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Bladder
pubic hone

vas deferens

Erectile tissue
Urethra
Glans penis

Testis

Seminal vesicle
* Ejaculatory duct
Prostate

H_gctum

Bulbo-urethral gland

Scrotum

Epididymis

Testicular veins
Testicular artery
Vas deferens

Head of
epididymis

Seminiferous
tubules

Capsule of
testis

Tail of
epididymis

Figure 48-5 Structure of the testis, epididymis, and spermatic
cord. The testis is shown in sagittal section to illustrate the
arrangernent of the seminiferous tubules,

Figure 48—4 Anatomy of the human
male reproductive system. The
scrotumn, penis, and pelvic region are
shown in sagittal section to illustrate
their internal structures.



Wall of the seminiferous tubule

—Primary spermatocyte
Serich cell

Wature sperm cell

— Spermatid

- interstitial celis

{a)

o cq o s T o . .

Filgure ‘L_S 6 St.—uduz:a of a'semrmferm;s,mbule, shuwing mictagraph of a fransverse section through a seminiferous tubule.
developing sperm cells in various stages of spermatogencsis. {h, Professor P. Motts/Department of Aralomy/University “La Sapienza,”
{a) Identify the soquence of sperm cell differentiation. Note the Rome/Seience Photo Library/Custom Medicat Stock Mhota)

Sertoli cells and the interstitial cells. (0) Scanning electron

{ \a Acroseme

Mucleus

Provimal

i

1

\ Midpiece
centriole

Tait

Distal centriole
Figure 48-8  Sperm cell structure. Axial flament -]
{a) Top and side views of a sperm ().
A head and midpicce. The structures
shown would be visible through an \
electron micrascope. (¢} Electron
micrograph of a human sperm cell. A,
acrosomae; N, nuclets; MP, midpicee;
M, mitochondria; MT, microtubules; C,
centrioles. (b Dr. Lyle C. Dearden) {a) {0} (c}

Mitochondriat

[

]




Urinary
bladder

{
=
1
s
Bulbourethral_/(
gland ¢

Openings of
butbourethral
glands

Cavernous

bodies

Urethra

Figure 489 Internal structure of
the penis. (1) Longitudinal section .
through the prostate gland and penis. Glans penis —
(I Cross sections of flaccid and erect
penises. Note that in the erect penis
the erectile tissues of the corpora

cavernosa {cavernous bodies) are .
engorged with biood. {a) = -

Prepuce

Urethra! orifice ———-

Table 48-1 PRINCIPAL MALE REFRODUCTIVE HORMONES

[orsal veins
(dilated)

Oorsal artery
{constricted)

Cavernous
e bodies
T Urethra
Section of flaccid penis

Dorsal veins

/ {constricted)
T, Artery

{clilated)

Connective
fissue

Cavernous
bodies
engorped
with blood

Section of erect panis

(b}

Endocrine Gland and Hormones Principal Target Tissue
Hypothalamus
Gonadotropin-releasing hormane Anterior pituitary
(GnRH}
Anterior pituitary
Fallicle-stimulating hormone {(FSH) Testes
Luteinizing hormene (LH}; also called Testes
interstitial cell-stimulating hormone
(ICSH)
Testes
Testosterone General

Principal Actions

Stimuelates release of FSH and LH

Stimulates development of seminiferous tu-
bules; may stimulate spermatogenesis

Stimulates interstifial cells to secrete testos-
terone

Before birth: stimulates development of pri-
mary sex organs and descent of testes into
scrotum

At puberty: responsible for growth spurt;
stimulates development of reproductive
structures and secondary sex characteristics
(male body build, growth of beard, deep
voice, eic.)

In adult: responsible for maintairdng second-
ary sex characteristics; stimulates spermato-
genesis




Figure 48-10 Midsagittal section of female Ulering lube
pelvis, showing the reproductive organs.

