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1 Introduction

1.1 New Antibiotic Compounds

1.1.1 Antibiotic Resistance

According to estimations from the World Health Organization (WHO), 25,000 people die
each year in Europe due to nosocomial, i.e., hospital-acquired, infections with multi-resistant
bacteria. The vast majority of these nosocomial infections are caused by Staphylococcus
aureus, Enterococcus faecium, Pseudomonas aeruginosa and Klebsiella pneumoniae. [1, 2]
The rapid progression of antibiotic resistance is influenced by several factors. First and
foremost is the unnecessary and incorrect application of antibiotics, including the incorrect
choice of antibiotic, an insufficient dose or treatment duration and the application of
antibiotics during viral infections. Additionally, the use of antibiotics in commercially driven
agriculture plays an essential role in the development of drug resistance in humans. The
emergence of antibiotic resistance increases the demand for new anti-infective compounds.
Targeted research activity in the field of antibacterial compounds is therefore of growing
relevance. Nevertheless, for pharmaceutical companies, research in this sector appears to be
less lucrative. On the one hand, newly developed drugs generally serve as reserve antibiotics
when commercially used antibiotics do not show sufficient effect. On the other hand, there
is the risk that after spending time and money in researching and developing a new drug,
low income revenue may occur due to rapid resistance development. [3, 97, 75]

In summary, limited treatment options for existing multi-resistant pathogens, mainly
arising in hospitals and similar environments, as well as the perpetual misuse of antibiotics,
which have led to the emergence of antibiotic resistance, are causing ever-increasing

problems in fighting bacterial infections. [4]



1.1.2 New Class of Compounds

The synthetic antibiotic compounds discussed within this study represent a new group of 5-
O-alkylated bicycloheptyl-anellated naphthoquinones (synonymously 1,4-methano-1,4-
dihydro-9,10-anthracenedions, for chemical structures see 1 Cyclohexenyl-anellated
naphthoquinones exhibit pronounced antibacterial activities that are generally found in
contrast to only moderate bioactivities of their aromatized congeners (viz. anthragquinones).
Thirty-one new drug candidates showing pharmacological activity against gram-positive
bacteria have been supplied by Sealife Pharma GmbH (Tulln, Austria), hereinafter referred

to as CPD1-31. Eight out of this thirty-one drug candidates are shown in Figure 1.
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Figure 1: a-h Chemical structures of investigated test-compounds (CPD3, CPD5, CPD6, CPD7,
CPD10, CPD11, CPD13 and CPD17)



The natural product group of altersolanols shares this common structural feature together
along with other structurally related natural products, e.g. austrocortilutein and pleosporone.
Altersolanols (A-E) — structurally representing polyhydroxy-methylcyclohexenyl anellated
naphthoquinones (which might be coevally perceived as naphthoquinone anellated methyl -
conduritols) — and their metabolites are produced by several terrestrial and aquatic fungi,
such as Alternaria species, Dactylaria lutea, Phomopsis species, Stemphylium globuliferrum
or Xylaria species, as well as others not yet characterized. Some altersolanols are known to
be toxic to plants and animals. In addition, altersolanols show antibacterial, antiviral, or
cytotoxic activity. Thus, researchers have repeatedly focused on altersolanols during the last
two decades and have demonstrated their potential for use in the development of new
medications and elucidated the structures of increasing numbers of metabolites. Currently,
research focus on the structural clarification of hitherto unknown derivatives and their
mechanisms of action is still ongoing. In the past, various pharmacological studies have
confirmed the antibacterial activity of altersolanols against Escherichia coli, Pseudomonas
aeruginosa and gram-positive bacteria such as Staphylococcus aureus, Bacillus subtilis and
Micrococcus luteus. [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]

Ring-C-oxa-analogues of the above mentioned structural group, such as the antibiotic benzo-
isochromanquinones of the nanaomycine and kalamycine families, as well as the benzo-
chromanquinones of the lapachone type, are also showing pronounced antibiotic activities.
Nanaomycines (A-E) are isolated from Streptomyces rosa subspecies notorensis inhibiting
the growth of gram-positive bacteria, fungi, mycoplasma and yeast. Nanaomycine A is
approved for the treatment of ringworm for cattle in Japan. A previous study also showed
the antiproliferative effects of nanaomycin A in three different human cancer cells by
inhibiting DNMT3B (DNA methyltransferases) and reactivating the transcription of the
RASSF1A tumor suppressor gene. Two new isolated nanaomycines F and G show no
antimicrobial activity against varies bacteria and fungi. [20, 21, 22]

Kalamycin, also known as kalafungin, is isolated from Streptomyces tanashiensis K. and
inhibits the growth of gram-positive bacteria and fungi. Alpha-Lapachone is a naturally
occurring lapachol derivative. Lapachol and its derivatives are widespread prenylated
naphthoquinones isolated from the heartwood of paratecoma peroba (Bignoniaceae) and
teakwood of tectona grandis (Verbenaceae). Alpha-Lapachone shows antibacterial activity
against methicillin-resistant Staphylococcus aureus, epidermidis and haemolyticus strains.
[20, 23]



1.2 Drug Discovery and Development

The search for new drugs comprises two main areas: drug discovery and drug development.
Drug discovery consists of selecting a therapeutic area, choosing a target for a specific
disease, setting up models for testing biological activities, screening the compounds for in
vitro and in vivo biological activities, and determining early absorption, distribution,
metabolism, excretion and toxicology (ADMET) outcomes. Drug development

predominantly focuses on evaluating the efficacy and toxicity of drugs. [24, 25, 26]

The preclinical development of a lead compound candidate focuses on two major segments:

1. Pharmacological-toxicological investigations, to obtain detailed information
about the efficacy, safety and toxicity of a drug candidate.

2. Pharmacokinetics (PK) investigations, to provide information related to the
physicochemical properties of a compound, which are responsible for its in
vitro fate. The physicochemical properties are determined by establishing the
solubility, pH value, temperature, ionization, UV light, lipophilicity and other
properties, which are responsible for plasma protein binding (PPB),

membrane binding, distribution and metabolism.

Drug Discovery

Preclinical Preclinical
Pharmacokinetics Pharmacology / Toxicity

Phase 0
First dose in man

Clinical Phase I, II, HlI

Phase IV

Figure 2: Drug discovery process
Data from Pharmaceutical Research Medical Association (2003) [27]
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Figure 2 shows the processes in drug discovery and development. Phase O trials are not
legally required but are strongly recommended. In this phase, a very low dose of a drug that
lacks data on efficacy and safety is administered in humans. This phase serves primarily to

evaluate the PK properties. [28]

Clinical phase I is designed to evaluate the safety and dosage in 20 to 30 healthy volunteers
and patients. Clinical phase 1l is developed to assess the efficacy and side effects in 100 to
300 patients. Clinical phase 111 is needed to determine the effectiveness and side effects on
a large group of patients, i.e., 1,000 to 1,500. Additionally, this phase compares the new drug

with the standard drug and provides information on its safe usage. [27, 28, 29]

Clinical phase IV studies are performed after receiving the product license, to investigate
very rare and/or long-term adverse drug reactions, to compare the drug with standard

treatments and/or to enlarge the spectrum of applications. [27, 28, 29]

The focus of this thesis is on preclinical PK investigations, highlighted above in red in Figure
2.

Table 1 illustrates an overview of the most important parameters, which are usually
recommended to perform during preclinical PK investigations according to the guidelines of
the European Medicines Agency (EMA). [30]

Table 1: Overview of recommended PK parameters to investigate during drug development

Parameter Value References

Analytics e Isolation of compound from biological 31,32
matrices

e Separation of compound from metabolites
and/or degradation products

Stability Solvent, pH, light, temperature, time, storage 33,34
In vitro permeability | Caco2 and Parallel artificial membrane permeability | 35
assay (PAMPA)
Plasma proteins e Total binding 36, 37, 38

e Human serum albumin (HSA) — binding
e Alpha-1-acid glycoprotein (AGP) — binding

Microsomal affinity | Metabolism 39, 40
Intestinal affinity Intestinal absorption 41, 42
Metabolism Hepatocytes: metabolic stability screening, 43, 44, 45

metabolic profiling, drug-drug interactions,
hepatoxicity

Animal PK PK and metabolism 46, 47
Tissue binding E.qg. liver, kidney, heart, brain, lipids 48
Skin Penetration, permeation, resorption




If the investigated compounds show antibacterial and antiviral activities, in vitro and in vivo
skin models are additionally utilized in this initial phase of investigation. Since these
compounds are often used for topical therapy and could provide an alternative to peroral or

intravenous (iv) applications.

PK profiling and drug metabolism have become increasingly important even in early stages
of drug development. In vitro screening of ADMET parameters, may provide a basis for the

selection of new chemical entities. [99]

1.2.1 Binding and Distribution

One of the most important factors influencing the distribution of a compound is its protein
binding (plasma and tissue) ability. Only the unbound fraction of a drug appears to have a
pharmacological effect by penetrating through cell membranes and thereby becoming
available for elimination. Generally, drugs with a low PPB have better tissue penetration but
are consequently excreted much faster. Thus, these drugs have an accelerated elimination
half-life (tu2el). By contrast, when a compound shows a PPB higher than 80-85%, its
excretion is only modestly affected by PPB or is even unaffected. If the binding of a
compound predominantly occurs to albumin, its in vivo ti2el may be increased. Furthermore,
PPB strongly affects the PK of a drug, specifically its clearance (CL) and volume of
distribution (\Vd). [36, 37, 38, 49, 50]

PPB ranges from 0 to 99%, depending on the physiochemical properties of the drug
candidate, which can be based on electrostatic and/or hydrophobic mechanisms. High PPB
represents an intravasal depot in equilibrium with the unbound and active fraction of a drug
in plasma. Equilibrium occurs rapidly and reversibly within a few milliseconds, which can
be advantageous for the pharmacological properties of a compound but might also lead to
toxicological effects. [36, 38]

AGP and HSA are the most important plasma proteins, along with lipoproteins. Acidic and
basic compounds can bind to HSA, whereas only basic compounds can bind to AGP. HSA
is the protein with the highest concentration in human plasma. This protein is synthesized
by polysomes in hepatocytes and has ligand-binding capacity and transport activity for

various endogenous compounds, e.g., bilirubin. Additionally, HSA exhibits antioxidant



properties when binding to endogenous and exogenous compounds. AGP, also known as
orosomucoid, is a glycoprotein synthesized in hepatic and non-hepatic cells, e.g.,
granulocytes and endothelial cells. [38, 51, 52, 53]

Along with PPB, the prediction of tissue binding has always been of great importance in
drug development. Both parameters must be known in order to determine the free fraction
of a compound that is available for pharmacological distribution and drug metabolism.
Recent research has revealed that tissue binding may play an even larger role in the
distribution and PK parameters of drug candidates than protein binding. Furthermore, the
extent of binding to tissues and proteins in the central compartment can be related to the \Vd

of a compound. [54, 55]

Various methods have been described for predicting the PPB of compounds during drug
discovery and development. The most commonly utilized methods for determining PPB are
ultrafiltration, equilibrium dialysis and ultracentrifugation. To implement these methods,
pooled plasma from healthy volunteers is usually needed, wherein the exact level of neither
AGP nor HSA can be determined, which can lead to imprecise results. For tissue binding,
several methods have been published and are available for implementation in in vitro and in
vivo tissue binding studies, with various advantages but also disadvantages. This is

especially true when analyzing lipophilic compounds. [41, 42, 56, 57, 58, 59]

In the current investigation, the novel in vitro TRANSIL*! Kit was used to determine PPB,
AGP binding, HSA binding, microsomal binding (logMAmicro) and intestinal absorption
(logMA.int). A drug carrier molecule (plasma proteins, phosphatidylcholine or microsomes)
is stabilized on silica beads at various concentrations in microwells. TRANSIL*:
investigations are able to predict the intestinal absorption rate of a test compound by
determining its predicted intestinal permeability coefficient (Pint) together with its tissue
binding (logMA). Moreover, by using Pint and logMAin, it is possible to estimate an apparent
Vd at steady state, which provides preliminary information on the affinity of the compound
to tissue, representing a deep compartment. Generally, compounds with higher lipophilicity
may have higher affinity for liver microsomes. Membrane affinity (MA) is expressed as the
distribution coefficient of a drug between membrane and buffer. The microsomal kit enables
the affinity of a drug for microsomal membranes to be determined, which can provide useful
information on biotransformation processes. The main advantages of this assay are the

following: it requires only a short incubation time, it is fully validated, and it allows a



compound to be quantitated without time-consuming sample preparation procedures. [60,
61]

To obtain additional information on preclinical PK, the ADMET-Predictor 7.2 computer
software was used. This software is widely applied for the prediction of ADMET properties.
The following parameters were calculated for our test compounds: f, (unbound fraction %),
logP (partition coefficient) and pKa/pKb (dissociation constant). Such in silico methods
represent a very useful tool for predicting ADMET parameters without extensive laboratory
investigations. Nevertheless, it is the synergy among in silico, in vitro and preclinical in vivo

studies that facilitates finding, developing and refining a lead compound.

1.2.2 Metabolism

The term metabolism or biotransformation includes processes where exogenous substances,
so-called xenobiotics, are chemically modified to more water-soluble compounds. These
transformation products are referred to as metabolites. One of the main problems of not
achieving therapeutic drug levels is the rapid metabolism of drugs. [33]

Drug metabolism can be divided into four phases (0-111), where enzymatic transformation

processes take place in phases | and 1. [44]
Phase 0: Describes the cellular uptake of the xenobiotic into hepatocytes. [44]

Phase | (oxidation, reduction and hydrolysis): Describes the addition of oxygen (primary
epoxide or hydroxide) to the parent molecule. This phase is carried out through several
enzyme pathways, e.g., numerous isoforms of the cytochrome P450 (CYP450) family, non-
CYP450 biotransformation enzymes, flavin-containing monooxygenase and monoamine
oxidase. [45]

Phase Il (conjugation): Describes the addition of water-soluble molecules (phosphate,
sulphate, B-D-glucuronic acid) to the drug that needs to be metabolized, allowing the
chemical to be excreted efficiently. Enzymes involved in phase Il metabolism are, for
example, UDP-dependent glucuronosyl transferase, glutathione-S-transferase and

sulfotransferase. [45]



Phase 111: Defines the transport of metabolites out of hepatocytes. In contrast to phase | and
I1, no chemical modification of the compound is made. [44]

Evaluation of drug metabolism

Various test systems are available to evaluate in vitro drug metabolism, i.e., the liver S9
fraction, microsomes, cDND-expressed P450 isoforms and hepatocytes.

The liver S9 fraction is a post-mitochondrial supernatant that contains cytosolic and
microsomal enzymes. The extraction is carried out through homogenization of the liver and
subsequent centrifugation at 9,000 g. The liver S9 fraction enables the assessment of phase

I and phase 11 metabolism, depending on the cofactor mixture. [62, 63]

Through ultracentrifugation of the liver S9 fraction at 100,000 g, liver microsomes can be
obtained, which are widely used to evaluate in vitro drug metabolism. Microsomes contain
endoplasmic reticuli, which allow for the determination of phase | metabolism and

glucuronidation. [64, 62]

Furthermore, there are also cDND-expressed P450 isoforms serving for pathway

identification.

Hepatocytes, in general, are very efficient in vitro experimental systems to determine the
metabolism of substances in the human body. In particular, primary human hepatocytes are
of growing importance, as they help to reflect drug properties and evaluate human
metabolism. Hepatocytes consist of parenchymal cells of the liver and enable the evaluation
of phase 0, I, Il and Ill metabolism, as they contain all metabolizing enzymes and
transporters. Through the development of cryopreserved hepatocytes, a commercial source
for human hepatocytes became available. With the support of hepatocytes, the properties of
a compound can be determined, e.g., metabolic stability, half-life (t12) values and in vivo
hepatic intrinsic clearance. Therefore, it was decided to use this system for the current study.
[65, 66, 67, 68]

1.2.3 Animal Pharmacokinetics

In vitro models are essential in drug discovery and development, yet in vivo results can

additionally provide valuable information on ADMET endpoints. In vivo models also

10



provide a significant set of PK parameters. Rats are usually the first animals used for in vivo
testing as they only require a small amount of test drug and are inexpensive. Early PK
screenings using different dose regimens and administration routes in different species (e.g.,
rat, mouse, guinea pig), even during the drug discovery process, help to identify ADMET
problems, e.g., low absorption and high clearance, which could lead to undesirable PK. Non-
compartmental and compartmental methods are used to evaluate the PK parameters of a
compound, including the maximum plasma concentration (Cmax), time of maximum plasma
concentration (Tmax), area under the curve (AUC), volume of distribution (\Vd), clearance

(CL), tu2el and bioavailability (F). [46, 47]

11



1.2.4 Human Skin

Skin, with a total surface area of 2 m?, is functionally the most important human organ. In
addition to its function as a heat conductor and sensory organ, the skin also builds a
protective cover against harmful environmental factors. This effect is due to the fact that the
skin is impermeable to most substances and pathogens, and the acidic protective layer of the
skin prevents bacteria from settling. In the case of skin damage or injury, the skin defence
system is compromised and pathogens or other harmful substances may penetrate the skin.
[69]

As seen in Figure 3, human skin is divided into three layers: the epidermis, dermis and

hypodermis (subcutaneous layer).

Hair shaft

Pore

Dermal papillae
Epidermis R (papillary layer of dermis)
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2 YA | Free nerve ending
W%
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Hypodermis e 4
(superficial 14y Y sy Artery
fascia) . Vein
Hair root \ Adipose tissue
Hair follicle
Hair follicle receptor
Eccrine sweat gland (root hair plexus)

Copyright © 2004 Pearson Education, Inc.. publishing as Benjamin Cummings.

Figure 3: Skin structure [100]

The epidermis is the outer layer of the skin, with a thickness of approximately 70-150 pum,
containing living and dead cells. This layer sustains the skin’s protective function through
the thick corneal layer, which consists of dead keratinized cells. The epidermis itself can be
divided into five layers: the stratum basale, stratum spinosum, stratum granulosum, stratum

lucidum and stratum corneum (corneal layer). [70, 71, 72]

12



The dermis is much ticker than the epidermis and totals approximately 15-20% of the human
body weight. It consists of collagen, elastin, nerves and blood vessels, among other

components, which provide the skin with the necessary nutrients. [72]

The hypodermis is composed of loose fatty connective tissue, fatty cells, sweat glands and
hair follicles. [72]

In general, a distinction must be made between penetration, permeation and resorption.
Penetration describes the intrusion of the compound through the corneal skin into the
epidermis. Permeation identifies the passage of the compound from the skin into the blood
vessels. The permeation of a compound through the skin takes place by passive diffusion
along a concentration gradient. The sum of permeation and penetration is called resorption.
[73].

The properties of a compound also play a decisive role as they impact the resorption of the
drug through the skin. In particular, the molecular weight, lipophilicity, PPB and polarity
can influence the penetration depth. In particular, smaller molecules can surpass the
transcutaneous layer more easily than large molecules. A limit of 500 Dalton molecular
weight has been postulated for enhanced skin permeation. Generally, an increased molecular
weight (> 500 Dalton) leads to a reduction of the physiological factors of the skin, such as
the pH of the tissue, blood flow rate or oxygen consumption, which may also have an impact

on the percutaneous resorption of a compound. [74]

13



2 Scope

The main purpose of these investigations was the evaluation of preclinical PK of a new class
of highly antibacterial active synthetic bicycloheptyl anellated naphthoquinones.

In the last decade, the evaluation of in vitro preclinical PK has gained great importance in
drug discovery and development. Assessing in vitro PK parameters early in drug discovery
could save money and time by clarifying compound properties as early as possible.
Furthermore, in early phases, animal experiments could be minimised by performing in vitro
experiments rather than in vivo experiments. Nevertheless it is not possible to forego in vivo
experiments entirely because in vitro assays still exhibit limitations (e.g., microsomal
binding without consideration of blood flow).?® Previous studies have shown the influence
of the physicochemical properties of a drug on its absorption, distribution, metabolic
conversion and elimination. [76, 77]

Therefore, the following aspects were particularly important in this thesis:

. The development and validation of a simple, robust and low-cost reverse
phase-high performance liquid chromatography (RP-HPLC) method for the
quantification of this group of compounds. The desired objective was to
develop a single RP—HPLC method that could be used for the quantification
of one class of compounds, which also show chemical inhomogeneity.

. The stability of the compounds, with a strong emphasis on the lead
compound, (e.g., temperature, light, concentration and time).

. In vitro investigations of protein binding of the compounds to typical drug-
transporters, e.g., AGP and HSA. In addition, we sought to evaluate the
binding rates to intestinal tissue, VVd, microsomal binding and the meaning of
membrane affinity. What significance do these in vitro parameters have for

the PK, particularly for metabolism?
. Correlation of in vitro and in silico results.

. Evaluation of metabolism of the lead compounds using cryopreserved

hepatocytes to distinguish metabolically stable from unstable compounds and

14



identify metabolites, as well as investigations of differences between species.
Which species are similar to each other, and which are similar to humans?

. Determination of in vivo PK parameters in various species using different

administration routes.

Furthermore, an in vitro skin model was utilized to evaluate the permeation properties of the

lead compound, in case the compound would additionally be used for topical administration.
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3 Material and Methods

3.1 Laboratory Equipment

3.1.1 RP-HPLC Quantification

Figure 4: VWR® HITACHI Chromaster HPLC-System

HPLC is a chromatographic separation method where pumps pass a pressurized liquid solvent
(mobile phase) containing the substance to be analysed through a column (stationary phase).
The most commonly used method is RP-HPLC, in which a nonpolar stationary phase is
utilized. This phase is usually a modified silica gel that is also mechanically stable at high
pressure. The mobile phase, on the other hand, is a polar solution, which consists of,
preferably, a mixture of water or buffer and acetonitrile (ACN) or methanol. Throughout the
course of an isocratic separation, the composition of the mobile phase remains the same during
the entire analysis period, while during gradient separation, the polarity of the solvent mixture
is altered. [78, 79, 80]

HPLC analyses were performed on a VWR® Chromaster system (Figure 4) (all components
Merck Hitachi, Germany), for detailed description see Table 2. The wavelength was detected
to be between 270-290 nm and the retention time between 10-21 min, depending on the

analysed compound.

To obtain the UV maximum wavelength (lambda max) for HPLC detection, the compounds
have been dissolved in pure ACN in a concentration of 5.0 pg/mL and analysed with a UV-

1800 spectrophotometer.
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Table 2: Data of HPLC-System

VWR® HITACHI Chromaster HPLC-System

Precolumn

LiChroCART® 4-4
LiChrospher® 100 RP-18, 5-um

Analytical column

Zorbax Eclipse XDB-Cg column
250 x 4.6 mm ID, 5 pm
(Agilent Technologies)

Pump Chromaster 5110
Autosampler Chromaster 5210
Column oven Chromaster 5310
UV/VIS-detector Chromaster 5410
Degasser Model 2003 VWR
Software Chromaster HPLC System Manager
Flow rate 0.5 mL/min
Column temperature 37°C
Autosampler temperature 17°C

Injection volume 40pL

Analysis time 42 min
Wavelength 270-290 nm
Pressure 70-80 bar

Retention time

range from 10-21 min

Eluent

A: 99.9% Aqua bidest. / 0.1% acetic acid
B: 99.9% acetonitrile / 0.1% acetic acid

The elution gradient time program is listed in Table 3. The mobile phase consisted of solvent
A (99.9% aqua bidest. and 0.1% acetic acid) and solvent B (99.9% ACN and 0.1% acetic
acid).

