Diffusion and Osmosis in Passive Transport (extended version)

An extension of the First Year Blog for the 19th July 2020. I shall talk here about Diffusion and
Osmosis (and the underlying Physics, Maths and Chemistry). I have published a note on Active
Transport at https://chemistryexplainedorg.files.wordpress.com/2020/03/active-transport-a-first-andsecond-year-blog-for-the-week-commencing-8th-of-march-2020.pdf .

Diffusion
Nature does not ‘like’ differences in concentrations and, as a result, uneven distributions
become evened-out. This happens because, in Nature, everything (molecules/atoms/ions/protons/
neutrons/electrons/everything) is in motion, either (a) internal motion, inside the entity itself (and
Second Year “A’ Level students might want to look at my note on Infra-Red Spectroscopy at
https://chemistryexplainedorg.files.wordpress.com/2019/04/ir-spectroscopy-27th-april-2019.pdf ), or
(b) external motion in the space around an object. This latter movement (in which we are interested
for Diffusion and Osmosis in Biology) is called Translational or Translocational Motion, and it is
the miniscule movement from one location to another nearby location that objects constantly make –
and it is this Translational or Translocational Motion that results in the evening out of the distribution
that is involved in Concentration.
Motion is a manifestation of energy (and heat energy is measured by temperature), and if there were
no energy there would be no motion, and the temperature of the object concerned would be
Absolute Zero Kelvin.
Concentration = the amount, N, of the entities that are being measured in a given volume of space
the volume of space concerned

Area of low concentration

Area of high concentration

I have elsewhere (in a Blog on Entropy) talked about the statistical probability of the physical
distribution of entities in a given space, and Second Year ‘A’ Level students might want to look at it
at https://chemistryexplainedorg.files.wordpress.com/2019/05/entropy-second-yeat-blog-1st-june2019.pdf but here I want to confine myself to saying only that if Translational Motion causes entities
to keep bumping into other objects, then they will inevitably be ‘bumped’ to a location where there
are fewer objects into which they can bump. In Nature,

Entities always move from
an area of HIGH concentration
to an area of LOW concentration.
This process is called DIFFUSION.
Please note that when an even distribution has been achieved, then the individual entities will still
move around in the space concerned, but the concentration in the space no longer alters.
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Pressure
In Physics, “Pressure” is defined as the force that is applied at 90˚ to a given surface, and it is given
by
Pressure = Force
Area
The unit used for Pressure is very often a Pascal where
1 Pascal (Pa)

=

1 Newton
1 m2

=

1 Nm–2

but Pressure can be measured in other units such as “pounds per square inch, psi” (e.g. in Great
Britain the tyre pressure for cars/buses/lorries/etc is often given in pounds psi), and pressure can also
be measured in “bar”/the height in mm of a column of mercury/and so on.
The Pressure exerted by a gas in a three-dimensional (containment) vessel is caused by the constant
impact of the gaseous molecules on the walls of the containment vessel. The greater the amount of
energy possessed by the gases in a containment vessel (the hotter they will be and) the greater will be
their translocational movement, and the greater will be the number of impacts per second on the walls
of the containment vessel – and thus the greater will be the pressure that the gases in the containment
vessel exert on the walls of the containment vessel. Where there is more than one gas in a
containment vessel, then the sum total of the pressure that all the gases exert on the walls of the
containment vessel will equal the sum of all their individual pressures on the wall of the vessel –
and this is called the Rule of Partial Pressures.
Atmospheric Pressure
When it comes to Atmospheric Pressure, it is reasonable to ask what it is that is applying the force
that is the component of the pressure – and the answer is that it is the weight of the molecules of air
above the point at which the pressure is being measured. (On a hot day the molecules of air have
slightly more energy, and they are therefore spaced slightly further apart from each other, therefore
atmospheric pressure is slightly less on a hot day than it is on a cold day.)
Nearly everybody has seen newsreel footage of people climbing Mount Everest1, and the reason that
climbers need a supply of Oxygen is that at roughly 29,000 feet above sea-level there are fewer
molecules of air per cubic metre above the climbers than there are at sea-level, therefore each lungful
of air contains less Oxygen. At sea-level, Atmospheric Pressure is roughly 14.7 pounds psi, whereas
at the top of Mount Everest the pressure is only roughly 4.4 pounds psi.
It can be seen therefore that the force that that a column of air (extending 300 miles above the Earth’s
surface) will vary according to the height above sea-level.
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Mount Everest was first climbed by Norgay Tensing and Edmund Hillary on the 29th of May 1953, and the
news of the achievement reached England shortly before the official coronation of Queen Elizabeth II in 1953.
(There was no such thing as mobile phones in those days.) Tensing, a Nepalese gentleman was Hillary’s
‘sherpa’ (i.e. he carried Hillary’s equipment for him). Hillary, an outstandingly nice white gentleman, was
rightly awarded a knighthood, while Tensing an equally nice brown gentleman was not. As a 13-year old boy,
all my family and I spent two days and two nights on the pavement outside of Buckingham Palace waiting to
see Princess Elizabeth pass by in her carriage on the way to her coronation in Westminster Abbey. (She had
already become Queen when her father King George VI died on the 6th of February 1952, but she was officially
crowned “Queen” on the 2nd of June 1953.)
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Osmosis
Osmosis is all about differences in Concentration in a volume of space that has a semi-permeable
membrane inside the space, and please do remember that Concentration is the result of TWO factors

