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Abstract

The development of in vitro dissolution tests using the paddle and basket apparatus is described with respect to the qualificatic
validation of the testing procedure. Three examples of immediate release products containing phenoxymethylpenicillin potassium, glim
piride, and levofloxacin providing different solubility characteristics are evaluated. The solubility was high in the case of phenoxymethyl
penicillin potassium and levofloxacin and low for glimepiride according to the biopharmaceutics classification system. The permeability i
studied using the human colorectal carcinoma cell line CaCo-2. The permeabiliticifi8) of phenoxymethylpenicillin potassium,
glimepiride, and levofloxacin was high. The determined permeability data are confirmed by absorption data obtained by means of numeri
deconvolution of plasma concentrations. Recommendations are given for the biopharmaceutical characterization of the three immedi
release drug products, taking into account in vitro and in vivo comparison as well as the biopharmaceutics drug classification system. T
evaluated acceptance criteria are the following: phenoxymethylpenicillin potassium (80% in 30 min), glimepiride (80% in 15 min) anc
levofloxacin (80% in 30 min). Typically, for inmediate release formulations, one limit is specified for the dissolution to ensure the releas
of the active ingredient within the present time period. Since phenoxymethylpenicillin potassium and levofloxacin belong to Case 1, no |
vitro/in vivo correlation is expected, absorption may be gastric emptying dependent. Glimepiride is categorized to Case 2. Nevertheless
correlation with the in vivo dissolution profile does not exist, because of the pH-dependent low solubility of the drug. Finally, recom-
mendations are made for the batch control of drug products in accordance with the four[CA988 Elsevier Science B.V. All rights
reserved

Keywords:Biopharmaceutical characterization; Oral immediate release drug products; Dissolution; Solubility; Permeability; Glimepiride;
Levofloxacin; Phenoxymethylpenicillin potassium; In vivo studies

1. Development of dissolution tests obtained with the compendial devices are not satisfactory.

In developing a dissolution test for an immediate release

The four dissolution test apparatus of Ph.Eur.2 and USP (IR) [1,2] drug product, whether for research, quality con-

23, namely basket and paddle apparatus, Bio-Dis Il appara-trol or regulatory purposes, it is important to recognize
tus and the flow-through cell, either alone, or in combina- aspects such as the precision of the test procedure (guaran-
tion, serve as adequate tools to characterize the majority ofteed by qualification and validation of the apparatus or pro-
oral drug products. Alternative dissolution devices should cedure), the appropriate testing conditions (choice of
not be used unless it is demonstrated that the resultsdissolution medium and agitation) and sink conditions [3].

