
Introduction to the OrBiTo decision tree to select the most appropriate 
in vitro methodology for release testing of solid oral dosage forms 
during development 
 
CJ Andreas1*, J Rosenberger1*, J Butler2, P Augustijns3, M McAllister4, B Abrahamsson5, J 

Dressman1 

1 Institute of Pharmaceutical Technology, Goethe University Frankfurt, Frankfurt am Main, Germany 

2 Product Development and Supply, GlaxoSmithKline R&D, Ware, UK 

3 Drug Delivery and Disposition, KU Leuven, Leuven, Belgium 

4 Drug Product Design, Pfizer PGRD, Sandwich, UK 

5 Department of Global Medicines Development, AstraZeneca R&D, Mölndal, Sweden 

* Equal first authors 

 

 

 

 

 

 

Corresponding author: 

Jennifer B. Dressman 

Institute of Pharmaceutical Technology 

Max von Laue St. 9 

60438 Frankfurt am Main, 

GERMANY 

Tel: +49 69 7982 9680 

Fax: +49 69 7982 9724 

Dressman@em.uni-frankfurt.de 

mailto:Dressman@em.uni-frankfurt.de


 

Abstract 

The EU research initiative OrBiTo (oral biopharmaceutics tools) involving partners 

from academia, pharmaceutical industry, small medium enterprises and a 

regulatory agency was launched with the goal of improving tools to predict the 

absorption of drugs in humans and thereby accelerating the formulation 

development process. The OrBiTo project was divided into four work packages 

(WP), with WP2 focusing on characterization of drug formulations. The present 

work introduces the OrBiTo WP2 Decision Tree, which is designed to assist the 

investigator in choosing the most appropriate in vitro methods for optimizing the 

oral formulation design and development process. The WP2 Decision Tree consists 

of four stages to guide the investigator. At the first stage, the investigator is asked 

to choose the formulation type of interest. At the second stage, the investigator is 

asked to identify which type of equipment (compendial/modified/noncompendial) 

is preferred/available. At the third stage, characteristics of the active 

pharmaceutical ingredient (API) are evaluated and in the fourth stage of the 

decision tree, suitable experimental protocols are recommended. A link to the living 

Decision Tree document is provided, and we now invite the pharmaceutical 

sciences community to apply it to current research and development projects and 

offer suggestions for improvement and expansion.  
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1. Introduction 

Over the past two decades, the importance of predictive dissolution testing during 

formulation development has greatly increased. Since the introduction of 

biorelevant dissolution media as a milestone in the late 90s, a variety of predictive 

in vitro methods have been developed. Today, numerous publications 

demonstrating the usefulness of such dissolution methods for predictive 

investigations can be found in the literature [1-15].  

In 2012, the EU research initiative OrBiTo (innovative tools for oral 

biopharmaceutics, www.orbitoproject.eu/) involving partners from academia, 

pharmaceutical industry, small medium enterprises and a regulatory agency was 

launched with the goal of improving tools to predict the absorption of drugs in 

humans and thereby accelerating the formulation development process. The 

OrBiTo project was divided into four work packages (WP) focusing on tools 

regarding the characterization of the API (WP 1) and formulations (WP 2), in vivo 

studies to address gaps in our knowledge of the gastrointestinal tract (WP 3) and 

the utilization of in silico tools (WP 4) (please refer to Figure 1 for an overview). For 

WP 2, in addition to the eleven tasks which evaluated various dissolution 

methodologies to address specific drug formulation challenges, a key task was to 

generate a decision tree to assist investigators in identifying the most appropriate 

in vitro methodology for a given drug/formulation combination.  

The aim of this publication is to introduce the web-based decision tree to the 

scientific community and to invite investigators in the pharmaceutical development 

to use and participate in revising and extending the decision tree. The current 

version can be accessed via link here. An overview of the structure of the decision 

tree is given in the Supplementary Material, along with a Guide for its use. At the 

moment, the decision tree focuses on the in vitro methods which were included in 

the OrBiTo WP 2 task list as a platform to identify gaps and innovation needs in 

predictive dissolution testing. However, given the availability of numerous other in 

vitro methods in the literature, the decision tree may serve as a springboard to 



extensions in areas not specifically investigated in OrBiTo and thus provide a more 

comprehensive guide to method selection.  