Table 3: Elution gradient profile

% Solvent
Time (min) A B
0 85 15
10 20 80
25 20 80
27 0 100
32 0 100
35 85 15
42 85 15
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3.1.2 Reagents and Chemicals

Table 4 shows the laboratory equipment needed to conduct the required experiments.

Table 4: Materials and Equipment

Materials and Equipment

Name

Manufacturer

Heating block

DRI-BLOCK® DB 2A

Techne, (AUT)

Analytical balance

Sartorius handy H110

Sartorius Mechatronics
Austria GmbH, (AUT)

Magnetic stirrer MR 3001K Heidolph Instruments, (GER)
Vortex Star Lab Vortex Mixer VELP® Scientifica, (AUT)
Centrifuge small Galaxy 16DH VWR® International, (AUT)

Centrifuge big

Labofuge 400 FUNCTION Line

Heraeus Instruments GmbH, (AUT)

Ultrasonic bath

BANDELIN SONOREX RK 510

BANDELIN electronic
GmbH & Co. KG, (GER)

Freezer -80°C

Forma 900 Series

Forma Scientific, (AUT)

Freezer -20°C

Liebherr Premium GP 1476

Liebherr-International GmbH, (AUT)

Refrigerator

Liebherr profi line 7080 339-01

Liebherr-International GmbH, (AUT)

Liquid nitrogen

RS Series 750

Taylor-Wharton, (USA)

Laminar air flow

Biosafe 2

Ehret GmbH, (GER)

Plate shaker

MixMate

Eppendorf AG, (AUT)

CO,-Incubator

Function Line

Heraeus Instruments GmbH, (AUT)

Water bath

Transonic Digital

Elma Schmidbauer GmbH, (AUT)

Microscope

Nicon Eclipse Te2000-S

Nicon GmbH, (AUT)

Counting chamber

Neubauer Improved (0.100 mm)

Assistent Germany, (GER)

Eppendorf Research: 2-20 1L,

Micropipettes 20-200 L, 50-1000 L Eppendorf AG, (GER)

Pipette tips Un'veglsj;' é’g_"logéozfo HL, VWR® International, (AUT)

. . Disposable sterile pipette tips: .

Pipette tips yellow 200 i, blue 1000 L VWR® International, (AUT)
Eppendorf tubes Plastibrand 1.5 mL BRAND GmbH, (GER)
Centrifuge tubes SuperClear®, 15 mL VWR® International, (AUT)

Test tubes Plastibrand BRAND GmbH, (GER)

HPLC Vials 2-SV (A) Chromacol®, (AUT)
HPLC Septum 8-ST 15 Chromacol®, (AUT)

HPLC Caps 8-SC Chromacol®, (AUT)

HPLC Microvials 02-MTV Chromacol®, (AUT)
12-wells tissue culture plates Multiwell, steril VWR® International, (AUT)
6-wells tissue culture plates Multiwell, steril VWR® International, (AUT)

TRANSIL*" Kits Sovicell GmbH, (GER)

Homogenizer Minilys® Peglab, (GER)
Ceramic bead kit Precellys® 2.8-mm Peglab, (GER)
EpiDerm™ skin model EP1-100-FIX MatTek Corporation, (USA)
Test tubes thick-walled 100 x 16 mm Assistent, (GER)
UV-VIS Spectrophotometer UV-1800 Shimadzu, (AUT)
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3.2 Validation

While the complete validation of the method was implemented with only the most active and
non-toxic lead compound CPD11, a partial validation was performed for an extended set of
seven test-compounds (CPD3, CPD5, CPD6, CPD7, CPD10, CPD13 and CPD17), to confirm

the suitability of this method for this class of compound. .

3.2.1 Preparation of Standard Solutions

Stock solutions for the preparation of calibration curves and quality control (Q) samples in
human plasma and phosphate-buffered saline (PBS) were obtained by dissolving CPD11 in
dimethylsulfoxid (DMSO)/PBS 32:68 (v/v) in order to reach a final concentration of 1 mg/mL.
To achieve suitable working concentrations for Q samples, further dilution with PBS was
carried out at concentrations of 0.1, 1.0 and 10.0 pg/mL for pooled human plasma and PBS.

The PBS solution consisted of 10 mmol disodium hydrogen phosphate and 0.9% sodium
chloride in water adjusted to a pH of 7.4 with phosphoric acid. All stock solutions were stored

at +4°C until analysis.

For a sample chromatogram, all eight SeaLife compounds were dissolved in ACN in a final

concentration of 10.0 pg/mL and afterwards analysed.

3.2.2 Sample Preparation

Human plasma samples were spiked with 5.0 pg/mL, from the stock solution, of the lead
compound CPD11 and processed immediately as followed: 175 pL ice-cold ACN was added
to 70 pL plasma for protein precipitation (dilution factor 1:2.5, v/v). After vortexing for 10
sec and centrifugation at 10,500 g for 5 min, 40 pL of the clear supernatant was injected into
the HPLC system.

Liver tissue samples were chopped into pieces and PBS was added (1:3, v/v). The suspension
was processed with a Minilys® homogenizer using a Precellys® 2.8-mm ceramic bead kit for
more effective homogenization. The crude liver extract was spiked with 5.0 ug/mL of the
stock solution of CPD11, homogenized 3 times for 30 sec, and centrifuged at 10,500 g for 5

min. The obtained clear supernatant was handled, as described above in the plasma section,
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prior HPLC analysis. Sample preparation and analysis of samples obtained from metabolic
stability screening with cryopreserved human male hepatocytes were carried out, as described

in section 3.4, with an incubation concentration of 25 puM.

3.2.3 Method Validation

Validation was performed in accordance with the ICH-GLP guidelines of the European
Medicines Agency for the lead compound CPD11. That is, the mean values of the assayed
concentrations must not exceed the range of £15% deviation, and limit of quantification
(LOQ) and limit of detection (LOD) must not exceed +20%.

Recovery, Precision, Accuracy, and Linearity

For quantification of analytes, an external standard method was used. The standard calibration
curves were assayed from 0.1 to 10.0 pg/mL in pooled human plasma and PBS. Their linearity
was evaluated using linear regression analysis. To assess assay accuracy and precision, Q
samples were prepared in triplicate at each concentration, that is 0.1, 1.0 and 10.0 pg/mL for
pooled human plasma and PBS, and analysed six times within the same day (intra-day) and

six times after 7 days (inter-day).

To determine the accuracy, the deviation from the spiked concentration — in comparison to
the concentration after sample analysis — was expressed as a percentage of the actual
concentration (bias = conCspiked-CONCanalysis/CONCspiked™ 100). To reflect the method’s suitability
for the compounds to be assayed, the percentage of recovery was calculated as follows: %
recovery = bias + 100. The intra- and inter-day coefficients of variation (CVs) represent the

observed imprecision of the method (CV = SD/mean*100).
Sensitivity

LOQ is the lowest concentration at which an analyte can be quantitated. LOD describes the
lowest detectable concentration of an analyte in the sample. These values can verify the
interpretation of results and therefore are key parameters for validation of analytical methods.
[81]

The LOQ and LOD were evaluated by diluting the stock solution of CPD11 (1 mg/mL
DMSO/PBS 32:68, v/v) in PBS at concentrations of 0.03, 0.06, 0.12, 0.25, 0.50, 1.0 pg/mL
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with a minimum signal-to-noise ratio of 3:1. Likewise, these values were obtained in plasma
at concentrations of 0.017, 0.035 and 0.070 pg/mL with a signal-to-noise ratio of 10:1. To
exclude possible interferences from matrix components, blank human plasma and liver tissue

samples were prepared and processed equally, as samples, containing 5.0 pg/mL CPD11.
Stability

For stability investigations stock solution (1 mg/mL DMSO/PBS 32:68, v/v) were diluted with
PBS until reaching a concentration of 5.0 and 0.5 pg/mL. The short-term stabilities of CPD11
in plasma and PBS were tested considering a maximum analysis time of 24 h. Evaluation of
long-term stabilities were investigated after three full cycles of freezing and thawing in both
plasma and PBS. Samples were stored at -20°C for 24 h and then analysed and stored again

until re-analysis.

In addition, the stability of 5.0 pg/mL of CPD11 dissolved in DMSO/PBS (32:86, v/v) was
evaluated at +4°C and repeated chromatographic analysis of 4 samples on day 0, 1, 7, 14, 20
and 34. Furthermore, 5.0 pg/mL CPD11 was dissolved in DMSO/PBS (32:86, v/v) and was
exposed to daylight at room temperature (24°C) for 1, 3, 7 and 21 days.

Calibration Curves

The calibration curves in this thesis were evaluated by using an external standard method.
They were obtained by plotting the peak area of each concentration against the concentration
of each standard sample using a linear regression method. For this purpose the equation y =
kx+d, whereas variable y describes the peak area, k the slope of the regression line, variable
x the concentration and constant d the intersection of the regression line with the y-axis. By
the transformed calibration curve the exact concentration of an unknown sample can be

calculated.

Calibration standards in plasma at concentrations of 0.625, 1.25, 2.5, 5.0, 10.0 and 20.0 pg/mL
were prepared, by diluting the stock solution (1.0 mg/mL DMSO/PBS 32:68, v/v) with PBS.
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3.2.4 Comparison of CPD11 with seven other SeaLife Compounds

To obtain lambda maximum of seven SeaLife compounds, they were dissolved in pure ACN
at a concentration of 5.0 pg/mL and scanned against blank ACN. For these investigations 1.0
mg of each compound was dissolved in 1.0 mL DMSO/PBS 32:68 (v/v), afterwards further
diluted with PBS until reaching a final concentration of 5.0 pg/mL and chromatographed, as

described in section 3.1.1.

For a chromatographic comparison of these compounds, HPLC analysis time was also set at
42 min. Following parameters were obtained: k’ (capacity factor) = (tR/t0)-1 (according to
the SST (System suitability testing) guidelines of the HSM software), N (number of theoretical
plates), LOQ, LOD and recovery.
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3.3 Binding and Distribution Experiments

3.3.1 TRANSIL*-Kit

Special in vitro Kits were used to determine the fraction of the test compounds fy and bound
(F) to the plasma proteins HSA and AGP and their affinity for phosphatidylcholine membranes
and microsomal membranes. Additionally, Vd and Pintcan be estimated by using the intestinal
absorption kit. [61]

For validation purposes, four well-established drugs (erlotinib, capecitabine, doxorubicin, and
linezolid) were included in our TRANSIL*" investigations as a reference. These drugs show
diverse physicochemical properties and pharmacological activity that differ significantly from

the physiochemical properties of the SeaLife compounds.

The assay consists of a 96-well plate allowing twelve compounds to be analysed

simultaneously (Figure 5).

MICRONIC

Figure 5: Illustration of the TRANSILXL Kits assay plate [61]

For the complete characterization of the affinity of a test compound, eight wells were needed:
six samples containing increasing concentrations of the biological phase and two samples of
standard PBS solutions (Figure 6). The PPB tubes were either filled with a suspension of
plasma proteins containing a mixture of HSA and AGP at a physiological ratio of 24:1 or were

solely incorporated with HSA or AGP immobilized on silica beads. For the intestinal and
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microsomal absorption Kits, phosphatidylcholine membrane vesicles (intestinal) or

microsomal membranes were immobilized on silica beads.

— S = = .

LA AA AR

Figure 6: Photograph of annotated tube units [61]

The compounds to be investigated were dissolved in DMSO/PBS 32:68 (v/v), yielding a stock
solution concentration of 80 M. The binding kits were stored at —20°C and were thawed at
room temperature three hours before usage in order to reach a working temperature of
approximately 20-25°C. After centrifugation of the plates for 5 sec at 750 g using a Labofuge
400 Function Line 15 pL of the stock solution was added to each of the eight wells, yielding

a final compound concentration of 5 UM in the assay.

The next step was to incubate the plates at room temperature on a Mix Mate PCB-11 plate
shaker for 12 min, except for the AGP binding kit, which required incubation for 30 sec on
the plate shaker and thereafter 2 min of manual shaking. To separate the beads from the
suspension containing the f, compound, the plate was centrifuged for 10 min at 750 g. Sixty
microliters of the clear supernatant in each well was pipetted into an autosampler microvial.
For quantification, above mentioned RP-HPLC method was used, injecting 40 pL of the
supernatant to quantify the amount of the compound in the supernatant. A summary of the

workflow is shown in Figure 7.
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Figure 7: Workflow of TRANSIL*! Kit [61]

After quantification of the reference and test samples, the above-mentioned parameters were
calculated. The following calculations were performed according to the recommendations of
the TRANSIL*" user guide. The PPB, AGP and HSA parameters were measured through the
dissociation constant (Kp): [61]

Kp = —/%— 1)

where P is the free concentration of the protein and A is the free concentration of the drug.
AP is the protein-drug complex. For the PPB kit only, a pseudo Kp was determined to evaluate
the binding of a mixture of AGP and HSA. Another possibility for the expression of the free

concentration of a compound is as follows:

[A] = fi, * ([A] + [AP]) ()

After combining (2) with (1), a linear model is created that can be transferred to either the
AGP, HSA or PPB kit with 1/Kp and an intercept of O:

b b @

fu KD

Eventually, the fy was predicted from the Kps of AGP and HSA, wherein the physiological

concentration of these proteins was also taken into consideration:
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1+ + ma
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The Kits estimated the binding rates of the test compounds to AGP and HSA only, and plasma
proteins at low concentration in blood (e.g., lipoproteins) were not included in the

calculations.

The membrane affinity (MA) of a compound is defined as the coefficient of the concentration
of the compound attached to the membrane (cm) and the buffer (cy):

Cl
MA = — (5)

Cm

With the mass balance formula, membrane affinity can be calculated from data obtained from

the assay:

ng= cp*Vy+cm*Vp (6)

where n is the amount of the drug, Vs is the volume of the buffer and Vi, is the volume of the
lipid membrane in each well. Rearranging (6) enables MA to be calculated from the slope of

plotting the ratio of n; over the cy against Vi, in each well:

n C
= LxVy +V, = MA*Vy +V, (")
Cp Cp

The Pint coefficient can be predicted from MA,; it is the equilibrium partition coefficient
between water, lipid bilayers and the effective molecular weight (MWes). The formula below
is based on an equation first published in 1998, and its dimension is indicated as cm/s. [98]

-a—-f -Y
~ MW, ™" x MA MW, %
Py = A % —= — + C * — (8
MW;% + B x MW; % + MA DY + MW, %

On the right side of (8), the first term describes the transcellular and the second term the para-

cellular transport in the intestinal epithelium. MW, + B x MW, « MA is defined as the
diffusion process in the unstirred water layer. a (water) and 3 (membrane) are defined as the
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MWeff

-y -y
D +MWeff

diffusion coefficients in the two matrices. describes designated values between 0

and 1 (sigmoid function) and the slope y. D represents diffusion via tight junctions, and C is

the permeability coefficient, together (D and C) representing para-cellular transport.
Vd (L/kg) is estimated from measurements of PPB and MA. (9)

Vd = 1Oa*log(MA)+b+10g(Kb‘f) +c (9)

The term Kb ¢ denotes the relation between the f and f, fractions of a compound. a, b and c are

determined from already known 42 drug Vds.

3.3.2 ADMET Predictor

The most important physicochemical factors calculated with the ADMET Predictor software
are the pKa (dissociation constant dominated by acidic functional groups) / pKb (dissociation
constant dominated by basic functional groups) value and logP. Both pKs and the logP
calculations are based on atomic descriptors and artificial neural network ensembles
(ANNEsS), resulting in good performance and high accuracy in train/verify and test sets. In the
prediction of pKa, the program is capable of showing ionized microspecies of multiprotic
molecules and labelling the predicted pK value as either pKa or pKb. For the logP value, the
S+logP model built by the integrated Simulations Plus ADMET Modeler (TM) module was
applied.
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3.4 Hepatocytes

3.4.1 Certificates
Certificates of amount of donors from monkey (cynomolgus), rat (sprague-dawley), human

male and human female cryopreserved hepatocytes along with their properties and lot

numbers are shown in Figure 8 to Figure 11.

28



MATERIAL AND METHODS

GiBCO’ Quality Certificate

Primary Hapatocybes: Cryoprosarved
Spocles: Human

Catalog Mumbar: HMCE1S
Lot Humber, HulSES

Humibir of Donces: 1

Shigging/Storage Temperalune: Beiow 125 °C
Fampha Information: Sione 1sing 'Wapa Fhase Ligaid Kirogas
‘il 1 533 ml Vsl

I~ Praduct Infesmatian Shast

W Cartificata of Anabpas

FOR RESEARCH LSS OMLY, CALTION Mot istsndad for human or animal diagnostic or therapeutic uses.
Ussirs houd treal sl bivities and animal cels a8 polenlial patfegans, Wear protecive ciothing and eyawsar
Praciics sppropdals daposal schrigues for potergaly pathoganic ar a5 makerals.

Contact the r-howse Safaly Officar for inkermation on aate Fanding of human cal products, uriversal precautions,
and for inforeation on whal 16 doin case of ssposuse, For recommandad post axposurs peocedures, call tha
Cenlers for Diseass Cantral (COCH Infarmation ine 41 800 232 4638,

COHOR INFORMATION

o Aae hkezhel " | Come of
|Bard|r Race BHI | Smaker T Drug U Madizalizna Digsith

{1 1]
Hul33s|  Mak Caurosiay a3 1 Tes Ve Net Repoiad Percie - pr WA
Platiegin - g ao
Linasta - Jng od

SERDLOGY |PCR deiacha]

Hepali 8: ! Al HILYV 18T Al Ariable
Hepalis O ! Arwadale: =1 H Hal Arafable
LICEE ¥-3 o Avvaladie

OTHER MEDICAL HISTORY:

Histoay of Cance’ tiagecsed niorm an 1 jaaraga. Aol use siated a5 cunerl, bt aocason wsa. Smoking hissory descabed o 12
b pack of cigarelbes per day for 57 years, Cument e

For lishwital oo aboul lis grodus!, conloc] isibopean's Hepntic By Suppanl Team
gl bepalicprodydeifimeiogen com  Ploes, {(LIBA] +1 365 952 3558 (Euioge) +&47141 314 G000

Pajg: 1l 4 Farm Huran O Ry ', 1RSSR

29

I Quality Certificate
Faisco. e

POST-THAW WABILITY

Benrge Vi, 1%

Wiasie Cels®ial 70k Wé

METABOLIC ACTITYT

Tha cel sespension ser 17°Ciscubation is 0.5 » 108 celsiml
Mool asfaios oo dofermined by HPLC or LE WSS srofyss and sscosded i prolH0* collskmin.

Concaslraion.  jscubation Malasalls

EnEj#in Suibalrate ) Tiema i} Warker Melabziin Actinlly
CHPAT Fhenasain ] 15 Apetarinophan 1
CHPEHIG Bupasion Eo] 15 Hpfroptupropien iz
CYPICH Pracitonl ] & Bo-Hydappecizen! 3
CYPIch Diclalenac -] 15 & Hydrmgydicslanas 136
CrFEcn [5f-apbearrion xO ] 4 Hpdraprepenyion 165
CYPIOG Cestomedhomhan 14 15 Dassziphan £
CYRZE Chisraazacne FL 15 B Hphisaphisnassne ur
EYFAR Teskeserme 20 15 - Hysrmgisiosiacen an
G arizian 10 1 T-Hytropmidiosian 184
FMO  Bessptemia FI n BasepdwansHide 5
Fhigi | T-ERcapasnanin 120 n JECOLY T-Hysoaporiaain [7-HC) .l
P Il T-HpdupT 130 ] Torhypdmepoourreats Glu i |7-H0G) I
Pl ] T-Hipds s 130 ] T-Hydreoepeoumerin Sulkde {1-HOS] 1A

ENTTNE IRDLCTION

Tha rmerol phied cells per 575 incubetion & 3075 & 109 celishaafll. Erayma acthitis ore determined aftar 72 hows in aufure by LE-
WSS anaves febiciinduced achty). Felake i m#ummmmmamwﬂ ACR anahyeis | Taghlan™).
Pl ate mcorded aa predl 10 cilisimis,

Gong,  Inubafian Warkar Yehide Inpuced Foid

Exgprm  leeiwcar® © Buzsirabe Actinly  Achily  Industion Hll'hl-

() Tuna(Vin) Meizhlke et
oA aa:::a Promodin 00 | 5 esbeiopnen MR i o ™
PR I"I':'I-l"l Buprigaien L] <] Hydrogytagrapion M (U] L1 0]
P IS:H] Tegisstorans 300 W dfMydroesismons MA bk A A
U0 o S [

Fen tacdiricnl spmalions. abei i peodud, eontact Imdrogen's |ispalic Biology Suppo Teon
Emai hepaloproducisdinvibogoncom  Phone (USA) #1 B30 053 3560 [Eunope] +44[0] 141 814 200

Pagadald Froam Fymen G B 1, WILEATN)



MATERIAL AND METHODS

KE_IBCO' Quality Certificate

Irvdtregen cull euftuns

Quality Certificate
ieraad)

GENDTYPNG RESULTS

eents daor Bssues ko (hirioss dilerent 5475 within bour dwg-medsholidag Thests ncluds the loliostsg. CYFREERD,

Irogen sor pmes
CYFRCH, CYFECH', CYFRCIID, CYFICIF, CYPECIS, CYPIDG, CYPmesa, CYPIONE, CYPIDEY, CrPIAS'S CYRIat, The Likewr Colln from Lot eCasis. wers deriued from Siesm glriciea dom ssoredin initations,

Gt
abtsined by Ihese insblulicns fom the donor or the domod's legal next of ki, for use of the lissue and its rl@‘i-rnlm

e CYPIASE. Al BHPE see iden ifed by gRT- MH-hTm‘rm" pba seis
- CYRIGE CYRRCH CYPIDE CYPIAS for research purpases
2 ‘:I|'I 1|'1|1':. " w | 9 '.1|'\u|1
hulEs | WD | w3 | WD | KD Mo | e | MO MDO| W | MR | MO Q_‘

Mﬂw @!‘._ﬂ&m
Preqewad By ﬁl Dabs

PLATED METABOLISN

Chyepresserye Hunen Hepncytes wase ferwad in GHRW™ frd pisiad. Tha andi lietas for LR

webalealken e rchidud in e chart below, | d iy gzl in sorun-Diee Wilkame Modium £ ol mediin

il peencdione plaved b proceed is 3 humeiied narkeke o 370, % EhMWr il 55 Gy o an ot bl shabas. Rasclions
wers shopaed wilh th mbdion of ie-coba Scstoni e, Well coakants wes flsed 4l - i"l.'l"C PUOT 1 AnAkEE. Thie dRappandai of pasnt
i

venn recrsbornd bry LO-MARE sl and wi el p )
BUBATRATE [~ T jon Timas JHeurs) | hlrhu:lﬂhru':e;g;jwun .
| Danbomedhorpihar 1 01,2468 )
Pikdazoizam 1] 011468 [
Tebulamide 1 _ CABBIRRE [ |

TRAKSPORTER RESULTS

Crpapriesaad Wepalasiies wond theased it CHRR™ and plated. The Transporter ssaay was parlormiad os Dy 5. Rotes of subalcals
|plmmmpﬂs:jbylwu¢d Dallar wiin caicium. Hapaiocyle cellunes wens incubaled in Fplicale with ade- libeled

wunoholak, Digoedn and Esradiol 17E phiceronice [E2-175). Sebeimin conoaal-abone and incubabon lmes aie isied in e bble
unu T gl Mo o o b sing &l tha radio-laboled sebairain, a nepatiae coakal plaie absent of oolls wes inchoded. Cells
wnn s AP A B0 And SATEES: Bnalyaed! [y (5 ol BB scinElaECn couniar

CORDITIONS
SUNSTRATE Uptake Rale * Cakcium
G N Tiewea (e Ipmpkiminimyg protwin|
Teurocholale 1 ] K&
Digadn 1 i} [oc]
Enbadind 17
| | Chozmrida 21705 1 10 ™
For lechnical questions ikl INS producl, conact Imstrogeas Hepais Bickogy :5.||nm Team o Fed Wshriesal quustions bt Ih producl, coninct kveirogen's Hepatic Binkogy Soppot Te
Ewmai: Fapiicpedictsfniregan com  Prone (US8) +1 208 052 3360 [Euwrcpe] +4400H41 B14 5200 Emai: repaicprotcsiiimiiogancsn  Fhone (USA) +1 868 962 3650 (Furape) M-lmlHl E14 5800
Faga 1eld Fowen Moren G Py 1, VIVARENE Pagadald Fou Havaa 00 R 4, TERART

Figure 8: Certificate of cryopreserved human male hepatocytes
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3.4.2 Metabolic Stability

The metabolic stability of CPD11 was evaluated using cryopreserved human male, human
female, cynomolgus monkey and rat hepatocytes. Upon delivery, the cryopreserved

hepatocytes were stored in liquid nitrogen at —195°C until use.

