tangent to a circular path around the shaft. In this 2-D PIV study, only the axial and radial
velocities were investigated.

To fully quantify the fluid flow in the dissolution vessel, eleven iso-surfaces at
different vertical (z) positions were selected along the height of the vessel, as shown in
Figure 2.10. The bottom of the vessel was taken as the iso-surface at z = 0 mm. Four iso-
surfaces were chosen below the impeller (z =5 mm, 10 mm, 15 mm and 20 mm). Three
were chosen in the impeller region: the bottom edge of the impeller, i.e., z = 25mm, the
middle of the impeller, i.e., z = 35mm, and the top edge of the impeller, i.e., z = 44mm.
Four were chosen above the impeller: z =50 mm, z = 75 mm, z = 100 mm and z = 125
mm. The average radial and axial velocities and standard deviation for each data point on
each iso-surface were extracted, plotted and analyzed.

In order to determine the reproducibility of the PIV measurement and to
determine the suitability of the instrument to detect differences between velocities in the
standard system and in the testing system, six identical experiments with the standard
system alone were conducted. The average standard deviations in those three regions, i.e.,
below the impeller, around the impeller and above the impeller, were calculated and
presented.

Sums of squared deviations were calculated to compare the velocity profiles on

the four sections of the testing system to those of the standard system.

—_ 2
- Lo o 2.7)
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where U is the velocity of the testing system and Uy is the corresponding velocity of the
standard system at the same point. By summing up all squared deviations in each of the
three regions, i.e., below the impeller, around the impeller and above the impeller, as well
as in the whole section, the hydrodynamic effect generated by the cannula could be

identified and quantified.
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CHAPTER 3

RESULTS

As mentioned in Chapter 2, the objective of this project was to quantify the
hydrodynamic effects introduced by the presence of a cannula in a USP Dissolution
Testing Apparatus 2 by the dissolution test and PIV measurement. The dissolution
profiles obtained in the two systems (standard system and testing system) were compared
by plotting my/m; (fractional drug release) against time (min) and evaluating the
difference using statistical tools. The velocity profiles obtained from the PIV
measurements for the two systems were also compared by visualizing the flow velocity

vectors and quantitatively analyzing the velocities on eleven iso-surfaces.

3.1 Results of the Dissolution Tests
In order to determine the effect of the cannula in dissolution tests, experimental data
obtained from two systems, with and without cannula, were examined for all nine
different tablet positions. The averages of triplicate experimental dissolution profiles at
each tablet position are presented in terms of mp/my against time together with the
standard deviations of three replicates (Figure 3.2 through Figure 3.10). The results of the
dissolution test following the USP procedure is shown in Figure 3.11. The difference
factor (f1), similarity factor (f,) and probability associated with the Students’ t-test (P(t-
test)) were calculated for the averages of triplicate experimental profiles at each tablet

position, and are presented in Table 3.2.
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3.1.1 Calibration Results for Salicylic Acid Tablets

Calibration was performed following the method described in Section 2.1.3. A series of
salicylic acid solution with known concentration were detected by the UV
spectrophotometer at the wavelength 296 nm. This process was initially performed twice
to establish the conversion from UV absorbance to salicylic acid concentration, and
repeated every 3 months, without showing significant change. The results are presented

in Table 3.1 and Figure 3.1 for two sets of calibration experiments.

Table 3.1 Calibration Data for Prednisone Tablets

Concentration Average
Absorbance 1 Absorbance 2
(mg/ml) Absorbance
0.00000 0.036 0.036 0.036
0.00234 0.090 0.092 0.091
0.00469 0.145 0.145 0.145
0.00938 0.252 0.253 0.2525
0.01875 0.467 0.470 0.4685
0.03750 0.895 0.899 0.897
0.07500 1.711 1.717 1.714

The difference between the two set of absorbance data was minor, and the R?
value of the regression was 0.9998. Therefore, a linear relation between UV absorbance
and concentration was confirmed in this concentration range (0 — 0.075 mg/mL). The
equation displayed in Figure 3.1 was used to obtain the sample concentration from

absorbance data.
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Figure 3.1 Calibration curve and regression for Salicylic Acid tablets.

