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Zusammenfassung

Diese Masterarbeit bewertet ein vollstindig automatisiertes System zur Bestimmung der
Saurekonstante (pKs), welche ein entscheidender physikalisch-chemischer Parameter bei der
Arzneimittelforschung und -entwicklung ist. Eine genaue und zuverldssige Messung des pK; ist
unerlasslich, da selbst geringe Abweichungen dieses Parameters einen signifikanten Einfluss auf die

Wirksamkeit und Sicherheit eines Arzneimittels haben konnen.

Die Studie umfasste die Messung der pKs-Werte von 46 Verbindungen, einschlielRlich solcher, die die
Blut-Hirn-Schranke (BHS) durchdringen, die die BHS nicht durchdringen und Verbindungen, die mit
verschiedenen  Efflux-Transportern interagieren. Die pK-Werte wurden mit sowohl
spektrophotometrischen, als auch potentiometrischen Methoden bestimmt, und die gemessenen pKs-
Werte wurden den berechneten Werten gegeniber gestellt, um deren Vergleichbarkeit zu
analysieren. Die Ziele des Projekts waren die Bewertung der Genauigkeit und Zuverlassigkeit des
vollstandig automatisierten SiriusT3-Systems fiir die spektrophotometrische und potentiometrische
pKs-Bestimmung sowie die Etablierung einer Standardarbeitsanweisung (SOP) fiir das Instrument und
die Software. Das Ubergeordnete Ziel ist die Bewertung des pK; fiir neuentwickelte Substanzen, die im

zentralen Nervensystem (ZNS) aktiv sind.

Die Ergebnisse dieser Studie zeigen, dass das SiriusT3-System ein zuverldssiges und genaues
Instrument fur die Bestimmung von pKs-Werten ist. Das System ermoglicht eine schnelle Messung der
Saurekonstante in nur 6 Minuten mit minimalen Probenmengen und -vorbereitungen, und die
erhaltenen Messungen sind hoch reproduzierbar. Die Genauigkeit der gemessenen pKs-Werte wurde
durch den Vergleich der unterschiedlichen Messmethoden, sowie durch den Vergleich mit
publizierten Werten bestatigt. Die Ergebnisse betonen die Bedeutung der experimentellen
Bestimmung der Sdurekonstante und die Wichtigkeit der Verwendung eines zuverladssigen und

genauen Instruments wie dem SiriusT3 in diesem Prozess.

Im Zuge dieser Masterarbeit wurde eine Standardarbeitsanweisung entwickelt, welche eine
umfassende Anleitung zur Bestimmung der Sdurekonstante unter Verwendung des SiriusT3-
Instruments und der Software darstellt. Diese Anleitung umfasst detaillierte Anweisungen zur
Probenpraparation, zur Instrumentenkalibrierung, zur Datenerfassung und -analyse sowie zur
Qualitatskontrolle. Der SOP wird ein nitzliches Werkzeug fiir zukiinftige Forscher sein, die mit dem
SiriusT3-Instrument arbeiten, um sicherzustellen, dass die Messungen genau, zuverlassig und

reproduzierbar sind.
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Diese Studie untersuchte auch die Relevanz der Saurekonstante bei der Vorhersage einer potentiellen
Aktivitat im ZNS. Die Ergebnisse dieser Analyse legen nahe, dass der ZNS-Multiparameter-
Optimierungs-Score (CNS MPO-Score) zwar eine erste Einschatzung einer moglichen ZNS-Aktivitat
zuldsst, diese sich aber nur auf passive Diffusion anwenden lasst. Die Ergebnisse verdeutlichen
dennoch, dass die Beriicksichtigung mehrerer Molekiileigenschaften der isolierten Betrachtung

einzelner Parameter Uberlegen ist.

Die Literatursuche nach veroffentlichten experimentellen Daten zu pK.-Werten der 46 gemessenen
Verbindungen war fir viele der Substanzen erfolglos, da nur fiir wenige Verbindungen experimentelle
Daten verfligbar waren. Obwohl diverse physikochemische Parameter auf Webseiten wie PubChem
dargestellt werden, sind dennoch kaum pKs Werte auf diesen Plattformen verfligbar. Die in dieser
Studie generierten Messwerte stellen eine Datenbank von experimentell erhobenen pKs-Werten dar.
Die erzielten Daten, sowie die daraus erworbenen Erkenntnisse werden fir eine Publikation von

Interesse sein, um die Arbeit von Wissenschaftlern und Forschern auf diesem Gebiet zu unterstitzen.
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Abstract

This master thesis evaluates a fully automated system for the determination of the ionisation constant
or pK,, which is a crucial physicochemical parameter in drug discovery and development. Accurate and
reliable measurement of the pK, is essential, as even small variations in this parameter can have a

significant impact on the efficacy and safety of a drug.

This study involved the pK,-determination of 46 compounds, including blood-brain-barrier (BBB)
penetrating and BBB non-penetrating compounds, and substances that interact with various efflux
transporters. The pK; values were determined using both spectrophotometric and potentiometric
methods, and the calculated pK, values were compared with the measured values to assess their
validity. The objectives of the project were to assess the accuracy and reliability of the fully automated
SiriusT3 system for spectrophotometric and potentiometric pK, determination, and to establish a
standard operating procedure (SOP) for the instrument and software. The overall goal is to evaluate
the ionization constant for newly developed compounds that are active in the central nervous system

(CNS).

The results of this study demonstrate that the SiriusT3 instrument is a reliable and accurate tool for
the determination of the ionisation constant. The system allows for rapid measurement of pK, values
in just 6 minutes with minimal sample quantities and preparation, and the measurements obtained
are highly reproducible. The accuracy of the measured pK, values was confirmed by the comparison
of the different measurement methods and comparison to published experimental data. The findings
highlight the importance of experimental determination of the pK,, and the value of using a reliable

and accurate instrument such as the SiriusT3 in this process.

The SOP developed within this master thesis provides a comprehensive manual for the determination
of the ionisation constant using the SiriusT3 instrument and software. This manual includes detailed
instructions for sample preparation, instrument calibration, data acquisition and analysis, and quality
control. It will be a useful tool for future researchers working with the SiriusT3, ensuring that the

measurements obtained are accurate, reliable, and reproducible.

This work also investigated the relevance of the pK, in predicting the CNS activity of 46 compounds.
The results of this analysis suggest that the CNS multiparameter optimisation score (CNS MPO score),
which includes pK, as one of its six parameters, is a reasonable approach for a first prediction of CNS
activity. However, this prediction is only applicable to passive diffusion and does not consider any
transport mechanisms. Nevertheless, these findings demonstrate the importance of considering

multiple physicochemical parameters, including the pK,, in predicting the efficacy and safety of a drug.

VI



Furthermore, the literature search for published experimental data on the pK, values was largely
unsuccessful, with data available for only a few of the 46 compounds. Despite the inclusion of various
physicochemical parameters on sites such as PubChem, pK, values are often not displayed on these
platforms. Therefore, the data generated in this study and the resulting insights will be of interest for
publication, providing a library of experimental pK, values for well-known therapeutic drugs and

supporting the work of scientists and researchers in the field.



Contents

R 10N i o To [W ot i o T o N TP P PP PPPPP T PPPP 1
1.1 Drug discovery and development........cccooeeeieiii 1
1.1.1 Early drug diSCOVEIY ..ooviiiiieeec e, 2
1.1.2 Preclinical research and clinical development...........ccccoii 3
1.1.3 Regulatory approval and post-marketing surveillance................cccccc, 4

1.2 Bioavailability and pharmacokinetics..........ccceeeeiiiiii 4
1.21 ADME ...ttt et e e e e e e e anreee s 5
1.2.2 The blood-brain Barrier ... 7
1.2.3 Physicochemical properties.......ccccceeeeieiiiii 8

1.3 Methodology of preclinical research ..........cccoeoiiii 11
1.3.1 Computer-aided drug deSISN .......uvuviiiiiiiiiiiiiiiiiiieeieeeeeeereerrerrrrrrrrrerrr————— ... 11
1.3.2 CNS MPO SCOT@...ciiiiiiiiiiiiiiiiiiiiiiiiitiiiiiis ittt a s b bbb bbb s s bbb aaasbssssaasasaraaaaaes 12
1.3.3 Determination of the pKa...ooooeeeeiiiiii 14

1.4 Standard Operating ProCEAUIES ........uuviivereeiiiriieireeetrrererrrerererererrerrrrrrraeerre .. 16

2 AIm Of this Master thesSis.......uiiiiiiiiee e e e 17
3 Materials and METNOGS .....coocuviiiiiiieeeee e s s 18
3.1 (2o [UTT o] 0 1= o) S OO UPTPRRPPPPIN 18
3.2 =YL L o ¢ =] o - [ - 1 1o ] o FS O OTPRPUPN 18
3.3 Y- Ta0) o L e 2= oF= [ =Y o o PSP PPPPPPPPRt 18
34 (01 O 0 =T R UL =T 0 41T o} A OO 23
34.1 Potentiometric measuremMeNntsS . ... 23
3.4.2 SpectrophotoMELric MEASUIEMENTS ......cvviiiiiiiiiiiiiiieiieeeeerrererrerrererrereerrrrrerrrrrrrrrrr.. 24

3.5 Data rEfINEMENT...cii it e e st e s e e s s e e e 24
3.6 Sketching and CalCUIALIONS ......oviiiiiiiiiiiiiiiieieeeeeeeeeee ettt e e e eeeeeeeeeeeeeeeeresresesssassrssssssseranes 25
3.7 GrapPhiCal ANAIYSIS ..evveiiiiiiiiiiiiiiieieee ittt eeeeeeeeeeeeeeeeeeeeeeeaeeseseeassesssssssssssssssssrsssssssssrssssrnsssnnes 25

4 ReSUIES aNd diSCUSSION ....euiiiiiiiiiie ittt ettt et e et e e st e e s sbb e e e smbeeeeeannes 26
41 Evaluation of the SiriusT3 system ........coooeiiiiiiii i 26
411 Measurement interferences and technical considerations...........c.ccccceevivieieiniieecenne 33
4.1.2 Assessment of the reliability of obtained data ........cccccoeeiiiiiiiiiiiiiiiiiieccccccc, 36

4.2 Assessment of importance of experimental pK, determination ........cccccoeeeeiiiiiiiiiiiciiienennn. 40
4.3 REVIEW CNS IMPO SCOTE ... e e e e e e e e 44

LT ] o Tol [V 1T o H ST PP PRSPPI 48



TADIE Of FIGUIES. .ttt s 49

TablE Of 1ADIES ...ttt e e e s s e e e e e s b e e e e e e e e e aanes 50
TaIE Of EQUALIONS ...etiiiiiiiit s 51
FiY o] o] d 1V T o] o [PPSO PP PUPP U RPPP 52
7AYo 0 =] o Vo LD PP PPPPPPPPRt 54
23] o] [0 = =T o] 01V 84

Xl



1 Introduction

1.1 Drug discovery and development

The driving motivation behind a drug discovery program is the unmet clinical need for a medical
solution to a disease or condition. The initial research focuses on generating data to support the

hypothesis that targeting a specific protein or pathway will have a therapeutic effect.

Although many substances are investigated annually, only a small percentage show promise of clinical
applicability and are tested on patients. Even fewer reach the market due to the stringent

requirements for clinical trials and therapeutic application. (1,2)

The drug discovery process is both time-consuming and expensive, taking over a decade on average
and costing more than $2 billion before it becomes available to the public (See figure 1).(3) This is
particularly true for neurological drugs, which can take up to 18 years to complete the journey from

laboratory evaluation to regulatory approval.
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Figure 1: Outline of the steps involved in drug discovery and development. This scheme illustrates that although many
substances are screened, only a small percentage will pass all the necessary steps involved in drug discovery, development
and approval. Specific activities that occur during development stages are shown at the bottom of each stage. At the top,
timelines for quality assurance guides are shown, which are good laboratory practices (GLP), good manufacturing practices
(GMP) and good clinical practices (GCP) (1)

To minimize risk, the clinical development stage of the drug development process is designed to "fail
fast and cheap" by quickly eliminating ineffective options. This highlights the importance of optimizing

each step of the preclinical and clinical development process.(1,2)



The drug development process consists of five crucial steps, each containing several phases and
stages. The phases involved in the development of a drug are [1] discovery, development and
preclinical research, [2] clinical development, [3] regulatory approval and [4] post-marketing

surveillance (4)
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Figure 2: Overview of the stages involved in drug discovery and development. The first step is divided into three parts, the
basic research, early discovery and preclinical research. Following the preclinical research, a new drug candidate undergoes
clinical development, which consists of three phases. If clinical development is successful, the data gets reviewed for
regulatory approval. After launching a new drug, it will be closely monitored to assure safety and further evaluate the

efficacy.(4)
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1.1.1 Early drug discovery

The objective of an early drug discovery program is to produce one or more clinical candidate
molecules that have demonstrated biological activity against a disease-relevant target, as well as an

acceptable level of safety and drug-like properties to justify human testing.

Conventional drug discovery approaches are impractical due to their high costs, failure rates, and
lengthy processes. Therefore, researchers in the industry are constantly exploring new techniques and

assessing emerging technologies from various fields.

There is no specific formula for producing a successful clinical candidate molecule, but collaboration
between the fields of chemistry, biology, toxicology, and pharmacokinetics (PK) isa common approach
in modern drug discovery programs. Among the modern technologies being heavily utilized are ultra-
high-throughput drug screening and artificial intelligence. While traditional drug discovery relied
mostly on natural sources for the development of medications, advances in science and technology
have shifted the focus to small molecules. High-throughput screening and small-molecule drug
libraries have revolutionized drug discovery. These methods serve as the starting point in drug

discovery.



Once a target is identified, it needs to be fully validated through a multi-validation approach. The hit
discovery process involves the development of compound screening assays to identify hit molecules,

which are compounds that have desired activity and are confirmed upon retesting.

