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Abstract

Quality assurance of drug assaying is an important aspect in clinical testing. Accuracy is important to
ensure correct bio-analytical results by constructing calibration curves that took blood matrix
interferences into consideration. | have adhered to the United States of America Food and Drug
Administration (FDA) call for improved accuracy in bio-equivalence, bio-availability and
administering of narrow therapeutic indexed drugs. Significant different plasma levels were observed
in clinical trials for the occasional hyperproteinemia (an increase in protein concentration in the
bloodstream) and hypoproteinemia (lower-than normal levels of protein in the blood) patients this
includes disease-related hyperalbuminemia (an increased concentration of albumin in the blood) and
hypoalbuminemia (a deficit of albumin in the blood) patients. This research supported a modeled
approach for accuracy improvements by including the patients’ plasma protein levels using a
combined calibration curve (protein evaluation calibrations curves — PROTECC-PK™). Levels of
albumin were classified as marked hypoalbuminemia (<2.5 g/dL), mild hypoalbuminemia (2.5-3.5
g/dL), normal albumin (3.5-4.5 g/dL), and hyperalbuminemia (>4.5 g/dL). This research was
specifically important for drugs with a narrow therapeutic index. The rifampicin method was
developed, validated and the concentration calibration curve of rifampicin with and without plasma
was assessed. The limit of detection for rifampicin with and without plasma was 0.189 ug/ml £ 0.082
and 0.080 pg/ml = 0.053 pg/ml respectively (LOD £ mean standard diviation). The limit of
guantification of rifampicin with and without plasma was 0.573 pg/ml £ 0.082ug/ml and 0.243 pg/mi
+ 0.053ug/ml respectively (LOQ + mean standard diviation). The rfor rifampicin was 0.9971 without
plasma and 0.9852 with plasma present. A novel analytical method for determination of the % protein
content present in blood plasma was performed using the Karl Fischer Titration process. Results
indicated deviation in % protein of blood plasma for patients compared to literature values of about 8
%. Using the data obtained, the PROTECC-PK™ curves indicated that the relative accuracy differed
by a minimum of 0.1% for low binding affinity drugs and a maximum of more than 20% for drugs
with moderate binding affinities. The relative accuracy of the anti TB drugs was supported by
computational modelling and thermodynamic analytical methods for each drug during multiple drug
co-administration regimens. This study focused on the drug binding affinity that affects the
extrapolation of the patient’s sample drug concentration from the slope of LCMS calibration curve.
The binding constants calculated from fluorescence spectroscopy data were as follows: rifampicin
5.379 x 10> M™ (moderate affinity), isoniazid 9.285 M™ (low affinity), 25-desacetyl rifampicin 3.156
M™ (low affinity), ethambutol 3.443 M™ (low affinity) and pyrazinamide 3.076 X 10> M (moderate
affinity). These drugs Gibbs free energies for these drugs indicated spontaneous binding reactions.
Rifampicin, a non-polar weak acid with a higher affinity, showed the most stable complex formation

with human serum albumin (HSA) compared to soluble isoniazid. This is because isoniazid in its
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ionized form can be easily excreted in the urine resulting in low levels of detection. This will affect
the bioavailability and accuracy of the assay levels for patients experiencing hyper and
hypoalbuminemia with related competition and induction processes of the enzymes. These
complications are apparent where a larger number of patients are involved in clinical trials,
bioequivalence and bioavailability studies with varying protein levels that may be more crucial for

drugs with a narrow therapeutic index.
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Abstrak

Gehalteversekering van medisynemiddel bepalingsprosesse is 'n belangrike aspek in kliniese
toetse. Akkuraatheid is belangrik om te verseker korrekte bio-analitiese resultate deur die bou van
kalibrasie kurwes wat bloed matriks steuringe in ag neem. Ek het van die Verenigde State van
Amerika Food and Drug Administration (FDA) oproep vir 'n beter akkuraatheid in bio-ekwivalensie,
bio-beskikbaarheid en administrasie van smal terapeutiese geindekseer dwelms gevolg. Daar is in
kliniese toetse verskille waargeneem in plasmavlakke van hyperproteinemia en hypoproteinemia
pasiénte en ook siekte-verwante hyperalbuminemia en hypoalbuminemia pasiénte van die
kalibrators. Hierdie navorsing ondersteun akkuraatheid verbeterings deur die insluiting van die
pasiénte se plasma proteien vlakke met behulp van 'n gekombineerde kalibrasie kurwe (proteien
evaluering kalibrasies kurwes - PROTECC-PK™). Vlakke van albumien is geklassifiseer as gemerk
hypoalbuminemia (<2.5 g/dL), ligte hypoalbuminemia (2.5-3.5 g/dL), normale albumien (3.5-4.5
g/dL), en hyperalbuminemia (> 4.5 g/dL). Hierdie navorsing was spesifiek belangrik vir middels met
'n smal terapeutiese indeks. Die metode en kalibrasie kurwe van rifampisien met en sonder plasma is
beoordeel. Die limiet van opsporing vir rifampisien met en sonder plasma was 0.189 pg/mL en 0.080
ng/mL onderskeidelik. Die limiet van kwantifisering van rifampisien met en sonder plasma was 0.573
ng/ml en 0.242 pg/ml onderskeidelik. Die r® vir rifampisien was 0,9971 sonder plasma en 0,9852 met
plasma teenwoordig. 'n Nuwe analitiese metode vir die bepaling van die waterinhoud% teenwoordig
in bloedplasma is uitgevoer met behulp van die Karl Fischer Titrasie proses. Resultate dui daarop
afwyking in waterinhoud % van bloedplasma van pasiénte in vergelyking met literatuur waardes van
ongeveer 92%. Met behulp van die verkry data, die PROTECC-PK™ kurwes het aangedui dat die
relatiewe akkuraatheid verskil deur 'n minimum van 0,1% vir lae bindingsaffiniteit dwelms en 'n
maksimum van meer as 20% vir dwelms met 'n matige bindende affiniteite. Die relatiewe
akkuraatheid van die anti TB-middels is met behulp van die numeriese modellering voorspelling en
termodinamiese bindende affiniteit eksperimente van elke dwelm tydens verskeie dwelm mede-
administrasie regimens. Dit fokus op die medisynemiddel bindingsaffiniteit dat die ekstrapolasie van
die pasiénte monster dwelmkonsentrasie van die helling van die kalibrasie kurwe beinvloed. Die
bindingskonstantes bereken deur fluoressensie spektroskopie data is soos volg: rifampisien 5,379 x
10> M (matige affiniteit), isoniasied 9,285 M™ (lae affiniteit), 25-desacetyl rifampisien 3,156 M™
(lae affiniteit), ethambutol 3,443 M™ (lae affiniteit) en pyrazinamide 3,076 X 10> M™ (matige
affiniteit). Hierdie middels se Gibbs vrye energie dui op spontane bindingsreaksies. Rifampisien ’n
nie-polére swak suur met 'n hoér affiniteit en die mees stabiele kompleks vorm met albumien in
teenstelling met oplosbare isoniasied. Die rede is die polariteit en die geioniseerd vorm van isoniasied
om maklik in die urine uit geskei te word, lei tot lae vlakke van opsporing. Dit sal die

biobeskikbaarheid en akkuraatheid van die toets vlakke vir pasiénte met hiper en hypoalbuminemia
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met verwante kompetisie en induksie prosesse van die ensieme beinvloed. Hierdie komplikasies is
duidelik waar 'n groter aantal pasiénte betrokke is by kliniese toetse, bio-ekwivalentestudie en
biobeskikbaarheid studies met wisselende proteien vlakke wat meer belangrik vir middels kan wees

met 'n smal terapeutiese indeks.
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Chapter 1

Introduction

1. Rationale

The 4-drug regimen of Rifampicin, isoniazid, pyrazinamide and ethambutol has been widely used as a
treatment for patients with tuberculosis. It is known that the unbound drug in the blood plasma can
freely penetrate to the tissues to produce its physiological effect and that the bound drug binds to the
protein in blood plasma and slowly releases to produce an equilibrium in the blood plasma [1]. When
using pharmacokinetic/pharmacodynamics models, it is developed using the total drug concentration.
For drugs like rifampicin that has a high protein binding affinity the pharmacodynamics effect can
lead to overestimated results. The problem that we face is that not every patient is in a good health
condition. In critically ill TB patients with health conditions e.g renal failure, HIV or blood disorders
such as hypoalbuminea (a deficit of albumin in blood), hyperalbuminia (an increased concentration of
albumin levels in blood), hypoproteinemia (low levels of protein in the blood) hyperproteinemia (high
protein levels in the blood) dosage of the drugs with a narrow therapeutic index could lead to
erroneous drug concentration results and outliers in clinical trials [1]. Therefore in clinical trials, when
using bioanlytical methods for monitoring TB patient drug concentration levels, that are administered
the same drug dosage, especially for high protein binding drugs like rifampicin, it is important to take
the condition of the patient’s blood plasma into consideration. This led our research to a hypothesis
that varying patient plasma protein levels will affect the accuracy of drug concentration determination

by bioanalytical laboratory methods.
1.1  Research Question

When studying patients undergoing TB drug therapy in clinical trials, does the plasma protein

concentration:

1. Affect the accuracy and linearity in the calibration curves of different calibrators

2. Cause matrix effects on anti-TB drugs with different physiological properties such as pKa
affecting analytical detection?

3. Affect TB-drug binding interaction and can it affect the accuracy of therapeutic drug

monitoring in clinical trials?
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1.2 AiIms

The following aims were outlined indicating the steps taken in our research to investigate and varify
our hypothesis which stated that varying patient plasma protein levels will affect the accuracy of drug
concentration determination by bioanalytical laboratory methods.

1. To validate the LCMS method of rifampicin with and without blank blood plasma present in
samples, and determine if human blood plasma affects the accuracy and linearity by comparing the
two liquid chromatography mass spectroscopy (LCMS) concentration calibration curves produced

from the validated methods.

2. To investigate:

- if calibrator plasma used in the laboratory varies from protein water content indicated in the

literature.

- if the viscosities of different patients’ plasma used exhibit variations that affect the gradient of a

calibration curve within clinical drug trial studies.

3. Determine if drug-plasma protein binding interactions occur, using computational modelling,

experimental fluorescence excitation, and ultraviolet absorbance spectroscopy

4. Investigate if a modelled approach where albumin levels are taken into account in the calculation of

drug concentrations from calibration curves will yield better accuracy.
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1.3 Research Overview

Chapter 2 is a detailed literature review explaining the concepts used in this research. The literature
outlines, the quality assurance perspective, validation parameters, the laboratory instrumentation used
in the study aswell as background of pharmacology, Blood plasma, TB and the anti-TB drugs, clinical
trials and compututational modelling of drugs to plasma.

In Chapter 3, a LCMS method was validated to quantify rifampicin using a Shimadzu triple
guadrupole mass spectrometer. A mass spectrometer (MS) is a selective detector that detects
molecules based on their mass to charge ratio. The system is connected with a liquid chromatograph
(LC) that first separates the molecules based on their polarity. Hence LCMS helps us to separate the
different molecules in a solution, as well as to identify a molecule like rifampicin by fragmention.
This produces a unique fragmentation pattern of the molecule which is measured in mass to charge
ratios. Known concentrations of rifampicin were used with and without blood plasma to validate the
LCMS method for quantification of rifampicin to obtain the raw data required to construct and plot
the LCMS peak area vs concentration calibration curves of rifampicin and to assess if plasma had an
impact on the accuracy and linearity of the peak area vs concentration calibration curves with and

without plasma.

The study in Chapter 4 was conducted using the Karl Fischer process to assess if the blank plasma
standards used in the laboratory to plot LCMS calibration curves for clinical trials varied in water to
protein content when compared to the norm reported in the literature of less than 93% water, which

could impact accuracy.

In Chapter 5, this study aimed to identify and understand the binding interaction mechanism of the
first-line anti-TB drugs INH, RIF, PYR, ETH and 25-desacetyl rifampicin (D-RIF — a major
metabolite of RIF) with human serum albumin (HSA) using molecular docking, and with blood
plasma using spectroscopic and thermodynamic approaches. We wished to confirm the binding
affinity of different drugs with different pKa values to establish a more accurate protein evaluation in
calibration curves, since this could affect the recovery and accuracy of calibration curves. Drugs with
narrow a therapeutic window, bioequivalence and bioavailability studies are most affected by a less

than 100% recovery.

Chapter 6 was a quality assurance-modelled study on the accuracy of calibration curves using the data
obtained from Chapter 3, 4 and 5 to construct modelled and calculated calibration curves for patients
with normal albumin levels of 4.3 g/dL to low albumin levels of 1.6 g/dL. This was done to assess if
the albumin levels caused a decrease in the concentration levels obtained. This research represents a
theoretical model for correction of concentration calibration curve extrapolated concentration results

by taking patients with blood disorders into account. Where the drug-bound albumin levels affect the

3
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recovery levels in the LCMS calibration curves concentration extrapolation, by using the developed
model of taking albumin and protein levels of patients with blood disorders into consideration the
error of recovery of concentration results can be optimised and will lead to more accurate extrapolated

results from LCMS concentration calibration curves.
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Chapter 2

Literature Review

2. Study Background

2.1 Quality Assurance

Quality assurance of drug assaying has become an increasingly challenging factor in bioanalytical lab
testing, here we try to increase the confidence level in our results. In this research, the aim was to
investigate factors that impact the accuracy of drug assays for validation of therapeutic drug
monitoring. The main focus was the difference in protein levels between the calibrator and patients’
blood plasma. A quality assurance theoretical model (PROTECC-PK™) was proposed, where protein
evaluation of patients with blood disorders are factored in the LCMS concentration calibration curve
for pharmacokinetics optimisation in drug concentration result extrapolation. The PROTECC-PK™
theoretical approach aids in bioanalytical method validation related to patient plasma, and where

analysis of plasma levels would lead to more accurate results.

In effective bioanalytical laboratory processes, although the combination of absorption, distribution,
metabolism, and excretion (ADME) and the variations that drug molecules offer, without affecting the
accuracy and precision supported by validation procedures, drug validated bioanalytical methods still
produce less than 100% recovery evident in calibration curves. Here we adhere to the International
Organization for Standardization (ISO) and the American Food and Drug Administration (FDA)
guidance for industry entitled ‘Bioanalytical Method Validation', which includes concerns regarding
the matrix effect and recovery during liquid chromatographic-mass spectrometry (LCMS)
bioanalytical work [2, 3]. The South African National Accreditation System (SANAS) offers
laboratory accreditation that requires similar validation and conformity to these guidelines. Drug
bound to plasma proteins suggest that the amount of plasma protein affects the free drug fraction and
affects the amount of drug recovered during the analytical process. Tests of patients with a high
plasma protein content compared to the calibrator plasma protein content will result in a lower
recovery during laboratory experiments. To ensure that the level of accuracy and precision are high in
drug quantification, insight into their limits of chemical stability and reactivity during in vitro and in
vivo studies involves conformance in multidisciplinary research centres. During bioanalytical
experiments, the range of matrix effects could vary from patient to patient due to the complexity and
potential variability of the biological matrix that contains a large variety of endogenous substances,
metabolites and, in some cases, the presence of co-administered drug(s). A validated method could be
at risk when the actual study samples are tested, since the biological samples from different subjects

could have different matrix effects [4, 5]. Whole blood (WB) plays an important role in the

5
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quantification of xenobiotics or drugs within the body, as drug therapeutic and toxicity levels are
useful for PK studies. Another factor is that infectious blood diseases such as HIV and malaria could
affect the plasma protein quantity and condition. Other atmospheric and airborne substances do enter
the blood, as was noted during the informal caterers’ study that showed systemic levels of chrome,
copper, and arsenate (CCA) in informal settlements and users of firewood as energy [6]. Even though
the study used urine samples, the CCA affinity for blood could affect protein and drug stability. This
proves that environmental factors like air quality do affect the physiological matrix content, and
metals in patient samples could enhance matrix effects during the LCMS analysis. The metal
guantification by inductively coupled plasma (ICP) is not always performed in parallel to LCMS drug
analysis of patient blood samples.

« patient / disease

* assessment
diagnosis

* dosing regimin

* dosing optimisatior,

( * laboratory
* deproteination
 extraction solvent

* stability
* hydrophobicity

Plasma /
serum

Pharmaco-
kinetics
o drug levels * polarity / pKa
 graphical 1D Model * HPLC
* Cmax; Tmax * LCMS
* optimised dose * quantification
AUC J

Figure 2.1: The process followed for a dosing optimisation pharmacokinetic study

The quality control parameters and compliance limits are well researched and documented in journals
and pharmacopoeias [7, 8, 9]. Pharmacokinetics and ADME of drugs are followed. Whole blood
plasma viscosity (WB-PV) can be assessed by the water-protein ratio content. Validation protocols
are usually comprehensive quality assurance documents entailing methods and detailed standard

operating procedures.

Plasma viscosity is an important analytical biomarker of Hemorheology studies [10]. Hemorheology
is the study of flow properties of the blood and its elements of plasma and cells. Hemorheology and
drug plasma-tissue equilibrium may be important factors in drug assaying and therapeutic drug
monitoring accuracy. Drug plasma-tissue equilibrium is the fraction of unbound drug in the tissue to
the fraction of bound drug to plasma protein which is usually a reversible equilibrium reaction,
although several factors can cause disequilibrium of the drug concentration in the plasma and tissue
[11]. However, it will not be covered within the scope of this research. Plasma viscosity is mostly
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dependent on the protein-water ratio. This study focuses on the plasma content presenting challenges
in reducing matrix and recovery effects due to drug-plasma binding interaction. This can be achieved
by increasing accuracy and optimizing bioanalytical methods by using blood plasma as an added
variable to drug sample assays. The body's homeostasis capability in healthy individuals regulates the
hydration levels, which are generally varied due to environmental conditions and dietary intake. In
drug clinical studies, some patients are critically ill and have contracted opportunistic infectious
diseases such as TB, MTB, and XDR-TB, with the possibility of a human immune deficiency virus
(HIV) co-infection therefore the accuracy of drug concentration results are important for dose
optimizition. Also, bioequivalence (when two different drugs that produce similar blood concentration
levels and physiological effect at the active site) and bioavailability (when a drug becomes completely
available to the active site) studies require accuracy of the results [12, 13]. These are typically the
tests in laboratories where the FDA is supported in proposing cost-effective and practical solutions in
improving accuracies. Calibration curves, representative calibrators, and the regression model have

been defined in regulatory guidance documents and by the experts [14-25].

2.2 Analytical Method Validation Procedure

stability ) Analytical

Procedure

Robustness Selectivity

’ Analytical \

Calibration M et h O d
Validation

Limit of

Quantitation

Accuracy

/

Precision

Recovery /

Figure 2.2: Analytical method validation flow chart

Method validation is a vital requirement for any information submitted to regulatory agencies
nationally and internationally in support of newly-developed drugs that are released into the market or
for clinical trial applications [26]. Method validation provides documented evidence of a method or
process (as indicated in Figure 2.2) that provides a great amount of guarantee that the specific method
with the instrument used in the analysis will accurately produce results of the tested product [26].
Specific steps are followed and used to validate a method which will be discussed. Method validation

should also include information on analytical solutions, stability and system suitability [27].
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2.2.1  Specificity

It is required that standard samples of the drug assay are injected to demonstrate the absence of
interference of the standard as well as the elution of the analyte sample [28]. No interference of the
excipients should occur during the analysis of the analyte being investigated [29].

2.2.2  Linearity

Linearity is an important parameter that helps to confirm the accuracy of experimental findings.
Standard solutions are prepared at several concentrations in the typical range of 25 % to 200 % of the
aimed concentration [29]. It is required that each standard solution is prepared with three (3)
replicates to be analysed at each concentration. The standard preparation and the number of injections
remain controlled and the same procedure as the final one used. For each concentration, the mean,
standard deviation (SD), and relative standard deviation (RSD) are all calculated. Results are plotted
on an x-axis, y-axis graph, which allows the calculation of the regression of the line and coefficient of
determination. The correlation coefficient for the range of concentrations used must be more than or
equal to 0,999 [29-30].

YEIMIX F Gtttk b bbb R R e Rt R R R nh Rt Rt Rt bt e R e Equation 2.1

2.2.3 Range

The range of the data is assessed using the linearity and accuracy data obtained from the method
developed [30]. The data used for this assessment would be the precision data prepared for each
sample in the three (3) replicates at each analysed concentration in the accuracy study. The range is
defined as the concentration at which linearity and accuracy are acquired per replicate analysed. The

precision should be less than or equal to 3% of the RSD [30].
2.2.4  Accuracy

The prepared standards range from 50 to 150 % of the specific target concentration. Three replicates
are prepared individually for each standard that is analysed [31]. For each standard sample prepared,
the actual value, theoretical value (if available), and recovery percentage is reported. The mean,
standard deviation, relative standard deviation, and recovery percentage can be calculated. For non-
regulated products, the mean recovery should lie between 90 and 110 % of the theoretical value. For

active drug ingredients, the mean recovery should be between 80 and 120 % [31].
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2.2.5  Precision — Repeatability

A standard with a specifically-selected concentration is prepared and analysed. Ten replicates of the
same standard sample concentrations are prepared using the final developed method [32]. The
recorded results are then be used to calculate and determine the mean, SD and RSD [32]. According
to the FDA, the RSD should be 1 % for drugs substances and products and at 2 % for bulk drugs and
final products [30, 32].

2.2.6 Intermediate Precision

Intermediate precision occurs when two analysts using two different HPLCs at concentrations of 50%,
100 % and 150 % on different days test the purity of the data as well as the method used. The mean
recovery should range between 80 and 120 % of the analyte assay. The mean area is recorded for each
concentration used [30] and the mean, SD and RSD are calculated by the two operators. The results
obtained by both operators on different HPLC systems and different days have a statistical RSD of
less than or equal to 2% [30].

2.2.7  Limit of Detection

The limit of detection (LOD) is the lowest concentration of the analyte that can be detected by the
analytical tool in use [33]. This can be done by sequentially diluting the analyte until it can no longer
be detected [34]. Once the lowest concentration is detected, six (6) replicates will be prepared from
the sample solution [34]. The chromatogram is then printed, the lowest concentration is detected and
the RSD gets recorded [33-34].

LOD= (3% SY ) /Mt Equation 2.2
X

2.2.8  Limit of Quantification

The limit of quantification (LOQ) is an accurate and precise determination of the lowest concentration
of the analyte within the sample containing plasma or matrix [35]. The LOQ is determined using the
developed method or method in use [35]. This concentration may be the lowest value on the
calibration curve. Six replicate samples are prepared for the concentration solution. The
chromatographs are recorded. The lowest concentration is then quantified and the RSD determined
[36]. The LOQ in chromatography follows acceptance criteria where the concentration provides a
signal to noise ratio of 10:1.2. By stating signal to noise ratio, it can be understood as instances where
the height of the peak is ten times the height of the baseline noise according to the ratio mentioned

above and should have an RSD of approximately 10 % for the six replicates prepared [36].
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sy
LOQ = “’Xm—/" .................................................................................................................... Equation 2.3

2.2.9  System Suitability

The system suitability of the method can be determined by using two different HPLC systems [37].
The accuracy and precision mentioned above can be determined using both the HPLC systems [37].
Data such as plate count, tailing factor, resolution, and reproducibility can be calculated. All data must
be recorded. The retention factor k should be more than or equal to 2 [37]. The resolution should be
equal to or more than 2 between the analyte peak and the closest eluted peak. For reproducibility, the
peak area, peak height and retention time RSD will be 1 % for the six sample injections. The
theoretical plates should be more than equal to 2000 and the tailing factor should theoretically be 2
[37].

2.2.10 Robustness

The United States pharmacopeia defines robustness as a measure of the capacity of the analytical
method to work unaffected when small changes are made deliberately to the parameters of the method
[38]. This provides the reliability of the developed method when in use. Parameters such as mobile
phase pH, temperature, gradient elution, injection volume and organic matter in the mobile phase can
be investigated [38]. The parameters can be changed individually or in combination to determine if
the method gets affected. If the changes are acceptable and are within the limit of the method, the
changes will then be incorporated into the developed analytical method [38].

2.3 Analytical Techniques

2.3.1  High-performance liquid chromatography (HPLC)

High-performance liquid chromatography is by far the most commonly used and versatile elution
chromatography technique [39]. HPLC analysis is used by chemists to separate, determine and
identify species in a variety of organic, inorganic and biological samples. In liquid chromatography,
the mobile phase is the solvent mixture used to carry the analyte through the system [40]. The
machine allows complex compounds in a mixture to be separated [39-40] and produces accessible,
reproducible and high sensitivity readings. After analysis takes place, the data is recorded onto a
chromatogram [39-40]. The chromatogram is a simple and defined output of the HPLC which plots
time against detector signal intensity. The chromatogram reflects a profile of the sample analysed

where each peak represents a component within the sample [39-40]. HPLC methodologies are used

10
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universally to quantify most drugs of interest in the pharmaceutical industry as well as other

industries. In Figure 2.3 a skematic diagram of HPLC is given.
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Computer Data Station
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solvent delivery system
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Figure 2.3: HPLC schematic diagram

2.3.2  Reverse-phase chromatography

Reverse-phase chromatography is classified as a type of adsorption chromatography. Adsorption
chromatography is dependent on the interaction chemically between the solute molecules and the
specific ligands that are chemically bound to a chromatography matrix [41]. Over time, many types of
different columns were developed with different ligands bound to the chromatography matrix. The
different columns developed were used specifically to separate, purify and exploit the different
properties of biomolecules (such as polarity, electronic charge and biological affinity) [41]. Reverse-
phase chromatography has been added as an important technique for preparative chromatography of
biomolecules [41]. Reverse-phase chromatography involves the retention a solute from the mobile
phase or a compound mixture to a stationary phase grafted with an n-alkyl hydrocarbon or aromatic

ligand which takes place via a hydrophobic interaction [41].

11
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Reverse-phase chromatography can be used in preparative and analytical applications for separation
and purification of biomolecules. Molecules such as protein, nucleic acids, and peptides that have
some degree of a hydrophobicity character can be separated with great recovery and resolution when
using reverse phase chromatography [41]. Also, the modification of the mobile phase using ion-
pairing techniques allows for the reverse phase chromatography of charged solutes, e.g., fully
deprotected oligonucleotides and hydrophilic peptides. In preparative reverse phase chromatography,
the following application has been developed: protein fragment micro purification is used in the
sequencing process, and recombinant protein product purification is used at a process scale [41].

The mechanism of reverse phase chromatography is based on the ability of the solute molecules
(within the mobile phase) to effect hydrophobic binding interaction to the stationary phase
hydrophobic ligand in the column. Hence, the polarity of the solute is very important for the
separation and purification of a sample [42]. Fiigure 2.4 illustrates how non polar molecule in mobile
phase interacts with the stationary phase column packing. The mobile phase used in reverse-phase
chromatography is primarily aqueous. This indicates a high degree of organized water structure
(polar) which surrounds both the solute and the stationary phase ligand [42]. More non-polar solutes
will tend to interact more readily with the hydrophobic stationary phase column, which will cause the
solute to be retained in the column for a longer period compared to a more polar substance that will be
retained for a shorter length of time [42]. It is suggested that the reason for this occurrence could be
that, as the solute binds to the hydrophobic ligand stationary phase, the interaction with the mobile in
that area of the column is diminished. This causes a favourable increase in entropy, which will allow

the solute and stationary phase ligand to associate in terms of an energy point of view [42].

For analysis and separation of biomolecules using reverse phase chromatography, gradient elution is
often used instead of the isocratic elution technique [42]. The reason for the use of gradient elution is
to provide a sample with a range of aqueous and lipophilic conditions so that biomolecules with
different polarities within a sample can be retained and separated into individual compounds on the
reverse column stationary phase matrix. Gradient elution also assists biomolecules to desorb easily
from the stationary phase matrix when the mobile phase is changed to a more non-polar organic
concentration [42]. Most samples analysed contain a mixture of high molecular weight biomolecules
with unique adsorption affinities ranges and it is, therefore, more practical to make use of the gradient

elution technique [42].
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Figure 2.4: Chemical interaction passing through a reversed-phase stationary column (http://chem-

net.blogspot.com/2013/11/reversed-phase-chromatography.html)

2.3.3  Mass Spectrometry

Mass spectroscopy is the production and subsequent separation and identification of charged
molecules that are produced via a variety of specific ionization methods. Hence, the mass
spectrometer (MS) produces ions from chemical compounds that are to be analysed [43]. The MS
uses magnetic and electrical fields to measure the mass of the particle ions that have been charged
[64].

Mass spectroscopy is a tool that is used to identify the molecular mass to charge ratio (m/z) of a
molecule or complex structure by analysing the mass to charge ratios of the molecule [44]. It is a
routine method used to identify compounds in an unknown sample by mass to charge ratios [44].
There are many methods of ionization available for specific types of applications and requirements for
sample analysis, i.e., fast atom bombardment, desorption chemical ionization, chemical ionization,
and electrospray ionization and electron impact ionization. Electrospray ionization is mostly used in
pharmaceutical applications and is a soft ionisation technique where the protonated (ESI positive
mode) or deprotonated (ESI negative) drug is detected as the molecular ion, which is also known as

the parent ion.

Electron impact (EI) ionisation is associated with gas chromatography-mass spectrometry (GCMS)
and is a harsher ionisation technique where the molecules get fragmented during ionisation. The result
is a unique fingerprint of ions. The ions are arranged on a mass spectrum according to mass to charge
ratios [44]. A detailed analysis was possible by resolving the power of the instrument in use for the

exact chemical mass, formula, and purity of the compound and could be defined by the depth of the
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spectral interpretation. This could be used for structural identification purposes [45]. These
characterisation approaches were limited to low molecular weight molecules (<500 Da) with different

ranges of thermal lability and polarity [45] if GCMS is used.

