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Abstract
In vitro dissolution tests are widely used as quality control tools for drug products in development and manufacturing. 
Dissolution acceptance criteria are one of the important factors assessed during the regulatory review process. Understanding 
potential sources of variability is critical and a key to assuring reliable results are obtained when using a standardized system 
for in vitro dissolution testing. Sampling cannulas are commonly used to withdraw sample aliquots from dissolution medium 
and are potentially one of the testing factors that can contribute to variabilities in dissolution testing. However, there are still 
no clear requirements on the size or setting (intermittent or stationary) of sampling cannulas for dissolution testing. Thus, the 
objective of this study is to evaluate whether various sizes and sampling cannula settings yield different dissolution results using 
the USP 2 apparatus. Sampling cannulas with outer diameter (OD) ranging from 1.6 mm to 9.0 mm were used in dissolution 
testing with either intermittent or stationary setting to collect sample aliquots at multiple time points. The dissolution results 
at each time point were statistically analyzed for effects of both OD and setting of sampling cannula on drug release from 
10 mg prednisone disintegrating tablets. Dissolution results indicated both size and setting of the sampling cannula may 
cause significant systematic errors, even though the dissolution apparatus has been calibrated. The degree of interference in 
dissolution results was directly related to the OD of the sampling cannula. Size of sampling cannula and setting of sampling 
procedure should be documented in standard operating procedures (SOP)  for dissolution testing during method development.
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Introduction

In vitro dissolution tests are widely used as quality control tools 
for drug products in development and manufacturing. Dissolu-
tion acceptance criteria are one of the important factors assessed 
during the regulatory review process. A recent publication by 
scientists from the US Food and Drug Administration (FDA) 
demonstrated dissolution results as one of the major product 
quality attributes to calculate a process performance index to 
evaluate the variability in manufacturing of drug products. (1) 
As a standard method, the repeatability and reproducibility of 
dissolution testing have always been a concern after the methods 

became official in the US Pharmacopeia (USP) in the early 
1960s. Understanding potential sources of variability is critical 
for ensuring reliable results when using a standardized system 
for in vitro dissolution testing. FDA scientists have conducted 
extensive research since 1980 to gain insight into possible testing 
variables associated with compendial USP dissolution appara-
tuses. (2–17) These studies showed the importance of physical 
alignment of compendial dissolution apparatus (3, 4, 12, 16, 17), 
possible effects from dissolved air in dissolution medium (6, 10), 
and deviations that may be caused by random environmental 
vibrations (13–15). FDA scientists also conducted gage repeat-
ability and reproducibility studies on the paddle dissolution 
method (USP apparatus 2) to examine contributions of variabil-
ity from the apparatus assembly, operators, and tested samples. 
(11) Most testing variables show direct impacts on hydrodynam-
ics of dissolution medium that can be responsible for the poor 
reproducibility and inconsistencies of the dissolution results. In 
the past twenty years, many investigations focused on determin-
ing the hydrodynamics of dissolution medium in standard USP 
vessels by experimental and computational methods such as par-
ticle image velocimetry (PIV) and computational fluid dynamics 
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(CFD). (18–23) The results show that medium hydrodynam-
ics is highly nonhomogeneous with directions and intensities 
of fluid velocities highly dependent on the location within the 
USP vessel, especially at the bottom of the vessel where the 
testing sample is usually located during the test. The advance of 
technology and knowledge of possible testing variables and their 
impacts on medium hydrodynamics became the foundation to 
support FDA Guidance for Industry and standardized methods 
(American Society for Testing and Materials – ASTM), which 
led to improved mechanical calibration procedure to assure the 
performance of USP basket and paddle methods. (24, 25)

