D. PH 1°T YEAR: HUMAN ANATOMY AND PHYSIOLOGY - PRACTICAL

EXPERIMENT NO.: 14. d DATE:

AIM: STUDY OF URINARY SYSTEM WITH THE HELP OF CHART AND MODELS.
REQUIREMENTS: Models, charts and specimens of urinary system

THEORY:

Urinary system is also known as the excretory system.

The organs of the urinary system include the kidneys, renal pelvis, ureters, bladder and urethra.
The purpose of the urinary system is to filtration of blood and eliminate waste from the body,
regulate blood volume and blood pressure, control levels of electrolytes and metabolites, and

regulate blood pH.
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Diagram of Urinary System

FUNCTIONS OF URINARY SYSTEM:
1. Removal of wastc product:

. Reabsorption of electrolytes and nutrients:

. Maintaining pH

. Maintain blood pressure and volume:

. Control the erythropoiesis (Formation of RBCs):

. Maintain the calcium level:

. Provide the glucose during the fasting stage
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LAYERS OF KIDNEYS:

Kidney 1s surrounded by three layers.

1.

Renal Capsule: It is the inner and deep layer of the kidney. It is transparent, fibrous
membrane. It continue with the outer layer of the ureters. This layer maintain the shape of

the kidney.

. Adipose capsule: It is the middle layer of the kidney. It is made up by the fatty mass, it

protect kidney from the trauma and it holds the kidney in its position.

. Renal fascia: It is the outer layer of the kidney. It is made up by the dense irregular

connective tissue.

ANATOMY OF KIDNEY: (EXTERNAL ANATOMY)

The paired kidneys are reddish (purplish-brown organs) in color and it is bean shaped.
They are located just above the waist between the peritoneum and posterior wall of the
abdominal cavity so it is also known as retroperitoneal organs.

It is located at the level of last thoracic and third vertebrae as well as it is partially protected
by the eleventh and twelfth pair of ribs.

Right kidney 1s slightly lower than the left kidney because right lobes of the kidney occupied
more space than the left lobes.

Adult kidney is 9-12 c¢cm long, 6-9 cm wide and 3 cm thick.

Each kidney weighs about 125-175 g in males and 115-155 g in females.

The medial surface of the kidney is concave with a deep vertical fissure known as hilum

through which ureters leaves kidney as well as blood, lymphatic vessels and nerves exit and

entre the kidney through the renal hilus.

HISTOLOGY OF KIDNEY: (INTERNAL ANATOMY)

Frontal section of the kidney shows two main region: a) renal cortex b) renal medulla
Renal cortex is a superficial region and it is reddish in color.

Renal medulla is a deep region and it is reddish brown in color.

Renal medulla consist 8-18 cone shaped structure which is known as renal pyramid. Basc of
the renal pyramid faccs towards the renal cortex side and apex of the renal pyramid towards
centre of kidney side known as renal papilla.

Between two pyramids there is a gap like portion is known as renal column.

Renal pyramids and the portion of renal cortex combine together known as renal
parenchyma where the functional units of kidney reside that is nephron.

Each kidney’s renal parenchyma consist about I million number of nephrons.
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The number of nephrons are constant from the birth, if nephrons are died due to injury or
infection new nephron cannot form.

Each kidney filtered blood at 50% rate, but if one kidney get failed other kidney compensate
80 % blood filtration rate.

Urine formed by the nephron drains into papillary ducts, below that there is a cup like
structure known as major and minor calyces.

Each kidney consist 8-18 minor calyces and 2-3 major calyces.

Formed urine pass from renal papillae to minor calyces to major calyces, then it flow in to

renal pelvis to ureters and it finally drains in to urinary bladder.
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* Each kidney consist about | million numbers of nephron.
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It is divided into two portion:
i. Renal corpuscle:

v" Renal corpuscle is lie into the cortex region of kidney, It is also known as Malpighian
body.

v Tt consist two portion:

a) Glomerulus - This is a cluster of capillaries that absorb protein from blood traveling
through the renal corpuscle.

b) Glomerular (The Bowman capsule) — It is double laycred walled that surround the
glomerulus. The remaining fluid, called capsular urine, passes through the Bowman
capsule into the renal tubules.

. Renal tubules:
Filtered fluid from the capsular spacc enter into the renal tubules, which has three main
section.
a. Proximal Convoluted tubules  b) Loop of Henle ¢) Distal convoluted tubules
According to loop of Henle, nephron is divided into two main types:
a. Cortical nephron:

It is about 80 to 85 % of the total nephron.

It mainly located in the superficial region of the kidney that is known as cortex.

It consist short loop of Henle.

Loop of Henle consists, thick and thin descending portion and thick ascending portion

but no thin ascending portion.

. Juxtamedullary nephron:

It 1s about 15 to 20 % of the total nephron.

It mainly locatced in the deep region of the kidncey that is known as medulla.

It consist long loop of Henle.

