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ABSTRACT

The objective of this study was to assess the feasibility and reliability of using miniaturized disk dissolution apparatus
for intrinsic dissolution rate (IDR) measurement in the early drug discovery process when bulk drug supply is very limited.
The two apparatus, a miniaturized rotating disk system (mRDS) and a miniaturized stationary disk system (mSDS), were
evaluated using chloramphenicol as a model drug with sample sizes of 3-10 mg. Wood's rotating disk system (wRDS) was
used as control with a sample size of 150 mg.

The effect of various experimental parameters on IDR was studied on the two miniaturized apparatus. While com-
pression force, disk distance, dissolution volume, and drug loading did not have significant effects on IDR measured
by mRDS, dissolution volume and disk distance showed significant effects by mSDS. When all experimental param-
eters were held constant, the stationary system generated significantly higher IDRs compared with the two rotating
systems (MRDS and wRDS). The mRDS yielded IDR values comparable to those by wRDS at 25 rpm (a slower rotation
speed).

These study results indicate that both miniaturized systems produce reliable IDR measurements with a small quantity
of material, which provides a desirable advantage over other methods (e.g., wRDS, solubility measurement) in the early

drug discovery phase.
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INTRODUCTION

ne of the key phases in drug discovery research
Ois the period from lead optimization to solid

form selection for a new active pharmaceutical
ingredient (API). During this phase, the physicochemi-
cal properties of drug substances are evaluated and
optimized, and the lead solid form of a development
candidate is selected. Of the physicochemical proper-
ties, the solubility and dissolution rate are particularly
important for lead optimization, since they are critical
parameters affecting drug absorption (7). The dose num-
ber (Dg = dose/250 mL/solubility), which takes projected
human dose into consideration in the Biopharmaceutics
Classification System (BCS), is frequently used for clas-
sifying a drug substance based on solubility (2, 3). For
the determination of dissolution rate, the intrinsic dis-
solution rate (IDR) measurement, where the dissolution
surface area is kept constant, is the method of choice.
This is because the particle size, and consequently the
surface area, of a drug substance are not well controlled
at the drug discovery stage. Determination of the IDR of
a compound very early in the process enables successful
screening of drug candidates and their solid forms, and it
also helps with understanding of dissolution behavior of
a compound under different biophysiological pH condi-
tions (4, 5).
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IDR is defined as the dissolution rate of a pure com-
pound under the condition of constant surface area. IDR is
determined according to the equation (6)

IDR = (dm/dt)max/A

where the units of IDR are mg/min/cm?, A is the area of
the drug disk (cm?), m is the mass (mg), t is the time (min),
and (dm/dt)may is the maximum slope in the dissolution
curve evaluated at the start of the dissolution process. IDR
is affected by the solid-state properties of a drug sub-
stance and is also influenced by external factors, such as
compression force and hydrodynamics (e.g., dissolution
vessel, dissolution medium volume, die position, and rota-
tion speed). The intrinsic dissolution apparatus provides
a convenient way to measure accurate IDR by exposing a
drug substance under study to a constant surface of disso-
lution medium. There are two types of intrinsic dissolution
systems, the stationary disk system (SDS) and the rotating
disk system (RDS) (7, 8). SDS is described in the USP, and
RDS in the USP, EP, and BP (9-11). The Wood's rotating disk
system (WRDS) is a standard apparatus used for measuring
IDR (72), where approximately 150-500 mg of a drug sub-
stance is compressed inside a die with a punch to produce
a drug disk with an exposed surface area of 0.5 cm?. Dur-
ing dissolution, the exposed area of the drug disk is kept
constant, and the temperature of the dissolution baths is
kept at 37 °C, accommodating volume of 900 mL in each



vessel. Standard dissolution apparatus require a large
quantity of drug substance, which is not usually available
in the drug discovery stage.

An ideal dissolution apparatus for an early discovery
phase would require a much smaller sample size (<10 mg),
yet enable IDR measurements as reliable as the standard
dissolution apparatus. The objective of this study was to
determine if a miniaturized rotating disk system (mRDS),
a miniaturized stationary disk system (mSDS), or both can
be used as an intrinsic dissolution system ideal for the
discovery setting. To compare the performance of three
different dissolution systems (WRSD, mRSD, and mSDS),

a model drug, chloramphenicol, was selected for the
studies on the basis of its adequate solubility (1.5 mg/mL)
predetermined in 0.1 M citrate-phosphate buffer (pH 4.5)
at 37 °C. The effects of various parameters (compression
force, dissolution medium volume, drug loading, die dis-
tance, and rotation speed) on IDR were also studied.

