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FIP Guidelines for Dissolution
Testing of Solid Oral Products

Joint Report of the Section for Dfficial Laboratories
and Medicines Gontrol Services and the Section of
Industrial Pharmacists of the FIP

In 1981 FIP published Guidelines for Dissolution Testing of Solid Oral Products as a joint report of the
Section for Official Laboratories and Medicines Control Services and the Section of Industrial Pharmacists.
These guidelines were intended as suggestions primarily directed to compendial committees, working on the
introduction of dissolution/release tests for the respective pharmacopoeias.

During the past 15 years there have been many developments. Biopharmaceutics has attracted mich scien-
tific as well as political interest. Dissolution test methodology has been mtroduced to many pharmacopoeias and
a number of regulations and guidelines on bioavailability, bivequivalence and in vitro dissolution testing have

been issued at national and international level.

The joint working group on dissolution of the two FIP sections therefore decided to establish a new dissolu-
tion guideline, taking all these deve lopments into consideration but adding proposals for further barmoniza-
tion and for definitions and procedures which are not yet covered by international recommendations.

FIP published the “fmal draft” version in 1995 and co-sponsored an International Workshap in
November 1996 to give colleagues from universities, drug authorities, pharmacopoeias and pharmaceutical
industries the opportunity to contribute with their comments for further improvement of the guideline text

prior to this publication of the final “official” version.

The following qum"w'nn' is the resulting final “official” version and represents the position and policy of

FIP on Dissolution as of December 1996,

Introductory Remarks
he first GUIDELINES FOR DIS-
SOLUTION TESTING OF
SOLID ORAL PRODUCTS were
published in 1981 [1] as a joint
report of the Section for Official Laboratories
and Medicines Control Services and the Section
of Industrial Pharmacists of the FLP. These
Guidelines were intended as suggestions primar-
ily directed to compendial committees, working
on the introduction of dissolution/release tests
for the respective Pharmacopoeias.

During the past decade, there have been
many developments. Biopharmaceutics has
attracted much interest scientifically as well as
regarding drug regulatory policies. Dissolution
test methodology has been introduced to many
Pharmacopoeias and a number of regulations
and guidelines on bioavailability, bioequivalence
and in vitro dissolution testing have been issued
at national and international levels.

These updated Guidelines (second edition)
are the result of careful discussions of the joint
working group of the two ELP. sections and are

based on recent developments. Descriptions of

test methodology are no longer necessary,
because they are already published elsewhere,
officially or semi-officially. Differences between
the regulations of different countries and com-
pendias were identified and proposals for har-
monisation are made.

As far as is reasonable for the purpose of these
Guidelines, technical terms and definitions have
been adopted from other harmonised recom-
mentions and mainly correspond to USP-termi-
nology. New terms are “in vitro-in vivo compar-
ison,” “Verification” and “side batches.” “In
vitro-in vivo comparison” means any study col-
lecting in vitro- and in vivo-data on the same set
of test specimen to obtain information and
understanding about how in vitro and in vivo
performance are related to each other. A signifi-
cant in vitro-in vivo correlation can be a result of
an in vitro-in vivo comparison study, but valuable
information could also be obtained when no cor-
relation in a strict sense (e.g. USP levels) is
achieved. “Verification” is used to define the in
vivo data set which provides evidence that a cho-
sen in vitro test method and the proposed limits
are suitable for the drug formulation in terms of
biopharmaceutical performance. “Verification” is
proposed as a new terminus technicus to avoid
the extension of “validation” on in vivo investi-
gations. “Side batches” are batches of a given
drug formulation which represent the intended
upper and lower dissolution limits. They are pre-
ferrably to be derived from the defined manufac-
turing process by setting process parameters
within the range of maximum variability expect-
ed from process validation studies. The term
“dissolution” itself is used for all dosage forms,
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i.e. immediate-release (such as prompt drug releasing or conventional
dosage forms) as well as modified-release products (such as controlled,
delayed, extended, modified, prolonged or sustained).

1.Concepts of Dissolution Testing

In vitro dissolution testing serves as an important tool for charac-
terising the biopharmaceutical quality of a produet at different stages
in its lifecycle. In early drug development in vitro dissolution proper-
ties are supportive for choosing between different alternative formu-
lation candidates for further development and for evaluation of active
ingredients/drug substances. In vitro dissolution data are supportve
in the evaluation and interpretation of possible risks, especially in the
case of controlled/modified-release dosage forms - e.g. as regards
dose dumping, food effects on bioavailibility or interaction with other
drugs, which influence gastrointestinal environmental conditions.
Biopharmaceutical aspects are as important for stability concerns as
they are for batch release after production, in vitro dissolution being
of high relevance in quality control and quality assurance. Last but
not least, in vitro dissolution data will be of great importance when
assessing changes in production site, manufacturing process or for-
mulation and assist in decisions concerning the need for bioavailabil-
ity studies.

