ATATURK
UNIVERSITESL
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Durisehvar Ozer UNAL'
Safiye Nihal AYDOGDU?

Ystanbul University, Faculty of Pharmacy,
Department of Analytical Chemistry, Istanbul,
Turkey

7Drug Research and Application Center,
Istanbul, Turkey

Received 25.01.2024
Accepted 14.03.2024
Publication Date 23.04.2024

Corresponding author:

Safiye Nihal AYDOGDU

E-mail: safiye.nhl@gmail.com

Cite this article: Unal DU, Aydogdu SN.
Elucidating lonization Behavior:

Potentiometric  Titration for Precise
Determination of pKa Values in
Medicinal Chemistry. Pharmata.

2024;4(2):46-50.

[oXolen

Content of this journal is licensed under a Creative
Commons Attribution-Noncommercial 4.0
International License.

Elucidating lonization Behavior: Potentiometric
Titration for Precise Determination of pKa
Values in Medicinal Chemistry

ABSTRACT

Objective: The determination of pKa values holds paramount importance in the field of
medicinal chemistry, serving as a critical parameter for understanding the ionization
behavior of pharmaceutical compounds. This study employs potentiometric titration as a
precise method to elucidate the pKa values of diverse molecules. The experimental
methodology involved a carefully controlled titration setup, utilizing a pH meter to monitor
the titration curve and identify inflection points corresponding to the dissociation of acidic
or basic functional groups.

Methods: Potentiometric titration was conducted using a standardized protocol. Each
compound was titrated with a titrant solution of known concentration, and pH
measurements were recorded throughout the titration process. The titration curves were
analyzed to determine the pKa values of the compounds based on the points of inflection.
Results: The potentiometric titration method successfully provided accurate and
reproducible pKa values for the studied compounds. The pKa values for the active
ingredients Diclofenac, Clavunate potassium, and Levetiracetam are 3.31, 3.53, and 11.3,
respectively. Compounds with pKa values below 7 are unlikely to be significantly
protonated at physiological pH, which is approximately 7.4.

Conclusion: The study underscores the critical role of pKa values in guiding medicinal
chemistry efforts. The potentiometric titration method proved to be an effective tool for
determining these constants, contributing essential data for rational drug design. The
correlation between pKa values and pharmacokinetic properties emphasizes the relevance
of this approach in optimizing drug candidates for enhanced therapeutic outcomes.
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INTRODUCTION

The acid-base property of a drug molecule is a key parameter in drug development because
it governs solubility, absorption, distribution, metabolism and elimination. Particularly for
the development of new Active Pharmaceutical Ingredients (APls), pKa has become of great
importance because the transport of drugs into cells and other membranes is a function of
the physicochemical properties and the pKa of drugs.' Determination of pKa values by
potentiometric titration is a fundamental technique in analytical chemistry and is essential
for understanding the ionization behavior of acids and bases in various chemical systems.
The pKa of a drug is an important physicochemical property to consider in the drug
discovery process, given its importance in determining the ionization state of a molecule at
physiological pH. Adjusting the basic structure of an amine and the population of its ionized
form in water can affect: On-target and off-target effects, lipophilicity, permeability CYPs
(Cytochrome P450 enzymes) and other enzymes Possibility of salt formation and protein
binding, among other properties. The precise determination of pKa values is fundamental
to understanding the acid-base properties of chemical compounds, offering insights critical
for a range of scientific disciplines. This academic investigation focuses on elucidating pKa
values through the application of potentiometric titrations, specifically within the context
of methanol-water mixtures.!
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Recognizing the fundamental role of pKa values in
influencing solubility, stability, and pharmacological
activity, the authors highlight the importance of selecting
appropriate methodologies for precise determination.
Their study emphasizes the efficacy of the chosen
method in providing accurate and reliable pKa values,
with methodological considerations being crucial for
ensuring reliability and applicability. Beyond the
laboratory, the research acknowledges the broader
implications of accurate pKa determination in drug
development and formulation optimization. The
knowledge gained has the potential to influence various
stages of pharmaceutical research, aiding in predicting
the behavior of APIs in biological systems.’

The choice of methanol-water solvent system s
motivated by the diverse solvent characteristics of
methanol and its significance in various chemical
processes. Methanol-water mixtures, due to their
variable polarities and interactive properties, provide a
nuanced environment for studying pKa values. The
ionization behavior of functional groups within molecules
in such mixtures holds paramount importance, especially
in fields where solvent composition profoundly influences
chemical reactions and biological processes.**

Conducting semiaqueous titration in a methanol system
is strongly recommended whenever possible due to its
extensively studied influence on pKa.ln numerous cases,
the determination of pKa values involves extrapolating
p~K (apparent pKa) values corresponding to zero
methanol concentration. Plots depicting psK against the
weight percentage of organic solvent seldom result in a
linear relationship, making this method inappropriate for
extrapolations to zero methanol concentration.>®

The central methodology employed in this study is
potentiometric titration, a well-established analytical
technique. Through systematic measurement of electrical
potential during the controlled addition of a titrant—
typically a strong base or acid—potentiometric titrations
enable the accurate determination of pKa values. This
approach serves as a robust tool for exploring the
ionization equilibria of compounds, contributing valuable
insights into their behavior within methanol-water
mixtures.””