The hit to lead phase involves refining hit series to produce more potent and selective compounds
with adequate pharmacokinetic properties. The final phase of drug discovery aims to improve lead
compounds by maintaining favourable properties and addressing any deficiencies in the lead
structure. Compounds that meet the goals of lead optimization and are ready for further

characterization become preclinical candidates.

These molecules must have pharmacokinetic properties that allow for a predictable relationship
between the drug dose and exposure. Central nervous system (CNS) targets are particularly complex
because of the blood-brain barrier (BBB). Efficacy and toxicity, which are typically the cause of late
lead failure, remain major challenges in the drug discovery field. The high attrition rate of compounds
entering the clinical phase poses financial risks. To quickly eliminate ineffective options, the process
is designed to “fail fast and cheap”. Advances in medicinal chemistry and biological PK modelling have
helped reduce the number of molecules with unsatisfactory properties entering clinical

development.(1-3)

1.1.2 Preclinical research and clinical development

After discovering a lead compound, the preclinical phase of drug development begins with in vivo
research to assess the drug's safety and efficacy. Researchers analyse the following information about
the drug: its absorption, distribution, metabolisation, and excretion, potential benefits and
mechanisms of action, optimal dosage and administration route, side effects and adverse events,

effects on gender, race, or ethnicity groups, and interaction with other treatments.

Toxicology studies in at least two non-human species are usually conducted to determine a safe dose

range and provide information about efficacy, toxicity, and PK.

Different administration routes such as oral, topical, intravenous, and inhalation are used to target
specific areas or achieve controlled release of the drug. However, physiological barriers in animals or
humans can hinder drug delivery. To overcome this, drug delivery systems are developed to prevent
the drug from interacting with healthy tissue while still being effective. Formulation optimization is an
ongoing process in preclinical and clinical stages to ensure proper delivery of the drug at the right time

and concentration.



After completing preclinical research, researchers proceed to clinical drug development, which
involves conducting clinical trials and volunteer studies to refine the drug for human use. They are

divided into three phases with the purpose to confirm the drug's efficacy and safety.

In Phase 1, the drug is tested on humans for the first time, using fewer than 100 volunteers. The
researchers assess the drug's safety and how it affects the body's absorption, metabolism, and

elimination, as well as any side effects, to determine safe dosage ranges.

Phase 2 involves assessing the drug's safety and efficacy in an additional 100-500 patients, who may
receive a placebo, or a standard drug previously used for treatment. During this phase, the optimal

dose strength is analysed, schedules are created, and adverse events and risks are recorded.

In Phase 3, 1,000-5,000 patients are enrolled to enable the development of medication labelling and
instructions for proper drug use. The researchers determine pharmacodynamic (PD) biomarkers,

conduct PK analysis, and develop and validate bioanalytical methods.(4)

1.1.3 Regulatory approval and post-marketing surveillance

To apply for admission, the relevant agency must be provided with preclinical and clinical assessment

data, following a specific procedure with defined deadlines.

After approval, the molecule must be manufactured according to strict regulations governing purity
and stability. Ultimately, the new medicine must gain acceptance in the medical community so that
physicians and patients can be confident in administering the medicine to the appropriate patients, at

the correct doses, and at the right time.

After the drug is authorized, the agency will monitor the product's safety by requiring the company to
submit periodic safety update reports. Any reported adverse reactions must be collected and
transmitted to the agency periodically. If the drug's safety is compromised, the agency has the right

to withdraw the authorization.(1,4)

1.2 Bioavailability and pharmacokinetics

In the context of pharmaceuticals, bioavailability refers to the degree and speed at which a drug
reaches its intended site of action within the body. This concept can be broken down into two
components: the quantitative amount of the drug that reaches the site, and the kinetic rate at which

it does so.

Pharmacokinetics is a subfield of pharmacology that focuses on the processes by which a drug is

absorbed, distributed, metabolized, and excreted by the body following administration. This involves



both descriptive and mathematical approaches to understand how the body interacts with the drug,

apart from its pharmacodynamic effects.

Biopharmaceutics is a discipline that examines the interplay between the biological aspects of an
organism and the physical and chemical properties that govern the preparation and behaviour of
drugs and medicinal agents. This includes studying the relationship between the physicochemical
properties of a drug, the dosage form in which itis administered, and the route of administration, with

respect to the extent and rate of systemic drug absorption.

Taken together, biopharmaceutics and pharmacokinetics form a unified approach to study the key
steps involved in the delivery and metabolism of a drug within the body. These fields are essential for
developing a comprehensive understanding of drug efficacy, safety, and overall pharmacological

profile. (5)

1.2.1 ADME

The term ADME is an abbreviation that stands for a series of key processes involved in the
pharmacokinetics of a drug, including absorption, distribution, metabolism, and excretion (See figure
3). In brief, absorption describes the movement of a drug from its site of entry into the bloodstream,
distribution involves the reversible transfer of drug molecules to the extravascular compartment,
metabolism refers to the conversion of drugs via biotransformation mediated by enzyme-catalysed

chemical reactions, and excretion refers to the physical removal of the drug from the body.

Metabolism and excretion are often considered together as the process of drug elimination, while
distribution, metabolism, and excretion may be collectively referred to as drug disposition. These
processes are all essential to understanding the pharmacological profile of a drug, including its

efficacy, safety, and potential for drug-drug interactions.(5)
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Figure 3: Scheme of the ADME process. This process includes absorption into the bloodstream, reversible distribution to
extravascular compartments and elimination consisting of biotransformation or metabolism and excretion. (6)



1.2.1.1 Absorption

The process of absorption is a mass transfer phenomenon in which drug molecules move unchanged
from the site of administration to the bloodstream. The rate and extent of drug absorption are
influenced by a variety of factors, including the physicochemical properties of the drug, the
pharmaceutical formulation used, and various anatomical and physiological factors. In many cases,
the process of crossing epithelial or endothelial barriers is the rate-limiting step in drug absorption.
This process involves overcoming a variety of biological barriers and surviving presystemic chemical

or biochemical modifications.

It is important to note that drugs are typically not administered in their pure form, but rather as part
of a pharmaceutical dosage form. To overcome biological barriers and achieve effective absorption,
the drug must be in a free form, meaning it has been released from its pharmaceutical carrier and is
in a solution. Some dosage forms may already provide the drug in solution, which can facilitate

absorption. (5)

1.2.1.2 Distribution

Drug distribution refers to the movement of a drug from one location to another within the body.
Once a drug is absorbed, it can enter the interstitial and intracellular spaces of different organs or
tissues at varying levels and remain there for varying periods of time. This movement occurs through
the endothelial lining of blood capillaries and can be influenced by binding to plasma proteins and
tissue elements. It is important to note that only free, unbound drug molecules can efficiently cross
endothelia and engage in the distribution process. Factors that affect drug distribution include
physicochemical properties of the drug such as molecular weight, polarity, and degree of ionization,
as well as physiological factors such as the expression levels and subcellular localization of drug
transporters and tissue or organ perfusion. Additionally, the BBB can limit drug distribution, especially
for molecules that are polar or have a high molecular weight. The movement of drugs across biological
barriers can be classified as either perfusion rate-limited, blood flow-limited, or permeability rate-

limited. Some drugs use active transport to move across biological barriers. (5)

1.2.1.3 Metabolism

In order to protect itself from exposure to potentially harmful substances, the body has developed
various mechanisms to dispose metabolic waste. These mechanisms, which can also limit the
bioavailability of therapeutic drugs, fall into three main categories: preventing non-physiological
compounds from entering the bloodstream or sensitive organs, physically removing the compounds
through urine, perspiration or respiration, and metabolizing them into drug metabolites that can be

excreted more quickly than the parent compound. Drug biotransformation involves the enzyme-



mediated conversion of drugs into metabolites, usually in a sequential manner. These resulting
metabolites are often inactivated from a pharmacological perspective but can also be active or toxic.
The original substance may be excreted unchanged or as a metabolite, with all these possibilities often

occurring simultaneously to contribute to the overall elimination of the drug.(5)

1.2.1.4 Excretion

Drug elimination, which encompasses both drug metabolism and excretion, is a vital process in the
body's management of xenobiotic compounds and metabolic waste products. In some cases, drug
metabolism is a necessary step for drug excretion, particularly for lipophilic drugs. The major excretion
routes are through urine and bile. Compounds not reabsorbed in bile will ultimately be excreted in
faeces. The kidneys and liver are specialized organs that have evolved to remove waste products and
xenobiotics from the body, but other excretion routes include respiration, sweat, saliva, semen, hair,
milk, and tears. The transport of drugs across various organs and tissues, as well as the systemic

clearance, are critical to the excretion process. (5)

1.2.2 The blood-brain barrier

The blood-brain barrier is a crucial component of the CNS that acts as a gatekeeper and regulates the
microenvironment of the brain. It is an intricate structure that performs several functions, including
controlling molecular traffic to keep out toxins, maintaining ionic balance, separating central and
peripheral neurotransmitter pools to minimize crosstalk, and facilitating immune surveillance and
responsiveness with minimal inflammation. These functions are critical for proper brain cell function

and for protecting neural tissue from harmful elements.

The blood vessels that vascularize the CNS have unique properties that enable them to regulate the
movement of molecules, ions, and cells between the blood and the brain. This adjustment of
homeostasis is crucial for the proper functioning of neurons and for the protection of the neural tissue.
The BBB is particularly important for neurological diseases, as alterations to the barrier properties are

a key factor in the development and progression of various conditions.

The core structure of the BBB is built of endothelial cells (ECs) that line the blood vessels. These cells
are morphologically and functionally distinct from peripheral ECs and are held together by tight and
adherens junctions, which limit the paracellular transport of solutes (See figure 4). The ECs of the CNS
contain a variety of enzymes, that metabolize and inactivate metabolites. The ECs of the CNS also have
higher numbers of mitochondria than peripheral ECs, reflecting a greater energy expenditure to drive
ion gradients. Additionally, the ECs have a net negative surface charge and a lack of fenestrations,

which prevents the rapid exchange of molecules between the blood and the brain. They also have very



low levels of leukocyte adhesion molecules, which restricts the number of immune cells that can enter

the CNS.

The basement membrane is an acellular component of the BBB that provides stability for the cellular
components and regulates their interactions. This membrane is also essential for endothelial cell

polarization and for the proper localization of transporters and lumen formation.

Tight junction
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Figure 4: Schematic representation of the BBB. ECs line the blood vessel and are held together by tight junctions. The basement
membrane provides stability and encloses smooth muscle and pericytes. Maintenance of the BBB is ensured by neurons,
astrocytes and microglia. (7)

The BBB is a complex structure, that acts not just as a physical barrier, but also as a secretory body,
metabolic barrier, and selective interface for the transport of molecules into the CNS. The regulation
of molecular traffic at the BBB is crucial for maintaining the cerebral microenvironment and is a result

of anatomical and biochemical properties.

The BBB presents a significant obstacle for delivering drugs to the CNS, making it difficult to develop
effective treatments for CNS disorders. The BBB has a restrictive nature that prevents most small
molecule drugs (98%) and almost all large-molecule therapeutics from reaching the brain. Efflux
transporters further reduce the therapeutic concentration of lipophilic drugs in the brain, as well as
the metabolism of xenobiotics by enzymes. Therefore, successfully delivering drugs to the brain
requires tailored strategies, and overcoming the BBB is an essential consideration in the development

of CNS-targeted therapeutics.(7-9)

1.2.3 Physicochemical properties

The properties of a drug, including its physical and chemical characteristics and molecular structure,

have a significant impact on how it is processed in the body, its efficacy, and its safety. As a result,



current trends in drug development focus on examining both the properties of the drug and its ability
to bind to its intended target. The idea of "drug-likeness" involves establishing appropriate limits for
fundamental properties based on general guidelines to assist medicinal chemists in selecting

promising drug candidates.

These guidelines consider key factors such as lipophilicity and molecular weight. As modern
technologies produce more complex compounds, these properties become increasingly important in

terms of bioavailability.(10)

The role of physicochemical properties of drugs has been a subject of study since the 1960s, when
Hansch et al. conducted early research in this area.(11) The initial quantitative structure-activity
relationship (QSAR) studies focused on lipophilicity, electronic properties, and steric properties as
predictors of biological activity.(12) Over time, the field of QSAR has expanded significantly, with a
shift in drug design strategy towards a more holistic approach that considers ADME properties and
safety concerns in addition to target affinity. In order to increase the chances of success and reduce
the rate of attrition, drug candidates should possess favourable physicochemical and molecular
properties. The concept of drug-likeness, which is primarily concerned with pharmacokinetics and

safety, provides a set of simple rules to guide chemical space exploration.(10)

Traditional physicochemical properties, such as lipophilicity, solubility, and ionization, are widely
recognized as key factors in drug discovery. Lipophilicity is particularly crucial, as it can affect both the
pharmacokinetic and pharmacodynamic properties of a drug, as well as its potential toxicity. High
lipophilicity can lead to undesirable drug characteristics, including unpredictable metabolism, high
plasma protein binding, and tissue accumulation. Conversely, aqueous solubility is critical for drug
formulation and oral administration. (10) In fact, solubility within the physiological pH range, in
combination with permeability, is a crucial parameter in the Biopharmaceutical Classification System
(BCS), which classifies drugs into four categories. BCS is of great interest to the pharmaceutical
industry, as drugs in class | (high solubility/high permeability) are exempt from bioequivalence studies.
(13) Most drugs contain ionizable groups, with basic functions being the most common. While acidic
functionality is essential in some cases as a receptor requirement, strongly acidic groups can be

detrimental to permeability.

