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ARTICLEINFO ABSTRACT
iﬁ{g&;‘ﬁ;n For orally administered non-solution dosage forms, in vitro performance test procedure such
Fiber optic technology as dissolution test is performed for various purposes. It is one of the routinely performed

quality control tests for the oral solid dosage forms. Dissolution research started to develop
about 100 years ago as a field of physical chemistry and since then important progress has
been made. Apart from its importance in the field of pharmaceutical analysis it is also
important in pharmaceutical formulation technology and drug discovery. In this review paper
we will focus on different mathematical aspects of dissolution process and different
dissolution apparatuses are in use. We will discuss some non-conventional dissolution testing
methods. The review will also focus on modernization of dissolution process and dissolution
testing apparatuses including automation in dissolution testing and adoption of fiber optic

Intrinsic dissolution
Stationary disk apparatus
Woods Apparatus

technology.
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1. Introduction

The study of the dissolution process has been developing since
the end of the 19th century by physical chemists. Therefore, most
of the fundamental research in the field was not related to drugs at
all, and the basiclaws for the description of the dissolution process
were already available when interest in drug dissolution started to
rise. Despite the advances in in vitro dissolution in chemical
engineering sciences, in the pharmaceutical sciences the concept
was not used extensively until the early 1950s. Until then the in
vivo availability of the drug was thought to be determined solely by
the disintegration of the tablet, ignoring the dissolution process.
(1]

For orally administered non-solution dosage forms, in vitro
performance test procedures such as dissolution and
disintegration are used to i) guide drug development and select
formulations for further in vivo studies, ii) evaluate comparability
between products before and after changes in formulation and/or.
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manufacturing; iii) serve as a surrogate for in vivo bioequivalence
studies, with suitable in vitro/in vivo correlations and/or use of
the Biopharmaceutics Classification System approach, and iv)
ensure batch-to-batch consistency for product performance. [2] In
pharmaceutical industry, in vitro dissolution test is performed
early in order to validate initial screening among potential
formulations to detect the influence of critical manufacturing
variables and to help in the selection of the candidate formulation.
[3-5] The use of dissolution test can speed up the formulation
development, enabling a prompt identification of potential
problems in drug release. [6] In vitro release testing is also a very
important tool for batch to batch quality control. [7] In vitro
dissolution tests are important in the development and ultimately
in the quality control (QC) of a solid dosage form. [8] A dissolution
test measures the rate of release of the drug. The objective is to
develop a discriminatory method that is sensitive to variables that
affect the dissolution rate. Such variables may include
characteristics of the active pharmaceutical ingredient (API) (e.g.,
particle size, crystal form, bulk density), drug product composition
(e.g., drug loading, and the identity, type, and levels of excipients),
the drug product manufacturing process (e.g., compression forces,
equipment), and the effects of stability storage conditions (e.g.,
temperature, humidity). [9] At early stages of formulation
development, in vitro dissolution testing provides guidance on
optimizing drug release from formulations. While at later stages, it
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may be employed as an indicator of the in vivo performance of
drug products to potentially reduce the number of bioavailability/
bioequivalence studies. [10] The connection between the
dissolution test and in vivo performance is based on the fact that
before an active pharmaceutical agent can be absorbed, it must
first be dissolved in the aqueous contents of the gastrointestinal
(GI) tract. Because there is no other in vitro performance test with
such a close link to in vivo performance, dissolution and drug
release studies are a regulatory requirement for the development,
and ultimate approval, of all solid oral drug products. [11] It is
evident thatthe release profile and thus absorption of drug may be
influenced by design and operation of the apparatus, and the
selection of medium, USP describes the various apparatuses used
in dissolution studies, and has been recently harmonized with the
European Pharmacopoeia and the Japanese Pharmacopoeia. [12]
Several guidelines are available for the development and
application of dissolution testing in various FIP position papers
[13,14] and regulatory guidelines [11,15,16] are also available.
Dissolution research started to develop about 100 years ago as a
field of physical chemistry and since then important progress has
beenmade (Table 1)

