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ABSTRACT
issolution testing is useful for controlling the quality of an oral generic equivalent (GE) drug and rejecting a
D bioinequivalent GE. However, several sources of variability in dissolution tests can affect evaluations of drug
quality. Recently, we reported that shifting the paddle shaft off-center significantly changed the dissolution rate of
sodium diclofenac tablets, with the result that some GE tablets did not meet the criteria for equivalence.The aim of this
study was to confirm the effect of paddle position and to investigate the effect of inclining the dissolution apparatus on
the dissolution rates, quality assessment, and equivalence assessment of rapid-release carbamazepine tablets using a
brand product (BR) and three GE products.

Dissolution tests were carried out on the basis of the Japanese Pharmacopoeia (JP) 15 and Japanese Orange Book
paddle methods.The paddle was shifted 5 mm from the center of the vessel, and the dissolution apparatus was inclined
backward approximately 4° from the horizontal position.The percentage of drug that dissolved was then calculated.

Shifting the paddle significantly increased the dissolution rate for all tablets, whereas inclining the apparatus reduced
the dissolution rate for some tablets. All carbamazepine tablets passed the quality evaluation, and all GE products were
judged equivalent to the BR product when the paddle was positioned centrally and the apparatus was horizontal.
However, the BR product did not meet the criteria of the quality evaluation, and one GE product was judged not
equivalent to the BR product in the 5-mm-off-center experiment, suggesting that the position of the paddle affects the
quality and equivalence assessment of the rapid-release carbamazepine tablets.

In conclusion, offsetting the paddle position from the center could affect the equivalence, as well as the quality
assessment, of GEs by enhancing the dissolution rate. Inclining the apparatus reduced the dissolution rate but did not
affect the equivalence assessment of GEs.

INTRODUCTION Medical Association in November 2007 (2), approximately

drugs, which are safe and effective lower-cost

alternatives to brand-name (BR) prescription drugs,
has increased from a medical-financial viewpoint.The use
of GEs reduces medical and healthcare costs. However, the
2007-2008 market share of GEs in Japan is 17.2%, which is
smaller than that in other developed countries (68.6% in
USA, 63.7% in Germany, 60.9% in England, and 39.8% in
France) (7).In a questionnaire provided by the Japan

Recently,the importance of generic-equivalent (GE)
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20% of physicians would not prescribe GEs, even if their
patients requested them to do so. Some 85% of these
physicians questioned the quality of GEs.Therefore, quality
assurance is extremely important to eliminate anxiety over
GEs and to increase their usage in Japan.

Dissolution testing is a useful tool for eliminating GE
products that are not equivalent and for evaluating the
quality of these drugs. However, several factors affect the
dissolution rate. Temperature, acidity, or alkalinity of the
sample solution (3, 4); accumulation of the sample in the
vessel (4); aeration of the test medium (5); rotation and
agitation of the paddle shaft (3, 6, 7); sample position (3);
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Table 1. Carbamazepine Tablets Used in the Study

Code Brand Name Package Lot No. Expiration Company
Novartis
BR Tegretol PTP P0658 2012.7 Pharma KK
Kyowa
Carbamazepine Pharmaceutical
GE1 <AMEL> PTP 7019 2010.9 Industry
Mitsubishi
Pharma
GE2 Telesmin PTP P364 2010.7 Corporation
Fujinaga Pharm
GE3 Lexin PTP X01L 2012.6 Co,, Ltd.

sample storage conditions (5); and analytical methods
(8, 9) potentially affect decision errors of quality assess-
ment. Therefore, a qualification of the test apparatus and
procedures is required.

Previously, we investigated the effect of the position of
the paddle shaft on the dissolution rates of sodium
diclofenac tablets and the equivalence assessment of GE
products (70).The results showed that shifting the paddle
shaft 5 mm significantly enhanced the dissolution rate
for all diclofenac tablets, with the result that some GE
products did not meet the criteria for equivalence.This
report may have an impact on the assessment of GE
equivalence performed by dissolution testing.