* To open the decision tree document, the free software yEd graph editor is 

required, which can be downloaded at the following link: 

https://www.yworks.com/products/yed. 

 

2. OrBiTo partners and methods  

The proposed decision tree represents input from six academic partners, thirteen 

pharmaceutical companies and one small medium enterprise who all participated 

in WP 2 of the OrBiTo project (table 1).  

The focus of WP 2 was to develop and optimize in vitro release methods. In this 

context, a variety of different dissolution approaches was developed and optimized 

for immediate (IR), delayed (DR) and extended release (ER) formulations. The 

investigations included the use of dissolution media with different levels of 

complexity in terms of their composition, the use of single- vs. multi-compartmental 

methods such as United State Pharmacopiea (USP) apparatus II-IV or test systems 

aimed at a more physiological representation of the hydrodynamic forces such as 

the stress tester or the TIM (Total gastro-Intestinal Model) systems. Where 

applicable, ring studies were conducted to investigate the reproducibility of the 

experimental conditions as part of the method validation. An overview of the 

methods investigated, along with references to associated literature, can be found 

in table 2. 

At this point, the decision tree encompasses the methods investigated in WP 2 of 

the OrBiTo project. However, the decision tree is intended to be regarded as a living 

document guiding investigators in the decision process to select the most 

appropriate in vitro test during formulation development and it is anticipated that 

further methods will be added over time.  

 

 

https://www.yworks.com/products/yed


 

3. The general structure of the decision tree 

The general structure of the decision tree is depicted in figure 2. In the first stage, 

the decision tree offers three branches: immediate, extended and delayed release 

formulations.  The investigator chooses one of these branches, depending on which 

type of oral dosage form is being developed. As a wide variety of different 

dissolution systems exist, not all of which are readily accessible to all researchers in 

the industry, at the second stage the investigator is asked to identify which type of 

dissolution equipment is available/preferred for the release testing. Specifically, the 

decision tree asks whether compendial-based dissolution systems or methods that 

are intended to be more physiologically-based, such as the Netherlands 

Organisation for Applied Scientific Research (TNO) systems, are preferred.  

For the decision about which dissolution method is most suitable, not only the 

formulation type but also the active pharmaceutical ingredient (API) properties 

highly influence the selection. These aspects are addressed in the third stage of the 

decision tree. On the one hand, the solubility of the API can have a great impact on 

the selection of the experimental conditions. It is widely known that the dissolution 

rate of poorly soluble compounds can be affected by the presence of bile 

components and lipids, which are present in biorelevant dissolution media, 

compared to the simple aqueous buffers commonly used as compendial media [15, 

36-39]. On the other hand, ionization of the compound may prompt additional 

investigations. For instance, poorly soluble weak bases have a higher risk for 

precipitation in the gastrointestinal tract than neutral compounds due to the pH-

dependency of their solubility [40]. In such a case, tools for characterization of the 

API developed in WP 1 e.g. computational models, µDISS measurements, and 

miniaturized solvent shift techniques can be utilized [41] to make a preliminary 

assessment about which type of test is needed. 

The investigator can choose from recommended in vitro protocols for the 

respective drug/formulation combination. In the fourth and most detailed stage of 

the decision tree, experimental protocols are made available. The general structure 

of these documents is shown in figure 3.  



For each of the in vitro methods presented, a short introduction to the experimental 

setup, exemplary experimental conditions as well as references for further 

information are given.  Where possible, limitations of the utilization of the 

respective method are indicated. The decision tree thus provides an overview of 

dissolution methods appropriate for a given drug/formulation combination as well 

as the practical information required to perform the dissolution experiments.  

It is further recommended, based on OrBiTo experience, that information gained 

from the release tests can be incorporated into in silico tools from WP 4, such as 

PBPK modeling, in order to get a deeper understanding of the relative importance 

of the various factors affecting drug absorption in vivo [42]. 

4. Application of the OrBiTo WP 2 Decision Tree  

In this section we provide three examples of how the decision tree would roll out 

in different development scenarios. 

4.1. Scenario 1: Immediate release formulation of a poorly soluble weak base 

In the first case example, let us assume that the investigator is asked to conduct 

dissolution studies on a poorly soluble weak base (BCS II) formulated (or to be 

formulated) as a standard immediate release formulation. 