Concentration = the number of entities that are being measured in a given volume of space
the given volume of space

Osmosis and Osmotic Pressure
In Nature, differences in Concentration are automatically evened out. (Please remember that fact because it
is rather important.)
In the diagramme below, the left branch of the U-tube initially has (let us say) a concentrated solution of
Sodium chloride i.e. NaCl (aq) in it, while the right hand section of the U-tube has (let us say) a dilute
solution of Sodium Chloride in it – and, the two solutions are separated by a semi-permeable membrane
i.e. a membrane that will allow certain entities (such as molecules of Water) to move across it, but the
membrane will not allow other entities (such as Na+ and Cl– ions) to move across it.

There will come a
point where the level
(“h”) of the Water in
the left-hand part of
the U-tube cannot be
‘pushed any higher
by Osmotic Pressure
because Atmospheric
Pressure is acting
against it.

Source: Texas State University
We have already seen that Nature will even out an uneven distribution (or Nature will even out a
difference in Concentration), and here there is initially a difference in Concentration in the two solutions of
Sodium Chloride.
The semi-permeable membrane will not allow Na+ and Cl– ions to move through it (and this is also
true of the phospholipid bi-layer of an animal cell membrane) – therefore how can the
Concentration be evened out?
The answer is that if the number of entities cannot alter, then the volume of space containing the entities
has to alter, and that is exactly what happens – molecules of Water cross the semi-permeable membrane
from the right-hand part of the U-tube to the left-hand part, and this increases the volume of Water in the
left-hand part of the U-tube, and thus the concentration of the Sodium Chloride is REDUCED and thus
the NaCl (aq) becomes more evenly distributed. The Pressure that is forcing Water molecules to move
from right to left in the U-tube is called Osmotic pressure, and it is Osmotic Pressure that is causing the
evening out of the uneven concentrations of NaCl (aq) in the U-tube.
I am going to make up some numbers to illustrate what I mean. Let us say that initially there are 10 dm3 of
saline solution in each arm of the U-tube, but that there is 1.0g of Sodium Chloride in the left-hand part of
the tube and only 0.1g in the right-hand part of the tube. The Concentrations are therefore given by
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Mass of NaCl
Volume of Solution
Concentration

Left-hand part
1.0g
10 dm3
0.1 gdm–3

Right-hand part
0.1g
10 dm3
0.01 gdm–3

Ratio
x 10

The semi-permeable membrane prevents movement of the Na+ and Cl– ions, therefore the only way of
evening-out the two concentrations is for Water molecules to move from the right-hand tube to the lefthand tube – and under the influence of Osmotic Pressure, that is exactly what happens (but
Atmospheric Pressure will prevent the Concentrations being completely evened-up).
Mass of NaCl
Volume of Solution
Concentration (c.)

