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Introduction

• It is miraculous that a one-celled, fertilized egg 

transforms into an independent, fully 

developed individual

• Embryology—the study of prenatal development

• Developmental biology—examines changes in 

form and function from fertilized egg through old 

age
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Fertilization and the 

Preembryonic Stage

• Expected Learning Outcomes

– Describe the process of sperm migration and fertilization.

– Explain how an egg prevents fertilization by more than 

one sperm.

– Describe the major events that transform a fertilized egg 

into an embryo.

– Describe the implantation of the preembryo in the uterine 

wall.
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Fertilization and the 

Preembryonic Stage

• Embryo—term has varied meanings

– Some authorities assert that the fertilized egg or the two-

cell stage is an embryo

– Other authorities (including this textbook) assert that an 

individual becomes an embryo when it is 16 days old and 

consists of three primary germ layers.

• Ectoderm, mesoderm, and ectoderm

• Embryogenesis—events leading up to this stage

• Preembryonic stage is the first 16 days after fertilization
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Sperm Migration

• Egg must be fertilized within 12 to 24 hours of 

ovulation, if it is to survive

• Sperm must encounter the egg somewhere in the 

distal one-third of the uterine tube

• Vast majority of sperm do not make it to egg

– Destroyed by vaginal acid or drain out of vagina

– Fail to penetrate the mucus of the cervical canal 

– Destroyed by leukocytes in the uterus

– Half go up wrong uterine tube

– Of the 300 million that were ejaculated, about 200 

spermatozoa reach the vicinity of the egg
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Sperm Migration

• Sperm move by lashing of tail as they crawl 

along the female mucosa

• May be assisted by female physiology

– Strands of cervical mucus guide them through the 

cervical canal

– Uterine contractions that suck semen from vagina and 

spread it throughout the uterus

– Chemical attractant molecules released by egg may 

attract sperm from a short distance
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Sperm Capacitation

• Spermatozoa reach distal uterine tube in half an hour 

or less, but cannot fertilize the egg for 10 hours

– Capacitation: process that migrating sperm must undergo 

to make it possible to penetrate an egg

• Membrane of fresh sperm is toughened by cholesterol

– Prevents premature release of acrosomal enzymes (which 

could damage sperm ducts)

• Female fluids leach cholesterol from the sperm plasma 

membrane and dilute inhibitory factors in semen

• Sperm membrane becomes fragile and permeable to Ca2+

– Diffuses into sperm causing more powerful lashing of the tail
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Fertilization

• Sperm are viable for up to 6 days after ejaculation

– Conception optimal if sperm are deposited a few days 

before ovulation to 14 hours after

• When sperm encounters an egg, it undergoes an 

acrosomal reaction—exocytosis of the 

acrosome, releasing the enzymes needed to 

penetrate the egg

– Enzymes of many sperm are released to clear a path 

for the one that will penetrate the egg

• Penetrates granulosa cells, then zona pellucida
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Fertilization
(Continued)

– Two acrosomal enzymes

• Hyaluronidase—digests the hyaluronic acid that binds 

granulosa cells together

• Acrosin—a protease similar to trypsin

– When a path has been cleared, a sperm binds to the 

zona pellucida

• Releases its enzymes and digests a path through the zona 

until it contacts the egg itself

– Sperm head and midpiece enter egg

• Egg destroys the sperm mitochondria

• Passes only maternal mitochondria on to the offspring
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Fertilization

• Fertilization combines the haploid (n) set of sperm 

chromosomes with the haploid set of egg 

chromosomes producing a diploid (2n) set

• Polyspermy—fertilization by two or more sperm 

which would produce a doomed fertilized egg

• Two mechanisms to prevent polyspermy

– Fast block: binding of the sperm to the egg opens Na+

channels in egg membrane

• Inflow of Na+ depolarizes membrane and inhibits the 

attachment of any more sperm
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Fertilization

(Continued)

– Slow block: involves secretory vesicles, cortical 

granules, just below membrane

• Sperm penetration releases an inflow of Ca2+

• Stimulates cortical reaction in which the cortical granules 

release their secretion beneath the zona pellucida

• The secretion swells with water, pushes any remaining 

sperm away, and creates an impenetrable fertilization 

membrane between the egg and the zona pellucida
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Fertilization
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Meiosis II

• The secondary oocyte begins meiosis II before 

ovulation but completes it only if fertilized

– Through formation of the second polar body, the egg 
discards one chromatid from each of its chromosome

• Sperm and egg nuclei swell and become pronuclei 

• Each pronucleus ruptures and the chromosomes of 
the two gametes mix into a single diploid set

• The fertilized egg, now called the zygote, is ready 
for its first mitotic division
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Twins

• Dizygotic twins

– About two-thirds of twins

– Two eggs are ovulated and both are fertilized by 

separate sperm forming two zygotes

– No more or less genetically similar than any other 

siblings

– Implant separately in the uterine wall and each forms its 

own placenta

• Monozygotic twins

– One egg is fertilized (one zygote) but embryoblast later 

divides into two

– Genetically identical (or nearly so), of the same sex, and 

very similar in appearance
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Dizygotic Twins with Separate Placentas

Figure 29.3
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Major Stages of Prenatal Development

