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Purpose. The objective was to investigate the applicability and limitations of a novel approach for
measuring intrinsic dissolution rates (IDR) of very small quantities of compounds introduced as powders
to buffered solutions and comparing these results to disk IDR obtained using the traditional Wood’s
apparatus.
Methods. The powder dissolution profiles of 13 model drugs were determined at 37°C in USP buffers at
pH 1.2, 4.5, and 6.8, stirred at 100 RPM. As little as 0.06 mg of drug were added to 1 mL buffer media.
Drug concentration was measured by an in situ fiber optic UV method. The results were converted to
rotating disk IDR values by a novel mathematical procedure.
Results. The comparison of the powder-based IDR values to those obtained by traditional Wood’s
apparatus indicated r2=0.97 (n=26).
Conclusion. The results demonstrate that using potentially 10,000-fold less drug material does not
sacrifice the quality of the measurement, and lends support to an earlier study that the disk IDR
measurement may possibly serve as a surrogate for the BCS solubility classification.

KEY WORDS: Biopharmaceutics classification system; Low solubility; Powder IDR; Rotating disk
intrinsic dissolution rate; Wood’s apparatus.

INTRODUCTION

Dissolution, solubility, permeability, and pH are core
components of the Biopharmaceutics Classification System
(BCS), a regulatory guideline (1) applied to solid-dosage oral
drug products in aqueous media in order to predict their
in vivo intestinal absorption performance (2). In the four-class
BCS scheme, a drug is considered to be “low” in solubility
when its highest dose does not completely dissolve in 250 mL
of aqueous media over the pH range 1.0 to 7.5. Such a drug
belongs to Class 2 or 4, depending on the value of its
permeability (1-3). Recently, it has been tentatively suggested
that a drug with a disk intrinsic dissolution rate (IDR) below
100 µg min-1cm-2 could be assigned as low soluble in the BCS
scheme (4).

For “practically insoluble” drugs, dissolution and dose
are critical factors for predicting the rate and extent of
absorption for oral dose products (5). During development,
investigative IDR studies can be carried out with the
traditional Wood’s apparatus (4-8), consisting of rotating
disks of compacted powder (~500 mg) of the active pharma-
ceutical ingredient (API) immersed in dissolution test media.
Traditional six-vessel US Pharmacopeia (9) (USP) - specified
dissolution baths are commonly used, accommodating ther-

mostated (37°C) media (900 mL) in each vessel. Disk IDR
values are defined as (4,10) IDR=DRdisk

max/Adisk, where
Adisk is the exposed area (~0.5 cm2) of the API-containing
disk, and DRdisk

max is the maximum dissolution rate. The
feasibility of using IDR measurements (based on traditional
USP-type equipment) to determine BCS solubility class
membership was investigated by Yu et al. (4) using 15 model
drugs (6 with low, 9 with high solubility).

However, at the earliest stages of drug development,
there is often a shortage of the candidate material to do the
dissolution testing using traditional USP-type apparatus.
Thus, API-sparing methods are critical to early adoption of
dissolution testing (11-13). Additionally, these methods need
to be media-sparing as well, especially when simulated
intestinal fluid or human intestinal fluid is used.

A miniaturized version of the rotating disk IDR
apparatus, using 10 mL volumes and 0.07 cm2 exposed-
area disks with 100-fold reduced quantity of API
(compared to traditional methods), has been recently
described (11). The miniaturized-apparatus disk IDR
values were compared to those determined by traditional
equipment (taken from several studies) yielding a
correlation coefficient r2=0.99 (n=31) (11). The API
concentrations in the miniaturized apparatus were
monitored in real time by an in situ dip-probe fiber optic
UV method (11-14).

Given the promising results from the miniaturized
apparatus (11), it was of interest to explore whether the use
of powder samples could further reduce the API quantity
needed for the testing. Powder IDR values are not commonly
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reported; such values generally depend on particle size and
are thought to require complicated computational methods to
account for the diminishing surface area of dissolving
particles, especially those with non-isometric shapes (15-18).

