
V L ~ 'Lo o - -pWiA vCwv«^- 

Pharma 

TNO I Knowledge for business 

i i 

TH# 

■ • - 

TNO.NL 



ABOUT TNO 

TNO is a research organization that oper¬ 

ates in a wide variety of fields from 

telecommunications to geosciences to 

pharmaceuticals. The common denomina¬ 

tor in all these activities is the Innovative 

character of the work TNO does and the 

scientific expertise that makes it possible. 

Around 5,000 TNO professionals apply their 

specific scientific knowledge to Improve the 

competitiveness of companies and to assist 

governments with policy matters. This is 

TNO's contribution towards solutions for 

some of the most pressing problems facing 

society today. 

TNO was founded In 1932 and has its 

headquarters in the Netherlands. Since 

that time, the organization has grown and 

is now represented in North America and 

Asia, as well as In Europe. 

One of TNO's most distinguishing features 

is its ability to bring multidisciplinary teams 

together to develop, integrate and apply 

knowledge. As a partner for policy makers 

and industry, TNO gauges its impact in a 

commercial setting as well as in the public 

sector. TNO has established, for example, 

some 30 knowledge centres with universi¬ 

ties and companies in a number of carefully 

selected fields. By encouraging the effective 

knowledge exchange between different dis¬ 

ciplines, TNO generates creative and practi¬ 

cal innovations: new products, services and 

processes, fully customised for business 

and government. 

TNO Pharma is part of TNO. TNO Pharma 

assists pharma and biotech companies 

worldwide in drug discovery and devel¬ 

opment by providing contract research, 

project support and co-development 

opportunities. In addition to our complete, 

GLP-compliant portfolio in drug safety, 

bioanaiysis and DMPK, we offer unique 

disease models, which are supported by 

teams of experts who enjoy an international 

scientific reputation. We also lead the field 

in research concerning cardiovascular, 

metabolic, bone/joint and inflammatory 

diseases. 



DEAR READER, 

Innovation is crucial to the pharmaceutical and biotech industry. Everyone 
accepts that there can be no innovation without creativity and scientific excellence. 
However, turning science and creativity into new drugs requires knowledge of the 

market needs and outstanding project management and communication skills. 

Nowadays, most companies realize that an active outsourcing and business 
partnership policy is often a more effective way of achieving their goals than 

doing everything in house. 

For over two decades, TNO has shown itself to be an innovative and reliable 
partner to the pharmaceutical and biotech industry. TNO is one of Europe’s largest 

research institutes for technological and strategic research and consultancy. 
Through our Pharma office we assist pharmaceutical and biotech companies in 
drug discovery and development by providing contract research, project support, 

co-development opportunities and IP deals. 

Our outstanding and highly specialised skills and experience are complemented 

by state-of-the-art equipment for projects ranging from preclinical R&D to clinical 
phase lia. We maintain our high-level capabilities by investing in new scientific 

technology, both in house and externally, which enables us to continually upgrade 

our testing and other special facilities. 

We are pleased to present our Pharma brochure. It shows how we can help you 
to innovate. We look forward to working with you as your research partner. 

Sincerely, 

Pharma team TNO 
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and medium optimization for the production of biopharmaceuticals. 



DISEASE MODELS AND EFFICACY 

:ä 

■ 



Years of research have provided TNO with a wealth of knowledge about a number of disease areas 

and disease processes. This expertise is supported by an extensive portfolio of validated in vitro and 

in vivo models, a range of (often unique) read-out parameters and an academic and clinical network. 
Our experience in animal handling and animal care enables us to offer you an unparalleled variety of 

administration routes and optimal study conditions. 
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AREAS OF EXPERTISE 

Disease mode 

Portfolios of validated in vivo andin vitro disease models are available in 
the following areas of expertise: 

CENTRAL NERVOUS SYSTEM 

• Multiple sclerosis 

• Human brain cell cultures 

FIBROSIS 

• Lung 

• Skin 

METABOLIC DISEASES 

• Diabetes 

• Obesity 

• Atherosclerosis and 

Lipid Metabolism 

INFLAMMATORY BOWEL 

DISEASE 

• Crohn’s disease 

• Ulcerative Colitis 

BONE AND JOINT DISEASES 

• Osteoarthritis 

• Inflammatory Arthritis 

■ 
CARDIOVASCULAR DISEASES 

• Atherosclerosis and Lipid 

Metabolism 

• Restenosis 

• Myocardial Infarction 

• Cardiovascular Inflammation 

• Angiogenesis 

GENERAL INFLAMMATION 

MODELS 

• EAE 

• DTH 

• In vitro models 

SKIN DISEASES 

• Psoriasis 

• Atopic dermatitis 



DISEASE MODELS AND EFFICACY 

models and 

ln addition to standard models, TNO offers a variety of unique, well validated 
models in the area of cardiovascular, metabolic, inflammatory, skin and 

musculoskeletal diseases. Our in house experts offer decades of insight into the 
pathology and therapeutic intervention of these complex diseases. Their scientific 
knowledge has been a valuable contribution to the community which has resulted 

in many peer-reviewed publications and presentations internationally. 

DISEASE MODELS - CARDIOVASCULAR 

AND METABOLIC DISEASES 

ATHEROSCLEROSIS AND LIPID METABOLISM MODELS 

APOE*3-Leiden transgenic mouse 

Because of its unique characteristics, the APOE*3-Leiden transgenic 

mouse plays a pivotal role in most of our cardiovascular disease 

models. These mice display human-like lipoprotein profiles and 

lipid levels and develop atherosclerosis with all the characteristics 

of the human lesions. Moreover, as one of the few animal models 

the APOE*3-Leiden mice respond to all hypolipidaemic drugs 

currently used in the clinic, such as statins, fibrates, ezetimibe 

and niacin, at similar dosages and in a similar way to humans. 

This offers the opportunity to investigate the effect of new drugs 

on top of standard treatment and to use combination therapy. 

Important risk factors that contribute to vascular disease in man, 

such as hyperlipidaemia, obesity and insulin resistance, can be 

induced in a controlled manner in this model. The ability to titrate 

cholesterol and triglycerides to any desired level and to conduct 

atherosclerosis studies in a progression (prevention) design or a 

regression (therapeutic) design facilitates the investigation of the 

effect of compounds on lipid metabolism or atherosclerosis under 

conditions relevant to the clinical situation in humans. 

APOE*3-Leiden / huCETP mice 

APOE*3-Leiden / huCETP mice are derived from the APOE*3-Leiden 

transgenic mice by cross-breeding with huCETP transgenic mice, 

expressing cholesterol ester transfer protein under control of its 

natural flanking regulatory regions. This results in a more human¬ 

like lipoprotein profile with transfer of cholesterol ester from HDL 

to the apoB-containing lipoproteins in exchange for triglycerides, 

leading to higher levels of the apoB-containing lipoproteins and 

lower HDL levels. Consequently, APOE*3-Leiden / huCETP mice are 

more susceptible to development of atherosclerosis than APOE*3- 

Leiden mice. The model has the same favourable characteristics 

as the APOE*3-Leiden mouse. Moreover, the APOE*3-Leiden / 

huCETP mouse is very well suited to testing the effect of drugs 

that modulate HDL levels. The mice demonstrate reduced apoB- 

containing lipoproteins and increased HDL levels upon treatment 

with the registered drugs atorvastatin, fenofibrate and niacin 

and with CETP-inhibitors. As in clinical studies the CETP-inhibitor 

torcetrapib did not show an additional anti-atherosclerotic effect 

on top of standard treatment with atorvastatin. 

Primary cell cultures 

We offer a variety of (unique) human primary cells in culture and 

human tissue (e.g. hepatocytes, smooth muscle cells, ileum tissue). 

These can be used to study the role a compound plays in processes, 

such as lipid metabolism, cell proliferation and cholesterol synthesis. 

DIABETES AND OBESITY MODELS 

MODELS DEVELOPED IN HOUSE: 

APOE*3-Leiden transgenic mouse on a high-fat diet 

Most conventional models (ob/ob, db/db or Zucker diabetic rat) 

develop rather exaggerated forms of obesity, hyperglycaemia or 

insulin resistance. APOE*3-Leiden mice on a high-fat diet develop 

obesity with mild and reversible insulin resistance comparable to 

the clinical diagnosis of metabolic syndrome. The mice also display 

other components relevant to the metabolic syndrome, leading to 

type 2 diabetes, such as hyperlipidaemia and the development of 

atherosclerosis. Major benefits of the mouse are described in the 

section APOE*3-Leiden transgenic mouse (left). 

APOE*3-Leiden | huCETP transgenic mouse on a high-fat diet 

APOE*3-Leiden / huCETP mice are derived from the APOE*3-Leiden 

transgenic mice by cross-breeding with huCETP transgenic mice, 

expressing cholesterol ester transfer protein under control of 

its natural flanking regulatory regions. This results in a more 

human-like lipoprotein profile with higher levels of the apoB- 



containing lipoproteins and lower HDL levels. The model has 

the same favorable characteristics as the APOE*3-Leiden mouse. 

Moreover, the APOE*3-Leiden / huCETP mouse is well suited to 

testing the effect of drugs that modulate HDL levels. The mice 

demonstrate reduced apoB-containing lipoproteins and increased 

HDL levels upon treatment with the registered drugs atorvastatin, 

fenofibrate and niacin and with CETP-inhibitors. In the APOE*3- 

Leiden / huCETP transgenic mouse five important parameters of 

the metabolic syndrome are combined, i.e. obesity, hyperglycemia, 

hyperinsulinemia, hypertriglyceridemia and low HDL levels. 

CONVENTIONAL MODELS: 

e.g. diet induced obese (DlO)-mouse, ob / ob mouse, db / db 

mouse, KKya mouse, Zucker rat and Zucker diabetic rat 

SPECIAL TECHNIQUES: 

Hyperinsulinaemic euglycaemic clamp technique in mice 

This technique enables sensitive investigation of the effects of 

compounds on insulin resistance, and on glucose or fatty acid 

metabolism. It also allows investigation of the tissue-specific 

effects (e.g. liver, adipose tissue and (heart) muscle) of compounds 

on glucose and fatty acid metabolism. 

Glucose-stimulated insulin secretion in mice 

This technique enables sensitive investigation (via a controlled 

increase in glucose concentration) of the effects of compounds on 

insulin secretion. 

Metabolic cages 

Non-invasive collection of metabolic parameters and monitoring 

of feeding and drinking behaviour and physical activity using 

metabolic cages. 

Non-invasive imaging 

Non-invasive imaging of body fat distribution (subcutaneous, visceral, 

intramuscular and intrahepatic) using magnetic resonance imaging 

and microscopy (MRI) and computerised tomography (CT) analysis. 

Microarray and metabolite profiling 

Analysis of gene expression using microarray and metabolite 

profiling in body fluids and tissues. 

VASCULAR AND HEPATIC INFLAMMATION MODELS 

CRP transgenic mouse (huCRPtg) 

CRP transgenic mice carry the complete human CRP gene and express 

the cardiovascular risk factor CRP in a human-like way. The model 

is highly accurate in determining the anti-inflammatory potency of 

pharmaceutical compounds and nutritional constituents. It allows 

us to estimate the health effects of drugs / nutrients by assessing 

plasma levels of human CRP and other tissue-specific inflammation 

markers and risk factors. 

RESTENOSIS MODELS 

ANGIOPLASTY MODELS: 

Cuff-induced neointima formation in mice 

Placing a stiff polyethylene cuff around an artery is a very elegant 

procedure for inducing the formation of a smooth muscle cell-rich 

neointima, without causing any obvious endothelial damage. When 

induced in the APOE*3-Leiden mice on a hypercholesterolaemic 

diet, the neointima increases greatly in size. This latter model 

makes it possible to study early events in post-intervention 

accelerated atherosclerosis. 

Drug-eluting cuff model 

The model described above for neointima formation can be 

activated using a drug eluting polymer cuff. This provides a rapid 

response model that mimics drug-eluting stent approaches. The 

validation has been performed with rapamycine and paclitaxel. 

Carotid artery balloon denudation in rats 

This model is the gold standard for inducing intimai hyperplasia in 

balloon-denudated arteries. 

