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AN IN-DEPTH LOOK
AT THE
STRUCTURE AND
FUNCTION OF THE
KIDNEY AND ITS
PARTS

The human body is a
marvel of biological
engineering, and few
organs demonstrate
this more clearly than
the kidneys. These
bean-shaped organs,
each roughly the size
of a fist, are located on
either side of the spine,
just below the rib cage.

While most people
know that kidneys filter
waste from the blood,
the true complexity of
the structure and
function of the
kidney and its parts
is often
underestimated.

Understanding this
intricate  system
reveals how the body
maintains a stable
internal environment, a
process known as
homeostasis, and why
kidney health is critical
for overall well-being.

Every day, the kidneys
filter approximately
120 to 150 quarts of
blood to produce about
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one to two quarts of
urine. This remarkable
filtering process
removes toxins, excess
minerals, and surplus
fluids. Beyond waste
removal, the kidneys
regulate blood
pressure, produce
essential hormones,
maintain electrolyte
balance, and even
activate vitamin D. To
appreciate how the
kidneys accomplish
these vital tasks, it is
essential to examine
their anatomy from the
macroscopic to the
microscopic level.

Gross
Anatomy
of the
Kidney

When considering the
structure and

function of the
kidney and its parts,
it is helpful to start
with the overall
anatomical

organization. Each
kidney is protected by
a tough, fibrous
capsule called the
renal capsule. This
outer layer provides
structural support and
acts as a barrier
against infection.
Beneath this capsule
lies the renal cortex,
the outermost region
of the kidney itself. The
cortex appears
granular due to the
presence of millions of
microscopic  filtering
units called nephrons.

Beneath the cortex lies
the renal medulla,
which is composed of
multiple cone-shaped
structures known as
renal pyramids. The
tips of these pyramids,
called renal papillae,
project into the renal
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pelvis. The renal pelvis
is a funnel-shaped
cavity that collects
urine and channels it
into the ureter, which
carries urine to the
bladder. The kidney
also receives a rich
blood supply through
the renal artery, which
branches into smaller
arterioles that feed the
nephrons.
Understanding these
major structural
components provides a
foundation for
exploring how each
part contributes to
kidney function.

The
Nephron:
The
Functiona

| Unit of
the
Kidney

To truly grasp the
structure and
function of the
kidney and its parts,
one must focus on the
nephron. Each kidney
contains approximately
one million nephrons,
and these microscopic
units are responsible
for the actual work of
filtration, reabsorption,
and secretion. A
nephron consists of
two main parts: the
renal corpuscle and the
renal tubule.

The renal corpuscle
includes the
glomerulus, a tuft of
capillaries, and
Bowman's capsule, a
cup-like structure that
surrounds the



glomerulus. Blood
enters the glomerulus
through the afferent
arteriole and exits
through the efferent
arteriole. The high
pressure within the
glomerulus forces
water, ions, and small
molecules across the

filtration membrane
and into Bowman's
capsule. This initial
filtrate is essentially
blood plasma without
proteins, as the
filtration membrane
prevents large

molecules like proteins
and blood cells from
passing through.

collecting duct. Each
segment has a
specialized structure
designed to perform
specific functions in
urine formation.

Filtration,
Reabsorp
tion, and
Secretion

The structure and
function of the
kidney and its parts
become even more
apparent when

From Bowman's e€xamining the three
capsule, the filtrate primary processes of
flows into the renal urine formation:
tubule, which is divided filtration, reabsorption,
into several segments: and secretion.
the proximal Filtration occurs
convoluted tubule exclusively in the renal
(PCT), the loop of corpuscle, where blood
Henle, the distal pressure drives fluid
convoluted tubule and solutes across the
(DCT), and the filtration membrane.
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The resulting filtrate
contains water,
glucose, amino acids,
urea, creatinine, and
various ions such as
sodium, potassium,
chloride, and
bicarbonate.

Reabsorption is the
process by which
essential substances
are returned to the
bloodstream.

Approximately 99% of
the filtrate is
reabsorbed, primarily
in the proximal
convoluted tubule.
Here, glucose, amino
acids, and most of the
sodium, chloride, and
water are actively or
passively transported
back into the
peritubular capillaries.
The loop of Henle plays
a crucial role in
concentrating the urine
by establishing a salt
gradient in the
medulla. The
descending limb is

permeable to water but
not to salt, while the
ascending limb is
permeable to salt but
not to water. This
countercurrent
multiplier system
allows the kidney to
produce urine that is
much more
concentrated than
blood plasma.

Secretion is the
transfer of additional
wastes and excess ions
from the blood into the
tubular  fluid.  This
process occurs mainly
in the distal convoluted

tubule and the
collecting duct.
Substances like
hydrogen ions,

potassium ions, and
certain drugs are
actively secreted,
helping to regulate
blood pH and eliminate
foreign compounds.
The final composition
of urine reflects the net
result of filtration,



reabsorption, and
secretion, all of which
are finely tuned by
hormonal signals.

The Role
of the
Collecting
Duct

The collecting duct is
the final segment of
the nephron and plays
a critical role in water
and electrolyte
balance. As the tubular
fluid passes through
the collecting duct, its
permeability to water
is regulated by
antidiuretic hormone
(ADH). When the body
is dehydrated, ADH
increases water
permeability, allowing
more water to be
reabsorbed into the
medullary interstitium

and returned to the
bloodstream. This
produces concentrated
urine. Conversely,
when the body is well-
hydrated, ADH levels
are low, resulting in
dilute urine.