• The course of pregnancy is divided into 3-month 

intervals—trimesters

– First trimester: from fertilization through 12 weeks

• More than half of all embryos die in the first trimester

• Conceptus is most vulnerable to stress, drugs and nutritional 

deficiencies during this time
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Major Stages of Prenatal Development

(Continued)

– Second trimester: weeks 13 through 24

• Organs complete most of their development

• Fetus looks distinctly human

• Chance of survival (with intensive care) if born near end of 

this trimester

– Third trimester: week 25 to birth

• Fetus grows rapidly and organs achieve enough cellular 

differentiation to support life outside of womb

• At 35 weeks and 5.5 lb, fetus is considered mature
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The Preembryonic Stage

• Preembryonic stage—first 16 days of development 

culminating in the existence of an embryo

– Involves three major processes

• Cleavage

• Implantation

• Embryogenesis
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The Preembryonic Stage 

• Cleavage—mitotic divisions that occur in first 3 

days while conceptus migrates down uterine tube

– First cleavage occurs within 30 hours after fertilization

• Zygote splits into two daughter cells (blastomeres)

– By the time the conceptus arrives in the uterus 

• About 72 hours after ovulation

• Morula stage—solid ball of 16 cells that resembles a 

mulberry

• Sill no larger than the zygote

• Cleavage produces smaller and smaller blastomeres
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The Preembryonic Stage 

(Continued)

– Morula lies free in uterine cavity for 4 to 5 days

• Divides into 100 cells or so

• Zona pellucida disintegrates and releases conceptus, 

called blastocyst

– Blastocyst: a hollow sphere

• Trophoblast—outer layer of squamous cells

– Destined to form the placenta and play a role in 

nourishment of the embryo

• Embryoblast—inner cell mass

– Destined to become the embryo

• Blastocoel—internal cavity
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Migration of the Conceptus

Figure 29.2
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The Preembryonic Stage 

• Implantation

– Blastocyst attaches to uterine wall 6 days after 

ovulation

• Usually on the fundus or posterior wall of the uterus

– Implantation: process of attachment to uterine wall

• Begins when blastocyst adheres to endometrium
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The Preembryonic Stage 

(Continued)

– Trophoblasts on attachment side separate into two layers

• Superficial layer is in contact with the endometrium

– The plasma membranes break down

– Trophoblastic cells fuse into a multinucleate mass: 

syncytiotrophoblast

• Deep layer close to embryoblast

– Cytotrophoblast: retains individual cells divided by 

membranes
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The Preembryonic Stage 

(Continued)

– Syncytiotrophoblast grows into uterus like little roots

• Digesting endometrial cells along the way

• Endometrium reacts to this by growing over the blastocyst 

and covering it

– Conceptus becomes completely buried in endometrial tissue

– Implantation takes about 1 week

• Completed about the time the next menstrual period would 

have started had the woman not become pregnant
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The Preembryonic Stage 

(Continued)

– Trophoblast also secretes human chorionic 

gonadotropin (HCG)

• HCG stimulates the corpus luteum to secrete estrogen and 

progesterone

– Progesterone suppresses menstruation

– HCG levels rise in mother’s blood until end of second month

– Trophoblast develops into membrane called the chorion

• Takes over role of corpus luteum making HCG 

unnecessary

• Ovaries become inactive for remainder of pregnancy

• Estrogen and progesterone levels rise from chorion
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Implantation

Figure 29.4a,b
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Implantation

Figure 29.4c
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The Preembryonic Stage 

• Embryogenesis—

arrangement of blastomeres 

into three primary germ layers

in the embryoblast

– Ectoderm, mesoderm, and 

endoderm

• Embryoblast separates 

slightly from the trophoblast

– Creates a narrow space 

between them, called the 

amniotic cavity

Figure 29.5
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The Preembryonic Stage 

• Embryoblast flattens into an 

embryonic disc initially 

composed of two layers

– Epiblast facing the 

amniotic cavity

– Hypoblast facing away

• Hypoblast cells multiply 

and form the yolk sac

– Embryonic disc flanked by 

two spaces

• Amniotic cavity on one 

side and yolk sac on the 

other

Figure 29.5
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The Preembryonic Stage 

• Primitive streak—thickened cell layer that forms 

along midline of the epiblast

– Primitive groove: running down its middle

• Embryo is bilaterally symmetrical

– Define its future right and left sides, dorsal and ventral 

surfaces, and cephalic and caudal ends
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The Preembryonic Stage 

• Gastrulation—multiplying epiblast cells migrate 

medially into primitive groove

– Replace the original hypoblast with a layer called 

endoderm

• Day later, migrating epiblast cells form a third layer 

between the first two—mesoderm

• Remaining epiblast is called the ectoderm
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The Preembryonic Stage 

• Mesoderm—a more loosely organized tissue 

which differentiates into a loose fetal connective 

tissue, called mesenchyme

– Gives rise to muscle, bone, and blood

– Composed of a loose network of wispy mesenchymal 

cells embedded in a gelatinous ground substance

• Once the three primary germ layers are 

formed, embryogenesis is complete

– Individual considered an embryo

– 2 mm long and 16 days old
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Ectopic Pregnancy

• Ectopic pregnancy—blastocyst implants 

somewhere other than the uterus 

– 1 out of 300 pregnancies

• Tubal pregnancies—implantation in the uterine 

tube 

– Usually due to obstruction such as constriction resulting 

from pelvic inflammatory disease, tubular surgery, 

previous ectopic pregnancies, or repeated miscarriages

– Tube ruptures within 12 weeks



29-34

Ectopic Pregnancy

• Abdominal pregnancy—implantation occurs in 

abdominopelvic cavity

– 1 out of 7,000

– Can threaten mother’s life

– 9% result in live birth by cesarean section



The Embryonic and Fetal Stages

• Expected Learning Outcomes

– Describe the formation and functions of the placenta.