.
. - - N ar
Note the position of the uterus relative to the Dvary
vagina, Lterus
Biadder - - Cervix
Pubic bone Vagina
Urethra Rectum
Vuhvg ——rre— e
e ARG
Uterine Cvarian By of
tube ligarnent uterlu::w

Endomeltrtum

Muscuiar wall -
of uterus

Figure 48-11 Anterior view of the female reproductive system.
Some organs have been cut open to expose the internal structure.
The ligaments help to hold the reproductive organs In place.

—Connective tissug—l
/ ~Eollicle cells

Pimary e Zona peliucida t Secondary
Uerus Epithelium  follicles ’ foilicle
~~~~~ Secendary ocoyte
Sirama - AU N
Owvartan Ovu‘iatxon
figament {follicte
e PUDYUTES,
Round g releasing
figament e sooyta)
Alrstic //' ~___Secondary
follicle oocyte

Figure 48-12  Microscopic

Corpus o7 Zona structure of the ovary. Follicles

albicans petiucida in various stages of

development are scattered
Corpus - throughout the ovary. (Not all
juteum

of these stages would be present
simultaneously in a single
Uterine tube ovary .}



Adipo_se Hssue

T Pectoralis
©major muscle

Lobules of )
 glandular tissue

Alveoli—_

f:igure 48-16 The mature human female breast

Table 48-2 PRINCIPAL FEMALE REPRODUCTIVE HORMONES

Ducts
- Nmpie

- Areaia

Endocrine Gland and Hormones Principal Target Tissuc

Priucipal Actions

Hypothalamus
Gonadotropin-releasing hormone
{GnRI)

Anterior pituitary

Anterior pituitary

Follicle-stimulating hormone (F5H) Ovary

Luteinizing hormone (LH) Cvary

Prolactin Breast
Ovary _

Estrogens {estradiol. General

Reproductive structures

Progestercne {secreted mainly by corpus  Uterus
luteum} .

Breast

timulates release of FSH and LH

Stimulates development of follicles; with LH,
stimulates secretion of estrogen and ovulation

Stimulates ovulation and development of cor-
pus hiteum .

Stimwulates milk production {after breast has
been prepared by estrogen and progesterone)

Growth of sex organs at puberty; development
of secondary sex characteristics (breast develop-
ment, broadening of pelvis, distrivution of fat
and muscle}

Maturation; moninly preparation of the endo-
metrium for pregnancy; makes cervical mucus
thinner and more alkaline

Completes preparation of endometrium for
pregnancy .

Stimulates development




Preovulatory { Postovulatory
fiLd -
¢
'
Hormones
FSH
T T~
et - = N
- == -»‘r:_“?"__"‘:_ L. TN T e T 8 4 i o]
Prinjary Secondary . Corpus . Corpus
foliicle  folicle Cvulation luteum albicans
Ovary | 2.0 A '
e @& (@ 5 @ L ®
Mature Glands  Blood
fallicle

Functionat
Endometrium layer
of uterus’

th "" s (RRLY,
Basilar fayer LA C b ST S Lodfadd
A 2?45»6 BS?IG 12 14 16 18 20 I22 24 26 281234 Days
Menstruation Preovulatory Postovuiatory
phasa phase
Quulation

Figure 48~17 The menstrual cycle. The events that take place

igu 17 When fertilization does not occur, the cats
within the pituitary, ovary, and uterus are precisely synchronized. ’ it P st

every 28 days. Compare this llustration with Figure 48--18.

Table 48-3 BIRTH CONTROL METHODS

Method Failure Rate®  Mode of Action Advantages Disadvantages

Oral contraceplives 0.3 5 Inhibits ovulation; may  Highly effective; regu- Minor discomfort in
also affect endome- lates menstrual cycle some woiner; possible
tritm and cervical : thromboembolismy;
mucus and prevent hypertension, hedrt
implantation disease in some users;

possible increased risk
of infertility; should
not be used by women

who smoke
Depo-Provera About 1 Inhibits ovutation Effective; long-lasting Fertility may not re-
{medroxyproges- ' turn for 6-12 months
terone acetate) after use discontinued
Progestercne About 1 Inhibits ovuiation Effective; long-lasting Irregular menstrual
implantation bleeding in some
o women-

Intrauterine device 15 Not known; probably Provides continucus Cramps; increaseld
auD) stimulates inflamma- protection; highly ef- menstrual flow; spon-

