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ABSTRACT
The Biopharmaceutics Classification System (BCS) is a tool that was created to categorize drugs into different groups 

according to their solubility and permeability characteristics. Through a combination of these factors and physiological 
parameters, it is possible to understand the absorption behavior of a drug in the gastrointestinal tract, thus contributing 
to cost and time reductions in drug development, as well as reducing exposure of human subjects during in vivo trials. 
Solubility is attained by determining the equilibrium under conditions of physiological pH, while different methods may 
be employed for evaluating permeability. On the other hand, the intrinsic dissolution rate (IDR), which is defined as the 
rate of dissolution of a pure substance under constant temperature, pH, and surface area conditions, among others, may 
present greater correlation to the in vivo dissolution dynamic than the solubility test. The purpose of this work is to 
discuss the intrinsic dissolution test as a tool for determining the solubility of drugs within the scope of the 
Biopharmaceutics Classification System (BCS).

INTRODUCTION

The bioavailability of a certain drug contained in a 
dosage form, which depends on a series of factors, 
including the physicochemical characteristics of its 

formulation and the physiological state of the patient’s 
gastrointestinal tract, is very important for successful 
treatment (1). Amon g the relevant characteristics, several 
properties relating to the absorption process are worth 
emphasizing: biopharmaceutical (solubility, dissolution, 
chemical stability, permeability, and first-pass effect), 
pharmacokinetic (renal clearance, biological half-life, 
protein binding, and distribution volume), pharmaceutical 
(formulation and dosage form), and physiological (pH, 
enzymes, intestinal motility, and i lity), which control the 
rate and the extent to which the drug reaches the site of 
action (2–4).

Many pharmaceutical companies have taken into 
account the properties of solubility and permeability, as 
well as physicochemical parameters, when undertaking 
the development of new drug candidates. This kind of 
evaluation is known as screening, which takes place in the 
initial phase of development and has helped to reduce the 
number of new molecules to be dealt with in the follow-
ing stages, thus resulting in significant cost reductions 
(3, 5, 6).

In 1995 the Biopharmaceutics Classification System 
(BCS) was proposed by Amidon and collaborators (7) to 
facilitate this work. This system considers that the dissolu-
tion and intestinal permeability of the active substance 
are the fundamental parameters in the rate and extent of 
absorption. Drugs are organized into four classes according 
to their solubility and permeability characteristics (7–10). 

According to the BCS, different methods can be used to 
evaluate solubility, intestinal permeability, and in vitro 
dissolution in the classification of drugs, and several of 
them are recommended by the FDA (9, 11).

To determine the solubility of a drug, an evaluation of 
solubility equilibrium under conditions of physiological 
pH is recommended; in other words, this value should be 
determined at a temperature of 37 ± 1 °C in different 
solutions and pH values from 1 to 7.5. The solubility class is 
obtained by calculating the volume of solution necessary 
to dissolve the greatest dose of the medication over all 
pH ranges evaluated (11). The method used is phase 
solubility, where an excess amount of the drug is placed in 
direct contact with the solution. However, it is worth 
remembering that in the initial stages of development, 
generally in the preformulation stage, the quantity of 
available material is often restricted, and so the execution 
of this study may not be feasible (12, 13).

Another point to be considered is the difficulty in 
correctly determining solubility, whether through 
experimental variables such as temperature variation, 
filtration, and quantity of material or factors inherent to 
the substance itself, which can affect the result and 
generate considerable data dispersion. Among these 
factors, alterations in the crystalline structure (solvates, 
hydrates, and polymorphs) or the formation of salts during 
the test can be cited (12, 14, 15).

One alternative for determining solubility that has been 
discussed in recent years is the intrinsic dissolution test, 
where the solubility class of a drug is determined by the 
value of the intrinsic dissolution rate (IDR). The quantity of 
material required to carry out this test is much smaller 
than that required for the solubility test, and possible 
interference in the results by factors such as transition *Corresponding author.
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from crystalline structure or the formation of salts can be 
ascertained by the presence of curvatures in the graphs 
obtained (13, 15–19).