As a first step, the investigator would enter the IR branch of the decision tree. Due 

to limited access to more physiologically-based dissolution apparatus, in the second 

step it is decided to use a compendial-based equipment.  Preformulation studies 

have indicated that the compound is a weak base and demonstrates a poor dose-

solubility ratio in FaSSIF (media simulating the fasted state conditions in the small 

intestine). For that reason, the weak base decision tree is chosen.  

Further preliminary investigations on the drug substance have revealed that the 

solubility in the intestinal dissolution medium FaSSIF is lower than in the 

corresponding gastric medium FaSSGF, indicating a risk of precipitation (depending 

on the dose) when the drug enters the small intestine. The decision tree therefore 

recommends investigation of supersaturation/precipitation by using e.g. two-stage 

tests or transfer experiments. Reaching to the deepest level of the decision tree, 



the investigator is provided with specific information on the appropriate setup as 

well as literature references for further information and application examples. 

4.2. Scenario 2: Extended release formulation of a poorly soluble drug 

In the second application example (see Figure 4), let us assume that the investigator 

is asked to examine the risk of food effects on a poorly soluble compound 

formulated as a capsule containing extended release microparticles (particle 

diameter 250 µm). 

This time, the investigator chooses the extended release branch of the decision tree 

and has access to methods utilizing the compendial dissolution systems USP II-IV 

(paddle, BioDis, flow through cell). Due to the poor solubility of the compound and 

the changing dissolution environment along the gastrointestinal tract in both the 

fasted and fed state, the investigator chooses to use a multi-compartmental 

dissolution approach, e.g. USP apparatus III or IV, both of which can be used to 

simulate the passage of the dosage form through the gut.   

The investigator enters the decision tree for extended release formulations using 

USP apparatus III and IV and follows the decision tree for poorly soluble 

compounds. As a next step, he is asked to provide the size of the dissolution rate 

controlling units of the formulation. In the USP apparatus III, the formulation is 

contained in a glass cylinder which has both a top and bottom mesh, preferably 

with a mesh opening of 420 µm. As the multi-particulate formulation under 

consideration has a particle size smaller than the mesh openings, the dissolution 

test will likely result in under-recovery of the drug due to undissolved particles 

passing through the mesh. These particles would then be lost when the 

reciprocating cylinder moves to the next row of glass vessels [12].  

Since the particle size of the microgranules is smaller than 420 µm, it is 

recommended to perform the dissolution studies in the flow-through cell, which 

mitigates the risk of losing drug particles. In the deepest level of the decision tree, 

the investigator is provided with detailed information as to the selection of the 

appropriate dissolution media and experimental conditions representative of the 

fasted and fed states.  



4.3. Scenario 3: Immediate release, lipid-based enabling formulation of a poorly 

soluble drug  

In the third case example, the formulation team decides to pursue a lipid-based 

formulation approach to overcome the solubility-limited absorption of a poorly 

soluble drug. The investigator is asked to rank order different lipid-based 

formulations using in vitro release studies. 

For this purpose, the investigator enters the IR branch of the decision tree. Due to 

the higher complexity of the formulation compared to conventional IR tablets, the 

investigator is recommended to consider extra experiments for the investigation of 

enabling formulations (see Figure 5). 

In this context, the investigator receives an overview of potential tools for the in 

vitro characterization including two-step digestion models, which allow the 

estimation of the effect of lipid digestion on the release profile of lipid-based 

formulations.  

In the experimental protocol provided, specific information about how to set up the 

experiments, as well as pertinent literature references, are given.  

5. Summary and Outlook 

With an increasing variety of in vitro methods available in the literature, it is 

becoming more and more important to understand the range of application of each 

method. The present work introduces the OrBiTo decision tree, which is designed 

to assist the investigator in choosing the appropriate experimental conditions and 

thus use the most appropriate methodology to optimize the formulation design and 

development. Currently, the decision tree focuses on the in vitro methods 

developed as part of the OrBiTo project. However, it is anticipated that, with 

feedback from the pharmaceutical scientific community, the decision tree will be 

revised and extended in the future to cover a broader range of experimental 

methods, and that, going forward, an independent consortium committee 

consisting of members experienced in formulation development in the 

pharmaceutical industry will supervise the continuation and optimization of the 

decision tree. Based on OrBiTo experience, it is further recommended that 



information gained from the release tests be incorporated into in silico tools, such 

as PBPK modeling, in order to get a deeper understanding of the relative 

importance of the various factors affecting drug absorption in vivo. 

