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cation, these cells migrate to the developing gonad.
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Mitosis, or somatic cell division
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Prior to mitosis, each chromosome  In early prophase the centricles, In late prophase the centrioles and ~ The doubled chromosomes—
makes an exact duplicate of itself.  which have divided, form asters asters are at opposite poles. The their centromeres attached to the
The chromosomes then thicken and move apart. The nuclear nucleclus and nuclear membrang spindle fibres —line up at mid-cell
and coil. membrane begins to disintegrate.  have almost completely disappeared.  in metaphase.
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Meiosis, or sex cell division

cytoplasm N nuclear aster  crossing

N membrane over

chromosome

i i nucleus  bivalent tetrad :
At the onset of meiosis, DNA Homologous chramosomes pair - The bivalents duplicate to form In metaphase |, the tetrads,
strands thicken into chromosomes.  to form bivalents, The centricles  tetrads, or four-chromatid groups. attached to spindle fibers at
Homalogous, or like, chromosomes  divide and move to opposite The nuclear membrane disintegrates,  their centromeres, line up at
begin to approach each other. poles of the call, Crossing over (recombination) occurs.  mid-cell,
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MEIOSIS 1:
Separates homologous chromosomes

INTERPHASE PROPHASE | METAPHASE 1 ANAPHASE |

Centrosomes Chiasmata Microtubule Sister chromatids
(with centriole attached to  Metaphase remain attached

pairs) Spindle  kinetochore plate

Nuclear  Chromatin Sister Tetrad Centromere Homologous
envelope chromatids (with kinetochore) chromosomes separate
Homologous
Chromosomes chromosomes Tetrads line up Pairs of homologous
duplicate pair and exchange chromosomes
segments split up
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In early anaphase |, the tetrads In late anaphase |, the chromatids  In telophase |, nuclear membranes  The first meiotic division ends.
separate, and the paired chromatids have almest reached the spindle  enclose the separated chromatids.  There are now two calls, each
mave along the spindle to their poles. The cell membrane begins  The call membrane completes its — with the same number of

respective centrioles. to constrict, constriction. chromatids as the parent call.
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Prophase Il begins. Inthe second  |n metaphase Il, the chromatids  In anaphase I, the now-separated  Telophase Il has been completed.
meiotic division, hamologous line up at mid-cell. The centricles  chromatids approach their Thera are now four cells, gach
chromatids do not duplicate but — and asters are at the poles. respective poles. The cell membrane  with half the number of
maraly separata. A spindle has formed. begins to constrict. chromasomes of the parant call
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FIGURE 2.5 Events occurring during the first and second maturation divisions. A. The primitive female germ
cell [primary oocyte) produces only one mature gamete, the mature oocyte. B. The primitive male germ cell
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FIGURE 2.9 A. Child with Down syndrome. Note the flat broad face, oblique palpebral fissures, and protruding

tongue. Children with Down syndrome usually have some degree of intellectual disability and many have car-
diac defects. B. Another characteristic of these childrenis a broad hand with a single transverse [simian) crease.
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FIGURE 2.8 Karyotype of trisomy 21, Down syndrome.
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FIGURE 2.11 Child with trisomy 13. Note the bilateral
cleft lip, the sloping forehead, and anophthalmia.
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FIGURE 2.12 Patient with Turner syndrome. A, At birth. Note the loose skin at the posterior of the neck
caused by the remains of a cystic hygroma [fluid-filled cyst], the short neck, malformed ears, and swelling
in the hand (B) and the foot (€] caused by lymphedema. D. At 6 years of age, the webbed neck is promi-
nent, and the nipples are widely spaced with a broad chest.
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FIGURE 2.16 Differentiation of PGCs into oogonia begins shortly after their arrival in the ovary. By the third
month of development, some oogonia give rise to primary oocytes that enter prophase of the first meiotic
division. This prophase may last 40 or more years and finishes only when the cell begins its final maturation.
During this period, it carries 46 double-structured chromosomes.
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FIGURE 2.23 The products of meiosis during spermatogenesis in humans.
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Alee ) paadd s Gl g cibadl) o 508 e Thaa 48 gl Caldaill ) S5
agta) bl e Gaaad -l ¢ Capacitation doa Bl 5l luss)
Glycosyltransferases ) il i Jy )y sSalall CasS o o Ll &) 5] Jadi g cdy Y

Al o e diailall duanSUl) cilis o) )3

:Mature sperm 4l cilal)

ads eiie 5 ol ) (e Il S Al saad LA o

Ol Ll 8kl anall  Jaky g b sill (g san g chadaill alima Gl ) JSy
g3 S Middle piece sl dxdadll o lalie ¢ (e o) callsy
«Principal piece duubuY! dakill ¢(dakhill 3< jal da DU 28U (e 5) o jaiiall
.End piece 4iledl) axladl

44

©



Acrosome  Plasma membrane

N

. Mltoghondrla . i
\1 e’ cEntriole Ih" Terminal disc Auial ﬁlamerjt =
- + \ / =
) . = th ..\ —
~ - | b o
LS 1 ..'L Pl :
Head Mid (connecting) piece Tail

Peri-acrosomal space

F“os.t—acrosoma){ LY
region

N

!

Axoneme
FRONT VIEW

Cell membrang
ACrosome

Nuclear vacuoke

Sub-acrosomal space

Mucleu

entriole

Redundant
nuclear
envelope

itochondria
sheath

Buter dense fiber

V) ———Central Pair
Axoneme

SIDE VIEW

‘; uclear envelope

puter acrosome
membrane

End.piece

nguaturial segment

:Abnormal Gametes 3Ll Gl 2¥) o
S5 s AV Cpall G clpadll sl g Gl die jeda of (Sadl e -
S ol o Jean Eigan ) LDIAN o8 a8 a8 oAyl gl dpdan LA EBG g oiild
AlA) a0l Vs g ool ) Jsa sl J8 S sale LS 0 Jas
G Amnd) AN o2 < gaiBale 5 (s 93 SO Sl il 53 (598 O Al ) A

o2l J pa

A .
Primordial follicle with
two oocytes

Trinucleated oocyte

45



el Sars % 10 ) Lot Joai s e gaall Rails 3ALGN cillatl) das ((Julaally
e o (3mS) dadoan Caldas aaia® ol (Jad ) ¢l ) capmy of 35200
385 g€ ja 5L Caldaill o2 a8 g ¢l ) Anl ) cAaaile illad ) ((5_sa)

olbadl) e 3 08 e &S

46



relaill J oY) £ gauy)
(rdadl)) (il 2N ) Al (e

:First week of Development

Ovulation to Implantation

:ovarian cycle 4aasall 5 )54l

@) pUagll anlaiig a5 a0 i g @ dal) A Al 4 5ol il gall fag
Gonadotropin Releasing 2!l ilea gal (3lhaall 50 5ell 8 5 GNRH ) (3l
g ga 588 Aalddl) Basll alal) gadll LA e ji3s 530 Hormone
GisLall () sa el s FSH cuall Glall ) sa el dlicial Gonadotropins 2L&Y)
oanal) (8 Ay el eadl) gledayy g lia g A ¢ H

. Third ventricle

Meuroendocrine L M
cell nuclei i |
! 4 «;Vaamus
a2
|
Superior — -y .."J

! Stalk

hypophyseal
artery
Long portal Inferior
vessels 4 gﬂiﬁ?wseal
. |
Trophic . y, s / }
hormone éa#s*"_ &R
secreting < gl :
cells - g%gs' f‘-’!‘ y .
o ] =
i vang

Anterior %‘; )

. v Posterior

pituitary
pituitary y . "
ff . Short portal

;- \ vessel
~— Hormone -~

secretion

47



The Menstrual Cycle

Follicular phase Luteal phase

Follicular
development

Pituitary and
ovarian hormone
levels

Endometrial
cycle

Days of Menstrual Cycle ® www.kenhub.com

Primary 15l o212 — 5 (L) dana sy JS Al 4 s e
s yhall ig FSH ) Lils s (Preantral 4l dé L cily yall) follicles
air s sl gail) dda o ) (12 =5 0w e) D aal g cua deay dannlall

Ay sy ety St 461 W has)  dudagy (§M)

Lo OB Gl Y @il all e AT de pana ol 2 cdallall 3 all 8
Sl 9 1380 5 il ) Jaay il faal

g danal) A ) LBA g Ldanl) (i (L praan s o al) (il Laxie
Corpus atreticum 2l aually o Lo A0 plia st ) J 5o
follicular :\_..a..).d\.a :\_Laga.d\ (:\_“u..).\;j\) @.\gﬁ\ 1_“1)\;.“ C_.A.a FSH UAE

(oandl gl g gal dumy a3 ) 43Lal) (granulosa) cells

48




Lo 5 LS e g i) (Amnal)) Asall LAY 58 cy al) sk an -

as—ii 5 androstenedione 2 s testosterone 41 (s IS Akl 48 501l

Saaa 9 B — estradiol 17 s estrone () A&lall &b ga ygd) Gl Zouaad) L3IA
:‘g&' 9 i M 3 é‘i\ jaa dauil

Hypothalamus
|

‘Gonadotropin-releasing hormone
|

& Fituitary gland

‘Gonadotropic hormones
- s

FSH LH

Daveloping Degenerating Figllﬂl 2=8 |llustrations of
corpus luteum  corpora lutea the interelstionships among

the hypothalamus,  pituitary
gland, ovaries, and endome-
e trium. Cne complete menstrual
cycle and the beginning of

another are shown. FSH, Folli-

Primary =
follicke e
cle-stimulating hormaone; LH,

pocyte luteinizing hormona.

1—”;23:“‘ —— Proliferative phase b Luteal phase fischemia; Manstrual
Days1 5 14 a7 pg Phase

49



s A skl (A Lol 535 an )l Ay (22 a3

288 S 35 Laa (ilat g (Ll ) iy () ) (gie blda o il
ilaill

LH ) 38 e (aled) mill) Al dia

2 Al gl Ciualiia L& (LH surge) ¢fistall ¢ oa sed) 4883 Cams @iy

HE|
maturation - promoting gaill Jde aadiall Jalall 3S) i o1& ) (1
29 Jo¥) AN AL JLeSinl ) drcanll 40304 ady (53 factor
il
Aol WA (e gt gl S18) e i (20 -
Al S g quoad) @348 A g2 (3 -

Mensiruation

atarts
Mensiruation
starts again

Days of Menstrual Cycle

-9 @ o DP3e

P Corpus luteum

s j—Prol g e phase—j— Lulsal prasa
phass P begins
1 5 14 T m
Ovumnon

50



) :Ovulation 4&LY)  «

Dl a3 pilae Ll e S ALY 8 ag p o)l G sall galy -
il o e daali muayg ae 25 k8 ) Jays FSH, LH
A8y eayla ol LH ) 8 dalia 33l ) Gaaadg «Graafian follicle
dpanl) Al adxs Al gl cujall skl ae Lol 35 LH (LH surge)
o yall ey cmeiosi§ | JgY) %gl_*al'h[\ Al JlaSid) ) 4l g
Al dpda) AIA0) LaaY Tai s ¢ aliY) Jd Lo cusal) Als e )
J=# (metaphase ) (Juill )oall dls yo (8 cadgiy aiSly || (Alai)

L8 cle b &N 3.441.:‘2\ & gaa

ot daly elais o gal) (ZLEN) pusilly Qanall i fay oy ol -
.stigma i) o) dpaily e (FUmV)) ZLaY) 4ad 8 3le ga

a-Y1)  collagenase Jia¥ sl Atlad saly 3 ) [ H Jl plis ) ga -
sl GaaY oSl Gl JBladl () a3 ) e oY oSt JLad)
RETREN

s (sa5 s Lidadd LH ) il ) dlaci ) cliaidelin g ) 3335 LS -
ol jlaa 8 A e Clialil Ggan ) Glpadielingg il

A The Simmeter of the

TE.‘*‘E{'TE‘E- ¥ [*S ! el i L | e " - y
2 Follicee about to rqva ( . ! :

2 Remeaing of the Gamahes aophores

zona pellucida 48edl) Addaidl Joa Ll S Il LA (yany nlatiy
odiall Jalsy) gl

51



Granulosa cells
Basal lanuna

Anfrum

Corona racdhiata

Cumulus oophorus

Structure of the Graafian follicle

ALy daas @l g e yad s (the cumulus Oophorus) dscanall 48 )

Flgure 1-13. The ovulated cocyte clings to the surface of
the ovary by the gelatinous cumulus oophorus and is actively
scraped off by the fimbriated oviduct mouth. After ovulation,
the membrana granulosa layer of the ruptured follicle prolifer-
ates to form the endocrine corpus luteum.
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FIGURE 3.3 A. Mature vesicular follicle bulging at the ovarian surface. B. Ovulation. The oocyte, in meta-
phase of meiosis I, is discharged from the ovary together with a large number of cumulus ocophorus cells.
Follicular cells remaining inside the collapsed follicle differentiate into lutein cells. C. Corpus luteum. Note
the large size of the corpus luteum, caused by hypertrophy and accumulation of lipid in granulosa and theca
interna cells. The remaining cavity of the follicle is filled with fibrin.
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Figure 1-16. Cleavage and transport down the oviduct. Fertilization occurs in the ampulla of the oviduct. During the first five days, the zygote
undergoes cleavage as it travels down the oviduct and enters the uterus. On day five, the blastocyst hatches from the zona pellucida and is then
able to implant in the uterine endomatrium.

Flgur! 1-17. Compaclion_ A 5cnnning electron micrngmph of 10-cell human embl-_,.lu before cumpactiun. MNote deep intercellular clefts. B,
Scanning electron micrograph of ten-cell human embryo during process of compaction. Note absence of deep interceflular clefts between some
of the blastomeres {arrows). The rona pellucida was mechanically removed from both embryos.
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Figure 3-1 Acrosome reaction and sperm penetration of an cocyte. 1, Sperm during capaci-
tation. 2, Sparm undergoing the acrosome reaction. 3, Sperm forming a path through the zona
pellucida. 4, Sperm entering the cytoplasm of the oocyte.
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FIGURE 3.5 A.Scanning electron micrograph of sperm binding to the zona pellucida. B. The three phases of
oocyte penetration. In phase 1, spermatozoa pass through the corona radiata barrier; in phase 2, one or more
spermatozoa penetrate the zona pellucida; and in phase 3, one spermatozoon penetrates the oocyte mem-
brane while losing its own plasma membrane. Inset shows normal spermatocyte with acrosomal head cap.
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Figure 3-2 |llustrations of fertilization. A, A sperm has entered the oocyte and the second
meiotic division has occurred, resulting in the formation of a mature cocyte. The nucleus of the
oocyte is now the female pronucleus. B, The sperm head has enlarged to form the male pro-
nucleus. €, The pronuclei are fusing. O, The zygote has formed; it contains 46 chromosomes.
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FIGURE 3.7 A. Phase contrast view of the pronuclear stage of a fertilized human oocyte with male and
female pronuclei. B. Two-cell stage of human zygote.
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before introduction of sperm and 5
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its germinal vesicle is surrounded by
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Shartly after in vitro fertilization (IVF), | Dl e

the male and female pronwclei {armow)
have formed. £, Two-cell stage. D,
Four-cell stage. E, Eight-cell stage.
F. Morula initiating compaction. G,
Compacted morula. H, Early blasto-
cyst, with trophoblast (arrowheads)
and inner cell mass (arrow). Hatch-
ing from the zona pellucida has mot
occurred. [, Hatched blastocyst, with
trophoblast (arrowheads) and inner
celfl mass (arrow).
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Sacond polar body

Zona pellucida

Blastomears
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Figure 3-3 |llustrations showing cleavage of the zygote and formation of the blastooyst.
A to D show various stages of cleavage. The period of the morula begins at the 12- to 32-cell
stage and ends when the blastooyst forms. E and F show sections of blastooysts. The zona
pellucida disappears by the late blastocyst stage (5 days). Although deavage increases the
number of blastomeras, note that each of the daughter cells is smaller than the parent cells.
As a result, there is no increase in the size of the developing embryo until the zona pellucida
degenerates. The blastocyst then enlarges considerably (D).
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FIGURE 3.12 Changes in the uterine mucosa correlated with those in the ovary. Implantation of the blastocyst
has caused development of a large corpus luteum of pregnancy. Secretory activity of the endometrium in-
creases gradually as a result of large amounts of progesterone produced by the corpus luteum of pregnancy.
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FIGURE 4.1 A 7.5-day human blastocyst, partially embédded 17 the endometrial stroma. The trophoblast
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A Early 17th day C Late 17th day