Molecular descriptors can be divided into two categories: those that can predict the biological activity
of new compounds or screen compound libraries, and those that provide insight into the mechanism
of action. In terms of receptor-ligand interactions, these involve electrostatic interactions, hydrogen
bonding, van der Waals, and hydrophobic interactions. Electronic properties can be expressed by

traditional electronic substituent constants, energy parameters, maximum or minimum electrostatic
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potential, dipole moments, partial charges, and protonation states or ionization constants for
acidic/basic groups. Hydrogen bonding is commonly described by the count of hydrogen bond
acceptor and donor sites, hydrogen bond acidity and alkalinity parameters, and topological polar
surface area (tPSA). Lipophilicity, molecular size, hydrogen bonding, tPSA, and flexibility are important
properties for bioavailability and safety of drug candidates but can often conflict with receptor

requirements. (10)

1.2.3.1 lonization constant

The ionization constant, also referred to as the acid dissociation constant (pKa), is a measure of the
strength of an acid in solution. It is defined as the negative logarithm of the dissociation constant (K,)
of an acid. The pK, represents the pH at which the concentration of ionized and unionized forms is
equal and is used to describe the degree to which an acid dissociates (or ionizes) in water to form

hydrogen ions (H*) and its conjugate base. (14)

[H*]-[A7]

Ke= ]

Equation 1: The equation for the ionization constant for a weak acid HA. Kq is the acid dissociation constant, [H*] is the
concentration of hydrogen ions, [A-] is the concentration of the conjugate base of the acid, and [HA] is the concentration of
the undissociated acid.

The Brgnsted-Lowry theory is the most widely accepted and useful explanation of the ionization of
acids and bases. This theory defines an acid as any substance that can donate a hydrogen ion, while a
base is a substance that can accept a hydrogen ion. Strong acids and bases are completely ionized in
the pH range of 0-14, while weaker acids and bases are only partially ionized in parts of this range.
Brgnsted was the first to demonstrate the benefit of having the ionization of both acids and bases

expressed on a single scale, similar to the use of pH to indicate both alkalinity and acidity. (15)

It was in 1907 that Henderson first presented a paper detailing the correlation between the hydrogen
ion [H*] and the composition of a buffer. It was not until 1916 that Hasselbalch proposed the well-
known Henderson-Hasselbalch equation, which remains the most frequently used equation for
calculating pK, values. The Henderson-Hasselbalch equation can be used to estimate the ionized and

unionized drug concentrations at a given pH.
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[A7]
pH = pK, + log ﬁ

Equation 2: Henderson-Hasselbalch equation. The pH equals the negative logarithm of the hydrogen ion concentration in the
solution, pKy is the negative logarithm of the acid dissociation constant, [A-] is the concentration of the conjugate base of the
acid, and [HA] is the concentration of the undissociated acid.

Despite being referred to as a constant, the ionization constant is not really a constant. It varies

depending on temperature, ionic strength, and the dielectric constant of the solvent.

The pK, is one of the most widely utilized physicochemical parameters, attracting attention from a
diverse array of research areas. Both pH and pK, play a crucial role in comprehending the behaviour

of chemical substances. (16,17)

The ionization constant of a drug affects the drug's pharmacokinetics and pharmacodynamics. The
absorption of drugs, that are primarily transported by passive diffusion, is greatly determined by the
pK, of the drug. Since most drugs are weak electrolytes, their degree of ionization is dependent on the
pH of the biological fluid. For weak acids, the unionized form dominates at pH values lower than the
pKa, whereas for weak bases, the ionized form dominates. For example, at neutral pH, a drug with a
low pK, will be more ionized, while a drug with a high pK, will be more unionized. This in turn affect

its ability to penetrate biological membranes and reach its target.

In summary, the ionization constant plays a key role in determining the behaviour of a drug and is
therefore a critical aspect to consider when assessing the potential of a compound. Knowing the pK,
of a drug can assist pharmaceutical chemists in refining its formulation and enhancing its therapeutic

efficacy. (14)

1.3 Methodology of preclinical research

1.3.1 Computer-aided drug design

Computer-aided drug design (CADD) is a rapidly growing field that involves the use of computational
methods to accelerate the drug discovery process. With the advancements in computational power
and the availability of vast amounts of data, CADD has become an indispensable tool in the
pharmaceutical industry for predicting drug efficacy and safety, and for screening large compound

libraries.

One of the primary goals of CADD is to reduce the time and cost associated with the development of
new drugs. Traditional drug discovery typically takes many years and costs billions of dollars. With

CADD, researchers can use computer simulations to predict the binding of potential drug molecules
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to target proteins, as well as to evaluate the PK properties of the compounds. This allows them to

prioritize drug candidates before performing expensive and time-consuming laboratory experiments.

The CADD process involves several steps, including target identification and validation, compound
library design, virtual screening, and hit optimization. Target identification involves the selection of a
protein target that is involved in a specific disease, and the validation of the target's role in the disease.
Once a target has been validated, compound libraries are designed, and virtual screening is performed

to identify potential drug candidates that can bind to the target.

In virtual screening, large compound libraries are screened against the target protein using molecular
docking simulations or machine learning algorithms. The most promising compounds are then
optimized for potency, selectivity, and PK properties using repeated rounds of structural modifications

and computational analysis. Finally, lead compounds are selected and tested in vitro and in vivo.

CADD methods can also be used to design drugs that target specific mutations or disease-causing
mechanisms. For example, structure-based drug design can be used to design small molecules that
bind to specific sites on mutated proteins, while fragment-based drug design can be used to design

drugs that target protein-protein interactions or allosteric sites.

In addition to improving the efficiency of the drug discovery process, CADD can also help reduce the
failure rate of drugs in clinical trials. By predicting the efficacy and safety of drugs before they are
tested in humans, CADD can help identify potential issues and improve the chances of success in

clinical trials.

In conclusion, CADD is a powerful tool for accelerating the drug discovery process, reducing costs, and
improving the success rate of drug candidates. As the field continues to evolve, it is likely that CADD
will play an increasingly important role in the development of new drugs to treat a wide range of

diseases. (6,18)

1.3.2 CNS MPO score

Neurological drugs can take up to 18 years to complete the journey from laboratory evaluation to
regulatory approval. (1) This has prompted the need for improving the survival of drug candidates and
speeding up their identification. To achieve this, medicinal chemists use guiding principles, such as
Lipinski's Rule of Five (Ro5), to design druglike compounds. (19) The original Ro5 for orally active
substances outlines four basic physicochemical characteristics linked to 90% of orally administered
drugs that have passed Phase Il trials. According to the Ro5, drugs with a molecular weight exceeding
500 g/mol, a logP greater than 5, more than 5 hydrogen bond donors, or more than 10 hydrogen bond

acceptors are prone to poor absorption and permeation. These parameters, which indicate favourable
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aqueous solubility and intestinal permeability, play a crucial role in determining oral bioavailability.
(20,21) However, it falls short of aligning all the desired ADME and safety attributes, especially
regarding CNS-active drugs. This is where the central nervous system multiparameter optimization
(CNS MPO) score comes into play. This algorithm assesses and balances the effects of multiple
variables, weighted based on their importance, to provide greater flexibility in drug design and

increase the odds of success.

The CNS MPO algorithm is based on six fundamental parameters and a variation of Harrington's
optimization method. This approach evaluates the impact of multiple parameters without the
limitations of strict cut-offs and expands the design space. The CNS MPO desirability score ranges from
0.0 to 6.0, with a score from 0.0 to 1.0 assigned to each of the six parameters. The algorithm provides
an overall composite score, while individual scores still highlight potential problems that a compound

may encounter (See table 1).

Table 1: Desirable and less desirable ranges of the six physicochemical properties, that are considered for the calculation of
the CNS MPO score.

properties weight more desirable range less desirable range
logP 1.0 logP <3 logP>5
logD 1.0 logD<2 logD >4
Mw 1.0 MW < 360 MW > 500
tPSA 1.0 40 < tPSA <90 tPSA < 20; tPSA > 120
HBD 1.0 HBD < 0.5 HBD > 3.5
pKa 1.0 pK, <8 pKa, > 10

The CNS MPO algorithm offers several advantages over the use of single parameters or hard cut-offs.
It provides a holistic assessment of a compound's ADME and safety attributes and improves the odds
of identifying compounds with these attributes aligned in one molecule. The tool is simple to use and
can be implemented using common software, such as Excel. It helps prioritize design ideas and triage
high-throughput screening hits and facilitates the assessment of competitive intelligence in patent

and literature databases.

In conclusion, the CNS MPO algorithm is a probabilistic tool that provides a holistic evaluation of
druglike compounds and improves the odds of identifying successful candidates. It creates flexibility
in design, expands the design space, and offers advantages over the use of single parameters or hard
cut-offs. The algorithm can be used prospectively in design to reduce the number of cycles and speed

up the identification of compounds with enhanced survival. (19,22)
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1.3.3 Determination of the pK,

The determination of the ionization constant is a critical step in drug discovery and development. It
can inform decisions about the optimal state of charge for a drug candidate, its route of
administration, and its dosing regimen, improving the chances of success in clinical trials. A
compound’s pK, provides valuable information on the ionization state under different physiological
conditions, which is essential for predicting the pharmacokinetic properties of the compound, such as
solubility, permeability, and bioavailability. Several techniques are available for pK, determination,
including potentiometric titration, spectrophotometric titration, NMR spectroscopy, and others, each
with its advantages and limitations. The choice of method should be carefully considered to ensure

accurate and reliable results. (14,15,23)

1.3.3.1 Potentiometry

Potentiometric determination of the ionization constant is a widely used method to measure the
ionization constant (pK,) of a molecule. This method is based on the measurement of the potential
difference between two electrodes immersed in a solution containing the molecule in a known

concentration and at a specific pH.

In this method, a reference electrode and a glass electrode are used. The glass electrode contains a
pH-sensitive glass membrane that responds to changes in H* concentration. The electrodes are

connected to a high-impedance voltmeter or a pH meter.

To measure the ionization constant of the molecule, a solution of the drug in a buffer of known pH is
prepared. The pH is adjusted to a value close to the expected pK, of the drug. The two electrodes are
then immersed in the solution, and the potential difference between the two electrodes is measured.
The pH of the solution is then gradually changed by the addition of a strong acid or a strong base, and

the potential difference is measured at each pH.

The pK, of the drug is determined from the pH at which the ratio of the protonated and deprotonated
forms of the drug is equal, which corresponds to the point where the potential difference between

the two electrodes is zero. This is known as the inflection point of the titration curve.

The potentiometric determination of the ionization constant has several advantages over other
methods. It is a non-destructive method, requires only small amounts of sample, and can be
performed quickly and accurately. However, the method has some limitations. The presence of
impurities or other ionizable species in the solution can interfere with the measurement, and the pH

electrode may need to be calibrated before each use. (24,25)
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1.3.3.2 Spectrophotometry

Spectrophotometric determination of the ionization constant is another commonly used method for
determining the acidity or alkalinity of a compound. This method is based on the measurement of the
absorbance or transmittance of light by a sample solution at different wavelengths. The principle of
this method is based on the fact that ionization of a compound changes the spectral properties of the

compound. As a result, the absorbance or transmittance of light changes as a function of pH.

In the spectrophotometric method, a UV-visible spectrophotometer is used to measure the
absorbance or transmittance of light by a sample solution at different pH values. A buffer solution of
known pH is added to the sample solution, and the absorbance or transmittance of light is measured
at different wavelengths. A plot of absorbance or transmittance versus wavelength is then

constructed, and the resulting spectrum is used to determine the ionization constant.

To determine the ionization constant, the UV-visible spectrum is analysed to identify the wavelengths
at which the absorbance or transmittance changes as a function of pH. This can be done by comparing

the spectra obtained at different pH values.

The pK, of the compound can be calculated from the spectral data by fitting the absorbance or

transmittance data to the Henderson-Hasselbalch equation.

The spectrophotometric method is useful for determining the ionization constant of compounds that
absorb light in the UV-visible range. This method is highly sensitive and can be used for compounds
present in low concentrations. However, the method requires a highly pure sample, and the presence
of impurities can interfere with the measurement. Additionally, this method is only suitable for

compounds that have distinct spectral properties that change with ionization. (25,26)

1.3.3.3 Calculation

The ionization constant of a compound can be calculated using various software programs. These
programs use different algorithms and methods to predict pK, values based on the molecular structure
of the compound. Some commonly used software programs for pK, prediction include ACD/pKa,,

MarvinSketch, and ChemAxon. (27,28)

ACD/pK, is a software program that uses a database of over 17,000 experimental pK, values to predict
the pK, of a given compound. The program uses several molecular descriptors, including hydrogen
bond donor and acceptor groups, electronegativity, and charge distribution, to generate a predictive
model for the compound. The program also considers the pH of the solution and the temperature at

which the experiment is conducted.(27,29,30)
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MarvinSketch is a chemical drawing software that can be used to predict pK, values of a compound
based on its structure. The program uses a combination of machine learning and rule-based methods
to predict the pK, values. The algorithm used by MarvinSketch considers the molecular structure of
the compound and its functional groups to generate a predictive model. The program also allows the

user to specify the solvent conditions and temperature for the experiment.

ChemAxon is a software program that uses a range of computational methods to predict pK, values
based on the molecular structure of a compound. The program uses a combination of empirical and
guantum chemical calculations to generate a predictive model. The method used by ChemAxon is
based on the determination of the most stable protonation state of the molecule at a given pH and

considers the solvent conditions and temperature. (27,28,31-33)

The accuracy of pK, predictions can vary depending on the software program and the molecular
structure of the compound being analysed. In general, software programs that use experimental data
for their predictive models tend to be more accurate than those that use purely computational
methods. It is also important to note that pK, values can be influenced by several factors, including
temperature, solvent conditions, and the presence of other compounds in the solution. Therefore, it

is important to use caution when interpreting pK, values. (27-29)

1.4 Standard operating procedures

A standard operating procedure (SOP) is a written document that outlines a set of instructions or
procedures to be followed when carrying out a specific task or process. It is used to ensure consistency
and quality in the performance of tasks and processes, and is a crucial component in many industries,

including healthcare, manufacturing, and research.

SOPs provide detailed instructions on how to perform a task or process, including the materials and
equipment required, the steps involved, and the expected outcomes. They often include safety
precautions, quality control measures, and troubleshooting procedures in case of unexpected issues.

SOPs can also provide guidance on record keeping, data analysis, and reporting.