EXPERIMENTAL
Materials

Chloramphenicol was purchased from Sigma-Aldrich
(St. Louis, MO, USA). All other chemicals were analytical
reagent grade or equivalent and purchased commercially.
The 0.1 M citrate-phosphate buffer (pH 4.5), in which
chloramphenicol showed an adequate solubility suitable
for the studies, was prepared according to the European
Pharmacopeia procedure with the modification of mixing
6.3 L of 0.1 M anhydrous disodium hydrogen phosphate
and 4 L of 0.1 M citric acid (73).

Apparatus

All dissolution studies were performed with a Distek
dissolution unit 2100C and an Evolution 4300 autosampler
(Distek Inc., NJ, USA). Dissolution vessels, rotating and
stationary disk systems were either purchased from or
custom made by Distek, Inc., or fabricated by the in-house
machine shop at Boehringer Ingelheim Pharmaceuticals,

Inc. The mini apparatus were based on the USP setup
but scaled down with respect to the dimensions. The die
cavity diameter, drug loading, dissolution vessel size, and
dissolution medium volume of the miniaturized systems
were scaled down as summarized in Table 1. Figure 1
shows examples of wRDS, mRDS, and mSDS apparatus.
A mini-compression system (Distek Inc., NJ, USA) was
used to make drug disks. As little as 3-10 mg of chloram-
phenicol powder was loaded into the cylindrical hole of
a passivated stainless steel die and compressed (90 sec
at 100-300 psi) to a flat surface with an exposed area of
0.0314 cm? (Figure 2).

Intrinsic Dissolution Testing

The standard intrinsic disk dissolution parameters
were selected based on the USP testing conditions (9).
The following parameters for the miniaturized systems
were studied as shown in Table 1: compression force
(100-300 psi), die distance (0.5-1.5 in), drug loading
(3-10 mg), and rotation speed (50-125 rpm). The dis-
solution medium volume was 50-200 mL in a 100- or
200-mL vessel. Experiments were run at 37 °C,and 0.1 M
citrate—-phosphate buffer (pH 4.5) was used as the dis-

Figure 1. Miniaturized stationary disk system, miniaturized rotating disk
system, and Wood's rotating disk system (left to right).

Table 1. Experimental Conditions and Parameters for Intrinsic Dissolution Studies on Chloramphenicol

Parameter Wood’s rotating disk system

Miniaturized rotating disk system Miniaturized stationary disk system

(wRDS) (mRDS) (mSDS)
Vessel size 1000-mL round bottom 100-mL round bottom 100-200-mL flat bottom
Dissolution Medium volume (mL) 900 50-100 50-200
Medium 0.1 M citrate—phosphate buffer; 0.1 M citrate—phosphate buffer; 0.1 M citrate—phosphate buffer;
pH4.5 pH4.5 pH4.5
Die cavity diameter/area 0.8 cm/ 0.5024 cm? 0.2cm/0.0314 cm? 0.2cm/0.0314 cm?
Drug loading 150 mg 3-10mg 5mg
Compression force/ holding time 300 psi/ 90 sec 100-300 psi/ 90 sec 100-300 psi/ 90 sec
Disk distance (in) 1 0.5-1.5 0.5-1.5
Rotation speed (rpm) 50-125 50-100 50-100
Temperature (°C) 37 37 37
Detection HPLC HPLC HPLC
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solution medium. Chloramphenicol was used as a model
compound. An aliquot of the solution was withdrawn

at 5,10, 15, 20, 30, 45, and 60 min and filtered using a
0.45-um PVDF syringe filter (Whatman, New Jersey, USA).
The filtered samples were analyzed by an Agilent 1100
series HPLC system (Santa Clara, USA) equipped with a
150 X 4.6 mm Agilent Zorbax Rx-C18 column. The mobile
phases consisted of acetonitrile and water with 0.1%
trifluoroacetic acid. A gradient elution method with a
flow rate of 0.6 mL/min was employed with detection at
234 nm via a photodiode array detector. The injection
volume was 25 uL. The retention time of chlorampheni-
col was approximately 4.9 min. The mean and standard
deviations were calculated at each time pointforn=6
vessels. The IDR of chloramphenicol in mg/min/cm? was
determined from the slope of the regression line on first
four time points (5, 10, 15, and 20 min). The percentage
difference in IDR and statistical significance of difference
by t-test were used to compare the intrinsic dissolution
profiles generated by the systems.