Thus, the purpose of this review is to discuss the use of 
the intrinsic dissolution test for evaluating the solubility of 
drugs within the context of the Biopharmaceutics 
Classification System.

BIOPHARMACEUTICS CLASSIFICATION SYSTEM (BCS)
The Biopharmaceutics Classification System was 

developed to promote the use of scientific knowledge in 
the evaluation of active substances, such as prediction of 
in vivo behavior, thus aiding regulatory agencies in 
approving new medicines and the pharmaceutical 
industry in obtaining product registrations (8). The main 
purpose of the BCS is to create a regulatory tool to 
substitute several bioequivalence tests for in vitro dissolu-
tion tests, thus enabling cost and time reductions in the 
development process of medications, as well as unneces-
sary exposure of human subjects during in vivo studies (8). 
Currently, the BCS is employed as a biowaiver for clinical 
bioequivalence tests involving orally administered 
formulations, especially those of immediate release, while 
its use is still under analysis for modified-release formula-
tions (8, 9, 20).

It is important to consider that a clinical response 
resulting from the oral administration of a certain medica-
tion will only occur after a series of events, thus constitut-
ing a complex process that can be influenced by factors 
related to the individual patient (21, 22). As can be 
observed in Figure 1, dissolution is the prerequisite for 
the absorption of orally administered drugs and conse-
quently for a clinical response. Because dissolution 
depends on the solubility of the drug and absorption 
depends on intestinal permeability, these are the main 
factors that govern the rate and extent of absorption 
of an orally administered solid formulation, in other words, 
its bioavailability (6, 7, 9, 11).

Three factors represent the absorption behavior of a 
drug through the gastrointestinal tract (6, 7, 9, 10). Dose 
number (Do) is the dose concentration/solubility ratio
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where D is the diffusion coefficient, r is the initial 
drug-particle radius, Cs is solubility, ρ is density, Tsi is 
intestinal transit time, and Tdiss is dissolution time. 
Absorption number (An) is the time required to absorb the 
administered dose

si

where Peff is permeability, R is intestinal radius, as Tsi is 
intestinal transit time, and Tabs is absorption time.

Thus, for a drug to be completely absorbed, it must 
present Do < 1, Dn > 1, and An > 1. From these definitions, 
it is clear that solubility and permeability are the key 
parameters for absorption control, and in the BCS, drugs 
are divided into four classes (Figure 2) according to their 
solubility (high/low) and permeability parameters (6, 7, 22).

For a drug to be considered highly soluble, its highest 
dose must be soluble in a volume equal to or less than 
250 mL of an aqueous medium, at a pH between 1.0 and 
7.5. The estimated volume of 250 mL is based on the 
protocols of bioequivalence studies that prescribe the 
administration of the medication to fasting volunteers 
with one glass of water (11, 18).

The classification of drugs based on permeability is 
based indirectly on the extent of absorption in humans, 
through the evaluation of the fraction of the dose 

Figure 1. Sequence of events that take place from administration of 
medication to the action of the drug. (Adapted from ref 22. Copyright 2002 
American College of Clinical Pharmacology, Inc.)
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absorbed or directly by measuring the rate of mass 
transfer across the human intestinal membrane or 
epithelial membranes. The drug is considered highly 
permeable when at least 90% of the administered dose is 
absorbed (11, 18).

Accordingly, drugs may be divided into four groups 
according to their solubility and permeability (Figure 2), 
each of which presents special characteristics (7, 9, 23). 
 Class I: Drugs in this class have good permeability 

unless they are unstable in the gastrointestinal tract 
or if they undergo first-pass metabolism. Because 
they also have good solubility, the limiting factor 
for their absorption is the gastric emptying time. 
Immediate-release solid dosage forms that contain 
drugs with these characteristics are potential 
candidates for biowaivers from bioequivalence 
studies.

 Class II: Despite having good permeability, the drugs 
classified in this group present solubility issues, 
thus dissolution becomes a limiting factor in 
absorption. The use of well-defined formulations or 
pharmaceutical techniques, such as complexation 
with cyclodextrins or reduction in particle size, among 
others, may facilitate dissolution and consequently 
increase oral bioavailability. However, in vitro 
dissolution tests should mirror the in vivo dissolution 
properties perfectly.

