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Introduction

*Development is the gradual modification of
anatomical structures during the period
from conception to maturity.

= The formation of specialized cell types during
development is called differentiation.

= Differentiation occurs through selective changes in
genetic activity.

= A basic appreciation of human development
provides a framework for enhancing the
understanding of anatomical structures.
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An Overview of Development

=Development involves:
= The division and differentiation of cells

= Reorganization of those cell types to produce or
modify anatomical structures

=Development produces a mature individual

capable of reproduction.
= The process Is a continuum that begins at
fertilization, or conception, and can be separated

Into periods characterized by specific anatomical
changes.
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An Overview of Development

*Prenatal development occurs in the period from
conception to delivery.

= The term embryology refers to the study of the
developmental events that occur during prenatal
development.

= The period of prenatal development can be further
subdivided.

= Pre-embryonic development begins at fertilization and continues
through cleavage and implantation.

= Pre-embryonic development is followed by embryonic
development, which extends from implantation to the end of the
eighth developmental week.

= Fetal development begins at the start of the ninth developmental
week and continues up to the time of birth.
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An Overview of Development

=Postnatal development commences at birth and
continues to maturity.

= The neonatal period immediately follows
delivery.

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Fertilization

= Fusion of egg and sperm and the mixing of their DNA
= Usually occurs in the uterine tube

= Sperm penetration stimulates the secondary oocyte to
finish meiosis.

= After ejection of the second polar body, the haploid
nuclei fuse.

= Amphymixis
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Fertilization
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Ovulation releases a secondary Acrosomal enzymes from multiple The sperm is absorbed into the
oocyte and the first polar body; sperm create gaps in the corona cytoplasm, and the female
both are surrounded by the radiata. A single sperm then makes pronucleus develops.
corona radiata.The oocyte is contact with the oocyte membrane,
suspended in metaphase of and membrane fusion occurs,
meiosis Il triggering oocyte activation and
completion of meiosis.
- Nucleus of
First polar Fertilizing Second polar fertilizin Female
Corona body spermatozoon body S rermal ozg ” pronucleus

pellucida

Figure 28.1 Fertilization and Preparation for Cleavage
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Fertilization

SPINDLE FORMATION AMPHIMIXIS OCCURS CYTOKINESIS
AND CLEAVAGE STEP{  AND CLEAVAGE STEPH BEGINS
PREPARATION BEGINS

The male pronucleus develops, and The first cleavage division nears

spindle fibers appear in preparation completion roughly 30 hours after

for the first cleavage division. Metaphase of first fertilization. Further events are

cleavage division diagrammed in Figure 28.2.
Mal Female
2L pronucleus
pronucleus

%

Blastomeres

(b)

Figure 28.1 Fertilization and Preparation for Cleavage
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Prenatal Development

= The gestation period consists of three
trimesters, each 3 months in duration:
= First trimester
= Cleavage
= |mplantation

= Placentation
= Embryogenesis
= Second trimester
= Most organs finish development

= Third trimester
= Rapid growth

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Prenatal Development

Blastomeres

Early

P - Blastocoele
"DAY3 7 Advanced
DAY 4 morula

First cléavage

division Inner cell
mass
DAY 0:
Fertilization Ovulation

DAYS 7-10: <— . 2\
Implantation in p
uterine wall Blastocyst

(See Figure 28.3)

Figure 28.2 Cleavage and Blastocyst Formation
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Prenatal Development

DAY6 FUNCTIONAL

UTERINE
' LAYER OF CAVITY
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ENDOMETRIUM

Uterine
glandsi
DAViZ: !
; . 2N

Blastocoele

Inner cell
mass

Figure 28.3 Stages in the Implantation Process
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Prenatal Development

S tial : o Cellular
yncyual ———= trophoblast

trophoblast

DAY 9 Hypoblast .
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e Epiblast
Developlng -_ ! |8
PINDary v o @2‘ § Amniotic cavity
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Figure 28.3 Stages in the Implantation Process
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Prenatal Development

Epiblast of Syncytial

blastodisc trophoblast

ENDOMETRIUM \ Amniotic Cellular
trophoblast

Hypoblast of
blastodisc.

Blastocoele

DAY 10 Lacunae

The blastodisc begins as two layers: the epiblast,

facing the amniotic cavity, and the hypoblast,
exposed to the blastocoele. Migration of epiblast
cells around the amniotic cavity is the first step
in the formation of the amnion. Migration of
hypoblast cells creates a sac that hangs below
the blastodisc. This is the first step in yolk sac
formation.

DAY 12

Ectoderm

//

" Blastodisc \}
V. %:::2:;'“
B "”l s )%

MR ey,

= /

S

DD @®O@
‘\ Y T

\/

Mesoderm

Endoderm

Migration of epiblast cells into the region
between epiblast and hypoblast gives the
blastodisc a third layer. From the time this
process (gastrulation) begins, the epiblast
is called ectoderm, the hypoblast endoderm,
and the migrating cells mesoderm.

Figure 28.4 Blastodisc Organization and Gastrulation
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Prenatal Development

TABLE 28.1 The Fates of the Primary Germ Layers

Ectodermal Contributions

Integumentary system: epidermis, hair follicles and hairs, nails, and glands
communicating with the skin (apocrine and merocrine sweat glands, mammary
glands, and sebaceous glands)

Skeletal system: pharyngeal cartilages and their derivatives in the adult (portion
of sphenoid, the auditory ossicles, the styloid processes of the temporal bones,
the horns and superior rim of the hyoid bone)*

Nervous system: all neural tissue, including brain and spinal cord
Endocrine system: pituitary gland and suprarenal medullae

Respiratory system: mucous epithelium of nasal passageways

Digestive system: mucous epithelium of mouth and anus, salivary glands

Mesodermal Contributions

Integumentary system: dermis, except for epidermal derivatives
Skeletal system: all components except some pharyngeal derivatives
Muscular system: all components

Endocrine system: suprarenal cortex and endocrine tissues of heart, kidneys, and
gonads

Cardiovascular system: all components, including bone marrow

Lymphoid system: all components

Urinary system: the kidneys, including the nephrons and the initial portions of
the collecting system

Reproductive system: the gonads and the adjacent portions of the duct systems

Miscellaneous: the lining of the body cavities (thoracic, pericardial, peritoneal)
and the connective tissues supporting all organ systems

Endodermal Contributions

Endocrine system: thymus, thyroid, and pancreas

Respiratory system: respiratory epithelium (except nasal passageways) and
associated mucous glands

Digestive system: mucous epithelium (except mouth and anus); exocrine glands
(except salivary glands); liver,and pancreas

Urinary system: urinary bladder and distal portions of the duct system

Reproductive system: distal portions of the duct system; stem cells that produce
gametes

*The neural crest is derived from ectoderm and contributes to the formation of the skull
and the skeletal derivatives ofthe embryonic pharyngeal arches.

TABLE 28.1 The Fates of the Primary Germ Layers
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Prenatal Development

(a) WEEK 2 (b) WEEK 3

Migration of mesoderm around the inner The embryonic disc bulges into the amniotic
surface of the trophoblast creates the cavity at the head fold. The allantois, an
chorion. Mesodermal migration around the endodermal extension surrounded by
outside of the amniotic cavity, between the mesoderm, extends toward the trophoblast.

ectodermal cells and the trophoblast, forms
the amnion. Mesodermal migration around

the endodermal pouch creates the yolk sac. Amniotic cavity

(containing
~ amniotic fluid)

_~ Amnion \._- Allantois
)~~~ Syncytial Dele
% trophoblast c,j» (I;lfe :g,:,?—;?o
2 |l
Cellular —= l“??4"\Chorion
trophoblast : B4
Chorion Q Syncytial
e Mesoderm /- trophoblast
> Yolk sac Ao s ol Chorionic villi
Blastocoele | ofplacenta

Figure 28.5 The Embryonic Membranes and Placenta Formation
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Prenatal Development

(c) WEEK 4

The embryo now has a head fold and a tail fold.
Constriction of the connections between the
embryo and the surrounding trophoblast narrows
the yolk stalk and body stalk.

H

. vy~ ST SN Tail fOId
?LSS b O
Body stalk

Yolk stalk

Yolk sac
Embryonic gut

Embryonic
head fold

(d) WEEK 5

The developing embryo and extraembryonic
membranes bulge into the uterine cavity. The
trophoblast pushing out into the uterine lumen
remains covered by endometrium but no longer
participates in nutrient absorption and embryo
support. The embryo moves away from the
placenta, and the body stalk and yolk stalk fuse
to form an umbilical stalk.