The present study addresses the possibility that the
results of qualified powder dissolution measurement can be
transformed into USP-type rotating disk IDR values without
prior knowledge of the powder-specific surface area or shape
or particle size distribution. Thirteen compounds were
studied with the novel powder-based method, using as little
as 0.06 mg API in 1 mL of pH 1.2, 4.5, and 6.8 buffer media.
A biexponential dissolution equation was used to analyze
powder dissolution curves.

The objective of the study was to demonstrate that, when
applied to low soluble compounds (i.e., IDR≤100 µg min-1

cm-2), the powder dissolution method can derive IDR values
of comparable accuracy as those obtained by traditional
Wood’s apparatus, but much more quickly and with
potentially up to 10,000-fold less API in comparison to the
weights suggested by Yu et al. (4) for traditional disk IDR
apparatus.

MATERIALS AND METHODS

Drugs and Chemicals

Carbamazepine, dipyridamole, furosemide, glibencla-
mide, griseofulvin, haloperidol, hydrochlorothiazide, in-
domethacin, ketoprofen, 2-naphthoic acid, naproxen,
phenazopyridine hydrochloride, and piroxicam were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).
Standard buffers at pH 1.2 (85 mM HCl, 50 mM KCl),
4.5 (28 mM acetic acid, 22 mM sodium acetate, NaOH),
and 6.8 (50 mM KH2PO4, NaOH) were made according
to the USP Vol. 32 procedures (9).

Miniaturized Pellet Compression System

The Mini-IDR compression system (Heath Scientific,
UK) was used to make miniaturized pellets (11). As little
as 5 mg of the API powder is loaded into the cylindrical
hole of a passivated stainless steel die and compressed
(1 min at 120 bar) to a uniform, flat surface with an
exposed area of 0.07 cm2. The die can accommodate larger
amounts of API, if needed. Once compressed, the sample
die is inserted into a Teflon cylindrical rotating disk carrier
containing an embedded magnetic stir bar at its base. The
design of the die avoids complications due to edge effects
(19) in the original Wood’s design (6). The stirrer-die
assembly is placed in a 25 mL flat-bottomed glass vial
ready for dissolution analysis.

Miniaturized Bath and In Situ Fiber Optic Dip-Probe UV
Detection

The µDISS ProfilerPLUS instrument (pION) used in the
powder and miniaturized-disk dissolution measurements
employs up to eight internal photodiode array (PDA)
spectrophotometers, each with its own dedicated fiber optic
dip probe, center-positioned in either 4 mL or 25 mL vials
seated in a thermostated metal block. The larger vials contain

10 mL of media, with sample pellets fixed in rotating mini-die
carriers; the smaller vials are used for powder samples
suspended in 1 mL of media stirred by rotating magnetic
disks. Stirring speed was set at 100 ± 2 RPM and the
temperature was set at 37 ± 0.5 C. Spectral scans (200 –
720 nm) of all eight channels takes less than half a second.
The PDA baseline noise is ±0.0002 absorbance units.
Concentrations were determined by considering area-under-
the-curve (AUC) in second derivative spectra, evaluated over
a range of wavelengths. Interference due to background
turbidity in powder measurements is minimized by this
spectral method (11-14).

THEORETICAL METHODS

The mechanistic modeling of powder dissolution covers a
vast literature (20). The treatments are most often framed in
terms of the Noyes-Whitney (10) or the Nernst-Brünner (21,
22) equation. The earliest and the simplest of such models
was introduced by Hixson and Crowley in 1931, (23) and it is
often termed the “cube root law.” Many improvements to the
model were introduced since then (24-28).

According to the thin film theory (21,22), there is a
stagnant layer of solvent adhering to the surface of a solid
compound immersed in an aqueous medium. The thickness of
this aqueous boundary layer (ABL) is denoted as h. The
concentration of the compound at the solid-liquid interface is
equal to the solubility, S, of the compound. The diffusional
transport of the dissolving compound across the ABL is the
rate limiting process in dissolution, according to the classical
theory. The compound concentration across the ABL
decreases from S at the solid surface to C in the bulk solution.

