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Unidentified Impurities and Unidentified Degradation (2) They rely on compression of the test compound into
Products—Impurities or degradation products for which a compact that does not flake or fall free during the
structural characterizations have not been achieved and that dissolution test.
are identified solely by qualitative analytical properties (e.g., (3) A single surface of known geometry and physical di-
chromatographic retention times). mension is presented for dissolution.

(4) The die is located at a fixed position in the vessel,Unspecified Impurities and Unspecified Degradation
which decreases the variation of hydrodynamicProducts—Impurities or degradation products that are lim-
conditions.ited by general acceptance criteria but not individually listed

A difference between the two procedures is the source ofwith their own specific acceptance criteria in individual
fluid flow over the dissolving surface. In the case of themonographs.
rotating disk procedure, fluid flow is generated by the rota-
tion of the die in a quiescent fluid, but fluid flow is gener-
ated by a paddle or other stirring device for the stationary
disk procedure.

EXPERIMENTAL PROCEDURE〈1087〉 APPARENT INTRINSIC
The procedure for carrying out dissolution studies withDISSOLUTION—DISSOLUTION the two types of apparatus consists of preparing a nondis-

integrating compact of material using a suitable compactionTESTING PROCEDURES FOR device, placing the compact and surrounding die assembly
in a suitable dissolution medium, subjecting the compact toROTATING DISK AND the desired hydrodynamics near the compact surface, and
measuring the amount of dissolved solute as a function ofSTATIONARY DISK time.

Compacts are typically prepared using an apparatus that
consists of a die, an upper punch, and a lower surface plate
fabricated out of hardened steel or other material that al-This general information chapter Apparent Intrinsic Dissolu-
lows the compression of material into a nondisintegratingtion—Dissolution Testing Procedures for Rotating Disk and Sta-
compact. An alternative compaction apparatus consists of ationary Disk 〈1087〉 discusses the determination of dissolu-
die and two punches. Other configurations that achieve ation rates from nondisintegrating compacts exposing a fixed
nondisintegrating compact of constant surface area alsosurface area to a given solvent medium. Compact, as used
may be used. The nondisintegrating compact typically has ahere, is a nondisintegrating mass resulting from compression
diameter of 0.2 cm to 1.5 cm.of the material under test using appropriate pressure condi-

tions. A single surface having specified physical dimensions
is presented for dissolution. Determination of the rate of dis- Compact Preparationsolution can be important during the course of the develop-
ment of new chemical entities because it sometimes permits Attach the smooth lower surface plate to the underside ofprediction of potential bioavailability problems and may also the die, or alternatively, insert the lower punch using anbe useful to characterize compendial articles such as excipi- appropriate clamping system. Accurately weigh a quantityents or drug substances. Intrinsic dissolution studies are of material necessary to achieve an acceptable compact andcharacterization studies and are not referenced in individual transfer to the die cavity. Place the upper punch into themonographs. Information provided in this general informa- die cavity, and compress the powder on a hydraulic press attion chapter is intended to be adapted via a specific proto- a compression pressure required to form a nondisintegratingcol appropriate to a specified material. compact that will remain in the die assembly for the lengthDissolution rate generally is expressed as the mass of so- of the test. Compression for 1 minute at 15 MPa usually islute appearing in the dissolution medium per unit time sufficient for many organic crystalline compounds, but alter-(e.g., mass sec–1), but dissolution flux is expressed as the native compression conditions that avoid the formation ofrate per unit area (e.g., mass cm–2 sec–1). Reporting dissolu- capillaries should be evaluated. For a given substance, thetion flux is preferred because it is normalized for surface compact preparation, once optimized is standardized to fa-area, and for a pure drug substance is commonly called cilitate comparison of different samples of the substance.intrinsic dissolution rate. Dissolution rate is influenced by in- Changes in crystalline form may occur during compres-trinsic solid-state properties such as crystalline state, includ- sion; therefore, confirmation of solid state form should being polymorphs and solvates, as well as degree of noncrys- performed by powder X-ray diffraction or other similar tech-tallinity. Numerous procedures are available for modifying nique. Remove the surface plate or lower punch. Removethe physicochemical properties of chemical entities so that loose powder from the surface of the compact and die bytheir solubility and dissolution properties are enhanced. blowing compressed air or nitrogen over the surface.Among these are coprecipitates and the use of racemates
and enantiomeric mixtures. The effect of impurities associ-
ated with a material can also significantly alter its dissolution Dissolution Medium
properties. Dissolution properties are also influenced by ex-
trinsic factors such as surface area, hydrodynamics, and dis- The choice of dissolution medium is an important consid-
solution medium properties, including solvent (typically eration. Whenever possible, testing should be performed
water), presence of surfactants, temperature, fluid viscosity, under sink conditions to avoid artificially retarding the disso-
pH, buffer type, and buffer strength. lution rate due to approach of solute saturation of the me-