3.1.2 Dissolution Profiles for Centered Tablets (Position O)

The dissolution profiles for the tablets in the center position are presented in Figure 3.2.
This figure shows that the difference between the dissolution profiles for the testing
system (with cannula) and the standard system (without cannula) is that at all times the
average mass percentage of drug dissolved in the testing system was higher than in the
standard system. Each individual paired experiment replicate also showed this difference
(results are not shown here). The average standard deviations for the drug release mass
ratios (mp/mry) in Figure 3.2 were 1.08% and 1.54% for the dissolution profiles with and
without cannula, respectively. The value of paired Student’s t-test, i.e., the probability
that the dissolution profiles came from the same population, was 0.000209 (Table 3.2),
which was much lower than the significance level of 0.05. On the other hand, the values
of f; factor and f, factor, quantifying the significance of similarity/difference of two

dissolution profiles, were 12.25, 86.17, respectively, which were both within the FDA
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required range (0<f;<15 and 50<f,<100). Although the value of f; factor (12.25) was not

too distant from the upper limit f; (15), those values were considered to be acceptable.

Table 3.2. Average Values of P(t-test), f; and f, for Dissolution Tests at Each Tablet
Position

Tablet Position P (t-test) fy o
Centered 0] 0.000209 12.25 86.17
Al 0.000290 17.14 74.81
B1 0.001038 3.03 96.93
10° off-center
C1 0.000129 12.03 83.42
D1 0.005908 4.37 92.97
A2 0.000313 6.81 88.72
B2 0.002889 1.64 98.55
20° off-center
C2 0.000042 1.42 99.16
D2 0.021561 2.84 94.69
Dropped Tablets (USP Procedure) 0.000082 6.87 90.89
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Figure 3.2 Dissolution profiles for experiments with tablets in Position O in the presence
and absence of the cannula.

3.1.3 Dissolution Profiles for 10° Off-Center Tablets (Positions Al, B1, C1, and D1)
The results for the tablet on the 10° off-center circle positions are shown in Figure 3.3
through Figure 3.6, respectively, and the corresponding statistics are presented in Table
3.2. The average standard deviations for the drug release mass ratios (mp/mr) on the 10°
circle positions were 1.12% and 1.44% for the dissolution profiles in the two systems
with and without cannula, respectively. The values of Student’s t-test were all much
lower than the significant level 0.05 for all 10° off-center tablet positions.

Compared to the dissolution profiles for tablets in the center of the vessel bottom
(Position O), the drug release fractions (mp/my) for tablets on this circle were always
much higher. For example, at t = 45 min, mp/my was typically about 27-33% for the 10°
off-center tablets whereas it was only about 22-24% for the centered tablets. These results

were in agreement with previously reported work (Wang and Armenante, 2012).
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For all the four positions on 10° off-center circle, the tablets in the system with
the cannula generated higher dissolution profiles than those in the standard system
without cannula. However, the intensities of the differences between the profiles from
two systems were different depending on the tablet locations. The tablet position that
produced the most different dissolution profiles on 10° circle was Position A1, which was
the closest to the cannula. The calculation of difference factor f1, similarity factor f, and
Student’s t-test confirmed this observation: f; had the largest value of all tablets positions
(17.14), f, the smallest (74.81) and P(t-test) value was much less 0.05. In fact, Position
Al was the only case for which f;>15, resulting in a test failure.

The next most significant difference between profiles was at Position C1. Tablets
in Position B1 and Position D1 were much lesser affected by the presence of the cannula,
as indicated by the smaller value for f; (3.03, 4.37) and larger value for f; (96.93, 92.97)
for this case compared to other tablet positions (Table 3.2). However, the Student’s t-test
value was still very small (0.001038, 0.005908) for Position B1 and Position D1,

indicating that the two curves were still statistically different (P(t-test)<0.05).
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Figure 3.3 Dissolution profiles for experiments with tablets in Position Al in the
presence and absence of the cannula.
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Figure 3.4 Dissolution profiles for experiments with tablets in Position C1 in the
presence and absence of the cannula.
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Figure 3.5 Dissolution profiles for experiments with tablets in Position D1 in the
presence and absence of the cannula.
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Figure 3.6 Dissolution profiles for experiments with tablets in Position Bl in the
presence and absence of the cannula.
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3.2 Results of PIV Measurement

