

1+

1+

±

+

+

±

8�8 Native

Citrate

3+

�+

1+

1+

‘+

+

+

±

±

±

*S. C. = Saline control.

Although this experiment does indicate that there are differences in the ag-

glutinative action of.homologous plasmas, obtained with different anticoagulants,

it is felt that more evidence is needed on this point, inasmuch as the evidence ob-

tamed with dog and human plasmas is not in complete agreement. This may be due

to differences in the agglutinability of the platelets from various species in the

various anticoagulant plasma systems.

IV. COMPARISON OF AGGLUTINABILITY OF CITRATE- AND SALINE-PLATELETS

Since, as has been suggested by the above experiments, true anticoagulants when

added to blood may affect the blood platelets isolated therefrom, the question arose

concerning the agglutinability of platelets isolated from blood to which anti-

coagulant had not been added. Such platelets were obtained from blood made in-

coagulable by isotonic saline, as previously described by us, Sand may represent

platelets more physiologic than those obtained by the use of the true anticoagu-

lants. In table 7 findings of saline- and citrate-platelets obtained from two dogs

from the same blood withdrawals are given. There appears to be no significant

difference in the agglutinability of these platelets as tested with autologous

S.C.’

0

0

0

0
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190 STUDIES ON PLATELETS. VII

serum. It should be emphasized that these findings can be considered only as of a

preliminary nature.

V. AGGLUTINATION OF PIG PLATELETS

This phase of the investigation is discussed separately because of the peculiarities

of the agglutinability of pig platelets. For example, upon resuspension of pig

platelets in plasma and serum, much larger agglutinates were observed than in

the tests with human, dog, or rabbit platelets. However, these clumps dispersed

TABLE 8. Agglutination of Pig Citrate-5 and Sulfate-Plateletst by Pig and Dog Plasmas and Sera�

Final dilu tions of plasma and serum

System plasma or serum Species Pig platelets , S � Saline
I I i�i �s s�x �lg ssc sls ,osc so�c control

Heparin.plasma Pig Citrate 1+ 3+ 3+ 1+ 1+ i+ + + 0 0 0

Sulfate 4+ 4+ 3+ 3+ 1+ 0

Oxalate-plasma Pig Citrate 4+ 4+ 4+ 4+ 4+ 4+ 3+ 1+ 1+ 1+

Sulfate 3+ 3+ 4+ 3+ 3+

Citrate-plasma Pig Citrate 3+ 4+ 4+ 4+ 3+ 4+ 3+ 1+ 1+ 1+

Sulfate 4+ 4+ 4+ 3+ 3+ 1+

Sulfate-plasma Pig Citrate 3+ 3+ 3+ 3+ 3+ 1+ 1+ 1+ + ±

Sulfate 3+ 4+ 3+ 3+ 1+ 1+ + ± 0 0

Serum Pig Citrate 4+ 4+ 4+ 4+ 3+ 3+ 1+ i+ 1+ +

Sulfate 3+3+4+3+3+3+l++ ± ±

Sulfate-plasma Dog Citrate 3+ 4+ 3+ 1+ 1+ + + + ± ±

Sulfate 3+ 1+ 1+ 1+ + + + ± 0 0

Serum Dog Citrate 3+ 4+ 4+ 3+ 3+ 1+ 1+ 7.+ 1+ +

Sulfate 4+ 4+ 4+ 3+ 3+ 1+ + + 0 0

S Citrate-platelets �oo,ooo per cu. mm.

t Sulfate-platelets 2.41,000 per cu. mm.
� Incubation i hour at i� �

extremely readily upon continued stroking of the tubes. For this reason it was nec-

essary to stroke the tubes containing pig platelets very lightly in order to obtain

readings. Sera and various plasmas from the pig were tested against sulfate- and

citrate-platelets from the same pig (table 8). Both types of platelets were aggluti-

nated in very high dilutions of serum or plasma, some of the titers being higher

than i :2.048. Although complete comparative tests were not performed in each

case, the citrate-platelets appeared to be more agglutinable than the sulfate-plate-

lets. However, this may have resulted from the higher concentration of citrate-

platelets used, which was double that of sulfate-platelets. In addition, the citrate-

and oxalate-plasmas agglutinated the platelets in higher titers than sulfate- or

heparin-plasmas .
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ALFRED L. COPLEY AND RALPH B. HOULIHAN 191

