SOME HISTOLOGICAL AND PHYSIOLOGICAL CHANGES OF THE BLOOD OF
THE DEVELOPING CHICK FROii FOUR DAYS OF INCUBATION
THROUGH TWENTY-EIGHT DAYS OF INCUBATION
(SEVEN DAYS POST-HATCH)

Kenneth Thompson Stringer

Thesis submitted to the Fasulty of the Graduate School
of the University of Maeryland in pertial
fulfillment of the requirements for the

degree of Doctor of Philosorhy

1953



UMI Number: DP71133

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI DP71133
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

uest

‘-—-‘-\h_,_ v

Pro(

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, Ml 48106 - 1346



ACKNOWIFDGEMENTS

The writer wishes to express appreciation to Dr, Sumner O. Burhoe
for his assistance and guidance in making this study. The interest
and advice of other members of the Zoology Department have contri-
buted to the completion of the problem. The writer also wishes to
exprese his appreciation to the Poultry Department of the University
of Maryland in making available the eggs and some of the chicks used
in this study.

. L

§ P los Bty
4, ?‘_"’5 "? “RAY §



TABLE OF CONTENTS

INTRODUCTIOH o o o o o 0 ¢ o 0 o o 0.0 o o o
MATERIALS AND METHODS o o o s ¢ o ¢ o o o o
Source of Eggs e o o o 0 0 e 0 o o o
Method of Obtaining and Staining Blood
Specific Gravity of Whole Blood « « «
Homatoerit o ¢ ¢ o« o ¢ ¢« ¢ o o ¢ o o @
Erythrocyte Count o« o« o o o ¢ o ¢ o o
Leuecocyte Count ¢« ¢ e 0 o 8 v o s o
Coagulation Time e o 06 8 s 0 o 8 o
Calculated Measurements « o« ¢ o o o
OBSERVATIONS ¢ o o ¢ o o ¢ ¢ o a o o o o o
Erythrocytes o« ¢ o« o ¢ ¢ ¢ o ¢ o o o o
Ieucocytesn ¢ e 5 o 6 ¢ 8 8 8 o s o e
Differential leucocyte Counts e o o »

1, Acldophiles ¢ ¢« ¢« « ¢ ¢ o o o

2. Heterophiles .+ ¢ o s o o o »

3o PBasophiles e o o s 0 & o o

4o Lymphocytes e @ o o o s o o

5. Monocytes e o e s o o o

Specific Gravity of Whole Blood .+ « &
Hematoerit ¢ ¢ e o 8 0 o s 0 o s u o
Brythrocyte Count o o o o ¢ ¢ o ¢ & &
Ieucocyte Count e o s o 8 s s s o s

Coagulation Time e e s 6 6 0 o o o o

Page

SIS Y« N+ - AN R T T I VR

10
10
10
11
11
11
12
13
13
13
14



Caloulated Measurements .

1.
e
3.
4e
5e
6.

DISCUSSION

Blood Cells

Differential Leucocyte Count

[ ] . . L - L L L 4 . L d L

Speelific Gravity of Blood Plasma .+ «

Flasma Protein « « ¢« ¢ ¢« ¢ ¢ ¢ ¢ o o o

Hemoglobin

Mean Corpuscular Volume
Mean Corpuscular Hemoglobin
Mean Corpuscular Hemoglobin Concentration

® L] L 4 * L ] L L d L] L 2 L]

® ® o @ & & & o o L ] . L]

Speseific Gravity of Whele Blood,

Calculated Measurements
Erythrocyte Count
leucocyte Count

Coagulation Time

L] * e

s & o & & o

L] ] ¢ o & o

Mean Corpuscular Measurements

Correlation of Factors

CONCLUSION

BIBLIOGRAFHY

TABLES

FIGURES

L * . * * L] L *

L ] L] L] L ] L L ] L ]

» © & & © & & © s

L L L] [ ] L e L] . * L] L4 L] L] L L J . »

*® & & & o & 9 9 o

Hematoerit and

22
25
26
27
_7
29
30
32
35



Tebles

iI
II1

VI

Differential Leucocyte Count . o ¢ o o o

Specific Gravity of Whole Blood .« & &

Homatoorit o« o ¢ ¢ ¢ ¢ o ¢ ¢ 0 0 s ¢ s »

Coagulation Time by Caplllary Method . .

Cosgulation Time by Congulation~-Bleeding
—ﬁgthﬂdo.-otc-oooc-ccano

Summary of HDesults

® & & & s b » ®» © g

39



10,
11.
12,
13.
4.
15.
16.
17.
18,
132,

LIST OF FIGURES

Differential ILeucocyte COuMt « ¢ o o o ¢ ¢ o o ¢ o
Specific Gravity of Whole Blood ¢ ¢« ¢ ¢ ¢ o o o o«
Hematoerit o« ¢ o o o o o 5 ¢ o o0 0 2 o o o o o o
Erythrocyte Count o+ ¢ ¢ o« ¢ ¢ ¢ 6 ¢ ¢ ¢ o ¢ ¢ o o
feucocyte Count o« o o o ¢ ¢ o ¢ o ¢ 6 ¢ ¢ o o ¢ o
Comnpulation TIme « o « ¢ ¢« o ¢ ¢ ¢ o o o ¢ o o o o
Specific Gravity of Blood Plasma « o ¢ ¢ o« ¢ ¢ o
Plagsma Protein o « o « o s s ¢« ¢ o ¢ s o 5 s o ¢ o
Homogloblni « o o o o o ¢ ¢ ¢ ¢ s o ¢ ¢ ¢ ¢ o ¢ ¢ &
Moan Corpusoular Volume . « o o ¢ o« » o o » & o @
Moan Corpuscular Hemoglobin .+ o o ¢ ¢ ¢ o o« o o o
Mean Corpuscular Hemoglobin Concentration . . . .
Hemoglobin and Erythrocyle Coumb o o ¢« ¢ o ¢ ¢ o o
Hematoerit and Erythrocyte Count . & o o ¢ ¢ o o &«
Hemoglobin and Hematoerit o o ¢ o o » o ¢ ¢ o o &
Hemoglobin and Flaama Proteldn . « « o s o ¢ o & o
Erythroblasts at Four Days of Incubation (1200x) .
Erythroblasts at Five Days of Incubation (1200x) .

Erythroblasts and Iymphocytes at Six Daysof
Incul‘,ﬂtion(l-?mx)................

Brythroblasts st Seven Days of Incubation (1200x)

Erythroblasts and Iymphocytes at RBight Days of
Incubatiﬁn(lzf:@x)...............¢

&

43

39
60

61



5
“~le

26 .

27,

28,

29,

32.

33.

3ba

Erythroblasts and Endothelial Cells at Nine Days
of Incubation (1m001) s & 6 & 6 © 8 2 8 s 6 6 s s »

Erythroblasts and Iymphoeytes at Ten Days of
Incubation(‘jﬂ@x).....,...........

blasta and a Monocyte at Twelve Days of
Incubation (5001) ® 66 o ¢ &6 &6 5 & 5 6 & & & 8 e o

Frythroblests and Iymohocytes at Fourteen Days of
Incﬂbatien(%ﬂx)......--.......-‘

Erythroblasts and Hyperchromic Frythroblasts at
Sixteen my% of Incubation (5001() e o & 5 # 3 o s =

Erythroblasts at Eighteen Iays of Incubation
(%} * & L 4 . . L ] L] [ ] L] L] « L L] - . » L . . @ - *

Frythroblasts and leucocytes at Twenty bPays of
Inmib&ticn(ﬁmx).......-....-....

Erythrocrtes and a Iymphocoyte at One Day Post-Hatch
(120% ) L ] - - L] - - [ ] » L] . L L . . L] L] - L ] L J [ L L]

Erythrocytes, a Heterophile, and a Lymphoecyte at
Three Days Post-Hatoh (1200%) o o o o o o o o o o «

Erythroeytes, Acidophiles, Iymphoecytes, Mbnoeytes
and Thrombocytes st Five Days Post~Hateh (1200x)

fZrythrocytes and a Iymphocyte at 3even Days Fost-
Hatoh (lQOGX) e & & & 2 2 6 & & & & @ & * s e 8 e @

Erythrocytes, n Heterophile, and a2 Monocyte of the
&dultﬂhici’an(lhi}ﬁx)......-..,-..o..