Uterus

Myometrium

Decidua
basalis

Umbilical stalk
Placenta

Chorionic villi
of placenta

capsularis
Uterine lumen

Decidua
parietalis

Figure 28.5 The Embryonic Membranes and Placenta Formation
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Prenatal Development

Decidua

parietalis Decidua
basalis

(e) WEEK 10 |\ — Umbilical cord
The amnion has {
expanded greatly, Placenta

filling the uterine
cavity. The fetus is
connected to the
placenta by an

Amniotic cavity

elongated umbilical Amnion

cord that contains a

portion of the allantois, Chorion

blood vessels, and the

remnants of the yolk stalk. Decidua
capsularis

Figure 28.5 The Embryonic Membranes and Placenta Formation
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Prenatal Development

Umbilical Yolk ]
_ cord (cut) sac  Decidua
Decidua basalis
capsularis  Amnion Flaconts Umbilical
= vein
Chorion—__
Umbilical
Uterine cavity — | | il \ —_— areries
¢ “NZZ/2 LS Chorionic villi
Decidua
parietalis
Area filled with
Myometrium maternal blood
Cervical

Maternal

mucous) plug in
( ) plug blood vessels

cervical canal
Trophoblast
(cellular and

External os syncytial layers)

Cervix

(a) Diagram of placental organization

Figure 28.6a A Three-Dimensional View of Placental Structure: (a) Diagram of
Placental Organization
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Prenatal Development

Embryonic Area filled with
connective tissue maternal blood

Syncytial
trophoblast

Fetal blood
vessels

(b) Chorionic villus,
cross section

Figure 28.6b A Three-Dimensional View of Placental Structure: (b) Chorionic Villus,
Cross Section

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Prenatal Development

Future head
of embryo

Thickened
neural plate
(will form brain)

Axis of future
spinal cord

Somites

Neural folds

= Cut wall of
amniotic cavity

— — Future tail
of embryo

Figure 28.7 The First Trimester
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Prenatal Development

Medulla e T T

Ear
Forebrain aP:Lahrgsn geal
Eye
Heart % Somites
Body
stalk
Arm
bud
Tail
Leg
bud

(b) Week 4

Figure 28.7 The First Trimester
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Prenatal Development

Chorionic
villi

Amnion

Umbilical
cord

(c) Week 8
Figure 28.7 The First Trimester
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Prenatal Development

Amnion

Umbilical
cord

~ o ,‘. ‘

(d) Week 12
Figure 28.7 The First Trimester
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Prenatal Development

(a) Four-month fetus (endoscopic view)
Figure 28.8 The Second and Third Trimesters
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Prenatal Development

(b) Six-month fetus
(ultrasound image)

Figure 28.8 The Second and Third Trimesters
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Prenatal Development

9 months }
/_\
| 8 months \
i ey

/ 7 months \ dAfter i
| 6 months | dropping,

5 months in preparation
Uterus ﬁ,ﬁhs to delivery

Placenta

3 months

Umbilical = /| Amniotic fluid ] -
cord ¥/ , ]
QY =re Cervix
Fetus at ; AtE=7—N Vagina
16 weeks |
(a) Pregnancy at four (b) Pregnancy at three to
months nine months

Figure 28.9a, b The Growth of the Uterus and Fetus
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Prenatal Development

Stomach
\ Small intestine
Transverse Pancr
colon K\ dipreds

— Aorta

Fundus of o IrEIN
uterus v=—il /=51 Common

 / W iliac vein
wgs & - I
Umbilical /¢

cord ||~

A
\\\\\ "'..;t,‘t :
Urinary bladder \\

Cervical (mucus)
plug in cervical

Placenta A\ SN \canal
/¥ B External os

Pubic symphysis “ & Rectum
Urethra ! Vagina
(c) Pregnant female (d) Nonpregnant
(full-term infant) female

Figure 28.9¢c, d The Growth of the Uterus and Fetus
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Prenatal Development

TABLE 28.2 An Overview of Prenatal Development

Background Material in Chapter 3:

Formation of Tissues (p.79)

5 ) " N,
Development of Epithelia (p.80) \ ot — Y
Origins of Connective Tissues (p.81) 4 / / y
Development of Organ Systems (pp.82-83) i Gy 4 £ 3 ;
Gestational Size and Integumentary Special Sense
Age (months) Weight System Skeletal System Muscular System Nervous System Organs
1 5 mm (b) Somite formation (b) Somite formation (b) Neural tube (b) Eye and ear
0.02g formation formation
2 28 mm (b) Formation of nail (b) Formation of axial (¢) Rudiments of (b) CNS, PNS (b) Formation of
27¢g beds, hair follicles, and appendicular axial musculature organization, taste buds,
sweat glands cartilages growth of olfactory
cerebrum epithelium
3 78 mm (b) Epidermal layers (b) Ossification (c) Rudiments of (c) Basic spinal cord
26g appear centers spreading appendicular and brain
musculature structure
4 133 mm (b) Formation of (b) Articulations Fetus starts moving (b) Rapid expansion (c) Basic eye
150 g hair, sebaceous (¢) Facial and palatal of cerebrum and ear
glands organization structure
(c) Sweat glands (b) Peripheral
receptor
formation
5 185 mm (b) Keratin (b) Myelination of
460 g production, nail spinal cord
production
6 230 mm (¢) Perineal muscles (b) CNS tract
823¢g formation
(c) Layering of
cortex

Note: (b) = begin formation; (¢) = complete formation.

TABLE 28.2 An Overview of Prenatal Development
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Prenatal Development

TABLE 28.2 An Overview of Prenatal Development (Continued)

@/

Endocrine System

Cardiovascular and
Lymphoid Systems

Respiratory System

Digestive System

Urinary System

Reproductive System

(b) Formation of
thymus, thyroid,
pituitary, suprarenal
glands

(¢) Thymus, thyroid
gland

(c) Suprarenal glands

(b) Heartbeat

(c) Basic heart structure,
major blood vessels,
lymph nodes and
ducts

(b) Blood formation
in liver

(b) Tonsils,blood
formation in bone
marrow

(b

Migration of
lymphocytes to
lymphoid organs,
blood formation in
spleen

(c) Tonsils

o

Spleen, liver, bone
marrow

Note: (b) = begin formation; (c) = complete formation.

(b) Trachea and
lung formation

(b) Extensive
bronchial
branching into
mediastinum

(¢) Diaphragm

(c) Nostrils open

(b) Alveolar
formation
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(b) Formation of
intestinal tract,
liver, pancreas

(c) Yolk sac

(b

Formation of
intestinal

subdivisions, villi,

salivary glands

Gallbladder,
pancreas

o

Intestinal
subdivisions

o

(c) Epithelial
organization,

glands

TABLE 28.2 An Overview of Prenatal Development

(c) Allantois

(b) Kidney
formation
(adult form)

(b) Degeneration
of embryonic
kidneys

(b) Formation of
mammary glands

(b) Formation of
definitive gonads,
ducts, genitalia



Prenatal Development

TABLE 28.2 An Overview of Prenatal Development (Continued)

Background Material in Chapter 3:

Formation of Tissues (p. 79) N >
4 b @ N
Development of Epithelia (p. 80) o //,/' y 3
Origins of Connective Tissues (p. 81) : P
Development of Organ Systems (pp. 82-83) e o3 2 % j
Gestational Size and Integumentary Special Sense
Age (months) Weight System Skeletal System Muscular System Nervous System Organs
7 270 mm (b) Keratinization, (c) Eyelids open,
1492 g nail formation, retina sensitive
hair formation to light
8 310 mm (b) Epiphyseal (c) Taste receptors
2274 g cartilage functional
formation
9 346 mm
2912¢g
Postnatal Hair changes in Formation and growth Muscle mass and Myelination, layering,
development consistency and of epiphyseal cartilages control increase CNS tract formation
distribution continue continue
Embryological Development of the Development of the Development of the Introduction to the Development
Summaries by Integumentary System Skull (pp. 766-767) Muscular System Development of the of Special
System (pp. 764-765) Development of the (pp- 772-773) Nervous System Sense Organs
Vertebral Column (p.774) (pp. 779-780)
(pp. 768-769) Development of the
Development of the Spinal Cord and

Note: (b) = begin formation;(c) = complete formation.

TABLE 28.2 An Overview of Prenatal Development

Appendicular Skeleton
(pp. 770-771)
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Spinal Nerves

(pp- 775-776)
Development of the
Brain and Cranial
Nerves (pp. 777-778)



Prenatal Development

TABLE 28.2 An Overview of Prenatal Development (Continued)

2
%

(o

o~
@

-
Cardiovascular and
Endocrine System Lymphoid Systems Respiratory System Digestive System Urinary System Reproductive System
(c) Pituitary gland (c) Intestinal plicae (b) Descent of testes
Complete Complete Descent of testes
pulmonary nephron complete at or near time
branching and formation at of birth
alveolar formation birth
Cardiovascular changes at
birth; lymphoid system
gradually becomes fully
operational
Development of the Development of the Development of the Development of the Development of Development of the
Endocrine System Heart (p. 783) Respiratory System Digestive System the Urinary Reproductive System
(pp. 781-782) Development of the (pp. 787-788) (pp. 789-790) System (pp. 793-795)
Cardiovascular System (pp- 791-792)

(pp. 784-785)
Development of the
Lymphoid System
(p- 786)

Note: (b) = begin formation; (c¢) = complete formation.

TABLE 28.2 An Overview of Prenatal Development
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Labor and Delivery

=Parturition— expulsion of the fetus, birth

=Stages of labor

= Dilation stage— the cervix dilates; usually lasts 8 or more
hours

= Expulsion stage— involves delivery of fetus
= Placental stage— ejection of the placenta

=Premature labor occurs when true labor begins before
fetus has completed normal development.