3.2.1 Velocity Vectors

The velocity vectors maps of the two systems are shown in Figure 3.12 and Figure 3.13.
In order to shown the entire velocities vector in Section A, two other tests (Section A-
Front, i.e., the laser sheet was in front of the cannula, and Section A-Back, i.e., the laser
was behind the cannula) were conducted and also presented in Figure 3.13. The vectors in
each of the images were scaled according to their magnitudes using the same scale factor.
The vectors were color-coded in order of increasing velocity magnitude. The vectors with
the lowest velocities were plotted in dark blue, followed by light blue, green, yellow,
orange and red, which represented the highest velocities.

The overall flow patterns that emerged from the vector maps were found to be
similar, as shown in Figure 3.12 and Figure 3.13. A big but weak recirculation loop
dominated by the axial velocity component generated by the impeller rotation can be
observed in the upper region of the vessel. Near the vessel wall (R/Ry> ~0.7) this flow
was directed upwards, while in the middle inner core region above the impeller (~0.3 <
R/Ro< ~0.7), the flow was directed downwards. In the innermost core region (R/Rg<
~0.3), the flow is characterized by very low axial and radial velocities. The fluid region
around the impeller was dominated by the impeller rotation (Bai et al., 2007). The axial
and radial velocities changed significantly in this region. The flow in the region below
the impeller is the most important and complex for this work. All test sections show that
the flow in this region was very weak, especially the inner region just below the shaft at
the center of the vessel bottom. In this region, there was another recirculation loop

formed by the downwards flow produced by the agitation of the impeller and the vessel
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wall. This vertical recirculation loop was not able to penetrate the weak inner core region.
The flow patterns in the standard system are in agreement with those obtained in previous
studies (Bai et. al., 2007, Bai et al., 2009).

Despite the similarity between figures, two major differences could be observed.
Firstly, in almost all sections in the system with the cannula the recirculation loop above
the impeller became more intense, especially in the middle inner core region. The most
significant effect was on Section A (Back), followed by Section B and Section C, and this
effect seemed to disappear in Section D. This makes intuitive sense, in that the intensity
of the disturbances introduced by the cannula extends downstream of the cannula but
with decreasing intensity. Secondly, the velocities below the shaft, which is the most
important region in the vessel since this is where the tablets usually stay in practice, were
slightly stronger in Section A, Section A-Front and Section A-Back than in any other
sections, where larger radial velocities could be found especially near the center of the
vessel bottom. By contrast, in Section B, Section C and Section D, the velocities

remained nearly the same as those in the standard system, or even slightly smaller.
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Figure 3.12 PIV velocity vectors map for the standard system (velocities are in m/s).

Section A-Back

Section A-Front
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Figure 3.13 PIV velocity vectors maps for all four sections in the testing system with

cannula (velocities are in m/s).
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Figure 3.13 PIV velocity vectors maps for all four sections in the testing system with
cannula (velocities are in m/s) (Continued).
3.2.2 Velocity Profiles on Iso-Surfaces
Figures 3.14 through 3.19 show, respectively, the radial and axial velocity profiles on
eleven iso-surfaces. In these figures, the ordinates represent the normalized fluid velocity
U/Uyp (scaled by the impeller tip speed, U;p=0.388 m/s) and the abscissas represent the
normalized radial position R/R, (scaled using the vessel radius, R;=50.08 mm). The
centrifugal radial velocity and the upwards axial velocity were defined as positive

velocities. It should be remarked that the scales in these figures are different.

3.2.2.1 Reproducibility of PIV Measurements. The average standard deviations in the
three regions examined here, i.e., below the impeller, around the impeller and above the

impeller, are presented in Table 3.3. The PIV measurements were found to be very
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reproducible in the regions below and above the impeller, while a slightly larger standard
deviation was found for the velocities around the impeller, because the velocities in this
region were affected by the presence of the impeller. Therefore, these velocities were

larger and more turbulent, causing more variability in the velocity data.