tory response fective taneous expulsion; in~

creased tisk of pelvic
inflammatory disease
and infertility; nbt rec-
ommended for women
who have not com-
pleted childbearif;ng

Spermicides 3; 20 Chemically kill sperm No side effects {7); Some evidence Hnking
{sponges, foams, : vaginal sponges are spermicides to birth
jellies, creams) effective in vagina for defects

up to 24 hours after

insertion; sponges also

act as physical barriers

to sperm cells

*The lower figure is the failure rate of the method; the higher figure is the mie of method faiture plus failure of the user to utilize the method correctly. Based on number
of failures per 100 women who use the method per year in the United States.

+The failure rate is lower when the diaphragm is used together with spermicides.

$There are several variations of the rhythm method. For those who use the calendar method alone, the failure rate is about 35. Howaever, if the body temperature is taken
datly and careful records are kept (temperature rises after ovulation), the failure rate can be reduced, Also,ifa daily record of the type of vaginai secretion is kept, changes
in cervical nuicus can be noted and used to determine time of ovulation. This type of rhythm contraception is aiso slightly more effective. When women use the
temperature or mucus method and have intercourse only more than 48 hours after ovulation, the failure rate can be reduced fo about 7.



Foilnye Rate® Mode of Action Advaninges

Diephragm meehani- No side effects
caily b‘a’.:d'r enfrance o

cerviy; jelly is spermi- :
L e Duc’ o com s and left
' ' ' e in place

!‘fi’ea“hanic;;l‘-‘,r prevents
pari Tom enterum

J No side efferis

inle withdraws penis . . No side effe
- from vaging prior to
‘jf’c1,11.4..o11

syents ovuin from LA N’ost renabm ms‘. hodd
ing uterine tube SRR
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Y10 vasectans
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GCorona radiata First polar body

() (h) Q]

Figure 48-20  Fertilization. (o) Each sperot is thought to release
a small amount of enzyme that helps to disperse the follicle celis
surrounding the ovum, (0 After a sperm cell enters 3t the oocyte
completes its second melotic division, producing an ovum and a
polar body. (e} Pronuvclel of sperm and ovam combine, producing
a zygote with-the diploid number of chromosomes. {d) A sconning
electran micrograph of a sperm cell fertilizing a hamster ovam.

{, David Phillips/Visuals Untimited) ()

Fartilization

Implantation

Endometrium

Figure 49-14 Cleavage takes place as the embryo is moved
along through the uterine tube to the uterus.



el
o

ey

s

R
e

A
&
o

e

i
\

R 4 i 5 B it e e 5 3 i
EROLs A i s i BpEe ee 3 2 e
L P s e e iy o g

s e e
S S i
g e R i L kT gt : i

RGeS
SRR L

S

e

s
o

St
A

A

s

i

P Ras
2
5
R
Sl

A3
o
A

«é‘;{
Seai
Loy

B

ST

s

uiman development. (3) Haman zygote.
= the genehic Instructions for producing a morula.  (Lennart Nilsson from Betng Sorn, pp. 14 13, 17)
= (D) Two-cell stage. () Eight-coll stage.

{d} Cleavage continues, giving ng2 to a




nterrupted when
loes nol degenerate, and

menstruation doss not @
remains thickened 2o that

Figure 49-15 Implantation and ¢
human embryo.

region of the chorion L
embryvonic stalk wili bes
about 45 days the exnbry
the size of a Ping-Perg &
of her pregnancy. The a
and cushions the embryoa. 11
the umbilical cord. Blood cive
the wnbilical cord to the ¢
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b of deveioping human wmbryos,
o (B inch) long. Limb buds

he oyes Tu

becorme promunent. (6) In its

can be used o monitor

wil as to give ihe physician
sram taken with ulirasound
equal maturation in the left
sama patient at 16 weeks of

(b

seventls week of development, the gmbryo s 2 ¢
The davk red object inside the embryo is the !
Formal/Photo Researchers, e b Lennary Milsson, from A Clild fs Rernt