Figure 3-12. Formation of the notochordal process. A, C, Stages showing hollow notochordal process growing cranially from the primitive node
(dissected in the midsagittal plane). Note changes in the relative length of the notochordal process and primitive streak as the embryo grows.
Also note the fusion of ectoderm and endoderm in the oropharyngeal and cloacal membranes. B, Cross section of the embryonic disc at the level

indicated by the dotted lines.
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Figure 3-13. The process by which the hollow notochordal process is transformed into a solid notochord between days sixteen and twenty-two.
A, B, First, the ventral wall of the notochordal process fuses with the endoderm, and the two layers break down, leaving behind the flattened
notochordal plate. As shown in B, this process commences at the caudal end of the notochordal process and proceeds cranially (the dotted line
marks the level of A). An open neurenteric canal is briefly created between the amniotic cavity and the yolk sac cavity. C, Series of events by which
the notochordal process becomes the notochordal plate and then the notochord.
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FIGURE 5.8 A,B. Two examples of si-
renomelia (caudal dysgenesis). Loss of
mesoderm in the lumbosacral region
has resulted in fusion of the limb buds
and other defects.
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FIGURE 5.9 Sacrococcygeal teratoma
probably resulting from remnants of the
primitive streak. These tumors may be-
come malignant and are most common
in female fetuses.
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FIGURE 5.11 Development of a villus. A. Transverse section of a primary villus showing a core of cytotro-
phoblastic cells covered by a layer of syncytium. B. Transverse section of a secondary villus with a core
of mesoderm covered by a single layer of cytotrophoblastic cells, which in turn is covered by syncytium.
C. Mesoderm of the villus showing a number of capillaries and venules.
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FIGURE 5.13 Longitudinal section through a villus at the end of the fourth week of development. Maternal
vessels penetrate the cytotrophoblastic shell to enter intervillous spaces, which surround the villi. Capillaries
in the villi are in contact with vessels in the chorionic plate and in the connecting stalk, which in turn are
connected to intraembryonic vessels.
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FIGURE 5.12 Presomite embryo and the trophoblast at the end of the third week. Tertiary and secondary
stem villi give the trophoblast a characteristic radial appearance. Intervillous spaces, which are found
throughout the trophoblast, are lined with syncytium. Cytotropheblastic cells surround the trophoblast
entirely and are in direct contact with the endometrium. The embryo is suspended in the chorionic cavity by
means of the connecting stalk.
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FIGURE 6.4 A. Lateral view of a 14-somite embryo [approximately 25 days). Note the bulging pericardial
area and the first and second pharyngeal arches. B. The left side of a 25-somite embryo approximately

28 days old. The first three pharyngeal arches and lens and otic placodes are visible.
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FIGURE 6.6 Drawing shows the migratory paths
of neural crest cells in the head region. These cells
leave the crests of the neural folds prior to neural
tube closure and migrate to form structures in the
face and neck [blue area). 1to 6, pharyngeal arches;

V, VI, IX, and X, epipharyngeal placodes.
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FIGURE 6.7 Examples of NTDs, which occur when closure of the neural tube fails. A. Anencephaly.
B,C. Infants with spina bifida. Most cases occur in the lumbosacral region. Fifty percent to 70% of all NTDs
can be prevented by the vitamin folic acid.
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FIGURE 6.4 A. Lateral view of a 14-somite embryo [approximately 25 days). Note the bulging pericardial
area and the first and second pharyngeal arches. B. The left side of a 25-somite embryo approximately

28 days old. The first three pharyngeal arches and lens and otic placodes are visible.

Neural tube

Somites < |

Presomites
mesoderm

FIGURE 6.10 Dorsal view of somites forming along the neural tube [the ectoderm has been partially
removed). Somites form from unsegmented presomitic paraxial mesoderm caudally and become segmented

in more cranially positioned regions.

100



:Somites differentiation </awadl jlad o
=) el g (alea¥) Adad) jlaad) LA & 58 el ) £ g Alay ae -
Lgad s« -( fibroblast like —alll e s b dgund Lpanil jpe LIS 2 5) Basuall
Laaine Al o2 LA Sy ¢ (5 gl Joadl g nand) Ggal ol A 4Y)
LiaY jlaiiy Sclerotome (dabiadl Lubial) daiadl) saruall Llal) dakil

LGS g <l JAa) o

g sl Adia o) dpilad) g A Ay gl i) gad) die dala gidll LAY darig -
Ol Ga DAY (S35 5 diliaal) LYAY Precursor 4Adilu cdamal) (e (g glal)
.Dermatome (4ualal) dacadl) galal) plail) cyfic ganal)

Aalal) dadadl) it ala gty — Al LOAY) ddla — LOA de sane aledy -
((Aalad) Al _and) A —ial) satad) A _anl) gL _tabl) L_aa NSy g
.Dermomyotome

Ao aad) Addal) gad Baswall Auda of) Agihadd) A8ad) (pe LA jaled M ddlia) -
Cdlial)) aad) Jlas cdlizae s IS da giall anadd duilad) daniall
i)l cdlae i) g (Al A el g (Adlall) g 8 ja Ul ALl

Diag Bl colae g pghall ala dad) (S ¢ gadad) L) gUGAN LOA LT -
Sl Clas (g (A sl) CLal)) aad)

e Dorsomecial  Nouraltube oy
o g
Darmatomae
| ikl Neural folds Ventrolateral
,a""ﬁ"'-., miischa colls

- ity

A Veniral B

Somile wall Netochard Al kil T T .

‘IIJ"""T'l u-'ll_-" Gassaadl Jlia _.;_,.j.:l.'l daadl Sclarotoma Dorsal agrin ,i.n":"" el
FIGURE 10.1 Development of the somite. A. Paraxial medodenm calls ane arrandgéd anound a srmall cavity. B AL A
resull of further differentiation, cells in the ventromedial wall lose their epithelial arrangerment amd begome fres-
enchymal. Collectively, they are called the sclerotome. Cells in the ventrolateral and dorsomedial regions form
muscle cells and also migrate beneath the remaining dorsal epithelium (the dermatoma) to form the myotome
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FIGURE 6.9 Cross section through the somites and neural tube showing the organization of the paraxial
mesoderm into somites and intermediate and lateral plate mesoderm.
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FIGURE 6.14 Blood vessels form in two ways: vasculogenesis [top), in which vessels arise from blood
islands, and angiogenesis [bottom), in which new vessels sprout from existing ones. During vasculogenesis,
fibroblast growth factor 2 [FGF2) binds to its receptor on subpopulations of mesoderm cells and induces
them to form hemangioblasts. Then, under the influence of vascular endothelial growth factor [VEGF) acting
through two different receptors, these cells become endothelial and coalesce to form vessels. Angiogenesis
is also regulated by VEGF, which stimulates proliferation of endothelial cells at points where new vessels
will sprout from existing ones. Final modeling and stabilization of the vasculature are accomplished by PDGF
and TGF-B.
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FIGURE 6.15 Extraembryonic blood vessel formation in the villi, chorion, connecting stalk, and wall of the
yolk sac in a presomite embryo of approximately 19 days.
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Capillary Hemangiomas lesions causing more secondary complica-
Capillary hemangiomas are abnormally dense tions, including ulcerations, scarring, and air-
collections of capillary blood vessels that form way obstruction [mandibular hemangiomas;

the most common tumors of infancy, occur- Fig. 6.16B). INSULIN-LIKE GROWTH FACTOR 2
ring in approximately 10% of all births. They is highly expressed in the lesions and may be
may occur anywhere but are often associated one factor promoting abnormal vessel growth.
with craniofacial structures (Fig. 6.16A). Facial Whether or not VEGF plays a role has not been
lesions may be focal or diffuse, with diffuse determined.

FIGURE 6.16 A. Focal capillary hemangioma. B. Diffuse capillary hemangioma involving the oral cavity.
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FIGURE 8.2 Size of the head in relation to the rest of the body at various stages of development.

Gaatba JiS) 9.5 o4 o3 el PA Lla giall okl sl S -
; eall A Gaspdl) (B 05l B35

(52280 ) £5l40 - (L) rdal) Joand) Baa JART Lagee -
Last Menstrual period ddieh 353 32Y J ¥l a sl (e 2l I3
ZEY e 2lai) & sl 38 dalay e 1 (LMP)

110



:Monthly changes 4 ¢dd) eyl

34 (A () o) oh Giiall 3Lall YA s ga g Vol ST e
(t_uﬁ)w\g\ds_mquu@mm@a camndl (Bl ae 458 Ll )
JLMJ‘CHLuLw\)J\dLu@\JS\M\m\m@}‘CRLJ\MM
o Cial) pa gad B To L 228 dlldyg CHL U ol Lo 339l e
Al g Uty (Sl o g Jand) jee

Ud\stdl_’m\ s'!l_'\.nllé GulLAl) il ‘_,’A g)—aﬂ,\l\ aal) dAa 5l sy LS
('!L.'\SY\ X ¢da gl (GALAY\) ‘;\Ja.d\ olad¥Wh IS ) 6L;LI\A foa 5
S s e el LS i

bl G g i) (G e B0l il el sk ) )Y e
(stadl okl e T alia s ) ghal () Sy g ¢ puall By i)

12 £ sl M on Ciall) g AL ghall alliad) & aliesl) WL&S gl ki
Primary ossification centers

Uiy Gy (12 £ 9] (Al ga) 3_aldal) Aluliil) el s daiig
Mﬂ‘dﬁc\y;ﬂdﬁwwﬂ\ Aaal

g smud) (A s ‘@ﬂyﬂ G 38 JSS e A prall (g pall L
A12 83‘“\1‘ Ao chd) Ciga ) agad g ualid)

cialll dlgiy g (ualdl) g &N gl A oy i) Jska 2023
S8 a0 5ud cpial) ¢y 59 Lal (L 8 i pul5 ) CRL J=ay J=aall J Y1
&500 Cma dﬁ‘ UAAIAJ‘ )@.u-“ 4-}1.@-\9 4 )5 @.\:\j co).\sj\ oda JDA

ebas clanugo hair iy o yai d8ds il ek cpial) 055
Al o sV Gan s Glalal

Lol el B Lgiiia @S jay jadd o dalall (S
AT PR Tals s (Jaall LU Giall) JNA 3 bl cpial) g A
deaall oty 4l )5 00 %50 Ao 35l o A& liad chiai g (g
(& 3200 Lk s L)

111



e@\@uﬂ\g\é's%;\@:\ﬁigﬁdw\ Eb‘@ug.\aj\ﬂ;u);\ -
Aladl caas

;-j(;cj‘Lgmgg\L;:«,,Mwaw\x_mguﬁgmqgg\g\ﬁ -
il Jlga G Y e Aula g N Jaall e 3 )alE (5 S5 A jeal (e 2pall
GLASI 5 g sllaal) Seail) A s )ty Sy ol <o 385l (oeand) gl
(el saall 138 ) 2y ada g ol Leghn aniill &) LS

ol Gus @25 Aol L CRL Y el « 4817 —6.5 (s -
) s algy Jlaia) Jeay ¢ Laall janll 13 453Y g 2ie 5 1100 Lo
%90

Dseb rosiad) e gl (gl B LIS Al Eaal) Gy L led SN -

&}-}-u:\]\) ol LS s (10 tﬁ_{y\) o (7 & sms¥)) 3530 ac)

Gl ) razy g las (24 & 51l ) Gaddl Gl a (16 — 14
(28 g sal) & suall Cpall i (26 —24 ¢ s )

Ol i€ alal) Cn caa i) aa iy Jeandl cp pAY) G gl By -
Ay play Balay alall daady aa )1 e slaa) Algs Ay ol ) gta Unine
e ) 20zl )58 e AUl (vernix caseosa) Al sMally i s
.sebaceous

3400 —3000 o plil) gl Algs 8 andall sl o5 aly -
OS5 camit 5O Gals CHL b (o 36 Vs CRL I Gl s <E
bl (B lisadl) gl g Aol g dudad) slac Yl

:Time of birth 33¥ ¢! ()
$) ) cobgig Jeal) Aalia ) Cangy lela Tpaic Jaall jee aai ey -
¢BAlaa :\_JA; JLAQLI k-il..\é}éﬂj‘ U (6 -l .J\ cﬁ\)‘éﬁ‘fb QM\M\

el e AR 18 e ol 138 5 Ay 5l
w38 5ilas 266 ) ciadl jee Gluay sVl &5 ) Ly -

(TN 22y
e) Ll aadelu 24 ~12 PA el Glad)sile Saay -
()

112



a5l e 1ol Lo 5140 51 L5 280 = deaall see sl Cuda 3§,
O s il die 2885 Ay Hall 038 dxi g LMP Gl AY J Y
J}._A}J_l‘;k__i\_u;j\ (AW dﬁ;.a} ‘?ﬁ28 JS@A\}Q&&MMQU}J
deeall 3 Chaad a8 Al ClLAY) Gan i ol dalaiie je @il 0
Gk Ce) Ao jall o ity ¢ Jladatll S 5 aa al i 28 (o211 o IS
& Sl daall e lua 4 Uad ) (50 Lae ¢ g )50 (el

B3 1 a8 giall oy Ul pyaa 8 Una

o AeVL s il AT f S e Saie Y Jranl) e ayaal ik,
SA8 14 7 g o CRL ol pdi 3] cdgigaal) (368 ) gaY)
Glo aainid 16 sl am Lal (a5 2 1 saam ¥ Juaall jae 3a3
hiaa g Biparietal diameter (BPD) Csmutaad) Cpadiall ( jlall) (uld
Jsb ods Head and Abdominal circunference ¢sadl 5 gul )

Femur length 334!

