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Human Excretory System

B The human excretory system is a vital biological system that
removes/excretes excess and waste products/metabolite from the
body to maintain homeostasis (electrolyte/fluid)

B The major excretion occurs via urine, so also known as urinary
system

B However, waste/metabolites can also excrete via
B Faces (unabsorbed fractions)

B Exhaled air (Lungs)- alcohol
@ Saliva
B Milks

Human Excretory System

B The major organs involved in the excretory/urinary system
include Inferior g Adrenal gland
vena cava < _Renal artery
B 2 kidneys,
B 2 ureters,
B 1 bladder

B 1 urethra. Dorsal aorta

Renal vein

Kidney

Ureter

Urinary
bladder

Urethra

Source: https://classnotes123.com/excretory-system-diagram-class-10/



https://classnotes123.com/excretory-system-diagram-class-10/
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Human Excretory System

1. Kidneys:

@ It is the main organs. We typically have two
kidneys,

They lie on the posterior abdominal wall, one ' Kidney
on each side of the vertebral column,

behind the peritoneum and below the Ureter

diaphragm

12th thoracic vertebra to the 3rd lumbar

The right kidney is usually slightly lower than
the left, probably because of the

considerable space occupied by the liver.

Source: https://www.amboss.com/us/knowledge/Kidneys

] o Kid neYSI Superior pole of kidney

Kidneys are bean-shaped organs, about 11 Renal papilla Minor calyx

cm long, 6 cm wide, 3 cm thick and weigh

150 g .‘I - Major calyx
The kidneys filter the blood to remove ' ,

Renal artery & ; :
waste products, excess water, and other Renal vein o O ~ Renal pelvis

substances. Hilum
Renal column

They also play a vital role in regulatin s ~E i
Y A 9 9 Right ureter : Medullary pyramid

electrolyte  balance and acid-base
Renal medulla

balance. T

The functional units of the kidneys are ‘ . Renedsone
Inferior pole of kidney

called nephrons (1-2 Million), which are
responsible  for the filfration and

reabsorption of various substances



https://pressbooks.ccconline.org/bio106/chapter/urinary-structures-and-functions/
https://pressbooks.ccconline.org/bio106/chapter/urinary-structures-and-functions/
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Human Excretory System

2 . U reters: Inferior /Adrenal gland

vena cava - Renal artery

B The ureters are thin, muscular fubes that connect each , _ Renal vein

kidney to the bladder. a Kidney

B They fransport urine from the kidneys to the bladder using

Dorsal aorta

peristaltic confractions. Ureter
B The ureters prevent the backflow of urine from fthe
bladder to the kidneys through the presence of one-way Siisiy
valves. bladder

Urethra

Human Excretory System
3. Bladder:

The bladder is a hollow, muscular organ located in the lower abdomen.

It acts as a temporary storage reservoir for urine.

The bladder expands as it fills with urine, and once it reaches a certain capacity, it sends
signals to the brain to initiate the sensation of needing to urinate

Jaddexr

1 uga<
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Human Excretory System L

4. Urethra:

B The urethra is a tube that connects the bladder to the external opening of the body. In
males, it serves the dual function of fransporting both urine and semen.
B In females, it is shorter and only carries urine. The urethral sphincter muscles help conftrol

the flow of urine and prevent leakage

Jaddes
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Human Excretory System

Basic Function of Urinary System:

Excretion: Waste metabolite, ureq, creatinine, excess salts, and water

The kidneys filter the blood, reabsorb necessary substances such as glucose
and amino acids, and concentrate waste products into urine.

plays a crucial role in maintaining fluid and electrolyte balance, regulating
blood pressure, and eliminating waste products from the body, thus helping

to maintain overall health and homeostasis
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Nephron & Urine Formation
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Human Excretory System

Proximal convoluted
Nephron tubule Peritubular Distal

f Efferent capillaries ;:otr)'l\.;oluted
i ubule
—— arteriole b - IA
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Bowman's
capsule