Left-hand part
1.0g
14.0 dm3
0.071 gdm–3

Right-hand part
0.1g
6.0 dm3
0.017 gdm–3

Ratio
only x 4.2

As Water molecules move from the right to the left of the U-tube, the height of the Water in the lefthand part of the U-tube rises up and up against Atmospheric Pressure, and there will come a point where
Osmotic Pressure cannot force any more Water Molecules into the left-hand part of the U-tube against
Atmospheric Pressure – even though the concentrations have not been evened out, and at that point a
dynamic balance is obtained whereby as many Water molecules are moving from the left to right as are
moving from the right to the left of the U-tube.
THAT is what Osmosis is all about.
Why are we going through all this Physics/Maths/etc? The answer is that in Biology, the movement of
entities from one place/one location to another place or location is called ‘translational or translocational
movement’, and Passive Transport (via Diffusion and/or Osmosis) is involved in the translocation of
many dissolved substances e.g. Gases (such as Oxygen, Carbon Dioxide and Nitrogen)/Sugars (as
exemplified by Glucose and Fructose)/and Vitamins (such as A/D/E/and K)/etc.
In Biology, Atmospheric Pressure does not usually enter into the equation because the ‘translocational
movement’ that is taking place refers to the movement into and out of the blood stream/the lungs/
individual cells/etc of substances that are being pumped around the body by the heart, where the
pressure concerned is ‘hydro-static’ pressure (i.e. the pressure exerted by the water in the plasma being
pumped around the body by the heart).
The main constituent of blood plasma (the fluid that is pumped through the veins of an animal2) is
Water with red blood cells/proteins/gases such as Oxygen/nutrients such as Glucose/and waste products
excreted by cells and by organs e.g. Carbon Dioxide/urea/etc. Ignoring the phenomenon of “high blood
pressure”, the pressure that is being exerted in a blood vessel at any one point in the blood vessel will
vary very considerably – but the main point to notice is that the heart pumps the plasma fluid around
the body and the main constituent of plasma is Water, therefore the pressure that the plasma is under is
referred to as “hydrostatic” pressure3. (Dr John Campbell has an excellent set of videos on youtube, and
Second Year ‘A’ Level biology students might want to watch the one where he talks about the
circulation of blood and Hydrostatic Pressure and Osmotic Pressure in capillary blood vessels:
https://www.youtube.com/watch?v=dvITDsI4aqk ).
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Please keep in mind that a human being viz. “homo sapiens” (the ‘thinking’ species of the hominids) is just a
)and not a particularly intelligent) species of animal. Given the way that we have incessantly killed each other
all through our evolution (and the way that we are destroying our planet), one could debate the appropriateness
of the adjective “sapiens”.
3
The term “hydro-” that is used to indicate “water-based” is derived from the Ancient Greek term “hydor”.
4

Diffusion in Biology
Diffusion takes place in many different tissues inside animals and plants.
The most important substance that is needed by an animal cell is Oxygen. This is because all cells need
energy to execute their functions, and energy is generated when mitochondria react Oxygen and
Glucose together to form ENERGY (and the accompanying by-products of Carbon Dioxide and Water).
Glucose + Oxygen ––> ENERGY + Carbon Dioxide + Water ; ∆H = -2,820 kJ mol–1
C6H12O6 + 6O2
––> ENERGY +
6CO2
+ 6H2O
This energy is stored in the bonds of ATP (Adenosine Tri-Phosphate), and when the outermost
Phosphate group breaks away to form ADP (Adenosine Di-Phosphate) and a Phosphate ion, Pi (cf.
footnote4), then energy is released. The breaking of the outermost bond in ATP is sufficient to liberate
about 7.3 kilocalories per mole of bonds broken = 30.6 kJ mol–1.
ATP

plus the liberation of energy
––––––––––––––––––>

ADP + Pi

(“Pi” = a Phosphate ion)

The most important substances to diffuse across a cell membrane will thus be the nutrient gas Oxygen
which diffuses into the cell, and the by-product gas Carbon dioxide which will diffuse out of the cell.
Arizona State University says that “A phospholipid molecule consists of a polar phosphate “head”
which is hydrophilic and a non-polar lipid “tail” which is hydrophobic. (Cis-trans) Unsaturated fatty
acids result in kinks in the hydrophobic tails. The phospholipid bilayer consists of two adjacent sheets
of phospholipids, arranged tail to tail. The hydrophobic tails associate with one another, forming the
interior of the membrane. The polar heads (are in) contact (with) the fluids (both) inside and outside
of the cell”.

Source: Chemistry LibreTexts
Other substances will diffuse into and out of a cell or into and out of an organ or a system.
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PO43– / PO42– / and PO4– are all “Phosphate ions”.
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The Gas Exchange system (an example of Diffusion)
When an animal breathes in air, the air enters into its
lungs and moves down to the furthest extremities of its
lungs. Here there are tiny little air sacs called ‘alveoli’
(cf. diagramme on the left) which have been evolved to
have a very large surface area to volume ratio to
facilitate the diffusion of Oxygen into the blood
capillaries that are in contact with the alveoli to
oxygenate the blood stream, and at the same time
Carbon Dioxide diffuses out of the deoxygenated blood
stream and into the lungs from where it will be exhaled
the next time that the animal breathes. (By convention,
oxygenated blood is always coloured red, whereas
deoxygenated blood is coloured blue. Arteries are thus
shown in red and veins are shown in blue.)

The Digestive System (where both Passive Transport and Active Transport operate)
The teeth and jaws break food down
mechanically i.e. physically into small pieces
and, simultaneously, enzymes in saliva start to
break the food down chemically (and that is
why it is very important to chew food properly
before swallowing it).
The broken down food then passes down into
the stomach where it is broken down further
both mechanically and chemically.
<–– This is where the nutrients are
absorbed into the Blood System and
the Lymphatic system.