Acknowledgments 

These studies were partially funded by the Innovative Medicines Initiative Joint 

Undertaking under grant agreement no. 115369. The resources consist of financial 

support from the European Union’s Seventh Framework Programme (FP7/2007-

2013) and the kind contributions of the EFPIA partners. 

References 

[1] E. Galia, E. Nicolaides, D. Hoerter, R. Loebenberg, C. Reppas, J. Dressman, Evaluation of various 
dissolution media for predicting in vivo performance of class I and II drugs, Pharmaceutical research, 15 
(1998) 698-705. 
[2] M. Berlin, K.H. Przyklenk, A. Richtberg, W. Baumann, J.B. Dressman, Prediction of oral absorption of 
cinnarizine--a highly supersaturating poorly soluble weak base with borderline permeability, Eur J Pharm 
Biopharm, 88 (2014) 795-806. 
[3] C. Wagner, K. Thelen, S. Willmann, A. Selen, J.B. Dressman, Utilizing in vitro and PBPK tools to link 
ADME characteristics to plasma profiles: Case example nifedipine immediate release formulation, J 
Pharm Sci, 102 (2013) 3205-3219. 
[4] S. Klein, G. Garbacz, M. Pislar, I. Locatelli, C. Liu, W. Weitschies, W. Siegmund, A. Mrhar, M. Bogataj, 
The role of individual gastric emptying of pellets in the prediction of diclofenac in vivo dissolution, J 
Control Release, 166 (2013) 286-293. 
[5] A. Ruff, R. Holm, E.S. Kostewicz, Evaluating the predictability of the in vitro transfer model and in vivo 
rat studies as a surrogate to investigate the supersaturation and precipitation behaviour of different 
Albendazole formulations for humans, European Journal of Pharmaceutical Sciences, 105 (2017) 108-
118. 
[6] M. Berlin, A. Ruff, F. Kesisoglou, W. Xu, M.H. Wang, J.B. Dressman, Advances and challenges in PBPK 
modeling–Analysis of factors contributing to the oral absorption of atazanavir, a poorly soluble weak 
base, European journal of pharmaceutics and biopharmaceutics, 93 (2015) 267-280. 
[7] J. Mann, J.B. Dressman, K. Rosenblatt, L. Ashworth, U. Muenster, K. Frank, P. Hutchins, J. Williams, L. 
Klumpp, K. Wielockx, Validation of Dissolution Testing with Biorelevant Media: an OrBiTo study, 
Molecular pharmaceutics, (2017). 
[8] P. Buch, P. Langguth, M. Kataoka, S. Yamashita, IVIVC in oral absorption for fenofibrate immediate 
release tablets using a dissolution/permeation system, J Pharm Sci, 98 (2009) 2001-2009. 
[9] E.S. Kostewicz, B. Abrahamsson, M. Brewster, J. Brouwers, J. Butler, S. Carlert, P.A. Dickinson, J. 
Dressman, R. Holm, S. Klein, In vitro models for the prediction of in vivo performance of oral dosage 
forms, European Journal of Pharmaceutical Sciences, 57 (2014) 342-366. 
[10] G. Garbacz, D. Cadé, H. Benameur, W. Weitschies, Bio-relevant dissolution testing of hard capsules 
prepared from different shell materials using the dynamic open flow through test apparatus, European 
Journal of Pharmaceutical Sciences, 57 (2014) 264-272. 
[11] M. Koziolek, K. Görke, M. Neumann, G. Garbacz, W. Weitschies, Development of a bio-relevant 
dissolution test device simulating mechanical aspects present in the fed stomach, European Journal of 
Pharmaceutical Sciences, 57 (2014) 250-256. 