The extreme susceptibility of the pig platelets to agglutination was demonstrated

further by substituting dog serum and plasma, both ofwhich acted similarly to the

pig serum and plasma. This finding indicates that this instability of pig platelets

is due to a peculiarity in the surface composition of the pig platelets in addition to

platelet agglutinating factors in pig or dog plasma. Since pig platelets also did not

agglutinate in saline, the agglutinant factor must reside in plasma and serum.

VI. THE EFFECT OF HEATING AND FILTRATION OF PLASMA AND SERUM ON

PLATELET AGGLUTINATION

The data concerning the effect of filtration and heating on plasma and serum are

only of a preliminary nature and will therefore be discussed briefly. In table 9 the

TABLE 9. The Agglutination of Human Heparin-Platelets by Heated andFiltered Plasma and Heated Serum5

Time of
incuba-

tion
(minutes)

Is

Type of plasma
and serum

Heparin plasma

Treatment

None

Heatedt

Filtered�

Plasma and serum dilutions

I

3+

3+
1+

I

7.+

±

:1::

ta

7.+

7.+

±

l’s

1+

2+

+

s#{188}

0

+

+

sic

0

0

0

sic

0

0

0

0

0

Serum None

Heatedt

3+

�+

3+

1+

3+

1+

+

1+

1+

0

+

0

0

0

6o Heparin plasma None

Heatedt

Filtered�

m4+

m4+

coag. o

3+

3+

1+

3+

1+

1+

‘+

+

+

o

+

±

o

0

±

o

0

0

o

Serum None

Heatedt

3+

1+

4+

1+

7.+

1+

‘+

+

‘+

+

±

±

±

±

S Platelets, plasma, and serum were obtained by one blood withdrawal from human. Tests

incubated i hour at o� C.

t 3#{176}IntO. at �6#{176} C.

� Seitz filter.

m = one or more delicate, large membranous floccules.

results of tests with heparin-plasma and serum from one human are given. They

suggest that heating of plasma at 56#{176}C.for thirty minutes has no appreciable

effect, whereas heating of serum weakens the intensity of platelet agglutination.

Both incubation periods offi.fteen and sixty minutes showed similar results. Plasma

of the same origin when filtered through a Seitz filter exhibited some diminution

in its agglutinability after both incubation periods.

Table io demonstrates the effect of heating and filtration as described above on

four different plasmas and the serum obtained by one blood withdrawal from a dog.

Sulfate-plasma, citrate-plasma, and serum show definite weakening of aggluti-

nability upon heating, whereas with heparin-plasma this effect does not appear to

be distinct. The evaluation of the findings with oxalate-plasma appears to be some-

what difficult, since disintegration had occurred in the control test which was not
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treated. For the same reason it appears likewise difficult to evaluate the effect of

filtration through a Seitz filter on oxalate-plasma. In sulfate- and citrate-plasma

filtration weakened and inhibited agglutination, respectively. The filtration of

serum did not markedly change its agglutinative properties. Filtered heparin-

plasma produced coagulation and syneresis after incubation of the test material

with the suspension of sulfate-platelets. The incubation time in this experiment was

sixty minutes at room temperature followed by eighteen hours’ storage in the re-

frigerator. The phenomenon of coagulation in filtered heparin-plasma was also

observed after sixty minutes’ incubation in the experiments with the lowest dilu-

tion of plasma and heparin-platelets of human origin.

