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Anticoagulant Activity of Phosphatidvlserine Free of

Lysophosphatidylserine.*

(24746)

M. J. Siver, D. L. Tuexer, R R. HoLBurn axn L. M. TocanTins!
Charlotte Drake Cardeza Fn., Jefierson Medical College, Philadelphia, Pa.

In our earlier work(1.2) purified phospha-
tidylserine (PS) from pork brain was shown
to be a potent anticoagulant in vive and in
vitro. However, these fractions were con-
taminated with lysophosphatidviserine (LT'S).
The present paper describes fractions free of
LPS, with anticoagulant activity similar to
that of the earlier fractions. This substanti-
ates the previously recorded evidence(1.2)
that anticoagulant activity is a function of
naturally occurring PS.

Methods. Preparation of fractions. In our
earlier method(1.2) for purification of PS
from the fraction 111 of Folch(3) the frac-
tions are in prolonged contact with chloroform
and methanol. The method was modified by
eliminating the overnight extraction of each
fraction with chloroform and methanol. thus
completing the fractionation in one day in-

* Aided by grant from US.P.HS.
I With technical assistance of Louise (’Keefe.

stead of eicht. The extracts derived from the
fraction TIT of Folch are designated as ITI-1,
IT7-2. T11-3. . . . TII-8 and the residue as
1T-R.

Results.  Paper chromatography. Fig. 1
illustrates paper chromatography of the pure
serine phosphatide fractions on paper impreg-
nated with silicic acid. The methods em-
nloyed have been described(4,1). To show
how purification was followed from the “ce-
phalin” some of the cruder fractions are in-
cluded. Fractions TI1-2 to II1-8 had only one
spot corresponding to P'S. This spot was ninhy-
drin positive and appeared blue-violet under
ultra-violet light (UV) in the wet state, after
staining with Rhodamine 6G. The yellow
center is believed to represent aldehydogenic
serine phosphatide. Fraction ITI-R showed a
spot corresponding to PS and a slow-moving
component with mobility and staining prop-
erties similar to an inositol phosphatide (IP).
The TP content of this fraction would explain
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its relative insolubility. A PS preparation
made from the same fraction 111 by the meth-
od of Folch#(5) also showed a second spot
which probably represents a second type of
IP. Corresponding spots are found in the
fraction I of Folch(3) which is known to con-
centrate IP. Phosphatidylethanolamine (PE)
is concentrated in fraction I1I-1. PE was
easily detected in this latter fraction, although
it could not be detected in 100 ug of the Frac-
tion TIT from which the III-1 was derived.
Sometimes PE appears in fraction III-2 as
well as in I1I-1. When solutions of fraction
ITI-3 to III-8 in chloroform were kept at 4°
for one month or when the fractions were
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FIG. 1. Chromalography of phospholipid fractions
on paper impregnated with silicic acid. The sol-
vent mixture—diisobutyl ketone : acetic acid : wa-
ter (40/25/5) (V/V/V)~—was allowed to run as-
cending for 20 hr at 4°. The papers were then
dried, stained with Rhodamine 6G and examined
under ultra-violet light. Spots at position 2 appear
yvellow—phosphatidylethanolamine. Spots at posi-
tion 3 appear blue-violet—phosphatidylserine (yel-
low eenters in these spots contain aldehydogenic
material). Spots at position 4 and 5 appear blue-
violet, are ninhydrin negative and probably repre-
sent 2 different inositol phosphatides. Spots at
position 1 appear blue-violet and remain unidenti-
fied. Synthetic PE (shown on extreme right) was
L-dioleylphosphatidylethanolamine kindly provided
by Dr. Erich Baer. Cephalin fraction was prepared
by method of Foleh(3) from pork brain. Fractions
I, IT, 111, TV, V prepared from this cephalin by
method of Foleh(3). Fractions ITI-1 to ITI-8 and
ITI-R prepared from fraetion III by mcthod de-
seribed in text and in references(1,2). Fraction
labelled Foleh PS is a PS fraction from pork brain
prepared exaectly as deseribed by Foleh(5). One
bhundred pg of each fraction was applied to the
paper in 10 g4l of chloroform solution.

1 PS fracticns prepared as described by Folch(5)
sometimes contain small amounts of PE as revealed
by paper chromatography. Since PE has clot accel-
erating activity, this could explain the fact that the

PS of Folch does not always have anticoagulant ac-
tivity comparable to our PS fractions.
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MICROGRAMS OF PS FRACTION
IN THE CLOTTING SYSTEM

