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THE SIGNIFICANCE OF RETICULOCITES IN FMBRYONIC PIG BLOOD

(Introduction)

This study was suggested by the observations of Dr. H. C. Tracy,
on sections of pig embryos fixed in Bouin's solution end stained by
the usual haematoxylin -—sosin technique., He observed that certain
large erythrocytes in embryos of the 20 to 30 mm, stage contained a
small nucleus which showed a definite affinity for the acid stain
(eosin); while most of these large erythrocytes with pyknotic nuoclei
showed & marked preference for the basic stain, (haemotoxylin), These
primitive megalocytes with acidophilic small nuclei suggested to us a
degenerative process in these primitive red blood cells. Villa ("29)
advances with some reservation the interpretation that primary nuclear
acldophillia in the hemoglobin series is the expression of the synthesis
of hemoglobin in the nucleus instead of in the cytoplasm. This inter-
pretation cannot be given for the acidophilia of the nucleus of the
cells in question for thelr cytoplasm has long since been rich in hemo-
globin and they must be regarded as mature red blood cells of the
first generation ie., megalocytes, This is not a new ides, as there
are geveral references in the literaturet Michels ('31) in an ex-
tensive review of the literature to 1930 states the situation as follows:

MAlthough concominent structures for a2 short period

genetlcally and morphologically the primitive red blood

cells differ from the definitive or ordinary type of

red blood cells, Megalocytes are extremely large and

have ryknotic nuclei, while the normoblasts are smaller

and have a cart-wheel arrangement of the chromatin,

Megalocytes never transform into normoblasts, but dis-

appear relatively early in the embryo., Their formation

is confined strictly to the hepatic and prehepatic period,

Accordingly bone marrow contains neither megalocytes

or megaloblasts. Structures similating them are to be
interpreted as macro-normoblasts, normocytes.®
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"Since in the normal individual all traces of
megaloblastic tissue have disappeared before birth,
the presence of megaloblasts in pernicious anemia is
purely pathological, and is to be explained &8s due to
a persistence of megaloblastic tissue in the liver of
the sdult. The fimilial linkege characteristic of
this disease is perhaps best accounted for, according
to Piney, if this viewpoint is taken.®

Howell ('90) was apparently aware of this condition from his
studies on a 2,5 cm cat embryo, as may be seen by the following
extract from his papers

"In the first place there are two distinct forms
of red corpuscles present in the bloodt one large oval
and nucleated, resembling somewhat the corpuscles of
emphibia and reptiles, In Bhape they were biconcave,
irregular, or apparently in some cases biconvex, and
were so extremely plastic as to appear liquid. The
slze of these corpuscles in their long diameter varied
from two to four times the diameter of the corpuscles
of the adult mammal. The second form wes circular 4in
outline and the usual size of the cat corpuscles. - = ~
Some were nucleated and some had lost their nuclei, It
is worthy of special emphesis that all corpuscles that
were not nucleated belonged to this second claas,
Diligent search thru a large number of preparations
failed to reveal a single large ovel corpuscle that did
not have a nucleus,"

Hayem also observed this primitive generation of red blood cells
ag early as 1889, and speaks of them 28 giant nucleated corpuscles,

It is therefore the object of this study to ascertain if these
primitive megalocytes may be identified by the supravital method
of staining, how they react to the stain, and thus observe if the
two generations of red blood cells msy be further established or nﬁt.
It 1s also the purpose of this study to see whet relationship msy be
observed between the reticular substance and the nucleus of these

primitive blood cells, and the nucleus of the definitive or normoblast
type.
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(Materiel end Methods)

The pig embryos were chosen for these studies for several
reasonst They are used extsnsively in the labratory, especlally
in the study of embryology; hence it would be of considerable
didactic velue to know the details of blood formation in this
particular animal, It is the ﬁost convenient type of mammal
from which a complete series of blood samples might be obtained
fresh, The embryos were secured &t the packing plant no more than
thirty minutes after the sow wes killeds The embryos were still
alive however, as was clearly demonstrated in one experiment when
the heart could be seen beating after dilute india ink was injected
into the umbilicel vein of some 16 to 20 mn, specimens, which mude the
heart and main blood vessels stand out clearly.