=A premature delivery produces a baby weighing over
1 kg.
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Labor and Delivery

Sacral

promontory _
Cervix

Placenta Pubic

symphysis

(a) THE DILATION STAGE

Umbilical
cord

~—

Fully developed Vagina
fetus before .
labor begins ~ Cervical
canal

Figure 28.10 The Stages of Labor

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Labor and Delivery

(a) THE DILATION STAGE (b) THE EXPULSION STAGE

(c) THE PLACENTAL STAGE

Uterus Ejection of the
= -l . placenta

Figure 28.10 The Stages of Labor
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The Neonatal Period

= Transition from Fetus to Neonate (Newborn)

= The lungs at birth are collapsed and filled with fluid, and
filling them with air involves a massive and powerful
Inhalation.

= The pattern of cardiovascular circulation changes because
of alterations in blood pressure and flow rates.

= Typical heart rates of 120-140 beats per minute and
respiratory rates of 30 breaths per minute in neonates are
normal.

= The digestive system remains excrete debris, then begins to
nurse.

= Glomerular filtration is normal, but the urine cannot be
concentrated to any significant degree.

= The neonate has little ability to control body temperature.
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Embryology Summary

Germinative
cells

s =7 —— Connective
1 MONTH e :&1.—-._» tissue

e — = Epithelial
P _-&’H-;—, Blood vessel column
At the start of the second - o B OET O g - 7 5 o
month, the superficial 3 MONTHS T '"ft% Mesenchyme

ectoderm is a simple
epithelium overlying loosely
organized mesenchyme.

Over the following weeks, the epithelium
becomes stratified through repeated 4 MONTHS
divisions of the basal or germinative cells.
The underlying mesenchyme differentiates
into embryonic connective tissue
containing blood vessels that bring
nutrients to the region.

Duwring the third and fourth months, small areas

of epidermis undergo extensive divisions and form
cords of cells that grow into the dermis. These are
epithelial columns. Mesenchymal cells surround
the columns as they extend deeper and deeper into
the dermis. Hair follicles, sebaceous glands, and
sweat glands develop from these columns.

The Development of the Integumentary System
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Embryology Summary

SKIN

Dermis —

Subcutaneous —
layer

As basal cell divisions continue, the epithelial
layer thickens and the basal lamina is thrown
into irregular folds. Pigment cells called
melanocytes migrate into the area and squeeze
between the germinative cells. The epithelium
now resembles the epidermis of the adult.

The embryonic connective tissue differentiates
into the dermis. Fibroblasts and other

connective tissue cells form from mesenchymal
cells or migrate into the area. The density of
fibers increases. Loose connective tissue extends
into the ridges, but a deeper, less vascular region
is dominated by a dense, irregular collagen fiber
network. Below the dermis the embryonic
connective tissue develops into the subcutaneous
layer, a layer of loose connective tissue.

The Development of the Integumentary System
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Embryology Summary

NAILS

Ectoderm  Nail field

Fingertip

4 MONTHS

Nails begin as thickenings of the epidermis near the
tips of the fingers and toes. These thickenings settle
into the dermis, and the borderline with the general
epidermis becomes distinct. Initially, nail production
involves all of the germinative cells of the nail field.

Nail root Eponychium Nail bed Nail

By the time of birth, nail production is restricted to
the nail root.

The Development of the Integumentary System
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Embryology Summary

HAIR FOLLICLES

Hair

Sebaceous
gland
Hair column Sebaceous
[ > gland
Papilla
A hair follicle develops as a deep column
surrounds a papilla, a small mass of - - - -
connective tissue. Hair growth will occur At birth a hair projects from the follicle, and
in the epithelium covering the papilla. An the secretions of the sebaceous gland
outgrowth from the epithelial column lubricate the hair shaft.

forms a sebaceous gland.

The Development of the Integumentary System
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Embryology Summary

EXOCRINE GLANDS

Epithelial
column

Measenchyme

5 MONTHS

A sweat gland develops as an epithelial
column elongates, coils, and becomes
hollow.

The Development of the Integumentary System
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At birth, sweat gland ducts carry the
secretions of the gland cells to the
skin surface.



Embryology Summary

MAMMARY GLANDS

Hollowing
nipple
2 YR
;"&}5 ‘..' L3 ..Jf
S | Ctt Branching
, : LT
:’J : w - dUCt
'--‘;“ _ﬂ-'.'.an D ' .
2 Loy ST eveloping | >
SN e AN duct
o p it Dhe AL s - L4
R T ety Fat
e A e T T N e

5 MONTHS

Mammary glands develop in a comparable
fashion, but the epidermal thickenings are
much broader and extensive branching
occurs.

The Development of the Integumentary System
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At birth, the mammary glands have not completed
their development. In females, further elaboration
of the duct and gland system occurs at puberty, but
functional maturity does not occur until late in
pregnancy.



Embryology Summary

First pharyngeal arch Pharyngeal Second arch
(mandibular) cartilages (hyoid)

Brain

5 WEEKS

After 5 weeks of development, the central nervous system is a
hollow tube that runs the length of the body. A series of
cartilages appears in the mesenchyme of the head beneath and
alongside the expanding brain and around the developing

nose, eyes, and ears. These cartilages are shown in light blue.
Five additional pairs of cartilages develop in the walls of the
pharynx. These cartilages, shown in dark blue, are located
within the pharyngeal, or branchial, arches. (Branchial refers
to gills—in fish the caudal arches develop into skeletal supports
for the gills.) The first arch, or mandibular arch, is the largest.

The Development of the Skull
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Chondrocranium

Eye

Nasal
capsule

Vertebrae

8 WEEKS

The cartilages associated with the brain enlarge
and fuse, forming a cartilaginous chondrocranium
(kon-dro-KR A-ng-um; chondros, cartilage +
cranium, skull) that cradles the brain and sense
organs. At 8 weeks its walls and floor are
incomplete, and there is no roof.



Embryology Summary

Occipital

Sphenoid bone

Maxilla

The mandible forms as
dermal bone develops
around the inferior
portion of the
mandibular arch.

Hyoid bone

Larynx

9 WEEKS

During the ninth week, numerous centers of endochondral ossification appear
within the chondrocranium. These centers are shown in red. Gradually, the
frontal and parietal bones of the cranial roof appear as intramembranous
ossification begins in the overlying dermis. As these centers (beige) enlarge and

expand, extensive fusions occur.
The Development of the Skull
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Embryology Summary

The dorsal portion of the mandibular arch fuses with the chondrocranium. The
fused cartilages do not ossify; instead, osteoblasts begin sheathing them in dermal
bone. On each side this sheath fuses with a bone developing at the entrance to the
nasal cavity, producing the two maxillae. Ossification centers in the roof of the
mouth spread to form the palatine processes and later fuse with the maxillae.

Maxilla

Mandible

10 WEEKS

The Development of the Skull
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Embryology Summary

10 WEEKS

The second arch, or hyoid arch, forms near the temporal bones. Fusion of the
superior tips of the hyoid with the temporals forms the styloid processes. The
ventral portion of the hyoid arch ossifies as the hyoid bone. The third arch fuses
with the hyoid, and the fourth and sixth arches form laryngeal cartilages.

The Development of the Skull
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Embryology Summary

Nasal septum

Palatine arch

Normal

Abnormal Bilateral cleft
lip and palate

If the overlying skin does not fuse normally, the

v result is a cleft lip. Cleft lips affect roughly one birth
in a thousand. A split extending into the orbit and
palate is called a cleft palate. Cleft palates are half as
common as cleft lips. Both conditions can be
corrected surgically.

The Development of the Skull
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Pharyngeal arches Ear Somites
lf,_ N Spinal cord

- L 'ﬁu : 5 I
- g L ! = Somite
Eye —— : i Y
v » L - k Sclerotome

hl
Heart @
l,—.i Motochord

-

The developing spinal cord lies posterior to a longitudinal rod,
the notochord (NO-to-kard; noton, back + chorde, cord). In the
fourth week of development, mesoderm on either side of the

. spinal cord and notochord forms a series of mesenchymal blocks
4-WEEK EMBRYOQO called somites (SO-mits). Mesenchyme in the medial portions of
each somite, a region known as the sclerotome (SKLER-G-t0me;
skieros, hard), will produce the vertebral column and contribute
to the floor of the cranium.

Tail ———il

The Development of the Vertebral Column

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Embryology Summary

Spinal cord Mesenchyme
of somite

Neural arch =

Tubercle of rib

Head of rib /
Centrum of vertebra — _

Cartilaginous rib ," '

8 WEEKS

The cartilages of the vertebral centra grow around the spinal cord,
creating a model of the complete vertebra. In the cervical, thoracic,
and lumbar regions, articulations develop where adjacent
cartilaginous blocks come into contact. In the sacrum and coccyx,
the cartilages fuse together.

The Development of the Vertebral Column
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Spinal cord in
Tubercle of rib spinal canal Spinous process
/— Muscles of back
LA
[=, Transverse process

o
N

Ventral bod
cavity . \ J Ossification centers

12 WEEKS

About the time the ribs separate from the vertebrae, ossification
begins. Only the shortest ribs undergo complete ossification. In
the rest, the distal portions remain cartilaginous, forming the
costal cartilages. Several ossification centers appear in the
sternum, but fusion gradually reduces the number.

