Karl The@ler

The House Mouse

Atlas of Embryonic
Development

)
@ Springer-Verlag



Karl Theiler

The House Mouse

Adlas of Embryonic Development

With a Foreword by Heiner Westphal

With 335 Illustrations

SpringerVerlag
New York Berlin Heidelberg
London Paris Tokyo



DRr. KARL THEILER
Department of Anatomy, University of Zurich, Winterthurerstrasse 190,
CH-8057 Zurich, Switzerland

Library of Congress Cataloging-in-Publication Data
Theiler, Karl.

The house mouse : atlas of embryonic development / Karl Theiler.

p. cm.

Bibliography: p.

Includes index.

ISBN 0-387-05940-7

1. Mice —Development—Atlases. 2. Embryology — Mammals — Atlases.
[. Tide.
QL937.T45 1989
599.32'33 —dc19 88-24888

© 1989 by SpringerVerlag New York Inc.

All rights reserved. This work may not be translated or copied in whole or in part
without the written permission of the publisher (Springer-Verlag, 175 Fifth Avenue,
New York. NY 10010, USA), except for brief excerpts in connection with reviews or
scholarly analysis. Use in connection with any form of information storage and
retrieval, electronic adaptation, computer software, or by similar or dissimilar metho-
dology now known or hereafter developed is forbidden.

The use of general descriptive names, trade names, trademarks, etc. in this publica-
tion, even if the former are not especially identified, is not to be taken as a sign that
such names, as understood by the Trade Marks and Merchandise Marks Act, may
accordingly be used freely by anyone.

Typeset by Publishers Service, Bozeman, Montana.

Printed and bound by Arcata Graphics/Halliday, West Hanover, Massachusertts.
Printed in the United States of America.

987 65 4 3 2 (Second printing, 1989)

ISBN 0-387-05940-7 SpringerVerlag New York Berlin Heidelberg
ISBN 3-540-05940-7 SpringerVerlag Berlin Heidelberg New York



Foreword

During the Middle Ages, precious books used to be chained to the walls
of libraries so that nobody would carry them off. I wish we could do that
with our cherished first edition of Theiler’s book (the only one I could
find at the NIH), which we fondly call our mouse bible.

The molecular biology of the mouse has taken center stage because of
the advent of transgenic technology, which allows us to observe specific
genes at work in the developing mammalian organism. Molecular biolo-
gists are in dire need for education in each and every aspect of the biol-
ogy of the mouse, not the least of which is its anatomy.

With unparalleled accuracy resulting from a lifelong devotion to ana-
tomical detail, Karl Theiler has created a description of the develop-
mental stages of the mouse that has become widely accepted as a
standard reference compendium. SpringerVerlag is to be highly com-
mended for making this book available once again for a new generation
of researchers eager to learn about the genes that regulate this beautiful
unfolding of a complex living organism from a one-cell embryo.

HEINER WESTPHAL, MD

Head, Section on Mammalian Gene Regulation
Laboratory of Molecular Genetics

National Institute of Child Health

and Human Development

National Institutes of Health

Bethesda, Maryland



Preface

Detailed photographs of different stages of mouse embryos have
become increasingly important for current research involving the use of
transgenic mice. The description of the development of the laboratory
mouse, “The House Mouse, being out of print, a re-edition seemed to
be desirable. The original series of photographs was still available. The
text needed only some minor changes. In the bibliography, a restricted
selection of recent papers has been added; completeness was not
intended in view of the availability of computerized lists of publications
in some libraries.

KARL THEILER
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Introduction

The external form typical of each age group is represented by profile photographs, and there
is a short description of characteristic features. Some organs, such as the eye, ear, and
pituitary and pineal gland, are particularly useful for determining stages in development.
These are described in more detail. To complete the picture of the structural organization
as a whole, graphic reconstructions were made.

Any subdivision of development into stages must necessarily be arbitrary. I have tried to
use as a guide the classification of Streeter {6} in his “Developmental horizons of human
embryos,” and I have pointed out equivalent human-mouse stages [4] whenever possible. For
older human embryos, I have used the age data of Olivier and Pineau [Bx/l. Ass. Anat. 47,
573-576 (1962)}. This classification is restricted to initial organogenesis, and precise com-
parisons in staging between human and mouse cannot be made. Some phases of develop-
ment are faster in the mouse than in the human, and some are slower. For practical reasons,
in this text, both stage number and age in days will be given together. The chapter numbers
also correspond to the stage numbers.

The reference list is subdivided under various headings. It is brief and emphasizes recent
investigations. No references on the rat are included, and the author apologizes for the
inevitable incompleteness.

Materials and Methods

To obtain hybrid embryos, females of our inbred C57BL/6 stock were crossed, at the age of
3-5 months, with CBA males. Usually first litters were used, but a few second litters were
included.

Strains. C57BLI6 Th, F? + 20, transferred to Zurich in 1960 from The Jackson Laboratory,
Bar Harbor, Maine. CBA F? + 10, also received in 1960 from The Jackson Laboratory. The
nomenclature of inbred strains is explained in J Heredity 54, 159-162, 1963, and in
Green [2}.

Procedure

Animals were placed in a room in which the normal light-dark sequence was reversed for
at least 4 days. Three or four females were placed with a male in total darkness, Copulation
was determined by the presence of a vaginal plug. The middle of the “artificial night” was
designated as day 0 of pregnancy. It is not considered identical with ovulation time. A late
ovulation may result in considerable retardation in development. On the other hand, an
early ovulation does not advance development, because the second maturation division is
completed only after fertilization.



For each period several litters were examined. The most advanced embryos were regarded
as representative of the respective age groups. If by chance all litters of one group stem from
especially early or late ovulations, a difference from the “developmental curve” would resulr.
When this was observed, additional litters were obtained for this group. For the first 3 days,
successive stages were designated a full day apart. Days 4 to 12 were designated a half day
apart. The 12-hour staging regularly revealed an overlapping of developmental phases.

Some specimens were fixed in Bouin's solution, 4% formol, or Carnoy’s solution, and
imbedded in paraffin. Some early embryos were fixed in OsO4 and embedded in Methacry-
late to prepare thin sections.

The serial sections were routinely stained with Hematoxylin-Eosin (H.-E.). Additional
information was gained by the use of periodic-acid-Schiff-reaction. Older specimens were
stained with azocarmine-aniline blue. Cleared skeletons were stained with alizarin-red S or
methylgreen.



1 Day

Human equivalent
Stage 1 One-celled Egg Horizon I, one-celled egg
1-20 Hours

Stage 1 begins with fertilization. It invariably occurs in the ampulla tubae, the dilated upper-
most loop of the coiled oviduct (Fig. 1). The eggs, after ovulation, are in the metaphase stage
of the second maturation division (Fig. 2). They are surrounded by follicle cells, which tend
to clump together (Fig. 4). In each ampulla, there are 3 to 5 ova.

After 6 hours the eggs are still encircled by several layers of follicle cells. Sometimes these
show mitotic cell divisions, side by side with pycnotic nuclei. Some ova are already fertilized.
As an example, the specimen KT 980 contained 9 ova, of which 2 could definitely be
regarded as fertilized. No first polar body was seen in any of these cells.

Evidently the first polar body soon becomes cytolized. After ovulation, it is usually no
longer visible. However, it may persist in exceptional cases, for instance, as in specimen
KT 791, a 2-celled egg of 24 hours.

After 10 hours the eggs are still located in the ampulla tubae. There are fewer follicle cells
surrounding them, and many are pycnotic. The percentage of fertilized ova has considerably
increased: for example, all of 8 egg cells in specimen KT 982 were fertilized, and all have
emitted the second polar body (Fig. 5). All except one contained a male pronucleus (Fig. 6).
Chang {11} observed that not even 50% of the eggs in this stage were fertilized.

After 20 hours all follicle cells have disappeared. The eggs are now located between the first
and second loop of the oviduct (KT 972). The male pronucleus approaches the female
pronucleus and starts mitosis (Figs. 7 and 8). The zona pellucida shrinks considerably after
fixation in Bouin’s solution, so that the overall diameter, in the fixed state, amounts to only
55 to 60 microns.

Overripe eggs are from time to time encountered in the oviduct (KT 995, KT 966). Within
the first 10 hours after copulation, they can be easily recognized by the lack of surrounding
follicle cells. In one case, a “nude” single egg contained 4 pronuclei of different sizes. Some-
times overripe eggs seem to initiate division, and they consist of several loosely adhering
cells with only faintly staining nuclei. Similar degenerating blastomeres often occur in the
ovary, within atretic follicles. They may arise by “spontaneous parthenogenesis” Artificial
parthenogenesis has been described recently {15].

Material Age Content

KT 993/94 2h 3 eggs in meiosis

KT 966 5h Degenerating eggs

KT 995 5h 6 eggs, some degenerating

KT 979 6h Degenerating eggs

KT 980 6 h 9 eggs with female pronucleus, some fertilized
KT 981 10 h 8 eggs in second meiotic division

KT 971/72 20 h 8 eggs: one 2-celled, 1 triploid, 1 degenerating
KT 977178 20 h 7 eggs: 6 definitely fertilized, with pronuclei and polocytes




Figs. 1-8: Beginning of development, first day

Fi1G. 1. Overall picture: ovary—oviduct—uterine horn.
A = ampulla tubae, C/ = freshly ruptured follicle, I = infundibulum, O = ostium uterinum tubae,
projecting in uterine lumen.

KT 972. 22.5:1

Fi1G. 2. Tubal egg in second meiotic division, not fertilized, in ampulla.
KT 981. 720:1

FI1G. 3. Spermatozoa, epididymal smear, iron-hematoxylin.
R = cytoplasmic droplet at end of mid piece. 1300:1

Fi1G. 4. Ampulla tubae with 2 fertilized eggs and surrounding follicle cells. 135:1
FiG. 5. Derail, showing sperm head under zona pellucida.
Opposite to it, P indicates polar body, in telophase.

KT 982, 10 h. 720:1

F1G. 6. Male and female pronucleus.
KT 982, 10 h. 720:1

F1G. 7. Male pronucleus approaches and starts mitosis.
Polar body P is detached.
KT 972, 20 h. 900:1

Fi1G. 8. Both nuclear membranes dissolved. Amphimixis.
KT 978, 20 h. 900:1
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1 Day

Horizon Il/a
Stage 2 Beginning of Segmentation Segmenting egg
20-24 Hours

Within 24 hours the first cleavage division is completed. The eggs are near the exit of the
ampulla, between the first and the second loop of the oviduct (Fig. 9). This second loop is
said to exhibit peristaltic contractions, which aid ova transport [S1. The first cleavage yields
two cells of about equal size, with finely granulated cytoplasm. Their large spherical nuclet
contain 4-5 nucleoli that are surrounded by a small border of chromatin. The egg and zona
pellucida shrink considerably after Bouin's fixation. The overall diameter is 48 to 64
microns, including the zona. After fixation with OsOa there is much less shrinkage and the
zona appears in sections as a distinct thick ring (Figs. 10 and 11), with an overall diameter
of 83 microns. In the fresh, unfixed state, eggs of this stage are 80~100 microns in diameter.

The second polar body is tangentially cut in Fig. 12. The first polar body, visible in another
plane of section, is located about 90 degrees from the second, and is in metaphase. The
nucleus of the second polocyte is typically small and has peripheral chromatin (Fig. 10).

The corpus lutenm has slightly enlarged cells, which form irregular trabeculae separated by
invading capillaries. As an exception, in Fig. 9 a distinct central blood coagulum is visible.
Spermatozoa are visible in the oviduct and uterus up to 20 hours after copulation (KT 975).
There are also few leukocytes and other free cells. Thereafter, spermatozoa disappear com-
pletely.

Material Age Content

KT 975/76 20 h 4 fertilized eggs: one 2-celled, in the process of cleavage, one degener-

ating
KT 790/91 24 h 4 fertilized eggs: all 2-celled, at lower end of first loop of oviduct
KT 729 45 h Eggs not fertilized, some exhibiting second meiotic division, some

degenerating

Figs. 9-12: Beginning of segmentation, 20 h

FiG. 9. Overall picture: ovary—oviduct.
Drawing (right) shows location of eggs in oviduct (arrow); Cl = fresh corpus luteum. Bouin, H-E.
KT 791. 40:1

FiG. 10. Two-celled egg with polar body indicated by P. Phase contrast. Fixation OsOa.
KT 790. 270:1

FiG. 11. Two-celled egg.
In nucleus, N, several small nucleoli are visible. Phase contrast. Fixation OsOa.
KT 790. 270:1

FiG. 12. Two-celled egg, higher magnification. Bouin, H-E.
The zona pellucida obviously thinned in comparison to Figs. 10 and 11.
KT 791. 580:1
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2 Days

Horizon 11/b
Stage 3 Segmentmg Egg Segmenting egg
2 Days, Morula

After 52-53 hours the embryos are composed of 2 70 16 cells. This difference in degree of
development must have existed in the previous stage, and is probably a result of different fer-
tilization times.

The blastomeres are of unequal size, and some are dividing mitotically. The cytoplasm is
tinely granulated throughout and the nuclei are rather small. On the other hand, nucleoli
enlarge considerably, and their number decreases. In the two-celled egg, 4 or 5 small nucleoli
are visible in each cell. In the 4-celled stage, there are only 2 or 3.

A segmentation cavity is not yet visible. At the 8-celled stage, the contours of the blastomeres
of fresh specimens are no more distinctly visible (stage of compaction): the cells attach close
together.

The diameter of the morulae after Bouin fixation is 70 microns (KT 845), including the
shrunken zona pellucida. The eggs are still in clusters. They have advanced to the lower half
of the oviduct.

The polocytes are still present, even in the 16-celled morulae. Their nuclei appear pycnotic.

Corpora lutea measure 700-750 microns. The central cavity is filled by connective tissue
and contains little blood and fibrin. Rarely leukocytes are encountered (Fig. 15).

Spermatozoa are no longer visible in the uterus or the oviduct.

Material Age Eggs

KT 846 52 h 1 one-celled and 3 four-celled eggs
KT 845 53 h 4 six-celled, 1 nine-celled, and 1 sixteen-celled egg

Figs. 13-17: Cleavage, 53 h

FiG. 13. Corpus luteum, overall picture. Bouin, H.-E.
Drawing (r7ght) shows location of eggs in oviduct.
KT 845. 125:1

FIG. 14. Detail of Fig. 13, showing the connective tissue organization of the central region. 360:1

F1G. 15. Detail of the adjacent section.
Arrow indicates leukocytes appearing in connection with the central reorganization. 720:1

FIG. 16. Segmenting egg of 9 cells, with polar body, P, in oviduct. Bouin, H.-E.
KT 845. 270:1

FI1G. 17. Segmenting egg of 9 cells, median section.
Zona pellucida extremely thin (fixation effect).

KT 845. 760:1
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3 Days

Horizon Il/c
Stage 4 Advanced Segmentation Segmenting egg
3 Days

On the third day, the eggs are in the uterus {17]. After 71 hours, one was found in the pars
intramuralis tubae (KT 786). The eggs were composed of 16-25 cells after 69-71 hours.
The blastomeres are not quite equal in size. The cytoplasm is coarsely granulated, with
spherical or rod-like eosinophilic inclusions. The nucleoli are extraordinarily large and may
be one-third of the nuclear diameter. Out of 15 nuclei of specimen KT 934:
10 showed a single big nucleolus,
3 showed two nucleoli of unequal size,
2 showed several small nucleoli.
The trophoblast cannot yet be distinguished with certainty from the embryoblast. The seg-
mentation cavity forms very rapidly (78 hours), and makes it possible to distinguish the
embryoblast from the trophoblast. The 25-celled egg lacks a distinct cavity, but the 35-celled
egg (78 hours) has a large eccentrically placed lumen.

The diameter of the morulae has apparently not changed. After fixation in Bouin’s solution
or Carnoy's solution (which is suitable for a PAS-reaction), it was 62-70 microns. The zona
pellucida stains intensively red with the PAS reaction.

Polocytes are sometimes still distinct. Their nuclei are pycnotic and slightly larger than the
nucleolus of a blastomere. The cytoplasm is PAS-negative.

The distances between the eggs have increased, and the eggs are irregularly spaced.

The corpora lutea are more intensely vascularized than in the previous stage.

Material Age Morulae

KT 786 71 h 18-celled, in pars intramuralis tubae

KT 777 69 h 22-celled, 5 of which are in mitosis, in uterus
KT 934 69 h 1 showing 16 cells, with distinct polocyte

1 showing 18 cells
1 showing 20 cells, 2 of which are in mitosis
1 showing 25 cells, 7 of which are in mitosis
KT 989/90 78 h 2 morulae with 33 and 34 cells, in uterus
1 blastocyst, 37 cells
KT 991/92 78 h 1 morula, 31 cells
4 blastocysts: 35, 36, 42, and 43 cells

Figs. 18-22: Cleavage, 69 h
FiG. 18. Low magnification. Uterine horn, cross sectioned. Bouin, H-E. KT 934. 54:1

Fi1G. 19. Detail of Fig. 18, with 16-celled morula. Drawing (right) shows location of eggs (arrow).
360:1
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F1G. 20. Morula of 21 cells, Carnoy, PAS.
Distinct zona pellucida, partly separated from blastomeres because of shrinkage. Beginning forma-
tion of a crypt in uterine lumen. No deciduous reaction yet.

KT 934. 360:1

F1G. 21. Morula of 21 cells.
Polar body, P, with pycnotic nucleus (not to be confused with a nucleolus).

KT 934a. 560:1
F1G. 22. Morula of 16 cells. Bouin, H-E.
Nuclei containing one big or two small nucleoli. Zona pellucida very thin (fixation effect).

KT 934. 720:1
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4 Days

Horizon III
Stage 5 Blastocyst Free blastocyst
4 Days

After 100 hours, almost all blastocysts have arrived in the uterus. The only exception was
specimen KT 969, where the right oviduct contained 4 probably decaying blastocysts. None
had reached the right horn of the uterus. The other uterine horn had 3 normal blastocysts,
and the adjoining tube was empty.

The eggs are distinctly spaced along the entire uterus, apparently free within the lumen,
sometimes in a crypt. In most cases, the wall of the blastocyst was probably already in close
contact with the uterine epithelium, and is secondarily separated by fixation shrinkage (Fig.
29). The blastocyst is clearly separated into embryoblast and trophoblast. The trophoblastic
cells are flattened, and form a single-layered epithelium. They are said to absorb amino
acids, perhaps influenced by hormones {19}.

The embryoblastic cells are cuboidal and clustered at the embryonic pole. The nuclei of
both trophoblast and embryoblast usually contain an elongated nucleolus {10} with a
peripheral border of chromatin; sometimes, additional nucleoli are visible. Each cell invari-
ably shows several chromocenters.

The total number of cell varies. Specimen KT 970/72 consisted of 27 embryonic and 98
trophoblastic cells. In addition, there is an indistinct polocyte adhered to the trophoblast.

Figs. 23-29: Blastocyst, 101 h

Fi1G. 23. Ovary with 3 corpora lutea, low magnification. PAS.
KT 967. 40:1

F1G. 24. Detail of Fig. 23.
Corpus luteum with enlarged blood vessels. 115:1

Fi1G. 25. Uterine horn, longitudinal section. Blastocyst (zrrow) antimesometrial.
M = mesometerial region of uterus with enlarged blood vessels, PAS.
KT 967. 40:1

FIG. 26. Blastocyst and vicinity, H-E. C = compact layer of endometrium beneath epithelium.
Transverse ridges of the epithelium cause a wavy appearance of the surface.
KT 970. 135:1

Fi1G. 27. Blastocyst of Fig. 26, enlarged.
Em = embryoblast with mitosis. 720:1

FIG. 28. Blastocyst and vicinity, PAS. A crypt has formed.
KT 967. 135:1

F1G. 29. Detail of next section (Fig. 28).

Fine glycogen granules in trophoblast, 7, and the adjoining epithelium, U. In between, a free space,
evidently formed artifically by shrinkage (the blastocyst must originally have occupied the whole
crypt). 560:1
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The zona pellucida has completely disappeared. The overall diameter varies considerably
because of deformation, shrinkage and other reasons {13]. For instance, after Carnoy’s solu-
tion, 2 blastocysts measured 70 x 100 microns, a third 75 x 80 microns. The PAS-reaction
shows intense red granules within the trophoblastic cells after the zona pellucida disappears
(Fig. 29). Some embryoblastic cells bordering the segmentation cavity may contain similar
granules, perhaps they represent the first entodermal cells.

Corpora lutea contain radially arranged strands of large clear cells, distinctly different from
the smaller interstitial and follicle cells (Figs. 23-24). Blood vessels are abundant and some-
times dilated. Within the interstitium, some small clusters of PAS-positive cells with fine red

granules may be observed (Fig. 37). They should not be confused with the intensely red

debris of degenerating oocytes.

Material Age Blastocysts
KT 964 99 h 2 blastocysts in uterus, without zona pellucida
KT 969/70 101 h 3 blastocysts in left uterine horn
4 blastocysts in right oviduct
KT 967/68 101 h 4 blastocysts in uterus
KT 923 94 h None visible, one empty zona pellucida

14



4 1/2 Days

Horizon IV
Stage 6 Implantation Implantation
4 1/2 Days

At 120 hours, there are distinct differences in degree of development of embryos within the
same litter. Some embryos are beginning implantation, i.e., the blastocyst closely adheres to the
undamaged uterine epithelium (Fig. 32). In other cases, there is advanced erosion of the
mucous membrane. Some 4-day embryos are also closely adhered to the undamaged uterine
epithelium, and so the beginning of implantation is estimated to occur at 4 1/2 days.
Embryoblast and trophoblast can easily be discriminated at this stage. Trophoblastic cells are
flat, with prominent nuclei. Embryoblastic cells are spherical and have larger nucleoli than
the trophoblastic cells. Both types of cells are rich in RNA. They stain intensively with Pyro-
nin, in contrast to the underlying endometrium. The entoderm cells are already recognizable
as a distinct layer and their cytoplasm appears even darker than other embryonic or
trophoblastic cells. The number of cells varies. For example, specimen KT 859 (Fig. 31)
consisted of 76 entodermal, 34 formative (embryoblastic) and 133 trophoblastic cells.

Invasion

Erosion of the uterine epithelium usually begins somewhat below the equatorial zone of the
blastocyst. The adjoining trophoblastic cells are transformed into “trophoblastic giant cells” {21
(Fig. 35). The nuclei become large and spherical. The nucleoli also enlarge, and the cyto-
plasm forms long slender processes.

These cells are easily distinguished from the large deciduous cells that now appear in the
vicinity of the implantation cavity {40}. They contain little RNA and much glycogen. In
H.-E.-sections, the glycogen is dissolved and characteristic vacuoles are visible (Fig. 35).
Adjacent to the zone of glycogen cells (Fig. 34, D) mentioned above, there is another girdle
of cells consisting mainly of enlarged deciduous cells without glycogen droplets. Some of
these cells have exceedingly large nuclei (Fig. 34, D). At the periphery, toward the muscle
layer, the RNA-content of the endometrium decreases considerably.

Material Age Blastocysts

KT 859 117 h 1 free, 3 attached, all in one uterine horn. Entoderm distinct (H.-E.-
stained) .

KT 873 120 h 3 attached in uterus. Entoderm distinct (methylgreen-pyronin
stained)

KT 857 124 h 1 free in uterine horn. Entoderm distinct (H-E.)

