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2 STAHL: THE CRESCENT FORMS OF THE ERYTHROCYTE.

The Predecessors, ( Ancestors), normal,
of the pathologie ereseentic forms of the ervthroevte as they
oceur in the various expressions of the Anmmias. An explanation
for the origin of the Sickle-Cell Erythrocyte.

THE NORMAL CREBCENT-SHAPED ERYTHROCYTE.

In a research concerning Origin of Blood Corpuscle, and dif-
ferentiations from the primary bloood corpusele to the mature
voung erythroevte, the red blood plastid of Minot; eight distinet
forms of the erythroeyte developed in the metamorphosis from
the large mono-nucleated eryvthroblast to the non-nueleated eryth-
roeyte, the red blood corpuscle of maturity.

The material utilized were human ova from 2-8th week, in
good histologic condition and all normal.

Of these eight forms, three belong to the characteristie, eres-
cent-shaped or outlined ervthrocyvte.

The erythroblast, it will be remembered, is not of the primal
blood eorpusele, predominant in the first or primal uncolored
blood eirculation ; this primary uncolored eirculation is predomi-
nant in character to the 6th week; then transition to the initial
red blood colored circulation of the erythroblast.

In the secondary or red blood eolored eirenlation there is at
first a mixed type of uncolored primal blood corpuscles and of
commencing predominant erythroblasts. Then again transition
from the temporary ervthroblast to the permanent non-nueleated
ervihroevte of maturity. The permanent red blood cireulation be-
ing referred to as permanent when the non-nueleated ervthroevte
is predominant. :

EXPLANATIONS OF FIGURES 1 axp 2.

Fig., 1.—The ancestor of crescent forms of ervthrocytes, both normal and
pathologic.

The normal nucleated pure crescent form of ervthrocyie.

An example of intra-blood-vessel division, and multiplication differentiation
from the erythroblast to the erythroeyte, In a blood vesszel of the chorion of a
7-8th week human ovum,

Crescent.

Free nucleug below, =light blood-cell plasm atill surrounding.

Erythrocyte.

Another free nucleus extruded into the general circulation, see Fig, 9 below ;
in pathology.

Erythroblasts,

Fig. 2.—Fig. 1 enlarged, the normal nucleated crescent erythrocyie, the het-
ter to show size and structure of crescent, with relationship to other contiguous
corpuscles and nuclel ; phases of blood-corpuscle intra-vessel differentiation,
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Thus it will be seen there arve three blood cirenlations charac-
terizing the ovum; the one following the other; the first two
being temporary in duration; the third being the permanent red
blood eolored eireulation of the permanent erythroeyte, the eryth-
roeyte not being subject to echange. They are:

1—The primary uncolored blood eireulation, where the uncol-
ored primal blood nueleus-corpusele is predominant and tempo-
rary ; eontinues to about the 6-5th week,

2 __The initial red blood eirenlation; where the red erythro-
blast becomes characteristic and temporary, and lends new red
color to the blood cireulation ; continues beyond the third month.

3—The permanent red blood ecirvculation where the mature
non-nueleated red blood eorpusele, the erythroeyte becomes char-
acteristic and remains so permanently ; thus continuing the red
color permanently to the blood cireulation.

As is well known the ereseent forms of ervthroeyte ocenr in
pathology, espeeially in the blood diseases of the angmias. In
the anwmias the erescents are easily recognized because of their
numbers: they seem not so numerous or easy to find in the normal.
This hesitaney might be explained in that, the normal blood cor-
puscle differentiation being unhindered by a dyserasia from
disease of blood or body, with consequent lowering of tone of
blood corpusele differentiation ; the normal differentiation, there-
fore, is vigorously carried along by a normal 100% blood cor-
pusele differentiation, to completion of and without deformity of
blood eell.

Whereas in the anwmias, there is hindrance and backward-
ness in differentiation; incompletion in blood cell outline and
substance; a slower development in general proeess and con-
tinued metamorphosis ; many times there is stasis. Therefore, the
greater numbers and more easily recognized blood eell incomple-
tion and deformity in pathology ; proportionate to loss of physiol-
ogy and funetion in blood cell and stream, there follow debility
and death, as sequela.