Rotating disk and stationary disk dissolution procedures dium. Dissolution measurements are typically made in aque-
are sufficiently versatile to allow the study of characteristics ous media. To approximate in vivo conditions, measure-
of compounds of pharmaceutical interest under a variety of ments may be run in the physiological pH range at 37°. The
test conditions. Characteristics common to both apparatuses procedure when possible is carried out under the same con-
include the following: ditions that are used to determine the intrinsic solubility of

(1) They are adaptable to use with standard dissolution the solid state form being tested. Dissolution media should
testing stations, and both use a tablet die to hold the
nondisintegrating compact during the dissolution test.
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Figure 1

be deaerated immediately prior to use to avoid air bubbles Apparatus
forming on the compact or die surface.1

The medium temperature and pH must be controlled, es- Rotating Disk—A typical apparatus (Figure 1) consists ofpecially when dealing with ionizable compounds and salts. a punch and die fabricated out of hardened steel. The baseIn the latter cases, the dissolution rate may depend strongly of the die has three threaded holes for the attachment of aon the pH, buffer species, and buffer concentration. A sim- surface plate made of polished steel, providing a mirror-plifying assumption in constant surface area dissolution test- smooth base for the compacted pellet. The die has a cavitying is that the pH at the surface of the dissolving compact is into which is placed a measured amount of the materialthe same as the pH of the bulk dissolution medium. For whose intrinsic dissolution rate is to be determined. Thenonionizable compounds, this is relatively simple because no punch is then inserted in the die cavity and the test materialsignificant pH dependence on dissolution rate is expected. is compressed with a hydraulic press. [NOTE—A holeFor acids and bases, the solute can alter the pH at and near through the head of the punch allows insertion of a metalthe surface of the compact as it dissolves. Under these con- rod to facilitate removal from the die after the test.] A com-ditions, the pH at the surface of the compact may be quite pacted pellet of the material is formed in the cavity with adifferent from the bulk pH due to the self-buffering capacity single face of defined area exposed on the bottom of theof the solute. To assess intrinsic solubility, experimental con- die.ditions should be chosen to eliminate the effect of solute The die assembly is then attached to a shaft constructedbuffering, alteration of solution pH, and precipitation of of an appropriate material (typically steel). The shaft holdingother solid state forms at the surface of the compact. For the die assembly is positioned so that when the die assem-weak acids, the pH of the dissolution medium should be bly is lowered into the dissolution medium (Figure 2) theone to two pH units below the pKa of the dissolving spe- exposed surface of the compact will be not less than 1.0 cmcies. For weak bases, the pH of the dissolution medium from the bottom of the vessel and nominally in a horizontalshould be one to two pH units above the pKa of the dissolv- position. The die assembly should be aligned to minimizeing species. wobble, and air bubbles should not be allowed to form on
1One method of deaeration is as follows: Heat the medium, while stirring the compact or die surface.
gently, to about 41°, immediately filter under vacuum using a filter having a
porosity of 0.45 µm or less, with vigorous stirring, and continue stirring
under vacuum for about 5 minutes. Other deaeration techniques for removal
of dissolved gases may be used.
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Figure 3

Figure 2

A rotating disk speed of 300 rpm is recommended. Typi-
cal rotation speeds may range from 60 rpm to 500 rpm.
The dissolution rate depends on the rotation speed used.
This parameter should be selected in order to admit at least
five sample points during the test, but excessive stirring
speeds may create shear patterns on the surface of the dis-
solving material that could cause aberrant results (i.e., non-
linearity). Typically, the concentration of the test specimen is
measured as a function of time, and the amount dissolved is
then calculated. The sampling interval will be determined by
the speed of the dissolution process. If samples are removed
from the dissolution medium, the cumulative amount dis-
solved at each time point should be corrected for losses due
to sampling.