Table 3.3 Average Standard Deviations of PIV Measurements in Three Regions for the
Standard System

Region Iso-Surfaces Average Standard

Deviation
Below the Impeller | Z=5 mm, 10 mm, 15 mm, 20 mm 0.003890
Around the Impeller | Z=44 mm, 35 mm, 25 mm 0.006907

Above the Impeller | Z=50 mm, 75 mm, 100 mm, 125 mm | 0.003111

Overall Average 0.004429

3.2.2.2 Velocity Profiles below the Impeller. Figure 3.14 and 3.15 show, respectively,
the average radial and axial velocity profiles and the standard deviation for each data
point on iso-surfaces below the impeller, i.e., Z=5 mm, 10 mm, 15 mm and 20 mm.

In general, the differences between the velocities in this region were small in
absolute value. The largest differences in radial velocities were found in the weak
velocity zone blow the shaft, i.e., R/Ro< 0.2 for all four iso-surfaces. The most significant
velocity differences were found in Section A. Slightly higher axial velocities in Section A
were also observed in a smaller zone below the shaft, i.e., R/R¢<0.1 for all four iso-

surfaces. This is consistent with velocity vector maps in Section 3.2.1.
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Figure 3.14 PIV measurements for radial velocities on different iso-surfaces below the
impeller.
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Figure 3.14 PIV measurements for radial velocities on different iso-surfaces below the
impeller (Continued).
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Figure 3.15 PIV measurements for axial velocities on different iso-surfaces below the
impeller.
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Figure 3.15 PIV measurements for axial velocities on different iso-surfaces below the
impeller (Continued).
3.2.2.3 Velocity Profiles around the Impeller. Figure 3.16 and 3.17 show, respectively,
the average radial and axial velocity profiles and standard deviation for each data point
on the iso-surfaces around the impeller, i.e., Z=25 mm, 35 mm and 44 mm.

As shown in these figures, a larger average standard deviation in this region was
obtained, which was agreement with the results of reproducibility for standard system in
this region (Table 3.3). Although the differences between each section were found much

larger, most data points were within the error range indicated by the error bars. However,
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several differences cannot be attributed to experimental error. On iso-surface Z=35 mm,
where the transition between two recirculation loop occurred, all sections showed
different flow velocities compared to the standard system, indicating that the flows were
stronger in this zone. On iso-surface Z=44 mm, the radial velocity in Section A was much

higher than for other sections in the zone near the impeller (~0.7<R/R<~ 0.8).
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Figure 3.16 PIV measurements for radial velocities on different iso-surfaces around the
impeller.
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Figure 3.16 PIV measurements for radial velocities on different iso-surfaces around the
impeller (Continued).
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Figure 3.17 PIV measurements for axial velocities on different iso-surfaces around the
impeller.
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Figure 3.17 PIV measurements for axial velocities on different iso-surfaces around the
impeller (Continued).

3.2.2.4 Velocity Profiles above the Impeller. Figure 3.18 and 3.19 show, respectively,
the average radial and axial velocity profiles and standard deviation for each data point
on the iso-surfaces above the impeller, i.e., Z=50 mm, 75 mm, 100 mm, and 125 mm. In
section A, just part of the velocity profiles were shown in the figures, since the laser sheet
was blocked by the cannula. The differences in velocities profiles between different
systems can be easily observed in this region, specifically, in the area where the cannula
was located, i.e., for ~0.7<R/R¢<~0.8 and in the downward recirculation zone, i.e., for
~0.3< R/Rg<~0.5. In the region where ~0.7<R/R<~0.8, the radial velocities in Section A
were much higher than those in other sections on all iso-surfaces. The largest differences
in axial velocities were in the region ~0.3< R/Ro<~0.5 where all the testing sections
produced velocity profiles higher than those in in standard system. Overall, in Section A
the impact of the cannula was most pronounced. Also the impact of the cannula
continued in the region downstream of cannula, i.e., Section B, Section C, as well as

Section D.
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Figure 3.18 PIV measurements for radial velocities on different iso-surfaces around the
impeller.
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Figure 3.18 PIV measurements for radial velocities on different iso-surfaces around the
impeller (Continued).
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Figure 3.19 PIV measurements for axial velocities on different iso-surfaces around the
impeller.
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Figure 3.19 PIV measurements for axial velocities on different iso-surfaces around the
impeller (Continued).
3.2.3 Sums of Squared Deviations of the Velocity Profiles
The sum of squared deviation (S value) was calculated for each of the three regions, as
described in Section 2.2.2. The results are shown in Table 3.4.

