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1.  Introduction 
The oral administration of a drug is the most frequent and convenient route of administration, 

and formulation researchers normally strive to formulate drugs so that they can be 

administered orally. Exceptions to this general rule occur when the site of action is 

accessible (e.g. creams and ointments for local treatment of skin conditions) or when the 

drug cannot be absorbed from the gastrointestinal tract (e.g. proteins like insulin). In most 

cases, orally administered drugs are intended to act systemically, so they have to be 

absorbed during their passage through the gastrointestinal tract. There are only a few drugs 

which are administered orally and are intended to act locally, e.g. some antacids like calcium 

carbonate or sucralfate, drugs used for pancreatic enzyme replacement therapy, and anti-

inflammatory drugs which are used for the therapy of Crohn’s disease and ulcerative colitis 

[1].  

For a drug to be absorbed from the gastrointestinal tract into the systemic circulation, it has 

to be released from its formulation, dissolve within a reasonable time span (corresponding to 

the drug’s passage through the regions in which it can be absorbed, e.g. in the small 

intestine and/or the colon), cross the gut wall, and enter into systemic circulation. If an orally 

administered drug does not dissolve within a reasonable time span, it cannot be completely 

absorbed and thus may not reach its target in sufficient quantities to exert its action. After 

reaching the blood stream, the drug is distributed in the body, and a certain fraction –

depending on the distribution pattern– reaches the site of action. Parallel to drug absorption 

and distribution, elimination of the drug from the body starts. In most cases, the drug is 

metabolized in the liver, but there is also the possibility that the drug is metabolized in other 

organs, e.g. in the small intestine or in the lungs. After being metabolized, the drug is 

excreted, and the most important route of drug excretion is via the urine (renally). Other 

routes of excretion include e.g. pulmonary or biliary excretion or excretion via the sweat [1].  

Scientifically speaking, the aforementioned processes can be described with the term 

“pharmacokinetics” (from the Greek  [pharmakon; drug] and  [kinetikos; in 

motion]), and this term thus describes the process of absorption, distribution, metabolism, 

and elimination of all kinds of drugs (small or large molecules) and nutrients which are 

administered to living organisms. These processes are commonly referred to as “ADME” 

characteristics. By contrast, the term “pharmacodynamics” describes the (pharmacological) 

effect of the drug on the organism. It is thus reasonable that pharmacokinetics and 

pharmacodynamics must be linked together in order to describe the mutual relationship 

between drug and organism.  
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In earlier times, active compounds were often discovered either by coincidence (e.g. the 

discovery of penicillin by Alexander Fleming) or empirically developed from “natural” 

structures, e.g. acetylsalicylic acid (which is derived from salicin, an ingredient in willow 

bark), antihypertensives like -blocking agents (which are structurally related to adrenaline), 

angiotensin-converting enzyme inhibitors (which are derived from the poison of Bothrops 

jararaca, a South-American lance-head viper), and some anti-cancer drugs such as 

paclitaxel (which is derived from taxol, an alkaloid from the Pacific yew) [1, 2]. 

More recently, combinatorial chemistry has gained importance in drug discovery. In this 

approach, a large number of potential drug candidates are synthesized and subsequently 

screened for their affinity to a potential target, e.g. a receptor, within a short time-frame (so-

called high-throughput screening). However, selection of potential drug candidates using this 

approach is based on in vitro pharmacology (e.g. receptor affinity). In many cases, 

lipophilicity is important to the interaction, and where this is the case, the selected candidates 

will often tend to have poor aqueous solubility [2-4]. The prediction of liberation, absorption, 

distribution, metabolism, and excretion (LADME) properties for these poorly soluble drug 

compounds is often more challenging than for highly soluble compounds, since various 

physiological factors such as (variations in) gastric emptying rates, small intestinal residence 

times, first pass metabolism, gastrointestinal fluid volumes, concentrations of natural 

surfactants, and/or the effective surface area at the site of absorption can all impact the 

pharmacokinetic profile after oral ingestion. As a consequence of this paradigm shift in oral 

drug development, the prediction of the intralumenal solubility and dissolution behavior of 

poorly soluble drug compounds and their consequences for oral drug absorption has gained 

importance in recent years.  

 

1.1.  Classification of Poorly Soluble Drugs 

1.1.1.  The Biopharmaceutics Classification Scheme (BCS)  
The first approach to systematically classify drugs in terms of their biopharmaceutical 

characteristics was introduced by Gordon Amidon and colleagues in 1995, and the BCS 

addresses the interplay between the drug’s solubility and permeability characteristics [5]. 

According to their solubility and permeability characteristics, drugs can be classified into four 

groups (Fig. 1-1.). 
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