RAB4-8-D/OB Ml 1.1 Dr. Moroder ecofetale.com
8.3cm/1.4/16Hz Tis 0.1 02.02.2012 12

= / ,/

CRL 6.51cm
GA 12w6d 71.8%

113



Fetal membranes and da—dall s Aiial) s

:placenta

Criadl A ARl 3l gl g e Jg_u.gj oy ) yaad) A dasdiall
; ‘ L g oY) G g W) Jalall Gl
e il £ gl (e B0l Adnal) Jal sal) (ga Cpiad) cilillata 31335
O pbaad) dalsa (8 30030 Ll ol cdandial) A dala NS G gl 53
w5 5 iy LaS o) e Jgan Laa ciiallg (pa 1) oY)
bl Bl il duse Y

L

Transported intact *

Partially consumed )

Metabolized [ ——+— B----- M —

Mot transported -? Placenta

L

:trophoblast 4 i) dag ¥ Ao § ki Al eyl

o giall aaa¥) (a9 Ay A1) Aa g W) (10 Aadiiall iad) )5Sl iy
.(The chorionic plate 4l dxsiall) diuzall z A
ol A e (rsaY) I sl sk

Gle M e ) € lare dga g SEI Hell) Aolay 8 45 5lad) A g Y] S

1 yedae LruSs 3 (secondary and tertiary villi) &4l Al

gyl dagiall b gidll sl e Stem villi 4le Y gaa 2y
e LTy glad) 40 5l A5 )1 (Adaa 6 ) Cde ia (Ailpapdiall)
Lo (e did asd Lasd ¢(syncytium) el (e JSiid e 5

s giall a1 e Eiiall all) 4 Sl da g Y

114



i«

FIGURE 8.8 Strectung of willi a8 voricus stages of divelopement. A During thay Tourth vaeel. Tha exira-
ambryonic meLodenm peratroted the stem vill in the direction of the decidusl plate. B. During the Tourth
mcnbh. In sy Small villl, e wall of the capilarkes i in direct contact with the syncytium. CJ0. Enlargement

of the villes a5 shown in Figures B840

el y (e M g gda (b e Ao ganl) il add) alLa skt g saly
A g ) S A aall Ay gall iy ja ) Gy Ay el iy sl 038 TS0
-l (connecting stalk Jaai¥! 48 gu) ddal HI 48 gl 5 (Ailpapiiall)

Aradl 7 A Jle gl JUaill Lagie Ly

5035 3 caa W) (B A g Al il p ) pee A diall ) gl gl pal) oy
b el ) yaig s Al eda ISl e Y o) jas Ayl s )Y e LA
4l LAl w2 ) ey ¢(Intervillous spaces) dxle 3 Cm ol
A g lall cpl 78l e 5l eclle g s cililed e dne O
ellay JSy dqall ol de o3 (Alhadl) Ll sas) oLdiall 8 g gii g

Aol 5 LA 5 A WA s a3 Hybrid vessels duaa 4

i) ge J5ad ddee ) o(dae 53U) 4l e, Y) aadd celld WLy
Epithelial — To Endothelial () b sl ) (5 )l—ed)
5 i Ao gl (pa Lgdgat ) due S LA 028 56 (53325 <Transition
oy Lao Ao glial) Ladidia Jhall) daud g dos of ) daglial) Llle ladl)

Aade 30 i) b sl ) adll 33l 5

115



AR ) gedd) allae 85 il Bagaall e N o eSS Al 8 -

pldally Adall Ay calodal) gadl) (any g 4 gldd) A Mal) LAl

i) St Lall) (i of) liiidal) Laa A ganll Ao g8 AL g0y
il e gl )

Gl pasl) A Lgda g g Aia adad (ot saliy s Lad ) il muay LS -

syncytial 4 slial) afally adall) 02 oy a5 cclgle 31 (G A gadl

Lo sale LSl coadl gl o)) ) sadl (paza Jaas ) a8all 02 ) (Say5 knots
(JSLae &3 (50 Jaaiaad g i

G 3 e 2t A AT A Jad) da g W) LA sLiiA) g ol Caaay
Sl e 51 8 LAY sha any 5 LD aa g ¢ puSY) ) 3 piuall
il g all gl eyl ) gall Ca caValuall 33 a1 eda &l jids Y

Barrier formed by
1. Syncytium
2. Cytotrophoblast
3. Connective tissue
4. Endothelium

Barrier formed by
1. Syncytium
2. Endothelium

Ay ildals )

:(preeclampsia (deal) sbawi¥)) zla N S8 e o
G S/ e Aiig Al pe V) A (bl g gL Al aat -
cladg
Lo Jsaal 0 %5 b iy -
&igaay (i 2 eclampsia gl ) s=ad A skt o Sy -
laall alaws¥) L yo vie cladd)

O Bl Joaall (e iy (6f (8 blad laal) sVl Ca sy Lasale -
Jaad) aldi a9 20 £ gaal)

116



Cial) Sigmag caa ) Gana pall) JAUS i B G of (Sany -

o) ) eal) slaiV) Say 3 oY) igen ) i O (Say LaS

oSall ALE Al s 5 cdaaiall Y Sl 3 (el JDIA) Zall gl il gl
Az jal) W65 A e Lalad

3 Ay Adg e i Adigaa A JI Y sl e saaall Gl il a2 -
da g ) DA il (el gl Jodidy G3late o plaal A sy o) (Say
M5 O ahal) Joadl) ) dads Y Lgda ) () 3) cdy gl 4y )
=k epithelial to endothelial transformation (Al g2l )
Ll Zoall 51 4 geall due O DAY 28 552 A

) e alamsil (33l gu 1 Aaad) alacai¥h Alay) Jbd Jalge (pa SNy -
c@uwbuﬂ.ﬁﬁ}} 6:\_!\.345\) 6(()4; dji) QL&)J;“} c(é.ih.u&;
(Jaall Gl b 5 355 L)) Gl pa) rang s caaziall Jaall
(g Sl
daall dafde s le S les jasy Ganie Caaag o Sy 631 ¢ Laall
Lsxnbl

Chorion 1=l Jadlod) eldall g (@M\) L) lasdiall o

: Frondosum and decidua basalis
2y ot g oS i) Juals cplaill oW anlu¥) b clle 0 Jaxs -
aill g goalll ¢ Aoaal) Guball) 8 dasida gial) Clle 3 Al (Jaal) aa8S
Chorion Frondosum (bushy_ (4 a—ddl) Aladl) plasdial) et
A5 o Amaadl) qhil) 8 33 ga gal) Clle 31 (uSiT Lash < chorion)
Chorion sl—wlall Wu dardiall (e e yall 11a = Gl e )

leave

L oLl s Jadid ¢ inmed) 5 hinall el o 5 N LS -
(33 51 amy T ) s ) Ay (g s ) AR 58 )
L) pldally oan Abadl) placdial) (358 aod gial) Jilod) plialld -
aal 3 nS LA (e 3358 Al (10 Sy decidua basalis sl
psndll e 8 3 A 1S (5 5 a3) decidual  cells Zadadl ) LAl
LUV su s 0505 Agae ) dadually Al 038 (a5 o(un sSlall

117



Ly oad e M) uadl) 8 Adabld) diudal) La) o) g ) ST
. AuSiia g 33 30 s Sl decidua capsularis (Bisal)

aa ll laa ae by Jadaad) Jalad) g pladal) Aadiall muai i, -
3) el aiall opigall 4 @lldg (decidua parietalis @olaad) L)

e @
Fusad decidua pariatalis, =
aslall ki) plidl chorion laeve and amnion _.—=— T Placents

Dacidua basaka
Charian

frondasum

Dacidusr
capsulirnis

ikl Jadiual]

Jall) dlee 8 o sy (o0 sy oS e dn sl o all () aa Baulee -
Sl L) e S i) ALedl) plapdiall pa cppialls oY1
gg)LuJ\ izl eM‘ JSdy (aglia IS5 cplacenta dapiial) cé&lﬁ‘
(s 88Y (s ) gLidal Law chorion serdial ¢Liall s amnion
3o sl d Mers 521 Amniochorionic membrane
Jdald) ZoA & Lase galaal R (9 Lﬁm cLiall sa ‘((5“‘:"5““3‘)
sk

118



Myometrium
Decidua vera
Chorion
Amnion

Decidua basalis

) Placenta
Decidua vera

Decidua vera

: Structure of the placenta 4eséall 4y o
tlad (i gSa (o dapdiall Il cpal 1) gl Ay e o
Aabadl) plasdiall (e G gSall Axdall g0l 1 -
Lol L) cpa 38l (g ali gl g3l -2 -
8 Ll o (Apibrasdiall) 4 gy ) o<l daiually dupall dgal) 8 dapdal) aaai -
4ahblud) dagiial) () S5 4 5 ¢ oo 8 JaBlually daniiall adatia 4all o)) dgal)
Aapliall (per Bady dnaria

¢ Aplabliad) g dpasdial) Cpiagbial) (o Al 3N O (A1 AN SLal) 2 gs -

33 g2 gall il gl QAJL)AY\ oda L&.ﬁ} céﬁb&\ ‘a.ﬁl..l J\,}AY\ oda c&m}

st LS cliinall agall Al Ja s g iy slaall 4 ) A g,V B
Aale N G A seall @ paal) fpaa dule 315 jadl)

Al ) canll e 1ade (B 9 4 Cpgdd) VA BBl gLl JS iy -
Jeai O 90 Al 31 Gy llual) (ana 5L Y decidual septa
s s i (e O3S @l aall o2 gl s dpapdiall dajiall )
adll 4 gliall A8l Jualli (B oY) JS A g) 138 5 Ay slia LA Lgatau

119



daiiy gl U Aal) gl 08 Ale 3N Cu @ juagll A gl )
Lardiad) Gl a1 oY) (e i) ) dadial) andi caald) 03¢l

.cotyledons
Agbul dagiall R T
i Jis Decidual plate Erhj:iﬁ:_l-na;fsms

Chesionic sl
Erantall aciall

Ll a0 4 ST
Urnbilical vessess vesspls  EaLuEl 2= T

o Bl
FIGURE 8.13 The placenta in the seccnd hall of pregnancy. The colyledons ane partially separated by the
decidual [matemal| septa. Most of the intervilious blocd returms 1o the maternal croulation by way of the
endometrial veins. A small portion enlers neighiboring codyledons. The intervillous spaces are lined by
Syncytium

pie e (Bl Calidal Ale 3l o clildd) o Uage Jua¥) An -
Asasdial) dagiaal) ) Aabld) caal) Jgua g

(@) pall aa plaaais cpiall ol giall soaill dais cadip dapliall S5 -
L lgada iy g cJeall J3A aa Il 8 Jealall saill el gai pbw Cuny
A Aapdial) DRI 5445 pais pal) e 04 %30 — 15 <y
Al gl AW e Wl s g LAl 30l 5 e Gl 5 3393 gal) e

:Full —term placenta Jeall alai A dasiall o
(@25 —15 (b kb 7 ) Sy cbua B 38E Jeall alahy Aapdiall 331
08 Al Josii o 600 — 300 Liag a3 (N on Lgiialy
Apngebl) AUl 2o 30 SO (i) (ali s Y sl s il los
530 L8120 —15 4539 dasdiall oall gl dn sl i e B -
(_"3}3_&.‘\ dfu:\g cggd_c&\ Lol P é,ﬁJ e Ly slaza O ¢‘"g. L ‘ﬁ.ﬁ
ALl qaaal) U ¢ 52935

120



:circulation of the placenta Zal) )
Sun a9 i 100 —80 e il dpariall Gl il
dogle 51 G bl 8 Jaa s cdudablad) dAasdall ¢l 5 Sl sda il
o Lae a2l Gl 5 ) 63 Gan Jaa il aday s cAaliiiia A Joaal i
(S sall a5 ) saia 5 ypal) e 51 Jray Lae e 31 G SlaYl
s Ais )y oSl Aadall (e Lol Glsa 2 gay cdasniall (alidil gay
Aaitad) 33531 A Jaa) caild) oLasd)

i & aad) e w150 Ae 3 o Jual) g sad cJana Sy
gyl clle ) Joda e andl 1in Jsag s A8EA b <) 0 4 —3
a1 50e 14 -4y b clls

iiia e ) Al ) el d dasd L) 5 cclile 311 S 8 Jalall Gaamy Y
Gluu}ngaLcj ‘L-G—J-L"-JLEJJ‘QS}M\ c«w‘@éﬁjuﬂwé&u)ﬁ
ke 3l e ) 5 sad ) brush il S8 e e 3l saa
Jl Jama e JUllg aall ae (uladl) gl cpa @l 0y 385y all
el s gall I aall G sl

(riiadl g gl (el G Sl il pLERY (98 lad)
i) Ao U A0 ay) Alad) A5l el 4 o LigSa
A A A Sl da g ) Al (AUle 3N Gl B 3 g gall aliall gl

il | g

121

Al)



40005 gaty) Aol el g ¢ paniiall eLiRll (5 el A e dd) paglaidy -
Ga 2 Le 12a g o g diall L) pea (Bully ubal o dplial) A g
<45 placental barrier (adall Jalally Llal ey s (Jalall Jaxs
A gall (ga 23l o e a3 Oalay Gud (candiall slaall Gla 5eY) dasa

Cytotrophoblast Decidua
shell / \
L]

Extraembryonic =
mesodewrm Syneytium Chclnri;:mic
plate

Barrier formed by
1. Syncytium
2. Cytotrophoblast
3. Connective tissue
4. Endothelium

Barrier formed by

1. Syncytium
—? 2. Endothelium

ol s SIT a5 ¢ g ) oS (5 a0 gamad Lad s sl e Aapdiall Sa3 -
Als g o) adll e Y geada dgle 51 Gn Sbal) 3 s sall gl Sl
s g and) p BOUA) L gy Y Amdal) AAY) 88 (A gy ) oS i ia
N o O Aiial) A peall LBIAY (e (8 2aad (S Slld pag e Aiindlg
Asaniall e ) 84 e Cige e gl ol sl

Ay iy cillals )
(ria) (i) 0 gall g Aiviall jaad) il Y 2l T

:Erythroblastosis fetalis and fetal hydrops
) paiall Jalal) jee diiial) Ao gadl) LMAN) (amy joad o (S -
o e e Lelia Llga o2 ad o LA o3¢ Sy s ¢ gl gl) ol ) gl
3 (D dalad) b a5 300 dale ) (oan sl Jaladly aiail] ga @y e Ui
S ) g2 gl sl )y sall () Apiiall jesl) iy S amy s )
. =Rh a¥5 +Rh osiadl 5 e (1585 Ladie dall g dlaual

122



sl ) Y1 aie 33 g sall ol sda et o Sy 3aY Jaa i
0303 ¢ im ) (bl O 13 Cpiadl e ) g ¢ Aial)
) Gl gal A Sl g gl g cilad g)

L9 O 1) Gl Aabes dday pal) sy sl o2 (g0 A 1 oSy
cdandl jow JOA Gy duals JS aay @lld g Anti-D ) (Ol (ol
LS 13 Anti-D ) aY) aai g o8 pilea BV g1 day Al sl B ja ) (5 e LS
(09 Al 2l B pa

‘Function of the placenta 4l

il ¢

‘Exchange of the gases < ) Jals =¥ f

alaiy cpiall Jeany 3 ddageal) JLEENL st il 02:C02 ¢« Co 3 Jia
Sy ‘gsﬂ‘)l‘ ubﬁl‘ (e 48BN sl e Ja 30 220 e Jaall
U}S-‘u“’ a)aﬂ)lju.uﬂ\ucumy‘&&b‘ﬁ

.J\ u.uAﬂ UM.SY\ u.ml_1 ‘_g u,ul_uY\ EuY GAJ_MIAS‘ }AJJ\ u\_a)aj\ A=y
eﬂ\ﬂd;ﬂﬂ\@&\é&: cpiall ) alal 4l u,gu&‘}l\«%_}ns;nﬁ)u
Aol LBV e Gy daniiall I Jeal )

Exchange of nutrients and 3 =&l s diliad) ) geal) Jabss sLSG

electrolytes

()0 gu SN 5 B Al dawdl) (b sl 5 (daiial) (al sl J e
(Janll s xa Lag pos JoLill 138 oy 5 ccilizaliidl g

transmission of maternal d— gl slaly) Ji) (LA

: antibodies

o) 10 g cJaadl JoY1 Gl Aol 8 ) ghailly e lial) <l gSal) s
clid g glal) o cpiall Joany g cdadiall cilbgSa J-S cpiall piay
Glays 14 & ) 8 1a diaay s gG JS—i e oY) e delia)

123



ol Y (e aaall olad Passive immunity dadis dolia Cpiad) Sy
A g il

Sl sl ) Joay ¥ 4 can paldl) g6 JiSii 3aY 5 1) Cuaa Tay
(O gl EDEN e s iUl die 33 g gall

:Hormone production < sa ¢l Z ) -

ol 488 a5 i gl Aasdiall il caal ) gl Ale an
Ao lalall 4yl dag Y1 A il ga gl @iy cdaadl e
sl i @1y i g o s i) bl JS g cciling g i) gin LS
8yl o2 (& calac Y1 o siuse () Jiay 3) ¢ pidilaa Jaadl Al s A
() o sk an sl sad o Cpn g siul) i)

A8 dga ga ot gV gl JDA A laal) A jlad) Aa g Y Y
k) e laall jial) aall e Lilas ) hCG Al dsasdial)
_s)su\d;\f@fduﬂuauqu&tssem} (Jalall dﬁ‘;hce
O S o OIS Lo sl (o g 5 gala gila gaad) (3940 Aapdial) S LS
O Gl (A oS slall (3355 0 3 g (sedll () ga pen Al 5A g) (pandiall
sl 5185 i) ) gl g ga

140 - -500 8

120 - -7

F400 | g

—E‘ EF5
< 80- -300°3

S £ha
— o

3 60 - 1200 T} 3
c

< 40- OLo

L 100
20 - 1
0 0

o

Weeks’ gestation

124



A o il )

:The placental barrier (dall alall o

o Ly ¢ g 9 A gmnsy deagmciall Al o) Ay g pieal) liga gl i -
Thyroxine CpeS gl Jie ceday 5 AV Gl ga sl g

Sigaad 255 O LSy g cAapdial) puad Ay A Gl g i gl any -

Ji) A S A ) il g i) aladin ob oy s iSVI, -
28y (Al 5o dariidl ey ) Diethylstilbestrol (DES) Jiuuliv
Clear cell carcinoma J—sgall b LSAd 4 i) ;) La gl 1S Gy
13) ¢ 5 S aie Ay adll u_U Gy de pj\gpj\é&cgéﬂuﬂj
(iiad) 3Lall) as 1l crada Blad) A S pall 13gd ) gua 25 e