15



Figs. 30-37: Implantation

FiG. 30. Low magnification of uterus, longitudinal section.
M = mesometrium (oblique section), H-E.
KT 859. 117 h. 40:1

FiG. 31. Blastocyst, enlarged.
KT 859. 560:1

FiG. 32. Blastocyst, 120 h, Carnoy fixation, phase-contrast.
Little shrinkage.
KT 873. 225:1

FiG. 33. Endometrial reaction. Blastocyst attached, 117 h.
KT 859. 135:1

F1G. 34. Detail from Fig. 33.
G = girdle of glycogen cells, D = zone of large deciduous cells. 360:1

F1G. 35. Invasion, high magnification.
The trophoblastic cell, 7, is enlarged, and has penetrated the epithelium. In the connective tissue,
glycogen containing cells with typical vacuoles, V, are visible, 117 h. 720:1

F1G. 36. Ovary with 4 corpora lutea, PAS, 117 h.
KT 911. 27:1

F1G. 37. Detail of ovary.

Left: margin of corpus luteum, bordering the interstitial gland with enlarged blood vessels and some
intensely PAS-positive cells, P 270:1

16
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5 Days

Horizon V
Ovum implanted, but
Stage 7 Formation of Egg Cylinder still avillous
5 Days

As soon as invasion starts, the embryoblast enlarges considerably and bulges cone-like into
the segmentation cavity (Fig. 41). The trophoblast also starts to form an excrescence (troph-
oblastic cap or ectoplacental cone), which projects above the embryonic pole and stains
intensively with H.-E. (Fig. 45).

Embryoblast

The formative cells (“inner cell mass”) of the embryoblast may be distinguished from the
adjacent “trophoblastic cap” by their pale appearance. The detection of the entodermal cells,
on the opposite side of the egg cylinder, is easier. They are cuboidal in shape and have been
called proximal or visceral entoderm. Their surface does not appear to be sharply bounded

Figs. 38-45: Formation of egg cylinder

FiG. 38. Low magnification of uterus, cross section, PAS, 117 h.

M = mesometrium.
KT 911. 40:1

Fi1G. 39. Detail: Deciduous reaction.
In the vicinity of the egg, the uterine epithelium is dissolved. Appearance of glycogen cells (dark
border) and of large deciduous cells. Enlarged blood vessels, PAS, 117 h. 100:1

F1G. 40. Implantation site enlarged. The uterine epithelium has disappeared.
G = large dark glycogen droplets in glycogen cells, T = trophoblastic giant cell with faintly staining
nucleus and large nucleolus, PAS, 117 h. 560:1

FI1G. 41. Low magnification of implantation site.
Thin section, OsO4 fixation, phase-contrast.
KT 782. 360:1

F1G. 42. Detail of Fig. 41.
En = entoblast, with indistinct boundary (because of the presence of microvilli). 900:1

Fi1G. 43. Detail of Fig. 41.
E = large nucleus of embryonic cell, adjoining uterine epithelium. The latter contains lipoid
droplets, sometimes confluent and forming spheres of variable size (L) stained black by OsO4. 900:1

FIG. 44. Invasion and formation of egg cylinder, H.-E.
KT 693. 120 h. 100:1

FIG. 45. Dertail of Fig. 44.
Cap-like thickening of trophoblast, K.
Arrows indicate limits of the uterine epithelium. 270:1
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with the light microscope because of the presence of microvilli (Fig. 42). Toward the base
of the egg cylinder, near the trophoblast, the distinction between embryoblast and tropho-
blast is less obvious. Some cells migrate along the inner surface of the trophoblast at the base
of the egg cylinder (Fig. 45) and become the distal or parietal entoderm.

Trophoblast

Above the egg cylinder the trophoblastic cells are cuboidal in shape and protrude as a cap-
like mass (Fig. 45). Further growth of this trophoblastic cap gives rise to the “ectoplacental
cone’

The peripheral, flattened trophoblastic cells dissolve the adjacent uterine epithelium. The
disintegration proceeds all around the egg cylinder. Within the epithelial cells, large lipoid
droplets are often visible (Fig. 43). They have been interpreted as “secretion droplets” {2}.

Endometrial Reaction

The endometrial reaction involves both the uterine epithelium and connective tissue {22}.
The adjoining epithelial cells degenerate and numerous lipoid droplets form within the
cytoplasm. These are stained black with OsO4 and red with Sudan B.

Fig. 44 shows some cell debris in the original uterine lumen (right). In the vicinity of the
implantation site, the deciduous cells exhibit a marked glycogen reaction when stained with
PAS (“deciduous glycogen cells”).

Tubular uterine glands are now more numerous. They are situated in between implanta-

tion sites.

Material Age

KT 693 119 h 7 egg cylinders, stained with H.-E. Only part of uterus fixed in
OsOs for thin sections, in methacrylate

KT 782 117 h 2 egg cylinders

KT 911/12 117 h 6 egg cylinders, H-E. and PAS

20



6 Days

Horizon V
Ovum implanted,
Stage 8 Differentiation of Egg Cylinder but still avillous
6 Days

Implantation sites are easily visible externally as spherical swellings, measuring 2 X 3 mm
(Fig. 46). The spacing of the embryos is now rather regular [26}. However, in one instance,
two embryos in one swelling were observed (specimen KT 914).

Embryoblast

The egg cylinder elongates and will soon be divided into embryonic and extraembryonic areas.
In between the two areas there is a small indentation. Soon a central lumen, the proamniotic
cavity appears, at first in the embryonic region, and later in the extraembryonic area. Most
embryos of this stage have already formed a continuous cleft.

Most of the cells of the embryonic ectoderm are cylindrical in shape. They are often sepa-
rated by a small furrow from the extraembryonic, irregular cuboidal cells.

The entodermal cells become flattened at the ventral end of the egg cylinder. Toward its
base, they become cylindrical and accumulate much glycogen in their apical cytoplasm [29]
(Fig. 51, lower lef?).

Trophoblast

Trophoblastic cells migrate irregularly from the ectoplacental cone, and maternal erythrocytes
spill into the developing intercellular lacunae. Ectoplacental cells store much PAS-positive
material, probably glycogen (Fig. 51). They are called by Arvis {23} “cellules ultratropho-
blastiques” Their shape is more regular than the glycogen cells of the decidua.

The peripheral, previously flattened trophoblastic cells invade the maternal tissue and
enlarge greatly. They are often called primary giant cells and contain a single, very large
nucleus (Fig. 54). The peripheral cells of the ectoplacental cone also begin to enlarge.

Trophoblastic giant cells never undergo mitosis [30}. Their distinction from smaller, so-
called “secondary giant cells” {2} (Fig. 107) is perhaps unwarranted as they are also derived
from the trophoblast.

Reichert’s Membrane

With the appearance of distal (parietal) entoderm, a noncellular thin membrane, Reichert’s
membrane, forms between the distal entoderm and the peripheral trophoblast (trophecto-
derm). Though acellular in nature, it increases in size with the growth of the embryo, and
can be distinctly recognized during later development. It is secreted by the distal entoderm
(see discussion in Green [2}).
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Lumen Closure of mesometrial

Material Age Embryos (proamnion) uterine lumen
KT 913/14 5 days 23 h (Left) 2 + Halfway, hemorrhage
(Right) 3 - Halfway, hemorrhage
KT 926/27 5 days 23 h (Left) 3 None No
(Right) 1 None No
KT 928/29 5 days 23 h (Left) 1 + Halfway, hemorrhage
(Right) 3 - Halfway, hemorrhage
KT 723 6 days 3 h Total 6 + Halfway, hemorrhage
KT 919 6 days 3 h (Left) 4 - More than half, hemorrhage
(Right) 4 + More than half, hemorrhage
Two of them
in resorp-
tion

Figs. 46-51: Differentiation of egg cylinder: 5 days 23 h

FiG. 46. Drawing of uterus at 5 days 23 h.
KT 928/29

FIG. 47. Low magnification of uterus, cross section.
M = mesometrium, U = disappearing uterine lumen.

KT 914. 34:1

FiG. 48. Implantation site. The ectoplacental cone appears diffuse in its peripheral region.
Z = decaying uterine epithelium, in the original lumen. 100:1

F1G. 49. Egg cylinder, retarded in development by about 24 h.
KT 926, 5 days 23 h. 270:1

Fi1G. 50. Differentiation of egg cylinder.
KT 929, 5 days 23 h. 100:1

FiG. 51. Detail of Fig. 48.
Some scattered cells of the ectoplacental cone have differentiated into ectoplacental glycogen cells

(¢G = dashed boundaries). Maternal blood (B), only faintly stained, fills the interspace. 270:1
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6 1/2 Days Horizon VI
Primitive villi,
distinct yolk sac.
Horizon VII
Stage 9 Advanced Endometrial Reaction  Branching villi,
6 1/2 Days axis of germ disc defined

By 6 1/2 days, the structure of the uterine mucosa is not much different from what it was
on the 6th day. By 7 days, it still may not have changed, mainly because of the variation in
the degree of development of specimens having the same copulation age. The uterine reac-
tion was examined in detail in a specimen of 6 days 20 hours, which was somewhat retarded
in development. The specimen is regarded as typical of 6 1/2 days. The structure of the
implantation site, rather than the structure of the embryo, was chosen by Streeter [6] to
define the comparable human age.

Uterine Reaction

After the disintegration of the uterine epithelium, the ectoplacental cone is invaded by blood
(Fig. 51). The original lumen of the uterine crypt has disappeared. In this way, the develop-
ing placenta gains a solid contact with its environment and with the mesometrial blood
vessels. The deciduous cells are manifold in appearance (Fig. 55). Deciduous glycogen cells
with coarse droplets are seen near the periphery of the deciduous transformation zone,
predominantly in the mesometrial direction. At the same time, large capillaries invade this
area. Probably the capillary invasion is necessary for the rapid production of glycogen. The
other deciduous cells contain only fine, diffusely distributed glycogen. Many mitoses can be
found, sometimes irregular in appearance, and they resemble those in malignant tumors.
This impression is enhanced by the appearance of several multinucleated giant cells

(Fig. 55).

Embryonic Axis

During this stage of development, the embryonic axis is determined. A limiting furrow, F
(Fig. 56) is situated cranially, at the front end of the embryo. Later on it deepens (Fig. 66).
In the mouse, no clearly prominent primitive knot appears, and a defined primitive groove
does not form until later.

Material Age
KT 654/55 6 days 20 h 7 egg cylinders, H-E.
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Figs. 52-56: Advanced endometrial reaction: 6 days 20 h

FiG. 52. Implantation site, low magnification.
An artificial cleft is seen between egg cylinder and ectoplacental cone.
KT 654. 100:1

F1G. 53. Deciduous boundary zone, low magnification.
KT 654. 100:1

FI1G. 54. Detail of Fig. 52.
T = primary, trophoblastic giant cell with clear spherical nucleus containing a large nucleolus, N,
and coarse chromatin, which is partially attached to the nucleolus. 700:1

F1G. 55. Detail of Fig. 53.
Boundary zone of deciduous expansion.
Irregular mitosis (M7) and multinucleate deciduous cells (D). 700:1

Fi1G. 56. Egg cylinder with proamniotic cavity.

The boundary between embryonic and extraembryonic area is marked with arrows. F is the cranial
limiting furrow of the embryo. The entoblastic cells become flattened at the free end of egg cylinder
(En).

KT 654. 270:1
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7 Days

Horizon VIII
Hensen’s node,
Stage 10 Amnion primitive groove
7 Days

At 7 days, the shape of the extraembryonic part of the egg cylinder changes rapidly. A
crescent-like transverse fold {41} temporarily appears, and pushes into the proamniotic cavity
just caudal to the primitive streak. It was observed as a regularly occurring structure by Snell
and Stevens [2]. It is perhaps a result of the rapid growth that occurs in the posterior wall
of the egg cylinder at this time. It disappears in the following stage.

Formulation of Amnion

The tissue at the posterior end of the primitive streak bulges into the proamniotic cavity, and
forms the posterior amniotic fold. It is continuous with the smaller lateral amniotic folds which
unite to form the anterior amniotic fold. In this way, a continuous constriction forms around
the middle of the egg cylinder, which is drawn tighter and tighter as the folds develop (Fig.
64). Finally, the lips of the folds will fuse and the amniotic cavity will be sealed off com-
pletely. In all embryos of this stage it is still open.

In the mesoderm of the posterior amniotic fold, small cavities appear between the cells,
which coalesce to form a single large cavity, the exocoelom. The exocoelom is lined, except for
the allantois, by a mesothelium.

Figs. 57-63: Formation of amnion: 7 days

F1G. 57. Low magnification of uterus, cross section.
U = remnant of uterine lumen, specimen between 76 and 77 days.
No extraembryonic transverse fold. 22.5:1

F1G. 58. Low magnification of uterus, cross section.

Zo = vascular zone developing. The section passes closely lateral to the connecting stalk of the egg
cylinder.

KT 948, 7 days 3 h. 25:1

F1G. 59. Reconstruction, starting from a parasagittal section.

Dashed line indicates hidden lumen of egg cylinder, K = ectoplacental cone, Q = transverse fold,
(below) the bulge of the amniotic fold.

KT 948, 7 days 3 h

F1G. 60. Egg cylinder.
KT 948, 7 days 3 h. 130:1

Fi1G. 61. Detail of Fig. 60.
C = lumen formation in mesoderm of the posterior amniotic fold, Q = extraembryonic transverse
fold. 350:1

FI1G. 62. Sagittal section through egg cylinder.
Embryo bt 76, 7 days. 90:1

F1G. 63. Detail of Fig. 62.
En = entoderm, Et = ectoderm, M = mesoderm. 270:1
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All

1. 2. 3 L.
FiG. 64. Formation of amnion. (1) 7 days, (2) 7 days 3 h, (3) 7 days 10 h, (4) 7 days 20 h. The
extraembryonic coelom is developing (3) by enlargement of the tiny lumina C (2). The coelomic
mesothelium (dashed line) pushes between the amniotic cavity, A, and the ectoplacental cavity, E. The
allantois (A//) at first grows free into the coelom. Black = extraembryonic ectoderm, A» = archente-
ron.

Formation of Mesoderm

The first mesoderm cells appear at the posterior end of the egg cylinder. As a consequence,
its wall thickens and becomes three-layered (Fig. 63). In sagittal sections, the wedge-shaped
head process may be observed between the flattened entoderm (Ex) and the ectoderm (Ek).
The notochord cannot be yet identified.

Entoderm

Toward the ectoplacental cone, the cells of the visceral entoderm are cylindrical in shape and
possess many vacuoles. These do not contain lipids or glycogen. However, in cryostatic sec-
tions very fine lipid droplets may be seen in the other parts of the cytoplasm. After fixation
in Carnoy’s solution, there is an intense PAS-reaction which is strictly limited to the superfi-
cial layer. The stained polysaccharide does not seem to be glycogen [291].

Endometrium

In the mesometrial side of the uterus, the capillaries enlarge and form distinct sinusoids
(Fig. 58). The original lumen of the uterus is adjacent to this area , and is sometimes narrowed
to a small continuous tube. The lumen becomes discontinuous in the next stage.

Material Age

KT 889 7 days O h 1 egg cylinder with extraembryonic transverse fold
KT 947/48 7 days 3 h 8 egg cylinders with extraembryonic transverse fold
1 young egg cylinder without extraembryonic transverse fold,
without mesoderm
Bt 76 7 days 1 egg cylinder without extraembryonic transverse fold, but for-
mation of mesoderm visible
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7 1/2 Days

Horizon IX
Neural folds,
Stage 11 Neural Plate, Presomite Stage elongated notochord
7 1/2 Days

Some retarded specimens of 7 days 20 hours were included in this stage. Developmental
differences between embryos of the same nominal age still exist.

Closure of Amnion

At 7 1/2 days, the amniotic cavity is sealed off. From now on, there are three separate cavi-
ties: amniotic cavity, exocoelom, and ectoplacental cleft (Figs. 64 and 72b). For a while the
cleft extends as the ectoplacental duct to the amnion. Shortly before the development of the
foregut, this duct is pushed away from the front wall of the egg cylinder by the enlarging
exocoelom. It persists for awhile as a short blind extension.

The neural plate is clearly delimited anteriorly and laterally. In the midline, it forms a shal-
low groove. Posteriorly it is less clearly defined and merges with the primitive streak (Fig.
70). In front of the neural plate, a small oral plate consisting of two epithelia can be seen.
It is just posterior to the small heart rudiment (Fig. 74).

The head process is now developing. The flattened entodermal cells situated at the free end
of the egg cylinder disappear. Therefore, the head process is directly exposed to the lumen
of the yolk sac. It is obviously intercalated secondarily into the entoderm and cannot be dis-
tinguished from it with certainty. In the midline, its cells become cylindrical; posteriorly they
form the notochordal plate, which is slightly indented. This indentation has also been called
the archenteron (Fig. 69).

The archenteron is a transitory structure that has nothing to do with the formation of the
hind gut. The development of the notochordal plate is similar to the formation of the
notochordal canal in the human. In mice, no canal and no distinct primitive pit exist. A
“canalis neurentericus” is also completely lacking.

Foregut

At 7 days, a small furrow appears in the entoderm beneath the anterior amniotic fold (Figs.
66 and 67, F). It is situated at the boundary between the embryonic and extraembryonic
region, anterior to the developing heart rudiment, in the area of what later will be the septum
transversum [41]. The structure of the entodermal cells in this area changes markedly.
Sometimes this change can already be seen at 6 days (in Fig. 50 this is represented by a slight
constriction in the middle of the right wall of the egg cylinder). The foregut pocket will
develop caudal to this constriction (Fig. 74).
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Material Age

KT 996 7 days 10 h 8 egg cylinders. Formation of amnion
1 pathologic egg cylinder, without lumen
KT 954/55 7 days 20 h 8 neurulae, presomite stages
2 of them implanted in close proximity
KT 687 8 days Oh 4 neurulae, presomite stages
2 somite stages: 1 and 2 somites; deep foregut portal
1 in resorption

Figs. 65-71: Neural plate, presomite stage, 7'2 days

F1G. 65. Low magnification of uterus, cross section.
U = remnant of uterine lumen.
KT 996/2, 7 days 10 h. 24:1

FIG. 66. Detail of Fig. 65.

H = posterior amniotic fold, F = furrow in entoderm. The exocoelom (marked throughout with *)
is also visible within the anterior amniotic fold.

KT 996/2, 7 days 10 h. 270:1

F1G. 67. Tangential section of lateral amniotic fold, with exocoelom™*.
Q = extraembryonic transverse fold, E = ectoplacental cavity, F = fold in entoderm.

KT 996/3, 7 days 10 h. 130:1

F1G. 68. Low magnification, slightly older stage.
M = mesometrium.
KT 954/1, 7 days 20 h. 20:1

F1G. 69. Head process with archenteron, Ar
A = amniotic cavity, B = blood islet, E = ectoplacental cavity, ¥ = exocoelom, K = head fold.
KT 954/1, 7 days 20 h. 100:1

F1G. 70. Detail of Fig. 68, showing allantois (A//), E = ectoplacental cavity, A = amniotic cavity,
* = exocoelom, P = primitive streak.
KT 954/1, 7 days 20 h. 100:1

FiG. 71. Higher magnification of allantois (A//) and Reichert’s membrane (R).

E = ectoplacental cavity, ¥ = exocoelom.
KT 954/1, 7 days 20 h. 270:1
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FiG. 73. Ectoplacental duct, shortly
before closure of the amnion.

The drawing (/ef) shows the location of
cross sections [-1I1.

E = ectoplacental duct, P = transition
of primitive streak and extraembryonic
mesoderm, C = mesothelial septum (in
regression), A/l = allantois, G = limit-
ing furrow.

FiG. 74. Development of the foregut
pocket.

Double arrow marks the embryonic—extra-
embryonic boundary. Here the epithe-
lium is markedly reduced in height.

KT 955/5, 7 days 20 h
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8 Days

Horizon X/a
Younger group
Stage 12 First Somites Early somites present
8 Days, 1-7 Somites

The copulation age of this group ranges from 7 days 21 hours to 8 days 21 hours. The seven
somite embryo was chosen as the most advanced in this stage because with the formation
of the eighth somite, the embryo begins to rotate around its longitudinal axis. In the human,
the corresponding age group, as described by Streeter {6}, extends from 1 to 12 somites. The
number of somites is the most reliable criterion to determine developmental age.

External Form

A conspicuous characteristic of this stage is the progressive deepening of the neural groove.
There is a marked dorsal (lordotic) flexure, and rotation has not yet begun. The head fold
will bulge within a few hours (Figs. 76 and 80). The anterior intestinal portal deepens simul-
taneously. The posterior intestinal portal is beginning to form. It should not be confused
with the archenteron (Fig. 77).

The allantois has grown out far into the exocoelom toward the ectoplacental cone. In a
specimen of 6 somites it was still unattached, whereas in a littermate of 7 somites (KT 639/
b4) it had made firm contact with the developing chorion. Fig. 77 shows a contact already
established in a 5-somite embryo. The allantois is continuous cranially with the primitive
streak. The latter is limited anteriorly by a “quasi primitive knot, which is caused by the bulg-
ing of the underlying archenteron (Figs. 77 and 80). If the archenteron forms only a shallow
groove, this prominence is not distinct (Fig. 82).

Circulatory System

Blood islets develop during the preceding stage (7 1/2 days) in the wall of the yolk sac (Fig.
69). They are arranged as a girdle encircling the exocoelom, and may be seen in each section.
Fig. 83 shows the marked mitotic activity of the hemocytoblasts {46}. There is no vascular
connection yet with the vessels developing in situ in the body of the embryo. The A. vitellina
arises first as paired vascular islands in the wall of the posterior intestinal portal (Fig. 82).
Later, these anlagen unite to form a single, unpaired vessel {49].

The heart rudiment develops rapidly as seen, for instance, in 6-somite embryos. The first
visible sign is a thickening of the mesoderm surrounding, horseshoe-like, the front end of
the embryo. This cellular strand can even be seen in sections of presomite stages (Fig. 74).

The pericardial cavity first develops as lateral clefts in the mesoderm. At the 2-somite
stage these intercellular gaps are clearly visible on each side of the midline (Fig. 81). At the
6-somite stage a distinct lumen also appears in median sections (Fig. 82). At the same time,
single mesodermal cells have joined to form an endocardial tube. This tube is continuous
with the first aortic arch, which developed in situ along with the paired dorsal aortae.

The dorsal aorta originates bilaterally in the trunk region, beneath the somite stalks, and
is visible in many cross sections (Fig. 79).
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Intestinal Tract

The anlage of the foregut pouch has appeared in the preceding age group (Fig. 74). The
epithelium of the gut is columnar in this area and adheres, for a short distance, to the high
columnar epithelium in front of the neural plate. Both epithelial layers together form the ora/
plate. With the appearance of the first somite, the shallow groove quickly deepens to form
a curved pocket (Fig. 82) narrowed ventrally by the prominent cardiac bulge. Most of the gut
epithelium covering the bulge is cuboidal. The rudiment of the thyroid gland and of the liver
develop here, but they cannot be distinguished yet with certainty. At the end of this period,
the thyroid anlage appears as a distinct thick epithelial plate.