Therefore, to confirm the effect of paddle position on
dissolution rates and the equivalence assessment, we
carried out the same dissolution tests using another drug,
rapid-release carbamazepine.In addition, we investigated
whether tilting the entire dissolution apparatus affects the
dissolution rate and the equivalence assessment for GEs,
since inclining the apparatus can also cause an almost
turbulent fluid flow, as shown in the shifted paddle
condition.We chose carbamazepine because its
therapeutic range is so narrow that any difference in the
dissolution profile would influence the therapeutic effect
of the drug.

MATERIALS AND METHODS
Materials

Bulk powder carbamazepine was purchased as a
standard material from Shizuoka Caffeine Co., Ltd.
(Shizuoka, Japan).The drugs tested in this study were
Tegretol as a reference and three GEs and were purchased
from the market. All products were rapid-release dosage
forms that contained 200 mg of carbamazepine.
Information on these tablets is summarized in Table 1.
These drugs are all currently on the market in Japan. All
were stored at room temperature before use and tested
before product expiration.

Dissolution Tests
Dissolution tests were conducted using the paddle
methods listed in the JP 15 (77) and Japanese Orange
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Figure 1. Schematic diagram of deviation in the paddle-shaft position and
the inclination of the dissolution apparatus with medium flow in the vessels.

Book (72). A dissolution apparatus (NTR-VS6P, Toyama
Sangyo Co.Ltd., Osaka, Japan) with an autosampler
(TCP-61C) was used. Performance qualification was
conducted using the USP Performance Verification Test
with USP prednisone calibrator tablets. Pure water
obtained from a reverse-osmosis membrane water system
was kept at 45 °C to deaerate for 2 h before use.The
position of a tablet dropped at the bottom of a vessel was
determined visually. Each test was conducted with a set of
six tablets with a paddle speed of 75 rpm using 900 mL of
waterat 37 £ 0.5 °C.

Precision glass vessels, which have a uniform bottom
curvature and inner surface regularity (Takao
Manufacturing Co., Ltd., Kyoto, Japan), were used to
minimize the vessel figure factor (73, 74).The vessels have
an inner diameter of 100.06 + 0.08 mm in the cylinder and
aradius of 50.03 + 0.08 mm in the hemispheric portion.
They provide test results that are reproducible and less
variable.The dissolution apparatus was adjusted to a
horizontal position using a level gauge.The paddle shafts
were set at the center of the vessels and confirmed to be
in position using a center gauge (Toyama Sangyo Co., Ltd.,
Osaka, Japan).

To investigate the influence of paddle position, the shaft
was moved 5 mm from the center along the vessel bottom
(5-mme-off-center). A pilot study already showed a signifi-
cant difference in the dissolution rate of the calibrator
tablet between the center and a position 3-mm off-center
(10).To detect a clear effect of the shifted position, we
moved the paddle 5 mm (Figure 1).

To investigate the influence of inclination, the dissolu-
tion apparatus was inclined backward approximately 4°
from the horizontal position using a level gauge. A pilot
study already showed a significant difference in the
dissolution rate of the calibrator tablet between the
horizontal and 2°-inclined conditions (70).To detect a
clear effect of the inclination, we tilted the dissolution
apparatus 4° (Figure 1).
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Sampling and Measurement of Carbamazepine
Concentration

Samples were collected at 3,5, 10, 15,30, 45,60, and
75 min and filtered using a polyester fiber,20-30 um (F72,
Toyama Sangyo Co., Ltd., Osaka, Japan). Water was added
to compensate for the loss of volume. Carbamazepine
concentrations were determined using a UV spectropho-
tometer (UV-2550, Shimadzu Co.Ltd., Kyoto, Japan) at
285 nm. Absorbance values were converted to percentage
dissolved values using a standard curve.