In certain cases, biopharmaceutically relevant results can be
* Corresponding author. Tel.: +49 69 3055424; fax: +49 69 30583467. Obtained by violating sink conditions [4].
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1.1. Qualification and validation of dissolution tests tests are required. The appropriate type of sinker has to be
described in detail within the qualification document.
Qualification aspects of dissolution test apparatus are sum-
marized in Table 1. With respect to identical dimensions for 1.2. Dissolution media and agitation
the apparatus described in Ph.Eur.2, USP 23 and Ph.J.12,
progress is already being made in the international harmoni- As recommended in the FIP-Guidelines [4], the use of
sation procedures [4—6]. Therefore, almost comparable water as a dissolution medium has the disadvantage that
monographs now exist. The specification of apparatus recom-test condition details, such as pH and surface tension, can
mendations for the critical test characteristics have also vary depending on the source of water and may be changed
already been discussed with respect to the tolerances of tem-during the dissolution test itself due to the influence of the
perature (37C + 0.5), volume £1%) and pH £0.05) of dis- drug products and the absorption of carbon dioxide from air.
solution media. It has been proposed that the speed of stirringTherefore, dissolution media with a pH range from 1 to 6.8
devices for paddle and basket be within the tolerane= &8, are recommended [4].
the flow rate for the flow-cell withit5% and<2% for each A higher pH needs to be justified on a case-by-case basis
sampling interval. No detailed description of the filter to be and, in general, should not exceed pH 8. The use of surfac-
used is available; it may be of use to include a note to the tants and enzymes could be considered in specific cases.
effect that the use of an inertfilter of suitable pore size should  Agitation by stirring at 50 to 100 rpm, but, in general,
be defined within the qualification/validation document. not exceeding 150 rpm, is an important part of justifica-
The equipment used for dissolution testing has to be tion of the appropriate testing conditions using the paddle
calibrated taking into consideration the specification for and basket methods. The speed of 75 rpm is seen as a
geometry and alignment of the dissolution apparatus. Cali- reliable agitation speed for the paddle method. For the
bration of equipment using USP calibrators or in-house flow-cell, flow rates should be set to between 8 and 50
calibrators is recommended [4] but not sufficient to calibrate ml/min.
apparatus dimensions.
Based on practical experience, the purpose of this test is1.3. How to develop dissolution testing
not to check the correct geometry and alignment of the
apparatus. In many cases, the value of the high workload During development of a drug product, the final choice of
of testing the apparatus suitability by dissolution calibrators testing conditions and acceptance criteria has to be based on
is questionable, so long as the geometry and adjustment ofin vivo-in vitro comparison after evaluating whether the
equipment are well controlled. The USP tablets, described rate-limiting step for absorption is dissolution or permeation
as dissolution calibrators, may be of great importance for across the intestinal wall. This information is available after
collaboration studies, comparing dissolution data generatedpharmacokinetic studies including bioavailability and infor-
in different laboratories, which could be subject to different mation on dose-linearity.
testing conditions e.g. deaeration, vibration, wobble and test Besides these results which are available after phase |

performance by the operator. clinical trials, several other aspects are of great importance,
The validation of analytical procedures is performed in such as the description of the drug product (dosage form),
accordance with current ICH recommendations [7]. composition and manufacturing as well as physical and

Appropriate testing conditions include the deaeration chemical characteristics of the drug product, in vivo perfor-
procedure of the dissolution media and the use of sinkers. mance considering pharmacokinetics, in vivo/in vitro com-
Dissolution results may be influenced by the physical beha- parison, definition of the task of dissolution testing (i.e.
viour of the specimen such as floating, adherence to the wall quality control, prediction of drug absorption), and setting
etc. Thus, critical inspection and observation during the specifications to be used worldwide.

As long as in vivo data are not available, preliminary

testing conditions have to be defined taking into account

Table 1 the type of dosage from, for example uncoated tablets,
film-coated tablets, hard gelatin and soft gelatin capsules.

Qualification of dissolution test apparatus Composition and the manufacturing process play an impor-

1. Check the dimensions of the apparatus in accordance with the tant part in the dissolution testing of oral solid dosage forms

compendial monograph [3]. The main physical and chemical characteristics of the
2. Control the position and speed of the stirring device (paddle and drug substance which affect dissolution are solubility, par-
3 gsnktfé)l the flow rate (flow-through apparatus) tic_le size d_istribution and _crystalli_n?ty, which are deter—
4. Control the temperature, volume and pH of the dissolution mined during preformulation activities. Based on this

medium preliminary information, without knowledge of any in
5. Define the sampling device vivo data, preliminary testing conditions are elaborated tak-
6 Guarantee a tolerance for the testing time ing into consideration the state of the art for dissolution
7. Calibrate the apparatus using appropriate calibrators

testing. In general, the aim is to set preliminary acceptance
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Table 2

Biopharmaceutical concept for oral immediate release products

Physical and Chemical Characteristics of the Drug Substance: Solubility, Permeability

Case Solubility Permeability Absorption In vitro in vivo correlation (IVIVC) expectations [9]

1 High High Gastric emptying controlled IVIVC is expected if dissolution rate is slower than gastric emptying
rate, otherwise limited or no correlation

2 Low High Dissolution controlled IVIVC is expected if in vitro dissolution rate is similar to in vivo
dissolution rate, unless dose is very high

3 High Low Dissolution independent Absorption (permeability) is rate determining; limited or no IVIVC
with dissolution rate