The Development of the Vertebral Column
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Embryology Summary

BIRTH

At birth, the vertebrae and ribs are ossified, but many cartilaginous
areas remain. For example, the anterior portions of the ribs remain
cartilaginous. Additional growth will occur for many years; in
vertebrae, the bases of the neural arches enlarge until ages 3-6, and
the spinal processes and vertebral bodies grow until ages 18-25.

The Development of the Vertebral Column
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Sclerotome
[ - '\I Notochord !( — r ’
| &
: i
L——k‘—J
Intersegmental ———— .
’—ﬂ
mesenchyme _
i Somites ———— w}
e ——ee’
- [
r—-——-g ;
j - !
! f Cartilage of —
r vertebral body
L B
4 WEEKS 6 WEEKS

Cells of the sclerotomal segments
migrate away from the somites
and cluster around the notochord.

The Development of the Vertebral Column
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The migrating cells differentiate into
chondroblasts and produce a series
of cartilaginous blocks that surround
the notochord. These cartilages,
which will develop into the
vertebral centra, are separated by
patches of mesenchyme.



Embryology Summary

&
E Intervertebral
L =4 disc
) Vertebra
;}.i 1 ?j
' >
£
—1— MNucleus
pulposus

8 WEEKS

ADULT

Expansion of the vertebral centra eventually eliminates the notochord,

but it remains intact

between adjacent vertebrae, forming the nucleus

pulposus of the intervertebral discs. Later, surrounding mesenchymal
cells differentiate into chondroblasts and produce the fibrous cartilage

of the anulus fibrosus.

The Development of the Vertebral Column
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8 WEEKS 9 WEEKS

Rib cartilages expand away from the developing transverse processes of the vertebrae. At first
they are continuous, but by week 8 the ribs have separated from the vertebrae. Ribs form at
every vertebra, but in the cervical, lumbar, sacral, and coccygeal regions they remain small and
later fuse with the growing vertebrae. The ribs of the thoracic vertebrae continue to enlarge,
following the curvature of the body wall. When they reach the ventral midline, they fuse with
the cartilages of the sternum.

The Development ot the vertepral column
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Embryology Summary

Limb buds

4 WEEKS

In the fourth week of development, ridges appear
along the flanks of the embryo, extending from

just behind the throat to just before the anus. These
ridges form as mesodermal cells congregate beneath
the ectoderm of the flank. Mesoderm gradually
accumulates at the end of each ridge, forming two
pairs of limb buds.

The Development of the Appendicular Skeleton
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Cartilage
primordia

Notochord

Cartilaginous
core of limb bud

Mesenchyme

5WEEKS

After S weeks of development, the pectoral limb
buds have a cartilaginous core and scapular
cartilages are developing in the mesenchyme of
the trunk.



Embryology Summary

Cartilaginous  Apical —
coraof scapula  ridge

\ J — Humerus.

-~ Mesenchyme of

> G ;{9’% pectoral girdie
g— Sne

=
.

) "7 N

I5
2 L) e SHWEEKS
| As the limb bud enlarges, bends develop

at the future locations of the shoulder
and elbow joints. Two cartilages form in |
the forearm, and a lateral otation of the 7WEEKS I
aplcal ridge places the elbow in ts The hands originae as peddies,

| peopetorieatation. but the death of cells between

\ the phalangeal cartilages

produces individual fingers.
~

— Petvic Scapula
= girdie
=

The formation of the pelvic girdle and

\-‘\\\—i Lower
legs closely parallels that of the pectoral fimb

complex. But as the pelvic limb bud o SHWEEKS
enlarges, the apical ridge rotates |

medially rather than laterally. As a
result, the knee joint faces posteriorly, v
while the elbow faces anteriorly

s
=1

Joint cavity

8 WEEKS

|/ .
,{‘ﬂ By week 8, cartilaginous models of all of the
¢ ‘major skeletal components are well formed, and
endochondral ossification begins in the future
limb bones. Ossification of the hip bones begins
at three separate centers that gradually enlarge.

Joints form where two cartilages are in
contact. The surfaces within the joint
cavity remain cartilaginous, while the
rest of the bones undergo ossification.

The Development of the Appendicular Skeleton
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Embryology Summary

BIRTH 10 WEEKS
The skeleton of a newborn infant. Note the extensive Ossification in the embryonic skeleton after
areas of cartilage (blue) in the humeral head, in the wrist, approximately 10 weeks of development. The
between the bones of the palm and fingers, and in the shafts of the limb bones are undergoing rapid
hips. Notice the appearance of the axial skeleton, with ossification, but the distal bones of the carpus
reference to the two previous Embryology Summaries. and tarsus remain cartilaginous.

The Development of the Appendicular Skeleton
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Mesoderm from the parietal
- portion of the lateral plate and
. the adjacent myotome forms the
. limb buds.

Gut

MNear the head, mesoderm forms
skeletal muscle associated with the
pharyngeal arches.

Myotome

Sclerotome
Pharyngeal

arches

r-;?- Migrating mesodermal

,‘ cells (arrows show

I -s ,- directions of movement)
1

Limb bud
Lateral plate mesoderm

Eye_.rqll} ; il (parietal layer)

Lateral plate
(visceral layer)

Coelom
Somites

The ventral mesoderm does not form
segmental masses, and it remains as a
sheet called the lateral plate. A cavity
appears within the lateral plate of the
chest and abdomen; this cavity is the
coelom. Formation of the coelom

Umbilical divides the lateral plate into an inner
stalk visceral layer and an outer
parietal layer.

After 4 weeks of development, mesoderm on either side
of the notochord has formed somites. The medial portion
of each somite will form skeletal muscles; this region is
called the myotome.

4 WEEKS
The Development of the Muscles
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Hypaxial mesoderm in the trunk
grows around the body wall
toward the sternum in company
with the ribs. This creates a
mesodermal layer that extends
from the chin to the pelvic girdle.

Eye
muscles

Epaxial muscles

Hypaxial muscles
Extensors
. Lung

/' : g Rib
Flexors ~ i
i T "

Heart

i Each limb bud has a flattened
Sternum - distal tip, with a thickened
apical ridge. As cartilages
The hypaxial mesoderm appear in the limb buds,
near the sacrum migrates surrounding mesodermal cells
caudally to produce the from the lateral plate and
muscles of the pelvic floor. myotomes differentiate into

myoblasts.

Myotomal muscles organize around the
developing vertebral column in two groups,
one dorsal (epaxial muscles) and the other
ventral (hypaxial muscles).

6 WEEKS

The Development of the Muscles
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Muscles forming at the
pharyngeal arches are
associated with the head
and neck. The muscles
of mastication develop
from the mesoderm
surrounding the
mandibular arch.

Eye
muscles |
7 WEEKS

Mesoderm of the hveoid (second) arch
migrates over the lateral and ventral
surfaces of the neck and the surfaces of
the skull to form the muscles of facial
expression.

Mesoderm of the third, fourth,
and sixth pharyngeal arches
forms the pharyngeal and
intrinsic laryngeal muscles.

Pharyngeal myoblasts form a
superficial layer that later

and sternocleidomasioid

Stomach /

Rectus
abdominis

The Development of the Muscles
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subdivides to create the frapezius

muscles. i 7

Epaxial muscles remain arranged in segments. These deep muscles
include the intervertebral muscles. Superficial epaxial muscles
form the major muscles of the erector spinae group.

Intervertebral muscles

Erector spinae
5 pi

!

4

Extensors

i, Flexaors

& . Migration of myoblasts over the

* dorsal surface of the trunk creates
limb extensors; migration of ventral
myoblasts produces the flexors.

LN
w—u-—fpw.-!
i

Quadratus lumborum

Transversus abdominis

Internal oblique

External oblique

The oblique, transverse, and rectus muscle
eroups develop in the hypaxial layer.
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Extensors —

Flexors

BIRTH

Rotation of the arm and leg buds produces a change
in the position of these masses relative to the body axis.

The Development of the Muscles
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8 WEEKS

While the limb buds enlarge, additional myoblasts
invade the limb from myotomal segments nearby.
Lines indicate the boundaries between myotomes
providing myoblasts to the limb.



Embryology Summary

— MNeural

After two weeks of development, semites are appearing on either
side of the netochord. The ectoderm near the midline thickens,
forming an elevated neural plate. The neural plate is largest near
the future head of the developing embryo.

Motochord

20 DAYS

A crease develops along the axis of the neural plate, creating the
neural groove. The edges, or neural folds, gradually move
together. They first contact one another midway along the axis
of the neural plate, near the end of the third week.

‘Where the neural folds meet, they fuse to form a cylindrical
neural tube that loses its connection with the superficial
ectoderm. The process of neural tube formation is called
neurulation; it is completed in less than a week. The formation
of the axial skeleton and that of the musculature around the
developing neural tube were described on pages 768 and 773.

21 DAYS

The Development of the Nervous System

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Embryology Summary

Neurocoel

Cells at the tips of the neural folds do not participate in neural
tube formation. These cells of the neural crest at first remain
between the dorsal surface of the neural tube and the ectoderm,
but they later migrate to other locations. The neural tube

: becomes the CNS. Axons from neurons within the neural tube
- B and the axons of neural crest cells form the PNS.

Neural — ==l =,
crest T ?

Schwann cell

:_.3*_:4

Sensory neurons

Autonomic
motor
neurons

The first cells to appear in the
mantle differentiate into neurons,
while the last cells to arrive become

\ astrocytes and oligodendrocytes.
Y Further development of the CNS
and PNS will be found in the
Embryology Summaries later in
this chapter.