 Class III: This comprises drugs with good solubility and 
reduced permeability; the latter is considered a 
limiting factor for absorption. It is important that the 
dosage forms that contain this type of drug release it 
quickly to maximize contact time with the intestinal 
epithelium; however, absorption may be affected by 
the influence of physiological variables, such as 
intestinal residence time and luminal content.

 Class IV: This is the class that researchers find most 
challenging, because these drugs present oral 
bioavailability issues due to reduced solubility and 
permeability.

Methods Used to Determine Drug Solubility and 
Permeability
Solubility

Solubility evaluation for the biopharmaceutical 
classification of a substance is based on a determination 
of the equilibrium under conditions of physiological pH. 
The FDA suggests that the test be carried out at a 
temperature of 37 ± 1°C in aqueous media, varying the pH 
from 1 to 7.5. The traditional phase solubility method is 
the most recommended, although it may be replaced by 
another (e.g., titration) as long as it is capable of providing 
the solubility equilibrium of the drug (6, 11, 18).

Permeability
There are different methods that can be used to classify 

substances according to permeability, and some of them 
involve studying pharmacokinetic parameters in humans 
and determining the permeability of the gastrointestinal 
tract (11).

According to the FDA, there are several methods for 
studying pharmacokinetic parameters including a study of 
mass balance using stable isotopes or marker substances 
and a study of absolute bioavailability, with the absorption 
of the drug evaluated in comparison with the absorption 
of a reference substance. Examples of intestinal permeabil-
ity methods include intestinal perfusion studies in 
humans, in vivo or in situ intestinal perfusion studies in 
animal subjects, in vitro permeation studies on intestinal 
tissue from humans or animals, and in vitro permeation 
studies on epithelial cell monolayers (11).

Although pharmacokinetic studies in humans are the 
gold standard for determining permeability, their use in 
the development stage is not feasible, mainly because of 
the high rate of variability, the necessity for administration 
by a formulation, and the costs involved. Accordingly, 
intestinal permeability studies have become an 
interesting alternative (6).

In vitro techniques based on the use of cell cultures 
have been widely investigated in recent years. Among 
these cell types, those of the Caco-2 line are the most 
widely used because of their similarity with intestinal cells 
and for the capacity of expression of transporters and 
intestinal enzymes (6, 24).

Extension of the BCS
Since it was created, the Biopharmaceutics Classification 

System has been the focus of several studies and 
discussions within the scientific community, and several 
suggestions have been proposed in an attempt to make 
classification less restrictive and more broadly applicable 
(18).

Regarding solubility, alteration of the pH evaluation 
range from 1.0–7.5 to 1.0–6.8 has been suggested, 
considering that pH 7.5 corresponds to the region of the 
ileum where the drug arrives already dissolved, along with 
a volume alteration from 250 to 500 mL, which is an 

Figure 2. Divisions of the Biopharmaceutics Classification System.
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average because intestinal volume can vary from 50 to 
1100 mL (18, 25). 

An alteration of the permeability value from 90% to 
85% has been suggested for highly permeable drugs, 
because through the evaluation of different drugs 
considered to have high absorption, the fraction of the 
absorbed dose determined experimentally has proved to 
be less than 90% (18, 25).

Besides these suggestions, new methods for the 
classification of substances have been proposed, such as 
an intrinsic dissolution test for evaluating solubility and 
the use of new cell and membrane types for evaluating 
intestinal permeability, as well as the use of computational 
or in silico methods (18, 26, 27).

Although such suggestions have been the subject 
of much discussion among researchers, the FDA still 
considers the system as it was initially proposed, while the 
World Health Organization (WHO) has already approved 
new evaluation criteria (25, 28, 29).

INTRINSIC DISSOLUTION
Skinner and Kanfer (30) suggested that the main 

physicochemical aspects pertaining to drug absorption 
are the intrinsic dissolution rate and solubility. Because 
these two parameters are highly dependent on pH, their 
influence on absorption could easily be determined by the 
entire pH range of the gastrointestinal tract. 

