The Urinary

System
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What is the Urinary System?

* The Urinary System is a group of organs in the body concerned with filtering out
excess fluid and other substances from the bloodstream.

* The substances are filtered out from the body in the form of urine.

e Urine is a liquid produced by the kidneys, collected in the bladder and excreted
through the urethra.

* Urine is used to extract excess minerals or vitamins from the body.



Functions of

the Urinary
System

Excretion — the process of eliminating
waste products

Maintains an appropriate fluid volume —
regulating the amount of water that is
excreted in the urine.

Regulates the concentrations of various
electrolytes in the body fluids

Maintaining normal pH of the blood.




Components of the Urinary System

The Urinary organs

Kidney

* The Urinary organs include
e the kidneys
* The ureters

* The bladder
* The urethra

Ureter

Bladder

rethra




he Kidneys

The kidneys are the main organs of
homeostasis because they

* Maintain pH - the acid base
balance

e Maintain the water and salt
balance of the blood




The kidneys

The kidneys are the most important
excretory organ.

The primary function of the kidneys is to
maintain a stable internal environment
(homeostasis) for optimal cell and tissue
metabolism.

* The kidneys removes unwanted
urea, mineral salts, toxins, and
other waste products from the
blood.

* The kidneys conserve water, salt,
and electrolyte concentration.

* At least one kidney must function
properly for life to be maintained.
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Six Iimportant

roles of the
kidneys are:
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Regulation of plasma ionic composition

Regulation of plasma osmolarity

Regulation of plasma volume

Regulation of plasma hydrogen ion concentration
(pH)

Removal of metabolic waste products and foreign
substances from the plasma

Secretion of Hormones




ROLES OF THE KIDNEYS -
Regulation of plasma ionic
composition

* lons such as sodium,
potassium, calcium,
magnesium, chloride,

nicarbonate, and

ohosphates are regulated
oy the amount that the
<idney excretes.




ROLES OF THE
KIDNEYS
- Regulation of plasma
osmolarity

* The kidneys regulate
osmolarity because
they have direct
control over how
many ions and how
much water a person
excretes.




ROLES OF
THE
KIDNEYS

- Regulation
of plasma
volume

Your kidneys are so important they even
have an effect on your blood pressure.

The kidneys control plasma volume by
controlling how much water a person
excretes.

The plasma volume has a direct effect on
the total blood volume, which has a direct
effect on your blood pressure.

Salt (NaCl) will cause osmosis to happen;
the diffusion of water into the blood.




ROLES OF THE KIDNEYS
- Regulation of (pH)

* The kidneys partner up with the lungs and they together control the
pPH.

* The kidneys excreting hydrogen ions and reabsorbing bicarbonate
ions as needed.

Carbon Dioxide Exchange and pH Balance.
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ROLES OF THE KIDNEYS
- Removal of waste

* The kidneys get rid of
 Urea - metabolic waste from the liver
e Ammonia - metabolic waste from the liver

* Creatinine - metabolic waste from the
muscles

e Uric acid - metabolic waste from the break
down of nucleotides.

* Uric acid is insoluble and too much uric
acid in the blood will build up and form
crystals that can collect in the joints and
cause gout.



ROLES OF
THE
KIDNEYS

- Secretion of
Hormones

Renin is released by the kidneys.

e Renin leads to the secretion of aldosterone from
the adrenal cortex.

e Aldosterone causes the kidneys to reabsorb more
sodium (Na+) ions.

Erythropoietin is released by the

kidneys

e Erythropoietin stimulates red blood cell
production.

The Vitamin D from the skin is also

activated with help from the kidneys.

e Calcium (Ca+) absorption from the digestive tract is
promoted by vitamin D.




Renin-angiotensin-aldosterone system
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e Renin leads to the secretion of aldosterone
from the adrenal cortex.

e Aldosterone causes the kidneys to reabsorb
more sodium (Na+) ions.
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Kidneys And Their
Structure

Renal pyramid
Interlobar artery
Renal artery

Renal vein

Renal hilum

Renal pelvis

Ureter

Minor calyx

Renal capsule
Inferior renal capsule
Superior renal capsule
Interlobar vein
Nephron

Minor calyx

Maijor calyx

Renal papilla

Renal column

1.
2.
3.
4.
5.
6.
7.
8.