Erythrocytes, a Heterophile, and a Monocyte of the
Adult Chicken (1200%) ¢ o 4 o o o o o o o o s s o o

62,

63

65

67

€9

72

73

71&



INTRODUCTION

In the studies of the development of the chick embryo, many
aspsctes of the physical and chemiecal composition of the blood have
been investigated but others have been neglected. Hanon (1921)
inveastigated the blood glucose values in the 14-16 day embryos.
Figke (1926) determined that the production of uric acid was initiated
at five days of incubstion. Blain (1928) developed a method for
making leucccyte counte on adult avian blood, Dukes and Schuarte
(1931) established the blood glucose levels for the adult hen and
cock. In 1934, Dyer and Roe were studylng pullorum disease of the
adult fowl, and since no data was avallable regarding the chemiecal
composition of chicken blood, a study of the normal adult hent's blocd
was made. This included non-protein nitrogen, glucose, cholesterol,
and pH, and was the first complete chemical study of chicken blood.
Olson, in 1937, studied the normal blood of the adult fowl in order
to establish the total erythrocyte count, tetal leuecocyte count, and
differential leucocyte count. Prior to this date, the available data
on these normal values of adult chicken blood were inconsistent,
In 1937, Zorn and Delton studied the biochemistry of the developing chick
blood from nine days of incubstion through 27 days of develomment (six
days post-hatch). In this study, the cholesterol, urea, uric aecid,
hemoglobin, amnd glucose were determined as well as the total erythrocyte
counts. As stated at that time, methods were not available for studies
on earlier stages of development because the small amount of blood

obtained could not be utilized in the existing methods of analyasis.



Erickson, et al, (1937-38) published their observation on chieck
blood, including total erythrocyte and leucocyte counts, hemoglobin,
corpuscular measurements, and specific gravity. In 1339, Schoger reported
the total leucoeyte and erythrocyte counts, and hemoglobin wvalues on young
chicks. In 1948, Zwilling carried out a study on the effect of insulin
indueced micromelia snd the associated hypoglycemia on the developing chiek
embryo. Tests were made to determine the glucose levels from the fifth
day of incubation through hatching. There are no reported observations
on the determination of leucocyte counts, of specifie gravity of whole
blecod and blood plasma, of the hematoerit, of differentisl counts of
leucoeytes and of mean corpuscular measurements of developing chick blood
from four days of incubation through hatching tc seven days posthatch,

It was with the purpose of furthering the histological, physiologiceal,
and bilochemical studies of the early developing chick embryo blood that
this study was undertaken,



Source of Egge
The eggs for the study, obtained from the University of Maryland

Poultry Farm, were predominantly those of New Hampshire Red Chickens
known on the Poultry Farm as "Replacement Stock," although occaaional
White Ieghorn egge were used. The eggs, uniform in size, weight and
appearance, were incubated under standard conditions for incubation as
practiced by the Poultry Department of the Universgity of Maryland and
others (Rugh, 1948).

A total of approximately 2400 eggs were incubated in this study. Of
these, over 70% were observed to be fertile by candling at three days, or
by hatching. All non-fertile eggs were removed from the incubstor. The
blood of the chick embryo was studied from eggs of four days of incubation
to seven days post-hatche One blood sample was utilized from each egg
studied and ten eggs were studied for each day of incubation from four to
twenty days. Of the observations made on post-hatch chicks, ten chicks
for each observation were used in determining coagulation time, and
erythrocyte and leucocyte counts. Ten chicks for each obgervation were
used to determine differential leucocyte counts, specific gravity of whole
blood, and hematocrit. Each count was made separately and averages
determined,

As a means of comparing the embryonic bloocd with blood of an older
chick, some observations were made on chickens of fifteen weeks of age.

The new observations made and not previously reported weres
l. Differential leucocyte eounts

2. Coagulation time
3. Speecific gravity of whole blood



4e Hematoorit

5. Total leucocyte counts

In this study, erythrocyte counts were made from four daye of incu~
bation through seven days post-hateh, repsating part of the work done by
Zorn and Dalton (1937). The hemoglobin values were calculated for this
study as given by the formulas of Kolmer, et al, (1951). The other cal-
culated observatlons were the speecific gravity of blood plasma, plagme
protein, and mean corpuscular measurements,

To secure blood for study, an egg of the desired length of time
of incubation was candled to determine the position of a good vascular
area on the blastéderm and this area was c¢ircled in red pencil, This wass
wiped with distilled water, sllowed to dry and then a clean hacksaw blade
used to saw a square on the surface of the shell, This square wvas lifted
off the shell membrane and the shell membrane moistened with a drop of
rhysiological sallt solution prior te the next step in the process. The
ghell membrane was 8lit with a disseeting needle, the edge of the membrane
grasped by thumb forceps, end lifted free of the underlying structures.
With eggs of seven days of incubation and longer, it was found necsssery
to puncture the air chamber to sllow the embryo and other struetures to

be freed {rom their close proximity to the shell membrane where it was

to be opaned,

Blood was obtained from the embryo of from four to nine days of
development by the use of a glaass micropipette. The blood vessel was
nicked by the end of the micropipette and the bloond drawn into the
pipette by capillary attraction controiled by tubing connected Lo the

pipette and to the plastic mouthplece., If any fluid other than blood



was obtained, this diluted sample wes discarded and a new egg opened,
From nine days of development through twenty-one days of development,
blood was obtaired from the allantoie circulation in the sams manner as
previously described. From twenty-one days of incubation, i.e, after
hatching, through twenty-eight days (seven days post-hatch), the blood
was obtained by lightly anesthesizing the chick and obtaining blood from
the right external Jugulsr vein using an eighteen gauge needle and s one
cubic centinmeter tuberculin syringe., From twenty-one days of develop-
ment through twenty-eight days (seven deys post-hatch), the coagulation
time was 80 rapid as to prevent accurate manipulations; therefore,
1liguid heparin of a concentration of 1 mg. per 1 ml. vas used in the
tuberculin syringe and needls to prevent coaguistion, except in tests on
coaguiation time,

After extraction, & drop of the bleod was placed upon & clean slide,
a thin smear made, and stained with Uright's stain (Cowdry, 1948)., The
differential counts were mede at 660 magnification since the caells of
the chick embryo were sufflcliently large to be readily observed without
0il immersion. Vhen possible, the differentisl counts included the
acldophiles and heterorhiles, the basophilles, the large and small
lymphoeytes, and the monocytes. The number of cells counted and recorded
in each specimen was well asbove one hundred, or if less than one hundred
were found, the complete area of the smear wms scanned to insure as
complete observation as pogsible. The results of the differentiasl counts
were reported as the percent of the total observed leucocytes.
Specific Gravity of ihole Blood

Specific grevity was measured by using the copper sulfate method
developed by Phillipe, et al (1950)., This method consists of the use



of & graded series of copper sulfate solutions ranging from a specifie
gravity of 1.008 up to 1.064 in units of .001l. Tests were made using
drops of whole blood until the specific gravity of the sample was estab-—
lished., This was evident when the drops remained stable in the solution
for approximately ten seconds.

This method is conslidersed as accurate and as easily reproducible
as other specific grevity methods and is much less cumbersome in its
manipulation (Powers, 1949).
Hematoordl

Blood wes injected immedlately into Kato hemomiecropipettes, and
after bteing clamped into the Kato holders was centrifuged in an Inter-
national Centrifuge, size 2, at 3000 rpm for thirty minutes. At the end
of this time, the total of blood cells and plasma volume was read in units
of one cubic millimester and the blood cell volume was read individually.
Tha amount of blocd cells was compared to the total plasma and cellas and
the results were recorded in percentaze of blood cells.
Erythroeyte Counts

The erythrocyte counts were made using the standard Thoma blood
pipette, a levy counting chamber and using Tolason's solution as the
dilutant according to Olson (1935). A total of 400 samell squares equive-
lent Lo one square millimeter were counted to assure an accurate repre-
sentative sample count of the erythroeyte from the fourth day of develop-
ment through the ssventh day post-hateh.
Leucocyte Counts

Since the leucocytes do not appear in appreciable quantities in the
circulating blood of the chick embryc until the sixth day of incubation
(Sabin, Cunningham and Doan, 1925), (my own observationa verified this),
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no laucocyte counts were made prior to this time. AL six days of incubaw~
tion through seven days post-hateh, the leucocyte count was made using e
Thoma pipetie, & Ievy counting chamber, and using Tolsson's dilutant.
Five of the one millimetor squares were countsd to assure the proper
representative sampling.
¥ lation T

Coagulation time was measured by the capillary tube method and by
the coagulation-blesding time method, In the capillary tube method, the
blood was collected in the tube by caplllary action and in the coagu-
lation-bleeding time, the blood vessel was nicked and the tlood allowsd
to flow until coagulation occurred.
Calculated ieagurements

The value of specific gravity of blood plasma, plasma protein, hemo—
globin and mean corpuscular mesasurement wsre calculated as piven by
Kolmer, gt al, (1951). The formule for specific gravity of plasma is

GP = 100 Gb ~ 1.0964 H whers Gb is specific gravity of the whole blood
100 - H

and H is the hematocrii; the formula for plasms protein is
P = 373 (Gb 1,0070). P equals grams of protein per 100 ml., Gb equals
the specifle gravity of the sample of whole blood; the formula for

hemoglobin is Hb = 33.0 x =G % where Gb equals specific gravity
54,=0p

of whole blood and Op equals specific gravity of plasma.

