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mation are closely related, perhaps identical. Investigations of the hacmo-
static mechanism are therefore mportant in order to obtain knowledge
both of haemorrhagic conditions and of thrombosis.

B. THE ROLE OF BLOOD COAGULATION AND PLATELETS
IN NORMAL HAEMOSTASIS

a) The smmediate haemostasis of freshly mjured vessels

Blood coagulation is probably of minor importance for the immediate
or “primary” haemostasis This statement is based on the following facts:

1. Fibrin is not detected in the platelet plugs which arrest the bleeding
from freshly injured small vessels (Zucker 1947). Patients with congenital
afibrinogenaemia usually have 2 normal bleeding time (Pinninger & Prunty
1946, Frick & McQuarne 1954, Alexander ¢f al. 1954). Technical errors
are thought to be responsible for the prolonged bleeding time reported in
a few cases (Frick & McQuarrie 1954, Soulter ef al. 1955).

2. Pauenes with congenital defects in I factors have a nor-
mal bleeding time (Borchgrevink & Waaler 1958).

3. Dicoumarol treatment of rats does not prevent the formation of
the platelet plugs following injury of the small vessels (Zucker 1947).
Dicoumarol treatment of rabbuts caused only a shght prolongation of the
bleeding time in 50 per cent of the animals (Cauwenberge & Jaques 1958).
Excessive treatment with phenylndanedione in man (PP value less than
5 per cent) gives only a slight prolongation of the bleeding time (Borch-
grevink & Waaler 1958).

4. Hepanin 1n ordiary therapeute doses, did not prevent the pro-
duction of white thrombr 1n rats 2 220, nor did 1t prevent the formation
of thromb: in artenio-venous glass shunts (Zucker 1947). In rabbuts,
platelet plugs formed in the mesenteric vessels after injury in the presence
of about 0.003 per cent heparin, a concentration someshat higher than
the therapeunc concentration commonly used 13 man (Roskam e? al.
1955). When bleeding from the small blood vessels the hamster cheek
pouch was provoked with a macroelectrode, treatment with hepann,
dicoumarol, Tromexan and phenylindancdione ephanced the formation of
a platelet plug at the site of haemorrhages (Fulton ef ol 1953},

In man only 2 slight prolongation of the bleeding time within the not-
mal range could be demonstrated after heparin treatment (Hjort & Stor-
morken 1957, Borchgrevink & Waaler 1958), In mice, following massie
doses of hepann, the bleeding time was prolonged only 1n some of the
anmals (Copley & Lalich 1942).
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These investigations strongly suggest that platelets are responsible for
the primary hacmostasis, whereas both platelets and the coagulation factors
belonging to the intrinsic clotting system are responsible for permanent
haemostasis in man.

C. THE PLATELET ADHESIVENESS

The adhesion of platelets to an mjured vascular wall or to a foreign
surface has been called adbesion, aggregation, or agglutnation by different
authors. According to Braunsteiner (1955), the property of the platelets
to adhere to certain foreign surfaces is called plateler adbesiveness. This
process is assocrated with morphological alterations of the platelets, in-
cluding formation of pscudopods, spreading out of the hyalomere and
coal of the granul to a central pseud leus Br i
& Pakesch (1956) strictly distinguished between adbestveness and the
ability of the platelets to stick to each other in the absence of immunolog-
ical mechanisms (aggregation). When platelets formed clumps as the result
of a reaction between antigen and antibody, they used the term agglu-

tinatron.

Lundevall (1958) used the expression “unspectfic clumping” instead
of aggregation.

In this work, the termunology of Braunsteiner (1955) is used, but a
strict differentiation between adhesiveness and aggreganon of platelets 1s
not accepted for the following reasons:

1. Aggregation of platelets 1 1sfro may be provoked by different
agents It s the initral step of viscous metamorphosis and has been supposed
to be induced by some coagulation factors and calom (Wnght & Minot
1917), by Product 1 (Bergsagel 1956}, by PTA (Sharp 1958), by PTA
and Hageman factor (Biggs ¢ al 1958), or by “Actvation product”
(Waaler 1959 a) Platelets may also be aggregated by different bacterial
toxtns, snake and bee venoms, hustamine and hepann, further by HgCly,
HgCN,, saponmn (Oellgaard 1943), or by a substance in the red cells
(Oellgaard 1951) Washed platclets in saline are aggregated at pH above
7 in the presence of calaium (Lundevall 1958).

2, The first step 1n normal } ludes both adh of
elets to the vascular wall and platelet aggregation Both processes occur
1 usly and dately after the vessel injury. The basic mecha-
pusms are therefore probably identical, but not related to any acuvation
of the coagulation process, because such activation needs at least several

plat:

seconds
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D. THE MECHANISM OF THE ADHLSION OF PLATELETS
TO THE VASCULAR WALL OR TO FORLIGN SURFACES

This mechamsm s poorly understood and several theories have been
proposed:

1. The adhesion is due to alterston of the electrical charge of the
injured intima {Sawyer ¢f of, 1953 3, b,¢}.

2. The platelets are mechanically injured by contact with the “foreign
surfaces”, and therefore become adhesive {Loeb 1906),

3. The adhesion 15 duc to alteration (“opsonisation™} of the snjured
intmal susface, The role of the platelets 15 pasave and independent of
viability {Roskam 1922-3}.

4 Plateler adhesion depends on the deposition of a fthrin inlm an thew
surfacc {Wrighe 1945).

Thrombun farmation, together with certain cofactors, makn the
phte!c:s adhesive (Bounameaux 1957) This hypothesis cannot, however,
explun why platclet adhestion occurs immediately after mpory.

There 15 evidently no agrvement as to the mechamsm of platclec
adhesion, probably because the methods for snvesugation of plateler
adhesiveness are stell unsansfacrory. In spite of the major smportance of
plateler adhestseness 35 haemostasss and thrombus formation, surprisingly
few (nvestgations of this problem have beca reported This fact ealls for
furcher work 1 this field since increased knowledge of platelet adhesiveness
may shed hight on the mechanism both of thrombus formation and of
haemostasss.

£ PLAN OF THIS STUDY

The pruncsple amm of the present work has been to study the mechanism
ot the “immedite” adhesion of human platelets o forciga surfaces and
the factors which influence this process. The plan also sncluded a study of
the plateler adhesiveness in normal subjects and 1n panients with bleeding
disorders This was done i order 1o determine the normal range and to
investigate 2 posuible correlation between the adhesiveness of platelets and
thesr haemostanic effect Dine to technical errors snherent 1 the methods
previously reported. 2 more reluble method for esumation of platelor
adhestveness had to be developed



Chapter II

Materials, methods and definitions

1. MATERIALS

Cannulas. Siliconized steel cannulas, gauge 19, were used for with-
drawal of blood.

Cephalin. A crude cephalin suspension was prepared by the technique
described by Hjort ¢f al. (1955).

Citrated whole blood. Normal whole blood was collected in siliconized
glass tubes containing 1/10 volume of 3.13 gm per cent trisodium citrate
dihydrate If the haematocrit was outside the normal range (40-50), the
volume of citrate was adjusted according to the haematocrit value to give
a constant citrate concentration in the plasma (p. 18).

Cutrated platelet-rich plasma, Citrated whole blood was centrifuged
for 15 minutes at 190 G at 4°C, The plasma was collected with 2 sili-
conized pipette

Citrated platelet-poor plasma, Catrated platelet-rich plasma was centti-
fuged for 20 munutes at 81,000 G at 4° C in a “Spinco” centrifuge, model
L. The supernatant contained less than 700 platelets per c.mm.

Connting chambers. The counting chamber of Burker was used for
platelet counting.

Chromo-sulphuric acid solution was prepared by dissolving 15 gm of
anhydric chromic acid, c.p. (Merck, Darmstadt, Germany) in 800-1,000
ml of distilled water. To this solution was added 5 1 of concentrated
sulphuric acid.

EDTA. A 45 per cent (w/V) solution of ethylene-diamne-tetraacetate
dihydrate (“Komplexon HI” from Stegfried, Sofingen, Switzerland) in
distilled water was used as a stock solution. The solutton was adjusted to
pH 7.3 with N/2 N2OH.

Glass bead column (filter). Plasuc tubing about 20 cm long with an
internal diameter of § mm was used for preparation of a column. A filter
st was mserted i the lower end. The filter unit was prepared from two
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Thromboplastin. A saline extract of human brain was prepared ac-
cording to Hjort (1957, p. 17).

T'riton. A solution of 1 per cent Triton (Winthrop Laboratories, New
York, U.S.A.) in saline was used.

Trypsin. “Trypure Novo” (Novo Terapeutiske Laboratorium, Copen-
hagen, Denmatk), containing 22-25 Anson units of trypsin per gm dry-
frozen sul was dissolved in phosphate buffer (pH 7.7) 1o give a
1 per thousand solution,

2. METHODS

Antibaemopbilic A factor assay was performed with the method of
Waaler (1959 b).

Antibaemophilic B factor assay was performed with a one-stage cephalin
method described by Stapp (1958).

Bleeding #sme. A modified Ivy technique was used (Borchgrevink &
Waaler 1958). The normal range is 2-12 mnutes.

Cephalin tsme was estimated as described by Waaler (1957).

Centrifugation. An “International” refrigerated centrifuge (model
PR-2) was used. The maximal G! when using 10 m! tubes was about 200
at 1,000 r.p.m. and about 1,800 at 3,000 r.p.m. For high speed centri-
fugation the “Spinco” ultra centnfuge, model L, was used. The maximal
G was about 9,000 at 10,000 r p.m, about 36,000 at 20,000 r.p m., and
about 81,000 at 30,000 r.p.m. The materral was centrifuged in lusteroid
tubes at about 4°C.

Dralysis was pecformed in Schaldarm casings (Kalle & Co., Wiesbaden,
Germany).

Cleaming procedures for syringes and glass tubes are described on p. 16
and for the counting chambers on p. 21.

Ion exchange expertments with Factor R were performed in Erlen-
meyer flasks as described 1n the texe (p 73). Columns were not used,
because the solution of Factor R passed through the resin column too
slowly. Before the anion exchange the solution of Factor R was adjusted
to pH 9 with NH4OH In the cation exchange experiments, the solution
was adjusted to pH 2 with HCI.

Platelet adbesiveness assay was performed with the author’s method,
The equipment 15 described 1n the text (p. 14) The practical performance
of the assay 1s described on pp 17-19.

¢ Relanve Centnfugal Force = 1118 % Ry, X (rpm)! x 10 %
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Chapter 11T

The assay of platelet adhesiveness

L. PREVIOUS METHODS FOR ESTIMATION OF
PLATELET ADHESIVENESS

Baar & Szekely (1929) estimated the decrease of platelet number in plasma
after storage of the plasma in glass containers Baar (1941) claimed this
to be the first test devised for platelet function In this test, however, the
decrease of platelets was partly due to adhesion of the platelets to the glass
wall and partly caused by disintegration of the platelets

Morawitz & Jurgens (1930) constructed an apparatus (“Kapillar-
thrombometer™) conststing of 2 pumps which drew blood without anti-
coagulant through a calibrated glass capillary tube The direction of the
blood stream was alternated at intervals After a certain time the blood
stream ceased, due to plugging of the capillary tube by platelets. This time
(“Thrombosezeit”) was taken as an indirect measure of the adhesiveness
of the platelets In all probability, the coagulation of the blood also in-
fluenced the results.

Methods have been described for the study of experimental extra-
corporeal thrombosis (Rowntree & Shinoya 1927, Johnson 1927, Best ef al.
1938). The principle of these methods is to shunt the blood stream from
arteries to veins through tubes or chambers, 1n which thrombs are formed
aftee 2 certain time. When flat chambers were used, the formation of
plateler thrombi was easdy d. d by pic nvesti of the
chambers The time required for formation of whte thrombi, or for plug-
ging the tubes, gave a rough estimation of the platelet adhesiveness These
methods are semiquantitative

The first real attempt to measure the adhesiveness of platelets quanti-
tatively was made by Wright (1941). The principle of the method was as
follows: Blood mixed with anticoagulant was transferred to a special glass
tube, whose sides had been ground away to form two windows about 1.5
cm 1n duameter. The windows were covered with uncoated glass, while the

10
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the time of contact between platelets and glass surface is not stindardized.
The calculation of the number of adhesive platelets involves four count-
ings, which iderably d the of the method.

In the method of Revol (1954) platclets were not counted. Ten ml of
venous blood was collected in a tube containing 1 drop of heparin and
0.5 ml of a 4 per cent citrate solution. The blood was centrifuged for 3-4
minutes at 3,000 r p.m. One drop of the platelet-rich plasma was deposited
between a slide and a cover-glass and examined with oil immersion lens in
a phase contrast microscope. After 10 to 60 minutes, normal platelets
spread out and adhered to the glass surface. “Pathological platelets formed
dendrites as normal platelets, but did not spread out or adhere to the glass ”
This method is not quantitative.

Marx & Derlath (1957) described a method in which a capillary tube
with a length of 500 mm and 2 bore of 1.174 mm was used as foreign
surface. One tenth m! of citrated blood was deposited in the tube, and the
tube was tilted to an angle of 60°. When the blood column in the capil-
lary tube had run exactly 400 mm, the tube was tilted to the opposite side.
This was repeated for § minutes, and the number of tiltings gave a relative
value of the viscosity of the blood. The difference in the platelet number
before and after the procedure was the number of adhesive platelets. The
test was performed at 37°C. The contact area in this method varies
considerably with the viscosity of the blood if the contact time is kept
constant. If the contact area 1s kept constant by letring the blood run a
constant distance 1n the tube, the contact ume varnes with the viscosity of
the blood.

2. 'THE PRESENT METHOD FOR DETERMINATION OF
PLATELET ADHESIVENESS

A. Theoretical considerations

Remarks made 1n the preceding chapter illustrate the nced for better
methods for determinavion of platelet adhesiveness, An s 1ur0 techmque
would be the most satisfactory way of studying the adhesiveness of platelets
from a physiological point of view, but such a method 1s probably im-
practicable with humans Any 1 21tro method nevstably introduces at
least two unphysiological factors, namely, an anucoagulant and a forngn
surface. The choice of anticoagulant will be d d later (pp 33-36).
As a foreign surface glass 1s convenient because 1t 15 eastly available and
easy to clean by standardized procedures.

12
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ference between delivery tame and the confact time must be kept in mind
to avoid confusion.

3. Other requisttes used in the method are described in chapter It
(Materials).

D. Preparation of the equipment

The mechamed device was constructed and buile by The Central
Institute for Industrial Research, Blindern, Oslo, Norway.

The glass bead filters are prepared from three different sized plastic
tubes (sce Fig 2). The external diameter of the smaller cube equals the
internal diameter of the larger tube. The medum and the small sized
tubing is used for preparation of the “filter units” which close both ends
of the largest tubing. It is important to avoid leakage of blood from the
glass bead filter. Plastic glue is therefore used to seal the connections.

The steel cannulas are boiled for 3 minutes in a solution of “Monocote”
and rinsed m running tap water for 20 minutes, followed by rinsing twice
with distilled water. After dry stenlization at 180° C for 180 minutes, the
cannulas are ready for use.

The syringes are cleaned in a solution of sodium carbonate, nnsed
several times 1n tap water and distilled water, and dried. The syringes are
then filled with a 10 per cent solution of siloxan in ethyl ether, After one
minute they are emptied and allowed to drain for 15 minutes, followed
by heating to 180° C for one hour. This procedure gives a greasy film,
with excellent water repellent property, which does not inhibit the move-
ment of the piston.

The glass tubes are cleaned with a solution of sodium carbonate, rinsed
in tap water, and kept in a solution of chromo-sulphuric acid for 24 hours.
After rinsing in tap and distlled water and drymg, the tubes are filled
with a 2 per cent solution of DC 1107 for two minutes and drained. After
heating to 180° C for one hour, they are ready for use. All siliconized
equipment 15 cleaned and resiliconized each time it 15 used.

The glass beads are soaked 1n a solution of sodium carbonate for 2 days.
After rinsing 1n running tap water for half an hou®, they are soaked in
chromo-sulphuric acid solution for two days, and rinsed in running tap
water for 2 hours with occasional strning, followed by rinsing i large
quantities of distilled water. The beads are dried at 120° C for 24 hours
It must be stressed that large quantities of water for nnsing are necessary,
as otherwise the beads will retain too much chromate on their surface.

16
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F. Adjustment of the amount of citrate alded at
abnormal baematocrit values

Wright (1941) showed that the adhesiveness of platelets decreased with
increasing concentration of oxalate, heparin and chlorazol dyes. As shown
in the present work (p. 33) the addition of increasing amounts of citrate
to the blood has the same effect. The concentration of citrate in plasms
must therefore be kept constant. The citrate solution must be isotonic,
otherwise the adhesiv of platelets is changed (pp. 43-46).

The necessary amount of citrate solution which must be added to give
a2 constant concentration of citrate in plasma at different haematocrit
values was calculated as follows:

The final volume of the citrate-blood mixture is always 10 ml The
amount of citrate added is X ml The amount of blood is 10 - X.

100-H
100
100-H
100

The amount of plasma = ml whole blood .
=(10-X) .

At normal haematocrit (45 vol per cent), 9 ml of blood is mixed with
1 ml of isotonic citrate solution. The ratio crtrate/plasma is then 1/4.95.
This ratio has to be kept constant at any haematocrit value,

X o
amount of plasma - 95

X I
(10-X) . T e

495 X = (10 - X) (100 - H) = 1,000 - 10H - 100X + HX
X(595 - H) = 10(100 - H)

x=10. (100-H)
595 -H
Using this formula, the rauo citrate/plasma is 1/4.95 at any haematocrit

value.
The values of X at different haematocrit values were calculated and

plotted on a graph (Fig 3}. In later expeniments, the amount of citrate
0 be added was read from this graph.
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More than 150 methods for the counting of platelets have been described
(Maupin 1954, p. 10). The different principles and a few examples of the
commonly used methods will be discussed. The methods may be divided
into three groups.

1) Indsrect methods: In these the ratio of platelets to red cells is esti-
mated by counting the number of platelets and red cells in either  blood
smear or in a counting chamber after suitable dilution of the blood. From
this ratio and an ordinary red cell count, the number of platelets is
calculated. In healthy males with a ratio of 1:20 the minimum error is 14
per cent when platelets among 1,000 red cells are counted in a chamber.
In addition, a red cell count, which has an error of about 8 per cent, 1s
required to obtain the platelet number per ¢ mm. The combined errors are
[/_lm_s_-’= 16 per cent (Brecher ef al. 1953). Thus, the counting error
in indirect methods is always greater than in direct methods.