O 2l Ga dE gl g A laadl (A e dall Galall js0 et )l e -
e Jia Galald) 13a e o) cile gl (e pall (Say a3 gall Jal gl
Lodlallan ol pus e 8lls <Rubella A—dlal¥) 4 —aal)
«Coxsackie.v oSS ssll (g 225 «Cytomegalovirus (CMV)
dasll Poliomyelitis J—ik¥) JL&  Varicella .V @l
A paa (59 dadiall liad Leaand Variola ¢+ <Measles
Y5 e 5 a0 i O LeiSa

o LSy il 5 chaptiall s o Lilliiase 5 Ay ga¥) (e el Ky LS -
omiall die 3 judad LA Chaas

Amnion and ¢ —dl J—adl g (g slmmadl eldall) Al o
:umbilical cord
rmaall HalLall ann¥) 5 o sbad) eliall G IS (g sand) ladll i jay -
the 4l &y ) ABlal) oy (ol da adl — (g5l Ja gl )
primitive umbilical ring
ALY o e cplaill Gualdd) £ gund) 8 AUl A jaiy -
ie Y5 allantois sliadl g sad A Aoyl ABy el -1 -
L 899 Ot (il (e Adlgal) (A puad)
vitelline) 4zaall 35L&l (the yolk stalk 4paall A8y gdl -2 -
.(duct
canal ol g LA g Cpiad) JA Gl ga¥) o dlal gl sl .3 -
connecting the intraembryonic and extraembryonic
(i) Ggall e e sl Gl U Cus cavities
Az S A all g g sld) o LBal) (i i siall Jaall 5a
chorionic plate

125



gl clua o lay o g sbaad) i gad) aughy cplalll adiS e -
amnion (bl sLdall Iy Waie 5 o ardiall) (Hg— 580
Lgaana g oaal) Sl ARy goun g Aday) 1) AR,y gaul) Ll g AlalaYly
primitive umbilical cord ) s smd) Juadl Siia Lguiany pa
e W5 el Gasl Ay g e saml) aldl) e gm0 (g2
Lilis s A ge s (s 9mg 408 Aamd) 5o ST ol B oAy pud
ooy oSl Capall e dal giall sl Gul Jaaiy oli )

) ATy gus Aol 53 (5 el il

Chorionic cavity

Chorionic plate Chorion

Amnion

Yolk sac %
Yolk sac and and stalk
vitelline vessels

Intestinal \

/~ Abdominal wall

B/ " of embryo crc'::'i?“ic
Primitive e
umpilical
nng Intestinal loop

Umbilical Amnion
7 vesseals

FIGURE 8.16 A. A 5-week embryo showing structures passing through the primitive umbilical ring. B. The primi-
tive umbilical cord of a 10-week embryo. C. Transverse section through the structures at the level of the umbilical
ring. D. Transverse section through the primitive umbilical cord showing intestinal loops protruding in the cord.
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Intestinal
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FIGURE 7.4 Examples of omphaloceles, a defect that occurs when loops of bowel, which normally
herniate into the umbilical cord during the 6th to the 10th weeks of gestation [physiological umbilical
herniation), fail to return to the body cavity. A. Drawing showing loops of herniated bowel within the um-
bilical cord that have failed to return to the abdominal cavity. The bowel is covered by amnion because
this membrane normally reflects onto the umbilical cord. B. Infant with an omphalocele. The defect is
associated with other major malformations and chromosome abnormalities.
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FIGURE 7.3 Examples of ventral body wall defects due to failure of the ventral body wall to close.
A. Ectopia cordis. The heart lies outside the thorax, and there is a cleft in the thoracic wall. B. Gastroschisis.
Intestines have herniated through the abdominal wall to the right of the umbilicus, the most common
location for this defect. C. Bladder exstrophy. Closure in the pelvic region has failed. In males, the defect
usually includes a split in the dorsum of the penis, a defect called epispadias. D. Cloacal exstrophy.
A larger closure defect in which most of the pelvic region has failed to close, leaving the bladder, part of
the rectum, and the anal canal exposed.
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Figure 11-10. Subdivision of the primitive pericardial cavity. A, During the fifth week, pleuropericardial folds grow out from the lateral body
weall toward the midline, where they fuse with each other and with mesoderm associated with the esophagus. Simultaneously, the roots of these
folds migrate ventrally so that they ultimately connect to the ventral {anterior} body wall. B, The phrenic nerves initially embedded in the body
wiall are swept into these developing partitions. C, The pleuropericardial folds with their associated serous membrane form the pericardial sac and
transform the primitive pericardial cavity into a definitive pericardial cavity and right and left pleural cavities.
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Flgure 11-12. Closure of the pericardioperitoneal camals (4, 8). Between weeks five and seven, a pair of horizontal pleuroperitoneal membrames

rowe from the posterior body wall to meet the septum transversum (arrows, A), thus closing the pericardicperitoneal canals. These membranes
form the posterior portions of the diaphragm and completely seal off the pleural cavities from the peritoneal cavity. Arrows in B indicate imvasion
of the developing diaphragm by muscle fibers from the adjacent body wall.
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Figure 11-14. Diaphragmatic hernia. This defect most often occurs through failure of the left pleuroperitoneal membrane to seal off the laft
pleural cavity completely from the peritoneal cavity. A, Inferior view. 8, Abdominal contents may hemiate through the patent pericardioperitoneal
canal, preventing normal development of the lungs on both sides, which become compressed.
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FIGURE 14.1 A. Embryo of approximately 25 days’ gestation showing the relation of the respiratory diver-
ticulum to the heart, stomach, and liver. B. Sagittal section through the cephalic end of a 5-week embryo
showing the openings of the pharyngeal pouches and the laryngotracheal orifice.
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FIGURE 14.3 Various types of esophageal atresia and/or TEFs. A. The most frequent abnormality [90%
of cases)] occurs with the upper esophagus ending in a blind pouch and the lower segment forming
a fistula with the trachea. B. Isolated esophageal atresia [4% of cases). C. H-type TEF (4% of cases).
D,E. Other variations [each 1% of cases).
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FIGURE 14.4 Laryngeal orifice and surrounding swellings at successive stages of development. A. 6 weeks.
B. 12 weeks.
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FIGURE 14.5 Stages in development of the trachea and lungs. A. 5 weeks. B. 6 weeks, C. 8 weeks.
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Figure 11-B Successive stages in the development of the branchial buds, the bronchi, and
the lungs.
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Parietal pleura

FIGURE 14.7 Once the pericardioperitoneal canals
separate from the pericardial and peritoneal cavi-
ties, respectively, the lungs expand in the pleural
cavities. Note the visceral and parietal pleura and
definitive pleural cavity. The visceral pleura extends
between the lobes of the lungs.
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FIGURE 14.8 Histological and functional development of the lung. A. The canalicular period lasts from the 16th
to the 26th week. Note the cuboidal cells lining the respiratory bronchioli. B. The terminal sac period begins at
the end of the sixth and beginning of the seventh prenatal month. Cuboidal cells become very thin and inti-
mately associated with the endothelium of blood and lymph capillaries or form terminal sacs (primitive alveoli).
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FIGURE 14.9 Lung tissue in a newborn. Note
the thin squamous epithelial cells [also known as
alveolar epithelial cells, type 1) and surrounding
capillaries protruding into mature alveoli.
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Figure 11-2. Maturation of lung tissue. Terminal sacs {primitive alveoli) begin to form between weeks twenty-eight and thirty-six and begin to
mature between thirty-six weeks and birth. However, anly 5% to 20% of all terminal sacs eventually produced are formed before birth. Subsequent
septation of the alveoli is not shown,
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Figure 14-5 Drawings showing fusion of the heart tubes and looping of the tubular heart.
A to €, Ventral views of the developing heart and pericardial region (22-35 days). The ventral
pericardial wall has been removed to show the developing myocardium and fusion of the two
heart tubes to form a tubular heart. The endothelium of the heart tube forms the endocardium
of the heart. D and E, As the straight tubular heart elongates, it bends and undergoes looping,
which forms a D-loop that produces an 5-shaped heart.

: ;wg‘ o .‘Y‘ ; - - .
oLiall) A gadl) Aagdall Ao ) Aalil b QI 0l gal) ol 3 gy —
J<& e ¢( Oropharyngeal membrane (oosalil " (5 gadll® 8251
Ao gial) Al (e i g el 5l gadl LAY (e Cile gana

167



Dewvaloping forebrain

Primordial brain M hord

Féﬁ\Omanml membrana
,-' \xﬁarimnﬂiﬂl cavity

Heart tuba

Septum transversum

Oropharyngeal membrana

—

———— Foregut
— Heart tube [cut ends)
\___—_:.-r_._._

A

— Paricardial cavity

Saptum transwersum

Oropharyngeal membrana
Dewvaloping spinal cond

Heart {cut enda)
Septum transversum

Pericardial cawity

Endoderm

Figure 14-7 lllustrations of longitudinal sections
thraugh the cranial half of embryos during the fourth week,
showing the effect of the head fold (arrows) on the position
of the heart and other structures. A and B, As the head fold
develops, the heart tube and pericardial cavity mowve ventral
o the foregut and caudal to the cropharyngeal membrane.
C, Mote that the positions of the pericardial cavity and
septum tramsversum have reversed with respect to each
other. The septum transversum now lies posterior to the
pericardial cavity, where it will form the central tendon of
the diaphragm.
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Figurﬂ 14—6 A, Dorsal view of an embryo (appraximately 20 days). B, Schematic transverse
section of the heart region of the embryo illustrated in A, showing the two endocardial heart
tubes and lateral folds of the body. C. Transverse section of a slightly older embrya, showing
the formation of the pericardial cavity and fusion of the heart tubes. D, Similar section (approxi-
mately 22 days) showing the tubular heart suspended by the dorsal mesocardium. E, Schematic
drawing of the heart (approximately 28 days) showing degeneration of the central part of the
darsal mesocardium and formation of the transverse pericardial sinus. The armow shows bending
of the primordial heart. The tubular heart now has a D-loop. F, Transverse section of the embryo
at the level sean in E, showing the layers of the heart wall.
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canal

PV

PA
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HEEOH [y aThe smooth part of the left atrium is formed by incorporation of

parts of the pulmonary veins into the atrial wall. The junction of
the trabeculated and smooth part of the right atrium is called the
crista terminalis.

FIGURE 5.2. Schematic diagrams depict the primitive heart tube and its five dilations. A. At 22 days. Note the location of the
atrioventricular canal and conoventricular canal. Arrows show the direction of blood flow from the "venous” blood inflow
atthe sinus venosus to the “arterial” blood outflow at the truncus arteriosus. Note that “venous” blood inflow enters the left
ventricle (LV) before it enters the right ventricle (RV). B. At 26 days. Note that the straight heart tube begins dextral looping
(curved arrows). T = truncus arteriosus; B = bulbus cordis; PV = primitive ventricle; PA = primitive atrium; SV = sinus
venosus. C. At 30-35 days. Dextral looping is complete, and the four primitive heart chambers are apparent. aa = aortic
arches; AS = aortic sac; pRA = primitive right atrium; pRV = primitive right ventricle; pLA = primitive left atrium; pLV =
primitive left ventricle.
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Figure 12-B. Regionalization of the heart tube during its lengthening. As the heart tube lengthens and adds to the outflow segment, looping of
the heart tube repasitions the outflow tract ventrally and to the right, shifts the primitive left ventricle to the left, and shifts the primitive atrium
dorsally and cranially. Addition of myocardium at the arterial end forms the right ventricle and the future proximal and distal segments of the
outflow tract. The primitive left ventricle will form the definitive left ventricle, and the primitive atrium will give rise to a portion of the atrial wall
and auricles of the heart. During this process, deepening external folds and grooves increasingly distinguish each segment of the heart tube.
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Figure 14-8 A, Sagittal s=ction of the primardial heart at approximately 24 days, showing
blood flowing through it {arrows). B, Ventral view of the heart and pharyngeal arch arteries at
approximately 35 days. The ventral wall of the pericardial sac has been removed to show the
heart in the pericardial cavity.
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FIGURE 13.14 A,B. Septum formation by two actively growing ridges [endocardial cushions] that approach
each other until they fuse. C. Septum formed by a single actively growing cell mass, such as the septum
primum and septum secundum. D-F. Septum formation by merging two expanding portions of the wall of
the heart. Such a septum never completely separates two cavities.

Adla i) aila gl (o yad ) Al Sl o2 JS i A diny s —
s A 7 A (il phaal) a9l @S 5 e Endocardial cushions
3ol ) a5 3 dladdl LAY LSS e s cExtracellular matrix
2L el gl L JS 30 Ailaidl) 3 (58l jla ) (a5
(fig. 13— 15 A,B) el e AICET 3ol o3 ks duibi LA

Endocardium

Lumen of
the heart

tube ECM

A Myocardium B C

FIGURE 13.15 Drawings showing development of endocardial cushions. A. Initially, the heart tube consists of
the myocardium and endocardium separated by a layer of extracellular matrix (ECM). B. Endocardial cush-
ions form in the atrioventricular canal and in the outflow tract as expansions of the ECM. C. Cells migrate into
the cushions and proliferate: In the atrioventricular canal, these cells are derived from the endocardium; in
the outflow tract, they are derived from neural crest cells [see p. 194).
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Figure 12-36. Outflow tract anomalies. 4, B Persistent truncus arteriosus (shown im an angiogram in B). Incomplete separation of acrtic and
pulmonary outflow tracts accompanies a ventricular septal defect when the ocutflow tract septum fails to form. C D, Transposition of the great
arteries occurs when the ventricular outflow vessels run in parallel and do not connect to their proper outflow vessel.
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FIGURE 13.20 Frontal section through the heart of a day-35 embryo. At this stage of development, blood
from the atrial cavity enters the primitive left ventricle as well as the primitive right ventricle. Note develop-
ment of the cushions in the atrioventricular canal. Cushions in the truncus and conus are also visible. Ring,
primitive interventricular foramen; arrows, blood flow.
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FIGURE 1319 Formation of the septum in the atrioventricular canal. From left toright, days 23, 26, 31,and 35.
The nitial circular opening widens transversely.
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FIGURE 5.8. Formation of the atrial septum. The arrowsin 6 indicate the direction of blood flow from the right atrium to the
left atrium across the fully developed atrial septum. Septum primum = green, septum secundum = blue.
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Figure 12-23. Definitive fetal septation of the atria. septum septum

The septum secundum does not completely close,
leaving an opening in this septum called the fora-
men ovale. During embryonic and fetal life, much
of the blood entering the right atrium passes to the
left atrium via the foramen ovale and the foramen

secundum. Early 7th week (43 days)
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FIGURE 13.20 Frontal section through the heart of a day-35 embryo. At this stage of development, blood
from the atrial cavity enters the primitive left ventricle as well as the primitive right ventricle. Note develop-
ment of the cushions in the atrioventricular canal. Cushions in the truncus and conus are also visible. Ring,
primitive interventricular foramen; arrows, blood flow.
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FIGURE 13.29 Frontal section through the heart of an embryo at the end of the seventh week. The conus
septum is complete, and blood from the left ventricle enters the aorta. Note the septum in the atrial region.
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Figure 14-32 Fetal circulation. The colors indicate the axygen saturation of the blood, and
the arrows show the course of the blood from the placenta to the heart. The organs are nat
drawn to scale. A small amount of highly oygenated blood from the inferior vena cava remains
in the right atrium and mixes with paorly oxygenated blood from the superior vena cava. The
medium-axygenated blood then passes into the right ventricle. Observe that three shunts
permit mast of the blood to bypass the liver and lungs: (1) ductus venosus, (2) oval foramen,
and (3) ductus arteriosus. The poorly oxygenated blood retums to the placenta for oxygen and
nutrients through the umbilical arteries.
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Figure 14-33 Neonatal circulation. The adult derivatives of the fetal vessels and structures
that become nonfunctional at birth are shown. The arrows indicate the course of the blood in

the infant. The organs are not drawn to scale. After birth, the three fetal shunts cease to func-
tion, and the pulmonary and systemic circulations become separated.
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FIGURE 13.9 Frontal section through the heart of a 30-day embryo showing the primary interventricular
foramen and entrance of the atrium into the primitive left ventricle. Note the bulboventricular flange. Arrows,
direction of blood flow.
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FIGURE 13.40 A. Aortic arches and dorsal aortae before transformation into the definitive vascular pattern.
B. Aortic arches and dorsal acrtae after the transformation. Broken lines, obliterated components. Note the
PDA and position of the seventh intersegmental artery on the left. C. The great arteries in the adult. Compare
the distance between the place of origin of the left common carotid artery and the left subclavian in [B) and
[c). After disappearance of the distal part of the sixth aortic arch [the fifth arches never form completely],
the right recurrent laryngeal nerve hooks around the right subclavian artery. On the left, the nerve remains
in place and hooks around the ligamentum arteriosum.
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Figure 13-12, cont'd C, Eight weeks. Note the asymmetrical development of the recurrent laryngeal branches of the vagus nerve, which

innervate the laryngeal muscles. As the larynx is displaced cranially relative to the arch system, the recurrent laryngeal nerves are caught under
the most caudal remaining arch on each side. The right recurrent laryngeal nerve therefore loops under the right subclavian artery, whereas the
left recurrent laryngeal nerve loops under the ductus arteriosus.
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Lateral arteries Renal, suprarenal, and gonadal arteries
Ventral arteries

