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HUMAN ANATOMY AND PHYSIOLOGY - 11
UNIT 3

TOPIC :
o Urinary system
Anatomy of urinary tract with special reference to anatomy of
kidney and nephrons, functions of kidney and urinary tract,
physiology of urine formation, micturition reflex and role of

kidneys in acid base balance, role of RAS in kidney and disorders
of kidney
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Urinary System

< Urinary system of the body is formed by the organs responsible for
converting the excess fluid and other substances into urine, its
filtration, and its excretion from the body.
< These organs include kidneys, ureters, urinary bladder, and urethra.
Urine is formed by the kidneys, then sent to the urinary bladder for
storage, and finally excreted through urethra.
< Urine excretes excess of minerals, vitamins, and blood cells from the
body.
< Urinary system along with the other systems of the body maintains
homeostasis. Kidneys play a major role in homeostasis as they maintain
the acid base and water salt balance in the blood.
Parts of Urinary System
The urinary tract is made up of the following organs:
1) A pair of kidneys (forming urine).
2) A pair of ureters (transporting urine),
3) A urinary bladder (storing urine), and
4) A urethra (carrying urine outside the body).)

Kidneys

— Kidneys are present in pair in vertebrates as well as in some
invertebrates.
— They are the major organs of urinary system.
— They produce urine through which waste materials such as urea and
ammonia are excreted.
— They also reabsorb glucose and amino acids.
Along with this, kidneys also perform secretory function, e.g.. calcitriol,
erythropoietin, and renin are some of the hormones produced by kidneys.
Kidneys also perform some other homeostatic functions, like:
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1) Regulate electrolyte balance,

2) Maintain acid-base balance, and

3) Control the blood pressure.
Anatomy and Physiology

Human Kidney Anatomy

External View Internal View

¢ Kidneys are bean-shaped and positioned in a retroperitoneal position
(ie., between the dorsal body wall and the parietal peritoneum) in the
superior lumbar region.
¢ The right kidney is present slightly lower than the left. Mass of an adult
kidney is about 150gm and is 12cm long, 6cm wide, and 3cm thick.)
¢ The kidneys have a convex lateral surface and a concave medial
surface. They also have a vertical cleft (the renal hilum) leading into an
internal space within the kidney (the renal sinus).
¢ Hilum forms the area where the ureters, renal blood vessels,
lymphatics, and nerves join the kidney.
Functions
[.  Regulation of Blood Ionic Composition: They regulate the
concentration of some ions (Na', K, Cart C and HPO, ') in blood.)
II. Regulation of Blood pH: They regulate blood pH (Potential of
Hydrogen) by excreting Ht lons into the urine and conserving HCO,
ions (an important buffer of Ht ions in the blood =
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Regulation of Blood Volume: They regulate blood volume by
conserving water or eliminating the excess in urine. Blood volume in
turn regulates the blood pressure, since an increase in blood volume
increases blood pressure and vice versu.

Regulation of Blood Pressure: They regulate blood pressure by
secreting remin enzyme which activates the renin-angiotensin-
aldosterone pathway. Renin in increased amount increases the blood
pressure.)

Maintenance of Blood Osmolarity: They maintain a constant blood
osmolarity [value of which is close to 300 milliosmoles per litre
(mOsm/litre)] by regulating loss of water and solutes in the urine.)
Production of Hormones: They produce calcitriol (the active form of
vitamin D) which regulates calcium homeostasis; and erythropoietin
which stimulates RBC production.

Regulation of Blood Glucose Level: They utilise glutamine amino acid
in gluconeogenesis (synthesis of new glucose molecules), and then
release the resultant glucose into the blood for maintaining the glucose
level.

Excretion of Wastes and Foreign Substances: They form urine to
excrete waste materials (ammonia and urea resulting from
deamination of amino acids, bilirubin from catabolism of haemoglobin,
creatinine from breakdown of creatine phosphate in muscle fibres, and
uric acid from catabolism of nucleic acids), Foreign substances from
the diet such as drugs and environmental toxins are also excreted.

Nephrons

— Nephron is the basic structural and functional unit of the kidney. It

filters the blood out [of waste materials, reabsorb the required ones,
and excrete the remaining with urine; thus regulates the concentration
of water and soluble substances like sodium salts in the blood
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— Nephrons are the functional units of the kidneys. Each kidney contains
approximately 1 million nephrons.

