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A B S T R A C T Leukocytes can generate procoagulant
(tissue factor) activity when incubated with endotoxin.
These studies were undertaken to determine whether
platelets could influence the procoagulant activity gen-
erated by leukocytes. Intact or disrupted platelets (rab-
bit or human) enhanced the clot-promoting properties
of rabbit leukocytes.

The enhancing effect of human platelets on human
leukocytes required the presence of human serum (de-
void of factor VII and X activities). When platelets
were incubated with endotoxin in the absence of leuko-
cytes, no increase in their clot-promoting properties was
discernible. However, a mixture of platelets, leukocytes,
and endotoxin generated procoagulant activity which
appeared rapidly and was fivefold greater than that pro-
duced by leukocytes incubated with endotoxin alone.
The enhancement produced by platelets was even more
pronounced if homogenates were used. The platelet ef-
fect was examined in more detail by the substitution of
membranes, granules, and the "soluble" fraction for
whole platelets in the test system. The stimulating ac-
tivity was localized to the particulate fractions, i.e.,
membranes and granules. Prior treatment of platelet
membranes with phospholipase C or gangliosides or by
extraction of lipid resulted in loss of enhancing activity,
whereas no inhibition was observed after exposure to
neuraminidase or trypsin. It is proposed that platelets
contribute a membrane lipoprotein surface which en-
hances the procoagulant activity generated by leukocytes
in the presence of endotoxin. This mechanism may be
involved in some of the clinical and pathologic mani-
festations of gram-negative sepsis with disseminated
intravascular coagulation.
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INTRODUCTION

It is well established that procoagulant activity can be
demonstrated in leukocytes (1-4) and that this activity
is related to the extrinsic (tissue factor) pathway of
blood coagulation (4-8). In addition, it has been shown
that the procoagulant activity present in leukocytes can
be greatly enhanced by endotoxin. The enhancement can
be demonstrated in two ways: (a) it is measureable in
peritoneal leukocytes from a rabbit treated with endo-
toxin (6); and (b) it can be detected in vitro in human
leukocyte suspensions which have been exposed to en-
dotoxin (7-9). Of further interest is the observation
that tissue factor activity thus generated possesses a
marked thrombogenic effect (10). These observations
have recently been confirmed and extended to rabbit
(11) and canine (12) leukocytes as well as lymphocytes
(9, 13) and macrophages (9).

In 1968 Biggs, Denson, Riesenberg, and McIntyre
reported that tissue factor activity was demonstrable in
platelets that were incubated in plasma for 16-20 h at
370C. The development of this activity required the
presence of factor XII but no other coagulation factors
(14). It is known that in gram-negative sepsis or after
injection of endotoxin the number of circulating plate-
lets decreases (15, 16). Furthermore, it has been re-
ported that platelet-rich plasma administered intracu-
taneously to rabbits produces a leukotactic effect and
"prepares" the site for the local Shwartzman reaction
(17). Therefore it was of interest to determine whether
platelets might influence the procoagulant activity gen-
erated by leukocytes. In this report it will be shown that
rabbit or human platelets, as well as subcellular par-
ticles derived from human platelets, are capable of aug-
menting the quantity and rate of tissue factor activity
present in leukocytes.
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METHODS

Rabbit leukocyte preparations were obtained from arterial
blood anticoagulated with 0.1 vol 4% trisodium citrate
dihydrate. The whole blood was sedimented with Dextran
250,1 and the leukocyte suspension was washed six times
in citrated saline (5 parts 0.15 M saline: 1 part 4% tri-
sodium citrate dihydrate at 4VC, as previously described
[9]). The leukocytes were then suspended at the desired
concentration in a balanced salt solution (Hanks'),' which
contained 100 U each of penicillin and streptomycin per ml.
The final concentration of leukocytes in the incubation mix-
ture was 2,000 per mm3. Human leukocytes were obtained
from venous blood and processed in a similar manner.
Final concentration of human leukocytes in the incubation
mixtures was 10,000 per mm3. Leukocytes were counted in
a Coulter Counter."

