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ABSTRAGT

Objective: Lo compare dissolution results for commercial for-
maulations in USP Apparatus 2 using conventional UsP vessels
and PEAK™ vessels. Methods: Dissolution studies using com-
mercially available disintegrating tablets of acetaminophen
and naproxen sodium were conducted in USP Apparatus 2
using USP and PEAK™ vessels. The effect of four different
rPMs (25, 50, 75 and 100) and three dissolution media
(water, 1% Tween 80 and phosphate buffer, pH 5.8 and 7.4
for acetaminophen and naproxen sodium, vespectively) on the
mixing dynamics in the two vessels were investigated. Both
nondeaerated and deaerated media were employed in the dis-
solution studies. 'To confirm the differences in mixing, if any,
is only due to the formation of a cone at the bottom of the vsp
vessel, dissolution studies on these tablets were also performed
in USP Apparatus 1. Results: Significant differences (p
<0.05) were detected for up to 20 minutes in the release of
naproxen sodinm tablets at RPM 50, 75 and 100 in nondeaer-
ated and deaerated phosphate buffer (pH 7.4). However; no
significant difference in mixing was seen at 25 RPM. Release

INTRODUCGTION

ne of the problems
associated with USP
Apparatus 2 is the forma-

tion of a cone of material at

the bottom of the dissolution
vessel. Dosage forms, especially
ones with dense excipients,
tend to form a cone at the bot-
tom of the vessel giving rise to
an unstirred region of drug
material. This reduces the sur-
face area of the dissolving
material in contact with the
dosage form and consequently
affects the dissolution rate.
Cone formation could be a
problem predominantly with
Apparatus 2, but may also hap-
pen in Apparatus 1 if the parti-
cles are released from the wire
mesh basket. Farlier studies
have established the influence
of the geometry of the dissolu-

tion vessel, especially the base
curvature, on the flow of the
dissolution media and the
hydrodynamic mixing. Vessels
with different bottom concavity
lead to changes in hydrodynam-
ic mixing within the dissolution
media large enough to cause a
significant change in the disso-
lution rate (3,4,5). Recently
VanKel introduced the PEAK™
dissolution vessel. The dimen-
sions of this vessel are similar to
the conventional USP vessel.
The major difference is that this
vessel has a small inverted cone
at its base. In a study conducted
by Dr. Arnold Beckett et al,
PEAK™ vessels were found to
provide higher dissolution rates
for calibrator tablets and
NCDA #2 prednisone tablets (6).
In addition, it was also observed

of the drug from naproxen sodium tablets showed significant
differences (p<0.05) in both nondeaerated and deaerated water
and 1% Tween 80 with PEAK™ vessels showing greater release.
Interestingly, no significant difference was detected in the release
profile using USP Apparatus 1 indicating that the different
mixing profile is in fact due to deposition of powder at the bot-
tont of the USP vessel. Acetaminophen tablets showed differences
in mixing in the two vessels only at RPM 25, There was no dif-
ference in the mixing of acetaminophen in the USP Apparatus 1
at 25 RPM. No difference was detected in water and 1% Tween
80 at 25 RPM or at bigher RPMs of 50, 75 and 100 in phos-
phate buffer (pH 5.8). Conclusions: PEAK™ vessels show
improved mixing when compared to USP vessels indicated by an
increase in the release profile (and a decrease in variability)
with the PEAK™ vessels. This is due to the shape of the vessel
which belps to displace any cone effect at the bottom of the vessel.
It is possible that tablets that may fuil to meet Usp dissolution
criteria do so because of poor particle dispersion which can be
overcome by the use of PEAK™ vessels.