Adrenal
Gland

The Renal
Cortex

The Renal
Medulla

The Renal Cortex
The Renal Medulla

Kidneys And Their Regions



Reqions of the Kidney

regions of the kidney
» Renal cortex —

outer region

[P, - r ,ﬁ..
1- = ———FRenal papilla
1 .1-" Minor calix
- ' 2
- -

-Major calix

Rena

e Renal medulla 310|:ur‘.r1;'-._ _ >
— inside the -
cortex

There are three major
regions of the kidney:

 renal cortex

e renal medU"a . b : - “' -- Renal pelvis
e Renal pelvis— = R~

* renal pelvis inner collecting

Renal -

The outer, granulated layer tube cortex
is the renal cortex
The inner radially striated
layer is the renal medulla

: Ad I
The renal medulla contains i
the renal pyramids o
The renal pelvis are Cortex
continuous with the ureters The Renal

Medulla




Renal Vein

* The renal veins are veins
that drain the kidney.

* They connect the kidney to
the inferior vena cava.

Pancreas




renal artery

* The renal arteries arise off
the abdominal aorta and
supply the kidneys with
blood.

The renal arteries carry a
large portion of the total

. blood flow to the kidneys.
blood vessel that carries oxygenated

. Up to a third of the total
blood toyourk'dneys = cardiac output can pass

through the renal arteries to
be filtered by the kidneys.

Renal Artery




URETERS, 'L WDDER, LIR

( * The ureters are two tubes

| Ureter that drain urine from the
kidneys to the bladder.

a long fube that carries urine

from the kidney and into the bladder Muscles in the walls of the

ureters send the urine in
small spurts into the bladder

After the urine enters the
bladder from the ureters,
small folds in the bladder
mucosa act like valves
preventing backward flow of
the urine.

Ureters




rinary System

Urinary Sphincters

Male Sphincters Female Sphincters

* The outlet of the bladder is

I e

controlled by a sphincter muscle. {f 527 *\2
* A full bladder stimulates Sy
sensory nerves in the Internal urethral Y =
blac_lder wall that relax the sphincter — } e
sphincter and allow release External Urethral® !
of the urine. However, -
relaxation of the sphincter is also Sp hincter
in part a learned response under
voluntary control.
The released urine enters
the urethra.
] Unit 1 - Objective 1

(@)




The urethra

 The urethra is a
muscular tube that
connects the bladder
with the outside of
the body.

e The function of the
urethra is to remove
urine from the body.

Kidneys

——— Ureters

Bladder
Urethra




The female urethra is much shorter than the male

Sacrim
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Eat, urethral orifice

Urethral crest

Openings of prostatic ulricle
and ejaculatory ducts

Prostatic part of wrethra

Membranows part of wrethra




The Female
Urethra

e The female urethra is much
shorter than the male
urethra.

* Women tend to be more
susceptible to infections of
the bladder (cystitis) and the
urinary tract (UTI).

Sacrin

Coecyx

Rectovaginal
excavation
External wherine
L--"r_'.f:"{ 15

Anal conpel =




Male urethra

* In the human male, the urethrais a
common pathway for semen as
well as urine.

* The urethral sphincter is much
stronger in males

* meaning that they can retain a
large amount of urine for twice
as long as females

£S5
Op( ngs fgmosfi ulricle
and ejaculatory ducts
Prostatic part of urethra

Membranous part of urethra

B, wrethral orifice




NEPHRONS

DISTAL CONVOLUTED TUBULE
PROXIMAL CONVOLUTED TUBULE

Nephrons

GLOMERULAR CAPSULE

GLOMERULUS

i e p— — —

ARCUATE VESSELS

NEPHRON LOOP

* A nephron is the basic
structural and functional unit
of the kidney.

* Its chief function is to

COLLECTING DUCT

* regulate water and soluble
substances by filtering the
blood

* reabsorbing what is needed
and excreting the rest as urine.




Nephrons

* Nephrons

* Eliminate wastes from
the body

Regulate blood volume

Regulate blood
pressure

Control levels of
electrolytes and
metabolites

Regulate blood ph

NEPHRONS

DISTAL CONVOLUTED TUBULE
PROXIMAL CONVOLUTED TUBULE

GLOMERULAR CAPSULE

CORTEX- & > Pon . GLOMERULUS

ARCUATE VESSELS

NEPHRON LOOP

MEDULLA

COLLECTING DUCT



Nephrons

 Its functions are
regulated by the
endocrine system by
hormones such as

e Aldosterone

e Antidiuretic
Hormone

e Parathyroid
Hormone

Aldosterone

Renin-Angiotensin-Aldosterone System

Aldosterone receptor antagonists

Angiotensinogen
Aldosterone >

Aldosterone Receptor

Renin inhibitor
ARBs — AT Receptors

» Angiotensin Il

I[ ACE —— ACE Inhibitors



Posterior
pituitary

ADH

(vasopressin)

Adrenal gland

Antidiuretic

Aldosterone
Hormone

1 Diuresis




) » Parathyroid

: Produces
: Parathyroid
Parathyroid l Inhibit T
i 4— Ca ions
Hormone PTH PTH
: Ca ions
Action on Stimulus
Bone, Kidney, GIT Regulate Ca and P

metabolism




Nephrons
~*=— Renal Corpuscle

* Each nephronis composed of
* an initial filtering
component (the renal
corpuscle)

* atubule specialized for
reabsorption and
secretion (the renal
tubule).