The supravitalvtechnique used for demonatfating reticulocytes
was that recommended by Todd & Sanford. The staining solution was
made up from two stock solutionst

1% Brillisnt Cresyl Blue in 0.85 % NaCl - -« - = 5 drops
1% Neutral Potassium Oxilate in 0.85 ¢ NaCl - - 25 drops

To this (3) three drops of blood was added from the umbilical cord

of the embryo pig. It was found impossible to obtein blood in

this way in embryos smeller than 15 mm, (crown-rump measuremnent
unfixed and floating in saline or emniotic fluid). Various vital dyes
were used but Brilliant Cresyl Blue (Grubler) wes found to give the
best results, The mixture was then centrifuged after allowing suf-
ficient time for the steining to take place; and the excess fluld was
drawn off until the volume of fluid and corpuscles was about equel,
This allowed the materiel to dry rapidly when spread onto clean glass

slides, Some of these preparations were then counterstained with
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Wiright!s stain or Giemsa's technigue, thus making the slides more
permanent end the reticulum even more distinct. Both the not counter-
steined and the counterstained slides were studied and compured.

Other embryos from the ssme litters were fixed in Bouin's solution
and Zenker's Formol (Maximow) end stained with haematoxylin and eosin,
others with Wright's technique for tissues, 8ome were stained with
¥allory's Comnective Tissue stain., A few smaller specimens were
stained after Kolatchev and Nassonow!s Osmic acid method, since
Kurashige ('30) has demonstreted a 6olg1 substance in erythrocytes

of some Amphibiz and Reptilia,

(Obgervations and Results)

The series of embryos studied was graded according to their crvomn-
runp measurement as followst 15 mm., 20 mm., j5 mne, 45 mmey 50 mm.,
60 mm., 80 mmn., 130 mm., 190 mm., &nd 270 mm, which was a pructically
mature foetal pig, Engel ('99) considered 25 cm., (16 wks) foectal pigs
viable, |

Procticelly 100 ¢ of the blood cells in the 15 mm, pig embryo
exhibited the reticuler substanée in their cytoslasm by the supra-
vital technique., All the cells were conspicuously large, varying from
9 to 14 micra in diameter with en average of asbout 12 micra, In out.
line most of the cells are oval or irregular, but on the smoared
preparations there is a tendency for the cells to round up, to a
certain extent., Cells with various degrees of Hemoglobin formation
in their cytoplasm msy be seen. In the cytoplasm of the most prim-
itive cells of the erythrocyte series there is no suggestion of

hemoglobin (ie. oxophilia), These are to be considered Haemocyto-
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blasts or pre-erythroblasts. The cytoplasm of these cells stains
homogenously basophilic with Wright's stain on plain blood smear
preparations or in sectioned embryos stained in similar ways, but with
the supravital technique the basophilic substance is precipitated in
the form of a dense  reticulum. The nucleus of these primitive blood
cells do not take the vital stein at all except for the nucleoli which
stand out distinctly. The number of these nucleoll very from 1 to 4
and ﬁhey are often irregular in shape; ihey mey be as large as 2 micra
in diameter. The ground substance of the nucleus of thegse primitive
blood cells steins a light purple with Wright'!s or Glemsets stcin, but
can hardIy'be considered acidophilic. Some of the cells with a feir
emount of hemoglobin in thelr cytoplasm have a smellor nuclcus which
takes the vital stain only slightly and the nucleoli cre also smaller,
A few cells with a comparatively large amount of heﬁoglobin in their
cytoplesm have a small pyknotic nucleus that tekes the vitel dye in-
tensely. The nucleoli are usually not visable in thess cells, Blood
platelets are present at this stege but are not very numerous. 8Some
of the platelets appear quite large and they teke the vitel dye in

the form of a’reticulum, thus resembling the cytonlesm of the prim-
itive blood cells ie, haemoqytoblast or pre-erythroblast,.

