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I. INTRODUCTION
The advance of the avian yolk sac over the surface 

of the yolk sphere offers a system exhibiting an ex
tremely rapid growth rate with subsequent sudden de
crease in this rate (Fig. 1). To attempt.to understand 
the factors controlling such a growth phenomena, one ap 
proach is an inspection of the changes in respiration 
during early stages of development. An analysis of 
these respiration rates may give a clue to some of the 
underlying mechanisms for morphogenesis, 
s An analysis of aerobic respiration is imperative 
in any study of the metabolism of a system at the cell
ular level. If a manometric approach Is used, the mea
surement of the total amount of oxygen consumed over a 
measured period of time is usually expressed per unit 
weight of the animal or tissue used. The resulting 
respiratory rates can then be used in the analysis of 
specific portions of the metabolic pathway as they re
late to morphogenesis and the growth process in general 

Comparative studies of metabolic aspects of the 
developing chick and its membranes have been performed. 
Classically the problem was attacked on an intact egg 
basis, with the metabolism of the extra-embryonic mem
branes considered as having a negligible effect on
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the total. Early workers such as Bohr and Hasselbach 
(1900), Atwood and Weakley (1924), Lamson and Edmond
(1914) , Hanan (1928), and Murray (1924) attempted to 
relate the amount of oxygen entering or carbon dioxide 
evolved by the whole egg to the wet or dry weight of 
the embryos. The metabolic rate was then calculated 
without separation of embryonic and extra-embryonic 
regions.

Buchanan (1926) used hydrocyanic acid to depress 
oxidative rates. He applied the theories of Child
(1915) maintaining that the higher the original rate of 
oxidation the more profound depression the cyanide will 
produce. Buchanan noted metabolic rates are greater in 
the embryo than in the extra-embryonic membranes. The 
leading edge of the yolk sac, however, appeared to have 
a greater activity than the central area or mature yolk 
sac. Although his data appears to relate favorably 
with more recent studies, a survey of his methods 
points out technical problems, inherent to the tissue, 
which will be referred to later. Buchanan used 4 to 6 

intact eggs placed in a 3 liter glass jar and returned 
it to the incubator. KCN was then piped in through a 
rubber tube. Metabolic rate variations were assumed to 
correspond with the amount of observable defect or
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disruption found in a specific region after the eggs 
were opened and studied following a specific incubation 
period.

Following a s'milar approach, workers like Miller 
(1941) used various vital dyes in qualitative to semi- 
qualitative studies of the chick system in embryogenesis. 
Miller used Janus green and followed the reduction of 
the dye with time-lapse photography. Although the ap
pearance of areas of rapid reduction correlate with the 
earliest morphogenic movements and previous studies like 
'■those of Buchanan, they also correspond to areas with 
thicker cell populations and therefore could be decept
ive .

When tétrazolium reduction reactions, originally 
used in testing seed viability, became widely applied 
in studying dehydrogenase activity in vital tissue, 
the procedure was applied to the chick system. Spratt 
(i960) successfully used the technique to follow morpho
genic movements and nutritional requirements of the 
chick embryo. Schlesinger (i960) used the same tétra
zolium reduction reaction on the marginal ridge of the 
yolk sac. The marginal cells showed intense reduction 
while the embryo proper showed somewhat less intense 
reduction, and the intermediate region or mature yolk
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sac exhibited the least degree of reduction. Schlesin- 
ger attempted a quantitative analysis and determined 
that the amount of reduction when expressed in mg. re
duced INTO per mg. dry weight for 2h hour intervals up 
to the fourth day of development roughly paralleled 
the growth rate changes for that period.

The uses of dyes or techniques such as tetrazolium 
staining offer the advantage of maintaining normal yolk- 
embryo relationships. In general, however, they are 
considered unreliable quantitative tests. If, on the 
mother hand, investigations by Laursen and Laursen (1958) 
or Barker (195^) using nammalian tissue to compare the 
rate of tetrazolium reduction with manometrically cal
culated oxygen consumption are valid, such tests may 
be more reliable quantitatively than previously acknow
ledged. In both studies, metabolic levels as measured 
by the tetrazolium technique consistently averaged 3 

to 5$ of the levels observed using manometric tech
niques .

Before considering an analysis of their experiments 
further, a review of the use of manometry particularly 
in studies applied to the chick ovum should be reviewed. 
Since the chick embryo is readily available it was com
monly used,, along with mammalian tissue, in refining



early manometric techniques. Kayser, LeBreton, and 
Schaefer in 1925 are an early example. They used chick 
embryos five days old. At this age the mass of tissue 
involved related to C>2 supply was inappropriate for the 
type of respirometer used.

Warburg (1926, 1927, 1929) included embryonic 
chick tissue in several distinct studies using a bicar
bonate Ringer media including glucose. His studies 
used 3«5 to 4 day old embryos. These investigations, 
however, were aimed primarily at describing the constant 
,,volume respirometer and its uses. The data obtained 
are not useful for the present investigation.

