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DMPK: what is it?

In drug development, DMPK studies are performed throughout the development process in
order to determine the pharmacological characteristics of a drug candidate, with particular
focus on a potential drug’s absorption, distribution, metabolism, excretion (ADME) and
pharmacokinetic properties. Drug metabolism refers to the process by which a molecule is
converted into other related compounds throughout the body [1]. Pharmacokinetics is the
quantitative study of a potential drug’s ADME – the measurement of how much of a drug
candidate is available throughout the human body over time [2]. 

One of the fundamental parameters utilized to develop pharmacokinetic/pharmacodynamic
(PK/PD) relationships, predict drug–drug interactions and evaluate drug candidate toxicity is
understanding a drug candidates protein binding. A drug’s distribution and protein binding
capability changes over its lifetime within the body [3]. As such, proteins exist beyond plasma
composition in the bloodstream and bind with drugs in the skin, tissue and organs,
understanding how these binding interactions influence the bioavailability and distribution of a
drug’s active compounds aid in determining its therapeutic effect [4].

The importance of preclinical DMPK/ADME studies

Preclinical DMPK studies can differ slightly from clinical DMPK studies, most notably in the
types of studies conducted and the methods of analysis utilized [1]. 

Throughout the preclinical study phase, drug discovery and development often involves the
utilization of in vitro and in vivo experimental models, ranging from test tube experiments, cell
cultures, animals or human subjects that are healthy or otherwise do not exhibit the
disease/condition targeted by the drug candidate [5]. ADME parameters obtained during the
preclinical stage provide insight into important chemical characteristics [1]. In vitro studies
elucidate a compound’s apparent permeability, metabolic stability and protein binding. In vivo
studies in animal and healthy human subjects can aid in determining oral availability,
exposures, distribution and toxicity [5]. 

A drug candidate only progresses to the clinical stage of drug development once all preclinical
safety studies have been cleared [1]. While there are currently no specific regulatory
requirements regarding when ADME studies should be conducted during clinical development,
the 2012 European Medicines Agency’s guidelines offers the following guidance: “the results of
the mass-balance study should generally be available before starting Phase III” [6]. Such
studies can include evaluations of drug safety, dosage, side effects, efficacy and drug–drug
interactions [7].



Understanding the role of protein binding in drug development

A drug compound’s protein binding affinity strongly influences its PK/PD behavior [8].
Distribution and protein binding of a compound changes throughout its lifetime within the
human body. Drug–protein binding, specifically plasma protein binding, occurs following the
absorption of the compound into the bloodstream. Consideration must also be given to the
drug–protein binding that occurs outside of the bloodstream, wherein the compound interacts
with molecules in skin, bodily fluids, tissues and organs [3]. While bound drug–protein
compounds form a reservoir of the drug, only the unbound drug compound is free to exert the
desired therapeutic effect on the targeted area [4].

For these reasons, ADME studies that consider drug–protein binding must be an integral part
of the drug development process in the preclinical and clinical stages, with consideration
given to ADME programs that provide the proper bioanalytical capabilities to support
regulatory submissions. Services provided by industry specialists, such as QPS, LLC (DE, USA),
offer programs such as radiolabeled ADME studies to effectively execute preclinical and
clinical ADME programs during the drug development process [9]. Other quantitative and
qualitative methods include quantitative whole-body autoradiography (QWBA) in support of a
wide range of studies for drug development including ADME [10].

QPS provides a 1-week turnaround timeline program (10–20 compounds per week) to
meet all the sponsor’s drug screening project needs - commented Lata Venkatarangan,

Director and Head of DMPK, QPS, LLC (DE, USA).

QPS can provide the excellent service for compounds with challenging time-to-
equilibrium issues, they are experienced with the protein binding determining from
several different CROS, which helps the sponsor move the projects long smoothly -

explained Jovita Saquing, Senior Research Scientist, QPS, LLC (DE, USA).

Preclinical radiolabeled and QWBA ADME studies: the turning point

Radiolabeled ADME studies are typically conducted through the administration of a single dose
of the drug compound containing a radioactive nuclide. Plasma and excretion samples are
then collected and analyzed for total radioactivity and the profile of drug-related material in
urine, feces and plasma, allowing for the quantitation of all drug-related material in biological
samples. Radiolabeled ADME studies, in contrast to traditional analytical methods such as MS,
is dependent only on the specific activity of the analytes, which is constant between the initial
drug compound and the subsequent metabolites containing the radioactive nuclide.
Radiometric HPLC does not, in fact, even require the structural identity of the metabolite to
characterize them [7].



QWBA can similarly be utilized in the drug development process to determine the distribution
and concentration of radiolabeled test compounds, providing information on PK/PD,
accumulation and retention [11]. As a technique that can be performed separately or combined
with radiolabeled mass balance and plasma PK studies, it provides high-resolution data in the
ADME properties of a drug candidate [10]. 

Service providers will ideally support a range of ADME programs that include QWBA and
radiolabeled ADME studies, including in vitro and ex vivo protein binding determining from
drug discovery to GLP utilizing non-radiolabeled and radiolabeled compounds, such as small
molecules, peptides and oligonucleotides [9]. Depending on the compound behavior, protein
binding can thus be determined in a variety of biological matrices, including but not limited to
plasma, serum and CSF, or tissues, such as brain, liver, lung or pancreas [10]. These services
form an integral component of the ADME package required for a new drug application
submission and the subsequent progression of a drug candidate throughout the development
pipeline.

They [QPS] deliver high-quality data for the most challenging ex vivo protein binding
determination methods (i.e. ultracentrifugation) even for the most difficult compounds,

which may not be possible with other techniques - concluded Timothy Snow, PhD,
Principal Research Consultant, Snow Scientific Consulting (FL, USA).

Summary

Protein binding ADME studies form a key role in determining the PK/PD of a potential new
drug and are important considerations not only for the health and safety of all patients but
also for weighing time and cost balances throughout a drug development program [3].
Implementing a well-rounded ADME program for the investigation of drug–protein binding can
ensure a detailed assessment of the total fate of a drug candidate and support regulatory and
new drug application submissions [10].
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