SOPs are important for several reasons. They help to ensure consistency and accuracy in the
performance of tasks, reducing the risk of errors or variability in results. They also promote safety, by
providing clear instructions on the use of equipment and materials, as well as on any hazards or risks
associated with the task. SOPs can also facilitate training, by providing a clear and structured outline

of the steps involved in a task. (34)
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2 Aim of this master thesis

The aim of this master thesis is to assess the fully automated SiriusT3 system for spectrophotometric
and potentiometric pK, determination. The study involved the measurement of pK, values for 46
compounds, including BBB-penetrating, BBB non-penetrating, and compounds that interact with

various efflux transporters.

One of the key physicochemical parameters that plays an important role in drug discovery and
development is the ionization constant, or pKa. Accurate determination of the pK, is essential as it can
have a significant impact on the pharmacokinetics and pharmacodynamics of a drug. Therefore, it is

crucial to have reliable and accurate methods to measure it.

The main objectives of this project were to validate the accuracy and reproducibility of the
measurements obtained using the SiriusT3 instrument and compare the results obtained from
spectrophotometric and potentiometric measurement methods. Additionally, the calculated pK,
values were compared with the measured values to analyse the validity of a computational approach
to pK, determination. The results showed great discrepancies between experimental and predictive

data, indicating the importance of experimental pK, determination.

In addition to validating the instrument, this master thesis also aimed to establish a standard operating
procedure for the SiriusT3 instrument and software for pK, determination. The SOP provides a
comprehensive manual for the characterization of compounds, which will be useful for future

researchers working with the SiriusT3 instrument.

Finally, to investigate the relevance of the pK, in predicting the blood-brain barrier penetration of
compounds, this study analysed a set of 46 compounds and investigated the correlation between the

ionization state at physiological conditions and BBB permeation.

The overall aim of this thesis is to provide a better understanding of the importance of pKa
determination in the drug discovery and development process and to reinforce the relevance of the
ionization constant as a crucial physicochemical parameter. This work also demonstrates the potential
of the fully automated SiriusT3 instrument as a tool for the accurate and rapid measurement of pK,

values.
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3 Materials and methods

3.1 Equipment

For all measurements of this master thesis the SiriusT3 instrument and the corresponding software
SiriusT3Control and SiriusT3Refine (Pion Inc., Billerica, USA) were used to assess and analyse the
ionization constant of the sample compounds. The SiriusT3 instrument consists of a dispenser module,
a titrator module and an autoloader module and the pK, values were measured by a combination of

automated potentiometric and UV-spectroscopic titration.

3.2 Reagents preparation

The reagents required to operate the SiriusT3 were prepared following the instructions of the user
manual provided by Pion Inc. First, the ionic strength adjusted (ISA) water was prepared using 11.18 g
+ 0.1 g potassium chloride (CAS: 7447-40-7, Sigma Aldrich) per litre of purified water to obtain a 0.15
M KCl solution. For the preparation of the base a potassium hydroxide ampoule (Tritisol®, CAS: 1310-
58-3, Sigma Aldrich) was used to achieve a 0.5 M solution in purified water. To standardize the base
titrant high purity potassium hydrogen phthalate (299.95%, CAS: 877-24-7, Sigma Aldrich) was used.
The titration reagent of ISA methanol was created using 80% methanol (299.9%, CAS: 67-56-1, Sigma
Aldrich) and 20% ISA water. The phosphate buffer for UV-metric pK, analysis was prepared using 0.50
g £ 0.02 g anhydrous di-potassium hydrogen orthophosphate (CAS: 7785-11-4, Sigma Aldrich) per 200
mL ISA water. For the preparation of the acid titrant 49 mL HCI (237%, CAS: 7647-01-0, Sigma Aldrich)
per litre of purified water were used to obtain a 0.5 M HCI solution. Remaining buffer solutions,
including Fast UV buffer (Pion Inc. T1404007) and pH 7.00 buffer solution (Certipur®, Sigma Aldrich)
were purchased ready-made. The surfactant and solvent wash solutions were freshly prepared as part
of the daily maintenance. The surfactant wash solution consisted of 0.5% Triton® X-100 (CAS: 9036-
19-5, Sigma Aldrich) and the solvent wash was a 50% 2-propanol (299.8%, CAS: 67-63-0, Sigma Aldrich)
solution, both diluted with purified water. The purified water was drawn from an in-house water

purification system (LaboStar® 10 RO DI System, Evoqua Water Technologies LLC, Pittsburgh, USA).

3.3 Sample preparation

The compounds were either purchased from ABX (Advanced Biomedical Compounds, Radeberg,
Germany) or Sigma Aldrich (St. Louis, Missouri, USA). Information on all the measured samples,

including the CAS numbers or product numbers and company is listed in table 2 and table 3.

For the UV-metric and Fast-UV measurements the compounds were solved in dimethyl sulfoxide

(99.8%, CAS: 67-68-05, Sigma Aldrich) to create a stock solution with a concentration of 10 mM. The
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sample solutions for the UV-metric measurements were topped with 25 plL phosphate buffer. For the
potentiometric measurements 0.7 - 1.0 mg of each substance was weighed into a vial. When setting
up the measurement the sample weight needs to be added to the SiriusT3Control software before
running the assay, therefore the exact weight was noted down. All compounds were weighed using a

Secura225D-1S weighing scale by Santorius.

Table 2: Compounds purchased from Sigma Aldrich with respective IUPAC names and CAS number.

IUPAC name Trivial name CAS number
3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcarbamoyl)-5-

( )72 P y). phenyl-4-(p . Y . v Atorvastatin 134523-00-5
propan-2-ylpyrrol-1-yl]-3,5-dihydroxyheptanoic acid

N-[(E)-[10-[(E)-(4,5-dihydro-1H-imidazol-2-
ylhydrazinylidene)methyllanthracen-9-ylJmethylideneamino]-4,5- Bisantrene 78186-34-2
dihydro-1H-imidazol-2-amine

1-cyclohexyloxycarbonyloxyethyl 3-[[4-[2-(1-ethyltetrazol-5-

Y yioxy vioxyethyl 3-{{4-{ .(_ y Candesartan cilexetil =~ 145040-37-5
yl)phenyl]phenyl]methyl]-2-oxo-1H-benzimidazole-4-carboxylate
4-[5-(4-methylphenyl)-3-(trifluoromethyl)pyrazol-1-

(5 P y_) ( Vilpy Celecoxib 169590-42-5
yllbenzenesulfonamide
2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1-

[2- (- ) p. vi)-pheny Vilpip Cetirizine 83881-51-0
yllethoxy]acetic acid
6-chloro-3-[1-[3-(2-ox0-3H-benzimidazol-1-yl)propyl]piperidin-4-

[. [ ( vijpropyllpip Domperidone 57808-66-9

yl]-1H-benzimidazol-2-one
(5S,5aR,8aR,9R)-5-[[(2R,4aR,6R,7R,8R,8aS)-7,8-dihydroxy-2-
methyl-4,4a,6,7,8,8a-hexahydropyrano(3,2-d][1,3]dioxin-6-yl]oxy]-

y . yarepy [ 23] Vijoxy] Etoposide 33419-42-0
9-(4-hydroxy-3,5-dimethoxyphenyl)-5a,6,8a,9-tetrahydro-5H-
[2]benzofuro[6,5-f][1,3]benzodioxol-8-one
4-ethyl-3-methyl-N-[2-[4-[(4-
methylcyclohexyl)carbamoylsulfamoyl]phenyl]ethyl]-5-oxo-2H- Glimepiride 93479-97-1

pyrrole-1-carboxamide
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6-chloro-1,1-dioxo-3,4-dihydro-2H-1lambda6,2,4-

. . Hydrochlorothiazide 58-93-5
benzothiadiazine-7-sulfonamide

8-[(3R)-3-aminopiperidin-1-yl]-7-but-2-ynyl-3-methyl-1-[(4-

. . . . Linagliptin 668270-12-0
methylquinazolin-2-yl)methyl]purine-2,6-dione

(2S)-N-[(2S,4S,5S)-5-[[2-(2,6-dimethylphenoxy)acetyl]amino]-4-
hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-(2-oxo-1,3-diazinan-1-  Lopinavir 192725-17-0
yl)butanamide

[2-butyl-5-chloro-3-[[4-[2-(2H-tetrazol-5-

o Losartan 114798-26-4
yl)phenyl]phenyl]methyl]limidazol-4-yllmethanol
1-[2-(2,4-dichlorophenyl)-2-[(2,4- )
) o Miconazole 22916-47-8
dichlorophenyl)methoxy]ethyl]limidazole
2R,3S)-5-[3-(tert-butylamino)-2-hydroxypropoxy]-1,2,3,4-
( 513 Y ) Y ypropoxy] Nadolol 42200-33-9

tetrahydronaphthalene-2,3-diol

(3S,4aS,8aS)-N-tert-butyl-2-[(2R,3R)-2-hydroxy-3-[(3-hydroxy-2-
methylbenzoyl)aminol-4-phenylsulfanylbutyl]-3,4,4a,5,6,7,8,8a- Nelfinavir 159989-64-7

octahydro-1H-isoquinoline-3-carboxamide

5-0-[2-[benzyl(methyl)amino]ethyl] 3-O-methyl 2,6-dimethyl-4-(3-

. . o . Nicardipine 55985-32-5
nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate
N-[4-(5-methyl-3-phenyl-1,2-oxazol-4- .
. Parecoxib 198470-84-7
yl)phenyl]sulfonylpropanamide
4-N-(6-chloro-2-methoxyacridin-9-yl)-1-N,1-N-diethylpentane-1,4-
Quinacrine 69-05-6

diamine
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(S)-[(2R,4S,5R)-5-ethenyl-1-azabicyclo[2.2.2]octan-2-yl]-(6-
methoxyquinolin-4-yl)methanol

(E)-1-N'-[2-[[5-[(dimethylamino)methyl]furan-2-
yllmethylsulfanyl]ethyl]-1-N-methyl-2-nitroethene-1,1-diamine

2-ethoxy-4-[2-[[(1S)-3-methyl-1-(2-piperidin-1-
ylphenyl)butyl]amino]-2-oxoethyl]benzoic acid

[9-(2-carboxyphenyl)-6-(diethylamino)xanthen-3-ylidene]-
diethylazanium

1,3-thiazol-5-ylmethyl N-[(2S,3S,5S)-3-hydroxy-5-[[(2S)-3-methyl-2-
[[methyl-[(2-propan-2-yl-1,3-thiazol-4-
yl)methyl]carbamoyl]lamino]butanoyl]amino]-1,6-diphenylhexan-2-

yllcarbamate

N-[4-[1-hydroxy-2-(propan-2-

ylamino)ethyl]phenyllmethanesulfonamide

(8S,9R,10S,11S,13S,14S,16R,17S)-9-fluoro-11,16,17-trihydroxy-17-
(2-hydroxyacetyl)-10,13-dimethyl-6,7,8,11,12,14,15,16-

octahydrocyclopenta[alphenanthren-3-one

Quinidine

Ranitidine

Repaglinide

Rhodamine 123

Ritonavir

Sotalol

Triamcinolone

Table 3: Compounds purchased from ABX with respective IUPAC names and product number.

IUPAC name

2-fluoroethyl (1R,2S,3S,5S)-3-(4-iodophenyl)-8-methyl-8-

azabicyclo[3.2.1]octane-2-carboxylate

3-[2-[4-(4-fluorobenzoyl)piperidin-1-yl]ethyl]-2-sulfanylidene-1H-

guinazolin-4-one
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Trivial name

2-FE-Beta-CIT

Altanserin

56-54-2

66357-59-3

135062-02-1

62669-70-9

155213-67-5

959-24-0

124-94-7

Product
number

4150.0005

1810.001



methyl (1R,2S,3S,5S)-3-(4-iodophenyl)-8-methyl-8-
azabicyclo[3.2.1]octane-2-carboxylate

methyl (1R,2S,3S,5S)-8-(3-(18F)fluoranylpropyl)-3-(4-iodophenyl)-
8-azabicyclo[3.2.1]octane-2-carboxylate

2-[1-[6-[2-fluoroethyl(methyl)amino]naphthalen-2-
yl]ethylidene]propanedinitrile

ethyl 3-[(1R)-1-phenylethyl]limidazole-4-carboxylate

3-(2-fluoroethyl)-8-[4-(4-fluorophenyl)-4-oxobutyl]-1-phenyl-1,3,8-
triazaspiro[4.5]decan-4-one

5-bromo-N-[[(2S)-1-ethylpyrrolidin-2-yl]methyl]-2,3-

dimethoxybenzamide

6-[4-((*®F)fluoranylmethylsulfanyl)phenyl]-1,2,3,5,6,10b-

hexahydropyrrolo[2,1-alisoquinoline

1-fluoro-3-(2-nitroimidazol-1-yl)propan-2-ol

1-[1-[4-(4-fluorophenyl)-4-oxobutyl]piperidin-4-yl]-3-

methylbenzimidazol-2-one

(E)-but-2-enedioic acid;methyl-4-[2-(3,4-dichlorophenyl)acetyl]-3-
(pyrrolidin-1-ylmethyl)piperazine-1-carboxylate

(6S,10bR)-6-(4-methylsulfanylphenyl)-1,2,3,5,6,10b-

hexahydropyrrolo[2,1-alisoquinoline

methyl 3-(1-phenylethyl)imidazole-4-carboxylate
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Beta-CIT

Beta-CIT-FP

DMFEAN

Etomidate

FESP

FLB457

(+)-FMe-McN 5652

FMISO

FNMB

GR-89696 fumarate

(+)-McN-5652

Metomidate

4030.0003

4130.0005

5030.0005

1770.0005

1591.0005

1540.0005

4381.0005

1410.0005

2760.0005

2070.0005

4370.0005

1760.0005



(1S,2S,13R,21R)-22-(cyclopropylmethyl)-11-methyl-14-oxa-11,22-
diazaheptacyclo[13.9.1.01,13.02,21.04,12.05,10.019,25]pentacosa-
4(12),5,7,9,15,17,19(25)-heptaene-2,16-diol

2-[6-chloro-2-[4-(3-fluoropropoxy)phenyllimidazo[1,2-a]pyridin-3-
yl]-N,N-diethylacetamide

methyl (1R,2S,3S,5S)-8-[(E)-3-iodoprop-2-enyl]-3-(4-methylphenyl)-
8-azabicyclo[3.2.1]octane-2-carboxylate

(4aR,10bR)-4-propyl-2,3,4a,5,6,10b-
hexahydrobenzo[h][1,4]benzoxazin-9-ol;hydrochloride

N-butan-2-yl-1-(2-chlorophenyl)-N-methylisoquinoline-3-
carboxamide

3,5-dichloro-N-[[(2S)-1-ethylpyrrolidin-2-ylimethyl]-2-hydroxy-6-

methoxybenzamide

(5R)-8-chloro-3-methyl-5-phenyl-1,2,4,5-tetrahydro-3-benzazepin-
7-ol;hydrochloride

3.4 pK,; measurement

For the pK, validation project all 46 sample measurements were performed with the fully automated
SiriusT3 and the associated SiriusT3Control Software, using standard default settings and following
the recommended instructions given in the user manual provided by Pion Inc. The SiriusT3 operates
under an inert atmosphere, therefore all reagents and samples were degassed through a constant

flow of Argon. All measurements were done in triplicates. For all compounds the psK, was also

measured using a methanol/water cosolvent mix.