The formula for mean corpuscular volume (given in eubic microns),

iss Dematocrdt X 10,
erythrocytes in million per cu. mm.

The formuls for mean corpuscular hemoglobin, (given in nicromiero-

grams), is: __ Hemoglobin in gram/100 mi, X 10
erythrocytes in million ver cu. mm, *




The formula for mean corpuseular hemoglobin concentration is:

“* X 100 = percent mean corpuscular

haemoglobin concentration.

it is recognized that the formulke for the various caleulated measure-
ments of hemoglobin, plasma protein and specific gravity of plasme, were
originally formulated for application to human blood. The chemical
methods for the determination of hemoglobin, plasma protein and speeific
gravity of plasma involve difficulties in manipulation of miero-quantities
of reagents and blood samples. In the determination of avian hemoglobin,
the difficulty is in the presence of a nucleus in the erythrocyte which
leads to false values. Rostorfer, 1949, compared the methods for the
determination of avian hemoglobin and concluded that the manometric
method was the most accurate. Olson (1935) found that the most accurate
method was the manometric method; between the various methods tested
there was asg much as 25% variation in high and low results. Olson
cautioned that the resulis were pessibly in error by any method due to
the nmucleated erythrocytes. Thus, the caloulated measurements are in=-
¢luded as approximate values in the interest of giving a more complete
vleture of the blood of the developing chick embryo.



OBSERVATIONS

Erythrocytes

The term erythrocyte is customarily used to denote the red blood
corpuscle. The Committee on Nomenclature in lematology as reported by
Osgood (1948), however, has changed the name of the erythrocyte to
rubricyte and the developing stages of the red blood corpuscle to
rubriblasts. Since this new terminology is not in gemerai use, the
euthor contirues to use the terms erythrocyte, erythroblast, etc.

At four days of incubation, the callular.elements of the blood were
couposed entirely of erythrogeniec cells of the basophlilic erythroblast
type. The cytoplasm was basophilic and agranular, the nucleus large
and vacuolated, and the chromatin stained deeply basophilic with a
granular or filamentous appearance, (Figure 17). At five days of develop-
ment, (Pigure 18) the basophilic erythroblasts were changing to acido-
philiec erythroblasts and the cytoplasm exhibited a gradusl transition
from basophilic staining to acidophilie staining while an occaslonal
erythroblast was observed to be & mottled blue-pink. At six day of incu-
bation, the erythroblasts were mainly of the acidophilic type and by
seven days, the erythroblasts were mostly of the acidophilie type with
some few basophilic erythroblasts. The nucleus changed its appearance
by becoming more compact, less vacuolated snd taking a deep basophilie
stain (Compare Pigures 17 through 21). By nine days of incubation, all
basophllic serythroblasts had disappeared from the c¢irculating blood,
Various erythroblasts and srythrocytes can be seen in Flgures 21 through
34 inclusive,
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The acidophiles were spherical cells with a slight basophilic
cytoplasm that stained pale blue but contained some small spherical
granules that stained pink. The nucleus was pale blue and lobed,

(Figure 31). The heterophiles were spherical with a pale blue cytoplasm,
rod or crystal~like granules stained a deep red that obscured the nucleus,
although in cells that were broken during the smearing process, the
nucleus was lobed and stained blue, (Figures 30, 33, 34). The basophiles
were large cells that contained coarse, dark blue granules in a pale blue
cytoplasm. The nucleus was spherical or occagionally indented and stained
blus.

The small lymphocytes were spherical with a sparse quantity of pale
blue cytoplasm and a deep blue compact nucleus; +the large lymphocytes
were gpherical and had a large amount of pale blue basophilic cytoplasm
in which was & largs ovoid or indented nucleus stained deep blue, (Figures
19, 21, 23, 25, 23, 30, 31, 32). The monocytes had a large quantity of
pale blue basophilic cytoplasm in which were occasional vacuoles; the
nucleus was large and took a deep blue basophilic stain, and the chromatin
occurred as scattered granules, (Figures 24, 31, 33, 34). Various leuco-
cytes can be seen in Figures 19 through 34 incluslve.

Differential Ieucocyle Counts
l1. Acidophilic Leucoc
The acidophilic leucocytes were found in the embryonic chick
blood beginning at seven days of incubation (Table I, Figure 1). They
varied from C.49% to 3.6% of the total leucocytes and were within the
range of the normal adult differential count of acidophilic leucocytes

made by Blain (1928) which was l.4% to 13.0%.



Za terophilic Ieucogyte

The original comeept by Blain (1928) and others was that no
neterophiles {nsutrophilic leucccytes) were present in chicken blood.
(ison (1937), by the use of the dye phloxine, which is a metachromatie
stain, determined that there was a sufficlent difference in staining
properties to establish the cell containing the rod-shaped granules of
the former acidophilic leucocyte as heing the heterophilic leucocyte.
In this study, the rod-shaped granules sre considered to be the identi-
fying feature of the heterophile.

The deep acidophilic rod-shaped granules of the heterophilic
leucocytes were first seen in the embryonic chick blood at six days of
incubation, {Table I, Figure 1.).

The heterophilic differential leucocyte count varied beotween a low
of 11% and a high of 66%., This is beyond the range of the normal adult
differential count as reported by Blain (1928). The developmental
heterophilic leucocyte count showed a rise from 20.9% at six days of
inecubation to a peak of 47% at ten days while at eleven days a drop to
40% occurs. At twelve days a rise in value is noted to 55%, little

varlation occurs from this time through twenty-eight days.

The basgophilic leucocytes in the embryo were similar to the
normal basophilic leucocytes of the adult chicken, They had a percentage
range of 0.4% to 5.0% well within the range of the findings of Blain
(1928) for the adult, and of Olson (1937). The basophilie leucscytes
appeared at the gixth day of incubation and were not significantly
altered during the period of the study, (Table I, Figure 1).

4. Iymphocytes
The differential value of the lymphocyle as reported by
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Mson {1237), was recorded merely as lymphocytes and not as amsll and
large lymphoeytes. DBlain {3320) reported the majority of lymohocyies
ag being in the range of 3u te Su; although some were larger in the
ronge of 6u to 12vu. In this study & similer finding wes mede. &L Dour
days of incubation, there were no lymphocybtes present, while &t {ive
daye of incubation &1% of the differentizl count were small lymphocytes
and 197 were large lymphocytes (Table I, Figure 1), 4 steady drop in
thie percentage of small lymphocytes ocecurred from six to nine days from
817 to 36%; slight variations oecurred from this time through twenty=—
eight daeys with a high of 43% 2t eleven days and a low of 26.8% at
fourteon days. The majority of percentages were within the range of
287 to 334,

large lymphocytic differential counts changed in value in the esrly
days of incubstion as shown by Table 1, Figure 1. Therse was 1ittls
change in ths large lymphocyte counits afier twelve days of incubation
except one value of 15% at sixteen days of incubation.

The combined lymphocyte couni showed a graduval decline in value from
1007 at five days to 46.2% at ten days. It fluctuated between 55.2% and
35.7% but remsined close to 41% from 17 days on ag shown by Table I and
Figure 1.

5 Momocyte

The monocytes were infrequent in occurrence and varied in per-

centage from O to €.4. The higher counts occcurred in the 7th, Zth and
2th days of development, dropping later to a percentage of 2 to 5% where
it remeined through twenty-elight days of incubation.

