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Drug Development and QC Method Development Sequences



In most cases the goals of QC versus R&D approaches make it necessary to design two 
different dissolution protocols. An over-discriminatory test might be suitable for QC 

purposes to detect even small production deviations. However, such a test is not 
desirable for the prediction of the in vivo performance of drug product. Here dissolution 

testing should be a sensitive and a reliable predictor of bioavailability 
Dissolution testing is used here as a predictive tool for the in vivo performance of a drug 
product. This requires that the in vitro and in vivo dissolution behavior of a dosage form 

be either similar or have a scalable relationship to each other.



As predicted, dissolution of class II drugs proved to be in general much 
more dependent on the medium than class I drugs. With the array of 

compendial and physiological media available, it should be possible to 
design a suitable set of tests to predict the in vivo dissolution of both 

class I and II drugs from immediate release formulations. 



At this time point, there is no universal medium 
available which can be used to predict every drug 
substance’s solubility or a drug product’s in vivo 

dissolution behavior
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Permeability vs Dissolution Controlled Absorption



Example: Permeability controlled Absorption
Dynamic Dissolution of a Weak Base: Etoricoxib 

• pKa = 1.99, 4.96
• logP = 3.1
• Oral bioavailability is 

100% (Agrawal et al, 2003)
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Summary: Dissolution Profiles
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Investigating possible in vivo precipitation using a 
transfer model
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Simulations results



Simulations as a solution compared with flow through cell 
showed not significant differences
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a b s t r a c t

Purpose: The purpose of this study was to compare the dissolution behaviour of etoricoxib in different
dissolution media and to establish in vitro/in vivo correlation (IVIVC) using computer simulations.
Methods: Drug solubility was measured in different media. The dissolution behaviour of etoricoxib was
studied in the USP Apparatus 2 using different dissolution media. A dissolution transfer model was used
to investigate if the drug stays in solution when the pH of the medium changes. Drug permeability assess-
ment was performed using the caco-2 cell culture technique. The in vitro data were used as input func-
tions in GastroPlusTM to simulate the in vivo profiles of the drug.
Results: Solubility of etoricoxib was highest at low pH, and there was no significant difference in the sol-
ubility observed between blank buffers and biorelevant media of similar pH. The drug remained solubi-
lised when transferred into simulated intestinal fluids. Using the in vitro data as input function in Gastro
Plus, an IVIVC was established. Further simulations confirmed that the drug absorption occurs similar to
the absorption of an oral solution.
Conclusions: Due to the solubility behaviour within the physiological pH gradient of the gastrointestinal
tract, etoricoxib can be classified as an intermediate class 1/2 drug rather than BCS class 2. In vitro results
combined with in silico simulations using GastroPlus support scientifically that a biowaiver for immedi-
ate release etoricoxib solid oral dosage forms is justified.

! 2009 Elsevier B.V. All rights reserved.

1. Introduction

Etoricoxib, [5-chloro-2-(6-methylpyridin-3-yl)-3-(4-methylsulf-
onylphenyl) pyridine], (Fig. 1) is a novel orally active agent that
selectively inhibits cyclooxygenase-2 (COX-2) [1]. Etoricoxib is used
in the treatment of Rheumatoid arthritis, osteoarthritis, acute gout,
chronic musculoskeletal pain (including chronic low back pain),
postoperative dental pain and primary dysmenorrhoea [2]. The drug
is available as oral tablets, and the recommended dosage is between
60 and 120 mg/day. It is a poorly soluble, lipophilic drug with esti-
mated logP of 3.14 and pKa of 4.6. Etoricoxib behaves like a weak
base. Its aqueous solubility is low and highly pH-dependent. Phar-
macokinetic studies, however, show that when administered orally,
etoricoxib is completely and rapidly absorbed, with an oral bioavail-
ability of up to 100% [3].