When smears are used for estimation of the ratio platelets/red cells, 2
higher ratio is usually found. According to Brecher ¢f al. (1953), the
reason is probably a tendency to pick out areas where platelets are readily
seen, i. £. areas with a high number of platelets. The highest counts recorded
are not necessarily correct (Wintrobe 1951, p. 241).

2) Durect methods. In these the blood is mixed with a solution con-
taining an anticoagulant, and which either a) preserves both the red cells
and platelets, or b) haemolyses the red cells and preserves the platelets The
platelets are dina ber after swrable dilution of the
blood.

An example of the first principle is the method of Rees & Ecker
(1923); examples of the second are the methods of Feissly & Liidin
(1949), and of Brecher & Cronkite (1950).

3) Plasma platelet count The counting of platelets :n plasma following
sedimentation of the red cells was first done by Thomsen (1920). He used
blood mixed with 1710 the total volume of 2 10 per cent solution of
citrate. After the red cells were allowed to sedument, the plateler-rich
plasma was diluced with normal sahne and the platelets were counted 1 3
counting chamber. To determene the platelet numbers in whole blood, the
haematocnt was used as a correction factor

Nygaard (1933) descnibed 2 modification of Thomisen’s method in
which blood was diluted 1:20 with a 1 6 per cent sodium oxalate solution
prior to sedi ation After sed ation of the red cells, the platelets
in the supernatant werc counted This 20-fold dilution of the blood
greatly reduced the error caused by vaniation of the ] r In Ny-
gaard’s method, the observed platelet o ~in b with haema-
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was dried with 2 soft cloth. Just before use, the chamber again was wiped
with a smooth linen cloth to remove any duse, Priar to filling, the empty
chamber was insp d under the mi pe for the presence of dust
particles. Another error anses if the cover glass is touched, for example by
the microscope’s objective, after sedimentation of the platelets In this
instance the platelets run together in the centre of the chamber and become
unevenly distributed.

All methods also involve the error caused by counting fragments of
red cells (Arnold bodies), bacteria, yeast and dust as platelets, This source
of error is usually avoided in Nygaard's method except when studying
blood from patients with severe anaemia, where numerous microcytes
and/or Arnold bodies may occur together with the platelets in the
supernatant, Nosmal platelets appear as more or less dark sphaerules on a
bright background, depending on the type of phase contrast microscope
used They are 1-2 y in dizmeter and have one or two delicate spicules.
Occasionally platelets wich a diameter of about 3 p or even more may
oceur. These platelets are pink, hike the red cells or fragments of red cells.
Microcytes and Arnold bodies, however, lack spicules. Difficulties in rec-
ognition of platelets therefore do not play any important role in the error
of counting,

Another source of error 11 Nygaard’s method might be sedimentation
in the glass tube of aggregated or large platelets, resulting in too low
values. The mean count i ctfrated blood (1:10) from 72 normals was
218,000 per e.mm (see Table 1), which equals 241,000 per c.mm in whole
blood. These figures agree with the results of Brecher & Cronkute (1950),
who counted platelets in 50 normal young men, using capillary blood. They
found a mean of 257,000 platelets per c.mm, and a range of 87,000~
498,000 platelets per ¢ mm Sedimentation of agglutinated platelets there
fore does not scem to be a source of error 1n Nygaard's method.

H. Precision of the method

According to Berkson ¢f al, (1940) the coefficient of variation of 2
platelet count 1n a haemocytometer is given by the following formula:

7093)2 2 62 73
V::l ,(_9_’)_(19)__[_1&___*_ 47
m n, n,

when Vi = coefficient of varmation (standard deviation mn per cent of
mean),
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one platelet count, it will be 2 matter of chance whether the “chamber
error” is of the same size as indicated by Berkson’s formula. In addition,
since the two chambers for a single count were taken from a pool of four
in no systematic fashion, the “chamber error™ may vary from day to day.

An estimate of the precision of the entire procedure, which is included
in the estimation of platelet adhesiveness, was obtaied in the following
manner. Double testing (involving the use of two syringes, two columns
and 4 counting chambers) was performed on blood samples from 72 nor-
mal persons. The standard deviation and the coefficient of variation of
the platelet count before (T1) and after (Te) the passage through the
column were calculated from these values (see Table 1). Before passage
through the column the platelet count coefficient of variation was 3.3§
per cent. The random distribution of platelets alone would be expected to
give a coefficient of variation of /9.35 = 3.06 per cent. This indicates
that the combined chamber and pipette errors must have been of very
Iirtle consequence.

Table 1. Statistics on dowble tests for platelet adhesiveness on blood samples
Srom 72 healthy sndiiduals

Before passage After passage
through column through column
Mean platelet count per ¢ mm 217,500 128,500
Range of platelet counts, per c.mm 138,000-—421,000 72,000—275,000
Number of cxpenments 7 o
S D., platclets per c.mm 7,287 8,507
335 660

Coctficient of varnon (%)

The coefficient of variation after passage through the column was 6.60
per cent. Since this includes a component due to varjations in the number
of platelets adhering to the beads m the column, such a difference might
be expected. This “column error” can be estimated, thus | 6.602 - 3.352

= 5.69 per cent,
‘The main nterest, however, concerns the precision of the difference
in counts before and after the passage. The standard deviasion of this dif-

ference js*
=" E3 2 .
5D, =)SD 2, +SDZ, ", which can be watten:

‘ / (Xrb%‘{l_)i Ve X Tz_)z

Vo X
+( 100
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Table 2. Statrstics on double tests for platelet adhesiweness on blood samples
from 14 thrombocytopenic patients

Before passage After passage
lhmughiolumn thughyculugmn
Mean plagelet count per ¢ mm 35,000 19,000
Range of platelet counts, per c.omm 8,000—60,000 6,000—~39,000
Number of expenments 14 14
S D, platelets per c.mm 1,620 1,610
Coethicrent of vamation {55 469 833

After passage, the expected coefficient of variation based on “field

. . 0
error” only, is approximately: 100 g per cent. The observed coef-

Y315
ficient of variation is 8.4 per cent, which incorporates the effect of the
column passage. The component due to this passage (“column error”) ¢an
be estimated as: }'8 4% - 5.6 = 6.3 per cent, which compares favourably
with the value observed for the same component in healthy individuals,
viz §.69 per cent.

Therefore, the following formula appears applicable at the 95 per cent
confidence nterval for the true number of adhesive platelets per c.mm
if ny cells are counted mn each of two chambers before passage and nq cells
counted in each of two chambers after passage:

(1) Observed number % 2

N g T2 1 z T2z
/(M + 0299 1 4 (M+029:+56g1’)_2~ .
o, 1007 n 1002

Summary

A short descniption of earlier methods for the esumation of platelet
adhesiveness 1s given, and the methodological errors are emphasized. The
main errors are:

1 The ume of contact between platelets and glass surface 15 too long
(Wnight's method).

2 The glass surface area 15 not standardized (Moolten & Vroman's and
Marx & Derlath’s methods)

3. The contact time 1s not standardized {Rovattr’s method).

4 The 2mount of anticoagulant added 1s not ad;usted according to the

haematocrit (all methods).
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Personal snvestigation. Citrated blood from 10 healthy persons was
studied. The platelets were counted immediately after withdrawal, and
after 30 minutes of storage at room temperature. The results are shown in
Table 3. In contrast to the results of Baar & Szekely, no platelet loss was
noted under these conditions. A possible explanation is that siliconized
needles and glassware were used in the present investigation, whereas Baar
& Szekely used untreated needles and tubes. The use of silicone-coated
equipment minimizes platelet loss during collection of blood and improves
the stability of platelets, factor V and antthaemopbhilic A factor (factor
VIII) during storage, probably by retarding the activation of the coagula-
tion mechanism (Mustard 1957).

2. Effect on platelet adhesiveness

Earlier mvestigations. Moolten & Vroman (1949a) found adhesive
platelets increased in two persons and decreased in a third after storage of
citrated blood in syringes for about one hour. A systematic investigation
of this problem has not been reported.

Personal investigation. A sample of blood was taken from cach of 10
healthy persons. In addition, blood specimens were drawn from one person
on § consecutive days. The platelet adhesiveness was determined 5, 10, 15,
20 and 25 minutes after withdrawal of the blood. The results are shown in
Table 4.

The adhesiveness increased during the first 15 munutes after with-
drawal, followed by a stable period of 10 minutes.

These observations demonstrate the necessity of testing the platelet
adhestveness between 15 and 25 minutes after withdrawal of the blood.
In all later experiments, the adhesiveness was measured 15 munutes after
withdrawal of the blood.

B. Vartation of temperature

Previons muvestigations. Marx & Derlath (1957) found a considerable
decrease 1n platelet adhesiveness when the blood was cooled to 4° C. They
assumed that the decrease probably was caused by clumping of the plate-
fets, and, consequently, reduction of the number before the test was
performed. It should be mentioned, however, that cooling increases the
viscosity and thus reduces the contact area.

Personal investigation Citrated blood was collected from five normal
persons. Immeduately after mixing with citrate, the blood was transferred
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to § ml syringes, which had been kept for 2 hours at 0°, 20° and 37°C,
respectively. The filled syringes were incubated at the respective tempera-
tures for 20 munutes. The platelet adhesiveness was then estimated using
glass bead columns at the same temperature as the blood. The results are
shown in Table 5.

Table 5. The effect of temperature on platelet adhesiveness

Sample Platelet %n:, Adhesive platelets, x 1,000 |  Adheswve platelets, 9
no. x 1,
0°C  20°C 37°C | 0°C 20°C 37°C
1 180 89 120 125 50 67 70
2 194 117 113 115 60 58 59
3 201 124 108 116 62 54 57
4 260 78 87 108 30 33 42
5 237 57 63 80 24 26 34

Mean 45 48 52

The samples wete drawn from fave healthy persons

The adhesiveness decreased at lower temperature in three instances (nos
1,4, and 5) and remained constant in two (nos. 2 and 3). The mean values
indicate that temperature changes between 0 and 37° C have listle, if any,
influence on platelet adhesiveness Therefore, stight variations of the room
temperature (18-20°C) are without detectable influence on the deter-
minations. Thus, in later expertments, all tests were performed at room

temperature

C. Varwation of the contact time

Previons mvestig By elect; P of par-
lodion films which were immiersed in heparinized blood, De Robertis ¢f al.
(1953) found that the process of spreading out and adhesion of phrelc:s
to the foreign surface took place in “a very short pertod of $-30 munutes
Using anoptral contrast microscopy, Kotthinen & Wilska (1955) found
that numerous platelets adhered to a glass slide within 20-30 seconds.
Wright (1941) found 30 per cent adhered platelets after 20 minutes, 40
per cent after 40 munutes and 60 per cent after 80 munutes of contact with

glass.
Solandt & Best (1940) reported thar the first plateler thrombi were

seen after 6 minutes of extracorporeal crrculation through a glass chamber.

30



In 120, the
et




D. Variation of the area of glass surface

Prévious investigations, Marx & Derlath (1957) found 50 per cent
adhesive platelets when using a capillary tube with 2 bore of 1.174 mm.
By use of “ganz fein ausgezogene Kapillare” (in which case the glass area
is increased in relation to the blood volume) they found 84 per cent
adhesive platelets.

Personal mvestigation. The following tests utilized a constant delivery
of blood, since it was found that, if gear changes were made in the
mechanical device, tests could not be performed within the 15.25 minutes
time himit. This introduces an error, because the time of contact increases
with increasing length of the glass bead column. However, earlier experi-
ments (p. 31) showed that this error is small. The adhesiveness of platelets
in blood from three normal individuals was tested with 2.5, 5, 7.5, 10, and
15 grams of glass beads. In another series, blood from two additional nor-
mal persons was tested with §, 10, and 20 grams of beads. The results are
shown in Table 7. The number of adhesive platelets increased almost in

Table 7. The effect of increasing glass area surface on platelet adhesveness

Gm of glass beads used n the test
25 5 7.5 10 15 2

Sample  Plateler count, x 1,000

1 200 13 32 49 60 80
2 166 35 44 61 69 85
3 183 20 32 56 59 70
4 189 43 kel 91
5 421 35 65 93

Men 23 37 55 66 78 92

The results are recorded 1 per cent of adhesive platelets The samples were from five
healthy persons.

proportion to the increase of the glass surface area Thus, the mean value
of the platelet adhesiveness increased from 37 to 66 per cent when the glass
area was increased twice (5 to 10 gm of beads). From Table 6 it can be
calculated that an increase of the contact time more than twice (from 24
to 55 seconds) gave only 20 per cent increase of the platelet adhestveness
(per cent of per cent) Vanarion of the area of the glass surface therefore
influenced the plateler adhesiveness to a greater degree than did variaton
of the contact ume. Thus strict standardization of the amount of glast
beads 1s necessary.
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oxalate respectively. After an interval of 15 minutes, the platelet adhes-
iveness was tested. The total count i the different samples showes shght
increase with increasing concentrations of oxalate (mean value at 10 mM
229,000 v. 262,000 at 30 mM ), whereas the tatal count remained constant
1n the series with increasing concentrations of citrate. This indicates that
platelets are more adhesive in oxalated blood than in citrated blood. A
tendency of the platelets to form clumps in the 10 and 15 mM oxalate
solutions was noticed. The results are shown in Table 9, In this table the
total count of platelets is the value found in the blood sample with the
highest concentration of axalate. The calculation of the adhesive platclets,
therefore, also includes the platelets lost by adhesion to the wall of the col-
lecting tube.

Table 9. The effect of increasing concentrations of oxalate on platelet adhesiveness

Concentratron of potassium oxalate m whole blood, =M
Sample  Platelet count, x 1,000
no. 10 15 20 30
1 233 79 72 62 26
2 299 70 62 47 30
3 305 76 65 54 24
Mean s &6 54 27

“The results are recorded 1n per cent of adhessve platelets The samples were drawn from
three healthy persons

The expersment gave two valuable sterns of information. First, platelet
adhesiveness decreases with increasing oxalate concentration; second,
platelet adhesiveness 1n oxalated blood 15 much higher than in cquimolar
concentrations of crtrate. In addition, a falsely low platelet count was
found at low concentrations of oxalate. At these concentrations, platelet
clumps were also found. Oxalate, therefore, was rejected as a suitable anti-
coagulant for the present work Furthesmore, it should also be avoided 35
the antrcoagulant in all platelet work.

¢ EDTA
Previous muestigations. EDTA 1s a highly effective calcrum binding
agent, especually 1 neutral and alkaline soluuions (Flaschka 1955). Itis an
effective anticoagulant, but 1n addition destroys some of the coagulation
factors (Letkin & Bessman 1956) EDTA prevents morphological changes
and unspecific clumping of platelets. Therefore, 1t has been recommended
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as the anticoagulant for separation of platclets for eransfusion (Sprague
et al. 1952, Azs & Gardner 1955), for morphological platelet studies
(Feissly et al. 1957); and for serological studies on platelets (Lundevall
1958). Marx & Derlath (1957} found that plateler adhesiveness was §0
per cent lower in blood containing 5 37 mM EDTA than in blood with
20 mM citrate.

Personal anyestigation. A stock solution of EDTA in saline was made,
the pH was adjusted to 7.4 with N 1 NaOH. From chis solution four
dilutions were prepared. The concentration of EDTA in these was 10, 20,
30, and 40 mM, respectively One volume of exch of these solutions was
added to 9 volumes of blood from 3 normal donors. After a 15-minute
interval, the adhesiveness of the platelets was measured. The results are
presented in Table 10.

Table 10. The effect of ncreasing cor e srazsons of EDTA on platelet of esis eness

Concentranen of EDTA in whale blood, mM

Sample  Platck L x 1,000
no 1 2 3 4
1 233 —* 2 10 —1

2 23 sire 26 17 1
3 248 Gh 2 17 6
Mean 3 24 13 2

The results are recorded mn per cent of adhoave plitclets. The samples were drawn from
three healthy s,
* Blood cloed ~ +* Blood parnally clotted.

The adhesveness of the platelets could not be estimated 1 blood where
the concentration of EDTA was less than 2 mM, due to partial coagulation.
At final EDTA-concentrations above 4 mM, the adhesiveness of the plate-
lets was zero. At equimolar concentrations, EDTA 15 much more effective
than citrate for prevention of platelet adhesion. The range of EDTA con-
centrations that could be used for studies on plateler adhesiveness is too
narrow for the present method.

d. Hepar:n
Previons ineestigations Copley & Robb (1942a) found a pronounced
decrease n the platelet count when blood was mcubated with heparin i
4tr0, but no effect on the plateler count 1n mice sreated with heparin.
Treatment of dogs with heparin, however, gave a transient fall of the
number of platelets (Copley & Robb 1942b). Fidlar & Jaques (1948)
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found a decrease in the platelet number after injections of heparin in dogs
and humans. Quick ef al. (1948) found the same in dogs, but notin human
beings. After injection of heparin in hamsters, Copley (1948) demonstrated
platelet emboli in the vessels of the cheek pouch. The unspecific clumping
of platelets is not prevented by heparin (Lundevall 1958, p. 45). Wright
(1941) found a pronounced decrease in platelet adhesiveness with increasing
heparin concentrations in vitro.

Personal investigatron. Ten ml portions of blood from 3 normal persons
were mixed with 2, 4, and 8 mg of heparin. The platelet adhesiveness was
tested after 15 munutes.

The results were confusing. Both the total count and the calculated
number of adhesive platelets showed great variations without any syste-
matic trend for different concentrations of heparin. This was due to dif-
ficulties in counting, partly because the platelets, in all samples, formed
clumps in the counting chambers, and possibly because platelets adhered o
the wall of the glass tube before the actual rest of adhesiveness. The number
of non-adhesive platelets, however, showed a constant mcrease n all
samples with increasing concentration of heparin. This is illustrated in
Table 11. The finding of an increased number of non-adhesive platelets
with increasing concentrations of hepann, indicates that the platelet adhes-
iveness decreased with increasing concentration of heparin.

Table 11. The effect of increasing concentrations of hepar on platelet adhesiveness

Cencentration of heparin (mg/m} blood)

Sample 02 04 08
mo- Platelet  Non-adhestve|  Platelet  Non-adhs Plateler  Non-adh
count, platelets, count, platelets, count, platelets,
x 1,000 x 1,000 x 1,000 x 1 x 1,000 x 1
1 — 30 -— 49 153 62
2 150 62 138 79 230 114
3 235 %9 256 112 210 176
Mean 64 80 117

In thus gable the number of non-adhesve platclets 1s recorded for reasons discussed m the text
The samples were drawn from three healthy persons

In conclusion, heparin added to blood was found to produce # high

degree of platelet clumping. The total count of platelets fluctuated without
systemauc trend with varying heparin concentrations. Hepanin therefore
could not be used for esumation of plateler adhesiveness by the present
method.
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F. The effect of bacmatocrit variations

Previous iy estigations To my knowledge, studies on the influence of
the haematocrit value on platelet adhesiveness have not been reported.