Vitelline Celiac, superior mesenteric, and inferior mesenteric arteries

Umbilical Medial umbilical ligaments

“Early in development, the recurrent laryngeal nerves hook around aortic arch 6. On the right side, the distal part of aortic arch 6 regresses, and the
right recurrent laryngeal nerve mowves up to hook around the right subclavian artery. On the left side, aortic arch B persists as the ductus arteriosus (or
ligamentum arteriosus in the adult); the left recurrent laryngeal nerve remains hooked around the ductus arteriosus.
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Figure 12-17. Remodeling of the inflow end of the heart between weeks four and eight so that all systemic blood flows into the future right
atrium. The left sinus horn is reduced and pulled to the right side. It loses its connection with the left anterior cardinal vein and becomes the coro-
nary sinus, draining blood only from the heart wall. The left anterior cardinal vein becomes connected to the right anterior cardinal vein through
an anastomasis of thymic and thyroid veins, which form the left brachiocephalic vein. A remnant of the right vitelline vein becomes the terminal
segment of the inferior caval vein {covered in Chapter 13).
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Figure 13-25. Development of the systemic venous system from the four bilaterally symmetrical cardinal vein systems. A-E, These systemns are
remodeled to drain blood from both sides of the head, neck, and body into the right atfum. The head and neck are initially drained by an anterior
cardimal systemn, and the trunk is drained by a posterior cardinal system. The postarior cardinals are replaced by a set of subcardinal veins and a
set of supracardinal veins.
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Flgure 13-24. Fate of the vitelline and umbilical veins. A-D, The right and left vitelline veins form a portal system that drains blood from the
abdominal forequt, the midgut, and the upper part of the anorectal canal. The right umbilical vein disappears, but the left umbilical vein anasto-
moses with the ductus venosus in the liver, thus shunting oxygenated placental blood into the inferior caval vein and to the right side of the heart.

196



a5 lad ¢ il g (s s lall G oa W) Cpn sl s s sl cuall el ) AN ausy
Oe oY) cailall st 1) o 13a 5 il o) jal 8l 8 o ) sl ¢ LY
:).uv.g \SA};‘M‘Y\ Q..g'diﬂ\ laal Lf)@-u‘j ‘;,L:'JS\ c.‘}‘.aj\ C)AA.AL;‘:IJJS tﬁﬁﬁ.‘)}” cuall
Labs eanl) sad 5uSI3 ) guan Sl Gaa¥) pd¥) Hlasd ) Cualll aua g (e

RUYO){ RPN (Y JURTEN | ST ARRPPX) IPXVITA [RUETEN | W S | R TRPN

G diana (52 ) ol cuadl Jlansl (LS sy 3 a1 V1 (e e 3l ey
sinus venarum Cosal) )l

o Al il Gl s g Al i 0 (00 Lol el il i
LIBIREN

uall datig ol g 5 g lall (b o1 iy ) o) st e cpad) 030 (5 oy
RN

Superior caval wein

‘Septum spurium

Superior caval vein oriface:
Right and left venous values

Sinus wenanum

Terminal crest

Inferior caval wein oniface

Coronary sinus oriface

Wentricle

Inferior caval wein
B 32 days

Aol Gy QL) by g allil g Lkl gaat) oladif dsaall 3, oY) aUSS Jany
VITELLINE SYSTEM GIVES RISE TO LIVER (il GigaY)
SINUSOIDS, PORTAL SYSTEM, AND A PORTION OF

:INFERIOR CAVAL VEIN

e 5l e e ey el Qasl) Jlaal 4 e Sl el (e daall 325y Lass
" Adliiie e gl g aall

L 5y ) sl Cual 8 (e dlal 8 (el AUl Fymall 53531 alai § i
(FIG 13-24 A) s kliall Lmal) 335 5Y) (e 7 5 Adaud 5

O sl Jaai g ia jriiall Saladl aia (5l 5 el dpad) il ) sl

G sl ol elly IS o Apalil) ApaSl) Jladly ddalas dae $¥) 028 ranaai s ¢ panall
(A 24-13) x5l Gl e ldll e 4688 4S5 (a5 430l

197



) 2yl Gl g ¢ LISY) ol IS S gy 5l canll ) G A qal sl -
Agilall e Lia Sl 5l cilal) aa 7 S celaill CAlGY )@m\‘égﬁgw gy
Oamia JSE A A yieall el (e Al e Sl 5 ) aall 5l e

(C 24-13) =) xall ihadl ¢ 3all J a5 2l 50l

(V) oaall pLdaill a3 e ymy (i) ae ASYLaS) o) ) ay o) iy o 2ay -

5 (e el e 5l JSi s ((24C-13) g sial) (oaal) 25l e QA s

24C and 13--13) Al cagal) ag )l e Qldll g 2SI g aia giall 2y ) 6l
(25D,E

) o b pilie i pall ) e Lail) (§ 9850 yie Aila 5Lyl lld (i, -

S ductus venosus sl st e s ISl il GsaYl

o=l )l ALk e S el aadl e pie ey 3 digiad) slall JOIA Ll 2ad
oY O N el o a1y sl sl

Ot el IS (4diag) 2SN e Al Agal) b daa gial) dmal) 30,5V aal 5 -

o) (e a7 31 21 (Gl 2y 5) () AUl IS 3l Ay 3l ol jeladl)

dnna siall oaall 2y sl Aadal JSE5 3) Sl o gmadl il sad (5 sxall (s2xall
(C,D 24-13) sslall ¢ jluall 2y ) ol 5 Ll g ) g 2SI

(il (g all) calall ol ihadl o Sall (e adl) pand il g g il amy A3 -
_L.u:)m‘ ‘SLAS‘ R (wLJJS.\:\MJ 6@\‘5 6@}‘)&43‘.@5;4:\#\‘5 GBJMMJ

Gaball 2yl e Gl oyl sl e jall G aall 8550 el al (B8 -
i) i el 55l s (Sl i g Bl a3 (e s Jadal) a3 i 53)
Al a3 g i sl

RIGHTA:4 560 BLEAY aa je) (5 aall ) l) SLAS () (5 ual) gyl (00
UMBILICAL VEIN DISAPPEARS AND LEFT UMBILICAL VEIN

:ANASTOMOSES WITH DUCTUS VENOSUS

SERPRAETPISUV [ PUEON PP PN B ST Ji EWEA [ AP, FIPE L P
3y sl el g e (g sl a5l A sl D eil)l IS Chany i) all
(FIG 13-24) ¥ 5yl

o At ) (o puall 2y gl 8y Ailaiall oda 3 due V) JSESBale) ae el il -

a5 iyl B e T (Wlail) o IS 5 syl cuall el ¢ Al

B\_’@S\j A_J;jl\ Lﬁ).uﬂ\.iﬁ);l\ Jia )J_Gk_dsn LAJM\QA‘;&\ C‘_“'S}d\ (-QJ\
Ayl

198



Lefl anterior cardinal vein

Dievelaping anasiomasis
rarming |efl brachiocaphalic

Right sInus nom wialn

Right vHedine wain Lelt sinus hom
Right sugracardinal wein

Subcardinal porion

of Inferior caval veln
L&l posterion
cardinal wairn
liac anastomosis
camnechng posteriar
cardinal velrs

Ledt imternal Ikac wain
Ledl extarnal lllac vein

C 50days WMidoie sacral wein

Ledt brachincephalic wain

Lt sinus horm

SI.FE'II:I' caval veln
Right vEedline portian
ol Infaror cenval wain

Hepallc vain

_.-’_
Supracarginal

al Inferor caval wein

Subcardnal portion
af inferkr caval vein

Lalt thoracic
supracardinal wein

Intarnal liac wein
Posterior cardinal partian

al inferiar caval wein Extarnal lliac vein

o 5G days

Flgure 13-25, cont'd
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FIGURE 15.8 A-C. Rotation of the stomach along its longitudinal axis as seen anteriorly. D,E. Rotation of the
stomach around the anteroposterior axis. Note the change in position of the pylorus and cardia.
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FIGURE 15.9 A. Transverse section through a 4-week embryo showing intercellular clefts appearing in the
dorsal mesogastrium. B,C. The clefts have fused, and the omental bursa is formed as an extension of the
right side of the intraembryonic cavity behind the stomach.
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FIGURE 15.11 Transverse sections through the region of the stomach, liver, and spleen, showing formation
of the omental bursa [lesser peritoneal sac), rotation of the stomach, and position of the spleen and tail of
the pancreas between the two leaves of the dorsal mesogastrium. With further development, the pancreas
assumes a retroperitoneal position.
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FIGURE 15.13 A. Sagittal section showing the relation of the greater omentum, stomach, transverse colon,
and small intestinal loops at 4 months. The pancreas and duodenum have already acquired a retroperitoneal
position. B. Similar section as in [A) in the newborn. The leaves of the greater omentum have fused with each
other and with the transverse mesocolon. The transverse mesocolon covers the duodenum, which fuses
with the posterior body wall to assume a retroperitoneal position.
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FIGURE 15.14 A. A 3-mm embryo (approximately 25 days) showing the primitive gastrointestinal tract and
formation of the liver bud. The bud is formed by endoderm lining the foregut. B. A 5-mm embryo [approxi-
mately 32 days). Epithelial liver cords penetrate the mesenchyme of the septum transversum.
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FIGURE 15.15 A. A 9-mm embryo [approximately 36 days). The liver expands caudally into the abdominal
cavity. Note condensation of mesenchyme in the area between the liver and the pericardial cavity, foreshad-
owing formation of the diaphragm from part of the septum transversum. B. A slightly older embryo. Note
the falciform ligament extending between the liver and the anterior abdominal wall and the lesser omentum
extending between the liver and the foregut [stomach and duodenum). The liver is entirely surrounded by
peritoneum except in its contact area with the diaphragm. This is the bare area of the liver.
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FIGURE 15.19 Stages in development of the pancreas. A. 30 days (approximately 5 mm). B. 35 days
(approximately 7 mm). Initially, the ventral pancreatic bud lies close to the liver bud, but later, it moves pos-
teriorly around the duodenum toward the dorsal pancreatic bud.
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FIGURE 15.20 A. Pancreas during the sixth week of development. The ventral pancreatic bud is in close
contact with the dorsal pancreatic bud. B. Fusion of the pancreatic ducts. The main pancreatic duct enters
the duodenum in combination with the bile duct at the major papilla. The accessory pancreatic duct (when
present] enters the duodenum at the minor papilla.

Ventral
pancreatic duct

216



14 3 o el
Liver and gl A—all Jaigallga <l) B ciligd &l
Gallbladder abnormalities
L & gaall 4233 [obulation sl (o guadl) JSi 3 il yadll S -
) RIS v gk G2 oSy
cicLaiy accessory hepatic ducts Adale 43S 3l agag LS -
| | duplication of Gallbladder (Fig.15-22) ()3 duall Juaygall
8 Ay s il el ) g S8l ke e e 451 V) o gand) il
e gl (B i Sl amy (3 Sy By g jall g BN g
L)) 7 LA Ayl jiall A8y (3 ) c2 Recanlization sL—all
An 53315000 \1 4wty &g g Extrahepatic biliary atresia

Distended
hepatic duct  gijje gyct,

Cystic duct
Hepatic duct Bile duct

Duplication of

Gallbladder gallbladder

A Duodenal loop B

FIGURE 15.22 A. Obliteration of the bile duct resulting in distention of the gallbladder and the hepatic
ducts distal to the obliteration. B. Duplication of the gallbladder.
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Filgure 14-11. Formation of an annular pancreas. The ventral pancreas may consist of two lobes, which if they migrate around the duodenum
in opposite directions to fuse with the dorsal pancreatic bud, form an annular pancreas.
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FIGURE 15.24 Embryo during the sixth
week of development, showing blood
supply to the segments of the gut and
formation and rotation of the primary
intestinal loop. The superior mesenteric
artery forms the axis of this rotation
and supplies the midgut. The celiac and
inferior mesenteric arteries supply the |,
foregut and hindgut, respectively.
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FIGURE 15.25 A. Primary intestinal loop before rotation (lateral view]. The superior mesenteric artery forms
the axis of the loop. Arrow, counterclockwise rotation. B. Similar view as in [A) showing the primary intestinal
loop after 90° counterclockwise rotation. The transverse colon passes in front of the duodenum.
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FIGURE 15.26 Umbilical herniation of the intestinal loops in an embryo of approximately 8 weeks [crown-
rump length, 35 mm]. Coiling of the small intestinal loops and formation of the cecum occur during the
herniation. The first 90° of rotation occurs during herniation; the remaining 180° occurs during the return of
the gut to the abdominal cavity in the third month.
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FIGURE 15.27 A. Anterior view of the intestinal loops after 270° counterclockwise rotation. Note the coiling
of the small intestinal loops and the position of the cecal bud in the right upper quadrant of the abdomen.
B. Similar view as in [A) with the intestinal loops in their final position. Displacement of the cecum and
appendix caudally places them in the right lower quadrant of the abdomen.
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FIGURE 15.28 Successive stages in development of the cecum and appendix. A. 7 weeks. B, 8 weeks.
C. Newborn.
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FIGURE 15.30 Frontal view of the intestinal loops with (A) and after removal of (B) the greater omentum.
Gray areas, parts of the dorsal mesentery that fuse with the posterior abdominal wall. Note the line of
attachment of the mesentery proper.
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FIGURE 15.32 Remnants of the vitelline duct. A. Meckel, or ileal, diverticulum combined with fibrous cord
(vitelline ligament). B. Vitelline cyst attached to the umbilicus and wall of the ileum by vitelline ligaments.
C. Vitelline fistula connecting the lumen of the ileum with the umbilicus.
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FIGURE 15.36 Cloacal region in embryos at successive stages of development. A. The hindgut enters the
posterior portion of the cloaca, the future anorectal canal; the allantois enters the anterior portion, the future
urogenital sinus. The urorectal septum is formed by a wedge of mesoderm between the allantois and the
hindgut. The cloacal membrane, which forms the ventral boundary of the cloaca, is composed of ectoderm
and endoderm. B. As caudal folding of the embryo continues, the urorectal septum moves closer to the cloa-
cal membrane. C. Lengthening of the genital tubercle pulls the urogenital portion of the cloaca anteriorly;
breakdown of the cloacal membrane creates an opening for the hindgut and one for the urogenital sinus.
The tip of the urorectal septum forms the perineal body.
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FIGURE 16.1 Transverse sections through embryos at various stages of development showing formation of
nephric tubules. A. 21 days. B. 25 days. Note formation of external and internal glomeruli and the open con-
nection between the intraembryonic cavity and the nephric tubule.
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FIGURE 16.2 A. Relationship of the intermediate mesoderm of the pronephric, mesonephric, and metaneph-
ric systems. In cervical and upper thoracic regions, intermediate mesoderm is segmented; in lower thoracic,
lumbar, and sacral regions, it forms a solid, unsegmented mass of tissue, the nephrogenic cord. Note the
longitudinal collecting duct, formed initially by the pronephros but later by the mesonephros (mesonephric

duct). B. Excretory tubules of the pronephric and mesonephric systems in a 5-week embryo.
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renal
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Flgure 15-6. Development of the renal pehvis and calyces. A-C, The first bifurcation of the ureteric bud forms the renal pelvis, and the coales-
cence of the next four generations of bifurcations produces the major calyces. O, E, The next four generations of bifurcation coalesce to form
the minor calyces of the renal collecting system. F, The ureteric buds continue to bifurcate until week thirty-two, producing ene- to three-millicn
collecting ducts.
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FIGURE 16.5 Development of the renal pelvis, calyces, and collecting tubules of the metanephros. A. 6 weeks.
B. At the end of the sixth week. C. 7 weeks. D. Newborn. Note the pyramid form of the collecting tubules enter-
ing the minor calyx.
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FIGURE 16.6 A-F. Development of a metanephric excretory unit. Arrows, the place where the excretory unit
[blue) establishes an open communication with the collecting system [yellow], allowing flow of urine from
the glomerulus into the collecting ducts.
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Flgqure 15-8. The definitive renal architecture of the metanephros is

apparent I::q.r the tenth week.
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Flgure 15-12. Formation of a bifid ureter. A bifid wreter forms wien the ureteric bud bifurcates before entering the metanephric mesanchyme.
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Gonad and remnants of Metanephros
mesonephros i