Stationary Disk—The apparatus (Figure 3) consists of a
steel punch, die, and a base plate. The die base has three
holes for the attachment of the base plate. The three fixed
screws on the base plate are inserted through the three
holes on the die and then fastened with three washers and
nuts. The test material is placed into the die cavity. The
punch is then inserted into the cavity and compressed, with
the aid of a bench top press. The base plate is then discon-
nected from the die to expose a smooth compact pellet
surface. A gasket is placed around the threaded shoulder of
the die and a polypropylene cap is then screwed onto the
threaded shoulder of the die.

The die assembly is then positioned at the bottom of a
specially designed dissolution vessel with a flat bottom (Fig- Figure 4
ure 4). The stirring unit (e.g., paddle) is positioned at an
appropriate distance (typically 2.54 cm) from the compact

The dissolution rate depends on the rotation speed andsurface. The die assembly and stirring unit should be al-
precise hydrodynamics that exist. Typically, the concentra-igned to ensure consistent hydrodynamics, and air bubbles
tion of the test specimen is measured as a function of time,should not be present on the compact surface during test-
and the amount dissolved is then calculated. The samplinging. Alternative configurations may be utilized if adequate
interval will be determined by the speed of the dissolutioncharacterization and control of the hydrodynamics can be
process (see Rotating Disk). If samples are removed from theestablished.
dissolution medium, the cumulative amount dissolved at
each time point should be corrected for losses due to
sampling.
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ficiently sensitive by the USP-NF Joint Panel on PhysiologicDATA ANALYSIS AND INTERPRETATION
Availability, and in 1968 the Panel directed the identification
of candidate articles for the first twelve official dissolutionThe dissolution rate is determined by plotting the cumula-
tests that used Apparatus 1.tive amount of solute dissolved against time. Linear regres-

The state of science is such that conduct of in vivo testingsion analysis is performed on data points in the initial linear
is necessary in the development and evaluation of dosageregion of the dissolution curve. The slope corresponds to
forms. Also, no product, including suspensions and chew-the dissolution rate (mass sec–1). (More precise estimates of
able tablets, should be developed without dissolution orslope can be obtained using a generalized linear model that
drug release characterization where a solid phase exists. Thistakes into account correlations among the measurements of
chapter sets forth, for products intended for human use,the cumulative amounts dissolved at the various sampling
guidelines for characterizing a drug that include: (1) devel-times.)
oping in vitro test methods for immediate-release and modi-The amount versus time profiles may show curvature.
fied-release dosage forms, (2) designing in vivo protocols,When this occurs, only the initial linear portion of the profile
and (3) demonstrating and assessing in vitro-in vivo correla-is used to determine the dissolution rate. Upward curvature
tions for modified-release dosage forms.(positive second derivative) of the concentration versus time

data is typically indicative of a systematic experimental
problem. Possible problems include physical degradation of IN VITRO EVALUATIONthe compact by cracking, delaminating, or disintegration.
Downward (negative second derivative) curvature of the dis-
solution profile is often indicative of a transformation of the
solid form of the compact at the surface or when saturation Dissolution and Drug Release Testing—
of the dissolution medium is inadvertently being ap- Method Development for Immediate-Releaseproached. This often occurs when a less thermodynamically

Dosage Formsstable crystalline form converts to a more stable form. Ex-
amples include conversion from an amorphous form to a