Sampling cannulas are commonly used to withdraw sample 
aliquots from dissolution medium. An automated sampling pro-
cedure is useful in a QC environment, and when the method 
requires sample aliquots at multiple time points. Considering 
the sampling procedure for dissolution apparatus 1 and 2, USP 
general chapter < 711 > requires to withdraw a specimen (sam-
ple aliquot) from a zone midway between the surface of the dis-
solution medium and the top of the rotating basket or blade, not 
less than 1 cm from the vessel wall. (26) However, a require-
ment for the size (outer diameter, OD) of sampling cannula does 
not appear in this USP general chapter. As a recommendation, 
USP general chapter < 1092 > states that sampling probes (can-
nulas) or fiber-optic probes can disturb the hydrodynamics of 
the vessel; therefore, adequate validation should be performed 
to ensure that the probes are not causing a significant change in 
the dissolution rate. (27) The USP chapter provides no guidance 
on the OD of a sampling probe/cannula and whether a sampling 
probe/cannula may or may not remain in the vessel throughout 
the entire run. Additionally, “significant change” mentioned in 
the USP chapter is subjective, lacks statistical meaning, and is 
hard to apply during the assessment of methods.

The sampling cannula is potentially one of the essential 
testing factors that can contribute to variability in dissolution 
testing, even for a calibrated dissolution system. The effect of 
sampling cannula on dissolution testing attracted the attention 
of FDA scientists in early 1980s. (2, 5) They used the USP 
paddle method to test different sizes of sampling cannulas and 
found that dissolution rates for some formulations were con-
sistently higher with large OD (6–8 mm) cannula. The change 
in rates was less evident with small OD (1.5 mm) cannula, 
and no difference in dissolution results was observed between 
automated and manual sampling. Another study compared 
various sampling methods with 50 mg Sotaxin tablet (drug 
name is as stated in the reference) using USP apparatus 1 
and 2. (28) In this study, the comparative tests with or with-
out a sampling cannula in the dissolution medium during the 
test showed markedly different release profiles. One research 
group also studied the effects of sampling cannula on the 
hydrodynamics of dissolution medium in USP apparatus 2 
vessel by velocity measurements using PIV. (29) The study 
used one commercially available sampling cannula to com-
pare variations in flow field between the testing system with 

and without permanently inserted sampling cannula. The 
results from the PIV measurements showed that the hydro-
dynamics in the dissolution vessel was slightly affected by the 
introduction of sampling cannula (3.14 mm OD); however, the 
dissolution results for non-disintegrating salicylic acid tablets 
did not show statistical difference in the presence or absence 
of studied sampling cannula.

Sampling cannulas in sizes from 1.6 to 3.6 mm (OD) are 
commercially available and commonly used, but some sam-
pling systems require a filter at the end of each sampling can-
nula. The filters are commercially available in a common size 
of 9 mm OD by 100 mm in length and feature a large surface 
area to optimize sampling flow rate of dissolution medium 
containing particulates. The sampling cannula with filter at 
the end may be inserted into the sample zone of the dissolu-
tion medium when sampling (intermittent) or may remain in 
the sample zone permanently throughout the dissolution test-
ing (stationary). With this large size of filter in the dissolution 
medium, no matter in either intermittent or stationary set-
ting, the dissolution results may be varied by possible medium 
hydrodynamic disturbances.

Though early studies show possible impacts of large-sized 
sampling cannula on dissolution results, and USP recom-
mends adequate validation to ensure that the cannulas are not 
causing a significant change in the dissolution rate, the current 
practice of selecting sampling cannula for dissolution testing 
lacks rigorous considerations. Some recommendations con-
sider hydrodynamic disturbances when using “resident dwell-
ing probes” (stationary setting) and suggest using a sampling 
manifold to lower the cannulas at sample times and to lift the 
cannulas between time points (intermittent setting).