that the presence of dissolved
air did not influence the disso-
lution results in the PEAK™
vessel due to effective displace-
ment of the cone by the small
indent at the base of the PEAK™
vessel. The present study was
undertaken to determine if this
vessel would influence dissolu-
tion studies on commercially
available tablets. Since the dif-
ference in mixing between USP
and PEAK™ vessels is assumed
to be primarily due to the poor-
ly mixed cone at the bottom of
the USP vessel, it was hypothe-
sized that as the speed
increased, it would help to dis-
place the cone. This

would subsequently

reduce the difference

in mixing and disso-

lution rate in the two
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GComparative Evaluation of Mixing Dynamics. . .cont.
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Table 1. Dissolution data of acetaminophen disintegrating tabletsin use  INWETHODOLODGY UsP vessel at 25 RPM (Table ).
Apparatus 2 at various stirring speeds. |[Phosphate Buffer, pH 5.8| Dissckition stadies i o The difference was observed

throughout the sampling peri-

acall Rl .o mercially available disintegrat- : bl
s FEAR ing tablets of acetaminophen od. Almost 100% of the drug
2 5 Bal <L | a74ssa and naproxen sodium were W3 Tclensed at the end of 15
: o oty conducted in USP Apparatus 2 M1 10 the PEAK™ vessel com-
0 TR e using USP and PEAK™ vessels. pared to only _"I'E’% release in
B 5168 4 294 Dissolution was performed at th_e USP vessel. ll_u_e_pcrccpmge
“““ ; - Lt — four different speeds: 25, 50,75 ©f drug released differed signif-
2l Lpset Lo o and 100 RPM. Three dissolution ~ 1¢antly (p<0.05) during the ini-
T TRl B E e media [phosphate buffer (pH D‘}I 10 innues: g [l‘_c wwo-type
] 0034 = 041 | 100532 08 5.8 and 7.4 for acetaminophen of vessels at 50 and 75 RPM with
e e and naproxen sodium respec- t_he ]'F“A\KW_V?SSGI !’:h”wmg a
M P TERETI T tively), water, and 1% Tween fa_ster rate of dissolution. As the
i8 HAASE 060 | 10041 0,55 80] were used in the study. Both dissolution proceeded there

1o 5 96,28 & 0.61 96.21 + 0.77 appcared to he no differencc in
the release profile between the

two vessels with all the drug

nondeaerated and deaerated
media were used to investigate

10 I 99 88 4 0.47 99.6] + 0.46

Table I1. Dissolution data of naproxen sodium tablets in USP Apparatus 2 the influence of presence of air

at various stirring speeds. [Phosphate Buffer pH 7.4] on the dissolution profile. l)c_ing Iclgase(l by the_‘cmi of 20
B T Deaeration was achieved by ~Min- hnnlilarl_v. no difference in
2 5 108 +23 958+25 sonicating the dissolution dissolution  was _uhser\"ed

B B e medium for 20 minutes. The thr‘oughuut the dissolution
m T D temperature of the dissolution period between the two vessels
B [wiiinm]| waiies medium was maintained at 3t 100 RPM. Intensity of agita-
0 92,78 + 10.61 94.82 + 5,98 37(1()1)5)0(:‘ Dissolution of tion affected the I‘['ll.‘(lné_.,".ln both
= I:I _‘I:’;;:ii,: :j:::f: acetaminophen and naproxen the vessels but the effect e
15 74.68 4 17.24 97,89 £ 1,65 sodium tablets were also con- less pmnnunced.m_thc PEAK™
3 M 1A | #ge 03 ducted in USP Apparatus 1 at 50 VeSS:I' At all stirring speeds,
- L RPM using phosphate buffer as 1007 of the drug i released
75 5 24.88 + 538 44.42 +4.57 tht: dissolution media with both in 20 min in the PEAK™ vessel.
10 6324762 | K35142.00 the vessels. All analyses were Hr)wcvler‘, in .thc UsP chs.d the
_ :: ,_‘:‘:“:q: I;:::::':' pel’f()l’lll(ﬂ] [“ uv S])t.‘ctl'()ph()— l)()}&'t:l‘ lntenslry. of agitation at
= e s tometry. The detection wave- <2 RPM released ”“I}f about
¥ T T length varied with the drug: 45% of the drug during the

same time period. No signifi-
cant difference in the release
profile of naproxen sodium in
the two vessels was seen at 25
RPM. Approximately 95% of
the drug was released at the end
of 30 min in both the vessels
(Table 1I). The difference

243 nm for acetaminophen and
332 nm for naproxen. Standard
curves were linear with 1 values
20.999. Significant differences
in percent dissolution were car-
ried out using a two-tailed t-
test performed in Microsoft
Excel software, Ver 5.0.

