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Physiology Lecture 7
Osmotic Equilibrium

Dr. Waleed R. Ezzat

Lecture Objectives:

®

®

Define osmotic equilibrium between
intracellular and extracellular fluids.

Differentiate between isotonic, hypertonic,
and hypotonic solutions.

Compare the principle of tonicity versus
osmolarity.

Be familiar with the calculation of plasma
tonicity; and understand the calculation of
osmolar gap and their clinical application.
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Osmotic equilibrium between ICF and

ECF . s\l
® The osmotic pressure of a solution is calculated by the
van’t Hoff law: constont =

mmHg
mOosm 4

Osmotic pr. () = Osmolarity (moﬁ/]/)/ x 19.3
(mmWg)

® From the law, one milliosmole increase in the
concentration gradient generates an increase of 19.3
mmHg of osmotic pressure across the cell membrane.

~® Therefore, a relatively small changes in the concentration

S} of impermeant solutes in the extracellular fluid can cause
large changes in cell volume.
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Osmotic equilibrium between ICF and
ECF K

® Isotonic solution 4\a solution having an osmolarity ‘\M
equal to that of the)plasma (i.e. 282 mOsm/L). Cells =
r &0 . neither shrink nor Swell if placed in such a solution.
The solute should be unable to permeate the cell "
membrane. Examples 0.9% NaCl solution. (normal saline)

® Hypotonic solution — a solution that has an
osmolarity lower to that of the plasma. Water will
diffuse into the intracellular compartment if cells are
placed in such a solution (cell swell).

® Hypertonic solution — a solution that has an
osmolarity higher to that of the plasma. Cells will
shrink if they are placed in such a solution, as water
will flow out of the cell.
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Osmotic equilibrium between ICF and
ECF (cont.)

Note: A
® If the solute can permeate the cell membrane (such

- e

as urea) the solutions will be termed isosmotic,
tho-osmotic, and hyperosmaotic respectively. Such
solutions have transient effect on intracellular and
extracellular fluids. TJ?I\'W pH2

If a difference in osmolarity occurs between
intracellular and extracellular fluids, osmotic 1
equilibrium is achieved within seconds or, at the why
most, minutes. This is because of the rapid —
movement of water across the cell membrane.
However, 30 minutes are needed to achieve

osmotic equilibrium everywhere in the body after
drinking water.
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Changes in volumes and
osmolality (fluid therapy)

Factors that can cause changes in the
extracellular agg. ‘intracellular volumes are:

N § .
® Excess ingestion or renal retention of
water

® Intravenous infusion of different types of
solutions T ayavcsadl

® Loss o_f Iarg_e amounts of fluid from the
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. Adding or removing impermeable solute ..\

Principles: ===

1. Water administration does not create a

change in osmolalities between the APy
intracellular and extracellular —> Sadand

compartments. "-"i‘,’)“”
: AV Y

from the extracellular compartment (such membtne
as NaCl) will cause fluid shift between the L
intracellular and extracellular compartment.«‘:f:;‘\

Effect of adding saline solution
to the extracellular fluid:

8

2.

Isotonic solution — 1 in extracellular fluid _
volume with no osmosis. > no chanye wibh osmolority

Hypertonic solution — osmosis out of cells
into the extracellular compartment — 1 in
extracellular volume and | in intracellular

volume (osmolariby 1

Hypotonic solution — osmosis into the cells
— both compartments increase in size,
although the intracellular volume increases

to a greater extent. €— R TCF HSV 2oy e403 (FAN
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- Intracellular fluid

Normal State
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Effect of administering glucose
(or nutritive) solution:

® Almost always these solutions are usually
adjusted nearly to isotonicity.

® Normally after the glucose or other nutrients
are metabolized, the kidneys excrete excess
of water in the form of dilute urine.

® A 5% glucose solution is often used to treat
dehydration. After the glucose being
metabolized, the remaining water helps
correct the increase in extracellular fluid
osmolarity associated with dehydration.
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Test Question:

Q. In a hospital error, a 60-year-old woman is
infused with large volumes of a solution that
causes swelling of her red blood cells
(RBCs). The solution was most likely:

A. 150 mM NacCl.

B. 300 mM mannitol.
C. 350 mM mannitol.
() 300 mM urea.

E. 150 mM CaCl,.
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