On the basgis of differentisl counts, the only definits changes that
occurred were in the counts of the small lymphocytes and heterophiles,

The significent changes that occur are found from the 7th through the 12th
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day of incubation,
ific Gravity of Whole Blood

The specific gravity of whole blood was a function of time in the
development of the chick embryo from four days of incubation through
hatehing. As shown by Table II1, Figure 2, specific gravity of whole blood
increased from 1,015C at five days of incubation to 1.0245 at twelve days
of incubation. Between twelve and thirteen days of incubation, a great
change occurred. This was an increase from 1.0245 to 1.0289 or a change
of C,0044,. After this increase, the change was gradual and the inerement
was not higher than 0,002 for any subsequent day. Thls rise in specific
gravity was steady up to the seventh day post-hatch when the specific
gravity was 1.044 which is the same as that for chickens fifteen weeks old.
Hematoorit

The hematocrit values for the developing chick blood showed a
variation at seven, twelve and fifteen days of incubation (Table III,
Figure 3). Between seven and ten days of incubation a drop occurred from
a value of 19.2% to 15.1%; at twelve to thirteen days, an increase in
percentage of cells was noted from 16.55% to 23.7%. Again at fifteen
days of incubation, a rise to 31.48% was observed., This increase con-
tinuved to twenty days when the hematocrit percentage was 37.9%. It
varied between 32.6% and 36% until twenty-eight days.

This was ¢lose to the adult values as glven by Erickson, et al,
(1938) of 35% and that of Albritton (1950). Tests carried out on chickens
of fifteen weeks of age maintained the same hematocrit values.

0 Count
The total red blood corpuscular count exhibited an extremely low

value at four and five days of incubation (Table VI, Figure 4). The
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eounts on those days wers recorded as red cells due to the difficulty of
visually segregating erythrocytes and leucocytss, if any be present, at
this period of incubation. At six days of incubation, an lnerease was
noted to 1.274 million/cu. mm, from 0,488 million/ou, mm. of the previous
day. Decreases in total erythrocyts counis were observed at eight, twelve,
and eighteen days of development. At twelve days of incubation, a drop
occurred to 1.6%62 million/cu. mm. from 1.794 million/cu. mm., of the
eleventh day., A decided rise occurred on the thirteenth day to 2,092
million/cu. mm. This rose to 2.952 million/cu. mm. on the sixteenth day
and dropped tc 2.874 million/eu. mm. on the seventesnth day. Om the
eighteanth day, the total erythrocyte count plummsted to 1.87% million/
cu, mm. It rose markedly on the nineteenth day to 2.276 million/cu. mm.
and incrsased to 2,742 million/cu. mm. by the twenty-first dey. It main-
tained this level through the twenty—aighth day of incubation, This was
close to ths adult total erythrocyte ea%nta as given by Olson, R.74
million/cu. mm. and Erickscn, 2.9 millit;n/cu. mm. The average for chickens
of fifteen weeks of age was 2,70 million/cu. mm,
Leucocyte Count

The total leucocyte count exhibited a high value at six days of incu-
bation (Table VI, Figure 5). This value of 55.5 thousand per cv., mm. in-
creaged to 67.6 thousand per cu. mm. at eight deys of incubation. A
general decrease ocourred in total leucocyte value to 31.4 thousand per
cu. mm. at eighteen days except for a variation of 58.6 at fourteen days.
Frem the eighteenth day, the total leucocyte count varied between 29.0
and 32,6 thousand per cu. mm.

Coagulation Time
Coagulation time was tested beginning at eleven days of incubation.
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Neither the capillary method nor the coasgulation-bleeding method resulted
in cosgulation from the eleventh through the thirteenth day of incubation.
At fourteen days, as shown in Table IV, Figure 6, coagulation by the
ecapillery rmethod occurred between ten and fifteen minutes after extraction
of the blood, while at fifteen days of incubation, the time dropped to four
minutea and thirty seconds. There was a graded decrease in the coagulation
time of four minutes and thirty seconds at the sixteenth day to twelve
seconds at seven days poat-hatch which ia higher than the coagulation-
bleeding method, The coagulation time by the coagulation~bleeding method
was four minutes and forty-eight seconds on the fourteenth day (Table V,
Figure 6); at fifteen days, cosgulation time had decreased to four
mimtes and six seconds; at sixteen days, a marked drop to one minute

and fifty-four seconds had ocourred. From the sixteenth day of incubation
through seven days post-hatch, there was a graded decresss in coagulation

time to seven and one tenth seconds,

From four days of incubation to seven days of incubation,
the apecific gravity of blood plasms did not change markedly, remaining
no greater than 1,0017 (Teble VI, Figure 7). At eight days, an incresse
in specific gravity was noted to 1,0072, This value remained the same
with little change until fifteen days when a decrease was noted to a value
of 1.0041. At sixteen days a value of 1.0069 was obtained but no marked
change from this was noted until twenty-one days when the value of 1,0097
was reached. With slight changes, it increased to a high of 1.0171 at

twenty-seven days.

The plasma proteins of the embryonic blood showed a gradual
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rise in value fron four days of incubatliop through twenty-sight days
{Table VI, Figure &), There was a steady rise in small increments from
8 value of 2,984 grams per 100 ml, at four days to 13,801 grems per 100 wmi.
at twenty-eight days.
3. Hemoglobin

Hemoglobln was calculated from the recorded specifie gravity
of whole blood and the ealculated aspeelific gravity of blood plasma., Hemo-
globin values showed a general increase during the period studied. Siight
variations occurred at seven, twelve and fifteen days of lncubalion as
shown by Table VI, Figure 9, An increase in hemoglobin was noted from
5.18 prams/100 ml, at six days to a value of 6,51 grams/100 ml. at seven
days. This dropped to 5.4 grams/100 ml., at eight days and it remained
gteady until eleven days when it began inersasing through the twenty-first
day of incubation, when the value was 12.9 grams/100 ml, Slight vari-
ations occcurred from this time through twenty-eight days.

The mean corpuscular volume showed a large variation in the
measurenent of the c¢ells, This variation was due to the fact that this
value is calculated from the hematoerit and total erythrocyte count.

As these valueg vary in periods of inocubatlon of the embryo, then the

mean corpuscular volume shall slso vary (Teble VI, Figure 10).

The calculated mean corpuscular hemoglobin varied as the value
for hemoglobin and total erythrocyte varied in the periods of incubation
of the embryo (Table VI, Figure 11). The valuss for mean corpuscular
hemoglobin were, with several exceptlons, higher than the values re-

ported for the adult by Erickson, et al, of 34.3 micrograms,
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6. Mean Corpuscular Hemoglobin Concentration

¥ean corpuscular hemoglobin conecentration did not vary to
the extremes bult remained fairly stable from the fifth day of incubation

through seven days post-hatch (Table VI, Figure 12},



DISCUSSION

Blood Cells
The blood cells of the developing chick have been previouvgly

studied as to their origin. Mmly a few studies have bheen made concern—
ing the histological appearance and corpuscular measurements of the
erythroeytes and leucccytes. The findings of Sabin (1920), Doan,
Cunningham and Sabin (1925) and Sugiysma (1920), were that the erythro-
cytes developed in the blood islands of the area vasculosa of the one
to two day old embryo. The circulation of blood does not cccur until
33 hours of development. As development of the chick embryo pro-
gresses, the circulatory system becomes more complete. At four days

of incubation, blood circulation'in intre-embryonic and extra-embryonic
blood vessels has been achleved., Concurring with the findings of Doan,
Sabin and Cunningham (1925), the author found the blood of the four day
chick did not show discernable leucoeytes but exhiblted only basophilie
erythroblasts or hemoblasts. At the fifth day of incubation, the blood
showed occa?ianal lymphocyte eelle that were of & size and histologieal
appearance of the adult lymphocyte as reported by Blain (1928) and by
Oleon (1937). It was not until the sixth day of incubation that gramilar
levcocytes were soen in the blood. This agreed with the findings of
Cunningham, Sabin and Doan (1926). The erythrogenic series of cells
seen in the fourth day of incubation began with the basophilie erythro-
‘blast as deseribed by Maximow (from Cowdry, 1948). At five days of
incubation, polychromatic erythroblasts were evident. This is due to
the presence cf both basophilic materisl and hemoglobin which was
aeidophilie, being in the smame cell, At six days of incubation, the

aeidophilic erythrocytes were in the majority and by the ninth day, all
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basophilic erythroblasts and polychromatie erythroblasts had disappeared
from the circulatory blood,

These findings were quite different from those of Suglyama (1926)
vho mainteined that the mature erythrocyte doss not oecur in the e¢ir-
culatory blood until the seventeenth day of incubation. Fennel (1947)
indicated that primitive erythroblasts containing medium hemoglobin vere
96% and 95% at three and four days of incubation, The value dropved at
glx days of incubation to 66% and at nine days to 5% vhen these cells
eontained much hemoglobin. Fennel gave no values to degignsate "medium®
and "much" hemoglobin., 8ince Fennel described the entrance of a
fdefinitive erythroblast® fnd *definitive erythrocyte® into the cir-
culatory peripheral blood at six days of incubsation, he recorded =z tolal
value of 27.89%. This value of the definitive erythrocyte increased as
the vaelue of the definitive erythroblasts and primitive erythroblasts
declined. At seventeen days of incubation, he recorded a wvalus of 93.1&%
definitive erythrocytes and a slight lowering of value on twenty days of
inecubation to 98.52%., On a cytological basis, the differences shown by
Fennal with vital stalning were not eritical encough to warrant segpregation
of cells on a "medium" and "much" quantities of hemoglobin, Wright's
stain exhibited a variation in the reaction of basophilic and acidophilic
eytoplasm of the developing erythrocyte. These variations were sulficient
to designate basophiliec, polychromatic, and acidophilic erythroblasts.
Sugiyama (1926) reported two stages of erythroblastic development based

upon the use of vital dyes. The erythroblastic stage I began on the
second day of incubatlion and lasted through the fourth day and the

erythroblast stage II began about the fifth day of incubation. The

correlation betwesn Fennells work and Sugymama's work was {airly close.



