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Introduction.
To anyone looking over the literature on the development of the
mammalian spleen the necessity for more work on the finer details of
the process is evident.

In spite of an extensive literature one

finds few recent papers dealing with the subject from the standpoint
of the many interesting hematological problems involved.

The most

extensive work has been done on the lower vertebrates and on human
embryos.

But, owing to the lack of some of the most important

stages, and due to the poor preservation of much of the material,
the work on the human fetus has contributed little towards the solution of the many hematological problems involved.
For the following study the writer

ha·s

selected the pig and

other mammalian embryos, because the material could be obtained
easily in all the desired stages.

Special consideration was given

to the following problems: (1) the origin of the splenic anlage,
especially its relation to the peritoneal epithelium; (2) the origii
of the first free cells of the organ; (3) hematopoiesis in the early spleen and the origin of the first cells belonging to the

11

mye-

loid" series; (4) influence of environmental factors on the hematopoietic process; (5) development of the arteries and their surrounding lymphoid sheaths; (6) development of the follicular tissue
c,..

r

(white pulp) and the origin of its lymphoid cells; (7) relationship
between follicular tissue and spleen pulp (red pulp); (8) comparison of the hematopoietic process of the early spleen with myeloid
metaplasia in the spleen of the adult.
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The investigators who have studied the problem of splenic development oan be placed in two distinct groups.

The first maintain

that the spleen is of mesodermal origin; the second that the organ
owes its development to cells that are given off from the endoderm.
The .first class of workers may be further divided into those who
hold that the anlage of the organ is limited to a differentiation of
c.,

.

the mesenchym , and into those who maintain that the peritoneal epithelium also plays a part in the first stages of development.
The chief exponents of the endodermal theory are Schenk, G8tte
aurer, Kupffer,

oit and Glass.

These men, with the exception of

aurer and GtBtte, believed there was a definite relation

between

the embryonic spleen and pancreas and consequently considered the
spleen as being depe

ent upon endodermal cells which are given off

from the primitive diverticulum of the pancreas.

The

wor~

of

aureI

stands alone in maintaining a relation between the endodermal epithelium of the intestinal tract and the splenio enlage.

According to

G8tte the splenic anlage of the toad is composed of a mass of free
"Dotterbildungszellen' - primitive blood cells derived from the
yolk endoderm and forced into the mesenchyme by the heart beat.
Choronshitzky believed that free oells from the intestinal epithelium may enter the mesenchyme and become transformed into mesenohymal tissue, and that therefore the endodermal elements are concerned only to the extent that they are functional in the

~roduc

tion of the accumulation of mesenchyme for the splenic anlage.
Radford has made a careful study with special reference to
·aurer's

conclusions but failed to find sufficient evidence to

corroborate his views.

IL the

Kraatz, Tonkoff and Nicolas also report

absence of cells from the digestive tract.
7 lll.4w
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The group of investigators that maintains a mesodermal splenic
anlage is represented by Mftller, Koelliker, Laguesse,

inot, Pinto,

Toldt, Janosik, Tonkoff, Choronshitzky, Mietens and Danchakoff.

Of

t his group Choronshitzky, Tonkoff, MUller and Uietens find free
cells given off from the coelomic epithelium which make their way in
to the underlying mesenchyme and there begin to proliferate and join I
I
the local mesencbyme in t he formation of the anlage of the organ.
J
Toldt and Janosik derive the anlage exclusively from coelomic epithelium, while Laguesse states that in Acanthias and teleosts the epithelium plays no direct part in the formation of the anlage, although he admits that in earlier stages, before the anlage has appeared, it contributes cells to the underlying mesenchyme.

* • •
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Material and Methods.
Embryos of the pig {Sus domesticus} were used as the chief object of study in making this investigation.

A aeries of embryos be-

ginning with those 7 mm. in length, to stages near the end of fetal
life were collected and prepared for study.

Also embryos of the

striped gopher (Citellus tredecim-lineatus}, guinea pig, white rat
and sheep were employed for comparative purposes.
On beginning the study of the origin of the spleen, it w s
found to be expedient to begin with embryos of about 15 or 20 mm.in
length.

The advantages of such a procedure are obvious; most of the

organs of the viscera have begun their development in an embryo of
that size, and, furthermore, the presence of the spleen has been reported and figured by

inot, Tonkoff and others.

Thus, in first

ma.king a superficial study of such embryos, one could familiarize
himself with the general features of the embryonic structures and
also develop a method of technique that would bring out the best
details of the organ in question.
Various methods of fixation

ere employed but Hally's Zenker-

formol fixative proved to be the most satisfactory.

Embryos up to

those 12 mm. in length were left whole and placed directly in the
fixative.

In those from 12 to 30 mm. slits were made in the body

•

all, or the anterior and posterior portion of the embryo

as re-

moved so as to allow the fixative to penetrate more rapidly.

In alJ

later stages, the embryos were dissected and the embryonic stomach
and spleen removed and placed directly in the fixing fluid to insure rapid and thorough fixation.
The material was imbedded in paraffin and mounted in serial
order.

After examining a few embryos it was found that the early
i 111.4m
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splenic tissue was extremely dense and that thin sections were highly
essential for a cytological study of the organ.

For this reason all

of the younger stages were out at a thickness of three microns. Various combinations of stains were employed, depending upon the nature
/ of the splenic tissue at its various stages of differentiation.

For

j a general stain Dominici's eosin-orange G toluidin blue method
proved to be the most satisfactory.

Benda's haematoxylin oounter-

stained with Van Gieson's picrofuschin was of special value in demon
strating the

cyto~lasmic

splenic anlage.

processes of the early mesenchyme of the

The May-Giemea mixture was used most extensively

for all the later embryonic stages.

Ehrlich's triaoid followed with

toluidine blue, and Ehrlich's staining mixture of indulin-aurantiaeosin gave excellent material for a st dy of the granulocytes of the
organ.

eigert•s

el~stic

tissue stain proved very satisfactory for

the demonstration of the distributation of the elastic fibers surrounding the-early arteries, and

allory'a phosphowolframsalire stain

together with Krause's gold chloride counterstained with

ay-Giemsa

gave excellent material for a study of the reticular fibers within
the cells of the early reticulum.

Among the many other stains

were aqueous and alcoholic mixtures of haematoxylin,

allory's con-

nective tissue stain, Pappenheim's methyl-green pyronin.
Observations
Earl7 Splenic Anlage.
In embryos of white rat, gopher and pig, the animals used in
this study, the spleen is seen to develop in the dorsal mesogastrium at a level with the filndus portion of the stomach.

When first

discernible as a distinct structure it appears as a dense mass of
tissue in the left dorso-lateral portion of the mesentery, occupying approximately one-half of the dorso-lateral extent of that
i.19.4m
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structure.
Owing to the controversy regarding the derivation of the cells
of the anlage the study of the mesogastrium of younger embryos which

I have

not yet developed a splenic anlage is of special importance and

interest.

A 3 mm. gopher embryo seemed to present favorable condi-

tions for such a study.
In this embryo the stomach is already formed and possesses a
short but distinctly developed mesentery.

The latter is composed of ·

a loose mesencbymatous network covered on both surfaces by the visceral peritone~m consisting of several layers of somewhat elongated 11
cells .rather loosely arranged.

Within the mesenobyme there are a

few isolated free cells and capillaries containing .primitive eryth-

11

I
I

rocytes.
The structure of the coelomic epithelium and its relation to
the underlying mesenchyme is of special interest, because many authors have claimed that the mesenchyme in the region of the future
splenic anlage is increased by the addition of cells from the epithelium.

Toldt and Janosik claim that all of the cells of the an-

lage are derived from this source.
In the embryo under discussion the coelomio epithelium appears more as a condensed region of the mesenchyme, rather than as
a distinct epithelium.

The cells are closely approximated and they

are elongated somewhat in the direction vertical to the surface of
the mesentery.

This condensation is two or three cells deep, but

the cells -are irregularly placed and not arranged in very distinct
l~ers.

There is no boundary line between them and the mesenchyme,

and the lower cells are directly continuous with those of the mesencbyme, so that the whole structure appears as a continuous syncytium.

This is a general condition throughout the mesentery and is
7.1" tm
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not confined to the region of the :future spleen.

With such an ar-

rangement cells from the coelomic epithelium could very readily pass
into the mesenchyme.
This close relationship between coelomio epithelium and mesenohyme was also described by Choronshitzky, Tonkoff, Laguesae and
Mietens.

Choronshitzky believed that both the endoderm and the co-

' elomio epithelium give off oells to the mesenchyme.

The coelomic

epithelium is designated as a "Keimepithel" for the mesenchyme. Tonkoff noted continuity of epithelium and mesenchyme just before the
appearance of the splenio anlage.