— Each nephron consists of two parts:

— Renal corpuscle: This is the part where blood plasma is filtered. It is
further divided into two components: The glomerulus which is a
network of blood capillaries and the glomerular (Bowman’s) capsule
which is a double-walled epithelial cup that surrounds the glomerular
capillaries. Blood plasma is filtered in the glomerular capsule and then
the filtered fluid passes into the renal tubule.

— Renal tubule: This is the part into which the filtered fluid passes. It has
three main sections:

(i) Proximal convoluted tubule
(ii) Loop of Henle (nephron loop)

(iii) Distal convoluted tubule.

Proximal convoluted tubule (PCT): It is a convoluted (coiled) part of
tubule which is attached to glomerular capsule.

Loop of Henle (nephron loop): The loop of Henle connects the
proximal and distal convoluted tubules. It starts from PCT, dips into
the renal medulla, makes a hairpin turn, returns to the renal cortex and
ends at DCT. The first part of the loop of Henle which dips into the
renal medulla is called the descending limb of the loop of Henle. It
then makes that hairpin turn and returns to the renal cortex as the
ascending limb of the loop of Henle.

Distal convoluted tubule (DCT): It is convoluted part of tubule which
is present away from glomerular capsule.The distal convoluted tubules
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of several nephrons empty into a single collecting duct. Collecting
ducts then unite and converge into several hundred large papillary
ducts, which drain into the minor calyces.

Ureters

— Ureters are paired tubes through which the urine flows from the
kidneys to the urinary bladder. Both the tubes begin from the sinus of
the corresponding kidney as calyces (short cup-shaped tubes)
surrounding the renal papillae. More than one papilla are enclosed
within a single calyx; thus the calyces are fewer in number (ranging 7
to 13) than the pyramids (ranging between 8-18).

— The calyces combine with each other to form 2-3 short tubes, which
further combine to form renal pelvis (a funnel-shaped dilatation with
wide above and narrow below, situated partially inside and partially
outside the renal sinus).

Anatomy and Physiology

Kidney

Ureter

Bladder

Prostate

Ductus Deferens
C‘Iesti:le

Penis
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[. Ureters are 25-30cm Tong, thick-walled, narrow cylindrical tubes. They
begin near the lower end of the kidney with the tapering extremity of
the renal pelvis. They run downward and medially in front of the Psoas
major, enter the pelvic cavity, and terminate in the fundas of the
urinary bladder.

II. Ureter is enclosed within the following three coats
Tunica (Fibrous Coat) : One end of this coat is continuous with the fibrous
tunic of the kidney on the sinus floor, and the other end is somewhere
within the fibrous bladder.
Tunica Muscularis (Muscalar Coat):) This coat in the renal pelvis is further
made up of two layers:
[. Longitudinal Fibre: This layer lies on the sides of the papillae at the
extremities of the calyces.

I[I. Circular Fibre: This layer surrounds the: medullary substance.

Tunica Mucosa (Mucous Cont):) This smooth coat has a few longitudinal

folds which erode on distension. It joins the mucous membrane of the

bladder, while it is prolonged over the papillae of the kidney.

Functions

Ureters perform the following functions
1) They transport urine from the renal pelvis of the kidney to the urinary
bladder.
2)Since they pass beneath the urinary bladder, duringg urination when
pressure in the bladder is high the ureters are compressed and back-flow
of urine is prevented. Otherwise, cystitis (inflammation of the
ureter/urinary bladder) may develop which may lead to a kidney
infection.

ekt il
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Urinary Bladder

— Urinary bladder is a hollow [muscular, and distensible or elastic) organ
which rests on the pelvic floor.

— It receives urine from the kidneys via the ureters, stores it within, and
expels it during urination via the urethra.

— It is a reservoir where urine is stored temporarily.

— The bladder is somewhat spherical in shape, although its shape and
size vary from individual to individual and also depends on the urine
volume it stores.

— An empty bladder is about the size and shape of a pear The normal
capacity of the bladder is 400 - 600 ml

Anatomy and Phvsiologv

Blagder Anatomy

< Urinary bladder is situated in the pelvic cavity posteriorly to the
symphysis pubis, and inferiorly to the parietal peritoneum.
It is made up of three layers

1)Mucous Membrane: It is the inner lining of the bladder consisting of
transitional epithelium continuous with that of the ureters.

2) Submucosa : It is the second layer, consisting of connective tissue with
elastic fibres and supporting the mucous membrane.

