The Body in Balance:
Homeostasis g Excretion

An architectural breakdown of the physiological
systems that maintain life's internal equilibrium
despite constant external chaos.
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dehydration

The Imperative of the Internal Environment

Cells only function properly when bathed in optimized tissue fluid.

optimized / —
cellular fluid ?7\ -

heatwaves -

37°C, strict pH, .-
balanced water/salts

Homeostasis is the automated, continuous maintenance of this constant internal environment.

o Itis not a static state, but a dynamic equilibrium—the body constantly working to counteract ¢
Linternal and external changes to keep conditions relatively constant. |




The Daily Water Ledger

— Drink 1400 cm®  —|Urine 1500 cm?
— Food 800 cm’ ~ Sweat 600 cm?
: Cell Respiration 400 cm? : Exhaled Air . 400 cm?
| Faeces
100 cms3

[[ ’ Both sides balance precisely at 2600 cm?®. . ]

The inputs must relentlessly match the
outputs to prevent cellular damage.




Aj[é Defining the Excretory Target

UNDIGESTED FOOD/MATTER

Excretion: The removal of metabolic Egestion: The expulsion of

waste products created inside cells undigested food that has passed
(e.g., lungs exhaling carbon dioxide, through the gut without ever entering
kidneys filtering urea). cell metabolism (faeces).

—__i _ S . '
The Primary Target: Urea. A toxic nitrogenous waste formed in the liver from 4
excess amino acids. Removing it is the primary job of the excretory system.
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The Body’s Filtration Plant

Renal Artery:
Delivers high-pressure,
unfiltered blood.

Ureters:
Tubes transporting
waste downward.

Bladder:

—— Kidneys:
The dual

biological filters.

—— Sphincter Muscles:
Two ring-shaped muscles
(one involuntary, one
voluntary) controlling
release.

The muscular storage sac.

Urethra:

The exit pathway. S




Architecture of the Kidney

| \ Medulla

.
Cortex:
The dark, outer region

containing the top half of
the filtering tubules.

Medulla:
The middle layer with

distinct bulges called
pyramids pointing inward.

Pelvis:
The central funnel-like

cavity connecting to the
ureter,

Inside this biological
filter are approximately
one million microscopic
filtering units called
nephrons. They do the
actual work of

cleaning the blood.
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Step 1: Ultrafiltration

Bowman's capsule

membrane

At the start of the nephron, the renal
artery divides into a knot of tiny
capillaries called the glomerulus.

Mechanism Box

The blood vessel entering is wider than the

one leaving, creating immense pressure. This
pressure forces a glomerular filtrate out of |
the blood and into the Bowman's capsule.

R

The Filtered Matrix  The Retained Matrix

(Pushed out): (Stays in blood):
e \Water, urea,ions, e Proteinsand red blood
and glucose. cells (too large to pass

the basement
membrane).



Step 2: Selective Reabsorption

l (R Ultrafiltration is entirely indiscriminate—it
Tubule O Q & Peritubular erDVBS V|ta| I‘IU’[I’IEI‘I’[S El|0ngSIde tGXlC
Q O Gapillaries .
O ' waste. As the filtrate travels through the

proximal convoluted tubule, the body
must selectively reclaim what it
needs.

Key Reclamations

e (Glucose: 100% is actively transported
back into the blood to fuel respiration.
(It is necessary for survival).

e |ons/Salts: Selectively reabsorbed
Peritubular based on current blood levels.

T N e Water: Reabsorbed passively via N & N
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The Result: Filtrate vs. Final Urine

Initial Filtrate

Final Urine

180 dm?

b

1.5 dm?
N

Data Highlights

Volume: ~125 cm? filtrate/min,
totaling 180 dm? daily.

Glucose: 100% present
(Sample 2, Flow rate 100%)

== Urea: Low concentration
[? ﬁﬁj‘a (Sample 2)

O

Data Highlights

Volume: Only 1.5 dm?3 daily.
99% water reabsorbed.

Glucose: 0% present in
healthy urine.

Urea: Multiples radically in
concentration (Sample 4: 60x)

What remains is a highly concentrated, precision-engineered elimination of metabolic waste.




Osmoregulation: The ADH Interface

The kidneys do not act alone. They ( (1) Blotdwates QQ/@ Small mlumEO

are controlled by a hormone called level drops o Ll

ADH (Antidiuretic Hormone). S 4
When the hypothalamus in the brain J R\
detects that blood concentration is & (S Mot wate!
too high (low water), it triggers the F‘lﬁ'&ﬁi‘?ﬁiﬁﬁ% ?"Eﬂbﬁt‘;‘;gfd" i“‘”J
pituitary gland to release ADH into the

bloodstream. ADH dictates exactly & //4
how much water the nephron’s

collecting duct allows back iny, saving —'@ A Colleiing duch

the organism from dehydration. R iy S ( become mnreCé

permeable
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The Heat Balance: Thermoregulation P
- _ Humans are homeothermic t \
(endotherms)—we maintain a Q
o 30 reptile constant, steady body
& temperature of 37°C regardless of
z the surrounding environment.
3 20
£
2 The Biological Stakes
=
2 10 e Too Cold: Metabolic reactions slow down
to dangerous, sluggish levels.
e Too Hot: Human enzymes begin to
0 permanently deform and denature above
10 20 30 40 40°C, leading to rapid cellular death.
surrounding temperature / °C

=



Architecture of the Skin

. . , ) -
Epidermis: The outer barrier of dead cells L S Dl e
preventing water loss and bacterial entry. i /P epidermis
2| capillary
" loop

Dermis: The active middle layer containing
sensory receptors, sweat glands, hair - dermis <

erector muscles, and capillary loops. hair erector

muscle

sweat gland

JEL

Hypodermis: The base layer containing

. . . . 2
insulating fatty tissue. ~ Hypodermis

- hypodermis

More than just a protective wrapper, the fat layer

skin is the body’s primary interface for
executing temperature control.



Surface Mechanisms: Evaporation and Insulation

HOT ENVIRONMENT

Evaporation

Sweat is secreted. As water evaporates from liquid to gas
state, it absorbs and removes massive amounts of latent
heat from the body. Hairs lie flat to prevent air trapping.

COLD ENVIRONMENT

Trapped
Insulating Air
m N[~

Sweating stops. Hair erector muscles forcefully contract,
pulling hairs upright to trap a microscopic layer of
stationary, insulating air against the skin surface.
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Internal Radiators: Vasodilation vs. Vasoconstriction
Vasodilation Vasoconstriction
L Dermis 4 Dermis -

Arterioles leading to surface capillaries
dilate (widen). Blood floods the surface,
allowing maximum heat to radiate out into
the environment.

Y

Arterioles constrict (narrow). Blood is shunted
to deeper vessels beneath the insulating fat
layer, keeping the core warm and minimizing
heat radiation from the skin.

o[




The Universal Algorithm: Negative Feedback

<

[Normal Level]

[Normal Level

[Change Detected

Restored]

by Receptors]

Osmoregulation Thermoregulation

[Corrective Action <
Triggered]

Whether balancing blood water concentration via ADH at the nephron, or
balancing core temperature via vasodilation at the skin surface, homeostasis
relies on one supreme principle: Negative Feedback.

AN Pa
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When a change in the internal environment occurs, the system automatically triggers a physiological
response that precisely opposes the initial change. It is the continuous, invisible heartbeat of survival.