Recognition of creseent shaped erythroeytes, in mature life,
spells pathology in diagnosis.

Two of these creseent forms were found in the blood vessels of
the chorion of a 7-8th week human ovum; the third in the Area
Vaseulosa in the same ovum, near the still open free inner margin
of the chorion ; before fusion of the ammnion with the chorion.
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CONCERNING ORIGIN OF THE BLOOD CORPUSCLE IN THE
CHORION IN THE HUMAN,

It is a well known admission that blood corpusele and blood
eirculation are extra-embryvo in origin.

But from where primal blood corpusele, plasm, and eireula-
tion; how developed and in and from what tissues have ever
been open questions for difficult and original solutions; but not
till today have they met with any happy results,

For origin of blood corpuscle, until today, especially, are
mentioned Blood Islands and Yolk-Sae (potential yolk-sae) ;
both, not primary but secondary auxiliary developments, depend-
ing upon the chorion for growth and development. But how
does such growth and development ocenr, except through some
afferent pabulum bringing eireulation ; surely not an autogenous
growth ! proving sueh (their) growth secondary to an anterior
cireulation. Also among such sources of origin may be mentioned
the well known theory of the medulla. The medulla of the bone
in this conneetion spells continuation, not origin of blood
corpusele.

Blood eorpusele, plasm, and cirenlation in origin, is in the
chorion and is easy of histologie proof.

In a series of slides from a 2-3rd week ovam, the primary

EXPLANATIONS OF Flavres 3 axn 4.

Fig., 3.—The normal non-nucleated crescent, found in another blood yvesse]
of the chorion of 7-8th week human ovum. Another example of intra-blood
vessel differentiation. Note the delicate nuecleas, apparently just extruded into
the hollow of the crescent.

1. Non-nucleated erescent typed ervihroeyte with extruded nuclens in hol-
low of crescent.

2, Inwandering clongated or @pindle-shaped nuclel undergoing division and
multiplication differentiation from the large round nuecleus of the second row ;
they enter blood stream and metamorphose  into  erythroblasts. Margin
of blood space vessel seems endothelial, but not so, they are concentrically ar-
ranged spindle-shaped nuclei only, ready Lo enter blood stream. This picture
lends explanation to the theory formerly held, that endothelial proliferation
affords origin to red blood corpuscle, the erythroblast. Refer to Fig 10 below,
where vessel wall lumen agnin is =een without endothelivm. Thiz, no endothe-
lium, feature is also seen in 20 important vesselz as the nmbilical arteries and
vein of the umbilical cord at the 5-6th week ; human ovum.

3. Erythroblasts in villug stroma blood space,

4. Elongated blood space vessel with ervthroblaztz within ; no endothelium.

§. Spindle nuclef ready to subdivide into several offspring and enter blood
stream.

Fic. 4.—The normal cup-shaped ervihroeyte, found in the Area Vasculosa
of a 7-8th week human ovam. An example of blowd corpuscle division and
multiplieation differentiatlon in the delicate arachnoidal eonnective tissue from
the arca vasculosa.

Cup-shaped crescent,

In =urrounding meshes of area vasculosa, many young mature non-nuclemted
eryvthrocytes.

To the left large erythroblasts with several nuclei; pre-multiple division by
amitosis, into several offspring ; one offspring for every nucleclus,
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blood-nuelens-corpusele may be traced from the syneytium into
the stroma, blood space and vessel of the villus; through the
course of the vilus to empty into the blood space and vessel of
the chorion,

Likewise through the trophoblast and syneytinm of the chorion
and villus, is the origin of the primal blood plasm,