TABLE 10. The Agglutination of Dog Sulfate-Platelets by Various Autologous Plasmas and by Serum Treated

by Heating and Filtration5

Type

Plasma and serum

Dilution
Treatment

None Heatedf Filtered�

Sulfate plasma

Heparin plasma

Citrate plasma

Oxalate plasma

Serum

i/i

‘/4

1/2.

1/4

1/2.

‘/4

1/2.

‘/4

1/2.

‘/4

3+
1+

3+
1+

d+
1+

d+

d±

i+

+

±
0

1+

1+

±

±

‘+

i+

0

0

+

+

Coagulation and syneresis

Coagulation and syneresis

o

0

1+

1+

±

+

S Tests incubated i hour at 2.0#{176}C and i8 hours at o� C.

t At �6#{176}for 3#{176}minutes.

� Through a Seitz filter.

VII. DARKFIELD OBSERVATIONS

The purpose of these tests was to analyze the primary changes which occur in

the morphology of the platelets during and after the act of agglutination. Plasmas,

obtained with the anticoagulants used throughout this work, and sera were

added to suspensions of isolated platelets and examined by darkfield microscopy.

The suspensions were kept fluid by sealing the cover slips, and magnifications of

I ,000 and i , �oo were used.

Following the addition of serum to platelet suspensions, the platelets were seen

to agglutinate in approximately two minutes. After five minutes the margins of

the platelets in these clumps had so fused that the cell outlines could no longer be

defined . The platelets also agglutinated in the presence of heparin-plasma with

subsequent fusion as noted in the case of serum. Similar results were obtained with
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oxalate- and sulfate-plasmas used. However, sulfate-plasma usually caused larger

masses of fused platelets to occur, which fact might be correlated with the sticki-

ness of these platelets to glass surfaces. Platelets were least agglutinable in citrate-

plasma. It is interesting that fibrin formation was not observed in these various

mixtures. The primary steps in the formation offibrin could be observed, however,

in decalcified plasmas to which 0.02. M. calcium chloride had been added.

The process of agglutination could be easily followed under the high magnifica-

tions, and the platelet granules were readily seen. Shortly after the addition of

plasma or serum, pseudopodia or filamentous structures could be observed forming

at the platelet borders. After agglutination had occurred, occasional forms were

seen which bore a marked resemblance to a ‘ ‘signet’ ‘ ring. Although fragmentation

of fused platelet masses was occasionally noticed, the actual process of platelet

lysis was not observed. The results obtained by microscopic and macroscopic

observations of these mixtures correlated very well. In a few instances saline plasma

containing platelets was studied under the darkfield. As a rule the platelets were

agglutinated, and the large platelet masses became fused. Usually these masses

were surrounded by platelet fragments and granules.

These observations are of interest because they confirm our macroscopic agglu-

tination test and eliminate possible criticism that centrifugation of the platelets

is a disadvantage of the method. One interesting point is that, as jtidged by our

macroscopic tests, platelet agglutinates which apparently have fused do not

necessarily become adhesive to glass, even when brought into forceful contact by

centrifugal force.

DISCUSSION

It must be emphasized that because of the preliminary and exploratory nature

of these data, our interpretations should be subjected to very close scrutiny. Al-

though we were primarily concerned with the agglutination of platelets, certain

observations which were made on the lysis of platelets are significant and are rele-

vant to this discussion. The impression was gained from microscopic and macro-

Scopic studies that isolated platelets are resistant to lysis, as compared, for example,

with red blood cells. It has often been asserted that the platelets lyse rapidly in

shed blood, thus releasing thromboplastin. This important role for the activation

of thrombin has been assigned to the platelets in most theories of blood coagula-

� We have data which would question the importance of the platelet as

the main source for thromboplastin, and in a subsequent communication5 cvi-

dence will be presented which proves that isolated platelets contain little or no

thromboplastin.

We were also concerned with the disintegration of platelets in this study because

of the peculiar behaviour of some of the platelet sediments upon agitation of the

tubes. In certain instances stringy translucent masses were resuspended, which,

when observed ‘microscopically, were found to be composed of fused platelets.