The objective of this study was to investigate whether 
various size and setting of sampling cannula yield different 
dissolution results using USP apparatus 2. A wide range of 
sampling cannulas (OD between 1.6–9.0 mm) was used in dis-
solution testing with either intermittent or stationary setting to 
collect sample aliquots at multiple time points. The dissolu-
tion results at each time point were statistically analyzed for 
effects of both OD and setting of sampling cannula on drug 
release from 10 mg prednisone disintegrating tablet. Dissolu-
tion results indicated both size and setting of the sampling can-
nula may cause significant systematic errors, even though the 
dissolution apparatus has been calibrated. Details on sampling 
cannula should be documented in standard operating procedure 
(SOP) for dissolution testing during method development.

Experimental

Sampling Cannulas

Four sampling cannulas with different ODs were used in 
this study as illustrated in Fig. 1. Cannula 1 was made of 
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type 316 stainless steel. Cannula 2 was made of polyether 
ether ketone. Both cannula 1 and 2 were commercially 
available and purchased from Quality Lab Accessories LLC 
(Telford, PA). Cannula 3 was assembled in house by encas-
ing cannula 2 in thick plastic tubing. Cannula 4 was cannula 
2 with a filter connected to its end. The OD of each cannula 
and the depth of part of cannula submerged in the medium 
is shown in Fig. 1, and OD measurements by a digital cali-
per are listed in Table I.

Physical Properties of Testing Tablets

Prednisone 10 mg disintegrating tablets (NCDA#2) was 
selected for the study because of its sensitive to medium 
hydrodynamics. (9, 12) The hardness, dimensions, and 
weights of NCDA#2 tablets (n = 8) were measured by a 
Sotax SmartTest 50 tablet testing system (Westborough, 
MA, USA). Results are shown in Table II.

Dissolution Testing

The dissolution testing was performed in 500  mL 
degassed deionized (DI) water at 37 °C with 50 rpm pad-
dle rotation speed using a USP paddle method (Hanson 
Vision 8 apparatus, Thousand Oaks, CA, USA). The dis-
solution apparatus was mechanically calibrated follow-
ing the ASTM procedure. (24) The dissolution apparatus 
comes with AutoMag™ manifold, which is capable of 
programing sampling cannula setting as either intermit-
tent or stationary configuration. Intermittent setting is 
defined as the sampling cannula is immersed in the dis-
solution medium only at predetermined sample times. 
Stationary setting is defined as the sampling cannula to 
be permanently immersed in the dissolution medium from 
the beginning of the test throughout the entire test. For 
each sample cannula setting, AutoMag™ vertically moves 

Fig. 1  Illustration of sampling 
cannulas used in this study 
with labeled outside diameters 
(OD) and depth merged in the 
medium with unit in millimeter 
(mm). The inside diameters are 
the same for all four sampling 
cannulas

Table I  The Dimension (OD at the Tip, mm) of 6 Individual Sam-
pling Cannulas in Each Size Category

Cannula 1 Cannula 2 Cannula 3 Cannula 4

1 1.66 3.65 6.02 9.04
2 1.67 3.60 5.99 9.07
3 1.67 3.56 6.13 8.94
4 1.65 3.55 5.92 8.99
5 1.67 3.47 6.05 9.09
6 1.66 3.60 6.00 9.12
Average 1.66 3.57 6.02 9.04
SD 0.01 0.06 0.07 0.07
RSD% 0.49 1.71 1.16 0.74

Table II  Physical Properties of NCDA#2 Tablets

Hardness (N) Diameter 
(mm)

Thickness 
(mm)

Weight (mg)