The MS is designed as an instrument to separate ions that are in the gas phase according to their mass
to charge ratios [45]. The main component of the MS is the analyser. The analyser is responsible for
the separation of the gas phase ions. The analyser makes use of the magnetic field or electrical field
and can also be used in combination of the two, which aids in moving the ions through the analyser to
the detector [45]. The detector then amplifies the signal produced by the analyser so that a reading can
take place. The analyser operates under a high vacuum environment [45]. This high vacuum
environment aids to move the ions across the analyser to the detector at an adequate yield for
amplification. The MS can also be set to detect specific mass to charge ratios through its configuration

setting [45]. This is a great advantage when analysts are searching for specific molecules [45].

Several analysers can be used in mass spectroscopy analysis namely ion trap, quadrupole and time of
flight analysers [46]. These analysers can also be used in combination (depending on the application

required), such as for triple, quadrupole and QTOF (quadrupole time of flight) analyses [46].

During tandem mass spectrometry, a combination of 2 mass analysers is used with a collision cell in
between, the ions are fragmented in the collision cell and the detected fragments can be used as
fingerprints for additional confidence in the identification of molecules (Figure 2.5; 2.7) [44]. The
technique can also be used to increase the selectivity and sensitivity of quantitative LCMS/MS
analysis by operating the instrument in multiple reaction monitoring mode whereby the first mass
analyser is set at the m/z of the molecular ion or precursor ion of an analyte and the second mass

analyser on a fragment or product ion after fragmentation in the collision cell.

14



Stellenbosch University https://scholar.sun.ac.za

2.3.4 Quadrupole analyser, and triple quadrupoles

2.3.4.1 The quadrupole analyser operation

The quadrupole consists of four rods. The four rods are metallic and are paired in sets of two. The one

pair of rods is positively electrically charged, and the other pair of rods is negatively charged [47].

Voltages are applied in combination to each pair of rods, i.e., direct current (dc) and radio frequency

(rf) voltages [47].

Each set of rod pairs acts as a mass filter. The positive pair of rods acts as a high mass filter and the

negative rods as a low mass filter. The resolution of the quadrupole analyser is dependent on the dc

value and rf value [47]. Hence the dc and rf value must remain constant because the quads are

operated at a constant resolution. When the dc and rf voltages are set to a specific amplitude, only

ions that resonate with this amplitude with a specific m/z ratio can pass through the quadrupole

analyser with the correct trajectory and their speed will be detected [47]. All other ions will be

deflected into the two pairs of rods [47].

V(t) = - Vdc - Vrf cost

V(1) ZVAC + VI  COSL...tiiniiiiic e st sbe et sre b re s Equation 2.4
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Figure 2.5: Triple quadrupole schematic diagram

(https://upload.wikimedia.org/wikipedia/en/d/d3/Triple_quadrupole_schematic.jpeg)
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2.3.5  Liquid chromatographic-mass spectrometry (LCMS)
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Figure 2.7: Tandem LCMS operation process flow diagram

(https://en.wikipedia.org/wiki/Tandem_mass_spectrometry#/media/File:MS_MS.png)

The application of HPLC and mass spectroscopy combined have greatly benefited the pharmaceutical
industry in terms of obtaining quantitative and structural information during the beginning stages of
drug development compared to the traditional HPLC methods used in the pharmaceutical industry
[48].

16



Stellenbosch University https://scholar.sun.ac.za

2.3.6  Liquid chromatographic-mass spectrometry (LCMS) interface

In the pharmaceutical industry, most pharmaceutical analyses favour an ionization technique that can
ionize the drug molecule into a single ion that corresponds to the drug’s molecular weight with
minimal or no fragments of the parent drug compound [49, 50]. The guantification would have a high
sensitivity and confirmation of the structure would be easily achieved. The selectivity of the analysis
would be achieved by HPLC separation, i.e., separation of the drug component and matrix and
MS/MS component, or structural clarification and drug quantification. It was of great importance for
pharmaceutical researchers to get the best universal LCMS technique with minimal limitations [49,
50]. A simple procedure was required for the analysis of small and large molecules with a soft
ionization technique. Researchers were keen on developing a high-performance method similar to
LC/UV with minimal boundaries. The reasons for these requirements were needed more for an
industrial perspective than for an analytical perspective, which forms the ultimate basis of acceptance
[49, 50].

The applicability and performance of an LCMS interface that showed promise to the industry was due
to the original work of Bruins and Fenn [49]. Applications varied from LCMS analysis of small drug
molecules using atmospheric pressure chemical ionization (APCI), to the analysis of biomolecules
and receptor-ligand interactions using electrospray ionization (ESI) [49]. These new applications
increase the performance and broaden the application of LCMS in pharmaceutical analysis [49].

Figure 2.6 represents a schematic diagram of an LCMS instrument
2.3.7  Liquid chromatographic-mass spectrometry (LCMS) Growth

The use of the LCMS technique increased drastically in the pharmaceutical industry once its design
was championed by the developers [49]. The growth of LCMS was shown by the number of journal
articles published and presented at the conferences held by the American Society for Mass
Spectroscopy (ASMS) over the past ten years. For example, in 1998 LCMS papers accounted for 30%
of all papers presented and 15% of these consisted of papers on pharmaceutical LCMS applications
delivered at the ASMS conference held in Orlando, Florida [49]. The LCMS interface development
has led to many new initiatives in different fields of scientific disciplines, which was imperative for

understanding, acquiring, and integrating the LCMS interface into the drug development cycle [49].

The impact of the LCMS interface on drug development was non-existent compared to all other
techniques at the time. However, the advantages of the LCMS interface, such as fast sample
generation, cost-effectiveness and efficiency helped to make the LCMS interface an easily justifiable

approach to use [51]. The LCMS instrument became an analysis platform of high efficiency and
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productivity in the drug development cycle because of its technological interface advancements and
trace mixture high throughput capabilities [51]. Over the past 10 years, a variety of LCMS
instruments has been successfully developed and used in the industry — instruments that have
specialized features dedicated to specific types of analytes or sample analysis. These developments
were made by modification of the MS interface such as using quadrupoles, triple quadrupoles,
magnetic sector, time of flight, ion trap and many more analysers [49]. The perception that the MS-
techniques were time-consuming, difficult to maintain, hard to operate and limited in application
became a negative perception of the past. Further development and growth allowed for matrix-
assisted laser desorption/ionization (MALDI) for parallel analysis techniques, as well as capillary
electrophoresis and simpler, cheaper and effective instruments. LCMS instruments continue to grow
in the drug development industry [49]. New development for increased throughput and efficiency

continues, since even better levels and constraints, and new strategies for analysis are required [49].
2.4 Drug reactivity, Permeation and lonization

2.4.1  Drug reactivity and drug-receptor bond

Drugs react with receptors via three major chemical forces and bonds. A covalent bond is the
strongest type of bonding. An electrostatic bond is weaker than the former, while hydrophobic bonds
are the weakest of the three types of bonds [51-54].

Covalent bonds are strong and are almost always irreversible bonds in biological interactions. In drug-
receptor interaction, electrostatic forces are more common. There are many types of electrostatic
forces, such as those between permanently-charged ionic molecules, to weak induced dipole

interactions and weaker hydrogen bonds [52-54].

The most notable type of interaction in this context is hydrophobic interactions. These are even
weaker than electrostatic and covalent interactions and are important in highly-lipid soluble drugs

which can permeate through the lipid cell membrane [52-54].
2.4.2  Permeation of the drug in the body

Permeation is a key process for the drug movement and transfer within the body. There are three types
of permeation: aqueous, lipid and special carriers [55]. In this study, aqueous diffusion and lipid
diffusion play an important role. Aqueous diffusion occurs when the drug is in its ionized form. This
allows the drug to permeate through aqueous parts of the body. Lipid diffusion of the drug takes place
when the drug is in its non-ionized neutral form [55]. This is a limiting factor for drug permeation
since lipid barriers separate agqueous compartments in the body. The pH has to be taken into

consideration for weak acids or bases when permeation takes place between aqueous and lipid layers
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[55]. The ratio of the lipid-soluble form to water-soluble form is expressed by the Henderson-
Hasselbalch equation [52-55].

2.4.3 lonization of weak acid and weak bases and the Henderson-Hasselbalch equation

When a molecule is ionized it has an electrostatic charge [56-58]. This electrostatic charge causes
attraction of the water molecules or dipoles. The ionize molecules becomes polar which are soluble in
hydrophilic solutions and are insoluble to non-polar solutions or lipophilic biomolecules [56-58]. For
lipid diffusion to take place, the molecule must have high-lipid solubility. When a drug is ionized it
reduces the ability of the drug to permeate through the lipid membrane [56-58]. A molecule with a
weak acid or base is considered to be a neutral molecule that can be readily ionized and deionized
back to its neutral form, hence weak acid and weak base dissociation is reversible, depending on the
pH condition of the molecule [56-58]. This plays an important part in the water-soluble: lipid-soluble
permeation coefficient. Therefore, a large fraction of drugs in use today are weak acids and/or bases
[56-57].

Protonated concentration
Log = pKa -pH
Unprotonated concentration

....................... Equation 2.5

Equation 2.6 is the Henderson-Hasselbalch equation for pH and pKa determination [57]. An acid is a
chemical substance that can dissociate into a proton and an ion, and is called a conjugate base. A base
is a chemical substance that can accept a proton that forms conjugate acid and a base which is a

positively charged cation [57-58].

The pH is a measure of the [H'] concentration in a solution, while pKa can be defined as the point in a

solution when the molecule is in equilibrium in its ionized and unionized forms [58].

It is important to understand and study the pKa of acidic and basic drugs due to the body having
different pHs in different compartments. It allows us to manipulate how the body will react to a drug
[58]. Only unionized forms of the drug will permeate through cell lipid membranes. The ionized form
of the drug is required for administration and distribution of the drug in the plasma due to the ionized

form being more water soluble [58].
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For acids: a high pKa means that the species is predominantly in its unionized form. It is a bad proton
donor and a weak acid. A low pKa means that the species is predominantly in its ionized form, is a

good proton donor, and is a strong acid [58-59].

» pH < pKa by 2 units, 99% of the compound is unionized.

* pH > pKa by 2 units, 99% of the compound is ionized.

For bases: A high pKa means that the species is predominantly ionized, is a good proton acceptor, and
is a weak base. A low pKa means that the species is predominantly unionized, is a bad proton

acceptor, and is a strong base [58-59].

» pH > pKa by 2 units, 99% of the compound is unionized.

» pH < pKa by 2 units, 99% of the compound is ionized.

This information is imperative in assisting chemists and medical researchers to understand and find
the best route to administer the drug, as well as to develop methods to detect the drug using HPLC
and LCMS. This information allows researchers to manipulate the drug form to permeate through
different compartments in the body that have different pH values. The pH, pKa, and concentration of
ionized and unionized forms of the drug values can be determined using the Henderson-Hasselbalch

equation. This equation can also be manipulated for the use of acid or bases.

2.5 Fluorescence spectroscopy
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Figure 2.8: Fluorescence excitation process and data output [60]

Fluorescence is a phenomenon that occurs when a specific substance absorbs light and that substance
causes an emission of the light absorbed [61]. The light emitted usually has a longer wavelength and
lower frequency than the light absorbed [61]. Fluorescence is optimally observed when the
electromagnetic radiation light absorbed is in the ultraviolet range of the electromagnetic spectrum.

The absorbed light is not visible whereas the emitted light ranges in the visible region. This gives the
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emitted fluorescence a distinct color which is only observed when the emitted light is exposed to
ultraviolet light. As soon as the radiation source stops the glow produced from the fluorescent

material stops [61]. Figure 2.8 illustrates the excitation process and emission spectrum.

2.5.1  Fluorescence Quenching

Quenching of fluorescence emission occurs when the initial emission of a substance is decreased due
to the addition of another substance which causes an overall drop in the fluorescence emission [62]. In
other words, a small molecule by binding to a protein or near the fluorophore of the protein can cause
a great decrease in the quantum vyield of the fluorescence. Quenching can occur via dynamic
guenching or static quenching [62]. Dynamic quenching occurs whereby a small non-interactive
molecule collides with a protein which deactivates the excited state of the fluorophore. Static
guenching occurs when the small molecule forms a complex with the fluorophore so that it becomes
non-fluorescent [62]. Quenching data were analysed according to the Stern-Volmer method using the
following equation. In this study, fluorescence spectroscopy was used to validate that the drug present

affects plasma by binding to the plasma [62].

2.6 Ultraviolet spectroscopy
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Figure 2.9: Ultraviolet spectroscopy data output and process

(https://en.wikipedia.org/wiki/Absorption_spectroscopy)

When a molecule absorbs electromagnetic radiation the light that is absorbed by the molecule is
known as the absorbance as indicated in figure 2.9. The absorbance of the molecule is indicated in

terms of frequency or wavelength. Absorption spectroscopy is a technique that can be used throughout
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the electromagnetic spectrum. When this technique is used in analytical chemistry, it is usually for
qualitative analysis to identify if the substance is present as well as quantitative analysis to identify

the amount of substance present [63].

Ultraviolet spectroscopy is a very useful and important analysis technique in analytical chemistry. As
stated above for absorption spectroscopy UV spectroscopy's main use is for qualitative and
guantitative analysis of organic and inorganic substances in a solution. Hence when light interacts
with matter, the particles in the sample matter increases in energy, the light that passes through the
sample then generates a signal which is amplified to produce a spectrum that is specific to the sample
matter [64].

Ultraviolet absorption is stated to cause the ground state electrons to gain the energy required for
excitation to occur, this results in excited electrons moving from the ground state to a higher energy
state [63]. Hence for excitation of the electron to move to a higher energy state, the ultraviolet
radiation absorbed has to resonate with the energy difference between the ground state and the higher

energy state [63].

A UV spectrometer follows the principle proposed by the Beer-Lambert Law. Beer Lamberts Law
states “ whenever a beam of monochromatic light is passed through a solution with an absorbing
substance, the decreasing rate of the radiation intensity along with the thickness of the absorbing

solution is proportional to the concentration of the solution and the incident radiation.”[65]

The law can be applied by the use of the following equation formula:

A Z10g (Io/1) T EC et Equation 2.6

A is the absorbance, I, refers to the intensity of monochromatic light on a sample, | refers to the
intensity of light transmitted light from the sample, C indicates the concentration of the sample and E

refers to the molar absorptivity [65]

UV spectroscopy has many useful applications whereby functional groups can be detected as well as
chromophores in complex mixtures, identification of unknown molecules using known reference
material, assistance in geometric isomer configuration determinations as well as purity of substances.
In this study, Fluorescence and UV spectroscopy will be used to determine the thermodynamic

properties of the TB drugs when bound or interacting with plasma [65].
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2.7 Pharmacokinetics
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Figure 2.10: Pharmacokinetics process (https://www.slideshare.net/prabhakarchl/pharmacokinetics-
31470891)

Researchers in pharmacology look into many studies of drugs such as drugs used to treat diseases, as
well as the overuse of drugs, and drug abuse [52]. Since drugs affect different organs and parts of the
body, studies are undertaken on almost every area of biomedicine by pharmacological researchers
[52].

Pharmacokinetics describes quantitatively the movement of drugs and foreign substances through the
body [52]. Figure 2.10 illustrates the pharmacokinetic process. Parameters such as the volume of
distribution, bioavailability and distinct clearance are used to indicate the rate and extent of drug
absorption in the bloodstream, the movement of the drug administered out of the blood and into the
tissue, and the rate of the drug passing out of the body [52]. These parameters can be used to predict
the concentration of the drug at any administered dose within the blood. Drugs are processed by the

body in four stages, i.e., absorption, distribution, metabolism and excretion (ADME) [52].
2.8 Clinical Trials

Clinical trials are very important in medicine and drug development. A clinical trial is a study
undertaken to test if a certain treatment developed or drug developed can solve a problem by testing
the developed drug on human volunteers [66-67]. If the clinical trial gets approved, the treatment can
be used by the mass population. A treatment could be achieved in many ways e.g., blood products,
vaccines, medical devices, biological or gene therapy, etc. The treatment must, however, first be
tested on animals to determine toxicity levels and safety of the treatment before tested in humans [66-
67].
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The Food and Drug Administration is committed to the safety and protection of the participants taking
part in the clinical trials. Hence, the FDA strictly regulates and creates guidelines for the clinicians to

avoid risks and danger to participants involved [66-68].

Each clinical trial has a protocol. This protocol provides an outline of the participants that are eligible
to take part in the trial, the types of tests and procedures used, the drugs and dosages used, the check-

ups on participants, as well as the duration and size of the study [66-67].
2.8.1  Four phases in clinical trials:

Phase 1: Consists of a small number of participants, 6-10 healthy volunteers or sick patients. Phase 1
involves information gathering of the effect of the compounds in the human participant. This helps to
understand what effect the compound has on the body when swallowed, injected or infused from a
safe and acceptable view [66-67].

Phase 2: Takes place when the safety of the drug is confirmed in phase 1. Phase 2 trials are
performed on a larger group of participants (about 20-300). Phase 2 is designed to test the efficiency
and safety of the treatment. The participants are given various dosages of the treatment and are closely
monitored [66-67].

Phase 3: Carried out on participant groups of 300-3000. Phase 3 is carried out to confirm the benefits
and treatment safety on a large scale. This information will help to indicate how best to prescribe the

treatment to patients [66-67].

Phase 4: Takes place when regulatory approval has been given to the specific treatment. The
treatment is then designed safely to have broader efficiency and tested among a larger number of
participants. Further research is undertaken to combine developed treatment with existing treatments.

These combinatory studies aid in determining the long-term effect of the treatment on the patient.

By implementing these four phases, risk factors and safety issues can be prevented [66-67].
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29 TUBERCULOSIS (TB)

Habitat and Morphology of Mycobacterium tuberculosis

Figure 2.11: Mycobacterium tuberculosis (https://microbenotes.com/habitat-and-morphology-of-
mycobacterium-tuberculosis/)

Development of Tuberculosis (TB)

Mycobacterium
tuberculosis

Healthy lungs Lungs infected with tuberculosis (TB)

Figure 2.12: Mycobacterium tuberculosis development in the lungs
(https://www.vecteezy.com/vector-art/432039-chart-showing-development-of-tuberculosis)

Tuberculosis (TB) is highly contagious and spreads through the air from coughing. TB is caused by a
bacterium known as Mycobacterium tuberculosis (M.th), which is rod-shaped in structure as indicated
in figure 2.11 [68]. It is the most common cause of death by infectious disease worldwide. The most
commonly infected site for TB is known as the pulmonary tract indicate in figure 2.12 [69].

Many types of TB strains exist. However, there are two main forms of TB known as active TB and
latent TB [70]. Active TB occurs when the disease causes the production of symptoms in the body
that can be transmitted to other living organisms or people, whereas latent TB occurs when the host is
infected with the disease but the bacteria cannot produce symptoms in the host due to the immune
system of the host causing inhibition of bacterial growth and spreading [69-70]. If the immune system
of the host fails, the bacteria will no longer be suppressed. This then results in active TB and the host

becomes contagious to others [69-70].
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29.1 Cell structure and metabolism of TB

Mycobacterium tuberculosis (M.tb) has a slow growth rate characteristic due to the tough cell of the
bacteria. The cell wall of M.tb prevents nutrients from passing in and out [70]. It resembles that of a
gram-positive cell wall [69, 72] and consists of a polypeptide layer, peptidoglycan layer, and free
lipids. The cell wall contains mycolic acids, which are a complex structure of fatty acids with a glossy
appearance [69]. There are three classes of mycolic acids in the TB cell wall i.e., alpha, keto, and
methoxymycolates [69, 72]. The TB cell also contains lipid complexes such as the free lipids, acyl
glycolipids and sulphanoids. Porins are present in the membrane to facilitate transport. Under the TB
cell wall, layers of arabinogalactan and polypeptidoglycan are suspended above the plasma membrane
[69, 71, 72].

M.tb transcriptional regulators have learned to adapt to stressful environmental conditions within the
host to survive for a longer period [72]. Stressful environmental conditions such as heat, extreme cold
conditions, starvation of iron, and oxidation distress are counteracted by the transcriptional regulators
of the bacteria by either allowing or inhibiting transcription [73]. The genome of M.tb produces

approximately 190 transcriptional regulators [71-73].
2.9.2 Treatmentof TB

M.tb is a disease that can be cured by using several specific antibiotics prescribed. The treatment
consists of a multiple drugs that have to be taken over a period of six (6) months and can even be
extended to a year (12 months) [74]. The problem faced is that many Myco tuberculosis strains are

resistant to one or more antibiotic TB drugs. This causes major treatment constraints.

The FDA approved ten drugs at this current stage for the treatment of Tuberculosis. Four of the ten
drugs are used in first-line anti-tuberculosis treatment. The four drugs are isoniazid (INH), rifampicin
(RIF), ethambutol (ETH), and pyrazinamide (PYR). These four drugs form the foundation of the
initial stages of TB treatment [74-75].

When TB becomes drug-resistant, major problems arise. MDR-TB (multidrug-resistant TB) is defined
as TB that is resistant to at least the two most powerful first-line anti-TB drugs (isoniazid and
rifampicin). MDR-TB is very resistant to drugs and the resistance can be intensified when inconsistent
or incomplete treatment takes place, e.g., if the TB patient starts feeling well and stops the treatment
prescribed, resistant TB bacteria can arise [74]. Drug-resistant TB can be treated. However, the
treatment is much longer ( about two years) and the patient would need chemotherapy treatment using
second-line anti-TB drugs [76]. The second line anti-TB drugs produce more side effects and are

much more strenuous when compared to the first-line anti-TB drugs mentioned above [75]. The
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second line anti-TB drugs consist of six classes, namely aminoglycosides, fluorogquinolones,

polypeptides, thioamides, cycloserine and p-aminosalicylic acid [75].

Over the last few years TB disease has developed into a new form known as exclusively drug-
resistant TB (XDR-TB). This strain TB progresses faster than the normal as well as MDR-TB[76].
XDR-TB could lead to fatality within a couple of months or even weeks. XDR-TB is defined by its
resistance to INH, Rif, any one member of the fluoroquinolone class, and at least one polypeptide or
an aminoglycoside. It was also discovered that XDR-TB is often found in patients that are infected
with HIV [75]. This could make it difficult to control this strain of TB [74].

2.10 First line anti-TB drugs

2.10.1 Isoniazid (INH)

/

N
Mol. Wit.: 137.14

Figure 2.13: Isoniazid molecular structure (https://en.wikipedia.org/wiki/lsoniazid)

As a dangerous microbial disease that requires a long treatment period, TB causes much ill health and
death for millions of people every year [70]. The World Health Organization (WHOQ) has proposed
standard counteracting measures to treat the disease. This treatment includes a six-month course of
first-line anti-TB drugs: isoniazid (INH), rifampicin (RIF), ethambutol (ETH), and pyrazinamide
(PYR), which is also abbreviated as the RIF-4 drugs [75].

Due to the resistance of the TB disease MDR-TB and XDR-TB, many lives are still being claimed by
this rapid growth bacterial disease even though strong drugs are available [78]. Isoniazid (INH)
(figure 2.13) is one of the TB drugs that have been researched extensively. INH has a molecular
weight of 137.14 g/mol and is a pro-drug which activates when oxidation takes place of NADH to
form an adduct NAD+. This inhibits the NADP dependent targets such as the enol-acyl carrier protein
reductase (INHa) of the Mtb [77]. The disadvantage of INH is its failure to counteract MDR-TB. This
has been noticed especially among HIV patients [77]. Recent studies have indicated that lipophilic

modification of the INH drug structure could result in an increased permeation of INH through the
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bacterium cell wall. Hence due to the hydrazide group, INH can easily be functionalized with
carbonyl compounds [77]. Another study specifies that INH reacted with pyrazole molecules indicates
good anti-TB activity. Inhibitory action of INH hydrazone analogues may improve by the introduction

of pyrazole units [77].

2.10.2 Rifampicin

Figure 2.14: Rifampicin Molecular structure (https://en.wikipedia.org/wiki/Rifampicin)

Rifampicin (RIF) is a strong lipophilic liver enzyme inductor and a backbone first-line drug used in
the treatment of TB. Figure 2.14 indicates the molecular structure of rifampicin. It has a molecular
weight of 822.92g/mol. RIF’s mechanism of action takes place via an inhibiting process[79]. It causes
inhibition of a gene known as rpoB, which is a B-subunit of DNA-dependent RNA polymerase
activity, which occurs during early transcription stages [79]. It is assumed that RIF physically blocks
the RNA sequencing process once two to three nucleotides have been added by a binding interaction
with a B-subunit occurring close to the RNA/DNA channel [79].

In previous studies, RIF has been used widely by individual’s by healthy volunteers and also in TB
patients [94]. Most patients respond to the normal dosage treatment of the TB drugs. However, the use
of low drug concentrations is usually the result of treatment failure or bacteria resistance, which

results in poor clinical outcomes [80].

25-Desacetyl rifampicin (D-RIF) has been identified as the main active metabolite of rifampicin,
which is also responsible for the clinical efficiency of the treatment [81]. It has been observed from
previous studies that RIF is responsible for stimulating the metabolism of INH and other drugs, as

well as inducing its metabolism [82].
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Most patients who are affected by renal or hepatic failure should be given reduced drug dosages due
to toxicity or given increased dosages of RIF to alleviate under-dosing due to its enzyme-inducing
effects. According to a study, due to their large lipophilic binding sites CYP isozymes (especially
CYP3A) are induced by RIF.

Another study describes RIF as a strong inductor of the CYP2E1 enzyme [83]. As a result, if INH is
co-administered with RIF, it would increase the metabolism of INH to form reactive INH metabolites.

This could lead to an increase in hepatic toxicity, which is unfavourable [83].

The identity of the RIF’s compound has been determined as using many techniques such as HPLC,
LCMS, LCMS/MS, HPTLC, UPLC solid-phase extraction, and LCTOF/MS. The following m/z ions
have been confirmed for RIF and its metabolite D-RIF respectively, producing a molecular ion of 823
and 781 and base peaks m/z 791 and 749 [81].

Multiple drug therapy is often used on an individual patient. In patients diagnosed with multiple
illnesses such as HIV and TB, the patient will require a combination of antiretroviral and TB drugs
[82-83]. The use of a combination of different drugs could result in drug-drug interactions [82-83].
Drug-drug interactions occur when the presence of one drug affects the bioavailability of another drug
in terms of absorption, metabolism, and distribution. This interaction could affect the treatment and
toxicity of the drug within the patient, and could lead to adverse effects which can be life-threatening
for the patient. These adverse effects can be eliminated or alleviated by rationing the periods of the
drugs administered. For the use of the correct dosage adjustment required by the patients, it is

important to understand the drug-drug interactions of the drug [84, 85].

The common systemic drug delivery systems used for most administration of drugs occur via a micro-
particle delivery system. These micro delivery systems have been researched extensively for
achieving targeted site-specificity of the TB infection site to alleviate or reduce its toxic effects. The
M.tb disease is commonly active in the alveolar macrophage: hence, drug formulations are designed
to target these growth sites. For rifampicin to induce its therapeutic effect, it is required that
rifampicin penetrates the infected cell wall, where the phagocytized trapped M.tb resides within the
host cell. For pulmonary TB the most effective drug delivery system used is delivering the drug
directly to the active site via an aerosol. The use of this direct delivery system could bypass the first
metabolism process, whereby the localized therapeutic effective concentration is maintained and

followed by reduced side systemic effects of the drug.

Another study has indicated that rifampicin is sensitive to pH [86]. Therefore, when the RIF drug is in
unfavourable conditions, it undergoes degradation. An analysis of the drug and determining drug
metabolite formation shows that degradation of the drug causes a hindrance in achieving accurate

biotransformation of the drug to metabolites [86]. Ascorbic acid has shown favourable preservation
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effect on the rifampicin drug stability in plasma as well as increased the stability of the drug in plasma
for 12 hours at room temperature [86]. Hence, the increased stability of the drug will also result in
increased bioavailability of the drug [86]. When analysing samples via LCMS analytical techniques,

this is an important finding to allow for an increase in accuracy and efficiency of the analyses.

2.10.3 Ethambutol
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Figure 2.15: Ethambutol molecular and physical structure (https://en.wikipedia.org/wiki/Ethambutol)

Ethambutol (ETH) is a drug used as a combinatorial drug treatment for Tuberculosis. ETH has a
molecular weight of 204.31 g/mol [87].The molecular and physical structure is given in figure 2.15.
ETH is usually given in combination with INH, RIF, and PYR. It is taken orally. The method of ETH
delivery is believed to interfere with the metabolism of the bacteria [87].

ETH obstructs the formation of the wall of the cell of actively growing tuberculosis bacilli. Mycolic
acids bind to the 5-hydroxyl groups of the D-arabinose, which is a residue of arabinogalactan [88].
This forms the mycolyl-arabinogalactan-peptidoglycan complex in the cell wall. ETH works by
affecting the synthesis of arabinogalactan, by inhibiting the arabinosyl transferase enzyme [88]. This
inhibition causes the disruption of the synthesis of arabinogalactan, which increases the permeability
of the cell wall [88].

ETH is best administered orally and is absorbed from the gastrointestinal tract. The drug is distributed
in the body tissue and fluids very well. When excreted, 50% of ethambutol is unchanged. ETH should

be kept out of light and away from moisture at room temperature [88].

ETH is metabolized to an aldehyde intermediate followed by conversion to a dicarboxylic acid. It was
observed that no significant drug-drug interactions were observed in animals [89]. Human drug-drug
interactions have been observed, namely that ethambutol interacts with antiacids. It is recommended
to avoid concurrent administration of aluminium hydroxide containing antacids for at least 4 hours
before administering ethambutol [89]. It was reported that a decrease in renal excretion of ETH occurs
when administered together with rifampicin [90]. Adverse effects of ETH can lead to reversible

blindness or irreversible blindness, which is a major risk for patients.
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2.10.4 Pyrazinamide
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Figure 2.16: Pyrazinamide molecular structure (https://en.wikipedia.org/wiki/Pyrazinamide)

Pyrazinamide (PYR) is a drug used in combination to treat tuberculosis. It is one of the first-line anti-
tuberculosis drugs used to treat active TB [91]. PYR has a molecular formula of 123.113 g/mol and it
falls under the anti-mycobacterial medication class. The molecular structure is given in figure 2.16.
PYR is taken orally and is typically used in combination with INH, RIF, and ethambutol. The
mechanism of PYR is not entirely clear as yet Mycobacterium Bovis and Mycobacterium Leprae are

resistant to PYR, and hence it cannot be used to treat these TB bacteria [91].

