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The fundamental erythrocytopoietic stimulus,
By H. E. JORDAN and C. C. SPEIDEL.

[From the Laboratory of Histology and Embryology, University
of Virginia, Charlottesville, Va.]

The problem of determining the factors involved in the
stimulation and regulation of erythrocyte production has been
attacked both from the morphological and physiological point of
view. Following detailed studies on both normal and experi-
mental animals some hematologists, e. g., Maximow' and
Danchakoff’, have concluded that the differential factor respon-
'sible for the development of an erythrocyte from a lymphoid
hemoblast is intravascular location. However, the specific
feature of intravascular location that stimulates erythrocyto-
poiesis, whether the mechanical condition of envelopment by
endothelial wall, or certain chemical substances in the blood,
remains unidentified.

In regard to the alleged instances of extravascular erythrocyto-
poiesis among birds and mammals, Danchakoff .is inclined to
believe that many, if not all, of these should be interpreted as
cases in which the primary stimulus is nevertheless applied intra-
vascularly, the hemoblasts thus receiving an initial and irre-
versible bias in the direction of an erythrocytogenic differentia-
tion which is later completed extravascularly. In this connection
it may be noted that Doan,* * and Cunningham and Doan® have
recently pointed out that the capillary network in the bone mar-
row of birds and mammals is much more extensive than is com-
monly believed, and suggest that much of the supposed extra-
vascular erythrocyte formation may in reality be intravascular.
Latta®, however, claims to find true primary extravascular
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erythrocytopoiesis in the intestinal wall of the rabbit. Accord-
ingly, he substitutes for “intravascular conditions”, the condi-
tion of “favorable relation to transudations from the blood
plasma”, and he believes that there is something in the balance
of chemical substances in the blood plasma which determines
erythrocytopoiesis. The evidence from histological studies indi-
cates that close relation to the blood stream, and very slow blood
flow, are chief conditions necessary for red-cell differentiation.

Among the results obtained by various investigators studying
the problem experimentally from the functional viewpoint may
be mentioned the following: Carnot and Deflandre” have sug-
gested the presence of a “hemopoietin” and a “hemolysin” in
normal blood in a certain balance. They believe that an increase
in erythrocyte formation is brought about by any stimulus that
will cause the hemopoietin to predominate, and conversely that
any stimulus causing the hemolysin to predominate will result in
decrease in erythrocyte number. There has, however, been no
confirmation of their theory concerning the presence of a specific
hemopoietin. Mansfield® working with thyroidectomized ani-
mals, some of which were experimentally rendered anemic, and
some transferred to high altitudes, came to the conclusion that
the thyroid gland was necessary for the proper functioning of the
erythrocytopoietic tissues. Dallwig, Kolls and Loevenhart®
demonstrated that oxygen lack, or fall in oxygen tension, is an
effective stimulus to the red bone-marrow, resulting in increased
erythrocyte production. Drinker'® in a recent review of the
subject states that at present the idea, unsatisfactory as it is, of
oxygen want as the stimulus for the production of red blood-
corpuscles must be accepted.

In any experimental analysis of the factors determining
erythrocytopoiesis, a clear distinction must be made between
(1) the fundamental stimulus (or stimuli) which, by disturbing
the balance of normal metabolism, causes increase or decrease in
erythrocytopoietic activity; (2) the basic morphological and
physico chemical conditions which are necessary for the success-
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ful operation of the fundamental stimulating agent. To the sec-
ond category belong the spatial conditions of “intravascular
location” with slow blood flow, and “favorable relation to tran-
sudations from the blood plasma.”

From several lines of study, data have been obtained which
suggest the nature of the fundamental stimulating agent, given
favorable spatial conditions, which operates to effect erythrocy-
topoiesis. Our data are derived, (1) from a study of the
erythrocytopoietic activity accompanying thyroid-accelerated
metamorphosis in the larval frog; (2) from a study of the nor-
mal seasonal erythrocytopoietic variation (response to tempera-
ture changes) in the adult frog; and (3) from a study of the
erythrocytopoietic effect following the creation of an erythro-
cyte deficiency in the frog by means of cardiac aspiration or
saponin treatment.

After thyroid treatment of frog larvae the erythrocytopoietic
activity of the spleen is markedly increased.’* The mechanism
by which this resullt is brought about appears to be as follows:
(a) The thyroid extract causes increase in general metabolic
rate. (b) This leads to increased formation of acid metabolites
including especially carbon dioxide (and other waste materials of
cell activity), with resulting increased hydrogen ion concentra-
tion. Helff'* has shown that the carbon dioxide—oxygen ex-
change increases steadily during the first week or ten days after
thyroid treatment, and our histological studies have shown that
there is a marked increase in erythrocytopoietic activity during
this time. (c) The increased concentration of carbon dioxide
acts as a hormone to stimulate more rapid respiratory rate and
more rapid erythrocyte differentiation. Both of these rate
changes represent merely two aspects of the general physiologi-
cal adaptation of the animal to the new high metabolic level.

From the standpoint of “usefulness” it is clear that an in-
creased metabolic rate with resulting increased respiratory and
erythrocytopoietic rate means: (a) More rapid internal respira-
tion; (b) more efficient transport of oxygen and carbon dioxide
between respiratory organ and body tissues; (c¢) more efficient
external respiration. The importance of the erythrocyte, in each
of these processes, as furnishing the chief material basis, is ob-
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vious, Erythrocytopoiesis is accomplished in those localities
which are most favorable for the process, ¢. e., endothelium-lined
spaces where the blood current is slow, as in the sinuses of the
spleen, kidney and liver. This differentiation of lymphoid hemo-
blasts which are in the blood vessels, into erythrocytes is fol-
lowed by the migration into the blood vessels of other lymphoid
hemoblasts, which up to this time have been located extravas-
cularly.