Acceptance Criteria for Dissolution Tests

The acceptance criteria for mean percentage of drug
dissolved in 5 min and 45 min are less than 55% and not less
than 70%, respectively, in the Japanese Orange Book (12).

Acceptance Criteria for Equivalence of Dissolution
Profiles

To evaluate differences in the dissolution patterns
between BR and GE products, f, values were calculated.
This factor is a measurement of the similarity in the
percentage dissolution between two curves and is a
logarithmic transformation of the sum of the squared

error
n

-0.5
f, =50-log [1+1/n2(7’, —R,)zl X100

i=1

where T, is the test data (mean percent dissolved value of
the GE) at time point j, R; is the reference data (mean
percent dissolved from BR) at time point i,and n is the
number of time points (n =4 at 10, 15,30, and 45 min).
The factor is 100 when the reference and test profiles

are identical and approaches zero as the dissimilarity
increases. In the guideline for bioequivalence studies of
generic products (75), products are judged to be similar
when the average dissolution from the reference product
reaches 85% within the testing time specified, and at more
than 30 min, the average dissolution from the test product
does not deviate by more than 15% from that of the
reference product at three time points when the average
amount dissolved from the reference product is around
40% and 85%.When f, is used, the value should not be less
than 42.

Statistical Analysis

To compare the BR and GE dissolution data, a one-way
analysis of variance (ANOVA) was carried out followed by
the Tukey-Kramer multiple-range test or Scheffe’s F-test
(16).The differences were considered significant at
P <0.05.

RESULTS

Dissolution Characteristics Under Normal Conditions
The dissolution profiles of the BR and GE products

where the paddle was positioned at the center of the

vessel and the dissolution apparatus was set horizontally
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Figure 2. Dissolution profiles of carbamazepine in the central and zero-degree
inclination of the apparatus. Dotted lines represent the acceptance criteria
(£55% in 5 min and >70% in 45 min) set by JP15 and Japanese Orange Book.
The results are expressed as mean + SD (n = 6).

are shown in Figure 2.The profiles show wide variability
and significant differences among the products. Early in
the dissolution profile (0-15 min), there were significant
differences between the BR and the GE products.The BR
product dissolved more quickly until 10 min. After 10 min,
the dissolution of GE2 accelerated and was greater than
that of the BR, whereas GE1 and GE3 showed a delay in
dissolution.The dissolution profile of GE3 resembled that
of the BR product.

Effect of the 5-mm-Off-Center Position and 4.0°
Inclination

Table 2 shows the dissolution rates of the BR and
GE products in the normal (central and horizontal),
5-mm-off-center, and 4.0°-inclined positions. Figure 3
illustrates the early phase of the dissolution profiles. At
3 min, the mean percentage of drug dissolved was higher
for the 5-mm-off-center position than for the normal
condition for the BR, GE2, and GE3 products. At 5 min,
it was higher for GE1 and GE2.The shifted paddle
significantly increased the dissolution rate for all products
during the early phase.The values obtained with a 4.0°
inclination at 5 min for the BR and at 3 min and 5 min for
GE3 were significantly lower than those obtained in the
normal condition (Table 2).Tilting the apparatus
decreased the dissolution rate significantly for the BR and
GE3 (Figure 3).

Quality Evaluation in the Normal, 5-mm-Off-Center,
and 4.0°-Inclined Positions

In the central and horizontal (normal) positions, the
percentages of drug dissolved for all products were less
than 55% at 5 min and greater than 70% at 45 min
(Table 3), which met the acceptance criteria of the
Japanese Orange Book (12). However, in the 5-mm-off-center
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Table 2. Percentage of Carbamazepine Tablets Dissolved in the Normal, 5-mm-Off-Center, and 4.0°-Inclined Positions