From the stomach the broken down food
particles pass into the intestines and then to the
different sections of the bowel where the
nutrients in the digested food are absorbed in
the intestines and the bowel.
In ‘absorption’, nutrients are translocated by
both Passive and Active Transport into the
Blood System and into the Lymphatic System
and these then circulate the nutrients
throughout the body to all of the different cells
in the body.

Source: Lumen Learning
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What are the factors that affect Passive Transport
Passive Transport depends on Translational Movement of a particle/an entity, and anything that
affects Translational Movement will thus affect the rate of Passive Transport. The factors that affect
Diffusion will thus be things such as the mass of the object/the temperature of the object/the physical
size of the object viz. ‘steric hindrance’/the density of the solvent/the nature of the semi-permeable
membrane and how thick it is/the concentration gradient/pressure differentials/etc.
Biology LibreTexts points out that “a variation of diffusion is the process of filtration. In filtration,
material moves according to its concentration gradient through a membrane; sometimes the rate of
diffusion is enhanced by pressure, causing the substances to filter more rapidly. This occurs in the
kidney where blood pressure forces large amounts of water and accompanying dissolved substances,
or solutes, out of the blood and into the renal tubules. The rate of diffusion in this instance is almost
totally dependent on pressure. One of the effects of high blood pressure is the appearance of protein in
the urine, which is ‘squeezed through’ by the abnormally high pressure”.
Please keep in mind the difference between Passive Transport and Active Transport.
In Passive Transport species/entities/objects move down their concentration gradients from an area of
high concentration to an area of low concentration, and no external energy is required to do this, whereas
in Active Transport, additional energy e.g. from ATP is required to translocate species/entities against
their concentration gradients – and there is an excellent 2-minute video on the Sodium-PotassiumATPase pump by McGraw-Hill at https://www.youtube.com/watch?v=M6_NCdV7YO8 .

3 Na+ ions are
pumped out of
the cell for every
2 K+ ions that are
pumped into the
cell.

Do not examine
the diagramme
too critically
because it is just
a simplified
diagramme.

Source: https://www.ck12.org/biology/sodium-potassium-pump/lesson/Sodium-Potassium-Pump-BIO/

There is a cycle in which the Na+/K+/ATPase pump operates and then takes a break while the uneven
distribution is evened out by Na+ ions diffusing through the membrane via the appropriate channels
down their concentration gradients back into the cell, while K+ ions diffuse through the membrane via
their appropriate channels down their concentration gradients back out of the cell (cf. the video at
Harvard Extension School on https://www.youtube.com/watch?v=oa6rvUJlg7o )

https://en.wikipedia.org/wiki/Resting_potential#/media/File:Sodium-potassium_pump_and_diffusion.png
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Surface Area to Volume Ratio
It is self-evident that the absolute amount of diffusion will depend on the absolute amount of surface
area available for diffusion to take place.
However, the cells and the tissue and the organs and the systems in an animal and a plant are
restricted by the size of the animal or the plant, and the question then becomes how does a cell or an
organ maximise its surface are for any given volume that it occupies – and the answer to this lies in
Mathematics. Let us therefore do some calculations (where ‘l’ stands for length, ‘w’ stands for width,
and ‘h’ stands for height).
A) Surface Area to Volume Ratio for a cube
Length of one side
(m)

Surface Area (6lw)
(m2)

Volume (lwh)
(m3)

Ratio
(SA:V) m–1

0.1
0.01

0.06
6.0 x 10–4

0.001
1 x 10–6

x 60
x 600

Ratio

A) Surface Area to Volume Ratio for a sphere
Length of one side

Surface Area (4πr2)

(m)

(m2)

Volume (4πr3)
3
(m3)

0.1
0.01

0.1257
1.2566 x 10–3

4.189 x 10–3
4.189 x 10–6

x 30
x 300

Ratio

x 22
x 202

(SA:V) m–1

A) Surface Area to Volume Ratio for a cylinder
Length of one side

Surface Area (2πrh+2πr2)

(m)

(m2)