None of these purposes can be fulfilled by an in vitro test system
without sufficient reliability. Reliability here would be defined as the
system being experimentally sound, yielding precise, accurate, repeat-
able results and with sufficient knowledge of the in vivo relevance of
the dissolution data obtained.

Requirements for dissolution testing have been reviewed in the lit-
erature [2 - 6], Since in vitro dissolution is a physical test, defined by
convention and is of a destructive nature, proving reliability requires

tem design was adopted as first official method in USP XVIIT in
1970, described as the rotating basket (apparatus 1, USP).

The rotating basket and the paddle (apparatus 2, USP) devices
are simple, robust and adequately standardised apparatuses which are
used all around the world and thus are supported by the widest expe-
rience of experimental use. It is because of these advantages that the
paddle and rotating basket apparatuses are recommended in various
guidelines as first choice for the in vitro dissolution testing of imme-
diate as well as controlled/modified-release preparations.

However, because of the “single container” nature of the pad-
dle/basket apparatus experimental difficulties may arise in terms of
the need of a change in pH or of any other (partial) change in the test
medium during an investigation. Furthermore, difficulties arise for a
number of sparingly soluble drugs and for some dosage forms, par-
ticularly aerophilic multiple unit dosage forms that, tend to float ini-
tially. Proposals have been made to increase solubility by addition of
an appropriate amount of surfactant.

With the flow-through cell (apparatus 4, USP) the specimen is
placed in a small column which is continuously flushed with a stream
of fluid, simultaneously providing the medium and the mechanical
agitation for dissolution of the drug substance. It can be run as an
open as well as a closed system. The open system design especially
provides several advantages in some of the difficult cases mentioned
above and was adopted first by the Deutscher Arzneimittelcodex
(German Pharmaceutical Codex, DAC) in 1981.

The flow-through apparatus is currently monographed in USP,
Ph.Eur. and Ph.Jap. Description of the system is concordant world-
wide. The paddle/basket system is described in USP, the European,
the Japanese and many other Pharmacopoeias. Some minor discrep-
ancies are still found in details of the respective monographs. Full

special attention. It therefore is within the scope of these
Guidelines to define suitable testing equipment and
experimental design as well as to suggest the background

Table 1: Dissolution. Paddle and Basket Apparatus, Dimensions [mm] of
the Vessel and the Paddie

for adequate physical and analytical validation, together ~ Item EP I UspP23 5 P Xm Proposal
with verification procedures according to the state of bio- ol (op-B)
. 1 ssel
pharmaceutical science. _ Height 16348  160-175  160-175  160-210
The Guidelines are primarily dedicated to solid oral — Internal diameter 102 +4 98 - 106 98- 106 102 4 4
products. However, the general concepts may be adapt-  pagare
ed to in vitro dissolution testing of drug substances/pow-  Shaft diameter 975+035 94-104  94-101 94-101
. . . . . I
ders, semi-solid oral products, suppositories and, with Blade e
distinet restrictions, to other non-oral products. Upper chord 740+05 74.0-750 74.0-75.0 74.0%05
Lower chord 42041 420+1.0 420 420+ 1.0
A 1T Height 19041 190305 19.0+05 19005
: PP bers of different dissaluic ~ Radius (disk) 415 415510 415 41.5+ 1.0
arge numbers of different dissolution apparatuses  gagius (upper comers) 12 12 12 12
are described in the literature, but only some of them  Thickness 40+1 40+1.0 40+10 40410
withstand critical methodological examination. Positioning of the Stiing device
“Two basic technical principles are applied for in vitro  Distance from the bottom 25 2 25 %2 25 +2 25 +2

dissolution testing: the “stirred beaker
method” and the “flow through procedure.’

Distance between shaft axis
, and vertical axis of the vessel o2 <2 <2 <2

The “stirred beaker method” places the test
specimen and a fixed volume of fluid in a
large vessel, and stirring provides mechanical

Stirring characteristics

Smoothly Smoothly No comment  Smoothly
without without without
significant significant significant
wobble wobble wobble
(20.5 mm)

(hydrodynamic) agitation. This closed sys-
Dissolution Technologies/NOVEMBER 1997




Table 2: Dissolution. Paddle and Basket Apparatus, Dimensions [mm] of the Basket.

Item EP Il UsP23 JP XN Proposal
(Suppl. 5)
Basket (9.75 £0.35) 6.3-6.50r 9.75-0.350r 9.4-101
Shaft diameter 6.4+0.1 9.4-10.1 64101 (corres. to shaft dia.
of the paddle)
Screen
Wire thickness 0.245 0.254 or 0.406 N® 36 sieve 0:25%
Openings 0.381 0.381 or 0.864 0.425 0.400"
Height of screen 27.0t1 27.0+1.0 270+ 1 27.0£1.0
Total height of basket 36.8+3 36.8+3.0 36.8+3 37.0+£3.0
Internal dia. of basket 202+1 20.2+1.0 20211 200+£1.0
External dia. of basket 22 2.4 22.24+1.0 22241 220+1.0
External dia. of ring 254+3 254 +3 254+3 25.0+ 3.0
Vent hole diamenter 2 2 2 20105
Height of coupling disk 5H 0.5 4% 0.5 5.10.40i5 50+ 05
Positioning of the stirring
device
Distance from the bottom 25 1:2 25 .2 25+2 25+ 2
Distance between shaft axis
and vertical axis of the vessel <2 <2 <2 <2
Stirring characteristics Smoothly Smoothly No comment Smoothly
without without without
significant significant significant
wobble wobble wobble
(max. runout (max. runout
+1 mm) at the basis of
the basket
+ 1 mm)