– Explain how the conceptus is nourished before the 

placenta takes over this function.

– Describe the embryonic membranes and their functions.

– Identify the major tissues derived from the primary germ 

layers.

– Describe the major events of fetal development.

– Describe the fetal circulatory system.
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The Embryonic and Fetal Stages

• Embryonic stage—begins when all three primary 

germ layers are present (usually day 16)

• Placenta forms over the next 6 weeks

– Becomes embryo’s primary source of nutrition

• Organogenesis—germ layers differentiate into 

organs and organ systems

– Organs are present (but not fully functional) at 8 weeks: 

time when the embryo becomes a fetus



Embryonic Folding and Organogenesis

• In embryonic stage, the flat embryonic disc is 

converted into a somewhat cylindrical form

– Occurs during week 4

– Embryo grows rapidly and folds around a membrane 

called a yolk sac

– Embryo becomes C-shaped, with head and tail almost 

touching

– Lateral margins of the disc fold around the sides of the 

yolk sac to form the ventral surface of the embryo
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Embryonic Folding and Organogenesis

• As a result of the embryonic folding, the entire 

surface is covered with ectoderm

– Will later produce the epidermis of the skin

• Mesoderm splits into two layers

– One adheres to the ectoderm

– The other to the endoderm

– Coelom—body cavity between the two layers of 

mesoderm
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Embryonic Folding and Organogenesis

• The body cavity 

becomes divided into the 

thoracic cavity and 

peritoneal cavity by the 

diaphragm

• By end of week 5, the 

thoracic cavity further 

subdivides into pleural 

and pericardial cavities
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Embryonic Folding and Organogenesis

• Appearance of the neural 

tube that will become the 

brain and spinal cord

• Appearance of somites –

segmentation of the 

mesoderm into blocks of 

tissue that will give rise to 

the vertebral column, trunk 

muscles, and dermis of the 

skin
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Embryonic Folding and Organogenesis

• Formation of organs from primary germ layers
– At 8 weeks, all organs are present in fetus (3 cm long)

• Derivatives of ectoderm
– Epidermis, nervous system, lens and cornea, internal ear

• Derivatives of mesoderm
– Skeleton, muscle, cartilage, blood, lymphoid tissue, gonads 

and ducts, kidneys and ureters

• Derivatives of endoderm
– Gut and respiratory epithelium and glands, bladder, and 

urethra
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Embryonic Folding and Organogenesis



29-43

The Developing Human

Figure 29.7
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The Placenta and Umbilical Cord

Figure 29.8c,d



Functions of the Placenta
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Embryonic Membranes

• Accessory organs develop with embryo: placenta,
umbilical cord, and four embryonic membranes:
amnion, yolk sac, allantois, and chorion

• Amnion—transparent sac that develops from 
epiblast
– Grows to completely enclose the embryo 

– Penetrated only by the umbilical cord

– Fills with amniotic fluid

• Protects embryo from trauma, infections, and temperature 
fluctuations

• Allows freedom of movement important to muscle 
development
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Embryonic Membranes

Amnion (Continued)

• Enables embryo to develop symmetrically

• Prevents body parts from adhering to each other

• Stimulates lung development as fetus “breathes” fluid

• At first, amniotic fluid formed from filtration of mother’s 

blood plasma

• Fetus contributes to fluid volume by urinating into amniotic 

cavity (but fetus also swallows amniotic fluid)

• At term, about 700 to 1,000 mL of fluid



29-48

Embryonic Membranes

• Yolk sac—arises from hypoblast cells opposite 

amnion

– Small sac suspended from ventral side of embryo

– Contributes to formation of GI tract, blood cells, and 

future egg or sperm cells

• Allantois—begins as an outpocketing of the yolk sac

– Forms the foundation for the umbilical cord  

– Becomes part of the urinary bladder
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Embryonic Membranes

• Chorion—outermost membrane enclosing all the 

rest of the membranes and the embryo

– Has shaggy outgrowths: chorionic villi around entire 

surface

– As pregnancy advances, the villi of the placental region 

grow and branch while the rest of them degenerate: 

smooth chorion

– Villous chorion: at placental attachment

• Forms fetal portion of the placenta
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The Placenta and Embryonic Membranes

Figure 29.8a,b
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Prenatal Nutrition

• During gestation the conceptus is nourished in 

three different, overlapping ways

– Uterine milk, trophoblastic nutrition, and placental 

nutrition

• Uterine milk: glycogen-rich secretion of the uterine 

tubes and endometrial glands

– Conceptus absorbs this fluid as it travels down the tube 

and lies free in the uterine cavity before implantation
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Prenatal Nutrition