Kumanomido (1929)^ another early worker, was unique 
in his use of hen serum as media. His 02 consumption 
figures were significantly higher than other investiga
tors, disclosing an activity similar to that found when 
certain mammalian tissues are maintained in a serum rath
er than a salt solution.

In their comparison of the metabolic traits of 
normal versus tumorous tissues, Dickens and Simmer 
(1931j 1932) used chick embryos as an example of a rap
idly growing normal tissue. Their investigation indica
ted that the respiratory rate of the chick embryo was 
not significantly altered when measured in salt solut
ions buffered (a) by bicarbonate under a physiological
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tension of C02 or (b) by phosphate in a C02 free atmos
phere .

Romanoff (194l) also conducted Warburg studies on 
chick embryos from 4 to 7 days of development showing 
a relatively constant Qo2 or oxygen consumption for 
that period.

The investigations mentioned thus far concerning ma- 
nometric determinations used "Warburg" constant volume 
respirometers. Philips (1941, 1942) performed similar 
investigations with embryos 15 to 72 hours old using two 
different forms of respirometers. In 1941, he used a 
Fenn microrespirometer (similar to the Bancroft differ
ential respirometer but with the manometer in a horizon
tal position). In 1942, he employed the Cartesian diver 
principle of Linderstrom-Lang and Glick (1938) with mod
ifications by Boell and Needham (1939)• In both studies 
Philips was unable to detect any significant age varia
tions in the consumption of oxygen in very early embryos. 
It might be pointed out, however, that he did not con
sistently use intact embryos (due to the amount of 
weight allowed for accuracy in the respirometers used).
In addition, he calculated the rate of oxygen consumption 
as mm^ 02 consumed per hour per mg. nitrogen content per 
cell. Earlier workers had used the wet o^ dry weight as
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a base for calculations. The significance in the use of 
various bases for calculations will be developed later.

The extra-embryonic membranes of the developing 
chick per se did not undergo manometric analysis until 
Needham attacked the problem in 1932. Using a Barcroft 
differential respirometer he studied the allantois and 
yolk sac up to eight days of development, and contrasted 
his results with the respiratory rate of the embryo dur
ing that period. His data will be significant when ana
lysing the results of the present study.

The respiratory measurement procedure has come 
almost full cycle, a new modified Warburg method was 
developed in 1959 by Csabay, Horvath, and Ferencz.
With their approach, changes in the metabolism of the 
developing organism as a whole can be followed from the 
blástula stage until the completion of embryonic life.

The avian system during embryonic life is not homo
geneous; the respiratory rate of the embryo proper is 
not equal to the respiratory rate of the whole egg. 
Metabolic activity in a specific region is not fully 
comparable to that of the entire embryo. The same lim
itation applies in a yolk sac consideration. As early 
as the work of Buchanan (1926) the leading edge of the 
yolk sac appeared metabolically more active than the
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more proximal, mature yolk sac.

The precise nature of the leading edge has been a 
controversial topic. New (1959) maintained that the 
margin was composed of highly specialized cells, which 
move along the inner surface of the vitelline membrane 
by amoeboid activity. A second view has maintained 
that the leading edge itself is a syncytium, (Duval 
1884, Schlesinger 1958) continually advancing into 
the periblast beyond the surface of the blastoderm and 
converting it into cells. Both views must be modified 
vto explain the exact nature of the region.

Schlesinger (personal communication) presently 
divides the leading edge into three regions, designated 
A, B, and C. The A region is outermost. It corresponds 
to cells described by Bellairs (1963) using the electron 
microscope as consisting of long processes which attach 
and contract appearing to drag the blastoderm with them. 
The B region or "ridge" is mitotically the most active 
and carries on phagocytosis of foreign particles in 
immense quantities (Bellairs and New, 1961). It is 
also the region, postulated by Nolder (1966), which en
gulfs or phagocytoses cytoplasmic DNA. The third or C 
region consists of cells from the B region which are 
converting into mature yolk sac and is no longer as
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mltotically active as the B region. The existence of 
distinct regions was further documented by Franke (1966) 
in a comparative analysis of changes in cell number and 
volume within each of the three postulated areas.

STATEMENT OF PROBLEM
The first aim of the present study is to determine 

whether a manometric approach is feasible for analysis 
of the ridge tissue. The second aim would then be the 
analysis of the results in terms of known qualities of 
the system.



II. MATERIALS AND METHODS
White Leghorn eggs were received from a commercial 

hatchery and were incubated within 72 hours at 38+ 1 °C 
for incubation periods of 24, 48, 72, and 96 hours. En
tire yolk sacs or marginal ridge material were removed 
using a modification of the procedure outlined by Sketch 
and Schlesinger (1961). The hot-ring technique of Fis
her and Metcalfe (i960) was used on 24 hr. tissue. Re
moval of intact yolk sac material was performed by the 
author, and marginal ridge material was removed by Mrs. 
Dee Martin.