Personal nvestigation. In cutrated plasma from 60 donors the average
value of the adhesiveness of platelets was 4 per cent, whereas the average
value in cifrated blood was 42 per cent (pp. 61 & $9). This difference
indicates that the presence of red cells has a decisive influence on the adhes-
wveness of the platelets This conclusion was confirmed by the following

experiments,
a) Nine volumes of blood from a normal person were drawn by strict
silicone ique into a siliconized tube ining I volume of 3.13 per

cent sodium citrate salution. The tube was centrifuged at 190 G for 15
minutes. The platelet-rich plasma was pipetted off. The “buffy coat” and
the upper layer of the red cells were removed and discarded, The remaining
red cells were centrifuged for § minutes at 900 G, and the supernatant
plasma pipetted off and discarded By mexing various proportions of the
packed red cells and the platelet-rich plasma thus obtained, whole blood
samples with different haematocnt values, but with a constant citrate
concentration, were available for testing. The adhesiveness of the platelets
was estimated in all samples Table 12 shows that the adhesiveness was
closely correlated with the haematocrit value

Table 12 The effect of mcreastng haematocrit on the platelet adhesweness

Sampleno  Hacmatoent, volume 9, Platelet count, x 1,000 Adhesive platelets, %

Q 351 2

1 20 247 21
50 52 33

80 72 9

0 297 5

2 20 20 25
50 135 3

80 6 70

0 461 1

3 20 318 10
50 216 41

80 124 60

0 3

2 19

Mea 50 4
80 58

The duferent haematocnt values were obtaned by muxing packed red cells and platelet-nch
Plasma 1 vanous proportions The blood was drawn from thres healthy persons
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In this experiment, the true haematocrit value is somewhat lower than
the calculated value, due to some plasma contamination of the packed red
cells. Therefore, the investigation was repeated in another way. Two
samples of citrated blood from one donor were centrifuged for 15 minutes
at 190 G. From one of these tubes, a certain amount of platelet-nch plasma
was removed. After mixing the red cells and the 1emaining platelet-rich
plasma, the tube contained citrated whole blood with a high haematocrit
value, Platelet-rich plasma pipetted from the second tube was mixed, in
different proportions, with citrated whole blood from the same donor.
Thus blood samples with 2 haematocrit value lower than the normal were
produced.

Table 13. The effect of varying the k o1t the platelet adh
Sample Original Haematocnit Platelet count,  Adhesive platclets,
no. haemateent of mixture %
21 216 15
29 221 2
1 4.5 31 225
37 237 35
a7 224 51
0 347 0
16 237 8
2 45.0 32 205 28
41 182 49
58 174 55
[ 431 6
15 315 1
3 425 31 248 26
38 260 46
55 182 59
0 338 8
16 235 5
4 450 32 208 33
41 197 37
58 132 52
0 238 =3
15 19 16
5 420 30 164 32
38 162 38
54 123 ]

The different hacmatoens values were obtaned by platelet-nich plasma addstion to, of
removal from, atrated blood.
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A total of five samples from different donors was prepared in this
manner, and the platelet adhesiveness determined 1n each. Table 13 shows
that there was a close correlation between the adhesiveness of the platelets
and the haematoerit value. In this experiment, the curve was steeper than
in the preceding one (Table 12). This was expected since the true haema-
tocrit values in the first experiment were lower than caleulated.

In these experiments a close correlation berween the adbesiveness of the
platelets and the haematocrit value 1n the blood was demonstrated, With
1 contact time of 30 seconds and a glass surface of § grams of glass beads
(standard conditions in the method), the adhesiveness of the platelets,
expressed in per cent, was approximately equal to the haematocrit value.

When platelet adhesiveness 1s esumated 1n blood from pauents with
abnormal haematocnit values, correction must be made for the observed
number of adhesive plaselets (observed number of adhesive platelets

kil y As described above, 1t 1s also possible ro adjust

v observed haematocrst ”
the haematoerit value prior to the estimation and record the platelet adhes-
iveness in per cent. Ths is the correct way if the purpose 1s to investigate
the property of platelets to adhere 1 ¢ 1ro. However, it 15 possible that the
assay without correction for the observed number at abnormal haematocrit,
or without adjustment of the hzematocrit prior to the estimanion, reflects
more closely the property of the platelets of adhening i vsvo (the hae-
mostatic effect of the platelets) This point wall be discussed later (p. 94).

G. The effect of untreated and silicomzed equipment

Presious mvestigations Moolten ef ol (1949b) demonstrated that
ntact endothelum was non-wettable, whereas injured endothelium became
wettable. In vessels with mtact endothelum the blood remauned flmd for
2 long time after the death of the antmal, and the platelets did not adhere
to the walls, Jaques ef al, (1946) d d that no coagul occur-
red for hours, and the number of platelets remamned stable for half an
hour +f platclet-nich natve plasma was stored in siliconized tubes

Favre-Gilly ef al. (1950) and Sprague et al. (1952) found that the
effect of platelet transfusions was improved when sihconized equipment
was used The use of s, d or plastic equip in blood collec-
tion has been found to munimize platelet loss (Muether e£ al. 1953, Mustard
& Walker 1957) These reports have led to the opinton that platelets do
not adhere to silicane-coated surfaces. Moolten & Vroman (19492) dem-
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In this way, three samples of blood were prepared, with a constant
haematocrit, but with different bers of platelets. The adhesi of
the platelets in each sample was measured. The experiment was repeated
with blood from another donor. Table 16 shows that the adhesiveness
expressed in per cent was constant and independent of the number of
platelets in the blood sample.

Table 16. Dlatclet adlesiveness at different platelet counts

Sample Packed Phteletrich  Platelet-poor  Platclet count  Adhesive
no. red cells, plasma, plasma, in mixture, platelets,
m] m] ml x 1,000 %
25 25 [ 0] 14 4
1 25 10 15 61 46
25 05 20 57 45
25 25 Qo 216 47
2 25 1.0 1.3 108 51
25 .0 25 31 48

The platelet count was vaned by mmr;%éuckcd red cells, platclet-rich, and platelet-poor
plasma from the same sample of crtrated bl
In conclusion: Investgation reveals that a correct picture of platelet
adhestveness may be obtained 1n blood samples from thrombocytopenic
patients if the adhestveness 1s expressed m per cent

L The effect of meals

Previons myestigations. Cullen & Swank (1954) reported that after
fatty meals there was an inconstant aggregation of platelets in the vessels
of the cheek pouch in hamsters Loughry & Cole (1954) found a 40-50
per cent decrease in the number of circulating platelers after intravenous
administration of fat emulsions in humans. Meng et al. (1956} found a
similar decrease in dogs after intravenous adi n of fat 1
but not after fatty meals. These observations indicate 2 possible effect of
fat on platelet adhesiveness. No studies 17 1170 on this subgect have been

reported. §
Personal iy estigation, The effect of ordinary meals on the adhesivenes

of the platelets was vestigated for the purpose of standardization of the

method, but the effect of extremely fatry was not studied.

Blood from § normal persons was re, and one and three
isti v

hours after a breakfast. onsisting milk, bread, butter,
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in saline was prepared. To 4.5 ml of citrated blood in cach of three tube
0.125, 0.25, and 0.5 ml respectively of this solution was added. A fourt}
tube, containing blood without glucose, served as a control. Subsequently
0.9 per cent salne was added to give a final volume of § ml in each tube
In this way, the four blood samples had a constant ionic strength and wen
diluted to the same degree, while the osmolarity in plasma was varied. Th
platelet adhesiveness was then tested, The experiment was repeated wtl
blood from 4 additional donors. The results are shown in Table 18. The
results were confusing with regard to the percentage of adhesve platelets
Thts was due to variauons in total plateler count of the muxtures with

Table 18. The effect of imercasing osmolarity on the platelet adhesiveness

Concentration Non-adhesive
Sample  of added glucose Platelet count, platelets, Adhesive platelets,
o, 1 whole blood, x 1,000 x 1 %
mM
159 123 2
1 25 162 115 29
50 169 119 29
100 178 145 19
275 184 33
2 25 268 1% 2
50 267 212 pal
100 316 240 bl
o 165 84 49
3 25 153 102 3
50 155 1o
100 152 132 14
Q 168 101 40
4 25 174 107 39
50 160 113 2
100 165 138 16
0 237 89 62
5 25 243 93 62
50 243 123 50
100 263 18 1”7
41
5 8
Mean 258 gz
100 18

The oemolanty was increased by adding diffcrent ansounts of glucose to the atrated blood
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diffecent osmolanty. When the number of non-adhesive platelets was
recorded, the interpresation was smpler, The aumber of non-adhesive
platelets increased in alt samples as the glucose concentration was increased
beyond 50 mM. When the increase was less than $0 mM, the number of
non-adhesive platelets remained almost constant. Therefore, variations in
glucose fon within the physiol t range did not infl the
adhesiveness of the platelets. When greater amounts of glucose wese added,
che platelet adhesiveness decreased.

K. The effect of varymg both the ionic strength
and the osmolarity

Previous smvestigations. Lundevall {1958) found a decrease in platelet
clumping st increasiag 1ome strength and osmolanty.

Table 19, The mfluence of tomc strengeh {and molanity) ot the platelet adhesiveness

Sample Relattve sonie seeength,* Platelet count, Adhesive platclers,

B0, 9 x 1,000 %
%0 143 43
1 100 146 53
120 157 18
€0 152 20
2 100 159 37
120 156 X
o0 155 42

3 00 54
120 133 20
w0 189 41
4 100 193 43
120 186 23
%0 3
5 0o 189 3
120 >3
0 38
Mean 100 bl
120 21

* 909, relaerve tomtc seength 10m) of evtrated blood + 2.5 m 0 43% NaCL
100°7 eclaezne somic stvengeh 10 e of curated blaod + 25 mi 2.5 NaCl.
12095 relauve tomic sccengeh 10 i of aitvated blood + 23 mb 1.8% NaCl

Ttrated bloed was dsawn from five healthy persons.
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- Personal investigation. Addition of hyper- or hypotonic NaCl solutions
to citrated blood causes changes in both jonic strength and osmolarity. This
combined effect of NaCl solutions on platelet adhesiveness was tested in
the following experiment.

From each of five donors, three samples of 10 ml citrated blood were
collected. To each, 2.5 ml portions of 0.45, 0.9, and 1.8 per cent NaCl
solutions were added respectively. The platelet adhesiveness in these samples
was measured and the resules are shown in Table 19. Platelet adhesiveness
diminished both with decreased and increased osmolarity and ionic strength
of the blood, but minor fluctuations, such as may occur ix 1ivo, did not
influence the platelet adhesiveness. In experimental work, however, the
osmotic pressure and ionic strength of the blood must be kept constant.

L. The effect of Triton WR-1339

Previous investigations. Triton WR-1339 is a surface-active alkyl-aryl
polyether alcohol which prevents platelet clumping and facilitates the
resuspension of platelets after centrifugation (Lundevall 1958). Kotilainen
& Wilska (1955) found that a similar product, Tween 80, prevented the
adhesion of platelets to “forergn surfaces”. Minor & Burnett (1953), Aas
& Gardner (1958), and many other authors added Triton WR-1339 1o
blood samples for the collectron and separation of platelets.

Personal muvestigations. A 1 per cent solution of Triton WR-1339 in
saline was prepared. To 4.5 ml portions of citrated blood from five normal
persons 0.5 and I ml of the Triton solution were added respectively. Samples
of blood to which no Triton was added served ascontrols The final volume
1 each tube was adjusted to 5.5 ml with physiological saline. The plateler
adhestveness was estimated after a 15-mnute wterval, and the results are
shown in Table 20.

The platelet adhesiveness decreased about 50 per cent at a concentra-
zion of 0.09 per cent Triton, but no further decrease was observed when
the concentration was increased to 0.18 per cent. These results confirm the
observations of earher authors.

Summary

The expeniments performed to develop 2 standardized method for the

assay of platelet adhesiveness are described The results may be summarized

as follows:
The blood samples should be tested in the interval between 15 and 25

munutes after collection since the platelet adhesiveness 1s constant within
this interval.
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used, however, to avoid any possible activation of coagulation factors
which may provoke platelet clumping The glass beads used are not silicone-
coated, as platelets adhere fo uncoated glass beads to a greater extent than
to siliconized ones.

The percentage of adhesive platelets is independent of the number of
platelets in the blood sample. Therefore, the determination may be per-
formed irrespective of the total plateler count.

A light meal does not change the adhesiveness of the platelets, Thus,
for the estimation, it is unnecessary to draw the blood from fasting subjects.

Great variations in the osmolarity and ionic strength of the plasma
milteu reduce the platelet adhesiveness. Lesser variations, as may occur in
viro, do not affect the adhesiveness

The presence of 0 09 per cent or more Triton WR-1339, reduces the
adhesiveness to about half the original value.

4. INVESTIGATIONS ON THE PLATELET ADHESIVENESS
IN CITRATED PLASMA

A. The effect of storage at 4°C

Earlter investsgations. Lundevall (1958, p. 27) found that platelets in
citrated plasma formed clumps more easily when they were stored in the
cold. Zucker & Borelli (1954) found that 85 per cent of the plaselets
maintained a discord shape when ncubated 1n their own citrated plasma
for 30 mnutes at 37° C. After storage at 4° C for 10 minutes, 95 per cent
of the platelets became spherical These morphological alterations were
reversed by reincubation of the platelet-rich plasma at 37°C In plssma
contaming EDTA, the platelets were spherical at both 4° and 37°C.
Platelets which have adhered to 2 glass surface (spread-out forms) show
changed morphology on incubation at 2-3° C. Their hyaloplasm retracts,
leaving long, fine pseudopodia which adhere to the glass. By rcmcubauo‘n
at 37° C, same, but not all, of the cells return to therr mmtial state (Bessis
1956, p 463).

These observations indscate that both the morphology and the adbes-
wveness of platelets change at low temperature, but no efforts have been
made to measure the influence of low temperatures on the latter,

Personal smiestigation. Curated blood was obtained from three donors
and platelet-rich plasma prepared by centrifugation for 15 nunutes t
190G The plasma was divided into 10 ml portions which were stored at
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Table 22. Platelet count and adhesiveness in citrated plateleterich plaswa stored at 4 and 20°C

Sample  Storage,mhours,  Platclet count,  Adhesive platelets, Adhesive platclets,
no. at given temp X 1 ,000 '35

72at4°C 213 130 61

1 72at4°C
+182620°C 176 10 6
48ar20°C 518 16 3

2 48 at 20° C
+24a4°C 472 3 <1

additional, freshly obtained, sample of platelet-rich plasma from the same
person (no. 1, Table 21) was stored first for 48 hours at 20° C, and then
at 4° C for 24 hours. The results of this experiment are shown in the lower
part of Table 22.

After 48 hours of storage at 20° C the adhesiveness of the plaselets
was only 3 per cent. The adhestveness was not increased by the subsequent
storage at 4° C for 24 hours. Thus 1t may be concluded that the incubation
of platelets mn citrated plasma ac room temperature, destroys the abilicy of
platelets to adhere to foreign surfaces.

C. Storage at 20°C and 37°C

Several samples of platelet-rich plasma from four persons were stored
at 20° C and the platelet adhesiveness tested at different mtervals. In 3d-
dition, platelet-rich plasma from one person was stored at 37° C and the
adhesiveness tested at short ntervals. Table 23 shows the results. Only 2
shight increase 1n the adhesiveness was found after six hours of storage at
20° C, whereas no increase was found after 3 hours of storage at 37°C.
These findings indicate that the increased adhesiveness in the Table 21 is
due to the effect of the low remperature and not to the storage per se.

D. Is the cold-induced wncrease i adhesiveness the result of
alterations of plasma factors or of platelet properties?

Waaler (1958) found that certain cozgulation factors were activated
when plasma was stored for 5-7 hours in uncoated glass tubes at 4° C,
whereas no activation could be demonstrated after storage at room tem-
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30 minutes at 2,300 G, and the supernatant, platelet-poor plasma was
piperted off. A sample of fresh platelet-rich plasma from the same donor
was prepared. After mixing equal volumes of the platelet-poor and the
freshly prepared plateler-rich plasmas the plateler adhesiveness in the
mixture was estimated, The mixture contained 299,000 platelets per c.mm,
the number of adhesive platelets was - 8,000, and the percentage of ad-
hesive platelets was - 2.

Thus shows that the increase in platelet adhesiveness at low temperatures
is not caused by plasma factors.

E. The influence of EDTA and citrate on the cold-induced
platelet adpesiveness

The following experiment was performed in order to find whether the
increased adhesiveness at low temperatures was influenced by EDTA and
citrate in the same way as these substances affected the adhesiveness of
platelets in whole blood (pp 33-35).

‘Three 4.5 mi samples of platelet-rich plasma from one donor were
stored at 4° C for 24 hours. To one portion EDTA was 2dded to a final
concentration of 6 mM; to the next portion citrate was added to a final

Table 24 The effect on cold-nduced platelet adhiesiveness of EDTA
and atrate or wicreased concentration of citrae

Concentration 1n plasma, mM Plateler Adhesive Adhesve
Sample no. count, platelets, platclets,
EDTA Citrate x 1,000 > 1,000 LA
0 16 198 114 58
1 6 16 29 -9 ~3
0 46 213 42 19
0 16 483 208 43
2 6 16 495 4 1
0 £ 528 107 20
o 16 239 136 58
3 6 16 232 2 12
0 46 202 72 36
0 16 Sg
6 16
Mean H - ”

Platelet-tich plasma was tested after storage for 24 hours at 47 C
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concentration of 46 mM; and to the third portion saline was added. In
each casc the volume addition was 0.5 ml The platelet adhesiveness was
measured in each sample. This was repeated with plasma samples from two
other persons, and the results are shown in Table 24. The platelet adhes-
iveness induced by Jow temperature decreased to about zero in the presence
of EDTA, as did the adhesis eness in whole blood (p. 34). By increasing the
plasma concentration of citrate from 16 to 46 mM, the cold-induced
adhesiveness decreased from about 50 to 25 per cent. In whole blood with
a citrate concentration of 10 mM (plasmaconcentration of abour 18 mM)
the average percentage of adhesve platelets was 35. By increasing the
concentration of citrate in whole blood to 25 mM (plasma concentration
of about 46 mM) the average percentage of adhesive platefets may be cal-
culated to be about 8 per cent (Table 8) Therefore, the influence of in-
creasing concentrations of citrate on adhesiveness induced by cold was less
than on the adhesiveness in whole blood. This observation indicates that
these two phenomena are closely related, but probably not sdentical.