Loop of Henle consists, thick and thin descending portion as well as thin and thick

ascending portion.

It cxcreted very dilute or very concentrated urine.
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PHYSIOLOGY OF URINE FORMATION:

descendin;

Urine is formed by mainly threc process:
1. Glomerular filtration, 2. Tubular reabsorption and 3. Tubular secretion.
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1. Glomerular filtration:

» Afferent arteries have larger diameter than the efferent arteries so pressure is created into
the glomerulus. Due to this about 180 liters/day of filtrate entre into the capsular space, with
respect to the glomerular filtration rate (GFR) 125 mL/min for an adult male. This represent
is 65 times the entire blood plasma volume.

Out of 180 liters of filtrate 178-179 liters of filtrates get reabsorbed so finally 1-2 liters of
urine excreted each day.
Glomerular filtration is depend on net filtration pressure (NFP) created into the glomerulus.
The net filtration pressure (NFP) is mainly describe by following three mechanism, in which
one process promote the filtration and two oppose the filtration process.
Glomerular Blood Hydrostatic Pressure (GBHP):
Afferent arteries have the larger diameter and efferent arteries have smaller diameter so
large amount of blood comes into the glomerulus and small amount of blood out from the
glomerulus it create pressure into the glomerulus that is 55 MmHg. Which is positive and
it promote the filtration.
Capsular Hydrostatic Pressure (CHP):
The wall of the capsule where there is no pores as well as the fluid filled into the capsule
oppose the filtrate for filtration. This is the negative pressure which oppose the filtration
ratc that is 15 MmHg.
Blood Colloidal Osmoti¢c Pressure (BCOP);
Some of the protein of blood plasma cannot pass through the endothelial capsular

membrane and it block the pore for filtration site, so it oppose the filtration rate and the

pressure created by this oppose is 30 MmHg which is also the negative pressure.
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2. Tubular reabsorption:

About 99% of Water and other useful small molecules in the filtrate are normally reabsorbed back
into plasma by renal tubules.

In tubular reabsorption, water and solute moves from the tubuler lumen back into the blood with in

a peritubular capillary or vasa recta.

Here, solutes like glucose, amino acids, urea, anions (C1°, HCO3" HPO4* etc) and cations (Ca~, K~,

Na™ etc) are reabsorbed by both the process active and passive mechanism.
3. Tubular Secretion:
v Some of the substances which not filtered through the PCT get directly secreted from blood
capillary to tubules.
Tubular secretion removes Hydrogen ions (H+), Potassium ions (K+), Ammonium ions
(NH4+), creatinine and some drugs like penicillin.
Tubular secretion of Hydrogen ions (H+) helps to maintain blood pH and secretion of other
substances helps eliminate them from the body.
URETERS:
» The ureters are a pair of tubes that carry urine from the kidneys to the urinary bladder.
® The ureters are about 10 to 12 inches long and run on the left and right sides of the body
parallel to the vertebral column.
Gravity and peristalsis of smooth muscle tissuc in the walls of the urcters move urine toward
the urinary bladder. The ends of the urcters extend slightly into the urinary bladder and arc
sealed at the point of entry to the bladder by the ureterovesical valves.
These valves prevent urine from flowing back towards the kidneys.
About every 10 to 15 seconds, small amounts of urine are emptied into the bladder from the
ureters.
URINARY BLADDERS:
»  This triangle-shaped, hollow organ is located in the lower abdomen.
* In the male it is directly anterior to the rectum and in the female it 1s directly anterior to the
vagina and infcrior to the utcrus.
In general urinary bladder have less capacity to store urine in female than male because in
female uterus occupies the space just above the bladder in female.
Expulsion of urine from urinary bladder is known as micturition, commonly known as
urination.
The average capacity of urinary bladder to store urine is 600-700 mL, but when the urine

reached near the volume of 200-300 mL in urinary bladder, the stretch receptors in the wall
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of bladder send message/impulse via sensory response to spinal cord that response analyze
by the integrated centre of CNS and generate the reflex action to expel urine known as
micturition.
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URETHRA:
® The urethra is the tube through which urine passes from the bladder to the exterior of the
body.
The female urethra is around 2 inches long and ends inferior to the clitoris and superior to
the vaginal opening.

In males, the urethra is around 8 to 10 inches long and ends at the tip of the penis. The

urethra is also an organ of the male reproductive system as it carries sperm out of the body

through the penis.

The male urethra has three regions: 1. prostatic urethra 2. Membranous urethra 3. Penile
urethra.

The flow of urine through the urethra is controlled by the internal and external urethral
sphincter muscles.

The internal urcthral sphincter is made of smooth muscle and opens involuntarily when the
bladder reaches a certain set level of distention.

The opening of the internal sphincter results in the sensation of needing to urinate.

The external urethral sphincter is made of skeletal muscle and may be opened to allow urine

to pass through the urethra or may be held closed to delay urination.
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