Errect oF DicuMArRoL oN BLEEDING TIME

seen to occur. Rhythmic changes in the re-
gional blood flow were observed which were
synchronous with but opposite in direction to
the changes in systemic blood pressure. This
agrees with the conventional view that changes
in blood pressure in this situation are sec-
ondary to changes in peripheral resistance.
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Roskam (1) reported that heparin has only
a slight effect on bleeding time. This obser-
vation has been confirmed many times clini-
cally. It is also evident from simple clinical
observation that the newer indirect anticoagu-
lants such as dicumarol have little effect on
normal bleeding. However, there has not been
any recent investigation of the effect of di-
cumarol on bleeding time. Roskam showed
that the effect of heparin on bleeding time de-
pended on technical details of method used.
In our study, we used the original method of
Roskam and Pauwen(2). Link(3) reported
that a certain number of normal rabbits fail
to show increase in prothrombin time with di-
cumarol (non-reactors). This provides a use-
ful control in many experiments on dicumarol
(4). As reported separately(5), administra-
tion of ACTH to rabbits results in rabbits pre-
viously refractory to dicumarol showing ele-
vated prothrombin times with the drug. One
series of our rabbits were therefore treated
with ACTH in addition to dicumarol.

Methods. Bleeding times were determined
on ear of rabbit by the method of Roskam
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and Pauwen(2). The ear was shaved, the
rabbit immobilized. Ten cuts were made on
each ear and the ears bathed with distilled
water at 30°C and pH 7.0. Time for bleeding
to stop from each cut was recorded and mean
bleeding time with standard deviation calcu-
lated. Prothrombin times were done by the
usual Quick procedure using rabbit brain
thromboplastin. ; Dicumarol was given orally
as a single dose of 5 mg/kg. ACTH was given
to some rabbits as a single intramuscular
dose of 5 mg/kg .at the same time as dicu-
marol.

Results. Eighteen rabbits were given dicu-
marol and prothrombin times and bleeding
times determined before (day 0) and on the
third day. Five rabbits were similarly treated
and prothrombin times and bleeding times de-
termined before and on the fifth day. Eleven
rabbits received both dicumarol and ACTH
and prothrombin times and bleeding times de-
termined before and on fifth day. The results
are shown in Table I. P values are for value
of mean bleeding time compared to the same
value on day 0. Comparing bleeding time on
third day with that at beginning of experi-
ment, the average of mean bleeding times for
the 18 rabbits showed a slight but significant
increase. [Eight of the 18 rabbits gave a sig-
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nificantly greater bleeding time on third day.
Three of the 4 non-reactor rabbits which
showed only a slight increase in prothrombin
time increased in bleeding time. On the other
hand, 9 rabbits showed no increase in bleeding
time, and 7 of these had quite prolonged pro-
thrombin times. Six rabbits showed an in-
crease in both values. One animal with in-
creased prothrombin time showed a significant
decrease in bleeding time. There was there-
fore little relationship between the 2 values.

There have been reports of dicumarol af-
fecting vessels directly(6). The mean bleed-
ing time and prothrombin time were deter-
mined for 5 non-reactor rabbits on fifth day
after receiving' dicumarol. There was no
change in bleeding time. As found previ-
ously, when dicumarol and ACTH were ad-
ministered simultaneously to rabbits, all ani-
mals showed increase in prothrombin time.
Three of these rabbits gave an increased
bleeding time 3 days after receiving dicumarol
and ACTH. This incidence was no greater
than with dicumarol alone and the other rab-
bits were unaffected. One animal showed a
significant decrease in bleeding time. On the
other hand one rabbit died of hemorrhage
without increase in bleeding time from ACTH
and dicumarol.

A most remarkable finding was that the
animals on which bleeding time determina-
tions were performed on third day and in all
of which the bleeding had stopped by 5 min-
utes after the cut, showed bleeding commenc-
ing again 1-2 hr later. Eight of these animals
were dead the next morning in their cages and
4 died in the next 3 days. Some small amounts
of blood were present in the cage and on the
fur. When the animals were autopsied all or-
gans were found to be exceedingly pale and
anemic. Lung pathology was observed in 4
rabbits. The general picture was of extensive
hemorrhage and shock although large amounts
of blood were not found in the cage. The pic-
ture was identical with that already observed
by Jaques et al.(7,8) for rabbits on anticoagu-
lants subjected to stress. It appears to be
due to a non-specific hemorrhage or leaking of
blood into tissues all over the body without
any particular area of specific hemorrhage. It
is particularly remarkable that rabbits which
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had a perfectly normal bleeding time at 2
p. m. were dead from hemorrhage the next
morning.