23 DAYS

> ad ; L J Astrocytes and
Ependymal cells v I oligodendrocytes

The neural tube increases in thickness as its epithelial lining undergoes repeated
mitoses. By the middle of the fifth developmental week, there are three distinct
layers. The ependymal layer lines the enclosed cavity, or neurocoel. The
ependymal cells continue their mitotic activities, and daughter cells create the
surrounding mantle layer. Axons from developing neurons form a superficial
marginal layer.

The Development of the Nervous System
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== Ectoderm

Neural crest

Neural tube

Neurocoel
Ependymal layer
Mantle layer
Marginal layer

By the end of the fifth developmental week, the
neural tube is almost completely closed. In the
spinal cord the mantle layer that contains
developing neurons and neuroglial cells will

produce the gray matter that surrounds the 23 DAYS = o
neurocoel. As neurons develop in the mantle - - > _ Neuroepithelial
~ layer, their axons grow toward central or Eventually, the growing axons will 4 (ependymal)
22 DAYS peripheral destinations. The axons leave the form 'bu;l(liles, or ‘g‘gs’ mt;het i 41 | layer
mantle layer and travel toward synaptic targets margind’1ayer, anc these:tracls/wi 4 .
within a peripheral marginal Ia\'Zr ; g crowd together in the columns that st —*+—— Mantle layer
2 form the white matter of the l: :t

spinal cord.

Marginal layer

28 DAYS

The Development of the Spinal Cord, Part |
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Embryology Summary

By this time, cells of the neural crest have migrated
to either side of the spinal cord and have formed

the dorsal root ganglia. The neural crest cells become
sensory neurons and glial cells (Schwann cells and
satellite cells). Processes from these sensory neurons
grow both into the periphery, to contact receptors,
and into the CNS via the dorsal roots.

Roof plate
Dorsolateral plate
Dorsal root

Dorsal root ganglion

Ventrolateral plate

In each segment the axons of developing motor
neurons form a pair of ventral roots that grow
away from the spinal cord.

Floor plate

Distal to each dorsal root ganglion, the motor
efferents of the ventral root and the sensory
afferents of the dorsal root are bound together

into a single spinal nerve. Along much of the
spinal cord, these nerves share a stereotyped pattern
of peripheral branches, and the pattern accounts for
the distribution of dermatomes.

7 WEEKS

As the mantle enlarges, the neurocoel becomes laterally compressed and relatively
narrow. The relatively thin roof plate and floor plate will not thicken substantially,
but the dorsolateral and ventrolateral plates enlarge rapidly. Neurons developing
within the dorsolateral plate will receive and relay sensory information, while those
in the ventrolateral region will develop into motor neurons.

The Development of the Spinal Cord, Part |
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—_— In addition to forming dorsal root
T T ™, ganglia and associated glial cells,
L = neural crest cells migrate around
i B the central nervous system and
f : _ . develop into the spinal and cranial
(| _ N meninges.

Larynx
- Teeth

Dorsal root ganglia

Suprarenal medulla
Meninges

Autonomic ganglia

- Melanocytes

7 WEEKS
(Distribution of neural crest cells)

Neural crest cells aggregate to form autonomic ganglia near the vertebral
column and in peripheral organs. Migrating neural crest cells contribute

to the formation of teeth and form the laryngeal cartilages, melanocytes

of the skin, the skull, connective tissues around the eye, the intrinsic

muscles of the eye, Schwann cells, satellite cells, and the suprarenal medullae.

The Development of the Spinal Cord, Part Il
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Spina bifida

Spina bifida (BI-fi-da) results when the developing vertebral laminae
fail to unite due to abnormal neural tube formation at that site. The
neural arch is incomplete, and the meninges bulge outward beneath

the skin of the back. The extent of the abnormality determines the
severity of the defects. In mild cases, the condition may pass unnoticed;
extreme cases involve much of the length of the vertebral column.

The Development of the Spinal Cord, Part Il
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DEVELOPMENTAL ABNORMALITIES

Meural tube defect

A nevral tube defect (NTD) is a condition that is secondary to a
developmental error in the formation of the spinal cord. Instead of
forming a hollow tube, a portion of the spinal cord develops as a
broad plate. This is often associated with spina bifida. Neural tube
defects affect roughly one individual in 1000; prenatal testing can
detect the existence of these defects with an 80-85 percent success
rate.



Embryology Summary

Before proceeding, briefly
review the summaries of
skull formation, vertebral Prosencephalon
column development, and
development of the spinal
cord in the previous
Embryology Summaries.

Mesencephalon Rhombencephalon Neurocoel

Cephalic

area The initial cephalic expansion occurs as the

neurccoel enlarges, forming three distinct
brain vesicles: (1) the prosencephalon
(pros-en-SEF-a-lon) or “forebrain,”
(2) the mesencephalon or “midbrain,” and
i (3) the rhombencephalon

Bia Neural (rom-ben-SEF-a-lon) or “hindbrain.”™

T B = tube The prosencephalon and
rhombencephalon will be subdivided
further as development proceeds.

- S

Even before neural tube formation has been completed, the cephalic portion begins to enlarge. Major differences
in brain versus spinal cord development include (1) early breakdown of mantle (gray matter) and marginal (white
matter) organization; (2) appearance of areas of neural cortex; (3) differential growth between and within

specific regions; (4) appearance of characteristic bends and folds; and (5) loss of obvious segmental organization.

23 DAYS

J

The Development of the Brain, Part |
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Mesencephalon Metencephalon

The rhombencephalon first subdivides

into the metencephalon {met-en-SEF-a-lon;
meta, after) and the myelencephalon
(mi-el-en-SEF-a-lon; myelon, spinal cord).

Diencephalon

Telencephalon

The prosencephalon forms the telecephalon (tel-en-SEF-a-lon; telos, end
+ enkephalos, brain) and the diencephalon. The telencephalon begins as a
4 WEEKS pair of swellings near the rostral, dorsolateral border of the prosencephalon.

J

NIE NIV NV NVI

Cranial nerves develop as
sensory ganglia and link
peripheral receptors with

the brain, and motor fibers
grow out of developing
cranial nuclei. Special
sensory neurons of cranial
nerves I, IT, and VIII develop
in association with the
developing receptors. The
somatic motor nerves II1, IV,
and VI grow to the eye
muscles; the mixed nerves
(V, VIL, IX, and X)) innervate
the pharyngeal arches (page 766).

Developing ear Development of the mesencephalon
produces a small mass of neural tissue
with a constricted neurocoel, the
aqueduct of the midbrain.

As differential growth proceeds and the
position and orientation of the embryo
change, a series of bends, or flexures
(FLEK-sherz), appears along the axis of
the developing brain.

5 WEEKS

The Development of the Brain, Part |
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mary

The roofs of the
diencephalon and
myelencephalon fail to
develop, leaving a thin
ependymal layer in
contact with the
developing meninges.
Blood vessels invading
these regions create
areas of the choroid

NI

Cephalic flexure

NIV

Pontine flexure

NXI
NXIl

As growth continues and the
pontine flexure develops, the

brain becomes more compact.

The expanding cerebral
hemispheres now dominate

the superior and lateral surfaces
of the brain. Migrating neuroblasts
create the cerebral cortex, and
underlying masses of gray matter
develop into the basal nuclei.

plexus.
8 WEEKS NIl NVI NV NVl NIX NX Cervical flexure
Cerebral hemisphere
(telencephalon)
Diencephalon . Cerebral hemisphere

N Medulla [=—=x8
r"'l-‘ | oblongata
' |
x !
' -
|
Spinal -
cord

Mesencephalon

Cerebellum

Cerebellum

Medulla
oblongata

Cranial nerve XI

After 11 weeks, the expanding cerebral hemispheres have overgrown
the diencephalon. At the metencephalon, cortical formation and
expansion produce the cerebellum, which overlies the nuclei and tracts
of the pons.

CHILD

11 WEEKS

The Development of the Brain, Part Il
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Epidermis

Prosencephalon

Optic cup

Optic vesicle ;
Lens placode —= D
Optic stalk
4 WEEKS Lens vesicle
dem {irsr indication of optic . These bulges become indented, forming Mesoderm aggregating around this
h f:;e ]opmen“agpeatris as ailg;‘“r a pair of optic cups, which remain complex forms the choroid and
y, ~ Ob bulges called OpHC vesicles connected to the diencephalon by optic scleral coats. The anterior and
j inthe latet]']ailllwa]l;ho;f the d stalks. The epidermis overlying the optic posterior chambers develop as
prosencephaton. se exten cup responds by forming a lens placode, cavities appear within the mesoderm.

to either side like a pair of
dumbbells, each containing a
cavity continuous with the
neurocoel.

which thickens and creates another vesicle.
This lens vesicle becomes the lens.

The Development of Special Sense Organs, Part |
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OLFACTION

Nasal placode

Ey . ‘;‘
- u’
Nasal —=ad : "
placode | ﬁ
5 WEEKS

Olfactory receptors begin as a pair of thickened
areas in front of the prosencephalon during the
fifth developmental week. The thickenings are
called nasal placodes.