1 37 8.79 2.76 218.4
2 38 8.79 2.79 219.7
3 33 8.81 2.80 214.1
4 36 8.79 2.78 216.7
5 35 8.79 2.79 220.5
6 36 8.79 2.79 220.7
7 35 8.81 2.75 215.4
8 32 8.80 2.77 215.7
Average 35 8.80 2.78 217.7
SD 2 0.01 0.02 2.5
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sampling cannulas to insert or lift from the medium. 
The different sampling cannula sizes used in this study 
have average ODs of 1.66 mm, 3.57 mm, 6.02 mm, and 
9.04 mm as shown in Table I. Aliquots of 5 mL were col-
lected at six time points as: 5, 15, 20, 30, 45, and 60 min 
without medium refill. All aliquots were drawn from the 
dissolution medium and passed through a 10-µm filter 
(either in-line filter or tip filter, polyethylene filter pur-
chased from Quality Lab Accessories, LLC.) into labeled 
sample collectors. Sample aliquots were analyzed with an 
UV–vis spectrophotometer (Agilent 8454 UV/Vis, Santa 
Clara, CA, USA) measuring the absorbance at 242 nm 
with a single 400 nm wavelength background correction. 
The medium remaining in the sampling cannula (and tub-
ing) from the previous sampling was returned to the ves-
sel after each sampling time, to avoid carry-over in the 
next sampling cycle. Under each testing condition (size 
and setting of sampling cannula), dissolution testing of 6 
test tablets in each run was repeated 5 times.

With JMP software (version 15.0.0, Cary, NC, USA), a 
paired-samples t-test with 95% confidence was conducted 
to statistically analyze dissolution results at each time 
point from using sampling cannulas with different sizes 
in either intermittent or stationary setting.

Results and Discussions

Accuracy and repeatability of the automated sampling sys-
tem were verified by taking a 5 mL sample aliquot 5 times 
from each vessel with the cannulas immersed in dissolution 
medium. The volumes of withdrawn sample aliquots were 
measured as results in average of 4.9901 mL with a stand-
ard deviation (SD) of 0.0029 mL. Before each dissolution 
testing, tested tablets were weighed to observe consistency 

of tablet weight. A summary of tablet weight is listed in 
Table III. For each dissolution testing, an infinity test at 
150 rpm was conducted for 30 min after the 60-min sam-
pling time, and the dissolution results were collected. The 
summary of the infinity time point result for 10 mg pred-
nisone tablet is listed in Table IV. The assay and physical 
properties are consistent for all tested prednisone tablets.

The dissolution profiles with four ODs of sampling can-
nulas at two different settings are shown in Fig. 2. The dis-
solution profiles indicate a trend of increasing drug release 
with the increased cannula OD. Regardless of the cannula 
settings, a larger cannula OD resulted in a greater dissolution 
rate. When dissolution results from the smallest sampling 
cannula 1 (1.7 mm OD) and the largest sampling cannula 4 
(9.0 mm OD) are compared side by side, this trend is much 
more apparent with more than 25% difference at 30-min time 
point. This result shows a similar trend to early published 
reports on increased dissolution rate of prednisone tablet at 
the 30-min time point. One reported the dissolution result 
was about 17% increase comparing small (1.3 mm) and large 
(5.8 mm) OD of sampling cannula used. (2) Another report 
showed about 18% difference in dissolution results compar-
ing small (1.5 mm) and large OD (8.0 mm) of sampling 
cannula. (5)

Early reports indicated that a smaller sampling cannula 
(1.3 or 1.5 mm OD) had no observed effect on the dissolu-
tion rate when compared without using a sampling cannula. 
(2, 5) The medium hydrodynamics in the dissolution ves-
sel measured by PIV showed a small effect from the intro-
duction of sampling cannula (3.1 mm OD). The dissolu-
tion results for non-disintegrating salicylic acid tablets did 
not show statistical difference in the presence or absence 
of 3.1 mm sampling cannula. (29) The studies imply that 
the smaller sampling cannula (≤ 3.1 mm OD) may cause 
noticeable difference in medium hydrodynamics, but the 

Table III  Average Weights and Standard Deviations (SD) of NCDA#2 Tablets for Dissolution Testing

Weight, mg
average (SD)

Intermittent setting Stationary setting

Cannula 1 Cannula 2 Cannula 3 Cannula 4 Cannula 1 Cannula 2 Cannula 3 Cannula 4

For each cannula 217.4 (3.1) 218.1 (2.3) 217.2 (2.9) 217.7 (2.3) 217.4 (2.6) 218.2 (2.8) 217.2 (2.5) 217.9 (3.5)
For each setting 217.7 (2.9) 217.9 (2.8)
For all tablets 217.8 (2.8)