Dissolution testing is an in vitro test used to assess and estimate
the in vivo behaviour of orally administered solid dosage forms [4].
Dissolution testing is an industry standard and is used both for

quality control (QC) purposes and during drug product develop-
ment (R&D). For R&D purposes, dissolution tests are intended to
be an in vitro indicator of the in vivo performance of the dosage
form [5]. Ideally, dissolution data can be used to establish
in vitro/in vivo correlation with clinically observed plasma-time
curves. This can be achieved using computer-based models such
as the Advanced Compartmental Absorption and Transit (ACAT)
model. The in vitro data are used as input function, and the soft-
ware uses convolution algorithms to estimate the plasma-time
curves observed in vivo.

The rate and extent to which an orally administered dosage
form is absorbed depend on various physiochemical and physio-
logical factors [6–9]. Galia et al. demonstrated the use of biorele-
vant dissolution media (BDM) in forecasting trends in the in vivo
performance of BCS class 1 and class 2 immediate release drug
products [10]. However, physiological pH changes that occur in
the transfer from the stomach to the small intestine should not af-
fect the solubility of class 1 drugs.

In 2002, the FDA implemented a waiver of in vivo bioavailabil-
ity and bioequivalence testing of immediate release solid dosage
forms for class 1 highly soluble, highly permeable drugs based on
the BCS [11]. In addition, biowaiver for certain class 2 and class 3
drugs is scientifically justified using the BCS approach [12–14].
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doi:10.1016/j.ejpb.2008.10.019
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In vitro results combined with in silico 
simulations using GastroPlus support 

scientifically that a biowaiver for immediate 
release etoricoxib solid oral dosage forms is 

justified.



ASD- Model



• pKa = 3.1 and 5.7 Basic and Acetic
• logP = 7.01, highly lipophilic
• >99% bound to plasma proteins
• Oral bioavailability variable 58-70% 

(Cheng, et al 1996) 

Example: Dissolution controlled Absorption
Dynamic Dissolution of Montelukast Sodium



Dissolution Profiles 
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Simulations Results 



Research Paper

Dynamic Dissolution Testing To Establish In Vitro/In Vivo Correlations
for Montelukast Sodium, a Poorly Soluble Drug

Arthur Okumu,1 Marie DiMaso,2 and Raimar Löbenberg1,3

Received April 15, 2008; accepted May 28, 2008; published online June 17, 2008

Purpose. The objectives of the study was to develop a dissolution test method that can be used to predict
the oral absorption of montelukast sodium, and to establish an in vitro/in vivo correlation (IVIVC) using
computer simulations.
Methods. Drug solubility was measured in different media. The dissolution behaviour of montelukast
sodium 10 mg film coated tablets was studied using the flow-through cell dissolution method following a
dynamic pH change protocol, as well as in the USPApparatus 2. Computer simulations were performed
using GastroPlus™. Biorelevant dissolution media (BDM) prepared using bile salts and lecithin in
buffers was used as the dissolution media, as well as the USP simulated intestinal fluid (SIF) pH 6.8 and
blank FaSSIF pH 6.5. Dissolution tests in the USP Apparatus 2 were performed under a constant pH
condition, while the pH range used in the flow through cells was pH 2.0 to 7.5. The in vitro data were
used as input functions into GastroPlus™ to simulate the in vivo profiles of the drug.
Results. The solubility of montelukast sodium was low at low pH, but increased as the pH was increased.
There was no significant difference in solubility in the pH range of 5.0 to 7.5 in blank buffers, but the drug
solubility was higher in biorelevant media compared with the corresponding blank buffers at the same
pH. Using the flow through cells, the dissolution rate was fast in simulated gastric fluid containing 0.1%
SLS. The dissolution rate slowed down when the medium was changed to FaSSIF pH 6.5 and increased
when the medium was changed to FaSSIF medium at pH 7.5. In the USPApparatus 2, better dissolution
was observed in FaSSIF compared with the USP buffers and blank FaSSIF with similar pH values.
Dissolution was incomplete with less than 10% of the drug dissolved in the USP-SIF, and was practically
non existent in blank FaSSIF pH 6.5. The in vitro results of the dynamic dissolution test were able to
predict the clinical data from a bioavailability study best.
Conclusions. Dynamic dissolution testing using the flow through cell seems to be a powerful tool to
establish in vitro/in vivo correlations for poorly soluble drugs as input function into GastroPlus.