In the 20 mm. pig blood the picture is very similar to that just
_described} however there i1s an apparent decrease in the number of the
‘most primitive representatives (haemocytoblasts) in the circulation.
Still more than 99 % of the cells show the reticular substence, There
is an epparent increase in the number of red blood cells with more

hemoglobin end pynotic nuclei. MNost of these megclocytes ore re-



(6)

ticuluted at this stage. These cells are still ell large and tend

to take on an oval shape in fresh preparations and in perial section-
ed material, but this is not so evident in the smeared preparctions,
though it is still noticable, These cellg resemble the red blood
cells of Amphibia and Réptilia in meny weys: Some of them have
pyknotic nuclel which teke the vitel dye and some slightly younger
forms have small nuclel which take the viteal dye only slightly, eand
have anobvious reticular substance in their cytoplasm. This con-
dition is seen in both the Amphibia and Reptilia and in the more
mature red blood cells of this first generation of the pig which
resemble the former in also contalning a particulate substence which
blackens more readily with osmic acid, (considercd by Kureshige '30
to be Golgi substence). These cells in the pig I prefer to call
megalocytes as Michels !'31 has used the term. Erythroplastids ure
present to the extant of about 0.2 ¥ in this stage, while to & less
extent in the preceeding stege (15mm.). The number of these plastids
increases directly with the age of the embryo.

In the 35 mm. stage the red bleod cells are mostly all still
large cells with a definlte increese in the number with pyknotie
nucleis, The increased oxiphilia of the.cytoplasm indicetes a greater
concentration of hemoglobln in the plustid. Some of the nucleated red
blood cells of this stege apﬁanr smaller and considerably rounded with
a richer supply of hemoglobin in their cytoplasm. These must be re-
garded as normoblasts in accord with the clessification ado-ted, as
they cre generally recognized as suchs Cells resembling the lymph-

ocytes bf the adult are seen in blood smeur preparations of this stuge,
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but there ig still no sign of the granulocytic series in the circulute
ing blood. The blood plotelets in this stoage ressmble those of the
adulte They are comparstively numerous and usuclly smaller thean in tho
earlier stages, but do not show the am;xe vitul staining activity as
those in the younger stages.

One muy still find & few mogalocytes in the 45 aa, atage, but
their mexdimum nunber anvears to have becn resached by the 35 ma, stagee
There are many degenerated forms that cennot bo recognized clesrly, in
thia stuge, but would appesr to be degenercting nuclei. They show up
most distinetly in the countsrstalned preparationse. Normoblustis tre
still present in the eirculating blood and the plastide huve incrosscd
considerablys The results of reticulocyto counts nmoy bo abserved nast
roadily from the table belowe From the 30 mo, stugo on thero 1o o
roasrkably sbrupt incrsuse in the plestids end o decrcuse in the nuaber
of reticulated forase. (See gragh in buck)e Thesc red blood cells rep-

regent the definitivo corpuscles of the adult,

TABLE I,
Prticuloeyto Counts Percent of a Thougund ReB,C, in Fmbry-nic Pz Dloods
Crown-rump length Reticul&tod hone-reoticulated red blood cellst
i. ‘:i 2 23 ele .cﬁ'* A ALL0T e
n _aillimeters rebeCef mn;nig%';fgad, 2lustide
15 ma, 100 % De2% 02,0 7
20 an. 9902 % ) 0‘6% Oom
35 MNe 8700 ',’f 600 % 7.0 %
L5 mm. 62.0 ;‘» ’ 0.2 % 3800 ‘,’h
50 mne ' 63,0 % 00.0 ¢ 37,0 &
2o Q- 40,0 § -— 62.0 %
80 mm. ‘7.0 ¢ - 73.0 &
193 ma, 10.0 ¢ - G40 4

27 e 8,0 ¢ — 9407
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The cells listed as 'Non-reticuleted nuclected megelocytes' are
considered the exsmples of the mature cells of the megalocyte line
or the first generation of red Plood cells., Theas cella sre desig-
neted ty arrows ( ) in figures 2, 2, and 4. They are easily disting-
uished fron the normoblasts by their groutzr smount of eytoplasnm,
acidophilia of the nucleus in the countorsteined preparations and
in smears with Wright!s stain, In the rcticulocyte preperations not
counterstained the nuclel of these cells eppear very pele, while in
the normoblests the nuclel sre more p&knotic and derk blue with the
vital dye,