Rabbit platelets were prepared as follows: Whole blood
was collected in silicone-coated tubes' with disodium eth-
ylenediaminetetraacetate (EDTA) ' (2%) in 0.15 M saline
as anticoagulant. The blood was centrifuged at 160 g for 5
min at 28-30'C. This step was repeated when necessary.
The platelet-rich plasma was then centrifuged at 40 g for
10 min in order to render it leukocyte free. The platelets
were sedimented at 1,100 g for 15 min and subsequently
washed in the solutions described by Ardlie (18, 19). Thus,
the first wash was a modified Tyrode's solution (pH 6.5)
containing ethylene glycol-bis- (,f-aminoethyl ether) NN'-tet-
raacetic acid (EGTA), magnesium, bovine albumin,6 apy-
rase' (100 ,ug per ml), but no calcium. The second wash
was a modified Tyrode's solution prepared as above but
omitting EGTA. The platelets were finally suspended in
a Tyrode's solution containing 0.35% bovine albumin and
100 ,ug apyrase per ml. To this was added 100 U each of
penicillin andI streptomycin per ml. The final concentration
of platelets in an incubation mixture was 160,000 per mm'.
Platelets were counted by phase-contrast microscopy, and
the absence of leukocytes was validated by examination
of stained smears. For some experiments the platelets were
disrupted by sonification for 15 s with a microprobe set at
position 58 In specific experiments the sonified platelets
were heated at 100'C for 10 min. Human platelets were
processed in the same manner, except that the anticoagulant
used was acid citrate dextrose (ACD).

Subcellular fractions were prepared from human platelets
as previously described (20). In several instances the
initial homogenate was prepared with a blade-type homoge-
nizer0 at 45,000 rpm for 5 min at 4VC with one repetition
after a 5-min cooling period. The source of platelets was
12-48-h-old concentrates obtained from the New York

1 Pharmacia Fine Chemicals, Inc., Piscataway, N. J.
'Difco Laboratories, Detroit, Mich.
ICoulter Electronics, Inc., Fine Particle Group, Hialeah,

Fla.
' Siliclad, Clay Adams, Div. of Becton, Dickinson & Co.,

Parsippany, N. J.
6Abbreviations used in this paper: ACD, acid citrate

dextrose; EDTA, disodium ethylenediaminetetraacetate;
EGTA, ethylene glycol-bis- (,8-aminoethyl ether) NN'-tet-
raacetic acid.

' Bovine albumin, 3 X crystallized, Armour Pharmaceu-
tical Company, Chicago, Ill.

7 Sigma Chemical Co., St. Louis, Mo.
'Sonifier model W140, Heat Systems-Ultrasonics, Inc.,

Plainview, N. Y.
'Model 16 600, VirTis Co., Inc., Gardiner, N. Y.

Blood Center. Approximately 40 U of platelet concentrates
were processed on each occasion, as previously noted (21),
except that sterile, pyrogen-free, 0.15 M saline was used
throughout the washing procedure. Adsorbed serum was
prepared as previously reported (8).

Endotoxins' Lipopolysaccharide B from Salmonella mar-
cescens (Boivin and Westphal), Escherichia coli 055B5
(Westphal and Boivin), Salmonella typhimurium (Boivin),
and E. coli 026B6 (Boivin) were used as fresh suspensions.
Unless otherwise indicated E. coli 026B6 endotoxin was
used throughout, at a final concentration of 10 jug per ml.

The dextran preparations, tricalcium phosphate, and all
glassware employed were sterilized and rendered endo-
toxin free by heating for 3 h at 160'C.