4 Low Low Case-by-case evaluation Limited or no IVIVC is expected

criteria for oral immediate release drug products, for 2.1. Solubility
example,275% (Q) after 30 min. A definition of ‘Q’ is
provided by USP 23 [2]. This preliminary biopharmaceuti- Phenoxymethylpenicillin potassium is a freely soluble
cal concept has to be re-evaluated by in vivo data obtained(pH-independent) drug substaned Q0 mg/ml water). Gli-
from phase | studies. In principle, it is of great importance mepiride is a drug with low, pH-dependent solubility. In
that the composition and the concept of the manufacturing acidic and neutral aqueous media, glimepiride exhibits
process should mostly remain unchanged during phase Ivery poor solubility at 37C (<0.004 mg/ml). In media of
trials. pH > 7, the solubility of the drug substance is slightly
increased (pH 7.8, 0.02 mg/ml). Levofloxacin is a drug
with pH-dependent solubility in a range of about 30—300
2. The impact of solubility and permeability on mg/ml within the range of pH 1-pH 8 (Fig. 1). There is
absorption almost no change in solubility from pH 2-5 (200 mg/ml).

Solubility and permeability are the fundamental para- 2.2. Permeability
meters controlling the rate and extent of drug absorption
[8]. Drug substances should be categorized worldwide A confluent monolayer of an adenocarcinoma cell line
into four biopharmaceutic drug classes based on solubi- (CaCo-2) [11] which demonstrates a well differentiated
lity and permeability characteristics, namely the biophar- enterocyte-like phenotype was used to determine the gastro-
maceutics classification system (BCS) [9,10]. This intestinal permeation of the three compounds with different
system supports the definition of the role of in vitro physico-chemical properties. Materials, cell culture, trans-
dissolution testing (Table 2). Correlations or non-corre- port studies, assessment of CaCo-2 cell monolayer integrity,
lations with the in vivo process may be explained by methods, applications of the cell model, data treatment and
evaluation of these parameters of a drug product (Table calculation are as described by Frick [12]. The successful
2). prediction of oral absorption could be used as an integral
In the following, phenoxymethylpenicillin potassium, part of drug development. Permeability values,gPfor
glimepiride, and levofloxacin immediate release drug pro- glimepiride, phenoxymethylpenicillin potassium and levo-
ducts are described, taking into consideration the biophar-floxacin examined in this study using CaCo-2 cell mono-
maceutics classification system. layers ranged between 23910°° cm/s for phenoxy-

Table 3

Molecular weights (Mw), logarithms of partition coefficients (log P; octanol-water pH 7.4), absorption in humans and concentrations and permeabili
coefficients (By) of drug substances generated in CaCo-2 cell monolayers

Drug substance Mw Log P Absorption Conc. (mM) ap % 10" %cm/s)
Glimepiride 491 1.8 [17] Almost complete (Fig. 2) 0.02 288.3
Absolute bioavailability 0.1 32.2 6.3
mean: 30.4
Levofloxacin 361 -0.4 [17] Almost complete (Fig. 4) 0.01 28#41.8
Absolute bioavailability 1 25.6 6.3
mean: 27.0
Phenoxymethylpenicillin potassium 389 -1.7 [18] Almost complete (Fig. 1) 0.01 2391.2
Relative bioavailability 1 27.69.1
mean: 25.8

Mannitol 182 -3.1[19] <20% [19] 0.009 1.9 0.3
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Fig. 1. Solubility of levofloxacin at 2TC. Fig. 3. In vitro and in vivo dissolution of glimepiride tablets. In vivo

- . _ . absorption of glimepiride oral solution.
methylpenicillin potassium and 32010 cm/s for glime- P gimep

piride (Table 3). The individual permeability values

obtained from this CaCo-2 study were as follows: glimepir-  In contrast, the log P values of 1.8 for glimepiridd.,.7
ide Py 30.4 % 107° cm/s, phenoxymethylpenicillin potas-  for phenoxymethylpenicillin potassium, ar@.4 for levo-
sium PRy, 25.8% 107° cm/s, and levofloxacin 3, 27.0 x floxacin (Table 3) do not reflect the comparable absorption
107% cm/s (Table 3). behaviour of the three compounds, leading to the assump-

