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hydrodynamics, the apparatus must maintain overall 
physical uniformity and alignment throughout the test. 
Standard dissolution apparatus may be obtained from 
manufactures that produce the equipment according to 
the specification and tolerances outlined in General Test 
Chapter <711> Dissolution (2).

For low concentrations of API, official compendial 
apparatus may be incapable of maintaining quantitative 
levels of analyte during the dissolution of oral dosage 
units containing microgram or nanogram levels. 
Dissolution of typical high-potency, low-dose compounds 
may require a reduction in vessel volume accompanied by 
an alteration in apparatus design due to limitations in 
detection and quantitation. If a reduction in volume is 
considered and the apparatus is modified, the operating 
conditions of the modified apparatus should maintain the 
same degree of precision and alignment required for any 
other compendial dissolution apparatus.

Small-volume apparatus are desired not only for 
high-potency, low-dose formulations. Small-volume 
dissolution utilizing a mini paddle has been suggested as 
an alternative to standard paddle methods that require 
large volumes of biorelevant medium. This can be very 
expensive, and there may be limitations of large sample 
size or active drug availability in the early stages of drug 
development (3).

In the current regulatory environment, our dissolution 
methods must be accurate, sensitive, and specific, and the 
reproducibility of the test method employed must be 
established, verified, and documented (4). Additionally, 
the method must maintain limits of detection and 
quantitation, range, and linearity and discriminate 
variation from batch to batch. Small-volume apparatus 
components should be precisely designed, rugged, and 

ABSTRACT
The concept of small-volume dissolution arises from the need to determine the dissolution rate from low-dose, 

generally high potency drugs or drugs with analytical techniques that are not very sensitive. Novel drug delivery 
products including subcutaneous implants, ocular systems, microspheres, nanospheres, and combination products such 
as drug-eluting stents (DES) have demanded more from traditional dissolution and drug-release apparatus. To maintain 
quantitative levels of analyte during the dissolution test, a reduction in vessel volume accompanied by an alteration of 
compendial dissolution apparatus may be required (1). The utilization of small-volume dissolution apparatus stems from 
the need to provide accurate, reliable data for decision-making during drug development stages and assurance of quality 
when the formulation reached full-scale production, as well as to maintain future assurance of product quality and 
stability. This topic will explore the use and general limitations of typical compendial USP apparatus, noncompendial 
modifications to the standard USP apparatus, and non-USP apparatus designed to yield small-volume dissolution 
methods with reliable results. In addition, related issues concerning apparatus calibration, method development, and 
method validation of the modified dissolution apparatus will be reviewed.

INTRODUCTION

The two components of the dissolution test are 
simple: sample preparation, which takes place within 
the dissolution apparatus, and sample analysis, 

primarily via chromatographic or spectrophotometric 
techniques. The two components of the dissolution test, 
sample preparation and assay, are separated by a filtration 
step. Filters must be validated to prove their efficiency in 
removing undissolved active pharmaceutical ingredient 
(API) from the sample and to verify that they do not 
adsorb dissolved API, which affects the integrity of the 
sample concentration. The first step taken to overcome 
concentration and sensitivity issues is usually modification 
of the analytical method by taking advantage of a larger 
path length for a spectrophotometer or a larger injection 
volume for high performance liquid chromatography 
(HPLC). When success with these techniques is limited, we 
must focus on the dissolution apparatus where a 
reduction in media volume may be a more rugged 
solution.

Only a few of the compendial dissolution and 
drug-release apparatus are designed for low-dose 
compounds and volume requirements less than 100 mL 
present additional challenges to the traditional paddle 
and basket apparatus.

Rugged dissolution methods should quantify the low 
levels of analyte accurately and precisely, especially in the 
initial stages of drug release in the dissolution profile. 
Accurate analytical concentration in the presence of 
reliable and consistent agitation is the primary 
requirement of any dissolution test but demands extreme 
precision in low-volume conditions to ensure data 
accuracy. The dissolution apparatus must operate under 
conditions of controlled temperature, agitation rate, 
precise hydrodynamics, and volume. To maintain precise 
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commercially available to aid in the approval of the 
noncompendial method and analytical transferability.

Regulatory expectations of the small-volume 
dissolution method should continue to:

°  Characterize the in vitro release early in development.

°  Evaluate release with various conditions of agitation, 
media composition, pH, and temperature.

° Establish optimum test conditions.