! Test sieve (40 mesh) according to DIN ISO-Norm 3310 (Part 1): 1990 (dimensions relevant for the plain wire cloth)

international  harmonisation  is
strongly recommended as proposed
in Tables 1 and 2.

Another system (apparatus 3) USP
describes the reciprocating cylinder.
With these four apparatuses, dissolu-
tion testing of most oral drug prod-
ucts should be possible on a reason-
able basis. Neither too tight restric-
tions nor unnecessary proliferation of
alternative dissolution apparatuses
should be encouraged. If an individ-
ual drug product cannot be accomo-
dated by one of the apparatuses,
described above, alternative models
or appropriate modifications have to
be developed. However, in such a case
superiority of the alternative or the
modification has to be proven in
comparison to the well established
and standardised apparatuses. In the
past, many papers intended to justify
an alternative model by proving that
in vitro dissolution results
were equivalent or similar
to those obtained with
e.g. the paddle method.
According to the under-
standing  of  these

DissolutionTechnologiessNOVEMBER 1997



FIP Guidelines. . .cont.

Guidelines, the latter provides clear evidence that the paddle method
should he used!

Modification of the apparatus as described in the Pharmacopoeias
or the harmonisation proposals in Tables 1 and 2 can be intended for
automation e.g. of sampling procedure. In such cases, which could
potentially have an influence on agitation characteristics [7], or any
other measure, it should be validated on a product-by-product basis
that results are equivalent with and without the modification.

The pH of the test medium should be set within pI 1 and 6.8. A
higher pH needs to be justified on a case-by-case basis and in gener-
al should not exceed pH 8. For low pH in the acidic range HCI
should be used (0.1N HCl for pH 1). If; in a certain cas, artificial gas-
tric juice without enzymes (pH 1.2) is advantageous, this should be
demonstrated. The use of simulated gastric juice (with pepsin) may be
appropriate for gelatine capsules.

In the pH-range of 4.5 to 8.0 USP buffer solutions are recom-
mended, as summarized in Table 3. A change of pH of dissolution

3. Experimental 'lesting
Conditions

Table 3: Proposed Dissolution Media

Medium
0.1N hydrochloric acid

For all applications, in vitro dissolu-
tion data should at least allow some inter-
pretation with regard to in vivo biophar-

Proposed Composition
3.636 g of HCI, corresponding to 8.3 ml hydrochloric acid 37% (m/m) per
1000 ml of aqueous solution

maceutical performance. In order to  Buffer solution pH 4.5

increase their predictive value, attempts
have been made to adjust in vitro test con-
ditions [8 - 11] as close as possible to
physiologic conditions. Nevertheless, sev-
eral examples demonstrate that such con-
ditions can also lead to misinterpretations

Acetate buffer solution pH 4.5:

2.99 g of sodium acetate trihydrate and 1.66 g of glacial acetic acid are
dissolved in water to 1000 ml

or

Phosphate buffer solution pH 4.5:

13.61 g monobasic potassium phosphate are dissolved in 750 ml of water.
After adjusting the pH to 4.5 with 0.1 N hydrochloric acid or 0.1N sodium
hydroxide, water is added to make 1000 ml

Simulated intestinal fluid
without pancreatin pH 7.5

and are not able to guarantee in vitro
results routinely relevant to the in vivo sit-
uation [12].

250 ml of a solution containing 6.8 g monobasic potassium phosphate
+ 190 ml of 0.2N sodium hydroxide
+ water to make 1000 ml

0.05M phosphate buffer

In general, an aqueous medium solution of pH 5.8 t0 8.0

should be used. Tt is not recommended to

50 volumes of 0.2M moncbasic potassium phosphate solution
+ specified volume of 0.1N sodium hydroxide
+ water to 200 volumes

attempt to strictly mimic the physiologic

gastrointestinal environment (e.g. com- oH 58 60 B2 64 6.6 6.8 0 {2 74 8 78 80
position of gastric or intestinal fluid) but ~ NaOH 36 56 81 116 164 224 291 347 391 424 445 461
(volumes)

to choose the testing conditions as far as
is reasonable, based on the physico-chemical characteristics of drug
substance, within the range which a drug or dosage form could expe-
rience after oral administration. These following ranges were estab-
lished based on several conferences and recommendations [e. g. 13 -
15]. There might be specific products for which no dissolution test
can be established without exceeding the recommended ranges of test-
ing conditions. In these cases, it should be clearly demonstrated that
dissolution results obtained with other, more extreme testing condi-
tions (e.g. pH > 8.0) allow for appropriate biopharmaceutical inter-
pretation.

