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BIOPHARMACEUTIC STUDIES ALLOW FOR THE 
RATIONAL DESIGN OF DRUG PRODUCTS BASED ON: 

• THE PHYSICOCHEMICAL PROPERTIES OF THE DRUG.

• ROUTE OF DRUG ADMINISTRATION INCLUDING THE ANATOMIC AND 
PHYSIOLOGIC NATURE OF THE APPLICATION SITE.

• DESIRED PHARMACODYNAMIC EFFECT (EG, IMMEDIATE OR PROLONG 
ACTIVITY).

• TOXICOLOGIC PROPERTIES OF THE DRUG.

• SAFETY OF EXCIPIENTS.

• EFFECT OF EXCIPIENTS AND DOSAGE FORM ON DRUG DELIVERY.
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Scheme demonstrating the dynamic relationship between the 
drug, the drug product, and the pharmacologic effect
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Source:
Shargel, Leon, Andrew B.C YU. Applied Biopharmaceutics And Pharmacokinetics Seventh Edition. 7 
New York: Mc Graw-Hill Educaton, 2016.
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The Noyes-Whitney equation

• dM / dt = (DS / h) (Cs – C)
or

• dC / dt = (DS / V h) (Cs – C)

• M: the mass of solute dissolved in time t
• dM/dt: the mass rate of dissolution (mass/time)
• D: the diffusion coefficient of the solute in solution
• S: the surface area of exposed solid
• h: the thickness of the diffusion layer
• Cs: the solubility of the solid
• C: the concentration of solute in the bulk solution 

and at time t  
4
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Driving Force for Dissolution and 
Sink Conditions

• The driving force for dissolution is the 
concentration gradient across the boundary 
layer.

• The driving force depends on the thickness 
of the boundary layer and the concentration 
of drug that is already dissolved.

• When C is less than 20% of the Cs, the 
system is to operate under “sink conditions.”

 dM / dt = (DS / h) (Cs) 6
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THE ROLE OF DISSOLUTION TESTS

Dissolution tests are used for many purposes in the 
pharmaceutical industry:

1. The development of new products
2. For quality control, and
3. To assist with the determination of bioequivalence.

Recent regulatory developments such as the 
Biopharmaceutics Classification Scheme (BCS)
have highlighted the importance of dissolution in 
the regulation of post approval changes and 
introduced the possibility of substituting 
dissolution tests for clinical studies in some cases.
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Passive Transport

 In passive transport substances cross the membrane by diffusion
 Diffusion - net movement of substances from an area of high 

concentration to low concentration

 no energy required
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PASIVE DIFFUSION

Fick’s Law:   dM / dt = (DKS / h) (Cs – C)

dM / dt = J =  Flux  

DK / h     = Permeability (coefficient) (P)

Cs – C     =   ΔC = Concentration gradient

S    =   Surface area

h =   membrane thickness 

K    =   Partition coefficient
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Simple Diffusion
 Nonpolar, hydrophobic molecules diffuse directly through the lipid 

bilayer

 Simple diffusion does not require the use of transport proteins.

 Examples:  O2, CO2, steroids

 Polar, hydrophilic substances cannot pass directly through the lipid 
bilayer 

 Examples:  water, ions, carbohydrates



Simple Diffusion

small, nonpolar molecules
(ex. O2, CO2)

Polar molecules
(ex. Glucose, water)

ions
(ex. H+, Na+, K+)

LIPID-SOLUBLE WATER-SOLUBLE

LIPID-SOLUBLE
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THE BIOPHARMACEUTICS CLASSIFICATION 
SYSTEM (BCS)
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Proposed Limits of Drug Dissolution on 
Solubility to Avoid Absorption Problems
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Proposed permeability

A general guide would be:

= 1 × 10−6 cm per sec (10 nm per sec) or lower is classed as low permeability

 According to WHO guidance an API is considered highly permeable when the 
extent of absorption in humans is 85% or more based on a mass balance 
determination or in comparison with an intravenous comparator dose. 

 An acceptable alternative test method for permeability determination of the API could 
be in vivo intestinal perfusion in humans. When this method is used for permeation 
studies, suitability of the methodology should be demonstrated, including determination 
of permeability relative to that of a reference compound whose fraction of dose 
absorbed has been documented to be at least 85%, as well as use of a negative control. 

 According to EMEA BCS guidance if a drug substance has linear and 
complete absorption then it is considered highly permeable. 
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USFDA BCS guidance

 According to USFDA BCS guidance a drug substance is considered 
highly soluble when the highest dose strength is soluble in 250 ml or 
less of aqueous media over the pH range of 1-7.5. 

 According to USFDA BCS guidance, in the absence of evidence 
suggesting instability in the GI tract, a drug substance is considered 
to be highly permeable when the extent of absorption in humans is 
determined to be 90% or more of an administered dose based on a 
mass balance determination or in comparison to an intravenous 
reference dose. 
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THE RULE OF 5 or LIPINSKI’S RULE

This rule of 5 states that poor absorptions or permeations are more likely 
when:

1. There are more than 5 H-bond donors 

(expressed as the sum of OHs and NHs)

2. There are more than 10 H-bond acceptors 

(expressed as the sum of Ns and Os)

3. The MW (Molecular Weight) is over 500

4. The log partition coefficient is over 5

5. Compound classes that are substrates for 

biological transporters are exceptions to the rule.
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 The rule also states that if two or more parameters are not within the 
limits the compound is expected to show poor absorption properties.