Instead of thyroid extract, the extrinsic factor initiating an
increase in erythrocytopoiesis may be temperature rise. In the
adult frog erythrocytopoietic changes accompany seasonal tem-
perature changes. In winter, during hibernation, the spleen is
relatively quiescent, little erythrocytopoiesis taking place. The
carbon dioxide output must be coincidentally quite low. With
the transition to spring the average level of body temperature
again rises, bringing about an increase in metabolic rate. This
again initiates the chain of reactions described above; increased
carbon dioxide concentration, increased respiratory rate, and in-
creased erythrocytopoiesis. Conversely, in the transition period
from late summer to autumn the temperature falls, bringing
about a decrease in metabolic rate. This means a decrease in car-
bon dioxide formation and in rate of respiration, with consequent
lessening of the stimulus for erythrocyte differentiation. As a
result, many lymphoid hemoblasts and their lymphocyte pre-
cursors fail to differentiate into erythrocytes, thus adjusting the
rate of erythrocytopoiesis to fall conditions. In many autumn
frogs (28 out of 75) the spleen shows a variable number of
prominent white nodules. Upon microscopic examination these
are found to be areas of degenerating lymphocytes. In others
the adjustment may be made without this wholesale disintegra-
tion of lymphocytes. Such nodules have not been seen in our
spring specimens.

Experimental hemorrhage brought about by aspiration of
blood directly from the heart of the frog causes an erythrocyte
(and plasma) deficiency which results in a stimulation of the
rate of erythrocytopoiesis.’® Both erythrocytes and blood plasma
function in the transportation of carbon dioxide. A deficiency
of these leads to greater concentration of carbon dioxide, with
resulting stimulation of the erythrocytopoietic tissues, until a
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more normal carbon dioxide balance is regained. A similar result
follows administration of the hemolytic toxin, saponin.

An experiment by Danchakoff'* bears on our problem. She
finds that an intense stimulation of erythrocytopoiesis occurs in
the spleen of the chick embryo if a spleen graft is made on the
allantois at the ninth day of incubation, a time when the vascu-
lar development of the spleen primordium renders it suitable for
erythrocytopoietic activity. On the other hand, if the graft is
made at an earlier date, before the spleen primordium has become
vascularized, there results a defective system of splenic vessels
and sinusoids, and a differentiation of the splenic cells into
granublasts instead of erythoblasts. In the first case we interpret
the erythrocytopoietic stimulation as a result of the increased
carbon dioxide concentration in the body fluids of the embryo,
following the interference with the respiratory and circulatory
functions of the allantois by the graft. In the second case, al-
though the allantoic functions have been interfered with as be-
fore, the vascular development of the spleen has not proceeded
far enough for this region to offer a favorable locus for erythro-
cytopoiesis. The conditions are, however, favorable for granu-
blastic differentiation, i. e., the morphological conditions of ex-
travascular location and relatively meagre blood supply, together
with the fundamental stimulus of tissue lysis (proteolysis). This
matter is discussed in another paper.*®

In each of the cases cited, there is an extrinsic or relatively
remote factor (the active principle of the thyroid extract, change
in temperature, depletion of blood, and injury to the allantois)
which has caused a variation in the concentration of carbon
dioxide in the blood. It is this change in carbon dioxide concen-
tration which is believed to be the more immediate fundamental
stimulating cause of change in erythrocytopoietic rate.

In the experiments of Dallwig, Kolls and Loevenhart® the
decrease in oxygen tension of the respired air is followed by
increased carbon dioxide accumulation. The oxygen lack in the
respired air is the more remote factor, the carbon dioxide in the
body fluids is the more immediate factor, in bringing about the
increased erythrocytopoietic activity in the bone marrow. As to
just what the mechanism is by which carbon dioxide acts to
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stimulate the erythrocytopoietic tissues nothing is known. Dall-
wig, Kolls and Loevenhart, finding also that carbon dioxide con-
centrations of from 0.5 per cent to 1.0 per cent cause some stim-
ulation of the bone marrow, suggest that the mechanism of this
stimulation is to be found in the acid properties of carbon dioxide
and its consequent power to decrease oxygen fixation.

That certain of the nitrogenous waste substances formed in
metabolic activity, e. g., ammonia, may be concerned in the stim-
ulation of erythrocytopoiesis must be admitted as possible. How-
ever, certain other observations have led the writers'® to the
provisional conclusion that the products of protein metabolism
constitute the fundamental stimulus that induces a lymphoid
hemoblast to differentiate into a granular leucocyte. Thus, the
fundamental stimulus for erythrocytopoiesis is regarded as com-
ing from carbohydrate and fat metabolism, the stimulus for
granulocytopoiesis as coming from protein metabolism.

Given lymphoid hemoblasts in suitable locations differentiating
at a certain rate into erythrocytes, the data from the rather
extreme conditions studied suggest that an increased concentra-
tion of some product of cellular metabolism, probably carbon
dioxide, accelerates the rate of erythrocytopoiesis, decreased con-
centration retards it. The inference follows that in normal meta-
bolism the more immediate fundamental stimulus for erythro-
cytopoiesis is the presence of a certain concentration of this
metabolite.
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‘What determines the color of the light of luminous animals?

By E. NEWTON HARVEY.

[From the Physiological Laboratory, Princeton Universily,
Princeton, N. J.]

A luminous ostracod (species unknown) occurs in the sea
about Jamaica, B. W. 1., whose light is more yellow than the
Japanese ostracod, Cypridina hilgendorfii. Like the Japanese
form, the Jamaican form exhibits the luciferin-luciferase reac-