RESULTS AND DISCUSSION

The drug release rate of chloramphenicol was inves-
tigated at various conditions using different intrinsic
dissolution systems (WRDS, mRDS, and mSDS). When
plotted against time (5, 10, 15, and 20 min time points),
the amount of drug dissolved per unit area produced
a linear curve with correlation coefficients greater than
0.996 in each case. The %CV is less than 10%, indicating
good reproducibility. The representative IDR values of
chloramphenicol measured using three dissolution sys-
tems at 100 rpm rotation speed at pH 4.5 are illustrated
in Figure 3. The IDR values of chloramphenicol are 0.403,
0.458, and 0.944 measured by wRDS, mRDS, and mSDS,
respectively.

When compared with the IDR of wRDS as the control,
the IDR value increased by 12.8% with mRDS and by
80.3% with mSDS. The difference in the IDR values be-
tween rotating (mRDS and wRDS) and stationary (mSDS)
systems is substantial, which may be attributed to the
difference in hydrodynamics and dissolution mecha-
nisms (74-16). The dissolution of stationary disk systems
(similar to USP Apparatus 2) is more dominant with the
convection dissolution mechanism, and that of rotating
disk systems (similar to USP Apparatus 1) is achieved by
shear-like motion. The convection dissolution mechanism
increases the hydrodynamics of dissolution medium
flow and reduces the diffusion layer, which increases the
dissolution of disk compounds (77). On the other hand,
compared with mSDS, the difference in IDR between
mRDS and wRDS is relatively less noticeable, suggesting
that the hydrodynamics and dissolution mechanism in the
miniaturized rotating disk system are similar to that of the
standard Wood's disk system.

The effect of various parameters on IDR of chloram-
phenicol was further investigated. Tables 2-4 compare
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Figure 2. Standard and miniaturized dies.
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Figure 3. Intrinsic dissolution curves of chloramphenicol measured by
WRDS, mRDS, and mSDS at 100-rpm rotation speed. Compression force:
300 psi, distance: 1 in, volume/vessel: 50/100 mL, drug loading: 5 mg, n = 6.

the IDR of chloramphenicol tested employing different
compression forces, disk distances, dissolution medium
volumes, amounts of drug loading, and rotation speeds
using wRDS, mRDS, and mSDS. The differences in IDR
values were compared by percentage difference as well as
by t-test.

Disk Compression Force

The effect of disk compression force on IDR of chlor-
amphenicol was investigated, and the disk compression
forces ranged from 100 to 300 psi for both mRDS and
mSDS systems. Other parameters were kept constant: disk
at 1-in distance, 50 mL dissolution medium in a 100-mL
vessel, 5-mg drug loading, and 50-rpm rotation speed for
both systems. The 300-psi compression force was used
as the control for the comparison of differences in IDR. As
shown in Tables 2 and 3, when powder was compressed
into drug disks with different compression forces, there



was no statistical difference in IDR for both sets of experi-
ments (i.e., the mRDS set and the mSDS set).

Disk Distance

The effect of disk distance (from the disk surface to the
bottom of the vessel for mRDS or from the disk surface to
the paddle blade for mSDS) on the IDR of chloramphenicol
was also investigated. The distances studied included 0.5,
1,and 1.5 in for mRDS and 1 and 1.5 in for mSDS. Other
parameters were kept constant: 300-psi compression force,
50-mL dissolution volume in a 100-mL vessel, 5--mg drug
loading, and 50-rpm rotation speed for both systems. The
1-in distance was used as control for the comparison of dif-
ferences in IDR. As shown in Table 2, when mRDS was used,
the percentage difference in IDR was less than 10% com-
pared with the control, and there was no statistical differ-
ence. However, as shown in Table 3, when mSDS was used,
the disk distance had a significant effect on IDR.