Bladder

Metanephric et Urogenital sinus

tissue
FIGURE 16.10 A-C. Ascent of the kidneys. Note the change in position between the mesonephric and meta-
nephric systems. The mesonephric system degenerates almost entirely, and only a few remnants persist in
close contact with the gonad. In both male and female embryaos, the gonads descend from their original level

to @ much lower position.
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Figure 13-7 A to D, Diagrammatic ventral views of the abdominopelvic region of embryos
and fetuses (sixth to ninth weeks), showing medial rotation and relocation of the kidneys from
the pelvis to the abdomen. € and D. Mote that, as the kidneys relocate (ascend), they are sup-
plied by arteries at successively higher levels and that the hila of the kidneys (where the vessels
and nerves enver) are directed anteromedially.
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spproschs the cloacal membsane dividing the dasta inbo the unsgenital tin and snontal canal, the coacal membirane ropluee, thensby
opening the uragenital inu and donal ananectal canal 10 the sxterion, The tp of urenectal sepbum fomm the perireum, A B 0, Sections through
the cleacal arsd relabed ersdodsermn-cerrved structures. O Surace view of the causdal endodorm to better depict its three-dimensional shape, Curand
arrows indicate 1he direction of growth ol the developing uronectal wptum

W PR PR PRI PIEA Pr CR SO
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FIGURE 16.13 A Development of the uragenital sinus into the urinary bladder and definitive wogenital
sinus. B. In the mabe, the definitive urogenital sinus develops into the penile urethra. The prostate gland is
formed by buds from the wethra, and seminal vesicles are formed by budding from the ductus deferens.
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FIGURE 16.14 Dorsal views of the bladder showing the relation of the ureters and mesonephric dects during
develgpment. Inshiglly, the ureters are formed by an outgrawth of the mesonephng duct (&), but with time,
they assume a separate entrance into the urinary bladder [B-D). Note the trigene of the bladder formed by
incorporation of the mesonephric ducts [C,D).
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FIGURE 16.11 A. Unilateral pelvic kidney show-
ing the position of the adrenal gland on the af-
fected side. B,C. Drawing and photomicrograph,
respectively, of horseshoe kidneys showing the
position of the inferior mesenteric artery.
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FIGURE 1617 A. Relation of the genital ridge and the mesonepheas showing location of the mesonephric
duct. B. Transverse section through the mesonephros and genital ridge at the level indicated in [A].
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FIGURE 16.19 Transverse section through
the lumbar region of a 6-week embryo show-
ing the indifferent gonad with the primitive
sex cords. Some of the primordial germ cells
are surrounded by cells of the primitive sex

cords,
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FIGURE 16.20 A Transwirse Secton theough the Destis n the eighth wieek, showing the tunca albuginea,
testis conds, nebe bestis, and primardial germ cells. The glomernulus and Bowman's capsule of the mesoneph-
Fic excretony tubule are degenerating. B. Testes and genital duck in the flourth month. The horseshoe-shaped
testis cords are continuous with the rete testis cords. Note the ductuli efferentes [excretory mesonephiic
tububes), which enter the mesonephnic duct
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FIGURE 16.21 Influence of primordial germ cells on indifferent gonad.
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FIGURE 16.22 A, Transverse section of the ovary at the seventh weel, showing degeneration of the primi-
tive [medullary| sex cords and formation of the cortical cords. B. Owvary and genstal ducts in the fifth month
Mote cageneration of the medullary cords. The ecretory mesonephric ubules {efferent '.1'..'{1:."{"5] o0 nok
communicate with the rete. The cortical zone of the oWarny contains groups of 0agonia surrounded by fiol=
cular cedls.

i 3 ¢ SAl aie a g sall D Al ALEA g ledall mdandl aniy Y —
i cJladl e Ll Sa aobad) £ sl 8 Jarg g ¢ LSl LA
5 S dlgiag andil jaall 8 Jans ) cortical cords A ddll Juadl
. (Fig 16.22A) zhudt daails

Qhﬁaﬁjcu}w:\gﬁﬁﬁb&yﬁm‘ M:"Lédb;.‘\b&‘auﬁ.ﬁ —
4iyday Oogonium - dodan 53 - JS dkalaly lasy ¢ LSl adlall 028

B4y JS&iy «follicular cells dmmadl LMAIL LaldA Ca et 4 ek

§1) (A1) Gl (L Adainal) Ay o) DAY e Al

e

Primordial follicle(Fig16.22B)

245



Genital _ducts, !l pro d1a ja Al i) _8Y)

.indifferent stage
cAalulinl) LBY) Cpa Cpd g eopetiall IS die celail) Al 8 dpadl) Gl -
Mesonephric (Wolffian) (<idgg A8 o)) daui gial) 3 1Sl L8
(Mo A5 gl) Ao gial) A< ila o8l 8l ducts
e oY) lla el cParamesonephric (Mullerian) ducts
o a5 (Fig16.23) bl (sl copall (il alad) land)

(ila JS 3 JCal) daad Ay (84 e o) diga e A 1) dalil

B e o gl A Alad) 3 U g L ¢ 9k ALAY Aalll) L] -
sl oL} e (Fig16.23) Wallual i ¢(cid g9 LE) ddaw gial) 5 g S1)
L) LAl elaaV

S :,':_.:5:1': Lol AS -”-:,_:.I_...-.:I

‘ﬂe,u.-m_'-ral-rsu Exchelony Tubndes
Of hé masonsDnion

ASTah -=_',"""J'I-_lﬂl-"'

Dogenorating
i ullary cords

FIGURE 16.23 Genital ducts in £
sbcth wpek Im Ehe male [A) and
i b '!! The mMosoREphnce &
parETESONephnG ducts ane prese
i Both Mote the gxcretony tubul
of the mesonephros and their r
lation to the developing ponad
baith sEnes

_Corlical cornds
o the ovary

S | '
: ':1} Tunieq S A
.:.I[:u-]:mt:]

L ' .E 5 E‘.. ':_.‘.5‘.| 3
--:". Hesanephile

2 ducl . F ".H_\_.
‘.‘:_""TS_\-. Paramesonephire
A Chucl B.

s el Sl il ST

-f 'E St Aateh
Mesonephnrog

5 Alilial) Agal) 8 dlilaal) SLIAY aa bon siall ladll vie jllgaslid &l -

cuall AN laal) e pfaatal) ol AS el ALAN () s

the sinus Aomal) Auaally oa d phua WL I 3 ¢ ulall gl

(o (it gy ULB) ddacy gial) B glsl) LB il « tubercle (fig16.24A)
Al dpaal) il Ao Al gl cual)

246



s ] i | gl
{3 Abdominal astium e e i

o o fubin Suspansory Bynmant
of awary :,.-M ) EI
E | e W Ligamant of ovary propar
Fimtrigs I e i s
3 = ;

Moo arm

Conical cords - PO P
r of o e
&- — “=£!Iﬁl-_ﬂ-h e
Mesanaphnos Round ligarment ™~ £
= e b Corvix gl 0
Abap At o N ek A - _
s diiE 5 At el —
M-n-s:-ﬂ-nphrrr Utaring canal Gannor cysl - Vagina
T

A el SN BE PP DO B

FIGURE 16.24 &, Genital ducts in the female at the end of the second month. Note the parameasonephric
[Millerian] tubercle and formation of the uterine canal, B, Genltal ducts after descent of the ovarg, Th only
parts remaimnng feom the mesonephric system are the epoophoron, parcsophaoran, and Garnes oyst. Hote tha
suspensory igament of the owvary, ligament of the ovary proper, and round ligament of the uterus.

:Genital ducts in the Male JS3) sic 4l 4,8Y)
Cra (BT Gy SN ALl A8y shais gad (g e giedl) i an -
e jiall il Gany a5 3 o(Fig 16.25) Ao gial) 561l (e g 50
wlaill s Juai™ ( the epigenital tubules daluliill sasll (558 iyl
) dadlls jolall iyl JSIS 5 oy sadl) 4001 e 45 53all Jlad) s
the efferent ductules (Fig 16.26

Ciloailly cead dnadll LAY kil aie saa gid) 4o jiall clpall W -
L i ¥y Juai ¥ 45 the paragenital tubules 4dalil) 3238) Gl
L) sy daaiae UL o ey (Fig 16.26) ¢y sadd) 4S8l Juny

the paradidymis fesl il

el Al ) YN e jall slinuly) dga JS 8 Ao giall 550 Bl a5 -

<l @l Ji s o(the appendix epididymis dsda sl 800 3L ey

8 il ¢ Ao giall 5 o IS0 LS8 J5Ldats 3 ¢(Fig 16.26) dowd ) ALl

Aa ) LAY Ol GlalY) saad iy o8 bl LI Jaae Jaud
.the ductus epididymis

247



Seminnl wisich

| dzudli
R . i Ulrnculus prosialiows
ALl Gaili g8 ol ~ Fote tosts -
Epdiphnatal tibsilys % - Testis conds
'!. !! i ghaadi .;__ﬁg t_"l Sl ':"I
AL sl wda olud Tunica albuginoa Appannedin ophdclymics
i B Vs delerens Appancil; testls o oy o
Paregenital tubules < iy A gl | il
| { '.a Tostis cord
et Tagasid Juadi
Effaroni e A At lestis
ductules — { I ER
& duall A ] )
Epidicymis

FIGURE 16.26 A, Gemtal ducts in the mabe in the fourth month. Cranial and caudal [paragenstal tubule)
Legments of the mesonephric system regress. B Genstal dects after descent of Ehe fectis. Nole (ha horse-
shio-shapisd toestes cords. rete testes. and efferent ductules entenng the ductus deterens, The paradidymes
is. forrmid by remnants of the paragenital metonephnc tubules. The paramesonephic duct has degenerated
except for the appendic et The prostatic utriche is an outpocketing fraem the wiethra,

Joas sall ae o (s go el J2d (e 2l Ao gial) 36K ) 38 iiSs -
the =¥ JCa8 s Liad Wliae LiMe the seminal vesicle sl
Cnlay sall s 33 sa gall 438Y) (e dahaiall e85 ¢« ductus deferens

the ejaculatory duct 4&lal) 3LaN ¢ siall

Al a ¢ S0 e (Ao gial) B oISl uily (UILRNY) i ga UL it -
Anti-Mullerian hormone (AMH) s A8 slaall ¢ ga )
the appendix testis (Fig16.25 and 16.26 B)

:Genital ductus in the Female A% dis Al 4,8Y)

i 9 ) 3 g g (Adaas sial) 55 1SN Ciln A iBYY) Mg LB Hodaii -

) Al A g Al i) AEY) el AMIH 9 ¢ giedtl) QL g
(Fig16.25

G g ganl) ol 1 £ 5ol (1) U8 US 3 g5l A Spai ) 3 -

B o<l BB iy (o 2) ¢ 88Y) ¢ ) (2) O g Jo midy

o Alfia g aatily (3} ga ganll LA 6 5al) (3) (il s 5L8) Al gial
[(Fig16.24A) Ji&al) ikl

IS (B e Qi) (AU JaY) Gl JSdy aand) Js B & -
¢(slilé pl) 3l en W 5l Uterine tube (Figl6.24A,B) 44>

248



() Asan ) BLIRY Mg codlef HSS LS el (LA o 3al) G
the uterine canal

@4}3:1 c@,}ﬁ\ gr‘“Jy‘ oLyl Hllg a8l e L,?’Lm e yalld yai ladie -
«(Figl6.27A,B) w@sira (5 siua & LJ;:QA_\” (i) ‘_,JJ_\S\ - yall
dau) g Al yiea dpaa ga Aoh il dan gid) adll e opulad) BN {REP)
Csianilal) U goa (AURL dpilad) ABal) (e 2iad (Fig16.27C) Auy £ g
pa Ll ay ad) Jab Iy e Lo A1SE el (ilad) jlaadl gad (aa )
ta s s A slall iila 55l Jads the broad ligament of the uterus

. (Fig16.27C) (i) s ekl anks Lo sl

Urogenital ridge Uterorectal
. pouch

n Mesonephric excretory s
tubule

Mesonephric

: duct Broad
Paramesonephric Fused ligament
duct paramesonephric of uterus
ducts

Uterovesical pouch

FIGURE 16.27 Transverse sections through the urogenital ridge at progressively lower levels. A,B. The
paramesonephric ducts approach each other in the midline and fuse. C. As a result of fusion, a transverse
fold, the broad ligament of the uterus, forms in the pelvis. The gonads come to lie at the posterior aspect of
the transverse fold.

gﬁgﬁ&gﬁé e ) pasall caga pay yall Bl g aa )l andy -
the al=e¥! i <9 «the uterorectal pouch <alil)

.uterovesical pouch
padl (i «Corpus aa ) amd <l gma (A8 alail) Adhals lat -
Jagall g slall ¢ 5adl g <Cervix

l—anll Gl (e DS Uil i) e A Bidayan - WLl sy -
the 4 haral 3 sl eldarll g can 50 4l ac 5f Myometrium
.perimetrium

) N (g i gadl) Gl (Ao gial) 5 oIS LLB) Cilgg UL i

249



Vagina e

el e (Al Adiall (35 0)) Aledll Jsuay (e b pual b b any —
53 Jaa ¢(Fig16.29A and 16.30A) Lol Jsall cuall ae (ulaiy
Fig16.29B and) g lall slaily coall om sall anadll (e Cpaabia ()50
the Ofimligal) Cuimad) Guiluaddly G159 sd) GIAR Sam ¢« (1630 B
Ll dlyge daia JC 3l Laalda LSS sjnovaginal bulbes
) Lase dagiiall 4pul ) deall xie LAY JISS iy cvaginal plate

il Vol Cally )  Adlsall 50l

Phall
a us‘ sl-nu5' 1|Jt_E|'¢IE FIGURE 1&.3% Formabsan of the ofenm and vagunad, B F wepkl. MNols Ehe deiappaarancs of She uignng
] aepiof B &L 1P end of B Ehird @i Mebe B Eidus & The arsire sgral Dot €. Wewbain Ths Tormet
angd Bhe upper portion of the viapng ang foimed by wacuclization of e paeamesonepfei finpsy, and fha
FI EU H‘E IEJD HransT POMESn OF Ch w30 B 10 eidl Oy WO{ LS OF BN oD Bl Dailid

axai 25 (JalS Iy ualdl) el 8 dageal) Syl (5U8 elley) S -
£an) AWl e Amial (3 (Gal) U AN Al U gl
4.8Y1 o2a Lisi the vaginal fornices 4sbgall z sl ol dabugal) (52
(Fig16.30C) e (A8 (e

LAY cpa o sdad) 055 Lany 3 ¢ gz 98 e LSa Jougall 016G JSAN 1305 -
o) il e i) 053 Ly g (Jlgma (A8 alaill) Ayas
i)

Adiah
Urinary bladder 228182

Aadl i 4l LIRErire

Phallus  ginyus wbercle i i
Luadignd B £ cullee

FIGURE 16.30 Sagittal sections showing formation of the uterus and vagina at various stages of develop-
ment. A 9 weeks, B, End of third month. €. Newborn.