By the time the embryo has reached 45 mm. the definitive type
of red blood cells are in marked prsdominence. Although 70 ¢ of the
nucleated red blood cells present are not reticuluased st this atege of
development they mey essily be recognized es normoblusts iz, belong-
ing to the second generation. It was Elao observed thet there wap a
greater percentage of reticuleted normobleste in the 35 mm. stege than
there were non-reticulated normoblasts. A sharp line comnot be drawn
between the stages of embryos conteining the different generations
seperately, for they overlap comsiderubly. The elemente of the second
generation seem to begin to eppeer ir tha eirculeting blosd from the
15 mn. stege on throuzh the foetal steges, while the remants of the
first generation may be found as late as in the 45 mn. stuge; however,
they ére very few in number at this sizge of development.

Some idea of the development of the second geuneruation may be
obtained from an observation of the progressive development of the

plastids rich in hemoglobin, a&s shown in the following tsbles
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TABLE 2.

Fmbryo length

Nucleated

crown-rumpt red blood cellst Plaatids:

15 mn. 99 % 19

20 mm, 86 % VAN 4

35 mm. 26 ¢ 7 %

36 mm. 1 % 86 %

45 mm. 5% 9% %
110 mz. 1% 99 %
130 mm, 1 ¥ 9 %
190 mm, 00 % 100 ¢

(pIscussion)

The result of these two above tables are represented graphically
at the end of this paper. Shipley *16 found the 35 mu. plg blood to
cént&in but 50 to 60 ¥ plastids, but this may easily be accounted for
by a very slight variation in measurement as the crom-rump measure-
ment cannot be considered a very uniform indicution of the developaent
of the embryo. Furthermore, this is the time when the plastlds are
increusing most repidly as is shown plainly by the graph.

In fishes the erythrocytes‘have been described as undergoing a
nlasmolysis in which the cytoplasm grédually disappears, assoclieted
with either simultaneous or subsequent karyolysis of the nucleus by
Ravitz (199, '00) Jordan and Flippin (*13) and Jordan ('19) Jordan ¢nd
Speidel (%31), also described similer 'seénile types! in the circulating
blood of Chelonia end the frog. The senile changes, as described by

these authors, involved an increzse in nuclecr size or volume &nd a
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similtaneons cytoplasmic cytolysis. This condition has been obacr-
ved in the pig embryo of the 20 to 45 ma. stage., Examples of these
senile primitive blood cells (termed megslocytes im this discussion
for reasons sited above) sre to be seen in figures 2, 3, 38, 4, Ag,
and 7, end 10, designated by the arrow,

Emmel (*14, '20, %24) hss studied extensively the process of
denuclgation in erythrocytess This work would confirm the formution
of plastids by a budding and cytoplasuic ccnstriction process as
described by him. It would seem that the karyelytic process tckes
place in the mégaloqytea, ie. primitive red cells of the 'senile
type", while the process of budding &and cytoplasmic conatriction
tekes place most likely in both the primitive end the definitive
families of red blood cells, The primitive plastids are undoubtedly
formed by cytoplasmic constri?tion.

Batracoseps attenuatus, a particular type of amohibian with
no lungs was alao studied and reported by Eamel ('24). In most zne
phibia the red cells are all nucleuted but in this form the plestids
msy make up as much a3 90 % of the total number of red blood cor-
puscles, Emmel has demonstrated quite clecrly thet the plastide of
this dmphibian are formed by cytoplusmic constriction., e hid found
no c¢vidence of extrusion of the bére nuclecug; but practically «ll show
a nerrow rim of cytoplasm, Those findings have been confirmed in this
work and such s cell with little cytoplesa is shovn in figure 3. The
granulation end reticulum are present to & striking dcgree in the
erythroplestids of Baztrachoceps atienuutus, According to Eamel cgain,