Cortex

Afferent

Renal arteri}la
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Medulla
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Loop of Henle

Vasa recta
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Proximal Convoluted Tubule —> o
r PCS DCT
Cortex TN
———— —— — — - —— — — —_—— —— i — — — — —
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Descendin
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Limb LH

~_ '/ !
Nephron Loop_of Henle
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Human Excretory System

Nephron:

B Structural and Functional unit of Kidneys

B The closed end is indented fo form the cup-shaped glomerular
capsule (Bow%'scopsule), which almost completely encloses a

network of tiny arterial capillaries, which known to glomerulus, single

layer of flattened epithelial cells, which is more permeable than

other tubules (single layer of simple squamous epithelium).

B About 3 cm long of fube, consisting of-
B the proximal convoluted tubule (PCT)
B the medullary loop (loop of Henle, LH)
B the distal convoluted fubule (DCT), leading info a
collecting duct (CD).

Human Excretory System

Ross & Wilson, 12th ed

Nephron:

@ Kidneys received about 20% of cardiac oufput

Blood enter through afferent arterioles to the A
_— / \ Giomem\aj
capillary network (Glomerulus), ) N -

. a

JEESSIED

Between these capillary loops are connective / / (73KPa)

tissue phagocytic mesangial cells, which are \ TB::':"
: pressure
(4kPa)

part of the monocyte-macrophage defense

™ Glomerular 4 Capsular
SySTem / \ { hydrostatic

capsule
i pressure

The afferent arteriole has a larger diameter than ' (2kPa)

the , which increases pressure
inside the glomerulus and drives filtration across

the glomerular capillary walls
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Human Excretory System

Proximal Distal

N h . Efferent  Afferent. convoluted convoluted
epnron: twoule

arteriole  arteriole tubule

Branch

@ The divides into a second o

peritubular (meaning ‘around tubules’) capillary kg
vein

network, which wraps around the remainder of | i
the tubule, allowing exchange between the fluid
in the tubule and the bloodstream

B This maintains the local supply of oxygen and R
capillaries «-

nutrients and removes waste products

Ross & Wilson, 12t ed

—= Direction of blood flow Medullary loop Collecting
—-—-= Direction of flow of filtrate (Loop of Henle) duct

Human Excretory System

The composition of urine reflects exchange of substances between the
nepm/grl and the blood in the renal capillaries.
Waste products B? protein metabolism are excreted, water and
electrolyte levels are controlled and pH (acid-base balance) s
maintained by excretion of hydrogen ions.
B There are three processes involved in the formation of urine:
B Glomerular Filtration
B Tubular Reabsorption

B Tubular Secretion

Urine output = (GF+TS) - TR
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Human Excretory System

1. Filtration:

B/ This takes place through the semipermeable walls of the

glomerulus and glomerular capsule ke

B Water and small molecules (ions, glucose, urea, etc) are
filtered through the filiration pressure (1.3kPa or 10
mmHg).

. . \ n Capsular
Glomerular Hydrostatic pressure- (blood osmotic pressure + = 4 ytrostati
S & | pressure
capillary hydrostatic pressure) | el

7.3-(4+2) = 1.3 kPa ‘ | d
e ROSS & Wilson, 12th e
55 —(30+15) = 10 mmHg Ce)

Net filtration

Human Excretory System

‘/Box 13.1 Constituents of glomerular filtrate and
fglomerular capillaries

1. Filtration:

Large molecules remain unfiltered ; <

a in glomerl:ll.lr capillaries
Q . Water Leukocytes
The volume of filtfrate formed by both kidneys each Moiaral salts Sefirocytes
. . . X Amino acids Platelets
minute is called the glomerular filtration rate (GFR) Ketoacids ATasma proteins
Glucose SBome drugs (large molecules)
GFR =120 ml/min (180 liter/day by both kidneys) Soe e froletn Toird.
Creatinine \An%\\ .
Urea .
Uric acid
. X . Some drugs (small Ross & Wilson, 12t ed
kidney tubules (by tubular reabsorption) with less tha molecules)

Nearly all of the filtrate is later reabsorbed from the

i.e. 1-1.5 litres excreted as urine.