The Development of Special Sense Organs, Part |
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y »
External J—- - ;’
-
nares | m— 5
10 WEEKS

Over time, the nasal placodes are enfolded
and protected by developing facial structures.
(Development of the face was discussed in the
previous Embryology Summary of the Skull.)
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Epithelial cells  Sensory neurcn

- - l—'—‘——-—. g
. N o

-

e

Y : Gustatory receptors are the least

| specialized of any of the special sense
organs. Taste buds develop as sensory
fibers grow into the developing
mouth and pharynx.

The Development of Special Sense Organs, Part |
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When the nerve endings contact epithelial cells,
the epithelial cells differentiate into gustatory
cells. If the sensory nerves are cut, the taste buds
degenerate; if the sensory nerve is moved, it will
stimulate the development of new taste buds at
its new location.
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The otic placodes form deep

AEIe[l)"II-I-EBA“R':jN'(‘; Neural groove -
[ Late in the third week of
Otic placode —— ) development, a pair of otic
£ f <3 placodes appears on either side
Pharynx — \ | ¥ of the rhombencephalon.
— f
|
Otic
placode 3 WEEKS
Neural tube - -

Tail

Semicircular
ducts

Cochlea

Temporal
bone r

FULL TERM

Ofic vesicle ——=—=.

Epidermis . =

Developing
membranous
labyrinth

Pharyngeal pouch

pockets that subsequently lose
their connection with the
epidermis, creating hollow otic
vesicles.

|

These vesicles gradually change shape,
forming the membranous labyrinth.
This process has essentially been
completed by the end of the third
developmental month.

| +=— External pharyngeal
|| groove

6 WEEKS

Developing ossicles

Vestibular ganglion

Spiral ganglion

Cartilage

Auditory tube

Z 1
‘|| § Il »Fv Auricle

Auditory ossicles

External acoustic meatus

Tympanic membrane

—-— Middle ear cavity

The Development of Special sense urgans, rart i1
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Thickened portions of the otic

| vesicles differentiate into the
spiral and vestibular ganglia,
and their sensory terminals grow
toward the developing hair cells.

External acoustic meatus

Middle ear cavity

As these developments are under
way, the surrounding mesenchyme
begins to differentiate into cartilage.
This cartilage will later ossify to form
the bony labyrinth.
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As noted in Chapter 3, all secretory glands, PARATHYROID GLANDS AND THYMUS
whether exocrine or endocrine, are derived
from epithelia. Endocrine organs develop
from epithelia (1) covering the outside of
the embryo, (2) lining the digestive tract,
and (3) lining the coelomic cavity.

Ectoderm

First
pharyngeal
pouch

Pharynx

Pharynx

First _.'
pharyngeal

arches clefts

the thymus gland.

| ear }[ - )
|| The dorsal masses of the third and Parathvroids ‘J!
cleft ? fourth pouches form the parathyrold w
Ph al  Pharyngeal m glands. The ventral masses move
o nas e toward the midline and fuse to create ""

Cells originating in the walls of the —*"""_—H.-. \"— Thyroid

small fifth pouch will be incorporated ';l "\ P
into the thyroid gland (see below), where I% w Thymus
they will differentiate into C thyrocytes. |i : f"

In sectional view, five pharyngeal pouches extend laterally toward the pharyngeal
clefts. The first pouch lies caudal to the first (mandibular) arch. Pharyngeal pouches
5 and 6 are very small and are interconnected. Endoderm lining the third, fourth,
WEEK 5 and fifth pairs of pharyngeal pouches forms dorsal and ventral masses of cells that
migrate beneath the endodermal epithelium.

Endoderm

The pharyngeal region of the embryo plays a
particularly important role in endocrine
development. After 4-5 weeks of development,
the pharyngeal arches are well formed. Human
embryos develop five or six pharyngeal arches,
not all visible from the exterior. (Arch 5 may
not appear or may form and degenerate almost
immediately.) The five major arches (I-IV, VI)
are separated by pharyngeal clefts, deep
ectodermal grooves.

The Development of the Endocrine System, Part |
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THYROID GLAND
Endoderm
==l Ectoderm
: Ventral Thyroid
pocket gland

Ty
1

The thyroid gland begins as a pocket in the ventral midline. As
this pocket branches slightly, its walls thicken, and the paired
The boundary between ectoderm and endoderm masses lose their connection with the surface.

lies along the line formed by the circumvallate

papillae of the tongue (see Figure 15.7, p. 478).

This line roughly corresponds to the middle of the

mandibular (first) arch. The thyroid gland forms

here in the ventral midline.

WEEK 5, Mid-sagittal section

The Development of the Endocrine System, Part |
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. A

\: 5902 9
Thyroid —A“‘\ f
C thyrocytes —/"/ -"I'L.

As the embryo enlarges and changes shape,
the thyroid shifts caudally to a position near
the thyroid cartilage of the larynx. On its
way, the thyroid gland incorporates C
thyrocytes from the walls of the fifth pouch.
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PITUITARY GLAND
Developing
pituitary gland pocket

Hypothalamus Ectodermal

Anterior  Posterior
lobe lobe

¥

iy

The pituitary gland has a compound origin. The
first step is the formation of an ectodermal pocket
in the dorsal midline of the pharynx. This pocket
loses its connection to the pharynx, creating a
hollow ball of cells that lies inferior to the floor of

WEEK 5, Mid-sagittal section

the diencephalon posterior to the optic chiasm.

The pituitary gland forms in the dorsal midline
above the forming thyroid gland.

The Development of the Endocrine System, Part 11
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As these cells undergo division, the central chamber
gradually disappears. This endocrine mass will
become the adenohypophysis (anterior lobe) of the
pituitary gland. The neurchypophysis (posterior lobe)
of the pituitary gland begins as a depression in the
hypothalamic floor and grows toward the developing
adenohypophysis.
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SUPRARENAL GLANDS

Neural crest

- Pharyngeal cell mass
-1'/ . arches 1

| Lining of Mesothelium
7 coelomic cavity _\

Sympathetic
preganglionic
fibers

k ;
Spinal cord \'\_’,‘.»—’} =p
— S } Suprarenal
Migrating neural ‘ medulla
crest cells R :
\ N - \
Dorsal root ——=—=# [ Q , Suprarenal
ganglion g cortex
Sympathgtic @ : Overlying epithelial cells respond by undergoing division,
chain ganglion —~ 4 ‘ and the daughter cells surround the neural crest cells to
Future suprarenal — 4= @ ) form a thick suprarenal cortex.
medulla
Digestive tube — ————

Each suprarenal gland also has a compound origin. Shortly
after the formation of the neural tube, neural crest cells
migrate away from the CNS. This migration leads to the
formation of the dorsal root ganglia and autonomic
ganglia. On each side of the coelomic cavity, neural crest

cells aggregate in a mass that will become a suprarenal
WEEK 5 medulla.

The Development of the Endocrine System, Part Il
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LATERAL VIEW

During the second developmental
week, the heart consists of a pair of
thin-walled, muscular tubes beneath
the floor of the pharynx.

pericardial cavity.

Right atrium  Left atrium

Future interatrial
septum

Opening of '
sinus venosus i J

i WEEK 5
Future interventricular ;P\ -

In week 5, the interatrial

septum and interventricular septa
begin to subdivide the
interior of the heart.
y
0o
Interatrial ~
septa Foramen ovale

Left atrium
Fossa ovalis
Right atrium

Two interatrial septa develop, one overlapping
the other. A gap between the two, called the
foramen ovale, permits blood flow from the
right atrium to the left atrium. Backflow from
left to right is prevented by a flap that acts as a
one-way valve. Until birth, this atrial short
circuit diverts blood from the pulmonary circuit.

The Development of the Heart
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‘The lateral plate mesoderm in this
region has already split into parietal
and visceral layers, creating a space
that will eventually form the

Right ventricle
Left ventricle

Heart tubes

Future pericardial
cavity

Truncus arteriosus
Future pericardial
cavity

Ventricle

Left atrial

WEEK 3 primordia

VENTRAL VIEW

By the third week, the heart is pumping and circulating
blood. The cardiac tubes have fused, producing a heart

with a single central chamber. Two large veins bring blood

to the heart. and a single large artery, the truncus arteriosus,
carries blood to the general circulation.

Pharynx

Aortic
arches

Truncus
arteriosus

venosus

The heart elongates as the embryo grows larger. It
curves back upon itself, forming an S-curve that
gradually becomes more pronounced. The atrial
and ventricular regions already differ in thickness.

At birth, the foramen ovale
closes, separating the pulmonary
and systemic circuits in the heart.
A shallow depression, the fossa
ovalis, remains through adulthood
at the site of the foramen ovale.
(Other cardiovascular changes at
birth are detailed in Figures 18.7,
p.478 and 22.8, p. 602.)

AGE 1 YEAR
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Dorsal aorta

Aortic arches

Yolk sac

4 WEEKS

We will follow the development of three major vessel
complexes: the aortic arch, the venae cavae, and the hepatic
portal and umbilical systems. (Arteries are shown in red
and veins in blue regardless of the oxygenation of the
blood they carry.)

The Development of the Cardiovascular System
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THE AORTIC ARCHES

. . . Aortic arches
An aortic arch carries arterial

blood through each of the
pharyngeal arches. In the
dorsal pharyngeal wall, these
vessels fuse to create the dorsal
aorta, which distributes blood
throughout the body. The arches
are usually numbered from [ to
VI, corresponding to the
pharyngeal arches.