The pharmacokinetics of PYR is based on the drug crossing the meninges that are inflamed [91]. PYR
is an important part of the treatment of tuberculosis meningitis [91]. The liver metabolizes the drug

and the metabolites produced are excreted by the kidneys.

It has been confirmed by the WHO that PYR is safe when used during pregnancy. PYR works as a
pro-drug which inhibits the growth of M.tb.

2.10.4.1 How pyrazinamide works

When ingested, the PYR drug passes into the granuloma of M.tb. The drug is then converted into
pyrazinoic acid by the tuberculosis enzyme pyrazinamidase. The pyrazinoic acid pH conditions range
between pH of 5 to 6 and slowly coverts into the conjugated protonated acid which exits from the
mycobacterium cell via passive diffusion and an efflux mechanism [92]. This protonated conjugated
acid then passes easily back into the bacilli and accumulates. This has a net effect of more pyrazinoic

acid inside the bacilli at acidic conditions than at neutral pH conditions [92].

The accumulation of pyrazinoic acid was suggested to interfere with energy production and the
membrane potential of the bacteria. Since membrane potential and energy production is a key
requirement for the Mtb survival in an acidic infection site, it was though that pyrazinamide caused
inhibition to this process. This suggestion of the mechanism was however discounted. This was
because of the acid environment not being favourable for pyrazinamide and treatment does not lead to

membrane disruption and intrabacterial acidification [92].
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The ability of pyrazinamide to kill dormant mycobacteria could be due to the pyrazinoic acid
produced and having the ability to bind with the ribosomal protein RpsA that inhibits trans-translation
[92].

M.tb mutation occurs via gene mutation where the pcnA gene encodes a pyrazinamidase that causes
the transformation of PYR to an active acidic form (pyrazinoic acid). The pcnA gene mutation is
responsible for the resistance of PYR in M.tb [92]. Furthermore, resistance of PYR has been identified
where mutation in the rspA gene in the pyrazinamidase resistive strain occurs. However, a direct link

of this type of resistance has not been proven and has recently been disregarded in studies[92].

In 1936 the discovery of PYR took place. PYR was only used in the early 1950s for the treatment of
TB [93]. During in vitro processes, the therapeutic effect of PYR was unable to be identified because
of the neutral pH environment used. However, in in vivo studies of the drug showed therapeutic effect
due to the diverse pH ranges within the body [94]. The discovery of PYR's ability to aid in
counteracting the TB bacterium was due to the favourable effect of nicotinamide against TB. From
this finding, it was deduced that PYR should have a similar effect [94]. Studies were then undertaken
on rodents. This confirmed the PYR activity via elimination of the TB bacterium, and thereafter it
became a first-line anti-TB drug in humans [92]. The addition of PYR to the treatment of TB reduced
the treatment period from nine to six months. The relapse rates of patients after recovery has also
shown a major reduction since the addition of PYR to the TB treatment. The major side effect of the
pyrazinamide occurs in the liver via a hepatic reaction which causes hepatotoxicity. The reason for the
hepatotoxicity has been indicated to be related to the dosage. These side effects include disturbances
in the gastrointestinal tract. The use of PYR is not recommended to patients with severe liver damage

or gout — which is a major drawback for the TB treatment process for these patients mentioned [95].
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2.11 Blood
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Figure 2.17: The composition of whole blood and its components
(https://pantip.com/topic/32055838)

Blood is a very important tissue in the body and the only fluid type of tissue. Blood is a connective
tissue comprised of living cells known as blood cells transported by plasma, which is a non-living
fluid matrix. Blood is composed of both liquid and cell components [96]. When blood spins in a test
tube via a centrifugal process, the whole blood separates into 3 components which consist of many
other components as indicated in figure 2.17 above. The component with the lower density moves to
the top of the test tube which is known as plasma and the heavier component moves to the bottom of
the test tube. This separation occurs due to the centrifugal force. The red component at the bottom of
the test tube, when separated, is mostly erythrocytes [96]. These erythrocytes function to transport
oxygen through the body. In between the plasma and erythrocytes layer is a buffer coat layer [96].
The buffer coat layer contains white blood cells, which is also referred to as leucocytes. These
leucocytes protect the body in many ways. Plasma, erythrocytes, and leucocytes make up 55%, about

45%, and less than 1% respectively of whole blood [96].
2.12 Plasma

Plasma is the clear, light yellow liquid component of blood present when all other components of
blood are removed via a centrifugal process [96-97]. The components removed are platelets, red and
white blood cells, and many other cellular components present within whole blood [96-97]. Plasma is
the largest portion of human blood which occupies about 55% of whole human blood. Plasma is the
transport system for cells and other substances important to the body [97]. Plasma is made up of about
93% of water, it also contains salts, enzymes and various proteins [97]. The liver is the organ

responsible for most of the plasma protein production. It carries important functions in the body such
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as the clotting blood, unbound drug transport within the body and fighting off diseases. One of the
major proteins that contribute to 60% of protein present in plasma is known as albumin. The functions
of these proteins are to move molecules through the circulatory system, which acts as a blood buffer
system and contributes to the osmotic pressure of plasma [97]. The makeup of plasma varies
continuously as cells remove or add substances to the blood. However, assuming a healthy diet,
plasma composition is kept relatively constant by various homeostatic mechanisms [97]. When the
protein levels in blood decrease the protein levels are replenished by the liver. When the blood starts
to become too acidic (acidosis), both the respiratory system and the kidneys are called into action to
restore plasma’s normal, slightly alkaline pH. Body organs make dozens of adjustments, day in and
day out, to maintain the many plasma solutes at life-sustaining levels [98]. However, it is important
when conducting clinical trials, not to assume that the plasma composition is constant because the
health status of most patients varies which could hinder the function of the body to keep the plasma
levels constant [98]. According to research, experiments have shown that diet can affect protein levels
in the blood. It is stated that a low-calorie diet leads to a slight increase in serum protein and a drop in
plasma protein, hence the total circulating proteins diminish [98]. It was proposed that this occurrence
was due to low fluid intake. Another study was conducted on patients diagnosed with cirrhosis which
resulted in low plasma protein levels [98]. The defective formation of plasma protein is a result of
hypoproteinemia which could be due to loss of optimal function in the liver. In this study, source

plasma was used which is obtained from human volunteers.

2.13 Computational Pharmacology Modelling
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Figure 2.18: Computational modeling structure illustrating the protein, molecule and surface
topology of the molecule bound to the protein pocket (https://phys.org/news/2011-05-3d-proteins-big-
picture.html)
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Computational pharmacology is a technique that has been recently developed. It is a technique that is
based on theoretical pharmacological aspects and modelling of many molecules [99]. It is aimed
towards rationalizing the relationship between the drug activities when observed experimentally and
its structural features derived from computational chemistry and molecular mechanics. The main use
of this technique is to provide valuable, efficient, accurate and cost-effective alternative methods for
drug study and development [99]. Computational pharmacology is used to determine the possible
binding action of molecules within the protein pockets of a specific protein as indicated in figure 2.18.
The protein macromolecule is usually obtained from a protein data bank [100]. This protein data bank
has already modelled the protein structure to the atomic scale [99]. The molecules that bind to the
protein pockets are required to be modelled by the use of a computation pharmacology operating
system. The modelled molecules are then docked to the protein pocket according to the most possible
binding interaction of the molecule and the protein[100]. The operating system is also responsible for
the prediction of the possible interaction between the molecule and the protein pocket site. This
interaction can be illustrated in 3d and 2D [100]. The 2D interaction generated indicates specifically
how the molecule binds to the pocket of the protein as well as the interaction or binding of the
molecule to the amino acid. The 3D surface topography can be illustrated in different modelling
imagery such as ribbons, cartoon, or surface topology imagery and many more [99]. When docking
the molecule to the protein the process undergoes a search of different positions and conformations
within the protein pockets available which generates scores to calculate the binding affinity of the
molecule to a specific side chain [99, 101]. The search program is an algorithm that proposes the
degree of freedom of the protein-molecule interaction complex. Hence it can be used to rank binding
interactions of different molecules and the thermodynamic interactions between the molecule and the

protein predicted from these scores [101-102].
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2.14  Human Serum Albumin (HSA)
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Figure 2.19: Molecular model of HSA protein with possible binding sites [103]

HSA is a major protein component of plasma responsible for the transportation and storage and
disposition of compounds or ligands in the blood [104-105]. HSA has a heart conformation 3D
geometrical shape consisting of 585 amino acid residues in a single polypeptide chain (shown in
figure 2.20) [106-107]. HSA has three domains, connected via 17 disulfide bridges, which can be
divided into subunits (I, Il and I1I) and represent similar alpha-helical shapes [108]. Each of the three
HSA domains can be further separated into sub-domains A and B [109]. Two principle ligand binding
sites within the HSA protein can be found in subdomains ITIA and IIIA known as Sudlow’s sites I and
Il respectively. Furthermore, a binding site was identified in subdomain IB [110]. The basic residues
(Lys195, Lys199, Arg218 and Arg222) surround the opening of site 1 however the bottom of the site
is hydrophobic. An important residue tryptophan 214 often for structural analysis is also present at
site 1. Site Il is much smaller in size comparatively and accommodates the binding of hydrophobic
drugs due to the predominant hydrophobic residues present [110-113]. A study conducted by Ping Li
according to the free drug theory states that in an in-vivo system the drug interchanges from protein-
bound to unbound states through reversible rapid equilibrium processes [114]. When the drug is
distributed to the circulatory bloodstream only the free unbound drug can permeate through the tissue
to the active or target site, which produces its effect and after some time reaches its half-life. In
studies conducted through in-vitro plasma-protein binding studies, the data is often used to understand
and replicate the in-vivo phenomena. This practice provides information in clinical and medicinal
sciences which aids in optimizing patient selection in trials. The problem faced with this practice is
that the binding kinetics which occurs in living systems is neglected. These kinetic binding effects
have great influences on the pharmacokinetic and pharmacodynamics. Thus the insight to the

interaction between First-line anti-TB drugs and HSA becomes important [114-115].
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2.15 Previous Studies conducted with the use of Blood plasma

According to a study conducted on rifampicin concentrations analysed from arterial plasma vs venous
plasma of baboons, the venous blood samples of patients’ are used for therapeutic drug monitoring of
rifampicin and PK studies. An HPLC-UV method for determination of rifampicin concentration in
plasma and the internal standard rifapentine was validated to compare venous and arterial plasma
kinetic of baboons after a single dose of rifampicin. Studies suggest that the arterial plasma is more
suitable to estimate concentrations of rifampicin at the blood tissue interface. Results of the
pharmacokinetic (PK) study indicated that the Arterial Cmax was 2.1 fold higher than venous Cmax.
From 0-120 min the area under the PK concentration curve was 80% higher in arterial plasma
indicating that Rifampicin venous concentrations, usually measured during conventional PK studies,

do not reflect the proper concentration and subsequent tissue exposure in the distribution phase [116].

A clinical study was performed to assess the protein binding of first-line anti-TB drugs to blood
plasma [117]. Results indicated that 88% of rifampicin, 14% of isoniazid, 1% of pyrazinamide and
12% of ethambutol drug concentrations were bound to the plasma proteins. Rifampicin plasma
concentration positively correlated with its protein binding, whereas isoniazid correlated negatively.

Pyrazinamide and ethambutol did not indicate plasma protein binding correlation [117].

A study conducted by Gurevich on the effect of blood protein concentration on drug dosing regimens
indicated that terminally ill patients are prone to develop hypoalbuminemia with statistics as high as
40-50% [118]. Hypoalbuminemia occurs when albumin levels in the blood are very low. The blood
protein plays a significant role in antibacterial drug dose regimes for these types of patients. Blood
proteins also affect the penetration of drug within the tissue. A change in blood protein binding
affinity and conjugation can affect antiviral activity. The change in protein binding with drugs affects
the bound and unbound concentrations. This fluctuation affects the efficacy of the drug dose regime.
Therefore due to hypoalbuminemia changes in free drug concentration can occur which can

significantly affect therapeutic effect and cause adverse side effects [118].

An investigation of the binding affinity of RIF to human plasma was conducted via an equilibrium
dialysis method [119]. Results indicated that 87-91% of RIF was bound to eleven healthy patient's
plasma samples. A binding test was further conducted on ten patients' plasma samples on long term

treatment and showed lower binding of rifampicin to the plasma with a percentage of 84-88% [119].

A study conducted states that plasma protein binding determination has an important impact on
clinical doses, PK and PD relationships because the free drug is responsible for the pharmacological
activity.[120]
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2.16 Analytical methods used for detection of TB drugs in blood plasma

Over the years several methods had been developed and validated for the detection of anti-TB drug
concentration in blood plasma [121-125]. These developed methods for detection of TB drugs are
considered to be a valuable tool for used in therapeutic drug monitoring studies for dose optimization
to minimize risk of therapeutic failure and TB drug resistance [121]. Theraputic drug monitoring is
also important because of its aid in reducing adverse effects and hepatotoxicity which has been
reported in 13-36% of patients [121].

According to a study conducted by Zhifeng Zhou, several HPLC methods have been developed and
validated for use in the pharmaceutical industry with effective anlayte elution times [122]. However
these methods are limited to analyse only one or two drugs in plasma due to the complexity of plasma.
Another limitation to this method was derivertization of the analyte [122].

A study was conducted for therapeutic drug monitoring of TB patient using an Ultra-performance
liquid chromatrography tandam mass spectroscopy method for simultaneous detection of nine second-
line anti TB drugs in blood concentration [123]. The method was successfully validated and used to
monitor 85 patient serum samples. The limitation to the study is that the method was only validated
with spiked serum and was not compared to standards without spiked serum. Therefore when
monitoring sick patients, if the patient had abnormal serum protein levels concentration results could

cause outliers or when extrapolating from the calibration curves.

A rapid LCMS/MS detection method was developed and validated for detection of rifampicin in
human plasma and cerebrospinal fluid [124]. The drug and internal standard were isolated from
plasma using simple organic solvent to deproteination the samples followed by centrifugation.
Detection of the drug was carried out using electrospray positive ionization. The method was
successfully validated to study the plasma over a period of 25 hours after a 10 mg/Kg dosage of
rifampicin. An observation made in the study was that heat-inactivation significantly affects the size
of the rifampicin signal. There it was recommended to avoid heat inactivation where possible. The

developed method had a high recovery of 90% and rapid detection of 6 minutes.

A pharmacokinetic study conducted for the detection of pyrazinamide, ethambutol, protionamide
andclofazimine in dog plasma was performed using an LCMS/MS coupled with 96-well format plate
[125]. The plasma samples were diluted with methanol on the 96-well plate and further diluted to
reduce matrix effects. The method was robust and efficient. The validated method was compared with
published analytical methods and proved to be advantages for sensitivity, sample time and sample

volume.
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2.17 Analytical Methods to measure blood plasma protein content

Plasma protein plays an important role in in therapeutic drug monitoring bioanalytical method. When
a drug is administered to a patient, only the unbound drug fraction is available to produce its intended
effect at the active site. By including the plasma protein as a variable in bioanalytical validation
methods, the accuracy of therapeutic monitoring concentration results are increase. However every
patient is different. Patient with blood disorders such as hypoalbuminea will have a deficit in albumin
in the blood levels [126], therefore when the patient is administered a drug regimen and the drug
concentration level in the patients blood is monitored using LCMS concentration calibration curves
calibrated using normal albumin levels, the patients blood concentration extrapolation would be
inaccurate. Therefore to increase the accuracy in therapeutic drug monitoring trials, it is important to

determine the protein content of the patient’s blood plasma.

A study to quantify the exact plasma protein content was conducted. The study tested five methods to
isolate and measure the plasma protein content [127]. The five methods used were Bradford, Lowry,
Biuret, Pesce and Strande and a modified Schaffner-Wesismann method [128-134].

The use of the Biuret assay was considered impractical due to the large sample volume require which
could go up to 2mL. However the linearity produced by the signal intensity over a wide range of

protein concentration favoured this method [127].

The Bradford assay was based on dye-protein complex. In this method the proteins bind to the dye to
form a complex which increased molar absorbance. The method was easy to perform however the

method had poor linearity when compared to the biuret assay method [128].

The Lowrey assay is a modification of the biuret assay by using Folin-phenol reagent through
subsequent reactions. The problem with this method was that interference occurred due the amino
acids tyrosine and tryptophan on the colour development. It was found that interference often

occurred when using this method [129].

The Pesce and Strander assay was evaluated as a practical and efficient method to provide accurate
measurement of protein content of plasma. The method is based on the simultaneous mixture of
protein, Ponceau-S dye with trichloroacetic acid. A precipitate was formed which was then dissolved

by sodium hydroxide which produces a violet colour [130].

The Schaffner-Weismann method is based on protein precipitation with Amido black dye in
methanol/acetic acid which is dissolved using sodium hydroxide. The method is easy to use and is

usually used in dot blot analysis of poteins [131].
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The study suggested that each method has its advantages and disadvantages and that the reference
range for plasma albumin will vary depending on the method used [127]. In our study the plasma
protein content was determined using the Karl Fischer method which was the analysis of the water
content present in a sample. This method was used due to instrument availability. The Karl Fischer

concept was further discussed in chapter 4.
2.18  Studies on anti TB drug binding interactions with plasma proteins

A study to assess the interaction of anti TB drug with the a; — acid glycoprotein (AAG) produced in
pulmonary granulomas in drug candidites was conducted [135]. Cicular dichroism and UV/VIS
absorbtion spectroscopy methods were use to assess AAG binding properties of anti — TB drug
candidates who developed multidrug resistant tb. CD spectroscopic data indicated that AAG
molecules were bound within the beta-barrel of the protein in monomeric or dimeric forms. Molecular
docking studies suggested the importance of H-Bonds and ligand aromatic residue n-m stacking
interactions were important to produce stability to the drug molecule and protein binding site. AAG
was considered to be a significant binding competitor to anti TB drugs therefore possibly affecting
distribution and bioavailabilty of the drug [135].

The binding effect of INH on the structure and activity of HSA and catalase (CAT) was evaluated
through spectroscopic and molecular docking methods under invitro physiological conditions [136].
For accurate binding parameters the inner filter effect of all the fluorescence data was eliminated. The
stern volmer quenching constant for INH-HSA and INH-CAT was inversely proportional with the
temperatures, therefore demonstrating that INH caused static quenching for both HSA and CAT. The
conformational investigation of INH with HSA and CAT was performed using UV-VIS spectroscopy
synchronous fluorescence and dichroism, results indicated that INH could change the micro-
environment by interacting with tryptophan residues and cause structural deformation of the a-helix
conformation of the proteins. Molecular docking reveled that INH is probable to interact at sudlow’s
site 1 of HSA. This study provided helpful information the binding and toxicity of INH with HSA and
CAT [136].

The interaction of pyrazinamide with HSA and BSA (Bovine serum albumin) was studied [137]. The
methods used for the study was molecular docking, circular dichroism, dynamic light scattering and
differential scanning calorimetry. Results indicated that pyrazinamide had a higher binding affinity to
BSA with a binding constant of ~10* M for both HSA and BSA. The increase in secondary structural
content of the protein and the reduction in hydrodynamic radii indicated that pyrazinamide had
astabilizing effect on the protein. Pyrazinamide interacted through static quenching and had a

stabilizing effect on serum albumin [137].
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Researchers studied the binding 4-drug anti-TB regimen to plasma protein [1]. The study was
conducted to improve efficacy by determining the free drug concentration. The use of an
ultrafiltration technique was employed to determine the protein binding extent and variability of the
anti-TB drugs when administed simultaneously to TB patients. Plasma proteins of 22 patients were
used and the protein content of 18 of those 22 patients was measured. The median plasma binding
extent was determined for all 4 drugs: Rifampicin 88%, INH 14%, PYR 14% and ethambutol 12%.
The study indicated that the concentrations of rifampicin and INH are dependant on the plasma
concentration. However the plasma proteins were found to be an insignificant predictor for protein
binding of first-line anti TB drugs [1].

An in vitro pharmacokinetic study was performed using clinical trial data to investigate if a higher
administered rifampicin dose regimen would cause saturation of the proteins in blood plasma [138].
Protein free rifampicin standards were spiked with HSA and increasing drug concentrations up to
64mg/L as well as samples obtained from patients which were administed high-dosage of 35 mg/kg of
rifampicin. The performance of total (Area under the curve) AUC,.,, was evaluated to predict
unbound AUC,,,4. The study concluded that rifampicin at high doses can saturated plasma proteins,
however the high dosage of rifampicin was not high enough to increase free unbound drug fraction in
patients with normal albumin levels [138]. Increasing the dosage of rifampicin could also cause

adverse effects to TB patient health.
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Chapter 3

Rifampicin-plasma assay LCMS method development and

validation

3.1  Research Question

Can fields of research used in the laboratory such as bioanalytical drug method development and
optimisation, impact and improve the accuracy of LCMS concentration calibration curve results,
when assessing and comparing the calibration standards to calibration standards with blood plasma
present, as well as improve concentration extrapolation from LCMS calibration curves used for

therapeutic drug monitoring for TB patient clinical trials?
3.2  Aims and objectives

. Method validation of the anti-TB drug rifampicin (RIF) using LCMS to create an in vitro
drug-plasma system to determine calibration curves and drug identification for clinical trial

therapeutic drug concentration monitoring.

° To develop an LCMS method for detection and identification of rifampicin within plasma
samples.

o To validate the developed LCMS method from rifampicin with and without plasma.

. To assess if the drug-plasma assay has an effect and an impact on the limit of detection and

guantification in the validation process, when compared to the validation of the drug

without plasma.
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3.3 Experimental protocol: rifampicin experimental methods and

parameters

3.3.1 Chemicals and Reagents

Rifampicin (>97%) and phenacetin (>98%) powder certified reference standards were purchased from
Sigma Aldrich (Merck, Darmstadt, Germany). L-ascorbic acid (99%), acetic acid (99.8%) and
ammonium acetate (>98%) were analytical grade and was acquired from Sigma Aldrich. The solvents
methanol (99.9%) and acetonitrile (99.9%) were HPLC grade obtained from Sigma Aldrich. Millipore
distilled water was obtained from the Stellenbosch Tygerberg Clinical pharmacology department
laboratory. Blood samples of healthy patients, for the use of blank plasma were acquired from
Tygerberg Hospital Cape Town South Africa. Ethics Approval was obtained from the Health research
committee at the University of Stellenbosch for this study Ref: (X17/04/005).

3.3.2 Instrumentation and Chromatographic conditions

The assay analyses were performed using LCMS. A typical analysis used a positive mode,
electrospray ionization (ESI) interface hyphenated Shimadzu triple quadrupole mass spectrometer
8040 (MS) connected in tandem to a Shimadzu UFLC-XR HPLC using a 2 channel (binary) pump.
Chromatographic separation was achieved using a Shimpack, internal diameter (ID): 2.1 mm, length:
100 mm, particle size: 3.5 p C18 column with the oven temperature of 40°C by gradient elution using
5mM ammonium acetate in Millipore water at pH 5 (mobile phase A) and 0.01 % acetic acid in
methanol: acetonitrile (1: 1) pH 5 (mobile phase B) with a gradient increase from 0% mobile phase B
to 100% mobile phase B at a rate of 10% of mobile phase B/min over ten minutes. The mobile phases
had a flow rate at 0.1 ml/min-0.5 ml/min over 10 minutes. The sample injection volume was 3 pl. The
MS conditions were optimised for best sensitivity as follows, 0.1 YA interface current, nebulizing gas
flow of 3 L/min., drying gas (N,) flow of 15 L/min., desolvation line temperature of 250 °C, heat
block temperature of 400 °C and CID gas (argon) at 230 kPa.

3.3.3 Extraction solution

Ascorbic acid was dissolved in methanol to make up a solution with a concentration of 0.1 mg/mL.

MeOH was used as an organic extraction solution to precipitate proteins, and as a stock solution for

the analyte standards. It can be kept at 6 °C for a maximum of 6 days.
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3.3.4 Preparation of stock solutions

Rifampicin and phenacetin reference standards were each dissolved in a separate stock solution
consisting of 50:50 ratios of acetonitrile and Millipore water to make up 100 pg/mL concentration in a
100 ml volumetric flask. A second stock solution of rifampicin and phenacetin was prepared in the

same manner with a final concentration of 20 pg/mL.

3.3.5 Sample preparation of Rifampicin and internal standard phenacetin without
plasma

The stock solutions of rifampicin and phenacetin were used to prepare the plasma free standards for
analysis to plot the calibration curve. The following sample concentrations were prepared: 0.1, 0.5, 1,
5, 20 and 25 pg/mL. Table 3.1 illustrates the dilution of the stock solutions to the required rifampicin
concentration.The diluted standards were then added to the autosampler vials. The sample injection

volume was 3pL.

Table 3.1: Sample preparation and dilution of rifampicin and phenacetin without plasma

RIF C1 V1 C2 V2 | PHENACETIN | Extraction | Centrifuge | Vortex
(uL) (uL) (uL) solution time(min) | time(min)
(ML)

0.1 20 5 0.1 | 1000 100 400 3 1
pg/mi pg/mi pg/mi

0.5 20 25 0.5 | 1000 100 400 3 1
pg/mi pg/mi pg/mi

1 pg/ml 20 50 1 1000 100 400 3 1
pg/mi pg/mi

5 pg/mi 100 50 5 1000 100 400 3 1
pg/ml pg/ml

10 100 100 10 | 1000 100 400 3 1
pg/mi pg/mi pg/mi

25 100 250 25 | 1000 100 400 3 1
pg/mi pg/mi pg/mi
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3.3.6 Sample preparation of rifampicin and internal standard phenacetin with plasma

Blood samples were centrifuged at 2550 rpm for 20 minutes (benchtop centrifuge) to remove
particulate matter, sediment and to isolate plasma. Plasma was carefully extracted using a clean
pasture pipette and transferred into a suitable container (Eppendorf vial) and frozen immediately for
preservation.After thawing, 0.20 mL plasma was placed into an Eppendorf vial. A volume of 0.6 mL
(600 L) of the extraction solution (containing 0.1 mg/mL ascorbic acid) was added to the plasma.
The contents (0.8 mL in total) were vortexed for approximately 1 minute. The contents were
centrifuged at 2550 rpm for 3 minutes (bench-top centrifuge). The organic supernatant was carefully
pippeted and transferred into an eppendorf vial. The solid precipitated proteins were carefully
discarded in the biohazardous waste.

The stock solutions of rifampicin and phenacetin were used to prepare the plasma standards for
analysis to plot the calibration curve. The following sample concentrations were prepared: 0.25, 0.5,
1, 1.5, and 3 pg/mL. Table 3.2 illustrates the dilution of the rifampicin samples containing blood
plasma. The standards were then added to the autosampler vials. The automated injection volume

used was 3pL.

Table 3.2: Sample preparation of rifampicin and phenacetin with plasma

RIF C1 V1 C2 V2 PHENACETIN | Extraction | Centrifuge | Vortex
(L) (ML) | (uL) solution: time(min) | time(min)
Plasma
(4:1) (uL)
0.25 20 125 | 0.25 | 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
0.5 20 25 0.5 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
1 20 50 1 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
1.5 20 75 15 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
3 20 150 3 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
5 20 250 5 1000 100 400:100 3 1
pg/ml | pg/ml pg/mi
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3.3.7 Preparation of mobile phase A

e Preparation of 5 mM ammonium acetate buffer at pH 5.5

Calculation of mass weighed m=nxMr
C=n/V =0.005x77.08
n=CV =0.3854 g x 1000
=5x 107 x 1000 ml =385.4mg

o Mobile phase A

Ammonium acetate (385.4 mg) was weighed and transferred into a 1-litre volumetric flask and diluted

with Millipore water to the meniscus mark on the flask. The pH was measured to be 5.5

3.3.8 Preparation of mobile phase B

e Preparation of 0.01 % of acetic acid in acetonitrile/methanol. 20 uL of acetic acid was pipetted in
200 mL of an acetonitrile/methanol solution. The acetonitrile/methanol solution had a (1:1) mix

ratio.

Calculation

0.01 mL in 100 mL make 0.01%
0.01 x 2=0.02 mL
0.02 x 1000 = 20 pL

e Mobile phase B

20 pL of acetic acid was added 200 mL of acetonitrile/methanol (1:1) ratio to make up a solution of

0.01% of acetic acid in acetonitrile: methanol (1:1) mobile phase solution.
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3.4 Results and Discussion

The administration dosage of rifampicin per patient is 10 mg/kg per day [139]. When the drug is
administered to a patient, it is transported to the bloodstream via a systemic administration. Systemic
administration is an administration route that transports the drug into the circulatory system so that the
entire body is affected. Studies indicate that systemic administration is effective for treatment of
gram-positive bacteria such as M.tb [142]. The drug is then transported to the site of action via the
blood plasma. Blood plasma consists of plasma proteins and water and also glucose, electrolytes,
hormones etc. Rifampicin is a non-polar drug with a LogP value of 3.719 [73,140]. According to a
study by Wanat K, lipophilic drugs can lead to drug plasma binding to occur due to the plasma protein
albumin amino acid residues present in the blood plasma [141]. This impacts the pharmacokinetic
properties of the drug by decreasing its bioavailability and slowing its passage across biological
membranes therefore less than the required therapeutic dose reaches its target [141]. In addition, when
multiple drugs are administerd they compete for binding to the plasma proteins. This competition of
drug binding to the protein binding site can cause a rise in concentration of free unbound drug. This
can have cause serious problems for patients when administered with narrow therapeutic index drugs
[141]. This can also lead to errors and outliers in therapeutic drug monitoring data. Therefore, it is
important to consider the effect of drug-plasma binding to improve the accuracy of results of LCMS

concentration calibration curves.

