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Anticoagulant Activity of Phosphatidvlserine Free of 
T,ysophosphatidylserine.* (24746) 

In our earlier work( I .2 ) 1)riritied pho.;ph;i- 
tidylserine (PS) from pork I m i n  was shown 
to be a potent anticoaqulant iif v k o  and irr 
vitro. However, these fractions were con- 
taminated with lysophosl~h~itid\,lc;erine (TAT’S ) .  

The present pal~er describes fractions free oi 
LYS , w i t h ii n t icoa c,ru 1 an t H c t i v i t J- s i m i 1 a r t ( 
that of the earlier fractions. This sirlistanti- 
ates the previously recorded evidence ( 1.2 ) 
that anticoaqulant activity is a function of 
naturally occurring 1’s. 

Methods. Pwpurcriioii of frcrctioirs. I n  our 
earlier method ( 1 . 2 )  for purification of 1 5  
from the fraction 111 of Folch(3) the frac- 
tions are in prolonged contact with chloroform 
and methanol. The method mas modified tq. 
eliminating the overnight extraction o f  each 
fraction with chloroform and methanol. thus 
completing the fractionation in one day in- 

. _-- - . . - . _ -  . 

* Aidccl hy grant from U.S.P.H.S. 
1 With 1cxchnic.aI :issist;Inw of  I,ouisr O’KwIc. .  

stead of eight. The extracts derived from the 
fraction T I T  of Folch are designated as 111-1, 
lTT-2. TIT-3. . . . TTI-8 and the residue as 

Rrsirlts. Paper chromatotyaphy. Fig. 1 
illustrates paper chromatography of the pure 
serine phosphatide fractions on paper impreg- 
nated with silicic acid. The methods em- 
!d:)yed have been described(4,l). To  show 
how purification was followed from the “ce- 
phalin” some of the cruder fractions are in- 
cluded. Fractions 111-2 to 111-8 had only one 
q)ot corresponding to PS. This spot was ninhy- 
clrin p s i  t ive 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 III-R showed a 
spot corresponding to PS and a slow-moving 
component with mobility and stajning prop- 
erties similar to an inositol phosphatide ( TP). 
’I’hv 11’ content o f  this fraction would explain 

I IT-R. 
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its relative insolubility. A PS preparation 
made from the same fraction 111 by the meth- 
od of FolchS(5) also showed a second spot 
which probably represents a second type of 
IP. (‘orresponding spots are found in the 
fraction I of Folch(3) which is known to con- 
centrate I F’. I’hosphatidylethanolamine (PIC) 
is concentrated in fraction 111-1. PE was 
easily detected in this latter fraction, although 
i t  could not be detected in 100 pg of the Frac- 
tion TIT from which the 111-1 was derived. 
Sometimes PE appears in fraction 111-2 as 
well as in 111-1. When solutions of fraction 
111-3 to 111-8 in chloroform were kept a t  4” 
for one nionth or when the fractions were 
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FIG. 1 .  P l ~ w r n u l o g ~ a p l r y  of p l m p h o l i p i d  f racf ions 
oti pupor iniprcpintd with silicic acid. The sol- 
wilt aiist,ure-diisobutyl kctonc : acetic acid : r w -  
t r r  (40/25/5) (V/V/V)-was allowed to run  :IS- 
cendiiig for  20 hr at 4”. Thc papers w r e  tlicii 
dried, stained with Rhodainine t;G and exaaiinetl 
iiiidcr ultra-violet light. Spots at position 2 appear 
rello~~--~~lios~~l~:~tidylethanolaiiiine. Spots a t  posi- 
‘tioii 3 appear blue-violet-phospEintidylserine (?PI- 
low coritPrs in  these spots contain aldehydogeiijc 
n1:iterisl). Spots at, position 4 and 5 appear blue- 
violet, arc iiin1i;vdrin iiegative ; ~ n d  probably reprc- 
scwt 2 diff crent iiiositol phospliatides. Spots a t  
positioii 1 appear blue-violet and remain unidmti-  
ficd. Syntlictic PE (shown on extreme right) i w s  
1, - cli 01 e y 1131 i o s pl 1 a ti d yl c th  anolaniine kin (1 17 p r ovi d c d 
1)y I)r. Eric11 h e r .  Ccplialin fractioii was preparcid 
l ~ y  riic)tlioil of Folch(3) froin pork brain. Fractions 
I, T I ,  111, TV, V prepared from this ccphaliii 1 ) ~ -  
iiictliotl of Folcli (3). Fractious 111-1 to ITI-8 :iiid 
r 1 I-R, prq)arecl from fraction I1 I by niothocl rlc- 
scrihctl iii t e s t  and  in  refercnccs( 1,2). Fraction 
1 ; ~ I ~ e l l ~ d  Folcli PS is a PS fraction from pork brain 
1wCparcil ex:ictly as described by Folcli (5). One 
liundred pug of each fraction was applied to the 

paper in 10 pl of chloroform solution. 