Renal Tubule




2. Proximal gunvuluted tubule: 5. Distal tubule:
reabsorbs ions, water, and selectively secretes
HUII’IEH!:S, SN toxins and absorbs different
and adjusts filtrate pH ions to maintain blood

pH and electrolyte
balance

1. Glomerulus:

filters small
solutes from |
the blood
| 6. Collecting
\ / duct:
reabsorbs
Renal Tubules £ ateton
" water from
[ the filtrate
4. Ascending loop l | 3. Descending
of Henle: loop of Henle:
reabsorbs Na* and | | aquaporins
Cl~ from the filtrate allow water
into the interstitial to pass from
fluid ‘ [ thefiltrate
( into the

\ | interstitial fluid




Renal Corpuscle

* Together, the Glomerulus and
Glomerular Capsule or
Bowman's Capsule are called
the Renal Corpuscle.

* Between the visceral and
parietal layers of the Renal
Corpuscle is the Bowman's
space.

Glomerulus

Renal Corpuscle

Glomerular
Capsule




THE RENAL
CORPUSCLE

* The renal corpuscle

* Filters out large
solutes from the
blood

e Allows water and
small solutes to
move on to the
renal tubule

Glomerulus

Renal Corpuscle

+—— Glomerular
Capsule

-




macula densa

Bowman’s e -

space

=
-I-'I- -

podocyte

* The Bowman’s space
holds filtrates from
podocytes' filtration
slits.

Bowman'’s
space

proximal
tubule



Afferent Arteriole:

Vasoconstriction decreases GFR

Afferent/Efferent
Arterioles

Efferent Arteriole:

Vasoconstriction increases GFR

Bowman's * The afferent arteriole
capsule supplies blood to the
glomerulus.

’ * Vasoconstriction of the
afferent arteriole

DECREASES the
Glomerular Filtration Rate
(GFR)

* The efferent arteriole drains

the glomerulus.
* Vasoconstriction of the

Q[Mhﬂ'ﬂ,
INCREASES the Glomerular

Mlcrovascu.lar m.odulatlon of Filtration Rate (GFR)
glomerular filtration rate (GFR)

Proximal
I convoluted tubule




Efferant
arteriole
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Bowman's

tubule

- Collecting
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angiotensin ||
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efferent arteriola
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Afferent Arteriole:

Vasoconstriction decreases GFR J UXtaglome rU I a r
apparatus
Efferent Arteriole:
Vasoconstriction increases GFR
Bowman’s * A group of specialized cells

capsule known as juxtaglomerular
cells are located around the
afferent arteriole where it
enters the renal corpuscle.

Proximal

I convoluted tubule

Microvascular modulation of
glomerular filtration rate (GFR)




Glomerulus

* The pathway for the remainder of the
blood not filtered into the

glomerulus...
* The unfiltered portion of
blood...

e passes into the narrower
efferent arteriole.

* then moves into the vasa
recta

* then combines with
efferent venules from
other nephrons into the
IUEIRE

* and finally rejoins the
main bloodstream.

Juxtaglomerular cells

Afferent arteriole

Podocyte
(visceral epithelium)

imal convoluted tubule

Distal convoluted tubule

Macula densa

Efferent arteriole

Capsular (parietal)
epithelium

Glomerulus




Renal corpuscle

* The

juxtaglomerular - -‘_:7—\ ‘ B .
cells and the ~\ owman's
macula densa ayie ( )space

~
p S

Proximal
tubule

collectively form
the
juxtaglomerular
apparatus.

The
juxtaglomerular
apparatus cells
create and store
renin.
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apillary
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‘ Parietal

@ layer

Q O Podocyte

Granular cells

Mesangium—Extra-
glomerular cell

THE JUXTA- Juxtaglomerular -
GLOMERULAR \apparatus Efferent - 5 Jroiore |Viee
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Intraglomerular cell ()
J membrane capsule



Renin-angiotensin-aldosterone system
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* Reninis released in response to

» decreased blood pressure in the afferent arterioles

* decreased salt concentration in the distal convoluted tubule
e sympathetic nerve stimulation

* Reninis needed to form Angiotensin | and Angiotensin Il which stimulate the secretion of aldosterone by the adrenal cortex.