vessels. To check for consistency of
results, dissolution studies were
performed in three dissolution
media. Also, since the difference in
mixing was related to the shape of
the vessel, it can be assumed that
no difference would be seen with

Apparatus 1. Dissolved gases have became apparent with increas-
also been shown to affect the disso- H[SII“S Mlll ing RPM. At 50 RPM, only 19%
lution rate in USP vessels, either of the drug was released in the

altering the flow pattern in the dis- DISGUSSION USP vessel within the first 5 min
solution media or in some cases the 1. Effect of RPM on the mixing  compared to a 32% release in
boundary layer at the solid-liquid — dymamics in the two vessels:  the PEAK™ vessel. As expected,
interface. In an attempt to investi-  There was more than a two-  the difference between the two
gate this effect, dissolution studies ~ fold increase in the dissolution  vessels decreased as dissolution
were performed in nondeaerated rate of acetaminophen in the  proceeded. By the end of 20
and deaerated media. PEAK™ vessels compared to the  minutes, in the PEAK™ vessel
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100% of the drug was released
compared to 75% release in the
UsP vessels. In addition, there
appeared to be a greater vari-
ability in the dissolution data
for the USP vessel. The variabil-
ity ranged from 8-14% in the
UsP vessel compared to only
0.2-2% in the PEAK™ vessel.
Similar differences in the disso-
lution rate and variability
between the two vessels were
observed at 75 and 100 RPM.
During the dissolution process,
the acetaminophen tablets dis-
integrated into granules. At the
low stirring speed of 25 RPM,
these granules settled at the
bottom of both vessels which
led to slower mixing. The dif-
ference between the two vessels
was due to the small indenta-
tion present in the PEAK™ ves-
sel. As the stirring speed was
increased, the granules, being
light in nature, tended to dis-
perse throughout the medium
in both the vessels rather than
settle at the base. Hence, no
difference in mixing was seen at
the higher rates of agitation.
However, naproxen sodium
tablets disintegrated into small
particles. These particles tend-
ed to form a compact mass in
both vessels. At 25 RPM, the
intensity of agitation was too
low and the mass of particles
were too compact to be quickly
displaced in either of the ves-
sels. Hence, no difference in
mixing was observed. However,
as the stirring speed was
increased, it tended to displace
the cone more effectively in the
PEAK™ vessel by virtue of the
indent at the bottom of the ves-
sel. This, however, was not the
case with the USP vessel, there-
by leading to a greater dissolu-
tion in the PEAK™ vessels. The
compact mass at the base of the

use vessel also gave rise
to greater variability as
evident by the standard

Table II1. Dissolution data of acetaminophen disintegrating tablets in USP

Apparatus 2 using various dissolution media.

1911 Time % Released - 50 RPM
deviations. B
(min) Phosphate buffer (pH 5.8) Water 1% Tween 80
2. E_ﬁb-’.‘t Of dissolution USP PEAK™ UsP PEAK™ usP PEAK™
) 5 | 75.39+383 [ 81.87+086 | 80152563 [ 024 £3.15 [ 9535+ 3.68 | 97.65+ 2.16

media:
Acetaminophen 10 | 93074118 | 9497+ 058 | 97.51 %217 | 100.76 + 1.5 [ 100.13 £ 1.7 | 9832+ 1.14
disintegrating tablets 15 | 97084037 | 97332 1.43 [ 10017+ 0.28

As seen in Table 111, a 20 | 10034 £ 0.4 | 100,55+ 0.88
small difference of about

4% was seen in the first 5

min in the percent Table IV. Dissolution data of naproxen sodium tablets in USP
release of aceta- Apparatus 2 in various dissolution media
minophen when the dis- Time % Released - 50 RPM
) 1 e . 'f . (I (Mean £ 8.D., n=6)
solution was peI“UI me (min) | Phosphate buffer (7.4) Water 1% Tween B0
in phosphate buffer pH vse [ make | st | veakm | use PEAK™
5 8 Men t]]e diqqnlu_ 5 1902+ 8.36 | 32.87+£2.39 29780 98255 | MT2x4.18 46,53+ 2.99
ton media was replﬂced 10 | 5153461506 | 72714254 | 6904107 | 937424 | 7588462 7524 2.56
l)y water thiS dl fferen ce 15 | 7468£17.24 | 97894165 | 928484 | 1026212 [ 94374384 | 965+3.76
increased to 10% with 20 | 88591493 | 99724025 | 1000420 9997+ 2.67