The notochord is situated in the dorsal wall of the foregut pocket. It is still intercalated
in the entoderm, later it will become separated. It consists of a long strand of columnar cells
(Fig. 78) and still has a shallow groove posteriorly (the archenteron). The gut epithelium is
flattened where it joins the notochord. Anteriorly, the wide first branchial cleft forms in the
foregut pocket.

At the 2-somite stage the posterior intestinal portal is visible as a slight depression (Fig. 80),
which deepens more slowly than the anterior one. At the 6 somite stage, it is only a slight
depression (Fig. 82). The lining entodermal cells are higher than other cells in the area. Fur-
ther caudally, in the extraembryonic area, is the epithelium of the visceral yolk sac with its
characteristic cylindrical cells with vacuolated cytoplasm and basally located nuclei (Fig.
83). The superficial layer of the cytoplasm is strongly PAS-positive. The cloacal membrane, in
contrast to the comparable stage in human embryos, has not yet appeared.

The coelom originates in the trunk region within the thickened marginal band of mesoblas-
tic cells. Vesicles appear between the mesoblastic cells, which coalesce to form a continuous
mesoblastic cavity (Fig. 79). It is in open communication with the pericardiac cavity. In the
older members of this group, it opens freely into the exocoelom on both sides.

Central Nervous System

In this stage, the brain plate develops very rapidly, and is the chief determiner of the
embryonic form (Fig. 75). At 7 somites, the neural folds close at the level of the 4th and 5th
somite, i.e., at the cervico-cranial boundary. From here, the closure proceeds both in anterior
and posterior direction, in a zipper-like manner. Near the still widely open cranial end, a
bilateral depression may be seen, the optic evagination (sulcus opticus, Fig. 75). Further cau-
dally, two neuromeres {162} are visible. They are called “rhombomere A and B homologous
to the neuromeres in the human (Fig. 82). Rhombomere B is found at the level of the otic pla-
code, which is visible at 4 or 5 somites.
In the area of the cranial neural crest {151} the trigeminal and facial crest are distinct.

Extraembryonic Membranes

In the preceding stage, three separate cavities were formed: amniotic cavity, exocoelom, and
ectoplacental cavity (Fig. 64). During this period the exocoel and the amniotic cavity expand
at the expense of the ectoplacental cavity. Toward the end of this period, both ectoplacental
layers fuse in the middle (Fig. 84). Laterally, both layers (/aminae) are still recognizable (Fig.
77). At the same time, the a/lantois grows rapidly across the exocoelom, toward the ectopla-
cental cone. The ectoplacental cells are delimited from the exocoelom only by a thin meso-
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dermal lining. The first contact of the allantois is made with these cells which frequently, at
the point of contact, are detached from the adjacent ectoplacental tissue. It appears as a
bulge toward the approaching allantois (Fig. 80). A more laterally situated point of contact
occurs rarely (for example, see Fig. 77). The time of fusion appears to vary also. It does not
occur before the S-somite stage, and is usually observed at 7-8 somites. The allantois itself
transforms in its distal part into a loose meshwork of cells. Between them, endothelial-lined
cavities develop, which are the forerunners of the allantoic vessels (umbilical artery and
vein).

The yolk sac is composed primarily of two layers, the thin parietal (distal) and the thick
visceral (proximal) entoderm. As described previously, only the vascular area of the visceral
layer develops into the yolk sac proper. It enlarges now considerably. In later stages, this
membrane can easily be recognized when the uterus is dissected. It is the inner lining of the
narrow yolk sac cavity. Externally, the cavity is bound by the thin parietal layer and Reichert’s
membrane (Fig. 71). Adherent to Reichert's membrane is a layer of trophoblastic giant cells,
which grows rapidly in thickness, and finally forms a loose network of cells (Fig. 84, indi-
cated by small circles). This area attaches the embryonic to the maternal tissue.

The adjoining endometrium has some multinucleate giant cells, already seen in the previous
stage (Fig. 55). The decidua capsularis contains only a few blood vessels, whereas the
decidua basalis has large sinusoids.

In the ectoplacental cone a special zone of glycogen-containing cells {29} becomes visible
after PAS-staining (Fig. 84, ¢G ). The cells are also seen in the preceding stage, but they were
less numerous (Fig. 51, 6 days). With H.-E.-staining, they are inconspicuous; however, they
can be recognized by their numerous vacuoles in the faintly staining cytoplasm. Abundant
storage of glycogen is characteristic of the cone cells, which are differentiating into
trophospongium (junctional zone) [38}.

Figs. 75-81: First somites, 8 days

FI1G. 75. Dorsal view of 7-somite embryo.
Arrow marks the optic sulcus, So5 = somite 5. 63:1

FI1G. 76. Low magnification of uterus, cross section.
M = mesometrium.
KT 957/4, 7 days 21 h, 5 somites. 18:1

Fi1G. 77. Detail of Fig. 76.
All = allantois, Ar = archenteron, P = primitive streak, V = foregut pocket. 54:1

F1G. 78. Cross section posterior to the second somite.
Beginning of somite formation, Ch = notochordal plate.
KT 984/3, 2 somites. 270:1

F1G. 79. Cross section through the Sth somite, narrowest region of the neural groove.
Ch = notochord, Ao = dorsal aorta, So 5 = somite 5.
KT 939/b5, 7 somites, 8 days 1 h. 560:1

F1G. 80. Low magnification of uterus, cross section, containing 2-somite embryo, cut longitudinally.
U = remnant of uterine lumen.

KT 984/2, 8 days 4 h. 22:1

Fi1G. 81. Detail of Fig. 80 with front end of embryo.
Arrow in foregut pocket, He = heart rudiment, Rz = oral plate. 560:1
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oral plate

F1G. 82. Reconstruction of
specimen, 8 days 1 h, 6
somites (numbered), in sagit-
archenteron tal plane.

cutting plane of
neural plate

notochord S\ dg ‘ M = contour of right neural
fold, P = primitive streak.
07mm KT 639/b 15
parietal layer
of yolk sac
exocoelom
hemocytoblasts Reichert's
membrane
mesoderm visceral layer F1G. 83. Blood islet at 7 days
of yolk sac 21 h, 5 somites.

Numerous mitoses.

KT 957/4
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472 mm

decidua capsularis decidua capsularis
2 Somites § Somites

F1G. 84. Endometrium and embryonic membranes.

Maternal tissue shaded, M = mesometrium, U = old uterine lumen. The new lumen, NU, advances
toward the antimesometrial pole, ¢G = ectoplacental glycogen cells. Circles = trophoblastic giant
cells. Enlargement of the vascularized yolk sac (D). Ectoplacental cavity disappears.

Material Age

KT 956/57 7 days 21 h 2 with 5 somites
5 with 5-8 somites
1 resorption

KT 639 8 days 1h 6 with 5-9 somites
KT 880/81 8 days 1h 7 early somite stages (5 somites)
KT 983/84 8 days 4 h 1 presomite neurula

2 with 1 somite
1 with 2 somites
2 with 3 somites
2 with 4 somites
KT 958/59 8 days 4 h 2 presomite neurulae
4 with 4-6 somites
3 resorptions
KT 637 8 days 21 h 3 with 4-5 somites
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8 1/2 Days

Horizon X/b
Older group
Stage 13 Turning of the Embryo Early somites present
8 1/2 Days, 8—12 Somites

This is a relatively short period. The copulation age of these specimens still varies considera-
bly. It extends from 8 days 1 hour to 9 days.

The rotation of the embryo results in a marked change of the external shape (Fig. 94). The
highly lordotic curvature of the trunk turns into a strong dorsal, kyphotic bend. A primary
lordotic curvature also exists in human embryos, but the kyphotic change is less conspicuous
and does not involve a rotation. It is appropriate, therefore, to consider this period in the
mouse development separately.

The turning: at 8 somites, the beginning of rotation can be seen in cross sections. It is first
confined to the head and tail folds. The mid-trunk region remains initially in its original
position, being apparently firmly attached to the yolk sac. In Fig. 95, the torsion of the
posterior end with its primitive streak with respect to the mid-trunk region is apparent.
Viewed from the cranial toward the caudal end, the rotation proceeds clockwise along the
body axis. '

Figs. 85-93: 8 somites, 8 days 21 h

F1G. 85. Reconstruction of embryo, 8 days 21 h, 8 somites.
Level of cross sections Figs. 88-92 is indicated.
KT 985

FI1G. 86. Ovary with 2 corpora lutea of the same pregnancy.

Cl = corpus luteum.
KT 985. 16:1

F1G. 87. Cellular detail: 130:1

F1G. 88. Anlage of the forebrain.
Arrow indicates sulcus opticus. 180:1

F1G. 89. Anlage of the heart.
End = endocardiac vesicle, Tr = aortic sac, ThH = plate of the thyreoidea. 130:1

Fi1G. 90. Foregut pocket (V).
S.v. = sinus venosus (paired), O = otic plate (posterior margin). 130:1

F1G. 91. Section through 1st somite (So 1).
V.o, = Vitelline vein. 130:1

F1G. 92. Section through 4th somite (So 4).
Ao = aorta dorsalis, Pt = peritoneal funnel. 270:1

F1G. 93. Section through primitive streak (P).
H = hind gut, A# = umbilical artery. 270:1
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F1G. 94. Turning of the embryo.
Drawing before (/eft) and after (right) rota-
tion. Amnion is not shown. D = yolk sac
14 Somites (cut), P/ = placenta.

& Somites

FiG. 95. Beginning rotation, 8 somites.
P = rangential line connecting the prim-
itive folds, shows the turning compared

to the trunk.

tectum mesencephall

v )
optic ~§— thalamus

) rudiment /&
\ / -eéllantors veiment Y S AW mesencephalon

rhombencephalon

sulcus
opticus

i otic plate

¢ REZN/
/! N
/\@Lnewa/ groove

}/eve/ of otic plate

e FiGc. 97. Dorsal view of the brain
FiG. 96. Folding of the brain bulges. folds.
Oblique view. They have approached each other
Arrow indicates localization of the fore- closer in the forebrain than in the
gut. hindbrain.
KT 1002, 9 somites, 8 days 10 h KT 1002, 9 somites
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Organogenesis

Compared to the preceding period, no radical changes occur during this stage. The previ-
ously described organ rudiments may easily be recognized, and are represented in a series
of cross sections of an embryo of 8 somites (Figs. 85-93). The optic evagination is deeper
now and the otic plate more distinct (Fig. 96). The thyroid rudiment [144} is clearly
delimited (Fig. 89). In sagittal sections, it appears as an indentation of the foregut wall above
the heart rudiment (Fig. 85).

At the end of this period, the second branchial pouch is forming. At 8 somites the first
pouch is considerably enlarged, so that the entoderm contacts the overlying ectoderm. The
section in Fig. 89 is immediately anterior to the contact area. The fore- and hindgut pockets
are deeper now, and in the region of the somite stalks, the peritoneal funnels of the pro-
nephros are sometimes visible (Fig. 92).

The Corpus Luteum

The structure of the corpus luteum is practically unaltered; there is little change, even when
compared with the 5-day-stage (Fig. 36). The central scar and hemorrhagic traces have
almost disappeared. Sometimes, a zone of loosely arranged cells is observed in this area. The
histologic picture of the corpus luteum and of the interstitial gland is still unchanged.

Material Age Embryos

KT 639 8 days 1h 6 with 5-9 somites (mentioned previously)
KT 1001-03 8 days 10 h 2 with 7 somites

2 with 8 somites

1 with 9 somites

2 resorptions
KT 985-87 8 days 21 h 7 with 8-16 somites
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9 Days

Stage 14 Formation and Closure of orizom T

Anterior Neuropore 13-20 paired somites
9 Days, 13-20 Somites

This period could be extended to 22 somites, because the most advanced embryo, with a
copulation age of 9 days 2 hours, had 23-24 pairs of somites. In the mouse, the formation
of a new somite pair requires 1-2 hours. I have chosen an upper limit of 20 somites for this
stage so that it will correspond to Streeter’s horizon XI.

External Form

The turning of the embryo is now complete. Compared to human embryos, the mouse
embryos of this group are strongly flexed in a dorsally convex direction (Figs. 99 and 108).
Furthermore, there is a definite spiral torsion, the posterior end lying on the right side of the
head. In rare cases, it may be found on the left side.

The external form is determined in this phase basically by the shape of the neural tube.
Anteriorly, the medullary plate is about to close, whereas it is still a flat groove posteriorly.
The first two branchial bars are clearly visible. The forelimb bud is not yet clearly delimited.
At 15 somites, it appears as a condensation of the lateral plate material, without distinct
boundaries (Fig. 100).

Length. The overall length varies considerably, mainly because of varying curvature of the
body. If the amnion is cut, the embryo straightens a little. The length is measured from the
crown to the curved posterior end in a straight line, and it varies from 1.2-2.5 mm. Exter-
nally, the roundish swellings of the uterus measure 3-5 mm. The spaces between the
embryos are irregular in vivo, and if the mouse is killed, they are reduced by contraction of
the uterus [26].

Circulatory System

In transparent fresh or formalin-fixed embryos, several vessels may be recognized by simple
inspection (Fig. 108).

The broad anterior cardinal vein receives its blood from the close-meshed network of capil-
laries investing the neural tube (plexus perineuralis). It joins the posterior cardinal vein to
form the Ductus Cuvieri.

The (paired) dorsal aorta may be seen immediately ventral to the row of somites. The
endocardial tube of the bulbus cordis is very narrow and is separated by a considerable gap
from the thick myoepicardium. Anteriorly it forms a right angle with the arterial trunk
which is dilated at its end (aortic sac).

Development of the heart. The heart is now capable of maintaining some circulation of the
blood. The atrium and ventricle are not yet paired. The shape of the arterial and venous
parts of the heart, together with the connecting vessels, are shown in Figs. 109 and 110.

Placental civculation is just being established. The blood already circulates in the yolk sac.
The paired dorsal aortae supply the yolk sac by means of a thick vitelline artery (Fig. 111).
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This artery will originate later separately from the aorta by a new anastomosis {491, whereas
the umbilical artery will remain in direct continuation of the aorta. This transformation is
illustrated in Fig. 112.

Intestinal Tract

The original wide opening of the gut into the yolk sac is narrowed to a long, slender vitelline
duct. As a consequence, fore- and hindgut are no longer represented by separate pockets, but
form a continuous tube with blind ends. In the middle, it still opens into the yolk sac.

At 16 somites, the oral plate may rupture. At 21 somites only remnants of the membrane
remain. The cloacal membrane, on the other hand, does not appear as a distinct membrane
until the 16-somite stage, and it persists for a long time.

The foregut is now differentiating rapidly. The first two branchial clefts have formed (Fig.
113).

The floor of the foregut is thickened, while the dorsal epithelium remains thin. Ventrally,
the thyroid rudiment evaginates, forming a small groove (Fig. 104). It lies just above the dilated
aortic sac. Toward the end of this period, the /ung anlage (rudiments of larynx-trachea-
bronchi) appears as a ventral thickening of the epithelium. There is only a short distance
between the lung rudiment and the hepatic diverticulum. This liver primordium develops
earlier in mice than in humans and rapidly deepens. The stomach has not yet formed.

The coelom is a single cavity, the cavum pleuro-pericardiaco-peritoneale. In the vicinity
of the umbilical ring it communicates with the exocoelom. The coelomic epithelium is thick-
ened above the lung rudiments and in the region of the future stomach {83}.

Urogenital System

In this period the somite stalks of the lower cervical and upper thoracic regions are com-
posed of:

1. peritoneal funnel,

2. nephric vesicle; sometimes its lumen is still lacking,

3. nephric duct, as a rule still solid (Fig. 102).

At 15 somites, this typical organization can be observed at the level of the 10th to the 14th
somite (KT 987). In another specimen, KT 986, with 16 somites, the pronephric duct has
developed a distinct lumen at the level of the 15th somite. The anterior somites, however, are
connected to the coelomic epithelium only by disorganized clusters of cells.

Germ cells {103} can be recognized in H.-E. sections for the first time at 15 somites, within
the epithelium of the hind gut (KT 987).

Central Nervous System

The formation and closure of the anterior nexropore is a most remarkable event. It is accom-
plished at the same developmental phase as in humans, but seems to be displaced caudally.
A comparison of Fig. 75 (7 somites) and 96 (9 somites) reveals an irregular closure of the
brain folds. Initially, at 7 somites, they approach each other only posteriorly. Later, they also
approach each anteriorly in the forebrain region, while there is still a wide gap in the
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Figs. 98—-107: Closure of anterior neuropore, 9 days, 15 and 21 somites

Fi1G. 98. Embryo in yolk sac (D) and amnion (A).
KT 988, 15 somites, 8 days 21 h. 7:1

F1G. 99. Dissection of embryo from membranes.
0 = otic invagination.
KT 988, 15 somites. 11.5:1

Fi1G. 100. Oblique view of same embryo, showing anterior neuropore (V.N.).
Aa = forelimb. 10.5:1

F1G. 101. Cross section through embryo, 8 days 21 h, 15 somites.
Ao = aorta, Ax = umbilical artery, H = hindgut.
KT 987/1. 180:1

FiG. 102. Detail of Fig. 101, with somite 14.
Ao = aorta; Vz = pronephric duct, without lumen here; Pt = peritoneal funnel. 350:1

F1G. 103. Cross section through same embryo, 15 somites, at the level of the facial nerve (N.VII).
V. = vena capitis lateralis, Ao = aorta, V = foregut.
KT 987/1. 130:1

FI1G. 104. Detail of thyreoidea-anlage (Th).
Tr = truncus arteriosus (aortic sac).

Fi1G. 105. Detail of Fig. 106, showing boundary zone of ectoplacental cone.
D = yolk sac, R = Reichert'’s membrane, T = trophoblastic giant cells, A// = allantois. Zone of con-
tact with embryonic vessels, eG = ectoplacental glycogen cells, De = decidua basalis. 100:1

F1G. 106. Cross section through uterus, with embryo and extraembryonic membranes.
A = amnion, Az = umbilical artery in umbilical cord.
KT 624, 9 days, 21 somites. 18:1

F1G. 107. Detail of Fig. 106, showing decidua capsularis and new uterine lumen (below).
T = trophoblastic giant cells, forming meshwork; R = Reichert’s membrane and distal (parietal)
layer of yolk sac; D = yolk sac, proximal (visceral) layer, with blood vessels. 100:1
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auditory pit 2nd branchial bar

1st branchial bar

anterior cardinal vein optic vesicle

aortic bulb —
somite 5
D. Cuvieri

dorsal aorta-
posterior neuropore

FiG. 108. Embryo, formalin fixed.
KT 937a, 14 somites, 9 days

anterior rhombencephalon (Figs. 97 and 100). They do not close in this region until 15-18
somites have formed. The closure does not coincide with the attainment of a definite somite
number. The earliest was observed at 15 somites. In any case, the folds are closed at 19
somites. During dissection, a newly closed neural tube may open again, even if the uterus
is fixed in toto.

After the closure of the anterior neuropore, the floor of the rhombencephalon acquires a
characteristic shape. Six rhombomeres {162} are formed, which will disappear later. Prior to
the closure of the neural tube, the thombomeres may be seen in different phases of matura-
tion (compare with Fig. 82).

The cranial neural crest {1611 is visible prior to the closure of the brain folds. The
trigeminal- and facialis crests are most distinct. In Fig. 103, the rudiment of the facialis-
ganglion may be recognized. The overlying epidermis is thickened and represents the
facialis-placode.

The eye anlage is in the vesicular stage. The optic evagination reaches the overlying
epidermis prior to the closure of the neural tube and induces the formation of the lens pla-
code. This placode can be easily recognized by the tall epithelial cells that are formed shortly
after the disappearance of the anterior neuropore.

The olfactory placode appears shortly before the lens placode, as a striking thickening of the
epithelium, while the brain tube is still open. At first it is adjacent to the forebrain. Now it
begins to be separated from it by invading mesenchyme.

The otic plate is transforming into a deep open groove. The invagination proceeds more or
less regularly with increasing somite numbers.
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FiGg. 109. Reconstruction of the

arterial region of the heart.

y . ; ;
ehamBemenhslon eft anterior cardinal vein

“left internal carotid artery
foregut i
5% aortic arch (left)

atrio - ventricular canal

endothelial heart tube

truncus arteriosus

bulbus
ventriculus communis

Ventral view, based on a frontal é somite 11
section through somite 11 and

anterior rhombencephalon.

KT 987, 16 somites, 8 days 21 h

F1G. 110. Reconstruction of the
venous sinus.

Dorsal view, from left side.
Based on a frontal section, level
of somite 9 and otic invagina-
tion. The venus sinus lies dorsal
to this plane.

KT 987, 16 somites, 8 days 21 h

V capitis lateralis

V capitis medialis right auvditory pit
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left umbilical vein
right
umbilical

' vitelline artery
vein

&yalk sac

umbilical artery F1G. 111. Vessels of the posterior body

region.
KT 987, 16 somites, 8 days 21 h

10 Somites

Avit A umb

16 Somites

Avit 22 Somites

F1G. 112. Development of the posterior ar-
terial stems. At 22 somites, the vitelline
artery takes a new origin, by means of an
anastomosis. The connection with the
umbilical artery is lost later. The arrow (R)
indicates the direction of the embryonic
Aorta rotation.
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—— right 7Stpharyngea/ pouch

right nd "
foregut with lung anlage

hepatic diverticle

vitelline duct

F1G. 113. Anlage of the gut, viewed from
dorsal and left, starting from a section at
the level of the 9th somite.

8 days 21 h, 16 somites

F1G. 114. Development of the otic invagi-
nation. Cross sections. The neural tube
remains open here for a longer time than
in human embryos. D = gut-anlage, Ao
= aorta, N = neural groove.

Endometrium and Placenta

The new uterine lumen (Fig. 84) is now continuous (Fig. 106). The adjacent decidua cap-

sularis is poorly vascularized and is composed of relatively small cells. It borders a zone of

trophoblastic cells that form a perivitelline meshwork invaded by maternal blood (Fig. 107).

Near this zone, the deciduous cells are often multinucleate and are darkly stained.

The placenta is developing in the region where the allantois reaches the ectoplacental plate

(“chorionic plate”). The ectoplacental cavity disappears by fusion of the two ectoplacental
laminae. The fusion begins in the middle and reaches the margins by 8 days (Fig. 77).
Toward the maternal tissue, the boundary zone is organized into two different regions:

1.

of the placenta is formed.
. Further toward the decidua basalis there is a zone of ectoplacental glycogen cells that are
joined, more peripherally, by single trophoblastic giant cells, in continuation of the peri-

Toward the embryo, there is a rather solid wall of cells, into which the large allantoic
vessels enter. They contain some nucleated embryonic erythrocytes (Fig. 105).

Toward the decidua numerous clefts are developing so that the cell mass is split into
anastomosing strands. The clefts are filled with maternal blood. In this way, the labyrinth
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vitelline meshwork (Fig. 105). In contrast to the placental labyrinth, only maternal blood
is circulating in this junctional zone {38} (trophospongium or reticular zone).

The yolk sac is provided now with a well formed vascular net, and it functions as addi-
tional “placenta” (yolk-sac placenta). In the course of dissection, the visceral layer of the yolk
sac is immediately exposed after cutting the uterine muscular wall and decidua. There is a
cleft between the proximal and distal layer, and the distal layer adheres to the decidua.