2.Different Mathematical Aspects
2.1.Dissolution of particles

The modified Noyes-Whitney equation [17] offers a rationale
base to describe the dissolution process of a particle:

d h

1

Where C is the instantaneous concentration of drug in the
medium, A is the surface area available for dissolution, D is the
diffusion coefficient of the molecule, Cs is its solubility in the
dissolution medium and h is the thickness of the diffusion
boundary layer adjacent to the surface of the dissolving
compound. From this simple mass balance equation one can infer
thatto enhance the dissolution rate dm/dtitis possible to increase
the total drug surface area A by micronization and/or by
optimizing its wetting characteristics, to promote perfect sink

conditions (C—0), to reduce the thickness of the boundary layer or
by increasing the apparent drug solubility Cs. [18] The parameter
D is a function of the diffusion coefficient of the solute molecules.
Maximum dissolution rates are predicted when C=0.
Consequently, as C increase, the dissolution rate decreases. The
parameter D is also dependent on Cs-C. Such conditions, where
dissolution is followed by absorption of the drug, as in the in vivo
situation, are described as sink condition. In-vitro systems should
ideally maintain a sink condition and the dissolving solid should
be tested in fresh solvent, where there is no build up of dissolved
drug in the dissolution medium. Such a situation is only actually
achieved in flow-through type apparatus e.g., USP Apparatus 4,
whilst Apparatus 1 and 2 there is a gradual increase in C during the
test.
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Table 1. Major contributions and events in the development
of dissolution testing [1]

Year Contributor (s) Major contribution
1897 Noyes ANand  Conducted the first dissolution experiments and
Whitney WR  published an article entitled “the rate of solution
of solid substances in their own solutions”
Noyes- Whitney equation

1900 Brunner E and Showed that the rate of dissolution depends on
the exposed surface, the rate of stirring,
temperature, structure of the surface and the
arrangement of the apparatus.

von Tolloczko S

1904 Nernst Wand  Nernst-Brunner equation based on the diffusion
B layer concept and Fick's second law.

1931 Hixson AW and Dependence of reaction velocity upon surface
Crowell JH and agitation. Hixson and Crowell reported that

the Noyes-Whitney equation in its original form
and without any details about the mechanism of
the process had been sufficiently validated with a
wide range of experiments, as opposed to the
various mechanistic explanations that had
appeared, none of which was entirely
satisfactory.

1951 Edwards LJ First to appreciate that following the oral
administration of solid dosage forms, if the
absorption process of drug from the
gastrointestinal tract is rapid, then the rate of
dissolution of that drug can be the step which
controls its appearance in the body.

1957 Nelson E First to explicitly relate the blood levels of orally
administered drugs (theophylline salts) to their
in vitro dissolution rates.

Reviewed the interfacial barrier model proposed
by Wilderman in 1909 and Danckwerts model
(1951).

1961 Higuchi T

1962 Levich VG Improved the theoretical model of the
dissolution experiment using rotating disks,
taking into account the centrifugal force on

diffusion.
1970 The basket-stirred-flask test (USP apparatus 1)
was adopted as an official dissolution test in 6

monographs of the United States Pharmacopeia
(USP) and National Formulary (NF).

1978 Adoption of the paddle method (USP apparatus
2).
1981 The first guidelines for dissolution testing of

solid dosage forms were published as a joint
report of the Section for Official Laboratories and
Medicines Control Services and the Section of
Industrial Pharmacists of the FIP.