Method Optimization

The quantification of rifampicin and the internal standard selected was phenacetin with and without
human plasma were conducted using an LCMS. During the validation process (validation support data
can be found in addendum A), the LCMS instruments conditions were optimized to obtain better
resolution of peaks. The pressure was 345 bars, the oven temperature was kept at 40 °C. The flow rate
of 0.3 ml/min and the injection volume was 3 ul. Mobile Phase A consisted of ammonium acetate in
Millipore water at pH = 5.5 and Mobile Phase B was composed of 0.01 % acetic acid in
methanol:acetonitrile ratio of 50:50. Mobile phase B was set to a gradient increase from 0% mobile
phase B to 100% mobile phase B at a rate of 10% of mobile phase B/min over ten minutes. The
mobile phases had a flow rate at 0.1ml/min-0.5ml/min over 10 minutes.The mobile phases were
chosen to keep rifampicin and phenacetin in its non-ionized state due to the pH 5.5 in mobile phase A.
This assisted by optimizing recovery and stability of the analyte when passing through the C-18 non-
polar stationary phase column. The analytes were kept in the non-ionized state so that the molecule
was retained on the non-polar packing carbon-18 column for efficient separation and detection to take
place. The extraction organic solvent methanol was used for plasma protein precipitation which was

adopted and modified for use in this validation method from a previous study [143].
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3.4.1 Limits of detection (LOD) & limit of quantitation (LOQ) Determination for
rifampicin without plasma standards based on 0.5 pg/mL concentration and the

linear equation gradient

The following data below was obtained using the LCMS method validation data of rifampicin

calibration standards without plasma present. The r? value 0.9925 was calculated from the LCMS

concentration calibration curves linear equation y = 237492x. As indicated in table 3.3 Sy/X is the
standard deviation that was calculated from the average area of the six LCMS runs performed for the
rifampicin concentration 0.5 pug/mL. The standard deviation was then used to calculate the LOD and
LOQ as indicated in the formular where m = 237492 which is the gradiant of the linear curve

regression line equation y = 237492x.

Table 3.3: LOD, LOQ, Standard deviation, and linear regression equation and correlation coefficient

R? of rifampicin without plasma

2 S —yi)2 sy sy
R°=0.9916 Y/X - \/2(3;_3’21) LOD = 3.3:; /x LOQ = 10); /x
y = 237492x = 1254255286 a3y, oxY,

237492 T 237492

=0.158 pg/mL =0.528 pg/mL

Table 3.4: Sample runs (x 6) of rifampicin and phenacetin (2 pg/mL) with plasma at concentration

0.5ug/ml containing the average area, RSD, retention times and area min and max

Sample Ret. Std.
Runs Rifampicin without plasma Time | Area Conc.
1 Rifampicin 7.806 | 246 246 0.5
2 Rifampicin 7.806 | 223 620 0.5
3 Rifampicin 7.808 | 209 397 0.5
4 Rifampicin 7.808 | 225939 0.5
5 Rifampicin 7.805 | 216 133 0.5
6 Rifampicin 7.805 | 220 316 0.5

Average 7.806 | 223 608

%RSD 0.018 | 5.609152

Maximum 7.808 | 246 246

Minimum 7.805 | 209 397

Std. Dev. 0.001 | 12 542.531966
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Table 3.5: Rifampicin concentration without plasma, Average area, relative standard deviation (RSD)

y = mx +c, (y-yi)?

Rifampicin without plasma was injected 6 times and the average area was calculated for each

concentration given in table 3.5

CONCENTRATION Average area(y) RSD(%) y=237492x
[X] (ng/ml) r2=0.9916

0.1 26 717.33 23.00

0.5 223 608.5 5.61

1 292 991.83 2.51

5 1667 064.4 7.55

20 4 583 098.5 1.27

25 5970 459.83 2.05

Internal standard: Phenacetin with a concentration of 2ug/mL

7 000 000,00
v =1237492x
6 000 000,00 RZ=10,9916
« Rifampicin with no albumin
5000 000,00 —— Linear (Rifampicin with no albumin)
*
4 000 000,00
1]
2
-
3 000 000,00
2 000 000,00
e
1000 000,00
L)
0,00
0 5 10 15 20 25 30
Concentration pg/mL

Figure 3.1: Calibration curve for rifampicin plasma free standards at concentration 0.1-25 pg/mL
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Rifampicin-Plasma free standards: The calibration curve indicated in figure 3.1 was plotted
using the average (6 runs each) concentrations of rifampicin as indicated in table 3.5. The
percentages RSDs (Relative standard deviation) of Rifampicin calibration standards without
plasma average LCMS peak areas for concentration standards 0.1pg/mL, 0.5pg/mL, 1pg/mL,
5pug/mL, 20pg/mL, 25ug/mL were 23.00 %, 5.61%, 2.51 %, 7.55%, 1.27 %, and 2.05%
respectively. The percentage RSD calculated for each concentration of rifampicin without plasma
was within the accepted range, except for the rifampicin concentration of 0.1pug/mL. The LOD for
plasma standards was found to be 0.158ug/ml and the LOQ was found to be 0.528 pg/mL. The
correlation coefficient r* generated from the calibration curve with plasma was 0.99712. The
mean concentration standard deviation (0.053ug/mL) was calculated using the peak areas of the
rifampicin plasma free concentration 0.5ug/mL as indicated in table 3.4, and calculating the x
values from the linear regression line. This was performed to represent the error of the data points

to the linear plot.

342 LOD & LOQ Determination for rifampicin-plasma standards based on 0.5

png/mL concentration and the linear equation gradient

The following data below was obtained using the LCMS method validation data of rifampicin

calibration standards with plasma present. The r? value 0.9815 was calculated from the LCMS

concentration calibration curves linear equation y = 182632x. As indicated in table 3.6 5y /x was the

standard deviation that was calculated from the average area of the six LCMS runs performed for the

rifampicin concentration 0.5 pg/mL containing blood plasma. The standard deviation was then used to

calculate the LOD and LOQ as indicated in the formulars where m = 182632 which is the gradiant of

the linear curve regression line equation.

Table 3.6: LOD, LOQ, Standard deviation, linear regression equation and correlation coefficient R?

of rifampicin with plasma present.

2= s ~yi)2 s %
R? = 0.9815 Vg = VU221 o =33 /x LOQ = 1108’;63/;
=182 632
y =14 905.89414 = 0.2693 pg/ml _ 10x%/,
T 182632
=0.816 pg/mL
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Table 3.7: Sample runs (x 6) of rifampicin and phenacetin (2 pg/mL) with plasma at concentration of

0.5ug/ml containing the average area, &RSD, retention times and area minimum and

maximum
Ret. Std.

Runs | Sample Time Area Conc.
Rifampicin + Plasma

1 0.5ug/ml 7.841 120 523 0.5
Rifampicin + Plasma

2 0.5ug/ml 7.84 126 063 0.5
Rifampicin + Plasma

3 0.5ug/ml 7.84 123 717 0.5
Rifampicin + Plasma

4 0.5ug/mi 7.841 144 757 0.5
Rifampicin + Plasma

5 0.5ug/ml 7.839 | 126479 0.5
Rifampicin + Plasma

6 0.5ug/ml 7.834 98 302 0.5
Average 7.839 123 307
%RSD 0.034 12.088506
Maximum 7.841 144 757
Minimum 7.834 98 302
Std. Dev. 0.003 14 905.931953
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Table 3.8: Rifampicin concentration with plasma + phenacetin, Average area, relative standard

deviation (RSD)y=mx + ¢

Rifampicin with plasma was injected 6 times and the average area was calculated for each

concentration given in table 3.8

CONCENTRATION  Average area(y) RSD(%)  y=182632x
[x] (ug/mL) R2 =0.9815

0.25 25231 6.25

0.5 124 195.5 12.09

1 160 015.33 6.59

15 219 980.16 3.92

3 619 167.16 2.56

5 888 844 4.88

Internal standard: Phenacetin with a concentration of 2ug/mL.

1 000 000
900 000 vy = 182632x
/ Rz2=10,9815
800 000 /
/ @ Rifampicin with 4.3 g/dL of
700000 Albumin

600 000 L /
/

——Linear (Rifampicin with 4.3

ﬁ .
£ 500000 / g/dL of Albumin)
- /

400 000 7

300 000 //

200 000 s

100 000 ‘/'/

0
0 1 2 3 4 5 6
Concentration pg/mL

Figure 3.2: Calibration curve for rifampicin standards containing plasma concentration 0.1-5ug/ml
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e Rifampicin plasma standards: The calibration curve indicated in figure 3.2 was plotted using
the average (6 runs each) concentrations of rifampicin with plasma as indicated in table 3.8. The
percentage RSD (Relative standard deviation) of the rifampicin standards with plasma average
LCMS peak areas for concentration standards 0.25pug/mL, 0.5pug/mL, 1pg/mL, 1.5pg/L, 3pg/mL,
5 pg/mL was 6.25 %, 12.09 %, 6.59 %, 3.92 %, 2.56 %, and 4.88 % respectively. These
percentages RSD are in the accepted range, which is % RSD < 20%. The LOD for plasma-free
standards was found to be 0.269ug/ml and the LOQ was found to be 0.816ug/ml. The percentage
recovery of the rifampicin from the plasma was found to be 55 % when comparing the peak areas
at the rifampicin average of concentrations 1pg/mL, 0.5ug/ml with plasma and without plasma.
The correlation coefficient r* generated from the calibration curve without plasma was 0.9842.
The mean concentration standard deviation (0.082uug/mL) was calculated using the peak areas of
the rifampicin plasma free concentration 0.5pg/mL as indicated in table 3.7, and calculating the x
values from the linear regression line. This was performed to represent the error of the data points

to the linear plot.

The linearity of both plasma-free and plasma standards were acceptable however it did not meet the
bioanalytical validation requirements of the FDA linearity acceptance criteria for r? of > 0.999. The
method proposed was found to be very selective and specific for detection and identification of
rifampicin and the internal standard phenacetin. The blank sample was prepared containing the
methanol extraction solution containing the ascorbic acid, and the blank sample was analysed on the
LCMS. The blank sample was used to verify that there was no rifampicin and phenacetin on the
column and that the blank sample was free from contaminants. The method developed produced good
separation of rifampicin and phenacetin and identified rifampicin and phenacetin peaks. Rifampicin
eluted from the column at the retention time of 7.87 minutes (Average retention time + standard
deviation) (see table 9 in addendum A) and phenacetin eluted from the column at the retention time of
6.9 min for samples without plasma. For rifampicin samples containing plasma the average retention
time was 7.82 minutes (Average retention time + standard deviation) (see table 17 in addendum A).
When a non-polar stationary phase is used for separation of compounds in a sample, the non-polar
compounds are retained for a longer period of time and the polar compounds elute faster from the
stationary phase column. Rifampicin was retained for a longer period of time on the non-polar C-18

column which indicates that phenacetin is more polar in nature compared to rifampicin.
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Table 3.9 A comparison of rifampicin with aloumin levels at 4.3 g/dL and no albumin using the

calibration curve equation of the line

Rif without Albumin Rif + 4.3 g/dL albumin

Concentration in ug/mL  Calculated Area: y = 237492x ~ Calculated Area: y = 182632x

2 474 984 365 264

4 949 968 730 528

6 1424 952 1095792
8 1899 936 1461 056
10 2374920 1826 320
12 2 849 904 2191584
14 3324 888 2 556 848
16 3799872 2922 112
18 4 274 856 3287 376
20 4749 840 3652 640
22 5224 824 4 017 904
24 5699 808 4 383 168
26 6174792 4748 432
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In figure 3.3 the calibration curve areas were calculated for rifampicin with plasma and without
plasma as indicated in table 3.9. The calculated areas were plotted on the same graph to compare the
relative accuracy. The graph indicates that as the gradient increases the percentage error increases.
The concentration error was illustrated using the calibration curve in figure 3.3 and was calculated by
extrapolating the concentration from rifampicin with plasma and rifampicin without plasma at the
same area. The extrapolation from the calibration curve for rifampicin without plasma was 25 pg/mL.
When compared to the extrapolation from the calibration curve of rifampicin with plasma at the same
area, the concentration was 19 pg/mL. The error of the curve without plasma was 24 %. This means
that the accuracy of the calibration curve of rifampicin without plasma was 76 %. Therefore, this
finding leads to an insight that blood plasma should be a required and should be factored into
bioanalytical methods to improve therapeutic monitoring results from LCMS calibration curves. In
addition, the concentration extrapolation from LCMS calibration curves without plasma present could
lead to large concentration errors especially when administering narrow therapeutic index drugs. This
led to the question, does plasma protein to water ratio vary for different patients and if so how could
the accuracy of the result be improved for therapeutic drug monitoring? Further research on the

plasma content was required.

7.00E+06 The difference of

rifampicin
6.00F+06 concentration
extrapolation at
5.00E+06 the same peak
area.

4 00E+06

Rifampicin without

3.00E+06 .
plasma

Calculated Area

Rifampicin with

2.00E+06 plasma

1.00E+06

vy
0.00E+00
0 5 10 15 20 25 30

Concentration pg/ml

Figure 3.3: Calibration curve of rifampicin with and without plasma from calculated area of each

linear equation
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3.5 Conclusion

In conclusion a method was successfully developed and validated using the Shimadzu LCMS. The
limit of detection and quantification values of the rifampicin plasma free standards was much lower in
value than the rifampicin-plasma assay standards. The gradient of the rifampicin plasma assay
samples was also lower in value when compared to the plasma-free rifampicin standards. This
confirms that the rifampicin drug interacts with the plasma, the recovery of sample concentration
decreases and the gradient of the validation calibration curve is affected by the plasma present. Hence
for increased accuracy, it is important to consider the use of plasma during validation methods for
blood sample analysis to avoid error in concentration results during therapeutic drug monitoring in TB
patient clinical trials. Another important parameter to be considered when comparing patients’ plasma

to the plasma calibration curve is the overall health condition of the patients’.

56



Stellenbosch University https://scholar.sun.ac.za

Chapter 4: Water Content Determination in Human Plasma Using the Karl

Fischer process

4.1 Aims and objectives of the variability in plasma stock solutions used to construct

calibration curves

. To investigate the influence plasma protein quantity present has on the gradient of the
calibration curves by determination of the water: protein content present in calibrator
plasma samples.

o To determine the water: protein content of specific patient’s plasma.

. To determine if the water content of plasma of patients is approximately < 93 %, as
suggested in the literature [144].

° To assess if the % water is impacted when analysing standing plasma samples or mixed
(vortexed) plasma samples.

. To use the Karl Fischer process as a novel technique for water content determination of

plasma.

4.2 Background

In this experiment, the Karl Fischer process was used to determine the percentage of protein present in
plasma samples. As suggested theoretically, and in an article on a new method for determining plasma
water content: application in pseudo-hyponatremia, the water content in the plasma is <93 % [144].
The purpose of this study was to determine if the water content in plasma of the same patients was
constant, or if the water percentage varies. The determination of the percentage of water content
present in plasma samples was acquired by using an automated Karl Fischer titration process. A

diagram of the Karl Fischer auto titrator is given in figure 4.1.
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Compact and economical

The 787 KF Twino s a compact and economical Karl Fischer ttrator Sor rou-
0o operation.
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Figure 4.1: Karl Fischer auto-titrator (https://www.metrohm.com/en-us/support-and-service/kf-how-

to-operate-sample-processing/#term:auto%20titrator)

Karl Fischer Reaction

Ketone/  |Aldehyde Alkylsulfite salt
aldehyde

Silanol :> CH,0H + S!;2+RN ——> (RNH)SO;CH,
- | C — = .
Acid Acid/Base Oxidant

H,0 +1, + RNH)SO,CH,+ 2 RN —> (RNH)SO,CH, + Zﬂ'ﬂ)l

reducing agent Alkylsulphate salt | [Hydroxide,Carbonate

Figure 4.2: The Karl Fischer reaction process (https://www.metrohm.com/en-us/support-and-

service/kf-how-to-operate-sample-processing/)
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421 Whatis the Karl Fischer Reaction?

The Karl Fischer process is an analytical technique used to determine the water content present in a
variety of substances [146]. Karl Fischer used the concept of the Bunsen reaction between iodine and
sulphur dioxide in an aqueous medium. Karl Fischer identified that the Bunsen reaction between
iodine and sulphur dioxide could be modified to determine the water content present in a non-aqueous
medium that contained an excess of sulphur dioxide. Methanol was used as a solvent and pyridine was
used as a buffering agent [145].

The alcohol reacts with sulphur dioxide and a base to form the intermediate alkylsulfite salt. The
alkylsulfite salt is then oxidized by iodine to an alkylsulphate salt. This oxidation reaction consumes
the water present [145]. lodine and water are consumed at a ratio of 1:1. When all the water present in
the substance gets consumed, the titrator’s indicator electrode detects the excess of iodine present
volumetrically. This then gives an amperometric signal based on the detection of a slight excess of
iodine when water is no longer present in the KF cell to indicate that the endpoint of the titration has

been reached [145]. In Figure 4.2 the Karl Fischer reaction is given.

The amount of Karl Fischer titrant used is directly proportional to the amount of water present in the
substance. The water content is calculated based on the iodine concentration present in the Karl

Fischer titrating reagent and the amount of Karl Fischer reagent consumed [145].

When the Karl Fischer method was introduced, the Karl Fischer reagent used was a toxic substance
pyridine. Due to this toxicity, scientists have looked towards finding pyridine-free substances such as
Hydranal that contain imidazole and primary amines. Hydranal-Composite is the most frequently used
pyridine free Karl Fischer titrating reagent. Hydranal-Composite contains all the reagents including
iodine, sulphur dioxide, and the bases imidazole and 2-methylimidazole, dissolved in diethylene
glycol monoethyl ether. Imidazole is stronger base than pyridine and is non-toxic with a higher
affinity for alkylsulfite. Imidazole allows the reaction to go to completion rapidly and provides
endpoint stability. Later on research indicated that adding 2-methylimidazole (as second base)

reduced crystallization and enhanced the stability of the reaction [147].
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When determining the percentage of water present in a substance using the Karl Fischer titration
process, two types of analytical methods (volumetric and coulometric) can be used [145]. Volumetic
analysis occurs via addition of reagent containing iodine to the KF cell. Coulometric analysis occurs
by regeneration of iodine electrochemically from the reaction of Karl Fischer reagent and water in the
KF cell. However, it is important to select the appropriate method of analysis for the substance in
guestion. The appropriate method is selected by the range of the water content in the substance. For
volumetric analysis, the percentage ranges from 0,1 % t0100 % and for coulometric analysis, the
levels of water detections range below one per cent ( <1%) [145]. Since plasma has a high water
content of <93 %, the volumetric Karl Fischer titration method would be most appropriate to use in

this experiment.
4.2.2  The use of plasma standards to produce calibration curves

When validating an analytical or LCMS method to produce a calibration curve, accuracy is an
important factor. The accuracy of the calibration curve will determine the margin of error. If the
accuracy is high, the margin of error will be low and results obtained or required from the calibration
curve will be reliable and acceptable to use. When taking a closer look at plasma as a component
separated from the blood, the plasma component consists of two major components: approximately
90 % water and 10 % protein. However, when using plasma in a standard sample at specific amounts,

the gradient of the curve is affected.

The gradient of the curve is derived from the linear equation of a straight line, which is produced from
the calibration results. When more plasma is present in the sample, the gradient of the curve will
decrease due to more protein content present. When less plasma is present in the sample, the gradient
of the curve will increase. Based on this effect of the plasma, when extrapolating results from the
calibration curve if the plasma content of the patient varies according to the plasma used to produce
the calibration curve, the concentration extrapolated from the calibration curve will give incorrect
results. In figure 4.3 a and b and example is given to indicate plasma water ratio of a patient
containing a higher protein level compared to the calibrator plasma used in the laboratory study. A
comparison using the calibration curve as indicated in the calibration curve in chapter 3 figure 3.3 will
result in a concentration extrapolation error. Hence, it is important to use the plasma of the patient to

validate the calibration curve.
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Another important observation relating to using plasma to prepare calibration curves is that the water
to protein percentage ratio is not accurately determined, and is based on the assumption based on
literature. Therefore, the purpose of this study was to determine the ratio of water to protein content of
different patients and the accuracy of sample plasma used from the same patient using the Karl
Fischer auto-titration method.

Plasma-Calibrator Plasma-Patient
\_/ v
90% H,O 70% H,O
\—___—/
e —
O eeee——]
10% Protein 30% Protein
N —————e \N—-—/
(@) (b)

Figure 4.3: a) Plasma-calibrator used to produce a calibration curve with a ratio of 90 % water to
10 % protein. b) Plasma sample of the patient to be analysed with a ratio of 70 % water to 30 %
protein.
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4.3 Experimental Protocol

4.3.1 Chemicals and Reagents

Blood samples of healthy patients, for the use of blank plasma were acquired from Tygerberg
Hospital Cape Town South Africa. Ethics Approval was obtained from the Health research committee
at the University of Stellenbosch for this study Ref: (X17/04/005). The standardizing solvent used was
Hydranal (Merck, lot. HX85808105). The solvents methanol (99.9%) was HPLC grade obtained from
Sigma Aldrich.

4.3.2 Instrumentation and Conditions

A 702 SM Titrino Karl Fischer auto titrator was used to conduct this experiment. A magnetic stirrer
was required for mixing the titration solution through the sample analysis. A Mettler Toledo mass
balance was used for weighing the plasma samples.The % water, mean and RSD were automatically

calculated by the Karl Fischer autotitrator. The following method parameters were set indicated in the

figure 4.4 below:

Karl Fischer 702 SM Titrino Parameters
Titration

V step 0.10 mL

Titration rate max. mL/min

Signal drift 50 mV/min

Equilibrium time 263

Start V: off

Pause Os

Measure input: 1

Temperature 25°C
Stop Conditions

Stop V: abs.

Stop ¥ 20 mL

StoppH off

Stop EP 9

Filling rate max. mL/min
Statistics

Status: on

Mean n=4

Rest.tab: original

Evaluation

EPC 0.50

EP recognition all

Fix EP 1 at pH off

pK/ HNP: off
Preselections

Req.indent: off

Req.sample size: value

Activate pulse: off

Figure 4.4: Karl Fischer method Parameters
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4.3.3 Preparation method of plasma samples and sample analysis

Blood samples were centrifuged at 2550 rpm for 20 minutes (benchtop centrifuge) to remove
particulate matter, sediment and to isolate plasma. Plasma was carefully extracted using a clean
Pasteur pipette and transferred into a suitable container (Eppendorf vial) and frozen immediately for
preservation. Sample waste was carefully disposed of in biohardous waste bins.

The samples of frozen preserved plasma from different patients were left to thaw. Once the plasma
thawed, 20 pL of plasma was pipetted into a weighing boat and weighed to measure the mass of the
plasma. The Methanol solvent used was 99.9% pure HPLC grade and a blank analysis was performed
to calibrate the Karl Fischer auto titrator and to indicate that no water was present. Thereafter
methanol solvent and a magnetic stirrer were added to the Karl Fischer titrator cell. The magnetic
stirrer was used to keep the solution mixed when further addition of solvents were titrated to the
titrator cell. The 20 pL of blood plasma was then added to the titrator cell and the Karl Fischer reagent
Hydranal was used to titrate and promoted oxidation reaction in the titrator cell to take place. Each
addition of hydranal was automatically measured by the auto-titrator until the endpoint of the run was

reach. The run reached an end point when all of the water in the titrator cell was consumed.
Two types of analysis on the samples were done:

. Seven (7) x Samples were left to stand and thereafter each sample was analysed four (4) times.
. Seven (7) x Samples were vortexed (3 min) vigorously for homogeneity of the plasma and each

sample was analysed four (4) times
4.4 Results and Discussion

The purpose of this experiment was to determine whether the ratio of water content to plasma varied
when using an extracted sample from a specific patient. The water content present in the plasma was
analysed using a Karl Fischer auto titration method. The volumetric analysis method for Karl Fischer
titration was used. Understanding the water content present in a patient's plasma is important because
when analysing blood samples of a patient using a specific drug, the drug tends to bind the protein in

the plasma.
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Table 4.1: Average Plasma water and protein content of sample analysis 1 (unshaken); where each

sample was analysed four (4) times

Sample Mass Water Protein Mass Water Protein Water Protein
(%) (%) (%) (%)
) RSD RSD RSD
Average Average Max. Max.
Average
1 0.0337 82.15 17.85 9.43 431 19.85 88.04  20.86
2 0.0311 90.39 9.61 12.47 852 80.12 95.35 2294
3 0.0302 89.21 10.79 6.02 4.73 39.08 95.72 1499
4 0.0311  92.80 7.20 6.32 7.40 65.55 103.97 15.03
5 0.0335 85.21 14.79 1.84 4.77 27.49 90.73  20.75
6 0.0322  88.53 11.47 4.30 4.74 36.58 9546  15.58
7 0.0313  85.50 14.50 0.14 8.03 47.35 96.81 21.71

When producing a calibration curve of the drug, the results obtained will give a concentration error
due to the binding of drug to the plasma. To identify if the proposed hypothesis that error in
concentration can occur due to the variation of water content in plasma, two types of analysis were
performed. The plasma samples of the patient's water content were analysed when left standing and
when shaken to identify if homogenizing the plasma would factor a constant water level in plasma.

Seven (7) samples were analysed for both plasma tests and 4 runs were conducted for each sample.
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The following results were obtained from the standing plasma sample Analysis 1:

a. Plasma sample 1:(Patient ID)1098435

b. Plasma sample 2: (Patient ID)11127901

€. Plasma sample 3: (Patient ID)11127901

Runs Mass | Water% | Protein%o Runs Mass | Water% | Protein% Runs Mass Water% | Protein%
in in in
grams grams grams
1 0.0306 81.78 18.22 1 0.0316 77.06 22.94 1 0.0322 85.01 14.99
2 0.0326 79.63 2037 2 0.0281 94.64 5.36 2 0.0294 95.72 4.28
3 0.0390 | 88.04 11.96 3 0.0274 | 9535 4.65 3 0.0272 | 90.10 290
4 0.0325 79.14 20.86 4 0.0372 94.50 5.50 4 0.0320 85.99 14.01
Average | 0.0337 | 82.15 17.85 Average | 0.0311 90.39 9.61 Average 0.0302 89.21 10.79
RSD% 9.43 4.31 19.85 RSD% 12.47 8.52 80.12 RSD% 6.02 4.73 39.08
d. Plasma sample 4: (Patient ID)11114623 €. Plasma sample 5: (Patient ID)10984359 f. Plasma sample 6: (Patient ID)10984359
Runs Mass | Water%o | Protein%o Runs Mass | Water% | Protein% Runs Mass | Water% | Protein%
in in in
grams grams grams
1 0.0344 84.97 15.03 1 0.0331 85.33 14.67 1 0.0339 84.42 15.58
2 0.0301 91.66 834 2 0.0329 85.53 14.47 2 0.0316 86.26 13.74
3 0.0294 90.60 9.40 3 0.0336 90.73 9.27 3 0.0303 88.01 11.99
4 0.0303 | 103.97 0 4 0.0345 79.25 20.75 4 0.0331 95.46 4.54
Average | 0.0311 92.80 7.20 Average 0.0335 85.21 14.79 Average 0.0322 88.53 11.47
RSD% 6.32 7.40 65.55 RSD% 1.84 4.77 27.49 RSD% 4.30 4.74 36.58
£. Plasma sample 7: (Patient ID)1114623
Runs Mass in grams Water%o Protein®o
1 0.0313 83.10 16.90
2 0.0313 78.29 21.71
3 0.0313 96.81 3.19
4 0.0314 83.80 16.20
Average 0.0313 85.50 14.50
RSD% 0.14 8.03 47.35

Figure 4.5: Sample analysis 1 table data: 4 runs were performed for 7 samples to analyse the water
content in blood plasma proteins. a) Sample 1 Patient ID (1098435), b) Sample 2 Patient 1D
(11127901), c) Sample 3 Patient ID (11127901), d) Sample 4 Patient ID (1114623), e) Sample 5
Patient ID (10984359), f) Sample 6 Patient ID (10984359), g) Sample 7 Patient ID (1114623). Each

figure contains the mass of the samples, the %water, and the calculated protein content. Each figure

indicates the average and relative standard deviation for the mass, %water and protein content.