Curve Fitting Concentration-Time Profiles of Dissolving
Powder using a Biexponential Equation

In this study, powder dissolution data were curve-fitted
with a biexponential equation, as suggested by the Tinke et al.
(27) study:

CtotðtÞ ¼ C1
0 � 1� e�k0� t�tLAGð Þ

h i
þ C1

1 � 1� e�k1 � t�tLAGð Þ
h i

ð1Þ

It is assumed that a saturated solution is present in the
time interval of analysis (dose number>1). The derivative of
Eq. (1) with respect to time, evaluated at t=tLAG (start of
dissolution), is set equal to the limiting slope in the Nernst-
Brünner equation:

dCtot tLAGð Þ
dt

¼ koC
1
0 þ k1C

1
1 ¼ Aapp

V
� D
happ

� S ð2Þ

from which the ratio of the apparent total surface area, Aapp,
and the apparent thickness of the ABL, happ, at the start of
dissolution process is defined as

Aapp

happ

� �
¼ V

DS
� k0C

1
0 þ k1C

1
1

� � ð3Þ

In the above expressions, Ctot(t) is the total concentration
(µg mL-1) of the dissolved drug as a function of time, t (min).
Rigorously, the k0 and k1 (min-1) terms are expected to be
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time dependent, but for the purpose of the treatment here,
they are assumed to be constants. This is a helpful assumption
when the “dose number” (2) in the dissolution experiment is
sufficiently greater than one (so that a saturated solution
forms at t=∞). D(cm2min-1) is the diffusivity of the drug in
the medium, V (cm3) is the volume of the medium, and S
(µg mL-1) is the solubility of the drug. C0

∞ and C1
∞ are

concentrations at t = ∞ of the dissolved particles originating
from each of the two parts in Eq. (1). When the dose number
>1, S=C0

∞+C1
∞. In Eq. (1), tLAG is a small “lag” time due to

experimental timing delays, wettability delays, etc. Nonlinear
weighted regression analysis in the µDISS ProfilerPLUS
software was used to determine the five constants
associated with Eq. (1): Co

∞, k0, C1
∞, k1, and tLAG.

Using Powder Dissolution Data to Approximate the Rotating
Disk Intrinsic Dissolution Rate (IDR)

As noted in the Introduction, investigative dissolution
studies are often carried out with rotating disks of the API
immersed in dissolution media, using traditional Wood’s
apparatus. It’s an appealing approach: the disk surface area,
Adisk, is easy to measure, and remains practically constant
during dissolution, and hydrodynamics of such a system are
well defined (29). In contrast, traditional analysis of powder
dissolution data involves more complicated steps (15-28).
However, it is the API-sparing nature of powder dissolution
that makes its potential use to estimate IDR very attractive,
notwithstanding the complications.

When comparing stirred-powder to rotating-disk disso-
lution, for the same surface area and stirring speed, the
dissolution rates are generally higher for powders consisting
of small particles (<100 µm) than for rotating disks (substan-
tially so under normal conditions). This is because happ <<
hdisk for very small particles (12,15-18). With rotating disks,
the diffusion layer thickness, hdisk, is time independent.
However, in particle suspensions, happ is expected to be a
function of time, since it depends on the size of the particles
(less than about 100 µm in size), and thus generally decreases
during dissolution (15-18,24,26). In this study, conditions were
generally set (dose number >>1) to favor the near constancy
of the particle size.

The intrinsic dissolution rate based on the rotating disk
thin-film model is normally stated as

IDRdisk ¼ DRmax
disk

Adisk
¼ 1

hdisk
�DS ð4Þ

The intrinsic dissolution rate based on polydisperse
powders may be similarly stated as

IDRpwd ¼ DRmax
pwd

Aapp
¼ 1

happ
�DS ð5Þ

Equation 5 may be substituted into Eq. (4) to remove the
common DS term, to yield

IDRpwd ¼ DRmax
disk �

happ
Aapp

� �
� 1
hdisk

ð6Þ

DRpwd
max (µg min-1) is the maximum slope in the

powder dissolution curve: Ctot(t)
.V vs. t, evaluated at t=

tLAG. The apparent h/A ratio is obtained from Eq. (3). The
disk ABL thickness, hdisk (cm), in Eq. (6) was estimated from
the Levich equation (29),

hdisk ¼ 4:98 �
1
6 � D1

3 �RPM� 1
2

ð7Þ

whereRPM (revmin-1) is the rotation speed, and η is the solvent
kinematic viscosity (0.00696 cm2sec-1 in aqueous solution at 37°
C). The diffusivity (cm2sec-1 units in Eq. 7) was estimated from
the molecular weight (MW), according to the empirical formula
(37°C) (30): D=1.339 . 10 -4.15-0.448 log MW. The latter equation,
along with Eqs. (3) and (7), are then rolled into Eq. (6), to
produce the following expression to approximate traditional
rotating disk IDR, using data obtained from powder
measurements (37oC):

