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Distribution of Injected Heparin in Different Blood Fractions.* (25128)

HAHOLD B. EIBEH AND 1. DANIS H E FS KY

Depts. of M edicine an d Biochemistry, N . V. M edical College, N. Y. C.

Alth ough the effect of heparin in inhibiting
coagula tion of blood has been known for a
num ber of yea rs , almost noth ing is known
with respect to the mechani sm by which this
action is exer ted. It is most probable that a t
least one step involves an interacti on with
one of the plasma proteins since the presence
of a normal blood compo nent is a necessar y re­
quirement in pr eventi on of blood clotting by
heparin. As an initial step exper iments were,
there fore , conducted to determin e in which
blood fraction the heparin resides subseq uent
to intravenous administration. Wh en th is is
decided further studies could be mad e on the
specifi c frac tion involved . We employed he­
parin-S'" since this can be measured in min­
ut e amounts. The present repor t describ es
experiments on blood fractionati on after in­
tr avenous injection of heparin and determina­
tion of radioactivity in the different fractions.

M ethods. Heparin-S'" in the form of so­
dium salt was prepared as describ ed previ­
ously ( 1) . This material , havin g an antico­
agulant activit y of 152 U.S.P . uni ts/mg. main ­
tain ed a constant specific activity (8 ,010
c.p.m./mg) afte r repeated recrystallization .
Other analytical data were as follows: glu­
cosamin e 23.22%; nit rogen 2.25%: sulfu r
12.02% ; sodium 7.88%; [ a] !l~ " + 510

•

Three dogs weighing 8-9 kg were injected in­
t ravenously with solution of 30 mg of heparin­
S::" (2.4 X 10:1 c.p.m.) in physiological saline.

* Supported by grants irom Atomic Energy Comm.
and Am. Heart Assn.

Blood samples drawn from animals 15 and 30
minutes after injection were employed in frac­
tionati ons and subsequent radi oactivity assay.
First , blood was separated into plasma and
cells. A second por tion of blood was clotted
and seru m separa ted from clotted material was
fractionat ed into components of different
densities. Afte r mixing a serum aliquot with
aq ueous sodium chloride to give a solution
with density of 1.006, the mixture was centri­
fuged at 79,000 g for 20 hours at 40 (Sp inco
Ult race ntrifuge, M odel L ) . The top layer
(density, less than 1.006 ) was removed for
radioactivity analys is and th e in fran ate was
mixed with salt solution (D , 1.346 to give a
final density of 1.063). The latter mixture
was centrif uged at 79,000 g for 20 hours and
th e top layer (D, 1.006-1.063) taken off. The
abov e procedure was repeated with the inf ra­
nate using potass ium bromide as the salt to
give top layers with densities of 1.063 - 1.120
and 1.120 - 1.200. The different fractions
were then combu sted , converted to barium
sulfate, and counted in gas flow counter. An­
other 10 ml of serum was mixed with 90 ml of
5% tr ichloroaceti c acid. The precipita ted
protein was collected and washed with tr i­
chloroacetic acid. The washings were com­
bined with the original supernate. In another
experiment serum was mixed with 3 volumes
of alcohol and the precipita ted mat eria lsepa­
rated from th e supernate . Additional experi­
ments were conducted in which plasma was
submitted to chemical fract iona tion by Cohn
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.* Based on avg of ;-) experiments wherein each
l'xperillH'llt was conducted in triplicate.

T ABLE 1. Radioactivity of Blood Fractions after
l nt rnvcnous Tnj ection 'of Hep[ll'in-S"" in Blood

Drawn II) and 30 Mill. af'ter Lnjcction."

method IV(2) and the material separated into
I + III, II, IV, VI, and albumin fractions.
Finally, a serum aliquot was dialyzed against
running water for 4 days at 4 0

, and the di­
alyzate was assayed for radioactivity. Radio­
activity measurements were made on a gas
flow counter and sufficient counts were taken
to obtain an accuracy of ± 10%. Values ob­
tained were converted to number of c.p.m. at
infinite thinness.

Results. Figures obtained on radioactivity
assay of the various fractions are a reflection
of heparin concentration. This is demon­
strated by the fact that radioactivity in blood
is dialyzable (Table I). If desulfation and
consequent removal of the label had occurred,
the latter would be in the form of inorganic
sulfate which can pass through the cellophane
membrane.

Table I shows results obtained in terms of
c.p.m. in various blood fractions. Almost no
radioactivity (heparin) is taken up by blood
cells and practically all material in plasma can
be recovered in the serum fraction. Further­
more, both trichloroacetic acid and alcohol
precipitation show that heparin is associated
with proteins. Heparin itself, when dissolved
in water cannot be precipitated with trichloro­
acetic acid.

Of special interest is the fact that no sig­
nificant amount of radioactivity can be recov­
ered in low-density lipoproteins upon centrifu­
gation in media of different density (Table
II). This excludes the possibility of associa­
tion of heparin with chylomicrons and the

Radioactivitv
('pm!IO ml of hi~od

11) mill. :1O mill.

