The Effects of Phenazinemethosulfate and Methylene Blue on Human
Platelet Phospholipid Synthesis' (36728)

Paur K. Scuick,? THEODORE H. SPAET, AND ErRNsST R. Jarrg?
Department of Medicine, The Medical College of Pennsylvania, Philadelphia, Pennsylvania 19129;
Montefiore Hospital, Bronx, New York 10467 and Depariment of Medicine,

Albert Einstein College of Medicine, Bronx, New York 10461

Active phospholipid synthesis is known to
occur in the human platelet (1-4), the only
peripheral blood cell capable of de novo
phospholipid synthesis (1). Lipid precursors
such as glycerol are primarily incorporated
into platelet phosphatidylcholine (PC) in vi-
tro (1, 2). It has been shown that de novo
phospholipid synthesis is markedly altered
when platelets are incubated with thrombin,
which induces an absolute increase of gly-
cerol incorporation into phosphatidylserine
(PS), a relative increase into phosphatidyl-
inositol (PI), and a relative decrease into
phosphatidylethanolamine (PE) and PC (1).
Although relatively small amounts of phos-
pholipids are generated by de novo synthesis
in platelets, the lipid produced may have an
important functional role (1). An association
between phospholipid synthesis and cellular
physiological activity has been observed in
phagocytosing leukocytes (5, 6). Since
thrombin causes platelet aggregation and re-
lease of serotonin and ADP (7), the thrombin-
altered phospholipid synthesis may be impor-
tant for platelet physiological activity.

This study demonstrates that methylene
blue (MB) and a related dye, phenazinemeth-
osulfate (PMS), can alter platelet phos-
pholipid synthesis. MB also induces the re-
lease of platelet serotonin.

Materials and Methods. Preparation of
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platelet-rich-plasma (PRP). Ten to 30 ml of
blood were collected from healthy volunteers,
anticoagulated with sodium heparin, 2
units/ml blood, and buffered with Tris—HCI
buffer (15.4 mM), pH 7.3. PRP was prepared
by centrifuging the blood at 300g for 15 min.
Only plastic labwares were used. Cell counts
were performed by phase-contrast microsco-
py. Erythrocyte contamination was less than
1 per 1000 platelets, and leykocytes were less
than 1 per 5000 platelets. Platelet counts
were done by the Brecher-Cronkite method
and varied between 450,000 and 650,
000/mma3,

PMS (Sigma) and MB (M-291, Fisher
Scientific) were dissolved in saline so that 0.1
ml of PMS or MB, when added to 2.4 ml of
PRP, would result in the desired final con-
centration. MB was freshly prepared in the
morning of the experiment, but PMS was
made up immediately before the incubation
and kept in the dark to avoid deterioration.

Glycerol-2-*C (NEC-455, New England
Nuclear) was added to the freshly prepared
PRP, and about 0.5 pCi was present in 1 ml
PRP. After adequate mixing, 2.4 ml aliquots
of labeled PRP were transferred to 40 ml
plastic tubes which contained 0.1 ml of MB,
PMS, or saline. This marked the beginning of
the incubation period.

Incubation. The plastic test tubes contain-
ing the incubation mixtures were agitated in
a metabolic shaker at 37°. The incubation
was stopped by rapidly filtering under suc-
tion 2 ml of the incubation mixture (about
10° platelets). The platelets collected on a
GF/A filter (Whatman) were washed with 10
ml of cold 15.4 mM Tris-HCl buffer (pH
7.3). The filter was immediately placed in a
chloroform—methanol solution (see below) for
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lipid extraction. Phase-contrast microscopy
showed that the filtrate was free of platelets.
An individual experiment usually included
two to four incubation mixtures: a saline
control and one to three tubes with different
concentrations of MB and PMS, all represent-
ing aliquots of the same PRP specimen. In-
cubations were completed within 1 hr after
blood collection. Phase-contrast microscopy
showed that PMS and MB did not cause
platelet clumping during the incubation per-
iod.

Platelet lipids were extracted by the meth-

od described by Folch, Lees, and Stanley
(8). The chloroform—methanol mixture was
prepared to contain 0.01 mg/100 ml buty-
lated hydroxytoluene, an antioxidant, to pre-
vent the peroxidation of lipids (9).