Volume (4πr3)
3
(m3)

r = 0.1m and h = 1m
r= 0.01m and h =1m

0.69115
0.06346

0.031416
3.1416 x 10–4

(SA:V) m–1

It can be seen therefore that small objects have a greater Surface Area:Volume ratio than do large objects;
but, please note that contrary to the claim made (because of poor syntax) in some textbooks, the folding
of any given surface area does not increase the rate of diffusion. This is so because the surface area
remains unchanged whether or not it is folded. (The correct use of syntax and grammar, especially by the
writers of textbooks, is thus of considerable importance irrespective of the language that is being used.)
What Nature does is to fold surfaces so as to make them more compact and fit into a given volume of
space.
Long thin objects such as the roots of plants and capillary blood vessels will allow higher rates of
diffusion than objects with a smaller Surface Area:Volume ratio. Other factors will also affect the Rate of
Diffusion e.g. the concentration gradient between one side of a surface and the other side of the surface/
the speed at which a species is continuously ‘swept’ away from a surface/and so on.
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Passive Transport (no additional energy required) vs. Active Transport (additional energy required)
The difference between Passive Transport and Active Transport in Biology is that in Passive Transport
no energy is needed for the process to occur because (i) in Diffusion, species are moving naturally from
areas of high concentration to areas of low concentration, and (ii) in Osmosis, concentrations are being
reduced by an increase in the volume of space in which the entities are located. In contrast, Active
Transport requires energy to force species to move from areas of LOW concentration against the
concentration gradient to areas of HIGH concentration.
Passive Transport in Biology
(no additional energy input required)
Diffusion
(Biology)

When it comes to diffusion into and out of a cell, it is only small, non-charged entities or species (such
as Oxygen and Carbon Dioxide) that will be able to slip/slide through the phospholipid bi-layer that makes
up a cell membrane. Diffusion is a process whereby, in an environment where free movement is possible,
the uneven distribution/concentration of a species is ‘evened-out’. In Biology this is described by what is
taking place viz. a movement down a concentration gradient – but the explanation for the phenomenon is
provided by Mathematics/Physics in that the ‘evening-out’ process is caused by the random translational
movement of the molecules involved. In Chemistry terms, this process goes to a position of ‘dynamic
equilibrium’.

Osmosis
(Physics)

Osmotic pressure comes into play with regard to two solutions separated by a semi-permeable membrane
that will allow the free passage of the solvent in either one direction or in the other direction, but that will
not allow the solute to cross the membrane in either direction. If the concentration of one solution is
greater than that of the other, then the ‘evening-out’ in dissimilar concentrations is caused by the random
translational movement of molecules – but forces imposed by Physics rather than by Biology (e.g. the
Atmospheric pressure above the two levels of the solution), will constrain the amount of solvent that can
cross the membrane. Here again, the process goes to a position of ‘dynamic equilibrium’.

Diagramme from Professor
Martin Chaplin, LSBU.

Facilitated
Diffusion
(Biology)

Small non-polarised molecules (such as Oxygen, O2, and Carbon Dioxide, CO2), and small fat soluble
species such as Vitamins A/D/E/and K, can easily diffuse through a cell membrane without the need for
any special channels, but charged species (ions)/ and physically large species such as Glucose cannot do
so. They therefore need an ‘assisted passage’ across a cell membrane, and “facilitated diffusion” down a
concentration gradient and without any input of energy is then effected (i) via gated or non-gated channel
proteins or (ii) via carrier proteins. Socratic.org says that “Channel proteins are water-filled pores that
enable charged substances (such as ions) to diffuse through the membrane into or out of a cell. In essence,
the proteins provide a tunnel for such polar molecules to move through the non-polar or hydrophobic
interior of the bilayer”, while Plant Growth and Development: Hormones and Environment, says that
“carrier proteins transfer an ion or a molecule from one side of a membrane to the other. The channels
are specific to each ion or molecular species. While the movement of the ion or the molecule itself is
passive, the motive force for the carrier protein may be provided by the proton/pH gradient and/or
electrical gradient that has been created by proton pumps.” NB There is an excellent 2-minute video on a
Sodium-Potassium-ATPase pump by McGraw-Hill at https://www.youtube.com/watch?v=M6_NCdV7YO8 .
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ACTIVE TRANSPORT
(where energy is required to transport a species across a membrane against its concentration gradient)
Transport
proteins

It is possible for a transport protein to consist of just one big complex protein, but it is
most unlikely that this will be the case. A transport protein has to do many things such as
respond to a given stimulus (where the stimulus could be an electrical, pressure, size, etc
stimulus)/it must open a gate in response to that stimulus and to no other stimulus/admit
entry/close the gate/open a different gate on the other side of the membrane/eject the
transported species/… and so on, and it is thus most unlikely that just one protein by
itself can perform all these tasks. Transport proteins (plural) thus make up a transmembrane transport channel.