In later stages he found that the

two were separated by a distinct boundary.
described by Laguesse, and

Similar conditions were

ietens noted that cells from the epi-

thelium of the mesentery (Bufo) join the mesenohyme in the early
stages.
These findings are in accordance with the observations of
allier who found peritoneal epithelium and mesenchyme forming a
distinct and continuous network over the early embryonic liver.
He states that "Das Peritoneum ist fast tt.berall keine glatte,
Scharf begrenste Zellhaut, sondern nimmt im Verein mit tiefer
gelegenen Stellen

n der Bild,ng
"" eines Netzwerkes Anteil, in dem

alle diese Zellen mit protoplasma;ischen Auslaufern zusammenh!ngen
und gr~ssere und kleinere

aschenraume abgrenzen."

The process of cell division is very active in embryos of
this size, but the proliferative

ctivity is not confined to any

particular section of the visceral mesoderm; it is rather uniformly distributed throughout the entire peritoneum.

Janosik held

that the mesothelium was very active in the formation of free cells
in the region of the early spleen.

However, at no stage of embry-

onic life, has the writer found cell division more active in the
7.Hl.4m
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mesothelium of the mesentery than in any other part of the peritonea.
epithelium.

But the mesothelium in the region of the splenic anlage

does give off some cells to the underlying mesenohyme, as many mitotic figures are seen in the epithelium with their long
dicular to its free surface.

a~ia

perpen-

One of the daughtex oells of such divi

eions is consequently crowded beneath the epithelium and becomes
part of the mesencbymatous network.

However, equally as many mito-

tic figures are seen with their long axis parallel with the surface
of the epithelium, thus merely adding more cells to the peritoneal
tissue.
In a 7.5 mm. pig the peritoneum gives evidence of becoming a
more distinct structure, but still many areas can be found where
cells are being displaced from the peritoneum and are crowded into

II

the mesencbyme.

Fig. 1 is taken from the peritoneum over the

region of the early splenic anlage.

There is very little differ-

ence between the cells of the coelomic epithelium and those of the
mesenchyme.

The cytoplasm of the former is slightly more baso-

philic, but the nuclei of the two tissues are identical.

In both

the epithelium and the mesenchyme, the nuclei are large

and oval

in shape, possessing a distinct nuclear membrane and, in most cases 1
two well-marked nucleoli.

The remaining chromatic material is dis-

tributed in the form of a few small, irregular granules.
The cells shown at

! are undoubtedly epithelial cells, but

from their position one would conclude that they are being crowded
into the mesenohyme.

To the right and left of the figure the

epithelium is more clearly separated from the mesenchyme and one
can readily distinguish the location of the limiting membrane which
separates the two tissues during later embryonic life.
The marked changes that take place in the structure of the
7 U.401
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peritoneal epithelium can be seen by comparing figs. 1 and 2.

In

fi g . 2 which is taken from a 15 mm. pig, the peritoneal cells are
not only sharply separated from the mesenchyme but they have undergone a marked differentiation, that distinguishes them from the characteristic mesenchyme cells.
j nuclear structure.

The greatest variation is seen in the

In fig. 2 the epithelial nuclei are almost uni-

f ormly round structures.

The nuclear membrane is still quite dis-

tinct, but the chromatin is distributed in finely granular form
throughout the whole nucleus.

The nucleoli, when present, are not

as sharply defined as in the mesenchyme cells.
t wo types of cells shows the same staining

The cytoplasm of the

rea~tion,

but cell-walls

become quite evident between adjoining epithelial cells, and at
their

~ase

a distinct limiting membrane, which is a direct modifica-

tion of the basal portion of their cytoplasm, is developed as furThe membrane can be distinctly

ther evidence of differentiation.
demonstrated

ith either

aqueo~s

or alcoholic mixtures of hematoxy-

lin and can also be clearly recognized in material that has been
stained with Dominici's eosin-orange G and toluidin blue.
The above findings, together with those of other workers, indicate that in the early stages, before the splenio anlage is formed
it is impossible to make a sharp distinction between the coelomio
epithelium and the mesenobyme of the mesogastrium.

The cells of

both are quite similar in structure (7.5 mm. pig) and continuity of
their processes is well established.

Proliferative activity on the

part of the epithelial ceils results in the crowding of some of the
daughter cells into the underlying tissue where they become a part
of the general mesenchyme.

After the splenic anlage has been estab-

lisged (15 mm.pig) the cells of the epithelium have differentiated
to such an extent that they no longer resemble those of the mesen7.1\l 4m
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chyme.

At this stage the mesenchyme is separated from the epithel i -

um by a sharp line and epithelial cells are no longer added to it.
This corresponds exactly to what was observed by Laguesse and Tonkoff.

The coelomio epithelium is, therefore, concerned only indi-

rectly with the splenic anlage through the mesenchyme which by growt
and differentiation produces the

anlage.~

The first sign of a distinct differentiation into splenic
tissue is seen in an 8 mm. gopher embryo.

In embryos of this size,

the anlage is more easily distinguished by its position than by the
character of its cellular constituents.

Its cells appear the same

as those of the surrounding mesenohyme, but the ·tissue is much denser, being composed of mesenohymal cells with short anastomosing
processes which form a dense and compact syncytial mass.

This

earl~

condensation does not extend across the entire mesentery, but is
confined to its dorsal portion, near the attachment or junction of
the mesentery with the

sto~ach

wall.

There is no loose mesenchyme

between the anlage and the coelomic epithelium.
Some authors (Tonkoff, Choronshitzky, Laguesse, Kraatz, Kollman,

inot) noted this early condensation of the mesenchyme, but

others (Gray, Gotte,

ietens, Toldt,

aurer, v. Kupffer, Janosi

did not recognize the anlage until it was composed of many free
cells

hich were considered to have been derived f om the visceral

coelomio epithelium, from endoderm, or from primitive wandering
cells, the mesenchyme serving merely as a supporting tissue for
these free cells.
Dantchakoff found the same conditions in the first stage of
splenic development in the chick.

She, however, denies the pos-

sibility of coelomic epithelium playing a part in the form~tion of
the anlage of the organ.

She states that the "development of the
7.IU 4in
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spleen at the expense of the mesenchymal cells without any relation
to the endoderm nor the coelomic epithelium may be regarded as a
well founded fact."
for lower

Such an interpretation may be

11

well founded 11

vertebrate forms, but in mammals, one cannot disregard

the small but strikingly evident role that the peritoneum plays in
early embryonic life in adding its proliferative products to the
underlying tissue.
In neither of the types of embryos under observation, was
there anything seen that would indicate a possibility of endodermal
I

cells from the intestinal epithelium or from the early pancreatic
tubules, making their way to the splenic anlage.

The immediate

i

proximity of spleen and pancreas in the embryo was, no doubt, a
I

factor in inducing the earlier workers (Schenk, Woit, Glas, and

I

·others) to seek for a genetic relationship between the two organs.
As stated above, the early spleen is characterized by its
dense mesenohymal syncytium.

Due to intense cell proliferation

it continues to develop until it acquires a length of 2- 3 mm. in
a 15 mm. pig embryo.

In embryos at this stage there is but lit-

tle differentiation within the splenic
~he_Vascularization

1.-

tissue~

of the Spleen.

1. · General:
The question of the vasouiarization of the primitive spleen
has received very little attention, as moat of the earlier

orkers

confined their observations to the fundamental problems concerning
the differentiation o~ the various germ layers and the part they
played in the formation of the different organs of the vescera.
It was not until hematologists undertook an explanation of the relation of the spleen to the blood and lymphatic systems, that a
more definite conception of the splenic circulation was established
7.1
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Before attempting a discussion of the splenio oiroulation of

l

the embryo, a survey of the different opinions in regard to the vas'

cularization of the adult organ may be permitted.

This question,

which has been given much attention, centers upon the relation of
the eocalled splenic sinuses or "Ven6se Kapillaren" to the rest at
the circulatory bed.

The presence of the cellular elements of the

blood in the splenic pulp has attracted the attention of many investigators and various methods have been devised in attempting to
ascertain the course of the channels that the cells pursue in pass"
ing from the arterial to the venous circulation.
In comparing the results of previous investigations, one finds
four different interpretations of the circulatory system through the
spil.enic pulp.
l. An open or intermediate circulation through the pulp. Upon
leaving the arterial capillaries the blood passes into the meshes
of the network of the reticulum.

These spaces connect with larger

ones that are differentiated into the venous sinuses which in turn
e pty into the veins. (Henle, Peremeschko, Hoyer, Bannwarth, Laguesse, Kulschitzky).
2.

A co~pletely closed circulatory system in which the blood

passes through the pulp in a completely closed capillar

s stem.

(Billroth, Sohweigeri(Seidel, Ktilliker, Kyber, Toldt, Tho a, and at
a later period, v.Ebner, Helly,
3.

all (late

modified) ).

A partially open and partially closed system (Rindfleisch

eidenreich, and Mall). some of the blood is confined to distinct
channels but part ~f it may circulate through the reticulum of the
pulp before reaching ~he veins.
4. A partially open system due to the porosity of the walls
of the venous sinuses. (Mollier, Jolly, Chevalier).
7 IJ 4m
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Billroth was the first to describe the splenio sinuses or venous capillaries as they were then termed.

In view of the fact that

many splenic arteries and veins are confined to the trabeoulae, Bill
roth undertooik a comparative study of a group of mammals and found
that in ox, sheep and pig the trabecular material is far more abundant than in rabbit, cat, and dog.