Overall, the velocities in Section A had largest total deviations compared to those
in the standard system than the other four sections in the system. This was followed by
Section C and Section B. In the region above the impeller, the impact of the cannula was

most pronounced, and Section A, Section B and Section C produced the similar
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deviations and much higher than Section D. The velocities around the impeller didn’t
show the significant effect on the presence of the cannula, considering the highest
standard deviation (0.006907) in all three regions in the reproducibility test. Section A
also was where largest difference can be found in the region below the impeller. In this
region, Section B, Section C and Section D produced similar but a lower S value,

indicating the effect of cannula was not significant in these sections.

Table 3.4 Sums of Squared Deviations

Section Section A | Section B | Section C | Section D

Below the Impeller | 0.007977 | 0.002676 | 0.002578 | 0.002769

Around the Impeller | 0.005403 | 0.003755 | 0.005377 | 0.001062

Above the Impeller | 0.015841 | 0.012758 | 0.014871 | 0.006614

Total 0.029221 | 0.019189 | 0.022826 | 0.010445
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CHAPTER 4

DISCUSSION

4.1 Dissolution Tests

In this work, the results of the dissolution experiments show that the dissolution profiles
for the systems with cannulas tend to be higher than those in the standard systems,
without cannulas irrespective of tablet position, with the exception of the tablet Position
D2. These differences were slightly but observable from the averages of triplicated paired
dissolution profiles (as reported in Figure 3.2 through Figure 3.10, with the exception of
Figure 3.10), and ranged from 4.5% to 0.2%, depending on tablet location. Most
differences between the dissolution profiles might not be attributed to data scatter since
the average standard deviation of triplicate experiments was usually small (the standard
system 1.38% and the testing system 1.18%). The Student’s t-test values for all runs were
lower than the 0.05 significance level by one or more orders of magnitudes, indicating
that the systems with and without the cannula generated statistically different dissolution
profiles, i.e., that the results obtained with the two systems were unlikely to come from
the some population.

On the other hand, the difference factor f1 and similarity factor f2 for most runs
were within the FDA required ranges, i.e., 0<fi<15 and 50<f2<100, indicating that the
differences introduced by the permanently inserted cannula, although clearly measurable,
were not typically significant enough to fail the dissolution test (although the f1 test for
Position Al failed). However, the enhancing effect of the presence of the cannula on the
dissolution rate would reduce the tolerance limit of the dissolution test and make the

system with cannula permanently inserted more likely to fail the test. For example, a
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tablet that would intrinsically dissolved slightly faster but still within the dissolution
testing acceptance range if measured in a standard system, could possibly produce an out-
of-range dissolution profile and fail the test due to the presence of the permanently
inserted cannula enhancing the dissolution rate. Therefore, dissolution test developers
should consider developing baseline dissolution profiles with the cannula always inserted
in order to reduce the impact that any hydrodynamic changes associated with the
presence of the cannula can introduce.

The effect of the presence of the cannula could be observed for both centered and
off-center tablet locations (Table 3.2). On average, this impact was more significant for
tablet closer to the center position. It is important to emphasize the dissolution profiles
for centered tablets were appreciably affected by the presence of the cannula (Figure 3.2),
and this is important in practice because this is the most likely tablet location in most
practical situations. For tablets in the 10° off-center positions, the cannula effect was
even more significant, but only for tablets positioned the nearest to the cannula (Position
Al; Figure 3.3). For the tablets in the 20° off-center positions, a similar but reduced trend
was observed by comparing the dissolution profiles for tablets at the same azimuthal
location nearest to the cannula but at different off-center displacements, i.e., Position Al
(on the 10° circle; Figure 3.3) vs. Position A2 ( on the 20° circle; Figure 3.7).