Thus, the platelet adhesiveness 1 plasma should be esttmated 1n freshly
prepared citrated plasma Ths plasma should not be stored ac 4° C for
more than approximately 1 hour On the other hand, irreversible damages
occur if the platelets are stored at room temperature for 24-48 hours or
more. This should be borne in mind 1n alt platelet work, especially mn plate-
let transfusions, since 1t 1s reasonable to assume that platelet adhesiveness
1 some way 1s related to platelet “vubihty™ (see also Table 34).

Summary

It is demonstrated that che platelets i freshly drawn plasma have
nearly no ability to adhere to foreign surfaces When stored 2t 4° C for a
few hours, the platelet adhes: consderably. This s shown
to be due to alteration of the platelets and not to any plasma factor. When
stored at room temperature for at least 48 hours, the platelets are probably
damaged and the property of adhesiveness ts irreversibly fost. This 1s an
important consideration n plateler work.

$. THE PLATELEY ADHESIVENESS IN PHYSIOLOGICAL
SALINE AND IN ISOTONIC SOLUTION OF CITRATE

Prevtous mvestigations. Marx & Derlath (1957) found 34 per cent
adhestve platelets 1n an 1sotomic citrate-sahne solution when the plateless
had been washed three tsmes 1 this solution Bounameaux (1955 a) found
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presented indicate that platelets should not be resuspended in sahne. The
dilution of plasma with some saline, however, does not influence platelet
adhesiveness. These facts, as well as the influence of storage at 4° C (pp.
48-50) should be borne in mind when platelets are investigated or resus-
pended before platelet transfusions. Thus it is concluded that platelets
should be kept in their natural mulieu (plasma), otherwise artifacts are
introduced in investigation and “viability” influenced in transfusion.

Summary

Isolated platelets suspended in physiological saline have an increased
adhesiveness as compared to that in plasma. The adhesiveness in saline is
probably due to alterations of the platelets (denaturation?). The adhes
iveness of the plaselets in an isotonic solution of citrate is less than in nor-
mal saline. The adhesiveness of the platelets in saline under varying condi-
tions probably does not reflect variations in their natural adhesiveness.
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Chapter IT”

Platelet adhesiveness in healthy persons

The platelet count differs considerably in normal subjects. Sloan (1951)
found 2 mean platelet count of 241,000 with a range of 140,000 - 340,000
in 80 healthy young adults, There was no sigmificant variation in the
platelet count of a person during one day and on different days, and na
difference between males and females. Brecher ¢f al. (19§3) confirmed
these findings.

Since the total platelet count normally shows mndividual variations, the
number of adhesive platelets also mught be expected to vary. This was
studied in the following expeniments

1. THE MEAN VALUE AND THE NORMAL RANGE OF NUMBER
AND PERCENTAGE OF ADHISIVE PLATELETS IN CITRATED
WHOLE BLOOD FROM HEALTHY PERSONS

Previous investigations In whole blood, containg 0 2 mg heparin per
ml, Weight (1946) found an average of 64 per cent adhesive platelets after
rotation for 80 minutes, with a range of $8-69 per cent. By the same
method, Weiner ef al. (1948) found a normal range, 1n oxalated blood, of
60 10 7§ per cent after 80 muautes of rotation, Moolten & Vroman (1949 2)
reported a range of the “adhestve index”™ between 1.0 and 1.4 (adhesive

Total platelet count

index = -0.3), corresponding to 60,000 -

No of non-adhesive platelets

110,000 adhesive platelets per c mm. By the same method, Eisen ef al.
(1951) found a mean of 67,000 adhesive platelets with a standard devi-
ation of 18,000 1n 100 normal persons Nathanson & Savitsky (1952)
found 2 normal range of the adhesive index between 0.90 and 1.25, while
Bobek & Cepelik (1958) found a normal range of 1.04-1.50.

Personal investigat 104 d were perf d on citrated
whole blood from €0 normal persons ranging in age from 12 to 60 years.
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Sixty-three of these samples were from males and 41 from females The
total plateler count ranged from 138,000 to 421,000 with a mean of

215,000 per c.mm as shown in Fig, 4.
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Fig. 4 Platelet count in 104 samples from 60 healthy persons
The abscissa shows the platelet count 1 ciesated venous blood (1 vol atrate + 9 vol. blood).
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The abscissa shows the number of adhesive platelets i aitrated venous blood
(1 vol atrate + 9 vo! blood).

The number of adhestve platelets averaged 90,000 per c.mm, with a
range of 52,000 - 157,000 The distnburton 1s shown in Fig. 5.

The average percentage of adhesive platelets was 42, with a range
between 26 and 68 (Fig. 6).

D were made 18 d tmes on one normal adult male
during an 18-month period The platelet count varied between 157,000
ind 214,000 with 2 mean of 184,000 The number of adhesive platelets
showed 3 greater varaton, ranging from $9,000 to 133,000 with a mean
of 92,000 The percentage of adhesive platelets varied between 36 and 68
with 3 mean of 50.
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Fig. 7. Number of adheawe platelets
60 samples of otrated plasma from 60 28
healihy persons.
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2. THE PLATELET ADHESIVENESS IN CITRATED
PLASMA FROM HEALTHY PERSONS

The tests were performed on 60 citrated plasma samples from the same
normal persons referred to under 1 Platelet-rich plasma was obtaned from
atrated whole blood by centrifugation at 190G for 15 minutes The
adhesiveness of the platelets was measured as soon as possible after the
separation of the plasma.

The total platelet count 1n plasma showed a range of 238,000 - 569,000
with a mean of 380,000. The number of adhesive platelets showed 3 range
of ~—17,000 to 65,000 with a mean of 15,000 as shown in Fig. 7. The
fegative values are due to counting errors when the true values he close
to zero

The percentage of adhesive platelets ranged from —4 to +15 with a
tmean of -4 (Fig. 8).

Discussigon

The toral platelet count observations confirm those of Sloan (1951).
The number and percentage of adhesive platelets showed relatively great
fluctuations both among different subjects and 1 one ndividual ac df-
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Fig. 8. Percentage of adheswe platelets 60
36 sanples of cttrated plasma from 60 healthy persens

S

~ 1N
@

N
5]

No of observations
[

@

-5 <5 15 25
Adhesive platelets %

ferent times. The reason for the greater varation in the number of adhesive
platelets is due, 1n part, to the fact that this number 1s a difference of two
countings, each with its own counting error.

The wnvestigation showed a normal range of $2,000 - 157,000 adhesive
platelets per c.mm of aitrated blood. In platelet-nich plasma, the platelet
adhesiveness was nearly zero
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Chapter 1"

The influence of red cells on the platelet
adhesiveness

INTRODUCTION

The mechanism underlying the formation of the platelet plugs in haemo-
stasis s still unknown After microscopic section of a blood vessel, a plate-
let plug is observed within the first sccond n 45 per cent, and within the
first two secands in 73 per cent of the cases studied (Hugues 1959b).
Addition of high concentrations of citrate to the irngating flurd nhibited
the formation of platelet plugs m the divided small vessels in the mesen-
terium of rabbits, whereas less d sol did not I of
heparin (2,500 to 12,500 U,kg) did not wmtubit the formation of the
platelet plug (Hugues 1959 b).

In v1tro, increasng concentrations of citrate decrease the platelet adhes-
iveness m whale blood. In concentrations greater than 30 mM, the platelet
adhesiveness 15 zero (p. 33), whereas hepanin does not prevent the adhesion
of platelets to s glass surface (p 35) These findings ndicate that 2 pos-
sible relationship may exist between s vst0 and s vatro plateler adherence.

Investigations of the mechamsm of the plateler adhesiveness s 1itro
may therefore throw some hght upon the s 1120 mechanism of the ad-
hesion of platelets to the vascular wall

1. DEMONSTRATION OF A RED CELL SUBSTANCE (FACTOR R)
WHICH AFFECTS THE PLATELET ADHESIVENESS

There 15 an slmast Lnear correlation berween the number of red cells
m the plasma and the platelet adhesiveness (pp 37-39). The presence of
red cells therefore, 15 important for the immediate adhesion of platelets to
glass The alteration of the platelets in blood 1s possibly secondary to alter-
2tions of the red cells which have been m contact wich a foreign surface
The correctness of this theory was tested by the following experiments.
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Citrated blood from three normal persons was centrifuged at 190G for
15 minutes. The platelet-rich plasma was pipetted off and set aside. The
buffy coat was pipetted off and discarded. Equal volumes of the red cells
remaining and saline were mixed well and then divided into two portions.
One portion was passed through the glass bead column, then centrifuged
at 160 G for 15 minutes. The supernatant was pipetted off and saved. The
second portion was handled in the same way, but was not passed through
the column. Two ml portions of the supernatant from the resulting suspen-
sions were added to 2.5 ml of the platelet-rich plasma, and the platelet
adhesiveness of the mixtures estimated. The results are given in Table 27.

Table 27. The effect of the supematant from a red cell-salme mxtire
on the plateler adhesiveness in plasma

Super- Sample Plarelec count,  Adbesive platelets, Adhesive platelets,
natant no. % 1,000 K o
1 197 45 23
A 2 228 88 39
3 360 92 26
Mean 29
1 197 12 6
B 2 228 9 4
3 360 1 0
Mean 3

Twao ml of the supematant A or B was added to 25 ml of citrated platclet-rich plasma
Supernatant A was obtaned from a red cell suspension which had been passed through a glass
bead column, and B from a suspenston which gud not been 1 contact wath glass beads

The platelec adhesiveness in the samples which had been mixed wich super-
natant from the suspension which had passed the column, amounted to
23-39 per cent, whereas the adhesiveness in the control experiments was
only 0-6 per cent. These data indicate that, as a result of contact wich the
beads, the red cells release a water soluble substance which increases the
adhesiveness of the platelets in citrated plasma.

2. THE LOCALISATION OF FACTOR R IN THE RED CELLS

An attempt to demonssrate the localisation of factor R mn the red cells
was made 1n the following expersments,
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A. The effect of washed red cells on platelet adbesiveness

Citrated blood from 2 normal person was centnfuged at 190G for
15 minutes, The platelet-rich plasma was pipetted off and set ande The
red cells were washed 4 trmes tn large volumes of sahne. The washed,
packed red cells were added to the plasma in different proportions, to
prepare samples with haematocrit values of 20, 50, and 80 volume per cent
{=22,3.5 and 8.8 mull. red cells/c.mm) Plasma to which no red cells
had been added served as 2 control, The platelet adhesivenessin each sample
was estimated The results are shown in Fig 9. The plateler adhesiveness
increased with increasing concentrations of washed red cells, as did the
adhesiveness with increasing concentrations of unwashed red cells (Table
12, p 37). This demonstrates that factor R 1s not loosely adherent to the
red cell surface,

B. The effect of trypsin-treated red cells on the
platelet adhestveness

Red blood cells from two normal persons were treated s the same
manner as in the preceding experiment After the last washing with sahine,
one volume of packed red cells was suspended m 3 volumes of  solution
containing trypsin (1mg per ml) m M/15 phosphate buffer at pH 7 7.

€ MiXture was incubated for half an hour at 37° C, and the cells again
washed four tumes 1n large volumes of physiological saline The red cells
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were mixed, in different proportions, with platelet-rich plasma from the
same person, and the platelet adhesiveness was estimated.

The sesults are shown in Fig. 9. Washing with szhine followed by treat-
ment with trypsin did not remove or destroy factor R in the red cells.
Thus, if it is of a protein nature, factor R is probably not located on the
surface of the red cells.

C. The effect of Iysed red cells on the platelet adhesiveness

Cisrated blood was centrifuged at 190 G for 1§ minutes, and the
platelet-rich plasma was pipetted off and set aside. The red cells were cen-
trifuged at 1,500 G for 10 minutes and the remaming plasma and buffy
coat were pipetted off. The packed red cells were frozen at -25°C for 24
hours and subsequently thawed and frozen three times. The resultant
haemolysate was diluted with three times 1ts volume of physiological saline
and centrifuged at 145,000 G for one hour. By this procedure, the super-
natant was freed from red cell stroma (ghosts).

0.1 ml of the stroma-free haemolysate (final concentration of the
haemolysate == 1:200) was added to 4.9 ml of the platelet-rich plasma,
and the platelet adhesiveness was then estimated. The addiion of hae-
molysate provoked a marked platelet clumping with a decrease in the
platelet count from 390,000 to 203,000. The number of non-adhesive
platelets was 50,000, This corresponds to 76 per cent adhesive platelets as
calculated from 203,000 platelets, or 87 per cent as calculated from the
original platelet count in the citrated plasma.

This result indicates that factor R is located 1n the inner structure of
the red cells and 1s [iberated at least 1n part by haemolysis.

D. The effect of red cell “ghosts” on the platelet adbesivencss

To find whether factor R 1s identical to haemoglobin or 1s released from
red cells together with hacmoglobin by hacmolysis, the following experi-
ments were made

Citrated whole blood was centrifuged at 190 G for 15 nunutes. The
platelet-rich plasma was pipetted off. The red cells were centrifuged for
10 munutes at 1,100 G. The supernatant plasma and buffy coat were
removed. Packed red cell volumes of 1, 2, and 4 ml were placed in different
sthcomzed tubes, frozen at -25° C for 24 hours, and thawed and frozen
two more times. This haemolysate was mixed with threc times its volume
of saline and centrifuged at 1,100 G for 10 minutes. The resulting sediment
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of protein-like matenal was removed, and the supernatant from the dif-
ferent tubes centnfuged at 145,000 G (40,000 r p m.) for 30 munutes. The
Supe: were ds d, and the sedi of red cell ghosts were
sesuspended 1n 10 m! portions of sihine This wasmng was reprated six
times. The final supernatants were cranslucent without any wisible rrace
of haemaglobin. A munute greyish sediment of ghosts was visible at the
botrom of the tubes

The sedimented ghosts i the diffezent tubes were suspended in 4 m!
fzf cierated platelet-nch plasma, 2nd the plateler adhesiveness was tested
immedaately afterwards Duc to difficulnes n countng ghosts, the num-
ber m each plasma sample was calculated from the number of red cells
present an the tubes before haemolysis Two such experiments were per-
formed, and the results are shown in Frg. 10.

The platelec adhesiveness ncreased with increasng concentrations of
red cell ghosts 1 a fashion sumilar to that noted with mcreasing concen-
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trations of untreated, washed, and trypsin-treated red cells. These findings
permit the following conclusions: Factor R is located on the stroma of red
cells. Factor R. is probably not 1dentical with, or bound to, haemoglobin,
since only three per cent of haemoglobin is left in the red cell ghosts after
six washings (Anderson & Turner 1959). Factor R is only partly released
into the solution by haemolysis of red cells

Summary

A substance is released from the red cells by contact with a foreign
surface. This substance, which is called factor R, alters the properties of
the platelets in citrated plasma. In presence of factor R, the non-adhesive
platelets become adhesive. Factor R cannot be removed from the red cells
by repeated washings in saline or by trypsin treatment. Red cell “ghosts”
have the same effect on platelets as intact red cells Factor R probably is
located on the stroma of the red cells and is only partly released into the
solution by haemolysis. Factor R is probably not identical to haemoglobin.

3. THE EFFECT OF DIFFERENT AMOUNTS OF FACTOR R
ON PLATELET ADHESIVENESS

A portion of the stock solution of factor R (p 70) was diluted 1:10
with saline. Different volumes of this solution, ranging from 0.013 ml to
0.416 ml, were pipetted into six different tubes, and saline was added to 2
final volume of 0.5 ml Three ml of normal citrated, platelet-rich plasma
was added to each tube, and the plateler adhesiveness was measured im-
mediately afterwards. The results of two experiments are shown i Fig. 11.
At low concentrations of factor R, there was an almost linear correlation
between the platelet adhesiveness and the loganithm of the concentration
At high concentrations of factor R, the curve flattened out, mdicating
that about 10 per cent of the platelets reman non-adhestve in the presence
of factor R

4, PHYSICO-CHEMICAL PROPERTIES OF FACTOR R

The clanfication of the chemucal structure of a substance extracted
from an organic compound 1s far beyond the scope of this work. Studues
of some physico-chemucal properties of factor R were, however, undertaken.
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A. Heat stability of factor R

The heat stability of factor R was demonstrated n the following
experiments Samples of six-times-washed red cell ghosts were prepared
from 2 ml portions of packed red cells, and suspended 1n 2 ml saline, One
poruon was heated for 30 munutes ar 100° C and then centnfuged at
145,000 G for 30 minutes. The supernatant was removed The other sample
Was not heated, but otherwise handled 1n the same way. The unheated and
the heated ghosts were suspended in 4 ml of platelet-rich plasma, and the
platelet adhesiveness measured

Table 28 shows that there was essentially no difference between the
fesults obtained with the heated and unheated preparations, 7,¢ factor R is
heat stable,
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Table 28, The effect of heating on the ability of red cell ghosts to inerease the platelet
adliesiweness s autrated plasma

No. of ghosts Adhesive Adhesive

1n plasma, Platelet count, platelets, platclets,
mull fe.mm X 1,000 X 1,000 %
Control ..... . 00 369 3 1
Heated ghosts . .. 5.6 " m 57
Unheared ghosts 56 . 181 49

1f however, the supernatant from the heated ghost preparation was
added to platelet-rich plasma, it could be demonstrated that the super-
natant also greatly influences the platelet adhesiveness, whereas addition of
the supernatant from the untreated ghosts was ineffective. This 15 shown
in Table 29.

These expermments show that factor R is partly released into a saline
solution by heating at 100° C for 30 minutes.

Table 29. The effect on platelet adhesveness of a saline extract prepared from red cell ghoss
heated to 100° C

Sample Plateler count, Adhesive platelets, Adheave platelets,
no x 1,000 X 1, %
1 24 165 69
2 403 195 58
Control 280 10 4
L R L T R A T

—~ . ’e -

B. The techmgue for preparation of factor R

The preparation of red cell ghosts 1s a ume-consumung procedure In
addition there 1s some loss of factor R due to a partaal relese of the factor
1ato the solution duning the haemolysing and washing procedures. There-
fore, the following method for preparation of factor R was used.
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One volume of packed red celis prepared from citrated blood is washed
three umes in two volumes of saline. After the third washing, the super-
natant js pipetted off, and the red cells are suspended 1n two volumes of
sahine and transferred to an Erlenmeyer flask. The suspension is heated at
100° C for 15 minutes in a water bath, with occasional stirsing This boiled
mixture is ceatrifuged for 20 minutes at 1,600 G. The supernatant (which
still contains considerabl of h globin) 1s transferred to
another Erlenmeyer flask and again heated to 100° C for 15 nunutes After
centrifugation at 1,600 G for 20 minutes the almost water-clear, faintly
yellow supernatant is piperted off and dispensed in 2 ml portions for storage
at —25°C. The stock solution contains factor R “diluted 1:3,” and 1s
1s0tonic.