Dissolution Medium Volume

The effect of dissolution medium volume (50, 100, or
200 mL) in a 100- or 200-mL vessel on IDR of chloram-
phenicol was studied for both mRDS and mSDS systems.
Other parameters were kept constant: 1-in disk distance,
300-psi compression force, 5--mg drug loading, and 50-
rpm rotation speed for both systems. As shown in Table
2, when a 50- or 100-mL dissolution medium volume
in a 100-mL vessel and mRDS were used, the percent-
age difference between the two volumes in IDR was
7% (no statistically significant difference). However, as
shown in Table 3, when mSDS was used, the volume of
medium had a significant effect on IDR. The increase in
medium volume from 50 to 100 mL in a 100-mL ves-
sel or to 200 mL in a 200-mL vessel resulted in a much
greater percentage difference (13-25%) with a statisti-
cally significant difference in IDR. This suggests that for
mSDS, the hydrodynamic changes are more affected by

Table 2. Effect of Compression Force, Drug Loading, Disk Distance, and Dissolution Volume on IDR of Chloramphenicol Measured

by mRDS°
Compressi.on force  Drugloading Disfance Media v.olumel IDR* SD. cv 2 IQR percentage t-testt
(psi) (mg) (in) Vessel size (mL) (mg/cm?/min) (%) difference (%)*
300 5 1.0 50/100 0.362 +£0.023 6.33 0.9993 Control Control
250 5 1.0 50/100 0.335+0.022 6.57 0.9997 7.8 Not significant
200 5 1.0 50/100 0.371+£0.010 2.71 0.9983 24 Not significant
5 1.0 50/100 0.351+0.027 7.72 0.9974 3.2 Not significant
5 0.5 50/100 0.388 £0.015 3.99 0.9987 7.0 Not significant
5 15 50/100 0.381+0.025 6.45 0.9993 5.0 Not significant
10 5 1.5 100/100 0.337 £0.021 6.12 0.9975 7.1 Not significant
3 15 100/100 0.345+0.016 4.77 09994 4.7 Not significant
10 1.5 100/100 0.380 £ 0.022 590 0.9986 4.9 Not significant

9 Rotation speed: 50 rpm; n =6.
b p < 0.05; IDR of sample is significantly different from that of control.

Table 3. Effect of Compression Force, Disk Distance, and Dissolution Volume on IDR of Chloramphenicol Measured by mSDS®

Compression force  Drug Loading Distance  Media volume/

IDR +SD cv IDR percentage

(psi) (mg) (in) Vessel size (mL) (mg/cm?/min) (%) R? difference (%) t-test®
300 5 1.0 50/100 0.546 +0.043 7.84 0.9979 Control Control
200 5 1.0 50/100 0.576 +£0.038 6.53 0.9990 53 Not significant

5 1.0 50/100 0.559+0.019 331 0.9991 23 Not significant
100 5 1.5 50/100 0.458 £0.010 2.15 0.9982 17.5 significant

5 15 100/100 0.489+0.014 293 0.9987 253 Significant

5 1.0 50/200 0.519+0.020 3.86 0.9974 Control Control
300 5 1.0 100/200 0.456 +£0.013 293 0.9978 129 Significant

5 1.0 200/200 0.452 +0.007 1.50 0.9993 13.9 Significant

49 Rotation speed: 50 rpm; n = 6.
b p < 0.05; IDR of sample is significantly different from that of control.
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the changes in volume of the dissolution medium than
by the size of the vessels.

Drug Loading

The effect of drug loading on IDR of chloramphenicol
was also studied using mRDS. As shown in Table 2, the
5-mg drug loading was used as a control for comparing
the differences in IDR values. The percentage difference
in IDR is less than 5%, and no statistically significant dif-
ference was observed for 3-mg and 10-mg as compared
with 5-mg drug loading. This indicates that when mRDS
was used, the IDR of chloramphenicol was not affected by
drug loading.