The measured permeability of glimepiride, levofloxacin tion that log P values are not as predictable gs\Rlues of
and phenoxymethylpenicillin potassium was much greater phenoxymethylpenicillin potassium, glimepiride, and levo-
than mannitol, a passively transported compound (Table 3). floxacin.
Within the tested concentration range (Table 3), this result It has already been demonstrated by Walter et al. [14] that
indicates that the compounds are passively transporteddrug permeabilities across CaCo-2 cell monolayer correlate
across the CaCo-2 monolayer. Phenoxymethylpenicillin with the fraction dose absorbed in humans. A good correla-
potassium, glimepiride, and levofloxacin are almost com- tion was attained by separating the range of passively
pletely absorbed in humans (Figs. 2, 3 and 4) after oral absorbed drugs into three groups (i) of well absorbed
administration. Less absorbed drugs such as mannitol (low drugs, (ii) drugs that are 40—70% absorbed and (iii) poorly
permeability hydrophilic marker molecule) [12] with poor absorbed drugs. The biopharmaceutics classification system
absorption of< 20% had permeability values1.69x 10°° could be useful for the classification of drug permeability
cm/s (Table 3). A steep increase in compound absorption values obtained from the CaCo-2 cell model [14]. Further
reflects the switch from mainly paracellular to transcellular investigations are necessary for setting permeability bound-
transport pathways [13]. aries to specify high and low permeability and absorption

Starting out from the B,values, the present study shows characteristics, respectively. Within the relationship of in
that the three compounds involved might have no problems vitro permeabilities across CaCo-2 cell monolayer and per-
in absorption behaviour in vivo which could be confirmed centage absorption in humans, further investigations are just
by the human in vivo studies (Figs. 2, 3 and 4) as well as by now being performed [12] to explicitly characterizg,P
Frick [12]. values which classify boundaries within the CaCo-2 perme-
abilities which belong to high and low permeability in
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Fig. 2. In vitro dissolution and in vivo dissolution/adsorption of phenox-
ymethylpenicillin potassium tablets. F

g. 4. In vitro dissolution and in vivo absorption of levofloxacin tablets.
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humans according to the biopharmaceutics classificationsolute bioavailability should be expected to be compar-
system (Table 2). able, anyhow it is an immediate release solid oral dosage
form.
2.3. In vivo studies
2.4. In vitro dissolution

In a relative bioavailability study, a single dose of 1.2
million IU of phenoxymethylpenicillin potassium (780 mg For in vitro dissolution profiles of phenoxymethylpenicil-
Isocillind, Hoechst Marion Roussel Deutschland GmbH) lin potassium (Paddle: 50 rpm, 900 ml of phosphate buffer,
was administered to 14 healthy volunteers in the form of a pH 6.0) and glimepiride tablets (Paddle: 75 rpm, phosphate
film-coated tablet and reconstituted powder with 100 ml tap buffer pH 7.8) see Figs. 2 and 3, respectively. See Fig. 4 for
water (oral solution) in accordance with a randomisation in vitro dissolution of levofloxacin tablets (Basket: 100 rpm,
crossover scheme [15]. The healthy volunteers remained900 ml of 0.1 N hydrochloric acid).
in the recumbent position; a standardised breakfast was Different in vitro dissolution procedures are used,
served 2 h after dosing. Venous blood samples were depending on whether dissolution methods already exist
drawn before medication and 15, 30, 45, 60, 75, 90, 105 [2], i.e. for phenoxymethylpenicillin potassium, as well as
min and 2, 3, 4, 6, 8, and 24 h after medication. Serum considering the individual dissolution characteristics of the
concentrations of phenoxymethylpenicillin potassium were drug substances (see Section 2.1 solubility).
analyzed by liquid chromatography (Hoechst Marion Rous-
sel Deutschland GmbH, internal report on human clinical
trials). 3. Results and discussion: in vivo performance and