DE AR ™ s g -
'the PEAK vessels sh(‘)w Y S
ing higher dissolution

v . 5 30 | 96.04+691
rate. The higher solubil-
ity of acetaminophen in Table V. Dissolution data for acetaminophen disintegrating tablets in USP
T 30 sliad 3 Apparatus | and 2 using USP and PEAK™ vessels.
ween resulted 1 no [Phosphate Buffer pH 5.8]
observed  difference :
Time % Released - 50 RPM
between the two vessels. (Mean £ 5.1, n=6)
(min) Apparatus | Apparatus 2
usp PEAK™ UsP PEAK™

Naproxen 5 44.66 £ 4.22 452 4 6.05 7539+ 383 | BL87 086
sod_lum mbletls o 10 78.39 + 6.57 79.74 + 5.61 93.07 £ 118 | 94.97 + 0.58
Differences in mixing

-. . 15 9188 + 5,45 02,45 + 4.54 97184037 | 97334 143
profile were seen for all
dissolution media in the 20 97.77 £ 4.23 96.69 £ 3.42 | 10034 £ 0.44 | 10055+ 0.88
case of naproxen sodium 35 | Ww027£08 | 10068+ 071

|

tablets (Table IV).

Approximately 50% of

the drug was released in the
PEAK™ vessel within the initial
5 minutes compared to only
30% release in the USP vessel
with water as the dissolution
medium. A significant differ-
ence (p<0.05) was observed for
the Tween 80 solution only
during the initial 5 minutes.
This is because the surfactant
reduces the interfacial tension
between the solid cone and the
surrounding media in the USP
vessel and narrows the differ-
ences in release rate between

the USP and PEAK™ vessels.
However, the difference is too
small to have any practical
implications.

3. Testing Devices

Apparatus 1 and Apparatus 2
When performing the dissolu-
tion of acetaminophen in Appa-
ratus 2 at 50 RPM, a significant
difference (p < 0.05) in mixing
was observed in the inidal 10
minutes. However, in Appara-
tus | there was no significant
difference ('Table V). In the case
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Gomparative Evaluation of Mixing Dynamics. . .cont.

Table VI. Dissolution data for naproxen sodium disintegrating tablets in USP

Apparatus 1 and 2 using USP and PEAK™ vessel.

[Phosphate Buffer pH 7.4]

Time % Released - 50 RPM
(Mean £ S.D., n=6)
(min) Apparatus | Apparatus 2
usp PEAK™ uspP PEAK™

5 10.49 + 3.63 1599+ 3 19.12 + 8.36 3287 +2.39
1n 38.77+ 5.66 45.01 + 6.95 51.53 £ 15.06 T271 £2.54
15 60.88 + 7.9 60.72 + B.64 T4.68 + 17.24 97.89 £ 1.65
20 76.37 £ 9.57 7544+ 103 BE.50 + 14.93 99.72 £ 0.25
15 89.3 £ 9.74 87.79 + 9.49 93.3 +9.83
30 98.18 + 7.26 96,4 + 9.7 96,04 & 6.91

VI). Since the naproxen
sodium tablet disintegrates
into particles, some of the
particles fell through the
basket and settled at the
bottom. This may account
for the slight difference
observed during the initial
10 minutes. In Apparatus
1, any difference in mixing
could be due to the mesh
size. Unlike Apparatus 2,
the curvature of the disso-
lution flask should have

Table VII. Dissolution data of acetaminophen disintegrating tablets in USP

Apparatus 2 using USP and PEAK™ vessels using nondeaerated
and deaerated phosphate buffer (pH 5.8).

