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Compartments of the Body

The body can be divided up into conceptual “compartments” :
extracellular vs. intracellular compartments
interstitial fluid vs. blood plasma

Compartments are separated by physical barriers (e.g. linings of blood 
vessels, lining of lungs, lining of GI tract, extracellular matrix)

Circulatory system transports O2 and water-soluble chemicals 
between compartments (e.g. from lungs to tissues, or from gut to 
tissues)

Other compounds may take different routes (e.g. fats travel from gut 
to tissues and fat depots through lymphatic vessels). 

Different compartments have different permeabilities, so a compound 
or drug may be distributed unevenly through the body.
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Transport between compartments requires bulk transport, 
diffusion, and cell membrane transport
Large water soluble molecules can’t cross cell membranes.
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•Body is divided into intracellular and extracellular compartments

• Organs and compartments defined by cells, esp. endothelium and 
epithelium

•Cells of tissues are embedded in extracellular matrix (ECM)
interstitial fluid

proteins: collagen, elastin

ground substance: gel of glycoproteins, proteoglycans

•Basal lamina is layer of extracellular matrix between cells and ECM

•Cell surface molecules bind to the basal lamina and other cells
glycoproteins: integrins

glyco- associated with glucose and/or polysaccharides

glycoproteins have polysaccharide side chains

Compartments & ECM

Fox Figure 6.1

Blood

Cells of Tissue or Organ

O2 glucose

what prevents movement of chemicals?
how do chemicals move from in/out of cells?

Barrier to large, polar molecules, e.g. proteins, nucleic acids

Permeable to many smaller molecules

Mechanisms of Transport across membrane:

Simple Diffusion

lipid-soluble molecules
ions through channel proteins
osmosis - diffusion of water through aquaporin channels

Carrier-Mediated Transport

facilitated diffusion
active transport

Plasma Membrane of cells
selectively permeable phospholipid bilayer 
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Plasma Membrane

Simple Diffusion across Membrane
(lipids, gases)

Diffusion of ions through ion channel 
proteins

Osmosis: diffusion of water through
aquaporin channels across membrane

Note: because diffusion moves molecules 
down a concentration gradient, no extra 
energy is required to transport these 
molecule.

Non-Carrier Mediated Transport

Diffusion
Solution = solvent (water) and solute (dissolved molecules)

Due to random movement (thermal energy), solute molecules will show net movement 
from region of high concentration to region of low concentration; solute moves down 
concentration gradient.

Rate of Diffusion:
• increases with temperature
• increases with concentration gradient
• increases with surface area of membrane
• decreases with distance

Diffusion is only efficient at 100 µm or less, so all tissues of body within 100 µm of blood 
capillary.

if the solute molecules can penetrate the membrane
then diffusion can occur across the membrane, e.g.

• lipids
• small gas molecules (O2, CO2)
• ions through protein channels in the membrane.
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Rate of Diffusion:
• increases with temperature
• increases with concentration gradient
• increases with surface area of membrane
• decreases with distance

moves down conc. gradient

Figure 6.4

Diffusion can occur across a 
semipermeable membrane
if the solute molecules can 
penetrate the membrane

Nonpolar molecules (e.g. lipids, steroids) can diffuse through 
phospholipid bilayer

e.g. cortisol
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Small gas molecules (O2, CO2) can diffuse across cell membrane:
O2 from outside to inside cell; CO2 from inside to outside of cell

Fox Figure 6.6

Ions can move down concentration gradient through protein 
channels in the membrane (if the channels are open).

Osmosis
Diffusion of water across a semipermeable membrane, e.g. through aquaporin 
channels in plasma membrane.

Water moves from low solute concentration solution to high solute concentration 
solution (i.e. water diffuses from high water concentration to low water 
concentration)

Water will diffuse by osmosis across the membrane until solute concentration is the 
same on both sides of the membrane (or until physical pressure stops the flow)

Osmotic Pressure is how strongly a concentrated solution pulls water by osmosis 
across the membrane.