The difference in time of introduction of the definltive erythroblast

was only twenty-four hours. It might be important thal Sugyame mentioned,
but did not emphasizeo, the presence of mitotic cells in the ecireulating
blood, These nitotie figures abruptly disappearad at five days of inecu-
bation. This indieated another possible scurce of basophilic erythro-
blasts than that of the angioblasts of the blood islands. This second
source of erythroblasts beginning at five days of incubation was reported
by Wiemen (1930) as the mesenchymal clumps near the aortic arches, the
sortic roots and the anterior half of the dorsal aortz at 100 to 110
hours of incubation. These cells originating in such an area would
possibly be post-mitotic @ells when they entered the circulating blood
and could account for the loss of mitotic cells from the circulating
blood, However, this source of post-mitotic erythroblasts could not
supply the requirements of the circulating btlood. The other possibility
iz that the erythrogenic area of the yolk sac gives rise to post-mitotic
cells aftsr five days of incubation. The erythrogenic stem ealls would
romain as the mitotiec precurscors of the erythroblasts.

The leucocytes were histoclogically the same as described by Blain
and by Olson except that Blein classified the acidophilic rod granular
leucocyte as one of two types of acidophiles, the other being acidophilic
spherieal granular leucocytes. Olson (1937) separated the cells end
called the acidophilie rod granular leucocyte, the heterophile, He
beged his interpretation of the heterophile on the use of the dye
phloxine which differentially stained the two cells and clearly showed
the difference belween the heterophile and the acidophile. The lymphocytes
showed a variatlon in size and in differential count teo be divided into

smell (3=-6u) and large (6-~12u) lymphocytes. The general appearance of
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the lymphocytes, monocytes, and basophiles wes almost ldentical with

the same cells of the adult.

Differential Ieucocyte Count

The firast appearance of leucocytes occurred at five days of incu-
bation in the form of lymphoeytic leucocytes. These lymphocytic cells
were of the same histological appearance as described by Cunningham,
Sabin and Doan (1926) and Blain {1928). Since they comprised all of
the leucocytes present at that time, they were counted as 100% lympho-
cytes and subdivided into 81% small lymphocytes and 19% large lympho-
cytes (Table I, Figure 1).

At the sixth day of incubation, the heterophiles and monocytes
made their first appearance. The differential count of the heterophiles
was 20,9% and that of the monocytes was 1.9%. As a result, the lympho-
cyte differential count was lowered to 72.4% small lymphocytes and 4.7%
large lymphocytes. On the seventh day of incubation, the acidophiles
and basophiles were observed.

From the seventh day of incubation, through hatching, there was no
significant variation in the differential wvalues of the acidophilic,
basophiliec leucocytes, the large lymphocytle leucocytes and the mono-
eytic leucocytes. The heterophilic leucocyte differential count did
show a gradual increase up to fourteen days of incubation with a value
of 56% except for a wvalue of 40% at eleven days. The differential hetero-
philic leucocyte count appeared to level off at about 52% to twenty-
eight days. The period of high heterophilic leucocyte counts between
twelve and fourteen days could be attributed to the hemopoietic activity
of the bone marrow which is developed at that time (Danchekoff, 1916).

It is the prineipal hemopoietic organ of the later stages of incubation



apd alas of the adult ehlcken,

The mall lymphoortico leueocylies were sesn t0 decline in difw
forential value from five daye {0 ten days of development. 4 sudden
rise in perecentage value securved 2t elaven duove of incubatisn to 437
vut the waluve drouped at twslve days to 264, There was an iacrecse
W 32,BF at eighteen days of incubation; then reesined falrly stabtle.

Ths vnluss for the difforentin] acidophiiic and basophilie louoowe
crtes agresd with those values of Olson {(1937) and were close to the
valuas of Tlaln (1928). The hetorophilie, lymphocytes and monmocyiis
lausoeyte differentinal counts agreed with the range of weluas of Hlain
{(1928) for the adulit, but not with thoss walues of Olson {1977) for the
young chiecks The suthor does not scooumt for the disorepancy in 410
ferential ynluss botwsen the results of Flain (1928) smd Tleen (1937).

The author vas In sceard with Penmsl (1947) and Suglyass (1906)
that the lgueoeyiie blood picture sppesred stabilised frem the ninth
dazy of incubation through hatehing although neither investipptor pore
{formed differentisl oounte.
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The specific gravity of vhole blood wns 2 reasurement of ihe 0O
bined specific gravitles of its cosponents. The hematoerit vnlue was
tho percentage of cellis cospasred to the percentsge of plagms, Variation
in those waluves sffeclead the velues of the enleulated specific provily
of ploasms, Plagms protoin and hemoglobin in grums per 100 ai1iiliter
nf semple.

The speeiflic gemvily of vhole blood and the hormioorit deronstrated
a ¢loss corrolation as chown by eomperison of Figures 2 and 3. The
grooiest variation in sach ocourred sl twelve to fourteen days of
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ineubation. Previous to this time, the specifiec gravity of whole blood
increased gradually to 1,024 at nine days of incubation and then dropped
to 1.022 at eleven deys of incubation. The hematocrit at this time
showed a greater fluctuation in value but no increase until twelve days.
This could be accounted for in the beginning fUncticning of the bone
marrow as hemopoletic organ during the twelfth to the fourteenth day of
incubation. From the fifteenth day through twenty-eight days of incu-
bation, the hematoerit remained at the same approximate level of 35%
(Erickson 1937) and 32% (Albritton 1950) as recorded for the adult.

The caleculation of specific gravity of plasma was based on the
recorded valus of the speecific gravity of whole blood and hematocrit.
Since the values of the specific gravity of whols blood was almost a
linear relationship, the variation in specific gravities of plasma resulted
from the variations in the hematocrit values. This was svident in the
fifteenth day of incubation when the specific gravity of plasma dropped
to 1.0041 from a value of 1.0101 of the previous day (Table VI, Figure 7).
After the fifteenth day of incubstion, there was little fluetuation in
the hematocrit valus but an increasing value was maintained for the
specific gravity of whole blood. This caused a stablligzing effect on the
values of specific gravity of plasms until the twenty-first day when the
specific gravity of plasma was 1.0097. It then increased with slight
variations to a value of 1,0170.

The specific gravity of plasma as established for chickens of fif-
teen weeks of age was 1.017 to 1.020, The calculated values for the
chickens in the latter period of the projeect was approaching the adult
values.

Since the plasma protein was calculated from only one variable, the
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change in plasma as calculated could not be extrems. The calculations
vere bosed on specific gravity values of whole blood. These values were
almogt & linear function, thus the calculated values of plasma protein
were slmost a linear function. At twelve days of incubation, a slight
rise in plasme protein value occurred (Table VI, Figure 8). This was
in conjunction with a slight rise in specific gravity of whole blood
(Table II, Figure 8).