Primary vs
Secondary
Transport

In Primary Active Transport, an energy input is needed to move a species UP and
AGAINST its concentration gradient (and this comes mainly from ATP), whereas in
Secondary Active Transport, the energy required is provided by an electrostatic
gradient/a potential difference. For example, in the Sodium-Potassium pump, 3 Na+
ions are pumped out of the cell for every 2 K+ ions that are pumped into the cell (both
against their concentration gradients). This builds up an electrostatic as well as a
chemical gradient with more positive ions on the outside of the cell than on the inside,
and when a pump uses this potential difference between the outside and the inside of the
cell to transport something else into or out of the cell, then this is an example of
secondary transport. When a cell is in homeostasis, then the cell is at its electrostatic
‘resting potential’ where the potential difference across the cell membrane is about
-70 mV (negative inside the cell). Please note that there is now a chemical gradient
(where the concentration of certain species on one side of the cell membrane is larger
than on the other side) and there is also an electrostatic gradient (where there is a
voltage potential difference between one side of the cell membrane and the other side).
These two gradients therefore combine to give electro-chemical gradients that can be
used to drive species across cell membranes (and this is precisely what is involved in
Secondary Active Transport).

Uniporters

Uniporters transport one and only one type of species (or one group of) species in only
one direction through a protein channel.

Symport (also
known as
cotransport)

Symporters transport two or more types of species in only one direction through the
protein channel. An example of a symporter/cotransporter would be the Na+/glucose
symporter in the small intestine (2 Na+ ions for every 1 glucose molecule). The driving
ion in some instances can be a proton.

Antiport

In Antiport Transport, two species move in opposing directions across the cell
membrane. An example of an antiporter would be where 3 Na+ ions return to the cell
while 1 Ca2+ ion comes out of the cell. (Antiport is also known as Counter-Transport
or Exchange Transport.)

Aquaporins

The interior of cell membranes are ‘hydrophobic’ (Water repelling) and thus aquaporins
are protein channels for transporting Water across a cell membrane.

Channels

Channels can be mechanically-gated ion channels that respond to the length (with regard
to time) and the pressure of the stimulus/ligand-gated channels/and voltage-gated
channels that open when the electric potential difference reaches a given amount.
https://www.youtube.com/watch?v=oa6rvUJlg7o

Endocytosis/

When a cell wishes to admit a big species into itself, the membrane of the cell can wrap
itself completely around the species and then pull the species into the cell in a
containment sphere called a vesicle. This is called Endocytosis. In contrast, in
Exocytosis a vesicle containing the required species exits through the membrane. There
is an excellent two-minute video on this by McGraw-Hill at
https://www.youtube.com/watch?v=57o-s175OxA