C. The stability of factor R at -25° C and at raom temperature

Storage of a solution of factor R at —25°C for 8 months did not
sigmsficantly influence its activity. When unsterrle samples were stored at
room temperature, the activity disappeared after 1-3 weeks Therefore,
solutions of factor R should be kept at —25°C.

D. The influence of citrate and EDT A on factor R achvrty

I previously suggested (pp. 63-64) that the plateler adhesiveness in
whole blood 1 21fro depends upon the release of factor R from the red
cells As the platelet adhesiveness decreases with mcreasing concentrations
of citrate and EDTA 1n whole blood {pp- 33-35), a demonstration that
these substances simdarly influenced “punfied” factor R would support
this theory further.

a Citrate
To each of three pactions of platelet-rich plasma from ane donor,
contaning 18 2, 36.4 and 54 6 mM cstrate per 1,000 mi respectively, factor
R was added to a final dilution of 1 1,200. The platelet adhesiveness was
esumated immediately afterwards The results of two experiments are
shown 1n Table 30. Increasing concentrattons of citrate caused 2 progressive
decrease of the effect of factor R on the platelet adhestvencss.

b EDTA
When factor R was added to citrsted, platelet-rich plasma contuming
6§mM EDTA per 1,000 rl, no platelet adhestveness was observed. In plasma
containing the same amount of factor R but no EDTA, the number of

-1
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Table 30. The effect of factor R on the platelet adhestvencss in the prosence of ereasmg
concentrations of citrate

Factor R Adh i
Sample  Phsmactrate Flasmz. Platclet count, le(:li‘l(‘x,c Ql‘}?:lz’z‘:
no, conc, mM  fnal diumon % 1,000 X 1,000 o
182 171,200 405 276
1 364 ! < . 190 S’g
546 . « 58 14
182 « 377 228 1
2 36.4 « « 93 gé
546 . « 6 2
182 65
Mean 36.4 37
546 8

adhesive platelets was high (see Table 31). The effect of citrate and EDTA
in these experiments 1s simular to their effect on platcler adhesiveness in
whole blood (cf. Tables 8 and 10). These findings suggest that factor
R is responsible for the platelet adhesiveness 1n whole blood tested 11 vifro.

Table 31. The effect of factor R on the platelet adhestweness wn the presence of EDTA

Concentration

Factor R of EDTA Platelet count, Adhesive Adhesive

mnplsma,  m erated plsma, x 1,000 Pplatclets, Pplatelets,
fnal dilution mM % 1, o,
1/225 0 320 21 69
1/225 6 320 =t —7

E. Dialysis of factor R

Factor R was diluted 1:3 in saline Three ml of this solution were
dialysed aganst 27 ml of phystological saline for 24 hours at 4° C. One
tenth ml of the solution inside the membrane was added to 4 ml of freshly
prepared platelet-nich plasma, and the platelet adhesiveness was estimated
immeduately afterwards. The flud outside the membrane was tested 1n 2
simlar experiment with plasma from the same donor In a third tube,
0.1 ml of a solution of factor R which had been diluted 1.30 and stored
at 4° C for 24 hours, was tested n the same way, The results are shown
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Table 32. Didyss of factor R.

Contents of muxture, m]
Puecle  Adhesse  Adhesive
Phtelt=  Untreated  Solunon  Solunon: count,  platcles,  platclets,
¢l factor R,  msudethe  outude the X 1,000 x 1,000 %
plasma  diduted  dubyzng  dubang
1130 membrane  membrane
4 00 01 [\ i) 80
4 00 00 . 01 « 251 8
4 01 00 00 « 246 83

The tests were performed after dualysis for 24 hours (sce text).

in Table 32. The plateler adhesiveness was sdentical 1n all three samples,
#.¢. the concentration of factor R mn the flud nside and outside the dual-
ysis membrane was the same, and equal to that 1a the control solution

Two other experiments performed in the sime way with 2 less concen-
trated solution of factor R gave identical results Thus factor R was found
t be dralysable.

In a mixture containing plasma and saline which had been stored 1n
the dulysis casing for 24 hours at 4° C the platelet adhesiveness was zero,
which shows that the dulysis membrane did not contan substances which
affected the platelet adhesiveness

FE. Treatment of factor R with won exchange resins

The factor R used in the following expenments was extracted from red
cells with distilled water instead of saline in order to avoid possible mter-
ference of Na* and Cl— jons wath the resins Dowex 2 was used as anion
exchange resin, and Dowex 50 as cation exchange resin (sece Maternals, p.
7 and Methods, p. 8). The 1on exchange procedures were performed in
Erdenmeyer flasks with an excess of the resins

Three ml portions of platelet-rich plasma from a normal donor were
Pipetted mto three different tubes To the first tube was added 0.5 ml of
the solution of factor R diluted 1 36 which had been treated with Dowex
2; 1o the second was added factor R solution diluted 1 36 and treated with
Dowex 50; and to the third tube was added 0.5 ml of untreated factor R
diluted 136, The platelet adhestveness 1 the different mixtures was
measured. The experyment was repeated with platelet-rich plasma from
snother donor The results are recorded in Table 33 Treatment of factor
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Table 33. The effect of anion and catton exchange resing on factor R actwity

Sample Treatment Platclercount,  Adhesive platelets,  Adhesive plateloes
no. of factor R X 1, X 1,000 ° *
Dowex 2 354 64
1 Dowex 50 « 327 g
Untreated « 336 95
Dowex 2 457 70 15
2 Dowex 50 « * 411 0
Untreated « 421 92

One half mi of factor R solution was added to 3 ml platclet-rich aitrated plasma.

R with the cation exchange resin did not influence its effect on plateles,
while factor R treated with the anion exchange resin had Jost nearly all its
ability to influence platelet adhesiveness.

Summary

Factor R is heat stable. By heating red cell ghosts mn saline at 100° C,
considerable amounts of factor R can be extracted. A simple technique for
preparation of protetn-free solution of factor R from washed red cells is
given. Factor R solutions are stable for at least 8 months at -25° C.

The effect of factor R on platelet adhesiveness in citrated plasma is
decreased with increasing concentrations of atrate and EDTA. Citrate
and EDTA sumularly influence platelet adhesiveness in citrated whole blood.
It 15 suggested that factor R is responsible for the “immediate™ platelet
adhesiveness in whole blood tested 1 24tro.

Factor R 1s dialysable, and therefore of a relatively small molecular size
hange restns factor R becomes meffecuve.

After t with anion

s THE EFFECT OF FACTOR R ON PLATELETS STORED
AT 20° C IN CITRATED PLASMA

When platelet-rich plasma was stored at 20° C for 48 hours, the plate-
lets did not regain their adhesiveness on subsequent storage at 4° C (pp
49-50). To find if storage of platelets influenced the effect of factor R on
the platelet adhesiveness, the following experiments were made.

Portions of platelet-rich plasma from four persons were stored at 20°C
At intervals, factor R was added to a fmal concentration of 1:1,000, and
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Table 34, The cffect of factor R on the adhesiweness of platelees whech have been stored
carated plasma ar 20° C

Smple Duraon of storage  Platelet count,  Adhesive placelers,  Adhenve platelets,
o 1

no at 20° C, hours x L x 1,000 %
0 H? 217 63

2 . 256 74

1 5, . 218 63
119 « 149 13

19/, « 36 10

[ 314 120 33

2 . 238 76

2 6 . 227 2
11 . 166 53

18 . 121 38

0 469 236 50

24 « 27 6

3 48 « 0 0
n . =3 -1

4 0 467 355 76
24 « 17 —

The final dilution of factor R in the platclet-rich plasma was 1/1,000

the platelet adhestveness was estimated In two persons the esumations were
performed at intervals of a few hours, and n the other two at mntervals of
24 hours. The results are shown in Table 34

The effect of factor R was pronounced on platelets stored for about
6 hours. On further storage, a progressive decrease of the effect was
observed. After 24 hours of storage, the placelets were not influenced by
factor R, Storage of platelets in crtrated plasma for at least 24 hours at
room temperature therefore causes irreversible changes of thew adhes-
iveness, which, as noted eatlier (p §3), should be kept in mund in all
platelec work.

6. THE INACTIVATION OF FACTOR R IN PLASMA

A. The mactivatrion of factor R m platelet-rich plasma
Different amounts of factor R were added to portions of platelet-rich
plasma These portions were stored at room temperature, and the platelet
adhesiveness was measured 1n each portion at intervals of five mputes. The
results are shown 1n Fig. 12
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High concentrations of factor R exerted a constanc effect on platelet
adhesiveness during 25 minutes incubation, whereas lower concentrations

were rapidly mactivated in the same period.
This inactivation of factor R mught be caused by the platelets or the
plasma. Therefore, 1n the next experiment, the plarelets were removed

before the incubation

B. The mactivation of factor R n platelet-poor plasma
Factor R was added to platelet-poor plasma {contaning about 700
platelets per c.mm) to a final concentration of 1.300. Every §-10 minutes
one volume of this mixture was added to one volume of platelet-rich plasma
from the same donor, and the platelet adhesiveness was measured im-
meduately. The results of the experiments on plasma from § different nor-

mal persons are shown n Fig. 13.
From these data 1t was concluded that factor R was inactvated 1n

platelet-poor as well as in platelet-rich plasma.
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7. THE LFFLCT OF FACTOR R IN VIVO

Earliee wnestigations. Injection of haemolysed blood into dogs pro-
duced 3 haemorrhagic state and an increase of the whole blood clotung
time (Nelson ¢f of. 1950) In chree of mine dogs inyected with red cell
haemolysate, Fogelman ¢f af. (1952) found small hyaline embole scattered
throughout the Jungs and haemorrhages from vessels of medmum and small
2. Caagulauion studies showed variable results

Krevans&]:cksqn (1955} reported a haemorrhagic diathests in patients
recaving massive whole blood transfusions. These patients always showed
1hrombccympcnu, the degree of which was dependenc upon the amount
of transfused blood and the rate of infusion

Transfuson of ble blood produced h lot throm-

Ytopena, hypofibrinogenaemia and a bleeding tendency (Pifer of of
1956, Keevans ef af. 1957) Krevans ef of expluned these alteranions as the




2 Fag. 14, The effect of factor R m vive

Rabbuts werenjected ntravenously wich
salne, human plisma, and human factor
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were counted in arterial blood,
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5 fo 15 20
Minutes after injection

result of intravascular coagulation caused by a thromboplastin-like activity
of the haemolysed red cells. It seemed possible to explan the decrease in
platclet number as due to the hiberation of great amounts of factor R by
the collection and transfusion of the blood, or by intravascular haemolysis
Personal wnvestigation, Ta test whether factor R mjected s viro had
any influence on the plateler number, two rabbits were injected with 10
ml of human factor R diluted 1:3 10 saine As a control, each rabbit was
1njected on other days with 10 ml saline or with 10 ml of human plasma,
diluted 1:3 1n saline and deprived of 1ts protemn by heating twice to
100° C for 15 mnutes. Each heating was followed by centrifugation at
1,000 G for 10 minutes. All solutions were injected intravenously as fast
as possible (10 ml in about 20 seconds) At intervals, 1 ml blood was drawn
from the central artery of the ear and the platelets counted by Nygaard's
method. Platelet counts in capillary blood of the rabbits were unreliable
due to a rapid decrease i the number of platelets in the blood from the
wound. This decrease was probably due to removal of the platelets by
coagulation of the blood, stnce 1n hepartmzed rabbits no such decrease was
found.
‘The results of the investigation are shown in Fig 14. The platelet count
decreased to 11 per cent and 17 per cent of the pre-injection values three
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Table 35. The effect of human brain thrombophastin on the adhestveness of platcJets in
atrated plasma

Sample  Test material Platelet count,  Adhesive platelets,  Adhesive platelets,

no. ,000 )
A 299 24 8

1 B . 2 7

C . 46 15

D . 55 18

A 414 —13 =3

2 B « 13 3
Cc . 4 1

D « -7 -2

Four ml of platclet-rich plasma were muxed with 1 ml of the following materals-
A = crude thromboplastin
B = supernatant followng high speed £ of the crude p
C = mpcmaum followng jugh speed centrifugacion of the heated crude theomboplastin,
D = saline.

logical saline were added; to the second tube, 0.3 ml of the crude cephalin
to the third (the control), 03 ml of physiological saline. The platelet
adhesiveness was estimated in all samples Table 36 shows that cephalin had
no effect on the platelet adhesiveness and thus contained no factor R.

Table 36 The cffect of differcnt amounts of crude cephals ot the platelet adheswenese in
atrated plasma

Contents of mixture, ml
Plateler Adhesive Adhesive
Platelet-nich Crude Saline count, platclets, plteles,
plasma cephalin 059, 1,000 1,000 o
4 02 0.1 392 10 3
4 03 0.0 392 ] o
4 00 03 370 =2 —t

C. Salme extract of vascular wall

The search for a factor R-like substance i the vascular wall 1s of
particular interest, because 1ts presence would explamn why the ph!;lc“
immediately adhere to the injured intima in thrombouc conditions and i1

normal hazemostasis
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Table 37, The effert of sahne extracts from bovine aorta en the plaselet adbeswveness i
curated plaema

Contents of muximre, mi
Sample Pltelee  Adhesve  Adheave
no. Phaelet- count,  plaelers,  plarelets,
nch Extract  Extract  Salwe, 10 1,000 %
plasma A B 099,
3 1 o a 03 4 -5
1 3 [} 3 [ . 2 4
3 0 ] 1 « 13 5
3 1 0 0 234 2 10
2 3 o 1 a . 3 12
3 0 0 1 0 6 4
3 o o 3
Mean 3 0 1 o 8
3 o 0 1 5

See text for description of extracts A and B,

The zarez of a cow was removed immediately ateer death, and
thoroughly rinsed m tap water. As soon as possible st was brought to the
l-‘bﬂfﬂwry. cut to pieces, and mashed 1n 2 meac-cutrer. After addicion of
one volume of physiological saline, the suspension was ground for 15
minutes in 2 homogentzer. The suspension was centnfuged at 2,500 G for
15 minutes, 2ad the supernatant was saved (extract A) The sedsment was
resuspended in twice its volume of disulled warer, heated at 100°C for 15
minutes, and centnifuged at 2,500 G for 1§ munutes. The resultant super-
natant was muxed with an equal volume of 18 per cent saline solutton
(extract B). That addrtion of one m} of these extracts to samples of plate-
let-nch plasma did not increase the platelet adhesveness, and thus, 15
presumed not to contain factor R, 1s shown tn Table 37

As 2 control, factor R was prepared from the red cells of two cows.
When the effect of these preparations on human pltelets was campared
w1th that of human factor R, it was found that each had an actvity of
about 7 per cent of the human facter R preparation The lack of effect
ia the above experment, therefore, was not due to species differences.

Extracts from human vessel walls were not prepared
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9. DEMONSTRATION OF AGGREGATION AND ADHESION OF
PLATELETS TO GLASS IN THE PRESENCE OF FACTOR R

Previous investigations. Lundevall (1958, Pp. 35-36) found that the
addition of haemoglobin caused unspecific clumping of platelets in serum
and in buffer solutions, This clumping could possibly have been due to
factor R which was probably present in the haemoglobin solution.

Personal investigation

A. The effect of factor R on platelet clumping. When one drop of the
stock solution of factor R was mixed with I ml plaret-rich plasma in 2
tube at room temperature, the platelets started to aggregate 15-20 seconds
afterwards After another few seconds the platelets formed large clumps
which sedimented and adhered to the tube wall. If the concentration of
factor R in the solution was below a certain fimie, the clumps often disap-
peared after 10-20 minutes

Various degrees of platelet clumping caused by factor R are shown in

Microphotograph No 6. )
These experiments suggest that platelet adhesion and platelet clumping

are related processes.

B The effect of factor R on platelet adbesiveness One drop of citrated
platelet-rich plasma was deposited on a coverglass After tilng for 3-4
minutes the glass was rinsed with platelet-poor plasma Only 2 few platelets
remained on the glass. If the plitelet-rich and the platelet-poor plasma
contamed small amounts of factor R, numerous platclets adhered 1o the
glass, as shawn 1n Microphotographs Nos. 7 & 8.

Summary )

The adhesiveness of platelets 1 freshly prepared citrated plasma in-
creases . proportion to the loganithm of the concentration of factor R
1n the plasma, when this factor 1s present in low concentrations. However,

ored, 1n citrated plasma, at room temperature for 24 houvrs
om factor

of platelets are st
d only

before addition of factor R, the increased adhestveness resulting fro
R addition is lost. These findings sndicate that the influence 15 exerte

“ "
on “vaable” placelets -

trate
Factoe R 1s mactivated »1 1stro by storage in platelet-poor citra

plasma. ot
Human factor R mntravenously mnjected mnto sabbits causes an m:,un
-tnjec!
decrease of the platelet count to about 1 per cent of the pre-tny
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Chapter VI

Platclet adhesiveness in bleeding disorders

INTRODUCTION

In the literature, only a few instances are reported of the estimation of
placelet adhesiveness 1n cases of haemorrhagic disorders. The results have
been conflicting, possibly because different methods were used for the
estimation,

The investigations reported here were performed on patients with dif-
ferent haematologic disorders. Most of the tests were performed more or
less a5 a routine during the hospitalisation of the patients. A systematic
examination of large groups of patients with varous disorders has not been
performed so far. Therefore, the number of patents in the dividual
groups varies considerably, and perhaps groups including only one ot two
patients should not have been reported before a larger number had been
examined, However, the mnvestigations in some of these cases point 10
problems of interest in relation to the mechamsm of haemostasis. Further
studues are in progress and will be published later.

1. THROMBASTHENIA
basthenia (Thrombasthenia haemorrhagica

Earlier observations Th
hereditana, Glanzmann-Naegeh) 1s in this work defined according t0
Braunsteiner (1955), as a haemorrhagic disorder due to a qualitatrve plate-
lec defect. The chnrcal picture 1s dominated by haemorrhages from mucous
membranes, joint bleedings are seldom observed The bleeding time 13
prolonged, the clot retraction 1s reduced or absent, and the platelet count
15 normal The capillary fragility test 1s positsve 1n some cases The platelets

do not spread out or adhere on contact with foreign surfaces, nor do t.h'?
1 Fromb

form pseudopoda Thrombop g on, prot consumpion

and all known coagulation factors are within normal limits (Braunst

& Pakesh 1956). The quanitative estmation of platelet adhesiveness i
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thrombasthenia has been reported n only one patient and in chis patient
it was zero (Marx & Derlath 1957),

Personal observations. Three patients who fulfilled the dugnostic
cnuteria of Braunsteiner were observed. ANl patients had a normal platelet
count, 3 prolonged bieeding ume, a normal prothrombin consumption, a
normal thromboplastin generation, and normal coagulation factors as
judged from the Quick test, the P & P esumation, and the cephalin time.
The clot retraction was absent in one case (I.S J.) and greatly reduced in
the other two Fatal bleeding had occurred in the families of two of the
patients (T. U. &S B.).