Following gross removal, the tissue was transferred 
to a Ringer medium (Spratt, i960) where adherent yolk 
was removed. This Ringer solution was also used as 
the basic medium in the respirometer (with modifications 
to be outlined later).

Manipulation of the tissue was kept at a minimum, 
although as much of the adherent yolk and albumen (in 
the case of 96 hr. ridge tissue) was removed as possible. 
The general structure of the tissue remained visibly 
stable throughout the experiment.

One yolk sac was used per flask at all experimental 
ages of incubation except 24 hrs. where two were necess
ary due to the small amount of tissue involved at that
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time. Greater variation in the total number of samples 
per flash was necessary with the marginal ridge tissue 
again due to the small amount of tissue in a single 
region at the time designated. At 24 hours of incubation, 
5 ridges were used; at 48 and 72 hours, 3 ridges were 
used; and at 96 hours a single ridge was used. The 
presence of varying numbers of ridge sections per flask 
for a specific incubation time did not affect the re
sults (Appendix 1). This indicates that some degree of 
tissue isolation, ie. from the adherent albumen, must 
'have been achieved.

The time spent in preparation of the tissue varied 
with the type of tissue and its position on the yolk 
sphere. The average removal time for enough tissue to 
complete a Warburg run was 45 minutes. With removal of 
the marginal ridge, though tissue from several yolk sacs 
was used, total removal time rarely exceeded 1 to l4 
hours. Preparation of more than one flask per run for 
the marginal ridge, however, may have moved the initial 
age of the eggs taken from the incubator to 1 to 2 hours 
above the time specified in the results.

The position of the edge in respect to the yolk 
sphere was a criterion for rejection or acceptance of 
the tissue on the basis of age. Schlesinger's figures



(Appendix 2) for the position of the angle of edge tis
sue with time was used as a reference. Variance from 
these figures is greatest at the 24 hr. stage while his 
range is readily achieved at later ages. This is due 
primarily to growth occurring before the egg is laid. 
Though the condition of the embryo proper does not affect 
the growth rate of the yolk: sac across the yolk sphere 
(Schlesinger, i960) care was taken to use from only sys
tems with healthy embryos.

The final dry weight figures for the experimental 
tissue were in agreement with figures from Schlesinger 
(Appendix 3) indicating that the excess yolk material 
had been successfully removed. The extremely low 
respiratory rate of the yolk might otherwise have in
terfered with data calculated on a weight basis (Append
ix 1 ) .

A direct method for measurement of the rate of 
oxygen consumption of Q aQp (dry wt.) was employed 
using the Warburg constant-volume respirometer. Temp
erature of the water bath was maintained at 38ÌT0 C. 
Twenty per cent KOH was used as the COp absorbant.
Total fluid volume per flask was 2.7 ml. One section of 
the investigation used 2.5 ml. Ringer solution (Spratt, 
i960) with 0.2 ml. KOH. The second solution, used in

13
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the second section of work, was again 0.2 ml. KOH but 
the Ringer solution was supplemented with 10~3 jy[. glu
cose and 10~2 M. succinate. Pinal fluid volume again 
totaled 2.5 ml. before addition of KOH. Manometric 
measurements were for a period of 2 to 2| hours, preceded 
by an equilibrium period of approximately 15 minutes.

The weight of the tissue was determined by direct 
dry weight measurements. Tissue and media were removed 
from the Warburg flasks and dryed to constant weight. 
Adjustment for the dry weight of the chemical media 
and for possible loss in transfer was accounted for by 
the use of the thermobarometer contents as a control.
As stated average weights corresponded to previously 
determined ranges, thus indicating the validity of 
this approach.



III. RESULTS
The data collected may be divided into (a) those 

observations performed on entire yolk sac material and 
(b) that data using the marginal ridge area exclusively.

The results from experiments on the entire yolk 
sac are summarized in Table 1. As noted, samples were 
used at the 24, 48, 72, and 96 hour stages of development. 
Respiration rates were measured both in a Ringer media 
(Appendix 4) and in a Ringer media which included 10-  ̂M. 
succinate and 10”  ̂M. glucose.