The rise in specific gravity of whole blood and blood plasma could
be explained by the work of Pickering and Gladstone (1925). The presence
of prothrombin, globulin and fibrinogen in the embryonie blood at twelve
or thirteen days of incubation might account for the inereased valuves
(Tables II, V and Figures 2 and 7). Moore, et al (1945) by electro-
phoretic studies determined the introduction of a protein fraection into
the eirculating blood on about the eleventh day of incubation. The
elactrophoretic moblility of thig faction indicates it was similar to
B-globulin, Two more fractions were reported at seventeen days of incue-
bation. These were low in quantity and motility and no evidence of their
praesence could be seen in the calculeted plasma protein values,

The caleculated value of hemoglobin showed a gradual increase fronm
five days of incubation through twenty-one days of incubation (Table VI,
Figure 9). Within this period, there was a marked increase at twelve
days from 6,13 gms,/100 ml, to thirteen days of 8.044 gms./100 ml., At
fourteen days an increase occurred to 8.4 gms./100 ml. and on the £if=-
teenth day to 10.67 gws./100 ml. These changes reflected the change
in the value of the specific gravity of plasma since the specific
gravity of whole blood was almost a linear function. The variations

that did occur were at times of generally known embryologiecal development
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of the hemopoielic organ, the bone marrow and the functioning of the
liver. The steady rise in hemoglobln velues did not continue after
twenty-one days of incubation bul resained generally stablie., These
were within the valueg of the fifteen week bird which wag 10,8 to 1l.Z
gus. /100 ml,

The hemoglobin values as calculsted were nol in agreement with the
results of Zorn and Dalton (1937). The earliest recorded valucs at nine
doys were G.5 gms./100 si, while the recorded values of this projeet
were 5.8 gms./100 ml, The values of Zorn and Dalton (1937) increased
to twenty-one daysg and then decreased in value to twenty-nine days.

The calculated values increased 2s previously noted and then leveled
off in the range as calculated for fifteen week chickens., The normal
adult range is bebween 8.9 gms./100 ml. and 11.2 gms./100 ml. as given
by Dyer (1934}, Erickson et al (1937), Olson (1937), Dukes and Schwartz
(1931) and Albritton {1250).

Total erythrocyte counts were made from four days of Incubation
through tuwenty-five days of incubatlon. ¥For the fourth and fifth day
of incubation, a2ll cells were counted and recorded as total erythrocyte
counts in million per cubiec mililmeter. The recorded value for these
days was very low as indicated (Table VI, Figure 4). Al six days of
incubation, there was a large increase in erythrocyte count from ,4388
million/cu. mm. at five days to 1.274 million/eu, mm. There was a
steady increzse with slight decreases in total erythrocyte counts st
twelve and elghteen days of incubatlon. The decrease at eighteen days
might be explained in the beginning regression of the allentois. How=

ever the decrease was not malntained through the hatching period and
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an increase was observed to the former values. The count increased at
nineteen days and stabilized at 2.7L million/cu. mm., Although the total
erythrocyte count did not agree with the findings of Zorn and Dalton
(1937}, there was a similarity in decreased count at eighteen days of
incubation and a subsequent increase to 2.6 million/cu. mm. at twenty-
two days. At this day the similarity ceased, Zorn and Dalton's (1937)
values decreased to 1.9 million/cu. mm, at twenty-nine days and these
results at twenty-eight deys were 2.71 million/cu., mm. The total
erythrocyte count as given by Olson (1937) were 2,74 miliion/cu. mm,
for the young chick.

Leucocyte Count

The total leucocyte count showed an initial value of 55.5 thousand/
cu. mm. at six days of incubation (Table VI, Figure 5). This increased
to 67.6 thousand/cu, mm, at eight days of incubation. A decrease in
total leucoeyte count followed to a value of 49 thousand/ecu, mm. at
thirteen days. An increase was observed at fourteen days of incubation
and then a continued decline in total leucoecyte value through eighteen
days of incubation.

The values from eighteen days were close to the values for the
young chick as reported by Olson (1937). The extreme limits for total
leucocyte count reported by various investigators are as followss
Albritton (1950), range 16,000-40,000/cu. mm; Elain (1928), 10,000=
29,000/cu, mm.; Olson (1937}, 19,800/cu. mm.; Kyes (1929), 8,000-
13,000/cu, mm.3; and Schoger (1939) 21,400/cu. mm. These wide ranges
indicate the need for the standardization of counting technique and a

statistical study of the total leucocyte counts.
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The méasuﬁamant of coagulation time was carried out to determine
the time of coagulation and the change in coagulation time., The first
day at which eoagulation occurred at fourteen days of incubation in both
methods. These findings agreed with the work of Scheehtman (1947) which
states that 1t is common knovwledge that chick blood will not elot before
the thirteenth day. ¥No data were available on the times of coagulation
in embryonic blood. Pickering and Gladstone (1925) found that fibrinogen,
prothrombin and globulin could not be detected chemically before the
twelfth or thirteenth day of incubation.

The coagulatory mechanisms of the blood developed very rapidly as
indicated by Tebles IV and V, Figure 6. The time required for coag-
ulation by both methods decreased rapidly. From four minutes and thirty
seconds, at fifteen days, for the capillary tube method, the time de-~
creased, at twenty-eight days, to twelve and four-tenths seconds (Table
IV, Figure 6). The coagulation-bleeding time (Teble V, Figure 6) was
even more rapid; the time at fourteen days was four minutes, forty-eight
seconds, The time al twenty-eight days was seven and one-tenth seconds.
The time of the reaction of coagulation mechanism must be increased at
an age older than seven days post~hateh since the reported clotting time
of the adult by Schonheyder (1938), was eight minutes. The rapidity of
coagulation of the one day through seven days post-hatech chick suggests

& regulatory mechanism to prevent excessive blood lose during and after

hatahing .

The mean corpuscular measurements were relative wvalues for the ex-

pression of cell volume, c¢ell hemoglobin and cell hemoglobin conecentration.
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Since these values were calculated from the recorded hematocrit and
total erythrocyte counts and the calculated hemoglobin, the two main
variants were the hematocrit and erythrocyte counts.

The mean corpuscular volume varied considerably during the develop-
mental period of the project. The larger corpuscular velumes occurred
when the total erythrocyte count was low and the hematocrit value was
high. The possibility of a macrocytic or microcytic anemia existing
in a developmental animal was not in this study. The mean corpuscular
volume for the erythrocyte of the adult as reported by Erickson, gt al
(1937), was 117.6 ocu. micron. The average for the period from six days
of inocubation to twenty-eight days of incubation was 123.62 cu. micron,
the extremes were 81,30 cu., micron and 190.788 cu, micron (Table VI,
Figure 10).

The mean corpuscular hemoglobin was computed from the calculated
hemoglobin and the reeorded total erythrocyte count, There was con-
siderable variation during the period covered. This variation was due
to the changes in hemoglobin and total erythrocyte counts. The average
for the projeet was 44.9 micromicrograms with a range of 27.6 to 112.3
micromicrograms as compared to Erickson, et 8l (1938), value for the
adult of 34.4 micromicrograms {Table VI, Figure 11).

The mean corpuscular hemoglobin concentration exhibited the average
or "mean" hemoglobin concentration in grams per 100 ml, of packed erythro-
¢ytes or percent hemoglobin per cell. There was little variation in
the mean corpuscular hemoglobin concentration from day to day during the
period covered by the project (Table VI, Figure 12). At fifteeh weeks
of age, the mean corpuscular hemoglobin wes within the range of 33.9%
to 38.1%. The range of wvalues for this study was 30.1% to 37.07%.
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Correlation of Factors
The comparison of hemoglobin and erythrocyte counts showed a

aimilarity in developmental stages except at sighteen days of incuba-

tion when erythroeyte count decressed but hemoglobin increased (Figure
13). The same comparison existed for hematocrit and erythrocyte count.
The parallel development wes dissimilar at twenty-two days when hematoerit
decreases. S8ince hemoglobin was 2 calculated value, this may be a re~
sult of variations in values of specific gravity of whole blood, (Figure
14). Hemoglobin and hematoerit values are shown graphicelly in Figure

15. The changes occur at the same days and & trend toward the adult
values began at twenty~two days. Although there was no direct relation-
ship kmown betveen hemoglobin and plasma protein, the striking parallel

in development is shown in Pigure 16,



CONCLUSTONS

Some histological and physiolozical studies were made on the blood
of the desveloping chick embryo from four days of incubation to seven
days post-hatch, The following observations were made:

1. TFrythrogenic stages in circulating blood wera completed about
the ninth day of incubation, This is sarlier than formerly belisved.

2. ILeucocyiss entered the clrculating blood at five days »f ine-
cubation and in greater numbers than formerly believed.

3. The differsntial leucocyts count showed increasing values for
heterophiles from six days (20.9%) to twelve days of incubation (55.0%)
when the heterophiles became stabilized. 3mall lymphocytes showed dew-
creasing values from five days (21.0%) to nine days (36.73) of incubation
at which time they became stabilized. The acidophiles, basophiles,
large lymphocytes and monocytes did not show gignificant changes during
the period of the study.

4Le The specific gravity of whole Ylood exhibited a linear relation-
ship with time that is s result of the curulative effect of other factors
such as hematocrit, sprecific gravity of plesma, plasms protein, hemo-
globin and total erythrocyte counts,.