BR GE1 GE2 GE3
normal 5mm 4.0° normal 5mm 4.0° normal 5mm 4.0° normal 5mm 4.0°

3min

% 36.5 41.0* 332 326 37.8 326 23.0 25.5% 244 347 38.8* 30.1%

S.D. 35 33 1.2 3.2 5.0 24 1.8 0.7 0.9 1.0 2.0 1.8
5min

% 54.8 61.4 47.7* 433 49.3* 44.3 353 39.9% 37.6 48.4 50.8 44.5%

S.D. 5.0 23 5.7 2.6 4.2 2.0 33 1.2 24 1.8 1.9 2.0
10 min

% 713 734 68.8 51.0 58.2% 54.9% 64.0 67.4 64.0 61.3 64.7 57.8

S.D. 1.4 1.2 3.1 0.9 26 25 6.1 1.3 2.1 2.1 29 1.9
15 min

% 773 78.8 764 60.1 63.5 60.7 81.6 86.4* 84.1 68.7 717 65.8

S.D. 1.9 1.8 4.1 4.8 1.4 24 2.7 1.0 1.1 2.2 1.5 3.6
30 min

% 84.5 86.7 829 75.1 74.8 74.0 91.8 94.3 96.0 79.9 81.5 79.6

S.D. 1.8 1.3 2.8 3.6 0.7 29 34 1.0 2.5 20 1.7 4.8
45 min

% 88.5 89.7 85.6% 81.0 80.6 80.5 95.6 93.0 96.3 85.6 85.7 84.6

S.D. 1.5 1.1 2.1 1.4 1.5 2.2 5.1 1.2 3.0 1.4 1.4 2.7
60 min

% 89.8 89.8 87.7 853 84.0 83.1% 98.8 91.5% 95.0 86.2 883 86.7

S.D. 2.7 1.2 2.1 1.2 1.6 1.4 4.1 1.0 3.1 1.1 0.8 25
75 min

% 90.0 89.8 87.6 87.5 86.0 85.5% 99.3 90.3* 91.0% 88.5 88.4 86.2%

S.D. 3.1 0.7 2.8 1.8 1.0 0.8 54 1.1 1.9 1.4 0.7 1.3

*Significantly different from the normal condition (a central paddle position with a horizontal apparatus)
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Figure 3. Dissolution profiles of carbamazepine tablets in the normal,
5-mm-off-center, and 4°-inclined positions. The results are expressed as

mean +SD (n = 6).
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position, the BR product had a dissolution rate greater
than 55% (61.4%) at 5 min, which did not pass the quality
evaluation. Other products had dissolution rates of less
than 55% at 5 min and greater than 70% at 45 min. All
products obtained with the apparatus inclined by 4.0°

were judged to have passed the quality evaluation.

Equivalence Assessment in the Normal,
5-mm-Off-Center, and 4.0°-Inclined Positions

According to the equivalence criterion, the mean
percentage of drug dissolved from a GE must not deviate
by more than 15% from that of the BR at the time points
when the mean percentage of drug dissolved from the BR
is around 40% and 85% (15). As shown in Table 2, the mean
percentage of drug dissolved from the BR product was
around 40% at 3 min (36.5%) and around 85% at 30 min
(84.5%) under normal conditions. Therefore, the equivalent
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Table 3. Percentage of Carbamazepine Tablets Dissolved at

5 min and 45 min and the Quality of Carbamazepine Tablets in
the Normal, 5-mm-Off-Center, and 4.0°-Inclined Positions
(mean + SD)