In this study, three drug molecules were selected and
studied and their pKa values were determined
potentiometrically.  The  potentiometric titration
experiments were conducted to determine the acid
dissociation  constants (pKa values) of three

pharmaceutical compounds: Levetiracetam, Potassium
Clavulanate, and Potassium Diclofenac (Figure 1). The
titration curves obtained were analyzed to identify the
inflection points corresponding to the dissociation of
acidic functional groups in each compound.
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Figure 1: Molecular structure of Levetiracetam, Potassium Clavulanate,
and Potassium Diclofenac

METHODS

In the potentiometric determination of pKa values, a
gradual addition of either acidic or basic solution to an
API-containing buffer solution occurs. Weak acids receive
acidic solution, while weak bases require a basic solution.
pH measurements with a calibrated pH meter are
recorded at each incremental addition until equilibrium is
reached, marked by a relatively constant pH, signifying
the pKa region.

This systematic process helps researchers pinpoint the
inflection point on the titration curve, yielding precise
pKa values crucial for understanding APl behavior in
pharmaceutical applications.

Materials

The following compounds were generously supplied by
the manufacturers: Potassium Diclofenac by Aarti Drugs
(India), Levetiracetam by Deva (Turkey), Potassium
Clavulanate by Shandong (China). Of the chemicals used
for pKa determination, methanol was of HPLC grade from
Merck (Darmstad, Germany). Solutions and solvent
mixtures were made up of distilled water. Potassium
chloride, hydrochloric acid, Sodium hydroxide were from
Merck ( Darmstad, Germany).

Instrument

The instruments used for the study are pH meter (Mettler
Toledo, Greifensee, Switzerland)

Methods
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Calibration of Potentiometer:

The potentiometer was calibrated using standard
aqueous buffers with pH values of 4, 7, and 10. Accurate
calibration was achieved for precise pH measurements
during titration.

Preparation of Drug Solutions:

Dissolve the required quantity of the active
pharmaceutical ingredient (APl) in the respective
surfactant. Dilute the solution to achieve a concentration
of at least 10-4 M, ensuring optimum sensitivity in
detecting changes in the titration curve.?

Preparation of Titrating Solutions:

Prepare 0.1 M sodium hydroxide solution and 0.1 M
hydrochloric acid for titration purposes. Maintain a
constant ionic strength in the solution by using 0.15 M
potassium chloride solution.

Maintaining lonic Strength:
Throughout the titration, maintain the ionic strength of
the solution by using 0.15 M potassium chloride solution.

Purging with Nitrogen:

Prior to titration, purge the drug solutions with nitrogen
to displace dissolved gases, ensuring a controlled and
inert environment during the titration process.

Titration Process:

Place the drug solution in a reaction vessel on a magnetic
stirrer. Immerse the pH electrode into the solution.
Titrate the solution with 0.1 M sodium hydroxide or
hydrochloric acid. Continuously monitor pH changes and
record readings at regular intervals.

1)1mM sample solutions were prepared.

2) For titration, 0.1 M HCI, 0.1 M NaOH and 0.15 KCl
solution was prepared.

3) 20 ml 1mM sample solution was made acidic with 0.1
M HCI pH 1.8-2.0 and titration was carried out by adding
0.1 M NaOH until the pH reached 12-12.5 and stabilized.

Maintaining lonic Strength:
Throughout the titration, maintain the ionic strength of
the solution by using 0.15 M potassium chloride solution.

Replicate Titrations:

Perform a minimum of three titrations for each molecule
to ensure reliability. Occasionally, conduct five or more
separate titrations for robust data. Calculate the average
pKa values and standard deviations from the multiple
titrations to account for variability.

pH Readings and Signal Drift:

Record pH readings when the signal drift is consistently
less than 0.01 pH units per minute. This ensures accurate
and stable pH measurements during titration.

Data Analysis:

Analyze the resulting titration curves for inflection points
corresponding to the dissociation of acidic or basic
functional groups. Calculate pKa values based on the
identified inflection points.

RESULTS

The potentiometric titration of Levetiracetam revealed an
inflection point indicative of an acid dissociation constant
(pKa) of approximately 11.3. This value provides insights
into the ionization behavior of levetiracetam under the
experimental conditions (Figure 2).

Volume  pHiLevetiracetam)

o
100

A 200
300

400

500

600

700

800

900

1000

Volume  ph/vol(First Derivate}

100
B 200
300

400

500

600

700

800

900

1000

1,87 %
193 i
200 %
216 2

24 o
2,86 ©
13

1,97 3

1224 .2

12,39
12,51

0,0006 .,
00009 .