KEY WORDS: ACAT; BCS; dynamic dissolution; IVIVC.

INTRODUCTION

Montelukast sodium (Singulair™), also known as 1-[[[(1R)-
1-[3-(1E)-2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-[2-(1-hy-
droxy-1-methylethyl) phenyl] propyl]thio]-methyl]-cyclopropane
acetic acid, monosodium salt, is a selective and orally active
leukotriene receptor antagonist that specifically inhibits cysteinyl
leukotriene CysLT1 receptor (1). It is currently used for the
treatment of chronic asthma. It is available as 4 mg granules for
paediatric use, 4 mg chewable tablets and 10 mg film coated
tablets for adult use. It is a highly lipophilic drug with estimated
logP of 8.79 (ADMET predictor™) and pKa of 2.7 and 5.8 (2).
Its aqueous solubility is reported to be between 0.2–0.5 μg/ml in
water at 25°C (2). Because montelukast contains polar and

nonpolar groups at opposite ends of the molecule, the drug has
amphiphilic physicochemical properties (2). The structure of
montelukast sodium is shown in Fig. 1 below.

Dissolution testing is an industry standard method that is
used in quality control to monitor batch to batch consistency.
In Research and Development it is used to assess and
estimate the in vivo behaviour of orally administered solid
dosage forms (3). Dissolution profiles may be used to
establish in vitro/in vivo correlation (IVIVC) (4). The
development of an IVIVC for a pharmaceutical dosage form
is of great interest to the pharmaceutical industry. An IVIVC
can be used to request biowaivers from regulatory agencies
for certain formulation or production changes within the
lifecycle of a product (4, 5). This reduces the need for
expensive bioequivalence testing in humans (6). They can
also be used to support post-approval changes arising due to
scale-up, equipment change and site change. Defining the
right dissolution conditions requires an understanding of the
relationship between the various physiochemical and physio-
logical factors that have an impact on the rate and extent to
which an orally administered dosage form is absorbed (7–10).
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Example: Lysosomal trapping of  
Dextromethorphan

• Weak bases with high pKa
• Pharmacokinetic differences EM/PM





Membrane Plus simulations



Simulation of PO 30mg EM Gorski study 
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Dextromethorphan 
in Extensive metabolizers

Drug Dissolved



Dextromethorphan 
in Extensive metabolizers

Drug Absorbed



Dextromethorphan 
in Extensive metabolizers

Drug in Portal vein



Dextromethorphan 
in Extensive metabolizers
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Classical PK model 

IVIVC

Wagner Nelson:           D0 = D body + D urine + D not Abs
                                % D Abs = D body + D urine
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Dosage form impact is limited to the 
gut lumen / enterocyte interface!!!

Drug Dissolved & Absorbed

SC



For this class of drug, the rate of in vitro and in vivo
dissolution is not a sensitive factor in determining bioequivalence. 

This study shows that dissolution and the rate of absorption into 
the enterocytes are clinically irrelevant for the performance of DEX 

immediate release product. An understanding of the entire underlying 
mechanistic processes of drug disposition is needed to define clinically

relevant product specifications for DEX.



The obtained result helps fill the void with a lysosomal fluid that can be 
used to examine various factors related to pharmaceutical product 

performance including dissolution, solubility, and disposition which are 
relevant and necessary parts of drug and product development. 



Enteric Coated Dosage Forms

Considerable discrepancies between phosphate
and bicarbonate buffer dissolution results have been reported for certain 

dosage forms, e.g. enteric coated formulations. 
The role and need of bicarbonate-based buffers in quality control testing 

requires scientific analysis.



