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System Functions

 Urinary System
* Filtering of blood, Removal of wastes and metabolites

 Regulation of
* blood volume and composition
« concentration of blood solutes
 pH of extracellular fluid
* blood cell synthesis

» Synthesis of Vitamin D

* Reproductive System
» Reproduction and sexual function
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Organs of the Urinary System

* Kidneys (paired)

« Perform filtering functions and

manufacture urine

* Ureters (paired)

 Transport urine
* Urinary bladder (single)
« Stores urine

e Urethra (single)

 Transports urine
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Produces urine

Ureter

Transports urine toward
the urinary bladder

Urinary bladder

Temporanly stores urine
pricr to elimination
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axterior
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Kidneys

 Location
* Lie against the dorsal body wall Right
» Beneath the parietal peritoneum
* In the superior lumbar region

» Protected by the lower part of the rib cage _ & kidney

« External Structure ANE — Ly Lumbar
2 / vertebra
* Renal capsule L A

 Connective tissue surrounding each
kidney

* Perirenal fat

 Engulfs renal capsule and acts as
cushion and source of energy

* Renal fascia

 Anchors kidneys to abdominal wall,
separate from abdomen

e Hilum
 Renal artery and nerves enter
* Renal vein and ureter exits

- Inferior
vena cava

lliac crest
Aorta

Urinary
bladder

Urethra
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* Renal cortex

* Renal medulla
* Renal pyramids

 Renal pelvis
» Continuous with ureter

« Calyces

 Extensions of the pelvis
e Function — collect urine
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Internal Structure

Connection to
Cortex
Meduila Renal
Inner layer of \ pyramid
renal capsule .

Outer layer of \ T%
renal capsule ~_\\

Renal pelvis — Major
Hilus
Minor
calyx
' ~ Renal
Umotor - l columns
l
Renal
Renal
paepila capsule

(a) Frontal section of left kidney, anterior view
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Blood Supply

/.,9"’,
. 4 /
« Approximately % of the total Segrent ,/,2"""."'\_

blood supply of the body passes =
through the kidneys each minute  swsna :

* Renal artery branches inside the

Kidney e
« Supplies the pyramids and the Mgy
cortex - —

* Venous blood leaves the cortex A,

and medulla
« Small veins join the renal vein

uc.. ...«
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Nephron - Functional Unit of Kidney

* Nephrons form the urine product by processes of
* Filtration
 Reabsorption
* Secretion

« Each kidney contains about 1 million nephrons

* 2 main structures
» Glomerulus — a knot of capillaries

 Renal tubule (about 2 inches long)
* Bowman’s capsule surrounds the glomerulus
* Proximal convoluted tubule
* Henle’s Loop
« Distal convoluted tubule

* Renal tubule enters collecting duct
 Receives urine from nephrons
* Delivers final urine product into the calyces



Structure of A Typical (Cortical) Ne
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A Juxtamedullary Nephron

Proximal
convoluted
tubule

Distal
convoluted
tubule

Collecting
duct

(a) Juxtamedullary
nephron
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Renal Corpuscles by Electron Microscopy

Peritubular
capillaries

Glomerulus —

Afferent

arteriole  *

Interlobular __SSSSy
artery ]

Efferent
arteriole

(b) Glomeruli and associated blood vessels (SEM x 94)
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A Renal Corpuscle

Glomerular
ca::sule
| Capsular Glomerular epithelium |
(podocyte)

Proximal
convoluted
tubule
[ Macula SO A TN AL R G
densa

fnx:sangial oeLZ' : 2 arteriole (c) The renal corpuscie
Juxtaglomerular
apparatus
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Blood Supply of the Nephron

Proximal
convoluted
Vascular pole tubule (PCT)
of renal corpuscle !
Efferent Peritubular A2 ‘«
arteriole capillaries 28
Glomerulus
Afferent Distal
arteriole convoluted
tubule (DCT) R visa
' ! recta
s ;
o /‘ Collecting |
i / duct | l”’.
Peritubular << _ : | | {
capillaries R J
Loop of " j
Henle | . (
{€) Cortical nephwan (d) Juxtamedullary nephron
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Urine Formation