Dissolution testing is required for all solid oral Pharmaco-crystalline form or from an anhydrous form to a hydrate
peial dosage forms in which absorption of the drug is neces-form, or the formation of a salt or a salt converting to the
sary for the product to exert the desired therapeutic effect.corresponding free acid or free base. If such curvature is
Exceptions are for tablets meeting a requirement for com-observed, the crystalline form of the compact may be as-
pleteness of solution or for rapid (10 to 15 minutes) disinte-sessed by removing it from the medium and examining it
gration for soluble or radiolabeled drugs. The apparatus andby powder X-ray diffraction or another similar technique to
procedure conform to the requirements and specificationsdetermine if the exposed surface area is changing.
given in the general chapter Dissolution 〈711〉. Generally, ex-The constant surface area dissolution rate is reported in
periments are conducted at 37°.units of mass sec–1, and the dissolution flux is reported in

The dissolution medium preferably is deaerated water or,units of mass cm–2 sec–1. The dissolution flux is calculated by
if substantiated by the solubility characteristics of the drugdividing the dissolution rate by the surface area of the com-
or the formulation, a buffered aqueous solution (typically pHpact. Test conditions, typically a description of the appara-
4 to 8) or a dilute acid (0.001 N to 0.1 N hydrochloric acid)tus, rotation speed, temperature, buffer species and
may be used. The usual volume of the medium is 500 tostrength, pH, and ionic strength should also be reported
1000 mL, with the use of greater volumes (up to 2000 mL)with the analyses.
allowed for drugs having limited solubility. The quantity of
medium used should be not less than 3 times that required
to form a saturated solution of the drug substance. The sig-
nificance of deaeration of the medium should be deter-
mined. Addition of solutes (i.e., surfactants) and electrolytes
to aid in solubilization of the drug must be balanced against
the loss of the discriminatory power of the test. The use of〈1088〉 IN VITRO AND IN VIVO hydroalcoholic media is generally not favored. The use of
such media should be supported by a documented in vitro-EVALUATION OF DOSAGE FORMS in vivo correlation. Conversely, it should be recognized that
this discriminatory power could in some circumstances be
excessive in that it may result in detection of differences in

The Pharmacopeia provides for dissolution and drug re- dissolution that are not clinically significant.
lease testing in the majority of monographs for solid oral The choice of apparatus should be based on knowledge
and transdermal dosage forms. In recognition of the sensi- of the formulation design and actual dosage form perfor-
tivity of dissolution tests, where a valid bioavailability-bioe- mance in the in vitro test system. Since dissolution appara-
quivalence (BA-BE) study is in hand, the policy of this Phar- tuses tend to become less discriminating when operated at
macopeia has been to give this information dominant faster speeds, lower stirring speeds should be evaluated and
consideration in setting dissolution standards. Early practice an appropriate speed chosen in accordance with the test
was to develop dissolution requirements based on the in data. The most common operating speeds are 100 rpm for
vitro performance of clinically successful formulations. Simi- Apparatus 1 (basket) and 50 rpm for Apparatus 2 (paddle)
larity in dissolution behavior has long been sought from the for solid-oral dosage forms and 25 rpm for suspensions. A
perspectives of both bioavailability and quality control 40-mesh screen is used in almost all baskets, but other mesh
considerations. sizes may be used when the need is documented by sup-

It is the goal of the pharmaceutical scientist to find a rela- porting data.
tionship between an in vitro characteristic of a dosage form Apparatus 2 is generally preferred for tablets. Apparatus 1
and its in vivo performance. The earliest achievable in vitro is generally preferred for capsules and for dosage forms that
characteristic thought to portend an acceptable in vivo per- tend to float or that disintegrate slowly. A sinker, such as a
formance was tablet and capsule disintegration. A test for few turns of platinum wire, may be used to prevent a cap-
disintegration was adopted in USP XIV (1950). At that time, sule from floating. Other types of sinker devices that achieve
no quantitative work was done in attempting to demon- minimal coverage of dosage form surface are commercially
strate such a relationship, especially in regard to in vivo available. Where the use of a sinker device is employed, it is
product performance. However, advances in instrumental incumbent on the analyst to assure that the device used
methods of analysis ultimately opened up prospects for this does not alter the dissolution characteristics of the dosage
work. The disintegration test was recognized as being insuf- form.
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