 To improve the predictability using the rule of five, Veber et al. have 
suggested additional parameters to be included, in order a drug may 
be absorbed of 90% or better, such as: 

1. polar surface area (PSA) (<140A2), 

2. the sum of H-bond donors and acceptors 
(<12), and 

3. the number of rotatable bonds (<10)
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Polar Surface Area (PSA)
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Polar surface area (in red) of 
Paracetamol
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 The polar surface area (PSA) is defined as the surface sum over 

all polar atoms, (usually oxygen and nitrogen), including also 
attached hydrogens.

 PSA is a commonly used medicinal chemistry metric for the 
optimization of cell permeability. 

 Molecules with a polar surface area of greater than 1.4 square 
nanometres (140 A) are usually believed to be poor at 
permeating cell membranes. 

 For molecules to penetrate the blood-brain barrier (and thus 
acting on receptors in the central nervous system), PSA should be 
less than 0.6 square nanometres.
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Example of counting and calculations for the Lipinski and 
Veber rules for doxorubicin, which has an oral bioavailability 
of approximately 5%. Guidelines are exceeded for all rules 
except Clog P.
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Structural optimization for activity in this neuropeptide Y Y1 antagonist 
discovery project modified the lead on the left to the compound on the 
right. 

Although a 2,000-fold increase in potency was achieved, the resulting 
compound had poor absorption properties after oral dosing, as anticipated 
from the structural rules.
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Dissolution

According to USFDA BCS guidance an IR drug product is considered 
rapidly dissolving when no less than 85% of the labeled amount of 
the drug substance dissolves within 30 minutes, 

 using USP apparatus I at 100 rpm (or Apparatus II at 50 rpm) in a 
volume of 900 ml or less in each medium: 0.1 N HCl or simulated 
gastric fluid USP without enzymes; buffer (pH 4.5); and buffer (pH 6.8) 
or simulated intestinal fluid USP without enzymes. 

According to WHO BCS guidance a multisource product (pharmaceutically equivalent or 
pharmaceutically alternative products that may or may not be therapeutically equivalent) 
is considered to be very rapidly dissolving when no less than 85% of the labeled amount of 
the drug substance dissolves in 15 minutes using a paddle apparatus at 75 rpm or a 
basket apparatus at 100 rpm in a volume of 900 ml or less in each medium: HCl solution 
(pH 1.2); acetate buffer (pH 4.5); and phosphate buffer (pH 6.8). 
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Dissolution

 A multisource product is considered to be rapidly dissolving when no less than 
85% of the labeled amount of the drug substance dissolves in 30 minutes using 
a paddle apparatus at 75 rpm or a basket apparatus at 100 rpm in a volume of 
900 ml or less in each of the media: HCl solution (pH 1.2); acetate buffer (pH 
4.5); and phosphate buffer (pH 6.8). 

 According to EMEA BCS guidance drug products are considered very rapidly 
dissolving when more than 85% of the labeled amount is dissolved in 15 
minutes, using USP Apparatus I at 100 rpm (or Apparatus II at 50 rpm) in a 
volume of 500 ml in each of the media: 0.1 N HCl or simulated gastric fluid 
without enzymes; buffer (pH 4.5); and buffer (pH 6.8) or simulated intestinal 
fluid without enzymes and similarity of dissolution profiles should be 
demonstrated.
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What is drug 
dissolution?Drug dissolution:

 The process by which drug molecules are 
liberated from a solid phase and enter into 
solution phase.     

 The rate at which a solid dissolves in a 
solvent was proposed in quantitative terms 
by Noyes and Whitney (1897). 
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The Noyes-Whitney equation:
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dM / dt = (DS / h) (Cs – C)   
or

dC / dt = (DS / V h) (Cs – C)

•M: the mass of solute dissolved in time t
•dM/dt: the mass rate of dissolution 

(mass/time)
•D: the diffusion coefficient of the solute 

in solution
•S: the surface area of exposed solid
•h: the thickness of the diffusion layer
•Cs: the solubility of the solid
•C: the concentration of solute in the bulk 

solution and at time t  
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 The driving force for dissolution is the concentration gradient across 
the boundary layer.

 The driving force depends on the thickness of the boundary layer and 
the concentration of drug that is already dissolved.

 When C is less than 20% of the Cs, the system is to operate under 
“sink conditions.”

  dM / dt = (DS / h) (Cs) 
 Dissolution tests are used for many purposes in the pharmaceutical 

industry:
1. The development of new products
2. For quality control, and
3. To assist with the determination of 

bioequivalence.
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 The driving force for dissolution is the concentration gradient across 
the boundary layer.

 The driving force depends on the thickness of the boundary layer and 
the concentration of drug that is already dissolved.

 When C is less than 20% of the Cs, the system is to operate under 
“sink conditions.”

  dM / dt = (DS / h) (Cs) 
 Dissolution tests are used for many purposes in the pharmaceutical 

industry:
1. The development of new products
2. For quality control, and
3. To assist with the determination of 

bioequivalence.
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Noyes-Whitney equation
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 Factors related to the physicochemical 
properties of the drug

 Factors related to drug product formulation
 Factors related to dosage form
 Factors related to dissolution testing device
 Factors related to dissolution test 

parameters
 Miscellaneous factors
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63Factors affecting the dissolution 
rate of a drug from a dosage form:



Drug profile as a function of release 
from dosage forms
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Factors affecting drug release
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