Separation and identification of the classes
of phospholipids were done by thin-layer
chromatography. Chromatoplates 20 X 20
cm, 250 p thick, and precoated with silica gel
G, were obtained from the Analtech Co. The
developing solvents were chloroform/meth-
anol/concentrated =~ NH,OH, 140/60/10
(v/v/v). P1 and PS standards purchased
from the Applied Science Laboratory, and
extracted rat liver phospholipids, kindly
provided by Dr. Lewis Gidez, were used to
identify individual platelet phospholipids.
Also Ninhydrin was used to identify PS and
PE.

Liquid scintillation counting. The individu-
al phospholipid bands, visualized with iodine
vapor, were scraped into plastic vials contain-
ing a thixotropic mixture (POPOP, PPO,
toluene, and Cab-O-Sil). Radioactivity was
determined in a Packard Tri-carb liquid scin-
tillation counter.

Lipid phosphorus was determined by the
method described by Norton and Autilio
(10).

Platelet serotonin release was determined
by modification of the method described by
Kattlove and Spaet (11). Whole blood was
anticoagulated with 3.2 g % trisodium citrate
(1 ml citrate/9 ml blood). Instead of prepar-
ing platelet-poor-plasma by centrifugation,
platelets were separated by rapidly filtering
the platelet suspension through GF/A glass
fiber filters under suction. Since only 8% of

the added *C-serotonin was present in plate-
let-free-plasma in control experiments, the
collection of platelets on glass fiber filters
did not result in excessive loss of platelet sero-
tonin.

Results. The lipid phosphorus present in
each of the five major platelet phospholipids
is expressed in Fig. 1. The results are in
agreement with those reported by Marcus,
Ullman and Safier (12). The lipid phos-
phorus extracted from 10° platelets was found
to be 9.5 and 9.3 pg in two separate experi-
ments and was comparable to the amounts
originally applied to the plate.

The pattern of glycerol incorporation into
each of the five major platelet phospholipids
in control experiments is shown to have been
reproducible, as shown in Fig. 2. The present
data for normal platelets are in agreement
with those reported by Lewis and Majerus
(1). Since glycerol is primarily incorporated
into platelet phospholipids, diversion into
other lipids does not represent a complicating
problem. The starting pH was 7.3 and rose
to 7.8 after 30 min incubation, but the ele-
vated pH did not alter incorporation of gly-
cerol into platelet phospholipids in control
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Fic. 1. Phospholipids in human platelets. Total
lipid phosphorus represents the amount of phos-
phorus present in normal 10° platelets. SM = sphing-
omyelin; PS = phosphatidylserine; PE = phos-
phatidylethanolamine; PI = phosphatidylinositol;
PC = phosphatidylcholine.




116

IS O
o o
I I

@ oo

% OF TOTAL INCORPORATION
N w
o o
I I

o
1

°

°

)

% | 1 | |

SM PS PE PI PC
Fic. 2. Glycerol-2-*C incorporation into control

human platelets. Total incorporation refers to the

glycerol incorporated into the five major platelet

phospholipids during 30 min incubation periods. SM

= sphingomyelin; PS = phosphatidylserine; PE —

phosphatidylethanolamine; PI = phosphatidylinosi-

tol; PC = phosphatidylcholine.

experiments.

The total glycerol incorporation into plate-
let phospholipids was influenced by the
presence of MB or PMS, as shown in
Fig. 3. PMS (6 X 105 M) caused a 140%,
and MB (1 X 10~* M) caused a 50% in-
crease in total glycerol incorporation. Higher
concentrations depressed the incorporation of
glycerol.

The pattern of glycerol incorporation into
individual platelet phospholipids in relation
to the concentration of PMS or MB is shown
in Fig. 4. Increasing concentrations of PMS
and MB caused an increase of incorporation
of glycerol into PS, but a relative decrease of
incorporation of radioactivity into PC and
PE. Glycerol incorporation into phosphatidyl-
inositol was maximal at 6 X 10—% M PMS.
The effects of PMS on the pattern of glycerol
incorporation into platelet phospholipids
were more pronounced than those of MB.