IDRdisk �g min�1 cm�2� � ¼ 0:0573
DRmax

pwd

V
�MW�0:30 �

ffiffiffiffiffiffiffiffiffiffiffiffi
RPM

p
� C1

0 þ C1
1

koC1
0 þ k1C1

1

� �

ð8Þ

RESULTS AND DISCUSSION

Analysis of Powder Dissolution Data using the Biexponential
Equation

Table I lists the diffusivities and the hdisk values of the
compounds. Table II summarizes the results of the biexpo-
nential equation (Eq. 1) analysis of the powder dissolution
data. With the exception of ketoprofen, all compounds in the
study were added with a dose number>1, so that at the end of
the dissolution period, some solid remained in the media
(cf., %D in Table II). In the case of ketoprofen (dose
number slightly below one), only the data in the early
portion of the dissolution curve (containing excess solid)
were subjected to the regression analysis, using a single-
exponential (three-parameter) form of Eq. (1).

Powder Dissolution Profiles

Fig. 1 shows the powder dissolution curves for the several
of the compounds analyzed in the study. Up to six replicate
dissolution experiments (cf., Table II) were performed for each
compound. The averaged concentrations, along with the
standard deviations (SD) at each time point, are displayed in
Fig. 1. The solid curves in each frame of the figure represent
fitting of the dissolution data to Eq. (1). Table II lists the
refined parameters resulting from the analysis. Table II lists the
IDR and the solubility values calculated from the biexponential
equation parameters, as described in the Theoretical Methods
section. The disk IDR values determined here spanned nearly 3
orders of magnitude (0.14 to 97 µg min-1cm-2).

Dissolution profiles for dipyridamole (Fig. 1b) and
piroxicam (Fig. 1f) may indicate a polymorph transformation
taking place during dissolution. Jinno et al. (8) had charac-
terized the effect in the case of piroxicam as that of anhydrous
form conversion to the less-soluble monohydrate. The
dissolution curve pattern reported by these investigators was
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also observed here (Fig. 1f). Since the traditional rotating disk
IDR values for piroxicam were based on the kinetics of the
anhydrous form (8), the analysis here focused on the
dissolution data in the interval up to 40 min. We are not aware
of traditional rotating disk IDR values having been published
for dipyridamole. Consequently, the miniaturized rotating disk
IDR method was used to collect data for dipyridamole, which
was then compared with the powder dissolution data. A
complicated powder dissolution curve (open circles in Fig. 1b)
was observed when a large excess of dipyridamole (0.99 mg per
mL) was used, resembling that of piroxicam (Fig. 1f). This may
be due to the transformation of the anhydrous form of
dipyridamole (S≈8.7 µg mL-1) to a lower-solubility hydrate
form (S=5.3 µg mL-1). When the experiment was repeated with

a smaller excess of dipyridamole (0.06 mg powder per mL),
there appeared to be no indication of the higher-solubility
polymorph. The decreased total surface area in the repeated
experiment led to a slower rate of dissolution of the anhydrous
form. Apparently, as soon as dipyridamole was released from
the solid, it converted to the putative hydrate form, perhaps
coating the surface in the process. The rate limiting kinetics
would then have been due to that of the lower-solubility form of
the drug. The miniaturized disk IDR (Table III) results only
indicated the lower solubility form. Additional tests are needed
to confirm the hydrate formation hypothesis.