For basket/paddle methods the volume should be 500 to 1000 ml.
900 ml had been introduced historically; 1000 ml should be easier to
handle in a metric system, this volume being practicable with all
equipment commercially available today. 1000 ml therefore should be
considered for new drug products or in case of a revision of existing
test procedures. This recommendation does not mean that 1000 ml
should be adopted to all existing test procedures and specifications.

Although larger vessels, such as up to 4,000 ml, could be
advantageous for poorly soluble drugs, they are not
described in compendia, and thus are not as well stan-
dardised and therefore should be regarded as modification
of a compendial method (see section 2.)
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medium during the test or a pH gradient may be appropriate for gas-
troresistent formulations and products for which dissolution testing
at one pH-level or at different pH-levels in parallel does not give bio-
pharmaceutically relevant results.

The use of water as dissolution medium bears the disadvantage
that test condition details, such as pH and surface tension, can vary
depending on the source of water and may be changed during the
dissolution test itself, due to the influence of the drug product and to
the (re)absorption of carbon dioxide from air. Water therefore is
recommended as dissolution medium only when it is proven, that the
variations mentioned do not have influence on the dissolution char-
acteristics,

Further additives e.g. enzymes, salts or surfactants, could be con-
sidered in specific cases. Their use should be justified as regards
nature and concentration of additive [16]. Addition of organic sol-
vents should be avoided.

Agitation typically should be obtained in the basket/paddle appa-
ratus by stirring at 50 to 100 rpm and in general should not exceed 150
rpm. Although maximum discriminatory power should be obtained
with lowest stirring rate, in many cases experience with 75 rpm was
felt to represent a reliable agitation for paddle equipment [17].

Regarding media temperature, 37 = 0.5°C should generally be




used for oral dosage forms. Slightly increased test temperatures (e.g.
(e.g.38 £ 0.5°C) are under consideration for special applications e.g.
for rectal dosage forms, lower temperatures (e.g. 32 = 0.5°C) for
transdermal systems.

Relevant parameters to be considered for the definition of test
conditions are solubility and deaeration. In former Guidelines [1],
“sink” conditions were requested. “Sink” was defined in different
ways e.g. as 10 to 20% [1] or approximately 30% [18] of solubility
concentration to assure that dissolution is not significantly influenced
by solubility characteristics. Since “sink” conditions per se do
not guarantee in vivo-in vitro associations and since reliable and pre-
dictive in vitro profiles in certain cases can be obtained by violating
“sink” conditions, solubility and drug substance concentrations
during the test should be matter of verification studies to demonstrate
that a chosen in vitro test method yields biopharmaceutically
relevant results.

Case-by-case validation is also required regarding deaeration since
some formulations will be sensitive whereas others are robust in this
concern, thus making deaeration unnecessary. The deaeration
method has to be clearly characterised, since the method chosen can
have impact on dissolution profiles [19]. It is noted that the flow rate
in the flow-through cell (open circuit) is particularly sensitive to the
presence of air in the medium.

Ph.Jap. is currently the only Pharmacopoeia that requires a spe-
cific (very solid) sinker device for all capsule formulations. USP rec-
ommends a few turns of wire helix when specimen tend to float.
EFPIA harmonisation proposal suggests a similar one. Sinkers can
significantly influence the in vitro dissolution profile of a drug [20].
Since they are used especially with formulations causing problems
during test performance, e.g. flotation, they will alter the dissolution
profile, so that other recommendations [18] are not applicable.

The use of sinkers therefore has to be part of case-by-case disso-
lution validation as well as of in vitro-in vivo comparison studies. Any
strict requirement on use of sinkers or specific sinker types lacks sci-
entific justification,

4. Qualification and Validation

Due to the nature of the test method, quality by design is an
important qualification aspect for in vitro dissolution test equipment.
Besides the geometrical and dimensional accuracy and precision as
described and commented in section 2 (including Tables 1 and 2), any
irregularities such as vibration or undesired agitation by mechanical
imperfection are to be avoided.

Besides the specification of the apparatus, qualification of dissolu-
tion equipment has to consider critical parameters, e.g. temperature
of test medium, rotation speed/flow rate, volume, sampling
probes and procedures, to be monitored periodically during the
periods of use.

Apparatus suitability test is a further important aspect of qualifica-
tion and validation. The use of USP calibrator tablets (disintegrating
as well as non-disintegrating) has been controversial for some time.
However, it is the only standardised approach and has been helpful to

identify system or operator failures. Since some individual drug prod-
ucts might reveal similar or even higher sensitivity against technical
variance in comparison to USP calibrator tablets, “in-house” stan-
dards are judged acceptable as additional, or, if validated, equivalent
for calibrator tablets.