VEIN GRAFT DISEASE: 

Human saphenous vein organ culture 

The neointima that develops within 4 weeks in cultured segments of 

human saphenous vein morphologically resembles early lesions in 

human vein grafts in vivo. This model makes it possible, to study your 

compound’s effect on human-specific aspects of vein graft disease. 

Murine venous bypass model 

At TNO, we have developed a unique mouse model for vein graft disease. 

Grafting the caval vein of a donor mouse onto the carotid artery of 

a recipient mouse results in vein graft: thickening very similar to 

that seen in human vein grafts. The thickening is largely composed 

of smooth muscle cells. When induced in APOE*3-Leiden mice on a 

high-fat, cholesterol-rich diet, the lesions contain, apart from smooth 

muscle cells, also macrophages / foam cells and calcifications. 

MYOCARDIAL INFARCTION/HEART FAILURE MODEL 

TNO has the expertise to conduct occlusion reperfusion studies 

in mice. Our mouse model can measure not only the size of the 



¡r 

-, 

Angiogram of collaterals formed in the mouse hind limb 

ischmia model. 

Intimai hyperplasia after cuff placement in the mouse 

femoral artery. 

myocardial infarction and the magnitude of reperfusion damage, 

but also functional parameters, such as intraventricular pressure- 

volume relationships. Over time, this model develops a condition 

comparable to heart failure in humans. By inducing myocardial 

infarction under hyperlipidaemic and / or insulin resistant 

conditions in APOE*3-Leiden mice different risk factors for CVD 

can be combined in one model. 

ANGIOGENESIS MODELS 

In vivo models: 

• mouse matrigel™ plug model 

This model is used to test pro- and anti-angiogenic compounds. 

The compounds can be applied either locally or systemically. 

• mouse acute hindlimb ischaemia model 

This model is used for testing angiogenesis stimulating 

compounds via collateral formation in an ischaemic hind limb. 

In vitro models: 

• in vitro 3D angiogenesis assay 

In vitro tube formation by human microvascular endothelial cells 

(either alone or in co-cultures with stromal or tumour cells) in 3D 

fibrin or collagen matrices. This model can be used for screening 

of pro- and anti-angiogenic compounds. 

• in vitro cell culture models 
Our cell cultures of human macro- and microvascular endothelial 

cells provide unique in vitro models for examining the effect of 

candidate drugs on the activation, proliferation and (2D and 3D) 

migration of endothelial cells. 

DISEASE MODELS - INFLAMMATORY 

AND DEGENERATIVE DISEASES 

MULTIPLE SCLEROSIS/CNS MODELS 

In vivo models: 
• Experimental Autoimmune Encephalomyelitis (EAE) in SJL or 

C57BL/6 mice. 

• EAE in DA rats 

The EAE model is widely used to validate the efficacy of novel 

therapeutic strategies aimed at immunosuppression and/or 

induction of tolerance to autoimmune disease. This model can 

be regarded as a prototype autoimmune model which has been 

found to be sensitive to a wide range of immunomodulating 

compounds (e.g. cytokines, neutralizing antibodies, 

corticosteroids). We have a strong track record in research 
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into multiple sclerosis and employ various EAE models for the 

identification of novel compounds and for the development of 

strategies to induce tolerance to autoimmune diseases in general. 

In vitro models 

Cultured human brain cells represent unique in vitro models for 

examining the mechanism, or the pro- or anti-inflammatory or 

remyelination potential of candidate drugs. A variety of different 

cell types, including oligodendrocytes, microglia and astrocytes 

are available. These come from healthy donors and from clinically 

and pathologically well-characterized donors who suffered from 

neurological disorders such as MS, stroke or Alzheimer’s disease. 

Model for Parkinson’s disease 

TNO offers a validated animal model for Parkinson’s disease. Both a 

bilaterally and a unilaterally lesioned model are available. 

We use a unique and sensitive behavioural read-out system before 

and after drug treatment. Multiple (post-mortem) assays are 

available e.g. to assess transmitter levels in the brain and state-of- 

the-art analytical facilities allow us to monitor drug plasma levels 

during the experiments. 

MODELS FOR INFLAMMATORY BOWEL DISEASE (IBD) 

• TNBS-induced colitis in mice (Crohn’s disease) 

• oxazolone-induced colitis in mice (Ulerative Colitis; under 

development) 

• chronic colitis in 11-30 knock-out mice (under development) 

At TNO the standard, acute TNBS-induced model for colitis is 

available. We adapted this model in SJL mice which resulted in a 

low mortality compared to the models described. In addition to 

this acute disease process, repeated challenge with TNBS in BALE / c 

mice is performed to ensure the development of a chronic disease 

process with duration of four weeks. Alternatively chronic colitis 

can be induced in IL-10 deficient mice. Colitis is evaluated histo¬ 

logically by determining the extent of inflammation of the colon. 

SKIN DISEASES MODELS 

Humanized mouse model for psoriasis 

This unique mouse model is established by transplanting non- 

lesional skin from psoriasis patients onto immunodeflcient mice. The 

psoriatic process is initiated by intradermal injection of activated 

T cells from the patient into the skin transplant. The model is 

sensitive to biologicals that interfere with human target molecules. 

Atopic dermatitis mouse model in APOC1 mice 

TNO developed transgenic mice that express human ApoCl in 

the liver and skin. These mice display increased transepidermal 

water loss, suggestive for impaired skin barrier function. Most 

likely as a consequence, these mice develop atopic dermatitis with 

symptoms such as scaling, lichénification and excoriations. At a 

young age, the skin of these mice already shows increased numbers 

of eosinophils, neutrophils and CD4+ T cells. Mast cells increase in 

number and become IgE-positive as the disease progresses. Pruritus 

can be evaluated in these mice by recording scratch behaviour. The 

model is sensitive to corticosteroids and calcineurin inhibitors. 

ARTHRITIS AND OSTEOARTHRITIS MODELS 

Rheumatoid Arthritis (RA) in vivo models: 

• collagen-induced arthritis (CIA) in mice and rats 

• adjuvant-induced arthritis in rats 

These classical and thoroughly validated mice and rat models 

for rheumatoid arthritis allow flexible testing of novel drug 

candidates, with custom designed read-out parameters, including 

biomarkers. The robust rat adjuvant arthritis model is especially 

suitable for combining the evaluation of efficacy with the basic 

assessment of compound kinetics and / or safety parameters. As 

such this approach will accelerate the selection of candidate drugs 

or the deprioritization of compounds with potential side effects. 

Osteoarthritis (OA) in vivo models: 

• spontaneous OA in guinea pigs 

Pond/Nuki ACLT OA dog model 

• unique "groove" OA dog model 

• guinea pig bilateral meniscus transaction model 

‘ combined ACLT and meniscal transaction in rats 

The broad portfolio of animal models of OA allows evaluation of a 

wide range of experimental approaches including different delivery 

routes (such as intra-articularly, oral, minipumps, via diet). 

It allows the testing of treatments such as small molecules, 

biologicals, nutraceuticals or even non-pharmacological interventions 

that modulate different disease targets. Finally the different species 

allow dedicated and custom-designed readouts ranging from 

histology, biomarkers to cell/tissue biochemistry and metabolism. 

In vitro models 

A variety of human primary cells and tissues are available (e.g. 

synovial fibroblasts, cartilage, synovial fluid-derived cells) from 

RA / OA patients and control donors. These cells and tissues make 

it possible to study the effects of your drug candidate on processes 

such as cell proliferation, cartilage destruction, cartilage invasion, 

cytokine production and protease synthesis. 



DELAYED-TYPE HYPERSENSITIVITY (DTH) MODELS 
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Bovine articular cartilage expiant. 

Histology of TNBS-induces colitis. Two days after rectal induction 

of TNBS the colon shows an ulcerative mucosa with numerous 

granulocytes and erythrocytes as a sign of acute inflammation. 

• peptide-induced DTH 

• oxazolone-induced DTH 

These models are to be considered as straightforward models 

of short duration, in which various mechanisms responsible for 

immune-mediated inflammation are present. These mechanisms 

comprise antigen-presentation, T cell differentiation, cell 

migration, activation of macrophages and localized inflammation. 

These models are especially useful for the validation of immuno¬ 

modulatory drugs before selecting a specific therapeutic area. 

FIBROSIS MODELS 

In vivo models: 

• bleomycin-induced skin fibrosis (mouse) 

The effect on the inhibitory effect of compounds on skin fibrosis 

is tested using: 

histological parameters (collagen deposition, infiltrating cells, 

proliferation of resident cells) 

biochemical parameters (collagen content, cross-links and other 

modifications) 

gene expression profiles (RT-PCR) 

• bleomycin-induced lung fibrosis (mouse) 

The effect on the inhibitory effect of compounds on lung fibrosis 

is tested using: 

histological parameters (collagen deposition, infiltrating cells, 

proliferation of resident cells) 

biochemical parameters (collagen content, cross-links and 

other modifications) 

gene expression profiles (RT-PCR) 

In vitro models 

Human and mouse fibroblasts of various origin (healthy or fibrotic 

tissue) are available for studying the role of compounds in 

processes, such as cell proliferation, collagen production (mRNA 

and HPLC), cytokine production and protease synthesis. 

GENERAL EXPERTISE ON INFLAMMATION AND 

IMMUNOLOGICAL MONITORING 

In addition to the inflammatory disease models listed above (i.e. 

EAE, IBD, arthritis, atherosclerosis, and CRP mouse models), TNO 

offers a wide range of specific assays for analyzing inflammatory 

mediators and the activation state of inflammatory cells, such as 

arrays, quantitative PCR and flowcytometry. These technologies 

facilitate the analysis of a wide range of molecules involved in 



inflammation, such as cytokines, chemokines, metalloproteinases, 

acute phase proteins, and cell surface receptors. Such mediators can 

be evaluated as read-outs in our preclinical models, or by studying 

their role and sensitivity to modulation in: 

• in vitro cultures of lymphocytes and monocytes 

• co-cultures of lymphocytes and synoviocytes 

• in vitro model for endothelial activation 

DISEASE MODELS - TISSUE REPAIR 

ANGIOGENESIS MODELS 

In vivo models: 

• mouse matrigel™ plug model 

This model is used for testing pro- and anti-angiogenic compounds. 

The compounds can be applied either locally or systemically. 

• mouse acute hindlimb ischaemia model 

This model is used for testing angiogenesis stimulating 

compounds via collateral formation in an ischaemic hindlimb. 

In vitro models: 

• in vitro 3D angiogenesis assay 

In vitro tube formation by human microvascular endothelial cells 

(either alone or in co-cultures with stromal or tumour cells) in 3D 

fibrin or collagen matrices. This model can be used to screen pro- 

and anti-angiogenic compounds. 

• in vitro cell culture models 

Our cell cultures of human macro- and microvascular endothelial 

cells provide unique in vitro models for examining the effect of 

candidate drugs on the activation, proliferation and (2D and 3D) 

migration of endothelial cells. 

FIBROSIS MODELS 

In vivo models: 

• bleomycin-induced skin fibrosis (mouse) 

The effect on the inhibitory effect of compounds on skin fibrosis 

is tested using: 

histological parameters (collagen deposition, infiltrating cells, 

proliferation of resident cells 

biochemical parameters (collagen content, cross-links and other 

modifications) 

gene expression profiles (RT-PCR) 

• bleomycin-induced lung fibrosis (mouse) 

The effect on the inhibitory properties of compounds on lung 

fibrosis is tested using: 

histological parameters (collagen deposition, infiltrating cells, 

proliferation of resident cells) 

biochemical parameters (collagen content, cross-links and other 

modifications) 

gene expression profiles (RT-PCR) 

In vitro models 

Human and mouse fibroblasts of various origin (healthy or 

fibrotic tissue) are available for studying the role of compounds in 

processes, such as cell proliferation, collagen production (mRNA 

and HPLC), cytokine production and protease synthesis. 

IN VITRO CELL MODELS 

A variety of human cell types (such as fibroblasts, chondrocytes, 

endothelial cells, mesenchymal stem cells and various (tumor) cell 

lines) are available for: 

• studying cell-matrix interactions on polymers; 

• studying (reverse) transfection efficiencies; 

• testing potential drug compounds for their effects on cell 

proliferation, cell migration, (stem) cell differentiation, cell 

activation and cell invasion; 

• recombinant expression of proteins. 