% Dissolved % Dissolved

at 5 min Judge* at 45 min Judge*

Normal condition

BR 548+5.0 Pass 885+ 15 Pass

GE1 433+26 Pass 81.0+14 Pass

GE2 353+33 Pass 95.6+5.1 Pass

GE3 484+18 Pass 856+ 14 Pass
5-mm-off-center

BR 61.4+23 Fail 89.7 £1.1 Pass

GE1 49.3+4.2 Pass 806+ 15 Pass

GE2 399+1.2 Pass 93.0+13 Pass

GE3 50.8+2.0 Pass 857+14 Pass
Inclination of 4.0°

BR 47.7 £5.7 Pass 85.6+2.1 Pass

GE1 443+2.0 Pass 80.5+2.2 Pass

GE2 376+24 Pass 96.3+3.0 Pass

GE3 445+2.0 Pass 84.6+2.7 Pass

*Acceptance criteria: dissolution rate of <55% at 5 min and >70% at
45 min

Table 5. The f, Factors for Carbamazepine Tablets in the Normal,
5-mm-Off-Center, and 4.0°-Inclined Positions

BR (normal) BR (normal) BR(5mm) BR(normal) BR(4.0°)
Vs Vs Vs Vs Vs

GE (normal) GE(5mm) GE(5mm) GE (4.0°) GE (4.0°)
BR 90.7 £6.57 83.9+8.49 77.7 £9.41
GE1 425%+339 486+25 454+22 448+398 486=*25
GE2 60.2+552 574%+1.18 601+16 555+25 574+1.18
GE3 57.8+458 675+834 607+6.1 515+434 675+834

Acceptance criterion:f, value should not be less than 42

range of values for GE was from 21.5% to 51.5% at 3 min
and 69.5% to 99.5% at 30 min (Table 4). All GE products
were judged as equivalent to the BR drug in the normal
condition. In the 5-mm-off-center position, the percentage
of drug dissolved from the BR was 41.0% at 3 min,an
increase of 4.5% from that under normal conditions.The
values for GE1 and GE3 also increased by 5.2% and 4.1%,
respectively. However, the value for GE2 was 25.5%,
an increase of only 2.5%, and the GE was judged not
equivalent to the BR in the 5-mm-off-center position,
where the equivalent range of the percentage of drug
dissolved for GE was 26.0-56.0% at 3 min (Table 4).
Inclining the apparatus had no effect on the equivalence
assessment of carbamazepine tablets.

The f, values, another index for equivalence, were
calculated using the time points 10, 15,30, and 45 min

Table 4. Percentage of Carbamazepine Tablets Dissolved at 3 min and 30 min and the Equivalence of Carbamazepine Tablets in the

Normal, 5-mm-Off-Center, and 4.0°-Inclined Positions (mean = SD)

Normal condition Judge* 5-mm-off-center Judge* 4.0%inclined Judge*

% dissolved at 3 min

BR 36.5+3.5(21.5-51.5) 41.0 + 3.3 (26.0-56.0) 33.2+1.2(18.2-48.2)

GE1 326+3.2 E 37.8+5.0 E 326+24 E

GE2 23.0+1.9¢ E 255+0.7¢ NE 244 +0.91 E

GE3 347+1.0 E 38.8+2.0 E 30.1+1.8¢ E
% dissolved at 30 min

BR 84.5+1.8(69.5-99.5) 86.7 +1.3(71.7-101.7) 82.9+2.8(67.9-97.9)

GE1 75.1 £3.6" E 748 +0.7¢ E 740 +2.9¢ E

GE2 91.8+3.4f E 943 + 1.0 E 96.0 +2.5¢ E

GE3 79.9+20 E 81.5+1.7¢ E 79.6+4.8 E

P < 0.05 vs BR (Scheffe’s F-test)

*Equivalence criterion: mean % dissolved from GE does not deviate by more than 15 percentage points from that of BR at the time points when the

mean % dissolved from BR is around 40% (at 3 min) and 85% (at 30 min)
The equivalent ranges are presented in parentheses

E:Equivalent to the BR tablet

NE: Not equivalent to the BR tablet
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Table 6. Effect of the 5-mm-Off-Center Position on the Dissolution Rates for BR and GE Tablets

3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min

BR (normal) vs GE (normal)

GE1 - + + + + - -

GE2 + + - + + + i

GE3 - + + - — — _
BR (normal) vs GE (5 mm)