Incubation medium was prepared by mixing 20 mL hepatocyte maintenance medium (serum-
free) with 5 uL dexamethasone and then adding the mixture to 500 mL Williams Medium E.

Prior to usage, freshly prepared incubation medium was warmed in a water bath to 37°C.

After thawing, cryopreserved hepatocytes were gently suspended in cryopreserved
hepatocytes recovery medium and centrifuged at room temperature. The following centrifugal
forces and durations were used for each species: human, 100 g/12 min; monkey, 76 g/9 min;
and rat, 55 g/10 min. Subsequently, the supernatant was re-suspended in the incubation
medium. Cell counting was performed using trypan blue so that dead cells could be
differentiated from live cells, and cell viability was determined. The cell viabilities, calculated
by trypan blue exclusion, of the cryopreserved hepatocytes were at least 80%. [82]

The incubation of CPD11 in different concentrations and species was conducted in duplicate,
if permitted by the number of cells; otherwise, only single determinations were implemented
(1 x 10° cells/mL).

Incubation concentrations of CPD11 in hepatocytes:

e Human male hepatocytes: 5 uM, 10 uM, 25 puM, 50 uM, 100 uM
e Human female hepatocytes: 10 pM, 20 uM

e Rat hepatocytes: 5 uM, 10 uM, 25 uM, 50 uM, 100 uM

e Monkey hepatocytes: 10 uM, 20 uM

Concentrations of 25 pM, 50 uM and 100 uM CPD11 for rat and human male hepatocytes

were performed separately from the 5 uM and 10 UM test series.

For validation purposes, 50 uM testosterone (reference substance) was included in each test
series. CPD11 and testosterone were dissolved in 1% (v/v) DMSO and 99% (v/v) medium and
further diluted with medium until reaching the desired concentration. As DMSO has P450

inhibitory effects, its concentration never exceeded 1% (v/v) in our experiments.
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0.5 mL of incubation medium containing CPD11 or testosterone were pipetted into a 12-well
plate (non-coated). The reaction started by adding 0.5 mL of 1 x 10° cells/mL in each well.
Thus, a final concentration of 0.5 x 10° cells/mL was obtained. Incubations were conducted
at 37°C in a 95% humidified incubator and 5% CO> for 24 h. Aliquots of 70 pL were taken
from each well at different time points, i.e., at 1, 15, 30, 60, 120, 180, 240, 300 and 1,440 min.
For testosterone, aliquots were only taken after 1, 15, 30, 60, 120 and 180 min. The reactions
were terminated by adding 70 uL ACN. Samples were centrifuged at 10,500 g for 5 min at
room temperature, and 40 pL of the supernatants were analysed by RP-HPLC as described in
chapter 3.1.1.

In addition, to compare the instability of CPD11 itself at 37°C in a 95% humidified incubator
and 5% CO,, CPD11 was incubated in incubation medium without the addition of hepatocytes
at concentrations of 25 puM, 50 uM and 100 puM for a period of 24 h. These samples were also
analysed by RP-HPLC.

CPD22 was incubated with rat, monkey and human female cryopreserved hepatocytes at
concentrations of 12.5 uM and 25.0 uM and then processed as described previously for
CPD11. Samples were taken at time points of 1, 15, 30, 60, 120, 180, 240, 300 and 1,440 min.

Calibration Curves

The concentrations in incubation medium were evaluated by using an external standard

method.

CPD11: Calibration standards in incubation medium at concentrations of 6.25, 12.5, 25, 50
and 100 uM were prepared. CPD11 was therefore dissolved in 1% (v/v) DMSO and 99% (v/v)

incubation medium and further diluted in medium until reaching the desired concentration.

CPD22: Calibration standards in incubation medium at concentrations of 5, 10, 20 and 40 uM
were prepared, by diluting CPD22 in 1% (v/v) DMSO and 99% (v/v) and further dilution in

medium until reaching the required concentration.

Testosterone: Calibration standards in incubation medium at concentrations of 12.5, 25, 50,
100 and 200 uM were prepared. As the other compounds, also testosterone was also diluted
in 1% (v/v) DMSO and 99% (v/v) and further dilution in medium until reaching the desired

concentration.
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3.4.3 Data Analysis

The metabolic stability of CPD11 and testosterone was determined over an incubation period
of 24 h. The results were expressed in percentage [%] of the test compound remaining after

incubation.

o Concentration after incubation
% Remaining = - - — X 100
Concentration before incubation

Time point 1440 were excluded in the following calculations. The slope of the linear
regression from In (CPD11 and/or testosterone) vs time curve (= elimination constant - k) was

determined and thus in vitro half-life (t12) could be calculated by following equation.

0.693
t%(mln) = W

The intrinsic clearance of CPD11 and/or testosterone in various cryopreserved hepatocytes
species (CLin) was determined by following equation, expressed in pL/min/108 cells.

V X kel

V = incubation volume, in this case 1000 pL
kel = elimination constant

N = number of hepatocytes per well (0.5 x 10° cells)
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CLint was scaled to in vivo prediction of the intrinsic clearance (scaled CLint) according to
Houston et al., 1997: [83]

120 x 10° cells v g liver

L; L/mi = CL;
Scaled CLjn (mL/min/kg) = CLjpy X g liver % kg body weigt

v =40 for rat, 32 for monkey, 21 for human (g liver/kg body weight). [84]

Prediction of in-vivo hepatic clearance was calculated by using the “well-stirred” model by
Houston, 1994: [85]

Scaled CLjp; X Qp
Scaled CLjp: + Qp

Scaled CLye¢ (mL/min/kg) =

where Qn is the hepatic blood flow, which is 55, 44 and 21 mL/min/kg for rat, monkey and

human, respectively.

Analysis of CPD22 and its metabolite were calculated for time points 0-300 min. 1440 min
values were excluded in the calculations. For non-compartmental PK data analysis (NCA),

PK Solutions 2.0 was used.
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3.5 Preliminary in vivo PK Studies of CPD3 and CPD11

All the animal experiments were approved by the Austrian Animal Welfare Committee
(Vote: BMWEF-66.009(0263-11/3b/2013). The administration and blood sampling of CPD3
and CPD11 for mice and rats PK studies were performed at Medical University Vienna,
Division of Infectious Diseases and Tropical Medicine at the Department of Medicine |

(Vienna, Austria).

3.5.1 Calibration Curves in Plasma

The calibration curve is obtained by plotting the peak area of each concentration against the
concentration in the standard stock solutions using a linear regression method, as already
described above.

The concentrations in plasma samples were evaluated by using an external standard method.
Preparation and analytical assay of calibration samples were performed under identical
conditions as plasma sample preparation and analysis of CPD3 and CPD11 of animal

samples.
CPD3

Calibration standards in plasma at concentrations of 1.563, 3.125, 6.25, 12.0, 25.0, 50.0 and
100.0 pg/mL were prepared, by diluting the stock solution (1 mg/mL DMSO/PBS 32:68,
v/v) with PBS.

CPD11

Refer to section 3.2.3.
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3.5.2 CPD3

Male Wistar rats (n = 3, mean body weight 650 g) received CPD3, dissolved in 1 mL
glyceroformal/PBS 70:30 (v/v), intravenous (iv). Rat 1 received 12.5 mg, rat 2 and rat 3

received 20 mg. Exact blood sampling time points are listed in Table 5.

Table 5: Blood sampling time points of rats after iv CPD3 administration

Rat intravenous CPD3

rat 1 iv | rat 2 iv | rat 3 iv

time [min]
3 2 2
7 30 30
42 40 39
43 60 60
156 159 157
171

Male Wistar rats (n=3, mean body weight 650 g) received 20 mg CPD3, dissolved in 1 mL
glyceroformal/PBS 70:30 (v/v), intraperitoneal (ip). Exact blood sampling time points are

listed in Table 6.

Table 6: Blood sampling time points of rats after ip CPD3 administration

Rat intraperitoneal CPD3

rat 1 ip | rat 2 ip | rat 3 ip

time [min]

0 0 0
18 17 20
37 37 39
55 54 55
160 160 161
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3.5.3 CPD11

Male Wistar rats (n=3, mean body weight 600 g) received 20 mg CPD11, dissolved in 1 mL
glyceroformal/PBS 70:30 (v/v), via iv bolus injection into the caudal vein. Whole blood
samples were collected in heparinized tubes. Exact blood sampling time points are listed in

Table 7.

Table 7: Blood sampling time points of rats after iv CPD11 administration

Rat intravenous CPD11
rat 1 iv | rat 2 iv | rat 3 iv
time [min]

0 0 3
2 2 8
13 11 18
28 25 42
46 45 61
145 143 194

Male Wistar rats (n=3, mean body weight 650 g) also received 20 mg CPD11, dissolved in
1 mL glyceroformal/PBS 70:30 (v/v), ip. Exact blood sampling time points are listed in Table
8.

Table 8: Blood sampling time points of rats after ip CPD11 administration

Rat intraperitoneal CPD11
rat 1 ip | rat 2 ip | rat 3 ip
time [min]

16 17 17
33 34 34
52 53 53
159 159 159

Female NMRI Charles River mice (n=24, mean body weight 29 g) received 580 pg (20
mg/kg) CPD11 dissolved in 0.3 mL, 30% Cremophor EL/DMSO and 70% ringer-lactat
solution, as iv bolus injection into the caudal vein. At each blood sampling time point three
mice were anesthetized with a ketamine-xylazine solution and 500 puL whole blood was
drawn by cardiac puncture. Blood samples were collected in heparinized tubes pre dose, 5,
10, 15, 30, 60, 180, 360 min after administration.
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Two female NMRI Charles River mice (body weight 27 g) received 750 ug CPD11 dissolved
in 100 pL 30% dimethylisosorbid (IS) and 70% PBS. Mouse 0 was given CPD11 ip and
mouse 1 subcutaneous (sc). Additional two female NMRI Charles River mice (body weight
27 g) received a solution of 750 pug CPD11 dissolved in 100 uL 70% polyethylengylocol
(PEG400) and 30% PBS. Mouse 2 received CPD11 ip and mouse 3 sc. Exact blood sampling
time points are listed in Table 9.

Table 9: Blood sampling time points of mouse after ip and sc CPD11 administration

Mouse intraperitoneal & subcutaneous CPD11
mouse 0 ip | mouse 2 ip |mouse 1 sc|mouse 3 sc
time [min]

6 6 26 17
34 26 46 25
61 59 59 60

120 90

Whole blood samples for all in vivo experiments were collected in heparinized tubes. Plasma
samples for PK studies were obtained by centrifuging blood samples for 10 min at 2,500 g
and stored frozen at approximately -80°C until HPLC analysis. Sample preparation for PK
studies was performed as described previously: 70 pL plasma was mixed with the 2.5 fold
volume of ice-cold ACN (= 175 pL) and after vortexing for 10 sec and centrifugation at

10,500 g for 5 min, 40 L of the clear supernatant was injected into the HPLC.
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3.6 Invitro and in vivo Topic Studies of CPD11

Before CPD11 was tested in vivo, in vitro experiments were performed to predict the
permeability of CPD11 through the skin, using the patented EpiDerm™ system of MatTek.
In addition, to obtain relevant data regarding the different formulations for the in vivo model,
same formulations were used for the in vitro model. Furthermore, caffeine was used for

validation purposes in this in vitro model.

3.6.1 Calibration Curves of CPD11 and Caffeine in PBS

The concentrations of CPD11 and caffeine were evaluated by using an external standard
method. Calibration standards in PBS at concentrations of 1.25, 2.5, 5, 10 and 20 pg/mL
were prepared, by diluting the stock solution (1.0 mg/mL DMSO/PBS 32:68, v/v) with PBS

until reaching the required concentration. CPD11 was assayed as described above.

For caffeine an isocratic HPLC method was utilized. HPLC analyses were also performed
on the same VWR® Chromaster system (Figure 4). The mobile phase consisted of aqua
bidest. and ACN 75:25 (v/v). Detection was performed at 272 nm and flow rate was set on
0.75 mL/min. Analysis time was 10 min and the retention time of caffeine was 3.2 min.

362 LOQ&LOD

Refer to section 3.2.3.

3.6.3 EpiDerm™ in vitro Model

Table 10 shows the quantity of compound, solvent and ultrabase used for the preparation of
the different formulations.

The mixing of the solved compound with ultrabase for 10 min was performed on 48°C water
bath. After cooling down to room temperature, the formulations were stored, protecting from

light, until further usage.

43



Table 10: Preparation set up of different formulations for the EpiDerm™ in vitro model

Description Compound Solvent 1 Solvent 2 Ultrabase
Myristyl alcohol 15 % | ultrabase — 750 mg myristyl alcohol — 4250 mg
DMSO 5 % | ultrabase 50 mg DMSO e 950 mg
CPD11 1 % | myristyl alcohol 15 % | ultrabase CPD11 49.7 mg 759 mg myristyl alcohol — 4200 mg
CPD111% | DMSO 2.5 % | ultrabase CPD11 49.9 mg 126 mg DMSO — 4800 mg
CPD11 1% | DMSO 5.0 % | ultrabase CPD11 49.8 mg 254 mg DMSO 4700 mg
CPD110.01 % | DMSO 0.5 % | PBS CPD111 mg 9 mL PBS 1 mL DMSO
Caffeine 0.6 % | PBS | DMSO 5 % | ultrabse Caffeine 50 mg 2.5mL PBS 250 mg DMSO 4700 mg
Caffeine 0.6 % | PBS | myristyl alcohol 5 % | ultrabse |Caffeine 50 mg 2.5 mL PBS 750 mg myristyl alcohol  |4200 mg
Caffeine 1 % | PBS | DMSO 2.5 % Caffeine 50 mg 4826 L PBS 124 yL. DMSO
Caffeine 1% | PBS | DMSO 0.5 % Caffeine 25 mg 2463 L PBS 12 . DMSO [

The specific name of the model used for this in vitro skin model investigations, is EPI 100
FIX. The device itself consists of two teflon rings which are fixed together by screws. The

cultivated skin layer is inserted between the two teflon rings (Figure 12). In the inner annulus

of the EPI 100 FIX, the respective donor formulation is applied on the cultivated skin.

Figure 12: EpiDerm™ skin model devices [86]

To create sterile conditions all the procedures were conducted under the laminar air flow.

Solely, the donor formulation preparation could not be performed under the laminar air flow.

Workflow [86]

1. Remove the skin from the agarose medium by placing it into 2 mL assay

medium.

2. Incubate for 24 h (37°C, + 1% CO>, 95% room humidity).

3. Fix incubated skin into the EPI 100 FIX and transfer into the receiver

medium (= 5 mL PBS in each six well culture plate).
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4. Apply the 0.5 mL of the donor formulations into the inner annulus of the
EPI1 100 FIX. The concentration ratio of donor/receiver amounts usually
1:1000.

5. Attime point X (X=1h, 2h, 3h, 4h, 6 h) the apparatus with the skin is
removed into the next well of the six well culture plate. The plate should be
kept in the incubator and should only be taken out during sampling.

6. At different time points 2.5 mL of the receiver medium is taken and the

volume is minimized by Vac-speed to 300 pL.

40 pL of the minimized receiver medium was injected into the HPLC. Solely for the CPD11
0.01% solution 100 pL was injected, in order to compare the permeation results with the
other CPD11 investigations, the peak was divided by factor of 2.5.

Figure 13 illustrates the permeability configuration utilizing the EpiDerm™ skin model in

the well.

'.‘__‘__swotl
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L e MO
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Figure 13: Permeability configuration utilizing EpiDerm™ tissue model [86]

Table 11 shows the experimental setup of the EpiDerm™ model for CPD11 and caffeine in
different compound concentrations and solvents. The compounds occur either in form of a
solution or in a solid form in ultrabase. 30 pieces of skin were processed. Skin number 1 and
2 are blank samples, whereas no compound was applied. R1 to R5 indicate the number of
replicates. LT (long term) refers to 5 samples taken 1 h, 2 h, 3 h, 4 h, 6 h and if possible also
24 h after incubation from the same sample. 6 h means that only one sample was taken 6 h

after the incubation.

To stimulate the permeability of CPD11 on lesions, skin number 28, 29 and 30 were pierced
with a needle and afterwards CPD11 (0.01%) was applied on the perforated skin; samples
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were taken after 1 h, 2 h, 3 h, 4 hand 6 h. To depict the permeation of CPD11 in ointment
formulations, skin number 3 and 7 were perforated after the first test run and later the same
formulation which was applied in the first test run was reapplied once again and samples
were taken after 1 h, 2 h,3h,4hand 6 h.

Table 11: Experimental setup of in vitro EpiDerm™ model

Skin No. |Compound Solvent Base Comments
1 blank sample Myristyl alcohol (15 %) Ultrabase LT

2 blank sample DMSO (5 %) Ultrabase LT

3 CPD11 (1 %) DMSO (2.5 %) Ultrabase LT,R1

4 CPD11 (1 %) DMSO (2.5 %) Ultrabase LT, R2

5 CPD11 (1 %) DMSO (2.5 %) Ultrabase LT, R3

6 CPD11 (1 %) DMSO (2.5 %) Ultrabase 6h

7 CPD11 (1 %) DMSO (5 %) Ultrabase LT,R1

8 CPD11 (1 %) DMSO (5 %) Ultrabase LT,R2

9 CPD11 (1 %) DMSO (5 %) Ultrabase LT, R3

10 CPD11 (1 %) DMSO (5 %) Ultrabase 6h

11 CPD11 (1 %) Myristyl alcohol (15 %) Ultrabase LT,R1

12 CPD11 (1 %) Myristyl alcohol (15 %) Ultrabase LT, R2

13 CPD11 (1 %) Myristyl alcohol (15 %) Ultrabase LT,R3

14 CPD11 (1 %) Myristyl alcohol (15 %) Ultrabase 6h

15 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT,R1

16 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, R2

17 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, R3

18 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, R4

19 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, R5

20 Caffeine (1 %) PBS & DMSO (2.5 %) Solution LT,R1

21 Caffeine (1 %) PBS & DMSO (2.5 %) Solution LT, R2

22 Caffeine (0.6 %) PBS & DMSO (5 %) Ultrabase LT,R1

23 Caffeine (0.6 %) PBS & DMSO (5 %) Ultrabase LT, R2

24 Caffeine (0.6 %) PBS & Myristyl alcohol (15 %) Ultrabase LT,R1

25 Caffeine (0.6 %) PBS & Myristyl alcohol (15 %) Ultrabase LT, R2

26 Caffeine (1 %) PBS & DMSO (0.5 %) Solution LT

27 Caffeine (3 %) PBS & DMSO (0.5 %) Solution LT

28 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, injured skin R1
29 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, injured skin R2
30 CPD11 (0.01 %) PBS & DMSO (0.5 %) Solution LT, injured skin R3
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3.6.4 In vivo Model

The topical applications were performed in the General Hospital of Vienna (AKH Wien) and
the experiments were carried out on guinea pigs. The hair of the animals was removed over
an area of 8 x 5 cm? and different topical formulations were extensively applied. Details of

the formulations are listed in Table 12.

Table 12: Experimental setup of in vivo guinea pigs model with CPD11

Arll:?al Preperation Solvent Base VEIT:JSE
1 1% CPD11 cream 15 % myristyl alcohol Vaseline 50
2 1% CPD11 cream 15 % palmityl alcohol Vaseline 50
3 1% CPD11 cream 2% DMSO Ultrabase 50
4 negative control cream 15 % myristyl alcohol Vaseline 50
5 negative control cream 15 % palmityl alcohol Vaseline 50
6 negative control na na na

na = not applicable

Guinea pigs 1-3 were treated with CPD11 and guinea pigs 4 and 5 with placebo, whereas
guinea pig 6 served as negative control receiving neither CPD11 cream nor a placebo cream.
After 2 h exposure time, whole blood samples were collected in heparinized tubes. During
this procedure the animals were narcotized with a combination of midazolam, fentanyl,
medetomidine and ketamine. Plasma samples were obtained by centrifuging blood samples
for 10 min at 2,500 g and stored frozen at approximately -80°C until HPLC analysis. For

HPLC-analysis the samples were sent to the Division of Clinical Pharmacy and Diagnostics.

For sample preparation 70 pL plasma was mixed with the 2.5 fold volume of ice-cold ACN
(=175 pL) and after vortexing for 10 sec and centrifugation at 10,500 g for 5 min, 40 pL of

the clear supernatant was injected into the HPLC.
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3.7 Software

For the data evaluation and preparation of this thesis, following software programs were

utilized:
e Microsoft® Office Word 2010
e Microsoft® Office Excel 2010
e Microsoft® Office Power Point 2010
e Microsoft® Office Paint 2010
e GraphPad Prism® 6.0, GraphPad Software, La Jolla California, USA
e Phoenix WinNonlin® 6.1, Certara Inc., Princeton, USA
o Kinetica Software Version 5.1, Alfasoft Limited, Luton, UK
e PK Solutions 2.0, (Summit Research Services) Ashland, Ohio, USA

e ADMET-Predictor 7.2 computer software, Simulations Plus Inc., California, USA
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4 Results

4.1 Validation

4.1.1 Optimization of Sample Preparation Method

After performing a UV/VIS scan of CPD11 (5.0 pg/mL in ACN) the optimum detection
wavelength of 270 nm (lambda max) was verified.

Due to the chemical inhomogeneity, the CPD compounds were partly water soluble (CPD3
and CPD4) but mostly water insoluble and showed basic, acid and neutral properties.
Especially lead compound CPD11 was poorly water-soluble. Therefore, the use of a
gradient elution on a Zorbax Eclipse XDB-C8 column, 250 x 4.6 mm, 5 um (Agilent) was
the method of choice. This column shows optimum separation of such acidic, basic and
neutral molecules. Peak of interests showed high sharpness and symmetry (using peak
width parameters obtained 10% from baseline according to the guidelines of the European
Pharmacopeia). Other tested HPLC analytical columns were Symmetry C8 column, 100 x
4.6 mm, 3.5 um (Waters) and a C8 column, 150 x 4.6 mm (ACE), but the separation results
were unsatisfactory (data not shown).

The optimum HPLC conditions were achieved by using a mobile phase consisting of
solvent A (99.9% aqua bidest. and 0.1% acetic acid) and solvent B (99.9% ACN and 0.1
% acetic acid) on a Zorbax Eclipse XDB-C8 column, 250 x 4.6 mm ID, 5 um, in elution

gradient mode.