TABLE 1
Number

of
Samples

Number of 
Samples 

per flask
Age
in

hours
Medi urn Qo2

Sii °2/hr/mg
STANDARD
DEVIATION

40 2 24 endogenous* 0.393 0.130

40 2 24 exogenous 0.750 0.44
20 1 48 endogenous 1.12 0.36
20 1 48 exogenous 1.332 0.36
20 1 72 endogenous 0.728 0.20

20 1 72 exogenous 1.05 0.31
20 1 96 endogenous 0.712 0.10

20 1 96 exogenous 0.92 0.10

*endogenous in this case refers to the use of Ringers 
as media, whereas exogenous refers to an addition of 
succinate and glucose to the basic Ringers.
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When comparing the results, the tissue with only 

endogenous nutrition shows a significant increase in 
C>2 consumption at 48 hours and appears to level off at 
approximately 0.73 by 72 hours of incubation. The tis
sue supplied with exogenous substrate also shows a sig
nificant rise in 02 consumption between 48 and 72 hours, 
but it does not decrease in rate as sharply as the endo
genously supplied system. As Figure 2 indicates, the 
addition of exogenous material increases metabolic ac
tivity to a variable degree over endogenous levels. At 

x24 hours, it is increased 98$ (P<0.01), at 48 hours by 
only 10$ (P>0.2), at 72 hours by 44$ (P<0.01), and at 
96 hours by 28$ (P>0.013). Throughout the first four 
days of development, the entire yolk sac shows a sub
strate limited respiratory rate. The degree of limit
ation is greatest at 24 hours and generally decreases 
thereafter to level off at approximately 98 hours.

The second series of data was collected using the 
marginal ridge of the chick yolk sac, or B region as 
designated by Schlesinger (personal communication).
Again samples were taken from the 24, 48, 72, and 96 

hour stages of development. Both a normal Ringer so-
Olution and a Ringer solution with 10 M. succinate and 

10 M. glucose were used as media. Table 2 summarizes
the results.
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When expressed graphically (Figure 3), an increase 
in respiration occurs, peaking between 48 and 72 hours 
for both the exogenous and endogenous systems. Again, 
the addition of glucose and succinate to the basic medium 
results in a significantly higher respiratory rate at 
specific time periods. At 24 hours, the addition of

TABLE 2

19

Total 
Number 
of Ridges 
Sampled

Number 
of Ridges 
per 

Flask

Age
in
hours

Media
p.l 02/hr/mg

STANDARD
DEVIATION

20 5 24 endogenous 0.78 0.4
10 5 24 exogenous 1.13 0.4
12 3 48 endogenous 3.02 0.31
9 3 48 exogenous 2.97 0.01

6 3 72 endogenous 2.07 0.09

6 3 72 exogenous 2.69 0.017
5 1 96 endogenous 1.10 0.73
3 1 96 exogenous 1 .6l O .36

exogenous material effects an increase of 45^ (P^O.Ol); 
at 48 hours, however, the system is saturated showing 
no significant difference in respiratory rate whether 
maintained in Ringers with glucose and succinate added 
or in Ringers alone (P=0.44). By 72 hours, the system 
is again substrate limited in that the rate can be
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increased with the addition of exogenous material 29$
(P 0 . 0 1 ) ;  and at 96 hours it can be increased by 45$
(P 0 . 0 1 ) .

A summary of the changes occurring within cells of 
the marginal ridge both in terms of their cell volume 
and then in their ability to be affected by the addition 
of succinate and glucose is shown in Figure 4. Section 
A shows the positions of the yolk sac edge at three time 
periods Section B shows the differential changes in 
volume within a single cell op the "ridge" or B region 
(Franke, 1966). Section C indicates that at 24 hrs. 
the system is running at 55$ saturation, at 48 hrs. it 
is saturated, and at 72 hrs. it again becomes limited 
running at approximately 71$ saturation. Possible con
trolling factors for changes in metabolic activity will

21

be discussed later.



IY. DISCUSSION AND CONCLUSIONS
The first aim of the present investigation was to 

develop a feasible manometric approach to studies of 
the metabolic activity of the marginal ridge of the 
chick yolk sac. Initial experimentation was performed 
with intact yolk sac material. Determinations of yolk 
sac respiration by Needham were used as a reference 
although several procedures were altered. First, Need
ham's original measurements involved wet weight deter
minations. In the present Investigation, direct dry 
' weight bases were used. Secondly, Needham made an 
attempt to distinguish between yolk sac membrane which 
had been washed free of superficial yolk material and 
those membranes to which it was still adherent. In his 
investigation, he used "unwashed" sections in the be
lief that metabolites might also be removed when the 
tissue was in the cleansing process. In the present 
experiment, a degree of washing was used just sufficient 
to remove adherent yolk or albumen. Yolk material, per 
se, does not show appreciable oxygen consumption (Append
ix 5; Needham, 1932) but causes significant variation in 
weight determinations. The retention of yolk material 
by Needham was admitted to cause great "scatter in the 
results". The degree of washing did not greatly affect



the results in terms of oxygen consumption, but did 
cause fluctuation in weight determinations.