All other reagents were suspended in pyrogen-free dis-
tilled water or 0.15 M pyrogen-free saline and filtered
through Millipore10 filters with a pore diameter of 0.22 ,um.
The filtration procedure did not remove endotoxin. Blood
collections and processing were carried out in pyrogen-free
plastic' or siliconized containers. Meticulous care was
taken to preserve sterility. Leukocytes and platelets were
incubated at 370C in tightly stoppered, sterile plastic- or
silicone-coated tubes. Phospholipase C,' neuraminidase,"I
trypsin,' soy bean trypsin inhibitor,' ganglioside type III,'
and apyrase were all purchased. Protein determinations
were carried out with the Folin Ciocalteu reagents (22).
Tyrosine was used as the standard, and a multiplication
factor of 20 was used to express results as milligram of
protein per milliliter.

The coagulant activity generated in the incubation mix-
tures was evaluated at predetermined intervals by a one-
stage test. Components of the system were as follows: 0.1
ml incubating mixture, 0.1 ml CaCI, (0.025 M), and 0.1 ml
of plasma derived from the same species as the leukocyte
donor. Constituents were added in the above order, and the
clotting time was recorded. The incubation mixtures were
also assayed for tissue factor activity by using the two-
stage system described by Nemerson (23) with minor modi-
fications (6). The standard preparation of thromboplastin
(6) was arbitrarily assigned a value of 1,000 U per ml.
A representative correlation between clotting times and
tissue factor units is as follows: 100 U-13.5 s, 50 U-16.8
s, 25 U-21.2 s, 10 U-28.8 s. Results vary with different
batches of reagents.

RESULTS

Rabbit leukocytes and rabbit platelets. The one-stage
test and two-stage assay for procoagulant activity were
carried out on leukocytes after incubation alone and with
platelets. In the presence of platelets the clot-promoting
properties of leukocytes were markedly enhanced. The
clotting activity was further increased after incubation
of the leukocytes with disrupted platelets (Table I). The
platelet-enhancing effect was maximal if assays were
carried out on platelets prepared immediately after
blood collection.

In another series of experiments endotoxin prepara-
tions were added to incubation mixtures of leukocytes

"Millipore Corp., Bedford, Mass.
"Falcon Plastics, Division of B-D Laboratories, Inc.,

Oxnard, Calif.
2Worthington Biochemical Corp., Freehold, N. 3.
IBehring Diagnostics, Inc., Sommerville, N. J.
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and platelets. This resulted in a consistent shortening of
the clotting time as well as an increase in the tissue
factor activity generated by the leukocytes. The stimu-
lative effect of platelets was decreased significantly if the
homogenate was heated (100'C, 10 min) before inclusion
in the incubation mixture. On the other hand, if endo-
toxin was added to the heated platelet homogenates,
there was considerable enhancement of tissue factor
activity (an increase from 8 to 81 U). This suggested
the presence of two separate factors in the platelet ho-
mogenates, one thermolabile and unrelated to the endo-
toxin effect and the second thermostable and sensitive to
the presence of endotoxin in the incubation system (Ta-
ble I).

The incubation mixtures were subsequently tested at
hourly intervals in order to determine the effect of
platelets and endotoxin upon the rate at which the pro-
coagulant activity of leukocytes was generated. In Fig. 1
it can be seen that platelet preparations incubated with
endotoxin in the absence of leukocytes showed insig-
nificant procoagulant activity. On the other hand, when
the platelets were incubated with leukocytes a significant
increase in procoagulant activity could be measured.

TABLE I
Effect of Rabbit Platelets on the Procoagulant Activity

of Rabbit Leukocytes

One-stage
test

(clotting Tissue
times) factor

activity
Oh 18 h at 18 h

S U

WBC+ platelets 153 74 7
WBC+ disrupted platelets 144 33 65
WBC+ Tyrode-albumin-apyrase 165 105 2
WBC+ platelets + endotoxin 147 34 61
WBC+ disrupted platelets