Material Age Embryos

KT 624-26 9 days 1 with 5 somites
1 with 11 somites
1 with 16 somites
2 with 20 somites

1 with 21 somites
1 resorption

KT 985-88 8 days 21 h 1 with 8 somites, anterior neuropore open
1 with 13 somites, anterior neuropore open
2 with 14 somites, anterior neuropore open
1 with 15 somites, anterior neuropore open
2 with 16 somites, anterior neuropore open
1 resorption

KT 935-37 9days 3h 1 with 15 somites
2 with 17 somites, anterior neuropore closed
1 with 20 somites, anterior neuropore closed
3 with 22 somites, anterior neuropore closed
1 with 23 somites, anterior neuropore closed
1 with 24 somites, anterior neuropore closed
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9 1/2 Days

. . Horizon XII
Stage 15 Formation of Posterior Neuropore; 21-29 somites,
Forelimb Bud homo = 3-4 mm
9 1/2 Days, 21-29 Somites, 1.8-3.3 mm

External Shape

During this phase, the condensation of the forelimb bud may become apparent for the first
time. It is situated at the level of the 8th—12th somite (Fig. 116). A distinct condensation of
the hind limb bud does not appear until the end of this period.

A prominent feature is the presence of 3 branchial bars compared to two in the preceding
age group.

The optic vesicle is still spherical and has not yet begun to invaginate. In Figs. 115-116, the
central light spot represents the wide open stalk of the optic vesicle and not the lens rudi-
ment.

The otic vesicle is usually closed, in any case from the 24-somite stage onward.

The anterior nexropore is invariably closed, while the posterior one is open in all specimens
examined. Compared to humans the closing of the posterior neuropore is thus retarded in
mice and does not start before the next period.

Length. The extent of curvature of the embryo varies considerably, and therefore the length
varies. In the fresh state, they range from 1.8 to 3.3 mm. After fixation in formalin, followed
by storage in 70% alcohol, length is reduced by nearly one-third.

Sagittal Section (Fig. 121)

Figure 121 shows the relationships between some of the internal organs. Rathke’s pouch is
still open. The liver anlage is still covered by the heart.

Circulatory System

The heart consists of a convoluted tube, not yet divided into right and left parts. Through its
transparent myocardial wall, the fine endocardial tube may be recognized (Fig. 118). The
cardiac gelatinous coat (subendocardial jelly) contains only a few cells and is in the process
of forming the atrio-ventricular cushions (Fig. 122).

The first aortic arch is of small caliber. The second and third are well developed (Fig. 122).
They conduct the blood into the paired dorsal aortae and through the umbilical artery into
the placenta. The vitelline artery (A. omphalo-mesenterica) develops a new origin from the
dorsal aorta by way of a newly developed anastomosis {49} (Fig. 112).

The sinus venosus receives the same tributaries as in the previous stage (Fig. 110). How-
ever, it gradually separates from the atrium proper (atrium commune) by the development
of a transverse ridge (Fig. 122).
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Intestinal Tract

The intestinal tract is now undergoing important transformations, which are shown in
Fig. 123.

The /ung rudiments appear at the beginning of this period as epithelial thickenings which
are now delimited posteriorly. The laryngo-tracheal groove deepens and begins to detach
from the intestinal canal.

The stomach primordium is expanding rapidly. At the same time the omental bursa develops
as a lateral peritoneal pocket (Fig. 124).

Within the hepato-duodenal field, columns of cells (hepatic epithelial cords) continue to
invade the mesenchymal tissue of the septum transversum.

The pancreas develops from two separate areas of the duodenal epithelium. The anlage of
the ventral pancreas is a small, circumscribed ventral evagination in the caudal part of the
hepato-duodenal field. The dorsal pancreas, on the other hand, is a broad evagination in the
dorsal half of the duodenal epithelium, which is not constricted until the end of this period
(Fig. 123). It is not situated cranially to the ventral rudiment as in man. The reconstruction
of the 10 1/2 day stage (Fig. 123) does not show the entire intestinal tract because of a lateral
curvature of the embryo.

The vitelline duct is now closed, and its epithelium has disappeared.

Urogenital Tract

The nephric duct has grown far into the mesonephric region (Fig. 122). As an example, in
specimen KT 997/5 (25 somites), it extends from the 11th to the 25th somite and parts of
it have a distinct lumen. In specimen KT 939 (28 somites), the nephric duct has reached the
vicinity of the cloaca (Fig. 126).

Figs. 115-120: Foreleg bud, 9 1/2 days, 22 and 24 somites, 1.8 and 2.9 mm length

F1G. 115. Embryo of 22 somites, formalin fixed, translucent.
Rh = rhombencephalon with fourth ventricle, O = ear vesicle, separating from epidermis. 36:1

F1G. 116. Same embryo, surface illumination.
Ab = eye vesicle, Au = forelimb bud, 1 and 2 = first and second branchial bars. 36:1

F1G. 117. Same embryo, from left, translucent.
Hn = posterior neuropore. 30:1

FiG. 118. Embryo of 24 somites, formalin fixed, on a millimeter scale.
O = ear vesicle, separating from epidermis; Az = forelimb-bud; N = suture line of neural folds;
E = endocardium within bulbus arteriosus; I, 2, 3 = branchial bars 1-3. 21:1

FI1G. 119. Cross section of uterus with embryo of 22 somites.
Aa = forelimb bud, Ri = olfactory placode, D = yolk sac, visceral layer. 16:1

FiG. 120. Detail of Fig. 119.
Eye vesicle with emigrating cells of the ophthalmic neural crest (0p). 200:1
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mesencephalon

4th ventricle
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liver rudiment —-—
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mesonephric vesicle
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FiG. 121. Sagittal section through embryo of 10 days, 26
somites.

KT 939. 62:1
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F1G. 122. Development of the circulatory system. Parasagittal sec-
tion through mouse embryo of 9 days 3 h.
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remnant of Rathke's pouch Th (projection)
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truncus arteriosus
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9 days 9% days 1072 days
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F1G. 123. Development of the intestinal tract, illustrated in 3 sagirttal sections, 9-10 1/2 days, drawn
o scale. Th = primordium of thyroid, L = primordium of lung, M = primordium of stomach, P4.,
Pv. = pancreas (dorsal, ventral); stippled area represents mesenchyme of septum transversum; black
area represents liver anlage.

KT 936 9 days, KT 997 9 1/2 days, KT 999 10 1/2 days

Central Nervous System

The posterior neuropore begins to constrict but is still open in all embryos examined (Fig. 117),
even in those with 26 or 28 somites (Fig. 126). Thus, the closure is definitely retarded in
mice compared with human embryos of the same somite number. The completion of closure
in mice has been observed as late as the 32-somite stage.

During this period the brain develops very rapidly. The optic vesicles have relatively large
stalks. From the outer periphery of the vesicles, the cells of the optic neural crest spread into
the surrounding mesenchyme (Fig. 120). They probably become pigment cells of the uvea.
The other divisions of the cranial neural crest {161} have formed prior to this stage, when
the anterior neuropore was still open.

The development of the cranial blood vessels parallels the extremely rapid growth of the
brain. The central nervous system is being invested by an extensive vascular plexus.

The lens placode and the olfactory placode appear as distinct thickenings of the surface
epithelium (Fig. 119).

The otocyst (ear vesicle) is completely detached from the surface at the 22-24 somite stage.
It is one of the most reliable characteristics for determining the degree of development. For
a while, the closing rim of the otocyst is stretched into a ductlike stalk by which the ear vesicle
is attached to the surface (Fig. 125). Sometimes the process of detachment of the right and
left otocyst is slightly asynchronous, but the differences observed are slight. The epithelium
of the otocyst is highly specialized and is entirely different from the simple skin ectoderm.
It consists of tall cells, and all mitoses are localized in the superficial layer bordering the
lumen. In this respect, it resembles the wall of the neural tube.
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duodenum
otic vesicle foregut coelom

Y,

) right horn of forelimb bud
Fi1G. 124. Anlage of bursa omentalis (B). sinus venosus

KT 935/9, 9 days 3 h, 23 somites

notochord

somite 28 .
07mm
F1G. 125. Otic vesicle separating from epi- F1G. 126. Posterior part of the body.
dermis, 9 days, 22 somites. Graphic reconstruction.
0 = otic vesicle, Ao = aorta, Vie.l. = vena cap- 10-day embryo, 28 somites; HN = posterior
itis lateralis, Vie.m. = vena capitis medialis. neuroporus (arrow); W = Wolffian duct;
KT 935 KM = cloacal membrane; D = hindgut,
extending into tail bud; B = hindleg bud.
KT 939/3
Material Age
KT 935-37 9 days 3 h 4 with 15-20 somites (mentioned before)

3 with 22 somites
1 with 23 somites
1 with 24 somites

KT 997-98 9 days 10 h 1 with 17 somites. Posterior neuropore open.
1 with 22 somites. Posterior neuropore open.
1 with 23 somites. Posterior neuropore open.
1 with 24 somites. Posterior neuropore open.
2 with 25 somites. Posterior neuropore open.
2 with 26 somites. Posterior neuropore open.

KT 648-49 9 days 23 h 7 with 22-23 somites. Posterior neuropore open.
Two of them measured 3.2 and 3.5 mm (unfixed).
KT 938-40 10 days 9 with 25-34 somites,

Five measured 3.2-3.9 mm (unfixed).
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10 Days

Horizon XIII

: Lens plate
Stage 16 Closure of Posterior Neuropore; homop = 2729 days

Hind Limb Bud and Tail Bud 4.5 mm
10 Days, 30-34 Somites, 3.1-3.9 mm (fresh)

External Shape

Some typical features of stage 16 are represented in Fig. 134. The hind limb bud becomes
visible as a distinct bulge at the level of the 23rd-28th somite. The tail rudiment appears
as a short stump (Fig. 127). The surfaces of the third and fourth branchial bars are distinctly
concave, in contrast to the second. In this way the formation of the cervical sinus is initiated.
The lens plate is usually slightly indented (Figs. 129-131). This corresponds to the early
horizon XIV of Streeter. Lens development seems to be slightly advanced in mouse com-
pared to human embryos. The olfactory placode is clearly indented, and is also slightly
advanced in development compared to the human embryos.

The otocyst is invariably closed. It is no longer spherical, but more or less pear-shaped in
its dorsal segment (Fig. 127).

The posterior neuropore begins to close.

Length. In the unfixed state, the overall length varies between 3.3 and 3.9 mm.

Circulatory System

The cardinal veins may be clearly recognized in intact embryos (Fig. 129). The heart forms
a prominent bulge in the vicinity of the branchial bars. The structure of the heart is essen-
tially the same as in stage 17 for which a detailed reconstruction is represented in Fig. 148.

Intestinal Tract

The most conspicuous change in this age group is the formation of the lung anlage (Fig.
132): the laryngo-tracheal groove branches from the esophageal gut and the two primary
bronchi sprout out in a T-like manner (Figs. 132, 133). The development of the intermediate
portion of the intestinal tract was shown in Fig. 123. The hindgut still has the same appear-
ance as in Fig. 126.

Urogenital System

The nephrogenic cord is now widely separated from its origin in the somite stalks. In the
pronephric region, anterior to the 12th somite, only small clusters of cells are visible, and
there is no structural organization. At the level of the 12th somite, spherical groups of
nephrogenic cells may be recognized. They are arranged as vesicles at the level of the 13th
to the 15th somite (Fig. 135). Generally, two such vesicles will form in each segment. Matu-
ration proceeds slowly: at the 32 somite stage, the nephrotome of the 20th somite is not
much more developed than in the 26-somite stage (Fig. 135). In one 26-somite embryo,
there is a peritoneal funnel. There are no mesonephric glomerula at this stage.
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The Wolffian duct is recognizable in the younger specimen examined, and it extends from
the 13th to the 26th somite. In the older specimen, it has already reached the cloaca. At the
point of contact, numerous pycnotic nuclei may be seen.

Primordial germ cells {103} can be seen as large cells containing much alkaline phosphatase.
Some are already situated within the genital ridge, on both sides of the dorsal mesenteric
attachment.

Central Nervous System

In most cases the neural tube is now completely closed. Compared to the human embryo of
similar somite number, closure is delayed in mice. As an example, specimen KT 939/4 has
32 somites, and its posterior neuropore has just closed.

The separation and differentiation of the otic vesicle behaves nearly exactly the same in
mice as in humans. The vesicle is now closed and completely separated from the epidermis.
The endolymphatic appendage is marked off as a dorsal recess from the main cavity of the
vesicle, giving it a more elongated appearance.

The olfactory placode is considerably thickened and slightly indented.

The ganglia of the cranial nerves appear as distinct blastemal condensations. In transpar-
ent specimens, the large trigeminal ganglion can easily be recognized, situated just anterior
to the pontine flexure of the brain tube (Fig. 127). Posteriorly, the spinal ganglia are differen-
tiated from the neural crest.

In older specimens, the lens plate is slightly indented (Fig. 130).

Placenta

The loosely structured chorionic plate is traversed by the allantoic vessels. The ectoplacental
plate is transformed into the labyrinth, and its margins are turned inward (Fig. 136). Conse-
quently, the transition zone of the two yolk sac layers is also turned inward. The yolk sac
cavity will later communicate here with the interplacental cavities, which develop secondar-
ily as small clefts within the labyrinthine cell mass after disappearance of the original
ectoplacental cavity {33}

The zone of “giant cells” (Fig. 136A) borders the decidua, which has many multinucleate
cells in this region. Toward the mesometrium, the deciduous cells penetrate the myometrium
and start to form the “metrial gland” [25].

Material Age

KT 938-40 10 days 4 with 25, 26, 27 and 28 somites (listed previously).
1 with 32 somites. Posterior neuropore just closed.

1 with 32 somites. Posterior neuropore still open.
1 with 34 somites. Posterior neuropore closed.
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Figs. 127-133:

F1G. 127. Embryo of 32 somites, from the right. Formalin fixed.
The trigeminal ganglion (V) is visible through the skin as well as the slightly pointed otic vesicle (0).
Dashed line indicates level of the section Fig. 130. 13.5:1

F1G. 128. Embryo of 30 somites, on millimeter scale. Bouin fixed.
Nominal age 11 days, developmental age 10 days.
KT 945. 13.5:1

F1G. 129. Embryo of 33 somites, from the left.
For explanations, see Fig. 134. 13.5:1

F1G. 130. Horizontal section through eye primordium, low magnification. Plane of section indicated
in Fig. 127.

D = diencephalon (3rd ventricle), 7é/ = cerebral hemisphere.

KT 939/4, 32 somites. 100:1

F1G. 131. Detail of Fig. 130.
L = lens invagination, R = retinal sheet. 270:1

F1G. 132. Cross section, level of lung primordium. The apparent asymmetry of the lung bud is
mainly due to the oblique plane of section.

Viea. = vena cardinalis anterior, Ao = aorta dorsalis (paired).

KT 939/4, 10 days, 32 somites. 100:1

F1G. 133. Detail of Fig. 132.
L = laryngo-tracheal groove. 270:1
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F1G. 135. Development of the mesonephros, 10 days.
(A) Drawing shows level of cross section; (B) cross section, embryo of 26 somites; (C)

shows same cross section, embryo of 32 somites; Pe = peritoneal funnel; Ne =
nephrogenic cord (dotted area); W = Wolffian duct.
KT 939/2

64



A PN N — myometrium
AN : N placenta materna

ectoplacental glycagen cells,
spongio - trophablast

o \——— allantois
8 days 10h 9 Somites

5=

= parietal }/ayer of
_visceral J yolk sac

__—large maternal vessels

central artery

X spongiotraphoblast
~— (abyrinth

—a-—Chorionic plate

,/
> umbilical artery

10 days

27 Somites

F1G. 136. Development of the placenta.
(A) Disappearance of the ectoplacental cleft (broken line between laminae);

(B) margins of laminae turned inwards, (C) formation of labyrinth (dashed
area indicates maternal tissue).

A KT 1001/4, B KT 935/9, C KT 938/4
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10 1/2 Days

Horizon XIV
homo = 32 days,
Stage 17 Deep Lens Indentation 5-7 mm
10 1/2 Days, 35-39 Somites, 3.5-4.9 mm (fresh)

External Shape

The extremities and tail are enlarging rapidly. They are no longer simple ridges and a short
stump. Instead, they are projecting appendages and curve forward or inward. The tail is con-
siderably longer now than in the human of this stage.

The olfactory discs are also more advanced, forming a distinct marginal lip. The lens vesicles
form deep pockets (in younger embryos) or pore-like openings (older) to the surface. This
is one of the best characteristics to use for assigning an embryo to this stage.

The first branchial bar is divided into large conspicuous maxillary and mandibular
processes. The most cranial somites are becoming more and more indistinct. On the other
hand, the most cranial spinal ganglia are easily recognized in transparent specimens. They are
still completely lacking in the tail, where only somites are visible.

Behind the cloacal membrane, a short ventral ectodermal ridge (Grineberg {1951) is recog-
nizable (Fig. 146).

Length. The overall length of unfixed embryos varies from 3.5 to 4.9 mm.

Sagittal section (Fig. 145). The most prominent feature is again the advanced development
of the brain tube. The optic recess (groove) is a conspicuous depression, situated just posterior
to the thick commissural field and anterior to the thin optic chiasma. Rathkes pouch is nar-
rowed and the median thyroid is deepened. It is shown at higher magnification in Fig. 141.

Circulatory System

With the development of the yolk sac and the placenta, two complete extraembryonic circuits
have been established: the yolk sac and the placental circulation. The yolk sac vessels, pass-
ing along the obliterated yolk sac stalk (Fig. 137), separate distally. Only in the region close
to the embryo does the vitelline vein course parallel to the vitelline artery. It separates from
it distally and independently proceeds to the yolk sac (Fig. 147).

The aorta abdominalis, now a single unpaired vessel, forks into two branches at the level
of the hind limb buds. These branches are the two umbilical arteries, and the left one is
larger than the right one. The actual continuation of the original dorsal aortae is represented
by two slender vessels proceeding in the dorsal body wall into the tail, nearly to its tip.

Both umbilical arteries unite ventral to the gut tube at the base of the umbilical ring to form
an unpaired vessel.

The (unpaired) vitelline artery branches off from the aorta as a conspicuous vessel in the
middle region of the trunk {49]. It passes cranially beside the head to the yolk sac (Fig. 147).

Both umbilical veins unite in the region of the umbilical ring by anastomoses, caudal to
the umbilical and vitelline arteries. Distally, a large venous stem branches within the
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placenta into smaller vessels. Proximally, however, there are two asymmetrical umbilical
veins which pass within the left and right body walls. The right umbilical vein is more than
twice as large as the left.

The heart is still a single, curved tube. It has two distinct constrictions: the sulcus atrioven-
tricularis and the sulcus sinu-atrialis (Fig. 148). The termination of the above-mentioned
vitelline and umbilical veins is reconstructed in Fig. 147.

Aortic arches. The first and second arch are greatly reduced compared to the previous stage.
The sixth is developing and sends a branch to the lung primordium.

Intestinal Tract

In the midline of the pharyngeal region, the thyroid rudiment is represented by a narrow diver-
ticulum (Fig. 141). Laterally, all pharyngeal pouches may be seen.

The /ung bud is rapidly elongating. The left primary bronchus is shown in Fig. 143 as a
small tube.

The short esophagus continues into the large eccentric stomach anlage. This asymmetric
development results in the formation of the coelomic pockets, which are conspicuous in
microscopic sections (Fig. 145).

In the region of the hepatic diverticulum, the evaginations of the ventral pancreas and the
gall bladder primordium are distinctly visible (Fig. 144). The hepatic cords are invading the
mesenchyme of the septum transversum. Future erythropoietic cells seem to stem from this
mesenchyme and now join these epithelial cords. The dorsal pancreas begins to constrict at
its base. It grows both caudally and toward the left. In Fig. 144 (marked Pd.) the wall of the
basal constriction is cut tangentially.

The umbilical loop is only slightly curved and is clearly visible in Fig. 137. The obliterated
vitello-intestinal duct (yolk stalk) is attached to its apex. The vitelline vessels described previ-
ously pass through its walls to the yolk sac.

The cloacal membrane has not yet ruptured.

Urogenital System

The Wolftian duct has now reached the cloacal wall, where it ends blindly. The ureteric bud
is forming. The mesonephric tubules are longer and more numerous than in the previous
stage. However, there are no mesonephric glomeruli.

Central Nervous System

The cerebral vesicles appear as distinct bulges. The rhombencephalic portion of the brain is
relatively large. It has an extremely thin transparent roof and a thick and wide floor with
marked neuromeric elevations {162} (Fig. 143, upper lef?).

In the floor of the third ventricle, the optic recess is distinctly visible. In the rof of the dien-
cephalon, some pycnotic cells can be regularly observed [158}. Later, at 11 or 12 days, there
is a pronounced degeneration of cells [166].
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The deep lens pocket {1811 (Fig. 140), which will develop into a pore-like opening of the lens
vesicle, is a characteristic of this age group.

The otic vesicle has developed a short endolymphatic duct (Fig. 149).

The olfactory plate is broad, but relatively flat, with a distinct rim (Fig. 140).

The ganglia of the branchial nerves are now well formed. The dorsal ganglion of the glos-
sopharyngeal nerve is visible in Fig. 142, below the otic vesicle, close to the anterior cardinal
vein (later to become the anterior jugular vein).

In the trunk region, the most anterior spinal ganglia may be seen lateral to the somites in
transparent specimens.

Material Age

KT 909 10 days 4 embryos (all well developed), 3.3-4.4 mm.

KT 944-46 10 days 23 h 5 embryos + 1 resorption, 3.5-4.5 mm, 33-35
somites.

KT 999-1000 10 days 9 1/2 h 3 embryos + 2 resorptions, 4.0-4.5 mm.

Figs. 137-144:

Fi1G. 137. Embryo of approximately 36 somites.
N = umbilical loop with projecting yolk sac stalk (obliterated), 11:1

Fi1G. 138. Embryo, formalin fixed, nominal age 10 days, but actually further developed.
See Fig. 139 for explanation.
KT 909. 20:1

F1G. 139. Drawing of embryo (Fig. 138).
Tel = cerebral hemisphere, L = lens invagination, H/ = hindlimb bud, Az = forelimb bud, 0 =

otic vesicle, Ri = olfactory pit, He = heart, So = somite 4, C, = ganglion cervicale 2. Branchial
bars are indicated by I and 2.
KT 909

F1G. 140. Cross section through eye and olfactory pit.
L = lens pocket, Ri = olfactory placode, 3.V. = 3rd ventricle.
KT 909. 100:1

FiG. 141. Thyroid primordium, sagittal section.
Th = thyroid pocket, T.a. = truncus arteriosus.
KT 999, 10 days 9 1/2 h 350:1

F1G. 142. Otic vesicle (0), oblique section (transverse-frontal).
Rh = rhombencephalon.
KT 909. 130:1

F1G. 143. Paramedian section.
Lz = lung bud (left stem bronchus), Ao = aorta dorsalis, S.. = sinus venosus, Coe = coelomic
pockets, * = stomach. Arrow indicates neural crest.

KT 999, 10 days 9 1/2 h. 40:1

FI1G. 144. Detail of Fig. 142.
Lz = hepatic cell cords, G = anlage of gall bladder, Pv. = pancreas ventral, P4. = pancreas dorsal
(tangential section). 270:1
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F1G. 146. Proximal tail in cross section.
KT 909
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F1G. 147. Vascular connection with yolk sac and placenta. Reconstruction,
starting from cross section through embryo.