The chromatographic profiles of all eight compounds in a concentration of 10.0 pg/mL
diluted in ACN are shown in Figure 14. Differences in peak areas may be based on the

measurement wavelength and the individual extinction coefficient.
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Figure 14: HPLC chromatograms of some CPD compounds diluted in ACN with a
concentration of 10 pg/mL

As seen in Figure 15, CPD11 eluted after 14.5 min as a sharp and uniform peak, almost
independent of the type of the biological matrix. Comparison of blank human plasma,
bovine liver tissue samples and hepatocytes incubations of the same matrix spiked with
CPD11 revealed no peak interferences from matrix components within the elution time
frame of the analyte (Figure 15). For better resolution, the chromatograms were truncated

after 17 min; the gradient profile is not visible.
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Figure 15: a-e Representative HPLC chromatograms of CPD11 in, human pooled plasma 5.0
pg/mL (a), bovine liver tissue 5.0 pg/mL (b), cryopreserved human hepatocytes 25uM (c), PK
mouse plasma 10 min after iv bolus injection (d) and PK rat plasma 10 min after iv bolus
injection (e).

4.1.2 Validation Results

Linearity and Sensitivity

Linear regression analysis were performed by plotting the peak area against the
concentration of CPD11, revealing the linearity of the assay over the range from 0.1 to 10.0
ug/mL (correlation quality (r?) plasma = 0.996; r?user = 0.998). The LOQ was found to be
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0.06 pg/mL in PBS (Figure 16) and 0.07 pg/mL in pooled human plasma. LOD was found
to be 0.03 pg/mL in PBS (Figure 16), and 0.035 pg/mL in pooled human plasma.

157 — 1.0 pg/mL
CPD11 — 0.5 pg/mL

\ — 0.25 pg/mL

— 0.12 pg/mL

10 — 0.06 pg/mL
— 0.03 pg/mL

Intensity (mV)

)]
1

13 14 15 16

time [min]

Figure 16: LOQ and LOD of CPD11 in PBS

The accuracy and precision in both PBS and plasma were assessed by analysing Q (Q 1, Q
2 and Q 3) samples at low, medium and high concentrations. With regard to the PBS, the
CV ranged from 3.2 to 8.7% and the bias from -4.0 to +4.1%, as seen in Table 13.
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Table 13: Intra- and inter-day coefficients of variation (% CV), bias [%] and recovery [%0]
for the determination of CPD11 in PBS (n = 6)

Conc. (pg/mL)
Spiked Found mean +SD % Recovery % Bias % CV
Day 1
1% run
Q1 0.1 0.096 0.008 96.0 -4.0 8.3
Q2 1.0 0.964 0.073 96.4 -3.6 7.6
Q3 10 10.04 0.317 100.4 0.4 3.2
2" run
Q1 0.1 0.101 0.006 101.0 1.0 5.9
Q2 1.0 0.972 0.085 97.2 -2.8 8.7
Q3 10 10.063 0.561 100.6 0.6 5.6
Day 7
Q1 0.1 0.097 0.004 97.0 -3.0 4.1
Q2 1.0 1.039 0.054 103.9 3.9 5.2
Q3 10 10.408 0.567 104.1 4.1 5.4

Accuracy and Precision

An assessment of accuracy and precision in plasma yielded a CV ranging from 2.0 t0 9.1%

and bias values within 7%, as summarized in Table 14.
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Table 14: Intra- and inter-day coefficients of variation (% CV), bias [%] and recovery [%0]
for the determination of CPD11 in pooled human plasma (n = 6)

Conc. (ug/mL)
Spiked Found mean +SD % Recovery % Bias % CV
Day 1
1% run
Q1 0.1 0.104 0.005 104.0 4.0 4.8
Q2 1.0 0.94 0.051 94.0 -6.0 5.4
Q3 10 9.35 0.599 93.5 -6.5 6.4
2" run
Q1 0.1 0.095 0.006 95.0 -5.0 6.3
Q2 1.0 1.031 0.049 103.1 31 4.8
Q3 10 9.732 0.368 97.3 6.7 3.8
Day 7
Q1 0.1 0.101 0.003 101.0 1.0 3.0
Q2 1.0 1.008 0.020 100.8 0.8 2.0
Q3 10 9.895 0.904 99.0 -1.0 9.1
Recovery

Excellent recoveries in plasma were obtained; the recovery values ranged from 93.5 to
104%. By contrast, CPD11 extracted from crude liver yielded recoveries between 30 and
34%.

Stability

As stated above, freshly prepared solutions were used for all experiments; the short-term
stability was anticipated to be 24 h and the long-term stability to be 72 h. Nonetheless, the

long-term stability of the standard stock solution was evaluated.

After evaluation of the short-term stability in PBS and plasma, CPD11 was found to be
stable in PBS. Whereas storage in human plasma led to a loss of approximately 40% within
72 h (see Table 15). Thus, plasma samples should be analysed within one day to avoid
compound degradation, which would lead to inaccurate results.
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Table 15: Short-term (24 h) and long-term (72 h) stability of CPD11 in PBS and plasma
Conc. (pg/mL)

Medium Time [h] Spiked Found % Recovery
PBS

24 5.00 5.05 101.0
Freeze-thaw

72 0.50 0.50 100.0

72 5.00 5.16 103.2
Plasma

24 5.00 3.03 60.0
Freeze-thaw

72 0.50 0.19 38.0

72 5.00 1.88 37.6

Investigations of long-term stability, stability on ice and stability after several freeze-thaw

cycles in PBS showed identical results, as listed in Table 15.

By contrast, stability on ice and freeze-thaw cycle stability tests carried out at two different
concentration levels in plasma yielded a significant decrease of approximately 63%. Thus,
long-term stability experiments in plasma exceeding 72 h were not performed due to the

substantial loss of CPD11 within one week.

The solution of CPD11 (5.0 pg/mL dissolved in DMSO/PBS 32:68, v/v) remained stable
for 34 days when stored at +4°C. When the same CPD11 solution was exposed to daylight
at room temperature (24°C), the compound degraded with a half-life of 15 days.

Calibration Curve

The calibration curve of CPD 11 in plasma was linear over the range of 0.625-20.0 pg/mL
(Figure 17), prepared by plotting peak area against sample concentration, with a correlation
coefficient >0.999. The slope was 7.417+0.1096, as shown in Table 16.
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Figure 17: Calibration curve of CPD11 in plasma

Table 16: Rgression parameters of the calibration curve of CPD11 in plasma

CPD11
Best-fit values
Slope 7.417 £ 0.1096
Y -intercept when X=0.0 -2.154 + 1.033
X-intercept when Y=0.0 0.2904
1/slope 0.1348
95% Confidence Intervals
Slope 7.113t07.721
Y -intercept when X=0.0 -5.022 t0 0.7137
X-intercept when Y=0.0 -0.09906 to 0.6588
Goodness of Fit
R square 0.9991
Sy.x 1.817
Is slope significantly non-zero?
F 4581
DFn, DR 1.000, 4.000
P value < 0.0001
Deviation from zero? Significant
Data
Number of X values 6
Maximum number of Y replicates 1
Total number of values 6
Number of missing values 0
Equation Y =7.417*X-2.154 |
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4.1.3 Comparison of CPD11 with seven other SeaLife Compounds

As already mentioned seven other Sealife compounds were partially validated in these
investigations. For in vitro studies the current method can be used for each of these SeaL.ife
and compounds (see in Figure 1) and also for related compounds. Detailed information
regarding LOQ, LOD, recovery and HPLC parameters are listed in Table 17.

Table 17: Summary of the characteristics of CPD11 related test-compounds and HPLC
parameters

CPD3 CPD5  CPD6 CPD7 CPD10 CPD13  CPD17
Molecular weight 395 268 282 404 382 703 531
K 1.02 2.63 1.98 2.34 2.80 2.30 2.22
N 39490 66810 28926 40341 33172 76456 80319
LOQ (pg/mL) 0.608 0.878 0.180 0.182 0.206 0.429 0.377
LOD (ug/mL) 0.304 0.434 0.090 0.092 0.103 0.211 0.197
Recovery (%) 71 89 74 48 52 46 62

k’ capacity factor, calculated by k’ = (trltg)-1, N number of theoretical plate
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4.2 Binding and Distribution Experiments

Thirty-one SeaLife compounds with antibacterial activity and four established drugs
(erlotinib, capecitabine, doxorubicin, linezolid) with different physicochemical and
pharmacological properties were investigated using the TRANSIL test system. Table 18
shows these 35 compounds along with their molecular mass and pKa, pKb and logP values
predicted by the ADMET Predictor software. Furthermore, the fPPB [%] parameters using
the TRANSIL system and the ADMET Predictor were compared (Table 18). The SealL.ife
drugs showed a wide range of physicochemical characteristics, with molecular mass
ranging from 240.3 to 702.7 g/mol and lipophilicity, calculated as logP, ranging from 1.0
to 4.2. Nine SeaLife compounds were calculated to have neither a pKa nor a pKb. These
neutral compounds have neither acidic nor basic centres and therefore lack ionizable

groups.
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Table 18: List of SeaLife compounds and marketed drugs. Physiochemical parameters and f,
were predicted using the ADMET Predictor. fPPB parameters determined from TRANSIL*-
results (n = 6) are shown as the means with the SD.

ADMET Predictor TRANSIL

Drug Molecular Mass pKa pKb logPp  f,PPB fPPB * | fPPBxSD
g/mol % % %

CPD1 240.3 8.47 None 3.1 9.8 90.2 93.9 £ 0.968
CPD2 242.3 8.50 None 3.3 8.0 92.0 96.4 +0.246
CPD3 395.5 None 6.92 3.3 6.4 93.6 95.2 £ 0.537
CPD4 271.4 2.22 8.06 1.0 24.7 75.3 99.1+0.041
CPD5 268.3 1.77 None 3.3 5.5 94.5 88.2 + 1.646
CPD6 282.3 None None 3.0 111 88.9 96.1 + 0.292
CPD7 404.4 None None 3.4 3.6 96.4 98.1 £ 0.056
CPD8 390.3 None None 3.3 4.5 95.6 94.0 £0.196
CPD9 420.4 None None 3.4 3.9 96.1 94.6 + 0.367
CPD10 382.4 None None 3.8 4.5 95.5 98.4+0.138
CPD11 395.4 None None 1.9 16.6 83.4 88.2 +0.876
CPD12 270.3 7.80 None 3.3 4.8 95.2 99.1 +£0.061
CPD13 702.7 None None 3.4 7.1 92.9 99.0 £ 0.080
CPD14 418.4 None None 3.3 4.3 95.7 97.2+0.191
CPD15 521.6 None 5.76 1.3 23.2 76.9 87.2+3.024
CPD16 507.6 None 7.44; 4.14 2.2 17.8 82.2 59.2 + 4.074
CPD17 530.6 None 4,50 3.3 5.2 94.8 97.5+0.169
CPD18 500.6 None 4,12 3.3 4.9 95.1 96.3 +0.425
CPD19 552.6 None 6.14 4.2 1.4 98.6 95.2 +£0.225
CPD20 502.5 None 6.46 3.8 3.3 96.7 99.2 +0.041
CPD21 514.6 None 6.56 3.6 4.2 95.8 98.7 £ 0.099
CPD22 439.5 10.09 None 2.8 5.1 94.9 95.9+0.186
CPD23 274.3 7.99 None 2.4 11.6 88.4 99.8 £ 0.040
CPD24 290.3 8.09; 4.21 None 1.8 11.1 88.9 99.8 + 0.058
CPD25 401.4 None None 14 22.8 77.2 97.1+0.128
CPD26 558.6 None 6.18 35 2.4 97.6 84.3 +1.800
CPD27 nc nc nc nc nc nc 97.5+0.354
CPD28 nc nc nc nc nc nc 96.6 + 0.196
CPD29 nc nc nc nc nc nc 99.5+0.049
CPD30 nc nc nc nc nc nc 95.9 £ 0.413
CPD31 nc nc nc nc nc nc 92.3 £ 0.895
Capecitabine 359.4 9.73 0.11 13 23.9 76.1 66.1 + 9.527
Doxorubicin 543.5 9.50; 6.77 8.43 0.5 22.1 77.9 66.3 + 3.978
Erlotinib 393.4 None 4.46;-0.18;-1.60 3.1 4.6 95.4 93.9+£0.885
Linezolid 337.4 None 4.1 0.9 30.0 70.0 44.9 + 3.239

*calculated from f,PPB parameters of ADMET Predictor; not calculated (nc)
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Due to pending patent matters, data calculated for CPD27 to CPD31 with the ADMET
Predictor could not be approved for publication. The design of the TRANSIL*" fPPB [%]
method was such that one drug was incubated in six wells, with an increasing amount of
plasma protein immobilized on silica beads, enabling a 6-fold determination of PPB. The
values of fPPB [%] from both methods are shown in Table 18 and range from 59.2 to 99.8%
for the TRANSIL*" system and 75.3 to 98.6% for the ADMET Predictor. Because the
ADMET Predictor was only able to predict the fuPPB [%] parameter, the values for fPPB
[%] were calculated by deducting the f,PPB [%] from 100%. Generally, the SeaL.ife
compounds showed high PPB values. Uncharacteristically, CPD16 in the TRANSIL*-
system and CPD4, CPD15 and CPD25 in the ADMET Predictor showed lower PPB values.
Overall, both methods yielded more or less the same PPB results, with variation from 1 to
15%, but only when excluding compounds CPD4, CPD16 and CPD25. The SD of fPPB
[%], as predicted with the TRANSIL*- system, is also presented in Table 18.

Table 19 shows the mean values of fAGP [%] and fHSA [%] together with SD values and
the fLAGP [%] and fuHSA [%] parameters. The fHSA [%] values ranged from 82.5 to
99.8% and the fAGP [%] values from < 1.4 to 96.5%. This finding confirms the results
characterized above, which showed an overall high fPPB [%]. Although the fHSA [%]
parameters for the 31 SeaL.ife compounds showed more or less the same range, the fAGP
[%] values covered a wide range and were up to 68-fold higher than the obtained values.
When comparing the fHSA [%] and fAGP [%] results, a higher binding affinity of the
compounds for HSA than AGP can be predicted. This phenomenon can been seen quite
clearly for the compounds CPD1, CPD4, CPD15, CPD24, CPD26 and CPD30. The f;HSA
[%] values ranged from 0.2 to 12.0% and the fuAGP [%] values from 0.2 to 9.9%, showing
very similar and partly identical results (CPD5, CPD6, CPD8, CPD9, CPD11-CPD14,
CPD16-CPD18, CPD20-CPD25 and CPD28). When comparing fPPB [%] in Table 18 with
the fHSA [%] parameters in Table 19, almost equal results can be seen. Moreover, if the
fraction bound [%] parameters obtained from CPD5 and CPD16 are neglected, the
difference seems not to exceed 6.9% because the PPB kit consists of HSA and AGP in a

physiological ratio of 24:1.
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Table 19: List of SeaLife compounds and marketed drugs with the f and f, parameters for
HSA and AGP predicted with the TRANSIL*" assay (n = 6). TRANSIL*L results are shown
as the means with the SD.

TRANSIL
Drug fHSA+SD f,HSA fAGP+SD f,AGP
% % % %
CPD1 92.8+9,758 7.2 4.1+2717 9.9
CPD2 93.5+0.781 6.4 28.7£5.281 7.6
CPD3 89.0+2.824 10.3 44.4 + 6.728 9.3
CPD4 97.5+0.279 2.4 <1.4+5.203 3.0
CPD5 99.7+0.124 0.3 16.3 + 6.906 0.3
CPD6 97.1 £ 0.495 3.0 22.8+2.768 3.0
CPD7 98.5+ 0.230 14 75.2 +0.623 14
CPD8 91.7 £ 0.539 8.1 21.5 + 2.656 8.1
CPD9 88.8 + 1.005 6.9 84.6 + 2.017 6.9
CPD10 97.5+0.327 2.2 83.1+12.707 0.7
CPD11 90.6 + 1.964 9.2 18.6 + 9.092 9.2
CPD12 98.5 + 4.531 15 44.9 + 1.686 15
CPD13 99.8 + 0.139 0.2 38.8 +4.961 0.2
CPD14 94.4 £ 0.206 3.9 86.2 + 18.197 3.9
CPD15 94.2 + 3.875 5.6 7.2+ 15.675 5.8
CPD16 95.7 £ 1.589 4.3 23.9+5.535 4.3
CPD17 97.9+0.119 2.0 59.6 + 3.597 2.0
CPD18 92.0 £ 0.861 1.4 50.4 + 5.165 1.4
CPD19 93.2+0.158 5.7 49.2 + 4.859 8.5
CPD20 98.8 +0.379 0.9 96.5+0.711 0.9
CPD21 96.8 + 0.263 2.7 84.5+ 0.749 2.7
CPD22 92.8 + 0.265 5.9 75.0+1.324 5.9
CPD23 99.5 + 0.022 0.5 29.2 +5.319 0.5
CPD24 99.0 £+ 0.166 1.0 7.8+4.621 1.0
CPD25 96.2 + 0.251 3.8 13.3+2.838 3.8
CPD26 82.5+0.189 12.0 <1.4+10.182 5.1
CPD27 94.3+0.726 3.0 13.3+2.838 3.8
CPD28 89.7 £ 0.624 4.2 93.5+1.137 4.2
CPD29 99.5 + 0.356 0.5 84.1+ 3.401 5.9
CPD30 91.5+0.908 5.9 7.0 £ 0.909 0.5
CPD31 97.0+0.354 2.9 36.7 +2.977 2.8
Capecitabine | 42.0 +£4.490 <57.6 <14+4871 57.6
Doxorubicin 61.2 + 3.673 38.1 45+9.172 38.2
Erlotinib 91.5+0.215 8.1 40.2 £2.208 8.5
Linezolid 12.9 + 1.575 <86.1 <1.4+2920 86.1
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Furthermore, as seen in Table 20, the VVd parameters of the SeaLife compounds with the
TRANSIL*t method predicted and compared the collected data with the calculations
obtained from the ADMET Predictor software.

Overall, the tested drugs showed Vd values ranging from 0.203 to 6.698 L/kg when analysed
with the TRANSIL*" assay and values ranging from 0.129 to 6.052 L/kg when calculated
with ADMET Predictor. It was not possible to obtain intestinal or microsomal results for
CPD26 due to the chemical instability of the compound. The mean value of VVd was predicted
by TRANSIL*" to be 1.866 L/kg and by the ADMET Predictor to be 1.999 L/kg. Although
the two methods show similar VVds, the values vary between the systems for some drugs,
e.g., for CPD13, approximately an 8-fold higher Vd is predicted by the TRANSIL*"- method
when compared with the ADMET Predictor (0.601 vs. 4.745).

Pint values ranged widely from 1.6 to 23.2*10° cm/sec, with a mean value of 11.0*10°
cm/sec. This value would imply that the SeaLife compounds have a high permeability
coefficient because the majority of the compounds possess a Pint over 10.0%10°° cm/sec.
Moreover, because many SeaLife compounds show lipophilic properties, a high Pin value
might also reflect good bioavailability of the drug when given orally. The logMAin: ranged
from 1.58 to 4.27, with a mean rate of 2.85, which implies an overall high affinity of the

drugs to phosphatidylcholine membranes.

CPD17, CPD19 and CPD28 showed the highest affinity to intestinal membranes, whereas
CPD24, CPD25 and CPD29 showed the lowest affinity. The f, [%] parameter in the intestinal

assay was predicted to be between 0.3 and 12.2%.

The logMAmicro parameter ranged from 1.46 to 3.90, with a mean value rate of 2.88. The
majority of the compounds showed a low logMAmicro rate, which not only could reduce the
concentration of free drug available to be metabolized by CYP (cytochrome P450) enzymes
but could also decrease the amount available to inhibit these enzymes. Only the unbound
fraction is available for metabolic conversion. For instance, as shown in Table 3, CPD24
shows a logMAnmicro Of 1.46, which is clearly lower than the logMAmicro 0f 3.90 predicted for
CPD13. Therefore, it can be assumed that CPD13 will by metabolized to a greater extent
than CPD24. In addition to the logMAmicro parameter, micrsomal fy [%] values were
predicted with the microsomal absorption kit. The f, [%] results ranged from 30.2 to 99.2%,

with a mean value of 73.8%. The majority of the SeaLife compounds were predicted to have
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high fy [%] properties; only CPD13, CPD23, CPD27, CPD28 and CPD31 appeared to have
fu [%] values below 36%.
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Table 20: List of SeaLife compounds and marketed drugs with their VVd (L/kg), logMA, f. [%0]
and Pint [cm/sec] parameters predicted with the ADMET Predictor and in TRANSIL*- assays.
TRANSIL** results (n = 6) are shown as the means with the SD.

ADMET Predictor TRANSIL Intestinal TRANSIL Microsomal

Drug vd vd logMA +SD Pint 1, logMA+SD f,

L/kg L/kg [10° cmisec] % %
CPD1 1.418 1.554 2.69+0.21 22.8 7.2 2.41+0.20 93.1
CPD2 2.872 0.849 2.22+0.14 16.6 6.4 2.13+0.08 92.1
CPD3 2.602 3.235 3.18 £0.27 14.0 10.3 3.16 £ 0.05 70.3
CPD4 0.794 1.748 3.24 +£0.07 16.9 15 2.51+0.07 91.4
CPD5 0.832 0.260 2.12 £ 0.08 11.6 0.3 2.60 £ 0.08 89.7
CPD6 1,334 1.363 2.84+0.10 19.6 3.0 2.81+0.03 84.4
CPD7 1.054 0.675 2.50+0.18 5.6 14 3.02 + 0.06 76.6
CPD8 0.906 1.371 2.55+0.07 7.9 8.1 2.88+0.04 81.9
CPD9 1.848 1.846 2.84 +0.07 8.6 6.9 2.72+0.07 86.8
CPD10 1.698 1.543 3.03+0.03 13.2 2.2 3.03+0.08 76.5
CPD11 1.090 0.976 2.23+£0.15 4.0 9.2 2.29 £ 0.06 94.7
CPD12 1.438 3.355 3.16 £ 0.08 23.2 12.2 3.14 £ 0.05 71.3
CPD13 4.745 0.601 2.96 +0.15 1.8 0.2 3.90+0.13 30.2
CPD14 1.201 1.563 2.87 £0.03 9.1 3.9 2.54 +0.07 90.8
CPD15 1.688 1.105 2.53+0.11 7.8 5.8 2.78 £ 0.15 85.1
CPD16 3.439 1.174 2.61 +0.56 31 4.3 1.49+£0.13 94.0
CPD17 2.029 6.698 427+0.14 15.4 2.0 3.29£0.07 63.8
CPD18 2.093 1.836 2.82+£0.05 4.9 7.4 3.10+£0.03 73.3
CPD19 2.636 4.235 3.53+0.03 16.2 6.0 2.41+0.04 81.3
CPD20 2.633 1.729 3.38 £ 0.04 10.3 0.9 3.32+0.05 62.3
CPD21 2.413 2.846 3.50 £ 0.04 10,1 2.7 2.91+0.02 80.9
CPD22 0.533 2.626 3.18 £0.02 11.3 5.9 3.13+0.04 717
CPD23 2.310 0.919 3.04 £0.04 221 0.5 3.85+0.16 32.9
CPD24 0,129 0.203 1.58 + 0.04 3.7 1.0 1.46 £ 0.10 99.2
CPD25 2.186 0.396 1.76 £ 0.06 1.6 3.8 2.30+£0.02 94.5
CPD26 6.052 nc nc nc nc nc nc
CPD27 nc 1.937 3.16 £0.10 11.9 2.7 3.85+0.04 325
CPD28 nc 4.363 3.70 £ 0.06 17.9 4.2 3.88+0.08 311
CPD29 nc 0.241 1.90 £ 0.09 2.6 0.5 1.98 + 0.09 97.3
CPD30 nc 2.142 3.01+£0.21 6.1 5.9 3.58 £ 0.01 47.8
CPD31 nc 2.600 3.38+0.08 10.3 2.9 3.79+0.23 35.9
Capecitabine 0.675 1.416 1.80£0.22 3.0 57.6 2.21+0.28 95.5
Doxorubicin 8.780 3.577 2.83+0.04 3.4 35.3 2.63+0.05 88.9
Erlotinib 1.036 1.797 2.77 £0.02 8.6 8.1 2.68+0.10 87.8
Linezolid 0.827 2.991 2.00+0.20 5.5 86.1 1.36 £0.10 99.3

Moreover, the TRANSIL*L system determines a quality index (QI), which is derived from
five independent measurements of data analysis, and a r? value is determined from the
predicted parameters (data not shown). For all the compounds investigated, in all 5
TRANSIL* systems, the QI ranged from 7.6 to 9.7 on a scale of 0 to 10 (7 to 10: good data
quality; 5 to 7: compromised data quality; and below 5: poor data quality). The r? values
were approximately 0.99, suggesting a close correlation and excellent assay quality. For the
ADMET Predictor, the RMSE (root mean squared error) obtained was 0.33 and the MAE
(mean absolute error) was 0.25 for all calculations.
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4.3 Cryopreserved Hepatocytes
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Figure 18: Calibration curve of CPD11 in incubation medium

The calibration curve of CPD11 in incubation medium was linear over the range of 6.25 and
100 uM, prepared by plotting peak area against sample concentration (Figure 18). Detailed
information about the regression parameters are listed in Table 21. For calculation of CPD11
concentrations in hepatocytes the formula x = y/18.81 was used, whereby 18.81 represents

the slope regression line.
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Table 21: Regression parameters of the calibration curve of CPD11 in incubation medium

CPD11
Best-fit values
Slope 18,81 + 0,2844
Y -intercept when X=0.0 -39,49 + 14,68
X-intercept when Y=0.0 2.099
1/slope 0.05317
95% Confidence Intervals
Slope 17,90 to 19,71
Y -intercept when X=0.0 -86,19 to 7,217
X-intercept when Y=0.0 -0,3981 to 4,427
Goodness of Fit
R square 0.9993
Sy.x 21.68
Is slope significantly non-zero?
F 4375
DFn, DFd 1,000, 3,000
P value < 0,0001
Deviation from zero? Significant
Data
Number of X values 5
Maximum number of Y replicates 1
Total number of values 5
Number of missing values 0

Instability of CPD11 in Incubation Medium

To identify the stability of CPD11 in the incubator during a period of 24 h, 25 uM, 50 uM
and 100 puM doses were incubated in medium without adding cryopreserved hepatocytes to
the experiments. The results [uM] of these negative control experiments in incubation
medium are depicted in Table 22. As can be seen in, already 180 min after incubation only
50% of CPD11 was quantifiable in the samples at concentrations of 50 uM and 100 pM. In

general, CPD11 was degraded solely in incubation medium and under incubation conditions.