In the first group the veins

retain a rather uniform calibre and then suddenly break up into
short, tapering branches that seldom anastomose as they do in rabbit and cat.

In the pig the lining of the veins is a smooth,uniforn 1

endothelium and does not bulge into the lumen as in the case of the
human spleen.

These tiny trabecular veins connect directly with

the arterial capillaries thus forming a closed system.
Among the more recent workers, we find Helly still an ardent
supporter of the closed circulatory system.

Hally admits the pres-

ence of blood cells in the splenio pulp, but maintains that the
walls of the vessels are very permeable and that the endothelial
cells rest upon a structureless membrane through which the blood
cells can readily pass.

The presence of such a membrane is denied

by Billroth, Schweiger.,- seidel and Maugubi-Kudr~avtzewa, but its
presence is maintained by v.Ebner, Schumacher and

eidenreich.

all studied the spleen of cat and dog and found the following: "from numerous specimens its (the artery's) communication
the vein is not large but is out up by bridges of tissue

1th

cross its

lumen before it connects with the vein. This ·cutting up is so extensive that in uninjected ·specimens it has been impossible for me
to find a single ampulla connected with a vein.

In other words, it

may be better to say that the ampulla rarely reaches the vein but
is separated from it by a small band of splenic pulp.
eidenreioh concludes that two distinct routes are open be1 l.l.4m
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tween the arterial and venous portion of the splenic circulatory
1

system.

A branch of the aplenio artery, upon leaving a trabeculae,

forms branches that do not anaatomoae.

These branches soon acquire

a lymphoid sheath which at certain intervals fprms splenic follioles.

Beyond the follicle the artery is resolved into numerous

"Pilsenarterien", each of which shows a distinct capsule near its
extremity.

It is beyond the capsule that the true arterial capil-

laries are found.

The capillary may empty directly into a splenic

sinus, or its contents may be poured into the meshes or spaces of
the reticulum of the pulp and collect in larger channels which lead
into the venous sinuses of the organ.
Mollier gives a detailed account of the capillary veins in
the spleen of dog, oat, ox, ape and man.
oat and

In the spleen of dog,

.E.!.8, the sinuses possess no distinct endothelium, but are

merely lined by cells of the reticulum of the pulp.

These cells

retain their original reticular structure and consequently many
of the spaces between neighboring cells serve as channels leading
from the pulp into the sinuses.
rom these gleanings of the literature we see that most investigators report an open circulation through the splenic pulp.
The remarkable work of Hally stands out alone as a last defense
of a closed system.

The conclusions of some pf the earlier work-

ers are far from convincing, for, as has been pointed out by Von
Schulte, " hile the results of injection demonstrate the permeability ·of the vessel wall, as do in life the passa e of cells and
fluids, they do not afford us the opportunity of ascertaining the
structure of the wall or the nature of the orifices.

4.1\1 4m

15

2. Circulation of the

Ear11_EmbryEni~-§~I~ep an~_the_Deyelor

ment of the Venous Sinuses.
The vascularization of the early embryonic spleen has been
given but slight

~ttention.

It has been superficially investigated

by Rathke (in. amphibians), Remak (in ·birds), Arnold, Bishoff and
K6lliker (in mammals), and merely mentioned by many others. Peremeschko and Mttller held that the spleen was supplied with vessels
from the very earliest stages, and Radford also adds that it soon
becomes very vascular.

K5lliker, however, holds that the vessels d

not appear until toward the end of embryonic life. The presence of
spaces in the splenic mesenohyme is mentioned by Choronshitzky in
his work on the chick and on various mammalian fon!ls. He states tha
the vena lienalis is present before the splenio a.nlage is establishl
od. Its branches penetrate the anlage and lose their endotheliun.
In the anlage the veins are merely ole~s in the mesenchyme

hich

are in communication witn the intercellular spaces of the latter.
The embryonic cells can therefore enter the lumina where they become transformed into blood cells. The splenio artery has no relation to the early anlage but grows in later. Toldt and Tonkoff also
find blood vessels with indistinct walls in the early anlage. According to Laguesse the first vessels of the spleen are merely lacunae in the mesenchyme which connect with branches of the subintestinal vein (in fishes).
Daiber's studies on the salamander also reve 1 the presence
of lacunae in the very young spleen, but she sees no distinct endothelium at their borders. These lacunae may contain two or three
early blood cells which are derivatives of the tissue bordering
them. In two to six day larvae, the lacunae are bounded by cells
~I
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Mollier is of the opinion that a capillary system is present
from the

v~ry

beginning.

His interpr.etation of its development is

embodied in the following quotation:
Ich bin der Ansicht dass es sich hier um ein allgemeines gestaltendes Prinzip handelt, dass tiberall die
erste Entwicklung von Gef~ssen auf diesen ~eg aus mesenchymatosen Material (Reticulum) erfolgt. ie ein grosseres GefAss durch die st~kere Betonung und Entwicklung
bestimmter Bahnen eines capillaren Netzes ausgestattet
wird so meine ich, ist der gleiche Vorgang schon ontagenetisch frtiher t~tig um. durch Betonung und Entwicklung
bestimmter Reihen von Maschenraum.en im esencbym-retic~lum
die ersten Capillarnetze zu schaffen.
He does not deny the possibility of blood Vessels growing by sprouting, but he interprets the sprouting process as a production of mesenchyme cells which at the same time are converted into "GefMss~l"

len."
Sabin working with pig embryos comes to conclusions very similar to those reported by Mollier.

By an injection of the splenic

artery it was found that in a pig 3 cm. long the entire splenic circulation consists of a capillary network which extends throughout
the organ.

This condition is maintained until the fetus is 7.5 cm.

in length.

"Thus the spleen confirms the general principle that

the primitive circulation of any organ is in the fonn of a capillary network out of which the arteries and veins are formed."

The

spleen is characterized by persistence of the primitive capillary
network, until the embryo is 10 cm. long when the type of circulation characteristic of the adult spleen is established.
Sabin's results are quite contrary to the observations of Danchakoff on normal spleen development in the chick.

The latter work-

er found that the earlist vascular elements of the spleen are exclusively venous.

Slits later appear . in the mesenobyme which con-

nect with the early vessels.

These slits Pr sinuses connect togeth-

er and form a network thus giving the early spleen a spongy struc7.19.4.m
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ture.

At a much later stage (12 - 13 days) "the arteries and their

branches seem to grow into the spleen from the outside and here ramif:y by budding ."

The veins and sinuses are local formations, where-

as, the arteries which develop as regular narrow tubes, grow into th
pulp-like tissue of the organ and there continue to divide and subdivide into numerous ramifications.
A comparison of t~ese findings with observ~tions on serial sec

tions of early mammalian embryos, together with the details of the
differentiation that accompanies the early vascular transformations
within the organ, will be discussed in the following section of
this paper .
In order to determine the structure and distribution of the
early vessels of the spleen, a study was made of serial sections of
pig embryos from 1 to 6 cm. in length.

In a 6 cm. embryo, branches

of the splenic artery exhibit sufficient differentiation to facilitate their identification.

In aJ.l embryos under that size. the

only vascular elements in evidence are narrow irregular and branching capillaries through which nucleated erythrocytes make their way
through the splenic anlage.

These pri~itive vessels present a dis-

tinct endothelial lining, the cytoplasm of which can be easily recognized because of its staining reaction which is more intense than
that of the splenio mesenchyme.

There are no instances of large

.

unlined sinuses' in the organ during the first five weeks of embryonic life.
As early as a 12 mm. embryo it is possible to trace the mesen
teric artery along the mid-ventral margin of the dorsal mesogaatrium.

At various points along its course tiny capillary branches are

given off that penetrate the mesencbyme of the early splenic anlage
These continue to give off branches that form a network which sup7.1
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plies the entire mesenteric tissue.

Tliis primitive capillary system

persists until the embryo is near the middle of embryonic life (4 -6
cm.)
In the chick Danohakoff found none of these early capillaries.
The venous sinuses, which soon communicated with the intestinal vein
but not with ·the arteries, were the first vessels to appear. In the
pig, however, the first capillaries communicate with both the arteries and veins.
By making injections into the dorsal aorta, Sabin revealed the
presence of both arterial and venous capillaries in the spleen of a
3 om. pig.

After various, but partially successful attempts at in-

jection into the umbilical vein of smaller embryos

the writer re-

sorted to a comprehensive study of serial sections and found the lat
ter far more satisfactory.

While the injection method is worthy of

support, when successfully carried out, still the difficulty in its
manipulation more than outweighs its merits, especially when applied
to embryos from 7 - 10 mm. in length.

In embryos of that size, due

to the non-resistant character of the tissue, it is almost impossible to dissent out the aorta in order to make a direct injection
into the splenic artery, and if the canula is inserted into the umbilical vein, the injection mass fails to get beyond the larger
branches of the aorta.
Sabin reports the presence of both arterial and venous capillaries in the spleen of a 3 om. pig, but makes no comments concerning the circulation prior to that time.