+endotoxin 146 26 128
WBC+ Tryode-albumin-apyrase

+ endotoxin 167 40 51
WBC+ disrupted platelets,

1000C 154 62 8
WBC+ disrupted platelets,

1000C, + endotoxin 159 27 81
WBC+ endotoxin 174 47 24
WBC+ saline 189 152 1

Incubation system: 0.1 ml of rabbit leukocytes in Hanks'
solution (final concentration 2,000 per mm'); 0.1 ml of saline
or endotoxin (5 Ag) in saline; 0.1 ml of platelets (rabbit) in
Tyrode-albumin-apyrase solution (final concentration 160,000
per mm3). These reactants were added to 0.2 ml Tyrode's
solution, mixed, incubated at 370C, and tested as shown above.
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FIGURE 1 Effect of rabbit platelets on the procoagulant
activity of rabbit leukocytes. The procoagulant activity
(one-stage test) was determined at the indicated time
intervals. Incubation system: components were used in
the same proportions as in Table I. disr., disrupted; endo,
endotoxin; plat, platelets; WBC, leukocytes.

After incubation of leukocytes with disrupted platelets
and endotoxin, the rate and quantity of procoagulant
activity generated were maximal.

Rabbit leukocytes and human platelets. If human
platelets were substituted for rabbit platelets in the in-
cubation mixture with rabbit leukocytes, comparable re-
sults were obtained: that is, the clot-promoting properties
of rabbit leukocytes were enhanced.

Rabbit leukocytes and subcellular fractions derived
from human platelets. An attempt was then made to
discern whether the procoagulant activity generated by
leukocytes in the presence of platelets could be attributed
to a particular subcellular platelet component. Thus
freshly prepared1' platelet membranes, granules, and the
soluble fraction, respectively, were incubated with leu-
kocytes in the presence of endotoxin. After an appropri-
ate incubation period, all three subcellular platelet frac-
tions enhanced the procoagulant acitvity of the leuko-
cytes as assayed by the one-stage coagulation time (Ta-

"lIsolated from platelet concentrates which were 12-48 h
old.
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TABLE I I
Procoagulant Activity (One-Stage Test) of Leukocytes after

Incubation with Platelet Subcellular Fractions
in the Presence of Endotoxin

Platelet Platelet Soluble
membranes granules fraction

Protein
content Oh 18h Oh 18h Oh 18h

mg/mi s s s
0 130 39
0.075 109 26 132 31 118 33
0.15 104 27 115 28 112 29
0.3 105 23 110 23 108 27
0.6 103 22 102 21 107 24
1.2 99 22 97 20 108 22
2.4 93 24 92 20 115 22

Incubation mixtures as shown in Table I, except that whole
platelets were replaced by subcellular fractions of human
platelets and suspended in saline at the above protein con-
centrations.

ble II). In contrast, when the tissue factor activity of the
leukocyte preparation was tested (by the two-stage
assay), only the platelet membranes and granules were
active. The soluble fraction was inert, indicating that
the platelet contribution to the tissue factor activity of
leukocytes was particulate in nature. Control studies in
which the subcellular platelet fractions were incubated

TABLE III
Tissue Factor Activity Generated by Leukocytes after 18-h

Incubation with Platelet Subcellular Fractions
and Endotoxin

Platelet
Platelet Platelet soluble

Protein membranes granules proteins
content (-A endotoxin) (-A endotoxin) (-A endotoxin)

mg/mi U U U

0.075 21 15 -
0.15 27 12 5
0.3 61 42 13
0.6 89 98 20
1.2 173 145 27
2.4 215 198 32
Controls (U)

WBC+ endotoxin: 35
WBC+ saline: 2
Platelet granules + endotoxin: 0
Platelet soluble protein + endotoxin: 0
Platelet membranes + endotoxin: 0

Incubation mixtures as shown in Table II. The tissue factor
activity of leukocytes and endotoxin alone (35 U) was sub-
tracted in each instance from that obtained in the presence
of platelet fractions, endotoxin, and leukocytes (-A
endotoxin).