66



Table 22: Stability of CPD11 in incubation medium

Medium CPD11
Concentration [UM]

time [min] 25 uM 50 uM 100 uM
1 22.65 42.02 89.77
23.64 42.12 97.53
mean 23.15 42.08 93.65
15 24.94 40.15 80.30
24.43 40.29 84.62
mean 24.69 40.22 82.46
30 23.73 41.75 72.20
24.06 43.65 57.62
mean 23.90 42.70 64.91
60 24.46 41.27 89.28
23.29 38.97 66.51
mean 23.88 40.12 77.90
120 21.46 36.61 60.87
23.53 39.80 58.79
mean 22.50 38.20 59.83
180 21.74 16.60 41.19
7.63 26.23 44.22
mean 14.69 21.42 42.70
240 22.75 15.63 53.76
7.30 27.67 55.50
mean 15.03 21.65 54.63
300 13.90 10.75 50.23
19.64 30.47 49.62
mean 16.77 20.61 49.92
1440 10.81 24.09 37.84
na na na
mean 10.81 24.09 37.84

na: not applicable (not done)
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Metabolic Stability

The results of metabolic stability studies of cryopreserved human male hepatocytes,
cryopreserved human female hepatocytes, cryopreserved rat hepatocytes and cryopreserved
monkey hepatocytes are shown in the following tables and figures. The metabolic stability

assay helps to differentiate metabolic stable compounds from less stable compounds.

e Cryopreserved Human Male Hepatocytes

CPD11 was incubated in cryopreserved human male hepatocytes in incubation medium at
concentrations of 5 uM, 10 uM, 25 pM, 50 uM and 100 pM. Duplicate incubations were
conducted at concentrations of 25 uM, 50 uM and 100 puM. Samples were taken at time
points, as listed in Table 23 and Table 24.
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Table 23: Metabolic stability of CPD11 in human male hepatocytes [UM]

Human Male Hepatocytes CPD11

Concentration [uM]
time [min] 5 uM 10 uM 25 uM 50 uM 100 uM
1 3.85 8.52 13.23 23.65 49.63
na na 13.87 23.39 52.85
mean na na 13.55 23.52 51.24
15 3.23 8.04 9.89 21.14 48.97
na na 10.69 22.08 45.68
mean na na 10.29 21.61 47.33
30 3.18 7.38 10.10 22.52 48.14
na na 12.01 20.73 56.61
mean na na 11.06 21.63 52.38
60 2.04 6.34 8.81 18.01 42.18
na na 8.85 18.60 44.96
mean na na 8.83 18.30 43.57
120 1.08 3.81 6.30 20.75 41.51
na na 5.67 16.00 38.70
mean na na 5.98 18.38 40.10
180 0.79 2.50 4,08 13.17 35.16
na na 5.34 15.63 35.53
mean na na 471 14.40 35.35
240 0.25 1.55 471 12.22 34.18
na na 3.78 9.83 33.44
mean na na 4.24 11.03 33.81
300 0.17 1.19 3.87 11.21 32.36
na na 3.15 8.80 34.52
mean na na 3.51 10.01 33.44
1440 0.06 0.14 0.27 1.18 31.06
na na na na na
mean na na na na na
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Table 24: Metabolic stability of CPD11 in human male hepatocytes [%6]

Human Male Hepatocytes CPD11

Percent [%]
time [min] 5uM 10 uM 25 uM 50 uM 100 uM
1 77 85 53 47 50
na na 55 47 53
mean na na 54 47 51
15 65 80 40 42 49
na na 43 44 46
mean na na 41 43 47
30 64 74 40 45 48
na na 48 41 57
mean 44 43 52
60 41 63 35 36 42
na na 35 37 45
mean na na 35 37 44
120 22 38 25 42 42
na na 23 32 39
mean na na 24 37 40
180 16 25 16 26 35
na na 21 31 36
mean na na 19 29 35
240 5 16 19 24 34
na na 15 20 33
mean na na 17 22 34
300 3 12 15 22 32
na na 13 18 35
mean na na 14 20 33
1440 1 1 1 2 31
na na na na na
mean na na na na na

70



The time points between 1 min and maximum 300 min represent the most valuable
information. After that time point viability of the hepatocytes may rapidly decrease, which
could lead to false results. However, for informative purposes also sampling at time point

1140 min was performed.

As can be seen in Table 24, already 1 min after incubation approximately 15-50% of CPD11
was metabolized and after 300 min only 3-33% of CPD11 could still be quantitated in the
samples. With a concentration of 31.06 uM after 1440 min CPD11 seemed to be stable at

the incubation concentration of 100 M.

e Cryopreserved Human Female Hepatocytes

CPD11 was incubated in cryopreserved human female hepatocytes in incubation medium at
a concentration of 10 uM and 20 uM. Sampling time points and results in uM and percent
are depicted in Table 25.

Table 25: Metabolic stability of CPD11 in human female hepatocytes [uM and %o]

Human Female Hepatocytes CPD11 Human Female Hepatocytes CPD11
Concentration [UM] Percent [%]
time [min] 10 uM 20 UM time [min] 10 uM 20 uM
1 9.47 19.09 1 97 95
15 8.27 17.26 15 83 86
30 7.47 14.41 30 75 72
60 5.71 11.78 60 57 59
120 3.00 6.99 120 30 35
180 1.89 4.67 180 19 23
240 1.26 3.16 240 13 16
300 0.49 2.68 300 5 13
1440 0.06 0.15 1440 1 1
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Table 25 shows that degradation of CPD11 amounts approximately 5%, 1 min after
incubation. Sixty min after incubation 50% of CPD11 was already metabolized and 300 min

later 11.5% of the compound was still quantifiable.

CPD11 was stable in human female hepatocytes for 30 min after incubation. After 60 min a
decrease of approximately 50% was observed. When comparing 10 UM data of human male
hepatocytes with human female hepatocytes no significant differences at time points
between 1 min and 300 min were detectable.

e Comparison: Cryopreserved Human Male and Female Hepatocytes

Figure 19 presents the concentration versus time curves of CPD11 in human male and female

hepatocytes (metabolic stability).
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Figure 19: Hepatocytes metabolic stability of CPD11 in human hepatocytes

e Cryopreserved Rat Hepatocytes

CPD11 was incubated in cryopreserved rat hepatocytes in incubation medium at
concentrations of 5 uM, 10 uM, 25 puM, 50 uM and 100 uM. Duplicate incubations were
conducted with all concentrations. Sampling time points and results are depicted in Table 26
and Table 27.
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Table 26: Metabolic stability of CPD11 in rat hepatocytes [LM]

Rat Hepatocytes CPD11

Concentration [M]

time [min] 5uM 10 uM 25 uM 50 uM 100 uM
1 3.48 7.04 12.99 26.37 53.52
3.35 7.67 11.74 25.71 52.76

mean 3.42 7.35 12.36 26.04 53.14
15 2.87 6.52 12.95 24.20 50.61
2.85 6.41 12.08 23.84 53.00

mean 2.86 6.46 12.51 24.02 51.81
30 2.58 5.52 10.65 25.76 59.16
2.55 5.83 10.70 23.20 47.88

mean 2.57 5.68 10.67 24.48 47.88
60 2.18 4.95 8.11 18.34 44.10
2.17 5.12 7.80 18.77 42.94

mean 2.18 5.03 7.95 18.56 43.52
120 1.93 3.95 5.94 14.48 37.78
1.71 3.75 6.96 14.78 35.69

mean 1.82 3.85 6.45 14.63 36.74
180 1.42 3.63 3.81 10.77 34.61
1.38 3.77 3.76 12.86 32.93

mean 1.40 3.70 3.79 11.81 33.77
240 1.30 3.11 3.38 10.40 32.29
1.23 3.12 3.28 10.37 36.87

mean 1.27 3.11 3.33 10.39 34.58
300 1.21 3.04 na na na
1.05 2.98 na na na

mean 1.13 3.01 na na na
1440 0.12 1.11 0.23 0.72 25.65
na na 0.25 0.83 25.53

mean na na 0.24 0.78 25.59
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Table 27: Metabolic stability of CPD11 in rat hepatocytes [%6]

Rat Hepatocytes CPD11

Percent [%]
time [min] 5 uM 10 uM 25 uM 50 uM 100 uM
1 70 70 52 53 54
67 77 47 51 53
mean 68 74 49 52 53
15 57 65 52 48 51
57 64 48 48 53
mean 57 65 50 48 52
30 52 55 43 52 59
51 58 43 46 48
mean 51 57 43 49 48
60 44 50 32 37 44
43 51 31 38 43
mean 44 50 32 37 44
120 39 40 24 29 38
34 38 28 30 36
mean 36 39 26 29 37
180 28 36 15 22 35
28 38 15 26 33
mean 28 37 15 24 34
240 26 31 14 21 32
25 31 13 21 37
mean 25 31 13 21 35
300 24 30 na na na
21 30 na na na
mean 23 30 na na na
1440 2 11 1 1 26
na na 1 1 26
mean na na 1 1 26
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The percentage results in Table 27 ranged from 49 to 74%, 1 min after incubation. At time

point 15 min after incubation, already ~50% of CPD11 was metabolized and after 180 min

only ~30% of the compound was still quantifiable.

e Cryopreserved Monkey Hepatocytes

CPD11 was incubated in cryopreserved monkey hepatocytes in incubation medium at

concentrations of 10 uM and 20 M. Sampling time points and results are listed in Table 28.

Table 28: Metabolic stability of CPD11 in monkey hepatocytes [uM and %]

Monkey Hepatocytes CPD11

Concentration [UM]
time [min] 10 uM 20 pM
1 9.62 19.40
15 8.40 17.54
30 7.59 14.65
60 5.80 11.97
120 3.05 7.11
180 1.92 4.74
240 1.28 321
300 0.50 2.73
1140 0.06 0.16

Monkey Hepatocytes CPD11

Percent [%]
time [min] 10 uM 20 uM
1 96 97
15 84 88
30 76 73
60 58 59
120 31 36
180 19 22
240 13 16
300 5 14
1140 1 1

As depicted in Table 28, ~5% of CPD11 was metabolized after 1 min incubation and nearly

30% after 30 min incubation period. 180 min later ~30% of CPD11 could still be quantitated

in the samples. Metabolic stability assay in monkey hepatocytes predict similar results in

both investigated concentrations. CPD11 is metabolically stable at concentrations of 10 uM

and 20 M until time point 30 min. At time point 60 min ~50% of the compound was already

metabolized.
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e Comparison: Cryopreserved Rat and Monkey Hepatocytes

Figure 20 illustrates concentration versus time curves of the rat and monkey hepatocytes

metabolic stability results.
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Figure 20: Hepatocyte metabolic stability of CPD11 in rat and monkey hepatocytes
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Pharmacokinetic Calculations

Table 29 lists the results of the key PK parameters of CPD11 in human male, human female,

rat and monkey hepatocytes. 24 hour values were excluded for the PK calculations.

These parameters, along with the metabolic stability results, increase our understanding of
the metabolism of new chemical entities. The hepatic CLinx was between 0.4 and 20.2
HL/min/10° cells. The scaled CLin: was between 1.0 and 72.2 mL/min/kg, and the t1/> ranged
from 1.1 to 5.8 h. The projected in vivo CLmet was between 0.4 and 28.1 mL/min/kg.
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Table 29: PK calculations of CPD11 in hepatocytes experiments

Species Conc K ; He patic Scaled Scaled Aroa
be | e 12 CLint CLine  Clue
1Y h plL/min/10° cells mL/min/kg
Rat 5 0.0040 2.9 8.0 38.4 22.6 145
Rat 10 0.0034 3.4 6.8 32.6 20.5 348
Rat 25 0.0060 1.9 12.0 57.6 28.1 432
Rat 50 0.0040 2.9 8.0 38.4 22.6 654
Rat 100 0.0020 5.8 4.0 19.2 3.7 880
Monkey 10 0.0094 1.2 18.8 72.2 27.3 289
Monkey 20 0.0069 1.7 13.8 53.0 24.0 549
Human Female 10 0.0094 1.2 18.8 47.4 14.6 249
Human Female 20 0.0069 1.7 13.8 37.8 13.1 544
Human Male 5 0.0106 11 21.2 53.4 15.1 237
Human Male 10 0.0069 1.7 13.8 34.8 13.1 342
Human Male 25 0.0044 2.6 8.8 22.2 10.8 531
Human Male 50 0.0028 4.1 5.6 141 8.4 818
Human Male 100 0.0002 57.8 0.4 1.0 0.4 1098
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Metabolites and Rearrangement Products

Metabolites and rearrangement products (M) of CPD11 in cryopreserved human female,

human male, rat and monkey hepatocytes are shown in Figure 21 toFigure 25.
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Figure 21: Metabolites and rearrangement products of CPD11 in human female hepatocytes
at 10 pM
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Figure 22: Metabolites and rearrangement products of CPD11 in human male hepatocytes at
10 pM
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Figure 23: Metabolites and rearrangement products of CPD11 in human male hepatocytes at
25 uM
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Figure 24: Metabolites and rearrangement products of CPD11 in rat hepatocytes at 10 uM
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Figure 25: Metabolites and rearrangement products of CPD11 in rat hepatocytes at 25 uM
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Figure 26: Metabolites and rearrangement products of CPD11 in monkey hepatocytes at 10

UM

In all hepatocyte species, 0 to 4 metabolites or rearrangement products (when comparing
with medium samples) were detected, whereby a distinct peak was not recognizable. The

metabolites or rearrangement products that were repeatedly perceived were M4 and M12.

Chromatograms in Figure 27 compare 10 uM CPD11 spiked in rat hepatocytes and 10 pM
CPD11 spiked in incubation medium. Solely between 12 and 14 min traces of possible

metabolites or rearrangement products can be seen, but not definitely assigned.
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Figure 27: 10 uM CPD 11 spiked in rat hepatocytes and incubation medium

82




Figure 28 shows chromatograms of CPD11 spiked in incubation medium at a concentration
of 10 uM. As illustrated, CPD11 degrades in incubation medium as well as in the absence
of hepatocytes. At retention times between 12 and 14 min also in incubation medium

rearrangement products were generated.
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Figure 28: 10 uM CPD11 spiked in incubation medium

Figure 29 compares chromatograms of 10 uM CPD11 spiked in human male, human female,
rat and monkey hepatocytes. The chromatograms are similar to each other and also nearly

the same possible metabolites or rearrangement products were formed.
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Figure 29: Comparison of chromatograms of CPD11 in different hepatocytes models at a concentration of 10 uM
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Figure 30: Calibration curve of CPD22 in incubation medium

The calibration curve of CPD22 in incubation medium was linear over the range from 5 to 40
MM, prepared by plotting peak area against sample concentration (Figure 30). Detailed
information about the regression parameters are presented in Table 30. For calculation of

CPD22 concentrations in incubation medium the transformed formula x = y/16.89 was used.
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Table 30: Regression parameters of the calibration curve of CPD22 in incubation medium

CPD22
Best-fit values
Slope 16.89 £ 0.1641
Y -intercept when X=0.0 1.670 + 3.781
X-intercept when Y=0.0 -0.09882
1/slope 0.05919
95% Confidence Intervals
Slope 16.19 to 17.60
Y-intercept when X=0.0 -14.60 to 17.94
X-intercept when Y=0.0 -1.100 to 0.8360
Goodness of Fit
R square 0.9998
Sy.x 4.398
Is slope significantly non-zero?
F 10605
DFn, DFd 1.000, 2.000
P value < 0.0001
Deviation from zero? Significant
Data
Number of X values 4
Maximum number of Y replicates 1
Total number of values 4
Number of missing values 0
Equation Y =16.89*X + 1.670

Metabolic Stability

CPD22 is a prodrug of CPD11 which results through esterases and oxidation as demonstrated
in Figure 31. Metabolic stability assay of CPD22 was implemented to obtain metabolic
information of CPD22 and its metabolite CPD11.
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Figure 31: Esterases and oxidation from CPD22 to CPD11

e Cryopreserved Human Female Hepatocytes

CPD22 was incubated in cryopreserved human female hepatocytes at concentrations of 12.5

MM and 25 pM. Sampling time points and results in UM are depicted in Table 31.

Table 31: Metabolic stability of CPD22 in human female hepatocytes [uM]

Human Female Hepatocytes CPD22

Concentration [uM]
CPD22 CPD11 CPD22 CPD11

time [min] 12.5 uM 25 uM

0 12.50 0.00 25.00 0.00
1 1.93 9.74 4.45 20.90
15 0.14 11.66 3.00 24.85
30 LOQ 9.82 0.57 23.50
60 LOQ 4.95 LOQ 17.79
120 LOQ 2.26 LOQ 9.67
180 LOQ 1.14 LOQ 5.10
240 LOQ 0.78 LOQ 3.37
300 LOQ 0.61 LOQ 1.09
1440 LOQ 0.13 LOQ 0.58
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As presented in Table 31 CPD22 is unstable in human female hepatocytes and was completely
metabolized to CPD11 after almost 15 min (12.5 pM) and 30 min (25 pM). The highest

concentration of CPD11 in the hepatocytes was reached after 15 min.

Figure 32 shows the concentration versus time curves of the human female metabolic stability

data. These results verify that CPD22 was nearly immediately metabolized to CPD11.
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Figure 32 Hepatocyte metabolic stability of CPD22 in human female hepatocytes
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e Cryopreserved Monkey Hepatocytes

CPD22 was incubated in cryopreserved monkey hepatocytes at concentrations of 12.5 uM

and 25 uM. Sampling time points and results in uM are listed in Table 32.

Table 32: Metabolic stability of CPD22 in monkey hepatocytes [uM]

Monkey Hepatocytes CPD22

Concentration [uM]
CPD22 CPD11 CPD22 CPD11

time [min] 12.5 uM 25 uM

0 12.50 0.00 25.00 0.00
1 4.80 6.95 9.16 12.83
15 1.53 11.06 3.78 21.54
30 0.49 11.49 1.37 25.06
60 LOQ 10.63 LOQ 24.66
120 LOQ 8.62 LOQ 20.93
180 LOQ 7.07 LOQ 17.12
240 LOQ 5.74 LOQ 13.54
300 LOQ 4.60 LOQ 10.98
1440 LOQ 0.73 LOQ 5.83

Table 32 shows a decrease of approximately 95% of CPD22, 30 min after incubation. The

highest concentration of CPD11 was reached 30 min after incubation for both concentrations.

1440 min after incubation CPD11 was still quantifiable in the samples.
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Figure 33 shows the concentration versus time curves of monkey metabolic stability data.
These results verify that CPD22 was immediately metabolized to CPD11.
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Figure 33: Hepatocytes metabolic stability of CPD22 in monkey hepatocytes
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e Cryopreserved Rat Hepatocytes

CPD22 was incubated in cryopreserved rat hepatocytes at concentrations of 12.5 uM and 25

MM, Sampling time points and results in UM are listed in Table 33.

Table 33: Metabolic stability of CPD22 in rat hepatocytes [uM]

Rat Hepatocytes CPD22

Concentration [uM]
CPD22 CPD11 CPD22 CPD11

time [min] 12.5 uM 25 uM

0 12.50 0.00 25.00 0.00
1 0.10 8.48 0.37 20.81
15 0.04 7.38 0.05 18.85
30 LOQ 6.07 LOQ 15.36
60 LOQ 451 LOQ 12.70
120 LOQ 3.82 LOQ 9.36
180 LOQ 3.15 LOQ 9.13
240 LOQ 2.87 LOQ 8.73
300 LOQ 2.64 LOQ 8.76
1440 LOQ 1.61 LOQ 5.43

The metabolic stability assay in rat hepatocytes show similar results as in human female and
monkey hepatocytes, verifying that CPD22 was completely metabolized to CPD11 after

maximum 30 min.

Figure 34 shows the concentration versus time curves of rat hepatocytes metabolic stability
results, which also depicts the rapid metabolism of CPD22 prodrug to its CPD11 metabolite.
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Figure 34: Concentration versus time curve of metabolic stability of CPD22 in rat hepatocytes

e Comparison: Cryopreserved Human Female, Rat and Monkey Hepatocytes

Figure 35 compares chromatograms of metabolic stability assays of CPD22 in human female,
monkey and rat hepatocytes, 60 min after incubation with chromatograms of blank incubation
samples, not containing hepatocytes. Incubation volume was 10 uM for both samples. The
green line depicts the chromatograms of the blank samples and the red line of the hepatocyte

samples.
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Figure 35: Chromatograms of metabolic stability of CPD22 in different hepatocytes 60 min after
incubation. Incubation volume: 10 uM

As can be seen in Figure 35 CPD22 cannot be quantified in the hepatocyte samples 60 min

after compound incubation, while the blank samples show a clear CPD22 peak.