1991 Adoption of the reciprocating cylinder (USP
apparatus 3) for extended-release products.

1995 Adoption of the flow-through cell in (USP
apparatus 4) for extended-release products.




Riaz Uddin et.al / Int ] Cur Biomed Phar Res. 2011; 1(4): 201 -207

203

2.2.Dissolution of mono-dispersed powder

Dissolution processes of multiparticulate systems where the
specific surface area decreases during the dissolution, may be
described by the Hixson and Crowell cube root law [19] in the
following equation-

W:B _Wlfﬂ =Kt

Where, W, = the original mass of drug, W = amount of remaining
drug at time t, and K = dissolution rate constant. There are several
factors assumed in cube root law, such as, constant diffusion layer
thickness, isotropicity of the sample, an independence of solubility
from particle size, smooth surfaces, and sink conditions. For non-
sink conditions and polydispersed systems modifications of the
equation was required. Lai and Carstensen [20] derived shape
factors to modify cube rootbehavior. [21]

2.3.Dissolution of disintegrating tablets and capsules

Disintegration produces vast changes in surface area. As a result
the development of theories of dissolution from disintegrating
tablets and capsules becomes very difficult. Attempts have been
made to develop models to describe dissolution rates from tablets
using complex mathematical approaches. [21]

2.4.Dissolution of non-disintegrating tablets

For systems where drug release involves the dissolution of a
soluble drug at high concentrations from an insoluble matrix, the
Higuchiequation [22] adequately describes release rates.

Be cow, S (Dinnys
t vV
b

Where, Wr = amount of drug dissolved in time t, W, = dose of the
drug, S = effective diffusional area, V = volume of the hydrated
matrix, D = diffusion coefficient of the drug in the hydrated matrix,
=tortuosity of the matrix. Ananalogous equation was developed for
drugs of limited water solubility. [23]

3.Different Dissolution Testing Apparatus

The USP has 7 differentapparatus that can be used for dissolution
testing although mosttablets and capsules use Apparatus 1 or 2 also
known as basket and paddle. These two apparatus were developed
through the 1960s and adopted by the USP in the 1970s.[24]

3.1.USP Apparatus 1 (Basket Apparatus)

The basket method was first described in 1968 by Pernarowski
and his co-workers. [25] The most commonly used methods for
evaluating dissolution first appeared in the 13th edition of the U.S.
Pharmacopeia in early 1970. These methods are known as the USP
basket (method I) and paddle (method II) methods and are referred
to as “closed-system” methods because a fixed volume of dissolution
medium is used. [26]

In practice a rotating basket method provides a steady stirring
motion in a large vessel with 500 to 1000 mL of fluid that is
immersed in a temperature —controlled water bath. Basket method
is very simple, robust, and easily standardized. The USP basket
method is the method of choice for dissolution testing of immediate-
release oral solid dosage forms. [27]

This apparatus is useful for tablets, capsules, beads and floaters.
Solids (mostly floating), monodisperse (tablets) and polydisperse
(encapsulated beads) drug products are commonly tested using
USP Apparatus 1 (Figure 1).

Figure 1. Schematic diagram of (A) USP Apparatus 1 and (B) USP
Apparatus 2

(B)

3.2.USP Apparatus 2 (Paddle Apparatus)

An apparatus described by Levy and Hayes [28] may be
considered the forerunner of the beaker method. It consisted of a
400 ml beaker and a three-blade, centrally placed polyethylene
stirrer (5 cm diameter) rotated at 59 rpm in 250 ml of dissolution
fluid (0.1N HCI). The tablet was placed down the side of the beaker
and samples were removed periodically. In the Apparatus 2, (the
paddle apparatus method) a paddle replaces the basket as the
source of agitation. As with the basket apparatus, the shaft should
position no more than 2mm at any point from the vertical axis of the
vessel and rotate without significantwobble. [21]

The apparatus is useful for tablets, capsules and suspensions.
Like USP Apparatus 1 solids (mostly floating), monodisperse
(tablets) and polydisperse (encapsulated beads) drug products are
commonly tested using USP Apparatus 2. But floating dosage forms
require sinker which could be considered as a disadvantage of the
apparatus. Moreover cone formation and positioning of tablet
during the testis sometimes hard to maintain. [29]