In another series of slides from a 3-4th week series, the blood
nuelei-corpuscles from the inner row of the syneytium, and
which form the primal uncolored multinueleated nueleus-hlood-
corpuseles, charvacteristie of and giving color to the primal un-
eolored blood cireulation, ean readily be traced: (1) the nueleus-
cell leaving the 2nd row of the syneytium; (2) to enter a primal
blood space-vessel of the villus; (3) such a blood space-vessel can
he traced throughout the length of the villus; (4) to empty and
pass through the chorion into a blood-island in the arvea vascu-
losa, just within the inner free margin of the chorion; (5) from
this blood island anastomosing blood cirenlation divisions radiate
to the right and left, in the area vasculosa in the cavity of the
chorion: (6) blood nucleus-corpuscle differentiation is elearly
shown from the large round multinneleated nueleus of the 2nd
row to its spindle shaped elongated form, where the metamor-
phosing nueleoli of the original nuelens of the syneytium eling
together in an elongated spindle form, just ready to break up
and divide into several offspring; one offspring for cach
nueleolus.

This multiplication and division of primal nueleus-blood-cor-
pusele differentiation, may easily be traced into and through
the wvillus, chorion and area vaseulosa, and distinetly so, as
mentioned, in the slides of the 3-4th week series.

This offspring differentiates into the mono-nneleated red
erythroblast, in blood space and vessel of the adoleseing blood
stream ; where primary hematinization oceurs, thus the primal
uncolored blood cirenlation gives way to the 2nd or initial red
colored blood eireulation of eryvthroblast.

In 1922, page 41, Physiological Reviews, Dr. Florence Sabin
writes, in **Origin of the Cells of the Blood,’’ that, ‘‘ Maximow,
1909-1910, finds that the first blood eells of mammals develop
within the vessels of the embryonic membrane, as do those of the
chick; that the primary cells are first lymphoeytes then ervthro-
blasts.””’

Again, page 53: “*M. thinks origin of red cells from the endo-
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thelia is only transitory, that the secondary permanent red cells
are extra vaseular in origin.”’

These happy predietions were anticipated and verified in the
human, in 1902 and 1906, both articles with illustrations being
presented in the Amer. Jour. Obstet, In these articles, **Origin
of blood corpuseles’ in the human, was shown to lie in the chorion
of the ovum. The Interpretations promised in 1906 ** Further
details will be presented in a future article, entitled, ‘Origin of
the Red-Blood Plastid’ in which artiele it will be shown that the
origin of the blood plastid lies not ‘in the proliferation of endo-
thelia; or in the intracellular connective tissue cell; or in the
medulla of the bone;’ the three popular theories for the origin of
the non-nueleated red blood corpuscle,” (Stahl). Blood Islands
and Yolk Sace theories will not be touched upon here, exeept to
inquire, are not both subsequent to primal blood corpuscle?

DESCRIPTIVE.

Fiz 1.—The normal nucleated pure erescent form of ervthro-
evte found in the blood vessel of a 7-85th week human ovum. This
crescent oceurs nueleated and non-nueleated. This is the first of
the creseents found in the blood vessels of the chorion.

The similiarity in form and outline of this normal type crescent
shaped erythroeyte, to the pathologie type shown by Minot and
Lee, in Fig. 7, is readily seen.

Fia. 2.—Enlargement of the nucleated crescent eryvthroeyte
seen in Fig. 1. The thought had oceurred that possibly a section
of a large erythroblast eell slightly eurved npon itself, might have
resulted in this picture; but the large nueleus, just before and
resting against the arch of the crescent, interposes between see-
tioning knife and erescent, leaving a elear interval between knife
and erescent, preventing and ruling out such a probable result ;

EXPLANATIONS oF FIGURES § AND 6.

Fia. 5.—Illustration not text taken from Emmel, Plate 1, Fig. 4. Cup-shaped
erescent forms of ervthrocytes; from experiments with membranes of pig
vmbryo.

Blood corpuscle differentiation from eryvthroblast to ervthrocyte,

Similarity to Fig. 4, above, human cup-shaped crescent, 7-8th week, easily
B,

Fiz. 6.—Illustrations not text from Plate 5, Figs., 42-43-44, Emmel. Experi-
ments pig embryo.

A—The dumbhell-shaped erythrocyte: a case of amitogis. The same form
exigtz in a blood vessel of the chorion in the human, 7-8th week.