The platelet adhesiveness in citrated whole blood was measured twice
in one case, 2nd once 10 cach of the two remajining cases (Table 38). The
platelec adhesiveness was markedly reduced 10 all three patients The lowest
number of adhesive platelets was found i the pasent who had no clot
retraction (I.S. J.}. This patient also had the most severe clinucal picture,
with multiple bleeding episodes requinng repeated blood transfusions.

Table 38 The platekt adhesveness i ctrated whole bood from three patients with
thrombasthemsa

Bleeding  Hacouto-  Plarclet  Adhesive  Adhesive

Panent Sex Age, ume(lvy), «nt, count,  platelets, platelets,
years mun wol,Sq  ~ 1,000 < LOOO %
SB male 12 >3 38 235 9 4
. « . >3 38 213 6 3
T.U.  female 3, 12Duke) 30 345 2 8
1s] . 16 >3 32 196 3 1

The patient I S, J. was invesuigated at an early stage of this work by 2
modification of the method of Moolten & Vroman (1949 a), using a “glass
filter” consisting of 10 g of glass beads instead of glass wool. One m! of
ctrated blood was placed 1n the “glass filter”, which had previously been
moistened with sahine. Thirty seconds later, the blood was washed out of
the filter with 5wl of salne. The dilation of the blood was estmated from
the deczease in che red cell count before and after the passage through the
wlumn, The aumber of platelets found afeer the passage theough the
column was corrected according to the dilution, and the number of plate-
Jets adhering to the beads was calculated (Table 39, A). As a control,
Platclet adhesiveness was tested 1n blood samples from five normal pecsons,
using the same method (Table 39, B) In addition, the platelet adhesiveness
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Table 39 Theinfluence of saline oy the of platelet adh in thrombasth

Unfilteeed sample Filrered sample ‘
ton-adhesi
Red Red lateler: Adh,
cells,  Plaelers, | celly  Plutekts, | commenedior e Adies
mil X000 | mil k10 | “dmen . e Fe
x 1, ' ‘!
A 250 19 143 49 9%
250 9% 1.35 45 93 1182 55§
394 187 113 21 73 1 6
39 168 1.03 22 85 t‘zg sé
B | 359 259 111 2% 84 175 &
379 280 1.03 2 107 173 62
385 300 093 4t 164 136 4
c| 280 196 181 H 3
280 19 19 0 0
280 111 169 61
137 163 54
D 262 122 140 53
18 86 102 54
199 116 8 2
. . s mae A e nvad avhala Bhasd fram
A - . Vroman,
B.

C
D. the hve normals without the use of saline

was measured 1n patient I $ J and in five normal persons by running
5 ml of the cirrated whole blood through the glass bead columns without
using sahne (Table 33, C and D) :

The results were surprising When tested with sahne, the platelet adhes-
\veness in the thrombasthensc patient was within the normal range 1f saline
was not used, however, the adhestveness of the thrombastheme plmkfs
was zero and differed markedly from thar of the normal platelets. T‘hl‘
shows that the method of Moolten & Vroman, as modified, does not give
relable results for thrombasthentc platclets, The duration of the conuc‘!
tume between blood and glass beads was nearly the same in both exper-
mencs, therefore the difference mn adbesiveness was probably due to the

influence of sahne.



The adbesieness of thrombasthenic platclets suspended m salime
Platclets from 5 ml of platelet-rich plasma from the patient S B. were
washed once and then resuspended 1n § mi of saline. The adhesiveness of
the platelets was measured by the author’s method. The result 1s presented
in Table 40. Also shown is the plateler adhesiveness in catrated plasma from
the same patient.

Table 40. The adhesiveness of platelets from a patient with thrombasthersa (S B}

TPlatclet count, Adhesive platelets, Adhestve placclees,
X 1,000 ¥ 1 %
A 449 —1 0
B 297 72 24
c 4+ 52)

A 1 plateler-nich plasma,
B bl T

0 salinc a5 m B, bus the platelees loss durng washung and resuspension ace hete mcluded
1 the figure for adheuve plitelets
Platclets i saline were preparcd from § ml exerated phrcletonch plasma After centrifugation
for 20 munutes a 1,800 G, the platelets were resuspended 'S ml saline, centnfuged agan, 2nd
resuspended in 5 ml saline.

This experiment shows that, when suspended in saline, the adhesiveness
of thrombasthenic platclets 15 aruficially ncreased The platelet count
decreased during washing and resuspension of the platelets. Smce the
discarded supernatants were found to be free of platelets, this dunmnution
in number probably resulted from the adherence of platelets to the ghss
wall of the tube, If this Joss 1s included 1n the figure for adhesive platelets
(<), 2 normal result 1s obtained. Therefore, saline should not be used m

timations of platelet adh

The effect of storage at 4° C on thrombasthenc platelets
Platelet-nch plasma fram patienc §. B. was stored at 4°C for three
days, and the plateler adhesiveness measured daly Table 41 shows that
thrombasthenic platelecs, pended 10 plasma, do not become adhesive on
storage at 4° C, 1n contrast to normal platelets (pp. 48-49)

The effect of factor R on thrombasthense platelets
The exact nature of the plateler defect in thrombasthenia 15 not known.
Therefore, it was of intesest to test the nfluence of factor R on the adhes-
iveness of thrombasthenic plateless Factor R, prepared from the red cells
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Table 41, The effect of storsge at 4° C on the adbesiveness of thrombastheniz platelets i
citrated platelet-rich plasma

s o
ror) g ::s 4°C, Flzrzlcz)ggom:, Adhcsw: latclets, Adhenvg plitelets,
2 %o
0 469 -~
24 473 Q g
48 He 20 4
72 489 10 2

of a normal subject was added to the plateleterich plasma from patient
S. B. to a final concentration of 1/75. The platelet adhesiveness was tested
immeduately afterwards. Normal platelet-rich plasma, treated in the same
way, served as control. In a third experiment, factor R, prepared from the
red cells of the patient, was added o platelet-rich normal plasma to a
final concentrattop of 1/75.

Table 42. The effect of factor R on normal and thrombasthenic plstelets

Plazeler Adhesve Adhesive

Plarelet-ich Factor R count, platelers, platelets,
plasma x 1,000 x 1 o
A Patent Normal 468 10 2
B Normal Normal 387 291 bel
C Nortnal Pstient 337 21 84

In all experiments 0 2 ml of a solution of factor R, diluted 1/3 tn saline, wasadded to 48 )
of citrated platelet-rich plasma,

Table 42 shows that factor R peepared from aormal red cells does not
1ncrease the adhesiveness of thrombasthenic platelets These platelets there-
fore differ from normal platelets in this respect However, a normz
amount of factor R was found wr the red cells of the thrombasthenic
patient. From the data presented, 1t scems Jikely that the defect in throm-
bastherua 1s releated to the resistance of thrombasthentc platelets to factor
R, and may not be attributed to a lack of factor R.

2. HAEMOPHILIA A WITH PROLONGED BLEEDING TIME
(V. WILLEBRAND-JURGENS' DISEASE)
During the last few years a “new" haemorrhagic disease, ch:r:lcteriiled
f

by 2 prolonged bleeding time and a d fi Y ai‘ the
globulin (AHG, factor VII1), has been descnibed. Since AHG deficiency
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has been recently observed in v, Willebrand's disease (v. Willebrand-Jur-
gens' thrombopathia) by Jirgens ef al. (1957) and by Nilsson ef al.
(1957 a), several authors have suggested that v. Willebrand's discase and
the “new” disease are identical (Becnard ef ol 1957, Nilsson e al, 1957 b,
Deutsch 1957, Biggs & MacFarlane 1958).

The haemostatic defect in the “new” diseasc 1s still obscure. It may be
2 vascular aby lity, pl ic defect, qualtative platelet defect, or
some combination of these. It is difficult to show which theory is correct,
since reliable tests for vascular defects are not available, and tests for plate-
let defects depend heavily on such techniques The following example is
illustrative of some of the difficulties encountered: Nulsson ef al. (1957 b)
found a normal thromboplastin generation test with platelets from patients
in the Aaland islands, whereas Jurgens & Schultz (1958) found patho-
logical values in the same patients, using a slightly modified method

Evidence of 2 platelet defect has been reported by several avthors.
Jirgens & Forsius (1951) found that platelets from such patients had a
reduced ability to aggregate. Schultz ¢f of (1958) found that the platelets
were morphologically at 1 when d by elect: opy.
Incriased osmotic resistance of the platelets from patients with v. Wille
brand’s disease was found by Ulutin & Karaca (1958). Nilsson ef. al.
(1957 b), however, believe that the discase 1s caused by a plasmatic defect,
because they were able to correct the abnormal bleeding tme by mjections
of Cohn's fraction I-0.

The problem whether 2 plateler defect is involved in the pathogeness
of the disease is therefore stll unsolved, and a quanutative esumation of
Platelet adhesiveness might be of interest

Previous investigations, Marx & Derlath (1957) found a normal plate-
let 2dhesiveness in one pauient with v Willebrand’s discase

Personal inyestigation. Fafteen patients wich AHG deficiency and a
prolonged bleeding time were examined (Table 43) In four of these
Patients (1-4), the reduction of AHG was versfied by the demonstration
of a prolonged cephalin ume (Waaler 19§7), which was corrected by the
sddition of adsorbed plasma In the remaining 11 patients, the AHG con-
¥ent of the plasma was estimated by the method of Waaler (1959b).

In patients whose plasma contamed 10 per cent or less of the normal
mount of AHG, 2 markedly prolonged bleeding ume was found. Five
Patents (10, 11, 12, 14 and 15) had more than 10 per cent of the normal
AHG content. Two of these patients (14 and 15) had 2 bleeding tme
longer thap 39 minutes 1n spite of their comparatively huigh AHG content
These patients had 2 reduced platelet count.
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Table 43 Plaseles comnt and adbesiveness in 15 pati i
2 patients with prolonged bleeding v
AHG deficiency (von Willehrand’s dm-«fe)u prsed e ine o

Hiemato-  Plateler  Adhesive  Adhesive

Panent  Age, Sex time(lvy),
e yg:s ml(n Yy) A%G. v:{:!% ;o]\:no(z)b ;;!A;ﬁ:kts, ph:,ius,
1 15 F > — 34 290
2 2 M 15 - 30 a2 i 3
3 6 M 520 = 3 245 102 2
3 3 M 5 = 34 317 % 34
5 5 M >3 3 2 395 7 2
6 9 F % 10 37 21 I »
7 3 F 5% 10 i 175 59 3
8 3 F 330 10 4 212 3 2
9 B M > 4 45 265 4 K
10 2 M 13 45 % 216 69 n
11 14 F 25 29 38 237 81 3
12 2 M 12 ] 5 209 57 27
13 B F >4 4 2 188 E 16
14 3 F >3 41 30 109 i 4
15 3 M 5N 12 6 114 5 3

The percentage of adhesive platelets was normal (between 26-68 per
cent) in 10 patients. In five patients (1, 2, §, 8 and 13) values were below
the normal range; only one (&), however, had a normal haematocnic value
The reduced platelet adhesiveness 1n patients 1, 2, 5 and 13 (), therefore,
may be explained by the low haematocrit values Thus altered adhesivencss
does not seem to be a factor in the pathogenesis of this disorder.

3. THROMBOCYTOPENIA

Previous mvestigations. In two patients with 1diopathic thrombo-
cytopenic purpura (ITP), Moolten & Vroman (1949 c) found 8 per cent
adhesive platelets in one case and no adhesive platelets in the other Weiner
et al. (1948) found a shght decrease in the number of adhesive platelets
1n one case (Wrght’s method) Braunstemner (1951) showed that platelets
from thrombocytopemc patients were unable to form pseudopodia and to
spread out on foreign surfaces Plasma from a patient with platelet anti
bodies also inhibited these functions in normal platclets (Braunstemer &
Pakesch 1954). Bounameaux (1955 c) found a marked decrease of phateles
adhesiveness 1n four patients with ITP, and demonstrated thar normal
platelets lost their adhesive property when suspended 1 the plasma from
a pattent with “allergic thrombocytoperia”
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Personal jmiestrgation. Nine patents wath ITP were investigated. All
patients had a prolonged bleeding time. Plateles count and platelet adhes~
neness were estimated in these patients and the results are shown in
Table 44,

Table 44, Plarclet count and adhesisitiess v nine pastents wneh ediopathec
theombocytopenie purpura (ITP)

Dleeding Plyrclee Adhesive Adhcsive

Patient  tme(ihvy), Haematocnr,  coune, platelets, platclets,
a an. vol. % - 1,000 - 1,000 %
1 >20 25 81 0s 3
2 >60 33 105 42 40
3 >3 38 o2 41 5
4 >30 42 895 02 41
5 >30 41 03 28 43
€ >30 40 170 25 50
7 >30 43 593 345 59
8 >30 30 80U 22 29
9 >30 43 9 25 67

Scven of the patients had a normal percentage of adhesive platelets
Platelet adhesiveness was above normal in onc patient (9) and markedly
below 1n another paticnt (1). These findings do not agree with those of
the earher authors, but are 1n accordance with the finding of Lewalie
el al. (1959), that *“the resstance of the haemostatic plug 1s normal
thmmbopenic patients”. There may be several explananons for the dis-
crepancy, Oqe is that “ITP” may wnclude discases of different etiology.
Another esplanation 1s that different techniques have been used for estim-
ation of plateles adhesiveness Thirdly, some vasation in plateler adhes-
I¥eness may occur during the course of the diseas:

4 CONGENITAL AND ACQUIRED DEFECTS OF
COAGULATION FACTORS

Patients with coagulation defects generally suffer from 2 haemorrhagié
duthesss characterzed by late or “after”-bleedings In these pauents,
however, the bleeding time 1s not prolonged (Borchgrevink & Waaler
1958), A normal platelet adhesiveness therefore would be expected 1n these
Patiengs

Previgns snvestigations Wright (1946) found decreased platelet adhes-
iVeness 1n four cases of haemophilia Spooner & Mayer (1944) found por-
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mal values in one haemophiliac, as dtd Weiner et af, {1948) in two patients,
].n these two cases, however, platelet adhesiveness increased afeer corsece
tion of the coagulation time by “antihsemophilic fraction I". Marx &
Derlath (1957) found normal plateler adhesiveness in one patient with
haemophilia A and in one with haemophilta B (Christmas disease).

Spaoner & Mayer {1944) found decreased platelet adhesiveness in 33
patients treated with dicoumarol. This was confirmed by Wright (1945)
on rabbits,

Personal muvestigation. One patient with haemophiliz A, one with
hacmophilia B (Christmas disease), one with congenital prothrombin
deficiency (Borchgrevink et af. 1959), one with congenital prosccelenin
deficiency (Owren 1947), two with proconvertin deficiency (Aas 1952),
and two with phenylindanedione-induced hypocoagulability of the blood
were investigated. Of the drug-induced hypocoagulabilities one patient
had 2 P & P value of 2§ per cent, the second had an extremely low value
(less than 2 per cent) after attempted suicide by ingestion of phenyl-
indanedione. AN patients had a normal bleeding ttme (less than 11
minutes). Observations on platelet adbesiveness 1n these patients are given
in ‘Table 45.

Platelec adhesiveness was normal mn al} pstients These findings are in
contrast to those of Spooner & Mayer (1944) and of Wright (1945),

Table 45 The platelet count and adhesiveness n congertal clotting disorders and 1 pateents
on lanit treatinent with phenylndanedione (P 1 D)

Haemato- Plateler  Adhesve  Adhesive

Patent ;152 Sex vgfré;, ;oznogo gzﬂle,{)co% ph%:!cts, Duagnows
EM. 61 M 45 252 136 54 Haemophulia A (12°%)
LOM 16 M 33 257 94 37 Haemophiia B{<1%)
TT 38 F 29 212 87 41 Prothrombndef (9%
MB 4 F 46 208 97 47 Proaccelermdef (<1%}
s.K. 10 F 36 185 60 31 Proconvernndef (<370
AM 46 M 39 262 15 44 Procomertindef (<3%)
NR 2 M 44 351 97 28 PID (PP =25%)
MW 50 M +H 246 106 3 PLD (PP<2%)
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posubly because a different technique was wsed. During the prolonged
contact between blood and glass in Wnght’s rotating chamber, soms
coagulation factors probably are activated and then may influence the
adhestveness of normal platelets At low concentration of coagulation
factors, less activation occurs and therefore platelet adhesivenessis increased
less. The discrepancy indicates that the platelet adhesiveness 2s measured
by Wright's method is not identical to the * diate” adhesi which
1smeasured by the presenc method. A normal plateler adhesiveness in these
patients is in better agrecment with the normal bleeding time than the
decreased adhesiveness observed by Wright's method.

5. PLRNICIOUS ANAEMIA

In pernicious anaemia, prolonged bleeding time, poor clot retraction
and purpura, as well 2s retinal haemorrhages may be found (Wintrobe
1951, p. 447). Alteration of the platelet morphology as well as 1 decreaszd
platelet count have been obsersed (Arneth 1937) Reviewing the htera-
ture, Paddock & Smith (1939) found among 93 cases 73 (78 per cent)
with a platelet count below 100,000 per ¢ mm. Among their own 22
untreated patients with 2 red celf count below 2 mill per c.mm, the platelet
count was below 100,000 in 20 (90 per cent). Duning specific treatment,
the platelet count increased to pormal

Personal muestsgation

A woman with pernicious anaemna, 62 years old, was invesugated prior
10 the treatment with vitamun Byz, and 3 and 4 weeks after the start of
trestment. The result of the investgation 15 shown n Table 46

The patient had a red cell count of 17 mill per c.mm, a low platelet
count, and a prolonged bleeding ume prior to therapy. Following specific
treatment, both platelet count and the bleeding ume became normal.