Rotation Speed

The effect of rotation speed on IDR of chloramphenicol
was investigated using wRDS, mRDS, and mSDS systems.
IDR values are directly proportional to the square root of
the rotation speed as predicted by J = 0.62*D?3w'?v/6C
for the rotating systems (18) and J = 0.77*D?3@ "2y /6y 12C
for the stationary system (79), where D is the diffusion coef-
ficient, o is the angular velocity, v is the kinematic viscosity
of the dissolution medium, y is the ratio of the fluid velocity
at the axial distance below the paddle to the maximum
paddle tip velocity, and C; is the saturated concentration or
solubility. As shown in Figure 4 and Table 4, for all three sys-
tems, the IDR values increase with the rotation speed. IDR
of chloramphenicol is 0.269 (50 rpm), 0.345 (75 rpm), 0.403
(100 rpm), and 0.447 (125 rpm) measured by wRDS; 0.362
(50 rpm), 0.407 (75 rpm), and 0.458 (100 rpm) measured
by mRDS; and 0.546 (50 rpm), 0.763 (75 rpm), and 0.944
(100 rpm) measured by mSDS. When the rotation speed
increases, the fluid velocity increases, and consequently,
the shear at the dissolving surface increases. As a result, the
hydrodynamic boundary layer and the diffusion layer on
the surface decrease, and the IDR increases (20). The per-
centage differences in IDR of chloramphenicol measured by
wRDS, mRDS, and mSDS with various rotation speeds were
compared (Table 4). At the same rotation speed, the IDR ap-
pears to be greater with mSDS than with mRDS and wRDS.
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14 —+— mRDS
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Figure 4. The effect of rotation speed on IDR of chloramphenicol measured
by wRDS, mRDS, and mSDS. Compression force: 300 psi, distance: 1 in, vol-
ume/vessel: 50 mL/100 mL, drug loading: 5 mg, n = 6.

For the stationary system, the disk is in a rotating fluid that
sweeps over the stationary dissolution surface agitated by
the paddle. At the higher rotation speed, the convection
force of the dissolution mechanism outweighs the diffusion
force component, which contributes to the considerably
increased IDR values for the stationary system (21, 22). Since
the rotating dissolution surface of the rotating systems is in
an unstirred fluid, the influence of the die stirring speed on
IDR appears less than that of the paddle agitation. Although
the IDR of chloramphenicol measured by mRDS is higher
than that of wRDS at the same rotation rate, it is worth not-
ing that it is comparable (p > 0.05; no statistically significant
difference) to that of wRDS with one level slower rotation
speed (25 rpm). This suggests that despite the difference in
size of the rotating systems, the mRDS is under similar fluid
and hydrodynamic patterns as the standard wRDS.

CONCLUSION

Two miniaturized apparatus (mRDS and mSDS) were
evaluated for measuring IDR values with very small
sample sizes (3-10 mg) using chloramphenicol as a
model drug. The various experimental parameters, such

Table 4. Percentage Difference in IDR of Chloramphenicol Measured by wRDS, mRDS, and mSDS with Different Rotation Speeds*

wRDS
IDR percentage difference (%) IDR (Rotation speed, rpm)
0.269 (50) 0.345 (75) 0.403 (100) 0.447 (125)
0.362 (50) 294 4.8° -10.7 -20.9
mRDS IDR (Rotation speed, rpm) 0.407 (75) 40.8 16.5 1.0° -9.2
0.458 (100) 520 28.2 12.8 2.6°
0.546 (50) 68.0 45.2 30.2 20.1
mSDS IDR (Rotation speed, rpm) 0.763 (75) 95.4 754 61.7 523
0.944 (100) 1113 347.1 80.3 716

a Compression force: 300 psi, distance: 1 in, volume/vessel: 50 mL/100 mL, drug loading: 5 mg; n = 6.
b p > 0.05; IDR of samples measured by mRDS is not statistically significant from that measured by wRDS.
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as compression force, disk distance, dissolution volume,
and drug loading, had no significant effects on the mea-
sured IDR values, demonstrating the robustness of the
mRDS system, while dissolution volume and disk dis-
tance showed significant effects on IDR of the mSDS sys-
tem. When comparing the two systems, mSDS may be a
better apparatus than mRDS for studying water insoluble
compounds with different dissolution mechanisms.

The study shows that the miniaturized disk systems can
be useful tools for drug candidate screening when the
supplies of bulk drug substances are very limited.
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