F1G. 2. dnticoagulant activity of serine phospha-
tide fractions free of LPS and those containing
LPS. Unshaded bars represeut clotting times pro-
dueed by o solution of fraction 1II-4 prepared as
deseribed in this paper. Shaded bars indieate elot-
ting times produced by a solution of a fraction
TII-5 prepared by the older method(1,2) and con-
taining some L.PS. Fractions tested in the fully
solubilized form(2). Dilutions from original 2 mg
/ml solution containing sodium desoxyeholate (2
mg/ml) were made with 0.99% sodium chloride so-
lution buffered at pH 7.4 with 0.05 M imidazole.
Clotting tests were performed by adding 0.1 ml
amounts of the following to siliconized tubes and
noting clotting time at 37°: mnormal, human, eit-
rated plasma; PS solution (or buﬂ"orcd saline con-
trol) ; human brain thromboplastin; 0.02 M CaCl,

solution. ‘

stored dry under nitrogen at —15° a second
ninhydrin positive spot was noted in each,
after paper chromatography. This spot cor-
responded to the LPS described elsewhere(1).
It is evident that LPS is an artefact generated
from PS during prolonged contact with chloro-
form and methanol, or storage after briefer
treatment with these solvents.

Anticoagulant activity. Anticoagulant ac-
tivity of pure PS fractions was compared to
that of fractions previously described(1,2)
which contained small amounts of LPS. The
results (Fig. 2) show that pure PS had anti-
coagulant activity of the same order of mag-
nitude as PS fractions containing LPS. The
slightly longer clotting times produced by the
fractions containing LPS may be due to in-
creased solubilization of PS by LPS. The in-
hibiting effect of PS on formation of plasma
thromboplastin (Fig. 3) and on thromboplas-
tin itself after it is formed (Fig. 4) is note-
worthy. There is little doubt that PS actually
inhibits thromboplastin formation because of
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Micrograms of PS Fraction in the Reaction

FlG, A0 Talibilion of thromboplastin gyeweration
by porificd scrine phosplalide fraction, Reactiou
mixture: 0.3 ml suspension of normal human plate
lets: 0.3 ml 206, normal, humun, eitrated plasman
adsorbed with AI(OID,; 0.1 ml PS solution or
control: 0.3 ml 104 normal human serum: (03wl
CaCl, solution, 0,02 ar.. Mixture ineubated at 37
in siliconized tubes. At timed intervals 0.1 ml por
tions of mixture were added to 0.1 ml normal hu
e plasma followed by 001 ml of 0,02 a1 CaCl,
solution in gliss tubes. Shortest clotting time ob
tained for a PS test solution was converted to per
cent thromboplastin generated from dilution curve
hased on control reaction mixture (6, These values
are shown by unbroken line, Broken line indicaies
greatest amount of thromboplastin generated by
similar concentrations ot sodium  desoxycholate
when buffered saline solution was employed instead
ot platelet suspension, This control was inelnded
sinee PSowas dissolved with aid of sodium desoxy-
cholate as deseribed elsewhere(2) and indieates
that inhibition can not be due to this solubilizing
agent. With platelets in the system, the mixture
containing sodium  desoxycholate gives 10097
thromboplastin - generation.  All - dilutions were
made with 0,965 sodium chloride solution, huffered
at pH 7.4 with imidazole.

Mixture

the order of magnitude of quantities of PS re-
guired to produce similar clotting times when
PS is added immediately to the thromboplas-
tin generating mixture or when it is added
after full thromboplastin generation has oc-
curred.  Tor example. in another series of
tests in which the control clotting time (full
thromboplastin generation. no PS added) was
13 seconds, 0.8 pg of P’S produced a clotting
time of 16 seconds when P’S was added imme-
diately to the generating mixture: when PI'S
was added to the reaction mixture after full
thromboplastin generation. 80 pg was neces-
sary to produce the same clotting time. When
80 pg of PS was added immediately to the
generating mixture. clotting time was 333 sec-
onds. Comparison of clotting times must be
limited to those obtained in individual experi-
ments, because of the variability normally

oF P1oSPHATIDYLSERINE
found in the thromboplastin generation test
(6) and because PS affects both rate and
amount of thromboplastin formation(7).
Within individual experiments, the quantities
of PS required to produce similar delays in
clotting, when added after full thromboplas-
tin generation, varied between 10 and 100
times as much as that required when PS was
added to the generating mixture, at its start.
Discussion. The purified serine phospha-
tide fractions described here consist mainly
of PS in the diester form and contain some
aldehydogenic serine phosphatide. Anticoag-
ulant activity of these fractions must be due
to PS since destruction of the aldehydogenic

1001 L« 4000 ¥/mt.
90+
-
» y
2 80
2
S
- 704
n
> e0A % 800 ¥ /m1.
Y]
2 s04
~
2% 160 ¥/ml.
o 401 1 :
]
2 304 * x—N—X— 32 ¥/ml.
S \ XX 6.4 ¥/
3 \
o 204 N o= v/mi
104 CONTROL
° 3 10 )
REACTION TIME (MINUTES)
FLG. 4. Inhibition of thromboplastic activity by
purified serine phosphatide fraction after conglc-
tion of gencralion of thromboplastin. Reaction