° Demonstrate a release of 80% or an asymptote.
The method should also be capable of showing 

discrimination, rejecting lots, and ultimately 
demonstrating consistency of performance from lot to lot. 
In terms of dissolution specifications for modified release 
products, expectations are high for in vitro–in vivo 
correlation (IVIVC), and the small-volume dissolution 
apparatus should provide data needed to support 
scale-up and post-approval changes for modified-release 
(SUPAC-MR) (5). Additionally, the dissolution test should be 
approvable based on meaningful methodology and 
specifications, and in general, the method must be 
relevant, predictable, specific, and discernable (6).

DISCUSSION OF DISSOLUTION APPARATUS
Over the years, the traditional paddle and basket 

dissolution apparatus with 1-L vessels has been an 
important tool for characterizing the biopharmaceutical 
quality of a product at different stages in the product life 
cycle. Our discussion will focus on those official apparatus 
contained in the current USP (2, 7).

Apparatus mentioned in the following sections contain 
recognized minimum operational volumes. Consultation 
with the manufacturers of these apparatus is 
recommended to obtain the latest performance 
specifications if further reductions in vessel volume are 
desired. Apparatus will be discussed according to their 
USP apparatus numbers, and additional information will 
follow each apparatus regarding its noncompendial 
modifications to achieve small-volume dissolution.

USP Apparatus 1 and 2—Rotating Basket and Rotating 
Paddle

The traditional basket and paddle apparatus utilize a 
1000-mL hemispheric bottom vessel. To accomplish sink 
conditions required for bolus and poorly soluble dosage 
forms, vessels up to 4000 mL have been incorporated into 
the USP, but the operational minimum of the 1000-mL 
vessel is around 500 mL. Although smaller volumes have 
been used for various purposes such as the dissolution of 
esomeprazole magnesium and omeprazole magnesium, 
which are carried out in the acid stage using only 300 mL 
of 0.1 M HCl (8), in general, the hydrodynamics below 
500 mL become too unstable for routine dissolution 
testing. The traditional vessel has handled routine oral 
dosage tablets, capsules, suspensions, suppositories, and 
chewable tablets, but smaller-volume vessels with 
scaled-down basket and paddles (Figure 1) have been 
developed to handle volumes capable of nano- and 
picogram levels of drug.

The operational minimum for small-volume vessels of 
100 mL and 200 mL is approximately 30 mL. 

USP Apparatus 3—Reciprocating Cylinder
The reciprocating cylinder apparatus has six or seven 

inner tubes, which mechanically traverse six rows of 
corresponding media-filled outer tubes. Also called the 
Bio-Dis, for biorelevant dissolution, the apparatus has been 
successfully used for tablets, capsules, beads (Figure 2), 
and other extended-release dosage forms that require 
exposure to various media representing conditions in the 
gastrointestinal tract. The traditional configuration utilizes 
a 300-mL vessel, which is an advantage for products 
requiring a small volume. The reciprocating cylinder has 
an operational minimum of about 150 mL. A 
noncompendial version has been developed; it utilizes a 
100-mL vessel with a scaled-down reciprocating inner 
tube that can run at an operational minimum of about 
50 mL.

USP Apparatus 4—Flow-Through Cell
The flow-through cell was originally developed to 

simulate gastrointestinal conditions by exposing 
extended-release and poorly soluble dosage forms to 
media of varying pH. The apparatus has been used for 
capsules, powders, tablets, implants, and suppositories and 
has been used with a wide range of media volume. A 
compendial closed system with a small media reservoir 
could traditionally reduce volume to less than 100 mL for 
the official USP 12- and 26-mm cells. Noncompendial cells 
that allow dissolution of nanoparticles and suppositories 
have been developed. Small-volume applications have 
been refined for the flow-through apparatus, resulting in 
closed cells handling dissolution volumes less than 15 mL. 

Figure 1. 100-mL small-volume dissolution vessel and mini paddle.
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These smaller cells have been developed for implants and 
other low-dose products.

USP Apparatus 5 and 6—Paddle Over Disk and 
Rotating Cylinder

These two methods were developed for transdermal 
systems, and the official vessel is the traditional 1000-mL 
hemispheric bottom dissolution vessel mentioned 
previously. The minimum vessel volume is 500 mL due to 
the hydrodynamic issue mentioned for the paddle 
apparatus. No smaller vessels have been developed or 
applied to USP Apparatus 5 or 6 to the author’s knowledge 
at this time.

USP Apparatus 7—Reciprocating Holder
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. The agitation rate for the reciprocating 
holder apparatus has been typically 30 cycles per minute 
at an amplitude of 2 cm, but a specific vessel size has not 
been stated in the USP General Chapter <724> Drug 
Release (7). The original reciprocating holder apparatus 
commonly used 50–400-mL vessels and was not initially 
designed for extremely low volumes. The reciprocating 
cylinder apparatus has become a good candidate for 
modification due to the emergence of numerous low-dose 
compounds that have challenged traditional dissolution 
equipment. These dosage forms include subcutaneous 
implants and combination products such as drug-eluting 
stents (Figure 3). Currently, Apparatus 7 can accommodate 
a dissolution environment as low as 5 mL.