A study of serial sec-

tions shows that the network is present in the early mesenohyme of
the mesentery even before any marked differentiation in the splenic
anlage has taken place.
When the embryo reaches 4 to 6 crn. in length a new relation
7.t •.4m
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is established between the capillary vessels and the splenic mesenchyme.

This change is preceded by the appearance of clear and some-

what open areas in the mesenchymal tissue, in which distinct slits
later become evident (fig. 3). · At the margins of the slits, the
mesenchyme cells still retain their irregular processes, some of
which extend well into the lumen of the sinus-like openings.
Many of the cells bordering these sinuses have nearly severed
their connection with the surrounding mesenchyme.

The cytoplasm

of some of them has become rounded and very basophilic, while the
chromatin of the nucleus has become rearranged, and one or two
prominent nucleoli have appeared.

One such cell is shown in fig.4.

It lies within the sinus, but it is still connected with the mesen-1
chyme at the margin of the sinus by a broad cytoplasmic strand. Excepting for its connection with the mesenchyme this cell shows all
of the characteristics of the large lymphocytes (hemocyto lasts of
Danchakoff) which become so numerous in the later stages.

umerous

examples of this cutting-off process in this and later stages make
it quite evident that the mesencbyme bordering these primitive sinuses is ~ery active in the process of furnishing free cells to the
sinuses .

At the same time these cells assume the char cters of

primitive lymphocytes or "hemooytoblasts'

hich later function a.a

the pa.rent cells of the erythroblasts which dif erentiate within
the sinuses .

The process is similar to that described by Danoha-

koff in the developing chick spleen, and by Downey and

eidenreich

and many others for the lymph sinuses of lymph nodes of adult
mammals .
In 6 to 7 om. embryos a connection bet een the vascular system and the primitive splenic sinuses is established, as is shoni
by the sudden appearance of the fully differentiated erythrocytes
I 1 •.4
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within the sinuses.

This vascular tra.nefor m•tion begins in the cen-

tral part of the organ and is at first distinctly localized.

In an

embryo of 7.5 cm. large areas of the splenio tissue are infiltrated
with erythrocytes, but the regions are sharply cut off from the re-

i maining

reticulum of the organ.

They soon spread toward the peri-

phery, so that in an 8 cm. embryo only a narrow rim of dense mesenchyme remains.
When intense erythropoiesis is established (10 - 12 cm.) the
sinuses become greatly enlarged and are filled with differentiating
erythroblasts, many of the parent cells of which are derived from
the cells that border the lumen.

Some of the border cells become

elongated and assume the characteristics of a flattened endothelium .
The walls of the early sinuses are extremely delicate, being composed of a single layer of flattened reticular cells (Text fig. 1),
between which a direct communicP-tion with the early splenic pulp is
retained.

Through these meshes, numerous blood cells migrate and

are conveyed from the sinuses to the veins of the organ.
Text figs. 1 and 2 are sections of sinuses from a 30 cm. embryo.

In fig. 1 two large cells are migrating from the splenic

pulp into an enlarged sinus.

The foremost of the cells is a normo-

blast that already possesses considerable hemoglobin and sho s a
normal accompanying increase in the amount of chromatic material
in its nucleus.

The cell to its left is a typical lymphoid hemo-

cytoblast with a large open nucleus, possessinr
lus and but a small amount of chromatin.

B

distinct nucleo-

Its cytoplasm is strongly

Fig. 2 sho s a cell of the same type.
basophilic.
By comparing these two figures, a clearer conception of the
structure of the wall of the sinuses can be obtained. In text fig .
l the wall is seen to be continuous with the processes of the
7.W.4m
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neighboring cells, so that an open path with the meshes of the pulp
is established.

In text fig. 2 a tiny oytoplasmio thread, one of

the torn ends of which extends over the cytoplasm of the migrating
cell, marks the presence of a continuous wall at a plane slightly
above the free cell, showing that the cell is either penetrating
the wall directly or is passing through a mesh in a plane that is
slightly below the section here figured.
During the development of the organ the structure of the
venous sinuses remains unchanged.

Text figure 3 was drawn

~rom

a

preparation of the spleen of adult pig and it represents a portion
of a sinus with some of the surrounding pulp.

It is evident that

the wall of the sinus is composed of a close network of re · culum
hich is continuous with that of the surrounding pulp;

The sinuses

are never lined with endothelium; ' they are merely irre
nels through the reticul

lar chan-

, in the adult as well as in the embryo.

Cells from the p lp can readily make their

ag into the sinus

t hrough the numerous openings which occur in the reticular wall,
one of which is sho n in the figure .
The terminations of the arterial capillaries in

he pulp

ere

not st ' Jied, but the structure of the arterial capsules in 12 - 17
err.. pig embryos shows that bl od cells from the enca sulate
oles can readily make their

ay into the pulp.

arterial capsules are already established

arteri~

At this stage the

nd a strikin

path of

communica·ion betieen artery and pulp becomes evident. ~ his path
lies through the unlined spaces of the tiss e of the earl

capsules

from which numerous channels radiate into the meshes of the pulp.
And, as has been shown above, many connections bet een these meshes
.

and the splenic sinuses are maintained.

Thus an open circulation

is established before the middle of embryonic life.
71
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biting

sees more of the details of the structures and reports

that blood cells pass between the muscle cells into the tissue of
the capsule and from there into the sinus that surrounds it.
eidenreich gives considerable attention to the "
the human spleen.

~lsen"

of

Here they are characterized by a gradual increase

in the size of the wall of the artery which disappears gradually on
the opposite end, thus giving the capsule the shape of a spindle.
On the inner

surfac~

is an endothelium, the cells of

hich possess

but scanty anounts of protoplasm and large nuclei that extend well
into the lumen of the capsule.

In some cases this condition is so

pronounced that the lumen is almost completely obliterated. The capsule itself consists of compact tissue
and no distinct cell walls .

ith many irre

lar nuclei

very fine fibers so arranged that

an

alls, lie parallel

they are often mistaken for cell
but no elastic fibers are present .

ith the vessel

The capsule is cut off from the

reticulum by a rather distinct band of fibrous tissue, some of the
fibers of

hich extend into t e reticulum.

In the outer zone are

numerous leucocytes, and throughout the entire ca sule s aces unlined by endothelium are filled

ith deformed erythrocytes and a fe"

scattered leucoc tes.
eidenreich is not positive concernin
hich make up the capsule.
sules is similar to that o

He find

the

at re of the cells

that the str cture of the cap-

the inner fibrous membrane o

arteries described by Henle, and believed by him to be derived fro
the endothelium.

The capsule is not a thic eni

o~ the adventiti

nor a continuation of the media, for the muscle cells of the latter
are of very different character.

eidenreich can not agree

1th

earlier that the capsules are made up of reticulum, for the tissue
does not resemble reticulum in appearance and the nuclei are much
71
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more irregular than those of the reticulum.

He is inclined to agree

with Koelliker 's view that the endothelial and capsular cells are
derived from a common c ell-anlage·.
Sabin agrees with Bannwarth in maintaining that the ellipsoids
or capsules appear before the follicles and disappear in later embryonic life when the follicles make their appearance.

"Thus the

ellipsoid is the primitive lymphoid structure of the spleen."
In the spleen of pig, the development of the capsules is initiated in a 15 - 17 cm. embryo.

They are recognized as slightly con

densed areas of the mesenchyme, penetrated by distinct arterial capillaries or arterioles.

The only relation they bear to the early

splenic follicles lies in the continuity of a common mesenchymal
reticulum from which both are differentiated, but at sharply separated regions aJ.ong the

a~terial

wall.

In a 20 cm. embryo, the structure of the capsule has become
more distinct.

leidenreich is inclined to think of the cells that

make up the ca~sule, as transformed endothelial cells.

However,

by

making a study of their development in a closely graded series of
embryos, the capsule cells are found to be cells o~ the general
mesenchyme that have dra':m in their proces es and becom~ more compact.
The fact that they are not endothelium can be readily demonstrated by applying

allory's phosphotungatic acid stain together

with Krause's gold chloride for reticular fibers.

This method

brings out , the cytoplasmic processes of the reticular cells and
also the reticular fibers that extend for long distances from cells
of the capsules thru the reticular cells of the pulp.

These fibers

are not found in the endothelium that lines the vessel that passes
thru the capsule, nor is the same intimate connection between cyto7 lll,-!m
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plasmic processes in evidence.
A great many erythrocytes nre found in the walls of the capsules.

These red blood cells pass through the porous wall of the

arterial capillary into the unlined spaces between the capsule cel l s
and from there make their way into the meshes of the reticulum of
the pulp.
The presence of a great many contorted nuclei within the cap sules of adult spleens has lead many workers to believe that they
represented the presence of numerous leucocytes.

A histogenic

study, however, indicates that by far the greater number are the
nuclei of the capsular cells.
In the spleen of adult pig a band of fibrous tissue separates
the capsule from the splenic pulp, but in the embryo this sharp
line of demarcation is not present .
The Origin_ a!ld Differentiation of

the_~3-rst

Blood _Qells .

In the pig the blood-forming activity of the spleen begins in
embryos of from 3 to 4 om. in length, but the progress of differentiation along this line is subject to considerable varia ion in
different embryos of this size.