In a single dose cross-over study, 1 mg of glimepiride comparison to in vitro
(Amaryld, Hoechst Marion Roussel Deutschland GmbH)
was administered as a tablet and an intravenous solution, The development of in vivo and in vitro comparisons for
as described by Badian et al. [16]. The drug substance wasimmediate release products may be complicated due to the
micronized with a guaranteed specified particle size distri- gastrointestinal variability (e.g. gastric emptying and intest-
bution. In 12 healthy subjects, a randomised Latin Squareinal transit times, intestinal permeability characteristics of
design with a washout period of 7 days was used. The tabletthe drug in the volunteers/patients, the solubility of the drug
was administered with 150 ml of water following a 12-h substance and dissolution behaviour). Prior to this, analysis
overnight fast. of the impact of dissolution on absorption kinetics needs to

Venous blood samples were drawn 5 min before med- be performed. With regard to the biopharmaceutics classi-
ication and 5, 10, 15, 20, 30, 40, 50 min and 1, 1.15, 1.30, fication system (Case 2) (Table 2) for drugs with high per-
1.45, 2,230, 3,4,5,6,7,8,9, 10, 11, 12 and 24 h after meability and low solubility, drug dissolution is the rate-
medication. Serum concentrations of glimepiride were limiting step to absorption.
analyzed by liquid chromatography (Hoechst Marion  In the development of new chemical compounds several
Roussel Deutschland GmbH, internal report on human pharmacokinetic studies are performed during phase |
clinical trials). clinical trials. Such studies may be used for the biophar-

Levofloxacin is incorporated into a 500 mg film-coated maceutical assessment of drug products, taking into con-
tablet (Tavanitl, Hoechst Marion Roussel Deutschland sideration drug absorption (permeability through the
GmbH). Single doses of 500 mg of levofloxacin were admi- intestinal membrane) and in vivo dissolution of the drug
nistered to 18 subjects in the form of a tablet and an intra- product.
venous infusion of 500 mg of solution. The trial periods  Absorption as a function of time may be calculated by
were separated by drug-free periods of 7 days. The tabletsmeans of the numerical deconvolution of plasma concentra-
were administered with water following an overnight fast. tions of single-dose cross-over studies (intravenous injec-
Blood samples were drawn before medication and 15, 30, 45tion vs. oral solution). The fractions absorbed as a function
min and 1, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 48 and 72 h of time represent the drug permeability through the intest-
after medication. Serum concentrations of levofloxacin inal membrane. In order to deconvolute plasma concentra-
were analyzed by liquid chromatography (Hoechst Marion tions after the oral administration of an immediate release
Roussel Deutschland GmbH, internal report on human clin- drug product and an oral solution or IV bolus injection, in
ical trials). vivo dissolution or in vivo dissolution/absorption is

Phenoxymethylpenicillin potassium, glimepiride and obtained.
levofloxacin are almost completely absorbed (Figs. 2, 3 In vivo dissolution calculated by means of the numerical
and 4). Table 3 gives the absolute bioavailability for deconvolution of the plasma concentrations of Isodillin
glimepiride and levofloxacin and the relative bioavailabil- tablets is presented in Fig. 2 and compared to the in vitro
ity for phenoxymethylpenicillin potassium. Since the dissolution profile. In both cases more than 80% is dissolved
absorption rate of phenoxymethylpenicillin potassium in 30 min. Based on these results it is obvious that phenoxy-
from the tablet is very fast (Fig. 2), the relative and ab- methylpenicillin potassium very rapidly permeates through
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the intestinal membrane and absorption is mainly controlled  With regard to the biopharmaceutics classification sys-
by gastric emptying. tem, glimepiride may belong to Case 2.

Due to the high solubility and immediate release of the  In vivo dissolution/absorption of levofloxacin tablets was
drug product, in vitro dissolution does not control absorp- calculated by numerical deconvolution from the plasma con-
tion as long as the in vitro dissolution of at least 80% in 30 centrations measured in an absolute bioavailability study.

min is guaranteed. In vivo absorption is slightly prolonged when compared
USP 23 lays down more than 80% in 45 min as an accep- with in vitro dissolution (Fig. 4). More than 80% was dis-
tance limit. solved in vitro after about 30 min and in vivo after about 1 h.