TABLE IV
Effect of Platelets and Adsorbed Serum on the Procoagulant

Activity of Human Leukocytes

Without adsorbed With adsorbed
serum serum*

One-stage One-stage
test test

(clotting Tissue (clotting Tissue
times) factor times) factor

activity activity
Oh 18h atl8h Oh 18h at 18 h

S U S U

WBC+ platelets 128 60 6 127 55 16
WBC+ platelets

+ endotoxin 122 47 19 126 35 55
WBC+ disrupted

platelets 116 84 1 89 53 12
WBC+ disrupted

platelets + endotoxin 119 44 19 90 33 47
WBC+ Tyrode-albumin-

apyrase 168 81 5 - - -

WBC+ Tyrode-albumin-
apyrase + endotoxin 167 62 17 159 47 28

WBC+ saline 168 140 1 - - -

WBC+ Tyrode 162 123 1 - - -
WBC+ Tyrode

+ endotoxin 160 65 11 - - -
WBC+endotoxin 168 68 10 141 52 22
Platelets + endotoxin - - - 136 84 1

Human leukocytes were tested at a final concentration of 10,000 per mm3.
Human platelets were studied at a final concentration of 160,000 per mm'.
Other reagents as in Table I.
* Human adsorbed serum free of factor VII and X activities. 0.2 ml was
used in lieu of Tyrode's solution.

with endotoxin in the absence of leukocytes resulted in
no procoagulant activity, indicating that the activity
measured was indeed generated by the leukocytes alone.
The results are shown in Table III.

Effect of human platelets on the procoagulant activity
of human leukocytes. When human platelets and leuko-
cytes were incubated in the standard medium, there was
no appreciable effect on the clot-promoting properties
of the leukocytes (Table IV). However, if adsorbed hu-
man serum was added to the incubation mixture there
was marked enhancement of the clotting activity of the
leukocytes (Table IV). It was previously ascertained that
the adsorbed human serum added to the incubation mix-
ture was devoid of factor VII or X activity. These re-
sults were in distinct contrast to the system in which
human platelets were added to rabbit leukocytes, wherein
there was no requirement for adsorbed human serum.

Effect of biochemical alterations of human platelet
membranes. Platelet membranes, after incubation with
various agents, were washed and added to the leukocyte
suspensions, which were then tested for procoagulant
activity (0 h). After an additional incubation period the
activity generated by the leukocytes was again measured.
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Trypsin-treated platelet membranes stimulated the pro-
duction of tissue factor activity by leukocytes even in
the absence of endotoxin. It was of interest that the
trypsin-digested membranes shortened the one-stage
clotting time without incubation with leukocytes, but
no tissue factor activity was generated under these cir-
cumstances. However, in the tissue factor assay, trypsin-
treated platelet membranes in the presence of endotoxin
were no more effective than control membranes (no en-
dotoxin) similarly treated with trypsin. It thus appeared
that after trypsinization platelet membranes no longer
required the presence of endotoxin to enhance the tissue
factor activity of leukocytes. The results are shown in
Table V.

After treatment of platelet membranes with phospho-
lipase C the production of leukocyte tissue factor ac-
tivity was completely inhibited. Conversely, neuramini-
dase treatment of platelet membranes had no appreciable
effect on their enhancement of leukocyte procoagulant
activity (Table V).

TABLE V
Effects of Biochemical Alterations of Platelet Membranes on

Their Enhancement of Leukocyte Procoagulant Activity

One-stage test Tissue
(clotting times) factor

Platelet membranes activity
treated with: 0 h 18 h at 18 h

S U
Saline 91 45 13
Saline + endotoxin 89 20 222

Trypsin 45 23 59
Trypsin + endotoxin 48 18 202
Trypsin (no leukocytes) 43 62 0

Phospholipase C 106 130 0
Phospholipase C + endotoxin 111 131 0

Neuraminidase 80 50 11
Neuraminidase + endotoxin 81 19 212

Ganglioside 89 57 9
Ganglioside + endotoxin 85 38 14
Chloroform: methanol

extraction + endotoxin 116 26 38

Platelet membranes (24 mg) were suspended in Hanks' solu-
tion and incubated at 370C for 40 min with the following
agents: trypsin (10 mg per ml); neuraminidase (1 U); phos-
pholipase C (1 mg); ganglioside (5 mg). The mixtures were
agitated every 5 min. At the end of the incubation period the
mixtures were placed at 0C. However, the trypsin-treated
membranes were shaken with soy bean trypsin inhibitor
(20 mg) before cooling. Each mixture was washed twice by
centrifugation (226,000 g for 70 min) in sterile pyrogen-free
saline. The treated membranes (final concentration, 2.4 mg/ml)
were then incubated with rabbit leukocytes in the presence or
absence of endotoxin.