PROTEASE TECHNOLOGIES 

Characterization of protease activities in biological samples: 

a specific protease activity (discrimination active and latent enzymes) 

• custom-made protease assay development 

• analysis of protease-mediated collagen degradation products 

TISSUE ENGINEERING 

Characterization of extracellular matrix parameters in a variety of 

(tissue engineered) constructs: 

protein content 

• GAG content 

• collagen content 

collagen modification: crosslinking, lysyl hydroxylation 

analysis of denatured collagen content 

Characterization of cellular parameters in a variety of (tissue 

engineered) constructs: 

• cell adhesion 

• cell activation 

• cell proliferation 

• cellular differentiation 
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HIGHLIGHTS 

Humanized psoriasis mouse model 

Used to study the effect of candidate drugs on transplanted 

human psoriatic skin, the humanized psoriasis mouse model is 

one of the unique models we have developed in house. 

The model Is created by transplanting non-lesional skin from 

psoriatic patients onto immune-deficient mice. Psoriasis is 

then induced by Injecting the donor’s activated PBMC into the 

xenograft. This mouse model’s uniqueness lies in its capacity 

to mimic relevant characteristics of human leslonal psoriasis. 

These include epidermal thickening, rete ridge formation, 

and marked epidermal kératinocyte hyperplasia with altered 

differentiation. Thus, the model enables us to study human 

psoriasis In an in vivo situation. 

Discovering modes of action 

Our in vitro and in vivo models, combined with our knowledge 

of pathophysiology, makes us, TNO, your ideal partner for 

mechanistic studies of the modes of action of new or existing 

therapeutics. Our study on rosuvastatin’s mode of action for 

treating atherosclerosis is a prime example (Kleemann, et 

al. Circulation 2003; 108(11): 1368-74). In that study, we 

demonstrated that rosuvastatin’s antl-atherosclerotic effect 

stems primarily from Its cholesterol-lowering effect. We also 

found that rosuvastatin’s anti-inflammatory activity further 

reduces atherosclerosis beyond - and independently of - any 

reduction achieved by cholesterol-lowering alone. 

Target Validation 

Modern target discovery approaches have resulted in a vast 

number of targets that are associated with and potentially 

involved in a variety of diseases. However, validation of 

these targets is crucial before you enter the costly and time- 

consuming drug development track. Our well-characterized 

animal models for disease often allow detailed mechanistic 

studies. When needed, we develop new models or cross breeds 

(for example our recent humanised AP0E*3-Leiden transgenic 

mouse that also expresses human CETP). 

We have successfully implemented modern post-transcriptional 

gene suppression approaches using various RNA interference 

techniques (synthetic, plasmids, adenoviral, lentiviral) In 

relevant in vitro (cell systems) and in vivo models of disease. 

Our expertise in Systems Biology allows us to identify the 

relationships between genes and diseases. 

From genomics to Systems Biology 

Genomics covers the three terms, transcriptomics, proteomics 

and metabolomics (or metabonomics) to describe the formation 

and fate of mRNA, proteins and metabolites, respectively. Since 

organisms do not consist of isolated subsets of genes, proteins 

and metabolites, the term systems biology has been coined. It 

refers to an integrated approach to studying biological systems 

(e.g., intracellular networks, cells, organs, or any biological 

entity) by measuring and integrating genetic, proteomic 

and metabolic data. Together with our strategic partner, BG 

Medicine, Inc. (Waltham MA, USA), TNO leads the field in these 

novel technologies. TNO offers a flexible and case-by-case 

project approach. These range from fairly small-scale projects 

in transcriptomics and proteomics to integrated projects in 

systems biology, which are carried out in cooperation with BG 

Medicine. 
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TNO has a long-standing reputation in toxicological research and compound safety evaluation. 

Our experience in the field of non-clinical research makes us, TNO, the partner of first choice 
for consultancy on, or performance of, complete non-clinical programs for your compound. From 

small molecules to biopharmaceuticals, TNO will perform your studies promptly, reliably and in 

accordance with the latest guidelines. 
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“Safety of patients is paramount, our aim is to ensure 

that drugs are not only effective but also reliable; only 

appropriate safety testing complying with regulatory 

demands, will prevent negative side effects. ” 



PRECLINICAL SAFETY PROGRAM DESIGN 

TNO offers preclinical safety both as stand-alone studies, as well as full drug 

development programs. Based on our experience in drug development with a 

large number of New Chemical Entities and New Biological Entities together with 

our knowledge of interpretation of latest guidelines, we are able to consult with 

you to design a compound specific preclinical program to meet your needs. 

A multidisciplinary team of experts and senior program manager will efficiently 

lead your compound through the safety part of the drug development process. 

GENERAL TOXICOLOGY 

With over 40 years of experience in toxicology, TNO has a substantial 

body of background data and expertise for all toxicity studies. 

From acute toxicity to repeated dose studies, TNO has the 

experience to set up and perform your studies in accordance 

with the latest guidelines, from standard studies to tailor-made 

designs. In addition to performing these studies, we provide a 

complete service in terms of necropsy, histological processing, 

histopathological evaluation and interpretation for all toxicity and 

carcinogenicity studies. We also offer tailored pathology services 

to pharmaceutical and chemical companies using their own animal 

testing facilities. 

GENETIC TOXICOLOGY 

Demonstrating that a new pharmaceutical compound is not 

genotoxic is one of the key requirements before entering the first 

clinical phase. TNO can perform the standard battery of genotoxic 

studies in accordance with ICH guidelines, but our high level of 

scientific expertise and our links with academic research and 

regulatory authorities make TNO the ideal partner for custom- 

designed approaches. Alongside the standard in vitro and in vivo 

tests, we can also perform screening assays for quick information 

on a series of products, or perform follow-up studies for more 

mechanistic evaluation of the potential genotoxic effect of a 

pharmaceutical compound. A few examples of these follow-up 

studies are the Comet Assay (detection of DNA breaks by 

gel-electrophoresis) and detection of gene mutations in the 

transgenic mouse (Muta,m Mouse). 

IMMUNOTOXICOLOGY 

TNO can conduct the full package of immunotoxicity screening 

required by the regulatory authorities (ICH S8, Note for guidance 

on immunotoxicity studies for human pharmaceuticals (EMEA/ 

CHMP/167235/2004). 

The evaluation of a drug’s potential to produce immunotoxicity 

starts with standard toxicity studies (STS) that should include the 

following list of parameters, hematology (total and differential 

leukocyte counts), clinical chemistry (globulin levels and A/G 

ratios), lymphoid organ weights [thymus, spleen, lymph nodes 

(optional)], and lymphoid organ histology (thymus, spleen, lymph 

nodes in route and distant from route of drug exposure, and bone 

marrow). Based on a review of the body of evidence, additional 

immunotoxicity studies might be necessary. Many additional 

immunotoxicity studies are available and appropriate studies will 

be selected based on e.g. the nature of the immunological changes 

observed in the initial standard (inmmuno) toxicity study. 

The additional immunotoxicity studies may include: 

* a T cell-dependent antibody response (TDAR), using either a 

SRBC/PFC assay or a KLH / IgM-IgG-ELISA assay; 

'• immunophenotyping (enumeration of leukocyte subsets using 

flow cytometry); 

* ex vivo function assays for non-specific immunity, such as Natural 

Killer Cell activity assay and macrophage / neutrophil function 

studies; 

Delayed Type Hypersensitivity reactions (DTH); 

host resistance studies, such as specific and non-specific 

immunity against a Listeria monocytes infection; 

immunogenicity / hypersensitivity studies (e.g. ASA / PCA studies); 

• Popliteal Lymph Node Assay (PLNA); 

• Local Lymph Node Assay (LLNA). 
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Metaphase with chromosomal abberation. 

Isolated kératinocytes, one with a micronucleus (under, left). 

Skeletal muscle with repair response upon intramuscular injection 

with saline. 

TNO takes a very active part in the discussions about the guidelines 

on immunotoxicology, and therefore has up-to-date knowledge of the 

guidelines and the protocols needed for immunotoxicology studies. 

Immunogenicity can be a major drawback in biotechnology-derived 

pharmaceuticals and TNO can help in this area with advice or 

experimental expertise. 

REPRODUCTION TOXICOLOGY 

TNO has adequate research methodologies in reproduction 

toxicology for identifying and evaluating effects on: 

male and female fertility; 

embryo-fetal development; 

pre- and postnatal development. 

Reproductive parameters (e.g. oestrus cycle evaluation, automatic 

sperm analysis, hormone analysis and extensive histopathology 

of the reproductive organs) may also be incorporated into general 

toxicity protocols. Thanks to our multidisciplinary research 

programme, we can provide adequate methods and expertise in, 

for example: 

maternal or Juvenile toxicity studies; 

• neurodevelopmental toxicity studies; 

• immunodevelopmental toxicity studies. 

SAFETY PHARMACOLOGY 

TNO has an excellent track record in cardiovascular, CNS and 

respiratory studies. We can measure QT interval prolongation 

in vitro and in vivo by hERG assay, Purkinje fibre assay and by 

telemetry. In addition to the core battery of safety studies, our 

follow-up studies in CNS include learning and memory tests (e.g. 

schedule-controlled operant behaviour, shuttle box avoidance test, 

Morris water maze), the automated auditory startle test and nerve 

conduction velocity assessment. 

INHALATION TOXICOLOGY 

Within TNO we have built up ample experience in contract research 

in the area of inhalation toxicology. The studies range from 

animal single-dose and repeated-dose inhalation toxicity studies with 

dry powder and liquid formulations to human volunteer studies 

with propellant gases. The materials tested vary considerably in 

chemical and physical nature and intended use as pharmaceuticals. 

Having this broad knowledge of inhalation studies, we are the 

ideal partner for inhalation studies to be performed with new 



pharmaceutical compounds. Our inhalation facilities are equipped 

with state-of-the art generation and monitoring systems to offer 

guideline and custom-made designs for safety evaluation of 

pharmaceutical products. Our resources include, for example: 

• head/nose only exposure units for small laboratory animals 

and dogs; 

• inhalation drug delivery in small laboratory animals and dogs; 

• inhalation ADME / pharmacokinetic studies; 

• top-level expertise in histopathological evaluation of the 

respiratory tract; 

• intratracheal installation of radio-labelled compounds. 

Inhalation immunological, reproduction and neurological studies, 

including specific immunotoxicity screening: 

• respiratory allergy testing 

• respiratory safety pharmacology testing 

PHOTOSAFETY EVALUATION 

Absorption of photons by cellular macromolecules may result in 

various types of damage, ranging from acute to chronic, and from 

reversible to irreversible phenomena. The susceptibility of the 

outer surface of the human body to light is dependent on these 

events at the molecular level, which in turn may be influenced by 

the presence of pharmaceutical products and their metabolites. 

TNO assists companies in evaluating photosafety with the 

following tests: 

In vitro assays: 

• Phototoxicity / irritation 

In vitro assessment of the cytotoxicity of a test compound with 

and without exposure to a non-cytotoxic dose of UV, 3T3-NRU 

test (OECD 432). 

• Photogenotoxicity 

Assessment of the genotoxic response observed after exposure 

to a compound photoactivated by a weakly genotoxic dose of UV 

light. Assays are adopted from standard genotoxicity guideline 

assays, such as PhotoAmes and PhotoCAT. Although no OECD 

guidelines are available for these assays; TNO has implemented 

these assays for many years. Additionally, the feasibility of ex 

vivo human skin or reconstituted skin models for the detection 

of photogenotoxic effects has been demonstrated. 

In vivo assays: 

• Photoallergy (photosensitization) 

The effect of UV on the sensitizing potential, or photoallergic 

hazard, of a test product is evaluated in a guinea pig model. 

Both the oral and dermal exposure routes can be applied; oral 

photosensitization in guinea pigs (positive control Declomycin) 

and dermal photosensitization including photoirritation 

screening in guinea pigs (positive control Musk Ambrette). 

Other in vivo models can provide additional information 

on photoallergic hazards (e.g. IXNA-assay or customized 

immunological tests). 