65




Stellenbosch University https://scholar.sun.ac.za

Table 4.2: Plasma water and protein content sampled (vortexed), where each sample was analysed

four (4) times

Sample Mass Water Protein Mass Woater Protein Water Protein
(%) (%) (%) (%)
) RSD RSD RSD
Average Average Max. Max.
Average
1 0.0351 83.52 16.48 1596 9.90 50.14 96.90 23.79
2 0.0309 84.47 15.53 3.00 459 25.78 88.26 22.01
3 0.0365 84.35 15.65 837 161 8.70 86.30 17.55
4 0.0320 86.07 13.93 555 2.35 14.52 88.44 17.02
5 0.0370 85.54 14.46 17.69 9.94 58.82 97.49 26.55
6 0.0347 86.22 13.78 487 312 19.52 89.35 16.99
7 0.0363 85.94 14.06 833 9.34 57.65 97.28 22.01

The protein values obtained from the water determination results were calculated using a simple

mathematical equation:

Plasma%o = water % + protein % = 100 %0.......ccceovirernieniiise e Equation 4.1
Therefore

Protein % = 100% - water %

When analysing the water content for both standing and vortexed plasma samples, one of the
objectives was to identify if the variation in the plasma volume or mass used to analyse the water
content affected the water results. It was observed that the water percentage determined from the

sample was independent of the mass of plasma used.
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The following results were obtained from the vortexed plasma sample Analysis 2:

a. Plasmasample 1:(Patient 1D) 11127901 | b. Plasma sample 2: (Patient ID) 11114623 €. Plasma sample 3: (Patient ID) 10984359
Runs Mass | Water% | Protein®o Runs Mass | Water% | Protein%o Runs Mass | Water% | Protein%o
in in in
grams grams grams
1 0.0352 7714 2286 1 0.0305 85.97 14.03 1 0.0340 84.35 15.65
2 0.0344 76.21 23.79 2 0.0301 85.67 14.33 2 0.0349 84.29 15.71
3 00275 | 96.90 3.10 3 0.0306 | 88.26 11.33 3 0.0353 | 86.30 13.70
4 0.0433 [ 8382 16.18 4 0.0325 | 77.99 22,01 4 0.0417 | 8245 17.55
Average | 00351 | 83.52 16.48 Average | 0.0309 | 8447 15.53 Average | 0.0365 | 84.35 15.65
RSD%o 15.96 9.90 50.14 RSD% 3.00 4.59 25.78 RSD% 8.37 1.61 8.70
d. Plasma sample 4: (Patient ID) 10984339 | €. Plasma sample 5: (Patient ID) 11114623 f. Plasma sample 6: (Patient ID) 11114623
Runs Mass | Water% | Protein%o Runs Mass | Water% | Protein%o Runs Mass | Water% | Protein%
in in in
grams grams grams
1 0.0296 88.44 11.56 1 0.0356 86.02 13.98 1 0.0356 84.15 15.85
2 0.0311 85.74 14.26 2 0.0336 85.20 14.80 2 0.0341 83.01 16.99
3 0.0342 82.98 17.02 3 0.0480 73.45 26.55 3 0.0322 88.36 11.64
4 0.0331 87.12 12.88 4 0.0309 97.49 2.51 4 0.0367 89.35 10.65
Average | 0.0320 86.07 13.93 Average 0.0370 85.54 14.46 Average 0.0347 86.22 13.78
RSD% 5.55 2.35 14.52 RSD% 17.69 9.94 58.82 RSD% 4.87 312 19.52
g. Plasma sample 7: (Patient ID)1114623
Runs Massin grams Water% Protein%o
1 0.0407 77.99 22.01
2 0.0374 97.28 272
3 0.0329 89.72 10.28
4 0.0342 78.77 21.23
Average 0.0363 85.94 14.06
RSD% 8.33 9.34 57.65

Figure 4.6: Sample analysis 2 table data: 4 runs were performed for 7 samples to analyse the water

content in blood plasma proteins. a) Sample 1 Patient ID (11127901), b) Sample 2 Patient ID
(1114623), c) Sample 3 Patient ID (10984359), d) Sample 4 Patient ID (10984359), ) Sample 5
Patient ID (1114623), f) Sample 6 Patient ID (1114623), g) Sample 7 Patient ID (1114623). Each

figure contains the mass of the samples, the %water, and the calculated protein content. Each figure

indicates the average and relative standard deviation for the mass, %water and protein content.
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As indicated in figure 4.5 g) of sample Analysis 1 of plasma sample 7:1114623, for runs 1-4, masses
of 0.0313, 0.0313, 0.0313 and 0.0314 g of plasma were used with a relative standard deviation of
0.14%. If the water content was dependent on the mass of the plasma used, the water percentage
should be constant. However, the water percentage for the masses obtained varied and was 83.10 %,
78.29 %, 96.81 % and 83.80 % respectively. Another observation in figure 4.6 a) of sample Analysis
2 of plasma sample 1:11127901 to support this finding was that the water percentage of a lower mass
of 0.0275 in run 3 yielded a higher water content percentage compared to runs 1, 2 and 4 which
yielded lower water content percentages.

As a result of this observation, it can be confirmed that the water content percentage determined is
independent of the mass of plasma used. The main aim of this study was to determine if the accuracy
of plasma used from a specific patient varied in protein content. From the results of Analysis 1 for the
standing plasma, it was observed that the water content percentage for each sample in runs 1-4 varied.
This is an important finding because plasma is used in analytical standards for blood analysis of the
patient to determine the concentration. Hence, when the water content varies in the plasma the protein
content varies as well. This could lead to error in calibration curves as well as error in the
extrapolation of concentration results per patient. The variation in water to protein content ratio will
also cause an increase or decrease in the gradient of the calibration curve validated which will further
cause erroneous results. The protein content also plays an important role when preparing standards for
validation because the drug could have the ability to bind to the protein. According to the literature,
the theoretical plasma content is made up of about 93 % water [144] to 7 % protein. For sample
Analysis 1, samples 1-7 per 4 runs for each sample, the average water content percentage ranged from
82.15 to 92.80%. The average calculated protein content (Equation 4.1) for analysis 1 of samples 1-7
was indicated in table 4.1. The average relative standard deviation of samples 1-7 were 19.85%,
80.12%, 39.08%, 65.55%, 27.49%, 36.58%, 47.35%. This indicated that the deviations in protein

content between sample runs were large and that the protein content in analysis 1 varied.

From the results of Analysis 2 for the vortexed samples, it was observed that the water content
percentage varied as well. For sample Analysis 2, samples 1-7, the water content percentage per four
runs for each sample had an average range between 83.52 and 86.22 % which is much smaller
compared to the range of the samples from Analysis 1. However, the difference in range cannot
confirm that shaking of the samples is the reason for the smaller range between the two analysis
methods. The deviation in water content percentage results indicates that when preparing a standard
for calibration curves the area under the curve produced at a specific concentration could lead to
incorrect results as indicated in Figure 3.3 in chapter 3 (area vs concentration). To alleviate the error
of results it would be a requirement to determine the water percentage of each patient's plasma as well

as develop a correction factor for the resulted deviation to the literature-based water content in
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plasma. From both analysis methods, most of the results obtained were below the literature value of
about 93 % water content present in plasma [144]. The average calculated protein content (Equation
4.1) for analysis 2 of samples 1-7 was indicated in table 4.2. The average relative standard deviation
of samples 1-7 were 50.14%, 25.78 %, 8.70%, 14.52%, 58.82%, 19.52%, 57.65%. This indicated that
the deviations in protein content between sample runs were large and that the protein content in
analysis 2 varied aswell and vortexing samples has no effect on when determining plasma protein

content.

According to a study of blood plasma content, disorders such as hyperproteinaemia and
hyperlipidaemia can be the result of the relative decrease in the water content of plasma and an
increase in plasma protein [144]. When conducting clinical studies, these types of disorders could
result in incorrect data being obtained. The increase in protein content also affects the sodium
concentration in the plasma, since the sodium ion is only present in the water content and the sodium
concentration impacts the water content in blood [144]. Hence, the sodium content present in plasma
can be used to determine the water content present in blood plasma. Therefore, when the body
reabsorbs sodium into the blood the sodium ion gets transported by the water which is absorbed back
into the blood circulatory system through the function of the kidneys. If the plasma is extracted from a
patient when the sodium level of that patient is low and the water content in the plasma is low, the
protein content in the plasma will have a higher concentration ratio [144]. Hence, more of the drug
that can bind to the protein in the plasma will bind, leading to erroneous results when conducting

LCMS calibration for detection of concentration.

45. Conclusion to the Karl Fischer data

Plasma is an important factor to consider in therapeutic drug monitoring of TB patients because it is
evident from the results above that the plasma of a single patient and of different patients varies in
plasma water content. Therefore, if a plasma calibrator (when compared to a patient with a lower or
higher plasma water content) is used, the concentration result of drug present in the patient sample
will be inaccurate, due to an increased or decreased amount of drug bound to the protein content.
Hence, plasma protein binding interaction should not be considered as a negligible factor during TB
clinical trials because it could lead patients to anti-TB drug resistivity, poor absorption, and

distribution levels of drugs.

In Conclusion to the Karl Fischer analysis of plasma, the experimental error of the method was very

high and was not acceptable for the purpose of analysis of the water/protein content within human
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plasma. It is also not possible for a patient to have water content of their plasma of 103% or 77 %.
Therefore the results are inconclusive of deviation of the protein/water ratio of human plasma and
further research was required to proof these claims. We decided it is better to determine the plasma

protein content directly.

4.6  Experimental Protocol: Plasma Protein determination

The data was supplied to us by the SU. CAF Proteomics. laboratory. The protein levels were
determined in patient plasma samples to calculate the dilutions needed for Proteomic analysis by
LCMS which will be used in a COVID study of Prof Resia Pretorius. Department Physiology.
Stellenbosch University. The principal investigator Prof Resia Pretorius gave permission for the data
to be used as illustration of what typical patient plasma would look like. Ethical clearance for the

study of Prof Pretorius research is in place.
4.6.1 Method

Plasma samples were diluted 20 fold in ammonium bicarbonate (20 mM) and the absorbance
measured at 280 nm using a Themo Nanodrop system which calculates the protein concentration
based on the absorbance. Single factor ANOVA was performed using the Add on of Microsoft Excel
version 2102 with an alpha value of 0.05 to determine of the differences are significant. The statistical
analysis was repeated using GraphPad Prism 5, using One-way Anova with Bonferonni’s multiple

comparison test.

4.7 Results

Table 4.3: Protein concentrations (mg/L) of plasma samples determined by Thermo Nanodrop system
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CL13 55.96 | 58.54 59.26 56.0 56.0 58.5 59.3 59.3 57.9 17 | 1.0 | 53.6 62.2
CL14 62.82 | 72.24 66.30 62.8 62.8 66.3 72.2 72.2 67.1 48 | 28 | 55.3 79.0
CL15 64.98 | 63.54 61.48 61.5 61.5 63.5 65.0 65.0 63.3 1.8 | 1.0 | 59.0 67.7
CL16 43.34 | 46.82 42.94 42.9 429 43.3 46.8 46.8 44.4 21 | 1.2 | 391 49.7
CL17 51.88 | 55.00 55.94 51.9 51.9 55.0 55.9 55.9 54.3 21 | 1.2 | 49.0 59.6
CL18 82.34 | 87.28 88.44 82.3 82.3 87.3 88.4 88.4 86.0 32 |19 | 780 94.1
CL19 27.64 | 26.30 26.26 26.3 26.3 26.3 27.6 27.6 26.7 08 | 0.5 | 248 28.7
CL20 90.00 | 89.30 91.68 89.3 89.3 90.0 91.7 91.7 90.3 12 | 07 | 873 934
CcL21 95.64 | 96.02 99.86 95.6 95.6 96.0 99.9 99.9 97.2 23 | 14 | 914 103.0
CL22 98.06 | 96.60 96.74 96.6 96.6 96.7 98.1 98.1 97.1 08 | 05 | 95.1 99.1
CL23 98.78 | 97.36 95.70 95.7 95.7 97.4 98.8 98.8 97.3 15 | 09 | 935 101.0
CL24 70.88 | 67.70 71.20 67.7 67.7 70.9 71.2 71.2 69.9 19 | 11 | 65.1 74.7
CL25 67.40 | 68.52 71.00 67.4 67.4 68.5 71.0 71.0 69.0 18 | 1.1 | 64.4 735
CL26 116.8 | 128.7 126.8 117.0 117.0 127.0 129.0 129.0 124.0 6.4 | 3.7 | 108.0 140.0
cL27 7292 | 64.14 76.30 64.1 64.1 729 76.3 76.3 71.1 6.3 | 3.6 | 555 86.7
LCR54 107.5 | 108.9 107.8 108.0 108.0 108.0 109.0 109.0 108.0 0.7 | 0.4 | 106.0 110.0
LCR55 46.22 | 43.12 54,72 43.1 43.1 46.2 54.7 54.7 48.0 6.0 | 35 | 331 62.9
LCR56 60.08 | 56.30 67.92 56.3 56.3 60.1 67.9 67.9 61.4 59 | 3.4 | 46.7 76.2
LCR57 4596 | 49.26 47.78 46.0 46.0 47.8 49.3 49.3 47.7 17 | 1.0 | 436 51.8
LCR58 53.46 | 58.52 58.06 53.5 53.5 58.1 58.5 58.5 56.7 28 | 1.6 | 49.7 63.6
LCR59 61.64 | 62.50 61.30 61.3 61.3 61.6 62.5 62.5 61.8 06 | 0.4 | 60.3 63.3
LCR60 43.64 | 49.42 42.16 42.2 42.2 43.6 49.4 49.4 45.1 38 | 22 | 355 54.6
LCR63 66.78 | 69.72 71.06 66.8 66.8 69.7 71.1 71.1 69.2 22 | 1.3 | 63.7 74.6
LCR65 63.78 | 59.46 55.98 56.0 56.0 59.5 63.8 63.8 59.7 39 | 23 | 50.0 69.4
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LCR66 49.46 | 42.72 42.06 421 421 42.7 49.5 49.5 44.7 41 | 24 | 346 54.9
LCR67 35.60 | 31.98 23.78 23.8 23.8 32.0 35.6 35.6 30.5 6.1 | 35 | 154 455
LCR68 47.22 | 43.00 47.56 43.0 43.0 47.2 47.6 47.6 45.9 25 | 15 | 396 52.2
LCR70 61.08 | 60.92 61.04 60.9 60.9 61.0 61.1 61.1 61.0 0.1 | 0.0 | 60.8 61.2
LCR43 52.84 | 54.28 53.06 52.8 52.8 53.1 54.3 54.3 53.4 08 | 04 | 515 55.3
LCR64 58.16 | 62.08 57.58 57.6 57.6 58.2 62.1 62.1 59.3 25 | 14 | 532 65.4
LCR71 30.12 | 32.48 37.88 30.1 30.1 325 37.9 37.9 335 40 | 23 | 236 434
LCR72 61.48 | 64.38 66.18 61.5 61.5 64.4 66.2 66.2 64.0 24 |14 | 581 69.9
LCR73 61.66 | 61.02 60.86 60.9 60.9 61.0 61.7 61.7 61.2 04 |02 | 60.1 62.2
LCR74 47.36 | 44.04 41.58 41.6 41.6 44.0 47.4 47.4 44.3 29 |17 | 371 51.5
LCR75 4552 | 4454 44.52 445 445 445 455 455 44.9 06 | 03 | 434 46.3
LCR76 54.82 | 58.64 59.94 54.8 54.8 58.6 59.9 59.9 57.8 27 | 15 | 51.2 64.4
LCR77 55.54 | 55.24 58.10 55.2 55.2 55.5 58.1 58.1 56.3 16 | 09 | 524 60.2
LCR78 58.06 | 57.42 57.18 57.2 57.2 57.4 58.1 58.1 57.6 05 | 03 | 56.4 58.7
LCR131 70.40 | 73.60 74.58 70.4 70.4 73.6 74.6 74.6 72.9 22 |13 | 674 78.3
LCR135 68.54 | 74.94 63.42 63.4 63.4 68.5 74.9 74.9 69.0 58 | 3.3 | 546 83.3
LV134 4556 | 47.62 45.34 45.3 453 45.6 47.6 47.6 46.2 13 | 0.7 | 43.0 49.3
LV136 48.52 | 44.96 45.68 45.0 45.0 45.7 48.5 48.5 46.4 19 | 11 | 417 51.1
LV138 39.68 | 39.18 38.48 385 385 39.2 39.7 39.7 39.1 06 | 03 | 37.6 40.6
LV139 47.66 | 46.54 51.24 46.5 46.5 47.7 51.2 51.2 48.5 25 | 14 | 424 54.6
LV140 51.68 | 52.60 46.92 46.9 46.9 51.7 52.6 52.6 50.4 31 |18 | 428 58.0
LVv141 4482 | 39.28 38.86 38.9 38.9 39.3 44.8 44.8 41.0 33 |19 | 327 49.2
LV142 31.22 | 31.16 32.58 31.2 31.2 31.2 32.6 32.6 31.7 08 | 05 | 29.7 33.6
LV143 51.26 | 54.60 56.48 51.3 51.3 54.6 56.5 56.5 54.1 26 | 15 | 475 60.7
LV144 49.62 | 53.00 50.74 49.6 49.6 50.7 53.0 53.0 51.1 1.7 | 1.0 | 46.8 55.4
LV145 59.42 | 59.80 65.80 59.4 59.4 59.8 65.8 65.8 61.7 36 | 21 | 528 70.6
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LV146 28.88 17.90 17.80 17.8 17.8 17.9 28.9 28.9 215 6.4 | 3.7 | 5.7 37.3
LV161 43.06 | 49.26 48.54 43.1 43.1 48.5 49.3 49.3 47.0 34 |20 | 385 55.4
LV163 54.34 56.30 54.84 54.3 54.3 54.8 56.3 56.3 55.2 1.0 | 0.6 | 52.6 57.7
LV162 36.38 | 22.53 25.74 22.5 22.5 25.7 36.4 36.4 28.2 73 | 42 | 10.2 46.2
LV164 30.22 31.30 28.56 28.6 28.6 30.2 31.3 31.3 30.0 14 | 0.8 | 26.6 335
LV165 38.02 | 38.80 38.46 38.0 38.0 38.5 38.8 38.8 38.4 04 |02 | 375 39.4
LV167 46.46 48.42 48.10 46.5 46.5 48.1 48.4 48.4 47.7 1.1 | 0.6 | 45.0 50.3
LV168 35.66 | 33.64 31.46 315 315 33.6 35.7 35.7 33.6 21 | 1.2 | 284 38.8
LV176 71.42 70.76 70.76 70.8 70.8 70.8 714 71.4 71.0 04 | 02 | 70.0 71.9
CV125(L) 67.42 67.04 68.12 67.0 67.0 67.4 68.1 68.1 67.5 05 | 0.3 | 66.2 68.9
CV126(L) 44.44 40.38 41.46 40.4 40.4 415 44.4 44.4 42.1 21 | 1.2 | 36.9 47.3
CV130 59.06 61.20 65.14 59.1 59.1 61.2 65.1 65.1 61.8 31 | 18 | 541 69.5
LV180 55.72 48.14 54.36 48.1 48.1 54.4 55.7 55.7 52.7 40 | 2.3 | 427 62.8
LV183 55.42 50.36 48.94 48.9 48.9 50.4 55.4 55.4 51.6 34 | 20 | 43.1 60.0
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Figure 4.7: Scatter dot plot of plasma protein concentrations determined using a Thermo Nanodrop

system in triplicate showing the variance between samples. The error bars show standard deviation

and the red bar the mean of the triplicate determination.

Table 4.4: One way Anova global statistical comparison of the [plasma protein] in

sample pairs using Bonferonni’s multiple comparison testOne-way analysis of]

variance

P value P<0.0001

P value summary il

Are means signif. different? (P < 0.05) Yes

Number of groups 64

= 121

R? 0.984

ANOVA Table SS Df MS
Treatment (between groups) 73800 63 1170
Residual (within groups) 1240 128 9.67
Total 75100 191
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4.8 Discussion and Conclusion

The results from the single factor ANOVA analysis (results not shown) correlated well with the
second analysis using One-way Anova with Bonferonni’s multiple comparison test. These statistical
analyses both indicate that the source of variation is significantly larger between samples than
between the replicate determination in each sample. In Figure 4.7 and Table 4.3 the low scatter and
low standard deviation is showed and confirms that the replicate variance is within analytical error.
One way/Single point Anova analysis of the data confirmed the variance are between sample groups
(Table 4.4) The details of this sample to sample variance are given in Table 4.5 which can be viewed
in addendum B.
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Chapter 5

Computational and In Vitro Evaluation of Plasma Protein
Binding of 1% Line Anti-TB Drugs

Plasma proteins are an important component of blood, as they play an important role in the
transportation of xenobiotic substances within the body [148]. When drugs are transported in the
blood to the target site of interaction, the drug is present in the plasma for a specific time before
reaching the targeted site of action [149]. During the transportation period of the drug to the target
site, the free drug in the plasma could experience strong or weak binding interactions with the protein
present in the plasma, such as HSA and many other proteins [149]. Strong interactions can lead to a
decrease in the overall free drug concentration, while weak binding interaction with plasma can lead
to degradation of the drug administered or poor drug distribution [149]. These binding interactions
could lead to drug resistance by reducing the intensity of the pharmacological effect of the drug and
increased toxicity of the drug in the body caused by the action of the drug, or if the drug is degraded
to an active metabolite form [150]. Hence it is of importance in pharmacology to understand and

identify the binding interactions of drugs and plasma in the blood.

5. Research Question: Can the use of unique validation parameters and analytical methods

improve drug-plasma assay accuracy of therapeutic drug monitoring TB clinical trials by determining

the extent and mechanism of plasma protein-binding to first-line anti-TB drugs?
5.1 Aims and Objectives

1. To determine if drug-plasma protein binding interactions occur, and the binding affinity of
rifampicin (RIF), isoniazid (INH), ethambutol (ETH), pyrazinamide (PYR) and desacetyl-
rifampicin (D-RIF), by using computational modeling, experimental fluorescence excitation
and ultraviolet absorbance spectroscopy to provide evidence and insight for possible poor anti-
TB drug absorption levels and therapeutic effect in TB patients.

2. To investigate drug-HSA binding interaction using computational modeling techniques to
predict possible drug binding conformations, intermolecular chemical interactions with HSA
amino acids and thermodynamic predicted properties of each drug.

Assess if the drug binds to plasma protein using fluorescence spectroscopy.
4. Determine the quenching mechanism of each drug with plasma protein.
5. Determine the binding constants of each drug with plasma to ascertain the change in enthalpy,

entropy and Gibbs free energy.
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6. To compare the computational intermolecular interactions and thermodynamic properties with
the fluorescence experimental intermolecular interactions and thermodynamic properties.
7. Ascertain whether a wavelength shift occurs with plasma for each drug, to identify if a change

in the plasma’s protein properties occurs.

In this experiment, the degree of TB drugs binding to human serum albumin (HSA) was assessed to
determine the binding affinity of the drug to the plasma protein. The following drugs were assessed:
isoniazid (INH), rifampicin (RIF), ethambutol (ETH), pyrazinamide (PYR) and the metabolite 25-
desacetyl-rifampicin (D-RIF). Computation drug-protein modeling predictions of anti-TB drugs
binding to HSA was performed to determine structural conformation of the anti-TB drugs to HSA
aswell as the Gibbs free energy to provide insight to the binding affinity of the drugs to the HSA.
Fluorescence spectroscopy and UV spectroscopy methods were used to assess the drug binding

interactions with blood plasma.
5.2 Experimental Protocol

5.2.1 Chemicals and reagents

RIF (397%), INH (>99%), ETH (=99%), PYR (=99%) and D-RIF (>96%) certified reference
material’s was obtained from international supplier Sigma Alderich (Merck, Darmstadt, Germany).
The blood used in the experienment was obtained from the Tygerberg Hospital in Bellville, Cape
Town South Africa from healthy blood donor patients. Ethics approval was obtained from the Health
research committee at the University of Stellenbosch for this study Ref: (X17/04/005). All samples
were prepared in Phosphate buffer system with a (pH 7.4 with final concentration of 10
mM PO,>", 137 mM NaCl, and 2.7 mM KCI). All reagents used were of analytical grade and

Millipore distilled water was used throughout the experiment.
5.2.2 Instrumentation and conditions

MOE and Pymol computer software was used to conduct the computational prediction studies. The
Fluorescence and UV spectroscopy studies were conducted using an Omega Fluorostar spectroscopic
instrument from BMG LABTECH. The Fluorescence emission spectra ranged from 300-700 nm with
an excitation wavelength fixed at 278 nm. The emission spectra were recorded of human blood
Plasma with and without each drug. The UV absorbance spectra ranged from 220-650 nm. The
absorbance spectra were recorded for human blood plasma with and without drug present. The sample
runs were conducted using a 96 well plate. The pH measurements were conducted using a calibrated
digital pH meter. All spectra were measured at a temperature range of 298.15 K, 310.15 K, 313.15 K
and 318.15 K
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5.2.3  Computational pharmacological molecular docking of drug bound to HSA

computing data

The computer software for prediction of the possible binding affinity and mode of the drug to HSA
used was the molecular operating environment (MOE). The molecular docking studies were
performed by using MOE software, which is an interactive molecular graphics program to understand
the drug-protein interaction. The structure of the complex was drawn in Chemsketch
(http://www.acdlabs.com) and converted to a .pdb file from mol format by Openbabel
(http://www.vcclab.org/lab/babel/). The crystal structure of the HSA (PDB ID: 1E71) was downloaded
from the protein data bank (http://www.rcsb.org./pdb). All calculations were performed using a
Microsoft PC operating system. Visualization of the docked conformations was performed by using
the PyMol molecular graphic program (http://www.pymol.sourceforge.net/).

Each drug was constructed and modeled according to its molecular weight and computational codes
were build which corresponded to each drug in question as indicated in the table 5.1 below. These
drugs constructed in table 5.1 are known as ligands when docking to the HSA protein. Molecular
docking feature of MOE is used to predict how the Van de Waals forces, hydrogen bonding and
electrostatic bonding interaction of the ligands to the protein pocket binding site as the ligands spacial
position and orientation can be changed in the binding pocket of the host [151,152]. Thereafter a full
molecular minimization mechanics can be done using the universal force field to indicate the possible
binding interaction energy of the specific drug to the HSA binding site. The aim of docking the drug
to HSA was to obtain the conformation of the drug to the HSA binding site and to get the lowest
possible enthalpy value [153]. The HSA protein used was HSA PDB-1E7I. The constructed molecular
protein modeling was then extracted using the 3D software viewer Pymol. In order to successfully use

the MOE and docking software to bind drugs to protein, training was required.

In this computational modeling experiment, 3 AH° values were predicted for each drug at 3 best
possible predictions of drug binding interactions with HSA. The bindig site of the drug-HSA
interaction was predicted by the MOE software. The entropies, as well as the Gibbs free energies,
were calculated via the use of the predicted AH° values generated from the MOE molecular docking

software. The predicted temperature used was body temperature of 37 °C or 310.15 K.
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Table 5.1: Computation molecular smiles used for molecular docking of drugs

ID

Smiles (computational codes for compounds)

INH

C1=CN=CC=CI1C(=O)NN

RIF

CC1C=CC=C(C(=0)NC2=C(C3=C(C(=C4C(=C3C(=0)
C2=CNN5CCN(CC5)C)C(=0)C(04)(0C=CC(C(C(C
(C(C(C10)C)0)C)OC(=0)C)C)OC)C)C)0)0)C

D-RIF

CC1C=CC=C(C(=0)NC2=C(C3=C(C(=C4C(=C3C(=0)
C2=CNN5CCN(CC5)C)C(=0)C(04)(0C=CC(C(C(C(C(C
(C10)C)0)C)0)C)OC)C)C)0)0)C

PYR

C1=CN=C(C=N1)C(=O)N

ETH

CCC(CO)NCCNC(CC)CO

5.2.4  Preparation of in vitro drug sample and human plasma protein sample for

fluorescence and UV spectroscopy analysis

5.2.4.1 Phosphate buffer saline preparation

PBS was prepared using a 1 x stock solution. One (1) litre was prepared. The reagents in the table

below were all dissolved in 800 ml H,O. The pH of the solution was then adjusted to 7.4 using HCI

and a pH meter to measure the pH adjustment. Thereafter, 200 ml of H,O was added to make up the 1

litre solution. The PBS buffer is quite stable and has been shown to maintain its buffer system for one

(1) month. Table 5.2 indicates the masses of reagents used to prepare the phosphate buffer solution.

Table 5.2: Phosphate buffer preparation

Reagent mass Final concentration
NaCl 8¢ 137 mM

KCI 0.2¢g 2.7mM

Na,HPO, l44¢g 10 mM

KH,PO, 0.24 g 1.8mM
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5.2.4.2 Blood plasma extraction

Blood samples were centrifuged at 2550 rpm for 20 minutes (benchtop centrifuge) to remove
particulate matter, sediment and to isolate plasma. Plasma was carefully extracted using a clean
pasture pipette and transferred into a suitable container (Eppendorf vial) and frozen immediately for
preservation. Blood samples were carefully handled and all waste was safetly disposed of in the
biohazardous waste.

5.2.4.3 Calculations and dilutions of concentration

Stock solution with a concentration of 100 pg/mL were preparation of INH, RIF, ETH, PYR and D-
RIF and RIF-4 in phosphate buffer at pH 7.4

e 10mg+0.1L =100 mg/L
e mg/L is equivalent to ppm

e ppm is equivalent to pg/mL

Therefore 10 mg of each drug was diluted in 100 mL of phosphate buffer at pH 7.4 to make up each
100 pg/mL stock solution

Sample Composition:

Total volume =2 ml

Total volume = 0.5 ml of plasma + 1.5 sample in phosphate buffer

CV1=C,V,

Where C represents the mass concentration in pg/ml and V represents the volume in mL

Table 5.3: Dilution concentrations for sample composition of INH, RIF, ETH PYR and D-RIF

C1 (pug/mL) V1 (mL) C2 (ug/mL) V2 (mL)
100 0.6 30 2
100 0.5 25 2
100 04 20 2
100 0.3 15 2
100 0.2 10 2
100 0.1 5 2
100 0.02 1 2
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5.2.4.4 Sample Preparation for fluorescence and UV spectroscopy analysis

The following drugs: RIF, INH, PYR, ETH, D-RIF and RIF-4 were made up in Phosphate buffer to a
concentration of 100ug/ml. Further dilutions were made to each stock solution ranging from 1-30
pg/ml in increments of 5 as indicated in table 5.3. Each dilution contained 0.5 mL of plasma. The total
sample volume was 2 mL. Each drug was soluble in the phosphate buffer (pH 7.4 with final
concentration of 10 mM PO,*", 137 mM NaCl, and 2.7 mM KCI) The samples were analysed using a
96 well plate with the set temperatures of 298.15 K, 310.15 K, 313.15 K, and 318.15 K respectively.

5.2.4.5 Formulas for calculation of thermodynamic and fluorescence parameters

DS = Rt r e r e ene s Equation 5.1

AS° represents the change in S° (Entropy) of the system; AH® represents the change in H° (Enthalpy)
of the system and T represents the temperature of the system. Used for the determination of the
thermodynamic parameters of the in vitro fluorescence analysis of drug plasma protein samples.