Time (min) % Released
(Mean £ S,10, n=6)
usp PEAK™

25 RPFM Denerated | Nondeaerated | Deaerated | Nondeaerated
s 1581+ 113 | 2941 & 244 44.74 £ 54 5539 + 5.96
10 30054 2,02 | 4580 £ 400 | 79.44 + 9.56 | 8304 + 4.28
15 3056+ 2.44 | 5591 £ 594 | 9532+ 4.48 97.20 + A6
20 46,38 + 284 | 62.95+7.29
28 51.68 £ 2.94 | 66.78 + 8.73
3 85,51 £ 3.66 | 7331 + 495

50 RPM I
5 7539+ 383 | B582 4 5.18 | R8T £ 0.86 | 96.89 £ 3.92
10 93.07 4 .18 | 96.H7 + 1.BS | 94.97 £ 0.58
15 97.18 4 0.37 97.33 4 1.43
20 10034 & 0.44 100.53 + 0.88

minimal impact on the
dissolution rate since the
dosage form is placed
inside the basket. Since
similar mixing profiles
were observed for Appara-
tus 1 and dissimilar mixing
profiles were observed for
Apparatus 2 for the same
dosage forms and dissolu-
tion test parameters the
hypothesis that the shape
of the vessel is a significant
contributor to the differ-
ences is confirmed. This

Table VIIL Dissolution data of naproxen sodium in USP Apparatus 2 using USP and
PEAK™ vessels using nondeaerated and deacrated phosphate buffer (pH 7.4),

Time (min) % Releused (Mean & 5.0, u=6)
— i
T R I

s 19.12 + 8.36 156 % 5.94 0274239 | 32184399
[T 51514 15.06 | 46064 856 | 70714254 7024 4 6.9
15 74684 17.24 | 6822 4+ 9.81 97894 1.65 | 9493 4554
| ses9spa0n | 7amosi2ns | 0972028
5 93.3 4 9.53 91.72 4 666

D 96.04 4 6.01 | 96,83 + 4.58

SRPM
s 2488 4 538 | 20984 432 | 4442+ 457 | 46644308
10 6324762 | $5434 795 | 8351+ 200 | 87.924 188
15 87664922 | 7RI+ 906 | 10127+ 0.68 | 101K & 0.66
0 100,05 + 485 | 92454 749
25 9925 & 448
woreym | Tl i :

s WIN+755 | 29885525 | 47234509 | 49934331
10 55.29 4 10.1 66,67 + 6.52 HAS2 4222 | 92734206
15 87,08 & 793 | 91084 57 10006 5 134 | 9933 % 11
20 9802+ 118 | 99284 078

again confirms that the for-
mation of a cone in the USP
vessel can result in non-for-
mulation related decrease
in dissolution rate.

4. Influence of Nondeaer-
ation/Deaeration

There was a significant dif-
ference (p<0.05) in the
amount of acetaminophen
released in the nondeaerat-
ed/deaerated media in
both USP and PEAK™ ves-
sels (Table VII). The

of naproxen sodium tablets, for
Apparatus 2, a very large differ-
ence of 12-20% was detected
between the two vessels
throughout the sampling peri-
od. However, with Apparatus 1,
no significant difference was
seen in the two vessels (Table
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amount of drug released
was higher in the nondeaerated
media compared to the deaerat-
ed media in both the vessels.
There was also a significant dif-
ference in the release profile of
acetaminophen in the two ves-
sels in nondeaerated media.

Approximately 60% of the
drug was released in the non-
deaerated media using USP ves-
sels at the end of 20 minutes
compared to 100% release with
the PEAK™ vessels. A significant
difference (p < 0.05) in the mix-
ing profile due to nondeaera-
tion was also observed at 50
RPM in the two vessels. There
was no difference in the disso-
lution profile of naproxen sodi-
um tablets in nondeaerated/
deaerated media in either of the
two vessels (Table VIII). For
the same hydrodynamic reasons
discussed in section two
(above), dissolution rate differ-
ences for naproxen sodium
were observed between the
PEAK™ and USP vessels in non-
deaerated media at 50, 75 and
100 rRPM (Table VTII).

The PEAK™ vessels eliminate
the formation of a cone of mate-
rials in Apparatus 2 often
observed with certain kinds of
dosage forms. This was evident
from visual observation of the
vessel during dissolution study
and also from the dissolution
results. The PEAK™ vessels
showed a higher release rate
with both the commercially
available disintegrating tablets
employed in this study. Con-
trary to previous studies, the
results from this study indicated
that stirring speed and the pres-
ence of air can influence the
amount of drug released in both
vessels. PEAK™ vessels, however,
provide an effective way to
improve the mixing hydrody-
namics in the dissolution vessel
and reduce the variability typi-
cally observed for conventional
USP vessels.

