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ONE FIGURE

It has long been known that the earliest red corpuscles
appearing in the circulating blood of young human embryos
contain a nucleus. It has, also, been recognized that in older
embryos non-nucleated red blood cells begin to appear in
the heart and peripheral vessels, a condition effected, as in
the adult, by the loss of the nuclei from existing cells. Many
embryologists have noted the gradual change from this full
compliment of nucleated red blood corpuscles in the young
embryo to the late fetal condition of total or practically total
loss of nuclei from these cells. Minot (in Keibel and Mall, *12)
reports that a considerable number of non-nucleated red blood
cells were found in an embryo of two months, that this num-
ber increased consistently through the third month, and
that at 8 months the majority of the corpuscles were non-nu-
cleated. Maximow (’27), Knoll (’29), Weintrobe and Schu-
maker (’36), Bloom (’38) and Bloom and Bartelmez (’40)
and others discuss the histology of the hematopoietic centers
and the various phases of blood development, including the
fact that the red corpuscles in the early embryo are nu-
cleated and that the later cells lack a nucleus. Specific in-
formation relative to the time and rate of the loss of nuclei
from these cells is not given.

Most of the authors of recent textbooks of embryology give
little information as to the time when the loss of nuclei be-
gins. Some fail even to mention it. Hamilton, Boyd and
Mossman (’45) state only that the nuclei are extruded; Arey
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(’46) states that the non-nucleated red cells are first formed
during the second month and that during the third month
non-nucleated corpuscles first predominate. Jordan and
Kindred (’48) state merely that in the human embryo non-
nucleated erythrocytes are present late in the second month.
Patten (’46) is somewhat more explicit as to the time of
nuclear loss, having requested for citation some of the pre-
liminary data on which this work is based. Two fairly def-
inite time elements thus appear to have been established by
previous workers, (1) that the loss of nuclei by the red blood
cells begins to be evident during the second month in the
human embryo and (2) that few nucleated red cells are
found by the middle of the third month of intra-uterine life.
The rate of loss of nuclei appears to be undetermined.

It became a matter of interest, therefore, to attempt to
determine more precisely the age at which non-nucleated red
cells first appear, the rate of increase of these cells, and
the time at which the nucleated red cells disappear from
the fetal circulation. To accomplish this end, red blood cell
counts were made in 71 specimens from the Human Embryo
Collection of the Anatomy Department of the University of
Michigan Medical School. The embryos and fetuses used
range in estimated age, from the beginning of the 5th week
(5mm) to the 24th week (220 mm) (tables 1 and 2) and in-
cluded all of the material in the collection which was suf-
ficiently well preserved to make cell counts possible. Where
conditions permitted a reasonable degree of accuracy, counts
were made in the right atrium, in the aorta, and in a large
vein, usually one of the cardinals. Ten counts of 100 cells each
were made from each of these regions. As a check on such
routine counts, a sufficient number of samplings were made
from smaller peripheral vessels to make certain there was
no significant difference in the proportion of nucleated cells
from internal as compared with more peripheral regions.
This check was considered important because in some of the
older fetuses, sectioned for regional study, only peripheral
vessels were available. Wherever possible both arterial and
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TABLE 1

Tabulated data relotive to the loss of nuclei by red blood corpuscles in human
embryos during the period of most rapid change

EMBRYO AV, NON-NUC.