AG® = AH® —TAS® = —RTINK......cocoiiiiiiiieceeeeeeeeeeeeee et e Equation 5.2

The equation 5.2 above is a representation of the relationship of change in Gibbs free energy (AG®)
based on T, which represents the temperature, AH® which represents the change in enthalpy and AS°
which is the change in entropy of the system. R represents the gas constant. T represents the
temperature of the system and K represents the binding constant of the drug to the plasma protein.

This equation was used for the Gibbs free energy determination of the in-vitro Fluorescence data

obtained.
FF" =1 A KSVQ] it Equation 5.3

Representation of the Stern-Volmer equation, where F, represents the fluorescence intensity of the
chromophore without the presence of the quencher, F represents the fluorescence intensity of the
chromophore with the presence of the quencher, Ksv is the quenching constant and [Q] is the

concentration of the quencher.

Lg (FOF_F) = LG K 4+ TIG[Q] oo Equation 5.4

Stern-Volmer modification to Lineweaver-Burk equation to a double log equation used to determine

the equilibrium constant or binding constant K by plotting Lg (FOF—_F) vs Ig [Q], of the drug bound to

the plasma proteins. Here, n represents the number of binding sites available and [Q] represents the

concentration of the drug within the plasma sample.
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DK = o e Equation 5.5

Represents the Van’t Hoff equation, where K represents the equilibrium constant of the association
constant of the drug bound to the plasma protein, R represents the gas constant, T represents the
temperature of the system and AH® and AH® represent the change in enthalpy and entropy of the
system respectively. The thermodynamic parameters were calculated using the Van’t Hoff equation

5.5, equation 5.1 as well as the change in the Gibbs free energy equation 5.2.
5.3 Results and Discussion

5.3.1 Molecular docking

The following results obtained as described in the experimental protocol which was a statistical
computational prediction of how rifampicin, desacetyl rifampicin, isoniazid, pyrazinamide, and
ethambutol would bind to the protein human serum albumin (HSA). This computational modeling
provides a three-dimensional (3D) view and the ability to construct how the molecule could bind to
HSA. It also provided probabilities of the three (3) AH" value of each drug when binding to the
different pockets of HSA with a specific structural conformation. Only two probability AH" for
pyrazinamide was used to mathematical error, however this did not impact the study because the two
best predicted probabilities were obtained for pyrazinamide. This computational modeling aims to
predict the best and most probable interactions of the drug with the HSA and plasma proteins. The
large variation between the predicted AH™ scores in table 5.4 was because the 3 best probable binding
interactions of the drugs to HSA binding sites were predicted. The MOE software predicted the best
possible binding sites and structural conformation of the drugs bound to HSA. From the data obtained,
it was observed that all the drugs could undergo spontaneous reactions with HSA. This was be
predicted by the AH® values obtained for each drug by calculation of the AS™ and the Gibbs free

energy as indicated in table 5.4.
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5.3.2  Results of computational modeling and binding interactions of drugs to HSA

protein

Figure 5.1: a) HSA protein ribbons structure. b) HSA surface topology.

From previous literature studies, it is stated that a negative Gibbs free energy value indicates that the
molecule will interact spontaneously with the protein without the need of energy for activation of the
binding interactions to take place. When using the Molecular Operating Environment (MOE)
software, a prediction is made of how the drug will bind to HSA, as well as of the most probable
binding interactions. In this study, the three best possible interactions of each drug — isoniazid (INH),
rifampicin (RIF), 25-desacetyl-rifampicin (D-RIF), pyrazinamide (PYR) and ethambutol (ETH) were
constructed. The HSA (1E71) protein structure was obtained from the protein data bank and a cartoon
and surface topographical image are illustrated in Figure 5.1 a) and b) respectively. It is of importance

to note that the pH environment within the blood is pH 7.4. The following results were obtained:
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Table 5.4: Computational modelling Predicted AH® results, calculated AS® and calculated Gibbs free

energy values based on the two or three most probable interactions of the drugs with HSA protein

binding site.

Drug AH? (kJ/mol) AS° (kJ/IK) AG® (kJ/mol)
rounded off to 4
decimals

INH (1) -25.994383 (1) 0.08381229405 (1)-51.9888

(2) -22.168131 (2) 0.07147551507 (2) -44.3362
(3) -16.808249 (3) 0.05419393519 (3) -33.6165
RIF (1) -52.020626 (1) 016772731260 (1) -104.0413
(2) -37.318169 (2) 0.12032296950 (2) -74.6363
(3) -23.739071 (3) 0.07654061261 (3) -47.4781
D-RIF (1) -38.404728 (1) 0.12382630340 (1) -76.8095
(2) -21.211849 (2) 0.06839222634 (2) -42.4237
(3) -18.400635 (3) 0.05932817991 (3) -36.8013
PYR (1) -16.525791 (1) 0.05328322102 (1) -33.0516
(2) -11.782911 (2) 0.03799100758 (2) -23.5658
no result obtained - -

ETH (1) -40.259628 (1) 0.12980599060 (1) -80.5190

(2) -4.5651255 (2) 0.01470660970 (2) -9.1264
(3) -3.7877724 (3) 0.01221271127 (3) -7.5755

84



Stellenbosch University https://scholar.sun.ac.za

Figure 5.2: a) Isoniazid (INH) conformation 1 binding to HSA ribbon form. b) INH conformation 1

binding to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

Figure 5.3: a) INH conformation 2 binding to HSA ribbon form. b) INH conformation 2 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.
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Figure 5.4: a) INH conformation 3 binding to HSA ribbon form. b) INH conformation 3 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

e For INH in Figure 5.2, 5.3 and 5.4 represent the three best probable conformations of drug
interactions with the HSA protein.

e Figure 5.16 is a representation of the 2D MOE interaction map of conformations of INH with
HSA amino acid terminals.

e In Figure 5.16 a, the hydrogen present on the side chain hydrazine functional group of the
INH drug interacts with acidic tyrosine amino acid 161 group present in HSA protein. This
indicates that hydrogen bonding is taking place. This interaction occured because the
hydroxyl group on the phenol is negatively charged due to deproteination caused by the pH
environment of 7.4. The INH hydrazine group in the pH environment is ionized, which allows
for the hydrogen interaction to occur between the INH hydrazine group and the tyrosine

amino acid hydroxyl group.
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Figure 5.5: a) Rifampicin (RIF) conformation 1 binding to HSA ribbon form. b) RIF conformation 1
binding to HSA surface topology.

Figure 5.6: a) RIF conformation 2 binding to HSA ribbon form. b) RIF conformation 2 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

e In Figure 5.16 b, the INH molecule is present in the same pocket of the HSA protein as
indicated in Figure 5.2 a. However, the INH drug conformation is slightly changed which

results in the same hydrogen bonding interaction as with the same amino acid as discussed for
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Figure 5.16. The predicted Gibbs free energy value was higher for the Figure 5.16 b MOE
binding interaction than the 5.16 a MOE interaction.

e In Figure 5.16 c, the MOE 2d interaction illustrates Van de Waals forces between the
hydrogen present on the cyclic group of INH and the aromatic ring present on the polar
tyrosine amino acid 150. This interaction could be due to the stability of the aromatic rings of
both the amino acid and the INH drug. Therefore, ionization of an aromatic ring would be
very unlikely to occur. Furthermore, the Van de Waals interaction could be due to the
conformational positing of the drug within the HSA pocket. Another interaction occurs where
the nitrogen atom present in the cyclic chain of INH interacts as a side chain donor to the
polar cysteine amino acid 253. The cysteine amino acid has a sulfhydryl group present with a
pKa of about 8.4. At the pH 7.4 environment, the cysteine amino acid would be in its ionized
form — indicating that the sulfhydryl group undergoes deprotonation which will result in a

negatively charged. This allows for the polar interaction between INH and cysteine.

Figure. 5.7: a) RIF conformation 3 binding to HSA ribbon form. b) RIF conformation 3 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.
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Figure 5.8: a) D-RIF conformation 1 binding to HSA ribbon form. b) D-RIF conformation 1 binding

to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

Figure 5.9: a) D-RIF conformation 2 binding to HSA ribbon form. b) D-RIF conformation 2 binding

to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.
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Figure 5.10: a) D-RIF conformation 3 binding to HSA ribbon form. b) D-RIF conformation 3 binding
to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

e Figure 5.5, 5.6 and 5.7 represent the three best conformation of drug RIF’s interaction with
the HSA protein.

e Figure 5.17 illustrates the 2D MOE interaction map of conformation of RIF with HSA amino
acid terminals.

e Figure 5.17 a indicates hydrogen bonding of an OH group present on the rifampicin drug with
the polar exposed aspartic amino acid 451 residue of HSA. Aspartic acid is a few of the only
standard amino acids which contained a carboxylic acid group in the side chain of the amino
acid. In the pH 7.4 environment, the functional groups of aspartic acid are usually negatively
charged due to the approximate pKa value of 4. The pKa for the hydroxyl group of RIF is 1.7.
Therefore, this will allow for hydrogen bonding to occur between the two polar molecules
rifampicin and the amino acid aspartic acid. In Figure 5.17 b, the hydrogen present on
position 25 of the rifampicin drug interacts with the polar glutamate amino acid 153. Many of
the functional groups of the rifampicin drug are exposed as well as many of the HSA amino
acids at the specific pocket. The interaction hydrogen present on position 25 of desacetyl
rifampicin and glutamate acid has the same type of chemical explanation explained for the

interaction between rifampicin and aspartic acid.
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Figure 5.11: a) Pyrazinamide (PYR) conformation 1 binding to HSA ribbon form. b) PYR

conformation 1 binding to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

Figure 5.12: a) PYR conformation 2 binding to HSA ribbon form. b) PYR conformation 2 binding to

HSA surface topology. ¢) Image (a)) zoomed in. d) Image (b) zoomed in.
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Figure 5.13: a) Ethambutol (ETH) conformation 1 binding to HSA ribbon form. b) ETH
conformation 1 binding to HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

Figure 5.14: a) ETH conformation 2 binding to HSA ribbon form. b) ETH conformation 2 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.
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In Figure 5.17 b the rifampicin structure is slightly shifted within the HSA pocket, which
results in the same type of MOE interaction as discussed for Figure 5.17 a. However, the
MOE interaction from Figure 5.17 b had a higher Gibbs free energy value.

In Figure 5.17 ¢ no hydrogen bonding occurred, however many of the rifampicin functional
groups and HSA amino acid receptors are exposed. The greasy amino acid alanine 552 is
close to the hydrogen on the RIF drug which could result in weak Van de Waal forces.
However, the Gibbs free energy of the this MOE interaction is the highest generated for the
three rifampicin MOE interactions — which could indicate steric hindrance in this specific
binding pocket of HSA.

For 25-desacetyl rifampicin, Figure 5.8, 5.9 and 5.10 represent the three best conformations

of drug interaction with the HSA protein.

%

R T ¢
e
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Figure 5.15: a) ETH conformation 3 binding to HSA ribbon form. b) ETH conformation 3 binding to

HSA surface topology. ¢) Image (a) zoomed in. d) Image (b) zoomed in.

Figure 5.18 illustrates the 2D MOE interaction map of conformations of D-RIF with HSA
amino acid terminals. The rifampicin metabolite 25-desacetyl rifampicin in Figure 5.18 a
represents hydrogen bonding between the NH group of 25-desacetyl rifampicin, as a
backbone donor to the greasy exposed HSA phenylalanine 206 amino acid occurs. Another

possible interaction occurs where the hydrogen group with an exposed amino acid arginine
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209 could be the result of weak Van de Waal forces or electrostatic interaction. In Figure 5.18
b, the possible interaction between the hydrogen bond of the drug and the greasy valine amino

acid 482 could be a result of Van de Waal forces or electrostatic interaction.

Figure 5.10 ¢ has a similar MOE interaction to the MOE interaction in Figure 5.18 b.
However, the Gibbs free energy of the former is higher, which could be a result of molecular

shift within the pocket causing steric hindrance of the drug-protein interaction to increase.

For pyrazinamide, Figure 5.11, 5.12 and 5.13 represent the three best conformations of drug
interaction with the HSA protein.

Figure 5.19 illustrates the 2D MOE interaction map of the conformation of PYR with HSA
amino acid terminals. Figure 5.19 a indicates possible interaction by hydrogen bonding
between the NH, group present in the PYR molecule as a side chain donor to the acid tyrosine
161 amino acid between the NH, (as a backbone donor to the greasy Leucine 182 amino acid
residue) and the oxygen group present in the pyrazinamide molecule (as a side chain acceptor
from the Arginine 117 side-chain donor amino acid).

In Figure 5.19 b the same MOE interaction was predicted as discussed for Figure 5.19 a. The
difference is that the Gibbs free energy predicted calculations were higher for the second
MOE interaction for PYR, with a slight shift in position at the HSA protein binding pocket.
Figure 5.19 ¢ represents four hydrogen bonding interactions, i.e. the PYR arene group with
the polar arginine 117 amino acid via side-chain donor. The oxygen functional group acts a
side chain acceptor to the polar arginine 186 donor side-chain amino acid. The NH, functional
group interacts a backbone chain donor to the greasy Leucine 182 amino acid and the polar

arginine 117 amino acid interacts with the oxygen functional group of PYR.
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Figure 5.16: MOE interaction map of the conformation of INH with HSA amino acid terminal. a)
INH interaction with tyrosine 161. b) INH interaction with tyrosine 150 and cysteine 253. ¢) INH

interaction with methionine 548.
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Figure 5.17: MOE interaction map of the conformations of RIF with HSA amino acid terminal. a.)

RIF interaction with asparagine 451 and glutamic acid 153. b.) RIF interaction with asparagine 451

and glutamic acid 153 c.) RIF interaction with tyrosine 150 and cysteine 253.
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Figure 5.18: MOE interactions map of conformations of D-RIF with HSA amino acid terminal. a) D-
RIF interaction with phenylalanine 206 amino acid. b) D-RIF interaction with valine 482. c) D-RIF

interactions with valine
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Figure 5.19: MOE interactions map of conformations of PYR with HSA amino acid terminal. a) PYR
interaction with tyrosine 161, leucine 182 and arginine 117 amino acid. b) PYR interaction with
tyrosine 161, leucine 182 and arginine 117 amino acid. ¢) PYR interaction with arginine 117, arginine
186, leucine 182 and arginine 117.
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Figure 5.20: MOE interactions map of conformations of ETH with HSA amino acid terminal. a) ETH
interaction with tyrosine 411 amino acid. b) ETH interaction with tyrosine 411 amino acid. c) ETH

interaction with asparagine 391 amino acid. d) ETH interaction with asparagine 391 amino acid.

e For ethambutol, Figure 5.14, 5.15 and 5.16 represent the three best conformations of drug
interaction with the HSA protein. Figure 5.20 illustrates the 2D MOE interaction map of
conformations of ethambutol with HSA amino acid terminals. Figure 5.20 a and b show

hydrogen bonding via the NH and OH functional groups of ETH with the acidic tyrosine 411
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amino acid as side-chain donors. The difference between MOE interactions in Figure 5.20 b is
a slight shift in structural position within the HSA pocket. The Gibbs free energy was higher
compared to MOE of Figure 5.20 a. Figure 5.20 ¢ and Figure 5.20 d indicate a prediction of
hydrogen bonding and structural conformation of ethambutol, where the OH functional group
acts as a side chain acceptor, and the polar asparagine 391 amino acid acts as a side chain
donor to the oxygen. This indicated that ethambutol is deprotonated within the pH
environment, which therefore allows for asparagine to act as a side chain donor for ionized

ethambutol, resulting in hydrogen bonding.

According to literature the enthalpy and entropy thermodynamic parameter can be used to
explain interactions between molecules and protein [154]. A positive enthalpy is an indication
of hydrophobic interaction [154]. Whereas a negative enthalpy coupled with positive entropy
is an indication of electrostatic interaction between ionic species [154]. Whereas negative
enthalpy and entropy indicates evidence of weak Van de Waal interactions and hydrogen
bonding taking place [154]. However molecules can interact via hydrogen bonding and
electrostatic interactions [154].

For each drug accessed, the MOE software predicted a AHe value for each MOE drug-HSA
binding interaction. As indicated in Table 5.4, the predicted AH°> was used to calculate the ASe
and Gibbs free energy of all the MOE interactions per drug assessed using equations (5.1) and
(5.2). From the literature, it is stated that a negative AHe value obtained indicates the presence
of hydrogen bond formation, positive ASe values indicate the presence of electrostatic forces
between the drug and the HSA protein, and a negative Gibbs free energy indicates that the
drug binding to the protein is spontaneous [155].

By assessing the best MOE interactions predicted for each drug, the AHe prediction for each
drug was negative — indicating hydrogen bonding and a positive change in ASe values
between the drug and the HSA pocket where the drugs were predicted to be situated. This was
an indication that the drug interaction of all drugs assessed possibly interacted
electrostatically with the HSA protein. RIF indicated the strongest electrostatic interaction
from the predicted results and PYR indicates the weakest electrostatic interaction with HSA.
The Gibbs free binding energy calculated from the predicted AH° values indicated the best
binding to occur for rifampicin, followed by ethambutol, 25-desacetyl rifampicin, INH, and
pyrazinamide with Gibbs free energy values of -104.0413 kJ/mol, -80.5190 kJ/mol, -76.8095
kd/mol, -51.9888 kJ/mol and -33.0516 kJ/mol respectively. The negative Gibbs free energy
value predicted for each drug indicates that the drug could undergo spontaneous binding

interaction to the HSA protein.
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5.3.3 Results of Preparation of in-vitro drug sample to human plasma protein for
fluorescence and UV spectroscopy analysis

5.3.3.1 Fluorescence spectroscopic analysis

In section 5.2.4, the in vitro sample preparation of the drugs isoniazid (INH), rifampicin (RIF), 25-
desacetyl rifampicin (D-RIF), pyrazinamide (PYR), ethambutol (ETH), and Rifampicin-4 (RIF-4) was
done using plasma and a phosphate buffer system at pH of 7.4. The samples were then analysed using
fluorescence and UV spectroscopy to confirm the predicted interaction of the drugs with protein. The
analysis was performed using a BMG Labtech Omega Fluorostar spectrometer, which has the
function to conduct fluorescence as well as UV analysis of samples. The samples were analysed using
a 96 well plate with the set temperature at 25 °C, 37 °C, 40 °C, and 45 °C, or 298.15 K, 310.15 K,
313.15 K, and 318.15 K respectively.

The excitation wavelength was fixed at 278 nm and the analysis wavelength range was from 300 nm
to 700 nm. The fluorescence analysis was performed on each drug at different concentrations from
30pg/ml-1pg/ml in increments of 5ug/ml. The temperature used was 310.15 K, which equates to body

temperature.
The following results were obtained:

e As indicated in Figure 5.21 (a-f), the fluorescence spectroscopic analysis was conducted for
INH, RIF, D-RIF, PYR, ETH and RIF-4 at different concentrations containing plasma and
runs conducted with blank plasma for each drug respectively.

o For all the drugs, a trend was noticed that, as the concentration increased, the fluorescence
intensity decreased when compared to the blank plasma. This finding indicates that the drug
has a quenching effect on the fluorescence emission intensity of the plasma.

This fluorescence data were further analysed to determine what kind of quenching effect each drug
had on the plasma proteins as well as the quenching strength. The Ky, quenching constant was then

calculated using the Stern-VVolmer plot.
5.3.3.2 Fluorescence quenching constant Ksv

From the obtained fluorescence data, the quenching constant Ksv was determined for each drug at the
different concentrations of 30 pg/ml to 1 pg/ml in increments of 5 pg/ml between the temperature
ranges of 298.15 and 318.15 K. The quenching constant was determined using the Stern-Volmer
equation (5.4). Hence, a linear plot of F./F against [Q] was conducted for each drug were F, is the
fluorescence intensity of the plasma and F is the fluorescence intensity of the sample at specific
concentrations against Q which is the concentration per intensity [156]. The following Ksv values

were obtained in descending order of the drugs as indicated in table 5.4:
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Rifampicin-4 (RIF-4) 30.742 x 10° M?, 30.506 x 10° M™, 28.283 x 10° M?, at the
temperatures 298.15 K 310.15 K and 313.15 K respectively

Rifampicin (RIF) 15.083 x 10° M™, 16.140 x 10° M™, 16.801 x 10° M™, at the temperatures
310.15 K 313.15 K and 318.15 K respectively

25-desacetyl rifampicin (D-RIF) 10.117 x 10 M™, 10.986 x 10° M, 11.727 x 10° M, at the
temperatures 310.15 K, 313.15 K and 318.15 K respectively

Isoniazid (INH) 4.6582 x 10° M, 4.867 x 10° M™, 4.916 x 10° M, at the temperatures
298.15 K 310.15 K and 318.15 K respectively

Pyrazinamide (PYR) 2.8702 x 10°M™, 2.961 x 10° M™, 2.9641 x 10° M™, at the temperatures
298.15 K 313.15 K and 318.15 K respectively and

Ethambutol (ETH) 1.9374 x 10°M™, 1.8896 x 10° M™, 1.9737 x 10° M, at the temperatures
298.15 K 313.15 K and 318.15 K respectively.

From these results, it is evident that RIF-4 had the strongest quenching effect on plasma followed by
RIF, D-RIF, INH, PYR, and ETH. ETH had the weakest quenching effect on plasma. All of the drugs
indicate a dynamic quenching mechanism of fluorescence quenching due to the linearity of the Stern-
Volmer plots in Figure 5.22 (a-f) [145].

However, Figure 5.22 (a-f) illustrated the Stern-Volmer plot of each drug at three different
temperatures, at the temperature range of 298.15 K to 318.15 K. The Ksv of rifampicin, 25-
desacetyl rifampicin, isoniazid and pyrazinamide illustrated that, as the temperature increased,
the Ksv quenching constant increased which is also another confirmation of the dynamic
guenching mechanism. Ethambutol indicated a decrease in Ksv value between 298.15 K and
313.15 K and thereafter an increase in Ksv value between 313.15 K and 318.15 K. This
indicates that ethambutol could have undergone both dynamic and static quenching [157].
RIF-4 indicated a decrease in Ksv quenching constant as the temperature increased. This is an
indication that when all four drugs are present, the possibility of static quenching could occur,

which could result in a complex formation between RIF-4 and plasma proteins [157-158].

5.3.3.3 Determination of the binding constant K and the experimental thermodynamic

properties of the drug interaction with plasma

To calculate the experimental Gibbs free energy of the drugs, it was required to obtain the binding

constant value K as indicated in equation (5.4) linear regression of the equation was plotted for each

drug at 3 different temperatures ranging between 298.15 K and 318.15 K as indicated in table 5.6 and

Figure 5.23 (a-f). The following K values were obtained for each drug:
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e Rifampicin 5.379 X 10* M, 8.422 X 10?,1.585 X 10° M at temperatures 310.15 K 313.15 K
318.15 K respectively

e Isoniazid 9.285 M™, 9.674 M™ ,9.874 M™ at temperatures 298.15 K 310.15 K 318.15 K
respectively

e 25-Desacetyl rifampicin 3.156 M?, 3.421 M™, 3.5002 M™ at temperatures 310.15 K 313.15 K
318.15 K respectively

e Rifampicin-4 (RIF-4) 4.824 X 10" M, 8.614 X 10* M?, 3.293 X 10°> M™ at temperatures
310.15 K 313.15 K 318.15 K respectively

e FEthambutol 3.443 M™* 3516 M™ ,4.857 M™ at temperatures 298.15 K 313.15 K 318.15 K
respectively and

e Pyrazinamide 3.466 X 10? M, 3.076 X 10> M, 1.946 X 10> M™ at temperatures 298.15 K
310.15 K 318.15 K respectively.

Table 5.5: Stern-Volmer quenching constant Ksv and linear equations of drugs-plasma fluorescence

at different temperatures and constant pH 7.4.

DRUG T (K) LINEAR EQUATIONS Ksv X 10° (M™)
298.15 y = 4658.2x + 1.7446 4.6582
R2=0.9694
310.15 y = 4867x + 1.7031 4.867
Isoniazid R2=10.9439
318.15 y =4916.9x + 1.6333 4.916
R2=0.9118
310.15 y = 15083x + 0.9936 15.083
R2=0.9641
313.15 y = 16140x + 0.971 16.140
Rifampicin R?=0.9517
318.15 y = 16801x + 0.972 16.801
R2=0.9484
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310.15 y =10117x + 1.8347 10.117
R2 =0.8462
313.15 y =10986x + 1.7799 10.986
25-Desacetyl R?=0.842
Rifampicin
318.15 y =11727x + 1.7909 11.727
R2=10.8378
298.15 y = 2870.2x + 1.0514 2.8702
R2=0.9508
313.15 y =2961x + 1.0692 2.961
Pyrazinamide R2=0.9727
318.15 y =2964.1x + 1.0784 2.9641
R2 =0.9697
298.15 y =1937.4x + 1.3329 1.9374
R2 =0.8986
313.15 y = 1889.6x + 1.2084 1.8896
Ethambutol R2=0.9107
318.15 y =1973.7x + 1.2925 1.9737
R2=0.9084
298.15 y =30742x + 1.115 30.742
R2=10.8335
RIF-4 310.15 y = 30506x + 1.0728 30.506
R2=0.8454
(combination of
INH,RIF,ETH
313.15 y = 28283x + 1.0155 28.283
and PYR)

R2=0.8529
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From the binding constant data K, the binding affinity of each drug was assessed as follows:

Rifampicin (moderate affinity), Isoniazid (low affinity), 25-Desacetyl Rifampicin (low affinity),

Ethambutol (low affinity) and Pyrazinamide (moderate affinity). RIF had the highest binding constant
followed by PYR, INH, ETH and D-RIF. Therefore when co-administration of the anti-TB drug

treatment is used on patients, rifampicin could potentially compete with the other drugs for the

binding sites on HSA in plasma protein, which means the unbound fraction of the rifampicin drug

would be less available to produce therapeutic effect and that hydrophilic drugs like INH for example,

would have a higher unbound fraction in blood plasma.

Table 5.6: Stern Volmer Lineweaver-Burk binding parameter K of drugs-plasma fluorescence at

different temperatures and constant pH 7.4

DRUG T(K) LINEAR EQUATIONS K (M™)
298.15 y =0.2138x + 0.9678 9.285
R2=0.7891
310.15 y = 0.2202x + 0.9856 9.674
Isoniazide R2=0.7512
318.15 y = 0.2285x + 0.9945 9.874
R2=0.7242
310.15 y = 0.6983x + 2.7307 5.379 X 10°
R2 =0.8402
313.15 y =0.7502x + 2.9254 8.422 X 10°
Rifampicin R?=0.8186
318.15 y =0.7969x + 3.1999 1.585 X 10°
R2=0.8596
310.15 y =0.1002x + 0.4991 3.156
Rz=0.7314
313.15 y =0.1109x + 0.5341 3.421

R2=0.7125
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25-desacetyl rifampicin

318.15 y =0.1108x + 0.5441 3.5002
R2=0.6718
298.15 y = 0.7495x + 2.5398 3.466 X 10°
R2=0.873
310.15 y =0.731x + 2.488 3.076 X 10°
Pyrazinamide R2=0.9398
318.15 y =0.6701x + 2.2891 1.946 X 10°
R2=0.9894
Ethambutol 298.15 y =0.202x + 0.5369 3.443
R2=0.9489
313.15 y =0.2129x + 0.5461 3.516
R2=0.9162
Ethambutol
318.15 y =0.2703x + 0.6864 4.857
R2=0.9283
310.15 y =0.4143x + 1.6834 4.824 X 10"
R2=0.7266
RIF-4 313.15 y = 0.4864x + 1.9352 8.614 X 10"
(combination of INH,RIF,ETH R?=0.7301
and PYR)
318.15 y=0.6171x + 2.5176 3.293 X 10°

R2=0.7975
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Table 5.7: Calculated thermodynamic parameters of drugs using the binding constant of drugs-plasma
fluorescence and the Van’t Hoff plot for determination of AHe, ASe and Gibbs free energy of the

drugs at different temperatures and constant pH of 7.4.

DRUG T(K) AHe (KJ/mol) ASe (KJ/mol)  Gibbs free
energy
(KJ/mol)
298.15 2.443 0.0267 -5.5244
Isoniazid 31015 -5.8451
131815 -6.0689
310.15 110.2021 0.0407 -16.2518
Rifampicin 31315 -17.4749
31815 -19.5136
310.15 9.0969 0.0418 -3.0067
25-desacetyl Rifampicin 31315 -3.1322
131815 -3.3414
298.15 -21.3545 -0.0225 -14.6438
Pyrazinamide 31015 -14.3738
131815 -14.1937
298.15 50.9249 0.1732 -0.7064
Ethambutol 31015 -2.7845
131315 -3.2780
131815 -4.1439
310.15 199.4030 0.6746 -9.8365
RIF-4 31315 -11.8604
31815 -15.2336

Once the binding constant K was obtained for each drug, the thermodynamic parameters could be
calculated using the Van’t Hoff equation 5.5, where K is the binding constant and gas and temperature
is constant. The AHe and ASe values can be calculated from the slope or intercept of the Van’t Hoff

plot of InK vs 1/T as indicated in Figure 5.24 (a-f), and the Gibbs free energy equation 5.2.

In Table 5.7 the change in AH°, ASe and Gibbs free energy was experimentally calculated [156]. The
AHe values were positive for all drugs and the ASe values were positive for all of the drugs except for

the negative AHe and ASe of pyrazinamide as indicated in table 5.7.
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Figure 5.21: Fluorescence comparison of plasma protein and plasma-drug at different sample

concentrations ranging from 1 pg/ml-30ug/ml in increments of 5 pug/ml at a temperature of 310.15 K
and pH 7.4.a) isoniazid b) rifampicin c) 25-desacetyl rifampicin d) pyrazinamide e) ethambutol f)

RIF-4 drug combination
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According to the literature, and the fluorescence experimental data, the interaction of pyrazinamide
was due to Van de Waals forces and hydrogen bonding in low dielectric media [156]. It is also an
indication that pyrazinamide will bind spontaneously at lower temperatures. The drugs that produce
positive AHe and positive ASe are an indication that the drug will bind spontaneously at higher
temperatures such as body temperature. The positive values for AHe and ASe are indicative of a
binding process that is controlled by ASe. According to the Gibbs free energy equation, a positive AHe
change is not favourable for the spontaneity of the binding process, unlike a positive ASe change that

leads to a more negative value for the Gibbs free energy [159].

