118 SECTION I « DRUG DOSAGE FORM AND DRUG DELIVERY SYSTEM DESIGN

surface charge and/or agglomeration results
in the reduced particle size form of the drug
presenting a lower effective surface area to the
solvent due to incomplete wetting or agglom-
eration. Fick’s laws describe the relationship
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of diffusion and dissolution of the active drug
in the dosage form and when administered
in the body, as shown in Physical Pharmacy
Capsule 4.8, Fick’s Laws of Diffusion and the
Noyes-Whitney Equation.

l‘ﬁ PHYSICAL PHARMACY CAPSULE 4.8

Fick's Laws of Diffusion and the Noyes-Whitney Equation

All drugs must diffuse through various barriers when administered to the body. For example,
some drugs must diffuse through the skin, gastric mucosa, or some other barrier to gain access
o the interior of the body. Parenteral drugs must diffuse through muscle, connective tissue, and
so on, to get to the site of action; even intravenous drugs must diffuse from the blood to the site
of action. Drugs must also diffuse through various barriers for metabolism and excretion.

Considering all the diffusion processes that occur in the body (passive, active, and facili-
tated). it is not surprising that the laws governing diffusion are important to drug delivery systems.
In fact, diffusion is important not only in the body but also in some quality control procedures
used to determine batch-fo-batch uniformity of products (dissolution fest for fablets based on
the Noyes-Whitney equation, which can be derived from Fick’s law).

When individual molecules move within a substance, diffusion is said to occur.This may oc-
cur as the result of a concentration gradient or by random molecular motion.

Probably the most widely used laws of diffusion are known as Fick’s first and second laws.
Fick first law involving steady-state diffusion (where dc/dx does not change) is derived from the
following expression for the quantity of material (M) flowing through a cross section of a barrier
(S) in unit fime () expressed as the flux (J):

J=dM/(Sdt)
Under a concentration gradient (dc/dx), Fick’s first law can be expressed thus:
J=D[(C,-C,)/h]orJ=-D(dC/dx)
where

J is the flux of a component across a plane of unit area,

C, and C, are the concentrations in the donor and receptor compartments,
h is the membrane thickness, and

D is the diffusion coefficient (or diffusivity).

The sign is negative, denoting that the flux is in the direction of decreasing concentration.The
units of J are grams per square centimeter; C, grams per cubic centimeter; M, grams or moles;
S, square centimeters; x, centimeters; and D, square centimeters per second.

D is appropriately called a diffusion coefficient, not a diffusion constant, as it is subject to
change. D may change in value with increased concentrations. Also, D can be affected by
tfemperature, pressure, solvent properties, and the chemical nature of the drug itself. To study
the rate of change of the drug in the system, one needs an expression that relates the change
in concentration with time at a definite location in place of the mass of drug diffusing across
a unit area of barrier in unit time; this expression is known as Fick’s second law. This law can
be summarized as stating that the change in concentration in a particular place with fime is
proportional to the change in concentration gradient at that particular place in the system.