Canadian Medical Association 
Journal

Volume 55, Issue 5, 
1946, Pages 445-447

1946

1972
Hard gelatin capsules

Enteric coated tablets

Concentration of salicylic acid in saliva



These results demonstrate the importance of thoroughly investigating the intestinal 
bicarbonate concentrations and using bicarbonate buffers or properly designed 
surrogates (if possible) when evaluating enteric drug products during product 

development and quality control.
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All formulations displayed a fast release in phosphate buffer and 
complied with the compendial performance specifications. 
On the other hand, they all had a much slower drug release in 
bicarbonate buffer and failed the USP acceptance criteria. Also, 
the nature of the drug (acid vs base) impacted the dissolution 
behavior in BCB. 
This pilot study indicates that compendial dissolution test for 
enteric coated tablets lacks physiological relevance and it needs 
to be re-evaluated. 
Thus, an in vivo relevant performance method for EC products is 
needed.



In this study we investigated the use of in vitro biopredictive dissolution conditions together with alternative
in vitro - in vivo relationship (IVIVR) approaches to support the development of EC formulations.

Number of subjects per Tmax cohort for test and reference fo

Tmax cohort
Number of subjects

Reference Test

Cohort 1 (2.0-3.5h) 21 17

Cohort 2 (4.0-5.5h) 22 22

Cohort 3 (After 6.0) 27 31

Total 70 70

Analysis of a failed in vivo BE study of Pantoprazole



Analysis of a failed in vivo BE study of Pantoprazole



Incorporating physiological aspects into the in vitro dissolution method 
can give a better mechanistic understanding of a formulation’s in vivo 
performance. Using physiologically relevant in vitro data in combination with 
compendial results might be a powerful approach to develop a formulation that 
can have an optimized performance in different population groups, increasing 
the likelihood for a successful BE study and for a robust formulation 
development process.



BIPHASIC – Dissolution
Ibuprofen

Buffer

Octanol



BIPHASIC –
Dissolution
Ibuprofen

Effect of volume: 200 / 900 ml 
on the uptake into the 
organic phase

Effect of volume: 200 / 900 ml 
on the uptake into the pH



This study revisited the rationale of using lower buffer capacity media 
to increase the physiological relevance of in vitro testing. This 
system was demonstrated to have a superior discriminatory power 
regarding the manufacturing method and excipient effects. The use of an 
absorptive phase added a sink to the low buffer capacity media, which 
decreased pH shifts while the test was performed.



Fig 5. Pathways of drug absorption from the intestinal cells*

Lipid Dissolution
Certain oral drugs (lymphotropics, log P> 
5, triglyceride solubility > 50 mg/ml) follow 
the same path  and packaged into 
‘’chylomicrons’’ within intestinal cells before 
being transported through the lymphatic 
system instead of the portal pathway.[2]

Standard dissolution tests do not 
provide any information on the drug's 
absorption pathway, whether it is 
through the portal or lymphatic 
circulation.

*Used under OA license from Nature Reviews Drug Discovery. 2015; 14: 781–803.
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Lipid Dissolution

The first lymphatic-focused dissolution model      
      was developed.

The model can be useful for formulation and
manufacturing assessment and contribute to
in-vitro bioequivalence guidelines of
lymphotropic formulations

LC



Conclusions

• Flow-through cells and transfer-models are useful for dynamic dissolution 
protocols.

• Small volumes and low buffer concentrations should be considered to mimic the 
physiologic environments in the GI-tract.

• The dosage form impact ends at the gut lumen / enterocyte interface.
• Enteric coated formulations should be developed using carbonate buffers or 

surrogate buffers.
• Biphasic dissolution is an important tool to mimic the GI-environment with 

dissolution and absorption occurring in parallel.
• Lipid dissolution is a promising approach to assess excipient effects for 

lymphotropic drugs.