• Trophoblastic nutrition—conceptus consumes 

decidual cells of the endometrium

– Progesterone from corpus luteum stimulates decidual 

cells to proliferate

– They accumulate a store of glycogen, proteins, lipids

– As conceptus burrows into the endometrium, the 

syncytiotrophoblast digests these cells and supplies 

the nutrients to the embryoblast

– Only mode of nutrition for first week after implantation

– Remains dominant source through the end of 8 weeks

– Wanes as placental nutrition increases
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Prenatal Nutrition

• Placental nutrition—nutrients diffuse from the mother’s blood 
through the placenta into the fetal blood

• Placenta—disc-shaped organ attached to the uterine wall on one 
side; on the other, attached by way of umbilical cord to the fetus

• Placental phase—the period beginning week 9
– Sole mode of nutrition from end of week 12 until birth
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Prenatal Nutrition

• Placentation—the development of the placenta

• Chorionic villi 

– During implantation, extensions of syncytiotrophoblast 

penetrate the endometrium and form early chorionic villi

– As they penetrate blood vessels they become surrounded 

by lacunae filled with maternal blood

– Lacunae merge to form placental sinus

– Mesoderm grows into villi and gives rise to bood vessels 

that connect to embryo via umbilical cord
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Prenatal Nutrition

• Umbilical cord—contains two umbilical arteries 

and one umbilical vein

• Pumped by the fetal heart, blood flows into the 

placenta by way of umbilical arteries

• Returns to fetus by way of the umbilical vein

• Chorionic villi are filled with fetal blood and 

surrounded by maternal blood

– Bloodstreams do not mix

– Placental barrier is only 3.5 μm thick
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Prenatal Nutrition

• As placenta grows, the villi grow and branch

– Membrane becomes thinner and more permeable

– Placental conductivity increases: the rate at which 

substances diffuse through the membrane

• Materials diffuse across membrane down their 

concentration gradients

– Oxygen and nutrients pass to the fetal blood

– Fetal wastes pass the other way and are eliminated by the 

mother

– Placenta also permeable to nicotine, alcohol, and most other 

drugs that may be present in the maternal bloodstream



Fetal Development

• By the end of 8 weeks

– All organ systems are present

– Individual is about 3 cm long

– Now considered a fetus

– Bones have begun to calcify

– Skeletal muscles exhibit spontaneous contractions

• Too weak to be felt by the mother

– Heart, beating since week 4, now circulates blood

– Heart and liver are very large, forming the prominent 

ventral bulge

– Head is nearly half the total body length

29-57



29-58

Fetal Development

• The fetus is the final stage of prenatal 

development

– From the start of week 9 until birth

– Organs mature to support life outside the mother

• Unique aspects of fetal circulation

– Umbilical–placental circuit

– Presence of three circulatory shortcuts: shunts
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Fetal Development

• Umbilical placental circuit

– Internal iliac arteries give rise to the two umbilical 

arteries

• This blood is low in oxygen and high in carbon dioxide and 

other fetal wastes

• Umbilical arterial blood discharges waste in the placenta

– Loads oxygen and nutrients and returns to fetus through 

single umbilical vein
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Fetal Development

(Continued)

– Umbilical vein carries some of the venous blood through 

the liver to nourish it

• Immature liver not capable of performing many of its 

postpartum functions

• Most venous blood bypasses the liver by way of a shunt 

called the ductus venosus

– Leads directly to the inferior vena cava

– In inferior vena cava, placental blood mixes with the 

fetus’s venous blood and flows to the right atrium of the 

heart
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Blood Circulation in the Fetus and Newborn

Figure 29.10
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Fetal Development

(Continued)

– Fetal lung bypasses

• Little need for blood to flow to the fetal lungs because they 

are not yet functional

• Most fetal blood bypasses the pulmonary circuit

• Foramen ovale—hole in the interatrial septum

– Some blood goes directly from the right atrium, through the 

foramen ovale and into the left atrium

• Some blood also is pumped from the right ventricle into 

the pulmonary trunk

– Most blood in pulmonary trunk is shunted into the aorta by 

way of a passage called ductus arteriosus

• Lungs only receive a trickle of blood sufficient to meet 

their metabolic needs during development
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Fetal Development

(Continued)

– Blood leaving the left ventricle enters general systemic 

circulation

• Some returns to the placenta

– These fetal circulatory patterns change dramatically at 

birth when the neonate is cut off from the placenta and 

the lungs expand with air

– Full-term fetuses average length is 14 in, average weight 

6.6-7.5 lb

• About 50% of birth weight added in last 10 weeks



The Neonate

• Expected Learning Outcomes

– Describe how and why the circulatory system changes at 

birth.

– Explain why the first breaths of air are relatively difficult for 

a neonate.

– Describe the major physiological problems of a premature 

infant.