In accordance with the biopharmaceutics classification With respect to the prolonged absorption of levofloxacin an
system [8], phenoxymethylpenicillin potassium belongs to acceptance limit of~80% in 30 min was set. The reason for
Case 1 (absorption is controlled by gastric emptying). In this the delayed in vivo absorption has to be seen in the strong
case, the task of in vitro dissolution is not predictive for hydrophilic character of levofloxacin which may be
absorption. Therefore, the test may be performed periodi- deduced from the low partition coefficient (Tab. 7). The
cally for batch control as long as the manufacturing process partitioning of levofloxacin between water and n-octanol
is validated. In specific cases, in vitro dissolution tests may tends to the aqueous phase. Maximal partitioning (about
be replaced by disintegration. 0.4) was determined at pH 7.4 and minimal partitioning

For the development of glimepiride in vitro and in vivo  (<0.05) was observed at pH 1.4.
comparison, in vivo dissolution was calculated by means of  Since absorption is almost complete and solubility is
numerical deconvolution using the glimepiride plasma con- high, according to the biopharmaceutics classification sys-
centrations of a bioavailability study. tem, levofloxacin may be in agreement with Case 1.

In vivo and in vitro dissolution data for Amarl tablets
are presented in Fig. 3.

In vivo dissolution shows a prolonged release profile 4. Acceptance criteria for in vitro dissolution
whereas more than 80% is dissolved in approximately 4 h.

The prolonged dissolution is caused by the low, and pH-  Dissolution test times and acceptance criteria are usually
dependent, solubility of the drug substance. established on the basis of an evaluation of the dissolution

Fig. 3 shows that absorption/permeability is not the rate- profile data. Typical acceptance criteria for the amount of
limiting step; more than 80% of glimepiride is absorbed in 1 drug substance dissolved, expressed as a percentage of the
h after administration of an oral solution of the drug sub- labelled content (Q), are in the range of 70% to 80% (Q)
stance. dissolved. A Q-value in excess of 80% is not generally used,

In contrast to in vivo dissolution, glimepiride is dissolved as allowance needs to be made for assay and content uni-
in vitro very rapidly after 15 min ¥80%). No correlation formity ranges [2].

exists between in vitro dissolutior-80% after 15 min) and Nevertheless, the task of in vitro dissolution should be
in vivo dissolution -80% after 4 h) because of the pH- defined in the light of the biopharmaceutics classification
dependent, low solubility of the drug. system [8]. As a consequence of the final classification, the

Dose linearity is given for the dose range of 1 to 8 mg by testing concept for batch control should be established. The
the areas under the concentration time profiles and the peakfinal decision for batch control may be made in accordance
concentrations, which indicates that the acceptance criteriawith the following classification. If the drug substance
of in vitro dissolution should be identical for all strengths. belongs to the cases described below, the following recom-
In addition, the aim is to set identical specifications world- mendations are made for batch control.
wide. Case 1, no batch control (in vitro dissolution) may be

The design of the in vitro dissolution test takes into con- necessary, periodical testing is sufficient; disintegration
sideration the pH-dependent solubility of glimepiride, the test may be used as a surrogate for dissolution testing.
strengths of the tablets (1 to 8 mg), dose linearity over the Case 2, in vitro dissolution should be performed routinely
dosing range and, finally, sink conditions (concentration of for batch control besides other tests (e.g. particle size dis-
the dissolved drug substance does not exceed 30% of saturatribution of the drug substance). Case 3, see Case 1. Case 4,
tion) for testing the highest strength. With respect to a uni- decision for the specific drug substance/drug product is
form acceptance criteria for all strengths on the international necessary.
market, an acceptance limit 6f80% in 15 min was set.

Such a acceptance criteria may be seen as a product-spe-
cific concept taking into account all biopharmaceutical Acknowledgements
aspects such as pharmacokinetics and technological issues
including specific micronisation processes. This very strin-  The authors gratefully thank Dr. K.-K. Hwang for
gent acceptance limit should not necessarily be used as gperforming the transport experiments and Dr. B. Rosenk-
general concept for the acceptance criteria of in vitro dis- ranz and Dr. W. Pohler for the critical reading of the manu-
solution. script.
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