Pure Water: osmotic pressure = 0
Equal osmotic concentration on each side: isotonic
less concentrated solution: lower osmotic pressue = hypotonic
More concentrated solution: higher osmotic pressure = hypertonic

Osmo- to push.
iso- same, hypo- under/less than, hyper- above/more than, -tonic pressure
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Osmosis
Diffusion of water 
across a semipermeable 
membrane from less 
concentrated solution to 
more concentrated 
solution

Membrane permeable to small H20 
molecules, but not large solute 

molecules

Fox Figure 6.8

Osmosis will cause semipermeable 
membrane sac to expand as water 
moves from less concentrated to 
more concentrated solution

Osmosis in a U-Tube

Sucrose solution
(2 M)

water
(O M)

http://www.youtube.com/watch?v=GbudKs-49jo



Fox Figure 6.9a

Higher concentration solution exerts greater osmotic 
pressure (draws in more water, faster)

Fox Figure 6.9b

After cell swells to maximum possible size, can measure osmotic pressure exterted by 
movement of water into the cell: higher concentration exerts a greater drawing power on 
water

Osmolality vs Molality

Remember: Particles Suck!

Osmotic concentration of a solution is determined by 
number of particles, not concentration of compound.

NaCl in solution dissociates into 2 particles (Na & Cl),
so 1 M NaCl solution has 2x the osmotic concentration as 
1 M glucose.

Osmotic concentration is measured in Osmolality (Osm).
(number of particles in moles / liter water)

Osmosis is diffusion of water from:
 low osmolality to high osmolality.



Osmolality vs Molality
Molality (M):

number of compound molecules per liter of water
1 m glucose = 1 mole (6 x 1023) glucose molecules / liter

1 m NaCl = 1 mole (6 x 1023) NaCl molecules / liter

Osmolality (Osm):

number of solute particles per liter
1 m glucose = 1 mole glucose / liter = 1 osmole /liter = 1 Osm 

1 m NaCl =  1 mole Na & 1 mole Cl / liter = 2 osmoles /liter = 2 Osm

1 m glucose, 1 M fructose = 1 mole fructose & 1 mole glucose / liter

= 2 osmoles/liter = 2 Osm

Figure 6.11

Homeostasis: Osmotic Regulation
Body tries to maintain constant osmotic concentration of 
0.3 Osm for both intracellular and extracellular fluids

(solute molecules may be different in different 
compartments, but osmotic concentration, the number 
of particles/liter, is kept constant)

intracellular potassium [K] & anions = 0.3 Osm

extracellular sodium [Na] & anions = 0.3 Osm

homeo- the body

stasis- to keep constant



Ion! ! Concentration (1 mM = 0.001 M)!
Na +! ! 150 mM!
K+! ! 5 mM!
Ca++! ! 5 mM

Cl -! ! 105 mM!
HC03 -! 25 mM!
Proteins (-)! 35 mM

Concentration of Blood Plasma

Osmolality of blood = ~ 0.3 Osm

Body tries to maintain this osmotic concentration of blood.

if [NaCl] is too high, then animal will try to dilute blood with 
water.

Isotonic Saline
0.15 M NaCl

= 0.9% NaCl

= Physiological saline

= Concentration of NaCl in mammalian blood

Animals tries to maintain this concentration of NaCl.

if [NaCl] is too high, then animal will try to dilute blood with 
water.

Also important, because water is toxic to tissues!

Elevated [NaCl] in blood above 0.15 M causes 
drinking in pigs

Drinking H20Drinking H20

25% NaCl infusion



Osmolality of Intravenous Fluids
IV fluids must be same osmotic concentration as blood; 
pure water is toxic to tissues!

0.9% NaCl

= 0.9 g NaCl / 100 ml H20
= 0.15 M NaCl

= 0.15 M Na+ & 0.15 M Cl-

= 0.3 M particles 
= 0.3 Osmoles

= 0.3 Osm

 

5% glucose

= 5 g glucose / 100 ml H20
= 0.3 M glucose

= 0.3 M particles 
= 0.3 Osmoles

= 0.3 Osm 

Isotonic Saline 5% Dextrose

plasma

Water moves across membrane from less 
concentrated to more concentrated solutions

0.15 M NaCl

Human cell
0.15 M K & 

Anions  same concentration
inside cell as outside cell,
so no movement of H20

Osmosis

 = 0.3 Osm

 = 0.3 Osm

water
0 Osm

Human cell

 more concentrated
inside cell,

so H20 moves into cell

Osmosis

0.3 Osm

Water moves across membrane from less 
concentrated to more concentrated solutions



water

Human cell

0 Osm

0.3 Osm

Osmosis
Water moves across membrane from less 
concentrated to more concentrated solutions

water
0 Osm

Osmosis
Water moves across membrane from less 
concentrated to more concentrated solutions