Pharmacokinetic Calculations

Table 34 lists the results of the PK calculations of the transformation product, CPD11, in
human female, rat and monkey hepatocytes. Time point values corresponding to 1140 min
were excluded for PK calculations. Some data points were not calculated, as only three data
points were available. In CPD22, the ty2a (half-life of distribution) was below 1 min, and t1/2f3
(half-life of elimination) ranged from 2.3 to 10.6 min. For rat and female human hepatocytes,

tio0 was not calculable because the concentration decline was too rapid.

The tyoform (half-life of formation) ranged from 9.5 to 0.9 min, and ti23 was between

approximately 1 to 4 h in all species.
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Table 34: PK calculations of transformation product; na: only three data points available.

CPD22

Species conc. alpha % ty o0 beta P tyoR Area
[\ min™ min mint min

Rat 125 na na na 0.0654 1.000 10.6 7
25.0 na na na 0.2971 0.936 2.3 16

Monkey 12.5 3.3762 1.000 0.2 0.0759 1.000 9.1 68
25.0 3.5743 1.000 0.2 0.0677 1.000 10.2 146

Human Female 12.5 na na na 0.2516 0.924 2.8 22
25.0 na na na 0.1107 1.000 6.3 97

Metabolite CPD11

Species conc. forrrr;gon r t,,form beta r ty R Area
Y min™ min min* min

Rat 12.5 0.7304 1.000 1.0 0.0029 0.912 242.6 1180
25.0 0.7392 1.000 0.9 0.0020 0.895 3534 3243

Monkey 12.5 0.1138 0.968 6.1 0.0035 0.999 199.7 2373
25.0 0.0603 0.941 115 0.0034 0.997 203.1 5507

Human Female 12.5 0.1727 1.000 4.0 0.0101 0.943 68.3 955
25.0 0.0734 0.912 9.5 0.0111 0.975 62.6 2967
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Metabolites and Rearrangement Products

Metabolites and rearrangement products of CPD22 in cryopreserved human female, rat and

monkey hepatocytes are shown in Figure 36,Figure 37 andFigure 38. Incubation volume was
25 M.
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Figure 37: Rat hepatocytes spiked with 25 uM CPD22
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Figure 38: Monkey hepatocytes spiked with 25 uM CPD22

As can be seen in Figure 36,Figure 37 andFigure 38, the main metabolite of CPD22 (CPD11
- purple line) reached its maximum peak concentration approximately 30 min after incubation
in human female and monkey hepatocytes. Whereas in rat hepatocytes the maximum peak
concentration occurred within 5 min. Metabolic profiling in rat hepatocytes showed six
products, while in female and monkey hepatocytes two unknown products were detectable
(when not including the products also formed in medium samples). Metabolites or
rearrangement products M4 and M6 could be quantitated in all species.
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4.3.3 Testosterone

Calibration Curve
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Figure 39: Calibration curve of testosterone in incubation medium

The calibration curve of testosterone in incubation medium was linear over the range from
12.5t0 200 uM, prepared by plotting peak area against sample concentration. Figure 39 shows
correlation between peak area versus concentration. Detailed information about the regression
parameters are depicted in Table 35. For calculation of testosterone concentrations in

incubation medium, the transformed equation x = y/3.19, was used.
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Table 35: Regression parameters of the calibration curve of testosterone in incubation medium

Testosterone
Best-fit values
Slope 3,189 + 0,05718
Y -intercept when X=0.0 -9,671 + 5,903
X-intercept when Y=0.0 3.033
1/slope 0.3136
95% Confidence Intervals
Slope 3,007 to 3,371
Y-intercept when X=0.0 -2845109,111
X-intercept when Y=0.0 -2,986 to 8,565
Goodness of Fit
R square 0.999
Sy.x 8.719
Is slope significantly non-zero?
F 3110
DFn, DFd 1,000, 3,000
P value < 0,0001
Deviation from zero? Significant
Data
Number of X values 5
Maximum number of Y replicates 1
Total number of values 5
Number of missing values 0
Equation Y =3,189*X - 9,671

Metabolic Stability

For validation reasons testosterone was used as a reference compound. Testosterone was
incubated in cryopreserved human female, human male, rat and monkey hepatocytes in
incubation medium at a substrate concentration of 50 uM. Sampling time points and results

in UM and percent are depicted in Table 36 Table 39.
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Table 36: Metabolic stability of testosterone in human male hepatocytes [UM and %o]

Human Male Hepatocytes Testosterone

Concentration [LUM]
time [min] 50 uM
0 45.11
15 32.66
30 27.02
60 15.86
120 9.34
180 LOQ

Human Male Hepatocytes Testosterone

Percent [%]
time [min] 50 uM
0 90
15 65
30 54
60 32
120 19
180 LOQ

Table 37: Metabolic stability of testosterone in human female hepatocytes [uM and %]

Human Female Hepatocytes Testosterone

Concentration [UM]

time [min] 50 uM
0 40.12
15 31.22
30 20.47
60 16.80
120 10.13
180 1.88

Human Female Hepatocytes Testosterone

Percent [%]

time [min] 50 uM
0 80
15 62
30 41
60 34
120 20
180 4
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Table 38: Metabolic stability of testosterone in rat hepatocytes [uM and %]

Rat Hepatocytes Testosterone Rat Hepatocytes Testosterone
Concentration [UM] Percent [%]
time [min] 50 uM time [min] 50 uM
0 38.97 0 78
15 26.58 15 53
30 20.47 30 41
60 4.14 60 8
120 1.72 120 3
180 LOQ 180 LOQ

Table 39: Metabolic stability of testosterone in monkey hepatocytes [uM and %]

Monkey Hepatocytes Testosterone Monkey Hepatocytes Testosterone
Concentration [UM] Percent [%]
time [min] 50 uM time [min] 50 uM
0 34.55 0 69
15 28.31 15 57
30 22.07 30 44
60 17.96 60 36
120 11.16 120 22
180 1.19 180 2

Figure 40 and Figure 41 illustrate concentration versus time curves of human male, human

female, rat and monkey hepatocytes testosterone metabolic stability experiments.
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Figure 40: Concentration versus time curves of metabolic stability of testosterone in human male
and female hepatocytes
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Figure 41: Concentration versus time curves of metabolic stability of testosterone in rat and
monkey hepatocytes

As described in the below Tables and Figures testosterone is metabolically unstable. After
180 min nearly no traces of the compound was quantifiable in the assay. These results are in
accordance with the literature and therefore give evidence for the significance and exactness
of the results obtained from CPD11 and CPD22 metabolic stability studies. [68]
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Pharmacokinetic Calculations

Table 40 shows the results of the PK calculations of testosterone in human male, human

female, rat and monkey hepatocytes.

Based on these results ti» values were predicted to be between 0.4 and 0.9 h. The hepatic CLint
were found to be 54.8, 33.6, 30.7 and 25.9 uL/min/10° cells, in rat, monkey, human female
and human male, respectively. The scaled CLin was between 65.2 and 263.0 mL/min/Kkg,
showing high discrepancies within the species. Scaled CLmet Was determined to be between
15.9 and 45.5 mL/min/kg.
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Table 40: PK calculations of testosterone in hepatocytes experiments

. Hepatic Scaled Scaled
Species Conc. Kei ti CEint CL... L., Area
1Y h pL/min/10° cells mL/min/kg
Rat 50 0.0274 0.4 54.8 263.0 455 225
Monkey 50 0.0168 0.7 33.6 129.0 32.8 426
Human Female 50 0.0154 0.8 30.7 77.5 16.5 432
Human Male 50 0.0129 0.9 25.9 65.2 15.9 346
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4.4 Preliminary Pharmacokinetics of CPD3 and CPD11

4.4.1 Calibration curves

Calibration curve of CPD3

The calibration curve of CPD3 in plasma was linear over the range from 1.56 to 100.0 pg/mL,
prepared by plotting peak area against sample concentration. The graph below (Figure 42)
shows an excellent correlation between peak area versus concentration. Detailed information
about the regression parameters are listed in Table 41. For calculation of CPD3 concentrations
in plasma the transformed formula x = y/4.978 was used, whereby 4.978 represents the slope

regression line.
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Figure 42: Calibration curve of CPD3 in plasma
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Table 41: Regression parameters of the calibration curve of CPD3 in plasma

CPD3
Best-fit values
Slope 4.978 + 0.05428
Y -intercept when X=0.0 -9.700 + 2.369
X-intercept when Y=0.0 1.948
1/slope 0.2009
95% Confidence Intervals
Slope 4.839t0 5.118
Y-intercept when X=0.0 -15.79 to -3.610
X-intercept when Y=0.0 0.7384 to 3.117
Goodness of Fit
R square 0.9994
Sy.x 4.765
Is slope significantly non-zero?
F 8413
DFn, DFd 1.000, 5.000
P value < 0.0001
Deviation from zero? Significant
Data
Number of X values 7
Maximum number of Y replicates 1
Total number of values 7
Number of missing values 0
Equation Y =4.978*X - 9.700

Calibration Curve CPD11

The slope was 7.417+0.1096. Please refer to section 4.1.2 for detailed results.
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4.4.2 CPD3in vivo Data

Plasma Concentration Raw Data

Table 42 shows plasma concentrations of CPD3 after a single iv dose of 12.5 mg or 20 mg
CPD3. For rat 1 iv 6 blood samples at different time points were taken and for rat 2 and rat 3

iv, blood samples at 5 different time points were drawn.

Table 42: Plasma concentrations [ug/mL] of CPD3 after iv administration

Rat intravenous CPD3

time Dose CPD3
Rat(b [min] [mg] [g/mL]
1liv 3 125 22.40
1liv 7 125 17.60
liv 42 125 1.90
1liv 43 125 1.00
1liv 156 125 0.60
liv 171 125 0.00
2iv 2 20.0 29.53
2iv 30 20.0 25.33
2iv 40 20.0 22.21
2iv 60 20.0 15.07
2iv 159 20.0 1.08
3iv 2 20.0 25.87
3iv 30 20.0 23.67
3iv 39 20.0 20.45
3iv 60 20.0 15.44
3iv 157 20.0 0.71

Plasma concentrations of CPD3 were in a very similar order of magnitude at sampling time
points of 3-7 min. Immediately after iv bolus injection, concentrations varied approximately
from 22 to 29 ug/mL. When the dose of 12.5 mg is taken into account then this concentration
lies between approximately 25 and 35 pg/mL (20/12.5 =1.6.). Inrat 1 iv only traces of CPD3
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were detectable after 42 min, whereas in rat 2 and 3 iv, even after one hour, CPD3 was
quantifiable in the samples. Quantification of CPD3 was possible in 15 out of 16 samples.

Table 43 shows plasma concentrations of CPD3 after a single ip administration of 20 mg

CPDa3. For rat 1, rat 2 and rat 3 ip blood samples at 5 different time points were taken.

Table 43: Plasma concentrations [pug/mL] of CPD3 after ip administration

Rat intraperitoneal CPD3

time Dose CPD3
Rat(b [min] [mg] [Lg/mL]
lip 0 20.0 0.00
lip 18 20.0 6.00
lip 37 20.0 6.40
lip 55 20.0 5.90
lip 160 20.0 3.20
2ip 0 20.0 0.00
21ip 17 20.0 3.40
21ip 37 20.0 3.90
2ip 54 20.0 3.20
21p 160 20.0 1.50
3ip 0 20.0 0.00
3ip 20 20.0 3.40
3ip 39 20.0 3.20
3ip 55 20.0 2.10
3ip 161 20.0 2.90

Contrary to iv bolus injections, plasma concentrations increased after ip administration,
reaching the cmax within 20 to 40 min with a peak concentration of 3.4-6.4 mg/mL (mean 5.6

pg/mL). After 160 min plasma concentrations dropped to ~2.5 pg/mL.
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Plasma Concentration versus Time Curves

The resulting plasma concentration [ug/ml] versus time [min] data obtained from rats after iv
and ip administration of CPD3 are illustrated in Figure 43. As can be seen in the upper insert,
rat 1 iv only received 12.5 mg CPD3, hence the plasma concentrations of rat 1 iv was lower

comparing to rat 2 and rat 3 iv.
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Figure 43: Plasma concentration [pug/mL] versus time [min] curves of CPD3
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4.4.3 CPD11in vivo Data

Figure 44 shows chromatograms of CPD11 in mouse plasma 5, 10, 30, 60, 180 and 360 min

after iv drug administration. For better resolution, the chromatograms were truncated from 0

to 8 min and from 20 to 42 min, therefore the gradient profile is not visible.
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Figure 44: Temporal concentration gradients of CPD11 in plasma of mouse 2 iv

The CPD11 peak of interest is marked by an arrow in Figure 44, showing a double peak in

chromatograms obtained after 5 and 10 min. 360 min after CPD11 administration only a small

amount of the compound was detectable in the plasma samples.



Figure 45 compares chromatograms of blank mouse plasma with plasma of mouse 2 iv, 30

min after CPD11 administration.

30+
< 20
E,
ol
‘n
[ =
]
£ 10

0-

8 10 12 14 16 18 20
time [min]

Figure 45: Comparison between chromatograms of blank mouse plasma (black line) and plasma
of mouse 2 iv (red line)

In Figure 45 the CPD11 peak is highlighted in yellow. Within the first 15 min after the start

of HPLC-analysis, a number of unknown peaks were detectable.

Figure 46 shows chromatograms of CPD11 in rat plasma 3, 8, 18, 42, 81 and 184 min after iv

drug administration. For better resolution the chromatograms were also truncated.
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Figure 46: Temporal concentration gradients of CPD11 in plasma of rat 3 iv
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The CPD11 peak of interest is marked by an arrow in Figure 46. The CPD11 peaks eluted in
rat chromatograms as a sharp single peak at a retention time of 14.5 min. Three metabolites

or rearrangement products were detected between 13.5 and 14.1.

Plasma Concentration Raw Data

Table 44 shows plasma concentrations [pug/mL] of CPD11 in 3 rats after a single iv dose of
20 mg of CPD11. Six blood samples at different time points were drawn. In Table 44 time
point 0 min is from the PK-perspective the intersection point of the concentration versus time
curve with the y-axis. For rat 2 iv and rat 3 iv, plasma concentrations of CPD11 were in a
similar order of magnitude at sampling time points 0-8 min. The plasma concentrations of
CPD11 in rats iv at time point 0-3 min ranged from 66.0-94.0 pg/mL. At time point 11-18
min all three animals showed similar plasma concentrations of CPD11 (mean = 52 pg/mL).
Traces of CPD11 were quantifiable in all three rats, even after 145-194 min (mean = 39
pg/mL). Quantification of CPD11 was feasible in all 18 samples.
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Table 44: Plasma concentrations [pg/mL] of CPD11 after iv administration in rats

Rat intravenous CPD11

time Dose CPD11
Ratib [min] [mg] [Lg/mL]
liv 0 20.0 94.00
liv 2 20.0 78.10
liv 13 20.0 58.30
liv 28 20.0 32.20
liv 46 20.0 21.90
liv 145 20.0 4.98
2iv 0 20.0 66.00
2iv 2 20.0 56.00
2iv 11 20.0 45.60
2iv 25 20.0 31.00
2iv 45 20.0 19.83
2iv 143 20.0 3.55
3iv 3 20.0 66.80
3iv 8 20.0 67.60
3iv 18 20.0 52.10
3iv 42 20.0 34.30
3iv ol 20.0 25.00
3iv 194 20.0 4.30

Table 45 shows plasma concentrations [ug/mL] of CPD11 in 3 rats after ip administration of
20 mg CPD11. Four blood samples at different time points were drawn. The earliest blood
sampling time points were between 16 and 17 min, which also reflected the highest plasma
concentration in all animals. Whereby rat 1 ip depicted at all time points the significantly
highest plasma concentrations, when compared to rat 2 ip and rat 3 ip.
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Table 45: Plasma concentration [pug/mL] of CPD11 after ip administration in rats

Rat intraperitoneal CPD11

Rat ID time Dose CPD11

[min] [mg] [ug/ml]
lip 16 20.0 43.20
lip 33 20.0 21.50
lip 52 20.0 28.20
lip 159 20.0 16.10
21p 17 20.0 15.40
21p 34 20.0 7.47
21p 53 20.0 6.31
21p 159 20.0 3.40
3ip 17 20.0 25.00
3ip 34 20.0 18.23
3ip 53 20.0 13.69
3ip 159 20.0 8.60

Table 46 shows plasma concentrations [ug/mL] of CPD11 in 3 mice-groups (n = 24) after a
single iv administration of 0.58 mg CPD11. Blood samples at 7 different time points were
taken. The dosage was lower than in rat studies, which was clearly recognizable in the plasma
concentrations. After 360 min only minor traces of CPD11 were detectable (mean = 0.08
pg/mL). Quantification of CPD11 was possible in all 21 samples.
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Table 46: Plasma concentrations [ug/mL] of CPD11 after iv administration in mice

Mouse intravenous CPD11

Mouse 1D time Dose CPD11

[min] [mg] [ug/mL]
1iv 5 0.58 5.13
1iv 10 0.58 3.31
1iv 15 0.58 4.26
1iv 30 0.58 2.21
1iv 60 0.58 0.53
1iv 180 0.58 0.14
1iv 360 0.58 0.05
2 v 5 0.58 471
2iv 10 0.58 7.01
2iv 15 0.58 5.58
2iv 30 0.58 2.51
2iv 60 0.58 0.59
2iv 180 0.58 0.10
2 iv 360 0.58 0.10
3iv 5 0.58 4.21
3iv 10 0.58 4.70
3iv 15 0.58 5.58
3iv 30 0.58 1.73
3iv 60 0.58 0.63
3iv 180 0.58 0.10
3iv 360 0.58 0.10

Table 47 and Table 48 show plasma concentrations [pug/mL] of CPD11 in 2 mice after ip and
2 mice after sc administration of 0.75 mg CPD11. Blood samples at 4 (ip) or 3 (sc) different
time points were drawn. At this point it should be noted, once again, that mice within the ip
group and mice within the sc group were treated with CPD11, dissolved in different solvents.
The mice in the ip group reached their highest plasma concentrations at time points 6 and 34
min and mice in the sc group at time points 17 and 26 min, respectively. After 90 to 120 min
~0.55 pg/mL of CPD11 were quantifiable in the mouse ip group. Whereas, in the sc group,
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~60 min after study drug administration, ~0.15 pug/mL of CPD11 were detectable in the
plasma samples.

Table 47: Plasma concentrations [ug/mL] of CPD11 after ip administration in mice

Mouse intraperitoneal CPD11

Mouse 1D time Dose CPD11

[min] [mg] [ug/ml]
Oip 6 0.75 0.48
Oip 34 0.75 0.93
Oip 61 0.75 0.78
Oip 120 0.75 0.50
21p 6 0.75 2.55
21p 26 0.75 1.60
21p 59 0.75 1.06
21p 90 0.75 0.61

Table 48: Plasma concentrations [ug/mL] of CPD11 after ip administration in mice

Mouse subcutaneous CPD11

Mouse 1D time Dose CPD11

[min] [mg] [Mg/mL]
1sc 26 0.75 0.79
1sc 46 0.75 0.43
1sc 59 0.75 0.11
3sc 17 0.75 0.37
3sc 25 0.75 0.81
3sc 60 0.75 0.21
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Plasma Concentration versus Time Curves

Figure 47 shows plasma concentration [ug/ml] versus time [min] profiles obtained from rats

after iv and ip administration of 20 mg CPD11.
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Figure 47: Plasma concentration [pug/mL] versus time [min] curves of CPD11 in rats

As illustrated in Figure 47, the concentration versus time curves of rat 1-3 iv show minimal
variability, homogenous curves and represents a one-compartment model. Due to the small

amount of blood samples, PK calculations were performed for a non-compartment model.
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Figure 48 shows plasma concentration [pug/ml] versus time [min] profiles obtained from 3
mice-groups (n = 24) after iv administration of 0.58 mg CPD11. The concentration versus

time curves were observed to be akin in rat and mice samples.
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Figure 48: Plasma concentration [ug/mL] versus time [min] curves of CPD11 in mice
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Figure 49 shows plasma concentration [ug/ml] versus time [min] profiles obtained from mice

after ip and sc administration of 0.75 mg CPD11.
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Figure 49: Plasma concentration [ug/mL] versus time [min] curves of CPD11 in mice

As can be seen in Figure 49 plasma concentration versus time curves of mice sc hardly differ
from each other, whereas mice ip plasma concentration versus time curves show significant

differences.
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4.4.4 Pharmacokinetic Parameters

The following tables contain the PK data of CPD3 and CPD11. Plasma concentration versus
time data were fitted with the software Phoenix WinNonlin Version 6.1 or Kinetica Software
Version 5.1 using a NCA PK model. For WinNonlin, “model 200” was used for extravascular
calculations and “model 201" for intravasal calculations. For Kinetica, the “NCA iv bolus”

and “NCA extravascular” models were utilized.

The PK parameters of CPD3 and CPD11 are depicted in Table 49 and Table 50. For a better

overview PK parameters were reduced to ten parameters.

As shown in Table 49 for CPD3, Cmax Was reached within 2 and 3 min in the rat iv group,
whereas in the rat ip group, the mean Cmax Was attained after 31 min. The average Cmax in rats
iv was 25.9 pg/mL, while this value was 4.6 pg/mL in rats ip. The MRT in rats iv was 38 min,
as compared with 753 min in rats ip. The CL in rats iv ranged from 11.1 to 21.1 mL/min, and
it ranged from 3.6 to 33.5 mL/min rats ip. The mean ty2el was calculated to be 55 min in rats

ivand 106 min in rats ip (mean values).

Table 50 indicates clear differences in the PK parameters of rats iv and ip after CPD11
administration. Cmax Was reached within ~3 min in the rat iv group and after 17 min in the rat
ip group. The average Cmax In iv rats was 75.90 pg/mL, while this value in ip rats was 27.87
pg/mL. The MRT in iv rats ranged from 52 to 68 mL/min, while it ranged from 160 to 261
mL/min in ip rats and from 60 to 71 mL/min in iv mice. The mean ti,2el was 44 min in the rat
iv group, 135 min in the rat ip group and 71 min in the mouse iv group. The Cmax was reached

within approximately 10 min in the mouse iv group.