Both the USP Apparatus 1 and 2 share some common advantages
and disadvantages. Advantages include: i) widely accepted
apparatus for dissolution test, ii) apparatus of first choice for solid
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oral dosage forms, iii) standardized, iv) easy to operate, v) robust
and vi) broad experience. Disadvantages include: i) limited volume
ofthe dissolution media, ii) simulation of the gastrointestinal transit
is not possible and iii) hydrodynamic conditions are not known.
Dissolution results obtained with USP Apparatuses 1 and 2 may be
significantly affected by shaft wobble, location, centering, and
coning [29]. Schematic diagram of Apparatus 2 is shown in Figure
1+

3.3.USP Apparatus 3 (Reciprocating Cylinder Apparatus)

The design of USP apparatus 3 is based on the disintegration
tester. The assembly of USP apparatus 3 consists of a set of
cylindrical, flat-bottomed glass outer vessels; a set of glass
reciprocating inner cylinders; and stainless steel fittings and
screens that are made of suitable material and that are designed to
fit the tops and bottoms of the reciprocating cylinders. Operation
involves programming the agitation rate, in dpm, of the up and down
for the inner tube inside the outer tube. On the up stroke, the bottom
mesh in the inner tube moves upward to contact the productand on
the down stroke the productleaves the mesh and floats freely within
the inner tube. Thus the action produced carries the product being
tested through a moving medium. [29]

Figure 2. Schematic diagram of USP Apparatus 3 (Reciprocating
Cylinder Apparatus)
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The USP Apparatus 3, a Reciprocating Cylinder, dips a transparent
cylinder containing the dosage form at a rate determined by
operator. The tubes a have mesh base to allow the medium to drain
into a sampling reservoir as the tube moves up and down, thus
creating convective forces for dissolution. The cylinders can also be
transfer to different media at specified time automatically. A second
design is the rotating bottle apparatus, which also allow for
changing of medium to simulate a pH gradient or fed and fasted
conditions. [26] It allows automated testing for up to six days and
the manufacturers advocate its use in the testing of extended-
release dosage forms. It became official in USP 22 as Apparatus 3
and is prescribed for the testing of extended-release articles. [30]

This apparatus is originally used for extended release products,
bead type modified release dosage form, [27] particularly beads in
capsules. It is also useful for solids which are mostly non-
disintegrating (Figure 2).

USP Apparatus 3 offers advantages like i) programmed for
dissolution in various media for various time, ii) the media can be
changed easily, iii) may start at pH 1 and then pH 4.5 and then at pH
6.8 and iv) attempts to mirror pH changes and transit times in the GI
tract. But it has got some disadvantages too, i.e. i) disintegrating
dosage forms show too low results, ii) surfactants cause foaming
and iii) volume of dissolution media s too small.

3.4.USP Apparatus 4 (Flow-Through Cell Apparatus)

The history of the flow through cell methodology in drug release
testing of oral dosage forms begins in the 1950's. The first attempt
for the development of the flow-cell method was probably made in
the laboratories of the U.S. Food and Drug Administration in 1957.
Since then, various flow-cell devices have been described. The flow
through cell was recommended as an alternative in vitro drug
release testing apparatus by the Dissolution Tests working group of
the Fédération Internationale Pharmaceutique (FI.P.) in 1981. [11]
Afterwards, the method was incorporated in various
pharmacopoeias. [31] USP Apparatus 4 can be operated under
different conditions such as open or closed system mode, different
flow rates and temperatures. The diversity of available cell types
allows the application of this apparatus for testing of a wide range of
dosage forms including tablets, powders, suppositories or hard and
soft gelatin capsules. It is the method of choice for extended release
and poorly soluble products. [32,33] USP Apparatus 4 requires the
sampling pump to be on continuously throughout the analysis, as
the dissolution rate is directly proportional to the flow rate of the
medium that is pumped into the flow through cell. Sampling for this
technique therefore requires that continuous collection or
measurement of the eluted sample be maintained. As the
dissolution time increases, large sample storage may be required,
which may not be practical. Fraction collectors have a finite number
of positions that are reduced as the volume of samples to be
collected increases, which can limit the number of time points that
can be collected. Sample splitters can also be used to divert the
sample sequentially between collection and waste, thus reducing
the volume of sample to be collected. More recently a dual sampling
rack has been designed to allow samples to be collected while
simultaneously diluting, if required, and injecting into either an
HPLC system ora UV spectrophotometer. [34]
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Drug products like solids (tablets, capsules, implants, powder, and
granules), semisolids (suppositories, soft gelatin capsules,
ointments) and liquids (suspensions) are usually tested using this
apparatus (Figure 3).