It is of more interest, however, that the myestigation posably unveils
the mechanism of the prolonged bleeding ume i ths case. Prior to the
teatment, the bleeding time was 32 munutes and the platclet count was
106,000, This shght thrombocytopenia should not cause 2 prolonged
bleeding time, since O'Brien (1951) found a normal bleeding time
Patients with plazelet counts above 100,000 per ¢ mm

A qualitative platelet defect therefore mught have been present. This
Presumption was supported by the fact that the platelet count was normal
theee weeks after the start of the treatment, but the bleeding time was
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Table 46. The platelet count and adhesiveness, haematocrit, and bleeding time iu a patient
with pernicions anaemia before and dunng treatment swith vitamin B 12

Bleedmg  Haemato-  Platelet Adhesive  Adhesne
nme (fvy), crit, count, platelets,  plaselets,
mins, vol. 24 x 1,000 x 1 9%

Belore ueavment 32 20 106 1 0
(43) {13 57 61

After 3 weeks of 20 30 171 33 19
treatment (43) (123 @) 68
After 4 weeks of 8 38 268 105 39
treatment #3) @ (13} 3]

The higuses mn brackets give the results obtamed 1 blood samples aruficully correceed ¢0 3
thaematocrit of 43%, by remoyat of caleulated amounts of plarelet-nch plasma.

still prolonged. The blecding time did not become normal until the number
of adhesive platelets was within the normal range. This finding suggests
that the profonged bleedng time in this case was due to a reversible hypo-
adhesiveness of the platelets. However, no absolute qualitative platelec de-
fect could be demonstrated. Further study showed that 50 per cent of the
platelets became adhesive when the haematocrie was regulated to 45 per
cent in vitro {p. 38), both before and during treatment (valuesin brackets,
Table 46). The decreased adhesiveness, possibly reflected only the pavent's
anaera, mndicating that the red cells influence the haemostasts, as postu-

1ated by Duke (1910).

N

¢. THE RELATIONSHIP BETWEEN NUMBER OF ADHESIVE
PLATELETS AND THE BLEEDING TIME IN PATIENTS WITH
DECREASED OR VARIABLE PLATELET ADHESIVENESS

The complete mechanism of haemostasis 1s sull unknown. Several
factors are mvolved which taclude cozgulation, vascular functions, :r}d
platelet funcrions. To study the signtficance of platelet adhesneness in
haemostasts, one should select patients withoue clotung or vascular d:fﬂ;’lh
Even wn these cases it is ditficult to demonstrate a durect rch;xans' ap
berween bleeding tendency and platelet adhesiveness for the following

reasons:
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L The bleeding tendency is evaluated from the bleeding time, which
is not an accurate test. Therefore, only a rough correlation between the
number of adhestve platelets and the bleeding time may be expected.

2. Usually, cthe percentage of adhesive platelets is rather constant in
one individual. Therefore, during fluctuations of the platelet coune, the
bletding time may be correlated with both the number of adhesive plarelets
and the platelet count. The influence of placelet adhesis eness therefore can
be demonstrated best in patients who have a constant platelet count close
o the cnitical fevel of about 100,000 per c.mm, and yet vanation in the
number of adhesive platelets, Such patients are rare, and only one patient
fulfifled these criceria.

Case report: L. H., 36 years, female, marnied Tor the Jast seven years,
she bad suffered from cyclic trombocy topenta with intermuteent purpura
and ssvere menstrual bleedings. The clotung factors were normal Two
years after the onset of the disease, splenectamy was performed without
sgnificant effect on the discase, Steroid treatment, lihewise, had no effect,

Each thrombocytopenic period lasted for about one wezh, followed by
2 lhrombocythaemic phase of 2-3 weeks. No platclet anubodies were dem-
onstrable in her blood (method of Daussct, 1954) When 300 ml of her
Plasma was collected during a thrombocytopentc episode and reinjected
during 2 thrombocy thaemic phase, no thrombocytopenta occurred

Platelet count, plateler adhesiseness, and bleeding ume determinations
were performed on samples taken during three episodes of thrombo-
'opema and two periods of thrombocy thiemia During the first
d’"““‘E’OC)’topr:nic period, platelet adhesiveness was markedly decreased
In the following two periods of thrombocytopenia, however, the platclets
Yett normally adhesive, Platelet adhesiveness was normal 1n one of the
""Wbocyxhaemic periads, and decreased in the other

There was o farly good inverse correlation between plateler adhes-

Beness and the bleeding time during the different phases No such corre-
2100 was observed between the bleeding time and the platelet count This
# dlustrated i Table 47, which shows the bleeding tume and number of
1hesne placelecs on selected days from the three different thrombo-
“Fpenic episodes, where almost ydentical plateler counts just above the
ateal level of 190,000 per c.mm were found

tudies were conducted on 13 , mcluding the seven in Table
Y. A bleeding time of 12 munutes was found three times The corres-
Ponding adhesiye plateles determinations ranged from 18,000 to 37,000
P emm Op six occasions a bleeding time of §-6 munutes was recorded
I dyve of these instances, the number of adhesive platelets ranged between
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Table 47. Plaselet count, number of adhestve platelets, and bleeding tung i ane patient
wath eyelie thrombocytopenia

Date of mvestigation

3-10-56 10-12-56 25-3-57 [ 12-11-56 16-11-56 1-3-57 4357

‘Thrombocytopenic states Thrombocythaenuic states

Plateler count, x 1,000 103 126 129 733 837 1047 80

Adhesive platelets, x 1,000 13 57 62 32 415 175 13

[

15 55 55

Blecdimg tume (Ivy), mm 23 55 6

57,000 and 175,000 per c mm (s, ¢, within the normal range). In the sisth
instance the number of adhesive platelets was 32,000 per c.mm

A prolonged bleeding ume, which comncrded with decreased numbers
of adhesive platelets, was observed four times. The lowest value of adhesive
platelets recorded was 13,000 per c.mm. On this occasion the bleeding time
was 23 minutes, in spite of a platelet count above 100,000 per c.mm in
thrombocythaemic periods, the shortest bleeding time recorded corres-
ponded to the highest number of adhesive platelets and not to the total
number of platelets The critical Jevel of adhesive platelets necessary to
keep the bleeding time below 12 nunutes seemed to be between 20,000 and
40,000 per c.mm

Table 48 Platelet count, numsber of adhesive platelets, and bleeding tutee 1n four patients with
decreased platelet adbiesiveness and profonged blecding tume

Bleedng Adheuve
Patient  Date of ame (Ivy),  Platelercount,  platelets, Duagnosts
avestigatton mns x 1,000 = 1
22-11-56 15 168 43
e s 6 194 64 Mowarhaga
R.O. 19-12-56 12 157 42
AR £ 135 33 Metrorrhagns
23 483 3 Thrombocythacmi
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In addition to these observations, single observations on three patients,
and three observations on one additional pauent, gave further support to
the establishment of a correlation between the bleeding time 2nd the num-
ber of adhesive platelets In all these cases a prolonged bleeding time was
found when the platelet count was above 100,000 per c.mm.

The platelet counts, numbers of adhesive platelets, bleeding times, and
diagnoses are given in Table 48.

In all cases there was a fairly good inverse correlation between the
number of adhesive platelets and the bleeding time. Of particular interest
is the finding of a normal bleeding time in the patient R. K. on an occasion
when the number of adhesive platelets was within the normal range.

Summary

The platelets of three patients with thrombasthenia were non-adhesive
in citrated whole blood In saline, however, the thrombasthenic platelets
were markedly adhesve. The use of saline in methods for estimation
of plateler adhesiveness should therefore be avoided Thrombasthenic
platelets suspended 1n plasma did not show increased adhesiveness when
stored at 4° C as normal platelets do. The adhesiveness of thrombasthenc
phltlcts in citrated plasma was not influenced by factor R Red cells from
th henic patients d 2 normal amount of factor R, The basic
defect in thrombasthenta 1s therefore a platelec defect. The adhestveness of
thrombasthenic platelets in saline 1s possibly an artifact and does not prove
the presence of an inhibiting factor 1n plasma as postulated by Braunstener
& Pakesh (1956).

Of 15 pattents with haemophilia A and a prolonged bleeding time (v.
Willebrand-Jurgens' disease), 14 (13?) showed a normal platelet adbes-
iveness, Only one patient showed a sigmificant reduction of the placelet
adhesiveness. These observations indicate that the prolonged bleeding tume
1n this disease 15 not due to decreased plateler adhesiveness

In mine patients with ITP, che percentage of adhesive plaseless was
found to be normal in exght and markedly reduced 1n one.

The plateler 2dhesiveness was found to be normal in pauents with
congenstal and acquired defects of coagulation factors (haemophilia A and
5 prot‘nrom‘bm~, proaccelerin-, and proconvertin-deficiencies, and phenyl-

duced hyp labiliy) These findings are m better
agreement with the normal bleedmg time in these patients than with the
decreased adhesiveness reported by authors using the method of Wright
in haemopluha and in drug-induced hy labiltty  This duscrep
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indicates that the platelet adhesiveness which is measured by the present
method is not identical with the adhesiveness measured by Wright's method.

In one case of pernicious anaemia, an jnverse corrclation between the
bleeding time and the number of adhesive platelets was found, but there
was no correlation between the bleeding time and the total plaselet count,
Tested in whole blood, the platelet adhesiveness was greatly reduced before
and dunng the first weeks of treatment, If in vifro correction of the
haematocrit was made before measurement of the adhesiveness, however,
the platclet adhesiveness was found to be within the normal range This
finding suggests that the formation of a platelet plug s vive is influenced
by the red cells in the blood stream Further studies on this importane
problem are necessary, however.

In one case of cyclic thrombocytopema with varying plateler adhes-
iveness and in four pauents with decreased platelet adhesivencss, 2 faiely
close wverse correlation between the number of adhesive platelets and the
bleeding time was demonstrated, whereas no correlation between the
bleeding time and the total number of platelets was found. The findings
in these patients further support the suggestion that there 15 a correlation
between the number of adhesive platelets and haemostasis



Chapter VI

Discussion

1. THE METHOD

The direct microscopic observation of bumran platcletsin vrvo1s technucally
very difficult, and mvestigations on the adhesiveness of human platelets
therefare rely upon observations m t4fro. Among the few earher methods,
only those of Wright (1941) and of Moolten & Vroman (1949) have
been widely appled, Technical errors, however, are inherent 1n these
methods.

In Wright’s method, platelets adhere to the wall of 2 rotating glass
bulb, and the contact time between platelets and the foreign surface is
very long (20-80 minutes). Zucker (1949) studied normal haemostasis i
man by examnation of skin biopsies and found that the platelet plug was
formed within 10-30 seconds after mjury By direct observation on rabbic
vessels, Roskam ef al. (1955) found that the platelets started to adhere to
the injured vessel wall wathout delay. Hugues (1959 b) found, in rabbits,
that the platelet plug started to form within 1-3 seconds Estimation of the
platelet adhesiveness by prolonged contact ume, therefore, may reflect
properties of the platelets which are not responsible for the process of 1m-
meduate plateler adherence 11 vivo

With Wright's method, a decreased platelet adhesiveness was found 1n
dicoumarol-treated patients (Spooner & Mayer 1944), 1n dicoumarol-
treated rabbits (Wrnght 1945), and in patients with haemophilia (Wright
1946) This indicates that coagulztion factors influence the adhestveness
when the contact time 1s prolonged In the present method, the contact
tume 1s standardized at 30 seconds By this method, platelet adhesiveness
was found to be normal 1n patients with haemophihia and various other

W cozgulation disorders (pp 91-93). These findings indicate a qualitative

“ydifference between the platelet adhesiveness measured by short and by
nrolonged contact umes
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indicates that the platelet adhesiveness which is measured by the present
method is not identical with the adhesiveness measured by Wright's method.

In one case of pernicious anaemia, an inverse correlation between the
bleechng time and the number of adhesive platelers was found, but there
was no correlation between the bleeding time and the rotal platelet count,
Tested in whole blood, the platelet adhesiveness was greatly reduced before
and during the first weeks of treatment. If in v1tro cotrection of the
haematocrit was made before measurement of che adhesiveness, however,
the platelet adhesiveness was found to be within the normal range. This
finding suggests that the formation of a platelet plug 1z v1ve is influenced
by the red cells in the blood stream, Further studies on this important
problem are necessary, however.

In one case of cyclic thrombocytopenia with varymg plateler adhes-
iveness and in four patients with decreased plateler adhesiveness, a fairly
close inverse corrclation between the number of adhesive platelets and the
bleeding time was d rated, whereas no correlation between the
bleeding time and the tota) number of platelets was found. The findings
in these patients further support the suggestion that there 15 3 correlation
between the number of adhesive platelets and haemostasis,
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Chapter VI1

Discussion

1. THE METHOD

The direct microscopic observation of Auman platelets s 111 0 is technically
very difficult, and 1nvestigations on the adhesiveness of human platelets
therefore rely upon observations s 1 sfro. Among the few earlier methods,
only those of Wright (1941) and of Moolten & Vroman (1949) have
been widely applied. Technical errors, however, are inherent in these
methods

In Wrght's method, platelets adhere to the wall of a rotating glass
bulb, and the contact time between platelets and the foreign surface is
very long (20-80 nunutes) Zucker (1949) studied normal haemostasis in
man by examination of skin bigpsies and found thac the plateler plug was
formed within 10-30 scconds after injury By direct observation on rabbut
vessels, Roskam ef al, (1955) found that the platelets started to adhere to
the injured vessel wall without delay Hugues (1959 b) found, in rabbis,
that the platelet plug started to form within 1-3 seconds Esumation of the
Platelet adhesiveness by prolonged contace time, therefore, may reflect
properties of the platelets which are not responsible for the process of im-
mediate platelet adherence 172 1110

With Wright's method, a decreased platelet adhesiveness was found 1
dicoumarol-treated patients (Spooner & Mayer 1944), mn dicoumarol-
treated rabbits (Wright 1945), and 1n patients with haemophilia (Wright
1946) This indicates that coagulation factors influence the adhesiveness
when the contact time 15 prolonged In the present method, the contact
ume ss standardized at 30 scconds By this method, plateler adhesiveness
was found to be normal 1n patents with haemophiha and vanous other
coagulation disorders (pp 91-93) These findings ndicate a qualeanve
difference between the platelet adhesiveness measured by short and by
Prolonged contact tmes.
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. Ma.o]ren & Vroman eliminated the ercor of prolonged contact time by
increasing the glass surface area considerably, but they introduced two
new sources of error in the method. First, they ignored standardization of
the glass srea, since they used 2 hand.made glass braid as a foreign sutface,
As shown in the present work (p. 32), there is, within certain limits,
a close correlation between the number of adhesive platelets and the glss
surface area. Secondly, Moolten & Vroman’s method included dilution of
the blood with large amounts of sabine and citrate solutions. Marx & Der-
Iath (1957) have shown that platelets in saline have “their own adhes-
iveness”. Braunsteiner (1955) found thar platelets from patieacs with
thrombasthenia, while not adhesive in whole blood, became adhesive in
saline. In the present work it is shown {pp. 53-55) that the adhesiveness of
platelets in saline is not eliminated by EDTA, in contrast to the adhes-
iveness of platelets in whole blood. Further, 1t is demonstrated (pp- 85-86)
that thrombastheme platelets have 2 normal adhesiveness when tested by a
slightly modified method of Mooften & Vroman, but that the adhesiveness
is zero when tested in the absence of saline. These observations show that
the adhesiveness measured by Moolten & Veoman's method 15 not identieal
with the platelet adhesiveness 1n citrated whole blood,

The literatuce concerning the platelet adhesi sin different d
contains conflicting results depending upon the method which has been
used. However, conflicting resules have also been reported by authors
using identical methods. These pomnts are llustrated 1 Table 49. These

5)

Table 49 Previous reports on platelet adhestyeness

No, of Plate'et

(;r::c’:tfl Author Method cases  adhesiveness
Wnght (1946) Wright 4 Decreased

! {1948) « 2 Normal

Haemophiha )mnoxllre:;(:lil ((3%9)) Moalten & Vroman 3 Increased
? Norsal

Wemet os ol (1948) 1
co/:;f:i, Modlten ef af (1949} Maolten & Vroman 1: 1‘.\3:;;:33
chrombosis Eusen ¢t of (1933) : p oy

Bobek & Cepelik (1938)

Deereased
Spooncr & Meyer (1934 \Vr:ghr ’}g "(gr ed

‘Wnght (1945) sbozs)
!

Dicounarol- . Decreased
Wener of af (1946) 5 Normal
treatment Moolten ¢ af (1949) Moolten .(‘ Vroman M Drareasd

Eisen et al. (1951)




seports {ndicate that the two methods do not measure the same propersty
of the platelets, and they also suggest that the methods are uareliable.

Except for the investigations of Wright (1941) who studied the in-
fluence of anticoagulants, pracueally no basic studies have been reported
on platelet adhesiveness. Thus, there was 2 lack of knowledge about the
behaviour of platelets exposed to foreign surfaces. Such knowledge is
necessary for 2 proper estimation of the adhesiveness of platelets i vifro.
In the present work, the ditions infl 5 platelet adhesiveness were
studied. Results, based on these investigations, led to the strict standardiz-
ation of the method, for example, with regard to the influence of red cells
on platelet adhesiveness. Thus, it is believed that the present method 1s
technically superior to che earlier methods

This technical superiority does not necessanly imply that the method
it better than the earlier ones in ather cespects The main question for all
i titro methods is+ Does the test reflect the events occurring m 15v0?
Tt has been shown in the earlier methods that plateler adhesveness is in-
¢reased in patients after partuntion and surgecal operations (Wright
1942), and in patients with venous thrombous (Bobek & Cepelik 1958).
However, this is not proof that there 1s any correlation between the adhes-
fveness i 100 and that which is measured by the methods of Weight and
of Moolten & Vroman, since we do not know whether thromboembolic
disorders are caused, or followed, by a general increase of the adhesiveness
of the circalating platelets We have, at present, no method of measuring
ncreased plateler adhesiveness 1 1110, and therefore cannot correlate
observations s vavo with 11 11¢70 studses

A correlation between frypoadhesteness of placeletsm trioand sn vitro
3y be attempted for the following reason. In some haemorrhagic disorders
there Is 2 prolonged bleeding time in spitc of a nocmal platelet count If
vaseular ab lities can be excluded, the prol d bleeding time 1s
Peobably caused by impaired formation of the platelet phugs, which 1
"'chmd to reflect a defectve platelet adhestveness w1 svo. The demonstra-
Yion of 1 reduced adhesiveness of placelets trom these patients m vitro
}VOuId suppore the sdea that there ss a 1t between the adh
110, and that which is measured by the preseat method 1 vitro

Moolten ¢# af. {1949 ¢c), studying a few patients with haemorrhagic
Ssorders, found & rough 1nverse correlation between the bleeding time and
the number of adhesive platelets They found, however, one mstance of a
Pormal bleeding time 1n 2 patient with 8,000 platelets per ¢ mm, and also
98¢ patient who had 1 prolanged bleeding time with 120,000 adheaive
Platelets per c.omm,




In the selected patients studred in this
. i this work (pp. 93-98) a faily good
inverse i:orrelatxon between the prolonged bleeding time and the n}urf:bcr
of adhesive platelets iwa: found, Therefore the method used probably gives
a correct picture of the adhesiveness of platelets in v i
respect to hypoadhesiveness. v ac st i

2. THE RELATION BETWEEN ADHESIVENESS AND
AGGREGATION OF PLATELETS

Lundevall (1958, p. 24) found that unspecific plarelet clumping (ag-

gregation) was pro d at room temperature but almost abolished at
37°C at pH 7.2.7.4. In the present work it is shown (p. 28) that the
d dh of platelets is not influenced by temperarure vari-

ations between 0°C and 37° C. Therefore, the mechanism of unspecific
platelet clumping probably is not identscal to the mechamsm which
provokes diate” adhesion of platelets to foreign surfaces.