3.4.1 Potentiometric measurements

The pH-metric measurements were performed using the SiriusT3 instrument, which utilizes a glass
Ag/AgCl combination pH electrode to measure the pH of the solution. The pH-metric pK, assay was

designed using the SiriusT3Control software. Prior to the addition of the sample, a blank assay was

N-Methylnaltrindole

PBR 111

PE2I

(+)-PHNO HCl

PK 11195

Raclopride

(-)-SCH23390 HCl

performed to characterize the pH electrode and derive a titration curve.
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The Sample Dissolution method was used to solubilize the test compounds in the assay medium at a
pH where the sample is most soluble. Turbidity was monitored by a turbidity sensor to detect

precipitation during the titration.

3.4.2 Spectrophotometric measurements

For the spectrophotometric measurements with the SiriusT3 system, two different methods, the Fast
UV pK, measurement and the UV-metric pK,; measurement, were employed. The SiriusT3 instrument
used a deuterium lamp to measure the UV/Vis absorbance spectrum of the solution at each pH point
recorded. This data was then displayed as a three-dimensional matrix of pH, absorbance, and
wavelength data, which was then evaluated mathematically using the Beer-Lambert law and Target

Factor Analysis (TFA).

For the Fast UV pK, measurements a neutral linear buffer system was used, which allowed greater
control of the pH during the titration. This enabled a fast and reliable change of pH, which did not

require a stability time. As a result, a standard 40-50-point titration took less than 6 minutes.

For the UV-metric pK, measurements a buffer was used to better control the pH during the titration.
To record a stable reading, a latent period for the electrode was needed, which resulted in a standard

40-50-point titration that took approximately 20-25 minutes.

In both methods, turbidity was monitored by a turbidity sensor to ensure accurate measurements.

3.5 Data refinement

The subsequent data refinement of the measured aqueous ionization constant was performed using
the SiriusT3Refine Software. The refinement to minimize differences between the experimental data
and the mathematical model is done automatically by the SiriusT3Refine Software. The mathematical
model included a set of mass and charge balance equations that modelled the equilibrium processes
involved in the titration. The parameters in the mathematical model, including the sample pK, and
concentration, were varied in a stepwise fashion until the differences between the experimental data
and the theoretical model were minimized. To determine the aqueous pK, values of the test
compounds the software utilized two methods. The first method was the Yasuda-Shedlovsky
extrapolation, which plotted the cosolvent psK, plus the log of water concentration against the
reciprocal of the dielectric constant of the medium. The second method was the linear extrapolation.

For further analysis , this study employed the results from the Yesuda-Shedlovsky extrapolation.
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3.6 Sketching and calculations

All structures of the 46 tested compounds were drawn with Chemicalize and Marvin Sketch (© 1998-
2022 Chemaxon Ltd., Budapest, Hungary). The calculation of the ionisation constant was performed
using Chemicalize Software and the calculation of the CNS MPO score was performed using

MarvinSketch.

3.7 Graphical Analysis

All graphs and diagrams were created using Microsoft ® Excel Version 16.67.
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4 Results and discussion

The primary aim of this master thesis project was to determine the ionization constants of a diverse
set of 46 compounds using three different methods: pH-metric, Fast UV, and UV-metric. The samples

were divided into three categories.

1. Compounds known to be BBB-penetrating.
2. Compounds known to be BBB non-penetrating.

3. Compounds known to show interaction with various efflux transporters.

The following sections presents the results of the pK, determination obtained through each method,
as well as a comparison of their accuracy. Due to the limited availability of some compounds, only 21
were tested with the pH-metric method, while all 46 compounds were measured with the Fast UV and

UV-metric methods.

The results demonstrate that using the SiriusT3 instrument and software is a reasonable approach for
accurate and efficient pK, determination, with each method having its own strengths and limitations.
Supporting data to illustrate the accuracy and precision of the measurements is provided, as well as

potential sources of error that need to be considered when interpreting the results.

4.1 Evaluation of the SiriusT3 system

The tables presented in this section provide a comprehensive summary of the pK, values obtained
through UV-metric, Fast UV, and pH-metric methods. Each table contains the mean and standard
deviation (SD) of the triplicate measurements for each compound, as well as the calculated pK, values.
These tables provide a detailed overview of the experimental results, allowing for easy comparison

and analysis of the data.

The use of triplicate measurements ensured the reliability, reproducibility and accuracy of the results,
while the inclusion of mean and SD values provide a measure of the experimental error. The
information presented in these tables is crucial for the subsequent discussion of the results and the

conclusions that are drawn from them.
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Table 4: pK, values for 20 compounds known to be BBB penetrating, obtained through Fast UV, UV-metric and pH-metric
methods using the SiriusT3 system. Table includes mean and SD from triplicate (n=3) measurements and the corresponding
calculated pK, values. *n=2 **n=1.

pka
Measurement Calculated
Compound
method Measured - -
Chemi- Marvin
calize Sketch
pKa 9.52 £0.034
Fast UV
2-FE-Beta-CIT psKa 9.66 + 0.060
13.42 9.38
pKa 9.40 + 0.055
UV-metric
psKa 9.19 £ 0.040
pKa 7.55 +0.006 8.94 + 0.007
Fast UV
psKa 7.45 £ 0.040 8.92+0.010 6.74 6.74
Altanserin
] pKa 7.85 +0.065 8.31+0.166 8.27 8.27
UV-metric
psKa 7.57 £0.020 8.84 £ 0.030
pKa 9.71 £ 0.047
Fast UV
S psKa 9.77 £ 0.020
eta- 13. .
] pKa 9.69 + 0.045 3.50 9.46
UV-metric
psKa 8.89*
K +
Fast UV p ; 9.41 +2.250
S 9.54 +0.040
Beta-CIT-FP pst 13.76 9.72
. pKa 9.17 £ 0.084
UV-metric
psKa 9.30+0.110
pKa 2.13+0.135
Fast UV
psKa 2.20 £ 0.460
DMFEAN 2.58 2.58
) pKa 2.27 £ 0.064
UV-metric
psKa 2.59 +0.010
K +
Fast UV PKa 4.19 £ 0.008
. psKa 4.13 £0.040
Etomidate 4.25 4.25
. pKa 4.24 £0.023
UV-metric
psKa 4.32 +£0.000
K +
Fast UV p ; 8.37 £0.070 o
S 8.59 +0.010 c
FESP PR 7.74
) pKa 8.25 +0.016 7.74
UV-metric
psKa 8.42 +0.030
pKa 9.02 +0.044
Fast UV
psKa 9.06 + 0.000
FLB 457 pKa 8.98 +0.010 9.07 9.07
UV-metric
psKa 8.98 +0.030
pH-metric pKa 9.05 +£0.010
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(+)-FMe-McN 5652

FNMB

GR-89696 fumarate

(+)-McN-5652

Metomidate

N-Methylnaltrindole

PBR 111

PE2I

(+)-PHNO Hcl

PK 11195

Raclopride

Fast UV

UV-metric

Fast UV

UV-metric

Fast UV

UV-metric
pH-metric

Fast UV

UV-metric

Fast UV

UV-metric

Fast UV

UV-metric

Fast UV

UV-metric

Fast UV

UV-metric

Fast UV

UV-metric
pH-metric

Fast UV

UV-metric

Fast UV

pKa
psK,
pKa
psK,
pKa
psKa
pKa
psKa
PKa
psKa
PKa
psKa
PKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
pKa
psKa
pKa
psKa
pKa

10.64 + 0.038
3.46 £0.610
6.47 £0.109
7.11*

8.50 £ 0.034
8.32+0.120
8.27 £0.145
8.39+0.070
8.30+0.103
7.69 +£0.150
8.48 +0.045
7.93*

8.67 £ 0.040
7.74 £0.090
8.78 +0.110
8.66 +0.131
8.42 +0.340
4.15+0.011
4.07 £0.070
4.21+0.033
4.20*

8.67 £ 0.004
9.15+0.020
8.68 £0.014
8.96 £ 0.008
4.84+0.118
5.07 £0.030
4.80 +0.099
5.11 £0.000
9.23+0.191
8.89 £ 0.060
8.31+0.311

8.86 £ 0.030
7.25%*

7.75%**

7.74 £0.138
7.70 £0.280
7.37*

1.69 £ 0.044
1.20 £0.280
1.46 £0.015
2.28*

6.04 +£0.008
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9.94 +0.028
10.03 £ 0.070
9.92 £ 0.008
9.77 £ 0.000

9.86**
10.81**

9.82 + 0.004
10.01 £ 0.030
9.73*

9.58 £+ 0.038

8.64

6.75

8.63

8.67

4.25

7.62
9.22

5.05

13.29

7.11
9.68

0.88

6.76

10.34

7.85

2.78
8.63

10.37

4.25

7.91
9.24

2.57
5.08

9.27

7.11
9.68

0.80
1.07

6.76



psKa 6.26 + 0.010 9.56 + 0.080 9.07 9.07
. PKa 6.00 + 0.037 9.59 +0.017
UV-metric
psKa 6.11 + 0.040 9.72 £ 0.030
K 7.94 + 0.154 .82 +0.877
ot pKa 94 +0.15 9.82+0.8
psKa 7.87 £0.410 8.37 £2.700
(-)-SCH23390 K 8.24 8.24
+ +
hydrochloride T 7.80£0020 |9.52£0788 | g,¢ 9.26
psKa 7.23 £1.380 9.30 +2.440
pH-metric pKa 6.72% 9.75%

Table 5: pK, values for 12 compounds known to be BBB non-penetrating, obtained through Fast UV, UV-metric and pH-metric
methods using the SiriusT3 system. Table includes mean and SD from triplicate (n=3) measurements and the corresponding
calculated pK, values. *n=2 **n=1.

pka
Measurement Calculated
Compound
method Measured = =
Chemi- Marvin
calize Sketch
K .36+0.1 .05 +0.062
Fast UV pPKa 3.36+0.150 6.05+0.06 1.50 Las
Candesartan pska  2.04+0.070  4.34+0.040 3.51 4
cilexetil  PKa  1.01+0340 4.76+0.215 6.56+0.387 5.85 '
UV-metric
psKa  1.98+0.010 4.27 +£0.020
K +
Fast UV PKa 9.54 £ 0.003
. psKa | 9.69 +0.000
Celecoxib 10.60 10.60
. pKa 9.45 £ 0.000
UV-metric
psKa  9.36*
K + +
Fast UV PKa 247 £0.179 7.99 £0.048
psKa | 2.30* 7.96*
L _ pKa  2.36%0.130  7.96 +0.052 e 2
Cetirizine UV-metric 3.77 3.76
psKa  2.68* 8.04* 7.97 7.97
. pKa  2.91* 8.06*
pH-metric
psKa  3.16 £0.240 8.07 +0.050
pKa 6.32+0.144 11.07 £0.038
Fast UV 5.83 8.03
b i psKa  8.22+0.130 11.07 £0.030 :
omperidone
P pKa 7.32+0.075 11.56+0.160 12.72 12.72
UV-metric
psKa  7.78+0.090 11.07 £0.070
pKa 12.19 £ 0.309
Fast UV psK,  12.04 + 0,310
13.64 13.64
FMISO pKa 11.60 £ 0.316
UV-metri
MEC " hsk,  12.09 +0.130
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HCT

Linagliptin

Miconazole

Nadolol

Parecoxib

Repaglinide

Sotalol

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

pKa
psKa
pKa
psKa
pKa
psKa
pKa

psK,

pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa

8.74 £ 0.009
8.87 £0.020
8.73 £0.003
8.79 £ 0.040
8.89 +0.040
8.86 £ 0.090
1.88 £0.003

1.78 £0.040

1.94 +£0.010
1.65+0.130

5.26+1.124
7.19*
5.55+1.047
7.58*

3.58 £0.040
6.17*

9.81 +£0.083
10.85 *
9.89 +0.067
9.41 £0.050
9.84 £0.010

9.87 £0.020
4.51 £+ 0.005

4.75 +£0.001
4.52 +0.007
4.63 £ 0.001
5.18 £0.030
4.71 £0.040
3.82 £0.008
4.26 +0.030
3.82 £ 0.005
4.53 £ 0.490
3.85*

4.43 +0.200
8.24 £ 0.005
8.53 £0.040
8.23+£0.001
8.18**
8.33*

8.32 £ 0.000

9.99 + 0.004
10.19 + 0.020
9.97 £ 0.008
10.03 + 0.050
10.27 £ 0.040
10.00 + 0.180
8.73+0.011

8.63£0.020

8.72+0.011
8.62£0.010
8.76 £0.010
8.15*

6.18 £0.021
5.75+0.450
6.21 +£0.009
6.08 £0.720
6.46*

5.70 £0.090
9.73+0.04
9.45 +0.06
9.65 + 0.006
9.60**
10.01*

9.14 £ 0.160
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9.09
9.83

3.01
9.86

6.48

9.36

5.54

3.50
5.39

8.75
9.64

9.57
10.28

3.01
9.86

6.48

9.36

5.54

1.90
3.52
5.39

8.75
9.64



Table 6: pK, values for 14 compounds known to show interactions with various efflux transporters, obtained through Fast UV,
UV-metric and pH-metric methods using the SiriusT3 system. Table includes mean and SD from triplicate (n=3) measurements
and the corresponding calculated pK, values. *n=2 **n=1.