NO. " NO. OF CELLS
5 e
mm OR
Sixth week
413 9.3 3,000 .00
582 9.5 3,000 43
379 9.5 3,000 13
336 10.3 3,000 .10
200 11 2,000 10
88 11 3,000 .13
266 11 3,000 .16
268 11.2 3,000 16
271 114 3,000 13
267 12 3,000 10
262 12.5 3,000 .23
Seventh week
342 13 3,000 20
252 13.7 3,000 33
407 145 3,000 10
314 14.8 3,000 .56
104 15 3,000 13
227 15 3,000 30
308 15.1 3,000 16
442 17 3,000 .93
249 17.7 3,000 .76
138 18 3,000 .73
Eighth week
4* 18-19 3,000 1.80
358 19 3,000 3.60
253 20 3,000 4.23
420 20.5 3,000 3.76
231 21 3,000 5.13
38 23 3,000 5.26
287 26 3,000 12.03
240 28 3,000 36.90
Ninth week
15 30 3,000 63.40
47 32 3,000 65.53
217 33 3,000 67.30
22 33 3,000 76.00
17 39 3,000 74.13
Tenth week
49 47 3,000 94.50
Eleventh week
370(a) 54 1,000 99.80
312(b) 54 3,000 90.56
331(e) 55 3,000 97.86
23 60 3,000 96.90
74 60 1,000 97.3
173 (k) 65 2,000 98.55

1 Adjusted age.
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venous vessels were nsed although the records show no ap-
preciable difference in the cells from the two regions. Be-
cause of the known hematopoietic activity within the em-
bryonic liver, no red cell counts were made from that area.
Since the work here réported was concerned only with the
time and rate of nuclear loss from the red blood cells, all
cells encountered in the line of count, believed to be leuco-
cytes were excluded from the results. After making a num-
ber of counts, involving around 300 cells for each embryo,
the results appeared significant enough to suggest the de-
sirability of assembling them in the form of a graph. Such a
graph based on the averages resulting from counting large
numbers of cells in as many embryos of different ages as
were available, should not only show the rate of nuclear loss
but, during the period of active loss, it might also prove
of value in estimating the approximate age of embryo frag-
ments for which the usual methods were not feasible.

The counts used in constructing the tables and the graph
ranged from 1,000 to 3,000 blood cells for each embryo having
blood well enough preserved to permit counting. The larger
number (3,000) was obtained wherever possible, The total
number of cells counted in the 71 embryos used was 183,000
(table 2). Certain precautions were taken in order to insure
greater accuracy in the results: (1) where possible 1,000
cells were counted from cach of three different areas in the
embryo: (2) cells were counted from alternate sections in each
series, in order to avoid the chance of counting some of the
same cells twice as might occur in counting cells cut in
sectioning and thus appearing in consecutive sections; (3)
relatively large numbers of cells (1,000 to 3,000) were counted
from different areas in each embryo or fetus in order to re-
duce the errors involved in the non-uniform distribution of
nucleated and non-nucleated cells or plastids; (4) the av-
erages used (table 1) in plotting the curve, were based on the
total number of cells ecounted (1,000 to 3,000) in ecach embryo;
(5) as a further attempt to reduce errors, an oceasional em-
bryo was recounted after having been put aside for a time,
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these recounts were close enough to the originals to indicate
that there had been no significant errors in the counts as a
whole; (6) the embryos used for counting were not arranged
in chronological sequence but were selected at random and
the age range relations of the results obtained were not cor-
related until a later date.

TABLE 2

Condensed data relative to the loss of nuclei by red blood corpuscles in all
embryos used in this study

AV. NON-
5th week 6 12,000 .00
6th week 16 46,000 .09
7th week 10 30,000 42
8th week 8 24,000 9.09
9th week 5 15,000 69.23
10th week 1 3,000 94.50
11th week 6 13,000 97.81
12th weck 1 2,000 97.7
13th week 2 5,000 99.25
14th week 6 13,000 99.27
15th week 2 4,000 99.97
16th week 1 1,000 98.40
7th week 2 4,000 99.70
18th week 1 2,000 99.95
19th week 2 4,000 99.82
22nd week 1 3,000 99.90
24th week 1 2,000 99.80
Totals 71 183,000 '