Braunsteiner (1955) also stated that the mechanisms leading to ad-
hesion and to aggregation of platelets were different. Investigations i the
present work, however, indicate that the two mechanisms may be related.
Thus, it was found (pp. 32-83) that factor R, which in lower concentra-
tions provoked anly platelet adhesion, 1n greater concentrations also in-
duced aggregation of the platefets

3. THE MECHANISM OF THE “IMMEDIATE” ADHESION OF
PLATELETS TO FOREIGN SURFACES IN VITRO

Several theories have been proposed to explan the mechanusm of plate-
fet adhesion to foreign surfaces and to an mjured vessel muma Sawyer
et ol (19532, b, ¢) belteve chat platelet thrombus formation 15 a result of
alterations in the electrical charge of the injured intuma If chis was t?\e
whole explanation, however, iz would be difficult 5o explan why the imtisl
bus consists solely of platelets, since red cells and granulocytes are
%e the platelets, ar even more so (Abramson 1928}
d that platelets stared s vefra for more than a few
ffect in thrombocytopenic patients { Discus-
sion on transfusion of platelets aad platelet substitutes Blood 195!8’. 13
1092-1093) 1 spite of ther unchanged negauve clectrieal charge (zl\‘ nn:;
son 1928). In wifro, 1t has been demonstrared that platelets adhece

throm
negatively charged I
Further, 1t has been foun,
hours do not have haemostatic ¢
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quartz particles (Bounameaux 1957), although both the platelets and the
quartz particles are negatively charged (Abramson 1528). The theory of
Sawyer ¢f al, therefore cannot explain the mechamism of platelet adhesion
mtivo and in tetro,

Locb (1906) found that platelets in lower animar species became
morphologically changed on contact with 3 foreign surface, and adhered
to the foreign surface. This theory does not hold for human platelets, be-
cause human platelets do not adhere 1o glass beads in the absence of red
<ells (pp. 61-62). It should be pointed out that “platelets”™ in lower spectes
are morphologically (and probably functionally) quite different from
human platelets.

Roskam (1922, 1923) believed that the adhesion of platelets 10 2
foreign surface occurred when the surface was “opsomzed”, 1. ¢, changed
in some way by conract with plasma, He found, however, that the plate-
Tets were sull adhesive afrer heating or after treatment with sodium fluoride
or cocaine. His theory cherefore does not explam why only uninjured,
freshly collected, 7, . viable, platclets have haemostatc effect s 1irp
(tide supra),

Wright (1945) thought that platelets became adhesive as the resule
of the deposition of a fibsin film on their surface This theory 15 contra-
dicted by Pinmnger & Prunty (1946), who found 2 normal bleeding time
#nd normal platelet adhesivenass 1 4 patienc with complete afibrinogen-
2emia.

Bounameaux (1958) found that thrombin formation together with
€ertain co-factors was responsible for plateler adhesion in vitro. This
theory, however, does not explun why platelets smmeduately adhere 1o
foreign surfaces, because activation of the coagulation factors needs at
least severs} seconds.

From the present investigations, 2 new theory of the mechamsm of
Platelet adhesion 1 turo was developed as follows: Platelets are non-
adhesive in citrated plasma, but they are adhestve 1 citrated blood, A
substance which makes platelets adhesive can be extracted from .red cell
Bhosts; 1¢ is dulysable, probably of anon natuce, heat stable, and'xt needs
3 €0-factor of cation nature (probably calcm) Ths factor s provisionally
called factor R. Factor R has no effecs on platelets stored for 24 hours at
fo0m temperatute, which indicates that i order to be adhesive, the plate-
lets must also be viable Factor R 1s hberated by contact of red cells with
a foreign susface. .

e influence of red cells on platelet adhestveness s 2470 in fact, wag
observed by Brecher & Cronkire (1950) In thin preparations of diluted
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blood, they found that haemolysis occurred, and the platelets usually flas-
tened out and adhered to the glass. In contrast, freely floating forms were
found jn thick areas of the preparation where no haemolysis eceurred
The authors did not, however, pursue this observation. )

4. THE MECHANISM OF PLATELETS ADHESION IN VIVO

1f it could be shown that factor R was present in the vascular wall and
was hiberated by injury, the formation of a platelet plug s ivo would be
explained Jogically. An attempt to demonstrate factor R mn the aortic wall
of a cow was, however, unsuccessful. This negative finding could be
explained in three ways: 1) The substance is present in the vessel wall, byt
it is inactivated or lost during the preparative procedures. This is im-
probable for reasons discussed on p. 71. 2) Factor R is nof present in the
aortic wall, but may be so in other vessels, particulasly in the smaller ones,
Investigations by Houlihan (1947) on the adhesiveness of platelets to
bacteria indicared that an adhesion-promoting substance was present in
the walls of veins, but not in arteries. 3) Factor R is not present in the
vessels Furthee studies on this pomnt have not yet been done.

Some observations 1n the present work as well as those of earhier authors
indicate that red cells influence haemostasis, and therefore 1 all probabrity
mfluence the adhesiveness of platelets én 2110, Based on observations of
the effect of direct blood transfusions on the bleeding time in threc anaemic
and thrombocytopenic children, Duke (1910) claimed thas not only plate-
lets, but also red cells infiuenced the haemostasis He found that the trans-
fusions were followed by a transient rise 1 the plateler count, which
returncd to the pretransfusion level after three days. The bleedmg time
decreased as the platelet number was elevated, and increased agam as the
platelet count fell. When the platcler count reached the pretransfusion
fevel, however, the bleeding time was sull about 50 per cent shorter than
before the transfuson. The nature of the mfluence of red cells on the
bleeding tendency (and therefore probably on platclet adhesvensss 41
viro) 15 not yer clarsfied, but some abservatons andcate that factor R 3
hberated from red cells ac the pomnt of vesschnjury. Hugues (1953) found
of haemolysis was always found at the basc of the platelet plug
p. 66) that the haemolysate from
o 5 possible that 3

that a zone
118 1av0. In the present work, 1t is shown (
ced cells contams Jarge amaunts of factor R Thcrchrc,
local liberation of factor R may accur shen a vessel is myured
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s. THE EFFECT OF FACTOR R IN VIVO

The injection of a preparation containing factor R into rabbits caused
an abrupt decrease in the number of circulating platelets, but the plateler
count rose to about 70 per cent of normal within 20-30 munutes. It is
therefore improbable that the effect of the injection was a rapid destruc-
tion and a compensatory formation of new platelets Most Likely, factor R
nduced an increased platelet adhesivencss, with a temporary sequestration
of platelets in the Tungs and other organs. When the effect of factor R
disippeared, the trapped platelets probably were released into the circu-
Iition. The 1 1110 inactivation of factor R may be compared to the in-
activation which occurs when factor R is incubated with plasma s 194r0.

There are several pathologic conditions which have mtravascular hae-

molysnis as one of their ifestations. These ditions are often ac-
companied by 2 haemorrhagic diathesis and/or thromboss. After massive
transfusions of compatble blood, thrombocytopenia and ab 1 bleeding

ar¢ often observed. The mechanism of the thrombocytopena in the patents
of Krevans ¢f al, (1955) could not be explaned as the result of dilution of
the recipients’ blood, by transfusion of non-viable platelets, or by the
wfluence of 1so2gglutinins m the blood of the donors In the light of the
Ppresent investigation, the thrombocytopenia in these patients could be due
to the effect of factor R, which 1s teleased during the extracorporeal hand-
Iing of the blood. This mechanism could also be responsible for the
thrombocytopenua which develops during procedures which use extra-
corporeal circulation of blood
When i patible blood is fused, the thromt penia is gener-
ally quite severe, and 1s often accompanted by a marked bleeding tendency.
Hardaway ef al (1956) and McKay ¢f al (1996) found that the trans-
fusion of incompauble (human) blood into dogs caused thrombocytopenta,
2 haemorchagic diathesss, and widespread thrombosis of small vessels. The
thrombi consisted of platelets or a mexture of platelets, fibnn, and granulo-
¢ytes. If the dogs survived, the thromb: disappeared more rapidly than
spontaneously occurring thrombi The authors suggested that the thrombus
formation was caused by a thromboplasti Hke sut (Quick o2
4l 1954}, but the reversibility of the thrombotic condition makes 1t more
Iikely that the effect was caused by the liberation, and subsequent inactiv-
ation, of factor R duning intravascular haemolysis
A similar mechanusm may possibly explan the thrombocytopema ac-
! nocturnal } Tok (Wintrobe 1951, p.

panying paroxy
394) and malara (Diggs 1944)-
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In congenital haemolytic anszemias, there is no haemoglobinsemis
(Crosby & Dameshek 1951}, and factor R is therefore probably not released
intravascularly, This may explain the general absence of thrombocytopenia
(Wintrobe 1951, p. 603) in this condition.

6. THE INACTIVATION QF FACTOR R IN PLASMA

As already mentioned, factor R is rapidly inactivated in platelec-poor
plasma in vitro. If this inactivation in vitro had not been demonstrated,
the effect of factor R in viro could not have been postulated. The presence
of this inactivating mechanism in addition to the fibrinolytic system may
explain why a thrombus does not grow indefinitely,

7. CONCLUDING REMARKS

In the present work I have demonstrated the influence of red cells
(factor R) on the platelet adhesiveness in vutro. This has led to a new
theory for the mechanism of the immedi dh of platelets to
foreign surfaces i vitro. Further, some observations have been prescntt'dy
which indicate that factor R may play a role both in haemostasis and in
thrombus formation, but the proof of this theory 1s still lacking. The
problem is, however, of great importance, and further work along these
lines should be done. An attempt to solve the problem requrres an s 140
study of haemostasis and thrombus formation. This could be done by -
vestigating the platelet plug as 1t forms in mesenteric vessels of rabbits,

and such studies are wn progress.
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Chapter VIIT

Summary

Chapler I gives a brief introd of the ; of h
and thrombus formation The rale of platelets and of coagulation 1s discus-
sed. The theories for the formation of the platclet thrombus are mentioned,
and the importance of platclet adhesiveness 1n the early stage of these
Processes is stressed. Little was known of platelet adhesivensss, pnmanly
because the merhods used for the study of this phenomenon have not been
adequate The present work is an 1 tstr0 study of plateler adhesiveness.
Tes principal aim has been to develop 2 sansfactory method for the measure-
ment of platelet adhestveness (i 14tr0), and to charactenze some of the
factors which influcnce this adhesiveness.

Chapter II describes the matenals and methods which have been used,
and gives important definitions.

Chapter 11l is devoted to the of platelec adh The
ealier methods are reviewed, and ther methodological errors are em-
Phasized The principle of the present method 15 stmple  The number of
adhesive platelets 1s equal to the number of platelets which are lost when
the sample 15 allowed to pass through 2 glass filter under carefully standard-
1zed conditions Reasons are given for the use of a modified Nygaard’s
method for platelet counting, and the counting error of this method has
been evaluated The Ip d for the of platelet
adhesiveness 1s described 1 detail, and the accuracy of the method ss discus-
sed and documented

Vanations in the expertmental conditions of the method have been
studied systematically The plareler adhesiveness of citrated blood was
stable for 15-25 munutes after withdrawal of the blood. The number of
Platelets which adhered to the glass filter increased shightly when the con-
tact ttme was prolonged, aad rarkedly when the area of the glass filter
Was increased. The standardization of thus area 1s therefore an important
technical posnt, The platelet adt d d with con-
Centrations of citrate, oxalate, and EDTA, whereas increasing concen-
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trations of heparn had litele influence. Addition of Triton WR-1339 1o
the blood sample, and silicone coating of the foreign sucface reduced the
number of platelets adhering to the surface of the filter. Temperature
varjations between 0° and 37° C dud not influence the adhesiveness signi-
ficantly, The percentage of adhesive platelets was not influenced by the
number of platelets in the sample, but, surprisingly, increased proportion-
ally with the number of red cells in the sample. The platelet adhesiyeness
was not influenced by meals.

The platelet adhesiveness in freshly prepared citrated Platelet-rich
plasma was neatly zero. However, during storage for a few hours at 4°C
the adhesiveness increased from 0 to about 60 per cent. Smultaneously, the
total platelet count decreased in the samples. This *“cold-induced” adhes-
iveness disappeared if the platelet-rich plasma was further incubated for
24 hours at 20° C. Storage at 20° C for 48 hours followed by starage at
4°C did not increase the adhestveness, suggesting thae the platclees have
been changed irreversibly during storage at 20° C for 48 hours. The “cold-
induced” adhesiveness was due to changes in the platelets and not o
changes in the plasma. It was inhibited b)r ncreasing concentrations of
anticoagulants, This “cold-induced” adh of platelets should be
considered 1n all platelet work, including platelet transfusions. Procedures
which involve manipulations of platelets in the cold for more than 1.2
hours should be avoided, since they lead to great Josses of platelets. Storage
of platelets in plasma ar 20° C for more than about 5-6 hours should also
b i})")‘;‘t‘:;is resuspended in saline are adhesive EDTA does not abolish t}fis
adhesiveness, as opposed o 1ts effect on the adhesiveness of Phtdc“}:jn
whole blood and in platelet-rich plasma which has been stored 1n the cold.
“The adhesiveness of the platelets in saline, therefore, 1s different from t:c
adhestveness of platelets 1 thetr natural environment, and 1s possibly the

result of an artifact.

Chapter IV gives the normal range for platelet adhesiveness in citrated

fatclets varied
blood and phama [n B 0000 pr o The e
becween iz,?hosang Iate’lets varied between 26 and 68, with a mean of
centage of adte “l’ :ﬂ the number of adhesve platelets vared between
42 per co0t Xnég :)soo 'with a mean of 15,000 per c mm. The percentage
17,000 sad 4 1 . a’n‘ed berween -4 and +135, with a mean o{4p‘er cent.
of adheave Pt eia v'(h she mfluence of red cells on platelee adhesiveness-
Chater V 43 s“gsmnc: (factor R} 15 released from the red cells by
Lo show?hﬂ:ﬂ;;g;“ sucface. In the presence of this substance the non-
contact will
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adhesive platelets in citrated platelet-rich plasma become adhesive. Factor
R could not bs washed from the red cells with saline, nor could it be
rempved by trypsin. If red cells were lysed and the ghosts removed by
centrifugation, the supernatant contained factor R activity. However, the
ghosts were also very active, suggesting that factor R is Jocated on the red
cell stroma, but js partially released to the surrounding medium by hae-
molysis.

Factor R was heat-stable, dialysable, and was stable for months when
stored at +25° C. It was adsorbed by an anion cxchange resin, but not by
a cation exchange resin. Its effect could be counteracted by high concen-
tration of calcium-bind i 1 When g amounts of
factor R were added to citrated platelet-rich plasma, the adhesiveness in-
creased, within certain Iimits, in proportion to the logarithm of the con-
centration of factor R. In high concentrations factor R proyoked macro-
scopic aggregation of platelets. It acted only on “viable” platelets Thus,
it did not increase the adhesiveness of platelets stored 1n plasma at 20°C
for 24 hours. Factor R was inactivated by storage at 20° C in plateler-poor
plasma

Preliminary experiments on the 1 t110 effect of factor R showed that
it caused a pronounced but transient decrease of the eirculaning platelets
when it was injected intravenously into rabbits.

Factor R activity was not found m sshne extract of human brain
(tissue thromboplastin}, in cephalin, or 1n saline extracts from bovine
aorta. Other uissues were not examined

Chapter VI deals with the plateler adhesiveness in vanous bleedng
disorders Platelets in citrated blood from patents with thrombasthensa
were non-adhesive, and factor R or storage at 4° C had no effect on these
platelets. In saline suspensions, however, the platelets became normally
adhestve The platelet adhesiveness was normal 1n 14 of 15 patients with
von Willebrand's disease. The percentage of adhesive platelets was also
normal in eight of nine patients with thrombocytopena. In congenttal and
acquired coagulation disorders the platelet adhesiveness was normal, sug-
gesting that the clotung factors play a minor role in the so-called “primary
haemostasis® A patient with permicious anaemia, who had a prolonged
bleeding time and 2 reduced total platelet count, also had a relative decrease
of adhesive platelets The bleeding tume became normal four weeks after
treatment with vitamun Byo had started. The findings suggest that the
prolongation of the bleeding time was due to the decreased adhestveness of
the platelets, rather than to the reduction 1n the total plateler count Similar
observations were made 1n other patients
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Chapter VI discusses the main points in this investigation. The ficse
part of the discussion deals with methodological problems. The duscrep
cies between the results obtained with the present method and those
obtained with other methods suggest that there are qualitative differences
bewween the properties which are measured by the different methods.
Based on the observations made with the present method a new theory is

ggested for the mechanism of the immedi dh ¢ of platelet to
foresgn surfaces in vitro. Platelets in citrated blood are assumed to be non-
adhesive until a substance (factor R) is released from the red cells by
contact with a fareign surface. In the presence of this substance “visble”
platelets become adhesive, Observanions in bleeding disorders suggest that
the in vitra adhesiveness is releated to the haemostatic properties of the

platelets in vivo.
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Microphotographs

No 1 Platelcts adliered to a plase ehass surfixe

Tuwo drops of atrated whole blood were tilted on a cover shp for 4 munutes The blood was

then washed off wath platclet-poor citrated plisma (160 )
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N 2 Plarclors ut a commting chamber Nygawrd’s metliod
(Dilupon 1 20) (160 <)



No. 3 Plateless i a connting chamber® miethod of Feussly & Ludi,
(Dilunon 1 20) (160 %)

No 4 Platclts i a counting chamber wethod of Breuher & Cronkute
(Diluczon 1 100) (160 )



No. 5 Platelets w a counting chamber, method of Brecher & Crontite
(Dilution 1 20) (160 x)

No 6 Platelet chantpmg cansed by addstion of oneé drop of fater R (dluted 1 3) 0 1 m of crated
platelrich plasma (64 x)



No 7 Abscitee of platelet adiierence to glass
suface when platelet-rich atrated plasina has beess m contact with plae glass sugface.
Crtrated platelct-rich plasma was tilted on a cover slip for 4 munutcs, then washed off with
" platelet-poor atrated plasma. (160 x)

No 8 Chnyed platclts adliered to glass wn the presence of fator R y
Ctrated plitclet-rich plasma, 1o w huch factor R had been added to a final dilunon of 1 25%
was tlted o a cover ship for 4 minutes, then washed off with aitrated platelet-poor plasma
contaimng the same amount of factor R {160 >}