B The renal blood flow and GFR is regulated by

UTOREGULATION process




Human Excretory System

2. Selective Reabsorption: e
P

B Large molecules remain unfiltered
B Most of the molecules are reabsorb back (passively and actively) in
X ’rhehose walls are lined with microvilli to increase surface area
for absorption.

B Many substances are reabsorbed here, including some

electrolytes gind organic nufrients such OS

B Some reabsorption is passive, but some substances, e.g. glucose, are

actively transported

B 60-70% reaches to Medullary loop and Much of this, especially water,

sodium and chlaride, is reabsorbed in the loop,

15-20% reaches to DCT

And most electrolyte reabsorb in DCT via active transport system

Human Excretory System

2. Selective Reabsorption:

And most electrolyte (Na+,K+,Cl-) reabsorb in DCT, and reaches

dilute urine to collecting duct.

In collective duct most of thewater are reabsorbed

Some constituents of glomerular filtrate (e.g. glucose, amino acids)

do not normally appear in urine because they are completely
reabsorbed unless blood levels are excessive (glucose > 160mg/dl)
Reabsorption of nitrogenous waste products, such as urea, uric

acicl and creatinine is very limited

e AW® o=

o> o
Q\‘\/ \(aO "A?\
a7

Selective
reabsorption

Selective
reabsarption
from tubule

to blood
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Filtrate
intubule

Secretion
from blood

Filtrate
in tubule

Secretion
from blood
fo tubule




Human Excretory System

Hormones that affect reabsorption

Aldosterone (secrete by adrenal cortex)- increase the reabsorption of
Sodium and water

Anti-diuretic hormone (secrete by posterior pituitary hormone)- increase the
permeability for water in DCT and Collecting duct

Parathyroid hormone- (secrete by parathyroid agland)- regulates the
reabsorpfion of calcium and phosphate from the distal collecting tubules.
Parathyroid hormone increases the blood calcium level and calcitonin
lowers it.

Atrial naftriuretic peptide (ANP). This hormone is secreted by the atria of the
heart in response to stretching of the atrial wall when blood volume is
increased. decreases reabsorption of sodium and water from the proximal

convoluted tubuies and collecting ducts

Human Excretory System

. Tubular Secretion:

B Many drugs including penicillin and aspirin, may not

be entirely filtered out of the blood because of the

Filtrate
in tubule

short time.

it remains in the glomerulus. Such substances are Selective
. . X X reabsorption
cleared by secretfion from the peritubular capillaries from tubule
to blood

into the filtrate within the convoluted tubules. —
Tubular secretion of hydrogen ions (H+) is important in

maintaining normal blood pH

Secretion
from blood
to tubule

29-06-2023
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Human Excretory System

Water

Urea

Uric acid Chlorides
Creatinine Phosphates

not be entirely fiitered out of the blood because [ == SAF s
Sodium Oxalates

of the short time. Potassium Ross & Wilson, 12th ed

Urine:

Many drugs including penicillin and aspirin, may

Urine is clear and amber in colour due to the
presence of urobilin, a bile pigment altered in the
intestine, reabsorbed then excreted by the

kidneys

The specific gravity is between 1020 and 1030,

and the pH is around 6 (normal range 4.5-8).
A healthy adult passes from 1000 to 1500 mL per
day

13
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Human Excretory System
(Part 3)

Role of RAS in Kidney

. / Aldosteron
—_ || | Vasoconst l riction me

HYP"-BI
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[ RENIN-ANGIOTENSIN SYSTEM
i —p Angiotensinogen
wodl VL v__Regulation of blood pressure
f H"p\o/p;rfll_‘s\';’rl‘agt/’('d”eys C ,@} //ll;Ealectronte and fluid
¥ Low blood sodium \/ homeostasis
v (e Angiotensin-I v" Pathophysiological Aspect