The suitability test has to cover each individual apparatus. Paddle
and basket equipment, as well as 12 mm and 22.6 mm flow-through
cells have to be qualified, unless only paddle or basket, or in the case
of flow-through cells only small o large cell is used in one specific
piece of equipment. The system suitability test of USP Apparatus
must be performed with both a multiparticulate and a monoparticu-
late standard formulation. A system suitability test for flow-through
cells has just been established and will be soon published [22].

Apparatus suitability tests are recommended to be performed not
less than twice per year per equipment and after any equipment
change, significant repair or movement. However, a switching
between paddle and basket, when the apparatus has been calibrated
for both, should not require recalibration.

Additional validation aspects are precise product related operation
instructions (e.g. deaeration procedure). Dissolution results may be
influenced by the physical behaviour of the specimen such as floating,
adherence to the walls, etc. Thus, critical inspection and observation
of test performance during the test procedure is required. This
approach is especially important to explain any “out-lying” results
and it clearly limits the extent of automation for a number of drug
formulations.

Validation of automated systems, either concerning the sampling
and analytical part or also including media preparation and test per-
formance, has to consider accuracy, precision and avoid contamina-
tion by any dilutions, transfers, cleaning or sample or solvent prepa-
ration procedures. There should be proof that there is no interfer-
ence. This shall be evidence of no significant differences between
data obtained with the manual dissolution equipment (see section 2)
and the automated system, including manipulations such as perma-
nent sampling probes, additional valves, hollow shafts, etc. Since sen-
sitivity to such modification may be formulation related, qualification
and validation of automated dissolution equipment and testing has to
be established on a case-by-case basis.

Validation of the analytical procedures applied in dissolution test-
ing, either automated or conventional, has to comply with
“Validation of Analytical Procedures” (ICH) and “Validation of
Compendial Methods™ (<1225, USP). Validation aspects thus are
accuracy, precision (repeatability, reproducibility), specificity, lineari-
ty, range. Special care has to be taken regarding stability of the drug
in test medium and sample solutions, since the test procedure often
includes exposure to hydrolytic media at 37°C over significant
time spans.

5. Formulation Characterisation

During development of the drug formulation, as a
basis for any in vitro-in vivo comparison study as well as
for the final choice of test conditions for quality control
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purposes, the respective dosage form has to be thoroughly charac-
terised in vitro with respect to its biopharmaceutical performance.
Special attention has to be paid to controlled/modified-release prepa-
rations, since sufficient information has to be gained about how much
the dosage form itself, rather than variations in test conditions, “con-
trol” the rate of drug release.

Therefore, extensive dissolution tests are necessary to understand
the delivery system and to have a rationale for the design of e.g. an in
vitro-in vivo comparison study. The in vitro test profile will prefer-
ably consist of numerous individual dissolution tests under many dif-
ferent test conditions, involving the pH of test media and agitation
within the ranges given in section 3. Variation of ionic strength, sur-
factants, enzymes or apparatus should be evaluated, if an influence on
dissolution is expected for the individual formulation.

For formulation characterisation, dissolution tests should be per-
formed under the different test conditions until actual dissolution
(e.g. mean of six specimen) exceeds 80% of labelled amount. When,
even with test prolongation, results remain significantly below 80%
and solubility is not the limiting parameter, recovery control should
be performed to prevent misinterpretation of dissolution data.

Most in vitro characteristics can be related to physiological para-
meters, such as pH-profile of test media (gastric and intestinal pH),
stirring or flow rate (gastrointestinal motility, shearing forces), addi-
tion of lipids, enzymes, surfactants (to simulate the physiological envi-
ronment). Thus, the information from formulation characterisation
in vitro can be used later as a tool to demonstrate the reliability of an
in vitro-in vivo comparison, based on a distinct in vitro model, as well
as for interpretation of all those examples where no or only a poor
correlation of in vitro and in vivo data can be achieved. However, it is
obvious that a meaningful in vitro-in vivo comparison (see section 6)
is the more probable, the less affected in vitro dissolution of a given
drug formulation is by changes in the environmental test conditions.

6. In vitro-in vivo Comparison

An in vitro test system for a given drug formulation serves as the
tool as which it is designated only, if it can distinguish between
“good™ and “bad” batches. “Good” here means “of acceptable and
reproducible biopharmaceutical performance in vivo™. Thus in vivo
relevance of an in vitro test system is sought. The purpose of in vitro-
in vivo comparison studies in this sense is the scientific verification of
the in vitro test system and the respective specification limits for a
given drug formulation.