KT 909
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F1G. 149. Otic vesicle with endolym-
phatic duct (D.e.).

N = neural tube (rhombencepha-
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terior, Ao = aorta dorsalis.
KT 909, approximately 36 somites
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11 Days

Horizon XIV-XV
homo = 32-33 days
Stage 18 Closure of Lens Vesicle 6-9 mm
11 Days, 40-44 Somites, 5-6 mm

External Form

The somites in the cervical region are no longer visible. They can still be recognized in the
posterior part of the body, especially in the tail. The long tail passes lateral to the head, over
the deep nasal pit. The external features are shown in Figs. 150-152.

Streeter did not designate a special stage to mark the closure of the lens vesicle in man.
Therefore, our stage 18 is between his horizon XIV (open vesicle) and XV (closed vesicle).

Length. Unfixed embryos are 5-6 mm long.

Sagittal section. The rapid growth and maturation of the brain is striking (Fig. 158). The
infundibular recess is distinct, and the opening into the lateral ventricle is beginning to
form. The liver is growing rapidly.

Circulatory System

The heart is still a curved, undivided tube. The bulbar ridges can easily be recognized in
sagittal sections (Figs. 145, 158). For the following stages (11 1/2 and 12 days), the differen-
tiation of the bulbus arteriosus is described in more detail.

The primitive olfactory artery (arteria cerebri anterior) branches off from the arteria caro-
1is interna at the same time as the nasal pits are developing.

Intestinal Tract

The thyroid primordium (Fig. 155) is shaped as a vesicle with a very thick basal wall. The
lumen of this vesicle is a remnant of the thyro-glossal duct. It does not correspond to a
thyroid follicle. In some embryos of this stage, the vesicle has separated from the surface.

The lung bud, stomach, and gall bladder are cut tangentially in the sagittal section shown
in Fig. 158.

The epithelial lining of the dorsal mesentery of the stomach is thickened and represents
the anlage of the spleen (Fig. 159). The thickening is part of the anterior splanchnic mesoder-
mal plate (Green [83}).

The cloaca (Fig. 161) is not yet subdivided. The cloacal septum becomes evident in the
next stage (Fig. 176).

Urogenital Tract

The mesonephros has not changed much since the preceding stage. The genital ridge is more
distinct (Fig. 160), but diagnosis of the sex is not yet possible.
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Central Nervous System

The brain is now more clearly subdivided, especially the diencephalon {172} with its basal
recesses. The epiphyseal evagination, however, has not yet appeared. A marginal layer has
formed in the brain stem (Fig. 154). The trigeminal and stato-acoustic ganglia may again be
identified in transparent specimens (Fig. 152).

The otocyst has an elongated endolymphatic duct.

The Jens vesicle begins to detach from the ectoderm (Fig. 153). In 2 out of 13 embryos of
this group, the lumen had just lost its communication with the amniotic cavity.

The olfactory plate is now considerably deepened (Figs. 153 and 162). The bordering rims
are beginning to unite. In the human, this stage is reached at a much later developmental

phase, in horizon XVI.

Vertebral Column

Sclerotomic fissures are appearing in the trunk region. Later, they become more distinct
(Fig. 186).

Material Age
KT 949-51 11 days 5 h 8 embryos, 4.8-5.1 mm length. 5-7 rtail-somites.
KT 604-5 11 days 6 embryos, 5.0-6.2 mm length.

Fi1G. 150. Embryo of 11 days 5 h, Bouin fixed, on millimeter scale.
KT 949. 13:1

Fi1G. 151. Embryo of 11 days 5 h, Formol fixed, 5.3 mm length.
Explanation in drawing Fig. 152.
KT 950. 12.5:1

Fi1G. 152. Explanation of Fig. 151.

M = mesencephalon, S (broken line) = plane of section Fig. 153, Te/ = hemisphere, G 5 = trigemi-
nal ganglion, G7-8 = ganglia of 7th and 8th cranial nerves, O = otic vesicle, Az = forelimb bud,
H/ = hindlimb bud, I = mandibular process, 2 = hyoid arch.

F1G. 153. Eye anlage, frontal section, 11 days.

L = lens vesicle, in the process of closure; A.c. = arteria carotis interna; Hy = enlarged vessel of
hyaloid plexus; Ri = olfactory pit.
KT 605. 100:1

F1G. 154. Oric vesicle with endolymphatic duct (De).

Section parallel to § in drawing Fig. 152, same embryo of 11 days; R/ = wall of rhombencephalon;
Vie.a.. = vena cardinalis anterior.

KT 605. 100:1

FI1G. 155. Thyroid primordium, sagittal section, 11 days 5 h.

Th = ductus thyreoglossus (closed here).

KT 949/6. 560:1

FI1G. 156. Placenta with 11 days 5 h.

Section of whole uterine wall. Embryo in situ. A = amnion, Az = arteria umbilicalis, D = yolk sac,
visceral layer.

KT 951/3. 18:1

Fi1G. 157. Detail of Fig. 156.
La = labyrinth of placenta. eG = ectoplacental glycogen cells, Rz = trophoblastic giant cells. 100:1
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Fig. 159. Section through
upper thoracic region and
anterior limb bud, 11 days 5 h.
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thoracic region, 11 days 5 h.
KT 951/3

notochord

somite L1

Wolffian duct

neural tube
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11 1/2 Days

. Horizon XVI
Stage 19 Lens Vesicle Completely homo = 37 days
Separated from Surface 9-11 mm
11 1/2 Days, over 45 Somites, 6-7 mm

External Form

A footplate (“handplate”) has formed in the anterior limb bud, indicated by a definite con-
striction (#rrow in Fig. 163). The posterior limb buds are not yet divided into leg and foot.
In the human, both hand- and footplates are delimited in horizon XVI (Streeter). Their
development is dissimilar to that in the mouse, and they are less useful to use as landmarks
to indicate developmental stage.

The six low tubercules, which will form the pinna, can be discerned.

The nostrils are narrowed to small slits, and the nasolacrimal grooves are clearly visible.

The posterior somites are still sharply defined, and the tail is considerably longer than in
the preceding stage.

Length. Most are 6-7 mm long. A few specimens of this age group may be somewhat
smaller (KT 611).

Sagittal section (Fig. 171): Compared with the preceding stage, there is little change in the
brain. The opening of Rathkes pouch is constricted. The thyroid primordium is growing
deeper and is losing its lumen. The mesenchyme of the anterior primitive intervertebral
discs is condensing. In the lumbar region and posterior to it, there is a gradual transition
from loose mesenchyme to condensation of the posterior sclerotomic halves of the somites.
The atlas is visible in Fig. 175.

Circulatory System

Within the arterial system, the aortic arch complex has become more mature (Fig. 172). The
most anterior arch has disappeared, and the second is reduced. The third and sixth are well
developed. All of them connect dorsally with the dorsal aorta. The vertebral artery is now
forming parallel to the dorsal aorta. The primitive arteria cerebri anterior (olfactory artery)
has enlarged considerably along with the further development of the nose.

In the venous system, the asymmetry of the umbilical veins is striking. The sinus venosus
receives the cardinal veins, the right umbilical vein and the hepato-cardiac channel (primi-
tive inferior vena cava) (Fig. 173). The sinus venosus conducts the blood through a small
sinuatrial opening into the atrium.

The atrium is nearly completely partitioned off by the septum primum. The original
broad communication is constricted to the foramen I, while the foramen II is forming above
(Fig. 174).

The ventricle is still unpaired (ventriculus communis). It is delimited from the atrium by
the atrio-ventricular cushions (Fig. 175). This figure illustrates how the arterial outlet is
incompletely subdivided by the developing bulbar ridges. It also shows how the pulmonary
artery branches off as a thin vessel from the sixth aortic arch. The opening of the sixth aortic
arch into the large dorsal aorta is also visible in Fig. 175.
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Intestinal Tract

In the region of the foregut, the elevation of the tongue is not yet apparent. Anterior to the
foramen cecum, there is a small indentation (Fig. 176), which must not be confused with
it. The thyroid primordium has invaded more deeply into the underlying mesenchyme (Figs.
171 and 176), and the primary (stem) bronchi are developing secondary branches (lobar
bronchi). Lung lobation is determined genetically {611].

The pharyngeal pouches are now beginning to become specialized structures such as
the thymus and parathyroid. They are not yet completely separated from the pharyngeal
epithelium.

The stomach is much enlarged. It is separated from the outgrowing pancreas by the lesser
sac (bursa omentalis). The /iver is composed of broad hepatic cords, which are separated by
large sinusoids containing nucleated erythrocytes. Hematopoietic foci are found intermin-
gled with the hepatic cords.

The cecum is recognizable by a slight distension of the colon. It marks a clear distinction
between colon and small intestine. Within the cloaca the uro-rectal septum is developing
(Figs. 176 and 177). The cloacal membrane has not yet ruptured. Posteriorly, the hindgut
is continued by the tail gut, which terminates in the blastema of the tail tip. The tail gut is
very narrow, except for a slight terminal distension, and it has some pycnotic cells. The
ventral ectodermal ridge {186} is confined to the region near the tail tip.

Urogenital System

The urogenital system is developing rapidly. The genital ridge, still in an indifferent state,
contains numerous gonocytes (Fig. 168), which have now completed their migration {103].
The Wolffian ducts terminate blindly at the cloaca. The ureteric buds are considerably dis-
tended. They are surrounded by condensed metanephrogenic tissue {100} (Figs. 167 and
177). The mesonephros is more mature than in the preceding stage. Several glomerulusanlagen
may now be recognized, and the mesonephric tubules are more distinct (Fig. 178).

Central Nervous System

Eye. The most conspicuous feature of this age group is the complete closure of the lens vesicle
and its detachment from the ectoderm (Fig. 166).

The pigment layer of the optic cup contains numerous cells with pigment granules.

Ear. The endolymphatic duct is longer, and the utricle and saccule are becoming discern-
ible.

Olfactory organ. The nose pit is separated from the oral cavity by the bucco-nasal mem-
brane (Fig. 179). The epithelial wall of Hochstetter is invaded and perforated by mesen-
chyme (Fig. 169). In the medial wall, the invaginated organ of Jacobson is clearly visible.

The ganglia of the cranial nerves and the spinal ganglia are well developed and the anlage
of the sympathetic trunk is discernible (Fig. 175).

The cellular degeneration, which began at 10 1/2 days in the anterior part of the roof of
the 3rd ventricle, has progressed further.

Extraembryonic membranes. In the yolk sac, numerous well-vascularized superficial folds
have formed.
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Material Age

KT 1004-6 11 days 10 h 6 embryos, 6.1-6.5 mm (unfixed)

1 resorption
KT 630-31 12 days 7 embryos, 6-7 mm (copulation age advanced)
KT 611-12 11 days 21 h 4 embryos, 5-5.5 mm

2 embryos, 2-2.5 mm (hypoplastic)

F1G. 163. Embryo, right side, on millimeter scale, 11 1/2 days (nt 114).
Arrow indicates indentation delimiting the forefoot-plate. 9:1

F1G. 164. Embryo, left side, explanation in drawing Fig. 165 (nt 114). 9:1

FiG. 165. Explanation of Fig. 164.
Tel = cerebral hemisphere, M = mesencephalon, Ns = nostrils, Rh = rhombencephalon, Tr =
nasolacrimal groove, 1, 2 = branchial bars, Viez. = vena cardinalis anterior, He = heart (ventricle),
So = somite (1st lumbar), Az = forelimb bud, H/ = hindlimb bud, L3 = spinal ganglion (3rd lum-
bar), L = lens vesicle (just closed).

F1G. 166. Eye, frontal section.

A.c. = arteria cerebri anterior, Pi = pigment epithelium, R = retinal layer, Hy = hyaloid plexus,
L = lens vesicle (just closed).

KT 630a/6. 130:1

Fi1G. 167. Caudal end of Wolffian duct, with ureteric bud.
Coe = coelom, Ur = ureteric bud, W = Wolffian duct, Me = metanephrogenic tissue.

KT 630b/3. 130:1

F1G. 168. Sagittal section through germinal ridge.
Coe = coelom, Ge = gonocyte.

KT 630b/6. 700:1

F1G. 169. Cross section through forebrain and olfactory apparatus.

A = anterior section, nostril; B = intermediate section: dissolution of epithelial wall; Te/ = telen-
cephalon; Sc = tail, cross sectioned; / = vomeronasal organ (Jacobson).

KT 630a/7. 40:1

F1G. 170. Cross section through forebrain and olfactory apparatus.
C = posterior section with bucconasal membrane, T+ = nasolacrimal groove, C.s. = corpus stria-
tum, S¢ = tail.

KT 630a/7. 40:1
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Fi1G. 171. Sagittal section, 11 days 10 h, 6.3 mm length.
KT 1005
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F1G. 172. Reconstruction of endolymphatic duct

the main blood vessels.
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FIG. 174. Septation of atrium, frontal section,
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Fi1G. 176. Intestinal tract, reconstruction.
KT 630b, 6 mm, developmental age 11 1/2
days
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Fi1G. 177. Urogenital apparatus, left half, reconstructed.

KT 630b
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F1c. 178. Differentiation of mesonephros. Cross
section.
KT 630a, developmental age 11 1/2 days
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12 Days

Horizon XVII
homo = 41 days
Stage 20 Earliest Signs of Fingers 11-13 mm
12 Days, 7-9 mm

External Form

The most conspicuous changes take place in the extremities. The “handplate” is no longer
roundish. Even in younger members of this group there is a slightly angular contour (Fig.
182). The developing angles correspond to the finger rays {184}. The posterior footplate is
now demarcated from the lower part of the leg. The somites are clearly visible from the tail
to the mid-trunk region. The spinal ganglia may be seen through the skin in transparent
specimens.

Length. 7-9 mm, measured in a direct crown-rump line.

Circulatory System

Avteries. The second aortic arch has disappeared. The third, fourth, and sixth are of variable
caliber, but symmetric (Fig. 191).

Heart. The truncus arteriosus is being partitioned. The septum membranaceum is still
incomplete.

The sepration of the atrium (Fig. 192) began in the preceding period. This important event
is illustrated in Figs. 193-196. These sections were taken from embryo KT 630. Its nominal
age is 12 days, but its developmental age is 11 1/2 days.

Intestinal Tract

Profound transformations in the intestinal tract are occurring.

In the pharyngeal region, the anlage of the tongue is delimited from the lower jaw by a furrow
(Fig. 190).

The anlagen of the teeth appear as slight epithelial thickenings. A continuous dental
lamina is not apparent anteriorly {76].

Lateral to the mid-sagittal plane, the furrow in front of the tongue gives rise to the out-
budding ductus submaxillaris.

The thyroid primordium is closely attached to the arcus aortae. It is displaced very deep and
its connection with the slight indentation of the foramen caecum is becoming indistinct
(Fig. 197, dashed line). The cells of the thyroid are strongly eosinophilic. Sometimes, they
seem to form rosettes. True formation of follicles, however, does not occur until a much later
phase {1471. The third and fourth pharyngeal pouches are now budding out. The 3rd produces
the thymus and parathyroid anlage [146}. They still connect with the pharyngeal
epithelium, but the uniting epithelial bridges contain many decaying cells.

The fourth pouch yields the so-called ultimo-branchial body {146}.
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The lung buds (Figs. 188 and 189) have not only secondary (lobar), but tertiary (segmental)
bronchi. The pleural cavity is in broad communication with the peritoneal cavity (Fig. 198,
ductus pleuro-peritonealis).

The stomach is greatly distended, and there are regional differences in the epithelium
(Fig. 188). Both rudiments of the pancreas are in contact with each other.

Within the /iver, there are megakaryocytes, and as previously mentioned, blood is being
formed.

Urogenital Tract

The mesonephros contains distinct tubules, but no well-formed glomeruli. Evidently
mesonephric glomeruli remain primitive in mice, and perhaps they never function.

The metanephros has only two polar tubes (pelvic poles) in younger specimens (KT 643/2),
but many secondary buds in older (KT 634/8) specimens of this group {102}.

The ureter is relatively narrow and opens into the Wolffian duct, which still ends blindly
within the epithelium of the urogenital sinus.

The uro-rectal septum has not yet reached the cloacal membrane (Fig. 198).

Fi1G. 182. Embryo, from the right. Albino of a control series, fixed, on millimeter scale.

Tr = nasolacrimal groove.
10:1

Fi1G. 183. Embryo from the left, life photograph.
KT 942, 11 days 23 h. 9:1

F1G. 184. Explanation of Fig. 183.
0 = otic vesicle, NS = nostril, F = choroid fissure, I. = first branchial pouch, H/ = hindlimb bud,
Tr = nasolacrimal groove.

F1G. 185. Eye, frontal section.
Pi = pigment epithelium, Lf = lens fibers.
KT 943/11, 12 days. 130:1

F1G. 186. Primordium of vertebral column, thoracic region. Frontal section.

N = spinal nerve, Iv = intersegmental vessels, If = intrasegmental fissure (sclerotomic fissure),
a = cranial sclerotomic half, 4 = caudal sclerotomic half, CH = notochord.

KT 941/3, 12 days, 8 mm length. 100:1

FiG. 187. Sagittal section through cervical ganglia.
N XII = nervus hypoglossus, G2 = ganglion cervicale 2, At = atlas, A.v. = arteria vertebralis.

35:1

Fi1G. 188. Sagittal section through lower thoracic and abdominal region.
Oe = esophagus, St = stomach, Li = liver, P+ = pancreas, K = kidney, Sy = sympathetic trunk,
Ths = caput costae 5, V = vena cardinalis posterior sinistra.

KT 943/8, 12 days. 40:1

FiG. 189. Detail of Fig. 188.
Lu = left lung, Sp = nervus splanchnicus, NN = suprarenal gland. 100:1
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F1G. 190. Sagittal section.
KT 943/8, 12 days, 8 mm length
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F1G. 191. Frontal section and reconstruction of the arterial trunk.
Arrow indicates the aortal pathway. Septum membranaceum still incomplete. Begin-
ning formation of semilunar valves.
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esophagus
trachea
septum secundum

V cardinalis anterior — v,
dextra )

V cardinalis anterior sin

septum spurium 2 (W oY —
77 \ WA )/ v septum primum
/ = ! £ N

\ \\\

77
720, N

a

\itr

\ ;\\\\‘
0 LN «/f\\{Rﬁ
‘3(((\\\\\\\\\ t¢

cavum pericardii

ventriculus sin

8.5 mm ostium a.-v. sin.
septum interventriculare

foramen interventriculare

right sinus valve

FI1G. 192. Frontal section and reconstruction of the atrium.
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KT 943/11, 12 days
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Fic. 197. Sagittal section of oral and pharyngeal
region with thyroid primordium.

The thyreo-glossal duct (broken line) is interrupted;
Z indicates thickening of the mandibular
epithelium. Lip furrow and lower incisivus will
develop from here.
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The gonads are still in the indifferent state (Fig. 198). Sexual differentiation is usually
apparent histologically at 12 1/2 days and sometimes at 12 days [118].

The suprarenal is distinct and is composed of cellular cords representing the cortex {137}
(Fig. 189).

Central Nervous System

In this phase, the pineal gland appears as a discrete evagination in the most posterior part
of the diencephalic roof (not visible in the section shown in Fig. 190). In the anterior part
of the roof, near the interventricular foramen, there are still numerous pycnoses {166}.

Eye. The posterior wall of the lens vesicle is markedly thickened as a result of differentia-
tion of lens fibers (Fig. 185).

Orocyst. The subdivisions of the labyrinth are easily recognized. The semicircular canals,
however, are still flat pouches, which are not yet tubular. The cochlear duct is short (Fig. 199,
dashed line). The vestibular ganglion has larger cells than the cochlear ganglion (most of
which is hidden in Fig. 199).

The auditory capsules still consists of mesenchyme, which will soon chondrify.

Material Age

KT 620-21 11 days 22 h 6 embryos: 8, 8, 8.5, 8.5, 8.8 mm

KT 941-43 11 days 23 h 5 embryos: 7.6-8.3 mm

KT 622-23 12 days 7 embryos: 7, 7.5, 8.2, 8.6, 9,9, 9.1 mm
KT 628 12 days 3 h 5 embryos: 6-8 mm

KT 629 12 days 3 h 6 embryos: approximately 8 mm

KT 636 12 days 2 h 7 embryos: 7.5-8.7 mm
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13 Days

s Horizon XVIIT-XIX
Stage 21 Anterior Footplate Indented; homo = 4448 days

Marked Pinna 14-20 mm
13 Days, 9-11 mm

Externally. The rapid development of the pinna is striking, and it now forms a crest at right
angles to the head. Five rows of whiskers are present. The 4 upper rows of whiskers are
shown in Fig. 202, as well as a prominent hair follicle above the eye and another in front
of the ear. The indentation of the handplate is characteristic of this period. It is shallow in
younger embryos of this stage (Fig. 200) and very distinct in older ones (Fig. 201). The foot-
plate is just becoming indented.

Somites are clearly visible only in the distal part of the tail. Usually the tail is curved to the
left (as in Fig. 202) rather than to the right.

Length. The length varies from 9-11 mm in unfixed embryos.

Sagittal section (Fig. 208). In the brain, the choroid plexus projects into the lateral and the
4th ventricle, forming finger-like evaginations. The tongue projects from the floor of the
mouth [76}.

Locomotive System

The extremities now differentiate rapidly {1841. As shown in Fig. 209, the skeleton of the
forelimb already contains cartilage, while the “hand” still remains mesenchymous. The
cranial vertebrae are chondrified, but not the more posterior ones.

Circulatory System

The aortic and pulmonary trunks are completely separated as shown in Fig. 208. The mem-
branous part of the interventricular septum is not yet closed. Within the coronary sulcus,
fine coronary vessels are visible. There is probably not yet a continuous circulation. All
valves of the heart are now present in primitive form.

The inferior caval vein is represented proximally by a large hepato-cardiac channel. The
venous system is essentially the same, as that shown in the reconstruction (Fig. 224) made
for the next developmental phase (14 days).

Intestinal Tract

The oral cavity is in broad communication with the nasal cavity. The palatine processes con-
sist of mesenchyme and are in a vertical position. The dental lamina of the future molars is
clearly visible {73} (Fig. 210).

In sagittal sections (Fig. 208) the epiglottis is delimited by a discrete cleft from the rest of
the larynx, which projects plug-like into the pharynx.

The lungs are clearly subdivided into lobes {611, and the segmental bronchi are continu-
ing to branch.
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The thymus has completely lost its connection with the pharynx. Numerous blood vessels
are penetrating the thymus primordium, but the closely neighboring and considerably
smaller thyroid is still a solid complex {147}

Within the abdomen, the /iver is well developed and contains scattered blood-forming
foci. The stomach does not yet have differentiated glands. In some places the epithelium is
higher than in others, and there are some small lumina (Fig. 208). The spleen appears in
cross sections as a triangular structure (Fig. 2006).

The pancreas produces numerous sprouts, which considerably swell the dorsal mesentery

(Fig. 208).

Urogenital Tract

The urogenital tract is characterized by the rapid development of the kidney and by sexual
differentiation.