the greatest emount of reticulation is in the largest erythropl:stids,
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elthough not infrecuently it mcy be equally pronounced even in the
gaellest eleucntp. L smell percent of the non-nucleated corpuscles
show appercntly none or at the most only e few sesttered granules,
and all intermedizte steges ers found between the lotter wnd the
corpuscles with the sbundent reticnlum. These studlep of Emnel
correlate well with the findinge reported herewith thet nost of the
plastids of the younger embryce resembles the cytonlesm of the most
primitive Llood cells. Possibly some of the smeller pluetids huvoe
even been considered platelets, when ther huve come from the prin-
itive erythroblasts before there is evidence of the oxihemoglobin.
Shipley ('16) also counted the percentuge of plaziida contain-
ing mitochcédfia &s goen in embryonic nig hlond steined supruvitally
with 1/10,000 Jonus Green. Hig results are as followss 73 & in
2/ mn. embryo and 12 £ in 100 wm. embryo. Though in this article he
has been primarily interested in the plastids he mekes the swerning
statement in his conclusion, "They (meening mitochondria) are present
in all nuclezcted red cells in vertebrotes, in the bioad ead bone
marrow of embrycs and of formg normally heving nuclezted red cells
in the blood stream throughout life, énd in nucleated red cells of
the bone-merrow of adult memmele.® A glance at table (1) is sufficient
to indicate that the ehove atatement is not true in entirety if nt oll.
Jemus Green will =lso precipitate the reticuler substance of red hlood
cells ¢nd a0 doubt this is with what Shiplsy was decling. Key (t21)
has 2les found Janus Greenxﬁﬁ.gasatisfactory for demmmstrating the
reticular substence os Brilliant Cresyl Blue, end concludes with the

statement that "The presence of mitochondrie in young erythracytos



- (12)

hes not been satisfactorily proven." However, to quote him further,"
"In young blood cella vhich contain 1ittle or no hemoglobin and &
large pels nucleus mitochondrie mzy be demonstrated constantly.”
Furthermore, "In normoblusts containing much hemoglobin end e small
pyknotic nueleus only & few minute mitochondrisl grsnulese or none at
gll could be seen.® Key is zlso convinced that the reticular sub-
stance is not of mitochcndrial nature, and makes the following state-
ment in that regerds "The persistence of the reticular substance in
the cells 1a an'unchanged form for deys after the blood has been shed,
its resistence to heat, to solution by water, scetic, nitric, hydro-
chiorié;>oxalic and other acids, alcohol, ether,'and chloroform, its
morphology, snd its steining chsracteristics when trested with various
bagic dyes prove cenclusively that it is not of mifochondrial nature,
£h§§gh it cen be demongtrated in fragmentéd form by certain mit-
echondrial technicue.” |
Thet the reticular substsnce is not & result of nuclear degener-

ation &8 suggested in some text books (Todd & Senford loc cit.) is
deﬁanstf&ted beyond dcﬁbﬁ by the presence of this substsnce In groater
amaﬁntg in the m&st primitive cells of the‘erythroqyte seﬁies ie.
haemécytahi&sts end pre-evythroblasts. A further difference between
the ah:omatin of the muclsus end the reticuler substance is found in
the Prussian blue test end by MeCullum's smmonium hydrogen suléhide
reaction, Key ('21, pp. 532). These tests indicated the presence of
-no iron in the reticular subst&nce while thé.nuclei, and chromatin

in gane?al, sccording to HceCellum '95, elwayé geve a stfgng iron re-

cetion,
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Cooke (?29) produced punctate ba;ophilia‘and various reticular
forms in enythrécytas with an alcoholic solﬁtion of benzidine snd
hydrogen peroxide., He coacluded thet punctate besophnilia and reti-
culation were expressions of the ssme thing, since he could duplicate
any form of reticulation by varying his techniiue; It Goos not seem
likely that he was dealing vith the redicular gubstence in the true
sense as it is impossible to demcustrote the substance in mature
erythroplastid which mey be mede to show punctate busophiliu ete. by
the benzidiné-aﬁélhxdnogen peroxide.