* Filtration
* Blood in afferent arteriole is under high pressure
* Glomerulus acts as a filter

* Filtrate = the substance that is filtered from the blood into the
renal tubule

* Blood leaves the glomerulus through the efferent arteriole
 Reabsorption
* Filtrate contains useful substances which are returned to the blood
« Most occurs in the proximal convoluted tubules
e Secretion

« Substances move from blood (capillaries) into the filtrate
* Important in controlling pH of blood



Ureters, Urinary Bladder & Urethra

e Ureters e Urethra
» Tubes through which * Transports urine from
urine flows from kidneys bladder to outside of
to urinary bladder body

» Difference in length

. between males and
 Urinary bladder females

* Stores urine - Sphincters

e Internal urinary
 External urinary
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Ureters and Urinary Bladder

Copynight @ The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

Transitional epithelium

muscle
layer

Kidney

Connective connective Ureter

tissue tissue (adventitia)
(lamina ; :
propria) Parietal peritoneum
(b) Urinary bladder ¢ Transitional
Opening of ureter $==8 epithelium
Trigone —
Opening of urethra/,)§ Connective
Location of the external urinary tissue
sphincter in females (lamina
propria)
Smooth muscle layer

Connective tissue
(adventitia)

(c)
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* Three named regions

* Prostatic urethra -
passes through the
prostate gland

* Membranous urethra -
through the urogenital
diaphragm

 Spongy (penile) urethra

passes through the
length of the penis

i Parietal peritoneum
~i,' Yy 2B ~—Ureter
) S v Rugae

LU R4 L Detrusor muscle
A He ST "‘—Adventma
Ureteric openings
Trigone of bladder
Bladder neck

Internal urethral sphincter

Prostate
Prostatic urethra

Membranous urethra
External urethral sphincter

Urogenital diaphragm

Spongy urethra

Erectile tissue
of penis

External urethral orifice
Figure 23.16a



Urinary Bladder and Urethra - Female

* In females - length of 3-4 cm

* The smooth triapgidlarcagaRt the base is Is called the
trigone - many bladggy |nfections persist in this region

Rugae
Detrusor muscle
Ureteric openings\ |
t

Bladder neck
Internal urethral sphincter

External urethral sphincter

Urogenital diaphragm ==\
Urethra i)
External urethral—/
orifice

(b)




Control of Blood Composition by Kidneys

 EXxcretion of nitrogen-containing compounds
* Urea
« Uric acid

« Water and electrolyte balance

 Regulated by hormones
» ADH — increases water reabsorption
 Aldosterone — increases sodium reabsorption
 Second effect of aldosterone — increase water reabsorption.
« Acid-base balance of blood
 Blood pH must be 7.35 — 7.45 (very narrow range)
» Tubule cells secrete whatever is necessary into filtrate
e UrinepH=4.5-8.0
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* Greater volumes stretch
bladder walls initiates
micturation reflex:

* Urination coordinated by
micturition reflex

* Initiated by stretch receptors in
wall of bladder

« Urination requires coupling
micturition reflex with
relaxation of external urethral
sphincter

Pons +)
Pontine 1@ Pontine
micturition| % } micturition
center center
activated
Lower thoracic\¢ \
or upper lumbar o
spinal cord
@ Sympathetic '
efferents
inhibited Key:
Inferior - [ = Visceral afferent
hypogastric @ Afferent [l = Sympathetic
ganglion impulses .
from stretch {Sacral [l = Somatic efferent
- receptors spinal = Parasympathetic
Hypogastric —| to p:ns cgrd O ymp
nerve Pelvic | l . = Interneuron
Bladder/xrr-' |
Pelvic — +)
splanchnic / =
nerves