Exocytosis
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APPENDIX
You may not understand all of this next bit, but if you want to go into Medicine, then you may want to read what
Opentextbc (the free access to education that originated in British Columbia but which is now a global network
for free education) says viz.
The primary purpose of the cardiovascular system is to circulate gases, nutrients, wastes, and other substances to
and from the cells of the body. Small molecules, such as gases, lipids, and lipid-soluble molecules, can diffuse
directly through the membranes of the endothelial cells of the capillary wall. Glucose, amino acids, and ions
(including sodium, potassium, calcium, and chloride) use transporters to move through specific channels in the
membrane by facilitated diffusion. Glucose, ions, and larger molecules may also leave the blood through
intercellular clefts. Larger molecules can pass through the pores of fenestrated capillaries, and even large plasma
proteins can pass through the great gaps in the sinusoids. Some large proteins in blood plasma can move into
and out of the endothelial cells packaged within vesicles by endocytosis and exocytosis. Water moves by
osmosis.
Bulk Flow
The mass movement of fluids into and out of capillary beds requires a transport mechanism far more efficient
than mere diffusion. This movement, often referred to as bulk flow, involves two pressure-driven mechanisms:
Volumes of fluid move from an area of higher pressure in a capillary bed to an area of lower pressure in the
tissues via filtration. In contrast, the movement of fluid from an area of higher pressure in the tissues into an
area of lower pressure in the capillaries is reabsorption. Two types of pressure interact to drive each of these
movements: hydrostatic pressure and osmotic pressure.
Hydrostatic Pressure
The primary force driving fluid transport between the capillaries and tissues is hydrostatic pressure, which can
be defined as the pressure of any fluid enclosed in a space. Blood hydrostatic pressure is the force exerted by
the blood confined within blood vessels or heart chambers. Even more specifically, the pressure exerted by
blood against the wall of a capillary is called capillary hydrostatic pressure (CHP), and is the same as
capillary blood pressure. CHP is the force that drives fluid out of capillaries and into the tissues.
As fluid exits a capillary and moves into tissues, the hydrostatic pressure in the interstitial fluid correspondingly
rises. This opposing hydrostatic pressure is called the interstitial fluid hydrostatic pressure (IFHP).
Generally, the CHP originating from the arterial pathways is considerably higher than the IFHP, because
lymphatic vessels are continually absorbing excess fluid from the tissues. Thus, fluid generally moves out of the
capillary and into the interstitial fluid. This process is called filtration.
Osmotic Pressure
The net pressure that drives reabsorption—the movement of fluid from the interstitial fluid back into the
capillaries—is called osmotic pressure (sometimes referred to as oncotic pressure). Whereas hydrostatic
pressure forces fluid out of the capillary, osmotic pressure draws fluid back in. Osmotic pressure is determined
by osmotic concentration gradients, that is, the difference in the solute-to-water concentrations in the blood and
tissue fluid. A region higher in solute concentration (and lower in water concentration) draws water across a
semipermeable membrane from a region higher in water concentration (and lower in solute concentration).
As we discuss osmotic pressure in blood and tissue fluid, it is important to recognize that the formed elements
of blood do not contribute to osmotic concentration gradients. Rather, it is the plasma proteins that play the key
role. Solutes also move across the capillary wall according to their concentration gradient, but overall, the
concentrations should be similar and not have a significant impact on osmosis. Because of their large size and
chemical structure, plasma proteins are not truly solutes, that is, they do not dissolve but are dispersed or
suspended in their fluid medium, forming a colloid rather than a solution.
The pressure created by the concentration of colloidal proteins in the blood is called the blood colloidal osmotic
pressure (BCOP). Its effect on capillary exchange accounts for the reabsorption of water. The plasma proteins
suspended in blood cannot move across the semipermeable capillary cell membrane, and so they remain in the
plasma. As a result, blood has a higher colloidal concentration and lower water concentration than tissue fluid. It
therefore attracts water. We can also say that the BCOP is higher than the interstitial fluid colloidal osmotic
pressure (IFCOP), which is always very low because interstitial fluid contains few proteins. Thus, water is
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drawn from the tissue fluid back into the capillary, carrying dissolved molecules with it. This difference in
colloidal osmotic pressure accounts for reabsorption.
Interaction of Hydrostatic and Osmotic Pressures
The normal unit used to express pressures within the cardiovascular system is millimeters of mercury (mm Hg).
When blood leaving an arteriole first enters a capillary bed, the CHP is quite high—about 35 mm Hg.
Gradually, this initial CHP declines as the blood moves through the capillary so that by the time the blood has
reached the venous end, the CHP has dropped to approximately 18 mm Hg. In comparison, the plasma proteins
remain suspended in the blood, so the BCOP remains fairly constant at about 25 mm Hg throughout the length
of the capillary and considerably below the osmotic pressure in the interstitial fluid.
The net filtration pressure (NFP) represents the interaction of the hydrostatic and osmotic pressures, driving
fluid out of the capillary. It is equal to the difference between the CHP and the BCOP. Since filtration is, by
definition, the movement of fluid out of the capillary, when reabsorption is occurring, the NFP is a negative
number.
NFP changes at different points in a capillary bed (Figure 1). Close to the arterial end of the capillary, it is
approximately 10 mm Hg, because the CHP of 35 mm Hg minus the BCOP of 25 mm Hg equals 10 mm Hg.
Recall that the hydrostatic and osmotic pressures of the interstitial fluid are essentially negligible. Thus, the NFP
of 10 mm Hg drives a net movement of fluid out of the capillary at the arterial end. At approximately the middle
of the capillary, the CHP is about the same as the BCOP of 25 mm Hg, so the NFP drops to zero. At this point,
there is no net change of volume: Fluid moves out of the capillary at the same rate as it moves into the capillary.
Near the venous end of the capillary, the CHP has dwindled to about 18 mm Hg due to loss of fluid. Because the
BCOP remains steady at 25 mm Hg, water is drawn into the capillary, that is, reabsorption occurs. Another way
of expressing this is to say that at the venous end of the capillary, there is an NFP of −7 mm Hg.