– Discuss some common causes of birth defects.
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The Neonate

• Transitional period—6 to 8 hour period immediately 
following birth when neonate must adapt to life 
outside of mother
– Heart and respiratory rates increase

– Body temperature falls

– Physical activity declines and baby sleeps for about 3 
hours

– During second period of activity, baby often gags on 
mucus and debris in pharynx

– Baby sleeps again and becomes more stable

– Begins cycle of waking every 3 to 4 hours to feed

• Neonatal period—the first 6 weeks of life
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Adapting to Life Outside the Uterus

• Respiratory adaptations of newborn

– Neonate begins breathing spontaneously

• CO2 accumulation stimulates respiratory chemoreceptors

– Great effort to inflate lungs (collapsed alveoli) for first few 

breaths 

– First 2 weeks: 45 breaths per minute

– Stabilized at about 12 breaths per minute
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Circulatory Adaptations

• Umbilical arteries and veins 

become fibrous 

– Umbilical arteries:

• Proximal parts become superior 

vesical artery

• Distal parts become median 

umbilical ligaments of abdominal 

wall

– Umbilical vein: becomes 

round ligament (ligamentum 

teres) of the liver

– Ductus venosus becomes 

ligamentum venosum on 

inferior surface of the liver
Figure 29.10b

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Circulatory Adaptations

• Flaps of foramen ovale fuse to 

close shunt

– Leave depression: fossa 

ovalis in the interatrial septum 

of the heart

• Ductus arteriosus collapses 

and forms the ligamentum 

arteriosum between aorta and 

pulmonary trunk

Figure 29.10b

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Immunological Adaptations

• Immunological adaptations

– Cellular immunity appears in early fetal development but 

still weak

– Infant born with near adult levels of IgG from mother 

through placenta

– Maternal IgG breaks down rapidly after birth

• Remains high enough for 6 months to protect against 

measles, diphtheria, polio, and most infectious diseases

– Breast-fed neonate acquires protection from 

gastroenteritis from the IgA present in the colostrum
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Other Adaptations

• Thermoregulation

– Infant has larger ratio of surface area to volume than 

adult and thus loses heat more easily

– Defenses against heat loss

• Brown fat deposited during weeks 17 to 20 as fetus

– Mitochondria in brown fat release all the energy in pyruvic 

acid as heat rather than using it to make ATP

– Brown fat is a heat-generating tissue

• Baby grows and increases metabolic rate, producing heat

• Accumulates subcutaneous fat, retaining heat
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Other Adaptations

• Fluid balance

– Since kidneys not fully developed at birth, neonates 

have a high rate of water loss and require more fluid 

intake, relative to body weight

• Other systems still requiring significant 

maturation: liver, joints, myelination of nervous 

system
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Premature Infants

• Premature—infants born weighing under 5.5 lb

– Multiple difficulties in respiration, thermoregulation, 

excretion, digestion, and liver function

• Infants born before 7 months suffer from: 

– Infant respiratory distress syndrome (IRDS)

• Insufficient surfactant causing alveolar collapse with 

exhalation

– Thermoregulatory problems due to undeveloped 

hypothalamus
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Premature Infants

(Continued)

– Digestive issues with small stomach volume, and 

undeveloped sucking and swallowing reflexes

• Fed through nasogastric or nasoduodenal tubes

• Can tolerate human milk or formula, but need nutritional 

supplements if weigh less than 3.3 lbs

– Immature liver 

• Failure to synthesize adequate proteins results in edema, 

and clotting deficiency 

• Jaundice is common in neonates, especially premature 

babies since liver cannot dispose of bile pigments (bilirubin)

– But bilirubin is useful as an antioxidant in neonate
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Birth Defects

• Birth defects, or congenital anomalies—

abnormal structures or positions of organs at birth 

resulting from a defect in prenatal development

• Teratology—the study of birth defects

– Not all are noticeable at birth

– Some detected months to years later

– In most cases the causes of anomalies are unknown
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Birth Defects

• Teratogens—agents that cause anatomical 

deformities in the fetus

– Fall into three major classes

• Drugs and other chemicals

• Infectious diseases

• Radiation such as X-rays

– Teratogen exposure during first 2 weeks may cause 

spontaneous abortion

• Period of greatest vulnerability is weeks 3 through 8
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Birth Defects

• Thalidomide—drug that caused birth defects

– Taken by mothers for morning sickness or insomnia 

– Caused babies to be born with unformed arms and legs, 

and often with defects of ears, heart, and intestines

– Taken off market in 1961, but can be used in controlled 

conditions to treat leprosy

• Alcohol causes more birth defects than any other 

drug

– Fetal alcohol syndrome (FAS): characterized by small 

head, malformed facial features, cardiac and central 

nervous system defects, stunted growth, and behavioral 

signs such as hyperactivity, nervousness, and poor 

attention span
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Birth Defects

Thalidomide, a sedative, taken early in pregnancy has 

severe teratogenic effects on limb development

Figure 29.11
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Birth Defects

• Cigarette smoking contributes to fetal and infant 

mortality, ectopic pregnancy, anencephaly (failure 

for the cerebrum to develop), cleft palate and lip, 

and cardiac anomalies

• Diagnostic X-rays during pregnancy can be 

teratogenic
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Birth Defects

• Several microogranisms can cross placenta and 

cause serious anomalies, stillbirth, neonatal death

– Viral infections: herpes simplex, rubella, 

cytomegalovirus, and HIV

– Bacterial infections: gonorrhea and syphilis, 

Toxoplasma

– Can produce blindness, hydrocephalus, cerebral palsy, 

seizures, and profound physical and mental retardation
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Birth Defects

• Genetic anomalies appear to account for one-third of all 
birth defects

• Mutations—changes in DNA structure
– Can cause achondroplastic dwarfism, microcephaly (smallness 

of the head), stillbirth, and childhood cancer

– Can occur with errors in DNA replication during cell cycle

• Mutagens—environmental agents that cause mutation
– Some chemicals, viruses, and radiation