• Photogenotoxicity 

TNO has developed an in vivo assay to evaluate the photo¬ 

genotoxic potential of compounds in the skin as target organ. 

In the skin Photo Micronucleus test using rats, chromosomal 

aberrations are detected in epidermal cells. This assay is 

recommended when positive effects are observed in the in vitro 

photoclastogenicity assays. Additional information on photo¬ 

mutagenicity can be obtained by the use of e.g. transgenic 

Muta™Mouse. Both models are very helpful in bridging the gap 

between in vitro photogenotoxicity and photocarcinogenicity 
testing. 

• Photocarcinogenicity studies 

To assess photochemical co-carcinogenesis, hairless albino mice 

are treated daily with the test product and simulated solar UV. 

The test product is applied quantitatively in order to determine 

whether UV-induced skin carcinogenesis is enhanced. 

• Human volunteer studies 

In certain circumstances skin effects can also be investigated 

in human volunteers. Parameters that can be assessed are: skin 

barrier function, skin irritation, inflammation and DNA damage. 

ANIMAL FACILITIES 

Our facilities include 50 remote-controlled and centrally monitored 

animal rooms, four of which are (double) barrier rooms for 

experiments with known carcinogens. Highly trained and 

experienced biotechnicians complete this top quality testing 

environment and provide assistance that helps ensure efficiency 

and accuracy in some of the most challenging study protocols. 

So whether your research involves acute or repeated-dose 

toxicity studies in a standard or customized study design, it is in 

competent hands at TNO. 



HIGHLIGHTS 

Vaccine safety 

Progress in biotechnology and basic immunology has lead to the 

improvement of existing vaccines, as well as the development of a 

new range of new prophylactic and therapeutic vaccine candidates. 

Since the development of some of these new vaccine candidates is 

associated with the introduction of new routes of vaccination 

and/or the induction of a more cell-mediated immunity, this has 

also led to the development of new adjuvants. TNO has been active 

in the preclinical safety and efficacy evaluation of these new 

vaccines and adjuvants for more than 15 years and can offer up- 

to-date knowledge, expertise and skills in this field. TNO can offer 

consultancy on and performance of research programmes to 

demonstrate the safety and efficacy aspects of new vaccines and 

adjuvants. 

Development of biopharmaceuticals 

The number of macromolecular biopharmaceuticals, such as 

peptides, antibodies, enzymes and oligonucleotides that have 

entered drug development programmes is rapidly increasing. 

This trend calls for completely new concepts in toxicology, 

pharmacokinetics and bioanalysis. Our preclinical development 

programmes follows the ICH S6 guideline. When designing these 

programmes we paid special attention to the specifications of the 

test material, to species selection and to immunogenicity. Since 

biopharmaceuticals are a highly heterogeneous class of drugs, our 

preclinical programmes are always customized. 

Toxicogenomics and Systems Toxicology 

Toxicogenomics and Systems Toxicology are a step on the 

critical path towards defining novel tools for safety assessment. 

A "toxicological" response of an organism will always be reflected In 

some way by changes in gene expression, protein concentration or 

specific metabolite patterns. These changes usually occur at lower 

concentrations and earlier in time than the endpoints currently 

measured. Toxicogenomics and systems toxicology go far beyond 

metabolomic, proteomlc and genomic analyses. For example, gene 

transcripts that are associated with ‘adverse advents’ reflect a 

large number of complex physiological processes connected with 

various possible toxicological endpoints. It is essential to draw the 

right conclusions, given the multitude of observed relevant and 

irrelevant effects. 

What we provide: 

• understanding of the mechanisms of toxicity; 

• in vitro - in vivo comparison and organ-specific toxicity studies; 

• comparisons between (related) compounds; 

• inter-species comparison and translational research; 

• discovery of biomarkers for toxicity. 

What sets us apart: 

• over forty years of experience in toxicology; built on state-of- 

the-art technologies, our toxicogenomics projects are driven by 

toxicologists; 

• the chance to combine novel technologies with classical 

toxicology and pathology in the same GLP-compliant facilities; 

• strong bioinformatics expertise, tailored to biological 

Interpretation of data: 

- expertise in complex data analysis based on pattern 

recognition and proprietary principle component analysis; 

- expertise in development and use of pathway analysis to 

assist In drawing biologically relevant conclusions from large 

functional genomics datasets. 

In vivo dermal studies: 

The following in vivo dermal studies can be performed: 

• dermal acute, subacute and subchronic toxicity studies in rats, 

rabbits or minipigs; 

• dermal (photolsensitizatlon, inoludlng primary hillation screening, 

in guinea pigs (positive control -hexylcinnamaldehyde). 

Our in vivo models also include a range of disease models and a 

human skin transplant model in the mouse (see pag. 10). 

Tissue cross reactivity 

As the same or related antigenic determinants can be expressed 

on human organs or tissues other than the intended target tissue, 

possible crass reactivity of monoclonal antibodies with non-target 

human tissues can be studied using a panel of more than 30 

human tissues and organs obtained from surgery. 

Tissue cross reactivity using organs/tissues of various species (e.g. 

monkey, dog, rabbit or rodents) can also be used for selection of 

relevant species for toxicity studies with monoclonal antibodies. 



DRUG METABOLISM AND PHARMACOKINETICS 
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TNO’s Kinetics and Metabolism experts will help you select and further develop your candidate drugs 

with its complete preclinical pharmacokinetic programme: from early absorption and metabolism 

screening systems to predictions of human kinetics. Working in cooperation with our Pharmacology 

experts, Kinetics and Metabolism is also able to develop systems to explore kinetics and metabolism 

in disease models. 
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“Pharmacokinetics and Metabolism: it is not only 

about mathematics and chemistry; it is about 

profoundly understanding physiological mechanisms 

and biological processes. " 
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DRUG METABOLISM AND PHARMACOKINETICS 

Our Kinetics and Metabolism experts perform complete preclinical and clinical 

pharmacokinetic programmes, from lead optimisation to human kinetics. We offer 

services and expertise in the following areas: 

IN VITRO METABOLISM 

Metabolite profiling and identification 

Metabolite profiling after incubation with microsomes, hepatocytes 

or any adequate cellular or sub-cellular system can be performed by 

on-line radio-HPLC (for radio-labelled compounds) or other relevant 

analytical methods such as LC-MS and FT-MS for exact mass 

determination. In addition to the identification of P450 enzymes, 

in vitro metabolites of the drug may be characterised by LC-MS/MS 

analysis: full-scale mass spectra are obtained using LC-MS analysis. 

M/z values of the metabolites are determined and selected for the 

LC-MS/MS experiments using collision-induced dissociation. NMR 

can be used to further identify the formed metabolites. 

The data obtained in vitro may also be used to predict the impact 

of metabolism on interindividual variability in drug plasma levels 

in vivo. The obtained enzyme kinetic parameters of the drug 

candidate, and known variations of the P450 isoenzymes present 

in the human liver microsome bank can be used to scale-up the 

in vitro parameters to the in vivo situation by incorporation into a 

physiologically based pharmacokinetic model. 

Cytochrome P450 identification 

In order to identify the major human cytochrome P450 enzymes 

involved in the metabolism of a drug candidate, incubations of the 

drug are conducted with individual human P450 enzymes (CYP1A2, 

CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and 

CYP3A4). In-parallel incubations are performed with pooled human 

liver microsomes in the absence and presence of cytochrome P450 

isoenzyme-selective inhibitors. Then, incubations are conducted 

with a set of human liver microsomes fully characterised in relation 

to typical P450 probe substrates. 

These studies may be used to predict the impact of metabolism on 

interindividual variability in drug plasma levels in vivo by scaling 

up the enzymatic activity from our human liver microsome bank to 

the in vivo situation by incorporation into a physiologically based 

pharmacokinetic model. 

Induction 

Cytochrome P450 (CYP) induction is one of the key mechanisms 

in pharmacokinetic drug-drug interactions. Currently, various in 

vitro methods are used to analyse CYP enzyme induction, all 

with their own advantages and drawbacks. We use fresh human 

hepatocytes, or alternatively long-term cultured hepatocytes. These 

are commercially available and permit the use of multiple donors. 

Liverbeads™ represent another alternative to fresh hepatocytes. 

These are commercially available cryopreserved hepatocytes 

entrapped in alginate beads. The advantages are: several available 

species, no isolation procedures needed, they can be stored in 

liquid nitrogen, and they have been shown to be similar to freshly 

cultured hepatocytes. Our standard protocols include the 

determination of induction of both mRNA and enzyme activity levels. 

Phase II enzymes (GST/UDP-GT) and other relevant ezymes 

In addition to cytochrome P450, the role of phase II enzymes 

(glucuronyltransferases, sulfotransferases, glutathione S-transferases) 

in drug metabolism can also be investigated. We have a long track 

record with these enzymes and a number of other metabolizing 

enzymes (e.g. esterases and peptidases) and our tests are well- 

characterised. Furthermore we have experience with a wide range 

of other relevant assays (e.g. alcohol dehydrogenases), and we can 

set up assays on request. 

DRUG-DRUG INTERACTIONS 

A key issue is often the possible interaction of a drug candidate 

with other drugs on cytochrome P450 enzymes. For this purpose, 

assays for nine important human cytochrome P450 enzymes are 

available. Incubations with pooled human liver microsomes with 

various P450 probe substrates, selective for the P450 isoenzymes, 

in the absence and presence of a range of concentrations of the 

drug candidate provide information about the interaction at the level 

ofP450. The type of inhibition and IC50 following the most recent 

FDA guidelines can also be investigated. The obtained inhibition 

constants Kj can be used to discuss the possible impact in vivo. 

Possible interaction on other enzymes, on drug transporters or on 

the level of plasma protein binding and displacement is studied 

in a similar way by co-incubating human material with relevant 

drugs that might be co-administered during treatments. We have 

developed specific (PB)PK-models integrating these in vitro data in 

order to bridge the gap between early development and the clinical 

situation. 



ACTIVE DRUG TRANSPORT 
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1 Full thickness human skin. 

Whole-body-autoradiography, Phosphor-imaging measurement of 

a radiolabel in rats. 

3 Cultured human adipocytes. 

Over the last decade there have been significant new insights 

into the characteristics and function of transport proteins in 

animals and man. Transport proteins are embedded in the cell’s 

plasma membrane and play an important role in the absorption, 

distribution and excretion of endogenous compounds, drugs and 

their metabolites in the intestine, liver, kidney and brain, but also 

play an important role in the blood-organ barriers such as the 

blood-brain barrier and blood-placenta barrier and other tissues. 

Although newly identified transport proteins are still emerging, 

it is clear that significant numbers of drugs are substrates or 

inhibitors of several transport proteins. In this respect, drug- 

drug interactions have been demonstrated involving inhibition or 

induction of transport proteins. 

IN VITRO TRANSPORT STUDIES AS MODEL FOR 

INTESTINAL ABSORPTION 

The following in vitro models are available at TNO to determine the 

absorption of compounds across the intestine: 

• Caco-2 cells 

The human colon adenocarcinoma cell line is derived from a 

human colon carcinome. This is a well accepted model for the 

human (small) intestine with expression of several transporters, 

e.g. MDR1, BCRP, MRP2, PEPT1. 
We can perform LCS analysis of the reference compounds 

(and the test compound in case it is radio-labelled). TNO is 

fully equipped to perform LC-MS/MS analysis of the samples 

and several options for the study design are possible. A study 

program can be performed in full compliance with the Principles 

of Good Laboratory Practice. 

• MDCKII cells 

The MDCKII cell line is a dog kidney cell line developed by 

Madin and Darby. The cells are used when active transport is 

an important issue. Various stable transfected cell lines with 

different human transporter proteins are available at TNO, 

including MDCKII-MDR1 (with human Pgp transporter), MDCKII-BCRP 

and MDCK1I-MRP2. The cell line MDCKII-MII (mock transfected 

cells) is used as control. The Papp a-b / Papp b-a ratio can be 

determined as a measure of the extent of active transport. Typical 

inhibitors can also be used to refine these measurements. 

We can perform LCS analysis of the reference compounds (and 

the test compound is radio-labelled). TNO is fully equipped to 

perform LC-MS / MS analysis of the samples, and several options 

for the study design are possible. 