H20 moves into 
cell, causing cell 
to swell and burst 

(lyse)

Fox Figure 6.13

0.3 Osm0.3 Osm

0.3 Osm0.1 Osm
1.2 Osm0.3 Osm
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example

Blood diluted with:

H20 0.15M NaCl
13g

Intact red blood 
cells scatter light, 
so looks milky red

Blood + Saline

No intact cells to 
scatter light, but 

hemoglobin in the 
water still looks pink.

Blood + Water

16g



Osmolality vs Molality

Osmotic concentration of a solution is determined by 
number of particles, not concentration of compound.

NaCl in solution dissociates into 2 particles (Na & Cl),
so 1 M NaCl solution has 2x the osmotic concentration as 
1 M glucose.

Osmotic concentration is measured in Osmolality (Osm).
(number of particles in moles / liter water)

Osmosis is diffusion of water from:
 low osmolality to high osmolality.

Remember: Particles Suck!

Osmolality Examples

water
= 0 Osm

water
= 0 Osm

no osmosis

semipermeable membrane
(only H20 can diffuse)  

Osmolality Examples

water
= 0 Osm

0.3 m glucose
= 0.3 Osm

osmosis

semipermeable membrane
(only H20 can diffuse)  



Osmolality Examples

0.6 m glucose
= 0.6 Osm

0.3 m glucose
= 0.3 Osm

semipermeable membrane
(only H20 can diffuse)  

osmosis

Osmolality Examples

water
= 0 Osm

0.15 m NaCl
= 0.15 m Na & 0.15 m Cl

= 0.3 Osm

osmosis

semipermeable membrane
(only H20 can diffuse)  

Osmolality Examples

0.3 m glucose
= 0.3 Osm

no osmosis

0.3 m glucose
= 0.3 Osm

semipermeable membrane
(only H20 can diffuse)  



Osmolality Examples

0.3 m glucose
= 0.3 Osm

no osmosis

0.3 m fructose
= 0.3 Osm

semipermeable membrane
(only H20 can diffuse)  

Osmolality Examples

0.3 m glucose
= 0.3 Osm

no osmosis

semipermeable membrane
(only H20 can diffuse)  

0.15 m NaCl
= 0.15 m Na & 0.15 m Cl

= 0.3 Osm

Simple Diffusion across Membrane
(lipids, gases)

Diffusion of ions through ion channel 
proteins

Osmosis: diffusion of water through
aquaporin channels across membrane

Note: because diffusion moves molecules 
down a concentration gradient, no extra 
energy is required to transport these 
molecule.

Non-Carrier Mediated Transport



Carrier-Mediated Transport
Mediated by carrier proteins that span the plasma membrane.

Properties of Carrier Mediated Transport
1. specificity for a specific molecule
2. limited number of transporters can be saturated, with a max transport rate (Tm)
3. Closely related molecules can compete for transporters on the cell surface
(different cell types express different transporters)

Facilitated Diffusion
Transported molecule is moved down its concentration gradient.
Does not require extra energy from the cell (uses potential energy of concentration 
gradient).

Primary Active Transport
Membrane carrier protein is an ATPase that breaks down ATP to release energy. 
Energy is used to transport molecule against its concentration gradient (up the 
gradient, requires energy). 

Coupled Active Transport
Cell uses energy to establish steep concentration gradient for molecule 1.
Co-transporter allows molecule 1 to move down concentration gradient.
Couples energy of first molecule to co-transport molecule 2 up its gradient.

T

Fox Figure 6.2

Carrier Mediated Transport

Mediated by carrier proteins 
that span the plasma 
membrane.

Multiple types of transporters on 
every cell, depending on cell 
type.

= glucose transporter

= Na+/K+ pump

Fox Figure 6.15

Properties of Carrier Mediated Transport

1. Each type of carrier protein has 
specificity for a specific molecule: e.g. 
glucose transporters transport glucose, 
but not fructose.

2. Because there is a limited number of 
carrier proteins on the cell surface, 
carrier transport can be saturated, with 
a maximum rate of transport (Tm) at 
high concentrations of the transported 
molecules.