250



da e grraet Al g Laliil) Vsl cuall e dliatio Jugal) daal 85 —

3k the hymen (Fig16.29C and Fig16.30C ) 3 slis e

e Al ey il Vgl Conll Aidasall 5 leal) (e ¢y sSall LRl 138
_BJ‘}I}S\ dpﬁ)ﬂ\ JLSJ@AM A.;L«.A.;L

N/

Lumen of uterus

Uterine
tube
Cervix
Uterine
el l Fornix
. Caudal tip of
paramesonephric
) ducts Vagina
Sinus tubercle
Tissue of
/ sinovagina bulbs ‘5
Urogential sinus ~ (Vaginal plate) S\ Hymen
B c M

FIGURE 16.29 Formation of the uterus and vagina. A. 9 weeks. Note the disappearance of the uterine
septum. B. At the end of the third month. Note the tissue of the sinovaginal bulbs. C. Newborn. The fornices
and the upper portion of the vagina are formed by vacuolization of the paramesonephric tissue, and the
lower portion of the vagina is formed by vacuolization of the sinovaginal bulbs.

Lol dalil) 8 jinia ¢ oliinly (Cal55) Aawgiall 3 6lSh) BLE 0d3

aalsi o oS AL alil 8 juaa ¢ e Ll s ((Qanal) (348 L)

A oo Lo 3lad) DA TaaW JS o (S s cdigall ol aa ) Jlas 8
Gartner cyst (Fig1624B) i \&

Ay el )

Uterine and vaginal defects Jugadlg pa ) cige o

Duplication of the uterus s> ) cislai

AWl lad o ol dalage dilaie 8 ¢ Gllga U8 Hladll QS 00 sy —
bl

uterus didelphys (Fig16.31A) 4llS; aa )l ciebialy ¢ bl oda & —

oushal) aa o eay Ligiiadag 8 30ei ad QY aaYl ol By —
uterus arcuatus (Fig16.31B)

055 3 the uterus bicornis Gl (AU as l AxLal 300 ey —
. (Fig16.31C) <l ida aal 5 digar OBy (g3 B aa Ml

251



- -
- i ,_:I_
LR | | _'H-L
LEg o beniemdn
i oo pard
of wEgina
B | E ! P
Ll baposmey Lerhoodie . - i 1 .8y
i : [ ol afrows Ygiral abroasa &"_“
FHILHE 14 31 b SErdreribisi-y of 18 uldiud S Yl faukid Iy Seriilends o Ush ulihf s 18plum
o pisdiEergiioen of ihe emaen of (he pienne Cang

S e g (B gan) B gl Al ) Ol S Glay el e -
daalesad) ) &3 e aoashy o Rudimentary part ) ¢ 3l
035 Al « gl gon gl Joss ¥ ke 5 ¢ shaiall cilally 1o )
) OB aa Giadl gala) Cd Bl 93 an ) A (il DY
Uterus bicornis unicollis (fig 16 — 31 D)

(fig 16 =31 E) Gad) @ comn (Oigall S G Jadiy Laxie -
@&\mjyeuééj\m\d%\w\eu\gm\ -
(fig 16 =31 F) .ol Qi) 55 5l Jagall e liad ) (50

External Genitalia 3_8Ual Aluliil) elacy)

Indifferent stage Jiaill axs dla o o
(Ao siall Aanlll LIA) dpapdi) e LA colaill BN & ) 3 algs -
Jsal (A dall gl&l gad primitive streak Sl Al dalie L
(Fig16.32) Ll 28l coacal folds A dall el e lag)
Abatin) daal) g ¢ B dal) pldall dul i) 4alil) A olidal) s -
the genital tubercle

urethral ¢gimliday) cpidall il (ALl Aalil) 8 Gkl auasy -
anal  folds <Alad) i cpiba & cpi il g ala¥) i foldS
= el ¥ e AT Las) peday w13 oL 5 ¢(Fig16.32B)
s e the genital swellings ¢l (Caa9ill) CdldiN
AdlaY) Skl

252



__1 maﬁm s i . e

e

:._q:‘:._u

FRGURE 1632 indlforent stages of the extemal genilalia, A Approcimately 4 weehs, B, Approcimately
6 weeks

the scortal S s i) sl (1) (laY glalany) ol JSsy -
the labia (A¥) e Gl A swelling (Figl16.33A) (2)
majora (Fig16.35B)

Lol & sl Ales (A Caial) G el Qi e 0 sS llyy -

External genitalia in SA) aie 3 aUal ALl clacY)
:the Male
O 3l eliia g ooyl 5l a3 aie limeloda Hohi oS -
) bl Aqaad) B a e Jgldaiy gad Giaan ) (opiall il
Phallus (Fig16.33A) quallly (¥ (re Ci i

Urethral
outlet

Phallus Urethral plate

Penile urethra
Urethral “ =

groove
Urethral Solid epithelial cord

Glandular part
of urethra

Glans penis

Line of fusion
of urethral folds

Line of
fusion of
scrotal
swellings
(scrotal
septum)

-

Anus

Lumen of
penile urethra

A B C D
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FIGURE 16.35 Development of the external genitalia in the female at 5 months (A) and in the newborn (B).
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FIGURE 10.4 Skeletal structures of the head and
face. Mesenchyme for these structures is derived
from neural crest [blue), paraxial mesoderm (somites

and somitomeres) [red], and lateral plate mesoderm
(vellow).

o —aill iall) 5l cartilaginous part (Bo—add) ¢l -2 -
3e e el B Sy chanand) Baeld slie JS&y :chondrocranium
aloal a9 A Gy i) (3180 (gany (e Aliadiall Ciy jlarll (e
S0 st 35 A 5) notochord Al Jaall 4y jlaial) 44l
ard) i pd) LYA (e (Adadll a6 (Ss sella turcica SO z ol
prechordal & s —aall Jasdll b all (Aaplla) 4 _edie JS 355

chondrocranium

258



Ethmoid

Lesser wing
of sphenoid

Greater wing
of sphenocid

Pituitary
fossa

Body of
sphenoid

Base of
occipital
bone

Petrous
bone

Cut edge
of the skull

Foramen
magnum

FIGURE 10.6 Dorsal view of the chondrocranium, or
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by endochondral ossification. Bones that form ros-
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FIGURE 10.7 Lateral view of the
head and neck region of an older
fetus, showing derivatives of the
arch cartilages participating in
formation of bones of the face.
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FIGURE 10.5 Skull of a newborn, seen from above [A) and the right side [B). Note the anterior and posterior
fontanelles and sutures. The posterior fontanelle closes about 3 months after birth; the anterior fontanelle
closes around the middle of the second year. Many of the sutures disappear during adult life.
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FIGURE 10.9 Craniosynostosis in-
volving the sagittal suture. A. Child
with scaphocephaly caused by
early closure of the sagittal suture.
Note the long narrow shape of the
head with prominent frontal and
occipital regions. B,C. Computed
tomography (CT) scans of the
skull showing the long narrow
shape of the head with bossing of
. the frontal and occipital regions
. [B) caused by premature closure
& of the sagittal suture [C].
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FIGURE 10.16 Formation of the vertebral column at various stages of development. A. At the fourth week
of development, sclerotomic segments are separated by less dense intersegmental tissue. Note the posi-
tion of the myotomes, intersegmental arteries, and segmental nerves. B. Proliferation of the caudal half of
one sclerotome proceeds into the intersegmental mesenchyme and cranial half of the subjacent sclerotome
[arrows). Note the appearance of the intervertebral discs. C. Vertebrae are formed by the upper and lower
halves of two successive sclerotomes and the intersegmental tissue. Myotomes bridge the intervertebral

discs, and therefore, can move the vertebral column.
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FIGURE 12.1 Development of the limb buds in human embryos. A. At 5 weeks. B. At 6 weeks. C. At 8 weeks
Hind limb development lags behind forelimb development by 1to 2 days.
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FIGURE 17.1 Skeletal structures of
the head and face. Mesenchyme
for these structures is derived
from neural crest (blue), lateral
plate mesoderm (yellow), and
paraxial mesoderm (somites and
somitomeres) [red).
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FIGURE 17.2 Migration pathways of neural crest
cells from forebrain, midbrain, and hindbrain re-
gions into their final locations (blue areas) in the
pharyngeal arches and face. Regions of ectodermal
thickenings (epipharyngeal placodes), which will
assist crest cells in formation of the fifth (V), sev-
enth (VII), ninth (/X], and tenth (X) cranial sensory
ganglia, are also illustrated.
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FIGURE 17.3 Development of the pharyngeal arches. A. 25 days. B. 28 days. C. 5 weeks.
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FIGURE 17.6 Drawing shows the pharyngeal arches cut in cross section. Each arch consists of a mesen-
chymal core derived from mesoderm and neural crest cells and each is lined internally by endoderm and
externally by ectoderm. Each arch also contains an artery (one of the aortic arches) and a cranial nerve and
each will contribute specific skeletal and muscular components to the head and neck. Between the arches

are pouches on the inner surface and clefts externally.
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ponents of the various pharyn-
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FIGURE 17.8 A. Lateral view of the head and neck region demonstrating the cartilages of the pharyngeal
arches participating in formation of the bones of the face and neck. B. Various components of the pharyn-
geal arches later in development. Some of the components ossify; others disappear or become ligamentous.
The maxillary process and Meckel’s cartilage are replaced by the maxilla and mandible, respectively, which
develop by membranous ossification.
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FIGURE 17.10 A. Development of the pharyngeal clefts and pouches. The second arch grows over the third
and fourth arches, burying the second, third, and fourth pharyngeal clefts. B. Remnants of the second,
third, and fourth pharyngeal clefts form the cervical sinus, which is normally obliterated. Note the structures
formed by the various pharyngeal pouches.
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FIGURE 17.14 A. Lateral cervical cyst opening at the side of the neck by way of a fistula. B. Lateral cervi-
cal cysts and fistulas anterior to the sternocleidomastoid muscle. Note also the region of preauricular
fistulas. C. A lateral cervical cyst opening into the pharynx at the level of the palatine tonsil.
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FIGURE 17.17 Ventral portion of the pharyngeal arches seen from above showing development of the
tongue. / to IV, the cut pharyngeal arches. A. 5 weeks [~6 mm). B. 5 months. Note the foramen cecum, site
of origin of the thyroid primordium.
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FIGURE 17.18 A. The thyroid primordium arises as an epithelial diverticulum in the midline of the pharynx
immediately caudal to the tuberculum impar. B. Position of the thyroid gland in the adult. Broken line, the
path of migration.
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FIGURE 17.22 Frontal aspect of the face. A. 5-week embryo. B. 6-week embryo. The nasal prominences are
gradually separated from the maxillary prominence by deep furrows. C,D. Photographs of human embryos

at stages similar to those depicted in (A) and (B), respectively.
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FIGURE 17.23 Frontal aspect of the face. A. 7-week embryo. Maxillary prominences have fused with the me-
dial nasal prominences. B. 10-week embryo. C. Photograph of a human embryo at a stage similar to that in (A).
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FIGURE 17.24 A.Intermaxillary segment and maxillary processes. B. The intermaxillary segment giving rise
to the philtrum of the upper lip, the median part of the maxillary bone with its four incisor teeth, and the
triangular primary palate.
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FIGURE 17.25 A. Frontal section through the head of a 6.5-week embryo. The palatine shelves are in the
vertical position on each side of the tongue. B. Ventral view of the palatine shelves after removal of the lower
jaw and the tongue. Note the clefts between the primary triangular palate and the palatine shelves, which
are still vertical.
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FIGURE 17.26 A.Frontal section through the head of a 7.5-week embryo. The tongue has moved downward
and the palatine shelves have reached a horizontal position. B. Ventral view of the palatine shelves aftel
removal of the lower jaw and tongue. The shelves are horizontal. Note the nasal septum.
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FIGURE 17.27 A. Frontal section through the head of a 10-week embryo. The two palatine shelves have
fused with each other and with the nasal septum. B. Ventral view of the palate. The incisive foramen forms
the midline between the primary and secondary palate.
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FIGURE 17.31 A. Sagittal section through the nasal pit and lower rim of the medial nasal prominence of a
6-week embryo. The primitive nasal cavity is separated from the oral cavity by the oronasal membrane.
B. Similar section as in (A) showing the oronasal membrane breaking down. C. A 7-week embryo with a
primitive nasal cavity in open connection with the oral cavity. D. Sagittal section through the face of a
9-week embryo showing separation of the definitive nasal and oral cavities by the primary and secondary
palate. Definitive choanae are at the junction of the oral cavity and the pharynx.
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FIGURE 17.32 Formation of the tooth at successive stages of development. A. Bud stage (8 weeks). B. Cap
stage [10 weeks). C. Bell stage (3 months). D. 6 months.
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FIGURE 17.33 The tooth just before birth (A) and after eruption (B).
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FIGURE 17.34 Replacement of deciduous teeth
with permanent teeth in a child. /, incisor; C,
canine; PM, premolar; M1, M2, M3; first, second,
and third molars. (From Moore, KL and Dalley, AF.
Clinically Oriented Anatomy, 5th ed. Figure 7.47B,
p. 993. Lippincott Williams & Wilkins, Baltimore:

2006.)
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FIGURE 17.29 A. Bilateral cleft lip (compare to Fig. 17.28D). B. Cleft palate [compare to Fig. 17.28E].
C. Obligue facial cleft [see nasolacrimal groove, Fig. 17.23A and 17.23C). D. Midline cleft lip.

(continued)

QSJSJ"‘M Lﬁ"’d‘ S

Central nervous system

Js o LUl £ oall Ay 3 (CNS) s S el sl Sleall ) seda oy
Ay s The neural plate dusesl) dasiall exi ¢ aUAN adl) (e 43a5 dadia
Y «the primitive node dziad) sasall (e alalll ) dy jedall dalill oy
Neural (pisasd) (M\) Cuiaditl) JC il A i all 03 s a_a\)L\ & )3 o s

. folds (Fig 18.1)

292



Neural fold

Cut edge of amnion

Neural plate

Neural groove

FIGURE 18.1 A. Dorsal view of a late
presomite embryo at approximately
18 days. The amnion has been re-
moved, and the neural plate is clearly
visible. B. Dorsal view at approxi-
mately 20 days. Note the somites and
the neural groove and neural folds.
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FIGURE 18.3 A. Dorsal view of a Cranial neuropore
human embryo at approximately /

S5l : Neural fold
day 22. Seven distinct somites
are visible on each side of the Pericardial
neural tube. B. Dorsal view of a bulge

human embryo at approximately
day 23. The nervous system is
in connection with the amniotic
cavity through the cranial and
caudal neuropores.
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FIGURE18.5 Drawing of a sagittal sectionthroughthe brain at approximately 32 days of human development.
The three original brain vesicles have segregated into the telencephalon, diencephalon, mesencephalon,
metencephalon, and myelencephalon. The major derivatives of each of these divisions are also indicated,

: (Fig 18.5) o cbay sal) o3¢ Luala) cliidiall Joiis -
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Figure 9-23. The cerebral ventricles. Expansions
of the neural canal in the primary and secondary
brain vesicles and cerebral hemispheres give rise to
the cersbral ventricles. The ventricle system con-
sists of the lateral ventricles in the cerebral hemni-
spheres, the third ventricle in the diencephalon,
the narrow cerebral aqueduct (of Sylvius) in the
mesencephalon, and the fourth ventricle in the
rhombencephalon.
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External limiting
membrane
(basement membrane)

— Intermitotic
~ neuroepithelial cells

~_ Dividing
4+ neuroepithelial cells

FIGURE 18.6 A. Section of the wall of the recently closed neural tube showing neuroepithelial cells, which
form a pseudostratified epithelium extending over the full width of the wall. Note the dividing cells at the
lumen of the tube. B. Scanning electron micrograph of a section of the neural tube of a chick embryo similar
to that in [A).

O AT U A jlelall sl LDAY aad uand) aai¥) 3l Laie -
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& (Fig 18.7)  (Neuroblasts) duasl) LYAL) cilagyl oo sl
Lpanll Al bt Ak 4 5 The mantle layer cibaal) 4 J&

(Fig 18.8) LS 4l (dy g ydl) 4 gl

Dorsal median
septum

Mantle layer

Marginal layer Dorsal sensory horn

Central
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A g Intermediate\_* ©. &7 | 82> vientral motor horn
Basal plate ; e —
Floor plate Neuroepithelial Ventral fissure
layer

FIGURE 18.8 A,B. Two successive stages in the development of the spinal cord. Note formation of ventral
motor and dorsal sensory horns and the intermediate column.