Table I shows the effect of PMS or MB on
platelet serotonin release. Increasing concen-
trations of MB induced a progressively
greater loss of platelet serotonin. PMS did
not cause the release of serotonin.
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Discussion. The present study demon-
strates that platelet phospholipid synthesis
can be altered by PMS and MB. The incor-
poration of radioactive glycerol into platelet
phospholipids was initially enhanced but
eventually depressed as the concentrations of
the dyes were increased. MB and PMS influ-
enced the pattern as well as the degree of
incorporation of radioactivity into the indi-
vidual platelet phospholipids. Incorporation
into PS was increased whereas incorporation
into PC and PE was decreased. PMS induced
a marked increase of glycerol incorporation
into PI. The observed MB and PMS-induced
alteration in platelet phospholipid synthesis
resembles the pattern which occurred in
platelets incubated with thrombin (1) an
agent which caused platelet aggregation and
release of platelet ADP and serotonin (7).

Since exchange of the glycerol backbone
of phospholipids does not occur (1), gly-
cerol incorporation into platelet phospholip-
ids represents de novo lipid synthesis but not
necessarily increased net synthesis. The MB
and PMS effects on platelet phospholipid
synthesis may have been compensatory to
membrane modification, perhaps as a result
of photochemical oxidation (13). Platelet
phospholipid synthesis can be altered by
trypsin, possibly by membrane modification
(1). An alternate possibility is that the dyes
stimulated phospholipid synthesis. The path-
ways for PS biosynthesis have not been as
completely investigated as those for PI syn-
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F1c. 3. Incorporation of glycerol-2-**C into plate-
let phospholipids in relation to the concentration of
PMS and MB. Total incorporation refers to the
glycerol incorporated into the five major platelet
phospholipds during 30 min incubation periods. The
incorporation of glycerol into platelet phospholipids
in control experiments is expressed as 100%.
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thesis in platelets (3, 14). It is known that
diverse factors such as hyposmolality (3)
and succinate (15) can stimulate platelet PI
synthesis. This study shows that PMS and
MB have a marked effect on platelet phos-
pholipid synthesis, including the augmenta-
tion of PS and PI synthesis.

MB in the present study also induced the
release of platelet serotonin, whereas PMS
had no such effect. An association between
cellular physiological activity and phos-
pholipid synthesis has been demonstrated.
Elsbach (5) showed that synthesis of PC
from lysophosphatidylcholine is increased in
alveolar macrophages and leukocytes during
phagocytosis. Incorporation of lipid precur-
sors into PI and/or PS has been observed in
the phagocytosing leukocyte (6), the neuron,
and secretory cells (hepatocyte and the pan-
creatic cell) (16). Hokin (17) speculated
that increased turnover of PI occurs during
cellular secretion. He considered the phos-
pholipid turnover to be necessary for the
formation of new membranes involved in re-
verse endocytosis and resultant extrusion of
intracellular substances. The present study
did not establish whether PMS or MB stimu-
lated platelet membrane formation, since it
was not possible to localize the newly synthe-
sized phospholipids in the intact platelet.

It is clear that thrombin (1) and MB
cause a profound alteration in platelet phos-
pholipid synthesis, particularly of PS, as well
as the release of platelet serotonin. The role
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F1G. 4. Pattern of glycerol-2-*C incorporation into
platelet phospholipids in relation to the concen-
tration of PMS and MB. Total incorporation refers
to the glycerol incorporated into the five major
platelet phospholipids during 30 min incubation peri-
ods. PS = phosphatidylserine; PE = phosphatidyl-
ethanolamine; PI = phosphatidylinosital; PC =
phosphatidylcholine.
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TABLE 1. The Effects of PMS and MB on the
Release of Platelet *C-Serotonin.

Serotonin released (%)
during 30 min

Conen (av of 5 expts.)
Bovine thrombin 84
(25 units)

Control 9

MB 1 X10*M 37
2.5 X 104 M 59
40 X 10* M 70

PMS 30X 10°M 10
6.0 X 105 M 8
1.2 X 10* M 8
24 X 10+ M 9

of phospholipids in platelets (cellular) physio-
logical activity is not well understood.

Summary. 1. In the present study phenaz-
inemethosulfate (PMS) and methylene blue
(MB) were shown to induce a pattern of
glycerol incorporation into platelet phos-
pholipids which resembles the pattern that
Lewis and Majerus (1) observed when plate-
lets were incubated with thrombin.

2. MB induced the release of platelet sero-
tonin, but PMS did not cause the release of
this amine.

3. The thrombin and MB-enhanced syn-
thesis of platelet phosphatidylserine (PS)
and associated release of platelet serotonin
may be interrelated.
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