If the data from the present study is calculated 
on a wet weight basis, using the wet to dry weight ratio 
for "washed" chick yolk sac by Byerly (1933)* they may 
be compared with Needham's original results. Needham 
expressed his results as a true respiratory quotient 
including evolved and bound C02, therefore one must 
recalculate his original figures for the mm oxygen 
consumed per hour with the wet weight of the tissue 
used. Needham did little work on yolk sacs incubated 
less than 3 days so that comparisons are possible only 
at the 72 and 96 hour stages of development. In the 
present study, 72 hour yolk sacs in Ringer medium show 
0.48 fj.1 02/hr./mg. wet weight. In the Ringer medium 
with glucose and succinate added, the rate was 0.59 Ail 
02/hr./mg. Both figures are the means of twenty sepa
rate yolk sacs, Needham's investigations used Ringer 
medium with 0.2$ glucose added and the results averaged 
0.35 mm^/hr./mg. (data from 4 samples). With 96 hour yolk 
sacs, the present work netted results of O.3O/1I 02/hr./mg. 
for Ringer alone and 0.35 >ul 02/hr./mg. for Ringer medium 
plus succinate and glucose. Needham averaged approximately

23
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0.30 mmJ/hr./iiig. (data from 8 samples). These figures 
must be approximations since they do not completely com
pensate for the factors already mentioned concerning 
washing procedures and their influence on weight deter
minations. The results from the present investigations 
agree in general with those of Needham. They appear 
slightly higher particularly at 72 hours, possibly due 
to the factors mentioned earlier plus the fact that Need
ham usually included only \ a yolk sac per flask. The 
amount of edge material included in the section and the 

' disruption caused by separation could have caused a 
significant influence on the results. Both studies used 
intact material (that part of the yolk sac other than 
the leading edge as well as the leading edge itself), 
therefore, the true metabolic rate of the yolk sac minus 
the leading edge can be determined only indirectly by 
subtracting the portion of the total due to leading 
edge activity.

As stated previously, the present analysis of oxy
gen consumption used dry weight measurements as a basis 
for calculations. In this developing system, dry weight 
measurements do not remain a constant proportion of wet 
weight values over a period of time. The same is true 
of weight-cell count ratios. The choice of one base

"2
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rather than another can, therefore, greatly affect 
graphic expression of the data. As an example, Figure 
5 shows the endogenous oxygen consumption of the ridge 
cells on (a) a dry weight basis, (b) a wet weight basis, 
and (c) a per cell basis.

The calculation of oxygen consumption on a wet 
weight basis is complicated due to the increase in 
the cell's ability to acquire water and other materials 
at the 48 hour stage (Franke, 1966; Bellairs, 1963).
The wet- to dry-weight ratio for marginal ridge material 

- increases from approximately 5 :1 at 24 hours to 10:1 at 
72 hours of development (Schlesinger, personal communi
cation in Appendix 2). Respiration rates on a wet-weight 
basis appear to show little change with this influx of 
water. The possible role of phagocytosis or pinocytosis, 
or permeability changes becomes apparent only in an ana
lysis using the dry weight figures as a basis of calcu
lation .

Graphic representation of the oxygen consumption 
on a per cell basis would at first glance indicate a 
slight decrease in activity with age. This, however, 
is misleading. The tissue manipulation and the ability 
to verify cell counts particularly at the 24 hour stage 
make this portion of the data suspect. There is little
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change in the metabolic activity per cell for the period. 
No cell count is available for the 96 hour period.

In discussing oxygen consumption using various bases, 
it becomes apparent that one cannot use any single method 
without referring to changes occurring in the other 
qualities of the system. The existence of these changes 
with time in the chick: embryonic wet- to dry-weight rel
ationships and the changes in these relationships to 
increasing cell counts should be an aid rather than a 
hindrance in the overall study of the system. However,
> the present level of understanding prevents a decisive 
use of the data.

The importance of the initial review of intact yolk 
sac respiration lies in refining a technique for use on 
the delicate marginal ridge. Such a review can also be 
used when comparing the metabolic activity of the mar
ginal ridge to that of the intact yolk sac. In general, 
the rate of respiration for the entire intact yolk sac 
is lower than that of the embryo proper for the period 
from 24 to 96 hours of development. The marginal ridge, 
as previously stated, is more active metabolically than 
the entire yolk sac during this time but it is still 
less active than the embryo proper.

The peak of metabolic activity in the intact yolk
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sac is between 48 and 72 hours of incubation. It is 
due almost entirely to an increased respiratory rate 
in the "ridge" region for both media (Figures 6A and 6b ). 
With Ringers alone the correlation coefficient is 0.997 
while there is a correlation of 0.99*3 for data using the 
Ringer media supplemented with glucose and succinate.
The addition of exogenous materials can further affect 
the amount of increase in respiratory rate and the dur
ation of the peaks particularly with the cells in the 
marginal ridge (Figures 7A and 7B).