The mesonephros contains many regressing mesonephric tubules (Fig. 204). The slender
ureter is continuous with the distended pelvis, which has well-marked primary calyces with
caps of metanephric tissue (Fig. 206). The metanephric caps {100}, in some places, form
small vesicles, which are more intensely eosinophilic than the ureteric bud. The vesicles are
sometimes transformed into S-shaped tubules, the free ends of which have differentiating
glomeruli. The Wolffian duct is more developed in the male, the Mzullerian duct more in the
female. The cloaca is completely subdivided. The ureter has contact both with the Wolftian
duct and with the urogenital sinus. It still ends blindly, slightly cranial to the lower end of
the mesonephric duct.

The sex of the gonads can now be diagnosed. In the male, the future seminiferous tubules
appear as solid, regularly arranged strands {118}. They are composed of small supporting
and nourishing cells, and of large primordial germ cells (Fig. 207). The first suggestion of
sexual differentiation appeared at 12 1/2 days. Male primordial germ cells were located cen-
trally, and female germ cells were located peripherally. Some of the large female gonocytes
(Fig. 205) are dividing.

Central Nervous System

There are pronounced changes in the diencephalic roof (Fig. 211). There are no longer pyc-
notic cells in the anterior portion of the roof {166}. The choroid plexus is fully developed.
The pineal gland was recognizable at 12 days as a small evagination, and it is now very dis-
tinct. The posterior commissure is also well formed [1601.

The hypophysis is developing very rapidly (Figs. 212-214).

The structure of the eye is very characteristic for this group: the lens vesicle has lost its
lumen, and is a solid sphere. The vitreous body is exceedingly small. In the retina, the layer
of nerve fibers forms a wide border with peripherally tapering ends. The nuclear layers of
the retina are still predominantly indistinguishable from each other. However, the clear
nuclei of the future ganglionic cells are discernible in some places. The ganglion cell layer
is the first one to be delimited from the other layers.
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Material Age

KT 615-16 12 days 23 h 7 embryos, 10-11 mm

KT 633-34 13 days 3 h 6 embryos, 10-10.8 mm

KT 1014-16 13 days 2 h 8 embryos + 1 resorption, about 10 mm
KT 901 12 days 20 h 7 embryos, 9.6-10.0 mm (after fixation)

F1G. 200. Embryo from the right. Younger stage of 12 days 6 h. Formalin fixed.
Ey = eye, Tel = cerebral hemisphere.
KT 952, 8.7 mm length. 8:1

Fi1G. 201. Embryo from the left, 13 days, 10 mm length, life photograph.
Si = sinus sigmoideus.

KT 634. 7:1

F1G. 202. Frontal view. Albino of control series. Bouin fixed, 13 days, 10 mm length.
O = pinna, So = tail somites, N = nostril, H = rudiments of hair follicles (whiskers). 10:1

F1G. 203. Eye, cross section, 13 days.
OL = upper lid, L = lens, $t = optic stalk, P = pigment layer. 70:1

F1G. 204. Ovary and vicinity. Cross section, 13 days.
NN = suprarenal gland, U = mesonephric tubules, M = Miillerian duct, Mz = stomach.
KT 901/5. 100:1

F1G. 205. Detail of Fig. 204.
0z = oocytes in meiotic prophase. 550:1

F1G. 206. Testis and vicinity, 13 days.

NN = suprarenal gland, Ur = ureter in kidney rudiment, W = Wolffian duct, M = Millerian
duct, B = omental bursa, bordering the triangular anlage of the spleen (right) and the stomach
(below).

KT 901/2

F1G. 207. Detail of Fig. 2006, testis.
Sp = Gonocytes. 550:1
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FiG. 208. Sagittal section, 13 days, 10 mm length.
KT 901/2
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F1G. 210. Cross section through oral and nasal cavities.
Plane of section nearly horizontal, therefore the con-
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KT 901, 12 days 2 h
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FiGs. 212-214. Development of hypophysis. Sagittal sections
N = neurohypophysis, Ad = adenohypophysis, Pz. = pars tuberalis, S = connecting stalk (with
pharyngeal roof).



14 Days

Horizon XX-XXIII
homo = 51-57 days
Stage 22 Fingers Separate Distally 20-32 mm
14 Days, 11-12 mm

Externally. With magnification, one can easily see that the individual fingers are separated in
the forefoot plate. In contrast, in the hindfoot plate there are deep indentations between the
developing toes, but they are not yet separated (Figs. 215-217). Numerous young hair folli-
cles may be recognized in the skin, except for the head region. The somites are discernible only
in the distal part of the tail. The growing pinna is turned forward and covers about one-half
of the external auditory meatus. The umbilical hernia is very conspicuous at this stage (Fig.
216 and 217).
Length. The length varies from 10.4 to 12 mm.

Circulatory System

Arteries. Both umbilical arteries are united at the umbilical ring to form a single vessel, which
passes through the umbilical cord (not visible in Fig. 224).

The arterial system of the head is being transformed. In Fig. 224, the arteria stapedia is
recognizable. It is a branch of the second aortic arch. The stump of the right pulmonary
artery is visible below the ductus arteriosus Botalli. The right fourth aortic arch has lost its
communication with the dorsal aorta, and flows directly into the artery of the right forelimb
(arteria subclavia dextra). On the whole, the definitive pattern of the prenatal circulatory sys-
tem is established, and the definitive shape of the heart as well. The ventricular septum is
now closed.

Veins. The cardinal veins are markedly asymmetrical. The posterior cardinal vein as shown
in Fig. 224 is the original /eff posterior cardinal vein, while the right has regressed (in the
reconstruction of a 12-day stage —Fig. 172 —both are present). The anterior cardinals are
both present and will persist in the adult mouse.

Intestinal Tract

The palatal processes are elevating and begin to separate the oral and nasal cavities (Figs.
225 and 226). They are not yet fused, so that the cavities are still continuous. Occasionally,
the fusion of the palatal processes may be delayed and the tongue appears to be squeezed
between them (Fig. 223). The posterior part of the open communication in Fig. 225 always
remains open. With progressive growth, this communication will be displaced posteriorly
and form a long duct (ductus naso-pharyngeus).

The bud of the first molar {73} is visible (Fig. 226). The second and third will appear later.
In sagittal section (Fig. 223), the anlagen of the lower and upper incisors {76} may be recog-
nized (not labeled). They are located above and beneath the tip of the tongue.

Meckel's and Reichert’s cartilage are more advanced in development than the precar-
tilaginous skeleton of the /zrynx. The tracheal rings are still mesenchymal condensations.
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The thymus and thyroid are easily recognizable (Fig. 223). The thymus has lost its connec-
tion with the third pharyngeal pouch, and is situated above the pericardium. The
parathyroids are joining the thyroid {146}.

The bronchi are considerably distended and have numerous ramifications (Fig. 223).

The gut projects into the wide umbilical hernial sac. The mucosal lining of the gut con-
sists of relatively tall columnar cells. The configuration of the intestinal tract is represented
in Fig. 227.

Urogenital System

The ureter now opens into the urogenital sinus separately from the opening of the Wolffian
duct. The sinus itself has been separated from the rectum in an earlier phase of develop-
ment. The topography of the embryonic urogenital system is represented in Fig. 228, and
microscopic details are shown in Fig. 223.

Sexual differentiation is very apparent: the seminiferous tubules are solid strands of cells,
which are nearly symmetrically arranged {118} (Fig. 221). The ovary, on the other hand,
does not form cords [122}. In the female, the Mullerian duct is now more highly developed
than the Wolffian duct (Fig. 219).

Central Nervous System

In the telencephalon cells migrate from the mantle zone and form a superficial cortical layer
(primary cortex). It is separated from the broad mantle zone by a thin marginal zone, with
few nuclei (Fig. 223). The choroid plexus of the lateral ventricle projects far into the lumen.
All cranial nerves are now distinctly visible, and the ganglia are relatively large (Fig. 229).

Eye. The cavity of the vitreous body has increased considerably in size. The ganglionic
layer of the retina (not the bipolar layer) appears as a zone of clear nuclei. It is distinguish-
able from the two darker inner zones, which are not yet separated from each other. The sepa-
ration occurs much later, after birth.

The eyelids are prominent.

Ear. The ductus cochlearis has elongated and it curves to form a full circle. It is bordered
by a thin cartilaginous capsule. The presumptive sensory epithelium may be recognized by
its height.

Hypophysis (Fig. 230-232). The connecting strand of epithelial cells (marked § in Fig.
214) has disappeared. The pars tuberalis continues to elongate. Ventral to the hypophysis is
the cartilaginous base of the skull.

Placenta (Figs. 233-234). The labyrinth reached the peak of its development at 12 days.

The development of the so-called “yolk sac diverticles” is a conspicuous characteristic of
this stage. They arise as clefts within the trophoblastic labyrinth and may perforate it {33}
(Fig. 234). The visceral (proximal) layer of the yolk sac has many branching folds.
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Material Age

KT 618 13 days 21 h 4 embryos, 11-11.5 mm

KT 642-44 14 days 7 embryos, 11.5-12 mm (1 of them exencephalic)
KT 659-660 14 days 5 embryos, 10.5-12 mm

KT 1017-22 14 days 2 h 5 embryos, 10.6-11.9 mm

KT 1043-45 14 days 4 1/2 h 4 embryos, 10.4-11.3 mm

FI1G. 215. Embryo from the left. Life photograph.
KT 642, 14 days, 12 mm length. 6:1

FI1G. 216. Embryo from the left (albino of control series). Bouin fixed, 14 days, 11 mm length.
6.6:1

Fi1G. 217. Explanation of Fig. 216.
O = pinna; H = hair follicles; F/ = finger, separated; Nb = umbilical hernia; So = tail somites.

FiG. 218. Horizonal section through eye.
G = ganglion nervi optici, K = nuclear layers (dark), P = pigmented layer.

KT 643, 14 days. 55:1

F1G. 219. Ovary and vicinity, sagittal section.

W = Wolffian duct, M = Muillerian duct, U = mesonephric tubules, M@ = stomach, DM = Dor-
sal mesogastrium.

KT 643b, 14 days. 100:1

F1G. 220. Detail of Fig. 219.
Oz = oocyte, Ep = epithelium, Er = erythrocyte in capillary. 700:1

FI1G. 221. Testis, tangential section. Seminiferous tubules, solid, nearly symmetrical arrangement.
Li = liver.

KT 643a, 14 days. 135:1

F1G. 222. Enlarged view of seminiferous tubule.

Sp = gonocyte, in prophase. 700:1
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ventriculus
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colliculus ganglionaris

4th ventricle

optic nerve

ganglion Gasseri

ductus cochlearis
tuba pharyngo-tymp.

atlas

tongue :

thyroid —

clavicula ;

thymus

A. subclavia dext.
ventriculus dext. ——

aorta ascendens
bifurcatio tracheae

V. pulmonalis dext.

esophagus
right lung

D. venosus Arantii

bulbus duodeni
ductus cysticus
pancreas
bladder

flexura duodeno-jejunalis

ganglion coeliacum
bifurcatio aortae
rectum

lower end of spinal cord

F1G. 223. Sagittal section, female. The choroid plexus is now projecting far into the lateral ventricle.
The wall of the hemisphere, which is cut here, shows peripherally a small primary cortical layer. The
vertebral column has become chondrified. It contains relatively big notochordal segments. Some of
them are visible in the thoracic region of the section (Fig. 223). At the base of the tail they are still
small.

KT 643b, 14 days, 11.5 mm
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A. stapedia
Y jugularis int

A. vertebr

A. carotis c.
A. subclavia
dextra

a. Botalli

V. pulmonalis
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V. cardinalis
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— W vitellina
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A. coeljaca

A. mesent. sup.

aorta caudalis

F1G. 224. Reconstruction of the vascular system, viewed from the right.
Stippled areas indicate venous system.

KT 643b, 14 days

hypophysis —

Vtrachea
esophagus

FI1G. 225. Reconstruction of the nasal cavity. Plane of section Fig. 226 indi-
cated by arrows. Broken line indicates communication within oral cavity.
Lightly stippled contour indicates localization of Jacobson’s organ, within the
nasal septum.
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FiG. 227. Reconstruction

7mm FiG. 226. Transverse section of nasal
cavities (for plane of section see Fig.

of mid-

and hindgut, viewed from the right.
Dotted lines indicate kidney and

suprarenal.

7 mm KT 643b, 14 days
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FiG. 229. Cranial and cervical nerves. Re-

construction.

KT 643b, 14 days

F1G. 228. Urogenital system. Reconstruc-
tion of left side.

/ Black area indicates Miillerian duct; dotted
T i lines indicate Wolffian duct.
' /i ane KT 643b, 14 days
Wolffian duct
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13 1/2 days 14 days 16 days

FiGs. 230-232. Development of hypophysis. Sagittal sections, 13 1/2-16 days (Figs. 230 and 231:
115:1. Fig. 232: 88:1).

K = cartilaginous base of skull (sphenoid), Ad = adenohypophysis, N = neurohypophysis, P =
pars intermedia.

F1G. 233. Section of placenta, PAS-reaction.
La = labyrinth, R = Reichert's membrane.
KT 1017, 14 days 2 h. 12.5:1

FI1G. 234. Enlarged view.

Df = fold of yolk sac wall, L = lumen of yolk
sac, Dd = “diverticle of yolk sac” (communication
between lumen of yolk sac and intraplacental
space).




15 Days

Comparable to homo
2 months
Stage 23 Toes Separate (30-40 mm)
15 Days, 12-14 mm

External Features

The most prominent feature to define this group is the separation of fes and “fingers” (Figs.
235 and 2306). They are clearly divergent and will not become parallel until much later. The
pinna covers more than half of the external auditory meatus. In the unfixed state, the superfi-
cial veins are often distinctly visible (Fig. 235).

In fixed specimens, the discrete elevations of the hair follicles may be seen all over the
body. The eyelids are still open (Fig. 237). The 65 somites cannot be detected by external
inspection.

Length. The length varies from 11.5 to 14 mm. In sagittal sections there are no important
differences from the previous and the following stage.

Circulatory System

In the heart, the atrio-ventricular and semilunar valves are well developed. The stems of the
coronary vessels are distinctly visible. The walls of the ventricles are smooth externally; inter-
nally, there are numerous indentations of small sinuses. The thickness of the wall is difficult
to determine because the angle of section varies. The left ventricle seems to have a thicker
wall than the right.

Arteries and veins now have the final fetal configuration, providing a larger umbilical circu-
lation than yolk-sac circulation (Fig. 147). The details of the vascular system of this period
will not be described.

Intestinal Tract

The oral and nasal cavities are completely separated by the palatal processes, which are now
fusing with the nasal septum.

The salivary glands are distinct glandular trees. Most branches are solid epithelial cords
leading to slender excretory ducts. The initial budding occurred at 12 days.

The enamel-organs of the incisors (Fig. 233, not labeled) are in an advanced stage of
development. The newly arisen enamel organs of the first molars have a stellate reticulum
(Fig. 226). The cartilage of the /arynx and of the upper trachea is well developed.

The thyroid is subdivided into numerous small buds. Between these buds, abundant blood
vessels can be observed. Follicles have not yet formed.

The parathyroid is now embedded in the thyroid. The ultimobranchial body is enclosed by
thyroid tissue, and is said to give rise to the parafollicular cells.

The thymus can be recognized as a definite lymphatic organ. It is divided into lobules,
which are not yet separated into medullary and cortical zones. In the center, there are many
free lymphocytes. They are thought to be of mesenchymal rather than epithelial origin.
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The larynx and trachea have a cartilaginous skeleton. The /ung tissue is still rather com-
pact, and it is more intensely vascularized than previously (compare Figs. 223 and 252).

Gut. Within the small intestine, numerous relatively thick villi have developed. In the
large intestine, crypts are forming.

The stomach is distinctly separated into two parts. The glandular part has a tall columnar
epithelium, which forms tiny folds. To the left, it is joined by the nonglandular portion,
which has cuboidal and stratified epithelium. The musculature is arranged in several layers.

The spleen contains numerous blood vessels.

The umbilical hernia is still present.

Urogenital Tract

The kidneys contain centrally placed large glomeruli, with cuboidal perivascular cells. At the
periphery of the organ, there is a wide zone of metanephric blastemal tissue, which borders
the delicate capsule. Topographically, there is little change since 14 days (Fig. 228).

Sexual differentiation is greatly advanced.

The ovary has many dividing gonocytes, and they are often grouped in clusters.

In the testis, the solid seminiferous tubules are well differentiated. Near the surface, a con-
densation of cells forms the tunica albuginea. Diagnosis of sex is now very easy.

Central Nervous System

The cortex of the developing hemisphere is easily recognized at this stage. At the anterior
boundary of the diencephalic roof, a small cellular area may be delimited, slightly anterior
to the “Velum transversum” {158]. Some authors consider this cellular area to represent the
paraphysis (Fig. 252, 16 days).

FiG. 235. Fetus of 14 days 23 h, 14 mm, life photograph. Distinct blood vessels.
KT 728. 4.7:1

F1G. 236. Different size in littermates of 14 days 20 h. Bouin fixation, 13.1 and 14.2 mm.
Nh = umbilical hernia.
KT 607 and 608. 4.5:1

F1G. 237. Eye, sagittal section, 14 days 23 h.
Lid = lower eyelid, P = pigmented layer, C = cornea, G = ganglion layer, K = nuclear layers.
KT 727. 105:1

Fi1G. 238. Hindfoot plate, 15 days 2 h.
Ti = tibia, Tz = talus, C# = calcaneus, C# = cuboid, V = metatarsale V.
KT 1030. 40.1

FI1G. 239. Forefoot plate, 15 days 2 h.
Ra = radius, Tr = triquetrum, S¢ = scaphoid-lunatum, II. = metacarpale II.
KT 1029. 40:1

F1G. 240. Radius, 15 days 2 h.
Ar = articuiatio humero-radialis, R# = radius.
KT 1029. 105:1

F1G. 241. Radius of Fig. 240 under high power.
K = periostal bone. 270:1
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tion. Alizarin-cleared preparation.
KT 1032 KT 1032

The hypophysis is no longer connected to the pharyngeal roof (Figs. 231-232).

The epiphysis (Fig. 252, 16 days) acquires a lobular shape, but still has a central lumen.

The eyelids are more prominent (Fig. 237). The retina near the pupillary margin still has
only one layer of cells. Located adjacent to the optic nerve, the ganglion cell layer may be dis-
tinguished from the undifferentiated nuclear layers.

Skeletal System

Alizarine-stained cleared preparations show many ossification centers; some of them having
arisen during the preceding stage.

In the skull, ossification of the os temporale has just started, and it is easily identified in
lateral view (Fig. 243).

Ossification centers of some vertebral arches are visible, but they have not yet appeared
within the vertebral bodies (Fig. 242).

In the pelvic girdle, only the ossa ilii are stainable.

During this period, the long bones of the extremities show only periostal ossification in
microscopic sections (Figs. 239-241).

Material Age
KT 727-28 14 days 23 h 6 embryos, 13.8-14 mm + 1 resorption
KT 1029-32 14 days 2 h Several embryos from 11.5-12.5 mm
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16 Days

Stage 24 Reposition of Umbilical Hernia
16 Days, 14-17 mm

External Features

In the forefoot, fingers 2-5 are nearly parallel to each other, while the toes of the hindfoot still
diverge. The eyelids have fused in most specimens. An epithelial mantle, a thin transparent
membrane covering the cornea, is difficult to see by external inspection (Fig. 245). The
external auditory meatus is almost completely covered by the pinna.

The umbilical hernia is disappearing, and the skin is becoming wrinkled.

The anterior part of the back is completely straight; this is more apparent than in 13-15
days embryos because of the increased length. In microscopic sections, however, the anterior
vertebral column has a distinct lordotic curvature (Figs. 223 and 252).

Length. The length ranges, in extreme cases, between 14 and 18 mm.

Sagittal section (Fig. 252). The primary cortex of the brain is thickened and the choroid
plexus is larger and divided into folds and villi.

The abdominal cavity has enlarged, so that the intestinal loops can be repositioned as the
umbilical hernia is reduced.

Circulatory System

The heart and great vessels have the final prenatal configuration (Fig. 252).
The superficial veins are easily recognizable through the thin transparent skin (Figs. 245
and 246).

Intestinal Tract

A long slender ductus nasopharyngens develops by further downward growth of the fused pala-
tal processes. In this way, the epipharynx extends as far back as the prominent epiglottis (Fig.
252). The same sagittal section shows the anlage of the zncisors.

The lip furrow (vestibulum oris) is still a solid plug of epithelial cells which will later split.
The thymus increases strikingly in volume, surpassing considerably the neighboring thyroid
(Fig. 252). The thyroid does not yet have follicles. Nevertheless, histologically it can be clearly
distinguished from the parathyroids (Fig. 249).

The structure of the /ung has not changed much since the previous stage.

The stomach is rapidly enlarging. The nonglandular portion, illustrated in Fig. 247, is
lined by a multilayered cuboidal, sometimes flattened (squamous) epithelium.

The spleen (Fig. 247) contains distinct arteries and veins, separated by a rather compact
tissue composed of various types of cells. Sometimes phagocytes can be recognized (Fig.
248), which seem to take up nuclei of red blood cells.

The small intestine now has longer, but still rather thick villi covered by columnar
epithelium.

The large intestine is forming crypts.
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In the /iver, blood cell production is increasing. Externally, the final lobation is apparent
[81}. The pancreas has finely branched, glandular trees, with distinct lumina, and pancreatic
islets are budding. The typical B-cells cannot be seen with the light microscope until the
17th or 18th day {139].

The suprarenals appear as a regular network of strands composed of eosinophilic cells
separated by wide capillaries. Scattered clusters of small medullary cells may also be seen.

Urogenital Tract

The kidneys still have a large peripheral metanephric blastema (Fig. 247). Near the center,
many glomeruli are well developed.
In the testes distinct interstitial cells can now be recognized.

Central Nervous System

The primary cerebral cortex has enlarged considerably. In the diencephalon, the differentia-
tion of the hypophysis and of the pineal gland is progressing. The epiphysis still has a central
lumen, but the wall is markedly thickened (in Fig. 252 the wall is sectioned tangentially).

FiG. 244. Eye, horizontal section, 16 days, 15 mm.
Lid = lower eyelid, C = cornea, L = lens, G = ganglion layer of retina.

KT 646. 105:1

F1G. 245. Fetus of 16 days, life photograph, 15 mm.

KT 646

FiG. 246. Diagram of Fig. 245.

Viu. = vena umbilicalis, V. ». = vena vitellina, Nb = umbilical hernia (partially repositioned),
P = placenta, O = pinna, V.t. = vena temporalis superficialis, Vie. = vena cephalica, Vith. = vena
thoracica lateralis, V.m. = venae metatarseae dorsales.

F1G. 247. Cross section, at the level of the spleen, 16 days.
Ma = stomach, Md = mesogastrium dorsale, N/ = left kidney, RM = spinal cord, A» = rudiment
of vertebral articulation.

KT 646. 40:1

F1G. 248. Enlarged view of spleen in Fig. 247, with phagocyte (#rrow) containing presumably nuclei

of erythroblasts.
A = artery. 550:1

F1G. 249. Cross section, level of larynx, 16 days.