Internal
urethral

/Parasympathetic
// efferents stimulate
® detrusor muscle,
opening internal
urethral sphincte

sphincter =~ = >
. “—External

urethral sphincter

® Somatic efferents

inhibited; external
urethral sphincter
relaxes



Reproductive System
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Ureter

Urinary bladder
Prostatic urethra
Membranous

Peritoneum urethra
Seminal Urogenital
vesicle diaphragm
Ampulla Pubis

of ductu\ Corpus
deferens spongiosum
Ejaculatory Corpus
duct V' /" cavernosum
Rectum / e Spongy
Prostate J urethra
Bulbourethral : Epididymis
gland Glans penis
Anus

Prepuce
Bulb of penis

\ External
Ductus (vas) Scrotum — urethral
deferens orifice
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Urinary bladder

Superficial inguinal
ring (end of inguinal

canal) / Testicular artery
Spermatic cord \\ S %"'4/—Ductus (vas)
Penis \ ' 1/ /' deferens

Middle septum
of scrotum

Cremaster muscle
External spermatic

fascia (
VRS
Superficial fascia W
containing dartos\"\_ ,
Scrotum- .\ .ccle / i
Skin
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Autonomic

nerve fibers
Pampiniform
venous plexus
Epididymis
Tunica vaginalis
(from peritoneum)
Tunica albuginea
of testis

Internal spermatic
fascia
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Spermatic cord

Blood vessels
and nerves

Ductus (vas)
deferens

Head of epididymis
Efferent ductule

Testis

Seminiferous
tubule

Lobule
Septum
Tunica albuginea

Rete testis = =
2
Straight tubule J,‘it e

Body of epididymis
Tunica vaginalis
Cavity of

tunica vaginalis

Duct of epididymis
Tail of epididymis
(a)

Copyright © 2010 Pearson Education, Inc.
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Testis
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Seminiferous —
tubule
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(c) Interstitial cells
Areolar
connective Myoid
tissue cells

Copyright © 2010 Pearson Education, Inc.

Spermatogenic

cells in tubule

epithelium
Sperm
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Ureter

Urinary bladder
Prostatic urethra
Membranous

Peritoneum urethra
Seminal Urogenital
vesicle diaphragm
Ampulla\ Pubis
of ductus 4\& Corpus
deferens spongiosum
Ejaculatory e, Corpus
duct e cavernosum
Rectum ¢ o sPOl‘gy
Prostate _/ ' urethra
Bulbourethral . Epididymis
gland Glans penis
Anus Prepuce
Bulb of penis Testis— External
Ductus (vas) Scrotum— urethral

deferens orifice
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Ureter

Ampulla of ductus deferens

Seminal vesicle
Urinary bladder — Ejaculatory duct
Prostate
Prostatic urethra

Orifices of prostatic ducts

Bulbourethral gland and duct
Membranous urethra

Urogenital diaphragm

Bulb of penis

Crus of penis
Bulbourethral duct opening
Ductus deferens

Corpora cavernosa
Epididymis

Corpus spongiosum

Testis

Section of (b)

Spongy urethra

Root of penis

Shaft (body) of penis —

Glans penis
Prepuce (foreskin)

External urethral orifice

Dorsal vessels
and nerves

Skin

Corpora cavernosa
Urethra
Tunica albuginea of erectile bodies

Deep arteries : )
(b) Corpus spongiosum
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* Sperm Analysis
* One of the first tests done to determine male infertility
« Sterile if less than 20 million sperm per mi

* Erection
« Controlled by the parasympathetic nervous system
* Nitric oxide causes the smooth muscles to relax and the
blood vessels to dilate
 Ejaculation
« Controlled by the sympathetic nervous system
» Also called climax or orgasm
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Haploid gametes (n = 23)

PN

Fertilization

. l
= \. Duplovd
; ‘-&\ Multicellular (2" 46)

l

' " diploid
.-
y

adults
(2n 46) ’

Mitosis and
development

"3
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Interphase cell MEIOSIS | Prophase |
Nuclear Centromere Prophase events occur, as in mitosis. Additionally,

envelope Crossover synapsis occurs: I-.iomologous chromosomes come
3 Spindle together along their length to form tetrads. During
Ce.ntnole « synapsis, the “arms” of homologous chromatids wrap
pairs around each other, forming several crossovers. The

Sister
chromatids

nonsister chromatids trade segments at points of
crossover. Crossover is followed through the diagrams
below.