GE1 - +/- + + + —/+ —/+

GE2 + + —/+ + + +/- +/=

GE3 - +/- + —/+ =/+ - -
BR (5 mm) vs GE (normal)

GE1 —/+ + + + + —/+ —/+

GE2 + + - + + + +/-

GE3 ~/+ + + —/+ - - -
BR (5 mm) vs GE (5 mm)

GE1 - + + + + —/+ -

GE2 + + —/+ + + +/- +

GE3 - + + —/+ —/+ - -

+ Significant difference

- Insignificant difference

Significant difference (+) changed to an insignificant difference (-)
Insignificant difference (—) changed to a significant difference (+)

in the dissolution tests and are listed in Table 5.The f,
values were greater than 42 for all conditions, and the GE
products were judged equivalent to the BR product (75).
Table 6 shows the effect of shifting the paddle 5-mm
off-center on the difference in percentage of drug
dissolved for the BR and the GE products at 3,5, 30,45, 60,
and 75 min.When the values for the BR drug under normal
conditions were compared with those for the GE products
under normal conditions, there were many time points
representing a significant difference (+). When the values
for the BR drug under normal conditions were compared
with those for the GE products in the 5-mm-off-center
position, four time points (5 min for GE1 and GE3 and
60 min and 75 min for GE2) showed the change from a
significant difference (+) to a insignificant difference (-),
expressed as (+/-). Five time points (15 min for GE2, 30
min and 45 min for GE3,and 60 min and 75 min for GE1)
showed the change from an insignificant difference (-) to
a significant difference (+), expressed as (—/+), which
denotes the effect of the shifted paddle on the signifi-
cance of the change in the dissolution rate. Similarly, in the
comparison of BR (5-mm off-center) with GE (normal), five
time points (3 min for GE1 and GE3, 30 min for GE3, and

diss-17-02-06.indd 41

60 min and 75 min for GE1) showed (—/+) and one time
point (75 min for GE2) showed (+/-).In the comparison of
BR (5-mm off-center) with GE (5-mm off-center), one time
point (60 min for GE2) showed (+/-) and four time

points (15 min for GE2, 30 min and 45 min for GE3, and 60
min for GE1) represented (—/+).

Table 7 shows the effect of tilting the apparatus 4.0° on
the difference in the percentage of drug dissolved
between the BR and GE products at 3,5, 30,45,60,and
75 min.When the values for the BR drug under normal
conditions were compared with those for the GE products
under normal conditions, there were many time points
representing a significant difference (+). When the values
for the BR drug under normal conditions were compared
with those for the GE products at the 4.0° inclination, one
time point (75 min for GE2) showed (+/-) and four time
points (3 min for GE3, 15 min for GE2,and 60 and 75 min
for GE1) showed (—/+).In the case of BR (4.0° inclination)
versus GE (normal), five time points (5 min for GE1 and
GE3, 10 min for GE1 and GE3, and 45 min for GE1) changed
to show insignificant difference (+/-).In the case of BR
(4.0° inclination) versus GE (4.0° inclination), two time
points (5 min for GE1 and GE3) showed (+/-) and three
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Table 7. Effect of Tilting the Apparatus 4.0° on the Dissolution Rates for BR and GE Tablets

3 min 5 min 10 min 15 min 30 min 45 min 60 min 75 min

BR (normal) vs GE (normal)

GE1 - + + + + + - -

GE2 + + + - + + + +

GE3 - + + + - - - —
BR (normal) vs GE (4.0°)

GE1 - + + + + + —/+ —/+

GE2 + + + ~/+ + + + +/-

GE3 ~/+ + + + - - - -
BR (4.0°) vs GE (normal)

GE1 - +/- +/— + + +/— - -

GE2 + + + - + + + +

GE3 - +/— +/— + - - - -
BR (4.0°) vs GE (4.0°)

GE1 - +/- + + + + —/+ -

GE2 + + + ~/+ + + + +

GE3 —/+ +/—- + + - - - -

+ Significant difference

- Insignificant difference

Significant difference (+) changed to an insignificant difference (-)
Insignificant difference (—) changed to a significant difference (+)

time points (3 min for GE3, 15 min for GE2,and 60 min for
GE1) showed (—/+).