cts

{Courtesy of Bi J
s and Gyrecology Svan. 811980
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Table 49-2 SQME IM?ORTAN’I:‘. DEVELOPMENTAL EVENTS IN TIIE HUMAN EMBRYC

Time from

Fertilization

24 hours
3 days

7 days
2.5 weeks

- 3.5 weeks

4 weeks

2 months

3 months

4 months

Ewvent

Embryo reaches two-cell stage

Moruta reaches wterus

Blastocyst begins to implagt

Notochord and neural plate are formed; tissue that will give rise to

R heart is differenttating; blood cells are forming in yoik sac and cho-

rion
Neural tube forming; primordial eye and ear visible; pharyngeal
pouches forming; liver bud differentiating; respiratory system and

- thyroid gland just beginning to develop; heart tubes fuse, bend, and

begin to beat; blood vessels are laid down
Limb buds appear; three primary divisions of brain formed

Muscles differentiating; embryo capable of movement; gonad distin-
guishable as testis or ovary. Bones begin to ossify; cerebral cortex dif-

ferentiating; principal blood vesscls assume final positions

Sex can be determined by external inspection; notochord degenerates;
lympl: glands develop

Face begins to look human; lobes of cerebrum differentiate; eyes, ears,
and nose look more “normal”

Third tri- Lanugo appears, then later is shed; neuron myelination begins; ire-
mester mendous growth of body
266 days Birth
{from con-
ception)
200+~
Lymphatic
1= " system
£ 150 |-
=
| Nervous
N system
o
w100 k- e
© L
5 -
o ~
< R ducti
. - ——_ Reproductive
50 Yo ;\ody tract
- s
- SiZe
4
1

i j i | L] H ! ] !
2 4 6 8 10 12 14 16 18 20
Ade in years

Figure 49-24 Relative rates of growth of several different orgal
systems during human development.

12



13

4) tnibation of lano! Figure 14.95  Birth: Fetal Hormonas
&) . . )

& Hypoihaiamus produces oxylocin, frigger Contractions and Delivery.

which travels 10 posteriar pituitary (a} Hormonal signals trigger the avants

of labor and delivery. The fetus sends

a signal to the uterus (1), and cells in

@ Oytocin released by postencr siutary the uterine lining (endometrium) re-
causes werus to contract, S&re!éhmg Cenix. ieaseihe locat h(.;?rmcﬁa orostaglandin
Cycle continues unil baby is borm, (a). t-'fosiag!anosn stmulales muscle
contractions m the uterus (3), and

these send & signal via nerves (4) that

(Z) Placenia produces acts on the hypothalamus region of the
prostaglanding, causing brain (5). Next, the hypothalamus sig-
ulerus to contract. nals the posterior portion of the brain's

pituitary region, and the piluitary re-

(1) Fetal putary leases the hormone oxytooin, which
produces oxviocin, stimulates the uterine wall to contract
signals placenia hascter (6). These contractions send

. more signals to the posterior pituitary
B0 [ to release more oxylocn, and the
o cycle escalates. {b) The cycle contin-
:‘;_ u2s until the baby is expelled through

the birth canal. {c) Finally, the mother
and newborn can begin 10 recover
from the arducus process.

@ Steztch receptors
signal hypothalamus.

@ Ulerine contraction
CAUSES Cervix 1O stretch,

o) Detvery of head. and shouiders (<




Table 29

Factor

Nutrition

Fxcessive amounts

of vitamins

Drugs

Alcohol

Cocaine

Heroin

ENVIRONMENTAL INFLUENCES ON THL M

YO

Example amd Effect

Severe protein malautriion doubles
number of deforts: fewer brain cells ave
produced, and iearning ability may be
permanently afiected; vitamin deficien-
cies linked to CNS defocts

Vitamin D essential, but excessive
amounis may rasult in form of mental
retardation; an oxcess of vitaming A and
K may also be harmful

Many drugs atiect development of fetus:

Even aspirin has been shown to inhibit
growth of human fetal cells (especially
kidney cells) cultured in laboratory; it
may also inhibit prostaglandins, which
are concentrated in growing tissue