It would appear that at approximately 48 hours of 
development, as the equator of the yolk sphere is cross
ed, the metabolic capabilities of the marginal ridge and 
the mature yolk change. Before 48 hours, the marginal 
ridge seems to be substrate limited. Even during this 
period, however, it is closer to being saturated than 
the entire yolk sac. Probably soon after 48 hours the 
"ridge" reaches its saturation point. Then, for reasons 
to be postulated later, the ridge becomes substrate 
limited again. The mature yolk sac, however, apoears 
to gain in metabolic activity after 72 hours though 
this activity should level off around the 5th day if 
Needham's work (1932, 1933) can be applied. This would 
be exoected if cells have come from the B region and 
are undergoing a transition within the C region to the
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mature epithelial cell characteristic of the yolk sac 
tissue, exclusive of the edge, until the entire yolk 
sphere has been enclosed (Schlesinger, 1952; Franke,
1966).

Thus far it has been shown that the marginal ridge 
or B region exhibits a rapid increase in metabolic ac
tivity followed by a sudden shutdown. It has also been 
shown that substrate levels can influence the amplitude 
and duration of this activity. An analysis of the pre
sent work in reference to previously known qualities of 

' the system aids in postulating the role of the chemical 
substrate on metabolic activity. Known qualities can 
be classified into the following categories: (l) changes 
in cell number, volume, and size; (2) origin and possible 
role of yolk granule inclusions; (3) effects of hypotonic 
solutions; (4) origin and the possible role of DNA; and 
(5) the overall changes in the growth rate of the system.

CHANGES IN CELL NUMBER AND VOLUME 
Franke (1966) investigated the changes in regional 

(A,B,C) volume, individual cell volume, and cell number 
with respect to the 24, 48, and 72 hour stages of devel
opment for each of the 3 distinct regions of the chick 
marginal tissue. For the present study, changes oc
curring within the "ridge" or B region are correlated
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with metabolic activities. Franke's investigation shows 
that the cell division rate of the "ridge" is greatest 
from 24 to 48 hours followed by a period of increase in 
cell volume from 48 to 72 hours.

The period of rapid cell division between 24 and 
48 hours parallels the increase in metabolic rate on a 
dry weight basis whereas the following period of decrease 
in metabolic activity corresponds, in time at least, to 
the period of increased cell volumes. The wet- to dry- 
weight ratios for the earliest stages of development 

\ indicate that there is little change between 24 and 48 
hours but that the ratio doubles by 72 hours corres
ponding to the volume increase noted by Franke.

It is possible that the increase in cell volume is 
due to an absorption of water. According to Thompson's 
account, as early as 1892, Loeb found growth rate to be 
dependent on the amount of water taken up (Thompson, 
1959)- Later (as reported in Needham, 1942) Penquite 
showed (1934, 1938) that the maximum hydration of the 
yolk sac occurs during the period of its maximum growth 
rate. Rashevsky (i960) points out the importance of 
water in the stability of cells. He mentions that water 
may have to flow into the cell to stabilize it, thereby 
resulting in an increase in mass.
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Needham (i960) summarized the then existing evi

dence to show that during early development, water pass
es from the egg white or albumen to the yolk. Bartelmez 
and Riddle (1924) suggest that water from the albumen 
was the source of the subblastodermic fluid. The passage 
of fluid through the vitelline membrane has also been 
demonstrated experimentally by New (1956). The flow of 
water is osmotic (Needham, 1931)• Water absorption 
could then be responsible for the increased cell size 
from 48 to 72 hours. Water, however, is not the only 

' material entering the cell at this period.
ORIGIN AND POSSIBLE ROLE OF YOLK GRANULE INCLUSIONS 

Bellairs and New (1961) noted that large amounts 
of foreign particles were phagocytised by the edge 
cells of the chick yolk sac. The region investigated 
corresponds to the B region or "ridge" of Schlesinger. 
Carmine particles or colloidal gold were phagocytised 
in immense quantities by this region in vitro only when 
it was actively migrating over the vitelline membrane. 
Rapid uptake by the blastodermal edge suggests that it 
may be this region which is responsible for most of the 
yolk ingestion during the first few days of development. 
This would seem a reasonable postulate since the rest of 
the blastoderm is largely underlain by subblastodermic



fluid (Needham, 1950; New, 1956). Because cell volumes 
remain relatively constant up to the 48 hour stage 
(Franke, 1966), one would assume that either a relative
ly constant or an extremely low level of yolk ingestion 
exists during that time. After 48 hours, cell volumes 
increase rapidly possibly aided by increased yolk in
clusions .

Bellairs (1963) pointed out that the structural 
changes taking place in the intracellular yolk drops 
before the establishment of yolk sac circulation suggest 
that yolk is partially digested before being carried to 
the embryo by the vitelline circulation. Changes in 
metabolic activity within the marginal ridge could cor
respond to the system’s conversion from a rapid all-out 
growth and division period to a period enabling the 
reserve material of the yolk to reach mature yolk sac 
cells and the embryo proper as soon as possible.