928 ± 15
606 ± 39

93 ± 10
14 ± 1
16 ± 3

8 ± I

Radioactivity, cpm

qllli ill total

i:1G0 ±;-)20
1;-l ± 1
18 ± .o
o

14 ± 2
:jOG2 ± 29

FrHetion

SerUlll

D,l.I,I,OO
-1'(Hi;-l

1.00;-l-1.120
1.120-1.200
1.200

F'ructiou

Original plasma (10 ml)
Fraction I + III

II
IV
VI

Albumin

ments and our present studies are concerned
with this question. The finding that the al­
bumin fraction contained only traces of ra­
dioactivity was somewhat surprising since in­
teraction of heparin with albumin has been
demonstrated by electrophoretic studies of
Chargaff, et al.(6). However, it should be
noted that experiments in which such binding
was demonstrated were conducted with com­
paratively high concentrations of heparin. In
our study and in clinical administration, ac­
tual blood heparin concentration is minute. It

TABLE III. Radioactivity in Plasma F'ruetions
uf'tcr Chemical Fractionation. 10 ml of plasma ob­

tainod from blood 30 min. after injection.

TABLE II. Distributiou of Radioaotivity in Serum
F'ructions of Different Density. 50 ml of serum
from blood drnwn 30 min. afte;' injection were ern-

ployed. (Avg of 3 exp.)

major portions of lL-lipoproteins. The reported
effect of heparin on chylomicrons (3) and lipo­
proteins (4) apparently does not involve any
chemical combinations with these substances
and must operate by some indirect action.
Most probably this involves interaction of
heparin with lipoprotein lipase (5) which in
turn elicits the lipolytic effect.

Chemical fractionation of plasma and ra­
dioactivity assay of different fractions indi­
cates that the major portion of heparin is
found in fraction I + III and II (Table III).
It is noteworthy that these fractions contain
some of the clotting proteins, i.e., fibrinogen
and prothrombin, in addition to y-globulin and
,B)-lipoproteins. Whether heparin combines
with one or several of the proteins of these
fractions cannot be decided from these experi-

------ - - -- - _ __._---

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

1034 ± 82
22 ± :1

f!28 ± 15
:n± 2

841 ± 5:1
8;-)0 ± 47
810 ± 04

;3 ± 1
791 ± ]9

8 ± .f!

Hi88 ± !Hi
70 ± 9

1542 ± I](i
42 ± 2

1470 ± 90
1458 ± Sf!
1452 ± 104

2 ± .n
1402 ± 7

21 ± ;)

F'ruct.iou

Wholl' hlood
Cl']]S
Plasm 'I

Clot
Spruill
Di alvzcd serum
Alcohol precipitate

" filtm te
TeA precipitate

" filtrate
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fraction II and only minute quantities in other
fractions. 2. Heparin is not desulfat ed in the
bloodst ream.
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is qui te possib le, therefore , that interacti on of
heparin with albumin does not. occur under
these conditions.

Heparin is a highly charged molecule and
it is reasonable to expect th at th e mechanism
for its ac tions involves some pro tein interac­
tion th rough these charges. Although studies
have demonstrated interaction of hepari n with
individual proteins, compa rat ively litt le is
known of how it reacts when ad ministered in
the bloodstream . The present study narrows
the possibilities of reaction to the proteins of
certain specific fractions.

Summary . 1. After intravenous injection
of heparin-S":', radi oact ivity is concentrated
in the serum fraction. Only minu te amounts
of radi oact ivity are found in low density lipo­
proteins. Chemical fra ct ionati on shows that
the preponderant portion of radi oactivity is in
Cohn fraction s I + III . lesser amounts in Received Mar ch 23, 1959. P .S.E .B.M., 1959, vI02.
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Antiserum prepa red from blood of dogs hy­
perimmunized against distemper has been
used to aid in controlling this disease since
1925. More recently, antigens of Lepto spira
canicola and infectious canine hepatitis virus
hav e been added to the hy perimmunizing an­
tigens to make availabl e a single antiserum
containing specific antibodies against each of
th ese major diseases. In some cases antigens
of common bacterial secondary invaders also
ar e used . Multivalent antiserums prepared
in this manner have proved valuable for con­
ferring passive immunity for immediate pro­
tection again st the agents used for hyper­
immun ization, and as a pa rt of therapeutic
programs after exposure. Present ly available
ant iserums have 2 outsta nding disadv antages :
( 1) an tibody content is not precisely stand­
ardized, and (2) th ey conta in large amounts
of immunologically inert proteins. A degree
of standardization may be attained by using

large numbers of donor dogs and bleeding re­
peat edly so that turnover in donor popula tion
is gradual and influences antibody content
only slightly . Advances in immun ochemistry
have made purification and concentration of
ant ibody proteins possible, as well as more
precise methods of assay. Such improvements
were instr umental in developing gamma globu­
lin in human medicine . They also have pro­
vided means for developing similar prepara­
tions in veterinary medicine. This report is
concerned with development of a purified ca­
nine globulin concentrate, derived from blood
of hyperimmunized dogs, and presents results
obta ined with this concent ra te.

M ethods and materials. Sta rting material
used for preparat ion of globulin concent ra tes
was plasma obtained from pooled blood of hy­
perimmun ized ad ult dogs. The hyperimmu­
nizing process involved weekly inj ections of
canine distemper viru s, infectious canine he-