Ly = lymphvessel, X = nervus vagus, V; = vena jugularis interna, Ac = arteria carotis communis,
Th = thyreoidea (thyroid gland), Pz = parathyroid, § = cartilago thyreoidea, L& = cavum laryngis.
KT 646. 105:1

FiG. 250. Sagittal section through 5th thoracic vertebra.
RM = spinal cord, Ch = notochordal segment, Cs = notochordal sheath, situated dorsally in calci-

fied center of cartilage.
KT 646. 15 days. 105:1

F1G. 251. Sagittal section through axis, 16 days.
Cs = notochordal sheath, on clivus; A = anterior arch of atlas; Af = anulus fibrosus; C3 = body
of 3rd cervical vertebra.

KT 646. 105:1
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FiG. 252. Sagittal section. Female fetus, 16 days, 14.6 mm.
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F1Gs. 253-254. Alizarin-cleared preparations. Fetuses of 16 days. New skeletal elements in italics (in the
previous stage, Figs. 242-243, these were not yet visible). Arrows indicate ossification center of
anterior arch of atlas.

Anterior to the velum transversum, a small area represents the parphysis (Graumann
[158)).
A thin transparent epithelial membrane is growing over the cornea of the eye. The iris and
the corpus ciliare cannot yet be distinguished. The anterior chamber of the eye extends
beyond the pupillary margin (Fig. 244).

The retina is not much more differentiated than in the 15-day stage. The labyrinth has a
well developed cartilaginous capsule, which encloses the semicircular ducts and the ductus
cochlearis. The sensory epithelia are thickened, but not well differentiated.

Skeletal System

Most of the vertebral bodies contain initial ossification centers, i.e., calcium deposits within
the cartilage, as shown in Fig. 250. Photographs of sagittal sections through the fifth thoracic
vertebra will illustrate, in later stages, progressing ossification.

A salient feature of this developmental stage is the appearance of ossification centers in
the anterior arch of the atlas and in other skeletal elements whose labels are in italics in Figs.

253-254.

Material Age

KT 646-47 16 days 2 h 7 fetuses, 14.0-15.2 mm

KT 1046-48 16 days 4 h 5 fetuses, 16-18 mm + 1 resorption
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17 Days

Stage 25 Fingers and Toes Joined Together
17 Days, 17-20 mm

External Features
The skin is wrinkled and thickened, and the subcutaneous veins are no longer distinctly visi-
ble (compare Figs. 256 and 245). The eyelids are fused and thickened. The fingers and toes
are parallel. In all cases examined, the umbilical hernia has disappeared.

Length. There is considerable variation in length due to different degrees of curvature of
the fetuses: 16.5-20 mm in the unfixed state.

Circulatory System
The pattern of the superficial veins has not changed since the previous stage, but is more
difficult to recognize.

Intestinal Tract
The shape of the oral and nasal cavities has not changed much.

Endocrine derivatives. The thyroid is a bilobed organ, with a narrow isthmus. The solid,
branched epithelial cords are beginning to form small well-vascularized follicles.

The parathyroids are forming compact clusters of cells on each side, which join the
posterior margins of the thyroid lobes.

Fi1G. 255. Living fetus, frontal view, 17 days, 20 mm.
KT 908

F1G. 256. Living fetus, viewed from the left, 17 days, 20 mm.
KT 908

Fi1G. 257. Living fetus, viewed from the right. Same developmental stage, but one day older, 18 days,
20 mm.

KT 657. 4:1

Fi1G. 258. Eye, horizontal section, enlarged view of Fig. 260.

C = cornea, I = iris rudiment, Cc = corpus ciliare, G = ganglion layer of retina, P/ = punctum
lacrimale (on inner surface of eyelid).

KT 724, 17 days. 105:1

F1G. 259. Pineal gland, sagittal section, 17 days.
V = vena cerebri interna.
KT 724. 105:1

F1G. 260. Low power view of eye, with nervus opticus and vicinity.
K = caput mandibulae, gG = ganglion Gasseri, N = nasal cavity.
KT 724, 17 days. 27:1

FI1G. 261. Sagittal section through thoracic vertebrae 4 and 5 (Ths and Ths) +/+ fetus, 17 days.
Cs = notochord sheath, D = dura mater spinalis. 105:1

FiG. 262. Sagittal section through axis, 17 days.

A = anterior arch of atlas, Af = anulus fibrosus C2/Cs, Lt = ligamentum transversum atlantis,
Cs = notochord sheath.

KT 908. 100:1
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The thymus is now a large organ, separated into two
bilaterally situated main lobes containing numerous
small blood vessels. Sometimes aggregations of reticu-
lum may be seen, but there are no Hassal's corpuscles.

The structure of the /ungs appears less compact now.

The respiratory pathways are extending peripherally.

The developing aveolar ducts are lined by cuboidal
epithelium.

The 7ntestines are quite similar to the previous stage.

The spleen is elongating rapidly. It contains, for the
first time, lymphocytes.

The adrenal glands have a more continuous medul-
lary region consisting of small pale cells, which differ
sharply from the large, intensively stained cells of the
cortex.

The testes have well formed tunicae albugineae.
Numerous scattered interstitial cells are recognizable
singly or in groups.

The ovaries contain many oocytes, often grouped
together. They have entered the meiotic prophase.
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F1G. 266. Dorsal view of alizarin
cleared preparation, cranial part,
17 days.

D =
dens, newly arisen; A = anterior arch

ossification center in basis of

of atlas; C7 = ossification center in
body of 7th cervical vertebra.
KT 1028

Central Nervous System
Because of the gland-like budding of its epithelium (Fig. 259), the distal part of the lumen
of the epiphysis is disappearing.

The eyelids are closed. The ciliary body is delineated (Fig. 258).

The capsule of the /abyrinth has assumed its definite shape (Fig. 263).

Skeletal System

The skeletal system is best studied in cleared specimens (Figs. 264 and 265). Labels of new
bones, which now stain with alizarin red S, are in italics in the legend, i.e., phalanges, etc.
It should be pointed out that calcified cartilage may also be stained, and microscopically it
is different from bone. Histologic sections of some vertebrae are illustrated in Figs. 261 and
262.

The ossification of the vertebral bodies begins in the lower thoracic region and has now
proceeded forward to the first thoracic vertebra. The anterior arch of the atlas has already
begun to ossify, and the basal ossification center of the dens is also developing at this early
stage. The centrum of the dens axis is just appearing (Fig. 266). The centrum of the axis
body will appear soon.

Material Age

KT 724-25 17 days 8 fetuses, 17-17.5 mm
KT 908 17 days 3 fetuses, 18-20 mm
KT 1052 17 days 2 h 8 fetuses, 18-20 mm
KT 1049-50 17 days 3 h 7 fetuses, 16.5-19.5 mm
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18 Days

Stage 26 Long Whiskers
18 Days, 19.5-22.5 mm

External Features

The whiskers, visible at 17 days as short filaments (Fig. 255), are now definitely longer. The
skin is thickened and markedly wrinkled. The eyes are barely visible through the closed eye-
lids.

Length. Because of different degrees of curvature, the length varies from 18 to 23 mm.

Circulatory System

The final prenatal configuration of the circulation system was established at 16-17 days.

Intestinal Tract

In the oral cavity, the rate of development of the first molars is remarkable. The stellate reticu-
lum is enlarged and the outer enamel organ epithelium is in close contact with numerous
capillaries. The ameloblastic layer, composed of tall cylindrical cells, has the form of the
future crown. In Fig. 270, the enamel organ is separated from the surrounding loose connec-
tive tissue by artificial shrinkage. The second molar is about 2 days later in development
than the first.

Derivatives of the Intestinal Tract

In the thyrid the number of colloid-filled follicles has increased considerably. Between the
numerous lobuli, there is loose connective tissue containing many blood vessels. The secre-
tory activity seems to be intensive.

Both parathyroids may be recognized as rather compact, spherical cell clusters, closely
adhered to the thyroid. They are situated on each side somewhat below the middle of the
lobes. Many blood vessels have grown between the parenchymal cords.

The pancreatic islands are now well differentiated.

The thymus has enlarged further (Fig. 275). There is no clear boundary between the
medulla and cortex. In the medulla, extensive aggregations of large clear reticulum cells are
visible. There are numerous blood vessels.

Respiratory System

The structure of the /ungs has changed completely: one could speak of an “alveolar explo-
sion” There is a sudden development of large alveolar ducts and of sac-like primitive alveoli
lined by cuboidal epithelium. The resulting loose structure of the lung tissue is visible with
low magnification.

The larynx and trachea have completed their prenatal differentiation.
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Abdominal Viscera

There have been no marked changes in the abdominal viscera since the preceding stage. The
spleen has elongated, is rich in cells, and exhibits signs of intensive blood formation.
There is still active hemopoiesis in the /iver.
In the stomach, the subdivision into glandular and nonglandular part is clearly visible. In
the gut, the characteristic relief of the lining has developed.

Urogenital Tract

The kidneys are about the same as in the preceding age group.

The glands of the male genital excretory ducts are now very conspicuous, and the seminal
vesicles (Fig. 275) contain distinct lumina. The lumen of the bulbo-urethral gland (Cowper’s
gland) is just forming and it opens into the urethra together with the recessus bulbosus.

The prostate gland is appearing as short, solid cords of epithelial cells budding from the
pars prostatica urethrae.

The tunica albuginea of the festis has increased in thickness. The seminiferous tubules are
still solid and are connected with the canalicular system of the rete testis (Fig. 276). The
gonocytes have stopped dividing {118]. Between the tubuli contorti, there are numerous
interstitial cells.

Ovaries (Figs. 278 and 279). The ovaries are closely attached to the lower poles of the kid-
neys. The bursa ovarica almost completely surrounds the ovary. In the mesosalpinx, many
mesonephric tubules can be recognized. Some oocytes are being encircled by flat epithelial
cells, which form the primary follicles.

Central Nervous System

The rudiment of the pineal gland has been transformed into a stalked, glandular organ.
Within the hypophysis, the original lumen of Rathke’s pouch is narrowed (Fig. 271). The
adenohypophysis assumes the appearance of a typical endocrine gland.
In the brain, the olfactory lobe is well developed.
In the eye, the iris and corpus ciliare are well formed (Fig. 272).

Skeletal System

Skull. The bilaterally situated ossification centers of the supraoccipitale have fused (compare
Figs. 281 and 2606).

Vertebral column. The vertebral bodies C2-Cs still lack ossification centers.

Extremities. Ossification of the extremities is proceeding rapidly (Fig. 280).

Adipose tissue is abundant in the subcutaneous tissue of the neck. It probably is a source
of energy for the postnatal period, and has been called “multilocular adipose tissue” (MAT,
Fig. 275).
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Material Age

KT 656-57 17 days 21 h 5 fetuses, 18.5-20.5 mm
KT 1010-11 17 days 23 h 6 fetuses, 18.0-20.0 mm
KT 1023-28 17 days 23 h 6 fetuses, 19.0-21.0- mm
KT 1041-42 18 days 4 h 6 fetuses, 23 mm

F1G. 267. Fetus of 17 days 23 h, 22.2 mm. Formalin fixation.
KT 1027

F1G. 268. Same fetus viewed from the right. 3:1

F1G. 269. Alizarin-cleared preparation, 17 days 23 h.
For explanation, see Fig. 280.
KT 1011. 3.5:1

F1G. 270. Cross section through head, level of eyes, 17 days 23 h.
CN = cavum nasi, DN = ductus naso-pharyngeus (compare Figs. 252 and 225), O/f = lobus olfac-
torius, Sp = stellate reticulum (molar). 23:1

FiG. 271. Hypophysis, sagittal section, 18 days 4 h.

N = neurohypophysis (posterior lobe), P = pars intermedia, Ad = adenohypophysis (anterior
lobe), T = pars tuberalis.

KT 1041/3. 130:1

F1G. 272. Enlarged view of eye in Fig. 270.
Cc = corpus ciliare, I = iris, Ln = suture of eyelids. 60:1

FiG. 273. Sagittal section through Sth thoracic vertebra, 18 days 4 h.
Cs = notochordal sheath, P = periostal bone, ventral part.
KT 1041/3. 105:1

F1G. 274. Sagitral section through axis, 17 days 23 h.

A = arcus anterior atlantis, D = dura mater cerebri (above clivus), De = ossification center in basis
of dens, C3 = body of 3rd cervical vertebra.

KT 1010. 55:1
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F1G. 275. Sagittal section, male fetus, 18 days 4 h,
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FI1G. 276. Sagittal section through FiG. 277. High power view of testis

testis, 17 days 23 h. Fig. 276.

KT 1010. 105:1 Sp = spermatogonium, Tz = tunica
albuginea. 550:1

Fi1G. 278. Ovary, frontal section, FI1G. 279. High power view of ovary
17 days 23 h. Fig. 278.
T = oviduct. 0 = oocytes. 550:1

KT 1010/30. 105:1
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Fics. 280-281. Alizarin-cleared preparations, 18 days, 22 m. Anterior part of
the body in lateral (Fig. 280) and dorsal view (Fig. 281).

= basioccipitale, Ex = exoccipitale, § = supraoccipitale, D (arrow) = ossifica-
tion center in basis of dens, Pm. = premaxilla.
KT 1011

calcaneus
talus

tibiale
cuboid
naviculare
cuneiforme |

FiG. 282. Horizontal section through hind-  F1G. 283. Enlarged view of metatarsale 3
foot plate, 17 days 23 h. (Fig. 282).
KT 1026. 22:1 270:1
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19 Days

Stage 27 Newborn Mouse
19 Days, 23-27 mm.

External Features

The external appearance of the newborn mouse is not essentially different from the preced-
ing stage (18 days), but the animal is considerably longer. The eyes and ears have closed.
Histologically they are quite immature. The pigmented eye is still visible through the skin,
which is thicker than in the 18-day fetus. The dark shadows of the liver and of the spleen
(on the left side) can be seen through the body wall and the skin. Milk in the stomach can
also be seen externally. The whiskers are long and clearly visible. The hair does not appear
until the mouse is 2 or 3 days old.

The vagina remains closed for more than one month after birth.

Length. There is considerable variation in length, mainly due to different degrees of flex-
ure of the body axis. Living newborns are usually 23 to 27 mm, but a few may be longer.

Circulatory System

The ductus Botalli (Fig. 293) has a tiny lumen for several hours after birth.

The blood vessels of the lungs are considerably distended.

The foramen ovale (Fig. 294) is anatomically open, but functionally closed.

Near their entrance into the heart, the veins have distinct valves, i.e., at the termination
of the vena jugularis externa, interna, and at the inlet of the caval veins into the atrium (Fig.

294).

Intestinal Tract

The oral cavity has long been completely separated from the nasal cavities (Fig. 292).

The primordia of the incisors are shown in Fig. 292. The dental papilla (marked by the
end of the line in Fig. 292) is bordered by tall odontoblasts. They already have formed some
predentine. Peripherally, a layer of tall ameloblasts can be seen.

Derivatives of the Intestinal Tract

The thyroid (Fig. 295) is actively secreting. There are only two parathyroids in the mouse and
they are bilaterally attached to the thyroid lobes. Displaced clusters of parathyroid cells are
occasionally found within the connective tissue septa of the thymus {143}.

The cortex of the thymus (Fig. 296) is subdivided into two zones:

1. an outer zone, containing large lymphoid cells, some of them in mitosis, and
2. an inner zone, with many small lymphocytes.

In the medulla there are clusters of large clear reticulum cells. Hassal's corpuscules are
lacking.
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FiG. 284. Newborn mouse, from the left, 27 mm.
L = liver, Sp = spleen, M = stomach (filled with milk). 2.5:1

FiG. 285. Same specimens as in Fig. 284, right side, with millimeter scale. 2.5:1

F1G. 286. Alizarin-cleared preparation, newborn.

S = supraoccipitale, A = arcus posterior atlantis, S¢ = scapula dextra, Q] =os ilii, F = femur,
TC = talus and calcaneus.
KT 891. 2.2:1

FiG. 287. First picture of dissection, newborn mouse.
T = thymus; H = heart, in pericardium; Pc = lobus postcavalis of right lung; L = liver; B = blad-
der, filled. 2.5:1

Fic. 288. Second picture of dissection, same newborn mouse. S7 = glandula submaxillaris, T =
thymus, P = pancreas, M = stomach, Sp = spleen, S/ = colon sigmoideum, N = left kidney, C =
cecum, J = ileum. 2.5:1

F1G. 289. Sagittal section through 4th and Sth thoracic vertebra, 19 days.
Cs = notochordal sheath, D = dura mater. 90:1

FiG. 290. Eye, frontal section, newborn mouse.
0O = nervus opticus, Ln = suture of eye lids, G = ganglion cell layer.

KT 1067. 55:1

Fi1G. 291. High power view of iris (Fig. 290).
[ = iris, Cc = corpus ciliate, Mi = mitosis in lens epithelium. 270:1
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Respiratory System

The left /ung consists of one undivided lobe. The right lung is subdivided into 4 lobes. In
addition to the upper-, middle-, and lower lobes there is a special lobus postcavalis. It is
behind the heart, and extends quite far into the left side of the body (Fig. 294). Each bron-
chus lobaris gives off regular segmental and subsegmental bronchi (Fig. 301). The latter are
connected to short terminal bronchi, which open into wide alveolar sacs. There is a gradual
transition between the cuboidal epithelium of the terminal bronchi and the flattened cells
lining the aveoli. Except for the stem bronchi, the bronchial walls of the mouse do not con-
tain cartilage.

Abdominal Viscera

The liver and spleen are sites of active hemopoiesis. The most conspicuous type of
hemopoietic cells is the megakaryocyte and it is found in both organs. In the spleen, a few
nodules of lymphatic tissue have formed. These are more distinct after birth {57].

The stomach is relatively large. It shows signs of marked secretory activity. The duodenum
is the widest part of the intestine, and it has numerous villi. The large intestine is of the same
caliber as the small intestine (Fig. 292).

The adrenal glands (Fig. 292) are well developed. The cortex and medulla are now more
distinctly demarcated than at 17 days (Fig. 298). The medullary cells are smaller than the
cortical cells.

In the cortex, three zones may be distinguished (Fig. 298):

1. a narrow outer zone, composed of small, crowded cells.

2. a large middle zone, consisting of large cells with abundant cytoplasm in which vacuoles
(dissolved lipids) can be seen sometimes. The cells are not arranged in parallel strands;
and

3. a narrow inner zone with small, intensively stained cells. They are the precursors of the
X-zone, which will develop after birth. It will regress at the age of one month.

In the medulla, the peripheral cells (bordering the cortex) are often clustered together,
reflecting their original arrangement in small groups. Between them there are intensively
stained strands of cortical cells. The clusters of young medullary cells should not be confused
with hemopoietic foci. Their nuclei are larger and lighter than erythroblastic nuclei, and
their cytoplasm is basophilic.

Urogenital Tract

There is a wide peripherally situated growth zone in the kidneys.

Diagnosis of sex. The perineum is definitely longer in the male. The distance between anus
and genital papilla in the female is roughly one-half that in the male.

The topography of the internal genital organs is shown in simplified form in sketches of
reconstructions (Figs. 303 and 304). The large seminal vesicle opens into a common orifice
with the ampulla ductus deferentis into the urethra, at the colliculus seminalis. Later, a
separate opening is often observed. The coagulating gland can be seen as a short sprout,
situated immediately anterior (proximal) to the colliculus seminalis (Fig. 303). Other
sprouts visible in Fig. 303 are primordia of the prostate (not labeled).
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F1G. 292. Sagittal section through newborn female
mouse.
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F1G. 293. Reconstructions of aorta and pulmonalis, superimposed on frontal section,
ventral view.

Pulmonalis and ductus Botalli indicated by stippled areas, contours of large veins are
indicated. C = clavicula, I = costa 1, T = thymus, L = leftlung, Lp = lobus superior
postcavalis (pulmonis dextri), Lm = lobus medius, Ls = lobus superior, Viz = vena
cava inferior (projection).
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FIG. 294. Reconstruction of venous inlet, superimposed on frontal section. Dorsal view.
Broken lines indicate course of caval veins. A = arcus aortae, P = arteria pulmonalis
dextra, B = ductus Boralli, L = left lung, Ls = lobus superior, Lz = lobus medius,

Li = lobus inferior, Lp = lobus postcavalis. Arrow indicates foramen ovale.
KT 1067
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F1G. 295. Thyroid isthmus, newborn mouse.
F = follicle. 550:1

F1G. 296. Thymus, newborn mouse.
Arrow indicates mitosis of a lymphoblast. 550:1

Fi1G. 297. Liver, newborn mouse.
Me = megakaryocyte, P = branch of portal vein. 270:1

F1G. 298. Suprarenals, low power view, newborn mouse. 220:1

Fi1G. 299. High power view of boundary zone cortex-medulla (Fig. 298). 550:1
Fi1G. 300. Pancreas, newborn mouse.

In = pancreatic island.

KT 910. 550:1

F1G. 301. Frontal section through left lung, newborn mouse.
KT 1067. 40:1

Fi1G. 302. High power view of lung subsegment.
Sa = saccus alveolaris. 270:1
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Fi1G. 303. Male genital organs.

Reconstruction, newborn
mouse. Left half, viewed from
the right.

Caput and cauda epididymi-
dis shown in simplified form.
V.P = ventral prostat, §y =

symphysis, 3 = 3rd sacral ver-

3 testis tebra.
KT 910
7 preputial gland
orificium FiG. 304. Female genital

organs. Reconstruction, new-
born mouse. Left half, viewed
from the right.

& ectum [0 Oviduct shown in simplified
form. Sy = sympbhysis.
KT 1067
v
kidney
In the ovary many cells with con- ©ova7y ;
densed chromosomes can be seen, . §§J
mostly prophases of the first meiotic oviduct ' £
division of the oocytes. Some primary  cornu uvter/ ‘\
follicles have developed in the more cen- \":“'.
tral area of the ovary. In this region, the ureter > ‘\::\‘
oocytes are in the dictyotene stage. Graa- \ ‘;\
fian follicles are absent. The surface of rectum '%/IQ Aadiles
the ovary is exposed to the fluid-filled ,
space of the bursa ovarica, which is c:)g Wi
almost completely closed {1071]. 5 \
In the testis there are many interstitial corpus__ |

cells. The tubuli contorti are composed
of numerous primitive Sertoli cells
(nourishing and supporting cells) and
large gonocytes (Fig. 305). The gonocytes
are no longer dividing. Mitotic activity
will be resumed during the first week
after birth. Simultaneously, the gono-
cytes will migrate toward the basement
membrane of the seminiferous tubules.
The developing daughter cells will be
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FiG. 305. Section
through testis of new-
born mouse.

T = tunica albuginea,
G = gonocyte, Z =
interstitial cells. 550:1

F1G. 306. Section
through ovary of new-
born mouse.

0 = oocyte within
primary follicle, M; =
mitosis (prophase of
first maturation divi- ‘
sion), K = epithelium &
of ovary. —r—

KT 1067. 550:1 305

smaller and are called immature spermatogonia type A. Mature spermatogonia will remain
smaller. These cells are generally flattened and closely attached to the basement membrane.
They appear at the initiation of spermatogenesis.

Central Nervous System

In the cerebellum, the fissures that developed in the previous stage have deepened considera-
bly (Fig. 292). The structure of the hypophysis {136}, which can be used as an indication
of developmental age, has not changed, compared with Fig. 271 (18 days).