Table IV  Average %Dissolution Results at Infinity Time Point and Standard Deviations (SD) of NCDA#2 Tablets for Dissolution Testing

%Dissolution
average (SD)

Intermittent setting Stationary setting

Cannula 1 Cannula 2 Cannula 3 Cannula 4 Cannula 1 Cannula 2 Cannula 3 Cannula 4

For each cannula 94.8 (1.4) 94.6 (2.5) 94.1 (2.2) 93.9 (1.6) 94.5 (1.9) 94.3 (2.2) 94.2 (2.3) 94.7 (1.9)
For each setting 94.5 (2.0) 94.6 (2.1)
For all tablets 94.5 (2.1)
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disturbance may not be enough to affect the dissolution rate 
of tested dosage forms.

Figure 3 shows box plots of percent dissolution results 
at 30  min with different ODs of sampling cannulas in 
intermittent (A) and stationary (B) settings. The horizon-
tal line within the box (red) represents the median value. 

The confidence diamond contains the mean and the upper 
and lower 95% of the mean (green lines). The blue horizon-
tal line is standard deviation. With the intermittent setting 
(Fig. 3A), dissolution results from sampling cannulas 1 and 
2 are around 34–35% of percent drug release, and statisti-
cal analysis shows no significant difference (p = 0.57); and 
dissolution results from sampling cannulas 3 and 4 have 
faster drug release around 42–43%, but also no statistically 
difference (p = 0.17). However, the results show significant 
difference between cannulas 2 and 3 (p < 0.001). The trend 
line (red dash line) for average percent drug release shows 
an abrupt increase (18%) when OD of sampling cannula 
changes from 3.6 mm to 6.0 mm. This result supports previ-
ously reported observations that the disturbance may not be 
enough to affect the dissolution rate of tested dosage forms 
when the OD of sampling cannula is around 3 mm. But with 
a large size of sampling cannula (≥ 6 mm OD), intermittent 
immersion of the cannula into the dissolution medium at 
the sampling time severely disturbs medium hydrodynamics 
which greatly increases the dissolution rate.

Figure 3B shows percent dissolution results at 30 min in 
stationary setting using four different ODs of sampling cannu-
las. The effect of sampling cannula OD on dissolution results 
shows different patterns compared to that in intermittent setting 
(Fig. 3A). The percent dissolution increases gradually when 
the OD of sampling cannula changes from 1.7 mm to 6.0 mm, 
then markedly increases about 17% when the OD increases 
from 6.0 mm to 9.0 mm. Statistical analysis shows that dissolu-
tion results between sampling cannulas 1 and 2 and between 
cannulas 2 and 3 have no significant differences with p values 
above 0.05. However, dissolution results between sampling 
cannulas 1 and 3 show a significant difference (p = 0.002) with 
a mean %dissolved at 30 min of 34% for sampling cannula 1 
and 37% for sampling cannula 3. The dissolution results also 

Fig. 2  The dissolution profiles with four ODs of sampling cannulas in 
the intermittent (A) and stationary setting (B). Vertical bars represent 
standard deviations