Figure 3.Schematic diagram of USP Apparatus 4 (Flow-Through
Cell Apparatus)

Medium out (to detector/ collection)

Filter

Tablet (in holder)

Glass beads

Medium in |:>

Advantages of the apparatus include: i) no limitation regarding
the volume of media used for the dissolution test, ii) suitable for low
soluble drugs, iii) gentle hydrodynamic conditions, iii) simulation of
the gastrointestinal transit and iv) suitable for special dosage forms
such as powder and granules, implants. But the apparatus has got
limited experience; pump precision may influence the results and
fractioned primary data lead to greater experimental error when
computed to cumulative profiles.

3.5.USP Apparatus 5 (Paddle-over-Disk Apparatus)

In Paddle-over-Disk method the paddle and vessel assembly from
Apparatus 2 with the addition of a stainless steel disk assembly
designed for holding the transdermal system at the bottom of the
vessel. The temperature is maintained at 32°C £ 0.5°C. The disk
assembly holds the system flat and is positioned such that the
release surface is parallel with the bottom of the paddle blade. [35]
The apparatusisused to testtransdermal patches. [7]

3.6.USP Apparatus 6 (Cylinder Apparatus)

This is a modification of the basket apparatus (USP Apparatus 1).
It uses the vessel assembly from Apparatus 1 except to replace the
basketand shaft with a stainless steel cylinder stirring element. [35]
The apparatusisused to testtransdermal patches. [7]

3.7.USP Apparatus 7 (Reciprocating Holder Apparatus)

Originally introduced in the USP as a small-volume option for
small transdermal patches, the reciprocating disk apparatus was
later renamed the reciprocating holder apparatus with the adoption
of four additional holders for transdermal systems, osmotic pumps,
and other low-dose delivery systems. [36] The apparatus is used to
testtransdermal patches. [7]

4.Intrinsic dissolution method

The intrinsic dissolution rate is defined as the rate of dissolution
of a pure pharmaceutical active ingredient when conditions such as
surface area, temperature, agitation or stirring speed, pH, and ionic

strength of the dissolution medium are kept constant. Determining
this parameter allows the screening of drug candidates and aids in
understanding their solution behavior under various
biophysiological conditions. [37,38]

Figure 4. Schematic diagram of (A) the rotating disk apparatus
(Wood Apparatus) and (B) the stationary disk apparatus

Rotating shaft

<+— Dissolution vessel
(Round bottom)

Die holder

Die

Drug pellet

(A)

[«— Flat bottomed vessel

-~ Dissolution medium
< / — Paddle
T— Drug pellet (in die)
(B)

Two variations of the IDR apparatus exists i) the rotating disk
apparatus (Wood Apparatus) and ii) The stationary disk apparatus
(Figure 4).
5.Unconventional methods