The collecting duct also
participates in acid-
base balance through
the secretion of
hydrogen ions and the
reabsorption of
bicarbonate.
Aldosterone, another
hormone, stimulates
sodium reabsorption
and potassium
secretion in the
collecting duct, further
influencing blood
pressure and
electrolyte levels. This
integrated hormonal
control demonstrates
how the structure
and function of the
kidney and its parts
are coordinated to
maintain homeostasis.
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Blood

Supply
and Its
Importan

CE

No discussion of the
structure and
function of the
kidney and its parts
would be complete
without addressing the
renal circulation. The
kidneys receive about
20 to 25% of the
cardiac output, a
remarkably high
percentage for organs
that represent less
than 1% of total body
weight. The renal
artery branches into
segmental arteries,
interlobar arteries,
arcuate arteries, and
interlobular arteries

before reaching the
glomerular capillaries.

The peritubular
capillaries and vasa
recta surround the
tubular segments and
play essential roles in
reabsorption and urine
concentration. The
vasa recta, which are
long, straight
capillaries that run
parallel to the loop of
Henle, help maintain
the medullary osmotic
gradient without
washing it away. This
specialized blood
supply is a perfect
example of how
structure supports
function in the kidney.

Hormonal
Functions
of the



Kidney

In addition to filtering
blood and producing
urine, the kidneys
serve as endocrine
organs. They secrete
erythropoietin (EPO), a
hormone that
stimulates red blood
cell production in the
bone marrow. When
oxygen levels in the
blood are low, the
kidneys release EPO to
increase red blood cell
formation, improving
oxygen delivery to
tissues.

The kidneys also
produce renin, an
enzyme that activates
the renin-angiotensin-
aldosterone system
(RAAS). This system

regulates blood
pressure by
constricting blood

vessels and promoting
sodium and water
retention. Furthermore,

the kidneys convert
vitamin D into its
active form, calcitriol,
which is essential for
calcium absorption in
the gut and bone
health. These hormonal
roles highlight the
kidneys' far-reaching
influence on the entire
body.

Common
Disorders
Affecting
Kidney
Structure
and
Function

Understanding the
structure and
function of the
kidney and its parts

8 Structure And Function Of The Kidney 2023-03-08
And lIts Parts



Structure And Function Of The Kidney And Its
Parts 9

helps in recognizing
the impact of kidney
diseases. Chronic
kidney disease (CKD) is
a progressive loss of
nephron function, often
caused by diabetes or
hypertension. As
nephrons are
destroyed, the
remaining nephrons
undergo hypertrophy
and hyperfiltration,
which temporarily
compensates but
ultimately accelerates
further damage.

Kidney stones form
when minerals and
salts crystallize in the
urine, often due to
dehydration, dietary
factors, or metabolic
disorders. These stones
can obstruct the renal

pelvis or wureter,
causing severe pain
and potentially

damaging the kidney
tissue. Pyelonephritis,
a bacterial infection of
the kidney, can

damage the renal
parenchyma and
impair function if not
treated promptly.

Glomerulonephritis is
inflammation of the
glomeruli, which can
result from
autoimmune disorders,
infections, or toxins.
This condition disrupts
the filtration barrier,
allowing proteins and
red blood cells to enter
the urine, a condition
known as proteinuria
and hematuria. Each of

these diseases
underscores the
importance of

maintaining healthy
kidney structure to
preserve optimal
function.

How to
Support



Kidney
Health

Given the critical
structure and
function of the
kidney and its parts,
adopting lifestyle
habits that support
kidney health s
essential. Staying
adequately hydrated
helps the kidneys flush
out waste products and
prevents stone
formation. A balanced
diet low in sodium,
processed foods, and
excessive protein
reduces the workload
on the kidneys.
Controlling blood
pressure and blood

sugar levels s
paramount, as
hypertension and

diabetes are leading
causes of kidney
damage.

Avoiding nonsteroidal

10

anti-inflammatory
drugs (NSAIDs) and
other nephrotoxic
medications, when
possible, protects the
delicate filtering
structures. Regular
physical activity and
maintaining a healthy
weight also support
kidney function by
improving
cardiovascular health
and reducing
inflammation. For
individuals with a
family history of kidney
disease, periodic
screening through
blood and urine tests
can detect early signs
of dysfunction.

Conclusio
n

The kidney is a
masterfully designed
organ whose structure
is intimately linked to
its many functions.
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From the macroscopic
organization of the
cortex and medulla to
the microscopic
complexity of the
nephron and its tubular
segments, every part
of the kidney plays a
specific role in
filtration, reabsorption,
secretion, and
hormonal regulation.
The structure and
function of the
kidney and its parts
demonstrate how
biological systems
achieve remarkable
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efficiency and
adaptability. By
understanding this

intricate anatomy and
physiology, we gain a
deeper appreciation for
the kidneys' vital
contributions to health
and the importance of
protecting these
essential organs.
Whether through
proper hydration,
nutrition, or medical
management,
supporting kidney
function is a
cornerstone of overall
well-being.