• Some genetic disorders result from nondisjunction: 
failure of homologous chromosomes to separate in 
meiosis

– Both go to the same daughter cell, so one gets 24 chromosomes 

while the other receives 22
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Disjunction and Nondisjunction

Figure 29.12
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Birth Defects

• Aneuploidy—the presence of an extra chromosome or 

the lack of one

– Monosomy: the lack of a chromosome leaves one 

without a match

– Trisomy: the extra chromosome produces a triple set

– Aneuploidy can be detected prior to birth

• Amniocentesis—examination of cells in amniotic fluid

• Chorionic villi sampling—biopsy of cells from the chorion
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Birth Defects

• Nondisjunction of sex chromosomes

– Triplo-X syndrome (XXX): egg receiving 2 X 

chromosomes fertilized by X-carrying sperm

• Infertile female with mild intellectual impairment

– Klinefelter syndrome (XXY): egg receiving 2 X 

chromosomes fertilized by Y-carrying sperm

• Sterile males with average intelligence (undeveloped 

testes)
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Birth Defects

(Continued)

– Turner syndrome (XO): egg contains no X chromosome 

but is fertilized by X-carrying sperm

• 97% die before birth

• Survivors show no serious impairment as children

• Webbed necks, widely spaced nipples, and secondary 

sexual characteristics fail to develop at puberty, sterile, 

usually short stature
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Turner Syndrome

Figure 29.13
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Birth Defects

• Nondisjunction of autosomes

– Only three autosomal trisomies are survivable

• Involve chromosomes 13, 18, and 21

– Patau syndrome (trisomy-13) and Edward syndrome 

(trisomy-18)

• Nearly all die before birth

• Infants born are severely deformed, and fewer than 5% 

survive 1 year
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Birth Defects
(Continued)

– Down syndrome (trisomy-21): most survivable trisomy

• Impaired physical development—short stature, relatively 

flat face with flat nasal bridge, low-set ears, epicanthal folds 

at medial corners of the eye, enlarged protruding tongue, 

stubby fingers, short broad hand with one palmar crease

• Outgoing, affectionate personalities

• Mental retardation common 

• 1 in 700 to 800 live births in the United States

• 75% die before birth; 20% of those born die before age 10

• Survivors beyond age 10 have life expectancy of 60 years

• Chance of having a Down syndrome child is 1 in 3,000 in a 

woman under 30, 1 in 365 by age 35, and 1 in 9 by age 48

– Aging eggs have less and less ability to separate their chromosomes
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Down Syndrome 

Figure 29.14



Aging and Senescence

• Expected Learning Outcomes

– Define senescence and distinguish it from aging.

– Describe some major changes that occur with aging in 

each organ system.

– Summarize some current theories of senescence.

– Be able to explain how exercise and other factors can 

slow the rate of senescence.
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Aging and Senescence

• Aging—all changes occurring in the body with the 
passage of time: growth, development, and 
degenerative changes that occur later in life

• Senescence—the degeneration that occurs in 
organ systems after the age of peak functional 
efficiency
– Gradual loss of reserve capacities, reduced ability to 

repair damage and compensate for stress, and increased 
susceptibility to disease
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Aging and Senescence

• 1 in 9 Americans is 65 or older

– Senescence is an important issue for American health care

– Heart disease, cancer, stroke, and other illnesses are 

related to senescence

– Cause of senescence is still unclear

• Personal health and fitness practices can lessen 

effects of senescence

• The senescence of one organ system typically leads 

to senescence of other organ systems

• Organ systems do not degenerate at the same rate

– Some show moderate changes, while others show 

pronounced differences
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Senescence of the Organ Systems

• Intrinsic aging of skin—normal changes with 

passage of time

– Often becomes noticeable in late 40s

– Gray, thinning, dry hair

– Paper-thin, loose skin that sags

– Dry skin that bruises easily and heals slowly 

– Rosacea: patchy networks of tiny, dilated vessels 

visible on nose and cheeks
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Senescence of the Organ Systems

Intrinsic aging of skin (Continued)

– Hypothermia in cold weather and heat stroke in hot 

weather

– Atrophy of cutaneous vessels, sweat glands, and 

subcutaneous fat

– Decreased vitamin D production causing Ca2+

deficiency

• Photoaging—degeneration in proportion to UV 

exposure: skin spots, skin cancer, wrinkling
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Senescence of the Skin

Figure 29.15
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Senescence of the Organ Systems

• Skeletal system

– Osteopenia: loss of bone mass

– Osteoporosis: loss is severe enough to compromise a 

person’s physical activity and health

• After age 30, osteoblasts less active than osteoclasts

• After 40, women lose 8% of bone mass per decade, men 

lose 3%

• Brittle bones fracture and heal slowly due to decreased

protein synthesis
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Senescence of the Organ Systems

• Joint diseases

– Synovial fluid less abundant and articular cartilage 

thinner or absent producing friction that causes pain 

• Osteoarthritis is common cause of physical disability

– Breathing difficult due to calcification of sternocostal 

joints

– Degeneration of intervertebral discs causing back pain 

and stiffness

• But herniated discs less common as discs become more 

fibrous 
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Senescence of the Organ Systems