From Ross and Subramanian’s theory, positive values for AHe and ASe change suggest hydrophobic
interaction as the main intermolecular force involved in the binding process [159]. However, this does
not indicate that it is the only type of bonding interaction taking place. The experimental fluorescence
data calculated do not correlate with the MOE prediction that the drugs analysed will infer drug-
protein interactions via hydrogen bonding and electrostatic effects.
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Figure 5.22: Stern-Volmer plot for quenching of drug with plasma proteins at various temperatures and
constant pH 7.4 a) INH concentrations: 1pg/ml (7.292 x 10° M), 5ug/ml (3.646 x 10° M), 10pg/ml (7.292 x10°
>M), 15pg/ml (10.938 x 107°), 20 pg/ml (14.584 x10™° M), 25 pg/ml (18.23 x 10° M) and 30 pg/ml (21.876 x
10° M) b) RIF concentrations: 1ug/ml (1.215 x 10° M), 5pg/ml (6.076 x 10 M), 10pg/ml (1.215 x10° M),
15pg/ml (1.823 x 10° M), 20 pg/ml (2.43 x10™ M), 25 pug/ml (3.038 x 10”° M) and 30 ug/ml (3.645 x 10”° M),
¢) PYR: 1ug/ml (8.123 x 10°® M), 5pg/ml (4.061 x 10° M), 10ug/ml (8.123 x10° M), 15pg/ml (12.184 x 10®),
20 pg/ml (16.245 x10° M), 25 pg/ml (20.307 x 10° M) and 30 pg/ml (24.368 x 10° M), d) D-RIF
concentrations: 1pg/ml (1.281 x 10°° M), 5ug/ml (6.403 x 10° M), 10pg/ml (1.281 x10° M), 15ug/ml (1.921 x
10° M), 20 pg/ml (2.561 x10° M), 25 ug/ml (3.201 x 10° M) and 30 pg/ml (3.842 x 10° M), e) ETH
concentrations: 1pg/ml (4.895 x 10° M), 5ug/ml (2.447 x 10° M), 10ug/ml (4.895 x10™ M), 15pg/ml (7.312 x
10°), 20 pg/ml (9.789 x10° M), 25 pg/ml (12.236 x 10° M) and 30 pg/ml (14.683 x 10° M), f) RIF-4
concentrations: 1pg/ml (7.767 x 107 M), 5ug/ml (3.883 x 10° M), 10ug/ml (7.767 x10° M), 15pg/ml (1.165 x
10®), 20 pg/ml (1.553 x10° M), 25 pg/ml (1.942 x 10° M) and 30 pg/ml (2.33 x 10”° M)
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According to literature studies on protein-ligand binding when the change in ASe is positive, the
reaction is endothermic, which means that the drug will require the heat of the body to interact with
the protein. This indicates that disruptions of energetically-favourable noncovalent interactions can

occur. The Gibbs free energy values obtained for each drug resulted in the following:

e Rifampicin (RIF) -16.2518 kJ/mol -17.4749 kJ/mol -19.5136 kJ/mol at temperatures 310.15
K, 313.15 K, 318.15 K respectively

e Isoniazid (INH) -5.5244 kJ/mol -5.8451 kJ/mol -6.0689 kJ/mol at temperatures 298.15
K,310.15 K, 318.15 K respectively

o 25-desacetyl rifampicin (D-RIF)-3.0067 kJ/mol -3.1322 kJ/mol, -3.3414 kJ/mol, at
temperatures 310.15 K, 313.15 K respectively

e Rifampicin-4 (RIF-4) -9.8365 kJ/mol, -11.8604 kJ/mol, -15.2336 kJ/mol, at temperatures
310.15 K, 313.15 K, 318.15 K respectively

e Ethambutol (ETH) -0.7064 kJ/mol, -2.7845 kJ/mol, -3.2780 kJ/mol -4.1439 kJ/mol at
temperatures 298.15 K, 310.15 K, 313.15 K, 318.15 K respectively

e Pyrazinamide (PYR) -14.6438 kJ/mol, -14.3738 kJ/mol, -14.1937 kJ/mol, 298.15 K, 310.15
K, 318.15 K respectively.

The Gibbs free energy for all the drugs is negative, which indicates that the drug plasma binding will
occur spontaneously as predicted. It was observed for all drugs that as the temperature increased, the
Gibbs free energy increase except for pyrazinamide which decreased in Gibbs free energy. The
possibility of competition between drugs for binding sites within the plasma is high due to the low
Gibbs free energy values for all the drugs. The experimental results indicated that rifampicin had the
lowest Gibbs free energy and ethambutol had the highest Gibbs free energy. These results deviate
from the results predicted. This could be due to the use of plasma which has a higher complexity
compared to HSA (which is a component of plasma), incorrect prediction of AHe, or not factoring in

the binding constant into the prediction.

111



Stellenbosch University https://scholar.sun.ac.za

a) Log(F0-F/F) vs log(Q) for 1soniazid in plasma for b) log (FO-F/F) s lpg(Q) fQT ﬁfﬁlﬂpi@iﬂ in plasra for
determination of binding constant K determination of binding constantK
+ k ] % "4+ LOG(FO-EF)31015
5 03 r K
s 82 & LOG(FO-F/F)20815K i o LOG(FO-F/F)313.15
) 01 | a
3 ~ o LOGFO-FF)310I5K g ! LOG(FO-FIF) 318.15
% A o W 'y / ) K
L 2 g M
DS a S A 4 33 S L LoaRoRR) 81K s — Linear (LOGFO-F/F)
31015K)
S —Linear (LOG(FO-F/F) 5 —— Linear (LOG(FO-F/F)
93 29815K) 102 Q) 31315K)
log(Q)
¢) log(FO-F/F) vs log(Q) for 25-desacetyl-rifampicin in d) log(FO-F/F) vs log(Q) for pyrazinamide in plasma for
plasma for determination of binding constant K determination of binding constant K
o ¢ Un . LOGEOER301s e + LOGEFO-FIF) 298.15K
2 = K e 04
5 8.0 . LOGEOED) = 7é e o LOGFO-FF) 31015K
B ] 4 it
3 A 313.15K g 08
=61 5.6 /j;"q/f S5 LOGEOFFB18.15 ® . B LOG(FO-FIF) 318.15K
{3t . - i =T
& K bl 193
e 0.1 — Linewr LOGEOER) B —Iz,éléeiirs %)OG(F 0-F/F)
Bt 31015K) log(Q) ' '

log(Q)

€) log(FO-F/F) vs log(Q) for ethambutol in plasma for

determination of binding constant K 1) log(FO-F/F) vs log(QQ) for RIF-4 in plasma for

determination of binding constant K

] k " 4 LOG(FO-F/F) 298.15 : g U LOGEORE)3I01K

@ ’“ 07" K E\- . -/ 7

& = o LOG(FO-F/F)31315 g 05 o LOG(FO-F/F) 313.15K

: A A

- <

g = . EOGGO'WF) LS 2 . LOG(FO-F/F) 318 15K
g Linear LOGFO-F/F) 145 —Linear (LOGFO-F/F)

leg(Q) ’ M815K) log(Q) 31015K)

Figure 5.23: Stern-Volmer Lineweaver-Burk plot for determination of binding constants of drug with plasma
proteins at various temperatures and constant pH 7.4. a) INH at different concentrations ranging from 1ug/mi
(7.292 x 10 M), 5 ug/ml (3.646 x 10° M), 10 pg/ml (7.292 x10° M), 15 pg/ml (10.938 x 10®), 20 pg/ml
(14.584 x10° M), and 25 ug/ml (18.23 x 10° M) t030 pg/ml (21.876 x 10° M) b) RIF at different
concentrations ranging from 1pg/ml (1.215 x 10° M), Sug/ml (6.076 x 10° M), 10ug/ml (1.215 x10™° M),
15pg/ml (1.823 x 107°), 20 pg/ml (2.43 x10®° M), and 25 pg/ml (3.038 x 10”° M) to 30 pg/ml (3.645 x 10° M) c)
D-RIF at different concentrations ranging from 1ug/ml (1.281 x 10 M), 5pg/ml (6.403 x 10° M), 10pg/ml
(1.281 x10° M), 15pg/ml (1.921 x 107°), 20 pg/ml (2.561 x10° M), and 25 pg/ml (3.201 x 10° M) to 30 ug/ml
(3.842 x 10™° M)d) PYR at different concentrations ranging from 1ug/ml (8.123 x 10 M), 5ug/ml (4.061 x 10°®
M), 10pg/ml (8.123 x10° M), 15ug/ml (12.184 x 10™°), 20 pg/ml (16.245 x10° M), and 25 pg/ml (20.307 x 10°
M) to 30 pg/ml (24.368 x 10° M) e) ETH at different concentrations ranging from 1pg/ml (7.292 x 10° M),
5pg/ml (3.646 x 10° M), 10pg/ml (7.292 x10° M), 15ug/ml (10.938 x 107°), 20 pg/ml (14.584 x10° M), 25
pg/ml (18.23 x 10° M) to 30 pg/ml (21.876 x 10° M) f) RIF-4 at different concentrations ranging from1 ug/ml
(7.767 x 107" M), 5 pg/ml (3.883 x 10° M), 10pg/ml (7.767 x10° M), 15 pg/ml (1.165 x 10°°), 20 pg/ml (1.553
x10° M), and 25 pg/ml (1.942 x 10 M) 30 pg/ml (2.33 x 10° M)
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Figure 5.24: Van’t Hoff plot InK vs 1/T at constant pH 7.4 of a) INH and plasma at different
temperatures —298.15 K, 313.15 K, and 318.15 K b) RIF and plasma at different temperatures —
310.15 K, 313.15 K, and 318.15 K ¢) D-RIF and plasma at different temperatures — 310.15 K, 313.15
K and 318.15 K d) PYR and plasma at different temperatures — 298.15 K, 310.15 K, and 318.15 K e)
ETH and plasma at different temperatures 298.15 K, 313.15 K, and 318.15 K f) RIF-4 and plasma at
different temperatures 310.15 K, 313.15 K, and 318.15 K.

5.3.3.4 Ultraviolet-visible spectroscopy

The UV-vis absorption spectroscopy technique can be used to explore the structural changes of
protein and to investigate protein-molecule complex formation. The HSA present in plasma has two
main absorption bands. One of them is located in the range of 260 to 300 nm, which is the absorption

band of the aromatic amino acids (Trp, Tyr, and Phe).

The absorbance spectra were analysed for all drugs containing plasma with a concentration of 30
pg/mi-1 pg/ml in increments of 5 pug/ml, as well as the drugs without plasma and the plasma blank to

identify the effect of the absorbance reading of the plasma.
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Figure 5.25: Absorbance spectrum of a) blank plasma, INH and INH in plasma from 30 pg/ml to
1 pg/ml. b) Rifampicin in plasma from 30 pg/ml to 1 pg/ml, plasma, and rifampicin. ¢) D-RIF in
plasma from 30 pg/ml to 1 pg/ml , plasma and D-RIF. d.) PYR in plasma from 30 pg/ml tol pg/ml,
plasma and PYR. e) ETH in plasma from 30 pg/ml tol pg/ml, plasma and ETH. f) RIF-4 in plasma
from 30 pg/ml to 1 pg/ml, plasma and RIF-4.

The Omega Fluorostar was used to obtain the UV results with a wavelength analysis range of 220 to
650 nm. As indicated in Figure 5.25 a)-f), a trend was observed for all of the drugs where, as the
concentration of the drug increased, the absorbance intensity increased. As shown in Figure 5.26
plasma proteins showed one absorption band at about 280 nm. Upon increasing the concentration of
the drugs, the absorbance at 280 nm was gradually increased with a slight red shift to 290 nm, and a
new peak appeared between wavelengths of 400-500 nm for the drugs containing plasma. The sample
absorbance of the drugs analysed had a slight red shift increase in wavelength at 450nm. The use of
the absorbance spectrum was to identify if structural changes in the plasma took place when the drugs
were added. This red shift indicates that the macro environment of HSA has been altered by the
presence of the drugs. The red shift is also an indication that the hydrophobicity of the plasma protein

decreased [156].
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Figure 5.26: Absorbance spectrum of all drugs (rifampicin, 25-desacetyl rifampicin, isoniazid,

pyrazinamide, and ethambutol) in plasma at the same concentrations of 30ug/ml.

5.4 Conclusion

In conclusion to the discussion, the computational modeling of each drug provides insight into the
possible interactions that occur between the drug and the plasma proteins. From the fluorescence data,
it can be observed that as the drug concentration increased, the quenching of plasma increased. This
indicates that the more of the drug available in the body, the higher the possibility of drug-plasma
binding — which is unfavorable for TB patients. The fluorescence data also confirm that the drug binds
to the plasma spontaneously by the negative change in Gibbs free energy values. Therefore, no energy
is needed for drug-plasma interaction to be initiated. The use of fluorescence can also be used to
increase the accuracy of the drug-plasma assay by assessing the condition of the plasma to the
calibrator plasma used during the clinical trial, bioequivalence, bioavailability, and therapeutic drug

monitoring.

115



Stellenbosch University https://scholar.sun.ac.za

Chapter 6 Pharmacokinetics — Patient and Calibrator Protein

Evaluation in Calibration Curves for Dose Optimization

6.1 Background

As discussed in chapter 1 and the literature review on quality assurance, a proposed thereoretical
model was implemented to increase assurance in obtaining an accurate error margin of drug-plasma
concentration results. We aimed at exploring factors that influence the accuracy of drug-plasma
concentration calibration assays and identifying the most cost-effective and realistic drug bio-

analytical methods during validation and therapeutic drug monitoring.

Our main focus was the variations in the calibrator and the patients' protein levels in plasma. A quality
assurance perspective was proposed, where protein evaluation of patient plasma or serum protein
levels were taken into account for pharmacokinetic (PROTEC-PK™) optimization recovery in bio-

analytical method validation

Plasma protein levels, when discovered, can be used to provide a more accurate assay result.
Confirming that the drug bound to plasma proteins does infer that the amount of plasma protein
affects the free drug quantity and affects the amount of drug recovered during the analytical process.
Individuals with high plasma protein content relative to the calibrator plasma protein content will
result in a lower recovery during laboratory procedures. We integrate the significance of whole blood
form and multifunctional capability to differences in patient plasma viscosities (PV). The patients
mentioned are critically ill and have contracted opportunistic infectious diseases such as TB, MTB,

and XDR-TB co-infected with the possibility of the human immune deficiency virus (HIV) infection.

6.2  Aims and objectives

. To study and create an effective method for clinical trial blood patient analysis using

a novel design of a plasma calibration curve PROTEC-PK™

° Evaluation of calibration curves using different plasma protein content.
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6.3 Experimental protocol

In this experiment a theoretical method was used to design curves that take patients with plasma
protein and albumin levels into account in pharmacokinetic studies. The modelled scenarios of
patients with blood disorders such as hypoalbuminea, hyperalbuminia, hypoproteinemia and
hyperproteinemia were used to explain the use of the designed curves to improve accuracy of drug

concentration recovery in clinical trials. All of the curves were design using a Microsoft offices excel.
e Scenariol

As indicated in figure 6.7 (a) the PROTEC-PK was modelled and constructed for 3 patients (P1-P3)
administered with the same (non-polar drug with a pKa range of 1-4 which is regarded as a weak)
base. The PROTEC-PK graphs y-axis indicating the plasma drug concentration of the patient in
pg/mL and an x-axis indicating the time sampled of the patients blood. The Cmax of each patient was

different to indicate drug absorbtion variability. Cmax time was the same for each patient.

Table 6.1: data points used to construct PROTEC-PK in figure 6.1 (a) for patient 1-3

pk Patient 1 Pk patient 2 Pk patient 3
Time Plasma drug Time Plasma drug Time Plasma drug
sampled [Jin sampled Concentration sampled Concentration
(hours) (hours) (Mg/ml) (hours) (Mg/ml)

0 0,00081 0 0,00031 0 -0,00119
0,25 -0,00349 0,25 0,00661 0,25 0,32041
0,5 0,16851 0,5 0,00941 0,5 0,32921
0,75 0,18121 0,75 0,43151 1 0,72121

1 1,21731 1 0,39511 2 0,54071
1,5 1,19691 2 0,45721 4 0,05401

2 0,30561 4 0,30381 8 0,00501

4 0,03411 8 0,13691 24 -0,00219
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8 -0,00139 24 -0,00089 0 -0,00119

24 0,00251 0,25 0,32041

e Scenario 2

Figure 6.1 (b) was a PROTEC modelled for hyperalbuminea and hyperproteinemia to normalization
protein and albumin levels. The designed graph consisted of a y-axis indicating the total protein and
total albumin levels and the x-axis indicated the time plasma was sampled. The scenario used
pregnant participants with the assumption that they had normal to high protein levels and a low risk
cohort

Table 6.2: data points used to construct high albumin and potein to normalization over a specific time
for figure 6.1 (b)

Time (hours) Normal Albumin High albumin Normal protein High protein
(9/dL) (9/dL) (9/dL) (9/dL)
0 0,43 0,7 0,8 1,4
5 0,43 0,6 0,8 1
15 0,43 0,48 0,8 0,9
20 0,43 0,47 0,8 0,9
24 0,43 0,46 0,8 0,9

e Scenario 3

In figure 6.2 (a) the PROTEC-PK was modelled for a weak acid non-polar drug in below normal
albumin levels. The y-axis was the plasma drug concentration and the x-axis indicated the time in
hours. In figure 6.2 (b) the Protecc model for hypoalbuminea and hypoproteinemia was constructed
where the y-axis indicated the total protein and total albumin levels from low to normalization and the
x-axis indicated the time of plasma sample in hours. The scanario used TB/HIV patients treated with

rifampicin and had hypoproteinemia blood disorders.
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Table 6.3: data points used to construct PROTEC-PK in figure 6.2 ()

Time

(hours)

Plasma drug Concentration

(g/ml)

12

Table 6.4: Data points for figure 6.2 (b) to construct low albumin and low protein to normalization

Time (hours) Normal Albumin Low albumin Normal protein Low protein
(9/dL) (9/dL) (9/dL) (g/dL)
0 0,43 0,07 0,8 0,5
5 0,43 0,3 0,8 0,59
15 0,43 0,38 0,8 0,69
20 0,43 0,39 0,8 0,73
24 0,43 0,39 0,8 0,75

e Scenario 4

In figure 6.3 (a) calibration curve calibration curve was designed and modified to access the relative

accuracy of the drugs with moderate to low binding affinity. The concentration errors were compared

using the binding constants K of the drugs: rifampicin, isoniazid, ethambutol and pyrazinamide.
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Table 6.5: Data points used to construct the plasma concentration calibration comparison curve in

figure 6.3 (a).
No Plasma 1.6g/dL plasma 4.3g/dL Plasma
Drug Drug
Drug Drug Drug Drug
Concentration concentration Peak Concentration
Peak area pg/mL Peak area pg/mL area pg/mL
0 0 0 0 0 0
440000 3 430000 3,5 400000 4
4000000 25 3200000 25 2500000 25

Table 6.6: Data points used to construct the relative accuracy based on the binding constants of

rifampicin, isoniazid, pyrazinamide and ethambutol at specific concentration points.

Concentration | Rifampicin | Pyrazinamide | Isoniazid | Ethambutol
(Mg/mL)

0 100 100 100 100
0,0101 99,0099 99,43376 99,98287 | 99,99416
0,0203 98,52217 99,15483 99,97443 | 99,99128
0,051 98,03922 98,87863 99,96608 | 99,98843
1,03 97,08738 98,33427 99,94961 | 99,98282
9 83,33333 90,46833 99,71167 | 99,90167
15,15 81,84818 89,61898 99,68597 | 99,8929
17,1 81,87135 89,63222 99,68637 | 99,89304
25 80 88,562 99,654 99,882
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The assumptions for the model include:

1.

10.

11.

12.

13.

The drug-protein binding affinity is different for each drug where there is a relative decrease in

binding affinity to protein and tissue for drugs relative to Rifampicin.
The same calibrator stock plasma and content was used for the four drugs calibration curves.

The relative accuracy is the difference between the drug concentrations obtained in the calibration
curve using patient albumin levels and calibration curves using normal albumin levels (3.5-4.5
g/dL).

The concentration of protein in the calibrator is indirectly proportional to the gradient of the
calibration curve. Levels of albumin were classified as marked hypoalbuminemia (<2.5 g/dL),
mild hypoalbuminemia (2.5-3.5 g/dL), normal albumin (3.5-4.5 g/dL), and hyperalbuminemia
(>4.5 g/dL).

A single detector response is used to extrapolate the concentrations for both normal and patient

albumin levels for the comparison of drug levels.
The same amount of protein or albumin stock is used in all the calibrators per calibration curve.
The validation recovery is less than 100%.

The extraction solvent maintains an optimized concentration levels suitable to chromatographic

procedure.

The drug polarity is optimized and stabilized during validation in the plasma matrix and

extraction solvent.

The unionized drug form is suited for reverse phase chromatography hyphenated mass
spectrometry (MS) analysis (<2000 g/mol.) and the post column ionization ensues during the MS

analysis.

Patient absorption and bioavailability is normal (relative) for the condition, disease and body mass
index (BMI).

The maximum accuracy achievable with protein editing in calibration curves is 100% (estimated).

In the protein models, figure 6.3 (b), the accuracy is influenced by the differences of known and

unknown patient protein levels and the binding constants of the drugs.
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14. Assuming the calibrator protein levels are 4.3g/dL and the patient protein varies from 0 to 4.3g/dL

the hypoproteinaemia normal total protein (8.0g/dL) and albumin (4.3g/dL) levels.

15. This would affect the changes in patient protein (Pp) and calibration curve protein (Cp) in would

indicate the first model where patient protein levels are known and taken into account during the

calibration curve construction.

16. For figure 6.3 (a), the Cp is assumed to be 8.0g/dL for total protein and 4.3g/dL for albumin as the

17.

18.

19.

20.

21.

medians in the normal range. The following was calculated for sample A (figure 6.3 (a)):

Calibration curve (Cp) : 4.3 g/dL (figure 6.3 (a), Calibration curve)

Measured drug level (Cm) 25 pg/ml

Patient protein (Pp) : 1.6 g/dL (figure 6.3 (a), Calibration curve)
Corrected drug level (Py) 221 pg/ml

Relative error :(]21 - 25| g/dL / 25 g/dL) * 100 = 16%
Relative accuracy 1100 — 16 = 84%

Although larger drugs (> 75 000g/mol.) are confined to intravascular systems, 3L and prone to
slow release from plasma, generally molecular sizes of < 2000 g/mol. will fall within the scope of

our research as we are concerned with the parameters affecting the LCMS technique.

The drug recovery extraction solvent was different for each drug based upon the stability of the
drug in the solvent, as reverse phase chromatography was used the unionised form was optimised

relative to its acidity or basicity (pKa).

In plasma the drugs considered weak acids usually bind to albumin within the optimised pH range
(<pka).

The calibrator stock protein condition cannot be assumed to be consistent. The r* was acceptable

above 0.99. Only one plasma stock was used per batch analysis (calibrations curves).

Albumin concentration is the highest in plasma compared to other proteins, drug volume

distribution is also affected by the affinity (Kp) tissue has for the drug and drug for the tissue.
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22. Fluorescence excitation was used to confirm the different binding energies and affinity.
Tryptophan intensity is measured as an indicator of energy necessary for bonding where the

intensity is lowered as the binding to the site takes place.

23. Albumin is approximately 50% of the total protein content in plasma, figures 6.1 (b) and 6.2 (b).
The calibrator protein (by determining the difference from the water content) content can be

determined using a Karl Fischer titration or protein assay analysis.

6.4 Results and Discussion

The plasma protein water content was assessed and modelled against the calibration curves to
determine the accuracy. This research was focused on the FDA concern of <100 % recovery in the
analytical method validation and its effects on the drug from plasma assay results. This was assumed
to be closely related to that of the patient's PV, where the patient therapeutic drug levels fall within a
0.1ug/ml--25 pg/ml range. Chromatography techniques are usually used to determine unknown
concentrations within the stated concentration range including LCMS. The plasma content is assumed

by literature to be approximately 92 % (m/v) water and 8 % (m/v) protein in healthy patients [144].

In this research the interest was in the occasional protein outliers, where it was discovered that the
protein content varied from 8 % to 28%, i.e., 92 % to 2 % (m/v) water variations, where the recovery
is below 100 % in the calibrator and sample extraction procedure. This may occur because of patient
conditions affecting plasma viscosity or conditions such as hypoproteinaemia, hyperproteinaemia,
hypoalbuminaemia, and hyperalbuminaemia. Although there are solvents that can ensure total
analysis of protein, the drug structure needs to remain intact, and the extraction solvent must correlate
to the stability and pKa of the drug for chromatographic techniques that may not provide optimal

deproteination from the compound.
6.4.1  Pharmacokinetic (PK) data show differences in plasma drug levels

An excerpt from a typical clinical trial was used to show variations in patient pharmacokinetics,
where the body interacts with the drug (ADME) and we gauge the drug's efficacy by relating the
plasma drug levels to patient recovery status (condition). The therapeutic drug monitoring of patients
with albumin < 2.5g/dl from TB and MTB hypoalbuminaemia patients was also observed. Where the
weak acid and weak base drugs adhere to the pKa status to either ionize or not. The protein and tissue
binding affinity changes when the electronic status of the drug changes. These conditions can,
however, be controlled in the laboratory to optimize the stability and recovery of the drug during

analysis.
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Figure 6.1: PROTEC-PK (a) Pharmacokinetic study of three patients with a non-polar drug e.g
(esomeprazole) (pKa 1.0 & 4.0); weak base). (b) PROTEC model for hyperalbuminea and

hyperproteinemia to normalization

In figure 6.1 (a) the total drug (esomeprazole) plasma levels were analysed. A special interest was
taken in the differences in the maximum drug levels (Cax) reached in a similar time (T.ax) range (less
than two hours). The assumption here is that the three patients (P1-P3) had the same protein
concentration in their plasma. Therefore, a single calibration curve with the same plasma protein
content calibrators was used. The low level of drug absorption seen could have been related to the
drug formulation: for example, an enteric coating is added to the tablet where weak bases with high
pKa’s are taken orally. The PK curves are typical for oral dose, high absorption weak bases, such as
the proton pump inhibitor omeprazole (esomeprazole),which is rapidly absorbed and binds to the

receptor of the H'K*-ATPase proton pump.

A coating is usually added to the tablet where weak bases with high pKas are taken orally. The PK
curves are typical for oral dose high absorption/weak base such as omeprazole (esomeprazole). Proton
pump inhibitors block the gastric H, K-ATPase, inhibiting gastric acid secretion. There is rapid
absorption and binding of the drug to the receptor of the proton pump that regulates acid (H")
production during acid reflux. The response duration spans over a longer period than what the
vascular esomeprazole levels indicate in figure 6.1 (a). Its primary pK,of about 4.0 facilitates

accumulation in the parietal cell, and a benzimidazole with a second pK, of about 1.0.
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Proton pump inhibitors are prodrugs activated by acids converting to sulphenic acids or
sulphonamides. These can bind covalently with one or more cysteines of the ATPase. The drug and
metabolites are thought to bind with stable covalently bonded sites on the proton pump and the
recovery of these receptors is done over time. The reason for the shifts and the area under the
pharmacokinetic in figure 6.1 (a) are the patients physiology relating to variations in plasma protein
content of each patient. The in vivo drug-plasma interaction when assessing selected drug-protein
binding energies and confirming variations in the individuals’ plasma, affected current good
laboratory practices and recovery rates were always below 100%. The drug-plasma concentration
recovery and accuracy improvement was noted after accommodating the varying amounts of plasma

protein.

In figure 6.1 (b), the participants were pregnant pregnant patients, a low risk cohort who were
assumed to have normal to high plasma protein levels (hyperproteinaemia), and who were being
treated for gastric acid reflux. During therapeutic drug monitoring or clinical trials, patient test sample
variations in plasma protein levels are usually assumed to be low. The low risk patient cohort were
considered to be healthy as they were not admitted with symptoms of dehydration. As such, the
amount of albumin used in the calibrators was assumed to be similar to that of the patients (4.3 + 1.5
g/dL). A possible relative error could have been incurred by not knowing the plasma protein content
of an outlying patient sample or by not taking it into account during the preparation of the calibrator.
However, the relative error was presumed to be minimal and did not affect the accuracy of the assay
relative to the drug recovery process. There would have been significant errors, however, if patients
were experiencing hypoalbumenia or if the calibrators contained increased levels of albumin,

exceeding the levels in the patients’ plasma/serum.