DISCUSSION

Previously, we demonstrated that shifting the position
of the paddle shaft significantly increased the dissolution
rates for sodium diclofenac tablets, affecting the assess-
ment of the equivalence of GE products (70).This report
may have an impact on the evaluation of equivalence of
GEs using dissolution testing. In the present study, we
confirmed the effect of paddle position on the dissolution
rate, quality assessment, and equivalence assessment
using another drug, rapid-release carbamazepine.In
addition, we examined the effect of another change, tilting
the apparatus. Finally, we gathered data to develop an
original dissolution method that could detect differences
between BR and GE products and identify characteristics
of bioinequivalent products.

The dissolution rates for the 5-mm-off-center position
were significantly higher than those for the center
position (Figure 3, Table 2).The results confirmed our
previous findings (70) and several other reports (8, 17-19)
where the shifted paddle significantly enhanced the
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dissolution rate.The enhancement of the dissolution rate
might be caused by agitated fluid-flow patterns.The usual
fluid flow is the slowest and weakest at the center of the
vessel, where the flow is laminar-like. When the paddle
position shifts from the center, a seemingly turbulent flow
may be developed, resulting in an increased dissolution
rate (7, 18, 20).On the other hand, dissolution rates were
significantly lower when the apparatus was inclined 4.0°
than when it was horizontal for the BR and GE3 products
(Figure 3, Table 2).The reason for this decrease is not yet
clear.When the entire dissolution apparatus is inclined, the
paddle is also tilted, which may cause a slower fluid flow
because the paddle has to move the fluid against gravity,
and therefore, energy is lost.

Although all products passed the quality assessment
under normal conditions, in the 5-mm-off-center position,
the BR did not meet the criteria at 5 min (Table 3).Since
the BR product dissolved most quickly until 10 min and
the percentage of drug dissolved at 5 min (54.8%) was
almost on the borderline (55%), the increase in the
dissolution rate caused by the shifted paddle resulted in
the limit being exceeded, followed by misjudgment.The
5-mme-off-center position also led to an error in that GE2
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was judged not equivalent to the BR drug based on the
percentage of drug dissolved at 3 min (Table 4).

All GE products were judged to be equivalent to the
BR product under normal conditions; however, the
percentage of drug dissolved at 3 min for GE2 was
significantly lower than that for the BR drug. Although the
shifted paddle increased the dissolution rates for all
products, the extent of the increase in the dissolution rate
of GE2 was relatively small, and therefore, the difference
between the BR and GE2 products was magnified,
resulting in the decision error. Eventually, all GEs were
judged to be equivalent to the BR drug based on f, factors,
even if the test was carried out in the 5-mm-off-center
position (Table 5).

CONCLUSIONS

Offsetting the paddle shaft 5 mm from the central axis
significantly increased the dissolution rates of all tablets.
As a result, BRs did not pass the quality evaluation,and
one GE did not meet the criteria for equivalence.When the
entire apparatus was inclined 4.0°, there was a statistically
significant reduction in the dissolution rate, but the
reduction was not sufficient to affect the equivalence
assessment of the GEs.The paddle should be accurately
positioned at the center of the vessel in the dissolution
tests for GE products.The methods causing a seemingly
turbulent fluid flow could change the dissolution profile
of BR and GE products and can reveal differences among
the products. Although these results will help detect
differences between BR and GE products in dissolution
testing and identify characteristics of bioinequivalent
products, further investigation is required to gather data
that might lead to the development of an original
dissolution method that can detect differences between
BR and GE products and identify characteristics of
bioinequivalent products.
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