In 3 to 3 . 5 cm . embryos a few iso

lated fields are usually encountered where cells of the mesencbyme
are becoming more basophilic and are beginning to lose their connec
tion with the mesenchymal syncytium .

hen free these cells under-

go further changes i~ structure an~ staining reaction until they
become the large lymphocytes which are typical of all hematopoietic
organs.
rom the explanation that has been given of the early system
of vascularization it could perhaps be said that ideal conditions
are present in the splenio tissue, for the development of a ne
hematopoietic organ by a metastasis of a preformed blood-forming
7 .1\l 4m
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organ the cellular products of which might be held in the meshes of
the splenic syncytium where they could find favorable conditions for
multiplication and differentiation.

This interpretation was held by

most of the early hematologists, and is still being maintained by
some memhers of the dualistic school.

Stockard is of the opinion

that the blood-forming organs are obliged to shift to different posi
tions in the embryo in order that spaces unlined by an endothelium
may be utilized for blood cell proliferation.

He states that "there

is evidence to indicate that definite environmental conditions are
necessary for blood-cell proliferation and multiplication. Blood
cells do not normally divide when completely enclosed by vascular
endothelium.

This is the key to the shifting series of so-called

hematopoietic organs found during embryonic development."

He fur-

ther emphasizes the fact that the cells in the yolk-sac blood
islands "continue to divide until they become surrounded by endothelium."

They then n1ose their hematopoietic function and become

a vascular net through which the blood circulates.

The liver no

takes up the role of harboring dividing blood cells within its tissue spaces, when these spaces become vascularized by endothelium,
here again the blood cells no longer multiply but merely circulate.~
Such an interpretation denies the possibility of local

orma-

tion of blood elements from the mesencbymal cells of the blood-

f

forming organs, and also from the endothelial walls of the early
blood vessels.

any authors, howev r, regard the endothelium as

a definite source of blood cells of the various classes. According
to Schridde cells of the myeloid series are derived exclusively
from the endothelium of the blood vessels, while

a.xi o , Danoha-

koff and Jordan derive all types of blood cells from the endot elium of the earliest vessels, as well as from the local mesencbyme
7.l\l 4m
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of the blood-forming organs.

-·--- -

Lobenhoffer and H. Fischer also claim

that the endothelium may assume a hematopoietic function.
In 3 - 4 cm. pigs the spleen shows its first signs of bloodcell formation and is therefore a good object for study. In embryos
of this size it is easy to trace all the intermediate stages between
the free cells present and the fixed cells of the mesenchyme.

The

differentiation of free lymphoid cells at the expense of the mesenchyme does not begin in any definite location within the organ, nor
is there any evidence that a change in the vascularization of the
organ initiates the process, as cells in no relation with vessels
and sinuses, show signs of differentiation.

Cytoplasmic and nucleaJ

changes do not always proceed at a uniform rate, but in most cases,
the first evidence of differentiation is a slight increase in the
basophilic reaction of the cytoplasm of the cell-body (fig. 5).
This may begin to appear while the cell is still a part of the general syncytium, or the cell may become entirely free and then assume
its more pronounced basophilia.
tion

pr~ceeds

In some cases the nuclear modifica-

that of the cytoplasm and a

pical large lymphoo

e

nucleu

is seen in a cell that is still connected with the mesen-

chyme.

This condition, however, is rare and is mostly confined to

mesenchymal cells at the margins of the sinuses.
In making a study of the nuclear structure of the first ameboid cells

one soon finds many intermediate stages between the
'
nuclei of mesenchyme cells and those of the typical large lymphocytes. Fig . 5 includes a mesencbyme cell (Mes.a.) which shows a
nucleus that is typical of this tissue.

It is a clear, open struc-

ture that is round or oval in shape and possesses a rather distinct
nuclear membrane. The small amount of chromatin that it contains is
distributed in the form of a fine irregular network. Two nuc eoli
7. 19.4m
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are generally present, but the number is variable.

The cell at A

shows considerable change in its cytoplasm, but by comparing its nucleus with that of the mesencbyme cell, their identity is at once apparent.

In the cell at B the cytoplasmic change is more pronounced

and a slight nuclear modification has taken

plac~.

The nucleus has

begun to enlarge, and the chromatin which was quite uniformly distri- 1
buted, is collected in larger knots.
work still remains.

Part of the fine chromatic ·net- I

In C the nucleus has become very characteristic,

its nucleolus is a distinct structure, located in or near the center
of the nucleus, and is surrounded by a clear zone that contains but
little chromatin.

The chromatin knots that were beginning to appear

in B are more numerous and are for the moat part confined to the
.i

periphery of the nucleus.

The cell body is strongly basophilic and

a cell of this type continues to differentiate until it becomes the
large lymphocyte that is found in all the lymphoid tissue.
These large lymphocytes show a marked proliferative activity
in a 4 cm. pig, their products being added to the groups of large
free cells that are found in

the~shes

of the splenio mesenobyme.

In a 6 om. pig, the process is more pronounced, many of the cells
having already differentiated into erythrocytes.
The details of the modifications that take place in the stemcells as they develop into erythrocytes, need not be reviev..td here,
as many detailed accounts are found in the hematological literature.
It should, however, be noted that the differentiating cells may show
considerable variation in size.

The large lYJllphooytes may undergo

ireot differentiation, or various cell divisions may intervene,

pro~

ducing smaller cells which then take on the erythroblastic characters. In the first case the large cells still retain the nuclear
structure of the large lymphocyte when they already show the pres-
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ence of hemoglobin in their cytoplasm.

The nucleus later becomes

dense and pycnotic, as seen in ·the typical normoblast.

In the

second case, differentiation begins in a smaller cell and the

nucle~

ar changes precede those of the cytoplasm.
We are now confronted with the following problem: Is the erythropoietic activity· confined entirely to cells derived from the
local mesenchyme or do erythroblasts brought in by the blood stream
continue their multiplication and differentiation within the meshes
of the splenic tissue?

After making a survey of a number of em-

bryos of the same size (3 - 4 cm.) it was found that groups of
blood cells in approximately the same stage of differentiation were
located in the larger vessels at the periphery of the organ. If the
vessels containing these groups of cells were followed through a
1

I

aeries of sections, they were seen to communicate with vessels in
the mesentery of the spleen. The most striking feature was the absence of the large parent cells that a.re seen in the regions of differentiation in the central portion of the organ.

By far the great-

est number of the cells that compose such intra-vascular groups are
normoblasts or erythroblasts with the typical "Radkern" nucleus.
Cell division is very pronounceo,many mitotic figures being seen in
cells that are strongly acidophilio.

Such observations might be

interpreted, at first glance, as indicating

the presence of ery-

thropoiesis without the participation of the local tissue. However,
by tracing the vessels through a series of sections, they were
found to connect with the enlarged sinuses within the organ and
with the larger veins in the mesentery.

It is probable, therefore,

that the cells had begun their differentiation within the central
portion of the organ, Where erytbropoiesis was very aotiTe, and that
they had made their way through the mesenohymal tissue into the
7
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sinuses, and from here to the larger vessels that le ve the organ.
Although the entire process of local differentiation of mesenchymal cells into hemocytoblasts and these in turn into erythrocytes, can be readily observed within the splenic tissue, yet one
cannot entirely disregard the possibility of an acoompanying differentiation of elements brought in by the blood stream. In a 6 cm.
pig an occasional erythroblast is observed in the peripheral circulation.

To deny the possibility of their proliferation and dif-

ferentiation in the retarded blood currents would be contrary to
ell-established observations.

Their scarcity in number, however,

would not make it possible for them to play an

ppreoiable role in

the hemogenic process within the organ.
According to Danchakoff the spleen of the chick embryo is
.not an active erythropoietic organ.
contain a fe

The sinuses of a normal spleen

young cells undergoing erythroblastic differentiation

but the process never becomes very marked.

In mammals, on the othe

hand, numerous authors have reported that the spleen o
is a v

y active erythropoietic organ.

the embryo

The beginnin~ of this activ

ity is seen in pigs of from 4 - 6 cm., although at this stage the
process is limited to a few sharply def ned areas. The process
gradually spreads in the older embryos until in the 17.5 om.st
it involves practioally the entire organ, exoepti

e

the region of

condensed mesenchyme surrounding the de eloping arteries (fi • 8.
7.5 om.).

hen the first erythroblasts can be recognized (4 - 6 cm.)
there are a few venous sinuses present, and some of them contain
erythroblasts.

But all of the erythroblasts are not

"thin sin ses

as is claimed by Danchakoff for the chick. They occur in small
groups many of

ioh are at a considerable distance from the near71
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est sinus.

They are differentiated from similar groups of hemo-

cytoblasts located within lacunae in the dense mesenchyme. Since
the hemocytoblasts are derived from the mesenchyme by the isolation
of some of its cells from the general syncytium it is to be expected that the free cells will be contained in cavities of the mesenchyme.