Regarding extended-release dosage forms the USP [18] has cate-
gorised correlative methods, harmonised in a wide international con-
sensus, as correlation level A (1:1 relationship between in vitro and in
vivo dissolution, calculated by numerical deconvolution [23, 24,
according to Wagner-Nelson method [25] or to Loo-Riegelmann

method [26]), correlation level B (statistical moment
analysis [27, 28]) and correlation level C (single-point cor-
relation of a dissolution time vs. a pharmacokinetic para-
meter). Depending on the correlation level finally
obtained, in vitro dissolution properties will he decisive

Dissotution Technologies/NOVEMBER 1997

for the necessity of how many batches should be included for a cor-
relation study, e.g. for establishment of in vitro dissolution specifica-
tion limits. According to recent recommendations, one single batch
may be sufficient for a scientifically and formally acceptable correla-
tion [15, 18], only in case of a correlation level A and a product with
a drug release, completely independent from environmental condi-
tions, which then is represented by only one dissolution curve.
Sciennific and pragmatic approaches for level A correlations have
been proposed [29]. In case of a level A correlation, manufacturing
site changes, process and equipment changes, minor formulation
modifications, scale-up considerations and specification of dissolu-
tion limits can be based and justified without further in vivo-studies.

In all other cases at least two or three different batches have to be
used, offering differences in their biopharmaceutical properties, suf-
ficient for correlation purposes. Nevertheless, these differences have
to be ‘effected” by only small modifications of manufacturing vari-
ables within the ranges of the given process. In cases where differ-
ences cannot be achieved by these variations of the production
process, major changes will be required to obtain samples for in
vitra-in vivo comparison. However, any correlation received for dif-
ferent formulations bears the risk of being somewhat arbitrary. A
final evaluation of type and influence of the changes in the manufac-
turing processes requires thorough in vitro dissolution tests (‘hio-
pharmaceutical profile’; see section 5) prior to an administration to
human volunteers in a clinical study.

Concerning modified-release products there is international consen-
sus that levels A to C, with a quality ranking A > B > C, are accept-
able for correlation e.g. for specifications of dissolution limits. A

Table 4: Possible reasons for poor in vivo-in vitro correlations

Fundamentals
* in vivo dissolution is not the rate limiting step for drug absorption
* no in vitro test is able to model in vivo dissolution

Study design
* inappropriate in vitro test conditions
* inappropriate in vivo test conditions

Dosage form
* drug release not controlled by the dosage form
¢ drug release strongly affected by intestinal transport kinetics

Drug substance
» non-inear pharmacokinetics (e.g. saturable first pass effect), absorption
window, chemical degradation in the gastrointestinal tract
* absorption of undissolved particles
* |arge intraindividual variability

number of different reasons (see Table 4) could be responsible for
“poor” or no correlation.

Even with highly sophisticated techniques it is often difficult to
obtain meaningful in vitro-in vivo comparisons, especially for bio-
pharmaceutically very similar (bioequivalent?) products, such as
batches of one drug formulation, representing the upper and the
lower dissolution limits.



Recently, proposals have been
made [30] which in vitro-in vivo
comparison results scientifically
and formally could suffice as veri-
fication of dissolution specification
of  controlled/modified-release
products. In case of a significant
quantitative correlation, dissolu-
tion limits can be derived by inter-
polation, when batches outside the
specified biopharmaceutical range
are tested for in vitro-in vivo com-
parison. Then, at least three
batches should be tested in vitro
and in vivo. A qualitative, 1. e.
rank-order correlation verifies
ranges, when at least three batches
are tested in vivo and in vitro and
the dissolution data of two of the
experimentally investigated batch-
es are concluded bioequivalent
and their dissolution characteris-
tics are specified as upper and
lower dissolution limits (Fig. 1).

Where no  correlation is
obtained from an in vitro-in vivo
comparison study, an alternative
approach (Fig. 2) could consist of
demonstrating bioequivalence of
the proposed formulation to for-
mulations with dissolution profiles
at the upper and lower limits of
the specification [13].

The number of volunteers to
be included in such comparative
bioavailability studies or in an in
vitro-in vivo comparison study is
to be defined on a case-by-case
basis but in general should not be
less than twelve,

The batch size of a formulation
for in vitro-in vivo comparison
studies need not be of full produc-
tion scale. Parameters for manu-
facture of these batches, especially
of formulations representing the
intended dissolution limits, should
be defined from process validation

studies according to the expected maximum variability of process

parameters (“side batches”).

Concerning immediate/conventional-release dosage forms a suit-
able design for an in vitro-in vivo comparison study could consist of a
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two-way crossover between an
oral solution and a formulation
representing the (lower) specified
dissolution limit. (Fig. 3).

7. Dissolution Limits

The purpose of specifying dis-
solution limits 1s to ensure batch-
to-batch consistency within a
range which guarantees acceptable
biopharmaceutical performance in
vivo. Limits therefore have to be
defined based on experience
gained during the drug develop-
ment stage especially regarding
clinical development and/or bioe-
quivalence studies. In most cases
deduction of limits requires thor-
ough in vitro-in vivo comparison
studies as described in section 6.

For immediate/conventional-
release formulations typically one
limit is specified to ensure that
most of the active ingredient is
released within the present time
period. Regarding the deduction
of limits, different procedures are
recommended, depending on the
individual dissolution characters-
tics. However, it is clearly stated,
that the following categorisation
only concerns the specification
verification process. It does not
qualify or disqualify drug formula-
tions with dissolution properties,
characterised by a specified time of
> 15 minutes.