See References...continued next page



Product Quality Research Initiative
Hoids Initial Meeting

by Bavid Pang, Ph.0.,
AAPS irectar of Scientific Alfairs

Al the Initial Meeting of the Product Qualily Research Initiative
(PRI held February 10-11, 15988, in Washington, DC, Gordon Ami
dor, Ph.D., AAPS President, and Larry Augsburger. Ph.D., AARS
President-Elect, presented results from thelr respective research
projects, which could be considered as bulding blocks in the estab
lishment of PORI. In addition, Cr. Amidon delincated the roles that
AAPS will undertake for this initiative, PQRI s an initiative for the
Food and Drug Administration (FDA), pharmaceuliczal companies and
universities 1o join together Lo provide opporfunities to conduct sol
enlific research projects designed Lo maintain product quality during
drug development and evaluation, About 140 regresentatives from
FDA, acadernia and industry participated in the meeting. The vigor-
ous discussions and suggestions by the participants resulled in the
formulation of clear ohjectives and research projects for PORIL

FORI projects will be performed In anticipation of coming
mprovements in the specification requirements in testing proce-
dures for product guality, 1L is hoped that the pharmaceutical indus
Lry will benedit from some change in the regulatory process in the
form of shortening the drug application process and facilitaling the
approval process within FDA, Some of the projects being considersd
fall into areas of drug substance, drug products, biopharmaceutics
and seience management, I is anticipated that the research pro-
jects could be Tunded by grants from pharmaceutical companies or
other sources, Two pharmaceutical companies have pledged finan
cial support for the continuation of the projects,

APS is warking in collaboration with FDA to formalize and man
age PORI. The roles for AMPS in this intiative include: providing sck
entific expertise and a neulral environment; providing administrative
functions Tor PORI; dispersing POR| funds; arganizing AARS work.
shops to discuss findings of the research projects and conveying
the resutting recommendations to FDA; and, coordinating PQRI-relat
ed training.

Other participating organizalions in PQRI include Pharmacewtical
Research and Manufacturers of America (PhRMA), Generic Pharma.
ceulical Industry Association (GPIA}, National Association of Phar
maceutical Manufacturers (NAPM), Parenteral Drug Assoclation
[PDA), Nonpreseription Drug Manutacturers Association’{NDMA)
and National Pharmaceutical Alliance (NPA).
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aotax Awards

SOTAX AG celebrates s 25th anniversary in
908 and s mark this oceasion, it has decided w ser
up an award for scientists in the field of liopharma-
cenbics. The award will be divecied towards scien-
thats who are inwvolved in investigations using the
How-through system. The sacnrific amd wechnical
investgation may be predominantly locused on
studies concerning different tvpes of fow-through
cells and dosage Torms (e, immediawe 2ol con-
tolled/modified release tablers/capsules, semi-salid
dosage forms and parenterals such as implants,
microparticles and suspensions). All studies per-
formed using the How-through methsd for
research, development and quality control purposes
are of meerest, Ceeneral nvestignoons inta the qual-
ification/calibration and validation of the test proce-
dure itself will also e consdered for the award.

The scientific results may be presented in the
form of publications or doctoral theses which were
published or completed durmg the Tast 3 vars.
Scienttic andfor technical documents should he
sent b SCYTAN AG by Seprember 30, 190K,

The papers will be judged by an intermational
commirtes headed by Prof. D, [1 Maller and the
following prizes will be awarded:

000 Swiss Francs
2000 Swiss francs
LOOD Swiss Tranes

st Prize
2ol Prive
S Prige

SOTAX AG BASEL
Binningeser 106
CIHE 4123 Allschwil/Swirzerkaml

Mhane ARY 54 54
Fax G1/481 13 31

Fmail  Setax@swissonline.com
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ments, f. Plarwe. Sci. 61(10):
[638-1640 (1972),

5, AL ILL Beckett and G 5.
Kurs, Improved Hydeodymam-
ics For Use Apparatus 2, il
ting Techuulopies, 3(2) May
1996,
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