Intrinsic dissolution is the dissolution of a pure active 
substance, and the determination of the dissolution 
rate can be important during the development of new 
molecules, because with small quantities of material, 
it is possible to execute the test and predict potential 
problems (13, 17, 31, 32).

Accordingly, the intrinsic dissolution rate (IDR) is defined 
as the dissolution rate of a pure active substance, where 
the conditions of surface area, temperature, agitation, and 
medium pH and ionic strength are all constant. Thus, 
it is possible to obtain data on the chemical purity and 
equivalence of drugs from different sources. This 
information is related to the variability of raw material 
available on the market, which results from distinctive 
synthesis processes, especially in the final stages of 
crystallization, and may lead to different particle sizes, 
degrees of hydration, habits, and crystalline forms for a 
single drug (16, 19, 32, 33).

The IDR can be obtained by employing a specific device 
for this purpose, where the compressed drug is exposed in 
a dissolution medium over a constant surface area, and its 
value is expressed in mg cm-2 s-1 (17, 34–36).

Applications for intrinsic dissolution tests are related to 
their use as a tool in the characterization of solid-state 
drugs, such as the determination of thermodynamic 
parameters associated with transition from crystalline 
phases, degrees of hydration, the investigation of the 
phenomenon of mass transfer in the dissolution process, 
the evaluation of the dissolution rate of a drug in different 
media (variation of pH or use of surfactants), and the 

relationship between the dissolution rate of an active 
substance and that of its crystalline form (15, 37).

Recent studies have proved the usefulness of the 
IDR in determining solubility in the sphere of the 
Biopharmaceutics Classification System. Because this test 
is not related to equilibrium but rather to the rate, there 
is expected to be a greater correlation in the in vivo 
dissolution dynamic than in the solubility test. In a 
conventional solubility test, where a quantity of a drug is 
kept under constant agitation and temperature until the 
solution is saturated, any determination of the actual 
solubility of the material may be compromised because 
of possible occurrences of recrystallization, which may 
result in alteration of the crystalline form, and hydrate and 
solvate formation (15, 18, 19, 27).

Changes on the material surface of the compressed 
drug during the intrinsic dissolution test may also occur, 
such as the conversion of amorphous atorvastatin into 
crystalline atorvastatin (38), the transformation of 
diclofenac salt into its acid form (37), the hydration of 
anhydrous forms of carbamazepine and theophylline 
(16, 33), and the conversion of rifampicin into a more 
stable polymorph (39).

However, because the intrinsic dissolution rate is 
determined by the correlation between the results of 
dissolved mass per unit area and collection time, from the 
profile analysis obtained (presence of positive or negative 
curvature), it is possible to monitor the test and determine 
solubility before these transformations occur (15, 17).

Another significantly beneficial aspect of intrinsic 
dissolution is the use of small quantities of drug, which 
facilitates its use in the evaluation of solubility during the 
preformulation state (new molecules), when minimum 
quantities of a drug are available for the execution of the 
tests (13, 40).

Apparatus Used to Determine the IDR
Pharmacopeias list two types of apparatus for the 

intrinsic dissolution test: a fixed-disk system, described 
only in the USP, and a rotating-disk system, known as 
“Wood’s apparatus,” described in the USP and the 
European and British pharmacopeias (17, 32, 35, 41).

The rotating-disk system is used most commonly. A 
good correlation of results is observed compared with the 
fixed-disk system and even other systems not detailed in 
pharmacopeias but tested in several studies to determine 
the intrinsic dissolution rate. The latter include the flow-
cell system and a miniature apparatus (Mini-IDR) similar to 
the rotating disk (32, 33, 36, 42, 43).

The characteristics of these apparatus (17) include their 
use in conventional dissolution equipment. They have a 
cavity for placing the drug, where a press is required for 
the formation of the compressed drug. The geometry and 
size of the exposured surface of the drug are known. When 
placed in the dissolution equipment, the apparatus enable 
the compressed drug to be exposed in a place of lower 
hydrodynamic variability. 
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The IDR is influenced by various internal and external 
factors. The internal factors are related to the properties of 
the solid state of the drug, and the external factors are 
related to the surface area, the hydrodynamic condition, 
and the composition of the dissolution medium (viscosity, 
pH, and ionic strength). 

