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in stomach weight is due to protein rather
than carbohydrate or minerals. The under-
lying mechanism is unknown.

Summary. Vagal denervation produced a
marked increase in stomach weight and a less
dramatic loss of intestinal weight. Changes

in fat and water content of these structures
could not account for the observed changes
in weight.

1. Dorchester, J. E. C., Am. J. Physiol., 1959, v196,
847,
Received May 18, 1959.

PS.EBM. 1959, v102.

Action of Protamine on Production and Activity of Heparin-induced

Clearing Factor.®

(25139)

Frank C. MoNKHOUSE, FLORENCE McCrLaiN anp DonaLp G. BAKER
Depts. of Phvsiology and Medical Research, University of Toronto, Canada

It is well established that protamine inhibits
clearing factor activity. This inhibition can
be demonstrated in vivo(1.2) and in vitro(3,
4). The effect of protamine injections on
clearing factor release is not clearly estab-
lished. Bragdon and Havel(5) showed that
protamine caused hyperlipemia in fasting rats,
and this has been confirmed by several other
workers.  Bragdon(6) subsequently found
that protamine inhibits the disappearance of
injected phospholipids from blood. He con-
cluded that this was the result of anti-heparin
activity of protamine. Similar conclusions
could be drawn from the work of French and
Morris(7) who injected C-labelled chylo-
microns obtained from lymph of rats. They
found that heparin caused an increase in rate
of removal of chylomicron while protamine
caused a decrease. According to the hypothe-
sis of Robinson and French(8), clearing fac-
tor occurs normally on the capillary surface
and may be displaced into the blood stream by
injection of heparin or by adsorption on circu-
lating chylomicra. Our recent results(9) sup-
port such an hypothesis. The question arises
whether protamine may inhibit release of
clearing factor by attaching itself to the capil-
lary surface. Experiments were carried out
to distinguish between an inhibitory effect on
release of clearing factor and inhibition of
clearing factor itself. Determinations were
made first on the time protamine remained in
the circulating blood after injection and. sec-
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ondly how long after a protamine injection was
it before a challenging dose of heparin would
elicit full release of clearing factor.

Materials and methods. Protamine. Com-
mercial product (Connaught Medical Labs)
prepared as 1% solution, was used. Clearing
factor assayv was carried out by the method of
Monkhouse and Mackneson(9). Lipemic sub-
strate was prepared by adding either commer-
cial fat emulsion, “Ediol,” or chylomicrons to
pooled oxalated dog plasma previously heated
to 56°C for 5 minutes and stored at —20°C.
Changes in turbidity were measured in Cole-
man Junior spectrophotometer at 500 mp
after 1 hour incubation at 37° C, and the ac-
tivity expressed as changes in transmission for
0.1 ml of plasma being assayed. Clearing fac-
tor release. Fach rat was given 50 units of
heparin in 1 ml of saline solution intrave-
nously, and the post heparin plasma taken 6
minutes thereafter. Heparin was kindly sup-
plied by Connaught Medical Labs. Blood
was removed from rats via exposed jugular
vein. All samples were taken into one-tenth
volume of 3.8% trisodium citrate solution.
Fat diet contained approximately 40% pro-
tein (7% casein, 28% alcohol extract of pea-
nut meat, 5% soya protein) 34% lard, 2%
cholesterol, 10% sucrose and adequate vita-
min supplements.

Results. Fig. 1 illustrates the relationship
hetween protamine concentration and inhibi-
tion of clearing activity. Various dilutions of
protamine were made with pooled citrated rat
plasma. To each of 2 tubes, one containing
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FIG. 1. Inhibition of eclearing factor activity
with different econcentration of protaminc added
in vitro.

FIG. 2. In vitro elearing factor inhibitory aetiv-
ity of plasma withdrawn from rats at different
times after they had received intrav. protamine.
Each point is represented by 4 animals. Mean val-
ues and stand. dev. are shown.

FIG. 3. Inhibition of release of clearing factor
in rats following intrav. inj. of 5 mg of protamine,
Each point represented by 4 animals. Mean values
and stand. dev. are shown.
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0.05 ml of post heparin plasma and the other
0.10 m] was added 0.2 ml of various protamine
dilutions. Each tube contained 1.6 ml of lipe-
mic substrate and total volume was adjusted

to 2.0 ml with saline. Increasing inhibition
was obtained with plasma protamine concen-
trations up to 0.20 mg/ml plasma.