5« The specific gravity of plasme ranged from 11,0011 to 1,0171
with & marked increase at seven days of incubation. Hermetoerit ranged
from 13.6% to 37.9% and showed an increase at twelve and fourieen days.
Plasma protein ranged from 2,98 grams/100 ml, to 13.8 grams/100 ml, with
inereases at seven and twelve days. Hemoglobln ranged from 4.04 grams/
100 ml. to 13.41 grams/100 ml. with an incresse at twelve days. OLrythro-
cyte counts ranged from .440 willion/cu. mm. to 2,711 million/cu. mm. and

showed an increase ab twelve days and a decrease abt eighteer days. These
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marked changes occurred at the same time as observed physioclogical changes
such as functioning of the liver at seven days, development of the bone
marrow at twelve days and the beginning regression of the allantols at
eighteen days of incubation.

6. Total leucocyte counts showed a decline from a high count of
55.5 thousand/cu. mm. during the early stages of development to a lower
count of about 30,0 thousand/cu. mm, at later stages.

7. The coagulation time as measured by the capillary method and
the coagulation bleeding method showed a rapid and marked decrease from
about four minutes and forty-eight seconds at fourteen days to seven
and one tenth seconds at twenty-eight days.

8. Mean corpuscular volume varied greetly from 81.3 ou. microns
to 190.7 cu. microns during the period of the study; the average for
the period was close to the normal for the adult,

9. DMean corpuscular hemoglobin for the embryo was higher, averaging
44,.9 micromicrograms during the developmental periocd investigated than
the observed adult value which was 34.4 micromicrograms.

10, Mean corpuscular hemoglobin concentration was slightly higher
than the obaserved adult values. The range of values for this study was
30,1% to 37.0%,
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TABLE

Differential Ieucocyte Counts of Chicks Indicating the Averages ¥
fo ch Day from Four Davs of Incubation to Seven Davs Fosgt-iHatch

Days of Acido~ Hetero- Basow Lymphocytes Mono-
Incubation phile phile phile Small Iarge Total gytes

L ##0,0 0.0 0.0 0,0 0.0 Q.0 040
5 0.0 0.0 0.0 81l.0 19,0 100.0 0.0
6 0.0 20,9 0.0 725 4a'l TT.2 1.9
7 1.3 30.5 1.2 50,0 10,0 60,0 WA
8 2,9 33.3 1.5 39.0 18,0 5740 53
2 1.4  43.3 1o 36,7  11.0  47.7 642
10 2.4 477.0 1.1 38.9 7.9 £6.8 2.7
11 0.9 40,0 Rely 43.0 12.2 55.2 1.5
12 1.6 55,0 2.1 26.1 11.7 37.8 3e5
13 2,2 55,0 2s5 2945 8.8 38.3 2.0
14 2.7 56,0 3.0 26,8 8.9 35.7 246
15 2.9 50.1 3.7 28.3 11.7 40,0 3.3
16 241 44,00 38 32.9 15,0 47.9 Lel
17 1.6 51.0 3e4 31.5 9.1 40,6 3.4
18 2.2 5240 1.7 30.8 10.8 41.6 2e5
19 2.0 5240 20 33.6 8,0 Ll.6 2l
20 2.1 53.7 22 32.0 8.0 40.0 2.0
21 242 52.0 2e2 31.1  10.C L1l.1 2e5
22 2edy 5243 2.0 29.0 11.0 40,0 3.3
23 2.0 53.0 2.0 32.0 3.0 41.0 2.0
24 2.1 51.5 2.1 31.9 10,0 419 2ed,
25 2.0 54,40 2.0 32.0 g.0 40.0 2.0
26 1.8 51.1 109 33‘0 900 4200 30‘8‘
27 1.8 52.2 1.9 32.0 9.0 41,0 3.1
28 3R 5049 3.1 30,0 8.3 38.3 Le5

# Average of ten animals
*%0 Indicates observation made, no count obtained



TABLE I
Specific Gravity of Whole Blood of the Chick from Four Deys

of Ineubstion to Seven Devs Post-Hatch
Daya
of ®Animals
Incuba~
tion A B & D E F G 5 I J S L
4 1,012 1,011
5 1.016 1,016 1.017  1.014 1.013 1,012 1.011  1.017 1,006 1,018
é 1.014 1.019 1.016 1,014 1,014 1,016 1,017 1.01¢  1.015 1,018
7 1,020 1,019 1.01¢ 1,019 1.022 1.023 1,017 1.018 1.018 1.021
8 1.020 1,019 1,021 1.018 1,021 1.021 1.023 1.024 1.023 1.026
9 1.025 1,022 1.024 1,025 1,023 1.022 1,022 1.022 1,028 1.025
10 1,025 1.024 1,023 1,022 1,021 1,022 1,023 1,022 1.023 1.024
11 1.022 1,022 1,024 1.021 1,023 1,022 1.022 1,022 1.,0RQ1 1.025
12 1.024  1.029 1.025 1.023 1.023 1.025 1.023 1.0R5 1.023 1.025
13 1.029 1,030 1,030 1.030 1.030 1,030. 1.029 1,029 1,026 1,028
14 1,031 1,032 1.033 1,030 1.033 1,033 1.030 1.025 1,031 1,031
15 1.031 1,030 1,030 1,029 1,03, 1,032 1.035 1.036 1.035 1.031 1.034 1.031
16 1.037 1.037 1,03, 1.03%5 1,037 1,035 1,035 1,033 1.032 1,036
17 1.039 1.039 1,035 1,038 1,036 1,035 1.039 1.03G6 1,037  1.035
18 1.037 1.036 1.039  1.040 1,040 1.041 1.04C 1.038 1.039 1.038
19 1.038 1.038 1.040 1,039  1.040 1.040 1,037 1.041 1.040  1.039 1.038
20 1.039 1.039 1,040 1.042  1.041 1.042 1,040 1,039 1,040 1,039 1,039
21 1.039  1.042 1.044 1,038 1,039 1,038 1,043 1,040  1.042  1.040
22 1,043 1,039 1.035 1,038  1.035 1.038 1,040 1.038 1.039 1.038 1.040
23 1,040 1,042 1,640 1,043 1,043 1,040 1.041  1.042  1.040 1,042 1,043
24 1.040 1,040 1.042 1.041 1,042  1.040 1,042 1,040 1.041  1.040  1.042
25 1.043 1.040 1.041  1.043  1.043  1.042 1.041 1,043 1,043  1.042
26 1.041 1.043 1,043  1.042 1.04)  1.042  1.044 1.044  1.042 1.042
27 1,042  1.043 1.042 1.044  1.043 1,043 1.044 1.044 1.042  1.044
28 1.045  1.C43 1.043 1,045  1.045  1.046  1.044 1.043  1.045  1.045

#3eparate animal used for each reading, i

2, one reading per animsl

1.015
1.016
1.019
1.021
1,023
1.023
1.022
1.024
1,028
1.031
1.032
1.035
1.036
1.038
1.040
1.040
1.040
1.041
1.041
1.041
1.042
1.042
1.043
1044



IABIE IIT

Homatoerit Readings of Blood of the Chick from Four Days of ;ncutﬂtg‘mg
to Seven Days ve PO t-flatch ~ : i