Non-USP Apparatus
An early drug release apparatus that allowed a dosage 

form to be exposed to various media in a rotating bottle 
apparatus appeared in The National Formulary in 1975 (9). 
This apparatus, while quite labor intensive, provided a 
small-volume dissolution environment with the unique 
advantage of no evaporative loss; media and the dosage 
form were contained in a sealed 150-mL tube that rotated 
within a water bath. This apparatus has never become one 
of the official dissolution apparatus although it is still used 
for some implants and dosage forms that may take weeks 
or months to dissolve. Volumes as low as 3 mL have been 
achieved by introducing implants into 4-mL HPLC vials, 
which are placed in small holders on the rotating bottle 
apparatus.

Microvolume dissolution environments have been 
commercially produced with fiber-optic probes placed in 
several milliliters to evaluate the dissolution of API or 
powders. Other efforts to provide a dissolution 
environment have been attempted, but controlling 
temperature and agitation rates was difficult. Some of 

Figure 2. Theophylline beads in reciprocating cylinder apparatus.

Figure 3. Small-volume Apparatus 7 with reciprocating holders for 
drug-eluting stents.
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these apparatus have involved shaker tables within 
an incubator or rotary mixers contained in 
temperature-controlled incubators. For some dosage 
forms, dissolution in such apparatus may lead to 
inconsistencies in dissolution rate due to battering and 
rough handling of the dosage form during the test.

Challenges for Small-Volume Dissolution Apparatus
As you can see, many apparatus have been modified in 

some way to provide smaller testing volumes. As 
modifications are applied, physical parameters critical to 
the alignment of the dissolution apparatus along with 
volumetric accuracy have to be maintained. As with 
traditional dissolution equipment, agitation rate, 
centering, wobble, verticality, height settings, and 
temperature control or any other critical parameter must 
be routinely measured and documented. This provides 
essential assurance of the mechanical integrity of a 
modified system that may not benefit from a performance 
verification program using actual product similar to the 
USP Performance Verification Tests (PVT) with prednisone 
and salicylic acid, which are designed for use in 1-Liter 
dissolution vessels. Commercially available small-volume 
apparatus and equipment should be used wherever 
possible, and the manufacturer specifications and 
tolerances should be used as the basis for mechanical 
verification of components. Modified apparatus must also 
ensure that the dissolution environment is isolated from 
the effects of vibration, drafts, or other circumstances that 
may affect the accuracy of the dissolution test.

The road to the justification of small-volume dissolution 
apparatus is not always an easy one. While the 
opportunity to utilize a small-volume noncompendial 
dissolution apparatus may be obvious, justification of its 
use is warranted through a sometimes exhaustive process 
of elimination. Standard compendial dissolution apparatus 
should be used as a first choice, but failures resulting from 
improper sensitivity, correlation, or biorelevance may 
warrant the use of small-volume apparatus, which may 
be accomplished through modifications to existing 
apparatus. For dissolution volumes less than 500 mL, UV 
cells with increased path lengths up to 5 cm, if feasible, or 
HPLC analysis with relatively large injection volumes to 
justify that limits and quantitation cannot be met with 
traditional dissolution apparatus should be considered. 
It may also be feasible to explore alternate 
analytical techniques including fluorescence and 
mass-spectrometry. This is especially important at early 
time points for timed-release or extended-release 
formulations because the concentrations should be well 
beyond limits of quantitation for necessary profiling of the 
drug release.

Dissolution methodology must maintain parameters of 
accuracy, precision, limit of detection, limit of quantitation, 
linearity, robustness, and transferability that can be 
validated, and small-volume dissolution is no exception. 
During the drug development process, critical decisions 
are made based on analytical data that may be acquired 

with small-volume apparatus. This makes it imperative 
that dissolution equipment is properly qualified and 
methods are properly validated.

In summary, small-volume dissolution apparatus should 
not contribute to or produce unreliable data that was 
characteristic of early dissolution apparatus. The two 
essential components of the dissolution test, sample 
preparation and assay, must be properly evaluated and 
validated separately. The greatest value in validating a 
rugged small-volume dissolution apparatus and its 
associated analytical method is not in the fulfillment of 
regulatory requirements, but in providing accurate, 
reliable data for decision making during drug 
development stages and assurance of quality when the 
product reaches full-scale production.
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