Options 

In order to decide on the concentrations to be tested, a pilot 

cytotoxicity assay in mock-transfected MDCKII cell line can be 

performed. 

An additional number of concentrations can be evaluated. 

An inhibition study can be performed to determine IC50 value 

The transport can be measured in time. 

The cellular accumulation of the test compounds can be 

determined. 

If required, the proposed intestinal transport study can be 

performed in full compliance with the Principles of Good 

Laboratory Practice. 

To determine if your test compound is a substrate of a specific 

transporter, the MDCKII cell-experiments can be completed with 

the membrane-ATPase assay, in which more concentrations of 

test compound is included. 

Transport Chamber technique 

Small-intestinal segments mounted in adapted “Ussing transport 

chambers”. Both rat and mini-pig (as a better model for the 

human intestine) are available. 

IN VITRO TRANSPORT STUDIES FOR SPECIFIC 
TRANSPORTER PROTEINS NOT ONLY EXPRESSED IN 
THE INTESTINE 

Considerations 

Several in vitro techniques (intact cells, isolated membrane vesicles, 

transportoocytes) are available at TNO to study whether a 

compound is a substrate or inhibitor of drug transport proteins. 

Each technique has its own advantages and limitations, and also 

its false positives and false negatives. Therefore, we recommend 

using at least two different assays to best study drug transport 

and the modulation of drug transporters. 

1. ATPase assay 

Multidrug resistance ABC transporters such as MDR1, BCRP, MRPs 

utilize the energy of ATP for their drug transport activity. The 

drug stimulated ATPase activity determined as the difference in the 

amount of ATP consumed in the absence and presence of vanadate 

is generally used as an indicator for substrate transport, where 

a clear decrease in ATPase activity indicates direct inhibition 

of the ABC transporter. Vanadate associates with ATP resulting 

in trapping of the [ADP-vanadate] complex at the active site 

of one of the nucleotide binding domains, thereby completely 

abolishing the ATPase activity. The ATPase activity of MRP1 

and MRP2 is low relative to MDR1. This assay encounters some 

limitations and difficulties in interpretation. For some substrates 

of MDR1 no enhancement of ATPase activity was observed, 

such as daunorubicin, cimetidine and vincristine. Moreover, 

the concentration of the drug tested can be important. This is 

because stimulation of ATPase activity can be observed at low 

concentrations, contrary to inhibition of ATPase activity can be 

observed at high concentrations. 

The ATPase assay is a convenient screening method to study the 

interaction of several concentrations of the test compound with the 

transporter (both activation and inhibition). No analyses has to be 

performed on the test compound. 

2. Isolated membrane- vesicle uptake studies 

Membrane preparations from baculovirus-infected Spodoptera 

frugiperda (Sß) insect cells express very high levels of one specific 

ABC transporter protein. In the vesicle assay, the interference of a 

test compound with the ATP-dependent uptake of a radiolabelled 

reference compound into “inside-out” Sf9 membrane vesicles is 

determined. The assay is not suitable for very lipophilic substrates, 

since the accumulation of these compounds in the “inside-out” 

vesicle is hampered by their high level of diffusion back over the 

membrane out of the vesicle. 

Sf9 vesicles are commercially obtained with human MRP1, MRP2, 

MRP3, BCRP (=MXR) or BSEP. Control Sf5 membranes are available 

to determine possible asperific binding of the radio-labelled test 

compound. 

Radio-labelled reference compounds used are: 

MRP1: [3H]LTC4 

MRP2: [3H]E217 G 

MRP3: [3H]E217 G 

BCRP: [3H]methotrexate 

BSEP: [3H]taurocholate 

3. Transportocyte " assays for uptake transporters 

Transportocytes® are oocytes ofXenopus laevis injected with RNA 

identifying one specific transporter protein. They are supplied by 

BD Gentest™. Oocyte expression systems are suitable to study 

the function of transporters because of their low background, high 

expression levels, and proper post-translational modifications. Both 

non-injected and water injected control oocytes can be used as 

controls. Many transporters are available such as: hOCTl, hOATP1A2, 

hOATPIBl, hOATP!B3, hOAT3, hNTCP, hPEPTl, and hPEPT2. 

PLASMA PROTEIN BINDING 

Plasma protein binding can be studied most efficiently by 

equilibrium dialysis. The time to equilibrium is first determined 

at one drug concentration, and the unbound fraction is then 



determined at several drug concentrations and corrected for 

recovery from the device. Displacement by probe binding drugs can 

also be investigated and is especially interesting for drugs with a 

small volume of distribution. 

Ultrafiltration or ultracentrifugation techniques are also available to 

fast-track determinations of plasma or tissue binding. 

For lipophilic drugs which are difficult to handle in a typical 

dialysis system, TNO has introduced a method based on Solid Phase 

Microextraction (SPME). A SPME device consists of a fused silica fibre 

coated with a polymeric stationary phase. The extent to which 

compounds migrate from the aqueous into the stationary phase 

depends on their hydrophobicity. When a fibre is exposed to an 

aqueous solution (like plasma) of a drug, the compound in solution 

will partition into the fibre coating. The fibre is subsequently 

exposed to a solvent which releases the chemical from the fibre and 

the drug is then analyzed quantitatively. Tailor-made solutions are 

also developed for peptides and protein drugs. 

IN VIVO PHARMACOKINETICS AND TOXICOKINETICS 

Toxicokinetics 

Our Kinetics and Metabolism team provides integrated 

support throughout the safety evaluation programme, including 

toxicokinetics in all usual laboratory species. In vivo studies 

are performed either in satellite groups or in the toxicity study 

animals. Body fluids are collected, stored and analysed separately 

for control groups and treated groups. Our laboratories are 

equipped to conduct all dose confirmation and bioanalysis. 

Pharmacokinetics 

Our team performs all non-clinical types of PK studies,_ffom early 

rat or mouse PK up to regulatory PK studies in dogs. In collaboration 

with our Bioanalysis facilities, we develop suitable methods for 

the quantitative determination of plasma concentrations. The 

kinetic behaviour of the drug is analysed by using Kinetica® or 

algorithms developed in house. Individual and group kinetics are 

then analysed statistically. 
Data generated in animals or human studies in vitro and in vivo 

can be used by our experts to build appropriate PK-models, e.g. by 

PBPK-modelling, to predict drug-drug interaction at various levels 

or to extrapolate kinetics to specific populations or sub-groups. A 

simulation language is used to build-up the models and specific 

equations are developed to describe the most relevant processes 

driving the kinetics of the drug. 

Pharmacokinetics and distribution of biopharmaceuticals 

An increasing number of biopharmaceuticals are now entering the 



drug development process. Therapeutic oligonucleotides (like anti- 

sense oligonucleotides or silencing RNA), monoclonal antibodies 

or recombinant proteins and peptides mostly have very specific 

pharmacokinetic characteristics. These characteristics are often 

class-related and have to be fitted and modelled thoroughly to 

permit adequate evaluation. For many biopharmaceuticals the 

tissue distribution kinetics are much more relevant than the plasma 

kinetics. We have therefore trained our team to focus on the 

molecular specificity of your drugs. 

Transdermal absorption and skin metabolism 

Transdermal delivery of drugs can be a valuable alternative to the 

oral or intravenous routes of administration. Advantages of the 

transdermal route include the circumvention of first-pass gut and 

liver metabolism, increased compliance, controlled plasma levels 

and a reduction in the total administered dose (see also chapter 

Drug delivery and formulation testing, page 40 - 44). 

ADME 

Our team is well trained to explain all relevant ADME processes and 

pathways and generate the necessary regulatory documents. 

The aim of ADME studies is to generate data on the extent and 

pathways of absorption and excretion, on the one hand, and on 

tissue distribution and metabolic pathways on the other. These 

studies are performed in all standard rodent and non-rodent 

species. In addition to dogs, we perform studies in (mini-)pigs and 

in other species. All major routes of administration are possible and 

we have built up considerable expertise in various “non-standard” 

routes. Our radionuclide laboratory is fully equipped for the sample 

treatment and analysis of the usual radioisotopes such as 3H, 14C, 

32P, 35S and U5I. 

An ADME package can comprise: 

• mass balance; 

tissue distribution by Quantitative WBA (or tissue combustion); 

plasma/whole blood kinetics; 

billiary secretion/Portal vein cannulation; 

Our animal facilities are very experienced with cannulation 

techniques and routinely perform bile duct and portal vein 

cannulation in rodents and other species; 

metabolite profiling and identification; 

metabolite profiling is performed by Radio-HPLC, mostly by on¬ 

line radio-detection coupled with a mass spectrometer, or off-line 

for low radioactivity samples; 

metabolites are identified by means of the most up-to-date 

methods such as FT-MS, as well as LC-MS/MS and NMR. 



HIGHLIGHTS 

Whole-Body Autoradlograohv (WBA) and Tissue Distrihutinn 

Tissue distribution studies áre a necessary part of drug 

development. After dosing animals with the radio-labelled drug, 

the classical technique, Quantitative Tissue Distribution (QTD), 

involves excision of tissues at various time points and subsequent 

combustion before liquid scintillation counting. Who/e Body 

Autoradiography offers an elegant alternative. TNO offers a validated 

quantitative WBA with various isotopes (such as 3H, 14C, 32P, 35S) in 

various laboratory species Including rat, mouse, guinea pig, rabbit 

and marmoset. 

ADME studies in disease models 

Our large portfolio of disease models enables us to study drug 

absorption, distribution, metabolism and excretion under different 

disease conditions, for example using obese mice or rats, 

atherosclerotic or diabetics mice, arthritic guinea pigs or mice 

bearing psoriasis grafts etc. (see also chapter Disease models and 

efficacy, page 4-13). 

It becomes more and more apparent that ADME properties may 

differ in specific groups. Disease models can also provide a 

basis for PKPD studies. Our experience in this area also includes 

specific routes of delivery in disease models, including transdermal 

delivery in arthritic rats, the use of osmotic pumps, etc. 

PBPK Modelling 

Within TNO, physiologically based pharmacokinetic modelling 

(PBPK) is being used as a powerful In silico technique to integrate 

and Interpret results from in-vitro experiments and forecast the 

pharmacokinetics of a compound. We use PBPK, for example, to 

predict plasma levels, possible drug drug interactions and oral 

bioavailability. We also combine dissolution studies using our 

intestinal models with in vitro systems to build PBPK models (see 

chapter Drug delivery and fnrmulatinn testing, page riO - AA). 

Biopharmaceuticals 

The increasing importance of biotechnology in the pharmaceutical 

industry is reflected in the number of new biological entities that 

are currently being developed in this area. Biopharmaceuticals now 

represent fifty percent of all new drugs being tested, and their share 

is growing. TNO has anticipated this rapidly growing market, with 

regard to DMPK too, by building the experience and acquiring the 

right equipment to handle the queries with the required expertise. 

This has resulted In a number of successful projects for clients in 

the field of oligonucleotides, enzymes and peptides. 
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Our analytical sciences experts offer standard as well as highly innovative techniques and services. 
These services include the development of ultra sensitive hyphenated bioanalytical methods, using 

state-of-the-art equipment and analyses of samples from in vitro screening, as well as preclinical 

and clinical studies. With our highly experienced team of experts and extensive range of analytical 
instrumentation, we have the capability to devise solutions for analyzing drugs, drug-related materials, 

and biomarkers in complex matrices. 
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ANALYTICAL SERVICES 

Analyti 

The analytical department is well recognized for its long standing expertise in 

developing analytical assays for new chemical entities, new biological entities, 

endogenous proteins and peptides using LC-MS, different immunoassay formats, 

surface plasmon resonance and other state-of-the art techniques. 

BIOANALYTICAL SUPPORT 

From disease models and in vitro screening to preclinical and 
clinical drug development 

TNO has the right equipment and staff to perform both the routine 

bioanalytical tasks in a smooth and cost efficient manner, and to 

answer your more challenging scientific questions by combining 

high performance equipment with a high level of expertise. Method 

development, validation and sample-analysis of drug compounds, 

metabolites and biomolecules can be performed in body fluids and 

tissues from human and animal subjects. We are known for our 

work with the more challenging matrices: plasma, serum, urine, 

faeces, synovial fluid, intestinal fluid, brain tissue, muscle, liver, 

kidney, fat, skin and all samples from in vitro assays. 