Compound

Atorvastatin

Bisantrene

Etoposide

Glimepiride

Lopinavir

Losartan

Measurement
method
K
Fast UV s
psKa
K
UV-metric prs
psKa
K
pH-metric pra
psKa
K
Fast UV pra
psKa
K
UV-metric pra
psKa
. pK
pH-metric ’
psKa
K
Fast UV P
psKa
K
UV-metric phe
psKa
N L¢
pH-metric ’
psKa
K
Fast UV P
psKa
K
UV-metric pha
psKa
K
Fast UV pra
psKa
K
UV-metric pre
psKa
K
Fast UV P
psKa
K
UV-metric pre
psKa
pK
pH-metric ’
psKa

pka

measured

4.73 +£0.092
n.e.

4.50 +0.102
n.e.

4.55 +0.020
n.e.

7.43 £0.005
7.63+0.030
5.62 +0.035
7.66*
5.19+0.040

5.80 +0.040
9.79+0.021

10.10 £ 0.050
8.66 +1.690
10.13*

10.19 £ 0.020
11.12*

4.78 £0.290
5.78 £0.150
6.07 £0.125
6.36 £ 0.080
11.64 + 0.463
12.34 +£0.220
11.71 £ 0.049
13.08 + 0.050
3.11+0.051
3.21£0.020
3.07 £0.043
3.21*
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4.30+0.016
4.33+£0.010
4.35+0.020
4.40*

5.10 £0.030
5.18 £0.110

Calculated
Chemi- Marvin
calize Sketch
4.31 4.31
6.62 5.61
7.22 6.21
9.33 9.33
5.62 5.63
1.99
13.98 3.71
13.39
3.85 3.82
5.85 4.26



Nelfinavir

Nicardipine

Quinacrine

Quinidine

Ranitidine

Ritonavir

Rhodamine 123

Triamcinolone

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

Fast UV

UV-metric

pH-metric

Fast UV

UV-metric

pKa
psKa
pKa
psKa
psKa
pKa
psK,
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa
pKa
psKa

7.83+0.330
6.48 + 0.040
6.38 + 0.187
6.40 + 0.060
4.63 £0.280
8.01+0.086
7.42 £0.010
7.56 + 0.466
7.35+0.020
n.e.

7.47 £0.02
8.03 £0.020
8.06 £ 0.040
8.02 £0.013
8.12 £ 0.050
8.20 £ 0.050
7.98 £0.130
4.41 +0.017
4.35 £ 0.050
4.45 +0.006
4.36 £0.040
4.33*

4.15 +0.080
2.12 +0.006
2.12 +0.030
2.16 £ 0.016
2.11 +0.060
1.96*

2.56 +0.050
2.35 +0.045
2.34 £ 0.040
2.32 £ 0.008
1.92 £0.190
3.18 £ 0.046
n.e.

3.15 +0.004
3.17**

3.17 £ 0.010
n.e.

10.30 £ 0.558
n.d.

10.66 £ 0.367

n.e.
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9.91 +0.055
9.90 + 0.020
10.48 + 0.241
10.35 + 0.000
9.11 £ 0.990

10.32 + 0.065
10.49 + 0.020
10.29 + 0.057
10.89 + 0.140
9.77 £0.070
10.21 +0.120
8.63 £0.051
8.84 £0.010
8.70+0.016
8.91+0.030
8.67*

8.78 £0.040
7.11 £0.095
7.42 +£0.030
7.19 £0.035
7.44 £ 0.020
8.46*

8.52 £0.040

6.41
9.28

8.10

8.37
10.33

4.42
8.55

0.47
8.30

2.21
2.84

2.85
5.50

11.75

2.16
7.01
9.28

4.33
8.10

8.02
10.92

4.42
8.55

0.47
8.30

2.16
2.70
3.29

2.88
6.20

11.75



4.1.1 Measurement interferences and technical considerations

Most of the measurements yielded excellent data, and the software displayed no errors or warnings.
Since the data was of high quality, minimal refinement was necessary. The titration curves of

Hydrochlorothiazide (HCT) presented in figure 5 exemplify the quality of the data obtained.

C D
Mi“ K
E F

Figure 5: Titration curves for Hydrochlorothiazide. (A) pH-metric pK, determination. (B) pH metric psK, determination. (C) Fast
UV pK, determination. (D) Fast UV psK, determination. (E) UV-metric pK, determination. (F) UV-metric psK, determination.

Nevertheless, some of the compounds showed limitations regarding the methods or challenges with
turbidity. The measurement of pK, values using spectrophotometric and potentiometric methods is
typically carried out in aqueous solutions, but if compounds have low solubility in water, itis necessary
to use a cosolvent such as methanol. In this validation project all compounds were measured with

water and cosolvent (methanol/water mix) to assess the performance of the SiriusT3 system.

During the study, individual compounds showed their own unique properties and challenges. One such
compound was Candesartan cilexetil. The system and algorithm used for pK, determination relied on
the information provided by the user. When inputting a prediction of three pKss, the system struggled
to identify all three, while reducing the prediction to two pKa.s produced clearer titration curves but

with inconsistent pK, values across different methods. However, using a cosolvent in the
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measurement resulted in reliable and precise determinations with low standard deviation. Linagliptin
only showed one detectable pK, with pH-metric measurements. This is often the case for compounds
with significant UV activity, in which case UV spectroscopy may be the preferred method for pK,

determination. Furthermore, the detected acidic pK, for Linagliptin laid outside of the detection range.

During the measurement and analysis of (+)-PHNO HCIl several problems were encountered. For the
Fast UV measurements only one titration was evaluable. The UV-metric measurements however,
delivered analysable result. These difficulties could be attributed to the fact, that the measured
sample was the salt of (+)-PHNO. The presence of a salt like hydrochloride can potentially change the
pKa that is determined. The salt can affect the ionization state, which in turn can affect the absorbance
properties of the sample. The presence of a salt increases the ionic strength of the solution, which can
shift the equilibrium between protonated and deprotonated forms. Since the pK, value is dependent

on the equilibrium, this results in a change of the measured pKa.

During the measurement of psK, values of some compounds, including Triamcinolone, Rhodamine
123, Etoposide, Atorvastatin, Miconazole and Cetirizine, turbidity problems were encountered when
using cosolvent. Titration with water resulted in reliable outcomes, but the utilization of cosolvent led
to partially or completely uninterpretable results due to turbidity issues. Possible reasons for the
turbidity problems with the cosolvent could be the presence of insoluble compounds, because the
addition of the organic solvent can induce precipitation of the compound being measured, especially
if it has limited solubility in the solvent mixture. When precipitation occurs, it can lead to the formation
of turbidity or cloudiness in the solution, which can interfere with the accurate measurement of the
pKa. Triamcinolone, Etoposide and Cetirizine are soluble in water, therefore in a usual setting,
measurements would only be done with water as there is no need for extrapolation afterwards.
Rhodamine 123, Atorvastatin and Miconazole on the other hand show a low solubility in water and a
titration with methanol/water mixture is recommended. However, the obtained results were not
evaluable due to turbidity. It is important to note that highly insoluble compounds may not dissolve
in methanol/water mixtures, which is the most commonly used cosolvent on the SiriusT3 instrument.
In such cases, other cosolvent systems, such as MDM-mix and dioxane, may be utilized, but pK,
extrapolations from these solvents are valid over a narrower range. As a limitation and future
possibility, it is worth noting that the use of MDM mix was not explored in this study. Therefore, it
could be used in future studies to evaluate its effectiveness in dissolving highly insoluble compounds
and obtaining accurate pK, values. Additionally, Rhodamine 123, a tautomeric compound (See figure
6) only had one detectable pKa. One possible explanation could be, that the protonation of one amine
affects the electronic distribution and the equilibrium is shifted. The second pK, might then be outside

the detection range (2-12) of the SiriusT3 system. The second possibility is, that the tautomeric forms
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may be in rapid equilibrium, making it difficult to distinguish between them experimentally. In this
case, the measured pK, value may represent an average of the two tautomeric forms. Similarly,
Ritonavir only showed one pK,, despite two being predicted. This was likely due to the close proximity
of the two pKss, as they both originate from the amine group in the thiazole rings. Additionally, they
are at the edge of the detection range. Bisantrene, a compound that shows structural symmetry (see
figure 6), also displays only one detectable pK.. This symmetry may not only explain the determination

of one pK,, but also the variance between the results obtained from different measurement methods.

7.22

(i
NHJ\N
“

Figure 6: Structure of Bisantrene, Rhodamine 123 and (+)-FMeMcN 5652 (from left to right) and predicted pK,s from
MarvinSketch.

Analysis of the data from measuring (+)-FMeMcN 5652 posed difficulties, and results were not reliable.
Results displayed great discrepancies between each determination method and even within the same
method between individual titrations. (See table 4). When analysing the spectrum obtained through
UV-metric method, there was no change in the spectrum. This indicates that the molecule’s UV activity
was not strong enough to enable UV-metric determination. Because of limitations regarding the
sample quantity, measurements could not be repeated with the potentiometric method, even though

in this case it would have been the preferred method.

For all pH metric measurements, the sample dissolution method was utilized, which involves stirring
the assay medium at a pH where the sample is most soluble for a specified period. However, during
the first titration, it was observed that often the results were not evaluable due to turbidity, which
could be attributed to insufficient dissolution of the sample. It was noted that during the second
titration, the sample dissolved, and the results were evaluable. As a minimum of 25% of the sample
curve prior to precipitation is required for determining a pKa,, the first titration could often not be
evaluated, resulting in only two evaluable curves and subsequently no standard deviation was

calculated for these results.
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To address this issue, the titrant pre-dose function could be employed, which dispenses a small
volume of titrant from the top of the vial onto the sample. The extreme pH environment created by
this function may help to dissolve very weak acids (pK, > 11) or very weak bases (pKa < 3). However, it
should be noted that this may cause sample degradation in some cases. Although this method was

not employed in this master thesis, it could be considered as a possibility for future work.

Finally, Losartan showed only one pK, when measured using potentiometry, as the acidic pK, was near
the lower end of the detection range. However, using a cosolvent in combination with UV-metric

measurement resulted in two evaluable titrations.

Overall, the investigation of individual compounds highlighted the importance of selecting the most
appropriate measurement method based on the specific properties of each compound, as well as

adjusting measurement conditions to yield ideal results.

4.1.2 Assessment of the reliability of obtained data

In this study, the accuracy of pK, measurements using the SiriusT3 instrument was evaluated using

three different methods: Fast UV, UV-metric and pH-metric and comparing the obtained results.

Figure 7 is a visual presentation of the mean values of all methods used per compound and the
resulting standard deviation. The minimal standard deviations indicate that the instrument delivered
precise and accurate results. The data showed minimal variation between the different measurement
methods, with the standard deviations under 0.7 for 43 of 46 samples. Two compounds, Bisantrene
and Miconazole, showed a SD over 1 and (+)-FMe-McN-5652 yielded a SD over 2. Regarding
Bisantrene, the variance is likely due to the symmetry of its structure, as all three measurement
methods could only detect one pKa. During the measurement of Miconazole turbidity problems were
encountered when using cosolvent, resulting in bigger variances between the measurements. (+)-
FMe-McN-5652 showed great discrepancies, because the spectrophotometric determination was not

applicable, as discussed earlier.
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Figure 7: Graphical analysis of measurement accuracy. (A) BBB penetrating compounds, (B) BBB non-penetrating
compounds, (C) compounds that interact with efflux transporters. The dots and whiskers represent the mean and SD of all
performed measurements. In case where a compound has multiple pKes, only the most basic pKy is presented in the graph.
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In order to further assess the accuracy of the determined pK, values, a comparison to literature values
was performed. Literature research led to limited results and not all measured compounds had
published data available. For PET radiotracers, experimental data was particularly scarce, and most
publications relied on calculated values. In table 7, the measured pK, represents the mean of all
measurements performed on each compound. Upon comparison of the obtained experimental data
with published values, it was observed that the overall variances were low. However, published data
was obtained using different measurement techniques, such as spectrophotometry, potentiometry
and NMR. Some of the literature values were not directly measured but are instead an estimation of
the ionization constant through means of electrophoresis. This leads to limitations regarding the

applicability of direct comparison.