In other instances these sedimented platelets adhered tenaciously to the bottoms

of the glass tubes and could be resuspended only by vigorous scraping. Although

the platelets in these masses in both instances mentioned were fused, it is a ques-
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tion whether such a reaction can be properly termed lysis. The terms ‘ ‘viscous

metamorphosis,’ ‘ introduced by Eberth and Schimmelbusch,6 or ‘ ‘hyalinization,”

as proposed by Wright and Minot,7 are more applicable to this process. The latter

authors also describe simple agglutination of platelets without fusion in which the

agglutinated platelets retain their separate identity. We propose that the term

‘ ‘lysis’ ‘ should be reserved for complete dissolution of the cell substance, such as

that occurring in ruptured red cells. The macroscopically observed disappearance

of suspended isolated platelets or fused platelet masses may be explained to be due

either to their fragmentation or lysis. For our macroscopic observations we pre-

fer the noncommittal term “disintegration.”

It was noted in many instances, some of which have not been presented in the

data, that platelets which had been isolated from heparinized blood were adhesive

to glass not only in the early stages but the later stages of isolation. It was also

noted that heparinized plasmas were able to agglutinate and sometimes hyalinize

various types of platelets. Helen Wright8 has shown that the platelets in rotating

tubes of heparinized human blood adhered quite readily to the walls of glass

chambers. We believe that both observations are expressions of the same phenom-

enon. However, we have noted in many tests with other types of plasma and with

sera that even though the platelets were agglutinated intensely, the platelet ag-

glutinates did not adhere to glass walls even when packed by centrifugal force.

These findings suggest that the platelet agglutinating factor is not identical to

hat factor causing the adhesion of platelets to glass.

We have also verified the previous assumption by one of us (A. L. C.)9 that hepa-

per se does not cause platelets to agglutinate and have also verified the contention

that the heparin-plasma combination is necessary for such a reaction.

Although this test has been standardized to a certain extent, exact duplication

with another platelet suspension and plasma or serum sample would be difficult

because of the errors inherent in all agglutination studies. It might be difficult to

obtain an identical platelet suspension from one individual on different days. This

was primarily the reason for the extended studies on the effect of storage on

platelets reported in the preceding paper.3 Although it appears possible that

platelets, stored satisfactorily for periods up to a week or two, might be usable in

this test, we have never performed such tests ourselves. We have determined in a

preliminary way that platelets to which formalin has been added do not differ

markedly in agglutinative ability from citrate platelets. Additional studies should

be carried out to determine the feasibility of preserving platelets in this fashion.
Thomsen’#{176} has offered direct contradiction to the oft-repeated assertion that

platelets in vitro undergo agglutination very easily. He has reported that patelets

in standing citrated human blood show little tendency to settle or to aggluti-

nate for periods up to 6 hours. It is significant that Thomsen used sodium citrate

as an anticoagulant. With other anticoagulants platelets can agglutinate readily

in vitro. Our isolation method or the counting methods” employing sodium citrate

verify the work of Thomsen. Moreover, it has been shown by Houliha&2 that

human and rabbit platelets are stable in citrate plasma which is being rotated.

but not in heparin plasma. Here we are dealing with a complex mechanism. It is
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possible that citrate, contrary to heparin, depresses the action of a platelet-anti-

agglutinant factor in plasma. However, when platelets are brought into intimate

contact, they are capable of adhering to each other.

These data provide much interesting information concerning the mechanism of

the agglutination of platelets. In the first place, platelets which have been thor-

oughly freed-of plasma components are maintained in stable suspensions in saline.

However, upon the addition of plasma or certain fractions of plasma, these iso-

lated platelets become potentially instable. It is assumed that the plasma or serum

becomes absorbed on the human and dog platelets, thereby altering the surface.

The evidence presented concerning swine platelets appears somewhat contra-

dictory.