The techniques we use include are: 

instrumental analysis, using LC-MS/MS (Applied Biosystems, 

ThermoFinnigan, Micromass), HPLC-UV, HPLC-Flu, GC-MS; 

all routine sample clean-up: liquid-liquid extraction, protein 

precipitation, SPE; 

automated sample clean up: on-line Turbulent Flow Extraction 

and on-line SPE with the PROSPEKT 2; 

immunoassays, such as RIA, EIA, ELISA; 

real-time PCR, reporter gene assays, biological interaction assays; 

LT-Q-FTMS, our high performance ion trap used in metabolic 

studies and proteomics. 

All studies can be performed in compliance with the current 

OECD Principles of Good Laboratory Practice and FDA guidance. Our 

success in bioanalytical method development for small molecules 

and complex biomolecules can be attributed primarily to our 

multidisciplinary expertise and technology platform, as well as a 

high degree of flexibility. 

METABOLITE IDENTIFICATION 

TNO’s specialized team of analytical scientists can assist you with 

structure elucidation of metabolites, impurities and degrades. Our 

approach includes extraction investigation and procedures for 

separation (by HPLC, nano-LC) and identification (MS, MS /MS, MSn, 

and NMR). We also quantify impurity content on request to meet 

the requirements for submitting registration dossiers to regulatory 

authorities. With our LT-Q-FTMS we have a high performance ion 

trap to tackle your toughest analytical challenges in metabolic 

profiling studies. 

IMMUNO-ANALYTICAL METHODS 

The increasing importance of biotechnology in the pharmaceutical 

industry is reflected in the number of New Biological Entities that 

are currently being developed in this area. They deserve special 

attention with regard to analysis because they have certain 

characteristics that clearly distinguish them from small molecule 

drugs; e.g. immunogenicity testing. TNO has anticipated this rapidly 

growing market by gaining the experience and acquiring the right 

equipment to handle your queries with the required expertise. For 

example, we have a GxP compliant Biacore® system. Our scientific 

staff works with instrumental techniques, PCR and immuno- and 

cell-based assays, complying with FDA guidance and GLP. 

TAILOR-MADE SOLUTIONS IN PROTEOMICS 

Originally the aim of proteomics was to study the entire proteome 

of biological systems. However, the discipline has rapidly evolved 

into a group of technologies that are used to identify and compare 

proteins as well as to determine posttranslational modifications, sub- 

cellular location and molecular interactions. We apply technologies 

that are suited to a specific question, offering a comprehensive 

set of proteomics technologies which can be used to answer 

specific questions. We will try to find the needle in the haystack, 

not by looking randomly through the entire haystack to find the 
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Comparison of effects anti-inflammatory compounds in U937 

model by 2D PAGE, 

Plasma collected for bio analysis. 

needle, but by focusing on those parts where it is most likely to 

be located. Although 2D electrophoresis is an arrived technique in 

combination with the newest fluorescent labeling techniques (2D 

DICE) it enables us to accurately quantify even the smallest 

amount of protein. Using these in combination with LT-Q-FTMS 

and Nano-electrospray MS, we can help you to identify the most 

relevant proteins. 

BIOMARKER ANALYSIS 

We have a long-standing tradition in assay development and the 

analysis of biomolecules, and our laboratories enable us to combine 

various biochemical and molecular platforms with state-of-the-art 

analytical instrumentation (LC-MS/MS, GCxGC-TOF-MS, LT-Q-FTMS, 

Luminex). But there is more to it than that. 

Our expertise and scientific track record in specific areas of 

disease, including weight management, cardiovascular, metabolic 

and bone/joint diseases as well as inflammation, enable us to help 

partners put together an optimum package of biomarkers and 

interpret the results. 

Our Biomarker Assay List is available to provide an impression of 

what is possible in terms of readily available analysis methods 

for endogenous biomolecules and metabolites. Depending on the 

purpose of the study or the specific needs, additional validation 

of an assay (for example in a specific species or matrix) may be 

necessary prior to sample analysis. Please note that new assays are 

added to this list on a regular basis. For this reason we invite you 

to contact us with any questions on biomarkers or endogenous 

compounds you need analysed. 

TNO expertise and innovation in Biomarkers: 

design and advice for their use in (non-)clinical studies 

biomarker discovery and biological validation (Please contact us 

for a list of Biomarker Assays) 

from animal disease models to man (and vice versa) 

bioanalytical validation 

sample analysis 

biological interpretation 
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HIGHLIGHTS 

Analysis of biopharmaceuticals: a multidisciplinary approach 

Successful method development for biopharmaceuticals can require 

a complex, multi-step approach. AtTNO we have the 

resources to meet that challenge. We offer an extensive range 

of analytical techniques. We also have years of experience in 

investigating and dealing with the more challenging behaviour of 

biopharmaceuticals, such as plasma protein binding, complex 

extraction procedures, compound adsorption to materials and 

devices, heterogeneity, dimérisation and degradation. In fact, the 

development of bioanalytical methods for these new biological 

entities is one of the core competencies of our organization. 

Biomarkers 

We have a long-standing tradition in assay development and the 

analysis of biomolecules, and our laboratories enable us to combine 

various biochemical and molecular platforms with state-of-the-art 

analytical instrumentation (LC-MS/MS, GCxGC-TOF-MS, LT-Q-FTMS, 

Luminex). But there is more to it than that. 

Our expertise and scientific track record in specific areas of 

disease, including weight management, cardiovascular, metabolic 

and bone/joint diseases as well as inflammation, enable us to 

help partners put together an optimal package of biomarkers and 

interpret the results. 

Immunogenicity testing 

TNO offers a three-step approach to determine the antibody titres, 

antibody characteristics and their neutralizing properties for both 

the pre-clinical, as well as the clinical part of your drug discovery 

program. 

Step 1: BAb assays 

Based on the characteristics of your protein or peptide drug, one 

or more binding antibody (BAb) assays can be developed and 

validated to determine the presence of anti-drug antibodies in 

samples of the host species. At TNO the following BAb assays are 

available: 

Direct ELISA 

Indirect ELISA 

Radio Immunoprécipitation (RIP) Assay 

Surface Plasmon Resonance (SPR; Biacore) 

If no antibodies are available as positive control, immunization 

of one or more animal species can be included in the method 

development. 

Our Biomarker Assay List is available to provide an impression of 

what is possible in terms of readily available analysis methods for 

endogenous biomolecules and metabolites. Depending on the 

purpose of the study or the specific needs, additional validation 

of an assay (for example in a specific species or matrix) may be 

necessary prior to sample analysis. Please note that new assays 

are added to this list on a regular basis. For this reason we invite 

you to contact us with any questions on biomarkers or endogenous 

compounds you need analysed. 

TNO expertise and innovation in Biomarkers 

design and advice for their use in (non-)clinical studies 

advice for sampling, and sample (pre)treatment 

from animal disease models to man (and vice versa) 

validation 

sample analysis 

biological interpretation 

Step 2: Characterization assays 

In case binding antibodies are found they can subsequently be 

characterized using SPR/Biacore (isotype and affinity profiling) or 

an immunoassay (isotyping only). IgG, IgM and IgA including further 

subclasses can specifically be determined. 

Step 3: NAb assays 

Finally, the neutralizing properties of the binding antibodies can 

be investigated using a cell-based assay. Based on the biological 

activity of the drug, the appropriate bioassay will be selected. TNO 

has extensive experience with different types of bioassays, like 

proliferation assays, cytotoxicity assays and reporter gene assays. 
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TNO offers high quality clinical development services. Our Clinical Trial Unit is equipped with its own 
dedicated team of physicians, project managers, research nurses, dieticians and technical and adminis¬ 

trative staff, all of whom work in accordance with the ICH guidelines and in compliance with OCR In the 

last two decades, experts have completed numerous pharmacokinetic, bioavailability, safety and efficacy 
studies. These were dermal absorption/penetration, inhalation and/or nutritional studies and include 

first into man single, ascending, repeated dose and drug to drug, drug to food interactions. 
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“The problem of overweight in today’s society is literally 

visible and growing - together with our customers we 

try to create reliable, sustainable solutions. ’’ 



CLINICAL STUDIES 

Our own clinical facilities at TNO offer a unique environment in which to study 
various metabolic phenomena using human participants. Our team of expert 

researchers has designed numerous studies to provide directly applicable answers 

to specific client questions in the areas of, for example, cardiovascular disease, 
obesity, tolerance, skin condition, safety, efficacy, (mineral) bioavailability and 

oxidative stress. Because our clients value the highest possible quality, we work 

in accordance with the latest guidelines and in compliance with OCR In order to 
offer our clients continuity in their research and development process, we are 

experienced in designing Phase 1, 2 and 3 studies and conducting Phase 1 and 
Phase 2 studies. 

FACILITIES 

Our facilities in Zeist, the Netherlands include: 

purpose-built 24-bed unit, permitting residential studies; 

data management and (bio)statistics; 

temperature and humidity controlled and monitored exposure 

chamber for dermal and inhalation studies; 

vapour generating system (exposure chamber) and on-line 

monitoring; 

extensive analytical facilities; 

on-site clinical chemistry; 

capabilities for measuring physical fitness, energy expenditure 

and resting metabolic rate; 

computerized psychometric/cognitive test battery; 

permission and the necessary experience to conduct clinical 

studies with radio-labelled compounds; 

catering and recreational facilities. 

VOLUNTEERS 

We have an extensive panel of over 7,000 healthy volunteers. This 

panel is constantly updated by means of advertisements and 

mailings. The success rate for meeting recruitment targets is 

almost 100%. We offer a well-equipped unit for volunteer comfort 

and recreation. If necessary, our catering facilities can meet special 

dietary requirements with support from our in-house nutritionists. 

We evaluate our subjects’ health by obtaining full medical histories 

and conducting clinical assessments (ECG, serum chemistry, 

haematology, urinalysis, virology, drugs-of-abuse screening, etc). 

PHARMACOKINETICS 

TNO carries out pharmacokinetic studies in humans on behalf 

of pharmaceutical and biotechnological companies. Clinical 

pharmacokinetic studies can be supported by physiologically based 

pharmacokinetic modelling (PBPK) to integrate and interpret results 

from in vitro experiments and forecast the pharmacokinetics of a 

compound. We use PBPK, for example, to predict plasma levels, 

possible drug-drug interactions and oral bioavailability. Bioanalysis 

of drugs and metabolites can be performed by our bioanalytical 

experts. 

Studies include: 

pharmacokinetic profiling studies; 

ADME studies with radiolabeled compounds; 

absolute bioavailability studies; 

drug-drug and food-drug interaction studies; 

bioequivalence studies; 

Pharmacokinetic - Pharmacodynamic (PK-PD) studies; 

microdose studies with radiolabeled compounds using Accelerator 

Mass Spectrometry detection; 

mass balance studies. 

SPECIALIZED ISOTOPE STUDIES 

Unique to our facilities, alongside the use of radio-isotopes, is the 

use of stable isotopes to assess mineral absorption. Over the past 

years we have carried out many studies to assess the absorption 

of, for instance, calcium, magnesium, iron or selenium by means of 

oral and intravenous administration of stable isotopes. 

We can use both single stable isotope and dual stable isotope 



techniques. In single stable isotope studies, drug absorption is 

calculated as the difference between intake and faecal output 

of the isotope. With dual stable isotope studies, a drug is, for 

example, administered orally and intravenously. The relative ratio 

of oral to intravenous isotope can be measured in urine or plasma 

collected at different time points to assess fractional absorption. 

Isotope analysis can be performed in house using ICP-MS or 

using Accelerator Mass Spectrometry (AMS) techniques in close 

collaboration with the University of Utrecht. 

DERMAL STUDIES 

TNO offers services to pharmaceutical companies for safety or 

efficacy testing of products for skin effects or skin absorption/ 

penetration. Products may be either applied to the skin or 

delivered into the skin through alternative routes such as dermal 

drug delivery systems (patches) with or without radio-labeled 

compounds. Depending on the study aim, various study protocols 

are available, including skin tolerance, (photo)-irritation and 

-sensitization, to fulfil all your requirements. 