Neighboring lacunae containing free cells run together and

produce the larger spaces containing the first erythroblasts. These
spaces are not sinuses, for the latter are produced as splits in
the mesenchyme independent of the process of hemocytoblast formatior
although a few

hemocytoblast~

may be formed from the margins of the

sinuses after the latter have become established (fig. 4). The
larger spaces containing nests of erythroblasts may later connect
with sinuses and hemocytoblasts entering the sinuses usually differentiate into erythroblasts.

For these

re~sons

numerous sinuses are

encountered which contain erythroblasts in various stages of differentiation.

In many cases, however, the erythroblast

neats re-

main separated from the sinuses for some time. Frequently mesencbymE
cells are seen to pass between the individual cells of a group,
which is further proof tnat these cells are not located within sinuses. It is quite possible that many of the larger lacunae later
function as sinuses.
In the later stages (17 cm.) the erythroblasts do not show
the distinct grouping which is so characteristic of the earlier
stage~

of erythropoiesis.

They are uniformly distributed through-

out the entire pulp and are located within the sinuses as well as
in the pulp strands between the sinuses. The majority of the hemocytoblasts and younger erythroblaats are outside of the sinuses.
Similar conditions were seen by H. Fischer in the spleens of
human embryos, where hematopoiesia was very active in the meshes
7.111.'lm
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of the pulp reticulum, but much less extensive in the veins and
venous sinuses of the pulp.

According to M. B. Schmidt, on the

other hand, intravasoular erythropoiesis in the venous sinuses of
the pulp from cells derived from the endothelium is of greatest
importance.
/

According to Danchakoff the lines of differentiation pursued

' by hemocytoblasts depend entirely on extrinsic environmental conditions.

The relations of the primitive blood cells to the venous

sinuses are of particular importance in this connection. In the
yolk-sac and bone marrow of birds and reptiles and in the spleen
of birds those hemocytoblasts which pass into the larger blood
channels are differentiated into erythrocytes, while those outside
of the ves s els either differentiate into granulocytes or remain as
lymphoid wandering cells.

Close proximity to the sinuses favors

granulocyte differentiation.

Venzlaff also claims that in the bone

marrow of birds erythrocyte development is largely intravascular.
Intravascular erythropoiesis in mammalian embryos, particular·
ly in the liver, is also claimed by Neumann, Schmidt, Kuborn, Kosta·
necki and Nageli, while van der Stricht,
hoffer, H. Fischer and

aximow, Schridde, Loben-

ollier maintain that erythropoieeis in the

mammalian embryonic liver is chiefly extravascular. Accordin
aximow and

to

eidenreich the process is also largely extravascular

i n the mammalian bone marrow.
For the embryonic marrow

aximow states that the

devel~ping

cells lie in groups in close contact with the endothelium of the
vessels. In such places the endothelial membrane later loosens up
and acquires numerous openings.
plasma enters the

tissue~

Through these openings blood

loosens up the groups of developing ery-

throcytes and forces them into the vessels. Besides the young de7.11!.4m
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nucleated erythrocytes. a few of the riper normoblasts and me alo~
blasts are carried into the circulation where they complete their
development in a normal manner.

Lymphocytes are also carried into

the blood vessels in this manner and many of them migrate through
the endothelial membrane.

In the early stages, while the marrow is

still of the primary, lymphoid type, these lymphocytes differentiate into erythrocytes within the vessels.

A similar mode of en-

trance of erythrocytes from the blood-forming tissue to the vessels
was described by Lobenhoffer and H. Fischer.
According to 1eidenreioh the ''cell-nests" of the bone marrow
constitute the blood-forming tissue.

These cell-nests are append-

ages to the venous capillaries and the endothelium of the latter
is deficient in the region of the cell-nests.
According to Venzlaff erythrocyte differentiation takes place
within the venous sinuses of the marrow of birds from lymphocytes
hich have passed out of the
eidenreich).

Leukoblastenhaufen" (cell-neats of

The endothelium of the sinuses is deficient in the
(

region of the latter.
or the spleen of the chick Danchakotf states: "The spleen
during its second stage of development is characterized by the development of a net of

ide venous capillaries developed in the mes-

enohymatous syncytium, by an intense

anulopoiesis outside the

vessels and by a potential erythropoiesis within the vessels.

"The

granulo or leukopoiesis develops around the large venous sinuses
under conditions identical to those under

hich they develop in the

yolk sac and in the bone marrow.
For the spleen of the pig it has al eady been sho
early erythropoiesis is largely extravascular.

that

The first gro pa

of erythroblasts are usually at some distance from the sinuses in
11
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lacunae of the dense mesenohyme.

As the erythropoietio process be-

comes more active the mesenchyme acquires a looser texture owin
the fact that many of its cells are cut off from the
tium.

to

eneral syncy-

This finally results in the formation of a loose network of

mesenchyme through which the erythroblasts are carried into the sinuses.

This is the structure of the pulp in embryos of 15 to 17 cm.

and in these spleens the sinuses contain numerous erythroblasts.
Some hemocytoblasts and nucleated red cells are also seen in the
sinuses of younger embryos, but intravascular erythropoiesis is not
very active until communication has been established between the
pulp lacunae and the sinuses.
According to Danchakoff the presence of the blood plasma in
the venous sinuses is responsible for the exclusive intravascular
erythropoiesis in the bird's spleen.

This may be the determini

factor even in the mammalian spleen, where the process is lar ely
extravascular, because the

open" circulation is established in

limited regions of the spleen soon after the first sinuses are
formed.

This is seen even in a six om. embryo in hich small area

of the spleen pulp are in iltrated
rocytes.

·th fully differenti ted eryth-

The mesenchyme of these areas for s a loose net or

it is clear that the erythrocytes are not located
ince the erythropoietic function o

rom these areas of i

Plasma ma

dif

jltration an

entiation of the hemocytoblasts.

ithin vess ls.

the organ is st 11 in its ear-

liest stages it is clear that the erythroc
not of local origin.

and

ea o

these

eaa

re

se thro ghout the meseno
his

~nde

e

ay in 1 ence the differ-

such conditions t e dis-

tinction bet een intra- and extravascular erythropoi sis see s to
be of doubtful value.
e

granulocytes are formed in the

ia's sple n at any sta e
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of its development.

However, a few mononuclear granulocytes were

seen in the spleens of 7,5 cm. and 13 cm. embryos.

The

gre~t

major-

ity of them are located in the marginal regions of the organ where
the mesenchyme is still very dense and where venous sinuses and the
"open" circulation have not yet been established. They are not
grouped in "nests" as are the erythroblasts and each cell is locatec
within a lacunae of the dense mesenchyme. The cytoplasm of many of
these cells is still very basophilic and the nuclear structures indicate that the granules have differentiated in cells which have
but recently been cut off from the mesenchyme.

Fine processes are

sometimes seen to connect with the surrounding mesencbyme, indicating that the granules may appear before the cells are completely
isolated.

There is little dense mesenchyme left in the spleen of

the 13 cm.embryo, hence the granulocytes are located immediately
under the capsule.
In the pig's spleen there is no evidence whatever for Schridde's and Tftrk's claim that the granulooytes are derived from 'myeloblasts" which have their origin in the endothelium of the blood
vessels and sinuses. Erythroblasts may be derived from the walls
of the sinuses at a time when the latter are merely splits in the
mesenchyme, but there is no evidence to indicate that cells from
this source might differentiate granules in their cytoplasm.

The

free mesencbyme cells which differentiate into granulocytes are
far removed from vessels or sinuses, and hence it is not li ely
that they bear any direct relationship to endothelial cells.
The differentiation of a few erythroblasts from lymphoid
cells cut off from the marginal mesencb7me of the venous sinuses
does not confirm the claims of So.hridde and Ttirk that erythroblasts, as well as myeloblasts, , are always derived from cells of
7 IV lm
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the vessel walls.

The early sinuses have no walls, for they are

merely splits in the mesenchyme.
At the 17 cm. stage the greater partJof the spleen is composed of free cells; the fixed mesenchymstous tissue has become
greatly reduced in amount, and it is evident that the majority of
the 1-ymphoid cells which are cut off from the mesenchyme differentiate into erythrocytes.

The greater part of the mesenchyme of

the pulp is thus used up in the process of erythrocyte

prod~ction.

The remaining fixed tissue later differentiates into the loose network of reticulum which forms the supporting frame-work of the organ in the adult.
!uch of the condensed mesenchyme surrounding the developing
arteries is also used up in the production of free cells during the
development of the lymphoid arterial sheaths .

But in this region

the lymphoid cells remain lymphoid and none of them differentiete
into erythrocytes or granulocytes.
Development of the Arteries and Lymphoid Arterial

leaths.

The further differentiation of the vascular system leads to
the for~ation of distinct arteries, the development of which initiates the formation of the

white pulp .of the or an.

pulp is composed of the lymphoid sheaths

!he

hite

hich soon develop around

the arteries , and later distinct nodules are also ad ed to it.

he

arterial sheaths are at first composed of very dense me enchyme,
as described by Danchakoff for the chicc spleen.