Pia cell - External limiting

Differentiating "
neuroblast ~J

Dividing
neurcepithelial —4
cel

Junctional complexes

FIGURE 18.7 Section of the neural tube at a slightly more advanced stage than in Figure 18.6. The major
portion of the wall consists of neurcepithelial cells. On the periphery, immediately adjacent to the exter-
nal limiting membrane, neuroblasts form. These cells. which are produced by the neuroepithelial cells in
ever-increasing numbers, will form the mantle layer.
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FIGURE 18.9 Various stages of development of a neuroblast. A neuron is a structural and functional unit
consisting of the cell body and all its processes.
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Dorsal sensory root
Dorsal horn

Alar plate 4y

: Ventral horn
Basal plate e

Outgrowing motor axons » Ventral motor root

Dorsal horn Back muscles
Dorsal primary ramus

Dorsal root ganglion

Spinal nerve

Ventral primary
ramus
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= 2 -

FIGURE 18.10 A. Motor axons grow out from neurons in the basal plate, whereas neurons in dorsal root
ganglia, positioned outside of the spinal cord, extend processes toward the dorsal horn of the spinal cord
and to the periphery. B. Nerve fibers of the ventral motor roots and dorsal sensory roots join to form a spinal
nerve. C. Cross section through an embryo showing dorsal and ventral roots coming together to form a spinal
nerve. Almost immediately, spinal nerves divide into dorsal and ventral primary rami. Dorsal primary rami
innervate back (epaxial]l muscles and provide sensory innervation to the vertebral column and skin of the
back. Ventral primary rami innervate muscles of the body wall and limbs (hypaxial muscles) and also carry
sensory fibers to the skin and other structures. Thus, dorsal roots carry sensory fibers, ventral roots carry
motor fibers, and spinal nerves and dorsal and ventral primary rami carry both motor and sensory fibers.
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FIGURE 18.11 Originof the nerve cell and the various types of glial cells. Neuroblasts, fibrillar and protoplasmic
astrocytes, and ependymal cells originate from neuroepithelial cells. Microglia develop from mesenchyme
cells of blood vessels as the CNS becomes vascularized.
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FIGURE 18.12 A. Motor horn cell with naked rootlet. B. In the spinal cord, oligodendroglia cells surround the
ventral rootlet; outside the spinal cord, Schwann cells begin to surround the rootlet. C. In the spinal cord, the
myelin sheath is formed by oligodendroglia cells; outside the spinal cord, the sheath is formed by Schwann cells.
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FIGURE 18.13 Terminal end of the spinal cord in relation to that of the vertebral column at various stages of
development. A. Approximately the third month. B. End of the fifth month. C. Newborn.

: Brain §leall JJ-L‘“

cgi.«azd\ .&LAJJ‘ ) QSS.A\) Brain steme 8_._ | &LAJJ‘ e_..ns.\
Higher Lal) 3S) jall 5 ¢(dam giad) flartl g LAl Slaal G puuadlg
(Ol G AN hai fodall) s _centers

~lin i Cums el Ay S5l Jiall Tyt gledl pim 2 -
ot a5y i il duad) g A0S ad) Glalud) Jhad ol g dac
Ao giall ladll ils

a5 ) flardl e S5 Hindbrain (Al fladd) asall flad))
(e ey g2 AL &LA.A_“ Crag cdaelaall D3ay sall e (LA ¢ 3l
(Fig 18.5 and 18.17) (Alall glaall Suiac s (5 yuall cLiaV)

306



Mesencephalon

Rhombencephalic

Cerebral isthmus
hemisphere Intraventricular
portion of
rhombic lip

Cut edge of roof of
4th ventricle

Myelencephalon
(medulla oblongata)

N. Xl

N. IX, X, XI
N. VI, VIl

Pontine flexure
Olfactory

bulb Diencephalon
(hypothalamic region)

FIGURE 18.17 Lateral view of the brain vesicles in an 8-week embryo [crown-rump length ~27 mm). The
roof plate of the rhombencephalon has been removed to show the intraventricular portion of the rhombic
lip. Note the origin of the cranial nerves.
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FIGURE 18.18 A. Dorsal view of the floor of the fourth ventricle in a 6-week embryo after removal of the roof
plate. Note the alar and basal plates in the myelencephalon. The rhombic lip is visible in the metencephalon.
B,C. Position and differentiation of the basal and alar plates of the myelencephalon at different stages of
development. Note formation of the nuclear groups in the basal and alar plates. Arrows, path followed by
cells of the alar plate to the olivary nuclear complex. The choroid plexus produces cerebrospinal fluid.
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FIGURE 18.19 Transverse section through the caudal part of the metencephalon. Note the differentiation of
the various motor and sensory nuclear areas in the basal and alar plates, respectively, and the position of
the rhombic lips, which project partly into the lumen of the fourth ventricle and partly above the attachment
of the roof plate. Arrows, direction of migration of the pontine nuclei.
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FIGURE 18.20 A. Dorsal view of the mesencephalon and rhombencephalon in an 8-week embryo. The roof
of the fourth ventricle has been removed, allowing a view of its floor. B. Similar view in a 4-month embryo.
Mote the choroidal fissure and the lateral and medial apertures in the roof of the fourth ventricle.
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FIGURE 18.23 A,B. Position and differentiation of the basal and alar plates in the mesencephalon at various
stages of development. Arrows in (A) indicate the path followed by cells of the alar plate to form the nucleus
ruber and substantia nigra. Note the various motor nuclei in the basal plate.
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FIGURE 18.17 Lateral view of the brain vesicles in an 8-week embryo (crown-rump length ~27 mm). The
roof plate of the rhombencephalon has been removed to show the intraventricular portion of the rhombic
lip. Note the origin of the cranial nerves,
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FIGURE 18.30 Medial surface of the right half of the brain in @ 4-month embryo showing the various com-
missures. Broken line, future site of the corpus callosum. The hippocampal commissure is not indicated.
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FIGURE 18.24 A. Medial surface of the right half of the prosencephalon in a 7-week embryo. B. Transverse
section through the prosencephalon at the level of the broken line in (A). The corpus striatum bulges out in
the floor of the lateral ventricle and the foramen of Monro.
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FIGURE 18.26 A. Sagittal section through the cephalic part of a 6-week embryo showing Rathke's pouch as
a dorsal outpocketing of the oral cavity and the infundibulum as a thickening in the floor of the diencephalon.
B,C. Sagittal sections through the developing hypophysis in the 1ith and 16th weeks of development,
respectively. Note formation of the pars tuberalis encircling the stalk of the pars nervosa.
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FIGURE 18.28 Development of gyri and sulci on the lateral surface of the cerebral hemisphere. A. 7 months.
B. 9 months.
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FIGURE 18.27 A. Medial surface
of the right half of the telen-
cephalon and diencephalon in a
Habenular 10-week embryo. B. Transverse
commissure  section through the hemisphere
and diencephalon at the level of
the broken line in (A).
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FIGURE 18.42 Diagram of the sympathetic component of the ANS. The system originates in the intermedio-
lateral cell columns (horns) of the spinal cord from segments T1-L2, which house the preganglionic nerve cell
bodies. Fibers from these cells enter the ventral roots of spinal nerves, then ventral primary rami, then white
rami communicans to reach the sympathetic trunks. Once in the trunks, they may synapse at the segment
they entered, ascend or descend to synapse at other levels, or pass through without synapsing to travel to
prevertebral ganglia as abdominopelvic splanchnic nerves.
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FIGURE 18.43 Diagram of the parasympathetic component of the ANS. The system has a craniosacral or-
igin with preganglionic cell bodies originating in the brainstem and the spinal cord at segments S2-5S4.
Preganglionic fibers from the brainstem travel through CN IIl, CN VII, CN IX, and CN X and synapse on post-
ganglionic neurons in the ciliary [CN I11], pterygopalatine [CN V1], and otic [CN 1X] ganglia. Postganglionic
neurons associated with the vagus nerve [CN X] are usually located in the organ innervated. Preganglionic
fibers from sacral segments leave the ventral primary rami of spinal nerves S2-S4 as pelvic splanchnic
nerves and innervate the gastrointestinal tract from the distal two thirds of the transverse colon to the

rectum.
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FIGURE 18.44 A. Neural crest cells penetrating the fetal cortex of the suprarenal gland. B. Neural crest
cells form the medulla of the adrenal gland and differentiate into chromaffin cells. Later in development,
the definitive cortex almost completely surrounds the medulla.
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FIGURE 19.1 A. An embryo at the end of the fourth week of development showing the otic and optic vesicles.
B. Region of the rhombencephalon showing the otic placodes in a 22-day embryo.
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FIGURE 19.2 Transverse sections through the region of the rhombencephalon showing formation of the
otic vesicles. A. 24 days. B. 27 days. C. 4.5 weeks. Neurons derived from the otic vesicle [otocyst) form the

statoacoustic (vestibulocochlear] ganglia.
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FIGURE 19.3 A,B. Development of the otocyst showing a dorsal utricular portion with the endolymphatic
duct and a ventral saccular portion. C-E. Cochlear duct at 6, 7, and 8 weeks, respectively. Note formation of
the ductus reuniens and the utriculosaccular duct.
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FIGURE 19.8 Ear showing the external auditory meatus, the middle ear with its ossicles, and the inner ear
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FIGURE 19.4 Development of the scala tympani and scala vestibuli. A. The cochlear duct is surrounded by a
cartilaginous shell. B. During the 10th week, large vacuocles appear in the cartilaginous shell. C. The cochlear
duct [scala media) is separated from the scala tympani and the scala vestibuli by the basilar and vestibular
membranes, respectively. Ganglion cells from the vestibulocochlear nerve [cranial nerve VIII) form the spiral
ganglion and extend processes to innervate the hair cells.
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FIGURE19.5 Development of the organ of Corti. A. 10 weeks. B. Approximately 5 months. C. Full-term infant.
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FIGURE 19.6 Development of the semicircular canals. A. 5 weeks. B. 6 weeks. €. 8 weeks. D-F. Apposition,
fusion, and disappearance, respectively, of the central portions of the walls of the semicircular outpocketings.
Ampullae in the semicircular canals contain sensory cells arranged in a crest, the crista ampullaris, for
maintaining.
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Figure 18-5. Morphology of the inner ear. A, Paint-filled octocysts shown in lateral {left) and medial (right) views. B, Diagram illustrating the six
prosensory regions (red) in the developing inner ear.
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FIGURE 19.7 A. Transverse section of a 7-week embryo in the region of the rhombencephalon, showing the
tubotympanic recess, the first pharyngeal cleft, and mesenchymal condensation, foreshadowing develop-
ment of the ossicles. B. Middle ear showing the cartilaginous precursors of the auditory ossicles. Thin yellow
line in mesenchyme indicates future expansion of the primitive tympanic cavity.
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FIGURE 19.9 A. Derivatives of the first three pharyngeal arches. The malleus and incus form at the dorsal tip
of the first arch and the stapes at that of the second arch. B. Middle ear showing the handle of the malleus in
contact with the eardrum. The stapes will establish contact with the membrane in the oval window. The wall
of the tympanic cavity is lined with endodermal epithelium.
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FIGURE 19.10 A. Drawing of a 6-week-old embryo showing a lateral view of the head and six auricular
hillocks surrounding the dorsal end of the first pharyngeal cleft. B. Six-week-old human embryo showing
a stage of external ear development similar to that depicted in [A). Note that hillocks 7, 2, and 3 are part of
the mandibular portion of the first pharyngeal arch and that the ear lies horizontally at the side of the neck.
At this stage, the mandible is small. As the mandible grows anteriorly and posteriorly, the ears, which are
located immediately posterior to the mandible, will be repositioned into their characteristic location at the
side of the head. C-E. Fusion and progressive development of the hillocks into the adult auricle.
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FIGURE 20.1 A. Embryo at the end of 4 weeks of development showing the otic and optic vesicles.
B. Transverse section through the forebrain of a 22-day embryo (~14 somites) showing the optic grooves.
C. Transverse section through the forebrain of a 4-week embryo showing the optic vesicles in contact with
the surface ectoderm. Note the slight thickening of the ectoderm (lens placode). D. Transverse section
through the forebrain of a 5-mm embryo showing invagination of the optic vesicle and the lens placode.
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FIGURE 20.2 A. vVentrolateral view of the optic cup and optic stalk of a 6-week embryo. The choroid fissure
on the undersurface of the optic stalk gradually tapers off. B. Transverse section through the optic stalk as
indicated in [A), showing the hyaloid artery in the choroid fissure. C. Section through the lens vesicle, the optic
cup, and optic stalk at the plane of the choroid fissure. D. Scanning electron micrograph through the eye at
6 weeks of development. The lens vesicle has not quite finished detaching from the surface ectoderm, and the
two layers of the optic cup have formed. E. Scanning electron micrograph through the eye at 6.5 weeks of de-
velopment. The lens is completely detached from the surface ectoderm and will soon start to form lens fibers.

asha e fe ja ey 4305 il (3 5all ¢ Jal) e dleas¥) pai®y Y -
The choroid fissure (cesdall (348 JSad (2A-20) Laad i)

48 =0 Jl hyaloid artery (2l bpddl Jsay 33 13 JR8 Jewn -

JYA il (3301138 Wa & aatiy (and 20-7 3-20) ol dalalal)

Aaal) Jiy 5) Aaill g iy 5 madl il a8 uay LS caibaad) & 0l
.(The future pupil Siue

337



FIGURE 20.3 Section through the eye
of a 7-week embryo. The eye primor-
dium is completely embedded in mes-
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FIGURE 20.7 Transformation of the optic stalk into the optic nerve. A. Sixth week (9 mm). B. Seventh week
(15 mm). €. Ninth week. Note the central artery of the retina in the optic nerve.
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FIGURE 20.6 Section through the eye of a 15-week fetus showing the anterior chamber, iridopupillary mem-
brane, inner and outer vascular layers, choroid, and sclera.
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FIGURE 20.5 Development of the iris and ciliary body. The rim of the optic cup is covered by mesenchyme,
in which the sphincter and dilator pupillae develop from the underlying ectoderm.
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Figure 7-9. Definitive organization of the dermis and epidermis. The pattern of interdigitating dermal papillae and epidermal ridges first devel-
ops during the third month. Sebaceous glands develop from the epidarmal lining of the hair follicles, appearing about one month after a given
hair bud is formed.
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FIGURE 21.1 Formation of the skin at various stages of development. A. 5 weeks. B. 7 weeks. C. 4 months.

D. Birth.
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Figure 18-2 Drawing of the successive stages in the development of hairs, sebacecus
glands, and arrector muscles of hair. Maote that the sebaceous gland develops as an outgrowth
from the side of the hair follicle.
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Figure 18—4 Successive stages in the development of a fingemnail. A, The first indication of
a nail is a thickening of the epidermis, the nail field, at the tip of the finger. B, As the nail plate
develops, it slowly grows toward the tip of the finger. C, The fingemail normally reaches the
end of the digit by 32 weeks.
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Figure 7-13. Development of
sweat glands. Sweat glands first
appear as elongated downgrowths
of the epidermis at about twenty
weeks. The outer cells of the down-
growth develop into a layer of
smooth muscle, whereas the inner
cells become the secretory cells of
the gland.
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FIGURE 21.5 A,B. Sections through the developing mammary gland at the third and eighth months,
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Figure 7-14. Development of the mammary glands. The mammary ridges first appear in the fourth week as thickened lines of epidermis that
extend from the thorax to the medial thigh. A, & In the region of the future mammary glands, the mammary ridge ectoderm then forms the
primary mammary buds, which grow toward the fat pad. €, D, 3econdary buds form during the third month and become canalized to form
lactiferous ducts during the last three months of fetal life. £, Organization of lactiferous ducts around the developing nipple in the eighth manth.
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Figure 18-5 Development of mammary glands. A, Ventral view of an embryc at approsi-
mately 28 days showing the mammarny crests. B, Similar view at & weeks showing the remains
of these crests. C, Transverse section of a mammary crest at the site of a developing mammany
gland. D to F, Similar sections showing successive stages of breast development between the
12th week and birth.
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