Column 6 in Table II lists the (Aapp/happ) ratios divided
by the weight of powder used. It can be seen that they spread
almost two orders of magnitude from 108 cm mg-1 for 2-

Table II. Biexponential model refinement resultsa

COMPOUND
wt/vol
(mg/mL) %D

C0
∞

(µg/mL)
C1

∞

(µg/mL)
(A/h)app/Wo

(cm/mg) GOF
No.
Curves

carbamazepine(recryst.), pH1.2,4.5,6.8 0.72 28 125 ± 17 79 ± 15 1856 ± 309 0.5 6
dipyridamole, pH4.5 0.68 26 157 ± 1 19 ± 1 2651 ± 120 0.3 2
dipyridamole, pH6.8 0.065 8 4.4 ± 0.2 0.87 ± 0.57 2471 ± 118 0.3 3
furosemide, pH4.5 0.82 18 128 ± 5 23 ± 4 3562 ± 137 0.3 3
glibenclamide, pH6.5 0.11 2 2.0 ± 0.2 0.26 ± 0.22 395 ± 56 0.8 2
griseofulvin,pH1.2,4.5,6.8 0.11 23 23 ± 1 2.4 6852 ± 370 0.2 4
haloperidol, pH6.8 0.22 19 27 ± 1 15 ± 1 1316 ± 88 0.3 6
hydrochlorothiazide, pH1.2,4.5,6.8 0.98 93 713 ± 26 202 ± 25 559 ± 62 0.4 6
indomethacin, pH4.5 0.13 6 7.1± 0.1 1.3± 0.1 1186± 85 0.5 5
ketoprofen, pH1.2 0.25 100 255± 2 0.0 1148 ±82 0.6 1
ketoprofen, pH4.5 0.53 100 529± 5 0.0 1441± 90 5.6 1
2-naphthoic acid, pH 4.5 1.26 16 192± 1 10.8 ± 0.1 108± 36 0.1 6
naproxen, pH 1.2 0.087 54 41 ±5 6.2± 5.0 2222± 333 1.9 1
naproxen, pH 4.5 0.21 74 140± 1 13± 1 2805± 122 1.1 1
phenazopyridine.HCl,pH 1.2 0.36 89 316± 2 0.0 1120± 80 0.5 6
phenazopyridine.HCl,pH4.5 1.31 14 153± 2 24 9149± 851 0.3 2
phenazopyridine.HCl, pH6.8 0.61 9 8.3± 0.8 47± 1 4265± 294 0.1 6
piroxicam, pH 4.5 0.43 7 7.2± 1.9 23± 2 563± 63 0.1 4

a Fit of Eq. (1) to powder dissolution curves. Percentage of the drug dissolved is %D. GOF = goodness-of-fit. No. Curves = number of replicate
dissolution curves. Weighting scheme based on standard deviations at each point from averaging multiple dissolution curves; unit weights used for
ketoprofen and naproxen. Parameters without standard deviations were treated as fixed (unrefined) contributions. Average tLAG=0.18±0.35 min

Table I. Properties

COMPOUND MW D (cm2/s)a hdisk (µm)b

carbamazepine 236.27 8.2E-06 44
dipyridamole 504.64 5.8E-06 39
furosemide 330.75 7.0E-06 42
glibenclamide 494.00 5.9E-06 39
griseofulvin 352.77 6.8E-06 41
haloperidol 375.86 6.6E-06 41
hydrochlorothiazide 297.70 7.4E-06 42
indomethacin 357.79 6.8E-06 41
ketoprofen 254.28 7.9E-06 43
2-naphthoic acid 172.20 9.4E-06 46
naproxen 230.26 8.3E-06 44
phenazopyridine 213.24 8.6E-06 44
piroxicam 331.35 7.0E-06 42

aDiffusivity coefficients (37°C, aqueous), calculated according empirical formula (see text)
bThickness of the disk aqueous boundary layer calculated by the Levich Eq.(7) (100 RPM, 37°C, η=0.00696 cm2 sec-1 )
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Fig. 1. Powder dissolution profiles at 37°C, 100 RPM stirring. The solid lines are best-fit curves, based on the biexponential
expression, Eq. (1). The IDR values listed in the figure were determined with powder data, using Eq. (8).
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naphthoic acid to 9149 cm mg-1 for phenazopyridine.HCl at
pH 4.5. This parameter plays an important role in
determining the dissolution rate of powder and it could be
reasonable to assume that the larger this parameter is, the
smaller the particles that are introduced into the dissolution
medium.