In case of very fast drug release,
single point dissolution data during
the development period and a sin-
gle point specification, consisting
of a parameter quantitating the
extent and a parameter to define
the time, are judged sufficient. A
formulation is in this concern
understood as very fast releasing,
when at least 80% of the drug sub-
stance, corresponding

to “Q” = 75% (see Table 5 a in section 8), is dissolved in

about 20 - 30 minutes (including any lag times due to dis-

solution of a tablet coating or capsules) under reasonable
and justified test conditions. In this case dissolution limits
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can be defined based on in vitro data, obtained during drug develop-

ment without an in vitro-in vivo comparison study.

Although in vitro- and in vivo-time axes need not be related in a
1:1 ratio, the suggested dissolution time window corresponds to typ-

ical gastric emptying times [31-33].

24 howurs.

an in vitro-in vivo comparison study and should at least cover

The acceptance range for the dissolution pattern at the time
intervals specified should be defined case-by-case on the basis of the

in vitro-in vivo comparison study and taking into consideration the

Immediate/convention-
al-release formulations with
a specified dissolution time

of more than 30 minutes will ~ Stage  Number Tested
require an in vitro-in vivo S 6
comparison study and disso- Sy 6
lution profiles with several

) 12

(e. g. 3) points, obtained
during  development, to
specify single point limits.
Formulations with a speci- Stage Number Tested
fied dissolution time of > 43 I 6
minutes may require two
specified dissolution times
for quality control purposes.

Gastro-resistant ~ drug
products should be treated
like immediate-release prod-
ucts for the purpose of spec- Ly 12
ifying limits for the second
dissolution test period, fol-
lowing the initial acidic test
phase.

For modified-release for-
mulations (except delayed-
release) dissolution require-

Ly 6

ments should consist of at  Acidic stage

least three points. The first  stage  Number Tested
limit is specified to prevent Ay 6
“dose dumping” and there- A, 6

fore should be set after a
testing interval of one to two

; Ay 12
hours or corresponding to a
dissolved amount of 20 -
30% of labelled drug sub-  Buffer stage

stance. The second limit Stage Number Tested
should define the dissolution B, 6
pattern and thus be set B, 6
around 50% release  of
labelled drug substance. The
final limit is specificated to

By 12

Table 5: Aceceptance Tables According to USP 23 <711> <724 >
5a: Immediate/conventional-Release Drug Products

Acceptance Criteria
Each unit is not less than Q + 5%

Average of 12 units (S, + S,) is equal to or greater than Q,
and no unit is less than Q - 15 %
Average of 24 units (S; + S, + S3) is equal to or greater

than Q, not more than 2 units are less than Q - 15 %,
and no unit is less than Q - 25 %

5b: Modified (Extended-Release) Drug Products

Acceptance Criteria

No individual value lies outside each of the stated ranges
and no individual value is less than the stated amount at
the final test time

The average value of the 12 units (L, + L) lies within
each of the stated ranges and is not less than the stated
amount at the final test time; none is more than 10 % of
labelled content outside each of the stated ranges; and
nene is more than 10 % of labelled content below the
stated amount at the final test time

The average value of the 24 units (L; + L, + L3) lies within
each of the stated ranges, and is not less than the stated
amount at the final test time; not more than 2 of the 24
units are more than 10 % of labelled content outside each of
the stated ranges; not more than 2 of the 24 units are more
than 10 % of labelled content below the stated amount at the
final test time; and none of the units is more than 20 % of
labelled content outside each of the stated ranges or more
than 20 % of labelled content below the stated amount the
final test time

5c: Gastro Resistant (Delayed-Release) Drug Products

Acceptance Criteria
No individual value exceeds 10 % dissolved

Average of 12 units (A, + A;) is not more than 10 %
dissolved, and no individual unit is greater than 25 %
dissolved

Average of the 24 units (A, + A, + Ag) is not more
than 10% dissolved, and no individual unit is greater
than 25 % dissolved

Acceptance Criteria
Each unit is not less than Q + 5%

Average of 12 units (B, + B, is equal to or greater than
Q, and no unit is less than Q - 15 %

Average of the units (B, + B, + Ba) is equal to or greater
than Q, not more than 5 units are less than Q - 15 %,
and no unit is less than Q - 25 %

ensure (almost) quantitative

drug release, which is generally understood as 280%. The
dissolution run in quality control therefore should be
extended for the time interval until at least 80% of drug
substance is dissolved. Shorter test intervals can be accept-
able in special cases but require justification on the basis of

DissolutionTechnologies/NOVEMBER 1997

capability of the manufac-
turing process and the com-
monly accepted range of 95
to 105% of stated amount
for the average content of
drug substance. Where
both upper and lower limits
are specified at any time
point, the  difference
between them should usual-
ly not exceed 20% of the
labelled content of drug
substance in the formula-
tion unless limits have been
shown to provide repro-
ducible and acceptable in
vivo performance [13].