B—i3-4d—Crescent-shaped ervthroeytes; plg embryo. The same forms are
zeen in the Area Vasculosa of the human at 7-8th week ; see Fig. 4 above,
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in consequence, therefore, here the normal uninjured pure nu-
cleated crescent form of differentiating erythrocyte.

Fia. 3.—The normal non-nucleated crescent form of erythro-
eyte, found in another blood vessel of the chorion of a 7-8th week
ovam ; another type of intra-blood-vessel-differentiation. Note the
delicate nuclens, apparently just extruded into the hollow of the
eérescent.

Fig. 4.—The normal eup-shaped erescent erythrocyte, found in
the Area Vasculosa of a 7-8th week human ovam. The meshes of
a delicate arachnoidal tissue is shown here, in which, are seen this
cup-shaped creseent ; a large cell with several nuclei to the left, as
though amitosis in intention and ready for division, multiplica-
tion, and differentiation ; into several offspring, one offspring for
every nucleolus. Many neonate young erythrocytes arve also seen
throughout this area, extending in large numbers and in many
columns of pure unmixed erythroeytes, throughout this area and
into contignous areas. This area, in toto, seems a finishing area in
blood eorpusele differentiation. For only here in this area and at
this time, are the young pure non-nucleated erythroeytes seen in
large numbers and in long columns; on the contrary, in the blood
vessels of its chorion and villi, the erythroeytes appear only ocea-
sionally; the pure ervthroblast still predominating in those
vessels.

In a most interesting blood corpusecle study by Vietor E. Emmel
in his article on *‘Erythroblasts, in the membranes of pig cm-
bryo'’; Amer. Jour. Anat., Vol. 16, 1914, he presented a series
of blood corpusele illustrations, pieturing changes from the ery-
throblast to the ervthroeyte in the membranes of pig embryo.
These findings are all the more remarkable and interesting as they
are the results from experimental effort in artificial induction of
blood corpusele differentiations from the eryvthroblast to the eryvth-
roeyte, in the pig embryo. He was very successful, for he pro-
dueed exact changes in forms in differentiations that ocenr from
the ervthroblast to the ervthroeyvte in the human ovum, from the
a-8th week: intra and extra nterine.

limmel 's plates and figures are presented herewith in part, with
a personal discussion not Prof, Emmel’s text.

Fia. 5.—Plate 1, Fig. 4, shows an example of what Emmel ealls
a cup-shaped eryvthroeyvte; another one above it. These seem but
another form of the true crescent type of the ervthroblast divi-
sion, the form of erescent without the base of the cup: as shown
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ing to those oceurring in normal blood corpusele differentiation,

6—The nucleated sickle-cell erythroeyte, malformed through
dyserasia of angemia; analogue to the normal nuecleated erescent
erythroceyte, Fig. 1, above.

7—The non-nucleated sickle-cell erythrocyte, malformed, ana-
logue to the normal non-nuecleated erythroeyte seen in Fig. 3,
above.

Another of the valued features of this illustration is the pictur-
ing of changes in detail of the differentiations; in the disappear-
anee of the nueleus from the blood eell in the differentiations,
from the nucleated to the non-nucleated erythroeyte; differentia-
tion being the same in the normal as in the pathologie.

1—Nueleus of ervthroeyte wandered to edge of its cell.

2 Just ready for extrusion of nuelcus into general blood
stream.

3—Nucleus rests loosely in cell eavity as though moment just
before casting off.

4—Peripheral cell cavity as though just emptied of a nucleus.

H5—Many nueclei-whole-extruded into general blood stream.

Finally, the many perfect non-nueleated erythroevtes dissemi-
nated throughout the general field.

Diseussion: In disappearance of nuclens from erythroeyte:
Migration and Extrusion versus Fragmentation and Absorption.

In this illustration ean also be seen erueial deeisions in the now
far more mild controversy of Migration and Extrusion of nueleus
of ervthroeyvte versus Fragmentation and Absorption.

Here is seen plainly Migration of blood eell nucleus to the edge
of its eell; then Extrusion of nucleus as a whole into the general
blood stream, where undoubtedly Fragmentation oceurs; finally
Absorption. In the normal, see Fig. 2 above.