[12] C.J. Andreas, I. Tomaszewska, U. Muenster, D. van der Mey, W. Mueck, J.B. Dressman, Can dosage 
form-dependent food effects be predicted using biorelevant dissolution tests? Case example extended 
release nifedipine, European journal of pharmaceutics and biopharmaceutics, 105 (2016) 193-202. 
[13] C.J. Andreas, X. Pepin, C. Markopoulos, M. Vertzoni, C. Reppas, J.B. Dressman, Mechanistic 
investigation of the negative food effect of modified release zolpidem, European Journal of 
Pharmaceutical Sciences, 102 (2017) 284-298. 
[14] G. Garbacz, A. Kandzi, M. Koziolek, J. Mazgalski, W. Weitschies, Release characteristics of quetiapine 
fumarate extended release tablets under biorelevant stress test conditions, AAPS PharmSciTech, 15 
(2014) 230-236. 
[15] G. Garbacz, S. Klein, Dissolution testing of oral modified-release dosage forms, J Pharm Pharmacol, 
64 (2012) 944-968. 
[16] M. Verwei, M. Minekus, E. Zeijdner, R. Schilderink, R. Havenaar, Evaluation of two dynamic in vitro 
models simulating fasted and fed state conditions in the upper gastrointestinal tract (TIM-1 and tiny-
TIM) for investigating the bioaccessibility of pharmaceutical compounds from oral dosage forms, Int J 
Pharm, 498 (2016) 178-186. 
[17] R. Barker, B. Abrahamsson, M. Kruusmagi, Application and validation of an advanced 
gastrointestinal in vitro model for the evaluation of drug product performance in pharmaceutical 
development, J Pharm Sci, 103 (2014) 3704-3712. 
[18] S.R. Carino, D.C. Sperry, M. Hawley, Relative bioavailability estimation of carbamazepine crystal 
forms using an artificial stomach-duodenum model, J Pharm Sci, 95 (2006) 116-125. 
[19] S. Tenjarla, V. Romasanta, E. Zeijdner, R. Villa, L. Moro, Release of 5-aminosalicylate from an MMX 
mesalamine tablet during transit a simulated gastrointestinal tract system, Advances in therapy, 4 (2007) 
826-840. 
[20] G. Garbacz, S. Klein, W. Weitschies, A biorelevant dissolution stress test device - background and 
experiences, Expert Opin Drug Deliv, 7 (2010) 1251-1261. 
[21] G. Garbacz, R.S. Wedemeyer, S. Nagel, T. Giessmann, H. Monnikes, C.G. Wilson, W. Siegmund, W. 
Weitschies, Irregular absorption profiles observed from diclofenac extended release tablets can be 
predicted using a dissolution test apparatus that mimics in vivo physical stresses, Eur J Pharm Biopharm, 
70 (2008) 421-428. 
[22] G. Garbacz, G.M. Rappen, M. Koziolek, W. Weitschies, Dissolution of mesalazine modified release 
tablets under standard and bio-relevant test conditions, J Pharm Pharmacol, 67 (2015) 199-208. 
[23] A. Kourentas, M. Vertzoni, I. Khadra, M. Symillides, H. Clark, G. Halbert, J. Butler, C. Reppas, 
Evaluation of the Impact of Excipients and an Albendazole Salt on Albendazole Concentrations in Upper 
Small Intestine Using an In Vitro Biorelevant Gastrointestinal Transfer (BioGIT) System, J Pharm Sci, 105 
(2016) 2896-2903. 
[24] A. Kourentas, M. Vertzoni, N. Stavrinoudakis, A. Symillidis, J. Brouwers, P. Augustijns, C. Reppas, M. 
Symillides, An in vitro biorelevant gastrointestinal transfer (BioGIT) system for forecasting concentrations 
in the fasted upper small intestine: Design, implementation, and evaluation, Eur J Pharm Sci, 82 (2016) 
106-114. 
[25] A. Kourentas, M. Vertzoni, M. Symillides, B. Hens, J. Brouwers, P. Augustijns, C. Reppas, In vitro 
evaluation of the impact of gastrointestinal transfer on luminal performance of commercially available 
products of posaconazole and itraconazole using BioGIT, Int J Pharm, 515 (2016) 352-358. 
[26] D.M. Mudie, Y. Shi, H. Ping, P. Gao, G.L. Amidon, G.E. Amidon, Mechanistic analysis of solute 
transport in an in vitro physiological two-phase dissolution apparatus, Biopharm Drug Dispos, 33 (2012) 
378-402. 
[27] D.J. Phillips, S.R. Pygall, V.B. Cooper, J.C. Mann, Toward biorelevant dissolution: application of a 
biphasic dissolution model as a discriminating tool for HPMC matrices containing a model BCS Class II 
drug, Dissolution Technologies, 19 (2012) 25-34. 