3. Closely related molecules can 
compete for the carrier proteins on the 
cell surface

(different cell types express different 
transporters)

Non-saturable transport = simple diffusion

(molecules X and Y compete for same transporter,
so less X transported if Y is also present)



Fox Figure 6.16

Facilitated Diffusion

Transported molecule is moved 
down its concentration gradient.

Does not require extra energy 
from the cell (uses potential 
energy of concentration 
gradient).

GLUT - glucose transporter

Fox Figure 6.17

Facilitated Diffusion
Because facilitated diffusion 
requires using a limited number 
of transporters, transport can be 
regulated by increasing or 
decreasing the number of 
transporters. 

Example: the hormone insulin 
causes a drop in blood glucose 
by increasing GLUTs on the 
surface of muscle, liver, and fat 
cells; causing these cells to take 
up more glucose. 

extracellular glucose concentration

rate of glucose
transport

into 
liver cell

low high

slow

fast
after insulin injection

baseline

Glucose transport is still saturated (because a finite number of 
trasporters), but with more transporters insulin-stimulated 
tissue can take up more glucose. 

Example: the hormone insulin causes a drop in blood glucose by increasing GLUTs 
on the surface of muscle, liver, and fat cells; causing these cells to take up more 
glucose. 

time

blood 
glucose

insulin injection



Fox Figure 6.18

Primary Active Transport
Membrane carrier protein is an 
ATPase that breaks down ATP 
to release energy.

Energy is used to transport 
molecule against its 
concentration gradient (up the 
gradient, requires energy).

Hi [Ca2+]Lo [Ca2+]

Hi [Ca2+]Lo [Ca2+]

Ca2+ ATPase Pump:
Hydrolysis of ATP and release of 
ADP causes conformational 
change in transporter, releasing 
Ca2+ outside the cell.

Fox Figure 6.19

Primary Active Transport

Hi [Na+]Lo [Na+]

Hi [K+] Lo [K+]Na+/K+  ATPase Pump:

3 Na+ ions bind to inside of carrier 
protein

ATP is hydrolyzed.

Release of ADP moves 3 Na+ to 
outside of cell.

Release of Pi moves 2 K+ to 
inside of cell.

Summary: 3 Na+ out, 2 K+ in for 
every 1 ATP molecule.

Most cells maintain a steep Na+ 
and K+ gradient across their 
membranes.

Fox Figure 6.20

Cell uses energy to establish steep concentration gradient for molecule 1.
e.g. use NA+/K+ ATPase pump to set high Na+ outside of cell

Co-transporter allows molecule 1 to move down concentration gradient.

Couples energy of first molecule to co-transport molecule 2 up its gradient.
e.g. concentrate glucose inside cell

Secondary Active Transport (Coupled Transport)

Cotransport or symport: both molecules move in same direction 
(e.g. Na+ & glucose move into cell.)

Countertransport or antiport: molecules move in opposite directions 
(e.g. one moves into cell, other moves out of cell.)



Fox Figure 6.21

Putting mechanisms together: 

Na+, glucose

across 
epithelial cells

blood

Na+, glucose

Na+, glucose

Fox Figure 6.23

Bulk Transport

Summary of Transport
Non-Carrier Mediated Transport

1. Simple Diffusion across Membrane (lipids, gases)

2. Diffusion of ions through ion channel proteins

3. Osmosis: diffusion of water through aquaporin channels across membrane

Note: because diffusion moves molecules down a concentration gradient, no extra energy is required to transport 
these molecules.

Carrier Protein Mediated Transport

1. Facilitated Diffusion: Transported molecule carried by transporter moves down its concentration gradient.

2. Primary Active Transport: Membrane carrier protein transports molecule against its concentration gradient

3. Coupled Active Transport: Couples energy of first molecule moving down concentration  gradient to co-transport 
molecule 2 up its concentration gradient.

Note: Specific, saturable, competition. Active Transport requires energy, using up ATP directly (primary) or indirectly 
(coupled) to transport against a concentration gradient.

Bulk Transport
1. Endocytosis

2. Exocytosis

Note: Vesicles with phospholipid bilayers fuse with plasma membrane, or pinch off of plasma membrane, to move 
contents of vesicle in or out of the cell.