A  Intermittent setting B  Stationary setting

Fig. 3  The %dissolved at 30 min using four sizes of sampling cannulas in the intermittent (A) and stationary setting (B)
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show pronounced difference between sampling cannulas 3 and 
4 (p < 0.0001). As with stationary setting, the sampling cannula 
stays in the dissolution medium from the beginning through-
out the entire test. According to early studies, the sampling 
cannula can act as a small baffle in a symmetrical system like 
dissolution vessel when it stays in the medium. The resulting 
loss of symmetry and the introduction of a baffling effect result 
in changes in medium flow velocity profile and shear rates, 
which can cause variability in dissolution results comparing 
to the condition without using a sampling cannula. (29) Under 
this baffle effect, our studies showed that even with a small 
OD increase from 1.7 mm to 3.6 mm for sampling cannula, a 
noticeable drug release increase (about 6%) has been observed 
though the change is not statistically significant (p > 0.05). For 
sampling cannula 3 with 6.0 mm OD, there is a significant 10% 
increase (p = 0.002) in dissolution results at 30 min compared 
to cannula 1. In Fig. 3, dissolution results show a dramatic 
difference between the intermittent and stationary settings for 
cannulas 2 and 3. This difference indicates that a sampling 
cannula with 6.0 mm OD may severely interrupt the hydrody-
namics of the dissolution medium when it periodically enters 
and immerses in the dissolution medium under the intermit-
tent setting. On the other hand, the same 6.0 mm cannula in 
the stationary setting may cause a baffle effect without distur-
bance on the medium hydrodynamics by moving sampling 
cannula in and out of the medium during each sample time. 
This may make sampling cannula (OD > 6 mm) act differently 

in stationary setting compared to situation in intermittent set-
ting. With an OD of sampling cannula at 9.0 mm, no matter 
under intermittent or stationary setting, the dissolution result at 
30 min reaches to the level about 43–44%, which may indicate 
the large OD of cannula greatly disturbs the hydrodynamics of 
the dissolution medium.

Figure 4 focuses on the effect of intermittent and station-
ary settings on dissolution results with four different ODs of 
sampling cannulas. When comparing the same size of sam-
pling cannula under intermittent and stationary settings, there 
is no observed difference in entire dissolution profiles (solid 
lines) for sampling cannulas 1 and 2. As also discussed above 
(Fig. 3) on percent dissolutions at 30 min from sampling can-
nulas 1 and 2, there was no significant differences (p > 0.05) in 
either intermittent or stationary setting. However, the standard 
deviations (dash lines) increased for sampling cannula in the 
intermittent setting and became more obvious when cannula 
OD increased to 3.6 mm as shown in dash lines in Fig. 4A and 
B. The increased standard deviations indicate that sampling 
cannula under intermittent setting which periodically enters 
the dissolution medium may have more adverse impacts on 
dissolution results compared to that in stationary setting.

Figure 4C (solid lines) shows dissolution profiles using sam-
pling cannula 3 with 6 mm OD under intermittent and station-
ary setting. The dissolution results with the intermittent setting 
showed a greater drug release after the first sample time point 
at 5 min. Figure 5A shows the statistical comparisons between 

Fig. 4  Comparison of dissolution profiles (solid lines) and standard deviations at each time point (dash lines) under the intermittent and station-
ary settings with sampling cannulas 1 (A), 2 (B), 3 (C), and 4 (D). Vertical bars represent standard deviations
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intermittent and stationary settings for sampling cannula 3 at 
the 30-min time point. %Dissolved results from intermittent set-
ting are significantly higher (p < 0.05) than those in stationary 
setting. The standard deviations (dash lines in Fig. 4C) were 
also much higher for intermittent setting compared to those in 
stationary setting. The differences in percent dissolution and 
standard deviations clearly indicate that constant insertion of 
the sampling cannula with 6 mm OD in the dissolution medium 
under intermittent setting may cause more disturbance com-
pared to the condition under stationary setting.

For sampling cannula 4 with 9 mm OD, results in Fig. 4D 
showed an increased drug release (solid lines) and standard 
deviation (dash lines) at the early sampling time before 20 min 
under the stationary setting and were getting similar dissolu-
tion profiles and standard deviation after 20-min time point. 
Figure 5B statistically compared dissolution results at 5-min 
time point. The %dissolved results with stationary setting are 
significantly higher (p < 0.05) than results with intermittent 
setting. This was caused by no hydrodynamic disturbance for 
intermittent setting before the first 5 min without insertion 
of sampling cannula. After 20 min of dissolution testing, the 
similarity of dissolution profiles and standard deviations with 
both intermittent and stationary settings implies a similar level 
of hydrodynamic disturbance is reached by this sampling can-
nula (9 mm OD) no matter either multiple inserted, or perma-
nently left in the dissolution medium.