Rotating-Disk System
This system comprises one steel punch, matrix (die), 

spindle, neoprene ring, and a surface plate (Figure 3a). The 
surface plate has three holes to fasten the matrix screws 
and to aid in the fabrication of the compressed drug. The 
matrix has a cavity with a diameter of 0.8 cm, where the 
drug and the punch are inserted and subjected to a 
compression pressure. Accordingly, after separation 
from the base, the material is exposed in the face of the 
matrix, which is coupled to the spindle that controls 
the movement (Figure 3b) (17, 32).

Fixed-Disk System
The system has a steel punch, matrix, neoprene ring, 

surface plate, and support (Figure 4a). The compression 
formation scheme is similar to the rotating-disk apparatus. 
However, in this case, a support is needed to sustain the 
matrix and the punch on a vessel with a flat bottom in 
such a manner that the area of the drug is fixed and 
exposed upwards, and the rotational movement is 
controlled by a paddle of Apparatus 2 (Figure 4b) (17, 32).

Calculating IDR and Analyzing Test Data 
To calculate the IDR, an equation derived from the 

Noyes–Whitney equation is used. For the derivative, two 
items are removed from the latter equation, the dissolu-
tion rate (generally expressed by the dissolved mass of the 
sample per unit time) and the dissolution flow (when 
the surface area is taken into account), expressed as 
dissolution rate per unit area (15, 17, 44)

j
Vdc

dt A
= ×

1

where j is dissolution flow (mg cm-2 s-1), V is the volume of 
the dissolution medium (mL), c is the concentration of 

dissolved drug in the medium (mg/mL), A is the surface 
area of the sample (cm2), and t is time (s).

Thus, when the dissolution flow ( j ) calculation is used 
for a pure drug, it is more commonly called the intrinsic 
dissolution rate (17).

During the test, the cumulative quantity of dissolved 
drug at each time interval must be corrected by account-
ing for the sampling volumes taken for analysis. For the 
calculation of the IDR, a graph is constructed of the 
accumulated amount of dissolved drug as a function of 
time, and a linear regression is performed. With the 
attainment of a linear equation, the dissolution rate in 
units of mass per second is determined, represented by 
the value of the angular coefficient. The intrinsic 
dissolution rate is determined by dividing this value by the 
surface area of the compressed drug (cm2) and is reported 
in units of mass cm-2 s-1 (17). It is worth remembering that 
most of the intrinsic dissolution results found in the literature 
are expressed in mg min-1 cm-2, the format used by many 
authors and recommended by the USP until 2008.

The graph obtained for percent dissolved drug as a 
function of time may present curvature, and in this case, 
only the initial linear region must be considered for 
calculating the dissolution rate. The presence of positive 
curvature may indicate some experimental problem, while 
negative curvature may be related to the transition of the 
crystal form on the surface of the compressed drug or 
inadvertent achievement of the saturation point of the 
dissolution medium (16, 17, 33).

Determination of the Solubility Class from the IDR
As previously mentioned, studies have been carried 

out to prove the feasibility of the use of the intrinsic 
dissolution rate to determine solubility class in the 
Biopharmaceutics Classification System.

Yu and collaborators (15) determined that for drugs for 
which it is possible to obtain a good correlation between 
intrinsic dissolution and solubility, the borderline value 
between classes is 0.1 mg min-1 cm-2/ 0.0017 mg cm-2 s-1. In 
other words, drugs with an intrinsic dissolution rate above 
this value would be considered highly soluble, and rates 
below this limit would indicate drugs with low solubility.

Figure 3. Rotating-disk system (Wood’s apparatus): (a) unassembled 
apparatus and (b) configuration of the method in the dissolution equipment.

Figure 4. Fixed disk method: (a) unassembled apparatus and (b) configuration 
of the method in the dissolution equipment.
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Table 1. IDR Values (mg min-1 cm-2) and BCS Solubility 
Classification for Several Drugs (Adapted from ref 45.) 