• Muscular system

– Muscular atrophy causes replacement of muscle with fat

• Muscle strength and mass peaks in 20s

• By 80, we have half as much strength and endurance

• Fast-twitch fibers exhibit earliest and most severe atrophy
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Senescence of the Organ Systems

• Reasons for loss of strength

– Fibers have fewer myofibrils, smaller mitochondria, less 

enzymes, glycogen, and myoglobin

– Fewer motor neurons in spinal cord with less efficient 

synaptic transmission of acetylcholine

– Sympathetic nervous system is less efficient so less 

efficient blood flow to muscles causes fatigue, slow 

healing with more scar tissue
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Senescence of the Organ Systems

• Nervous system
– Senescence involves cerebral and neuronal atrophy

– Nervous system reaches peak development around age 30

• Brain weight 56% less by age 75

– Cortex thinner, gyri narrower, and sulci wider; fewer 
synapses and neuroglia; less neurotransmitter and 
receptors

– Degeneration of myelin slows down signal 
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Senescence of the Organ Systems

Nervous system (Continued)

– Neurons contain less ER and Golgi complex as their 

metabolism slows 

• Accumulate more lipofuscin pigment, neurofibrillary tangles 

• Extracellular protein plaques accumulate

– Plaques of fibrillar proteins (amyloid) appear: 

Alzheimer disease

• Most common nervous disability of old age

• Motor coordination, intellectual function, and short-
term memory suffer the most

• Autonomic nervous system is less efficient at 
regulating body temperature and blood pressure
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Senescence of the Organ Systems

• Sense organs

– Vision

• Loss of flexibility of lenses (presbyopia)

• Cataracts (cloudiness of lenses) becomes common

• Night vision is impaired due to fewer receptors, vitreous 

body less transparent, pupil dilators atrophy, and enzymatic 

reactions become slower

• Glaucoma risks increase

– Hearing

• Tympanic membrane and ossicle joints stiffen

• Hair cells and auditory nerve fibers die

– Death of vestibular neurons results in dizziness

– Taste and smell are blunted as receptors decline
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Senescence of the Organ Systems

• Endocrine system

– Degenerates less than any other system

– Only reproductive, growth, and thyroid hormones show major 

declines

– Other hormones secreted at fairly stable rate

• Target cell sensitivity may decline

• Pituitary gland is less sensitive to negative 

feedback inhibition by adrenal glucocorticoids

– Response to stress is prolonged

• Type II diabetes is more common

– More body fat decreases insulin sensitivity of other cells

• Target cells have fewer insulin receptors
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Senescence of the Organ Systems

• Circulatory system

– Anemia may result from poor nutrition, lack of exercise, 

diseases, low level of intrinsic factor needed for vitamin B12

absorption, low levels of erythropoietin  

– Coronary atherosclerosis leads to degeneration of 

myocardium  

• Angina pectoris and myocardial infarction more common

• Heart walls thinner, stroke volume and output decline

• Degeneration of nodes and conduction system (arrhythmias)

– Atherosclerosis of other vessels increases BP

• Vessels stiffen and cannot expand as effectively

• Weakens arteries and increases risk of aneurysm and stroke

– Varicose veins due to weaker valves
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Senescence of the Organ Systems

• Immune system

– Amounts of lymphatic tissue and red bone marrow 

decline with age

– Fewer hemopoietic stem cells, disease-fighting 

leukocytes, and antigen-presenting cells 

• Lymphocytes fail to mature

• Both types of immune responses are less 

efficient

– Less protection from cancer and infectious disease
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Senescence of the Organ Systems

• Declining pulmonary ventilation
– Costal cartilages less flexible

– Lungs have less elastic tissue and fewer alveoli

• Elderly less able to clear lungs of irritants, 
pathogens
– More susceptible to respiratory infection

– Pneumonia causes more deaths than any other 
infectious disease

• Chronic obstructive pulmonary diseases
– Emphysema and chronic bronchitis more common

– Effects of a lifetime of degenerative change

– Contribute to hypoxemia and hypoxic degeneration of 
other organ systems
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Senescence of the Organ Systems

• Urinary system

– Renal atrophy: 20% to 40% smaller by age 90 versus 30

• Loss of nephrons; many remaining glomeruli are 

atherosclerotic

• Filtration rate decreases leaving little reserve capacity

• Cannot clear drugs as rapidly

– Fluid balance

• Less responsive to antidiuretic hormone and sense of thirst is 

sharply reduced 

• Dehydration is common

– Voiding and bladder control

• 80% of men over 80 have benign prostatic hyperplasia

• Urine retention aggravating failure of nephrons

• Female incontinence due to weakened sphincters
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Senescence of the Organ Systems

• Digestive system

– Reduced appetite

• Older people have lower metabolic rate, are less active, have 

atrophied stomachs, less interest in food (less sensitive senses)

– Reduced saliva makes teeth more prone to caries and 

makes swallowing difficult

• Many older people need to wear dentures

• Gastric mucosa atrophies and secretes less 

acid and intrinsic factor

– Absorption of Ca2+, iron, zinc, and folic acid reduced

– Sphincters weaken resulting in more heartburn
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Senescence of the Organ Systems

• Intestinal motility decreased due to weaker 

muscle tone, less fiber, water, and exercise

– Constipation due to reduced muscle tone and 

peristalsis

• Reduced food intake due to loss of appetite 

(and other varied factors) increases the risk of 

malnutrition
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Senescence of the Organ Systems