They are su -

rounded every here by the loose pulp which, at this stage, consists
largely of free cells.

ater this dense mesenchyme is resolved in-

to a very loose network the meshes of which are packed
cytes.

ith lympho-

ost of these free lymphoid cells are 'small lymphocytes",

37

and in these lymphoid sheaths and in the early follicles it is not
difficult to work out their origin,
I

Fig • .-6 is a cross section of a typical artery and its lymphoid sheath in a 30 cm. embryo.

The vessel is surrounded by a single

layer of smooth muscle fibers which lie directly underneath the endothelium of the vessel.

Vb.en Weigert's elastic tissue

sta·~

is

employed, it is found that elastic tissue fibers which extend parallel with the artery, lie between the endothelial and muscle cells,
forming the beginning of the inner elastic membrane of the arterial
wall.

In this figure but one endothelial nucleus is sho n, which

extends well into the lumen of the vessel. The cytoplasmic processes that fringe the remaining portion of the lumen represent sections of the cell bodies of neighboring endothelial cells the nuclei of which were in a different plane than the section here figured.
The reticulum surrounding the muscular coat of the arte
of particular interest; its cells possess long processes

1

hich form

a net ark in the meshes of which numerous small lymphocytes are
located. At the outer border of this early lymphoid sheath. the re
icular cells are era ded into parallel bands that lie in concentric
order about the artery.
A great variation is seen in the struc~ure of the reticul
nuclei.

The cell in the upper part of the figure

~) possesses

a

nucleus identical with those of the reticulum in the pulp portion
of the organ. rt is a large oval structure

ith a distinct eccen-

trically placed nucleolus and a very small amount of chromatin distributed in the form of a fine network.

The nuclear membrane is

very pronounced in contrast to those of the smaller reticular cells
The cell at b, although connected by cytoplasmic process with the
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reticular oell already described, shows very marked di ferences.
Its nucleus is scarcely half as large as those of the reticular
cells of the pulp.

No distinct nucleolus is present,' and the small

amount of chromatin is uniformly distributed throughout the nucleus
but the nuclear membrane is quite indistinct.

any intermediate

stages can be found between these two types of cells.
Further study of the same follicle shows that many of the
smell lymphocytes are formed in situ from reticular cells similar
in structure to the cells shown at c and d.

A reticular cell iden-

tical and continuous with~ excepting that its nucleus has a few
larger chromatin granules is shown at b.

The cell c has a nucleus

similar to that of b, with a slight addition of chromatiL, b t its
cytoplasm is more basophilic and its processes ha e become ver
delicate. At d both nucleus and cytoplasm are darker and the cell
is almost completely isolated from the general mesenchymato s networ •

The free cells ~. f, ! · sho

further advance in differen-

tiation which is completed in ~. a typical small lymphocyte.
The cell k shows clearly that large lymphocytes may also be
out off from the mesenobyme.
continuous with the mesenohyme

Tne cytoplasm of this cell is still
but the structure of its nucleus

approaches that of the le.rge lymphocytes

!

the figure, lar e lymphocytes are e tremely
of the early follicles.

and _.
are

As indic ted in
the terr· or

~hey are far more numerous in the pulp.

The great majority of the free cells of the early follicle are
ong the ormer are ma
small and medium-sized lymphocytes.
cells whose nuclei have not developed the full amo nt o
characteristic of the small lymphocyte.

chrom tin

ith Danchakoff these
although it
cells might be classified as "d o..rf hemocytoblasts
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is evident that in the pig they are not products of the proliferative activity of large lymphocytes (hemocytoblasts) similar to those
in the pulp at
have

on~y

!

and m.

Their nuclei are clear, because the cells

recently been cut off from the reticulum and have not yet

completed their differentiation.
Fig. 7 is a section of an early artery in the spleen of a
6

cm. pig.

The arterial wall is just beginning its differentiation

- a few elongated nuclei marking the initial stages of muscular development in the media of the vessel.

The vascular endothelium is

very distinct; its nuclei bulging into the lumen so that it is nearly obliterated.

In the rnesenchyme surrounding the artery no dis-

cernible differentiation has taken place, but in other regions
throughout the mesenchymal tissue of the organ isolated

oups of

hemocytoblasts are being differentiated into erythroblasts.
sho~s two darkly staining nuclei near the arterial

i . 8

all, but cell

of the same type are encountered at various distances from the vessel, so that no particular signjfic nee can be placed upon their
differentiation at this stage.
Hoiever, in a 7.5 cm. embryo a marked differentiat·on
taken place.

Fig.

6

as

is a section of an early arterial capillary

that is cut somewhat obliquely.

he endothelium linin

the vessel

possesses large clear nuclei, oval in outline, that extend so

ar

into the lumen of the vessel that only a narro

n

is discernible.

Surroundi

the endothel·um is a

reticular cells that closely resemble the
embryo (cell~. fig. 7).

slit-li e o e

or s seen

At this stage (7.5) most o

cells have open nuclei - none bei
tiated into true small lymphocytes.

oup of s

11

n a 30 c .
he small

present that have differen-
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By comparing the cells around the artery with those of the
surrounding reticulum, one is soon convinced that both are parts
of a general splenic mesenchyme that has begun to differentiate
along two quite distinct lines.

(1) That immediately around the

arterial wall has drawn in its processes until the cells lie close
together and are connected by short delicate cytoplasmic strands.
Many of the nuclei are small, round, deeply stainin

s~ruotures,

with a distinct nuclear membrane and one or two coarse chromatin
granules. (2) The mesenchyme surrounding the more compact area has
become converted into a loose spongy net ork, the meshes of which
are crowded with fully differentiated erythrocytes, which have,
without doubt, been brought in by the blood stream, as there are
but few isolated regions of erythrop oietic activity in the spleen
at this stage.

By a careful study of the two areas, all

ossible

stages between the cells around the arterial wall and those of the
general reticulum can be identified.
The above findings are closely related to the o servations
on the development of the lymph nodes in the pig a
Sabin.

re orted by

The latter found the first evidence of the for

lymphatic nodes in embryos 3 cm. long.

t·on of

In tcese early nodes

he

capillaries penetrating the connective tissue are surrounded by
clum:ps of nuclei which lie
the connective tissue."

within the syncytium and belon
They are di tinguished

to

from the re ai -

ing portion of the connective tissue by the fa.ct that they are
situated in clumps, and that some show mitotic figures,

hile

others are smaller and take the deep stain of a r.e ly divided
nucleus.

Up to an 8 om. pig the node has none of the character-

istics of the adult structure.

There are no lymph cords, nor

41

germ centers, no lymphocytes and no sinuses.

In an 8 om. embryo

the artery is seen lying parallel with the vein and extending into
the core of the node.

Associated with the development of the ar-

tery is the formation of the first lymphoid elements of the node.
Surrounding the arterial capillaries are groups of small cells that
can readily be separated from the adjoining connective tissue cells
The latter possess large faintly staining and oval nuclei and their
protoplasm is · in the form of a definite network, whereas, the small
er cells have deeply staining nuclei and a distinct nuclear membrane.

The nuclear network and the chromatin granules are coarser

and there are one or more nucleoli.

Moreover, the protoplasm

makes a narrow but definite rim around the nucleus.
Sabin reports that "between the connective tissue cells and
the lymphocytes one can see every possible transition . "

Yet the

presence of all intermediate stages is not held as suff icient evidence to prove their local origin, for in some cases the clumps of
free cells appeared as though they had filtered through the vessel
wall .

Sabin is of the opinion that such evidence is not sufficien1

to prove either the hematogenous or connective tissue origin of
the lymphocytes.
The group of small cells around the capillaries in the nodes
as described by Sabin, remind one of the small mesenchyme cells
surrounding the early arteries of the spleen .

Sabin states that

in early stages, the small cells are distinctly a part of the connective tissue .

The same is true in the spleen, although many

cells can be found in the process of rounding off to form free
lymphoid cells .
Danchak~ff se es the arteries grow into the chick spleen at

about the middle of embryonic life .

The mesenchyme around the
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arteries proliferates and forms lymphoid hemocytoblasts by the round
ing- off and isolation of its cells, but their differentiation into
granulocytes is no longer evident.

Thus the arteries and their

branches become surrounded by areas of mesenchyme cells which soon
appear as islands of mesenchymal tissue which occupy the interstices
between the arteries and the early pulp of the organ.
constitute the anlagen of the follicles.

These islands

The lymphoid hemocyto-

blasts that are in the islands show intense prol i ferative activity,

.

resulting in daughter cells having the character of ndwar£ hemooytoblasts" which are further differentiated into true small lymphocytes
The small lymphocytes are present both in the red and the white pulI
and are morphologically identical in both regions.
According to the above description "dwarf hemocytoblastsn are
the essential precursors of the true small lymphocytes; they are
produced by rapid proliferation of lymphoid hemocytoblasts, the
daughter cells of which never reach the large lymphocyte stage.
The early lymphoid arterial sheaths of the pig containveryfew
large lymphocytes (hemocytoblasts) and mitotic figures are scarce.
The great majoriity of the small lymphocytes are, therefore, cut o f
from the mesenc:tv~e without passing through the hemocytoblast stage
Additional evidence for this vie

is furnished by the large n

ber

of intermediate forms which lead from the typical small lymphocyte
to the fixed mesenchyme cell (fig. 6).
Van der stricht sees the small lymphocytes formed durin

the

later part of embryonic life and attributes their increase in number to cell division and not to a direct transformation of reticular cells.
Jolly, in a study of the development of the spleen of the
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white rat, found the small lymphocytes arising from the "primitive
spleen cells" which he describes as large cells with a slightly
basophilic cytoplasm and large clear nuclei.