As already mentioned, the mouse 0 ip and mouse 1 sc received CPD11 dissolved in IS and
PBS, whereas the mouse 2 ip and mouse 3 sc received the same dose of CPD11 dissolved in
PEG400 and PBS. The Cmax values ranged from 0.78 to 2.55 pg/mL, and the Tmax values
ranged from 6 to 34 min. The average ti2el was calculated to be 71 min in the mouse ip group

compared with 14.5 min in the mouse sc group.
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CPD3

Table 49: NCA PK parameters of CPD3 in rats

Species &

D Administration Dose Cmax Tmax AUC ast AUChot tueel MRT CL vd Clast Tast
mg pg/mL min pg/mL*min - pg/mL*min min min mL/min mL pg/mL min
Rat 1 iv intravenous 125 22.40 3 490 592 116 28 21.1 1665.4 0.60 156
Rat 2 iv intravenous 20 29.53 2 1956 1998 27 44 10.0 470.3 1.08 159
Rat 3 iv intravenous 20 25.87 2 1782 1806 23 43 11.1 497.3 0.71 157
Mean intravenous 17.5 25.93 2 1409 1465 55 38 14.1 877.7 0.80 157
SD intravenous 4.3 3.6 0.6 801.0 762.5 52.6 9.1 6.1 682.4 0.3 15
CV [%] intravenous 24.7 13.7 24.7 56.8 52.0 95.0 24.0 43.6 77.8 31.4 1.0
Rat1ip intraperitoneal 20 6.40 37 741 1269 116 181 15.8 2854.8 3.20 160
Rat2ip intraperitoneal 20 3.90 37 400 598 87 146 335 4868.3 1.50 160
Rat 3ip intraperitoneal 20 3.40 20 404 5611 116 1933 3.6 6891.1 2.90 161
Mean intraperitoneal 20 4.60 31 515 2492 106 753 17.6 4871.4 2.53 160
SD intraperitoneal 0 1.6 9.8 195.7 27215 16.7 1022.1 15.0 2018.2 1.0 1.0
CV [%] intraperitoneal 0 35.2 31.3 38.0 109.2 15.7 135.7 85.5 41.4 35.818 0

120



CPD11

Table 50: NCA PK parameters of CPD11 in rats and mice

SPeCES & administration  Dose  Crex Tomax AUCit  AUCw  tuel MRT cL vd Cras Tiest

mg pg/mL min pg/mL*min  pg/mL*min min min mL/min mL pg/mL min
Rat 1 iv intravenous 20 94.00 0 3188 3504 43 56 5.7 320.3 4.98 145
Rat 2 iv intravenous 20 66.00 0 2534 2729 39 52 7.3 404.8 3.55 143
Rat 3 iv intravenous 20 67.60 8 4242 4527 50 68 4.4 302.2 4.30 194
Mean intravenous 20 75.90 3 3321 3587 44 59 5.8 342.4 4.28 161
SD intravenous 0 15.7 4.6 861.4 901.7 5.6 8.5 1.5 54.7 0.7 28.9
CV [%] intravenous 0 20.7 173.2 25.9 25.1 12.7 14.4 25.0 16.0 16.7 18.0
Ratlip intraperitoneal 20 43.02 16 3845 8523 173 261 2.3 613.3 16.10 159
Rat 2 ip intraperitoneal 20 15.40 17 947 1498 116 160 134 21395 3.40 159
Rat 3 ip intraperitoneal 20 25.00 17 2039 3590 116 188 5.6 1047.1 8.60 159
Mean intraperitoneal 20 27.87 17 2277 4537 135 203 7.1 1266.6 9.37 159
SD intraperitoneal 0 14.1 0.6 1464.0 3607.0 33.0 52.3 5.7 786.4 6.4 0.0
CV [%] intraperitoneal 0 50.7 35 64.3 80.0 244 25.7 79.8 62.1 68.2 0.0
Mouse 1 iv intravenous 0.58 5.13 5 186 191 87 71 3.0 2151 0.05 360
Mouse 2 iv intravenous 0.58 7.01 10 221 225 58 60 2.6 155.3 0.10 360
Mouse 3 iv intravenous 0.58 5.58 15 193 198 69 69 2.9 202.0 0.10 360
Mean intravenous 0.58 5.91 10 200 205 71 67 2.8 190.8 0.08 360
SD intravenous 0 1.0 5.0 19.0 17.6 14.6 5.8 0.2 31.4 0.0 0.0
CV [%] intravenous 0 16.6 50.0 9.3 8.6 20.5 8.6 8.3 16.5 34.6 0.0
Mouse 0 ip intraperitoneal 0.75 0.93 34 88 155 99 143 4.8 689.7 0.50 120
Mouse 2 ip  intraperitoneal 0.75 2.55 6 117 154 43 64 4.9 313.3 0.61 90
Mouse 1 sc subcutaneous 0.75 0.78 26 25 27 12 36 28.0 1011.3 0.11 59
Mouse 3 sc subcutaneous 0.75 0.81 25 26 30 17 41 24.7 1020.3 0.21 60
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4.5 Invitro and in vivo Topic Studies of CPD11

45.1 Calibration curves

Calibration Curve of Caffeine in PBS

The calibration curve of caffeine in PBS was linear over the range of 1.25-20.0 pg/mL,
prepared by plotting peak area against sample concentration (Figure 50), with a correlation
coefficient >0.9989. The slope was 125.7 + 2.365, as shown in Table 51.
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Figure 50: Calibration curve of caffeine in PBS
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Table 51: Regression parameters of the calibration curve of caffeine in PBS

Caffeine
Best-fit values
Slope 125.7 £ 2.365
Y -intercept when X=0.0 18.79 + 24.42
X-intercept when Y=0.0 -0.1496
1/slope 0.007958
95% Confidence Intervals
Slope 118.1t0 133.2
Y-intercept when X=0.0 -58.90 to 96.48
X-intercept when Y=0.0 -0.8048 to 0.4488
Goodness of Fit
R square 0.9989
Sy.x 36.07
Is slope significantly non-zero?
F 2822
DFn, DFd 1.000, 3.000
P value < 0.0001
Deviation from zero? Significant
Data
Number of X values 5
Maximum number of Y replicates 1
Total number of values 5
Number of missing values 0
Equation Y =125.7*X + 18.79

Calibration Curve of CPD11 in PBS

The calibration curve of CPD11 in PBS was linear over the range of 1.25-20.0 pg/mL (Figure
51). The slope was 31.72+1.532. The regression parameters are listed in Table 52.
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Figure 51: Calibration curve of CPD11 in PBS

Table 52: Regression parameters of the calibration curve of CPD11 in PBS

CPD11
Best-fit values
Slope 31.72£1.532
Y -intercept when X=0.0 38.00 £ 15.82
X-intercept when Y=0.0 -1.198
1/slope 0.03153
95% Confidence Intervals
Slope 26.84 to 36.59
Y -intercept when X=0.0 -12.3310 88.32
X-intercept when Y=0.0 -3.178 t0 0.3488
Goodness of Fit
R square 0.993
Sy.x 23.36
Is slope significantly non-zero?
F 428.6
DFn, DFd 1.000, 3.000
P value 0.0002
Deviation from zero? Significant
Data
Number of X values 5
Maximum number of Y replicates 1
Total number of values 5
Number of missing values 0
Equation Y =31.72*X + 38.00
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452 LOQ & LOD

LOQ of CPD11 in PBS was 0.06 pg/mL and LOD was 0.03 pg/mL and in plasma LOQ was
0.07 pg/mL and LOD was 0.035 pg/mL. For detailed results please refer to section 4.1.2.

4.5.3 Invitro EpiDerm™ Model

Permeation of Caffeine

Caffeine was used in this in vitro model for validation purposes. The results are shown in
Figure 52. For better resolution, the chromatograms were truncated; therefore the isocratic

profile is not visible.
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Figure 52: Chromatograms of caffeine in the EpiDerm™ skin model.

Figure 52 depicts the permeation of caffeine and shows, as anticipated, that caffeine permeates

through the EpiDerm™ skin model regardless of the formulation used.
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Furthermore, these results showed that the EpiDerm™ model could be used with different
formulations and solvents, as drugs are able to permeate in solutions and as ointment bases,

e.g., ultrabase through the skin.

Table 53 provides an overview of the peak areas of caffeine in different formulations, which
were later used to calculate the permeated active substance proportion. For the purpose of

better presentation, the peak areas were cumulated, and the data are also shown in Table 53.

Table 53: Peak areas x 1000 and peak areas x 1000 accumulation of the different caffeine
formulations

Solution Ultrabase
Caffeine (1% ) in PBS & |Caffeine (1%) in PBS &| Caffeine (0.6%) in PBS | Caffeine (0.6%) in PBS
DMSO (2.5%) DMSO (0.5%) & DMSO (5% ) + UB & Myr (15%) + UB
time [h] areax 1000
1 38 60 12 127
2 339 145 9 20
3 333 724 10
4 451 17195 13
6 906 24064 7 12
time [h] Cumulation: area x 1000
1 38 60 12 127
2 377 205 21 147
3 710 929 31 153
4 1161 18124 44 158
6 2067 42188 51 170

Figure 53 shows the logarithmic presentation of the accumulation results. These results clarify
that caffeine in the form of a solution can permeate the skin better than caffeine incorporated
in an ointment base. Furthermore, the formulations with a lower DMSO content showed
greater permeation. This relationship initially appeared incomprehensible because DMSO is
usually a penetration catalyst. However, it should be noted that a high concentration of DMSO
may destroy the cells of the EpiDerm™ skin model and could result in an alteration of the

permeation behaviour.
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Figure 53: Logarithmic presentation of caffeine accumulation results

Table 54 depicts the proportion of caffeine in pg/mL, which permeates through the skin
membrane.

Table 54: Permeated proportions of caffeine in different formulations in pg/mL

Solution Ultrabase
Caffeine (1% ) in PBS & |Caffeine (1%0) in PBS &| Caffeine (0.6%) in PBS | Caffeine (0.6%) in PBS
DMSO (2.5%) DMSO (0.5%) & DMSO (5%) + UB & Myr (15%) + UB
time [h] pg/mL
1 0.302 0.477 0.095 1.010
2 2.697 1.154 0.072 0.160
3 2.649 5.760 0.080 0.048
4 3.588 136.794 0.103 0.040
6 7.208 191.44 0.056 0.095

Figure 54 shows the concentration versus time curves of different caffeine concentrations in
pg/mL in different formulations.

2004
£
o 150 —#— Caffeine (1%)in PBS & DMSO (2.5%) Solution
=
: —4— Caffeine (1%)in PBS & DMSO (0.5%) Solution
o
'ﬁ 100+ —— cCaffeine (0.6%)in PBS & DMSO (5%) + UB
c 1loT —@— Caffeine (0.6%)in PBS & Myr (15%) + UB
5
< -
° 5
o

0 2 4 6 8

time [h]

Figure 54: Concentration versus time curves of caffeine in various formulations [ug/mL]
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Figure 55: Chromatograms of blank samples

As the formulations of both blank samples did not contain any compounds, the peaks that

appeared were the results of the solvents and bases and/or of the PBS (acceptor solution). To

accurately assign CPD11 peaks in the chromatograms, an analysis of these two blank samples

was performed with different solvent/base concentrations (Figure 55).

Permeation of CPD11

Figure 56 shows the chromatograms of 1% CPD11 diluted in 15% myristyl alcohol in 5%

DMSO incorporated in ultrabase. Additionally, the figure shows the chromatogram of 0.01%
CPD11 dissolved in 0.5% DMSO and further diluted in PBS.
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Figure 56: Chromatograms of CPD11 in EpiDerm™ model with different formulations

Figure 57 shows two different chromatograms from the test experiment. Chromatogram A
illustrates perforated skin (skin number 7), where after the first test run, CPD11 (1%) diluted
in 5% DMSO and ultrabase was reapplied onto the skin. Chromatogram B shows skin
perforated from the beginning and the subsequent application of CPD11 (1%) diluted in 0.5%
DMSO and PBS. For better resolution, the chromatograms were truncated; the gradient profile

is not shown.
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Figure 57: Chromatograms of CPD11 on perforated skin in the EpiDerm™ model
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Table 55 gives an overview of the performed EpiDem™ model results. As shown in this table,
CPD11 concentrations throughout the intact skin model were above the LOQ. For the
perforated skin experiments, traces of CPD11 were only quantifiable in skin numbers 24-26.
For the test experiments, in which one sample was taken after 6 h, CPD11 was also not
detectable (skin numbers 6, 10 and 14).

Table 55: Overview of the CPD11 concentration [pug/mL] results in the in vitro EpiDerm™ model

SkinNo.| Conc.[%] Solvent Base Skin[ 1h[ug/mL]| 2h[ug/mL]| 3h[ug/mL][ 4h[pg/mL]| 6h[ug/mL]| 1x6 h [ug/mL]
3 1 DMSO (2.5 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
4 1 DMSO (2.5 %) Ultrabase intact LOQ:! LOQ:! LOQ:! LOQ LOQ nd
5 1 DMSO (2.5 %) Ultrabase intact LOQ LOQ LOQ LOQ| LOQ nd
6 1 DMSO (2.5 %) Ultrabase intact nd nd nd nd nd LOQ|
7 1 DMSO (5 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
8 1 DMSO (5 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
9 1 DMSO (5 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
10 1 DMSO (5 %) Ultrabase intact nd nd nd nd nd LOQ
11 1 Myristyl alcohol (15 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
12 1 Myristyl alcohol (15 %) Ultrabase intact LOQ LOQ LOQ LOQ LOQ nd
13 1 Myristyl alcohol (15 %) Ultrabase intact LOQ:! LOQ:! LOQ LOQ LOQ nd
14 1 Myristyl alcohol (15 %) Ultrabase intact nd nd nd nd nd LOQ
15 0.01 PBS & DMSO (0.5 %) Solution intact LOQ LOQ LOQ LOQ LOQ nd
16 0.01 PBS & DMSO (0.5 %) Solution intact LOQ LOQ LOQ LOQ LOQ nd
17 0.01 PBS & DMSO (0.5 %) Solution intact LOQ LOQ LOQ LOQ LOQ nd
18 0.01 PBS & DMSO (0.5 %) Solution intact LOQ LOQ LOQ LOQ LOQ nd
19 0.01 PBS & DMSO (0.5 %) Solution intact LOQ LOQ LOQ LOQ LOQ nd
3 1 DMSO (2.5 %) Ultrabase perforated nd LOQ LOQ LOQ LOQ nd
7 1 DMSO (5 %) Ultrabase perforated nd LOQ LOQ LOQ LOQ nd
24 0.01 PBS & DMSO (0.5 %) Solution perforated 2.90 0.50! 0.66 LOQ 20.21 nd
25 0.01 PBS & DMSO (0.5 %) Solution perforated 243 LOQ LOQ LOQ LOQ nd
26 0.01 PBS & DMSO (0.5 %) Solution perforated 2.33 2.21) 1.04] 0.32 0.79 nd

(nd = note done)

45.4 In vivo Model

Figure 58 shows the chromatograms of guinea pigs 4 and 6. These represented negative
control samples that served to identify whether CPD11 penetrated through the skin and would
therefore be detected in the plasma. The peaks in these chromatograms could be due to the

anaesthetics, as the animals were narcotized, as previously described in section 3.6.4.
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Figure 58: Chromatograms of negative control guinea pigs humber 4 and 6 samples

The chromatograms of GP1, GP2 and GP3 are depicted in Figure 59. The guinea pigs were

treated with different formulations, which contained 1% CPD11.
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Figure 59: Chromatograms of guinea pigs number 1-3 plasma samples
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Furthermore, it was very important for these investigations that the peak of CPD11 did not
overlap with the peaks of the anaesthetics. As seen in Figure 58 and Figure 59, no peak

overlapping occurred.
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5 Discussion

5.1 Validation

The first RP-HPLC method, validated for GLP-ICH, confirmed the analysis of the given group
of new antibacterial naphthoquinones Figure 1 a-h). While the complete validation of the
method was implemented with only the most active and non-toxic lead compound CPD11,
only a partial validation was performed for an extended set of seven test compounds (CPD3,
CPD5, CPD6, CPD7, CPD10, CPD13, CPD17).

This low-cost analytical method is simple and robust, assuring quantification in various
biological matrices, such as plasma, hepatocyte cell cultures and liver tissue. Showing a
relatively low LOQ, the method was deemed appropriate for the determination of the analyte,
even at low plasma concentrations, which is especially important when predicting the
compound PK. The analytical results showed repeatable recoveries within a specific
biological matrix, but a substantial difference appeared when comparing recoveries in
different matrices. The two-thirds decrease of CPD11 in crude liver extracts might occur due
to the intense and irreversible binding of the compound to liver tissue proteins or other

biopolymers.

Furthermore, the aim was to keep the sample preparation as rapid and as simple as possible
by using protein precipitation, considering that RP-HPLC methods usually require more time
and/or expensive procedures, such as liquid-liquid or solid-phase extraction, prior to analysis.
To our knowledge, this is the first report presenting a fully validated analytical assay for the
quantification of this class of compounds. In the pharmaceutical industry in particular, where
investigations of several compounds are required, it would be of great benefit, saving both
time and costs, to use the same validated method for all compounds instead of developing new
procedures for each compound. Hence, the presented method could be of great advantage for
scientific institutions or the pharmaceutical industry when working with similar or related

derivatives.
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5.2 Binding and Distribution Experiments

In this study, a matrix-free method was applied for the prediction of various relevant PK
values, explicit PPB, AGP, HSA, intestinal absorption and microsomal binding. This method,
also referred to as the TRANSIL*" kit, determines the binding of compounds by estimating
their affinity to different immobilized biological matrices. Thirty-one new chemical entities
from SeaL.ife were investigated using this method. Moreover, for validation purposes, already
established drugs with diverse pharmacological and physicochemical properties were
analysed using the same test system under identical conditions. For additional information on
drug properties, PK calculations were performed for 26 SeaLife compounds by utilizing the
ADMET Predictor software.

Some available methods already enable the measurement of PPB. Among these, the most
common approaches are equilibrium dialysis, column equilibrium gel filtration and
ultrafiltration using tubes equipped with special membranes. According to previous
publications and studies, equilibrium dialysis seems to be the gold standard because the
method is easy and inexpensive. These methods have a disadvantage because they require
saturation of the membrane with the tested drug to avoid false results resulting from binding
of the compound to the membrane or vial instead of the protein and they are also time-
consuming. Considering the chemical properties of the investigated compounds, we found the
TRANSIL* system to be the most convenient model due to the high insolubility of certain
compounds in PBS. TRANSIL*" offers the great advantage of dissolving the test compounds
in diluted DMSO, which leads to adequate dissolved amounts of the drug for further binding
experiments. Nonetheless, it is important not to exceed a certain amount of DMSO, which
could lead to underestimation of the binding results and destruction of the membranes. [50,
58]

Therefore, the TRANSIL*" system appears to have certain advantages compared to the other
methods. Protein and/or tissue binding occurs within milliseconds, and an equilibrium is
reached a few minutes after starting the incubation. Separation of unbound from bound drug
is achieved by centrifugation, which is followed by an accurate, selective and sensitive
quantitation method (RP-HPLC). Incubating the same concentration of drug in 6 wells
containing increasing amounts of immobilized biological phase enables a direct correlation of

the binding between drug and binding molecule to be calculated.
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Most of the 31 SeaLife compounds investigated show high PPB values ranging from 85 up to
99% (Table 18), possibly due the aqueous insolubility. Comparison with the data obtained
from the ADMET Predictor software confirmed our in vitro results, with only the values
obtained from CPD4, CPD16 and CPD25 showing higher discrepancies, which may be related
to solubility problems of these compounds. Although some established drugs have similarly
high PPB values (cardiac glycosides, thyroid preparations, irinotecan, docetaxel, erlotinib,
psychotropic drugs), a high binding rate decreases the systemic bioavailability of the drug in
the blood. This condition would lead to a high Vd, which would ultimately require the
administration of high doses of the drug in order to obtain plasma concentrations above the
threshold. High doses of a drug often are associated with undesired and toxic side effects.
Thus, future strategies will focus on improving the water solubility of the most SealL.ife
compounds without losing their pharmacological activity, which might lead to lower PPB and
Vd values. Furthermore, recent studies have demonstrated that newly developed antibiotics
have distinctly lower PPB values (<90%), perhaps because drugs showing high PPB require
a higher dose to achieve their minimal inhibitory concentration (MIC). The data obtained from
the TRANSIL*X" method estimated a PPB of 93.9% for erlotinib, which is in accordance with
the current literature. The PPB of linezolid was predicted to be 44.9%, which is approximately
15% higher than described in the literature. [87, 88, 89, 90]

fHSA [%] values ranged from 82.5 to 99.8% and were predicted to be rather high. Whereas
TAGP [%] results were approximately between 1.5 and 96.5%, showing a high variety of the
binding rates within the SeaLife compounds (Table 19). Additionally, the AGP and HSA fy
values of the test compounds were correlated with each other. Figure 60 illustrates a close
correlation between the two protein fractions with most of the test compounds within the 95%
confidence interval (r = 0.78). Only three compounds, CPD26, CPD29 and CPD30, were far

from the regression line.
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The fy values of the test compounds were below 10% for AGP and below 13% for HSA, giving
evidence of strong protein binding. The highest binding rate amounted to 99.8%, in which
almost the entire amount of the drug is bound to proteins. The reference drugs showed a better
correlation between the two proteins, with a wide range of binding rates from 5 to 85% and a

correlation coefficient of r = 0.99 (data not shown).

Figure 61 compares the logMAint data with the logMAmicro data; it can be seen that these data
are independent from each other. This independence can be visualized by interlinking the
values, and no trend is recognizable. Interestingly, the mean affinity of the test compounds for
the different membranes was nearly identical, with the value of logMAint being 2.85 and that
of 10gMAnmicro being 2.88. CPD7 with a logMAin: of 2.50 was distributed 316-fold stronger
into the membrane than into the PBS, and CPD21 with a logMAin of 3.50 was distributed
3162-fold stronger. Thus, 99.68% of CPD7 and 99.97% of CPD21 are bound to the membrane.
This conversion to percentage values shows that the difference between these two compounds
was minimal. A logMA below 1.50 would be more interesting, as this would imply that the
compounds would have difficulty in passing through membranes. By contrast, compounds
with a very high logMA affinity (> 5.00) would bind to the membrane without further
diffusion.
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Figure 61: Comparison of the affinity of SeaLife compounds to intestinal and microsomal
membranes, expressed as logMAin: (blue circles) and logMAnmicro (green circles); red line: mean
value.

The in vitro protein binding of the SeaLife compounds in TRANSIL*- was compared with
the PPB data of the same compounds obtained by the scientific ADMET Predictor software.
As seen in Figure 62, most of the calculated binding rates of the test compounds show a good
agreement and are within a similar order of magnitude. Generally, the binding rates
determined by the TRANSIL*" system were slightly higher than the values calculated by the
ADMET Predictor, with the exception of compounds CPD5, CPD16 and CPD26, among
which CPD5 and CPD26 showed approximately 5-10% and CPD16 approximately 25% lower
binding. CPD4 and CPD25 appeared to have significantly lower PPB [%] in the ADMET
Predictor. CPD11 and CPD15 showed lower PPB [%] in both systems. Nevertheless, these
ADMET Predictor data are convincing and confirm the meaningfulness of in silico predictions

of protein binding rates.
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Figure 62: Comparison of PPB [%] values obtained from ADMET Predictor software (blue
circles) and TRANSIL*- (green circles); red line: mean value
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5.3 Cryopreserved Hepatocytes

The importance of the usage of cryopreserved hepatocytes for metabolic stability studies is
increasing. One major advantage of cryopreserved hepatocytes, in comparison to freshly
prepared hepatocytes, is that they enable long-term storage. Furthermore, hepatocytes (fresh
and cryopreserved) possess all metabolizing enzymes and transporters, in contrast to
microsomes for example; therefore, hepatocytes represent the gold standard in hepatic
metabolism studies. [91, 92, 93]

Metabolic stability assays in cryopreserved human male, human female, rat and monkey
hepatocytes were performed. These experiments are very useful to differentiate metabolically
stable compounds from less stable compounds. This information is of great value to select
drug candidates for further development.

Metabolic stability studies of CPD11 in human male hepatocytes (Table 23) showed that the
compound was more metabolically stable at concentrations of 5 uM and 10 uM until the 60
min time point. After that time, CPD11 seemed to be more stable in higher incubation
concentrations (25, 50 and 100 uM). With a concentration of 31.06 uM after 1440 min,
CPD11 appeared to be very stable at a concentration of 100 uM. The stability in higher
incubation concentrations may also be due to the fact that hepatocytes were saturated and

therefore lost their full viability.

CPD11 was stable in human female hepatocytes for 30 min after incubation (Table 25). After
60 min, a decrease of approximately 50% was observed. When comparing the data from 10
MM of human male hepatocytes with human female hepatocytes, no significant difference
within 300 min was detectable. The results shown in Figure 19 verify that CPD11 is a

metabolically unstable compound.