The reason why plasmas obtained from the same individual by the use of various

anticoagulants should exhibit significant differences in platelet agglutinating abili-

ties is not known. The fact that platelets which have been isolated from the same

subject by various methods also showed differences in agglutinability suggests

that the anticoagulant-blood systems affect the surface of the platelet in some

physicochemical manner. A more important finding, however, even though the

reason is not known at present, is that plasmas and sera from different individuals

may show definite differences in platelet agglutinating abilities when tested against

the same platelet suspension. If sera or plasma from different individuals can be

tested against a standard platelet suspension, whether it be from different human

subjects or even with dog or rabbit platelets, and the possibility of irrelevant im-

munologic* relationships can be excluded, then this test may detect or reflect

certain thrombotic and hemorrhagic disorders or tendencies.

If such an assumption is true, we do have a more simple, and probably more

accurate, method for the measurement of such tendencies than has been previously

available. In a similar connection, this test can be employed to show the hyper-

or hypo-agglutinability of platelets from different subjects.

Although a direct comparison has not been made, it is our impression that the

isolated platelets of the pig, dog, human, and rabbit agglutinated with decreasing

ease respectively. Such comparisons have actually been avoided because of the

possibly confusing immunologic relationships which will be commented on in

subsequent reports.’3’

There are a number of questions raised by the data, the answers to which may

clarify our concepts of fundamental mechanisms. It is interesting that in most

instances sera agglutinate platelets more intensely than the plasmas, and in addi-

tion usually cause more degenerative changes in the platelets. The explanation

may be that either the anticoagulant depresses the activity of the platelet-aggluti-

nant agent, or that the differences in the chemical composition ofplasma and serum,

with particular reference to the factors concerned in coagulation, may account for

the results.

The data concerning the heat stability of the agglutinating factor also present

evidence that we are dealing with a complex mechanism. Although the aggluti-

nant is weakened by heat in sulfate-plasma, citrate-plasma, and serum, it resists

S This refers to the possibility that related species of agglutinins and agglutinogens might be involved.
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such treatment in heparin- and oxalate-plasma. These experiments, however,

indicate that the lytic agent or disintegration factor is susceptible to heat, sug-

gesting that lysis or disintegration may be due to the action of substances quite

different from the agglutinant factor.

The tests involving the use of Seitz filters were complicated by the fact that low

dilutions offiltered heparin-plasma coagulated during the incubation with platelet

suspensions. These observations cannot be explained at present. In filtration cx-

periments, using sulfate-plasma, citrate-plasma, and serum, it appeared that the

agglutinant (and disintegration or lytic) factor (s) were weakened or inactivated

by filtration. It is not clear why the same result was not obtained when oxalate-

plasma was used.

Of interest is the finding that, as in case WAL (table 4), the platelets did not

agglutinate at all, either in homologous or heterologous sera. In some cases, such

as P (table 3), little or no difference in agglutinating ability was found in citrate-,

sulfate-, oxalate-, or heparin-plasma. These findings may be due to a number of

variable factors needing clarification by further study, which may lead to a better

understanding of our method and ultimately of the phenomenon of thrombus

formation in thrombotic and hemorrhagic conditions.

As mentioned in the introduction, thrombi may be classified as either blood

coagulation thrombi or platelet-agglutination thrombi. Our results have shown

that the mechanisms of the coagulation of whole blood and of the agglutination

of platelets are quite different, inasmuch as the formation of fibrin apparently

is not concerned in the latter mechanism.2’15 However, platelet agglutination is of

importance in hemostasis in that the blocking of wounds in minute vessels and

capillaries may be primarily due to the agglutination of platelets. Thus, according

to Copley and Lalich,’6’ ‘7 the bleeding time is controlled primarily by platelet

thrombi. In order to further our understanding of certain thrombotic and hemor-

rhagic conditions, the conception should be advanced that the process of fibrin

formation or blood coagulation may be only secondary to the process of platelet

agglutination or may play no part at all.

