O

Homeostasis & Fluid
Compartments

9.1.2024



Learning outcomes

« Understand the principle of homeostasis and its role in regulating body’s
static states

« Recognize and describe examples of homeostasis in different organ
systems

v Fluid homeostasis: regulation of fluid movement between intra- and
extracellular fluid compartments

v Regulation of blood glucose level



Homeostasis

'homois’ = same, 'stasis
= standing still

Maintenance of
equilibrium state within
on organ or organism

Example: Control of
body temperature

Body temperature decreases

NG

Blood vessels constrict—
Less heat loss

Muscles contract —
Shivering generates heat

Metabolism within tissues
Increases

NG

Heat loss decreases

Body temperature increases

NG

Blood vessels dilate—
More heat loss from the
skin surface

Sweat glands activate
Exhaling increases

Metabolism within tissues
decreases

N

Heat loss increases



Homeostasis

HYPOTALAMUS
“thermostat”

RECEPTORS
skin, blood vessels,
Inner organs

AUTONOMIC
NERVOUS SYSTEM,
HORMONES

Body temperature decreases
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Less heat loss
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Shivering generates heat

Metabolism within tissues
Increases

N

Heat loss decreases
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NG

Blood vessels dilate—
More heat loss from the
skin surface

Sweat glands activate
Exhaling increases

Metabolism within tissues
decreases

N

Heat loss increases



Core concepts and
examples of homeostasis

i Control |
center
Dependence on regulatory systems / i \

(nervous system, hormones) | Receptor sensor) | ik

Receptors (nervous system) —
Control center (brain) —
Effectors (muscles, hormones, organs)

E.g., blood pressure, fluid balance
between intra- and extracellular
compartments, blood glucose level, 3

acidity Variable {in homestasis)
~
& ﬁa"ﬁ‘n,:a

https://www.instantassignmenthelp.com/

https://www.youtube.com/watch?v=kAy-03hlfck



Fluid compartments and fluid homeostasis

Body fluids constitute 50-70% of body
mass

Intracellular (ICF, ~2/3) and extracellular
fluid (ECF, ~1/3) Intn:lrs_.gtial
o Extracellular

ECF includes interstitial fluid (4/5), | fluid (ECF)
blood plasma (1/5) and so-called
transcellular fluids (e.g., cerebrospinal
fluid, synovial fluid in joints)

Fluids move constantly within the body
and between the fluid spaces

Cells are highly independent in
maintaining their fluid balance

http://what-when-how.com/



Total body mass (female) Total body mass (male)

Total body
fluid
213
Intracellular
fluid (ICF)
Extracellular
fluid
80%
1/3 nterstitia
Extracellular ! fluid |
fluid (ECF)
20% Blood
plasma
(a) Distribution of body solids and fluids in average lean adult female and male (b) Exchange of water among

body fluid compartments

Tortora, Derrickson: Principle’s of Anatomy and Physiology



Composition of intracellular fluid remains stable

OUTPUT INTAKE
= Kidneys
Cations Anions » Lungs \\ //
= Feces
« * Sweal \J Plasma RN
g * SKin 0L "
- S l ;l‘Gapillary membrane lr %
§ % = | =
= 8= Interstitial 5
§, w = j_% fluid
e :H Water follows ions
= o || Cell b :
s| L=lfs e Hi passively through
5 2 the cell membrane
- : (osmosis)
= - Intracellular
fluid
28.0 L

lon pumps across the cell membrane are
crucial: ~1./3 of the body’s energy \ )
consumption goes to Na* — K* pumps Guyton & Hall, Medical Physiology




Water and electrolyte composition of the interstitial fluid and

blood plasma are similar ?;gggy;\ ;TME
« Lungs
I\ —
» Skin

« Capillary membranes are highly
permeable for water, oxygen, cell
metabolic waste

Lymphatics

Extracellular
fluid (14.0

fluid
11.0L

° . % | - N
Protein level 7% in plasma, but only 1 “ T —— tL
|

2% in the interstitial fluid

» Blood pressure vs. blood colloid osmotic
pressure

Intracellular
fluid
280L




Capillaries

Filtration No net movement Reabsorption

Arterial end : Mid capillary y Venous end
net filtration pressure net filtration pressure ' net filtration pressure
=+10 mm Hg =0 mm Hg = -7 mm Hg

Fluid exits capillary since No net movement of fluid Fluid re-enters capillary
capillary hydrostatic pressure since capillary hydrostatic since capillary hydrostatic
(35 mm Hg) is greater than pressure (25 mm Hg) = blood pressure (18 mm Hg) is less
blood colloidal osmotic colloidal osmotic pressure than blood colloidal osmotic
pressure (25 mm Hg) (25 mm Hg) pressure (25 mm Hg)

s3-us-west-2.amazonaws.com



Abnormalities in fluid volume
regulation are common

« Dehydration, excess drinking,
fluid loss (intestines, major
bleeding)

« Hypernatremia & hyponatremia
are easily measured from plasma

« Rapid changes in Na* are
dangerous to brain cells

Acute hyponatremia



Blood volume decreases

Blood solute concentration
increases

Blood pressure decreases

Renin release from kidneys| | Less stretching in

Thirst center in the increases the atria of the heart

Reg u | atlo n Of brain is activated

Angiotensin Il hormone is

b | O O d activated Release of atrial natriuretic
idi i eptide decreases
Thirst perceived Antidiuretic hormone release of aldosterone Pep
released )
pressure
L Urine excretion Release of Na and water
Liquids are consumed decreases to Urine decreases

Blood volume increases

Blood solute consentration is
corrected

Blood pressure increases




The baby pushes
against the cervix,
causing it to stretch.

Positive feedback: PIBMS S
Control of labor y 187

Stretching of the
Ccervix causes
nerve impulses
to be sent to

the brain.

Oxytocin causes
the uterus to
contract.

cord

The brain stimulates
the pituitary to release
oxytocin.

bio.libretext.org



Regulation of blood glut gfl level

ﬂ!' g !
; Glugg_‘g body’s preferred energy source
» Glucoseé + oxygen — CO, fwater + energy
. Glucose is stored in liver (and¥other tissues) a ogen

P

~ * Liver enzymes hreak.glycogen.to be used for eng___gjy

prﬁjctlo”h ;
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Regulation of blood glucose level

« Dependent on insulin and glucagon
hormones released by pancreas

 Diabetes: Results from lack of insulin

Blood glucose level

Blood glucose level

low high
Islets of Langerhans in
pancreas
GLUCAGON INSULIN

production, resistance to insulin
action, or both

Glycogen in liver is broken
down to glucose

Glukose created from e.g.
aminoacids

» Very difficult to mimic with, e.g.,
glucose sensors or artificial pancreas

Glucose moves from blood
stream into cells

Glucose stored as glycogen
and fat

Protein synthesis in liver
increases

Blood glucose level
increases

Blood glucose level
decreases
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