Glomerular
Capsule or
Bowman's Capsule

The visceral layer is made of
podocytes

Podocytes form filtration slits

The size of the filtration slits
restricts the passage of large
molecules (eg, a/bumiy and cells
(eg, red blood cells an

platelets).

Also have a negatively-charged
coat (glycocalyx) that limits the
filtration of negatively-charged
molecules, such as albumin.

This action is called electrostatic
repulsion.

Distal convoluted tubul

Juxtaglomerular cells
Macula densa

Afferent arteriole Efferent arteriole

Capsular (parietal)
epithelium

Glomerulus

Podocyte
(visceral epithelium) J=

'roximal convoluted tubule



ﬂaximal convoluted tubule

Collecting ducts Glomenis

Distal convoluted tubb

Bowman's capsule Collecting duct —+-

¢ O =

e Each distal convoluted KEY oo
tubule delivers its filtrate to > Filtration E:>I
a system of collecting ducts. D> Water reabsorption

* Solute reabsorption

As the urine travels down => Secretion
the collecting duct, as much =22> Variable rate is,
as three-fourths of the | i/ .
water from urine can be kil by J: \| ¥/
reabsorbed as it leaves the \/ \ (
collecting duct by osmosis. 4

.

5

Urine storage
and elimination




Formation of

Urine

Urine is formed in three
steps:

* Glomerular Filtration
e Tubular Reabsorption
e Tubular Secretion

Steps in Urine Formation

— Afferent arteriole

~ Glomerular capillaries

-Efferent arteriole
Cortical
radiate

artery Glomerular capsule

Rest of renal tubule
containing filtrate

Peritubular

capillary
Three major

renal processes: 3}
= Glomerular filtration
«=p Tubular reabsorption

© —» Tubular secretion

To cortical radiate vein




Glomerular
Filtration

* Blood enters the afferent arteriole
and flows into the glomerulus.

* Blood in the glomerulus has both
filterable blood components and
non-filterable blood components.

* Filterable blood components
move toward the inside of
the glomerulus

* Non-filterable blood
components bypass the
filtration process by exiting
through the efferent
arteriole.

'roximal convoluted tubule

Distal convoluted tubul

Juxtaglomerular cells
Macula densa

Afferent arteriole Efferent arteriole

Capsular (parietal)
epithelium

Podocvte Glomerulus

(visceral epithelium)




Glomerular
Filtration

Filterable

Blood
Components




Glomerular
Filtration

Non-Filterable
Blood

Components

* Nonfilterable blood components
include formed elements such as
blood cells and platelets along with
plasma proteins.




Tubular Reabsorption Broximal convolused
tubule Peritubular

| Distal
> Efferent '[:ﬂ.pll anes convoluted
 Within the peritubular capillary anenale L‘l tubule
network, molecules and ions are Glomerulus
reabsorbed back into the blood.
Bowman's
Sodium Chloride reabsorbed into the capsule Collecti
system increases the osmolarity of d'] ¢ .
blood in comparison to the glomerular Afferent ue
arteriole

filtrate. This reabsorption process
allows water (H20) to pass from the
glomerular filtrate back into the

circulatory system.

Glucose and various amino acids also -

are reabsorbed into the circulatory »
system. .

e These nutrients have carrier
molecules that claim the Loop of Henle
glomerular molecule and release
it back into the circulatory system.

If all of the carrier molecules are
used up, excess glucose or amino
acids are set free into the urine.

Vasa recta




Tubular Secretion

e Urine is a collection of
substances that have not been
reabsorbed during glomerular
filtration or tubular
reabsorbtion.




It is the job of the kidneys to

e Maintain the water-salt balance of the blood.
e Maintain blood volume
e Maintain blood pressure

Maintaining
Water-Salt

Simple examples of ways that this

Balance

balance can be changed include

e |[ngestion of water
e Dehydration

e Blood loss

e Salt ingestion




Posterior
pituitary

Anti-Diuretic Hormone
ADH

- Reabsorption of water ADH

(vasopressin)

Adrenal gland

* Direct control of water excretion in the
kidneys is exercised by the anti-diuretic
hormone(ADH), released by the posterior

Aldosterone

lobe of the pituitary gland.

ADH causes the insertion of water channels
into the membranes of cells lining the
collecting ducts, allowing water reabsorption
to occur.

Without ADH, little water is reabsorbed in _ _
the collecting ducts and dilute urine is Diuresis
excreted.