mixture: 0.2 ml suspension of normal human plate-
lets; 0.2 ml 20% normal, human, citrated plasma
wlsorbed with Al1(OID)g; 0.2 ml 10% normal hu-
man scrum; 0.2 ml CaCl, solution 0.02 M. Reaction
mixture incubated at 37° for 4.5 min. This allowed
for full thromboplastin generation as shown by
clotting time of the eontrol (broken line). Then,
as indieated by vertieal line, 0.2 ml of a suspension
in buffered saline solution of purified serine phos-
phatide fraction was added to reaction mixture.
Incubation at 37° was continued. Thirty see. later
(and at intervals to 10 min. thereafter) 0.1 ml of
final mixture was added to 0.1 ml of normal, hu-
man, eitrated, platelet-poor plasma, followed by 0.1
ml of 0.2 a1 CaCl, solution. Clotting times were
noted (indieated by X in ehart). Concentration of
PS in reaction mixture is indicated alongside each
curve. Control eurve represents clotting times of
same mixture without PS.
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component does not cause loss of activity (1).
The fact that such fractions have anticoagu-
lant activity in vitro slightly lower than PS
fractions containing small amounts of LPS
argues in favor of the solubilizing effect of
LPS on PS.§ The inhibitory activity of the
fraction IIT of Folch in the thromboplastin
generation test reported by Barkhan, New-
lands and Wild(11) can, in the light of the
findings reported here for purified serine phos-
phatide fractions, be attributed to PS.
Summary. Serine phosphatide fractions
free of lysophosphatidylserine have been pre-
pared from brain tissue. The strong antico-
agulant activity of these fractions is ascribed
to a naturally occurring serine phosphatide in
the diester form which has the capacity to
block formation of plasma thromboplastin as

§ The importance of complete solubilization of
phospholipids to obtain optimal anticoagulant activity
has been mentioned elsewhere(2,8,9)) and is dis-
cussed at length in a review of lipid anticoagulants
(10).
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well as neutralize its effect after it is formed.

1. Turner, D. L., Silver, M. J., Tocantins, [.. M,
Arch. Biochem. Biophys., 1958, v77, 249.

2. Silver, M. J., Turner, D. L., Tocantins, L. M.,
Am. J. Physiol., 1957, v190, 8.

3. Folch, J., J. Biol. Chem., 1942, v146, 35.

4. Marinetti, G. V., Stotz, E., Biockem. et Bio-
phys. Acta, 1957, v21, 168.

5. Folch, J., J. Biol. Chem., 1948, v174, 439.

6. Biggs, R., Douglas, A. S., Macfarlane, R. G,
J. Clin. Path., 1953, v6, 23.

7. Holburn, R. R,, Silver, M. J., Turner, D. L,
Tocantins, L. M., Fed. Proc., 1958, v17, 244.

8. Tocantins, L. M., The Coagulation of Blood
--Methods of Study, Grune & Stratton, N. Y., 1955.

9. Mushett, C. W., Goldsmith, D. P. J., Kelley,
K. L., J. Biol. Chem., 1954, v211, 163.

10. Silver, M. J., Turner, D. L., Tocantins, L. M.,
in Progress in Hematology, vII, Grune & Stratton,
N. Y, 1959, in press.

11. Barkhan, P., Newlands, M. J., Wild, F,
Lancet, 1956, Aug. 4, 234.

Received January 5, 1959. P.S.EBM., 1959, v100.

Porphyrin Formation by Tissues from Laying Hens Fed Nicarbazin.*
(24747)

D. Porin (Introduced by H. J. Robinson)
Merck Inst. for Therapeutic Research, Rahway, N. J.

The brown color of a hen’s egg is due to
protoporphyrin deposited on the shell while
it is in the uterine portion of oviduct(1).
Uterine glandular tissue from laying hens has
considerable capacity for transforming &-
amino-levulenic acid (ALA), an intermediate
in the porphyrin cycle(2,3), into porphyrins
in vitro(4). It is well established that de-
crease in shell color can be produced by feed-
ing the coccidiostat nicarbazin(5), a complex
of 4,4'-dinitrocarbanilide and 2-hydroxy-4,6-
dimethylpyrimidine (DNC-HDP), to laying
hens(6,7,8). However, a quantitative rela-
tionship between dietary level of nicarbazin
and resultant decrease in shell porphyrins has

* The author wishes to thank Dr, C. C. Porter and
H. Fink, of Merck & Co., Inc. for DNC analysis of
red blood cells.

not been established. Also, it is not known
whether nicarbazin, of which DNC is the ac-
tive component(9), prevents deposition of
shell protoporphyrin by inhibiting protopor-
phyrin synthesis.

Methods. Hens which lay brown eggs,
New Hampshires and Crossbreeds, were kept
in single cages of 3-deck batteries and housed
in air-conditioned room at 72 = 2°F. Medi-
cated rations were prepared by adding nicar-
bazin to open-formula breeder diet used as
basal ration. All rations were fed ad lib. A
value for egg shell porphyrin concentration
was established for each hen by averaging val-
ues for all egg shells laid during 5-day period
prior to feeding experimental diets. This
value served as control to which subsequent
values, obtained while hens were on medica-