Nuclear envelope
fragments late
2n=4 in prophase |

Chromatin

Interphase events

As in mitosis, meiosis is
preceded by DNA replication and
other preparations for cell
division.

Metaphase |
The tetrads align randomly on the spindle
equator in preparation for anaphase.

Tetrad

Dyad Anaphase |

Unlike anaphase of mitosis, the centromeres do not
separate during anaphase | of meiosis, so the sister
chromatids (dyads) remain firmly attached. However, the
homologous chromosomes do separate from each other
and the dyads move toward opposite poles of the cell.

Chromosomes
uncoil

Telophase |
The nuclear envelopes re-form around the chromosomal

Nuclear masses, the spindle breaks down, and the chromatin
envelopes reappears as telophase and cytokinesis are completed.
re-form The 2 daughter cells (now haploid) enter a second
Cloavage interphase-like period, called interkinesis, before

e meiosis Il occurs. There is no second replication of DNA

before meiosis II.

Copyright © 2010 Pearson Education, Inc.
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MEIOSIS 1l
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Prophase Il

Metaphase Il

Anaphase Il

v Telophase Il
and cytokinesis

Products of
meiosis:
haploid
daughter cells

_ UON - Human Anatomy,
Copyright/@ 2010 Fearsqn Education, Inc.

Meiosis Il begins with the
products of meiosis | (2
haploid daughter cells) and
undergoes a mitosis-like
nuclear division process
referred to as the equational
division of meiosis.

After progressing through
the phases of meiosis and
cytokinesis, the product is 4
haploid cells, each
genetically different from the
original mother cell. (During
human spermatogenesis,
the daughter cells remain
interconnected by
cytoplasmic extensions
during the meiotic phases.)
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Number of
divisions

Synapsis of
homologous
chromosomes

Daughter cell
number and
genetic
composition

Roles in the body
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MITOSIS

One, consisting of prophase, metaphase,
anaphase, and telophase.

Does not occur.

Two. Each diploid (2n) cell is identical to
the mother cell.

For development of multicellular adult
from zygote. Produces cells for growth
and tissue repair. Ensures constancy of
genetic makeup of all body cells.

MEIOSIS

Two, each consisting of prophase, metaphase,
anaphase, and telophase. DNA replication does
not occur between the two nuclear divisions.

Occurs during mitosis |; tetrads formed,
allowing crossovers.

Four. Each haploid (n) cell contains half as many
chromosomes as the mother cell and is
genetically different from the mother cell.

Produces cells for reproduction (gametes).
Introduces genetic variability in the gametes and
reduces chromosomal number by half so that when
fertilization occurs, the normal diploid chromosomal
number is restored (in humans, 2n = 46).

Copyright © 2010 Pearson Education, Inc.
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Anterior

pituitary
"' ool s‘®
Inhibin :
: LH o :
. Interstitial :
L O __ @) / celis ' ®
¢ @ @—»Testosterone > Somatic and
\ - Sustentacular psychological
leali: effects at
o other body

sites
Seminiferous
tubule <«— Stimulates
<« -= Inhibits
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Spermatogonium Cytoplasm of adjacent

(stem cell) sustentacular cells
Basal lamina ———
Type A daughter cell

> |

remains at basal lamina
as a stem cell
Type B daughter cell

Tight junction between
sustentacular cells

Primary
spermatocyte

Secondary
spermatocytes

Early
spermatids

Late spermatids

Cytoplasmic
bridge

Lumen of
seminifer-

Spermatozoa

I

Sustentacular
cell nucleus

Basal
compartment

‘‘‘‘‘

S, T g %)