The reasons for such a small geometric change (the cannula OD was only 3.14
mm and the length immersed in the medium was 44.22 mm) could produce an
appreciable effect on dissolution can be attributed to two different but related
phenomena. The first is the presence of a small “baffle” introduced by the inserted

cannula in the dissolution system. As a small symmetrical unbaffled system, the standard
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USP Apparatus 2 generates a tangential flow with very limited velocity components in
vertical and radial directions around the impeller and the shaft (Bai and Armenante, 2008;
Bai et al.,, 2011, 2007; Baxter et al., 2005). The tangential flow would be partially
affected by the cannula, just like any small baffle. A slightly stronger top-to-bottom
recirculation could be produced in the system, resulting in the enhanced dissolution rate
of the tables. This is not surprising because a number of mixing literature (Akiti et al.,
2005; Armenante et al., 2005; Atiemo-Obeng et al., 2004) documents the effect of the
introduction of baffles, even small baffles, on mixing.

The second effect is a small asymmetry introduced by the cannula inserted on one
side of an otherwise symmetrical USP Apparatus 2 system. As a perfectly symmetrical
system, Apparatus 2 can be expected to be very sensitive to any deviation from
symmetry, such as the presence of the cannula. In general, asymmetric systems generate a
non-symmetrical three-dimensional flow to enhance mixing effects. Loss of symmetry
can result from a number of geometric irregularities and operating irregularities (Scott,
2005), such as a slightly geometry changes of the vessel (Tanaka et al., 2005; Liddell et
al., 2007), small displacement of the impeller location or even the off-center location of
the tablet (Bai and Armenante, 2009). In most cases, changes in the dissolution profiles
even test failures have typically been reported for these systems.

The combined effects (baffle effect and asymmetry effect) can be especially
important for the flow in the region below the impeller where the tablets are always
located. Usually the flow in this zone is especially week and can be easily perturbed by

even small changes in the system. When this happens, a tablet located in the same region
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can experience a relative but appreciably more intense flow around it, thus resulting in a
relative higher dissolution rate, as observed here for most tablet locations.

The tests conducted using the USP procedure, i.e., the dropping of the tablet in the
vessel at the beginning of the test, confirmed that the cannula had an effect on
dissolution. The dissolution profiles in the testing system were slightly higher than those
in standard system not only when the average of three runs were considered, but also in
each individual run.

As mentioned before, the cannula had a stronger effect on the 10° off-center
locations than on the 20° positions by comparing the tablet position in the same
azimuthal direction but on the different circles. The tablets on the center position were
significantly affected. This implies that the hydrodynamic effect of the cannula is
different depending on the tablet positions, and it is more pronounced when the tablets
are closer to the center of the vessel bottom and in the zone where the cannula was

located (Position Al and Position A2).

4.2 PIV Measurements
The results of the PIV measurements were consistent with the results from experimental
dissolution tests, and showed that the hydrodynamics in the dissolution vessel was
slightly affected by the introduction of the cannula.

The general, the overall flow pattern in the dissolution vessel was similar in all
four sections in the testing system, according to the velocity vector maps (Figure 3.12 and
Figure 3.13). The main features of this flow consisted of two recirculation loops, below
and above the impeller, and a very weak-velocity region below the shaft. On the other

hand, when the cannula was inserted a significant flow perturbation was observed above
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the impeller, and not only on Section A, i.e., in proximity of the cannula, but also in
Section B and Section C. This confirmed that the cannula produce a “baffle effect”
altering the fluid flow in the vessel. This effect decreased downstream of the cannula and
was minor on Section D, the most downstream section with respect to the cannula
location. The effect of the cannula could be even better noticed by comparing the
velocities on Section A-Front and Section A-Back. The velocity increase in this region is
ultimately responsible for the change in velocities in the lower portion of the vessel and
the resulting increase in the dissolution rate of the tablets fixed in those positions, since
tablets would directly experience the flow in this region.

Further quantitative study on the eleven iso-surfaces selected showed in detail the
differences in the radial velocity profiles and axial velocity profiles between the standard
system and the testing system, and between different sections in the testing system
(Figures 3.14 through 3.19).