[28] C.J. Andreas, Y.C. Chen, C. Markopoulos, C. Reppas, J. Dressman, In vitro biorelevant models for 
evaluating modified release mesalamine products to forecast the effect of formulation and meal intake 
on drug release, European journal of pharmaceutics and biopharmaceutics, 97 (2015) 39-50. 
[29] C.J. Andreas, X. Pepin, C. Markopoulos, M. Vertzoni, C. Reppas, J.B. Dressman, Mechanistic 
investigation of the negative food effect of modified release zolpidem, Eur J Pharm Sci, 102 (2017) 284-
298. 
[30] C. Markopoulos, M. Vertzoni, M. Symillides, F. Kesisoglou, C. Reppas, Two-Stage Single-
Compartment Models to Evaluate Dissolution in the Lower Intestine, J Pharm Sci, (2015). 
[31] D. Georgaka, J. Butler, F. Kesisoglou, C. Reppas, M. Vertzoni, Evaluation of Dissolution in the Lower 
Intestine and Its Impact on the Absorption Process of High Dose Low Solubility Drugs, Molecular 
pharmaceutics, (2017). 
[32] P. Berben, J. Brouwers, P. Augustijns, Assessment of Passive Intestinal Permeability Using an 
Artificial Membrane Insert System, J Pharm Sci, (2017). 
[33] M. Berlin, A. Ruff, F. Kesisoglou, W. Xu, M.H. Wang, J.B. Dressman, Advances and challenges in PBPK 
modeling--Analysis of factors contributing to the oral absorption of atazanavir, a poorly soluble weak 
base, Eur J Pharm Biopharm, 93 (2015) 267-280. 
[34] G. Garbacz, D. Cade, H. Benameur, W. Weitschies, Bio-relevant dissolution testing of hard capsules 
prepared from different shell materials using the dynamic open flow through test apparatus, Eur J Pharm 
Sci, 57 (2014) 264-272. 
[35] M. Koziolek, K. Gorke, M. Neumann, G. Garbacz, W. Weitschies, Development of a bio-relevant 
dissolution test device simulating mechanical aspects present in the fed stomach, Eur J Pharm Sci, 57 
(2014) 250-256. 
[36] S. Klein, Biorelevant Dissolution Test Methods for Modified Release Dosage Forms, Shaker Verlag, 
Frankfurt am Main, 2005. 
[37] C. Markopoulos, C.J. Andreas, M. Vertzoni, J. Dressman, C. Reppas, In-vitro simulation of luminal 
conditions for evaluation of performance of oral drug products: Choosing the appropriate test media, 
European journal of pharmaceutics and biopharmaceutics, 93 (2015) 173-182. 
[38] J. Dressman, Evolution of Dissolution Media Over the Last Twenty Years, Dissolution Technologies, 
21 (2014) 6-10. 
[39] J. Dressman, G.L. Amidon, C. Reppas, V.P. Shah, Dissolution Testing as a Prognostic Tool for Oral 
Drug Absorption: Immedieate Release Dosage Forms, Pharmaceutical research, 15 (1998) 11-22. 
[40] E.S. Kostewicz, M. Wunderlich, U. Brauns, R. Becker, T. Bock, J.B. Dressman, Predicting the 
precipitation of poorly soluble weak bases upon entry in the small intestine, The Journal of pharmacy 
and pharmacology, 56 (2004) 43-51. 
[41] C.A. Bergström, R. Holm, S.A. Jørgensen, S.B. Andersson, P. Artursson, S. Beato, A. Borde, K. Box, M. 
Brewster, J. Dressman, Early pharmaceutical profiling to predict oral drug absorption: current status and 
unmet needs, European Journal of Pharmaceutical Sciences, 57 (2014) 173-199. 
[42] E.S. Kostewicz, L. Aarons, M. Bergstrand, M.B. Bolger, A. Galetin, O. Hatley, M. Jamei, R. Lloyd, X. 
Pepin, A. Rostami-Hodjegan, PBPK models for the prediction of in vivo performance of oral dosage forms, 
European Journal of Pharmaceutical Sciences, 57 (2014) 300-321. 

 

 

 