‘ Daily
Days of *ANTHNALS Average
Incubation A B e D E F G H I _Jd  Cells [Flasma
4 14.2 16, 10,2 11.2 166 22,9 1349 10,8 12,0 94 13.6 86,4,
5 12 5 18,0 19.6 19,8 N 15.3 18, 1245 20,0 11,0 15.6 8hed
6 12,5 214 119 13,0 10,0 19,6 18,3 2.2 12,0 1lL.1 15.1 8449
7 16.7 18.3 19.0 134 216 21,0 18,0 20,8 22,9 21,0 19.2 €0,8
8 9.8 13.1 1049 22 e 3 13.3 16,0 13.6 Col 22,7 20,7 16.1 83,9
9 4.5 17.3 12,5 9.6 1043 17,7 20,9 15.7 23.4 28,6 17.1 22.9
10 14,1 13,2 20,6 4.5 L4 12,7 12,9 18,1 12,0 1&.0 151 2449
11 1202 1500 18.2 12.2 12.5 lgoo 1301 11.5 18.& 2»2.3 1504 8456
12 17.3 13.2 16,6 23.5 14.0 16,6 1541 17.2 146 174 1645 83,5
13 20,9 23 2065 19.3 236 2540 29,0 275 22,2 25,0 2347 7643
14 28,3 25,0 20,2 29.4 21.6 2045 22,1 23,1 29.0 2140 25,1 (S
15 2944 3440 33,0 31.5 27.1 3044 37.0 3R.6 29.3  25.% 31.4 6846
16 27.1 3k 33.3 32.6 30.0 31.2 28,9 35.0 36,8 33,0 3l.4 6846
17 n.6 3446 3465 3267 4362 4340 30,0 26,0 28,0 30,0 3343 66,7
18 40,2 3446 29.2 35,1 38.1 327 26l 3R.5 36,3 35.8 35¢2 Cho?
19 380{) 3207 3904‘ 36-2 3‘{9.(} 38.7 370:? 39-’{% 3505 390!4' 360‘:2' ‘6302
20 3847 37.4 36.5 39.3 37.7 29.7 3545 36.6 37.4  3E. 37,9 62,1
21 33.3 400 39.0 35.C 33.6 357 3440 348 3545 37.2 3544 6445
22 35.8 31.5 247 25.0 37.2 3644, 3242 33,0 b 36,0 et 6543
23 3L.6 30,5 33.4 30.4 32,0 23.0 30,0 5ol 32.4 3T 32.5 6745
2\4’ 35:0 3’?00 ';r‘v 2 3)04’& 3‘3‘&0(:’ ’350{’ 3{3-;’; 3;‘00 37.(? 3‘(:).(} 3604’; 6[5&.{}
23 35.2 36,0 35,1 342 36,5 35.0 349 35.2 0 36,0 36,0 35ed BLeO
26 34':'3 320.1. 3}202 34—0 3500 3501 3%-3 330(} 3200 34--":( 33-5 (zgut)'
27 32,0 32,7 30,2 31,k 35,4 33.0 340 336 320 32,0 32.6 fx7.z,

# Separate animals used for each readi g, i.e. one reading per animal



Days of
zubation

11
12
13
14
15
16
17
18
19
20
21
22
23
2
25
26
27
28

Coa,

tin;

3] qf the

ARLE

3

oad of the Chick from Faur
0 -

B Animals

of Incuggtlcn

A B e D B F G H I J
10 10! 10! 10t 10t 10! 10t 10 100 10t
10! 10t 107 10! 10 10t 10! 10t 10t 10t
201 18 20 201 20¢ 201 201 20¢ 201 201
1017 11t 12+ 20¢ 12 12t 12t 11! i1 150

51 4t A 4 51 6t A 3¢ FA A

21508 3¢ kL 2140% 238 3 3¢ 2140% 2150 2150W

3¢ 1v55% 21300 2¥,L0% Q%10 230" 212450 DEg0n Qv 0% 29309

2308 21158 9458 200" 1v50" 2910"  1V40% Qv.5% 0 1150 2115¢
1508 20 28 1930% 130" Q45 10 135 1135 1400
5{}" 1110% 60« 55ﬂ 55” 10 5ﬁ &0M in 5“ 55:3 50"
20: 407 50: Ag: 4L0% SG: 50; 45: 60: 40%
0 FAOL 55 4 4LO% 50 40 45 55 4L5%
207 200 25% 250 25% 209 25% 20 20% 25%
15% 14% 16% 17" 15% 18¥ lom 17 16" VA
15% 12" 2% 157 13" 12% 15% 15" 13% 13¢
12¢ AL 13# 15% 15" 14" 15% " 15" 12%
128 124 15" 15 14" 13" 13 14" 14" VA
12¢ 15% 3¢ 10" 11® 12+ 14% 13 13+ 11"

Aversge

#1014
104
191480
11136"

430"
20,88
2'30n
2

1%40%

4T

47.5%
22.5%
16"

13.5%
3.7
13.7"
12.4%

% Blood dried without elotting at ten minutes
#% Separate animal used for sach reading, i.e. one reading per animal
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of cubation to Seven Days Pos —Hat

Indicates no observation made

Averages
Plagms Mean Mean
Leucocytes 3Svpeeifiec Protein 5 Mean Corpuscular Corpuscular
Erythrocytes in Gravity in Hemdglobin Corpusecular Hemoglobin Hemoglobin
Daya of in millions Thousands of Gms.per in Gms.per Volums in in Micro- Concentration
Incubation per ~ per cu, mm, Plagma 100 ml =~ _100ml, = Cu, Microns microgramg in percent
4 T e ~am R ——— - —— —

5 488 — 1.0011 2,98 4e9% — 112.3 31.69
é 1,274 55.5 1.0017 3435 5.18 118.5 106,2 34,35
7 1.419 59.6 1.0011 L6l 6.51 135.3 45,9 33,95
8 1.354 67.6 1.0072 Seddy 5477 119.0 40,4 33,94
9 1,544, 62.2 1.0088 6.26 5.80 110.8 37.5 33,92
10 1,588 593 1.0099 5,96 5.13 95.5 R4 33.99
11 1.894 53.1 1,0089 5.7 5,23 81.3 27.6 33.96
12 1.662 50,8 1,0078 6.32 6.13 99.5 36.9 37.07
13 2,092 49.0 1.0079 8.16 8,04 113.2 38.4 33,94
14 2,506 58.5 1,0101 9.25 8440 110,1 33.5 33.48
15 2.796 47.0 1.0041 2.39 10,67 124.4 38.1 33,90
17 2,874 35.5 1.0063 10,96 11,32 116.1 39.4 33.92
19 2,276 3.6 1.0055 11.93 12.84 161.6 56.4 34489
20 2,560 30,0 1,0057 12,30 12,81 148,0 50,0 33.80
21 2742 1.5 1.0097 12.45 12,95 129.1 4.2 36,60
22 2.686 31.9 1.0116 12.68 10.44 128.8 38.8 30.17
23 2,710 30.0 1.0144 12,68 10.81 119.9 39.9 33.27
24 2,720 29.5 1.,0125 12,68 12,26 132.3 45.0 34,06
25 2.675 31.0 1.0121 13,05 12,02 131.5 YY) 33.95
26 26722 29.9 1.0115 13.05 12.17 123.0 LL.JT 36,34
27 2.685 29.3 1.0171 13.42 11.06 121.6 41.3 33.94
28 2,711 30.5 1.0156 13,80 17,40 129.6 49,5 38,25

* Average of ten animals B
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BLOOD OF THE DEVELOPING CHICK

FIGURE 17

Erythroblasts at four days of incubation
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FIGURE 18

Ervthroblast3 at five days of Incubation.

(120QX)
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FIGUHS 19

Errthroblasta (KB) and lymphocytes (III
at six days of incubation. (12Q0X)
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PIGPHB 20
w

Erythroblaats at seron dara o*' Incubation. (1200X1
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7ri\ FIGPKB 21

Erythroblasts (SB) and lymphocytes (LY)
at eight days of incubation. (1200X)
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BLOOD OF THE DEVELOPING CHICK
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FIGURE 22

Erythroblasts (EB) and endothelial cells (EH)
at nine days of Incubation# ''"Tiaoox)
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BLOOD OF THE PESTSLOPIKG CHICK

c MO

»
FXGtmE 2L

tnrthroblaatM and a Monoeyts (mo)
at twelve daya of Incubation. (500X)



BLOOD OF THE DEVELOPING CHICK

m*
m *
o 1 «
9 * EB « _*
FIGtTHE 25

Brrthroblasts (SB) and lymphocytes (LY)
at fourteen days of incubation. (5Q0X)



BLOOD OF THE DEVELOPING CHICK

FIGURE 26

Ervthroblaatg (EB) and hype_rchromlg (HY)
erythroblasts at sixteen days of incubation. (SSP¥)



BLOOD OF THE DEVELOPING CHICK

FIGURE 27

Brvthroblasts at eighteen days
of incubation. (500X)



BLOOD OF THE DEVELOPING CHICK

* § A
k s |
o i %
o
! » t
"E»D* «, #
RE o KX kKT
' 2 % o
¢ A s m s
/% #
‘£ J
[l #

»» .

FIGURE: 23

Erythroblasts (LB) and leucocytes (XL/
at twenty days of incubation. (500X)
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blood of the dhvbiqping CHICK

FIGURE 29

Erythrocytes (ER) and lymphocyte (LY)
at one day post-hatch. (1200QX1
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grythrocytes heterophile (HE) and lymphocyte (t¥)
at three days post-hatch (1200X)
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Erythrocytes (00), acidoplillos (AC), to&Blipgrte.i I1&L.
monocytes (Z0 and thrombocytes (Til) at
five days post'Iia'tdi”*cTSoOX) "
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FIGUKB 32

Brythrocyteg (KR) and lymphocyte (LI?
at seven days poat-hatch (12QQX)






BLOOD OF THE DEVELOPING CHICK

Erythrocytes (BR). heterophils (HE) and monocyte (MO)
of the adult chicken (1200x1
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