Skin tolerance of products can be assessed using study designs and 

protocols focussed on the irritancy potential of the products. The 

Human Repeated Insult Patch Test (HIRPT) is a sophisticated tool for 

investigating the sensitization potential of products. Phototoxicity 

refers to irritation that is produced through the interaction of 

chemical substances with radiation in the ultra-violet and visible 

range. Phototoxic effects are immediate and non-immunological 

in aetiology. Studies can be designed to identify the phototoxic 

potential of topical formulations and these compare the ointment 

base alone with a typical amount of ointment (e.g. 50 /xg / g). 

Treated and control sites are exposed to a well-defined level 

(joules / square cm) of UVA and compared to show whether 

formulations are phototoxic or not. Specific study protocols are 

available to conduct, e.g., a placebo controlled double-blind, 

randomized study in volunteers. 

Based on our experience in nutritional physiology, we have 

developed clinical protocols and sets of biomarkers for studying 

effects of drugs and supplements on skin health. 

PSYCHOMETRIC/COGNITIVE TESTING 

The effects of treatments on central nervous system (CNS) function 

can be assessed using a computerized test battery containing 

selected tests from the Neurobehavioral Evaluation System (NES) 

originally described by Baker and Letz (1985) and translated for use 



in Dutch populations. This psychometric test battery is designed 

to evaluate various aspects of cognition, including attention, 

memory and learning, motor performance and perceptual coding. 

A Profile of Mood States (POMS) questionnaire can also be included 

to assess changes in mood and affect. Studies have been conducted 

recently in volunteers exposed to solvent vapours under controlled 

conditions of temperature and relative humidity in our exposure 

chamber. 

ADVANCED NEUROPHYSIOLOGICAL AND 
COGNITIVE FUNCTION STUDIES 

In our Soesterberg facilities we have a high level of specialised 

expertise in studying the effects of therapeutic and prophylactic 

drugs on safety-sensitive behaviour, such as driving, flying, sailing, 

and diving. This includes validated computerized cognitive task 

batteries and vigilance tasks. For interpretation of results on 

alertness, vigilance, and complex task performance, reference values 

based on the effects of alcohol are available. 

actigraphy equipment and software for ambulant and long-term 

objective recording of sleep characteristics; EEG equipment for 

laboratory experiments on sleep; 

moving-base driving simulator and instrumented vehicle; 

extensive experience in simulator and on-the-road studies to 

assess effects of various stressors and conditions; 

hypobaric chambers to simulate in-flight environmental conditions; 

lower ambient pressure and low humidity can influence the 

effects of treatments used by crew or passengers. Studies in 

the hypobaric chambers are conducted in cooperation with the 

Dutch Royal Air Force, which owns the chambers; 

climatic chambers in which effects of medication in cold and hot 

environments can be evaluated. State-of-the-art monitoring of 

dermal, rectal, and oesophageal temperatures; 

exercise testing facilities and state-of-the-art physiological 

monitoring equipment; 

3-D Laser Anthropometry enabling exact and detailed 

measurement and analysis of changes in geometry and 

morphology of external body tissues; the effects of anti-obesity 

drugs can be recorded in detail. 

Our facilities in Soesterberg include: 

barany chair to elicit Coriolis effects, enabling the study of 

motion sickness and spatial disorientation in a simple but highly 

controlled setting; 

3D rotation and centrifuge chair to induce angular motion around 

virtually any axis including varying and constant centripetal 

accelerations; this device permits performance and motion 

sickness studies to be conducted in a moving environment; 

eye movement recording equipment enabling assessment 

of neurological function and the vestibule-ocular reflex (in 

combination with the Barany or 3D rotation chair); 

tilting room and stabilometer permitting the study of postural 
instability; 

desdemona, our most sophisticated motion stimulator; this 

consists of an unlimited 3D rotating gondola for one subject, 

able to move up to 2m vertically and 8m horizontally, possibly 

during centrifugation up to 3G. EEG, EOG, ECG, and other 

(electrophysiological) recording techniques will be available. 

With this facility, effects of virtually any kind of motion or G-load 

typical of driving, sailing, flying, and even space missions can be 
studied in humans; 

acoustic chambers (ranging from fully anechoic to highly 

reverberant), permitting studies under tightly controlled and 

extreme acoustic conditions; 

fully equipped optics laboratory, permitting complex 

psychophysical evaluation studies related to human vision; 

a suite of audiometric tools and (automated) vision screening 

tools; 

flight simulator facilities, permitting pilot performance 

measurement in advanced cockpit designs; 

ship manoeuvring simulator, permitting navigator and crew 

performance measurement in advanced ship control centre 
designs; 

robotic systems and simulations, permitting tele-operation and 

tele-presence performance measurement under a variety of 

(environmental) conditions. 
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HIGHLIGHTS 

Weight management and metabolic syndrome 

Obesity is a complex and multi-factorial disease. It has 

become a serious epidemic not only In North America and 

Europe, but also in many other parts of the world. Obesity can 

have important health consequences such as heart disease, 

diabetes, hypertension, osteoarthritis and certain forms of 

cancer. There is a growing awareness that drug therapy can 

also play an important role in weight management. Several 

pharmaceutical and biotech companies have Increased their 

research activity in this area in recent years and different 

therapeutic strategies are being investigated. 

Weight management seems to be a simple matter of the 

balance between food intake and energy expenditure. This 

notion however, may be too simple, because more and more 

factors appear to be involved. The increasing incidence of 

overweight individuals is explained by genetic factors, metabolic 

set point regulation during development and other external 

factors, such as viral and toxicological effects. 

In recent years, we have developed expertise in the area of 

food intake regulation, focusing on ghrelin as a hunger signal, 

analyzing all satiety hormones in humans in response to various 

dietary interventions such as high protein diets, specific lipid 

molecules and modified carbohydrates. In addition, we have 

applied nutngenomics technology to develop new biomarkers 

in this exciting field. In a second large project, fMRI techniques 

were applied to study changes in brain activation in relation 

to sweeteners and other tastes, i.e., to study sensory specific 

satiety. 

In our most recent programmes we are focusing on uptake of 

lipids in relation to gut and fat tissue hormone production, the 

effect of toxic compounds and body composition in the mother 

animal on the weight development of the pup (cross-fostering) 

and pharmacokinetic modeling and regulation of gut hormone 

release in humans using stable isotope techniques. 

In the near future, we will develop programmes enabling us 

to study all aspects of overweight in children and the relation 

between overweight and the initiation of disease, specifically 

insulin resistance. In collaboration with industry, several projects 

have been initiated which investigate the satiating effects of 

diets or nutrients, feelings of well-being related to hunger and 

satiety and thermophyslological effects of food components. 

At TNO, we are experienced in procedures to evaluate glucose 

uptake and sensitivity, e.g. by the hyperinsulinémie euglycemic 

clamp technique. The goal of this clamp is to determine insulin 

sensitivity. To reach this goal, a predetermined steady dose of 

insulin based on the subject’s body weight is given intravenously 

to largely suppress endogenous insulin production. 

The intravenous supply of glucose is adjusted to reach a 

constant blood glucose level of 5.0 mmol/l. As soon as a 

steady state has been reached, the supplied amount of glucose 

equals the amount that is taken up by the body under the 

influence of insulin. This amount of glucose is a measure of 

insulin sensitivity. 

Internationally recognised groups working in weight management 

at TNO are involved in human nutrition inten/entions, toxicological 

evaluation, nutrigenomics, metabolic disease, rat and mouse 

models for disease, analytics, etc. 



DRUG DELIVERY AND FORMULATION TESTING 



TNO offers a full range of testing services for new formulations and drug delivery systems. We investigate 

bioaccessibility and bioavailability via various administration routes, using in vitro as well as in vivo 
techniques. In the area of formulation development we are specialists in polysaccharide-based matrices 

for proteins, peptides and certain small molecules with site-specific or on-demand release characteristics. 
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ORAL DRUG DELIVERY & DRUG TRANSPORTERS 

TNO has a long history of research on oral bioavailability. Some key issues in 

oral bioavailability are addressed by using/n vitro methods in combination with 
in silico approaches. Examples of such issues are the various events during the 

passage of drugs through the intestinal tract (e.g. dissolution rate, binding to 

food components, precipitation), uptake through the gut wall including possible 

metabolism, and back-transport to the lumen by transport proteins (e.g. PgP). 

TNO’S GASTROINTESTINAL MODEL (TIM) 

TNO’s unique gastrointestinal model, called TIM, is a valuable in 

vitro tool for determining a drug’s bioaccessibility, i.e., potential 

availability for absorption. Two models are available: TIM-1 

(stomach and small intestine) and TIM-2 (large intestine). The 

fate of ingested (formulated) drugs is assessed in a dynamic 

environment closely resembling the luminal conditions of the GI 

tract of humans or animals under fasting or fed conditions: secretion 

of gastric and small intestinal juices (digestive enzymes, bile juice, 

and acids), gastrointestinal transit times (peristaltics, gastric 

and small intestinal emptying, and housekeeper wave), removal 

of digested / solubilised compounds (after release from a specific 

formulation), and presence of metabolically active microbiota in 

the large intestine. Food effects can be determined by introducing 

any complex meal to the system together with or shortly before 

the drug or formulation. Studies in the TIM system can be 

supplemented with absorption tests of the TIM digest in cultured 

cells, thus giving a complete overview of drugs in the GI tract. 

INTESTINAL ABSORPTION 

Various in vitro methods have been developed to assess intestinal 

absorption such as established cell lines or isolated tissues. 

Intestinal segments cultured in Ussing chambers have the advantage 

of presenting all layers of the intestine (e.g. enterocytes, dendritic 

cells, lymph tissue) and allow in-depth in vitro studies of the 

absorption and metabolism of drugs by the gut-wall. Caco-2 and 

other polarized cell lines such as MDCKII allow determination of 

bidirectional transport rates through the cellular monolayer. Caco-2 

cells are useful at early stages of the development of a drug and 

transfected MDCKII cell-lines are valuable tools for investigating 

non-linear PK. MDCKII cells expressing MDR1, MRP2 or BCRP are 

currently available, while cell lines expressing other transporter 

proteins are under development. 

MODELING 

TNO has also developed an in silico approach to predict plasma 

concentrations by combining bioaccessibility data assessed with 

the TIM-system and PK-parameters. TNO can also employ a more 

complex approach (in combo), which integrates absorption data 

from Caco-2 cells (or other intestinal cell transport studies), 

distribution parameters (e.g. protein binding, LogP, partition to 

organs) and metabolism data from microsomes (KM, Vmax) in a 

physiologically-based PK model. 

TRANSDERMAL AND TOPICAL DRUG 

DELIVERY 

The key issues in transdermal delivery include quantitative 

absorption with acceptable rates, skin metabolism and 

phototoxicity. In addition to a wide range of in vitro techniques, 

specific expertise is available for the determination of transdermal 

absorption in animals and in human volunteers, also including 

radiolabeled drug and including local tolerance testing. Efficacy 

testing of drugs on skin diseases includes a range of disease models 

such as our psoriasis model and atopic dermatitis model. 

IN VITRO DERMAL ASSAYS 

We perform a number of in vitro studies specifically focusing on 

transdermal delivery for predicting in vivo bioavailability of drugs. 

For this purpose, TNO has access to a regular source of fresh human 

skin tissue from hospitals across the Netherlands. Comparative 

absorption and metabolism studies have been performed in human, 

rat, pig and monkey skin tissue. Various types of skin membranes 

can be used, ranging form epidermal membranes to full-thickness 

skin, the latter permitting investigation of tissue distribution by 
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1 Flow-through diffusion cells for transdermal delivery testing. 

2 TNO’s dynamic In vitro system of the stomach and small intestine, 

TIM-1. 

dissection or autoradiography. Furthermore, comparison of topical 

formulations or the effects of enhancers on dermal absorption are 

relevant issues which we can address in vitro. 

In in vitro testing we use established cell lines (e.g. Caco-2, IEC-18, 

MDCK and A549) cultured on semi-permeable membrane inserts 

or isolated tissues, such as skin membranes in diffusion cells and 

intestinal segments in Ussing Chambers. 