When comparing the percentage results listed in Table 27 in rat hepatocytes, hardly any
differences were detected at concentrations of 5 UM and 10 uM. Experiments at 25, 50 and
100 uM also demonstrated minor variations of the outcomes. Only at the time point of 1440
min and concentration of 100 uM were differences observed, which could be more or less
neglected, as mentioned earlier, when comparing with the other 100 M incubation data. The
rat hepatocyte results were in accordance with the results obtained from the human hepatocyte

investigations.
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As shown in Table 28, the metabolic stability assay in monkey hepatocytes predicted similar
results at both investigated concentrations. CPD11 was metabolically stable at concentrations
of 10 uM and 20 pM until the 30 min time point. At the 60 min time point, approximately
50% of the compound was already metabolized. The concentration versus time curves
illustrated in Figure 20 verified that the CPD11 in monkey and rats hepatocytes was

metabolically unstable, particularly in lower incubation concentrations.

Experiments with CPD11 incubated in incubation medium, without including hepatocytes,
were analysed under the same conditions as the CPD11 hepatocyte experiments. This study
showed that CPD11 itself was unstable in medium, as illustrated in Figure 63. CPD11 at a
concentration of 25 puM seemed to be more stable in medium under incubation conditions
(Figure 64).
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Figure 63: Instability of 100 uM CPD11 in incubation medium
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Figure 64: Instability of 25 uM CPD11 in incubation medium
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Overall, it can be assumed that CPD11 is metabolically less stable. It should be noted that the
compound itself also shows high instability in the absence of hepatocytes, especially at higher
incubation concentrations. Therefore, it is recommended to perform metabolic studies with
the investigated compounds at lower incubation concentrations. The CPD11 metabolic
stability data of cryopreserved human male, human female, rat and monkey hepatocytes in
general showed similar results. Consequently, in vivo studies in both rat and monkey could

be conducted to evaluate in vivo human metabolic data.

The key PK parameters of CPD11 in human male, human female, rat and monkey hepatocytes
listed in Table 29, along with the metabolic stability results, help to better understand the
metabolism of new chemical entities. A high hepatic CL usually predicts a high metabolism.
The calculated CL values show moderate results in comparison to the results of McGinnity et
al. [65]. The scaled CLin was between 1.0 and 72.2 mL/min/kg, showing high discrepancies
within the species. The ty» ranged from 1.1 to 5.8 h, which is predicted to be considerably
short (when excluding the human male hepatocyte value at 100 uM). Due to the saturation of
hepatocytes, the clearances decreased with higher incubation concentrations within the system
(Figure 65), whereas the ti2 increased with escalated drug concentrations. In the case of
prodrugs, the hepatic CLint can be predicted to be very high, e.g., due to the enzymatic
hydrolysis of temocapril or candesartan cilexetil, whereas the CLin values were calculated to
be between 3000 and 7000 pL/min/10° cells. [94]

In general, the PK results were comparable with each other, suggesting similar enzyme
activity within the different hepatocyte species. Nonetheless, as depicted in Table 29,
differences between rat hepatocytes and human male hepatocytes were detectable at a

concentration of 5 uM.
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Figure 65: Correlation of PK results of spiked CPD11 concentration with scaled CLmet, Scaled
CLint and hepatic CLin:in human male hepatocytes

With respect to the metabolites and rearrangement products of CPD11, Figure 21 toFigure 26
illustrate that in neither low nor high CPD11 concentrations was a distinct metabolite
recognizable. The chromatograms in Figure 27 verify the above-mentioned assumption that
there were no relevant metabolites of CPD11 formed in hepatocytes. Between 12 and 14 min,
traces of possible metabolites or rearrangement products were quantifiable. However, to

confirm this assumption, further investigations must be performed.

CPD22 is a prodrug of CPD11 resulting from esterases and oxidation (Figure 31). To obtain
metabolic information about CPD22 and its metabolite CPD11, metabolic stability assays in
different hepatocyte species were conducted. According to Table 31, Table 32 andTable 33,
CPD22 was completely metabolized to CPD11 within 30 min after incubation in all species.
The highest concentration of CPD11 occurred between 1 and 30 min. Figure 66 shows the
chromatograms of the metabolic stability assays of CPD22 in human female, monkey and rat
hepatocytes at the 1, 15, 120 and 300 min time points at an incubation concentration of 10
M. These chromatograms verify rapid turnover from CPD22 to CPD11 immediately after

incubation.
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Figure 66: Chromatograms of metabolic stability of CPD22 in different hepatocytes species,
incubation volume: 10 uM

Ultimately, human female, rat and monkey hepatocyte metabolic stability assays of CPD22

showed that the compound is very unstable due to its rapid transformation to CPD11.

The calculated PK results of CPD22 and its metabolite CPD11 listed in Table 34 demonstrated
that the ti2p was below 10 min in all species. This evidence confirms the rapid conversion
and degradation of CPD22 in hepatocytes. CPD22 was instantly biotransformed to the active
compound CPD11 in rat hepatocytes (ti2form = ~1 min). In monkey and female hepatocytes,
the tioform showed a similar order of magnitude (~4-10 min). The metabolic conversion
(t2B) of CPD11 in the hepatocytes was rather slow: 1 h in human female, 3 h in monkey and
4 h in rat hepatocytes. The ratio of the area values (F = 40) were identical for monkey and
human female hepatocytes. Furthermore, the metabolic profiling experiments of CPD22
revealed that the amount of metabolic conversion, other than the CPD11 conversion, was

rather poor in all hepatocyte species.
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5.4 Preliminary Pharmacokinetics of CPD3 and CPD11

Preliminary PK studies of CPD3 and CPD11 were conducted in rats and mice using different

routes of administration.

Rats received CPD3 as an ip or iv bolus injection. As shown in Figure 43, the drug
concentrations in plasma approximately 160 min after CPD3 administration were slightly

higher in the ip group than in the iv group. This result is in accordance with the Dost’sche

law. [95]

Rats and mice received CPD11 as an ip, sc or iv injection. Figure 44 shows a double peak in
the chromatograms of mouse 2 iv samples, which may have been generated by a metabolite
of the CPD11 compound but not from the matrix, as chromatograms after 30 min did not show
any peak overlap at the CPD11 retention time. Figure 45 illustrates the peak distributions in
the chromatograms in mouse 2 iv plasma samples. For this purpose, chromatograms of blank
mouse plasma were compared with those of the mouse 2 iv plasma samples 30 min after
CPD11 injection. It seems that the majority of these peaks were from the matrix or
anaesthetics and not from CPD11, so the blank mouse and mouse 2 iv results show a more or
less identical pattern of peaks. Between 12 and 13.5 min, some peaks could be detected that

might represent metabolites or rearrangement products.

When comparing the chromatograms of iv mice and rats, considerable differences were seen.
For instance, in rat chromatograms, virtually no matrix peaks within 8 to 12.5 min of HPLC-
analysis were detected (Figure 67). The CPD11 peak eluted at the same retention time as in
the mouse iv samples (tailed peak), whereas in rat chromatograms, this peak eluted as a
sharper single peak. Figure 46 depicts the chromatograms superimposed on each other and
shows that apart from the decrease of the CPD11 peak, new products (metabolites,
rearrangement products) were formed with increasing time. Three main products were
detected between 13.5 and 14.1. Due to the preliminary stage of the investigation, it was
deliberately decided not to perform further analysis on these rearrangement products (HPLC

MS/MS). Inrat 1 iv and rat 2 iv, the same new rearrangement products were depicted.
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Figure 67: Comparison of CPD11 chromatograms in mouse (left) and rat (right)

Table 44 shows the plasma concentrations [ug/mL] of CPD11 in 3 rats after a single iv dose
of 20 mg. For rat 2 and rat 3 iv , the plasma concentrations of CPD11 were of a similar order
of magnitude at sampling time points from 0-8 min. The plasma concentrations of CPD11 in
rat 1 iv at time point O min significantly differed (94 pg/mL) from those of rat 2 iv and rat 3
iv. As illustrated in Figure 47, the concentration versus time curves of iv rats 1-3 showed
minimal variability with very homogenous curves, representing a one-compartment model.
When comparing the time point 159 min in rats ip (Table 45) with the time points from 143-
194 min in rats iv (Table 44) the mean values were higher in the ip administration group (mean
=9 ng/mL) than in the iv group (mean = 4 pg/mL). Table 46 shows the plasma concentrations
[ug/mL] of CPD11 in mouse samples after a single iv bolus injection of 0.58 mg CPD11. For
all mouse samples, the plasma concentrations of CPD11 were of a similar order of magnitude
at the sampling time points from 5 to 360 min. Out of all the samples, mouse 2 iv showed the
highest plasma concentration of CPD11 at 10 min (7.01 pg/mL). In contrast, mouse 1 iv and
mouse 3 iv reached their highest peak concentrations after 15 min (mean = 5 pg/mL). When
comparing concentration versus time curves in the rat iv group with the mouse iv group, few
differences in the curve progression were detectable, as illustrated in Figure 68 (attention:

different scaling).
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Figure 68: Comparison of concentration versus time curves [pug/mL] in mice (left) and rats
(right) after an iv bolus injection of CPD11

Table 47 and Table 48 represent plasma concentrations [pug/mL] of CPD11 in 2 mice after ip
and 2 mice after sc administration of 0.75 mg CPD11. It is important to note that the mice in
the ip group and the mice in the sc group were treated with CPD11 dissolved in different
solvents. This difference may explain the significant differences in the mouse 0 ip and mouse
2 ip plasma concentrations at the time point of 6 min. The mouse 2 ip showed a 5-fold higher
plasma concentration than that in the mouse 0 ip. The concentration deviation decreased with
increasing time. Discrepancies in the mouse 1 sc and mouse 3 sc were slightly lower than in
the ip group. As shown in Figure 49, the plasma concentration time curves of the mouse sc
group barely differed, whereas the mouse ip plasma concentration time curves showed
significant differences. This relationship demonstrates that the ip administration of CPD11 in
an IS formulation led to higher peak concentrations, which also decreased quickly. The mouse
2 ip showed more constant concentrations of CPD11 in plasma. Nevertheless, it must be noted
that only two mice were included in each administration group, which provided limited

informative value.

PK calculations (Table 49) in rats after CPD3 iv and ip administration showed that the CL
values in rats iv (mean 14.1 mL/min) and rats ip (mean 17.6 mL/min) were similar. \Vd was
considerably higher in the ip rat group than in the rat iv group, at 878 mL versus 4871 mL.
Ciast Was 3-fold higher in the ip rat group, while the AUCjast was 3-fold higher in the rat iv
group than in the rat ip group (1409 pg/mL*min versus 515 pg/mL*min). While the AUCqot
in iv rats was nearly the same as the AUCast, the AUCot in ip rats was five times higher than
the AUCast.
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PK results after iv, ip and sc administration of CPD11 in rats and mice are shown in Table 50.
The PK parameters in the rats iv and rats ip clearly differed from each other. The VVd was three
times higher in the rat ip group (mean 1266.6 mL) than in the rat iv group (mean 342.4 mL).
The mean residence time (MRT) values 203 min after ip administration in rats were nearly
four times higher than those in the rat iv group (59 min). Cmax Was reached within
approximately 3 min in the rat iv group but was obtained later in the rat ip group (at 17 min).
The Cmax after ip administration was comprehensible, as a compound after ip administration
must first reach the systemic circulation, and only then can it be eliminated from the vascular
system. As seen in Table 44, these data must be interpreted with caution, as the clinic
incorrectly set 0 min as the first blood sampling time point in the rat 1 and 2 iv.

A comparison of the mouse iv and rat iv PK data in Table 50 shows some significant
differences. It is difficult to directly compare Cmax results because the CPD11 dose was much
lower in mice than in rats. The CL of rats iv (mean 5.8 mL/min) was 2-fold higher than that
of mice iv (2.8 mL/min). Additionally, the AUC values show major differences between the
PK of mice and rats after CPD11 administration. The MRT was nearly identical in mice iv
and rats iv (mean 62.81 min).

As the mouse 0 ip and mouse 1 sc received CPD11 dissolved in different formulations (IS and
PBS) than for the mouse 2 ip and mouse 3 sc (PEG400 and PBS), it was not possible to
compare these results. The MRT and Vd values showed distinctive differences within the
mouse ip group. In contrast, the MRT and Vd in the mouse sc group seemed to be very similar.
The calculated CL, AUCast and AUCq results were more or less the same in the sc and ip
groups and were furthermore independent from the utilized formulation. Nevertheless, it
should be noted that the mouse ip and sc studies must be considered as preliminary

investigations, as only one mouse with the same formulation was treated in each group.

In general, plasma concentrations after CPD11 administration were higher than after CPD3
administration. This observation is in accordance with the results obtained from the intestinal
and microsomal in vitro binding tests, which predicted lower affinity of CPD11 towards
membranes. As shown in Table 49 and Table 50, both drugs were eliminated rapidly from the
blood, with an elimination ty.el of approximately 45 min (CPD11) and 55 min (CPD3) in rat
iv studies. CPD11 showed a distinct first-order kinetics according to a one-compartment
model. Assuming a daily dose, the short t,el of CPD3 and CPD11 provided evidence for their
rapid elimination without accumulation of the compounds in the body. After 5 times the tyzel
(= 225 min), only 3.2% of the Cmax (~4 pg/mL) remained in the blood.
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The MRT values in rats iv were very similar for both compounds. The peak concentrations
amounted to approximately 3-fold higher in the CPD11 rat iv group than in the CPD3 rat iv
group, resulting in 5-fold higher AUCast values in CPD11 rats iv as well as in ip samples. The
values for CL of CPD3 provided evidence that this compound was distributed and/or

metabolized into the body at a distinctly higher level than CPD11 (compared to Vd).

The PK data derived from blood samples from the iv administration of CPD11 were in perfect
correlation with the data found independently using the in vitro binding TRANSIL*" assays,
described in section 4.2. For instance, CPD11 showed a Vd of 0.98 L/kg in the vitro
TRANSIL*E experiments, which corresponds to a Vd of 67 litres (in consideration of an adult
body weight of 70 kg). This value equates to approximately 10-fold of the total blood volume
(5.5 litters for a healthy adult). PK calculations based on the in vivo data of CPD11 in rats iv
revealed a VVd of approximately 340 mL. Dividing this amount by the blood volume of a 600
g rat (6 mL blood per 100 g body weight = 36 mL) gives a similar factor of 10. This
consistency also implies that the Vd values found for CPD11 can be directly compared

between rat and man.

148



5.5 Invitro and in vivo Topic Studies of CPD11

In vitro permeability experiments of CPD11 were performed using the EpiDerm™ system
produced by MatTek. These investigations obtained information regarding the permeation
ability of CPD11 through human skin prior to performing in vivo topical studies on guinea
pigs. The sample chromatograms illustrated in Figure 56, verified that CPD11 did not
permeate through the skin in concentrations higher than 0.06 pg/mL (= LOQ), and therefore
this compound is assumed to only show an effect on the skin surface. Additionally, in the
perforated skin model, as demonstrated by the chromatograms in Figure 57, no mentionable
permeation of CPD11 in ointment formulations was observed. Solely in test experiments using
CPD11 (0.01%) diluted in 0.5% DMSO and PBS was a permeation of the compound through
the perforated skin detected. As shown in Table 55, CPD11 could not be quantified in the
intact skin samples (= LOQ, 0.06 pg/mL). In comparison to the experiments conducted with
the standard drug caffeine, a high permeation in solution as well as in ointment bases could

be shown, which is in accordance with the current literature. [96]

After the in vitro investigations, in vivo topical studies on guinea pigs were performed using
the same formulations as in the in vitro skin studies. When comparing the chromatograms
(Figure 58) of negative control samples (GP4 and GP6) with the chromatograms of guinea pig
(GP1 - GP3) samples (Figure 59) treated with CPD11, no major differences in the patterns of

the chromatograms were visible; they were more or less identical.

The findings in the in vivo guinea pig model are in accordance with the in vitro results and
verify that CPD11 most likely does not permeate through the intact skin in a plasma
concentration higher than the LOQ (0.07 pg/mL).
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6 Conclusion

ADMET parameters obtained from in vitro, in vivo and in silico studies provide important
information about drug properties and are therefore very useful for the selection of potential
drug candidates. Nevertheless, for the selection of a drug candidate, both the pharmacological
and PK properties of the drug ought to be involved in the decision regarding whether a

compound should be further clinically investigated.

To conduct all experiments described in this thesis, a simple, robust and low-cost RP-HPLC
method was first developed and validated for the quantification of this new group of
compounds, complying with the requirements of preclinical research. This analytical method
provided the basis for all in vitro and in vivo analyses of the above-mentioned antibacterial
candidates. The target was to develop a single RP—HPLC method that can be used for the
quantification of one compound class, which also shows chemical inhomogeneity. To date,
31 new synthetic test compounds have been successfully analysed with this method, whereas
special attention was given to the lead compound CPD11. Due to pending patent matters, only
8 out of 31 chemical structures could be published. CPD11 showed an LOQ of 0.07 pg/mL
and excellent recoveries in plasma, ranging from 93.5 to 104%. Sample preparation using a

one-step protein precipitation yielded an excellent recovery in vivo and in vitro.

SeaLife compounds show good pharmacological activity against a wide range of gram-
positive bacteria, as investigated initially by SeaLife Pharma itself. Despite this advantageous
pharmacological activity, the aqueous solubility of the compounds must be improved to
reduce their high PPB rates (up to 99%). Using this strategy, lower doses could be
administered to prevent toxic side effects. The TRANSILXL system has proven to be a very
reliable and time-saving method for predicting the Sealife compounds' PK properties.
Comparison with results calculated using the in silico ADMET Predictor software verified the
TRANSIL*" system's outcome. Additionally, a comparison of the binding study results with
the data obtained from the in vivo rat studies revealed a similar outcome. Thus, we recommend
the validated TRANSIL*! system when working on drug development to predict valuable
information regarding the PK properties of a new compound as early, efficiently and rapidly
as possible to save time and money on future drug investigations with compounds showing

insufficient results.

For the evaluation of the metabolism of CPD11 and its prodrug CPD22, different

cryopreserved hepatocyte species were utilized. Overall, it could be concluded that the lead
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compound was metabolically less stable, especially at high incubation concentrations in all
species. However, the compound itself also showed a high instability solely in incubation
medium without the addition of hepatocytes. Consequently, it can be recommended to perform
metabolic stability experiments of this class of compounds at lower incubation concentrations,
which also prevents hepatocyte overload that could lead to incorrect results. The evaluation
of possible metabolites or rearrangement products showed no distinctive metabolite of CPD11
in all hepatocyte species. Metabolic studies of CPD22 in hepatocytes showed that CPD22 was

biotransformed to CPD11 immediately after incubation.

The PK results of CPD11 and CPD3 represented in this thesis showed a high variability
between the two test compounds. The first dose in rats and mice revealed a rather short MRT
after iv administration. These short t¥el values together with the \VVd, which was higher than
the body weight, would make it necessary to administer a higher dose of the compound to
exceed the minimal inhibitory concentrations in the blood. Therefore, the PK properties must

be improved, as already mentioned above.

Additionally, topical studies with CPD11 were conducted in vitro (EpiDerm™ model) and in
Vivo (guinea pigs) to evaluate whether CPD11 could be a potential candidate for cutaneous
applications. The represented results were coherent with each other, as desired, showing no

systemic resorption of CPD11 through the skin above a plasma concentration of 0.07 pg/mL.

In conclusion, it can be stated that with regard to solubility, stability in biological matrices
and PK properties, hydrophilic, stable compounds with favourable PK properties (e.g.,
prodrugs) would be more preferable. Prodrug CPD22 was already investigated in this study,
yet from a pharmacological point of view, it appeared not to be the accurate drug candidate

for further investigations.
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7 Abstract

The emergence of antibiotic resistance has increased the need to develop new anti-infective
compounds. Targeted research activities in the field of antibacterial compounds are therefore
of growing relevance. The pharmacological properties of a drug candidate, along with its
pharmacokinetic parameters, play an important role in determining the proper dose to avoid
toxicity. Therefore, determinations of ADMET parameters along with preliminary
pharmacokinetic studies are an essential part of preclinical drug development.

In this investigation, the protein, intestinal and microsomal binding of 31 new bicycloheptyl
anellated naphthoquinones showing antibacterial activity was reported. The in vitro
TRANSIL*E system was used for this research, which allows the binding characteristics of
compounds to be accurately described. In general, the plasma protein binding was 85-99%,
mainly bound to human serum albumin, and the volume of distribution was predicted to be
approximately 1.9 L/kg. Furthermore, metabolic stability studies were performed with the lead
compound CPD11 and with CPD22, which is a prodrug of CPD11. In hepatocytes, this class
of compounds appeared to be metabolically unstable. Finally, preliminary pharmacokinetic
studies were conducted in rats and mice. The results showed that the drugs were eliminated
rapidly from the blood with an elimination half-life of approximately 45 to 55 min. Another
set of experiments was performed to determine the in vitro and in vivo permeability of CPD11
through the skin in case the drug is considered for topical applications. The results were
coherent with each other, showing no systemic resorption of CPD11 through the skin with a
plasma concentration higher than 0.07 pg/mL (= LOQ).

Eventually, to decrease the high protein binding rates and distribution volumes as well as to
improve the metabolic stability, it is strongly recommended to chemically modify the

compounds to improve their aqueous solubility and stability.
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8 Zusammenfassung

Die steigende Progression der Antibiotikaresistenzen erhoht den Bedarf zur Entwicklung
neuer anti-infektioser Verbindungen. Eine gezielte Forschung im Bereich antibakterieller
Arzneistoffe ist deshalb von steigender Relevanz. Sowohl pharmakologische als auch
pharmakokinetische Eigenschaften eines Arzneistoffkandidaten spielen eine tragende Rolle

bei der Evaluierung der geeigneten Dosis und damit der Vermeidung von Toxizitaten.

In Rahmen dieser Arbeit wurden unter anderem die Protein-, intestinale- und mikrosomale
Bindung von 31 neuen bicycloheptyl anellierten Naphthoquinonen, welche antibakterielle
Eigenschaften zeigen, untersucht. Fiir diese Untersuchungen wurde das in-vitro TRANSIL*t
System verwendet. Im Allgemeinen betrug die Plasma-Protein-Bindung 85-99%,
hauptséachlich gebunden an humanem Serum Albumin mit einem Verteilungsvolumen von
etwa 1.9 L/kg. Zuséatzlich wurden auch Zellkulturstudien zur Ermittlung der metabolischen
Stabilitdt mit dem Lead Compound CPD11 und CPD22, einem Prodrug von CPD11,
durchgefuhrt. Die erfassten Hepatozyten-Daten zeigten, dass diese Wirkstoffklasse
womdglich  metabolisch  instabil ist.  SchlieBlich  wurden  pharmakokinetische
Voruntersuchungen an Ratten und Mausen durchgefiihrt. Die Ergebnisse zeigten, dass die
untersuchten Arzneistoffe mit einer Eliminationshalbwertszeit von etwa 45 bis 55 min rasch
aus dem Blut eliminiert wurden. Eine weitere Versuchsreihe zur Untersuchung der in-vitro
und in-vivo Permeabilitdt von CPD11 durch die Haut wurde ebenfalls durchgefuhrt. Die
Ergebnisse der beiden Untersuchungsreihen stimmten miteinander tberein und zeigten, dass
CPD11 nicht systemisch durch die Haut tiber eine Plasmakonzentration hoher als 0.07 pg/mL

resorbiert wurde.

Zusammenfassend wird dringend empfohlen die Verbindungen chemisch zu modifizieren um
die Wasserloslichkeit und Stabilitdt zu steigern und damit die hohe Plasma-Protein-
Bindungsrate und das Verteilungsvolumen sowie auch die metabolischen Stabilitat zu

verbessern.
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9 List of Abbreviations

ACN
ADMET
AGP
Aqua bidest.
AUC
AUCast
AUC ot
CL

CLint
Crnax
Clast
Conc.
CYP450
CcVv
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