Mendel’8 introduced, in contrast to hemophilia, the term “thrombophilia”

because he felt that a disposition to thrombosis exists which can be either acquired

or hereditary. Libman’9 has drawn attention to the probability that thrombosis in

the coronary arteries occurs largely because of a general thrombotic tendency for

which he used the term thrombophilia. It should be mentioned that the term pseu-

dohemophilia has been introduced also to designate a hemorrhagic condition which

is hereditary in males and females in families on the Aland Islands in the Baltic.

This disease is characterized by a long bleeding time, a normal coagulation time,

and no decrease in the platelet count. In these patients the platelets which appear

to be numerically and morphologically normal are unable to agglutinate normally.

Willebrand and Jurgens’#{176} proposed the name ‘ ‘constitutional thrombopathy” for

this condition.

It might perhaps clarify the issue if we were to define the terms thrombophilia

and thrombopathy as thrombotic and hemorrhagic conditions, respectively, reflect-
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ing the hyperagglutinability and hypo-agglutinability of the platelets. We ob-

tamed data on one case ofhemophilia which is extremely interesting, but which of

course will have to be verified in a large series of such patients. The serum of this

hemophiliac agglutinated the isolated platelets of another human very definitely.

In this connection it should be re-emphasized that the bleeding time in hemophilic

patients is usually normal, whereas the coagulation time is markedly prolonged.

This correlates with the above contention that the bleeding time is dependent upon

platelet agglutination and also our demonstration in one case that hemophilic

serum retains the ability to agglutinate platelets.

In summary, then, it is hoped that our method may be of value in the study of

such thrombotic and hemorrhagic blood disorders by providing a method for the

measurement of the agglutinability of platelets.

SUMMARY

I . A macroscopic platelet agglutination method is described which, when

properly standardized, can be used to titrate platelet-agglutinating factors in

plasma, serum, or other substances and also to determine the degree of agglutina-

bility of platelets.

2.. The platelet suspension is prepared by isolating platelets from blood kept

incoagulable with sodium citrate, sodium oxalate, magnesium sulfate, sodium

heparin, or physiologic saline. These suspensions of isolated platelets are thor-

oughly washed and are free of white cells, red cells, and plasma.

3 . The concentration of the platelet suspension, the time and temperature of

incubation affect the intensity of the agglutination, and therefore these variables

must be standardized in order to obtain comparative results.

4. Readings were performed by subjecting the tests to mild centrifugal force and

reading the degree of agglutination upon resuspension.

5 . Suspensions of isolated platelets are stable in saline and may be sedimented by

centrifugation, and resuspended without agglutination. Upon the addition of

homologous or heterologous plasma or serum, such platelets usually become un-

stable and agglutinate.

6. Platelets obtained from various types of plasmas from the same individual

differed in agglutinability. Plasmas obtained from the same individual or dog by

the use of various anticoagulants may or may not show different concentrations of

the platelet-agglutinating factor.

7. Plasma obtained by the same method, or serum, from different individuals

exhibit significant differences in ability to agglutinate the same platelet suspen-

sions. Platelets obtained by the same method from different subjects vary in agglu-

tinability when tested against one plasma or serum.

8. Sera usually agglutinated platelets more intensely than plasmas and also

caused more degenerative changes in platelets.

9. The platelets of pigs are extremely susceptible to agglutination, and the

platelet agglutinates disperse easily upon agitation. The pig platelets agglutinate

in very high dilutions of pig or dog plasma or serum.

10. Preliminary tests indicate that the inactivation of the platelet-agglutinating

factor in plasma and serum by heat or by filtration is variable and complex.
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I I . The serum of one case of hemophilia was able to agglutinate a suspension of

isolated platelets from a normal subject.

12.. Darkfield observations revealed that isolated platelets are normal in mor-

phology, and that the gra#{231}iulesare very obvious. In addition, isolated platelets

are stable in saline but agglutinate upon the addition of certain plasmas and sera.

Following agglutination, the platelets fuse or hyalinize to a greater or lesser de-

gree, depending on the substrate. Isolated platelets do not appear to be susceptible

to true lysis.