LLIJw

1

C',)

ENDOTOXINpug

FIGURE 2 Effect of various quantities of endotoxin on the
procoagulant activity of rabbit leukocytes. Incubation mix-
ture as for Table I, except that platelets were replaced by
Tyrode's solution.

Pretreatment of platelet membranes with gangliosides
resulted in a loss of their ability to influence the tissue
factor activity of leukocytes in the presence of endo-
toxin. Similarly, membranes extracted with chloro-
form: methanol lost their enhancing effect (Table V).

Effect of increasing amounts of endotoxin on the
procoagulant activity of rabbit leukocytes. To determine
whether increasing amounts of endotoxin produced a
cumulative effect, leukocytes were incubated with vary-
ing quantities of endotoxin, and the clot-promoting ac-
tivity was evaluated. Significant procoagulant activity
could be obtained in the presence of 5 ng per ml of en-
dotoxin. As shown in Fig. 2, larger amounts of endo-
toxin did not significantly increase the clotting activity of
leukocytes. Quantities in the range of 50 tzg showed
slight inhibition. When adsorbed serum was added to
the incubation mixture, results were similar to those
shown in Fig. 2. The absence of a cumulative effect was
not attributable to individual endotoxin preparations,
since five different endotoxins were evaluated together
and separately with similar results.

DISCUSSION
The initial data obtained in these studies confirm previ-
ous observations on the procoagulant activity generated by
rabbit leukocytes (9). In addition, it was demonstrated
that when rabbit leukocytes and rabbit platelets were in-
cubated together, the clot-promoting activity generated
by the leukocytes was higher than that observed after in-
cubation of leukocytes alone. Furthermore, the activity
was even more pronounced if the platelets were disrupted
before incubation. It was also shown that the activity
generated in the incubation system was produced by the
leukocytes and not the platelets. Indeed, in control studies
where platelets were incubated alone or in the presence
of endotoxin or disrupted leukocytes little or no tissue
factor activity was generated. It has therefore been con-
cluded that platelets enhance the activity of leukocytes.
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The active principle producing this enhancement is
thermolabile and disappears in approximately 48 h.

Of additional interest were the results of experiments
in which endotoxin was added to the leukocyte-platelet
incubation system. Under these conditions the presence
of platelets markedly increased the quantity and rate of
generation of procoagulant activity by the leukocytes.
The platelet "enhancing activity" was thermostable in
nature and could be detected in platelets or subcellular
platelet particles even after 2 wk of storage at 4VC. It
thus appears that there may be two separate and distinct
"enhancing factors" associated with platelets: one that
is thermolabile, acting in the presence of leukocytes
alone, and the other thermostable, producing its effect on
leukocytes in the presence of endotoxin. When rabbit
leukocytes were tested in the presence of human platelets,
a comparable "enhancing effect" was observed, suggest-
ing that the platelet effect was not species specific.

Experiments involving human leukocytes in the pres-
ence of human platelets were of interest. No enhance-
ment of the procoagulant activity of leukocytes oc-
curred unless human serum (adsorbed with tricalcium
phosphate) was added. This suggested that in the case
of human platelets and human leukocytes a serum factor
was required for elucidation of the platelet enhancing
effect. The possibility that the serum had contributed
small amounts of coagulation factors VrII or X to the
assay system was eliminated (8) and further ruled out
in the following manner: the adsorbed sera were tested
in a two-stage assay system (in place of the usual
barium sulfate eluate) for the presence of VII or X ac-
tivity, and none could be detected. It was also of interest
that disruption of human platelets before incubation did
not augment their enhancing effect on human leukocytes.
This was in contrast to the rabbit system and remains
unexplained. It was also observed that higher quantities
of human leukocytes were necessary to elicit a procoagu-
lant effect comparable to that obtained with rabbit leuko-
cytes. This phenomenon is consistent with previous stud-
ies (9).