Left dorsal aorta

Right dorsal aorta

VENTRAL VIEW Fused dorsal aorta

The Development of the Cardiovascular System
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THE VENAE CAVAE

Anterior cardinal veins -

Heart

Posterior cardinal veins

Subcardinal veins

DORSAL VIEW

The early venous circulation draining the tissues of the body
wall, limbs, and head centers around the paired anterior
cardinal veins, posterior cardinal veins, and subcardinal veins.

The Development of the Cardiovascular System
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THE HEPATIC PORTAL AND UMBILICAL VESSELS

Heart

Liver

Ductus venosus

Left umbilical vein

Digestive tract
Right umbilical vein

4 WEEKS 12 WEEKS
Paired umbilical arteries deliver blood to the placenta. By week 12, the right umbilical vein disintegrates, and the blood from
At 4 weeks, paired umbilical veins return blood to capillary the placenta travels along a single umbilical vein. The ductus venosus
networks in the liver. Veins running along the length of the allows some venous blood to bypass the liver. The veins draining the
digestive tract have extensive interconnections. digestive tract have fused, forming the hepatic portal vein.

The Development of the Cardiovascular System
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Jugular
lymph sac

The development of the lymphatic
vessels is closely tied to the formation
of blood vessels. Paired jugular lymph
sacs form from the fusion of small,
endothelium-lined pockets in the
mesoderm of the neck. By week 7,
these sacs become connected to

Median L - “e.m = the venous system.
lymph sac ' ' ‘

Primordial
lymph sacs

" Primordial lymph sacs form parallel with
veins of the trunk, and a large median

. i lymph sac marks the future location of

the cisterna chyli.

7 WEEKS

The Development of the Lymphoid System
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Parathyroid

Third pharyngeal
pouch

6 WEEKS \

The thymus forms from cells of the third
pharyngeal pouch. These cells lose their
connection with the epithelium and divide
repeatedly. As the embryo changes shape,
the thymic lobes are brought together
near the midline of the chest. At birth, the
thymus is relatively large, filling much of
the anterior mediastinum.

Pharynx : Larynx
Thymus ‘l—-?- - -
\ oi
U’ e
7 WEEKS \q‘ | | A
Larynx I

Parathyroid ——-Q‘

Thyroid . ;
."‘ ; /\,, %Thymus

8 WEEKS

Esophagus

Trachea

The Development of the Lymphoid System
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Right lymphatic
duct

As growth continues, the isolated
lymphatic sacs fuse, forming the
thoracic duct and right lymphatic
duct. As the limb buds enlarge,
lymphatic vessels grow into the
area along with developing
arteries and veins.

Thoracic duct

Cisterna chyli

The Development of the Lymphoid System
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Lymphatic

s Small blood vessels grow into areas

where lymphocytes cluster within
developing lymphatic sacs. Connective
tissue capsules form, and the internal
organization of a lymph node gradually
appears.

Lymphocyte
cluster

Lymph
vessel

Capsule

Lymph node

The Development of the Lymphoid System
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THE LUNGS
|
== Pharyngeal pouches
g = ~— Pulmonary groove Lung buds
— s, | =)

» %
! g ’i

N "

— |

| =
4 WEEKS

Yolk sac |

3 WEEKS

A shallow pulmonary groove appears in
the midventral floor of the pharynx after

By week 4, the groove has become a blind
pocket that extends caudally, anterior to the
esophagus. This tube will become the trachea.
At its tip, the tube branches, forming a pair of
lung buds.

roughly 3% weeks of development. This
groove, which lies near the level of the last
pharyngeal arch, gradually deepens. !

| The lung buds

~ continue to
elongate and
branch repeatedly.

3 MONTHS

By the end of the sixth fetal
month, there are around a
million terminal branches, and
the conducting passageways are
complete to the level of the
bronchioles.

d ¥ Al = Alveoli

Over the next three months, ach of the bronchioles
gives rise to several hundred alveoli. This process
continues for a variable period after birth.

The Development of the Respiratory System, Part |
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THE PLEURAL CAVITIES
» A‘)J‘ " . [\ ) o Digestive tube
AR O Lo
|7

‘ ! Heart
Elongation of the tube carries it into the 2

,J mediastinum, and as the branching
~ proceeds, the lung buds project into the - =
| ..~‘ ventral cavity dorsal to the developing heart. x
4 WEEK!
"
1
i = ™, °
F B
f B\
\ Esophagus
\ ] | ( (% W Developing lung
\, Vi \, \ &S5 )
% B // b — Pleuropericardial
V | membrane
- The pericardial sac begins forming Heart
f in week 6 as a thin pleuropericardial
membrane forms between the heart
{ / and the developing lungs.
N y
\ 4
L .
« B>
6 WEEKS

Pleural cavity

ﬁ-‘—— Lung
Af)

Heart

MUSEI LS oo icarcial cevity

v

By weck 9, the diaphragm
completes its formation,
forming a transverse sheet
superior to the liver.

Heart

Pericardium

8WEEKS

Leftlung
Diaphragm

By week 8, the pericardial sac is complete and the pericardial
cavity is isolated from the rest of the ventral body cavity. The
diaphragm then completes its formation, attaching to the
pericardial sac and tissues of the mediastinum. This attachment
separates the abdominopelvic cavity from the pleural cavities.

Liver

9 WEEKS

The Development of the Respiratory System, Part |1
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Foregut

Amniotic cavity

Endodeem Amniotic
cavity

> | = Hindgut
Yolk — B
e stalk
Yolk
3WEEKS sac

By week 3, endodermal cells have
migrated around the inside of the
blastocyst, completing a pouch
known as the yolk sac.

As the embryo forms on the embryonic shield,
two pockets of endoderm are created: the
foregut and hindgut. A broad connection
between these pockets and the yolk sac remains
within the yolk stalk.

Body stalk —S4' y

/— Pancreas
- Greater omentum

T Lesssromentum

As the embryo enlarges, the stomach and liver rotate
toward the right, creating two pockets. The mesenteries
that form these pockets are the greater omentum and
the lesser omentum.

7~

~—————— Pancreas

Coelom

Somite

Hindgut

Developing
coelom

Mesoderm

In sectional view, the embryonic gut is

a simple endodermal tube surrounded
by mesoderm. Cavities appearing within
the mesoderm create the coelom
(ventral body cavity).

e Neural tube
| (1]

& Notochord

—'— Dorsal mesentery

Digestive tube

Coelomic cavity

4 WEEKS
Ventral mesentery

The digestive tube remains suspended in the coelom
by a dorsal mesentery and a ventral mesentery.
The ventral mesentery disintegrates everywhere
except where major vessels or visceral organs have
grown into it. It remains intact along the path of the
umbilical arteries and where the umbilical vein and
liver develop.

¢
? [’1—!5'7 Neural tube

(-

Aorta

s Pancreas

¢ "{%“;}'}_—_ Liver

The pancreas and liver begin as epithelial pockets
that grow away from the digestive tract and into
the dorsal and ventral mesenteries, respectively.

Stomach

Falciform ligament

The Development of the Digestive System, Part |

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Embryology Summary

Liver  Stomach See sectional view at 6
e — weeks in Part A.

The intestines begin to
elongate, and with the
breakdown of the
ventral mesentery, they
push outward into the
umbilical stalk. Further
elongation and coiling
occur ouside the body
of the embryo.

Stomach

Gallbladder

Small intestine

Umbilical cord —=

Urinary bladder

10 WEEKS

6 WEEKS

-~ Pancreas

- &

y -3

y

/ > Cloaca
. ’ 3 e /
~ - \ Allantois

. L /
Umbilical stalk

The hindgut extends into the tail, where it forms a large
chamber, the cloaca. A tubular extension of the cloaca,
the allantois (a-LAN-té-is; allantos, sausage) projects
away from the body and into the body stalk. Fusion of
the yolk stalk and body stalk will create the umbilical
stalk, also known as the umbilical cord.

v

Entrance to
trachea

N

S = Esophagus

===

Liver
Pancreas

! Smal
intestine

- Urogenital
sinus
Rectum

8WEEKS

A partition grows across the cloaca, dividing
it into a posterior rectum and an anterior

By week 10, the intestines have begun moving back
into the coelomic cavity, although they continue to

grow longer.

urogenital sinus that retains a connection to
the allantois.

The Development of the Digestive System, Part 11
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ridge

+—— Urogenital

The kidneys develop in stages along
the axis of the urogenital ridge, a
thickened area beneath the dorso-
lateral wall of the coelomic cavity.

/ %— Pronephros

Mesonephros

L p‘ Metanephros

Cloaca

Kidney development proceeds
along the cranial/caudal axis

of this ridge, beginning with the
formation of the pronephros,
continuing along the mesonephros,
and ending with the development
of the metanephros.

L]
-
-
-
-
B
¥’ —"— Mesonephros
t Ii‘, - Mesonephric
| | } 7 y duct

‘— Metanephros.

Nephrotomal mesoderm of the metanephros forms a
dense mass without a trace of segmental organization.
This will become the functional adult kidney.