"Lymphocytes" were

not seen, however, until near the time of birth.

In developing

lymph nodes he saw the same type of large lymphoid cells formed by
transformation of the mesenchyme tissue.

Maximow reports the for-

mation of small lymphocytes from fixed cells in developing lymphatic nodules.

These fixed cells are very small cells which round off

and become ameboid, when they appear either as small or medium-sized
lymphocytes, or as histogenous wandering cells which become transformed into small and large lymphocytes.
locytes.

Some may also form granu-

Sabin also believes in the possibility of the derivation

of small lymphocytes directly from the mesenchyme in developing
lymph nodes, although she admits that the evidence for this is not
very convincing.
The writer finds, however, that in the embryonic spleen of thE
pig evidence for the derivation of free lymphoid cells from the
fixed cells is by no means la.eking.

~igu.res

6 and 7 show reticul-

ar cells at widely separated stages of embryonic development, in
both of which numerous small lymphoid cells are being cut off from
the local reticulum, many of them being transforme~ into typical
small ·lymphocytes without the intervention of the large lymphocyte
stage.

ot many of these smaller lymphocytes can be proliferative

products of large hemocytoblasts, for the latter are ra~ely observed in the early follicular a.nlagen.
According to

eidenreich and Downey (p.367-369) lymphocytes

of various types, including the typical small lymphocyte, and large
mononuclears or macrophages can be cut off directly from the reti-
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culum of the lymph nodes of adult animals.

Their figures 2, 3 and

4 give the details of the process as seen in the interfollicular
tissue of guinea pig lymph node and in a germ center of a follicle
of cat node.

From this it is evident that the process of isolation

of free lymphoid cells from the fixed tissue which was seen in the
early spleen persists in the hematopoietio organs of adult mammals.
In the adult animal all types of lymphoid cells may be derived from
the fixed tissue of the same region of the organ, while in the
early spleen large lymphoid cells· are derived from the mesenchyme
of the pulp and small lymphocytes from that of the future lymphoid
sheaths of the arteries, while the large mono

~clears

do not appear

until later.
The fact that the earliest small lymphocytes exhibit marked
ameboid properties has lead different workers to believe that they
reached the follicular anlagen by migration froc the pulp portion
of the organ,

ith this interpretation in mind, a careful study

was ma:de of various spleens in which the first small lymphocytes
were evident.

In all cases, the ameboid activity is very pronoun-

ced, but it is limited to the regions surrounding the arteries.

o

indications were found of cells migrating to ard the follicles. On
the other hand, migration from the follicles into neighboring sinus
es is quite frequently observed.

This is especially true

here a

large venous sinus extends parallel with the lymphoid sheath of the
artery.

Here the

all cells enter the slo

blood current o

the

sinus and continue their differentiation before being carried into
the general circulation.

Small lymphocytes

ere not observed in

the pulp previous to the formation of lymphoid arterial sheaths.
The first small lymphocytes of the follicles could, therefore, not
be derived from the pulp.
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According to Schridde and Tilrk lymphocytes are derived from
the endothelium of lymph vessels and myeloid cells from the walls
of blood vessels.
ing this theory.

The embryonic spleen is an ideal organ for testIt has been shown that the mesenobyme bordering

the earliest sinuses is capable of giving off free cells most of
which differentiate into erythrocytes.

But it has also been shown

that this meaenchyme differs in no way from that in other regions
of the organ and it can, therefore, not be regarded as being more
highly differentiated or specialized than is the latter.

The liber-

ation of free cells is by no means confined to the sinus mesenchyme,
and hence the process has no value as support for the theory of
Schridde and Tttrk. ·Most of the free lymphoid cells derived from the
mesenchyme of all parts of the organ, before the lymphoid arterial
sheaths are established, differentiate into erythrocytes.

A fe

granulooytes also differentiate from similar lymphoid cells, but
the latter never show any relationship to the endothelium of blood
vessels.

The preparations sho

very clearly that the first cells

to differentiate granules in their protoplasm are cut off f om the
mesenchyme, and that they are usually located at some distance

rom

the nearest blood vessels or sinuses.
For the lymphocytes of the follicles the case is still clearer.

The follicles are expanded portions of a c-0ntinuo s lymphoid

sheath the cells of which are derived from the condensed mesenobyme
surrounding the arteries.

Lymphocytes of all types, but especially

the smaller ones, are liberated from this mesenchyme, the endothelium of the vessel taking no part in the process.

rt

might, of course,

be assumed that the dense mesenchyme surrounding the artery constitutes a part of the vessel wall, and in that case the free lymph-
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ocytes liberated by the mesencbyme

~ould

be derived from cells of

the vessel wall - Schridde's "Blutgefasswandzellen .
cording to the theory, lymphocytes

However, ac-

ould come only from the walls

of lymph vessels, while the blood vessel wall cells would furnish
only myeloblasts and erythroblasts.

In the developing spleen it

is very clear that the follicles and lymphoid sheaths are in no
wa;y

associated with lymph vessels.

They are developed about the

arteries)and lymph vessels are not present; hence the facts do not
conform to the theory even though we

count the conde ved mesen~

chyme about the arteries as a part of the vessel wall.
The endothelium of well established vessels of the spleen
apparently plays no part in the formation of fixed or free cells,
or of "adventitial" cells, about the vessel

all, and hence He -

zog ' a claim that the adventitial cells derived from the endothelium of groWing capillaries in experimental material give
numerous small lymphocytes
early spleen.

ise to

ith dark nuclei does not apply to the
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Summary.

1.

The spleen of the white rat, pig and gopher is first seen

as a dense mass of mesenchymatous tissue in the left dorso-lateral
portion of the mesentery.

In the first stages of its development

it is impossible to make a sharp distinction between the ooelomio
epithelium and the mesencbyme of the mesogastrium.

Proliferative

activity on the part of the epithelial cells may result in the
crowding of some of the daughter cells into the underlying mesenchyme.

After the splenic anlage is established (15 mm. pig), the

peritoneal cells are sharply separated from the mesenchyme by a
distinct limiting membrane.
2.
artery.

The earliest splenic vessels are branches of the mesenteric
These continue to bifurcate and form a network which sup-

plies the entire mesenterio tissue .

This primitive capillary sys-

tem communicates with both arteries and veins.

In 6 to 7 om. pig

embryos there is communication between the vascular capillary network and the primitive splenfc sinuses, and the open circulation
that is characteristic of the adult spleen is established.
3.

In the pig, the blood forming activity of the spleen begins

in embryos of from 3 to 4 cm. in length.

Cells of the mesenchyme

which bear no definite relation to vessels or sinuses, become more
basophilic and begin to lose their connection with the mesencbymal
syncytium.

en free these cells become the large lymphocytes

which are typicaJ. of all hematopoietic organs.
4.

Erythropoietic activity in the spleetl is recognized first

in 4 to 6 cm. pig embryos.

Erythroblasts are seen in small gToups

in lacunae that were formed by the first free cells as they were
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cut off from the mesencbymal syncytium.

The first groups of erythro

blasts are usually at some distance from the sinuses which are pro-

•

duced as splits in the mesenchyme independent of the process of hemo·
cytoblast formation.

At a later stage, however, a few hemocyto-

blasts which differentiate into erythrocytes may be formed from the
margins of sinuses.

Erythropoiesis, which is largely extravascular,

becomes very active in 15 to 17 cm. pig embryos, converting the
greater part ·of the organ into a pulp-like structure.
5.

The extensive extravascular erythropoietic activity may be

influenced by environmental factors that are introduced by the early
establishment of an "open circulation" in the embryonic spleen.
6.

Granulopoiesis is very limited in the pig's spleen at any

stage of its development.

A few mononuclear granulocytes are devel-

oped in the marginal regions of the organ from cells that are cut
off from the mesencbyme.

There is no evidence that granulocytes are

derived from "myeloblasts" which have their origin in the endotheli-

um.
7.

The differentiation of "white pulp' in the spleen is initi-

ated at the time of the formation of distinct arteries, (6 cm.pig).
A lymphoid sheath is developed around the arteries. This arterial
sheath is at first composed of very dense mesenchyme which later is
resolved into a loose network, the meshes of which are packed
small lymphocytes.

ith

The great majority of these lymphocytes are cut

off from the mesenchyme, and they differentiate into typical small
lymphocytes without passing through the hemocytoblast stage.
8.

Although the lymphoid or follicular portion of the spleen

appears comparatively late in the development of the organ and is
confined to the region of the arteries, it cannot be regarded as a
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tissue which is foreign to and of different origin from that of the
red pulp, for its mesenchyme is derived from and is continuous with
that of the pulp and its free cells migrate into the pulp.
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