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

EEEE0000000NENNEE00000000000: .‘.".".‘.".".‘.".".‘.".".‘."".‘.".".[.. ............................................
; )
\/A/osterone -
; Secretlon
27 ‘ Vasoconstrlctlon ‘ Sympathetic
Stimulation
- Hypertrophy Hypertensmn

Human Excretory System
(Part 4)

Kidney's Role in Acid-Base Balance
Balance Blood pH

Human Anatomy & Physiology

15
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Kidney's Role in Acid-Base Balance

Acid-Base Regulators: Henderson-Hasselbach Eq. for pH
1. Buffers pH= pK + log [A-/HA)

! H+ >lpH > Acidosis

e etp/H/ > Acidesis ppolosis

2. Lungs

3. Kidneys f

Kidney's Role in Acid-Base Balance L

Henderson-Hasselbach Eq. for pH Role of Kidneys: Slow but powerful

_ ; 1.They reabsorb bicarbonate from urine.
pH= pK + log [A/HA) 2.They excrete hydrogen ions into urine.

Imp Strong Buffer pair:
HCO;-/CO, pK=6.1
pH = 6.1 + log [HCO5 -/ 0.03x Pa CO2]

High H+ and/or Low Carbonate

' HCO5-
=~ Regulation
by Kidneys
t y Rezbs
HCO; -

Peritubular capillary Tubular Cell Tubular Lumen




Kidney's Role in Acid-Base Balance
Henderson-Hasselbach Eq. for pH
pH= pK + log [A-/HA)
Imp Strong Buffer pair:
HCO;-/C0O, pK= 6.1
pH = 6.1 + log [HCO; -/ 0.03x Pa CO2]

' HCO;-
= _Regulation

Peritubular capillary Tubular Cell Tubular Lumen

Human Excretory System

DCT

Sites: All tubules except Thin

I s Descending/Ascending limb

Collecting
: duct

Thick
Ascending 4
Limb

Thin Descending
Limb Thin

Ascending
Limb

29-06-2023
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Kidney's Role in Acid-Base Balance

HCO, - Reabsorption: 80% in early PC

Peritubular capillary Tubular PCT Cell Tubular Lumen
Na+K+ ATPase Pump

A - Na+H+ Exchange]

No Net
Excretion of
H+

Na+ HCO3-
Co-transporter

Kidney's Role in Acid-Base Balance

H+ Secretion: most in DCT & C

Peritubular capillary Alfa-Intercalated Cell Tubular Lumen

{

WL H+ get buffered for
excretion:
1. Phosphate
2. Ammonial

H+ ATPase Pump

Titratable Acid

K+H+ ATPase

18
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Kidney's Role in Acid-Base Balance

Ammonia Buffe Amino Acid > Glutamine > PCT

Peritubular capillary PCT Cell Tubular Lumen

G(\u\’l\f"l;_gb
Glutaminase j’u Wt
G |uFamote
Glubamine oﬂl\—r@
o-keyo Glukodoke
=

Kidney's Role in Acid-Base Balance

Ammonia Buffe

Peritubular capillary Collecting Duct Tubular Lumen

N,
H+ ATPase Pump :{;C?‘Z:is:]-l:ffer‘ed for
1. Phosphate

2. Ammonia

Titratable Acid
kt

K+H+ ATPase
Pump

19
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Kidney's Role in Acid-Base Balance

pH = pKa + log [HCO5 -/ 0.03x Pa CO2]

R, o= e
NPaCO2  pH AR | l‘m/,p:a):l

A HCO3- Reabsorption
{ H+ Secretion

\Paco2 X pH \va) Heo, ™ = Ufl
0-03

{, HCO; - Reabsorption
), H+ Secretion

{ HCO;- 1 HCO,- Reabsorption
A H+ A H+ Secretion

YHCO;-  § HCO;- Reabsorption
\ H+ \ H+ Secretion

B

¢
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