When the enhancing effect of human platelet sub-
cellular fractions was tested on rabbit leukocytes in the
presence of endotoxin, the platelet granules, membranes,
and soluble fraction appeared to have a comparable ef-
fect as evaluated in the one-stage test. In marked con-
trast, however, the tissue factor activity (as assayed
by the two-stage system) was enhanced more than
sevenfold by the platelet granules and membranes,
whereas the soluble fraction produced very little effect.
This suggested that the platelet "enhancing activity"
was particulate in nature. It should be pointed out that
the two-stage assay is more specific for tissue factor
activity.

When platelet membranes were exposed to trypsin be-
fore incubation, the enhancing effect on the coagulant
activity of the leukocytes was increased. This phenome-
non was demonstrable even in the absence of endotoxin,
which suggested that tryptic digestion of the platelet
membrane proteins increased the availability of the clot-
promoting "site" for leukocyte interaction. Since trypsin-
treated platelet membranes had no activity in the two-
stage assay, their effect on leukocytes could not have
been due to traces of trypsin remaining on the washed
membranes. After treatment of the platelet membranes
with phospholipase C, their ability to influence the gen-
eration of procoagulant activity by the leukocytes was
completely abolished. Although the hydrolytic products
of this enzyme treatment were not measured, it is postu-
lated that phospholipase C produced an alteration in the
basic lipoprotein configuration of the platelet membrane
which no longer permitted it to interact with the leuko-
cyte. The possibility that residual traces of phospholipase
C acted on the leukocyte surface itself could not be
completely ruled out. Preincubation of the platelet
membranes with neuraminidase had no effect on the
platelet-leukocyte interaction. This indicated that sialic
acid residues from susceptible sites were not essential
for the reaction. It is not known whether the released
sialic acid was cleaved from platelet membrane glyco-
proteins or gangliosides (24).

Platelet membranes lost their leukocyte-enhancing
effect after incubation with gangliosides. These results
are reminiscent of recently reported investigations of
the affinity of gangliosides for cell membranes (25).
Cuatrecasas has shown that incubation of intestinal epi-
thelial cells with gangliosides prevents these cells from
interacting with cholera toxin (25). The results may not
be entirely explicable on the basis of a physical ganglio-
side-meinbrane interaction since gangliosides were only
moderately effective in preventing the attachment of
radioactive endotoxin to platelet membranes.'

After extraction of the platelet membranes with
chloroform: methanol the delipidated residue was com-
pletely devoid of the enhancing effect on leukocytes.
This observation indicated that platelet lipids were es-
sential for the enhancing activity. When the extracted
platelet membrane lipids were added back to the incuba-
tion system, the enhancing effect was partially restored.

Since platelets are known to possess phagocytic prop-
erties (26, 27), it could be postulated that the enhancing
effect was attributable to platelet phagocytosis of endo-
toxin. This might result in the accumulation of increas-
ing amounts of endotoxin on the platelet surface and in
the platelet hyaloplasm. However, we have shown that
the effect of endotoxin on leukocytes is not cumulative

' J. Niemetz. Unpublished observations.
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(Fig. 2) and appears to be an "all-or-none" phenomenon,
making the above possibility unlikely.

There is considerable experimental evidence to indi-
cate that the enhancing activity observed is platelet
specific. For example, platelets or subcellular platelet
particles which had been delipidated had no effect, nor
did sonically disrupted leukocytes or erythrocytes. Fur-
thermore, zymosan particles could not be substituted for
platelets.

Finally, control experiments were carried out on the
components of incubation mixtures to test for factors
VII and X and thrombin activity which could have in-
fluenced the results. These activities were undetectable.
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