3) Muscularis: It is the outer layer consisting of smooth muscles having
fibres interwoven in all directions, collectively termed detrusor musgj@;
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Functions

Urinary bladder performs the following functions:
1) It is a reservoir for urine,
2) It expels urine via urethra.
A urinary bladder filled with urine becomes distended.
Urine stimulates the stretch receptors on the bladder wall, which in turn
trigger a reflex contraction of the bladder wall muscles and relax the
internal sphincter (a valve which remains closed so that the urine
remains in the bladder till urination), Soon the external sphincter relaxes
and the bladder expels the urine. A parasympathetic nerve fibre
transmits a signal that causes bladder contractions and internal sphincter

relaxations.

Urethra

» A Urethra is in tube-like structure which transports urine from the
urinary bladder to the exterior of the body.

» It forms the "exit tube" of the body for liquid wastes.

> It is closed by the external urethral sphincter (a muscular structure)
which keeps the urine in the bladder till urination.

» Mucous membranes form the inner lining of the urethra, and muscular
layer forms the outer layer.

» The smooth muscle fibre directs longitudinally The urethral walls have
highly specialised urethra glands which constantly secrete mucous
coating the urethral canal.

Anatomy and Physiology

» Urethra is made up of two separate urethral sphincter muscles.

» The internal urethral sphincter muscle consists of involuntary smooth
muscles, while the external sphincter muscle consists of lower
voluntary muscles.

» Detrusor muscle makes up the internal sphincter
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The characteristic features of female and male urethra are:

a. Female Urethra: It is 4cm long and opens to the exterior via urethral
orifice, located in the vestibule in the labia minora between the
clitoris and the Vaginal orifice Female urethra transports urine from
the bladder to outside at the time of urination.

b. Male Urethra: It is 20cm long, S-shaped, follows the line of the penis.
It transports urine during (urination) and semen (during ejaculation)
to outside Male urethra consists of the following three regions

Functions

Urethra performs the following functions:

1) It is the passageway through which urine is expelled out of the body.
2) In males, it is also the passageway through which semen is ejaculated.
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Physiology of Urine Formation

— The cells of the body produce nitrogenous wastes which are
transported via blood to the kidneys.

— Here they are converted into urine by the following three processes:

o Ultrafiltration or glomerular filtration,

e Tubular reabsorption, and

e Tubular secretion (augmentation).
Ultrafiltration/Glomerular Filtration

» Ultrafiltration (or glomerular filtration) is a passive process involving
hydrostatic pressure to force fluids and solutes across a membrane.

» Glomerulus filters wastes more efficiently because its filtration
membrane has larger surface area and is thousand times more
permeable to water and solutes in comparison to the other capillary
beds.

» Water, glucose, amino acids, and nitrogenous wastes are molecules
having <3nm diameter; they can easily move into the glomerular
capsule from the blood, thus have similar concentrations in blood as
well as the glomerular filtrate.

» Molecules of 3-5nm diameter enter the glomerular capsule with much
difficulty, while those of >5am diameters are prevented from entering
the tubule

Tubular Reabsorption

» Tubular reabsorption, a selective transepithelial process initiates when
the filtrate enters the proximal tubules. The reabsorbed substances
enter the blood via:

e Transcellular route
e Paracellular route
Tubular secretion (augmentation).
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» The plasma is cleared from unwanted substances by tubular secretion
(reverse of reabsorption). The H*, K*, NH, creatinine, and certain
organic acids either are synthesised in the tubule cells and secreted, or
they reach the filtrate by passing through the tubule cells from the
peritubular capillaries.

Micturition Reflex (Urination)

» When 300-400ml of urine has been collected in the urinary bladder,
the afferent autonomic nerve fibres in the bladder wall which are
sensitive to stretch are stimulated.

» In infants, fullness of bladder initiates a spinal reflex action to cause
micturition

» When the autonomic efferent fibres send impulses to the bladder, the
detrusor muscles contract and the internal urethral sphincter relaxes,
thus causing micturition.

» In adults, nervous system is fully developed, so micturition reflex is
stimulated and sensory impulses are passed to the brain to make the
individual aware of the desire to urinate.

» In adults, contraction of the detrusor muscles, reflex relaxation of the
internal sphincter, and voluntary relaxation of the external sphincter
causes micturition

» This mechanism can be supported by lowering the diaphragm and
contracting the abdominal muscles (Valsalva's manoeuvre) which in
turn increases the pelvic cavity pressure.

» When the bladder is over distended it becomes extremely painful, and
in this stage there is an involuntary tendency to relax the external
sphincter and release a small amount of urine; although there should
be no mechanical hindrance.
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Role of Kidneys in Acid-Base Balance

-> Acid-base balance refers to maintaining the pH of blood within a
narrow range (7.35-7.45).