Figure 1. Capillary Exchange. Net filtration occurs near the arterial end of the capillary since capillary
hydrostatic pressure (CHP) is greater than blood colloidal osmotic pressure (BCOP). There is no net movement
of fluid near the midpoint since CHP = BCOP. Net reabsorption occurs near the venous end since BCOP is
greater than CHP.
The Role of Lymphatic Capillaries
Since overall CHP is higher than BCOP, it is inevitable that more net fluid will exit the capillary through
filtration at the arterial end than enters through reabsorption at the venous end. Considering all capillaries over
the course of a day, this can be quite a substantial amount of fluid: Approximately 24 liters per day are filtered,
whereas 20.4 liters are reabsorbed. This excess fluid is picked up by capillaries of the lymphatic system. These
extremely thin-walled vessels have copious numbers of valves that ensure unidirectional flow through everlarger lymphatic vessels that eventually drain into the subclavian veins in the neck. An important function of the
lymphatic system is to return the fluid (lymph) to the blood. Lymph may be thought of as recycled blood
plasma. (Seek additional content for more detail on the lymphatic system.)
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Watch this video to explore capillaries and how they function in the body.
Watch this video to explore capillaries and how they function in the body. Capillaries are never more than 100
micrometers away. What is the main component of interstitial fluid?
Chapter Review
Small molecules can cross into and out of capillaries via simple or facilitated diffusion. Some large molecules
can cross in vesicles or through clefts, fenestrations, or gaps between cells in capillary walls. However, the bulk
flow of capillary and tissue fluid occurs via filtration and reabsorption. Filtration, the movement of fluid out of
the capillaries, is driven by the CHP. Reabsorption, the influx of tissue fluid into the capillaries, is driven by the
BCOP. Filtration predominates in the arterial end of the capillary; in the middle section, the opposing pressures
are virtually identical so there is no net exchange, whereas reabsorption predominates at the venule end of the
capillary. The hydrostatic and colloid osmotic pressures in the interstitial fluid are negligible in healthy
circumstances.
Interactive Link Questions
Capillaries are never more than 100 micrometers away. What is the main component of interstitial fluid?
Water.

A.
B.
C.
D.

Review Questions
1. Hydrostatic pressure is ________.
greater than colloid osmotic pressure at the venous end of the capillary bed
the pressure exerted by fluid in an enclosed space
about zero at the midpoint of a capillary bed
all of the above
The correct answer is B

A.
B.
C.
D.

2. Net filtration pressure is calculated by ________.
adding the capillary hydrostatic pressure to the interstitial fluid hydrostatic pressure
subtracting the fluid drained by the lymphatic vessels from the total fluid in the interstitial fluid
adding the blood colloid osmotic pressure to the capillary hydrostatic pressure
subtracting the blood colloid osmotic pressure from the capillary hydrostatic pressure
The correct answer is D

A.
B.
C.
D.

3. Which of the following statements is true?
In one day, more fluid exits the capillary through filtration than enters through reabsorption.
In one day, approximately 35 mm of blood are filtered and 7 mm are reabsorbed.
In one day, the capillaries of the lymphatic system absorb about 20.4 liters of fluid.
None of the above are true.
The correct answer is A
Critical Thinking Questions
1. A patient arrives at the emergency department with dangerously low blood pressure. The patient’s blood
colloid osmotic pressure is normal. How would you expect this situation to affect the patient’s net filtration
pressure?
2. True or false? The plasma proteins suspended in blood cross the capillary cell membrane and enter the tissue
fluid via facilitated diffusion. Explain your thinking.
Glossary
blood colloidal osmotic pressure (BCOP)
pressure exerted by colloids suspended in blood within a vessel; a primary determinant is the presence of plasma
proteins
blood hydrostatic pressure
force blood exerts against the walls of a blood vessel or heart chamber
capillary hydrostatic pressure (CHP)
force blood exerts against a capillary
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filtration
in the cardiovascular system, the movement of material from a capillary into the interstitial fluid, moving from
an area of higher pressure to lower pressure
interstitial fluid colloidal osmotic pressure (IFCOP)
pressure exerted by the colloids within the interstitial fluid
interstitial fluid hydrostatic pressure (IFHP)
force exerted by the fluid in the tissue spaces
net filtration pressure (NFP)
force driving fluid out of the capillary and into the tissue spaces; equal to the difference of the capillary
hydrostatic pressure and the blood colloidal osmotic pressure
reabsorption
in the cardiovascular system, the movement of material from the interstitial fluid into the capillaries

1.
2.
3.
1.

2.

Solutions
Answers for Review Questions
B
D
A
Answers for Critical Thinking Questions
The patient’s blood would flow more sluggishly from the arteriole into the capillary bed. Thus, the patient’s
capillary hydrostatic pressure would be below the normal 35 mm Hg at the arterial end. At the same time, the
patient’s blood colloidal osmotic pressure is normal—about 25 mm Hg. Thus, even at the arterial end of the
capillary bed, the net filtration pressure would be below 10 mm Hg, and an abnormally reduced level of
filtration would occur. In fact, reabsorption might begin to occur by the midpoint of the capillary bed.
False. The plasma proteins suspended in blood cannot cross the semipermeable capillary cell membrane, and so
they remain in the plasma within the vessel, where they account for the blood colloid osmotic pressure.

3.
Previous: 20.2 Blood Flow, Blood Pressure, and Resistance
Next: 20.4 Homeostatic Regulation of the Vascular System
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