8. Interpretation,
Acceptance Criteria

Dissolution test specifi-
cations should include the
definition of limits, the
number of units to be
examined and respective
acceptance criteria. The
procedure of data interpre-
tation should be har-
monised  internationally,
the existing compendial
requirements should be
uniform.

As pharmacopoeial
approaches are still not fully
harmonised it is recom-
mended to follow the accep-
tance criteria in accordance
with USP for immediate/
conventional-release prod-
ucts, modified-release
(extended-release) products
and gastro-resistant

(delayed-release) products (Table 5). The approach with a maximum
of three stages and individual units tested for deviation from stated
ranges corresponds well to requirements for content uniformity.
Although there is preference in common practice in pharmaceutical
industries to decide upon batch release not later than stage 2, the three



step approach is the best solution for formal specifications, especially
when referring to end-of-shelf life specification. Reference to labelled
content does not apply for products with intentional different content
at time of manufacturing, such as in cases of stability overage.

9. Special Applications

A specific value of dissolution testing is recognized in its applica-
tions in scale-up and manufacturing changes for immediate/conven-
tional-release  and  modified-release  oral  products.  The
AAPS/FDA/USP Scale-up workshops 34, 35] recommend certain
types and ranges of changes for which the sameness of in vivo prod-
uct performance is assumed, based on in vitro dissolution data. In
addition, the Scale-Up and Post-Approval Change (SUPAC) docu-
ment of FDA [36] defines the level of changes with respect to com-
ponents and composition,

[45]. Special tests have also been suggested for consideration of spe-
cific situations, such as achlorhydric elderly patients [46].

10. Conclusions

In many international discussions, mainly over the years 1988 to
1993, consensus was reached on some essential aspects, to which
these Guidelines refer. On the other hand, many aspects have either
not vet been sufficiently explored or have not been harmonised. In
these cases, e.g. more precise specifications of dissolution media and
proposals for in vitro-in vivo comparison approaches and verification
of specifications for immediate/conventional-release, delayed-release
and modified-release preparations, the revised Guidelines will pro-
vide contributions for reasonable standardization, while acknowledg-
ing that for a number of drugs e.g. with special physico-chemical or
pharmacokinetic proper-

site of manufacturing, the
scale of manufacturing, and

Table B: Dissolution media that may reflect gastric conditions [fasted:
SGF] and conditions in small intestine [fasted: FaSSIF; fed: FeSSIF)

ties, case-by case develop-
ment is required.

process and equipment These  Guidelines
changes in manufacturing gglfo.m 0.05N }F(?_I%SLFO 4 0,029 M should be helpful and
for an immediate-release  sodium lauryl sulfate 2.5 G NaOH a.5 pH 6.8 applicable for all involved
oral formulation.  Sodium Chloride 206G NaTaurocholate 5mM in in vitro dissolution test-
Depending on the level of ~ Distiled Water e 4000 ) 'P‘(eccl'm'” o ing. However, there was
change, different levels of Distilled Water g.5. 1000 mi special emphasis on pro-
dissolution testing are rec- viding reliable guidance
ommended to assure con- igiﬁtlfaci d 0:144 M for industrial research and
tinuing product quality and NaOH 4.5. pH 5 development, process vali-
performance  characteris- NaTaurocholate 15mM dation and quality control,
tics. Respectively, the docu- ;%‘i'th'” STQMM making the Guidelines
mentation needed to assure Distilled Water a.s. 1000 ml especially applicable for

the product performance

industry, drug authorities

varies, depending on thera-
peutic range, solubility and permeability factors of the drug. For
changes greater than the acceptable values in the scale-up workshop
report, additional dissolution profile determinations in several media
are recommended for immediate-release products.

For major changes, that are likely to have a significant impact on
formulation quality and performance, an in vivo bioequivalence study
is recommended in addition to extensive dissolution profile testing.
For manufacturing site change, scale-up, equipment changes and
minor process changes dissolution testing is deemed sufficient to
assure product quality and performance.

In vitro dissolution tests have also been used to try to simulate
food-effects on bioavailability. So far, these different attempts [37 -
43] have had extremely limited success in prediction [44]. Assuming
that gastro-intestinal transit times are significantly contributing to
potential food-effects on bioavailability, the value of an in vitro model
for food-effects will be limited to an evaluation whether direct drug-
food-interaction could be of relevance for the observed changes in
bioavailability in the in vivo study.

Test media that may reflect gastric conditions (fasted) and intesti-
nal conditions (fasted/fed) and thus may give additional information
for research and development purpose are summarised in Table 6

and control laboratories
but also for universities, hospitals, pharmacies or others, when
involved in (bio)pharmaceutical quality evaluation.

In general these Guidelines should be understood as recommenda-
tions based on scientific knowledge and experience. They should be
helpful in the dialogue with drug regulatory authorities. However they
are not intended to represent any official requirements in this field.
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