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This group of 8 samples, 6 treated and 2 con-
trols, was incubated for 21 days at 4°C, then
subjected to electrophoresis. It was found
that the presence of the various chemicals
under the stated incubation conditions caused
no significant changes in the electrophoretic
pattern of the human plasma.

Discussion. The results of these experi-
ments indicate that glyoxal and Kethoxal may
have value as virucidal agents. Both chemi-
cals were more potent in destroying the in-
fectivity of influenza A, Newcastle disease
and mouse hepatitis viruses than was an
equimolar amount of BPL. Glyoxal appeared
to be less lytic than BPL or Kethoxal, and
none of the chemicals caused significant
changes in human plasma proteins at con-
centrations which were effective in sterilizing
artificially-infected blood. These results sug-
gest that glyoxal and Kethoxal hold some
promise as blood-sterilizing agents. Gly-
oxal gave results as good or better than
Kethoxal. Since thorough studies have not
been made on the toxicity of glyoxal
for mammalijan hosts(7,8), further work is
required before it can be applied to the large-
scale sterilization of blood and plasma. The
marked superiority of glvoxal over formalde-
hyde as a virus inactivating agent suggests
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also the possible application of glyoxal in the
preparation of “killed” vaccines or as a gen-
eral viral disinfectant.

Summary. Both glyoxal and B-ethoxy-a-
ketobutyraldehyde (Kethoxal) were more po-
tent virucidal agents than p-propiolactone
(BPL). Glyoxal was less lytic for human
erythrocytes than was Kethoxal or BPL.
None of the chemicals showed significant
toxicity for plasma proteins as measured by
electrophoresis. These experiments indicate
that glyoxal may be of potential value in the
sterilization of human blood and plasma.
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The existence of an erythropoietic sub-
stance in the blood stream was first suggested
by Carnot and Deflandre(1) who showed that
plasma from rabbits which had been bled re-
peatedly when injected into other rabbits re-
sulted in hyperplastic bone marrow and in-
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creased reticulocyte and erythrocyte counts.
Several investigators have since(2-19) con-
firmed the presence of erythropoietic activity
in plasma of animals which had been bled.
Plasma from animals exposed to low oxygen
tensions has similarly been found to stimu-
late erythropoiesis in recipients (6b,9,20-22,
24b). Human umbilical cord blood, also fetal
sheep and dog blood, have been found to in-
crease red blood cell count in recipient ani-
mals(22-26). As these reports of an erythro-
poietic substance in blood were based either
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on reticulocyte counts, red blood cell counts,
or hemoglobin determinations, and as these
methods are subject to error introduced by
changes in plasma volume, it is not surprising
that other investigators have been unable to
confirm the presence of an erythropoietic sub-
stance in blood(27-29).

It was the object of this study to reinvesti-
gate the existence of an erythropoietic stimu-
lant in the blood stream of the rat, using a
more satisfactory method for determination
of increased numbers of red cells in the circu-
lation, namely, the total circulating red cell
volume. Changes which may exist under dif-
fering physiological conditions, such as preg-
nancy and fetal life, would then be on a more
sound basis. This paper compares the levels
of erythropoietic factor in plasma of pregnant
and normal female rats.

Material and methods. The test animals
for measuring red cell volume were female
rats of the Long-Evans strain, hypophysecto-
mized on the 26th to the 28th day of life and
maintained for 45 to 50 days to allow stabi-
lization of the hematological values at the low
level characteristic of hypophysectomized
rats. The anemia which develops within this
period in such animals is severe, the red cell
volume being 50% below normal. This
anemia is known to be promptly repaired
after administration of erythropoietic stimu-
lants such as cobalt, plasma factor and pitui-
tary extracts(15,30-32). The plasma from
pregnant rats was newly prepared for each
day’s injection, as follows: Between the 15th
and 18th days of pregnancy the donors were
exsanguinated by withdrawal of blood from
the aorta into a heparinized syringe. The blood
was transferred at once to centrifuge tubes
containing a small amount of mineral oil to
exclude air, and was centrifuged for 12 min-
utes at 2,000 rpm. The plasma was drawn
into a syringe and immediately injected in-
traperitoneally. This procedure was repeated
daily for 14 days. Groups consisting of 6 to
8 hypophysectomized rats received daily doses
of 2 or 4.8 cc. Other groups received 2 or 4.8
cc of plasma similarly prepared from normal
adult female rats of the same age as the preg-
nant donors. At the termination of the ex-
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periment control hematological values were
determined in uninjected hypophysectomized
and normal rats of the same age as the experi-
mental groups. Red cell volumes of all rats
were determined by the Fe™ tagged cell
method(31). The result obtained from in-
jection of the lower dose level (2 cc of
plasma) was confirmed 3 times. All hypo-
physectomized rats were fed a standard lab-
oratory diet (Diet XIV) consisting of: wheat
68.5%, casein 5%, fish meal 10%, alfalfa
leaf meal 10%, fish oil 5%, NaCl 1.5%, KI
added (analysis 1 pg iodine per g diet). Each
afternoon a dish of liquid diet was given con-
sisting of Diet I (modified McCollum Diet I):
wheat 67.5%, casein 15%, skim milk powder
7.5%, fish oil 1%, NaCl 0.75%, CaCO; 1.5%.
KI added (analysis 1 pg iodine per g diet).
Lettuce was fed twice weekly. Pregnant and
lactating rats were maintained on Diet I.