EFFECTS OF HYPOTONIC SOLUTIONS
Datkowna (In Bellairs, 1964) added hypotonic 

solutions to cells of the area vitellina growing in 
tissue culture. She found that within a few minutes 
after addition of the hypotonic solution the intra
cellular drops burst, presumably because a large 
amount of water passed through each yolk drop membrane

34



by osmosis. If the intracellular yolk within culture 
cells that are slowly converting to a fibroblastic 
condition can be related to intracellular yolk drops 
in ovo, the role of water could be expanded.

A similar phenomena might be attributed to mito
chondria which are placed in hypotonic solutions. Al
though the unit membrane may not bursty there is defin
ite swelling with the osmotic movement of water through 
the organelle (Kaltenbach, Harman, 1955; Mellors, 1959)- 
Such swelling can cause disruptions in the enzyme sys
tems of the Kreb's cycle. Since the system is saturated 
at 48 hours with regard to succinate utilization but is 
able to utilize exogenous supplies in the period that 
follows, the condition of the mitochondria may be res
ponsible for the metabolic changes observed. The meta
bolism of the yolk sac is generally considered to be of 
a lipid nature, but the control of metabolic levels may 
be in the mitochondria. Bellairs (1964) has observed 
noticeable disruption in the mitochondria in her studies 
with the electron microscope.

The influx of water between 48 and 72 hours of 
development may: (1 ) double the individual cell volumes; 
(2) dilute or disrupt metabolites to the extent that 
the metabolic machinery is momentarily affected;

35



36
(3) initiate disintegration of the yolk drop membrane 
causing the contents to enter the cytoplasm of the 
"ridge1' cells; (4) enable partially digested compounds 
within the yolk, drops to be carried immediately to the 
mature yolk sac and the embryo proper as the yolk sac 
circulation is developed.

If the marginal ridge is engulfing large quantities 
of peripheral white yolk rather than the deeper under
lying yolk, the type of material ingested at a particular 
position may influence development. Schlesinger (1959)

' showed that there are differences in the distribution 
of glucose, Na/K ratios, total lipid, lipoprotein, and 
protein constitution in the two types of yolk (peripheral 
and central).

ORIGIN AND POSSIBLE ROLE OF CYTOPLASMIC DNA
Nolder (1966) noted fluctuations in DNA content 

per cell over nuclear constancy and assumed the presence 
of cytoplasmic DNA. She found a highly significant de
crease in DNA/cell after 48 hours. The ug DNA x 10~^/ 
mg dry weight increases at a fairly constant rate from 
24 to 72 hours. Figures 8a and 8b compare the metabolic 
rate of the tissue from 24 to 72 hours with the amount 
of DNA on a dry weight basis first and then on a per 
cell basis. The comparison on a dry weight basis
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ind:cates that the DNA/mg dry weight continues to increase 
after the respiratory rate has dropped. On a per cell 
basis the increase in DNA appears to preceed the increase 
in metabolic activity per cell. The inability to statis
tically verify cell counts particularly at 24 hours, and 
the absence of such figures at 98 hours, must be borne 
in mind. If one accepts the data, particularly follow
ing the 48 hour stage (when counting is technically 
more feasible), it would appear that an increase in 
cytoplasmic DNA/cell precedes any rise in metabolic 

\ activity per cell.
The localization of the cytoplasmic DNA was assumed 

by Nolder to be within the yolk granule inclusions of 
the marginal ridge cells. If the cytoplasmic DNA is 
present within the yolk granules and if these rupture 
under hypotonic circumstances (Datkowna, 1948) it may 
be released with the influx of water at 48 hours of in
cubation. If it were informationally active it could 
be involved in the metabolic changes occurring at this 
time in the "ridge" region. The decrease in respiratory 
activity, between 48 and 72 hours, on a dry weight basis, 
coincides with the increase in wet weight. The coinci
dental set of events may be casually related. There is 
no increase in metabolic activity, per cell, after this
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water influx, for the period investigated.

GROWTH RATE
The growth rate of the system was calculated by 

Schlesinger (i960) and is graphed in Figure 9 along 
with the metabolic fate of the ridge with and without 
exogenously supplied nutrients. The increase in growth 
rate parallels the increase in activity with either 
substrate. However, the endogenously supplied system 
begins to decrease in activity almost 24 hours prior 
to the decrease in growth rate. With exogenous supplies, 
the duration of the peak can be increased, but the system 
is still substrate limited at least 12 hours before the 
decrease in growth rate is apparent.
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V . SUMMARY

Oxygen consumption in the marginal ridge of the 
chick yolk sac was measured manometrically using normal 
Ringer media and Ringer media with an added final con
centration of 10-2M. succinate and 10“3m . glucose. 
Preliminary studies utilized entire yolk sacs (mature yolk 
sac tissue and leading edge). Later measurements used 
marginal ridge alone. Ages studies ranged from 24 hours 
to 96 hours. Activity was expressed as p.1 02/hr./mg. 
dry weight of tissue. Averages for the entire yolk sac 

x in Ringers alone were: 24 hr. = 0.393 (<7=0.13); 48 hr. = 
1.12 (<r=O.36); 72 hr. = 0.728 (<f=0.20); 96 hr. = 0.712 