The embryos used were catalogued according to C.R. meas-
urements taken at the time of receipt (usually shortly after
fixation). For the purposes of this work, these measure-
ments have been interpreted in terms of weeks (fertilization
age) with the aid of the table and curves in Patten’s Human
Embryology (’46) pp. 184-185. All such measurements are,
of course, subject to minor errors and these may well ac-
count for some of the variations in the cell counts. One such
discrepancy was so marked (KII 4, 15mm) that the sections
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were checked for age with data recorded by Streeter (48).
Using his criteria, this embryo was judged to be older than
the catalogued measurement indicated. As a further check,
measurements of the sectioned embryo were made as sug-
gested by Patten and Philpott (’21). Allowing for shrinkage
due to fixation, these measurements suggested an older em-
bryo. The results of these two checks together with the con-
dition of nucleation of the red blood corpuscles indicated a
measurement of 18-19 mm and this adjusted age (from the
Tth week to early in the 8th week) has been used in the records
given here (tables 1 and 2). It is interesting to note that
the check methods used were in reasonable agreement sug-
gesting that the condition of nucleation of the red blood cells
may be used to approximate the age of embryos during the
period when nuclear loss is progressing rapidly (7th through
10th week) (fig. 1).

In the entire course of the work no non-nucleated cells were
observed in embryos of less than 9 mm C-R. A very few, that is
an average of about 0.1%, appeared in the 6th week. Em-
bryos in the 7th week of development showed a slight rise
in the number of non-nucleated red blood cells, the average
being about 0.5%. This number began to increase rapidly
during the 8th week, by the end of which the non-nucleated red
cells had risen to 9%. The most rapid change occurred in
embryos during the 9th week of development. At the end of
this week the non-nucleated cells have reached an average of
69%, an increase of 60% over embryos at the end of the
8th week. Embryos in the 10th week of development showed
a further average increase of 25% in non-nucleated red blood
cells, so that by the end of that week the average count was
about 94% of non-nucleated cells. By the 11th week when
the average number of non-nucleated corpuscles was 97.8%,
the changes in the average number of anucleate red blood cells
became negligible, reaching a final 99.8% non-nucleated red
cells in the 24th week (table 2).

The graph plotted from the data in table 1 and based di-
rectly on the average increase in nuclear loss per week, shows
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vividly the relatively slow loss of nuclei from the red blood
cells between the 6th week and late in the 7th week, which
is followed by a more marked change in the nuclear condition
between the latter part of the Tth and the 8th weeks. The
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Fig. 1 Graph showing the rate of loss of nuclei by red blood corpuscles in
human embryos during the period of most rapid change. The vertical axis shows
the average number of non-nuecleated red blood corpuscles per 100 for embryos

in the age groups indicated on the horizontal axis. It is based on data recorded in
table 1.
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period of pronounced loss extends into the 10th week. In the
next two weeks the rate of loss slows abruptly. Beyond this
period the averages were not plotted. As was shown in table
2 there was little variation from then until the 24th week.
Although the ages of the embryos used are not as uniformly
distributed in the entire group as one might wish, it is be-
lieved that the total number (71) of embryos used (table 2)
is sufficiently large to give the recorded data (table 1) some
significance. The relatively large number of cells (1,000-
3,000) counted for each embryo aids in reducing errors in
the counts averaged and used in plotting the curve.

It is believed that this curve, which indicates the weekly
rate of nuclear loss by the red blood corpuscles in human
embryos, will prove to be of value in determining the age of
certain embryos which have been inadequately or inaccurately
measured. It will also add another factor useful in deter-
mining the developmental stages of human embryos as de-
seribed by Streeter (’45, ’48). It is quite possible that the
data and graph might prove of value in estimating the age
of embryos too fragmented, or otherwise multilated, to per-
mit the making of accurate measurements or the study of the
developmental characteristies used by Streeter. Enough blood
in an embryonic fragment, sufficiently well preserved so that
nucleated and non-nucleated cells could be distinguished,
would be all that was required to fix age fairly accurately in
the case of embryos in the periods of rapid nuclear loss.
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