In summary, statistical comparisons of dissolution results 
obtained with various ODs of sampling cannula under inter-
mittent and stationary settings indicate the size and setting of 
the sampling cannula may cause significant systematic errors 
in dissolution results in spite of required calibration and per-
formance check of the dissolution apparatus. The degree of 
interference on dissolution results is directly related to the 

size of the sampling cannula. The large sampling cannula 
(OD > 6 mm) may cause severe hydrodynamic disturbances 
as observed in significant changes in the dissolution results of 
tested prednisone tablets. The disturbances can be minimized 
by using sampling cannulas with the OD less than 3.6 mm and 
eliminated with smaller OD of sampling cannula (< 1.7 mm) 
despite cannula setting. The size of sampling cannula has a 
major impact on the dissolution results and specifying the 
use of small OD sampling cannula (less than 3.6 mm) during 
sampling procedure may be necessary. Because a filter tip dra-
matically increases OD of sampling cannula, a sampling pro-
cedure requiring a filter at the end of each sampling cannula 
should be avoided. The setting of sampling cannula (intermit-
tent or stationary) may affect dissolution results when a larger 
OD cannula (> 3.6 mm) is used. Intermittent sampling setting 
by sampling manifold may cause hydrodynamic disturbances 
of similar or greater magnitude than those caused by “resident 
dwelling probes” (stationary setting). Using inappropriately 
sized OD of sampling cannula with intermittent setting can 
introduce large variability in the dissolution results than those 
observed with the stationary setting. It is recommended that 
sampling procedure should be evaluated as part of method 
development. This study may provide considerations to assess 
for in vitro dissolution testing when experimental design 
requires placing foreign bodies (cannula, thermometer, pH 
sensor, UV probe, etc.) in the test vessel.

Conclusions

Understanding potential sources of variability is critical to 
ensure reliable results with a standardized system for in vitro 
dissolution testing. Sampling cannulas are commonly used 

A  Sampling Cannula 3, at 30 min time point 

(p < 0.0014) 

B  Sampling Cannula 4, at 5 min time point 

(p < 0.0001) 

Fig. 5  Comparison of dissolution results in intermittent and stationary settings. A %Dissolved at 30 min using sampling cannula 3. B %Dis-
solved at 5 min using sampling cannula 4
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to withdraw sample aliquots from dissolution medium. This 
study shows that sampling cannulas contribute to variability 
in dissolution testing. Both the size and setting of the sam-
pling cannula may cause significant systematic errors in dis-
solution results despite required calibrations and performance 
checks of the dissolution apparatus. The degree of interfer-
ence on dissolution results is directly related to the size of the 
sampling cannula. Large sampling cannulas (OD > 6 mm) are 
shown to cause significant changes (p < 0.05) due to severe 
hydrodynamic disturbances in the dissolution results of tested 
10 mg prednisone tablets. Using smaller sampling cannulas 
(OD < 3.6 mm) may be required to minimize error in dissolu-
tion results, especially for drug products that are sensitive to 
medium hydrodynamics. Because a filter tip may dramati-
cally increase the OD of sampling cannula, the sampling 
procedure requiring a filter at the end of each sampling can-
nula should be avoided. Sampling cannulas in the intermittent 
setting may introduce large variability in dissolution results 
compared to those in the stationary setting. Current practices 
that purposely apply intermittent sampling cannula setting 
to avoid hydrodynamic disturbances may need to be recon-
sidered. It is recommended that details on sampling cannula 
should be documented in the standard operating procedure 
(SOP) for dissolution testing during method development. 
The study results also provide a helpful point to consider for 
in vitro dissolution testing when experimental design requires 
placing foreign bodies (cannula, thermometer, pH sensor, UV 
probe, etc.) in the test vessel.
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