In vitro transdermal drug delivery membrane type: 

• epidermis; about 0.1 mm thickness, non-viable, no tissue 

distribution 
• full-thickness skin, 0.5 mm thickness, viable & non-viable, tissue 

distribution possible 

In addition, in vitro skin corrosion and (acute) irritation tests 

are performed routinely We are also currently developing and 

implementing new in vitro techniques in dermal research, for 

example UV-induced photoxicity (phototoxicity testing has up to 

now been performed in vivo in rats) and efficacy testing of cosmetic 

ingredients. 

IN VIVO DERMAL STUDIES IN ANIMALS 

The following in vivo dermal studies can be performed: 

• dermal acute, subacute and subchronic toxicity studies in rats, 

rabbits or minipigs 
• dermal (photo)sensitization, including primary irritation 

screening, in guinea pigs (positive control -hexylcinnamaldehyde) 

• dermal and oral photosensitzation in guinea pigs 

Our in vivo models also include a range of disease models and a 

human skin transplant model in the mouse. 

IN VIVO DERMAL STUDIES IN HUMAN 

Pharmacokinetic studies in human volunteers are performed to 

evaluate a transdermal product in its final stage of development. 

After topical application, studies generally include collection of skin 

washes, stratum corneum and blood samples, as well as excreta. 

This allows for accurate determination of the absorption processes, 

plasma kinetics and excretion patterns. Our studies can be combined 

with assessments of local and systemic biotransformation, as 

well as local tolerance. For more information on our Clinical 

development and human studies, see the Clinical Studies chapter in 

this brochure. 
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HIGHLIGHTS 

Inhalation expertise 

With our Inhalation Toxicology Group’s extensive knowledge and 

experience in generating and controlling the dosage of gases, 

vapors and aerosols, we are equipped to conduct accurate in 

vivo tests of inhalation drug delivery systems. The Inhalation 

Toxicology Group works closely with the Kinetics and Metabolism 

Group (and others) in designing customized studies for testing 

Inhalation drug delivery. 

TNO BioSwitch: Release-on-demand drug delivery 

BioSwitch is based on a release vehicle consisting of charged, 

cross-linked biopolymers consisting of modified polysaccharides, 

such as oxidized starch. The matrix Is capable of absorbing 

drug molecules of which the binding and release kinetics can 

be changed and controlled by composition and synthesis 

parameters. The technology provides controlled release or 

release-on-demand drug delivery systems. 

With release-on-demand the drug is released upon a stimulus 

by external factors. In addition to the more conventional 

stimuli such as solvent, pH or salts, BioSwitch Is degradable by 

bacterial- or tissue specific enzymes. 

Areas of application include on demand delivery of drugs 

(antibacterials, antifungals) for oral or topical applications, on 

demand delivery of implantable formulations or coatings, 

colon-specific delivery systems, etc. 
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TNO has longstanding experience in packaging and process optimization. We can evaluate and test 

the safety of your pharmaceutical packaging materials in compliance with European, German, Dutch 

and American (FDA) regulations and guidelines. In process optimization our research activities are 

focused on strain improvement and medium optimization for the production of biopharmaceuticals. 
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“\Ne develop and apply generic technologies that 

enable more efficient production processes which 

reduce costs and time to market as well as boost 

availability. In other words, you get more for less. ” 



TESTING PHARMACEUTICAL PACKAGING 

TNO also has over 25 years of experience in packaging and process optimiza¬ 
tion. We test and evaluate the safety of packaging materials (plastics, rubber 

and glass) in compliance with European, German, Dutch and American (FDA) 

regulations and guidelines. Furthermore, TNO offers testing in accordance with 
the European, Japanese and American pharmacopoeias. In process optimiza¬ 

tion, we have experience in strain improvement and medium optimization. We 

have developed an array of unique, generic, technologies with which our custom¬ 
ers can optimize their cell lines and growth media, such as metabolomics, and a 

suicide-substrate based platform for the selection of protease negative strains or 
cell lines. 

PACKAGING 

Packaging materials are essential for the storage and transport 

of pharmaceutical products. Pharmaceutical packaging materials 

have to be safe for the consumer, in other words, they may not add 

harmful substances to the pharmaceutical product. New guidelines 

for packaging materials for medicinal products have been 

formulated by the European Agency for the Evaluation of Medicinal 

Products (EMEA). New packaging materials have to be developed 

in accordance with these new EMEA guidelines. Since TNO is an 

independent contract research institute, it can collect under non¬ 

disclosure regarding physico-chemical characteristics, composition, 

content of residues of starting materials, extractables, leachables 

and migration of substances of pharma packaging materials from 

the producer. 

Crucial analytical tools for characterizing and quantifying organic 

compounds in a container-drug product interaction study are gas 

chromatography / mass spectrometry (GC-MS) and liquid 

chromatography / mass spectrometry (LC-MS). The interaction / 

migration study is performed in the pharmaceutical product or in a 

drug simulant like water or ethanol solution. HS-GC-MS is the ideal 

analytical technique to study the migration of volatile compounds 

such as ketones, alcohols, organic acids, aldehydes etc. GC-MS is 

used for the more thermostable, but still volatile compounds like 

process lubricants, plasticizers and anti-oxidants. For migration of 

compounds that are non-volatile or non-thermostable, such as 

catalysts, plasticiziers, slip agents and other polymer additives, 

LC-MS is used. In addition to the chromatographic techniques, 

TNO has ICP and FTIR analysis available for performing more 

specific analysis. The migration data in combination with the 

exposure and toxicity data are used for the safety evaluation of 

the packaging material. 

Additionally, a pragmatic protocol for safety assessment of 

extractables and leachable migrants is being developed based on 

an integrated assessment of exposure, toxicology and chemical 

analysis. For this purpose, a cost-effective analytical strategy has 

been developed to assign substances with structural alerts for 

genotoxicity in complex mixtures that are present at toxicologically 

relevant concentrations. This can replace a time consuming or even 

impossible peak-by-peak identification and quantification. 

PROCESS OPTIMIZATION 

Increasingly bioactive proteins (e.g. antibodies) are used as the 

active ingredients in medicines. These proteins are generally 

produced by mammalian cell lines or micro-organisms. In order to 

achieve the commercial production of such proteins, it is crucial to 

rapidly obtain high producing host cells in cell line development 

and to reduce batch-to-batch variation in commercial bioproduction 

processes. 

Reduction of batch-to-batch variation 

Large scale fermentations of cell lines and microbes exhibit 

(significant) batch-to-batch variation. The main cause of this 

variation is small, but important, differences in the composition of 

the (complex) medium. TNO has set up a very robust and inert 

quantitative (exo-)metabolomics platform that allows the 

quantitative analysis of all medium components. In combination 

with multivariate statistics, we can identify the medium components 

that critically affect the performance of fermentations, by opening 

up the black box of (complex) media. The concentrations of these 

critical medium components can subsequently be controlled to 

minimize batch-to-batch variation, or can even be controlled to 



minimize batch-to-batch variation, or can even be used to optimize 

bioproduction in bioprocess development. 

Improvement of production host 

We have developed a new method for the rapid direct selection of 

mutants with reduced protease activity. Our proprietary approach 

is based on a suicide substrate to which protease mutants of 

mammalian cell lines (e.g. CHO cells), prokaryotes (e.g. E. coli), yeast 

[e.g. Pichia) and fungi are more resistant than the parent strains. 

It allows the direct enrichment for different protease mutants, 

including extracellular and cytosolic proteases and protease 

regulators. 

Fungi are amongst the most efficient producers of extracellular 

proteins. Already wild-type strains produce over a gram per liter 

of extracellular proteins. TNO has almost 20 years of experience in 

improving the production of proteins by fungi. Recently, we have 

exploited this knowledge for the production of therapeutic proteins 

by fungi and we are able to produce 1 g/l of antibody. 

PROCESS ANALYTICAL TECHNOLOGY (PAT) 

Process Analytical Technology, a methodology recognized by the 

FDA as a strategic area of new technology, requires multidisciplinary 

teams of experts. Among the skills needed to implement PAT, multi¬ 

variate statistics is a tool acknowledged by the FDA to discover, 

model and monitor critical control points and critical quality 

attributes. We have a long-standing tradition in multivariate 

statistics, a tool that has been implemented successfully in the fields 

of e.g. systems biology and process monitoring. Thanks to ample 

experience obtained in other fields, we have made sure we have the 

right developments in analytical chemistry, data pre-processing, 

multivariate analysis and longitudinal analysis in house. Our 

experts offer process analysis and strategy design, consultancy, 

feasibility studies and validation. TNO is familiar with the guidance 

document from the FDA, which describes the principles and 

implications of PAT. 



QUALITY STANDARDS 

AND QUALITY ASSURANCE 

Drug development at TNO complies with the OECD guidelines 

for Good Laboratory Practice (GLP). The data are accepted by 

Regulatory Authorities In the European Community, USA and 

Japan. The GLP-compliance of TNO applies to: 

• toxicology 

• mutagenicity 

• residues 

• analytical and clinical chemistry 

• kinetics and metabolism 

• worker exposure studies 

Human research involving interventions and the administration 

of a research substance is carried out according to the 

ICH guideline for Good Clinical Practice (GCP). TNO is ISO 

9001:2000 certified. 

An independent ethics committee must approve studies with 

human subjects and animals. The in-house Quality Assurance 

ensures compliance for studies by auditing study plans, critical 

phases of the study, facilities and study reports. 



WHERE CAN YOU FIND TNO? 

Laboratories 
Our drug discovery and development services are concentrated in two laboratories in the Netherlands, located 

in Zeist and Leiden. These laboratories offer expertise in a wide variety of fields. Two other offices service 

North America and Japan. 

r 

Location Zeist, The Netherlands H Location Leiden, The Netherlands ■ Pharma office, North America 

• Drug safety evaluation • Disease expertise and models 

• Drug metabolism and Pharmacokinetics • Efficacy testing and mechanistic studies Pharma office, Japan 

• Bioanalysis • Target validation B 

• Clinical studies • Biomarker research 

• Drug delivery and formulation testing • Genomics and systems biology H 

• Testing of pharmaceutical packaging |H 

For more information, please contact: 

TNO 

Pharma office, Zeist, The Netherlands 

Tel. +31 30 694 4844 

Fax +31 30 694 4845 

Pharma office, North America 

Tel. +1 416 837 7500 

Fax +31 30 694 4845 

Pharma office, Leiden, The Netherlands 

Tel. +31 71 518 1499 

Fax +31 71 518 1901 

Pharma office, Japan 

Tel. +81 45 478 5130 

Fax +81 45 473 7959 

Email: info-pharma@tno.nl 

or visit our website: 

TNO.NL/pharma 



TNO.NL/PHARMA 
WHY TNO? 
• Long history and ample experience in drug development. 

• High customer care and open communication. 

• In-depth scientific and disease-related knowledge. 

• Dedicated project managers. 

• Tailor-made projects. 

• Creative solutions for non-standard questions. 

• High flexibility in study design and planning. 

• Competitive pricing and high quality reporting. 

• Quality data interpretation. 

• Certified laboratories (NEN-EN-IS09001: 2000, GLR GCP). 

• Broad academic and clinical network. 

• Guaranteed confidentiality. 

• Proven track record. 

• Full range in efficacy and safety research, from discovery to 

preclinical and clinical. 
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TNO.NL/pharma 

TNO Quality of Life 

Healthy food, good working conditions, healthcare, sport: these are major 

influences on the quality of our daily life. That’s why they are gaining 

increasing attention. At TNO, too: we investigate how we can safeguard 

and improve the health of people and how they perform. 

In order to offer you the right applicable knowledge or advice, TNO has 

focused its research on specific areas. Essential concepts linked to these 

areas are: health, safety, durability and quality. 

TNO Quality of Life can be divided into six areas of activity: 

• Work and Employment 

• Chemistry 

• Innovation Policy 

• Prevention and Healthcare 

• Pharma 

• Food and Nutrition 

For more information, please contact: 

TNO 

Visiting address: 

Utrechtseweg 48 

Postal address: 

RO. Box 360 

3700 AJ Zeist 

The Netherlands 

Tel +31 30 694 4844 

Fax +3130 694 4845 

info-pharma@tno.nl 