The compounds that showed significant differences from the experimental data were Celecoxib,
Glimepiride, HCT, Nicardipine, Rhodamine 123 and Triamcinolone. Among these, the data obtained
for Celecoxib, Glimepiride, HCT and Nicardipine was of excellent quality and highly reliable. The
differences observed to literature values could potentially be attributed to differences in
measurement methods. However, Rhodamine 123 and Triamcinolone posed challenges during

measurement and analysis, which explains the greater variances when compared to published data.
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Table 7: Comparison with literature values. Table displays compounds with published experimental pK, values and the
difference to the mean of measured pK, values.

compound literature values  measured pK, difference
Candesartan cilexetil 4.45 (35) 4.28 +0.590 0.17
Celecoxib 11.10(36) 9.51+0.141 1.59
Cetirizine 2.92; 8.27 (37) 2.65+0.337; 8.00 + 0.046 0.27;0.27
Domperidone 11.60(38) 11.19 + 0.245 0.41
Etomidate 4.20(39) 4.22 +0.080 0.02
Etoposide 9.80 (40) 9.77 £ 0.642 0.03
Glimepiride 7.26 (41) 5.75 + 0.687 1.51
HCT 7.00;9.20 (42) 8.81 +0.069; 10.04 + 0.089 1.81;0.84
Linagliptin 8.60 (43) 8.69 + 0.063 0.09
Losartan 4.70(35) 4.50 + 0.340 0.20
McN 5652 8.52 (44) 8.37 £ 0.465 0.15
Miconazole 6.70 (45) 6.35+1.010 0.35
Nadolol 9.77 (46) 9.97 £0.531 0.20
Nicardipine 8.60 (47) 7.56 £ 0.262 1.04
Quinacrine 7.43 (48) 8.07+0.271 0.64
Quinidine 4.00; 8.54 (49) 4.34+0.104; 8.77 £ 0.111 0.34;0.23
Raclopride 8.97 (50) 9.61 £ 0.073 0.64
Ranitidine 8.31(51) 7.52£0.542 0.79
Repaglinide 3.83 (46) 4.55+0.242 0.72
Rhodamine 123 7.20(52) 3.17 £0.015 4.03
Sotalol 8.11; 9.65 (53) 8.33+0.124;9.69 + 0.207 0.22; 0.04
Triamcinolone 6.15 (54) 10.48 £ 0.255 4.33

Overall, the supportive data shows that the accuracy of the measurements is very high, and the

determination of the ionization constant with the SiriusT3 delivers accurate, reliable and reproducible

results. The minimal variation between the different measurement methods indicate that the

instrument delivers consistent results, making it a useful tool in drug discovery. However, it is

important to note that there is no comparison to other measurement methods such as NMR

spectroscopy and literature values were not available for all compounds. These limitations suggest

that further studies may be needed to fully validate the accuracy of the SiriusT3 instrument, especially

for compounds with complex structure, low solubility or weak UV-activity.
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4.2 Assessment of importance of experimental pK, determination

The aim of this study was to evaluate whether calculated pK,s are reliable, or if an experimental
determination is necessary. The pK, value is a significant physicochemical parameter in drug discovery
due to its relevance for the pharmacokinetic properties of drugs. Hence, having precise and reliable
pKa values is of utmost importance. The results obtained clearly demonstrate that there is a
considerable discrepancy between the measured and calculated values, suggesting that if one desires

an accurate value, it is essential to measure it.

To visualize the deviation between the measured and calculated pK, values, a bar chart was created,
which illustrates the deviation of the measured pK, values from the calculated ones (See figure 10).
The chart displays considerable variances between compounds and that 15 out of 46 compounds
exhibit a deviation greater than 1, indicating a significant difference between the measured and

calculated values.
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Deviation between measured and calculated pK, values
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Figure 8: Deviation of the measured pK, from the calculated values for all 46 analysed compounds. The bars represent the
deviation of the pK, values towards the acidic or basic side. In case where a compound has multiple pK,s, only the most basic
pKq is presented in the graph.
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Furthermore, it was observed that occasionally MarvinSketch and Chemicalize predict different pK,
values. The two programs are based on different algorithms and databases, which can result in
variations, particularly for certain functional groups. When analysing the data, it became apparent
that these discrepancies occurred specifically with the carbonyl group of an amide. This observation
involved FESP, GR-89696, PBR 111, PK 11195, Lopinavir, Nelfinavir, Ritonavir and Repaglinide.
MarvinSketch predicted pK, values for the carbonyl group, whereas Chemicalize did not. When
compared to the measurements, the carbonyl group did not lead to a detectable pK,. Exemplarily the
structure of FESP is shown in figure 11. According to the structure of the compound, theoretically the
carbonyl group could protonate but in reality, it would only do so in highly acidic solutions and even
then, it is very unlikely. This explains why only one pK, is detected. Chemicalize considers empirical
data, which can explain the exclusion of the carbonyl group from the prediction, thus prediction with
Chemicalize was more accurate. In an analogous manner, GR-89696 shows differences in the pK,
prediction. In addition to the above explanation, the presence of fumarate can potentially change the

pKa that is determined.
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Figure 9: Structure of FESP and GR-89696 and predicted pK,s from MarvinSketch.

Mostly, the predictions are either the same, or variances are minor. Compounds, where the
calculations highly differ are 2-FE-Beta-CIT, Beta-CIT, Beta-CIT-FP and PEI2. The structural properties
of these compounds are very similar, as they are all derivates of Tropane (See figure 12). In these
instances, when compared to the experimental data, the calculations from MarvinSketch are more

accurate.
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Figure 10: Structures of Beta-CIT, 2-FE-Beta-CIT, Beta-CIT-FP, PE2I (from left to right).

Settimo et al. report a difference in prediction accuracy between acids and bases. (55) To see if this
difference can be observed within this set of compounds, the samples were divided into acids and
bases. Figures 13 and 14 graphically show the deviation in a bar chart. 25% of the acids and 33% of
the bases displayed deviations greater than 1. When considering, that MarvinSketch delivered more
accurate predictions for 2-FE-Beta-CIT, Beta-CIT, Beta-CIT-FP and PE2I, the percentage of deviation for
the set of bases, reduced to 20%. Subsequently, there was no considerable difference in accuracy
between acids and bases. However, this set of compounds consists of drugs and diagnostic agents,

consequently all the substances are weak bases or weak acids, which can possibly affect these findings.

It is important to note, that pK, prediction is a complex task and different methods may be more
accurate for certain types of compounds or functional groups. The findings of this study provide
valuable information regarding the necessity of comparison of multiple methods and experimental
data. Measuring pK, values instead of solely relying on calculated values is inevitable and could help
in better drug design and optimization by providing more accurate parameters for pharmacokinetic
studies. In conclusion, the study suggests that calculated pK, values should be taken with caution and

that the measurement of pKj, values is a crucial step in drug discovery.
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Figure 11: Deviation of predicted pK, values from experimental data for (A) a set of acids and (B) a set of bases.

4.3 Review CNS MPO score

Generally, a compound with a CNS MPO score of 3 or higher is considered to have the potential for
CNS activity. However, it is important to note that the CNS MPO score is just one of many factors that
are considered when assessing a compound’s potential for CNS activity. Data accumulated within this

master thesis suggest that the CNS MPO score should not be used in isolation and should be

considered alongside other factors.

During this project a total of 20 compounds that were known to be BBB penetrating were analysed

and their CNS MPO score was determined (See table 8).

44

Ritonavir



Table 8: CNS MPO score for CNS active compounds and their respective experimental pK, value (mean of all performed
measurements of each compound). In case a compound has more than one pK,, only the most basic is presented in the table.

Compound pKi CNS MPO score
2-FE-Beta CIT 9.44 +0.199 4.06
Altanserin 8.75+0.298 4.46
Beta-CIT 9.27 £ 0.543 4.35
Beta-CIT FP 9.36 +0.158 3.76
DMFEAN 2.3040.203 4.73
Etomidate 4.22 +0.080 5.75
FESP 8.41+0.141 4.68
FLB 457 9.02 +0.038 5.13
(+)-FMe-McN 5652 6.92 + 2.095 3.30
FNMB 8.37 +0.100 5.37
GR-89696 fumarate 8.21 + 0.400 5.29
McN 5652 8.40 + 0.465 3.23
Metomidate 4.16 + 0.064 5.93
N-Methylnaltrindole 991 +0.117 4.47
PBR111 4.96 +0.158 4.68
PE2I 8.82 +0.381 3.49
(+)-PHNO HCl 10.05 + 0.439 5.04
PK11195 1.66 +0.461 3.66
Raclopride 9.61 +£0.073 4.97
(-)-SCH23390 HCI 9.35+0.586 3.66

The results showed that all the BBB penetrating compounds yielded scores above the threshold of 3,
suggesting that the CNS MPO score may be a useful tool for predicting the potential for CNS activity.
However, caution should be taken when using the CNS MPO score as a sole predictor of CNS activity,
as it was observed that 8 out of 12 analysed compounds that were known to be BBB non-penetrating
had scores over 3 as well (See table 9). This observation suggests that a high CNS MPO score is not
always a reliable predictor of CNS activity and BBB penetration, and additional testing and analysis is
required to fully evaluate a compound’s pharmacological properties. Despite this, it is important to

note that compounds with scores lower than 3 are unlikely to be successful candidates for CNS drugs.
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Table 9: CNS MPO score for CNS inactive compounds and their respective experimental pK, value (mean of all performed
measurements of each compound).

Compound pK, CNS MPO score
Candesartan cilexetil 4,28 +0.590 1.75
Celecoxib 9.51+0.141 3.84
Cetirizine 8.00 £ 0.046 5.54
Domperidone 11.19+£0.245 4.92
FMISO 11.98 £+ 0.261 5.75
HCT 10.04 + 0.089 4.05
Linagliptin 8.69 £ 0.063 2.98
Miconazole 6.35+1.010 2.95
Nadolol 9.97 £0.531 4.32
Parecoxib 4.62 £0.109 5.11
Repaglinide 5.98 +0.242 4.65
Sotalol 9.69 + 0.207 4.43

The CNS MPO score defines pK, values over 10 as less desirable. Of the 20 BBB penetrating compounds
that were analysed, (+)-PHNO HCl has a pKa over 10. In this study, the salt of (+)-PHNO was measured,
which possibly alters the detected pK,. The CNS MPO score considers six parameters and is therefore
more holistic than traditional approaches that rely on strict cut-offs for individual physicochemical
parameters. As a result, compounds that have a pK; over 10, and would fall through in early drug
discovery using traditional cut-offs. The CNS MPO score can be used to identify a potential for CNS
activity. This highlights the benefits of adopting a more comprehensive approach in drug discovery to

identify CNS activity.

Some of these pK, values suggest that the compounds may be charged at physiological pH of 7.4. This
would prevent passive diffusion across the BBB or at least decrease bioavailability. For example,
DMFEAN is a very weak base with a pK, of 2.3, which suggests that it will be fully protonated at
physiological pH and will have a positive charge. There is currently no information whether it is
transported actively across the BBB. Luurtsema et al. report the uptake of metabolites of DMFEAN.
(56) Given the charge at physiological pH, passive diffusion is unlikely, and a transporter-mediated
mechanism is possibly involved. Similarly, PK11195 has a pK, of 1.6, which also indicates that it will be
fully protonated and positively charged at pH 7.4. PK11195 is known to use the peripheral
benzodiazepine receptor (PBR) as a transporter to cross the BBB. (57) Etomidate and Metomidate can
penetrate the BBB, despite their pK, values of 4. These compounds are both small, lipophilic and have
a low molecular weight. At physiological pH they will be partially ionized, but the neutral fraction can

penetrate the BBB. (58)Similarly, PBR 111 has a relatively low molecular weight and is lipophilic, which
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means it can partially cross the BBB by passive diffusion, despite a pK, of 4.96. However, it is known

as a PBR ligand, resulting in active transport. (59)

Another actively transported compound is (+)-FMeMcN5652, a selective ligand for the serotonin
transporter (SERT), which is expressed on the endothelial cells of the BBB. (60)Beta-CIT-FP, 2-FE-Beta-
CIT and PE2I, all derivatives of beta-CIT, have been shown to bind to the dopamine transporter (DAT)
with high affinity and they are commonly used as radioligands for in vivo imaging of the DAT in the

brain. (61-63)

On the other hand there are CNS inactive drugs that actually display favourable pK, values for passive
diffusion across the BBB. For example Domperidone is known as a dopamine antagonist to treat
gastrointestinal disorders. Interestingly it is structurally similar to other dopamine antagonists like
metoclopramide, which is able to cross the BBB, yet Domperidone is not CNS active. A possible
explanation could be that Domperidone has a low affinity to dopamine receptors in the CNS, which
would classify it as CNS inactive. Even if this substance is able to partially cross the BBB, it may not do
so at sufficient levels to produce pharmacological effects. (64)The ionization state may theoretically
allow it to penetrate the BBB, but other factors limit the ability to produce CNS effects. Similarly,
Nadolol and Sotalol, both beta blockers that act on the cardiovascular system, have the potential to
penetrate the BBB and be CNS active according to their pK, and CNS MPO score. But in fact, both are
highly bound to plasma proteins, which greatly limits their ability to diffuse into brain tissue.
Furthermore, they are compounds with low lipophilicity and even though beta-adrenergic receptors

are present in the CNS, the affinity for these receptors is low. (65,66)

In conclusion the CNS MPO score can be a useful tool in screening for compounds that have the
potential for CNS activity. However, it should not be used in isolation and should rather be considered
alongside other factors such as in vitro and in vivo testing, pharmacokinetics and safety profiles when

assessing a compound’s potential for CNS activity.
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5 Conclusion

In conclusion, the evaluation of a fully automated system for pK, determination was performed by
measuring 46 compounds using both spectrophotometric and potentiometric methods. The results
demonstrate that the fully automated SiriusT3 instrument generates accurate and reliable data,
making it a convenient tool for the determination of physicochemical parameters such as the
ionization constant. The instrument allows for rapid measurement of pK, values in just 6 minutes with

minimal sample quantities and preparation.

Additionally, during this master thesis a SOP was developed to provide a comprehensive manual for

the determination of the ionization constant using the SiriusT3 instrument and software.

This study highlights the importance of accurate determination of physicochemical parameters,
especially the ionization constant, in the drug discovery and development process. The results suggest
that implementing the CNS MPO score is a reasonable approach to screen for CNS activity potential,

however it solely considers passive diffusion.

Furthermore, the literature search for published experimental data on the pK, values of the 46
measured compounds was largely unsuccessful, with data available for only a few of the compounds.
Despite the inclusion of various physicochemical parameters on sites such as PubChem, it is worth
noting that pK, values are often not displayed for compounds on these platforms. Therefore, this data
may be of interest for publication, providing a library of pK, values and supporting the work of

scientists and researchers in the field.
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Measurement of the ionisation constant with SiriusT3

1. APPLICATION AREA

This SOP is valid at the Department of Pharmaceutical Sciences at the Division of
Pharmaceutical Chemistry of the University of Vienna. The SOP describes the process of

measuring pKa values with the SiriusT3 instrument.