13 . The mechanism of platelet agglutination and its relation to blood coagula-

tion and thrombotic and hemorrhagic disorders is discussed. An attempt has been

made to clarify thrombophilia and thrombopathy and to redefine them by applying

the terms platelet hyperagglutinability and platelet hypo-agglutinability, re-

spectively.

14. The possible application of our platelet-agglutination test to the study of

certain thrombotic and hemorrhagic conditions is discussed.

REFERENCES

1 Copajsy, A. L. , AND STEFICO, P. L. : Completion thrombi in segments of artery and vein in dogs and

the genesis of thromboembolism. Surg. Gynec. & Obst. 84: 45 I, 1947.

2 COPLEY, A. L., AND HOIJLIHAN, R. B. : Studies on platelets. VIII. On the agglutinability of human and

dog platelets by purified blood proteins and coagulant substances. (To b: published.)

3 COPLEY, A. L. , AND HOULIHAN, R. B. : Studies on platelets VI. The isolation of platelets from human

and dog blood. Blood (supp.) i: ‘70, i�4�’.

4 HOWELL, W. H. : Theorirs of blood coagulation. Physiol. Rev., rj: 435, 1935.

5 COPLEY, A. L. , AND HOULIHAN, R. B. : Studies on platelets. IX. On the thromboplastic activity of the

blood platelet. To be published.

6 EBERTH, C. J. , AND SCIIIMMELBUSCH, C. : Die Thrombose nach Versuchen und Leichenb:funden.

gart: Enke, i888.

7 WRIGHT, J. H. , AND MIN0T, G. R. : The viscous metamorphosis of the blood platelets. J. Exp. Med.,

26: 395, 1917.

8 WRIGHT, HELEN P. : The adhesiveness of blood platelets in normal subjects with varying concentrations

of anticoagulants, J. Path. Bact., ;�.‘ 2.55, 1941.

9 COPLEY, A. L., AND ROBB, T. P. : Studies on platelets II. The effect of heparin on the platelet count in

vitro. Am. J. Clin. Path., 12. 416, 1947..

10 THOMSEN. 0. : A method for direct count of the blood platelets in the blood. Acta Med. Scandinav.

53: 507, 197.0-lI.

11 TOCANTINS, L. M. : The mammalian blood platelet in health and disease. Medicine, z�: i�, 1938.
12 HOULIHAN, R. B. : Unpublished data.

13 HOULIHAN, R. B., AND COPLEY, A. L. : The adhesion of rabbit platelets to bacteria.J. Bact.,52.’439, 1946.

ii HOULIHAN, R. B. : Platelet agglutination and adhesiveness in normal and splenectomized dogs. To be

published.

15 Cop�y, A. L., AND HOULIHAN, R. B. : On the mechanism of platelet agglutination. Fed. Proc., �: 173,

‘945.

16 COPLEY, A. L. , AND LALIcH. J. J. : Bleeding time, lymph time and clot resistance in men. J. Clin. Investi-

gation, 21. 145, 1947..

17 LALICH, J. J. , AND COPLET, A. L. : Clot resistance in mice and the mechanism of hemostasis. Arch Su.rg.,

46.� 7.7.4, 1943.

is Cited by TANNENBERG, J. , AND FIscHER-WA5Ez.s, B. : Die lokalen Kreislaufstorungen. Handb. d. norm.

u. path. Physiol., 7, ii: 1781, 1917.

19 LIBMAN, E. : Symposium : Angina pectoris, with special reference to coronary artery disease. General

considerations. Bull. New York Acad. Med., yi.� 47.7, 1935.

20 WILLEBRAND, E. A. V. , AND JUERGENS, R. : Ueber eine neuc Bluterkrankheit, die konstitutionelle

Tbrombopathie. Kim. Wchnschr.., xi: 414, 1933.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/2/Special_Issue_N

um
ber_1/182/786877/182.pdf by guest on 19 M

ay 2023