Pillay and Fassihi described various new or alternative methods
for both qualitative and quantitative in vitro dissolution analysis,
[39] including intervention with the ring/mesh assembly,
application of two-phase dissolution media systems, use of reverse
binding technique, chemical stabilization via constant nitrogen gas
purge into aqueous dissolution media, and chemical
complexation/interaction outside the dissolution vessel as a
colorimetric tool for analytical measurements, emphasize the
potential of:
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1. Application of ring/mesh assembly for determination of release
profiles from swellable lowand high-density matrices. Pillay and
Fassihi have used a new device (ring/mesh assembly) in
conjunction with the paddle method to study the influence of the
position of various dosage forms on release behavior and
evaluated the release profiles obtained with such modification
with those derived under standard dissolution conditions
including the USP 23- recommended helical wire sinker used for
swellable floatable delivery systems.

2. Evaluation of drug release from lipid-filled hardshell or softgel
capsules. In a recent report a method which encompasses the
development, design, and use of a modified two-phase
dissolution media system by a novel approach for testing of
either soft or hard shell lipid-filled gelatin capsules was
proposed.

3. Determination of dissolution profile under nitrogen blanket for
oxidizable or unstable substances.

4. Glucosamine release study from swellable hydrophilic matrix
system.

5. Use of reverse-binding technique for evaluation of dmp 504, a
water-insoluble bile acid Sequestrant.

6.Modernization in Dissolution Testing

6.1.Automation in dissolution testing

Laboratories automate dissolution tests to increase capacity,
improve accuracy and reduce costs per test. These factors lead one
to consider automation as a method of choice for a quality-control
laboratory as well as for a research laboratory. In addition, the
emerge of service laboratories testing samples outsourced from
pharmaceutical companies calls for automation to offer clients an
economic service. [40] With the widespread acceptance of
dissolution testing in pharmaceutical industry various automated
procedures have been developed. [41]

6.1.1.Fiber optics technology

Proposals for a new general chapter on dissolution in the USP
[42] have highlighted the use of this technology and a regulatory
perspective has also been published. [43] These developments
suggest that fiber optic technology is likely to emerge as a common
analytical tool in future. Bynum et al reported of the development of
a UV Fiber Optic Probe Dissolution System for the analysis of solid
dosage forms. The system uses 12 dip-type fiber optic probes
coupled to 12 separate PDA spectrophotometers to acquire
continuous dissolution curves in real time. The system is applicable
to the analysis of both immediate and controlled release
formulations. The system is accurate, quicker, and easier to set up
when compared with conventional HPLC or UV-sipper systems.
[44] Zolnik et al and his co-workers [45] reported that fiber optic UV
probes can be used in conjunction with USP apparatus 4 to monitor
the release from dispersed systems, such as microspheres, since the
dispersed system is in an isolated chamber (flow through cell) and
therefore does notinterfere with UV analysis. The fiber optic probes
allow ease of collection of multiple data points and therefore can be
useful to achieve a comprehensive characterization of the release
profile.
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7.Conclusion

Dissolution research started to develop in 1897 when Noyes and
Whitney derived their equation in the course of their dissolution
studies on benzoic acid and lead chloride. Thus, dissolution started
as a topic in physical chemistry, and is still an important subject of
research in various sections of physical sciences. [1,46] The goal of
dissolution testing is to assure the pharmaceutical quality of the
product which includes not only ability to manufacture the product
reproducibly and the drug to maintain its release properly
throughoutits selflife butalso that the product’s biopharmaceutical
characteristics, such as rate and extent of absorption, can be relied
on. Itwould, therefore, be desirable to develop dissolution tests that
can assess the ability of the dosage form to release the drug
completely and to simultaneously indicate how the product will
perform in vivo. [47] Dissolution testing is a routine work for
pharmaceutical quality control for oral solid dosage forms like
tablets, capsules. It is also essential for the transdermal drug
delivery systems. The science of dissolution testing is developing
every day. Advancement in technology makes the procedure easy,
fast and reliable through scientific experiments worldwide. It is an
essential tool for pharmaceutical analysis and drug development.
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