Miniaturized Disk IDR Data

For those compounds without reported traditional IDR
values, new rotating disk measurements were performed in
this study, using the miniaturized method (11). The results are
summarized in Table III.

Correlation of Powder-Derived IDR Data to that Reported
in the Literature Based on Traditional Disk IDR Method

Table III lists the literature IDR values based on tradi-
tional and miniaturized Wood’s apparatus, as well as the IDR
values estimated by the powder method, according to Eq. (8).
Fig. 2 is the resultant correlation log-log plot, based on the
values in Table III. A very high correlation was achieved in the
study, with r2=0.97 (n=26). It is important to note that this
correlation did not include any prior knowledge of the specific
surface area and did not involve any assumptions about the
shape or distribution of the particles when powder dissolution
curves were evaluated using Eq. (8). The analysis assumed that
k0 and k1 in Eq. (1) remained practically constant during the
powder dissolution. This appears to be a reasonable assumption

for the low solubility compounds (S<1 mg mL-1) under dose
number>1 experimental conditions.

Equilibration Time: Powder vs. Miniaturized Rotating Disk
Dissolution

Besides being API-sparing in nature, powder dissolution
also is appreciably time-sparing, in comparison to traditional

Table III. Comparison of IDR values (37°C, 100 RPM)

COMPOUND pH Sa (µg mL-1)
IDR based on powder
datab (µg min-1 cm-2)

disk IDR
miniaturizedc

(µg min-1 cm-2)

disk IDR
traditionald

(µg min-1 cm-2)

carbamazepine (recryst.) 1.2, 4.5, 6.8 205± 23 23± 3 21e 26g

dipyridamole 4.5 177± 1 16± 1 13± 1f

6.8 5.3± 0.6 0.47± 0.05 0.41± 0.02f

furosemide 4.5 151± 7 15±1 20e 18g

glibenclamide 6.5 2.3± 0.3 0.20± 0.03 0.14 ± 0.01f

griseofulvin 1.2, 4.5, 6.8 25± 1 2.5± 0.1 1.9e 2.2g

haloperidol 6.8 41± 1 4.0± 0.1 2.6±0.1f

hydrochlorothiazide 1.2, 4.5, 6.8 915± 36 97± 4 97e 119g

indomethacin 4.5 8.4± 0.2 0.83± 0.02 0.95± 0.02f

ketoprofen 1.2 255± 2 29± 1 16g

4.5 529± 5 60± 2 63e 62g

2-naphthoic acid 4.5 203± 1 25± 1 24± 1f

naproxen 1.2 47± 7 5.3± 0.8 3.5g

4.5 153± 1 17± 1 13e 12g

phenazopyridine.HCl 1.2 316± 2 35± 1 42± 4f 59h

4.5 178± 2 20± 1 15h

6.8 55± 1 6.1± 0.1 3.5h

piroxicam (anhydrous) 4.5 30± 2 3.1± 0.2 4.1e 4.3g

a Solubility determined from the powder dissolution data (= C0
∞ +C1∞)

b Intrinsic dissolution rate (IDR) determined from powder data, using Eq. (8)
c IDR determined from miniaturized rotating disk apparatus, following the method described in ref. (11)
d IDR determined by traditional Wood’s apparatus, with protocols defined in the USP
eRef. (11)
fThis work
gRef. (4)
hRef. (7); literature data at 200 RPM—IDR corrected to 100 RPM (dividing by √2)

Fig. 2. Log-log correlation diagram, comparing published disk IDR
values determined by traditional and miniaturized rotating disk
apparatus vs. values determined in this study, using powder data.
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rotating disk IDR methods. The half-saturation times, t1/2,
can be obtained by setting C(t)/S to 0.5 in Eq. (1), and solving
for the half-time. For example, in the griseofulvin miniatur-
ized rotating disk dissolution, it takes over 10 h to reach the
half-saturation point; for powder dissolution, t1/2 is reached in
about 2 min. With the compounds studied, the powders
released the drug from 15 (ketoprofen pH 4.5) to 600
(carbamazepine) times faster than the miniaturized rotating
disks. Most of the powders dissolved about 100 times faster
than the corresponding disks (data not shown).