-> Kidneys play a vital role in long-term regulation of pH by controlling
the excretion of hydrogen ions (H*) and the reabsorption of
bicarbonate ions (HCO5").

Main Functions of Kidneys in Acid-Base Balance

Function Details
1. Secretion of H* ions Removes excess acid from body via urine
2. Reabsorption of HCO3~ | Returns base to blood; prevents metabolic

acidosis

3. Formation of new Replaces lost bicarbonate during acid
HCO5 excretion
4. Excretion of acidic or Adjusts urine pH based on body’s needs
basic urine (normal urine pH: ~4.5-8.0)

i g E;.mn =
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Renin Angiotensin Aldosterone System

» Dehydration, Na deficiency, or haemorrhage leads to decrease in blood
volume.

» Decrease in blood volume decreases the blood pressure. This decreased
blood pressure leads to decreased stretching of the walls of the afferent
arterioles. This leads to secretion of the enzyme renin by the
juxtaglomerular cells of kidney into the blood.

» Renin converts a peptide, angiotensinogen (which is synthesized by
liver) to angiotensin L

» Angiotensin-converting enzyme (ACE) converts angiotensin I to
angiotensin II.

» Angiotensin II stimulates the adrenal cortex to release aldosterone, a
hormone that in turn stimulates the cells in the collecting ducts to
reabsorb more Na' and CI and secrete more K+.

» Angiotensin Il increases reabsorption of Na", Cl and water in the
proximal convoluted tubule, which causes an increase in blood volume
and blood pressure.

» Angiotensin Il causes vasoconstriction of arterioles which increases
blood pressure and thus helps to raise blood pressure to normal

ekt il
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Role of Aldosterone in Kidney

» Acts on distal convoluted tubule and collecting duct
> Increases:

o Na* reabsorption
o Water retention
o K* excretion

> Result : 7 Blood volume — 1 Blood pressure — restores kidney
perfusion

Leam ond Bducate
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Disorders of the Kidney
1. Acute Kidney Injury (AKI)

» Sudden and rapid decline in kidney function within hours or days.

Causes: Acute Kidney Injury
. Dehydration
. Severe infection (sepsis) '~°‘:h‘::f:"
. Toxic drugs (NSAIDs, antibiotics) .# A % "
« Blocked urine flow (stones, tumors) Pk 4

SYIIlptOIIIS: Heart failure

. Decreased urine output

. Swelling (edema) /
. Fatigue, confusion ‘o ®
. Elevated blood urea and creatinine ‘ o
— i Inflammation and
Reversible? Yes, if treated early. Ne‘:mc:f’ - vasculitls

2. Chronic Kidney Disease (CKD)

» Long-term progressive and irreversible loss of kidney function over
months or years.

Causes:

« Diabetes mellitus (most common)

. High blood pressure (hypertension)
. Glomerulonephritis

. Polycystic kidney disease

Normal Kidney Chronic Kidney Disease Kidney

Symptoms: o—

. Weakness and fatigue wo
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Swelling in legs, ankles

Anemia

Bone disorders

Uremia (toxin buildup in blood)

Treatment: Dialysis, kidney transplant, lifestyle and dietary changes.

3. Glomerulonephritis
» Inflammation of the glomeruli (filtration units of the nephron).
Causes:

. Autoimmune disease (e.g., lupus)
. Post-streptococcal infection
. Genetic conditions

Symptoms . Normal Kidney 18 {" Glomerulonephrltis

« Blood in urine (hematuria)
Foamy urine (proteinuria)
Swelling (especially face and eyes)
High blood pressure

4. Nephrotic Syndrome

» A condition marked by excessive protein loss in urine due to damage in
glomerular filtration barrier. 9
¢

Causes: -. g’ '
L.

Bowman’s
capsule

. Minimal change disease (in children)
. Diabetes
. Amyloidosis
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Symptoms:

Heavy proteinuria

Generalized edema

Low blood albumin (hypoalbuminemia)
High cholesterol levels

5. Kidney Stones (Renal Calculi)

» Hard mineral and salt deposits formed in the kidney.
Causes:

. Dehydration
. High calcium/oxalate in diet
. Metabolic disorders

Symptoms:

Severe lower back/flank pain
Blood in urine
Nausea/vomiting

Burning urination

Treatment: Hydration, medications, lithotripsy, or surgery.
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