4 WEEKS

- Neural tube
The pronephros consists ofa Notochord
series of tubules (generally 7 )
pairs) that appears within the Somite
nephrotome, the narrow band Pronephric
of mesoderm between the tubule
somites and the lateral plate.

Pronephric

— ., duct
Lateral plate
mesoderm

-
o Nephrotome

The pmnephrlc tubules are very small and

l, and they di: almost
1} at once. The only significant contribution of
the pronephros is the formation of a pair of
pronephric ducts that grow caudally until
they connect to the cloaca.

32 WEEKS

Developing aorta

Mesonephric duct

Mesonephric tubule

After approximately 4 weeks of development, the mesoderm
midway along the urogenital ridge begins organizing into the
mesonephros. On either side of the midline, approximately 70
tubules develop within these segments. These tubules grow
toward the adjacent pronephric duct and fuse with it. From
this moment on, the duct is called the mesonephric duct.

The Development of the Urinary System, Part |
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A ureteric bud, or metanephric diverticulum, forms in the
wall of each mesonephric duct, and this blind tube elongates
and branches within the adjacent metanephros. Tubules
developing within the metanephros then connect to the
terminal branch of the ureteric bud.

Mesonephros

Allantois

duct

Cloaca

Ureteric bud

Metanephros

Most of the metabolic wastes produced by the developing
embryo are passed across the placenta to enter the maternal
circulation. The small amount of urine produced by the
kidneys accumulates within the cloaca and the allantois, an
endoderm-lined sac that extends into the umbilical stalk.

6 WEEKS

Nephron

Collecting tubule
Mesonephric duct

Gollecting duct
Degenerating mesonephros

Collecting Major calyx {
system {
S—— Urinary = |
bladder i
Urogenital ———
Metanephros
P Ureteric —— s
bud Rectum
Ureter ——

‘The ureteric bud branches
within the metanephros, & WEEKS
creating the calyces and
the collecting system. The
nephrans, which form
within the mesoderm of
the metanephros, tap into
the collecting tubules.

12 WEEKS

Near the end of the second developmental month, the cloaca
is subdivided into a dorsal rectum and a ventral urogenital
sinus. The proximal portions of the allantois persist as the
urinary bladder, and the connection between the bladder
and an opening on the body surface will form the urethra.

The kidneys begin producing filtrate by the third develop-
mental month. The filrate does not contain waste products,
as they are excreted at the placenta for removal and
elimination by the maternal kidneys. The sterile filtrate
mixes with the amniotic fluid and is swallowed by the fetus
and reabsorbed across the lining of the digestive tract

The Development of the Urinary System, Part Il
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In each segment, a branch of the aorta grows toward
the nephrotome, and the tubules form large nephrons
with enormous glomeruli. Like the pronephros, the
mesonephros does not persist, and when the last
segments of the mesonephros are forming, the first
are already beginning to degenerate.

Glomerulus

Mesonephric
duct

Renal
corpuscle
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DEVELOPMENT OF THE GONADS

w
m—— Aorta ‘:‘“5""{']3-
F ] B - ~
M Gut Primary M
‘\ sex cords
0 Genital
I ridge
Yolk sac Allantois Mesonephric Paramesonephric
duct (Mdillerian)
duct

3 WEEKS

Each ridge has a thick epithelium continuous with columns of cells, the primary sex cords,
that extend into the center (medulla) of the ridge. Anterior to each mesonephric duct, a duct
forms that has no connection to the kidneys. This is the paramesonephric (Miillerian) duct;
it extends along the genital ridge and continues toward the cloaca. At this sexually indifferent
stage, male embryos cannot be distinguished from female embryos.

During the third week, endodermal cells migrate from the
wall of the yolk sac near the allantois to the dorsal wall of
the abdominal cavity. These primordial germ cells enter
the genital ridges that parallel the mesonephros.

The Development of the Reproductive System
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DEVELOPMENT OF DUCTS AND ACCESSORY ORGANS

Both sexes have mesonephric and paramesonephric

ducts at this stage. Unless exposed to androgens, the

embryo— regardless of its genetic sex —will -
develop into a female. In a normal male embryo, cells

in the core (medulla) of the genital ridge begin

producing testosterone sometime after week 6.

Testosterone triggers the changes in the duct system

and external genitalia that are detailed on the

following page.

The Development of the Reproductive System
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Paramesonephric duct
Mesonephric duct
Gonad

Kidney

Cloacal opening
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Genital tubercle ——m8 — j

= Urethral fold

Urogenital membrane

Cloacal fold —

Cloacal membrane

4 WEEKS

After 4 weeks of development, there are mesenchymal swellings
called cloacal folds around the cloacal membrane (the cloaca
does not open to the exterior). The genital tubercle forms the
glans of the penis in males and the clitoris in females.

Genital swelling

j}’
{
, .-}7 Anal fold

6 WEEKS

Two weeks later, the cloaca has been subdivided, separating the cloacal
membrane Into a posterior anal membrane, bounded by the anal folds,
and an anterior urogenital membrane, bounded by the urethral folds.
A prominent genital swelling forms lateral to each urethral fold.

The Development of the Reproductive System
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HQ \
Fid | i
Degenerating Tunica —+ %_: a1 ”
: i il A " §
mesonephric albuginea “Q:- _... I’ Rete testis

1 tubule
s TR
g= - | :>

Testis cords Testis cords : - -fr"
(seminiferous tubules) — f‘ff
A
7 WEEKS 12 WEEKS
In the male, the primary sex cords proliferate and the Connections form between the arching testis cords and the
germ cells migrate into the sex cords. The resulting adjacent mesonephric nephrons. Although these nephrons
testis cords will form the seminiferous tubules. later degenerate, the seminiferous tubules remain connected

to the mesonephric duct.

The Development of the Reproductive System
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—— Seminal

aramesonephric gland
Rete testis uct degenerates
Testis cord Prostate - Duotus
Paramesonephric Selia co deferens
duct
Developing ——= o
testis . nj-d =
Testis cords .
+———= Mesonephric duct -
Mesonephros ,_;"-f" (becomes ductus deferens) 3 Testis
. o d ;
A s .- .
Mesonephric ———= -.I"“ _ S Epididymis
duct Al oy T i [
Urogenital sinus
4 MONTHS 7 MONTHS

A view of the testis and ducts of the left
side as seen in frontal section. Note the
location and orientation of the mesonephros
relative to the developing testis.

After four months of development, the testis cords
are connected to the remnants of the mesonephric
tubules by the rete testis. The paramesonephric
{Miillerian) duct has degenerated.

The Development of the Reproductive System
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Definitive organization after the testis has descended
into the scrotum (see Figure 27.2, p. 717). Note the
relationships between the definitive sex organs and
the embryonic structures.
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External urethral
arifice
Urethral Spongy

Glans of
folds urethra

penis

Urethral folds '-—— Line of

fusion
Scrotal

swelling

e
i

> | *—]-— Scrotum

w
Y
10 WEEKS BIRTH

At 10 weeks, the genital tubercle has enlarged, the tips In the newborn male, the line of fusion
of the urethral folds are moving together to form the between the urethral folds is quite
spongy urethra (see sectional views), and paired scrotal evident.

swellings have developed from the genital swellings.

The Development of the Reproductive System
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S
Primordial
germcells

Uterine tube

Mesonephric
duct

Degenerating

\ \, o il ' rl
A \ ; @ o~ f/ primary sex cords
Primary i .

sex cords  Cortexr

In the temale embryo, the primary sex cords degenerate
and the primordial germ cells migrate into the outer
7 WEEKS region (cortex) of the genital ridge. 12 WEEKS

The Development of the Reproductive System
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Degenerating r
mesonephric ~

Paramesonephric
(Millerian) duct ¢

Urogenital sinus t

7 WEEKS 10 WEEKS

— Peritoneal
opening of
uterine tube

r

Ovary ——— 88}

. T
tubules ’_J‘:':“‘— Mesonephric tubule i .‘
Ovary —L s ssssi remnants h f
Mesonephros I {, aw®® o= i )¢
| =

Owarian ligament Eﬁ

. >
\ _:'4.\ Uterine tube [from
Uterus —— f :'.tparamesonephric
5 duct)
Vagina

BIRTH

The mesonephric tubules and duct degenerate; the paramesonephric (Miillerian) duct develops a

broad opening into the peritoneal cavity. Note the fusion of the ducts and the separation of the
common chamber, which will form the uterus, from the urogenital sinus.

The Development of the Reproductive System
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Clitoris

Genital tubercle Labia mincra

~———— Genital swelling Urethra
Urethral fold . > = Labia majora
Urogenital Opening
LY ,.fj membrane to vagina
: F Hymen
F Anus ' |
7 WEEKS BIRTH

In the female, the urethral folds do not fuse; they develop into the labia minora. The genital
swellings will form the labia majora. The genital tubercle develops into the clitoris. The urethra
opens to the exterior immediately posterior to the clitoris. The hymen remains as an
elaboration of the urogenital membrane.

The Development of the Reproductive System
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Males
Penis
Corpora cavernosa
Corpus spongiosum
Proximal shaft of penis
Spongy urethra
Bulbo-urethral glands
Scrotum
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COMPARISON OF MALE AND
FEMALE EXTERNAL GENITALIA

Females
Clitoris
Erectile tissue
Vestibular bulbs
Labia minora
Vestibule
Greater vestibular glands
Labia majora