Fig. 3 shows the miniaturized rotating disk dissolution
profile of phenazopyridine hydrochloride at pH 1.2, taken
over 7 days. The inset curve represents powder dissolution,
taken over 35 min. The disadvantage of long exposures in
miniaturized rotating disk experiments is that the compound
may decompose. Comparisons of the sample phenazopyridine
spectra to those taken during the standard calibration
procedure indicated that there was some decomposition
evident after about 40 h of dissolution. The analysis reported
here was based only on the rotating disk data in the first 40 h
of dissolution.

The Reliability of Solubility Determination in the Powder
Method

Since we restricted the powder-based IDR method to
dose numbers>1, normally, a saturated solution is present at
the end of dissolution, as the process is poised at equilibrium.
At that time, the concentration of the API is thus equal to its
solubility (at the pH in the saturated solution, which may be
different from the starting pH of the medium, as discussed
elsewhere (11)). The in situ fiber optic UV method deter-
mines the concentration of the API at all times, and thus the
concentration at the end of the dissolution interval is equal to
the solubility. Only in the case of ketoprofen was the dose
number slightly underestimated, and the sample com-

pletely dissolved at very long times. It was necessary to
restrict the data for analysis to be during the time when
excess solid was still present. The solubility of ketoprofen
(but not any of the other compounds in the study) was thus
predicted using Eq. (1). The empirical equation cannot be
applied to a perfectly linear concentration-time curve. Themore
bend there is in the curve, the better is the prediction of
solubility. In the case of ketoprofen, there was enough bending
in the curve to predict S(pH 1.2)=255 µm/mL and S(pH 4.5)=
529 µg/mL (Table III). From Sheng et al. (31) S (pH 4.0)=
280 µg/mL and S(pH 4.6)=490 µg/mL. This is reasonable
agreement (the pKa of ketoprofen is 4.02 (11)), suggesting that
even the prediction of solubility is sufficiently reliable under the
selected experimental conditions.

As the previous paper in the API-sparing series indicated
(11), the pH at the surface of dissolving ionizable weak acids/
bases can be quite different from that of the bulk medium.
For example (11), for atenolol dissolving in the pH 6.8 USP
buffer, the pH at the solid-liquid interface is about 9.5. Since
the solubility term in the Nernst-Brünner equation refers to
the solid-liquid interfacial pH, not bulk-medium pH, it can be
misleading to associate the determined solubility—and thus
the IDR—to the nominal pH of the buffer. This is a potential
problem for highly soluble compounds suspended in media of
low buffer capacity, as the previous study indicated. But as
suggested then, this problem may be overcome by measuring
the pH at the end of dissolution (under dose number>1
conditions). For low soluble compounds, however, the
solubility values in Table III do correspond closely to the
values expected in the pH of the media, since the amount of
compound dissolved is not enough to cause the surface pH to
be appreciably different from the bulk medium pH.

Although the powder-based IDR method described here
is most accurate for classifying low solubility compounds, it
can still be used for solubility designation, since the method is
accurate enough to predict the location of the low-high
boundary.

CONCLUSION

Our objective was to determine how well the powder
dissolution approximation of IDR correlates to high-quality
rotating disk IDR data based on the traditional (4, 8) and
miniaturized (11) Wood’s apparatus. Our study suggests that
the objective was met with the compounds studied. No prior
knowledge of the powder-specific surface area or particle shape
or size distribution was required. Powder dissolution experi-
ments did not require sink conditions to be maintained as the
entire dissolution curve was used in deriving disk IDR values.
By demonstrating that the quantity of API used in traditional
rotating disk apparatus could be reduced by potentially
10,000-fold without sacrificing the quality of the measure-
ment, we are confident that the opportunity to consider
investigative dissolution studies earlier in drug development
is possible in projects where only a few mg of API may be
available for evaluation.
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Fig. 3. Comparison of the times required to reach equilibrium for
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miniaturized rotating disk method and the (inset) stirred powder
method. The powder dissolved almost 300 times faster than the
miniaturized rotating disk.
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discussions and suggestions regarding the API-sparing disso-
lution methodology.
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