Protamine was injected intravenously into
rats and samples of blood withdrawn every
minute thereafter. Fig. 2 shows that prota-
mine leaves the circulation extremely rap-
idly. Even with doses as high as 10 mg/rat
no significant inhibition of clearing factor was
observed with plasma obtained from animals
4 minutes after they received the protamine.
When injections of protamine were made in-
traperitoneally only slight inhibition of clear-
ing factor was obtained with plasma from in-
jected animals. If inhibition did occur it was
usually detectable in plasma between 30 and
60 minutes after injection.

In contrast to its transient stay in the cir-
culation, a single injection of protamine has
a prolonged effect on release of clearing fac-
tor. Fig. 3 shows the effect of intravenous in-
jection of protamine on release of clearing fac-
tor activity by heparin. Twelve rats each re-
ceived 5 mg of protamine intravenously. At
each of 3 intervals, 60, 120 and 180 minutes
thereafter a group of 4 rats received 50 units
of heparin intravenously and 6 minutes later a
sample of blood was withdrawn for clearing
activity assay. There was still a decrease in
ability of rats to release clearing factor 2 hours
after protamine injection. This experiment
was repeated with intraperitoneal injections
of protamine in doses of 10 mg/rat. Again
inhibition of clearing factor release was ob-
tained, hut to a much lesser degree and the
results were more variable. It is worth noting
that inhibition could bhe obtained in some ani-
mals as early as 5 minutes after injection.

Experiments were then carried out to deter-
mine whether repeated daily injections of pro-
tamine over 2 weeks would result in a more
permanent impairment of clearing factor pro-
duction. In a preliminary experiment intra-
peritoneal injections of protamine, saline or
heparin were given. One ml of one of the solu-
tions was given daily for 2 weeks to each ani-
mal. The protamine and heparin solutions
both contained 10 mg/ml. Three of the rats
receiving heparin died with intraperitoneal
hemorrhage. Twenty-four hours after the
last injection each animal received the stand-
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ard 50 units of heparin and 6 minutes later a
sample of blood was removed for clearing fac-
tor assay. The protamine treated animals
showed no decrease in ability to produce clear-
ing factor as compared to saline injected ani-
mals.

The experiment was repeated and extended
to include variations in diet and temperature.
Two groups of 24 rats each were used. One
group was kept at room temperature and in a
refrigerated room at 2°C. Animals were given
a chow diet and maintained in their respective
environments for 6 months. Six weeks prior
to measuring clearing factor production. half
of the rats in each group were put on a fat
diet. After 4 weeks on the diet, half of the
rats on the fat diet and half of those on the
chow diet were given daily intracardial injec-
tions of 10 mg of protamine for 2 weeks.
Twenty-four hours after last protamine injec-
tion, all animals were tested for ability to pro-
duce clearing factor. There was no significant
decrease in ability to release clearing factor
in the protamine treated rats when compared
with controls. However. animals in the cold
appeared to release more clearing factor than
those at room temperature.

The effect of cold adaptation was repeated.
Clearing factor release was compared in 10
rats which had been on a chow diet in the cold
for 6 months with 10 rats of same age kept at
room temperature for similar time. This
time, clearing activity was measured accord-
ing to rate of change in transmission minute
for the first 15 minutes incubation. This is
considered to be a more sensitive test for en-
zyme activity(4). The results are shown in
Table I. Tt can be seen that animals kept in
the cold. release more clearing factor activity
following standard heparin injection. Only
one of 10 rats kept at room temperature had a
value as high as animals in the cold.

Conclusions. (1) Samples of plasma taken
TABLE I. Clearing Faector Activity in Rats. Ex-
pressed as vate of change of transmission/min./ml
of post heparin plasma. Figures ave avg values and
their stand. dev. based on estimates from 10 ani-

mals in cach group. The differences are significant
(p —= 0.005).

At room temp.