May it not be that in the Fragmentation of the nucleus in the
stream of the general eireulation, into such minute particles as
to be until now, unrecognizable to stain and microscope ; that in
this minute Fragmentation, as invisible nuecleoli, that therein
may lie the seeret and seed of Continuation of Erythroeyte in
Mature Life and even in that of Fetal Existence,

FiG. 10.—Cross seetion of blood space-vessel from villus 7-8th
week; content mono-nucleated erythroblasts: ervthroblasts in
stroma of villus; observe nuelei wandering from second row to-
wards the blood vessel, several empty spaces in second row; sev-
eral coarse multi-nneleated nuelei in rim of blood vessel ; the flat-




10 STAHL : THE CRESCENT FORMS OF THE ERYTHROCYTE.

tened elongated ones have often been interpreted as endothelial
inelined ; but not so, they are nuelei from the second row under-
going differentiation now into the spindle or elongated form from
the large round nuclens with several nueleoli; where the nueleus
has developed into now two small offspring still elinging together
in elongated form, soon to break apart on their way towards
hematinization and erythroblast formation in the blood stream.
Such elongated or spindle-shaped nuelei are seen in the villus
stroma between the edge of the blood vessel and the second row
of the villus, Illustration of intra-conneetive tissue differentiation.

EXrLANATIONS oF Fraunes 9 axp 10,

Fig. 9.—S8ickle-cell eryvthroeytes in sickle-cell ansmia : nueleated and non-
nucleated forms,

IMustration not text from Dr. V. P. Sydenstricker, Jour. Amer. Med. Ass.
1824,

fi—Nucleated sickle-cell,

T—Non-nucleated sickle-calls.

Dizappearance of nucleus in blood corpusele differentiation, from nucleated
to mon-nucleated erythroevte; here each step is elearly and plainly shown, an
exceptional lllustration for this purpose. Differentiations are alike in the
normal and pathologic.

l—Nucleug of erythrocyte wanders to edge of itz cell,

Z—Tust ready to extrude nucleus into general blood stream,

d—Nucleus rests loosely in the cell cavity as though moment just hefore
casting off,

4—Peripheral cell cavity as though just emptied of a nucleus.

d—DMany nuclef-whaole-extruded Into the general blood stream.

I"Imglly, the many perfect non-nucleated eryvthrocytes diszeminated through-
out the general field. UUse handglazs,

Fig, 10, —Cross section of blood vessel from villug near attached one to
decidua deseribed in Figure 2, 1906 ; Vessel margin, no endothelium ; content.
mono=nuclented ervihroblasts ; eryvthroblasts in stroma of villus; ob=erve nuclei
wandering from second row, geveral emply space effects there ; several coarse
multinucleated nuclel in rim of blood vessel,

1. Large second row nuclens wandering into blood space-vessel ; with large
handglass, thia nocleus appears to have zeveral nucleoli as though ready to
break up into several offapring, future erythroblasis ; others around adge ; no
endothelium ; this picture probably affords another explanation of former
theory, that proliferation of endothelium gave origin to red blood eorpuscles.
This no endothelium-feature of this blood space-vessel iz seen throughout early
hlood-vessel expression, even in the important vmbilieal arteriez and vein of
the umhbilical cord of the S-6th week ; where no endothelium iz agaln the ple-
ture and the rule. The two flattened eellz in lower edge of lomen are elongated
spindle-shaped nuoclei, dividing into several offspring; but not endothelial
Inelined.

2. Note second row nuclel seem directed inwards toward stroma of villng,
especially at 2; showing principle of direction and activity.

3. Empty gpaces suggesting departed nuclei.

4. Empty space with nueleus just helow ; nucleus appears dividing into two
offspring.

f. Large nuclens about to divide,

f. Position of nucleus in the eryvthroblast suggests ease of nucleus extru-
sion from oell in differentiation to the offspring, the erythroevie ; extrude the
nueclens, there iz left the cup-shaped crescent form for further differentiation.

In the normal casting off, see Fig. 2 above,

In the pathologic casting off, see Fig. 8 ahove.
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