(<T=0.10). With glucose and succinate added; the aver
ages were: 24 hr. = O .75 ((7=0.44); 48 hr. = 1.33 

(CT=0.36); 72 hr. = 1.05 (<T=0.3 1); 96 hr. = 0.92 (<P= 0.10). 
The averages for oxygen consumption of the marginal 
ridge using Ringer media were: 24 hr. = 0.78 (<r=0.4);
48 hr. = 3-02 (d=0.31); 72 hr. = 2.07 (<r=0.09); and 
96 hr. = 1.10 (<T= 0.73)- When glucose and succinate 
were added, the averages were: 24 hr. = 1 .13 (<7=0.4);
48 hr. = 2.97 ((7=0.01); 72 hr. = 2.69 (7 =0.017); and 
96 hr. = 1 .6 1 (tf=0.36).
1. The marginal ridge, though mitotically very active, 
is metabolically more active than the entire yolk sac
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during the period from 24 to 96 hours. A peak in the 
metabolic activity in the intact yolk sac occurs be
tween 48 and 72 hours of incubation, but it is due al
most entirely to an increased rate in the leading edge 
portion of the yolk sac (correlation coefficient = .997)• 
The entire yolk sac exhibits only one third the activity 
of the edge tissue at this point.
2. The entire yolk sac shows a degree of substrate 
limitation in regard to glucose and succinate during 
the first four days of development. The degree o 
limitation is greatest at 24 hours and generally de
creases thereafter to level off at approximately 98 

hours. The marginal ridge is substrate limited before 
48 hours, but reaches a saturation point between 48 and 
72 hours. Thereafter, as activity decreases, the system 
again becomes substrate limited. It would appear that 
the ridge region becomes increasingly substrate limited 
following its early peak while the mature yolk sac is 
gaining in efficiency.
3- An influx of water, which doubles individual cell 
volumes between 48 and 72 hours, parallels the decrease 
in metabolic rate in the ridge.
4. The changes in respiration rates and substrate 
limitations within the ridge region are postulated to



be due to the ability of hypotonic solutions to alter 
mitochondria and burst intracellular yolk inclusions.
5- Cytoplasmic DNA contained in the yolk granules may 
be casually related to the changes in metabolic activity 
if it is released into the cytoplasm of the ridge when 
yolk inclusion membranes burst due to the water influx.

^3
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VII. APPENDICES

APPENDIX 1
Oxygen consumption using varying numbers of yolk; sac 
sections per flask and measurements with the white 
yolk material.

Type Incu- Mean Mean Mean
of bation Media Samples ul 02/hr mg. ul Op. 

Tissue Time_____________________ _______ _dry wt.~filr-/mg•
1 Yolk
Sac per 
Flask

24 Ringers*
only

Mean
of
3

1.60 3-8 0.42

2 Yolk 
Sacs per 
Flask

24 Ringers
only

Mean
of
20

2.90 7-5 0.393

White
Yolk 48 Ringers 2 2.00 I6.5 0.121

White
Yolk 48 Ringers

plus
2 1.98 24.4 0.082

succinate & 
glucose

*Ringer media was prepared according to Spratt and Hass, i960.
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Blastodermal Growth Rate

APPENDIX 2

Incubation
Time Advance 

of Edge Blastodermal
Area Increase Rate of 

Advance
(hrs.) (degrees) (mm^ ) (mm2) (mm2/hr.)
24 18 155 155 6.5
48 79 1346 1190 49.6
72 142 3056 1710 71.0

9 6 174 3367 311 13.0

Schlesinger, A.B. (1958) The Structural Significance 
of the Avian Yolk in Embryogenesis. J. Exp. Z. 138: 223-
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APPENDIX 3

Average Weights of the Marginal Ridge
Incubation Time Wet-wt./mg. Dry-wt./mg. Dry-wt./mg.

(Schlesinger, (Schlesinger, (Present 
personal personal study)
communication) communication)

2 4 hrs. 2.0 0.5 0.55

00-=i hrs. 4.8 0.9 0.89
72 hrs . 12.0 1 .2 1.13



APPENDIX 4

Reprinted from the Journal of Experimental Zoology, 
Vol. 144, No. 2, July i960.
Morphogenetic Movements in the Lower Surface of the 
Unincubated and Early Chick Blastoderm.
Nelson T. Spratt, Jr. and Herman Hass.
Ringer Culture Medium:
NaCl 7.19 g- 57.52 g. 

2.96 g. 
1.44 g. 
8000 ml

KC1 0.37 g.
0.18 g.CaClp 

Dist. H2O 1000 ml.
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