Anti-Diuretic Hormone

(ADH)

- Reabsorption of water

e Anti-Diuretic Hormone (ADH) plays a role in

increasing water reabsorption in the kidneys,
thus helping to dilute bodily fluids.

* There are several factors that influence the
secretion of Anti-Diuretic Hormone (ADH).

* When the blood plasma gets too
concentrated, special receptors in the
hypothalamus release ADH.

* When blood pressure falls, stretch
receptors in the aorta and carotid
arteries stimulate ADH secretion to
increase volume of the blood.

Posterior
pituitary

ADH

(vasopressin)

1 Diuresis
)

Adrenal gland



Juxtaglomerular cells (JG cells, also

known as granular cells) secrete Rea bsorption Of Salt

Renin.

Renin converts Angiotensinogen

from the liver into Angiotensin I. The kidneys also have a regulated mechanism for reabsorbing
Angiotensin | is then converted sodium in the distal nephron.

into Angiotensin Il.

Angiotensin Il stimulates the . . i
adrenal cortex to release Renin-angiotensin-aldosterone system

aldosterone.
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Renin-angiotensin-aldosterone system

Angiotensinogen
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rgnal perfusion | & _
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Atrial natriuretic hormone
(ANH) or Atrial natriuretic
peptide (ANP)

* The reabsorption of sodium ions is followed by the
reabsorption of water.

* Resorption of water causes blood pressure as well
as blood volume to increase.

e Stretch receptors in the heart sense the increased
blood volume.

e Cardiac cells in the atria of the heart secrete
Atrial natriuretic hormone (ANH) in response.

 Atrial natriuretic hormone (ANH) inhibits
* the secretion of renin by the juxtaglomerular apparatus
* the secretion of the aldosterone by the adrenal cortex

* This promotes the excretion of sodium.

e When sodium is excreted so is water.

* This causes blood pressure and volume to
decrease.
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Hypernatremia

An increase in plasma
sodium levels above
normal is hypernatremia.

e Water retention and an
increased blood pressure
usually are signs of
hypernatremia.

HYPERNATREMIA

Ern:m here.. thanks
for the info. L'l pass it on
to the pituitary gland.

PFituitary gland
here I'm releasing the
antidiuretic
harmone (ADH).

- Hzlln brain. this is
the hypothalamus. Say,
we've got a problem, Sedium
and osmelarity are up..my
guy here is real

t"'.‘-J.‘-h".,.-

Kidney here..
I'm cutting back on
urine output to increase
dilution of sodium
and asmolality.

Hypernatremia (due to
delydration}—watch for signs
of Thirst, fever, dry mucous
membranes, hypotension, tachycardia,
low jugular venous pressure, and
restlessness,

That's it_na
more chips and




Hypernatremia

An increase in plasma sodium levels
above normal is hypernatremia.

e Sodium is the primary solute in the
extracellular fluid.

* Sodium levels have a major role in
osmolarity regulation.

* Neurons and muscle cells (excitable
cells) depend on the electrochemical
gradient for sodium across the plasma
membrane in order to function

properly.

HYPERNATREMIA
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the hypothalamus. Say,
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Kidney here..
LI'm cutting back on
urine output to increase

dilution of sodium Hypernatremia (due o
and osmelality, dehydration}=watch for signs
of thirst, fever, dry mucous

membranes, hypotension, tachycardia,
low jugular venous pressure, and
restlessness

That's it_.na

mere chips and
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Hyponatremia

If the plasma sodium

levels are below
normal it is called
hyponatremia.

*Signs of this are low
plasma volume and
hypotension.

HYPONATREMIA

- an imbalance between the total body water accumulation and the
body's accumulation of electrolytes

-is defined as serum sodium concentration of less than 135 mEqg/L as a
result of an accumulation of total body water greater than the body's
accumulation of electrolytes (sodium + potassium)

. M ssibl ditions and lifestyl
CAUSES: factors canlead to hyponatremia
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Excessive Diuretics Drinking too Excessive
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. Normal Physiology of kidney

Diuretics (Urine formation)
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Diuretics

Diuretics include
e Caffeine

* Cranberry Juice
* Alcohol

* Drugs that treat
* heart failure
* liver cirrhosis
* Hypertension
* kidney diseases

) NOVARTIS




Antidiuretics

* Antidiuretic: lessening or
decreasing of urine production

or an agent that decreases the
release of urine.

Antidiuretic hormone

Hypothalamus

Urine 1s concentrated

Produce
Antidiuretic
ADH <
Vassopressor
Stored in  (Vasopresin)

Post. lobe of Pituitary

Excreted to

Water reabsortion from @ Circulation

distle and collecting
tubules
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