Discussion. 'That animals bleed to death
internally following determination of bleeding
time externally, even though bleeding time is
normal, is a remarkable observation. It can
be explained on the basis of previous observa-
tions of Jaques et ¢l. that when rabbits on di-
cumarol are subjected to stress, death from
hemorrhage occurs in a high percentage of ani-
mals. Determination of bleeding time by
repeated cutting of the rabbit ear seems to
be an effective stress stimulus in the
rabbit as judged by this high mortality. There
is no increase in mortality when ACTH is
added. As reported separately(5), adminis-
tration of ACTH instead of stress to dicu-
marolized rabbits also results in hemorrhagic
death in rabbits. Bounameaux, van Cauwen-
berge and Roskam(9) demonstrated that the
immediate effect of ACTH and cortisone was
to shorten bleeding time of rabbits. This is
also illustrated by the fact that there was no
increase in bleeding time with dicumarol plus
ACTH and indicates that bleeding time is
not a measure of the changes in vessels due to
ACTH.

Summary. Rabbits were treated with di-
cumarol and dicumarol plus ACTH and pro-
thrombin times and bleeding times deter-
mined. A slight increase in bleeding time was
observed after 3 days on dicumarol, in 50%
of the rabbits. Half the rabbits died in the
next 24-72 hr from generalized non-specific
hemorrhage. This was not related to the pre-
vious increase in bleeding time. Bleeding did
recur and continue from the cut ear but hem-
orrhage was much more extensive than this.
It is suggested that determination of bleeding
time is a marked stress procedure in rabbits.

The authors appreciate the technical assistance of
Mrs. L. Horborenko, R. N.
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We reported(1,2.3) that erythropoietic ac-
tivity of acidified, boiled plasma filtrates pre-
pared from phenylhydrazine anemic rabbits
was associated with a protein having paper
electrophoretic mobility of an alpha globulin
and chemical characteristics of an acid glyco-
protein. Small molecular weight, acidic gly-
coproteins are found in Cohn Fraction VI(4).
In preliminary work with plasma from phenyl-
hydrazine anemic rabbits and from a patient
with polycythemia vera we found erythro-
poietic activity in Fraction VI (unpublished).
The present study was therefore designed to
isolate. by ion-exchange chromatography.
acidic glycoproteins from the crude source of
boiled anemic rabbit plasma.

Materials and methods. Acidified, boiled
plasma filtrate (APF) obtained from phenyl-
hydrazine anemic, adult, white male rabbits
was prepared by modification of method of
Gordon(5) as previously described(3). The
filtrate was dialyzed in the cold 48 hours
against repeated changes of distilled water
and then lyophilized. One liter of plasma
yielded 500 to 600 mg of lyophilizate. The
lyophilizate, which possesses erythropoietic
activity by our previously described method
(3), was fractionated on diethylaminoethyl
(DEAE) cellulose ion-exchange columns(6).
Two separation procedures (I.II) were uti-
lized. Procedure IT was designed for a more
definitive fractionation on the basis of results
obtained with procedure I. The separation
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experiments are summarized in the elution
diagrams in Fig. 1 and 2. Fraction pools as
designated in Fig. 1 were dialyzed, lyophilized
and redissolved in 0.9% NaCl. Along with
unmodified APF starting material, and con-
trol saline injections, these fractions were as-
sayed for erythropoietic activity. Fraction
pools as designated in Fig. 2 were assayed di-
rectly, using a solution of 0.9% NaCl in 0.01
M sodium acetate buffer as a control injec-
tion. Female, Sprague-Dawley rats (average
weight, 220 g) were injected subcutaneously
daily for 4 days with 2 mg by dry weight (in
2 ml 0.9% NaCl) of the respective fractions
from procedure I. The fractions from pro-
cedure IT were injected on a similar schedule,
with a daily dose of 0.5 mg by protein con-
tent. Protein content was estimated on the
effluent fraction pools by the ratio of optical
density measurements at 280 and 260 mu
according to the method of Warburg and
Christian(7). On day 4, the animals were
given an intravenous injection of 0.5 uc
iron-59 as iron citrate contained in 0.25 ml
of solution. The per cent of injected dose of
iron-59 appearing in the total red cell mass in
24 hours was estimated by standard scintilla-
tion counting technics on whole blood ob-
tained by aortic exsanguination under ether
anesthesia. The total red cell mass was cal-
culated from the microhematocrit assuming
an average blood volume of 5.18 ml/100 g
body weight(3). Prior to sacrifice, blood
from tail vein was obtained for reticulocyte
enumeration by the dry cresyl-blue method.

Results. Erythropoietic activity of isolated