In the region above the impeller, the most significant difference was observed in
Section A, and this was in agreement with the observation from the velocity vector maps.
The S values in this region showed the results of the “baffle effect” and the largest S
value was found in Section A. The cannula disturbed the flow in this section and
generated the largest deviation in Section A, and then this flow perturbation extended
downstream through Section B, Section C and became much weaker when passing
through Section D. Much smaller S values were found in Section D, which was in
agreement with the vector velocity map of Section D.

In the region around the impeller, despite the largest variation in the

reproducibility test due to more turbulent flows (Table 3.3), the S values were relative
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uniform in all four sections (Table 3.4), indicating that the introduction of the cannula did
not significantly affect flows in this region, which remained dominated by the impeller.
The region below the impeller was more carefully studied and four iso-surfaces
were selected here (i.e., Z=5 mm, 10 mm, 15 mm and 20 mm), since the dissolution rate
of the tablet was expected to be more sensitive to the flow velocity it experienced directly
in this region. Section A was found to have the largest S value of all the sections, which
coincided with the faster dissolution rates of tablets in Position Al and Position A2. This
can be explained that the perturbation generated by the cannula above the impeller which
reached the region below the impeller at a location nearest to the cannula. Although the
perturbation may die down along the recirculation pattern, its effect could still be noticed,
especially considering the low velocities baseline below the shaft. This also explained
why the effect was more pronounced for tablets placed 10° off-center circle positions
than 20° off-center circle. The tablet positions in the center and 10° circle were within or
partially within the low velocity region under the impeller, while the 20° circle positions
were within the upwards recirculation region. Therefore, the baseline velocities were
much lower in central and 10° circle positions. As a result, any velocity perturbation in
this region was more significant, and greater differences in dissolution rates between the

two systems were observed for these tablet positions.

61



CHAPTER 5

CONCLUSIONS

The hydrodynamic effects of a cannula in USP Dissolution Testing Apparatus 2 were
determined by experimentally comparing the dissolution profiles obtained in the testing
system with those in the standard system, and by determining the flow velocities in the
two systems via PIV.

Several conclusions can be drawn from this study. The cannula inserted in the
USP-specified sampling zone in the USP Apparatus 2 resulted in dissolution profiles for
non-disintegrating salicylic acid tablets located at different positions on the vessel bottom
that were statistically different from the corresponding dissolution profiles obtained in the
absence of the cannula, as indicated by the result of a paired t-test (P(t-test)<0.05). These
differences were reproducible and systematic: in nearly all cases, the presence of the
cannula resulted in faster dissolution rates.

The magnitude of the difference between dissolution profiles depended on tablet
location: larger differences were observed with tablets located closer to the cannula.
These effects can be attributed to the changes in hydrodynamics introduced by the
presence of the cannula, and mainly to the partial to the partial baffling effects and the
loss of symmetry caused by the insertion of the cannula.

The PIV measurements showed that the cannula did have a baffling effect on the
hydrodynamics in the dissolution vessel. This effect resulted in slightly changes in the
velocities in the vessel, and therefore in slightly larger differences in the dissolution rate
of the testing tablets. The baffling effect was clearly observed in the region where the

cannula was inserted. The flow perturbation that it generated became gradually weaker
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downstream of the agitation path. This perturbation was also found to reach the region
below the impeller but only the section nearest to the cannula had significant higher fluid
velocities. Additionally, the PIV results showed that the baffle effect was not strong
enough to break the overall flow pattern, or to affect the region around the impeller,
which was dominated by the agitation flow.

In summary, the hydrodynamic effects generated by the cannula are real and
observable, resulting in slightly modification of the fluid flow in the dissolution vessel
and therefore in detectable differences in the dissolution profiles. Although the
differences between the dissolution profiles in two systems were generally small enough
for the dissolution profiles to be considered acceptable using the FDA criteria (f; and f;
values), the enhanced dissolution rate caused by the cannula could reduce the tolerance
limit of the dissolution test and make tablets tested in systems with a cannula
permanently inserted more likely to fail the test. Therefore, it is recommended that
dissolution test developers who plan to conduct manual sampling with the cannula
inserted permanently should develop baseline dissolution profiles with a cannula always
inserted, in order to reduce the impact that any hydrodynamic changes associated with the

presence of the cannula can introduce.
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