2. RELATED DOCUMENTS

N.D.

3. RESPONSIBILITIES

N.D.

4. ABBREVIATIONS

ISA ionic strength adjuster

KCI potassium chloride

KHP potassium hydrogen phthalate
KOH potassium hydroxide

HCI hydrochloric acid

MeOH methanol

N.D. not defined

psKa pKa in cosolvent mixture

SD standard deviation

SOP standard operating procedure
uv ultraviolet

70



5. REQUIRED MATERIAL

— SiriusT3 instrument including Dispenser module, Titrator module and Autoloader
module.

— SiriusT3Control and SiriusT3Refine software

— Potassium chloride (CAS: 7447-40-7, Sigma Aldrich)

— Potassium hydroxide ampoule (Tritisol®, CAS: 1310-58-3, Sigma Aldrich)

— Potassium hydrogen phthalate (299.95%, CAS: 877-24-7, Sigma Aldrich)

— Methanol (299.9%, CAS: 67-56-1, Sigma Aldrich)

— Anhydrous di-potassium hydrogen orthophosphate (CAS: 7785-11-4, Sigma Aldrich)

— Hydrochloric acid (237%, CAS: 7647-01-0, Sigma Aldrich)

— Fast UV buffer (Pion Inc. T1404007)

— pH 7.00 buffer solution (Certipur®, Sigma Aldrich)

— Triton® X-100 (CAS: 9036-19-5, Sigma Aldrich)

— 2-propanol (299.8%, CAS: 67-63-0, Sigma Aldrich)

—  Purified water

6. PROCEDURE

Preparatory steps:

e Preparing the reagents for the measurements:
o 1L of lonic-Strength Adjusted Water (0.15 M KCI):
= Label a 1 L volumetric flask with “ISA water 0.15 M KCI” and date.
= Weigh out 11.18 g £ 0.1 g KCI.
= Transfer the weighed KCI to a volumetric flask.
= Make up to the 1 L mark with purified water, seal and invert flask
several times until solution is fully mixed.
= Transfer the contents of the volumetric flask to the respective plastic
reagent bottle.
o 1L ofBase (0.5 M KOH):
» Label a 1 L volumetric flask with “Base 0.5 M KOH” and date.
» Place a KOH ampoule into the volumetric flask and firmly pierce the
seals, following the instructions supplied.
= Rinse ampoule three times with purified water.

= Make up to the 1 L mark with purified water.

71



= Transfer the contents of the volumetric flask to the respective plastic
reagent bottle.
= When changing the KOH on the instrument, the KHP standardization
procedure must be carried out.
o 1L of lonic-Strength Adjusted Methanol (80% methanol, 20% ISA water):
= Label a 1 L volumetric flask with “80% Methanol + 20% ISA water”
and date.
= Add 200 mL of purified water to the flask.
= Make up almost to the mark with methanol and shake well to mix.
= Methanol will degas when mixed with water, so leave to settle and
come to room temperature before accurately making up to the 1 L
mark with methanol.
= Transfer the contents of the volumetric flask to the respective plastic
reagent bottle.
o Phosphate Buffer for UV-metric pKa Analysis:
= Label a suitable size bottle with “Phosphate Buffer’ and date.
= Weigh out 0.50 g £ 0.02 g of di-potassium hydrogen orthophosphate.
= Transfer the weighed phosphate to a 200 mL measuring cylinder.
= Make up the volume to 200 mL with ISA water.
o 1L of Acid titrant (0.5 M HCI):
= Label a 1 L volumetric flask with “Acid titrant 0.5 M HCI” and date.
= Add 49 mL HCI to the volumetric flask.
= Make up to the 1 L mark with purified water.
= Transfer the contents of the volumetric flask to the respective plastic
reagent bottle.
¢ Fill the neutral linear buffer (Fast UV buffer) in the respective plastic reagent bottle.

o REefill the flowing wash water container and empty the flowing wash waste container.
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Routine Maintenance Procedure:

e Daily Tasks:
o Flush the syringes.

= Click Flush in the Dispenser view.

= In the pop-up window select the dispensers and the corresponding
volume to be flushed.

= Click OK.

= This is performed automatically every morning at 08:00 if there is
power to the instrument.

o Refresh all solutions on the Sample Stage.

g8

Drain

Buffer
position 4

Buffer
position 3

Reference
position

Titration
position

@

Flowing wash

Storage
solution

7|7
pH 7 wash  EpH 7 buffer
pH7 pH7

u

Solvent wash

\:j

Surfactant
wash

= Select component highlighted in yellow.

= Click Refresh and enter the current date in the pop-up window.

= Refill the vial with correct solution.

= When refilling the storage solution with purified water double click
Waiting for user to refresh once the vial is refilled with fresh water.

= Repeat until all components highlighted in yellow have been
refreshed.

o Calibrate the spectrometer.

= Go to the Spectrometer view, click Lamp On and wait 15 minutes until
the lamp is warmed up and stabilised.

= After the lamp settle time is over, click Calibrate and select Flowing
wash as Location in the pop-up window.

= Check that the spectrometer integration time is set appropriately, and
the max peak intensity falls within the green band on the graph

(spectrum will change from red to green at an acceptable intensity).
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o Refill pH electrode.
= Go to the pH electrode view and click Refill.
= Refill the pH electrode with KCI filling solution.
= Finish by clicking OK.
o Calibrate the system
= Place three clean vials in the first three positions on the tray.
= Double click the corresponding position in the autoloader scheduler to
create a new assay.

= Select Utility as the Category and Clean Up as the Type.

Categary: |Uti|ity "l Type: |C|Ean Up v
= Select the titration direction (first assay high to low, second low to
high)

= For the blank assay double-click a position in the autoloader scheduler

and select Category: Calibration; Type: Blank
e Monthly Tasks:
o Refresh titrants.
= Click Refresh in the Dispenser view.
= Enter the volume and date.
= Click OK.
= Click Yes when screen display asks if help is required.
= Remove the titrant bottle and refresh with new titrant.
o KHP - Base Titrant Standardisation:
= Accurately weigh 15 mg of KHP into a SiriusT3 assay vial.
= Double-click a position in the autoloader scheduler to create a new
assay.
= Place a clean vial in the position.
= Click the Category drop-down arrow and select Calibration.
= Click the Type drop-down arrow and select KHP.
= The base concentration factor is automatically refined and if the value
is within the acceptable limits, it is automatically used for all
subsequent assays. If the values are outside the acceptable limits, the

assay is automatically rejected as an import default.
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Setting up and designing assays using SiriusT3Control:

e Fast UV pK./psK, assay:

o Sample preparation:
= Dispense 5 uL of a 10 mM sample solution (solvent: DMSO) into the
sample vial.
o Calibrate Fast UV buffer:
= Choose a position on the autoloader deck and double click the
corresponding position on the scheduler.
= Select Calibration and Fast UV Buffer Calibration from the drop-
down menu.
= |f a psKa assay is performed select Fast UV Buffer Calibration
MeOH from the Type drop-down menus.
= Place the calibration vial in the position on the Autoloader tray that
represents the position selected on the scheduler.

o Design Sample Assay:

= Choose a position on the autoloader deck and double click the
corresponding position on the scheduler.

= Select pKa and Fast UV pK, from the drop-down menus.

= |f a psK, assay is performed select Fast UV psK, from the Type drop-

down menu.

= Enter the sample model by clicking (New Sample Wizard) and
enter the sample details into the dialog box according to the directions

in the following images:
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= Set the titration direction ensuring that the assay begins at a pH where
the sample is most soluble. (Bases: low to high; Acids: high to low;
Ampholytes: whichever starting pH is furthest from a pKa, e.g. set
titration from high to low for a compound with pK, at 3 and 8)

= Place sample vial in the position on the Autoloader tray that
represents the position selected on the scheduler.

= Run the Fast UV pKJ/psKa assay by selecting Schedule tray to Run,
followed by Start Running Assay in the instrument menu.

UV-metric pKa./psKa, assay:

o Sample preparation:
= Dispense 5 uL of a 10 mM sample solution (solvent: DMSO) into the
sample vial.
= Pipette 5 yL DMSO into the blank vial.
= Add 25 pL of phosphate buffer to both vials.

o Design Sample Assay:

= Choose a position on the autoloader deck and double click the
corresponding position on the scheduler.

= Select pKa and UV-metric pKa from the drop-down menus.

= |f a psK; assay is performed select UV-metric psK, from the Type

drop-down menu.

= Enter the sample model by clicking (New Sample Wizard) and
enter the sample details into the dialog box.

= Set the titration direction (low to high for bases, high to low for acids).

= Place two vials in adjacent positions on the Autoloader tray that
represents the position selected on the scheduler. A blank
measurement is performed prior to every sample measurement.

» Run the UV-metric pKa/psKa assay by selecting Schedule tray to

Run, followed by Start Running Assay in the instrument menu.
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e pH-metric pK./psKa, assay:

o Sample preparation:
= Weigh in 0.5 to 1.0 mg of sample into a clean vial and take note of the
exact weight.

o Design Sample Assay:

1 2 3 4 5 6
Ale|zfe]z] |
| | | [ I |
= Choose a position on the autoloader deck and double click the

corresponding position on the scheduler.
= Select pKa and pH-metric pK, from the drop-down menus.
= |f a psKa assay is performed select pH-metric psKa. from the Type

drop-down menu.

= Enter the sample model by clicking (New Sample Wizard) and
enter the sample details into the dialog box. Make sure to correctly
add the exact weight, molecular weight and predicted pK, values of
the sample.

= Set the titration direction (low to high for bases, high to low for acids).

= After each pH-metric pK, assay create a Clean Up assay.

= Place sample vial in the position on the Autoloader tray that
represents the position selected on the scheduler, followed by an
empty clean-up vial.

= Check if the sample has an appropriate concentration (check the
buffer capacity plot in the What If section). The buffering of the sample
(coloured lines) must exceed the buffering of water (black line) over a

small pH interval.
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= |f the buffering of the sample is below the buffer capacity line, the
sample concentration must be increased.
= Run the pH-metric pK./psKa assay by selecting Schedule tray to

Run, followed by Start Running Assay in the instrument menu.
Data Refinement using SiriusT3Refine

e pH-metric pK./psK, refinement:

o Open pH-metric pKa/psKa dataset in the SiriusT3Refine software. A multi-

titration pH-metric tab displays:

Titration Level panel Refinement controls Refinement tree Graph display

(@ M ETND TeANR

.......

o Single titration refinement:
= Select the first of the three single titrations in the titration level panel.

= Parameters with a ‘diamond’ symbol are allowed to vary during

refinement.

Four Plus

& Apcha 0.092

as 05977

- H 06

& OH 0.2
Sample

T Sampie concentration facter 0,343
Sample pKas

T Acdpka 856

T Catonste 06916 mM

T Ackdty emor 0.1334EmM

= Right click the sample concentration factor in the refinement panel and

select Restore Default.
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= Repeat for sample pKa(s), carbonate and acidity error parameters.

= Clip out noise data at extreme pHs.

= Hold Ctrl, left click and drag the cursor on the graph to generate a
second set of clipping bars.

= Use the second set of clipping bars to clip out data that is (a) part of

an ionisation curve and (b) in-line with the theoretical ionisation curve.
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= Lock all parameters except the sample concentration factor and
v

= |f only one plateau is found, refine on the acidity error only.

acidity error and click Refine.

= Remove the second set of clipping bars by dragging one bar on top of
the other.
= Using the remaining clipping bars, clip out noisy data at extreme pHs,

but ensure that data at pH 6 and 10 is included.
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= Lock all parameters except for sample pK, and carbonate

concentration and click Refine.
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= Unlock all parameters and click Refine.
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= |f the curve is not ideally fitted to the theoretical ionisation profile
restore the sample pKs and carbonate concentration parameters to
default, adjust the clipping bars to exclude noisy data and click Refine.
= Repeat these steps for the remaining two single-titrations.

o Multi Titration Refinement:
= After all individual titrations have been processed the final results may

be calculated in the multi-titration pH-metric tab.

@

= Click Auto Refinement

= Click G to determine the standard error for the result.

= if a psKa measurement with cosolvent was performed, the data from
each titration is automatically plotted against the cosolvent ratio and a
multi-titration refinement is not necessary.
o If R? value is below 0.9 consider repeating the assay.

Fast UV and UV-metric pKa/psK4 refinement:

o Open UV-metric pK, file to display the UV pKj tab.

Titration Mean results Single results Graph
Level panel panel panel display
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o Single Titration Refinement:

= From the pH vs. absorbance graph exclude any noisy data at extreme
pH.

Spectral Data by pH

pH (Concentration scale)

= Exclude non-absorbed wavelengths from the wavelength vs.
Absorbance graph.

Spectral Data by Wavelength
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| :
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001 i 0
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Wavelength (nm)

= Process all individual titrations. The averaged result displays

automatically on the Mean UV pKss tab.
Instrument Shut Down to store SiriusT3 when not in use:

¢ Fill all reagent bottles with purified water.
e Perform a flush of the Dispenser Module with the purified water.

o Setthe volumes to 10 mL for 2.5 mL plungers and 3 mL for 0.5 mL plungers.
e Empty all reagent bottles.
e Perform a flush of the Dispenser Module with just air to clear the capillaries.

o Setthe volumes to 10 mL for 2.5 mL plungers and 3 mL for 0.5 mL plungers.
¢ Remove the electrode and place in a storage solution.
e Turn off the argon supply.

e Turn off and unplug the instrument.
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e When restarting the system after prolonged storage, ensure fresh reagents are
prepared prior to use.

7. REFERENCES

Pion Inc. SiriusT3 instruction manual (Rev. August 2019).
Pion Inc. Extended Instrument Shut Down for Pion SiriusT3 Storage Guidelines (2023).
Retrieved from: SiriusT3 | Pion (pion-inc.com)

8. REVISION
Date Version | Description of revision
24.02.2023 01 Creation and release
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