When a woman drinks heavily during
pregnancy, the baby may be born with
fetai alcohol syndrome—that is, de-
formed and mentally and physically re-
tarded; low bivth weight and structural
abnonmalities have been associated with
ag little as two drinks a day; some cases
ot hyperactivity and learning disabilities
may be caused by alcobol intake of a
pregnant mother

Prematare birth; retarded developraent;
severe cases may be mentally retarded,
have heart defocts and obhor medica!
problems

High mortaiity rate and high premate-
rity rate

Cinzentreint

Growth rate swainly determined by rate
of net protein synthesis by embryo’s
cells; low birth weight

Vitanin supplements are normally pre-
scribed for pregnant swomen, but some
women mistakenly reason that if one
vitamin pill is beneficial, four or five
might be even better

Conmmeon prescription and nonprescrip-
tion drugs are genevally taken in
amounts based on mother’s body
woight, which may be hundreds or
thousands of times too much for the
Hiny embryo

Fetal alcohel syndrome is thought to be
ove of leading causes of mental retarda
tiont i the United States; low birth

woight

Thousands of cocaine-addicted babies
are Peing born to mothers who use eo-
cuine during pregnancy; low birth

sargfee il
A _,.‘\:_,:‘1!~

Infanis that survive are born addicted
and must be treated for weeks or
maonths; fow birth weight
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}acmr

Thahdomlde

Cigarelte smoking

Pathogens

lonizing radiation

Emmple and Effect

v e et mem b 13 s e v SV

Thahidomide, marketed as mild sedative,
was responsible for more than 7600
grossly deformed babies born in the late
1950s in 20 countries; prmmpal defect
was phocomelia, a condition in which
babies are born with extremely short
limbs, often with no fingers or toes

Cigarette smoking reduces the amount
of oxygen available to the fetus because
some of maternal hemoglobin is com-
bined with carbon monoxide; may slow
growth and can cause subtle forms of
damage; in extreme form carbon mon-
oxide poisoning causes such gross de-
fects as hydrocephaly

Rubella (German measles) virus crosses
placenta and infects embryo; interferes
with normal metabolism and cell'move-
ments; causes syndrome that involves
blinding cataracts, deafness, heart mal-
formations, and mental retardation; risk
is greatest (about 50%) when rubella 1s
contracted during first month of preg-
nancy; risk declines with each succeed-
ing month

HIV can be transmitied from mother to
baby before birth, during birth, or post-
partum through breast-feeding

Syphilis is transmitted to fetus in about
40% of infected women; fetus may die

or be born with defects and congenital

syphilis

When mother is subjected fo x-rays or
other forms of radiation during preg-
nancey, infant has higher risk of birth
defects and leukemia

Commr_nt

This drug interferes with cellular metab-
olism; most hazardous when taken dur-
ing fourth to sixth weeks, when limbs
are developing

Mothers who smoke deliver babies with
lower-than-average birth weights and
have higher incidence of spontaneous
abortions, stillbirths, and neonatal
deaths; studies also indicate possible
link between maternal smoking and
slower intellectual development in off-

spring
Rubella epidemic in the United States in
19631965 resulted in about 20,000 fetal

deaths and 30,000 infants born with
gross defects

See discussion of AIDS in Chapter 43

Pregnant women are routinely tested for
syphilis during prenatal examinations

Radiation was one of earliest teratogens
to be recognized
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Figwre 15-9. Duagrarmn illusirating
praobable meurohormonal reflexas in-
valved in milk secretion and milk ejection.
{From Harris. G. W.: Neural Controf ol the
Piluitary Gland, London, Edward Arnald
Fublishers. 1955}

Fig. 15