$ 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 
I N  THE CLOTTING SYSTEM 

P ’ I G .  2. A ~ ~ t i ~ ~ o n ~ ~ i i l n ~ i l  act iv i ty  of seriiaa phosp l~a-  
litlr frnrtiows f r r c  of LPS and thosr: co7Ltaini.lt.q 
1J’A’. TJnshadetl bars rcl)rcseiit clotting tinics pro- 
tliicccl :I solution of fraction 111-4 prepared as 
clcscrilwtl in th is  paper. S11:idcd bars indicate clot- 
ting tiiiicn 1)roducetl by x solritioii of a fractioii 
T I 1-5 p y a  rcil by thc older nictliod ( J  ,2) :ind con- 
taiiiing soilit? I,P8. Fractions testcd in the fully 
sohil~ilizccl f o r m  (2).  Ililiitions from origiiial 2 mg 
/ i d  solution coiituinirig sodiuin dcsoxychola.tc (2 
iiig/iiiI) IVC~L‘C inadc wj t h  0.90/(, sodiuiii chloride so- 
lutioii I)iifT(~rcvl a t  p H  ‘7.4 with 0.0B M imidazolc. 
(Ilottiiig tests w r e  prrfornictl by adding 0.1 1111 
:inioiiiits of tlic following to siliconized tubes and 
iiotiiig clottiiig tinio a t  37” : normal, Jiiirria~i, cit- 
mtcd p1;isiii:i ; P8 solution (or buffercd s;ilinc? con- 
i rol) : 1iiini:tii brain thrornboplastin ; 0.02 3r CnCl, 

solution. 

stored dry under nitrogen at  -15’ a second 
ninhydrin positive spot was noted in each, 
after paper chromatography. This spot cor- 
responded tg 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. 

A nticougulant activity. Anticoagulant ac- 
tivity of pure 1 5  fractions was compared to 
that of fractions previously described ( 1,2) 
which contained small amounts of LI’S. The 
results (Fig. 2 )  show that pure YS had anti- 
coagulant activity of the same order of mag- 
nitude as I’S 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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the order of ma!pitude of quantities of 1% re- 
quired to produce similar clotting times when 
PS is added immediately to the thromboplas- 
tin generating misture o r  \\-licii it is atltletl 
after iiill throiiiI)r)l~la.tiii c.ent.ration has oc- 
curre(I. 1;or esaml)lc. i n  another series of 
tests in \\-hich the control clotting time (fill1 
thronihpliistiii generat ion. no 1’s atl(let1) iviis 
13 seconds, 0.8 p.lg of 1’s 1)rotluced a clotting 
time of 16 seconds when 1’s was added imnie- 
tliately to the generating niixture: when 1’s 
was atltletl to the reaction ini\turc after full  
tliroml~o~~lastin generation. SO pg was neces- 
sary to produce the same clottinp time. IYhen 
80 pg of 1’s was added immediately to the 
generating misture. clotting time was 335 sec- 
onds. C‘oniixirison of clotting times niust be 
limited to those obtained in individual experi- 
ments, because of the variability normally 

ioiiijcl i n  1 lw tlirc)nil)c,l)l;isliii gciier;ition test 
(tj) awl twcause 1 5  affects both rate and 
amount of throniboplastin iormation ( 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 
;idtletl to the generating mixture, at its start. 

I>isc-zrssion. The purified serine phospha- 
tide fractions described here consist mainly 
oi 1’s in the diester form and contain some 
:i 1 t le h yt l ogen ic ser ine p hosp ha t ide. Anticoag- 
u lmt  activity of these fractions must be due 
to  1’s bince destruction of the aldehydogenic 
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R E A C T I O N  T I M E  (MINUTES) 

I’LG. 4. I ~ l i i l ) i t i o ~ i  of tlwoinboplastic activity hy 
p ~ ~ r i / i (  tl S( r i I i c  p l io sp l~~ i t i r l c  fraction after compl6- 
/ / r ~ t i  of !I( ~tcrcr/toti of lIir~oi~i2,oplnsfin. Reaction 
iiiisturc: 0.2 1111 siispisioii of iiormal human plate- 
1t.t  \; 0.2 l i t1  %Oc/r, normal, Iiuiiiaii, citrated plasma 
:i~lxorbccl wit11 Al(OIL),; 0.2 ml 10% normal hu- 
i i i ; i i i  scruln; 0.2 nil CaC1, solution 0.02 Ed. Reaction 
iiiisturc incubated a t  37” for 4.5 min. This allowed 
fo r  ful l  throniboplastin gciiertltion as shown by 
clotting titiir of the control (broken line). Then, 
:I\ iiidic:tt(vl by vertical liitc, 0.2 nil of a suspension 
i i i  I)riffcbt.cv1 s:iliitc sollition of purified serinc phos- 
~ ~ I i : i t i t l c .  fi*:ietioii u-as adcled to reaction mixture. 
I i i r i i 1 ) : i t i o t i  :it 3 7 ”  vns continued. Thirty sec. later 
( : 1 1 i ( l  : i t  iiitc1tv:IIs to 10 iiiin. thereafter) 0.1 ml of 
tiii:il iiiixtiirc was adtlcd to 0.1 ml of normal, hu- 
i i i : i I i ,  c i tm trd, platclct-poor plasma, followed by 0.1 
1 1 1 1  of 0.~12 11 CnC1, solution. Clotting times were 
iioted (iiitlicatcd by X i n  chart). Concentration of 
TW i i i  reactioll mixture is indicated alongside each 
V I I  tw~. Coiitrol curve represents clotting times of 

same mixture without PS. 



u~niy)oiient does not caiisc loss of activity( 1 ). 
The fact that such fractions have anticoagu- 
lant activity in zlitro slightly lower than PS 
fractions containing small amounts of LPS 
argues in favor of the solubilizing effect of 
LPS on PS.0 The inhibitory activity of the 
fraction I11 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 

0 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). 

well as ntwtralixe i t s  cffcct ;ifter i t  i s  formed. 
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Porphyrin Formation by Tissues from Laying Hens Fed Nicarbazin." 
(24747) 

D. I'OLIN (lntroduced by H. J. Robinson) 
Merck Znst. 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 6- 
amino-levulenic acid (ALA) , an intermediate 
in the porphyrin cycle (2,3) , into porphyrins 
in vi tro(4) .  I t  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 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- 