Gowrilow (Y29) studied the besophilic erythrocytes of Guinea
Pigs blcod‘produeed by bleeding. With medla of different hydrogen

ion coacentration Be found the following interssting results:

Of 100 bosophile erythrocvtes

pH of the mixture Vitelstr. Exyth. Difusge steined
: % pokychrém&tophilia
9,18 100 .
8,67 g . 100. —
8,34 ‘ ' : 7 3
8404 91 ;.
7.73 v _ 90 10
738 89 11
6,998 on 29
. 6481 - 68 32
' 6»61;- l'ﬁl 59
WA AL 89
6a24 - -5 L
591 - 1 99

"The results {of the above mentioned experiments) gave no grounds for

1

identifying the diffuse polychromesie and vitel steining with punctate.
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basophilia,® says Gawrilow,

It is reported by Sato‘(i29) that potassium.increases the
permiability of the cell and calcium decreases it. He therefore,
goes on to say that (vital staining is caused h& particles of dye
which have been taken up into the cell body ﬁyva physical process
rathef thén & chemical one. Therefore the density of the tissue
elements and the diffusibility of the stain used plaj the most imp-
ortent role in the ataining;)__;h

| it should be interesting‘to know more sbout the actual nature
of the raticular substance end what relation it actuslly bears to
the formation of hemoglobin. This will no doubt aweit a quantit-
ative precipitetion and extraéellular analjsis, gince microchemical
tests have‘practically been exhausted in this endeavor. The con-
dition of the blood plateletsrin the younger stages (15 to 35 mmn.) is
worthy of special consideration. The majority'of platelets of this
stage are of a primitive type, (See figures 1 to 3). They resemble
the cytoplasm of the haemocytoblast and pre-erythroblast; they may be
as large as &,or g micra and by the reticulocyte technique exhibit
.a dense reticulum like that of the primitive blodd cells (haemo-
cytabiaSts). Thia type of platelet disappearé with the disappearance
of the megalocyte series. Thé definitive type of platelets are more
abundant at the 35 mm. stage of development a=nd appear in every respect
like those of the adult blood; Jordon 19, pp.40l reports that the
‘grahulcqytes, young hemoblasts, andnlymphocytesvproduce corpuscles
in fhe frog resembling plateléts. It may be that the budding and

pinching off of cytopiasm is a biological property of blood cells in
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generel under the proper éonditiané, or at least of the more prim;
itive type. | | A

- Thé reticulocyte”ccunt has already received congiderable practi-
cal application. Krumbhaar (:'22) is credited with ettaching the
name "reticulocyte", to the red bloodAcells.containing this baso-
philic substance, and has considered the significaance in retic-
uldcyte counts in disease.' With the introduction of liver thereapy
in Pernicous Anemia, the cnumeration of reticulocytes is a very
valuable procédure. Spohr (*'30) recommends that it be.done daily to
determine whether a given case will respond to liver therepy and to
avoid missing the crisis. Eaton and Damren ('30) have used the
reticulocyte count to determine the age of erythrocytes. After a
gevere bleeding they foﬁnd a flood of reticulocytes reoccured in

the circulation every eight days in the case of the rabbit,

; (Summary and Goncluaions:)

1. It has been shown that the most primitive cellé of the
erythrocyte seriés posséss & reticﬁlar subgtonce in considerable
amount; ‘

2, That the reticwlar substence is notkpf nuclear origin ie,
& result of nuclear degeneratian is demonstrated beyond doubt, by
the présence of this substence in the © most primitive red cells
(hzemocytoblasts) .

3+ Further evidence has been presentéd for the existence of
_ a»degenqrative process in the primitive red blood cells (megal-

ocytes), suggesting further that Ontogeny recapitulates Phylogony,
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specificelly with regard to blood formation in a mammsl (Pig).

- 4o, Horphologlesally the reticular substence is dssoclated with - -
the formation of hemoglobin in the cell; whether directly or in-
directly one caennot say at present. At lesst, it is safe to s&y
that it is associsted with the differentiation of the erythrocyte
geries. . ’ | |

Se Reticuiation is certsinly & sign of youth on the part of
the cells containing it,.:

6. It is generally asgreed that diffuse polychromasia and rete
iculation are expressions of the seme subgstence; whether this is id-
entical with the-puncﬁaté basophilia found in lead polsoning is still
uncertain. The mejority of evidence would secem to indicate thet it
is not,

7. The percentege increase in the noﬁ—reticul&ted plastids
as the pig matures is inversely proportionel to the decrease in
reticalated corpuscles. This has been represented graphicully end
the most rapid change in these elements is seen to occur between the
30 mm, and the 45 mm. stage.