0,0014

00024 7

00046 O
00848 oo
00067
00027

0,0015
0,0012

Figure 2: Levetiracetam titration curve (A) and first derivative curve ( B)

The potentiometric titration of potassium clavulanate
exhibited an inflection point corresponding to an acid
dissociation constant (pKa) of approximately 3.52. The
determination of the pKa value contributes to the
understanding of the ionization characteristics of
Potassium Clavulanate (Figure 3).
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Figure 3: Potassium clavulanate titration curve (A) and first derivative
curve (B)
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The potentiometric titration of potassium diclofenac
demonstrated an inflection point representative of an
acid dissociation constant (pKa) of approximately 3.31.
The obtained pKa value aids in elucidating the ionization
behavior of potassium diclofenac in the investigated
solvent system (Figure 4).
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These results provide valuable information about the
acidity profiles of the studied pharmaceutical
compounds, which is essential for predicting their
behavior under various physiological conditions. The
distinct pKa values highlight differences in the acidic
dissociation tendencies of levetiracetam, potassium
clavulanate, and potassium diclofenac.

DISCUSSION

The obtained pKa values through potentiometric titration
provide critical insights into the acid-base behavior of the
pharmaceutical compounds—Ilevetiracetam, potassium
clavulanate, and potassium diclofenac. The discussion will
explore the implications of these pKa values in the
context of pharmaceutical applications, ionization
tendencies, and potential correlations with physiological
behavior, drawing on relevant literature for context.

Significance of pKa in Pharmaceutical Applications:

The observed pKa values hold significance in the context
of drug absorption and bioavailability. The higher pKa of
levetiracetam (11.3) may influence its solubility and
absorption characteristics. This aligns with studies
emphasizing the importance of pKa in drug development.

A drug's pKa profoundly influences its solubility and
absorption. Proximity to physiological pH determines
ionization states, impacting water solubility. The ionized
form, often more water-soluble, aids absorption. In
absorption, weak acids favor the stomach (lower
pH),while weak bases excel in the small intestine (higher
pH). pKa understanding predicts varied absorption
behaviors.” ™!

lonization Characteristics and Drug Stability:

The lower pKa values of potassium clavulanate (3.52) and
potassium diclofenac (3.31) suggest a greater tendency
for ionization. The pKa of a drug influences its ionization
characteristics, affecting solubility and absorption in
biological systems. This parameter is also pivotal in
determining drug stability, guiding formulation choices to
enhance the drug's shelf life and efficacy throughout
various stages of drug development.’**3

Correlation with Physiological Behavior:

Understanding the compounds' pKa values allows
speculation on their behavior in biological systems. The
ionization tendencies, particularly for potassium
clavulanate and potassium diclofenac, may influence
factors like membrane permeability and tissue
distribution. pKa governs a drug's ionization in
physiological environments, influencing its behavior in
the body. This correlation is crucial for predicting drug
absorption, distribution, and overall pharmacokinetic
performance.”

Comparisons between Compounds:

The comparison of pKa values among the compounds
underscores their distinct acid dissociation tendencies.
Such comparative insights are crucial for optimizing drug
formulations and predicting potential drug-drug
interactions. The pKa of a drug significantly impacts its
optimization in formulations and prediction of drug-drug
interactions. Understanding pKa aids in selecting
appropriate formulations to enhance drug solubility,
absorption, and stability. Additionally, knowledge of pKa
values is crucial for predicting potential interactions
when multiple drugs are administered simultaneously,

guiding safer and more effective therapeutic regimens.'*
16

Limitations and Future Directions:

Acknowledging the limitations of the study, further
investigations could explore the impact of different
solvents or environmental factors on pKa values. This
consideration is essential for a comprehensive
understanding of the compounds acid-base behavior.
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Conlusion

In pharmaceutical research and development,
understanding the properties of active pharmaceutical
ingredients (APIs) is vital for creating safe and effective
drugs. Among these properties, determining the pKa
value is crucial, as it reflects a compound's acidity or
basicity, impacting its solubility, stability, and
bioavailability. Potentiometry using pH meters has
revolutionized pKa determination, offering precise
insights with broad applications in drug development and
the potential to improve patient care.

Potentiometric determination of pKa values in active
pharmaceutical ingredients is essential for modern drug
development, enabling precise formulation design to
improve solubility, stability, and bioavailability, and it
continues to be a forefront tool in pharmaceutical
innovation for enhancing therapeutic outcomes and
patient well-being.

In conclusion, the pKa values determined through
potentiometric titration offer valuable insights into the
acid-base properties of the studied pharmaceutical
compounds. These findings, when contextualized with
existing literature, contribute to foundational knowledge
for drug design, formulation, and understanding
physiological interactions. Continued research in this field
holds promise for advancing drug development strategies
and refining pharmaceutical formulations.
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