(a) Scanning electron micrograph
of a cross-sectional view of a
seminiferous tubule (225x)

I
Adluminal compartment

(c) A portion of the seminiferous tublule wall, showing ;he spermato-
genic cells surrounded by sustentacular cells (colored gold)
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95

|
1

Suspensory
ligament of
ovary

Infundibulum

Uterine tube

Peritoheum
Uterosacral

ligament

Perimetrium

Rectouterine
pouch

Rectum

Posterior fornix

Cervix

Ovary
Fimbriae

Uterus

%Round ligament

|
J

Vesicouterine

/ pouch

Urinary bladder
Pubic symphysis
Mons pubis

Anterior fornix
Vagina

Anus

Urogenital diaphragm
Greater vestibular

(Bartholin’s) gland
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Urethra
Clitoris

External urethral

orifice
Hymen

Labium minus
Labium majus
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Tunica
albuginea Oocyte Granulosa cells

Late secondary follicle

Mesovarium and
blood vessels

Degenerating corpus
luteum (corpus
albicans)

Germinal Vesicular

epithelium (Graafian)
Primary follicle
follicles ‘ Antrum
A Oocyte
Ovarian» Fona
ligament F i , pellucida
SR Theca
Medulla %’ RPN N folliculi
— | ' (>— Ovulated

oocyte

Corpus luteum Developing Corona

corpus luteum radiata
(a) Diagrammatic view of an ovary sectioned to reveal the follicles in its interior
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Antrum of
a vesicular
follicle

Tunica
albuginea

Germinal
epithelium

Medulla
Cortex

Primary follicles

(b) Photomicrograph of a mammalian ovary showing follicles of different
developmental phases
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Suspensory

Mesometrium

Ovarian ligament—s—
Body of uterus

ligament of ovary \ Uterine (fallopian) tube Uterine
Ovarian blood\ - Fundus— Lumen (cavity) tube
vessels { ' ﬁ,\ of uterus of uterus 4 /A_n P “*‘c,: Ampu"a
Mesosalpinx ’" = Ovary | — Isthmus
Mesovarium l = KN > Infundibulum
Broad A g w2 A —Fimbriae
ligament . ) %ﬁﬁ; o

| Round ligament of uterus
y .
4 Endometrium

Ureter Myometrium [Wall of uterus
Uterine blood vessels Perimetrium
Isthmus Internal os

Cervical canal
External os

Uterosacral ligament
Lateral cervical
(cardinal) ligament

Lateral fornix
Cervix

(a)

Vagina
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Fimbriae of
uterine tube Left ovary

Fundus of
uterus

Mesovarium
Uterine tube

Mesosalpinx

Round ligament

of uterus Body of
uterus

Internal vaginal

surface (vaginal Broad

wall is cut and ligament

reflected

superiorly) Cervix

(b)
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Stratum
functionalis
of the
endometrium

Stratum
basalis
of the

endometrium [~

Portion
of the
myometrium

(@)
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——Lumen of uterus —

Epithelium

Capillaries

Uterine glands

Venous sinusoids

Lamina propria of
connective tissue

Spiral (coiled)
artery

Straight artery

Endometrial vein

Smooth muscle
fibers
Radial artery

Arcuate artery

Uterine artery =

\)

(b)
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Suspensory
ligament of ovary \ Uterine (fallopian) tube Uterine

Ovarian bIood\ - Fundus— Lumen (cavity) tube
vessels { ol ,\ of uterus\ of uterus g Ampulla
Mesosalpinx ‘i’.“""\' Ovary 7 Isthmus
Mesovarium — ‘Yi; XN L > #Z _s07¢——Infundibulum
E;g?:em \\ @ T : § v Fimbriae