- It is a pleasure to acknowledge the inspiring council of
Dre He Co Tracy, throughout this course of study. I am also.
especlally grateful to Edson C.,Carrier, of the Kahsas City Bio-
logical Supply Compeny for assistence in securing the materiels, and

to George 4. Walkef for agsistance with the microphotographs.
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. PLATE I

Fig. 1 and la. are cells of 15 . Pig embryo steined by the .

- reticulocyte techrione, The cells in Fig. le, have been
counterstained with Wrightls stein., Megnification, xlA50.
1.- Hsemocytoblast (or pre«enythroblast) L
2e~ Megaloblast,
3e- Megalocyte,

. he= Plagtid
5.~ Platelet? (primltivc type) .
x.~'Embryonic connective tissue cell?

Fig. 2. and 23 are cells of 20 mm, Pig embryo ataincd by the
- reticulocyte technique, The cells in Fig. 2z heve been
countersteined with Wright's staine Wegnification x1450.
l.~ Haemocytoblasts . , . C '
2+~ Megaloblaste.
3,~ Megalocytes
be= Plagtids
S5e= Platelets
6o~ Normoblastha
Ky Degenerated formg (nnclei). -

Fig, 3. and 3a. are cells of 35 mne Pig embryo stained by the
reticulocyte technicue. The cells in Fig. 3a have been
countersteined with Wright's stain. Megnification z1450,.
1.~ Megelocyte. -
2.,-Normoblast.

3.” Plagtide

La= Platelet?

4ne.= Definitive plgtalet.

5,~ Degenerated forms (nuclei).









PLATE II

Fig. Lo and 4a are cells of 45 mm. Pig cmbnyo steined by the

reticulocyte ischnicue, The cells in Fig, 4oy have

" been caunterstained with erght‘~ stuln. Magnification:

Fig. 5,

%1450,
‘Le-Megolocyte.

2.~-Normoblast,

3-Plagtids
L -Platelet?
4a.~Definitive type platelet.

5+-Degenerzted form (nuclaus),'

Cells from 130 mnm, Pig embryg ghained by thw retic-
ulocyte technique and caunt@raﬁained with Vright's

_-stain. Nagnification %1450

Figq 6e

ALl eells are. pl&stldg a few of whlch are rebxcul&ted,

‘Cells from 270 mm¢ Pig embryo stained by the retic-

ulocyte technique, end counterstained with Wright's

Figs 7.

Fig- Sh

stainy Megnification, x1£50, e
211 the cells are plastids, Reticulated forms are

less numeroua.

A £ield from a section of a 20 nn, Piﬂ embryo liver,
fized in Bouints solution znd stzined with haematox-

¥lin and eosin. M&gniflcutlon, x1000.
1.~Haemocytoblast,

Re=Megaloblast,

Ze-Megalocytes

4— L) -Plas’tid .

5e-Nornobleste

6.-Endothelium of sinusoid.
7e-Hegekaryocyte.
Be=Liver cells.

Cells from a Frog (Rana pipiens) steined by the
reticulocyte technique, (no countarstain),
Hegnificationg %1000,
1,~A granulocyte.

2+=Heticulated red blo d cells with pyknotic nueleus,
3.-8pindle cell (reticulated and nucleus not steined),
be-llon-reticulated red cells with pykmotic nucleus.
R2a.~Red cells conteining vacuoles, in one cell necar

the nucleus and in the other in the perisherzl cytoplesm.



fig. -4 Fig. 4s




: ' Fig. 6
Fige 5

Fig. 7



PLATE IIX
Fivures 9, 10, 11, and 12 are all microphotographs., The mage
nificatian is ike seme in each, (21450). o

Fige 9« 15 mms Pig Dlood st&iﬂed by the rctiazlocytﬁ techniaue,
A{ne countezstsin)‘

Fig, 10.'~06115 of 15 mae Pig embryo, stained by the reticuloqyte
-technlque, and countersteined with Wright's stein.

Fig., 11. ‘Gells of the. 35 mm. gtage (Uisf embryo) - atained by the
- reticulocyte technique, and counterstained with
Yright*s stain.

Fig. 12, Cells from 70 mne. Pig embry o,'stained by the reticulocyte
techniquey; and counterstained with %right‘s stain,

# The arrow in figure (11) indicates = non-reticulated megalocytes.



PLATE 111