11.1 = 2.2

Exposed to eold

147 +- 1.4

from rats one to 3 minutes after they received
an intravenous injection of protamine will in-
hibit clearing factor. Degree of inhibition
varies with dose given, but even with doses as
high as 10 mg no inhibition can be detected in
the plasma 4 minutes after injection. An in-
travenous dose of 5 mg of protamine inhibited
release of clearing factor for a period of more
than 2 hours. Tt would seem that protamine
which has been so quickly removed from the
circulation, has been deposited at sites of
clearing factor release. The simplest expla-
nation, but by no means the only one, would
be to assume that the site of clearing factor
release is the endothelial lining of the vessels.
This explanation would be in support of the
hypothesis proposed by Robinson and French
(8). (2) With intraperitoneal injections of
protamine, inhibition of clearing factor re-
lease was detected in some animals within 3
minutes, whereas inhibitory activity was not
detected in plasma until 30 to 60 minutes after
injection, if at all. This was probably due to
the fact that protamine was removed from
the circulation almost as rapidly as it entered,
and its removal blocked release of clearing
factor. (3) Experiments in which protamine
was injected daily for periods of 2 weeks indi-
cated that the reported increase in atheroma-
tous plagues(10) was probably not attribu-
table to any prolonged impairment in clearing
factor production. There would however be
daily periods of from 2 to 4 hours immediately
after each injection when there would be an
impairment and this could be a contributing
factor. (4) The increased ability to release
clearing factor in animals adapted to cold en-
vironment may be associated with the general
increase in metabolic rate. This increase in
level of enzyme activity brought on by a phy-
siological change encourages the thought that
it has indeed a physiological function.
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The influence of environmental factors on
physiological activity has been well docu-
mented. The effects of emotional stress(1)
and periodicity(2) are examples of environ-
mental influences on physiological function-
ing. Recently there has appeared evidence to
indicate that the nature of environment during
organism’s infancy exerts profound influence
on physiological activity later in life. For ex-
ample, rats which received extra stimulation
during infancy show less mortality (3) follow-
ing 120 hours of food and water deprivation
and less adrenal hypertrophy 24 hours follow-
ing an injection of hypertonic glucose(4) than
do nonstimulated controls. This communica-
tion presents findings concerning the effects of
infantile stimulation on length of survival fol-
lowing implantation of leukemia 1210 in
DBA/2 mice.

Materials and methods. Ninety mice were
used. Litters were assigned at birth alter-
nately to either the stimulated or non-stimu-
lated condition. Experimental treatment con-
sisted of removing the pup from the nest, plac-
ing it in a 2 x 3 x 6” compartment for 3 min-
utes, then returning the infant to the nest.
This procedure was initiated on day following
birth and was continued once daily until
weaning on day 24. There were 42 mice in
this treatment group. The non-treated sub-
jects (N = 48) remained in the nest and
were not treated in any manner until weaning.
On day 24 all mice were weaned and placed

*This investigation was supported by research
grant from Inst. of Mental Health, N.I.H.,, P.H.S.

in group cages. No animals were manipu-
lated from weaning until time of implantation.
All animals were implanted interperitoneally
with 2 x 10° leukemic cells in 0.1 ml volume
of Locke’s solution when they reached a
weight of at least 18 g, 7.e., between ages 45
to 55 days. The tumor used, L-1210, is a
transplantable lymphoid leukemia induced in
DBA/2 mice(5), maintained in the tumor
bank at Battelle Memorial Inst. by weekly im-
plantation of 2 x 10% tumor cells into the
peritoneal cavity. This tumor has been very
consistent in causing death in 100% of im-
planted animals with mean survival time over
the past year between 8 to 9 days, and with a
latent period of 2 to 3 days after implanta-
tion.

Results. (Table I) shows that animals
stimulated by manipulation during postnatal
period have lower survival times than non-
stimulated mice. In the first and second repli-
cations there was no overlap between groups,
thus obviating the need for statistical analysis.
A median test was used for the third replica-
tion and yielded an X2 of 20.16 significant be-
yond the .001 level of probability. Although
there were some differences between the repli-
cations, these may in part be attributable to
the fact that a transplantable tumor shows
changes during the course of repeated trans-
plantation. These changes may manifest
themselves as slight variations in mean sur-
vival time of animals implanted. Further-
more, the experimental subjects, although
highly inbred, may show fluctuation in re-