Results. The results are presented in
Table I. The hypophysectomized rats in-
jected with the daily dose of 2 cc of plasma
from pregnant rats showed a significant in-
crease in total circulating red cell volume
(21%), also a significant increase in red cell
volume per 100 g of body weight (P = <
.001). The increase in circulating red cell
volume was accompanied by an increase in
total circulating hemoglobin of 14%, and of
13% in hemoglobin per 100 g of body weight
(P = <0.01). Injection of the larger dose
of plasma from pregnant rats (4.8 cc) in-
creased total circulating hemoglobin by 51%.
the hemoglobin per 100 g of body weight by
40%, circulating red cell volume and red cell
volume per 100 g body weight by 43%
(P = <.001). No increase in hematological
values occurred in hypophysectomized rats
injected with the 2 cc dose of plasma from
normal rats. At the higher daily dose of
normal plasma (4.8 cc) which was equivalent
to, or greater than, the recipient’s total blood
volume, an increase of 23% in red cell volume
per 100 g body weight (P =<.001), and of
21% in hemoglobin per 100 g body weight
resulted (P = <.001). The stimulation to
erythropoiesis, when normal plasma was used,
was definitely less than that observed from
injection of plasma from pregnant rats (P —
<.001). : o

ERYTHROPOIETIC PRINCIPLE IN PREGNANCY

The hematocrit and hemoglobin/100 ml
were not increased in any injected hypophy-
sectomized rats as there was a concomitant
increase in plasma volume and in total blood
volume. Increase in plasma volume was more
pronounced in those injected with plasma
from pregnant rats, ranging from 13% (P =
<.001) at the lower dose level to 34%
(P = <.001) at the higher level. The in-
crease in plasma volume in rats injected with
normal serum was only 8% (P = <.001)
at the lower dose level, increasing to 19%
(P = «<.001) at the higher level. The in-
creased plasma volume probably is attribu-
table to the growth promoting substances (or
growth hormone) which has been shown to
be present when this amount of plasma from
normal or pregnant rats was given. Pituitary
growth hormone has been shown to increase
plasma volume(34).

Increase in red cell volume and hemoglobin
in hypophysectomized rats injected with
plasma from normal rats is further evidence
that a circulating erythropoietic factor is nor-
mally present in the blood stream, and the
higher values in rats injected with plasma
from pregnant rats indicates that increased
amounts of erythropoietic substance circulate
during pregnancy. Increased production dur-
ing pregnancy of this factor, or factors, may
be responsible for the adult level of the red
cell volume which characterizes the rat at
birth; withdrawal of this stimulus at birth
may account for the physiological anemia de-
veloping in the neonatal period(33). If this
is true, then plasma from pregnant rats should
prevent the neonatal anemia.

To test this concept newborn rats were in-
jected during the postnatal period with
plasma from pregnant rats and the results
were compared with those from injection of
normal rat plasma. Experimental groups
were so constituted that each group consisted
of 6 male rats, each from a different litter.
Two of the 6 rats received normal rat plasma,
2 received pregnant rat plasma, and 2 were
uninjected controls. (The newborn rats were
identified by clipping toes, ot by their color
and coat pattern.) Caré was taken to main-
tain the mothers on a diet satisfactory for lac-
tation. The injections were started the 4th
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X day of life and were continued daily for 14
+'| consecutive days or until the rats were 18
8 days of age at which time the neonatal anemia
= is known to be most severe(33). The suck-

ling rats were removed from cages only for
= the short periods required for injection. After
H injection each group of 6 suckling rats was
2 placed with .a different -lactating female in

order to equalize the milk supply. With
proper care the young were not rejected be-

? cause of this procedure.
:r,il The plasma was prepared by the procedure
K described previously. The dose given was
1 cc per day for the first 5 days, and 2 cc
per day for the remainder of the experimental
period.
The combined results of 4 repetitions of
this experiment are presented in Table II. A

4.60 + .07

statistically significant (P —= <.001) increase
(22%) occurred in the red cell volume of the

2 newborn rats injected with plasma from preg-
H nant rats. A smaller increase, 10% (P =
] <.05), occurred when the newborn rats re-
© ceived plasma from normal female rats. A

significant increase also occurred in other
— hematological values. The anemia of the
?I newborn rat was ameliorated, though not
o completely prevented, by injection of plasma
: from pregnant rats; the values were 10%

below normal adult levels but were 22%
=g ‘above typical postnatal levels. From the re-
:rol sults obtained in newborn rats, as well as in
Ll

hypophysectomized rats, it may be concluded
‘ that the plasma from pregnant rats has an
o1 erythropoietic potency greater than that of
H the plasma from normal adult female rats.
These results therefore support the assump-
tion that an erythropoietic principle in preg-
nant rat serum plays a role in fetal red cell
production. The site of the production of this
erythropoietic factor is under investigation.

Summary. 1. Plasma of normal adult fe-
male rats contains a factor capable of stimu-
lating erythropoiesis in hypophysectomized
and newborn rats, as judged by increased cir-
culating red cell volume and hemoglobin. 2.
This humoral erythropoietic factor is mark-
edly increased during pregnancy. 3. Injec-
tions of plasma from non-pregnant and preg-
nant rats resulted in an increase in plasma

6.7

441+ .5
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and blood volumes of hypophysectomized and
newborn recipients.
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