• Male

– Gradual decline in testosterone secretion, sperm count, 

and libido

– Fertile into old age, but impotence may occur due to 

atherosclerosis, hypertension, medication, or 

psychological reasons

• Female

– Abrupt changes due to menopause

– Ovarian follicles used up, gametogenesis ceases, and 

ovaries cease production of sex steroids

• Vaginal dryness, genital atrophy, and reduced libido

– Elevated risk of osteoporosis and atherosclerosis
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Exercise and Senescence

• Good nutrition and exercise are best ways to slow 
senescence

– Exercise improves quality of life by maintaining endurance, 
strength, and joint mobility

– Reduces incidence and severity of hypertension, 
osteoporosis, obesity, and diabetes mellitus

– 90-year-old can increase muscle strength threefold in 6 
months with 40 minutes of isometric exercise per week

• Resistance exercise reduces bone fractures

• Endurance exercises reduce body fat and increase 
cardiac output and oxygen uptake

– Three to five 20- to 60-minute periods of exercise per week 
to raise heart rate 60% to 90% of maximum (220 bpm 
minus one’s age in years)
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Theories of Senescence
• Why do organs wear out?

– What mechanisms cause deterioration? 

– Why hasn’t natural selection produced bodies capable of 
longer life?

• Senescence may be intrinsic process governed by 
inevitable or even programmed changes in cell 
function

• Senescence may be due to extrinsic 
(environmental) factors that progressively damage 
our cells over a lifetime

• There is evidence that heredity plays a role

– Twin studies of life span

– Genetic conditions of progeria, Werner syndrome
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Progeria

Genetic disorder showing accelerated aging

Figure 29.16
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Theories of Senescence

• Theories of senescence

– Replicative senescence: decline in mitotic potential 

with age

• Organ function depends on cell renewal keeping pace with 

cell death, but human cells can only divide a limited 

number of times

• Telomeres—ends of the chromosomes that diminish with 

each division

– In old age, exhaustion of telomeres may make chomosomes 

more vulnerable to damage and replication errors

– Old cells may be increasingly dysfunctional because of this
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Theories of Senescence

Theories of senescence (Continued)

– DNA damage theory

• DNA suffers thousands of damaging events per day

• Many damaging events are oxidative stresses from free 

radicals generated by metabolism

• While most damages are repaired, some persist and 

accumulate as the cells age, especially in nondividing cells 

(e.g., neurons)

• Cumulative damage impairs function
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Theories of Senescence

(Continued)

– Cross-linking theory

• One-fourth of the body’s protein is collagen

• With age, collagen molecules become cross-linked making 

fibers less soluble and stiff

• Stiffness of the joints, lenses, and arteries

• Cross-linking of DNA and enzymes could impair function

– Other protein abnormalities

• Increasingly abnormal structure in older tissues and cells

• Lie in changes in protein shape and the moieties that are 

attached

• Cells accumulate more abnormal proteins with age
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Theories of Senescence

(Continued)

– Autoimmune theory

• Some altered macromolecules (e.g. oddly folded 

proteins) may be recognized as foreign

• May stimulate lymphocytes to mount an immune 

response against the body’s own tissues

• Autoimmune diseases become more common with old 

age
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Evolution and Senescence

• Once thought, death occurred for the good of 
the species; keeping limited resources available 
for the young and healthy

• Natural selection works through the effects of 
genes on reproductive rates
– Genes that do not affect reproductive rates will neither be 

favored nor eliminated

– Genes for Alzheimer disease, atherosclerosis, or colon 
cancer only affect individuals past reproductive age, so 
natural selection would have no effect on these genes
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Death

• Life expectancy—average length of life in a given 
population
– Has increased substantially over the last century

– Today in U.S.:

• Average boy can expect to live 76.2 years

• Average girl can expect to live 81 years

• Life span—maximum age attainable by humans  
– Has not increased for many centuries

– No recorded age beyond 122 years
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Death

• No definable instant of biological death 

– Some organs function for an hour after heart stops

– Brain death is lack of cerebral activity (flat EEG), reflexes, 

heartbeat, and respiration for 30 minutes to 24 hours

– Death usually occurs as a failure of a particular organ 

followed by a cascade of other organ failures
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Reproductive Technology

• One in six American couples is infertile

– May seek parenthood through Assisted Reproduction 

Technology (ART)—group of techniques regulated by the 

U.S. Food and Drug Administration

• Artificial insemination—donor sperm introduced near 

the cervix

– Especially useful if only male is infertile

• Oocyte donation—eggs are obtained from a donor, 

fertilized, and transplanted to uterus of client  

• In vitro fertilization (IVF)

– Mother is induced to superovulate with gonadotropins; eggs 

are harvested, fertilized, and returned

– In the U.S., IVF is expensive, and has variable success 

depending on age of mother
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Reproductive Technology

• Surrogate mother—carries child (and sometimes also 

provides egg) for a woman who does not have a 

functional uterus

– Typically done for a monetary fee 

• Gamete intrafallopian transfer—eggs and sperm are 

introduced to fallopian tube proximal to obstruction

• Embryo adoption—man’s sperm are used to artificially 

inseminate another woman

– Embryo transferred back to the uterus of the mother

• Reproductive technology has created several ethical 

and legal dilemmas