Mesometrium—

Ovarian ligament—s——
Body of uterus

- Round ligament of uterus
: y Endometrium

Ureter B\ Myometrium ~Wall of uterus
Uterine blood vessels Perimetrium
Isthmus Internal os

Cervical canal
External os

Uterosacral ligament
Lateral cervical
(cardinal) ligament
Lateral fornix
Cervix

(a)

Vagina
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Mons

pubis
Prepuce Lapna
of clitoris majora

Labia
minora
Urethral
orifice
Hymen
(ruptured)

Vaginal
orifice

Clitoris
(glans)

Vestibule

Anus

Opening of the duct
of the greater
(a) vestibular gland
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Clitoris
Labia minora

Labia majora Inferior ramus of pubis

Pubic symphysis

Body of clitoris,
containing corpora
~ cavernosa

Clitoris (glans)
Crus of clitoris

Urethral orifice

Vaginal orifice

Greater
vestibular

Bulb of gland

vestibule
(b) Fourchette
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e~

Skin (cut)
Pectoralis major muscle
Suspensory ligament
Adipose tissue

Lobe
Areola
Nipple

Opening of
lactiferous duct

Lactiferous sinus

Lactiferous duct

Lobule containing
alveoli

A

go.

=

4

-
»

#

%
&

Hypodermis
(superficial fascia)

Intercostal muscles

(a) (b)
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Meiotic events

Before birth

Mitosis —1

Growth —’

Infancy and
childhood

(ovary inactive) ?

Each month from
puberty to
menopause

Spindle

Follicle development
in ovary

Oogonium (stem cell)
Follicle cells

Oocyte
Primary oocyte ——— > J Primordial follicle

Y

Primary oocyte —— > @ Primordial follicle
(arrested in prophase |;
present at birth)

Primary follicle
Primary oocyte (still

arrested in prophase I) :
Secondary follicle

% Vesicular (Graafian)

Meiosis I (completed
by one primary oocyte
each month in response

to LH surge) Secondary oocyte
First polar body (arrested in
metaphase Il)
Ovulatlon
Meiosis Il of polar £ s”e"“ Ovulated secondary
body (may or may oocvt
yte
not occur)
Meiosis Il In absence of
completed fertilization, ruptured
(only if s L follicle becomes a
Polar bodies \) Q9 sperm .~ corpus luteum and
(all polar bodies Second Ovum penetiatian D ti ultimately degenerates.
degenerate) polar body gccie) ot bl

follicle

corpus luteum
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« Follicular phase

e Ovulation

* Luteal phase
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3 Phases: Follicular, ovulation & Luteal phase

Tunica
Oocyte Granulosa cells

Late secondary follicle

Mesovarium and
blood vessels

Degenerating corpus
luteum (corpus

albicans)
Ge_rmin_al Vesicular
epithelium (Graafian)

follicle
Antrum
Oocyte

Primary
follicles

Ovarian
ligament |

. — Zona
S5 pellucida

Theca

. folliculi

= Ovulated

oocyte

pa S—
Corpus luteum  peyeloping Corona
corpus luteum radiata

(a) Diagrammatic view of an ovary sectioned to reveal the follicles in its interior

UON - Human Anatomy,
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Theca folliculi
®

Primary oocyte
Zona pellucida
Antrum
Secondary

Y ® oocyte

-
-~Secondary oocyte
@ adiata’

Corona radiata

UON - Human Anatomy,
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Theca folliculi
®

Primary oocyte
Zona pellucida
Antrum

kit | ——Secondary
\ (= e ¥ oocyte
L A ~~Secondary oocyte
o . @{_Corona radiata
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Theca folliculi
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Y%
@

Primary oocyte
Zona pellucida
Antrum

Secondary
oocyte

Secondary oocyte
Corona radiata
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« Menstrual stage (menses)

* Pre-ovulatory stage (proliferative)

* Post-ovulatory stage (secretory)
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