The accessory organs of the eye have appeared. The conductory system of the infraorbital
gland is composed of numerous branches. The passage opens into the saccus conjunctivae,
together with the neighboring solid sprouts of the lacrimal gland. The Harderian gland
reaches the conjunctiva by a single, slender duct, in the neighborhood of the nicticating
membrane. These glands are not differentiated histologically. The nicticating membrane,
however, contains some cartilage.

The iris and corpus ciliare (Fig. 291) remain at the state of maturation attained one day
earlier (18 days, Fig. 272).

The snternal ear is only slightly changed since day 18. The external auditory meatus has
closed. The auditory apparatus cannot function until the second week after birth, when the
organ of Corti has completed its maturation {180}.

Skeletal System

The vertebral column has changed between the stage of 18 days and the newborn, but the skull
remains about the same. All ossification centers of the vertebral bodies of the trunk have
formed, including cervical 3-5 (compare Fig. 307 to Figs. 280 and 281). Ossification is well
advanced in the thoracic region (Fig. 289).
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F1G. 307. Alizarin-cleared preparation. Anter-
ior part of the body, dorsal view. Newborn.

S = suproccipitale, B = basioccipitale, Ex =
exoccipitale, D = ossification center in basis of
dens (black point).
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In the sternum the sternebrae have enlarged
considerably. When the ribs grow slightly
asymmetrical, the sternebrae are correspond-
ingly asymmetrical (‘crankshaft-sternum.” Fig.
308). In the fore- and hindfeet, nearly all bones
of the phalanges have formed. The metacar-
palia and metatarsalia had already appeared
previously. Only the centers of the fifth middle
phalanx (hindfeet) and of the first phalanx
(forefeet) are absent.

The carpals have not yet ossified. In the
tarsus, however, 2 ossification centers can be
seen regularly: the talus and calcaneus. They
are distinctively large, even though they have
just recently appeared (Fig. 280).

Placenta

The structure of the placenta has not changed
fundamentally since the 14-day stage (Fig.
309). Reichert's membrane usually ruptures
shortly before birth. When it ruptures, it
often rolls up like a carpet. Where it borders
the placenta, however, the membrane remains
stretched (Fig. 311). In the vicinity of the
placental margin, short processes in Reichert’s
membrane appear at 14 days (Fig. 309).

- clavicula

—

———— manubrium

costa 7

>4

- sternebra

A
e

processus
xiphoideus

F1G. 308. Alizarin-cleared preparation of sternum. Note variable,

but normal form of ossification centers (“crankshaft-sternum”).

KT 865, 891

140



spongiotrophoblast
(abyrinth
subchorial clefts
yolk sac diverticle
(arrow)

N

uterine artery
; (spiral course]

uterine artery :
arterial sinus

subchorial cleft

N
LN R

W

19 days

branch of uterine artery

chorion

F1G. 309. Diagrammatic representation of placenta and extraembryonic membranes,
from 11 1/2 days to birth.

M = muscle layer, VS = venous sinus, T = trophoblastic giant cells, R = Reichert’s
membrane, D = yolk sac, A = amnion.
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Fi1G. 310. Cross section through placenta of a newborn
mouse, low power.

L = labyrinth, Z = central artery.

KT 1056. 14.5:1

FiG. 311. High power view of chorionic plate (Ch).

D = yolk sac, visceral layer; R = Reichert's membrane;
Bm = basal membrane; U = umbilical vessel; S« =
subchorionic space. Arrow indicates “yolk sac diverticle”
105:1

FiG. 312. High power view of basal plate (B).
MS = maternal blood sinus, 7" = trophoblastic giant
cell. 105:1
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At 19 days, the placenta has not en-
larged much. A dilated central artery
enters the well-developed labyrinth
from the mesometrial side of the pla-
centa. This vessel conducts maternal
blood directly under the chorionic
plate, where the stems of the umbili-
cal vessels pass. The labyrinth is
demarcated from the chorionic plate
by the narrow intraplacental space
{33}]. This space consists of subchori-
onic clefts bordered by two walls of
characteristic structure. Toward the
chorion, one wall is lined by a layer of
cuboidal cells. Toward the labyrinth,
the other wall is lined by flattened
epithelial cells supported by a thick
basement membrane (Fig. 311). The
intraplacental space opens laterally
into the lumen of the yolk sac [33],
(“yolksac diverticles,” marked by arrow
in Fig. 311).

The /labyrinth is composed of an
intricate maternal blood space and
numerous fetal blood vessels. Mater-
nal and embryonic blood is separated
by three cell layers, as shown by elec-
tron microscopic studies {34}. Two
syncytial layers, which are closely ap-
proximated, are covered, near the ma-
ternal blood space, by single large
trophoblastic cells.

The spongiotrophoblast (reticular zone
or junctional zone) {38] contains
exclusively maternal blood vessels.
Large veins open from the decidua
into extended (maternal) lacunae.

At the margins of the placenta, the
spongiotrophoblast is bounded by the
characteristic giant cells {391 men-
tioned above (Fig. 312).



Stage 28 Postnatal Development

Within 3 days, a fine fur appears and the ears are opening. The internal ear is still quite
immature. The definitive histologic structure does not develop until 13 days. The retina is
also immature.

The eyes open at 12 to 14 days.

At 6 weeks, the vagina opens, and females begin estrous cycles. The first successful mating
takes place at 2 or 3 months of age.

The skeleton is used here as a convenient index of relative stages of postnatal development.
Mice of 7 and 24 days were chosen arbitrarily to be described.

7 Days Post Partum

The linear length (head to base of the tail) is about 38 mm.
At 7 days the distal epiphyseal centers appear in the tibia and fibula (Fig. 315). In the tail,
24 vertebrae have ossification centers. Our adult hybrids have:
30-31 rail vertebrae
4 sacral vertebrae
6 lumbar vertebrae
13 thoracic vertebrae
7 cervical vertebrae
The neural arches of the sacral vertebrae are abourt to fuse, while the lumbar arches are still
well separated (Fig. 314). The ossification centers of the vertebral bodies are separated
throughout from the centers of the arches by narrow epiphyseal plates (Fig. 318). The dis-
crete horizontal cleft separating the two centers of the axis (i.e., base of the body and base
of the dens) is difficult to recognize (Fig. 314).

Extremities

Since birth, numerous ossification centers have appeared as seen in Figs. 315 and 317. The
distal epiphyseal centers in the #bia and fibula are typical for 7-day mice. They appear
shortly after the distal epiphyseal center of the femur.

In the tarsus, not only are the talus and calcaneus visible in alizarin-stained cleared prepa-
rations, but also the cuboid, 3 cuneiformia, and naviculare. The os tibiale, however, has not
yet ossified.

In the ovary, there are abundant primary follicles in the cortical zone. In deeper areas,
some (secondary) follicles are growing, but Graafian follicles are still lacking (Fig. 316).

There is lictle change in the testis since birth. Many cells have entered prophase. Spermio-
genesis will start at 9 days of age.

In the thymus a few small Hassal's corpuscules can be seen (Fig. 319).
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Fi1G. 313. 7-day old mouse female.
KT 893. 1.6:1

FI1G. 314. Alizarin-cleared preparation, 7 days post partum, dorsal view.

S = supraoccipitale, Ax = 2 ossification centers of axis (axis body and basis of dens), Ar =
processus transversus atlantis, U = ossification center in olecranon (ulna), L, = body of second
lumbar vertebra, O] = os ilii, Is = os ichii.

KT 893. 1.6:1

F1G. 315. Same skeleton as in Fig. 314, lateral view.
Fe = ossification center in distal epiphysis of femur; TF = ossification centers in distal epiphysis
of tibia and fibula, having newly arisen; Tz = tarsalia (7 ossification centers, partially hidden). 1.6:1

F1G. 316. Ovary, showing secondary follicles, located near central region, 7 days post partum.
KT 892. 105:1

F1G. 317. Thorax, ventral view, 7 days post partum. Alizarin-cleared preparation.

Initial calcification of rib cartilage (R). Tm = apophyseal center in tuberculum maius, E =
epiphyseal center in caput humeri, Co = ossification center in coracoid process (below clavicula),
Ma = manubrium sterni, X7 = xiphoid process.

KT 893. 5:1

Fi1G. 318. Lumbar vertebrae, ventral view, Alizarin-cleared preparation, 7 days post partum.

L2 = body of 2nd lumbar vertebra, Ar = arch-center of 2nd lumbar vertebra, O] = os ilii, Is =
os ischii, P = os pubis.

KT 893. 5:1
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F1G. 319. Hassal's corpuscule (H) within thymus of 7-day-

old mouse.
R = reticulum cell.
KT 892. 700:1

In the eye, the external plexiform layer is beginning to form, and it can be recognized for
the first time. As a consequence, the nuclear zone becomes subdivided into external and
internal nuclear zones. The process of separation starts centrally, near the optic nerve, and
proceeds quickly towards the periphery. On the 11th day after birth, the outer segments of
the photoreceptor cells are forming.

At 14 days, the rods have attained their final length.

In the internal ear, the organ of Corti is differentiating {180]. Differentiation starts at
birth and is complete at 13 days (Figs. 324-320).
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Fi1G. 320. Low power view of eye, 6 days post partum, horizontal section. 28:1

FiG. 321. High power view of retina of Fig. 320.
Arrows in Figs. 321-323 indicate development of outer plexiform layer, separating inner and outer
nuclear layers. 240:1

Fi1G. 322. At 7 days, the nuclear layers are distinctly separated.
KT 892. 240:1

FiG. 323. Fully differentiated retina, 16 days post partum. 500:1

F1G. 324. Longitudinal section through axis of cochlea, 16 days post partum, low power view. 40: 1

FiG. 325. High power view of cochlear duct (apical part) of Fig. 324.
Sv. = scala vestibuli, 2. = scala tympani. 150:1

FiG. 326. High power view of organ of Corti of Fig. 325.
T = inner tunnel. 270:1



24 Days Post Partum

The linear length (head to base of tail) ranges from 50-60 mm.

At this age, the animals may be weaned.

The vertebral column continues to grow. In microscopic preparations, large cartilaginous
growth zones are visible. The tail has attained its full number of 30 osseous vertebrae. There
are only 4 pairs of hemal arch bones. These are small spherical pieces of bone bilaterally
situated ventral to the caudal intervertebral discs. They develop first in the proximal part of
the tail.

In the tarsus, the appearance of the apophysis of the tuber calcanei is a characteristic of
this age (Fig. 329). In the lower and upper thigh of cleared animals, distinct epiphyseal
plates can be seen. There are also epiphyseal plates in the acetabulum (Fig. 330).

Numerous blood vessels have grown into the flat epiphyses of the sacral and of the adja-
cent caudal vertebrae (Fig. 332).

In the testes there is active spermatogenesis. At 13 days after birth, differentiated Serzoli cells
may be recognized. The original large and centrally placed primordial germ cells give rise
to smaller, peripherally situated spermatogonia.

Many gonocytes have entered meiotic prophase. At the same time, the seminiferous tub-
ules are developing lumina.

At 24 days there are no spermatozoa, but some tubules contain numerous young sper-
matids. Some peritubular cells are now transforming into smooth muscle cells (M.H. Ross
[106}]). In the ovary, primary, secondary (growing) and tertiary (Graafian) follicles can be
recognized (Fig. 331). The oocytes are in dictyotene stage. Occasionally, multinucleate eggs
may be seen. I have seen them only in follicles containing numerous pycnotic and degenerat-
ing granulosa cells. These follicles will probably soon degenerate. The growing follicle in
Fig. 331 also shows signs of atresia.

Fi1G. 327. Hybrid female mouse, 24 days post partum.

Fi1G. 328. Alizarin-cleared preparation, lateral view, male, 24 days post partum. Right extremities
removed, millimeter scale.
KT 899

F1G. 329. Dorsal view of skeleton, before removing right extremities.
Ap = apophyseal center in tuber calcanei.
KT 899. 1.5:1

F1G. 330. Ventral view of skeleton, enlarged, 24 days post partum.
M = manubrium sterni, H = acetabulum with epiphyseal plates.
KT 899. 2.7:1

FI1G. 331. Section through ovary, 24 days post partum. Hematoxylin-Eosin.
T = tertiary follicle (Graafian follicle), P = polynucleate oocyte, in secondary follicle.
KT 1071. 105:1

F1G. 332. Intervertebral disc of proximal tail. Frontal section at 4 weeks.

CH = notochordal sheath within epiphyseal plate of 2nd caudal vertebra, G = blood vessels in
epiphyseal plate of first caudal vertebra.

KT 787a. 105:1
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29 Weight Curves

The mouse has reached its full size at 3-4 months. The growth curve is dependent on genetic
(Fig. 333) and environmental {3} factors, especially the amount of milk available {198]. The
temperature also has some influence on growth {201}].

The males become heavier than the females at the age of 4 weeks.

Specific pathogen-free (SPF) animals seem to grow faster than conventionally reared mice.
Before we established our SPF colony, our CBAs had a considerably lower growth rate than
the C57BL/G] animals. Now, in pathogen-free colonies, the CBAs grow faster than the
C57BL/6] mice. Environmental factors may play an unexpected role in the growth rate of
mice. They are difficult to take into account in applying a mathematical model {196} to the
growth of inbred mice (Fig. 334).

Pregnant females begin to gain appreciable weight from the 8th day of pregnancy (Fig.
335). Like growth rate, /ife span is influenced by many genetic and environmental factors. It
may vary between 1 and 3 years [2].

or | or |
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FiG. 333. Mean weights of our F1G. 334. Postnatal increase in
growing inbred and hybrid mice. weight of our hybrid males.
Hybrids (f#// line) show maxi- Short perpendicular lines indicate stan-
mum increase in weight. Broken dard errors.

line indicates CBA; stippled line
indicates C57BL/6.
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Epiphysis (pineal gland) 112, 114, 121
Erythropoietic cells (see also blood) 67
Estrous cycle 143

Exoccipitale 128

Exocoelom 26, 29, 30

Extraembryonic coelom (exocoelom) 28
— membranes 35

Extremities 143

Eye 95,117, 123, 139, 143, 146

— vesicle (optic vesicle) 53

Eylids 109, 113, 118, 121, 122

Facialis crest 48

— ganglion 48

— placode 48
Fertilization 3

Fibula 143

Follicle cells 3

Foot plate 87, 94, 100
Foramen I, II 78

— caecum 79, 87

— interventriculare 90
— ovale 129

Forefoot plate 99
Foregut 29, 45, 79

— pocket 29, 35

— pouch 35

Forelimb bud 44, 53

Gall bladder 67

Ganglia 61, 66, 68, 87, 101

Ganglionic layer (ganglionic cell layer of
retina) 95, 101, 112

Genirtal organ 132

— ridge 61, 73,79

Germ cells 45, 61, 95

Giant cells 61, 142

Glomeruli 86, 95

Glossopharyngeal nerve 68

Glycogen cells 15, 36, 51

Gonads 93

Gonocytes 79, 95, 123, 138

Graafian follicles 143, 148

Growth curve 150

Gut 79, 101, 110, 123



Hair-follicles 100

Harderian gland 139

Hassal's corpuscles 129, 143
Head fold 34

— process 28, 29

Heart 44, 53, 73, 87, 109, 113
— rudiment 29, 34

Hemal arch bones 148
Hemocytoblasts 34

Hepatic cell cords 68

— diverticulum 67
Hepato-cardiac channel 94
Hepato-duodenal field 54
Hindfoot 113, 140

Hindgut 79

Hind-limb bud 53, 60
Hochstetter's epithelial wall 79
Hyaloid plexus 74
Hypophysis 95, 101, 112, 123

Implantation 15

Incisor 100, 109, 113, 129
Inferior caval vein 94
Infraorbital gland 139
Infundibular recess 73
Infundibulum (of oviduct) 4
Inner cell mass 18
Interstitial cells 123

— gland 16
Interventricular septum 94
Intervertebral disc 78, 148
Intraplacental space 142
Invasion 16

Iris 118

Jacobson’s organ 79
Junctional zone 36, 52, 142

Kidney 95,110, 114

Labyrinth (ear) 93, 117, 121, 142

— (placenta) 51, 61, 101
Lacrimal gland 139

Laminae 35

Large intestine 113, 132
Laryngo-tracheal groove 60
Larynx 45, 94, 100, 109

Lens fibers 88

— placode 48

— plate 60

— pocket 68

— vesicle 73,74, 79, 95
Lesser sac (bursa omentalis) 79
Life span 150

Limb bud 60, 64, 68

Lip furrow 113

Liver 56,79, 88,94, 113, 132
— primordium 45

Lobus postcavalis 132

Lung 54, 60, 79, 94, 122, 132
— anlage (lung rudiment) 45
— bud 67, 73, 88
Lymphocytes 109, 129

Mantle zone 101
Marginal layer 74
— zone 101
Mating 143

Maturation division (see also meiotic

division) 3
Meckel’s cartilage 100
Megakaryocyte 88, 132
Meiotic division 138
Mesoderm 28
Mesonephric duct 95
— glomerula 60, 67, 86, 88
— tubules 67, 79, 95, 123
Mesonephros 79, 88, 95
Metacarpalia 140
Metanephric caps 95
Metanephrogenic tissue 79, 110
Metanephros 88
Metrial gland 61
Molar 100, 109, 122
Muillerian duct 95, 101
Multilocular adipose tissue 123

Nasal cavity 94, 100, 109
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Nasal cavity (cont.)

— pit 73

— septum 109
Nasolacrimal duct 80
— groove 78

Naviculare 143

Nephric duct 45, 54

— vesicle 45, 60
Nephrogenic cord 60, 64
Nervus glossopharyngeus 107
— hypoglossus 107

— splanchnicus 107

— vagus 107

Neural arch 143

— crest 35,48

— folds 35

— groove 34

— plate 29
Neurohypophysis 124
Neuromeres 35
Neuropore 44, 53, 60
Nicticating membrane 139
Nose-pit 79

Nostrils 78

Notochord 35
Notochordal plate 29

Oesophagus 67
Olfactory apparatus 86
— artery 73,78

— disc 66

— lobe 123

— organ 79

— placode 48

— plate 68, 74
Omental bursa (bursa omentalis) 54
Optic chiasma 66
—cup 79

— evagination 35

— neural crest 54

— recess 066, 67

— vesicle 53

Oral plate 29, 35, 45
Organ of Corti 139, 146
Osilii 112

— ischii 117
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— pubis 117

— temporale 112

Ossification 121

— centers 112, 117, 123, 139, 143
Otic invagination 51

— placode 35

— plate 48

— vesicle 53,59, 61, 68
Otocyst 60, 93

Ovary 101, 123, 138, 143, 148
Oviduct 4

Ovulation 1

Palatal (palatine) process 94, 100, 109,

113
Pancreas 54, 67, 88,95, 113
Pancreatic islands 122
Parafollicular cells 109
Paramesonephric duct (Mullerian
duct) 95, 101
Paraphysis 110, 114
Parathyroid 79, 87, 101, 109, 113,
118, 122, 129
Parietal entoderm 36
Pars tuberalis 101
Parthenogenesis 3
Pericardial cavity 34, 35
Peritoneal cavity 88
— funnel 43, 45, 60
Phalanges 140
Pharyngeal pouch 67, 79, 87
Photoreceptor cells 146
Pineal gland 93, 95, 114, 123
Pinna 78, 94, 100, 109
Placenta 51,61, 101
Placental circulation 44
Pleural cavity 88
Polar body 3, 6
Polocyte 8, 10
Posterior amniotic fold 26
— commissure 95
— intestinal portal 34, 35
— limb bud 78
— neuropore 53, 61
Premaxilla 112
Primary giant cells 21



Primitive groove 24 Skeletal system 112, 117, 121

Primitive knot 24, 34 Small intestine 113, 132
— streak 26, 29, 34 Spermatides 148
Proamniotic cavity 26 Spermatogonia 139
Pronephric duct 45 Spermatozoa 4
Pronephros 43 Spermiogenesis 143
Pronucleus 3 Spleen 73, 113, 132
Prostate gland 123, 132 Spongiotrophoblast 142
Pulmonary artery 78, 100 Stato-acoustic ganglion 74
— trunk 94 Sternebrae 140

Sternum 140
Stomach 54, 67, 79, 88, 89, 110, 113,

Radius 99 132

Rathke’s pouch 53, 78, 123 Sulcus opticus 35
Rectum 101 Supraocciptale 123
Reichert’s cartilage 100 Suprarenal gland 93, 114
— membrane 21, 306, 140 Sympathetic trunk 84

Rete testis 123
Reticular zone 52

Retina 95, 101, 112, 147 Tail 66, 73, 94, 148
Rhombencephalon 67 — bud 60
Rhombomere 48 — gut 79
Ribs 140 Talus 140, 143
Rods 146 Tarsus 140, 143, 148
Teeth 87
Telencephalon 101

Saccule 79 Testis 110, 114, 123, 138, 143
Salivary glands 109 Thymus 87, 95, 101, 104, 109, 113,
Sclerotomic fissure 74 122,129, 143
— halves 78 Thyro-glossal duct 73
Secondary giant cells 21 Thyroid 66, 67, 73, 78, 87, 95, 101,
Segmentation 6 109, 113, 118, 122, 129
— cavity 8, 10 — primordium (thyroid rudiment) 43,
Semicircular canals (semicircular 45,79

ducts) 93, 117 Tibia 143
Semilunar valves 91 Tibiale (0s) 143
Seminal vesicle 123, 132 Toes 109, 113, 118
Seminiferous tubules 95, 101, 110, 123, Tongue 87, 94

138 Transverse fold 26
Septation of the atrium 87 Trigeminal ganglion 61, 74
Septum membranaceum 87 Trophectoderm 21
— primum 78 Trophoblast 10, 12, 15, 20, 21
— transversum 29, 54, 67 Trophoblastic cap 18
Sertoli cells 138 — cells 51, 142
Sexual differentiation 93, 95, 101 — giant cells 15, 36, 51
Sinu-atrial opening 78 Trophospongium 36, 52
Sinus venosus 53, 72, 78, 93, 91 Truncus arteriosus 87
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Tunica albuginea 110
Turning 40

Ultimo-branchial body 87, 109
Umbilical artery 36, 66, 100
— cord 100

— hernia 100, 101, 110, 113
— loop 67

— vein 36, 67,78

— vessels 142

Ureter 88, 95, 101

Ureteric bud 67, 79

Urethra 132

Urogenital sinus 88, 101

— tract 132

Uro-rectal seprum 79, 88
Uterine lumen 39

Utricle 79

Vagina 129, 143

Valves of the heart 94, 109
Venous inlet 135

— sinus 72

— system 83

Ventral ectodermal ridge 66, 79
Ventricle (of the heart) 78, 109
Ventricular septum 100
Vertebra 121, 143, 148
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Vertebral arch 112

— artery 78

— body 112, 117,121, 123, 139, 143

— column 74, 113, 123, 139, 148

Vestibular ganglion 93

Visceral entoderm 28, 36

Vitelline artery 44, 53, 66

— duct (= vitello-intestinal duct) 45,
54, 67

— vein 66, 67

Vitreous body 95, 101

Weight 150

— of pregnant hybrids 151

Whiskers 122, 129

Wolffian duct 61, 67, 79, 88, 95, 101

X-zone 132

Yolk sac 34, 35, 36, 52, 61, 67, 101
— diverticles 101, 142

— vessels 66

— stalk 68

Zona pellucida 3, 10
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