Effect of suckling on serum arolactin levels
{average values for the 10th to 80th day of
lactation),

hPRL= Prolactin

L'Hermite et al.; La Bromocriptine. Colioque
de Paris 1978, Editions Sandaz.



Fertilizafion in a
Laboratory Dish

The birth of 3 vaby girl in Oldham, Hag-
fand, in 1979 creased a sensation apeund
the world, Louise Joy Brown wis s healthy
and normal newbarn In overy respect save
one: Her concepdon was TEve olutionary.
She was the Aret babw in human history
1 be conceived na kbovatory dish, Her
oxtrantibnary btgmm:‘m is a Biing Intre-

ducticn o this cha per Decause it symibol-
izes onr sophisticaed current knovledes

of human reproduction and the subse
grent staged of the human life owcle. Bi-
nlogists kaow more about the fertilization,
embrvenic  development, growih, and
matuvaton of humans than they do sbout
these cvents In most othar animal species,
and this koowledge has enabied them
w orzare “test-tube babies™ like Loulse
Brown,

“oroming vears. Louise’s parents, Les-
ley m:—a;i Jobn ﬁm‘n’m had fatled w concaive
F because 2 “rosdblock” prevented

.:E }aﬁ‘“’"«"x {rom resching her wierus, the
an that reccives ,mi roteits the de-
veloping  embryo. To circumvent this

blockage, & wam of pioneering physicians
and researchers removed egps from her
ovary, mixed thes with John's sperm, and
relmphanied an eetly-stage embrvo into
her serus, The procedure involved sev-
eral stops. First, the medical team moni-
mfc'? the ripening of one egg cell; then
Lmi & pencil-thin viewlng tube (2
ope) nenr one of Lesley’s gvaries,
v gusked the f;au epp into a vhin,
peedie, and placed the ogg in oz

b4

T3

Y *"hu'*e sho (Figure 14,10
Ki eanwhile, they gathered o sperm sa mpk
oy ;{;ém}-m {ed the sperm w the suhvre

dish contining the harvested tgg, and
waited for the spfxm to fertilize the age
Unee the zvgote cleaved o the eight-cell

¥

Flgum 42,7 Test-Tube Fenilization,

agq removed rom a wornan's ovary in preparation for in

N
oiasE.

stage, the team drew the microscopic clus-
ter into 2 flexible plastic wibe and released
the living carge—now a viahle embryo—
inte the mother’s uterus. There it bur-
rawed Inio the Huing of the mierine wall
st developed inte o larger and larger
organizm.  Nine months later, Louise
wis barn, the fivst person conceived by in
vityo ferfilization (h?eraliy, “fertilization
in glass™ (Figure 14.2),

Such 2 technologiend feat is possible be-
cause hindogists understand so many de-
tails of human feriifization, embryonic
implzniation, and ferad  development.
Much of the material we explore in this
chaprer will bulld on concepts of animal
development from Chapter 13, Human
embryos ars amazingly similar to fish and
chicken embryos av certain siages—right
down @ the tail and gil! glits (Figure 14.3}.
Such similarities bespesk our close evo-

AT i

e

Figure 14,2  Loulse Browa, the First “Test-
Tube Baby”  Aller several years of tryng 10

concsve without success, the Browns, with
e haln of laboratory techniques, produced
a hesliny Dabw gifl.

A lachniCian exarmings ihe pm}%a*“d FnagE

itro ferlifization—ig

iﬂii‘}'l'!"}’ tes o the other animels wi
backbones as well as the univer 5;E nrige
ciples poverning growth from a one-celled
b

vgote w o multicelled plant or *‘z"z.;_m.
Human life x.\:;‘ec resezmble those of most
cther znimals in ancther way: For e con-
ception 1o ofcur and iny o new ge :
0 im perpetuated, males and females 5 ust

elop  gexus

maturity, dey
characieristics, atract eath other, sné
vl ot bora,

T

mrc& & pOTEOR 15 Conce
development conlinnes 1%1 -oaghour child:
hood and adolescence. Like most animels;
we cannol repreduce s maf” anic] 50 0RF
bodies sre morial T Fhey sge,
evenially die after seven or
of Hving. Nevertbeless, our
produced I the gon
give us the pot rential fo gen
tulity (sec Chaprer 13)
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