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Passage of Drugs Across Cell Membranes: - 

• 1- Passive Diffusion: is the process by which molecules spontaneously 

diffuse from a region of higher concentration to a region of lower 

concentration and it is passive because no external energy is expended 

•The rate of transfer is called flux, and is represented by a vector to show its 

direction in space. The tendency of molecules to move in all directions is 

natural, because molecules possess kinetic energy and constantly collide with 

one another in space. 

•Passive diffusion is the major absorption process for most drugs. The driving 

force for passive diffusion is higher drug concentrations, typically on the 

mucosal side compared to the blood as in the case of oral drug absorption. 

According to Fick’s law of diffusion, drug molecules diffuse from a region of 

high drug concentration to a region of low drug concentration. 

 



where dQ/dt = rate of diffusion, D = diffusion coefficient, K = lipid–water 

partition coefficient of drug in the biologic membrane that controls drug 

permeation, A = surface area of membrane, h = membrane thickness, and CGI – 

Cp = difference between the concentrations of drug in the gastrointestinal tract 

and in the plasma. 

•Because the drug distributes rapidly into a large volume after entering the 

blood, the concentration of drug in the blood initially will be quite low with 

respect to the concentration at the site of drug absorption, i.e. CGl >> Cp. Also, 

because D, A, K, and h are constants under usual conditions for absorption, a 

combined constant P or permeability coefficient may be defined. 

 

 



•Furthermore, in equation 1 the drug concentration in the plasma, Cp, is extremely 
small compared to the drug concentration in the gastrointestinal tract, CGI. If Cp is 
negligible and P is substituted into equation 1, the following relationship for Fick’s 
law is obtained: 
 
 
 

•Equation 3 is an expression for a first-order process. In practice, the extravascular 
absorption of most drugs tends to be a first-order absorption process. Moreover, 
because of the large concentration gradient between CGI and Cp, the rate of drug 
absorption is usually more rapid than the rate of drug elimination. 
 

•For drugs that act as weak electrolytes, such as weak acids and bases, the extent of 
ionization influences the rate of drug transport. The ionized species of the drug 
contains a charge and is more water soluble than the nonionized species of the 
drug, which is more lipid soluble. 

 



According to Henderson and Hasselbalch equations, the extent of ionization of 

a weak electrolyte will depend on both the pKa of the drug and the pH of the 

medium in which the drug is dissolved. 

 1- For weak acids, 

 

 

2- For weak bases, 

 

 

 

•E.g.; at a plasma pH of 7.4, salicylic acid (pKa = 3.0) exists mostly in its 

ionized or water-soluble form, as shown below: 

 

 



•Assuming Fick’s law of diffusion is the only distribution factor involved, then 

nonelectrolyte drugs or drugs that do not ionize concentrations on either side 

of the membrane are the same at equilibrium. However, for electrolyte drugs or 

drugs that ionize, the total drug concentrations on either side of the membrane 

are not equal at equilibrium if the pH of the medium differs on respective sides 

of the membrane. 

•E.g.; consider the concentration of salicylic acid (pKa = 3.0) in the stomach 

(pH 1.2) as opposed to its concentration in the plasma (pH 7.4). According to 

the Henderson–Hasselbalch equation for weak acids, at pH 7.4 and at pH 1.2, 

salicylic acid exists in the ratios that follow. 

In the plasma, at pH 7.4: 
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•Thus, the pH affects distribution of salicylic acid (RCOOH) and its salt (RCOO–) across 
cell membranes. It is assumed that the acid, RCOOH, is freely permeable and the salt, 
RCOO–, is not permeable across the cell membrane.  
 

•In this example the total concentration of salicylic acid at equilibrium is ~ 25,000 times 
greater in the plasma than in the stomach. These calculations can also be applied to weak 
bases, using equation 5. 
 

•According to the pH–partition hypothesis, if the pH on one side of a cell membrane differs 
from the pH on the other side of the membrane, then  
|1| the drug (weak acid or base) will ionize to different degrees on respective sides of the 
membrane;  
|2| the total drug concentrations (ionized plus non-ionized drug) on either side of the 
membrane will be unequal; and  
|3| the compartment in which the drug is more highly ionized will contain the greater total 
drug concentration. 
 

•For these reasons, a weak acid (such as salicylic acid) will be rapidly absorbed from the 
stomach (pH 1.2), whereas a weak base (such as quinidine) will be poorly absorbed from the 
stomach.  
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