Drug IDR (mg min-1 cm-2)
BCS Solubility 
Classification

ranitidine 43.1 ± 0.1 High

metoprolol 27.0 ± 0.4 High

propranolol 17.8 ± 0.3 High

nortriptyline 6.5 ± 0.2 High

atenolol 2.56 ± 0.13 High

nadolol 1.44 ± 0.04 High

labetolol 0.70 ± 0.02 Low

cetoprofen 0.57 ± 0.03 Low

furosemide 0.50 ± 0.02 Low

naproxen 0.26 ± 0.02 Low

hydrochlorothiazide 0.11 ± 0.01 Low

piroxicam 0.088 ± 0.002 Low

carbamazepine 0.029 ± 0.002 Low

griseofulvin 0.0022 ± 0.0002 Low

Recently, in a study carried out with the same drugs 
under the same test conditions (rotating system at 100 rpm, 
900 mL of pH 6.8 phosphate buffer, Table 1) employed by 
Yu et al. (45), Zakeri-Milani et al. (19) suggested a value of 
1 mg min-1 cm-2/ 0.017 mg cm-2 s-1 as a basis for the 
division of solubility classes.

Although the limits indicated in the studies are different, 
probably due to differences in the apparatus used, the 
order of classification of the evaluated substances was the 
same. Accordingly, for drugs that do not present very 
elevated or very low doses, where there are no discrepan-
cies between the solubility and intrinsic dissolution results, 
the IDR may be considered as a technique to classify 
solubility (15, 19).

SOLUBILITY VERSUS INSTRINSIC DISSOLUTION
Because intrinsic dissolution is a feasible alternative for 

determining the solubility class, it can be noted that, as 
presented in Table 2, this test has several advantages over 
the phase solubility method, especially with respect to 
time, quantity of material, and handling of samples.

CONCLUSION
With the use of the BCS in the evaluation of solubility 

and permeability characteristics of drugs, it is possible to 
predict the in vivo behavior of substances and thus avoid 
any formulation issues and unnecessary expense with 
bioequivalence studies. Among the methods used for 
classification, the attainment of the intrinsic dissolution 
rate is a technique that has been gaining prominence, 
where with minimal amounts of drug and time, the 
solubility of substances can be more precisely determined. 
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Corrigendum to “Feasibility Study on 
Qualification of USP Dissolution 
Apparatus 1 and 2 Using the Enhanced 
Mechanical Calibration Procedure”

Brian Yan, Xujin Lu, and Ruben Lozano
Analytical & Bioanalytical Development, Bristol-Myers Squibb Company,

New Brunswick, NJ 08903-0191

Dissolution Technologies 2011, 18 (2), 17–23.

With regard to our article, “Feasibility Study on 
Qualification of USP Dissolution Apparatus 1 and 
2 Using the Enhanced Mechanical Calibration 

Procedure,” which appeared in Dissolution Technologies, 
Vol. 18, Issue 2, pp 17-23 (May 2011), the authors wish to 
issue a correction concerning statements that we attrib-
uted to the VK7000 dissolution test system. We inaccu-
rately stated in several instances that this model “lacks the 
feature of levelness adjustment,” when in fact, it does 
possess that feature, thus allowing the unit levelness to be 
adjusted properly, if necessary. We apologize to Agilent for 
the oversight. It was unintended for our paper to focus on 

a comparison of systems or to point out deficiencies. 
Rather, the main objective was to demonstrate the 
relationship between system levelness and shaft 
verticality and its potential impact on meeting the 
mechanical calibration criteria.

Also, regarding use of the digital device to measure 
system levelness and shaft verticality, the authors wish 
to clarify that the bench surface was confirmed to be level 
relative to the earth (i.e., the lab floor), thereby justifying 
use of the bench surface as the zero reference point for 
the digital device. To ensure that digitally recorded 
measurements of system levelness and shaft verticality are 
accurate, it is important not to assume automatically that 
the lab bench is vertical relative to earth level (true zero).
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