The situation is different for TB/HIV patients being administered rifampicin (RIF-4), Figure 6.2 (a).
In figure 6.2 (a), hypoalbuminaemia is usually associated with critically ill HIV and TB patients
treated with rifampicin. Rifampicin is soluble in methyl chloride with an octanol/water logK,,, = 4.24
(estimated) zwitterion, with pKa 1.7 for the 4-hydroxy and pKa 7.9 due to piperazine nitrogen [79].
This makes it only slightly soluble in water at pH < 6. If plasma were affected by hypoalbuminaemia:
a hydrophabicity change could change the solubility levels in the blood. The model in Figure 6.2 (b)
uses the protein evaluation calibrations curves (PROTEC-PK) to show the stabilization of the protein
and albumin levels during hyperproteinemia and hypoalbuminaemia. Figure 6.2 (b) model also shows

the PROTEC analysis for hypoalbuminaemia.
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The patients generally admitted had low protein (albumin) content at around 2.3 g/dl and below
(where, at the Tygerberg Hospital in the Western Cape, the NHLS normalized range is 3.5--5.2 g/dI).
With an increased water concentration in plasma, the ionized rifampicin form may enter the renal
elimination pathway [160], with bright red-orange urine usually seen [161]. This is further
complicated by socioeconomic factors that affect households in the Western Cape: dietary
supplements which are high in protein are generally not affordable [162]. The geographical region is
prone to low temperatures, which further exacerbate the situation for many TB and MTB patients —
with increased mortality rates in certain sectors affected by their strained socioeconomic situation
[162]. Patient data, where admission protein levels need to be documented and followed through to
the laboratory, also produce information to predict the drug-plasma interaction where tissue
absorbance is likely or not (as an equilibrium of whether plasma proteins is achieved or not). In
support of the External Quality Assessment Schemes (EQAS), an accredited proficiency test
laboratory to monitor the data was incorporated.
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Figure 6.2: PROTEC-PK (a) Rifampicin (a weakly acidic non-polar drug) concentrations from two
calibration curves containing 1.6 g/dL and 4.3 g/dL albumin where patient albumin is below normal
albumin levels at 1.6 g/dL (b) Protecc model for hypoalbuminaemia and hypoproteinemia to

normalization after an unspecified time, Tx.
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In figure 6.2 b, the curve presents the patient protein and albumin levels (broken lines ending with
arrows), where the patient albumin is usually in the 1.6 + 2.0 g/dL region. The straight (solid lines)
lines are indicative of normal total protein (8.0 £ 2.0 g/dL) and albumin (4.3 £ 2.0 g/dL) levels used in
the calibrator preparation. Plasma viscosity (protein to water ratio) changes from 12:1 to 5:1 in patient
plasma and total plasma in calibrators respectively saw a more than 10 % increase in relative error.
This would become significantly higher where the plasma volume is increased without adjusting for
relative patient and calibrator albumin concentrations. The need for harmonization, standardization,
and evidential traceability of the next generation of clinical measurements as an essential mechanism
in quality assurance was supported by the design of this study model approach. The International
Consortium for Harmonization of Clinical Laboratory Results has the role of reviewing priorities and
maintaining a summary of measure and harmonization activities. A test sample was used from an
accredited laboratory to verify the proficiency in our results for rifampicin. Patient protein evaluation
to determine the content of their plasma protein especially where weak acid drugs are concerned
would assist to determine competition and the spontaneity of drugs to bind to albumin which affects

the patient-calibrator relative recovery accuracy in bioanalytical methods.
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Figure 6.3: (a) Calibration curves with varied protein content and varying patient protein levels in
plasma / serum (b) Modelled accuracy fluctuations for the drug-protein binding affinity (MA -
medium affinity and LA - low affinity drugs 1-4). Drug concentration regions A (0-2.49 ug/ml), B;-
B4 (2.49-12.5 pg/ml), C;-C, (12.5-17.5 pg/ml), D;-D3 (17.5-25 pg/ml).
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Figure 6.3 (), illustrates the drug rifampicin concentration ranges affected by protein variation in the
calibrators, where < 100 % is noted in the recovery where albumin (plasma) is present. The
calibration curve using zero albumin (0.00g/dl) shows the curve for 100 % recovery. This will vary
for different drugs and laboratory equipment response. At high calibrator drug concentrations of
>4ug/ml, the differences in extrapolated results increase as the amount of calibrator protein remains
constant. (The total calibrator protein (plasma) content remains constant, whilst the total diluted
volume is maintained.) The drug concentration is thus reduced by the low-end calibrator formation.
The deproteination solvent e.g methanol is also kept at a constant volume. The pKa for drugs
classified as either weak bases or acids determine the solubility and hydrophobicity of drugs.

The model illustrated in Figure 6.3 (a) shows the three possible drug concentrations for both normal
albumin of 4.3 g/dl (calibration curve) and patient protein (albumin) levels at 1.6g/dl (calibration
curve) where the level of an unknown patient protein (albumin) will influence the accuracy. The
accuracy lies in the differences obtained between the concentrations of the drugs with varied albumin
levels in the calibration curves. It can be seen that the accuracy is directly proportional to differences

in the patient and calibrator protein levels in the calibration curves.

The calibrator stock plasma protein distribution was noted with the r* as 0.9999. However, the ratio of
albumin to total protein was significant. Critically ill HIV patients receiving treatment for TB would
usually have a low plasma protein (albumin) level below 4.3 g/dl. In plasma, the total protein to water
content ratio changes from 12:1 to 5:1 in calibrator stocks. The plasma viscosity in patients is also
affected by disease and hydration levels. The efficacy of the ratio of plasma to water adjustments
cannot be overlooked, even though most patients will not have significant deviations from the normal
blood water to protein ratio, which is approximately 12:1. Changes up to 5:1 were observed. This
compounds the error if the patient ratio is affected by disease and metabolic oxidative products. Water
level determinations can be a red flag for further investigations to be conducted on patient protein

levels, and the calibrator stock albumin levels could be assessed as well.

The curve gradient, m (y=mx+c), was found to be directly affected by the drug-protein binding
affinity and albumin levels. The detector response (y) was used in the extrapolation process. In figure
6.3 (b), region A, the accuracy was lowest and closely merged as the low drug bound albumin levels
do not affect the recovery by much. A gradual increase in relative error is visible after 2 pg/ml
(regions B to D) with significant accuracy decreases noted from D, to D;. Low gradients (m) due to
high albumin levels see an exaggerated increase in the extrapolated concentration (x) especially in the
higher concentration regions, figure 6.3 (b), D;-Ds. Here we confirmed drug-protein binding

variations and distribution after comparing normal and hypoalbuminaemia albumin conditions.
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Shown in figure 6.3 (b) are the relative accuracies (percentages or %) for the drug binding affinity
property for protein (albumin). The model is based upon the rifampicin’s moderate affinity (MA),
with the highest relative binding affinity for albumin. We have already confirmed the binding affinity
of figure 6.3 (b) shows the drug-protein binding affinity for four different drugs relative to

rifampicin’s binding affinity.

In figure 6.3 (b), the naming of the drugs was not of significance, as further validation is needed at the
time of use. Since the plasma protein condition (affinity) is prone to changes, here the drug properties
are portrayed as relative to rifampicin’'s experimental binding energy data. The confirmation of drug-
albumin complex formation and their spontaneity of binding were covered in the previous chapter,
which covered the identification of the binding interaction of anti-TB drugs with albumin: ‘A
Computational Molecular Docking, Fluorescence and Absorption Spectroscopy Study’.

The binding energies were as follows: rifampicin 5.379 X 10> M™* (moderate affinity), isoniazid 9.285
M™ (low affinity), 25-desacetyl rifampicin 3.156 M™ (low affinity), ethambutol 3.443 M™ (low
affinity) and pyrazinamide 3.076 X 10> M (moderate affinity). The Gibbs free energies for the four
drugs were below zero indicating spontaneous binding reactions. Rifampicin is a non-polar weak acid
with a higher binding affinity, indicating it will form the more stable complex with albumin, as
opposed to soluble isoniazid — due to its being polar and in ionized form easily excreted in the urine,
resulting in low levels of detection. This will affect the bioavailability and accuracy of the assay levels
for patients experiencing hyper and hypoalbuminaemia with related complications and induction
processes of the enzymes (CYP3A4/5) as well. The dose optimization will be further complicated
where the low binding affinity drugs will have better recoveries and low detector responses due to low
bioavailability and because it is also ionized. These complications are apparent in multidrug
administering, and where larger numbers of patients (more than 400), are involved in clinical trials.
The relative accuracy in bioequivalence and bioavailability studies with varying patient protein levels

may be more critical for drugs with a narrow therapeutic index.
6.5  Conclusion

In this study the use of a representative calibrator matrix and albumin levels in relation to the patient's
albumin levels was studied. The amount of drug that is bound to albumin and the subsequent recovery
levels both affect the gradient (slope) of the calibration curve. The minimizing of relative errors are
important for accuracy in clinical trials, bioequivalence and bioavailability studies. The Significant
and of concern were narrow therapeutic drug dosage increases that could cause side effects and
exceeding the Ca in clinical trial dose optimization studies, thus putting the patient at risk. The dose
optimization requires accurate bioanalytical drug-plasma assays, as low drug concentrations

administered to patients with diseases may cause drug resistance. Patient plasma transporting low
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binding affinity drugs such as INH may have metabolites and high excretory levels if co-administered
with competitive drugs with higher binding affinities to plasma proteins. Compliance with the FDA
and international regulatory guidelines would require reproducibility of a calibration curve that
closely resembles calibrator and patient drug-protein interactions. Plasma viscosity (protein to water
ratio) changes from 12:1 to 5:1 in patient plasma and total plasma in calibrators showed the relative
error increased more than 10%. Further increases in the difference between patient and calibrator
albumin (protein) levels could see a further 20 % increase in relative error. Hypoalbuminemia (or
hypoproteinaemia in cases of related low total protein levels) patients show the lowest accuracy in
assay test results and the highest risk of mortality. The use of the patient-calibrator PROTEC-PK™

was proposed.
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Chapter 7

Conclusion

7.1

7.2

7.3

7.4

7.5

The analytical liquid chromatography—mass spectrometry (LCMS) method for rifampicin was
developed and validated using phenacetin as an internal standard combined with human
plasma. The extraction solution for deproteination of the plasma standards used was ascorbic
acid and methanol. The main focus of the study was to compare the LCMS calibration curves
from the validation data of rifampicin known standard without plasma and rifampicin known
standards spiked with plasma. The comparison of the calibration curve data with and without
plasma was as follows: Limit of detection (LOD) for plasma-free standards was found to be
0.19 pg/ml and the limit of quantification (LOQ) LOQ was found to be 0.57 pg/ml. The LOD
for rifampicin plasma standards was found to be 0.0801ug/ml and the LOQ was found to be
0.24 pg/ml. The % relative standard deviation (RSD) for rifampicin-free plasma concentration
of 0.5 pg/ml is 12.1%. The % RSDs rifampicin-plasma standard concentration of 0.5 pug/ml, are
5.6% respectively. The percentages of RSD are in the accepted range, which is % RSD < 20%.
The correlation coefficient r* generated from the calibration curve without plasma was 0.985.
The correlation coefficient r* generated from the calibration curve with plasma was 0.997. From
the linearity comparison of the calibration curves the gradient of the plasma calibration was
lower than the rifampicin-plasma free curve which indicated that plasma caused decreasing
effect on the gradiant of the calibration curve. This indicated that the drug recovery for plasma
standards directly affected the area response of the LCMS detection due to drug-plasma
interference. Therefore we conclude that when validating bioanalytical methods for clinical

trials it is important to incorporate plasma as a variable in the method validation.

Plasma is a unique substance, and when extracted the plasma content is dependent on whether

the patient is healthy or not.

Using plasma from different patients can cause deviation when compared to a plasma calibrator
derived from one patient due to the different protein (¢ and B globulins and albumin)
concentrations of plasma of different patients containing a water percentage that is lower or
higher than 90%.

The plasma used to prepare samples should be isolated from one specific patient.

The water content percentage in the plasma of the patient being assessed can be tested using the
Karl Fischer process however error of results are possible. Direct determination of plasma

concentration levels using systems like the Thermo Nanodrop system is more accurate.
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A recommendation is that plasma from different patients can cause fluctuations in calibration
curves which can cause a change in the gradient of the calibration curve leading to erroneous

results.

The results obtained from the computational pharmacology data predicted that rifampicin
(RIF), isoniazid (INH), pyrazinamide (PYR) ethambutol (ETH), (D-RIF) spontaneously bind to

HSA by hydrogen bonding via electrostatic interactions.

The predicted enthalpy values for the three best possible conformations of each drug to the
plasma protein human serum albumin (HSA) were used to calculate the change in entropy and
Gibbs free energy of the drugs assessed. The calculated Gibbs free energy from the predicted
enthalpy values indicates that, of the five drugs assessed, rifampicin has the highest binding
affinity of -104.04 kJ/mol and pyrazinamide has the lowest binding affinity of -33.05 kJ/mol to
the HSA protein.

The fluorescence spectroscopy was used to confirm the computational prediction of binding.
However, in the experiment plasma which consists of the HSA protein was used instead of
HSA due to unavailability of the reference material, therefore we could not validate the
computational data with the fluorescence data. The quenching constant Ksv and Gibbs free
energies were calculated for rifampicin, isoniazid, pyrazinamide, ethambutol, 25-desacetyl
rifampicin, and RIF-4. RIF-4 combination sample was the strongest quencher of plasma with
the values of (RIF-4 30.742 x 10° M™, 30.506 x 10° M™, 28.283 x 10° M, at the temperatures
298.15 K 310.15 K and 313.15 K respectively). Of the the 4 anti TB samples (RIF, INH, PYR
and ETH) and 25-desacetyl rifampicin drugs, rifampicin was the strongest quencher of plasma
with a Ksv of (rifampicin 15.083 x 10° M, 16.140 x 10° M*, 16.801 x 10° M™, at the
temperatures 310.15 K 313.15 K and 318.15 K respectively). Ethambutol was the weakest
quencher of plasma with a value of (ethambutol 1.9374 x 10° M™, 1.8896 x 10° M™, 1.9737 x
10°M™, at the temperatures 298.15 K 313.15 K and 318.15 K respectively).

The quenching mechanism of each drug was found to be dynamic quenching except for
ethambutol, which indicated a combination of dynamic and static quenching and RIF-4 which
indicated a decrease in the quenching constant as the temperature was increased. This is an
indication of static quenching taking place. The binding constants were used to calculate the
experimental thermodynamic parameters. The enthalpy values obtained were positive and the
entropy values calculated were positive, which according to the literature, indicates that the
hydrophobic forces were the main interactions that took place between the drugs accessed and
the plasma proteins — except for pyrazinamide, which had a negative change in entropy and
enthalpy values. The literature states that this could be due to Van de Waals forces and

hydrogen bonding at low dielectric media.
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The Gibbs free energies obtained from the experimental data were negative, which indicates
that all of the drugs accessed binds spontaneously to the plasma proteins present. Rifampicin
had the lowest Gibbs free energy with values (-16.25 kJ/mol, -17.47 kJ/mol and -19.51 kJ/mol
at temperatures of 310.15 K, 313.15 K, and 318.15 K respectively) and the highest binding
affinity. Ethambutol had the highest Gibbs free energy with values of -0.706 kJ/mol, -2.785
kd/mol, -3.278 kJ/mol and -4.144 kJ/mol at temperatures 298.15 K, 310.15 K, 313.15 K, 318.15
K respectively) and the lowest binding affinity. Hence, the prediction that rifampicin would
bind most to the HSA protein was correct. However, the binding interaction of the prediction
and the experimental data obtained did not coincide. This could be due to the fact that the
protein used in the experiment was full plasma protein due to financial constraints, and not only
HSA as in the computational modeling prediction. However HSA is the main protein in plasma
that caused drug-plasma binding interactions.

The UV-vis spectroscopy results of the drugs assessed indicated red shifts to longer
wavelengths, which confirm the decrease in hydrophobicity of the plasma protein. Hence, from
this finding, it can be confirmed that hydrogen bonding is taking place between the drug and
the protein.

Protein to water ratio (PV) changes from 12:1 to 5:1 in patient plasma, and total plasma in
calibrators caused the relative error to be increased by more than 10 %. Additional increases in
the difference between patient and calibrator albumin (protein) levels could produce a further
20% increase in relative error. Patients with hypoalbuminemia (or hypoproteinaemia in cases of
related low total protein levels) show the lowest accuracy in assay test results and have the
highest risk of mortality. This study therefore proposes the use of the patient-calibrator
PROTEC-PK™ in validation assay development and therapeutic drug monitoring to ensure that

patient albumin levels are within acceptable validation accuracy ranges.

To conclude, all of the parameters assessed are important in terms of improving the accuracy of
the therapeutic drug monitoring process of TB patient blood samples in clinical studies. This
includes increased accuracy of calibrator drug-plasma assay calibration curves, detailed protein
plasma calibrator level analysis, and thorough insight into drug-binding interactions of TB

drugs with plasma proteins.
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7.13 Future work

The LCMS rifampicin quantification method validated should be further optimized for faster elution
time. The method should also go through precision and intermediate-precision tests to confirm that the
method is reproducible, and free from sample preparation error.

To research fast and accurate methods to obtain plasma protein content of clinical patients in

therapeutic monitoring drugs trials which will improve bioanalytical methods and concentration

Further analysis of fluorescence and UV spectroscopy should be performed using HSA to compare
and validate the computational modeling data obtained by performing the analysis with HSA instead

of full blood plasma.

Molecular dynamic with HSA interacting with rifampicin, isoniazid, ethambutol and pyrazinamide
will be performed using a video modeling tool of a particle in a box therefore it would illustrate

through video visuals how anti-TB drugs bind to HSA.

The PROTEC-PK™ curves should be assessed and modified on a mathematical and statistical method

approach which could be test for use in clinical trials in the future.
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Addenda

Addendum A: Chapter 3: Rifampicin validation tables raw data

Part A: Rifampicin Validation Support Data

3. TABLES

3.1 Rifampicin + internal standard with ascorbic acid dilution table

- Stock Solution: 100ug/ml
2" Stock solution: 20 pg/ml

Table 1: Mass of standard and Internal standard weighed

Mass of Rifampicin (mg) Mass of Phenacetin (mg)
5.19 5.38

Table 2: Dilution table for Rifampicin, Phenacetin and Ascorbic acid, Centrifuge time and Vortex

time

RIF at| C1 V1 C2 V2 PHENACITIN | Ascorbic | Centrifuge | Vortex

340nm (uL) (L) (uL) Acid time (min) | time

(min)

0.1 100 250 0.1 1000 | 100 400 15 1

pg/mi pg/mi pg/mi

0.5 100 100 0.5 1000 | 100 400 15 1

pg/mi pg/mi pg/mi

lug/ml | 100 50 1 1000 | 100 400 15 1
pg/mi pg/mi

5ug/ml | 20 50 5 1000 | 100 400 15 1
pg/ml pg/ml
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10pug/ml | 20 25 10 1000 | 100 400 15 1
pg/mi pg/mi

25 20ug/ml | 5 25 1000 | 100 400 15 1

pg/ml pg/ml

Preparation of 20 pg/ml Phenacetin

C]_V]_ = C2V2

100V, =20x 10

20x10
Vl =
100

=2ml

100 pL of phenacetin was taken from 20 pg/ml to make up 2 pg/ml

C]_Vl = C2V2

20 x100=C, x 1000

_ 20x100
27 " 1000

=2 ug/ml

3.2 Tables for Rifampicin Data file name, Ret.time, Area and Concentration Level, S/N

Table 3: Rifampicin Data file name, Ret.time, Area and 0.1 pg/ml Concentration Level, S/N

Ret. Std.
Data# | Data Filename Level# | Time | Area Conc. SIN
1 std's+Blank_20160614 001.lcd | 1 7.816 | 28374 0.1 27.8
2 std's+Blank_20160614_002.Icd | 1 7.812 | 26 513 0.1 26.6
3 std's+Blank_20160614_004.Icd | 1 7.808 | 25 627 0.1 27.8
4 std's+Blank_20160614_005.Icd | 1 7.806 | 22 140 0.1 215
5 std's+Blank_20160614_006.Icd | 1 7.807 | 20019 0.1 19.7
6 std's+Blank_20160614_003.Icd | 1 7.807 | 37631 0.1 46.5
Average 7.809 | 26 717 28.3
%RSD 0.052 | 23.006099 33.7
Maximum 7.816 | 37 631 46.5
Minimum 7.806 | 20 019 19.7
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‘ ‘ Std. Dev. ‘ ‘ 0.004 ‘ 6 146.614114 ‘ ‘ 9.53 ‘
Table 4: Rifampicin Data file name, Ret.time, Area and 0.5 pug/ml Concentration Level, S/N
Ret. Std.
Data# | Data Filename Level# | Time | Area Conc. | S/IN
1 std's+Blank_20160614_007.lcd | 2 7.806 | 246 246 05 389
2 std's+Blank_20160614_008.Icd | 2 7.806 | 223 620 05 259
3 std's+Blank_20160614_009.Icd | 2 7.808 | 209 397 0.5 280
4 std's+Blank_20160614_010.lcd | 2 7.808 | 225 939 0.5 296
5 std's+Blank_20160614 011.lcd | 2 7.805 | 216 133 0.5 336
6 std's+Blank_20160614_012.Icd | 2 7.805 | 220 316 05 361
Average 7.806 | 223 608 320
%RSD 0.018 | 5.609152 15.6
Maximum 7.808 | 246 246 389
Minimum 7.805 | 209 397 259
Std. Dev. 0.001 | 12 542.531966 50
Table 5: Rifampicin Data file name, Ret.time, Area and 1 pg/ml Concentration Level, S/N
Ret. Std.
Data# | Data Filename Level# | Time | Area Conc. | S/IN
1 std's+Blank_20160614_013.Icd | 3 7.802 | 284 494 1 479
2 std's+Blank_20160614_014.lcd | 3 7.812 | 296 920 1 483
3 std's+Blank_20160614_015.lcd | 3 7.805 | 283 763 1 458
4 std's+Blank_20160614_016.lcd | 3 7.811 | 298 546 1 531
5 std's+Blank_20160614_017.lcd | 3 7.812 | 301136 1 479
6 std's+Blank_20160614_018.Icd | 3 7.806 | 293092 1 396
Average 7.808 | 292 992 471
%RSD 0.053 | 2.508147 9.3
Maximum 7.812 | 301136 531
Minimum 7.802 | 283 763 396
Std. Dev. 0.004 | 7 348.665646 43.8
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Table 6: Rifampicin Data file name, Ret.time, Area and 5 pg/ml Concentration Level, S/N

Ret. Std.
Data# | Data Filename Level# | Time Area Conc. | S/IN
1 std's+Blank_20160614 019.lcd | 4 7.81 1770174 5 2 585.46
2 std's+Blank_20160614 020.Icd | 4 7.807 1401 186 5 2 285.25
3 std's+Blank_20160614 021.lcd | 4 7.817 1644 398 5 2544.28
4 std's+Blank_20160614_022.Icd | 4 7.812 | 1598758 5 2264.78
5 std's+Blank_20160614_023.lcd | 4 7.812 1649 362 5 2 303.77
6 std's+Blank_20160614 _024.lcd | 4 7.812 1672 630 5 2 373.03
Average 7.812 1622751 2392.76
%RSD 0.044 | 7.550602 5.8
Maximum 7.817 1770174 0 2 585.46
Minimum 7.807 1401 186 0 2264.78
Std. Dev. 0.003 122 527.491313 | 0 139

Table 7: Rifampicin Data file name, Ret.time, Area and 20 pg/ml Concentration Level, S/N

Ret. Std.
Data# | Data Filename Level# | Time | Area Conc. | SIN
1 std's+Blank 20160614 025.lcd | 5 7.814 | 4504 281 20 5 048.55
2 std's+Blank_ 20160614 026.lcd | 5 7.82 | 4630015 20 4 965.01
3 std's+Blank 20160614 027.lcd | 5 7.823 | 4598 456 20 4001.52
4 std's+Blank 20160614 028.lcd | 5 7.827 | 4516 306 20 4192.19
5 std's+Blank 20160614 029.lcd | 5 7.826 | 4 612 855 20 4 653.16
6 std's+Blank 20160614 030.lcd | 5 7.826 | 4 636 678 20 4 148.67
Average 7.823 | 4583 099 4501.52
%RSD 0.066 | 1.267276 9.97
Maximum 7.827 | 4636678 5048.55
Minimum 7.814 | 4504 281 4001.52
Std. Dev. 0.005 | 58 080.522187 449
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Table 8: Rifampicin Data file name, Ret.time, Area and 25 g/ml Concentration Level, S/N

Ret. Std.
Data# | Data Filename Level# | Time | Area Conc. | S/IN
1 std's+Blank_20160614_031.Icd | 6 7.818 | 5990112 25 5093.05
2 std's+Blank_20160614_032.Icd | 6 7.818 | 6089410 25 5193.42
3 std's+Blank_20160614_033.Icd | 6 7.824 | 6011 362 25 4892.88
4 std's+Blank_20160614 034.lcd | 6 7.816 | 6085114 25 4 656.58
5 std's+Blank_20160614 035.lcd | 6 7.824 | 5857478 25 4 644.90
6 std's+Blank_20160614 _036.lcd | 6 7.824 | 5789273 25 4 499.15
Average 7.821 | 5970458 4 830.00
%RSD 0.049 | 2.050624 5.7
Maximum 7.824 | 6089410 5193.42
Minimum 7.816 | 5789273 4 499.15
Std. Dev. 0.004 | 122 431.674515 275
Table 9: showing data, data file name, level, retention time, area, concentration of all plasma-Free
standards
Ret. Std.
Data# | Data Filename Level# | Time Area Conc.
1 std's+Blank_20160614 001.lcd | 1 7.816 28 374 0.1
2 std's+Blank_20160614 002.lcd | 1 7.812 26 513 0.1
3 std's+Blank_20160614_003.lcd 1 7.807 37631 0.1
4 std's+Blank_20160614_004.Icd 1 7.808 25627 0.1
5 std's+Blank_20160614_005.Icd 1 7.806 22 140 0.1
6 std's+Blank_20160614_006.Icd 1 7.807 20019 0.1
7 std's+Blank_20160614_007.Icd 2 7.806 246 246 0.5
8 std's+Blank_20160614_008.Icd 2 7.806 223620 0.5
9 std's+Blank_20160614_009.Icd 2 7.808 209 397 0.5
10 std's+Blank_20160614 010.Icd 2 7.808 225939 0.5
11 std's+Blank_20160614_011.lcd 2 7.805 216 133 0.5
12 std's+Blank_20160614_012.lcd 2 7.805 220 316 0.5
13 std's+Blank_20160614_013.Icd 3 7.802 284 494 1
14 std's+Blank_20160614_014.Icd 3 7.812 296 920 1
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15 std's+Blank_20160614_015.lcd 3 7.805 283763 1
16 std's+Blank_20160614_016.lcd 3 7.811 298 546 1
17 std's+Blank_20160614_017.lcd 3 7.812 301 136 1
18 std's+Blank_20160614_018.Icd 3 7.806 293 092 1
19 std's+Blank_20160614_019.lcd 4 7.81 1770174 5
20 std's+Blank_20160614_020.lcd 4 7.807 1401 186 5
21 std's+Blank_20160614_021.lcd 4 7.817 1644 398 5
22 std's+Blank_20160614_022.Icd 4 7.812 1598 758 5
23 std's+Blank_20160614_023.Icd 4 7.812 1 649 362 5
24 std's+Blank_20160614_024.Icd 4 7.812 1672630 5
25 std's+Blank_20160614_025.Icd 5 7.814 4 504 281 20
26 std's+Blank_20160614_026.lcd 5 7.82 4630 015 20
27 std's+Blank_20160614_027.lcd 5 7.823 4 598 456 20
28 std's+Blank_20160614_028.Icd 5 7.827 4 516 306 20
29 std's+Blank_20160614_029.lcd 5 7.826 4612 855 20
30 std's+Blank_20160614_030.lcd 5 7.826 4636 678 20
31 std's+Blank_20160614_031.lcd 6 7.818 5990 112 25
32 std's+Blank_20160614_032.lcd 6 7.818 6 089 410 25
33 std's+Blank_20160614_033.Icd 6 7.824 6 011 362 25
34 std's+Blank_20160614_034.Icd 6 7.816 6085 114 25
35 std's+Blank_20160614_035.1cd 6 7.824 5857 478 25
36 std's+Blank_20160614_036.lcd 6 7.824 5789273 25

Average 7.813 2119938

%RSD 0.094 111.31533

Maximum 7.827 6 089 410

Minimum 7.802 20019

Std. Dev. 0.007 2 359 815.488220
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3.3 Plasma-Rifampicin Standard dilution tables

Table 10: Dilution table for Rifampicin, Phenacetin, plasma and Ascorbic acid, Centrifuge time and

Vortex time
RIF at | C1 V1 C2 V2 PHENACITIN | Ascorbic | Centrifuge | Vortex
340nm (uL) (uL) | (pL) Acid: time(min) | time(min)
Plasma
(uL)
0.25 20 125 |0.25 1000 | 250 400:100 |15 1
pg/ml | pg/mi pg/ml
0.5 20 25 0.5 1000 | 250 400:100 | 15 1
pg/ml | pg/ml pg/mi
lpg/ml | 20 50 1 1000 | 250 400:100 | 15 1
pg/mi pg/mi
15 20 75 15 1000 | 250 400:100 |15 1
pg/ml | pg/mi pg/ml
3ug/ml | 20 150 |3 1000 | 250 400:100 |15 1
pg/ml pg/ml
5 20ug/ml | 250 |5 1000 | 250 400:100 |15 1
pg/ml pg/ml

Preparation of 20 pug/ml phenacetin
Ch}/f=Ca\/2
100V;=20x 10

vV, =
17 100

=2ml

_20x10

250 pL of Phenacetin was taken from 20 pg/ml to make up 5 pg/ml
Ch}/f=Ca\/2

20 x250= C, x 1000

_ 20x250

C,=

1000

=5 pg/ml
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3.4 Tables for Rifampicin with plasma and internal standard Data file name, Ret.time, Area and

Concentration Level

Table 11: Rifampicin Data file name, Ret.time, Area and 0.25 pg/ml Concentration Level

Ret. Conc. | Std.
Data# | Data Filename Level# | Time Area (1ug/ml) | Conc.
Rif&Phen
1 precision_20160608_003.lcd | 1 8.539 17 396 0 0.25
Rif&Phen
2 precision_20160608_004.lcd | 1 8.542 18 087 0 0.25
Rif&Phen
3 precision_20160608_005.lcd | 1 8.524 15982 0 0.25
Average 8.535 17 155 0
%RSD 0.11 6.25326 0
Maximum 8.542 18 087 0
Minimum 8.524 15 982 0
Std. Dev. 0.009 1072.750593 | 0
SNR= %
— 17155
1072.750593
=15.99

Table 12: Rifampicin Data file name, Ret.time, Area and 0.5 pg/ml Concentration Level

Ret. Conc. | Std.

Data# | Data Filename Level# | Time Area (ug/ml) | Conc.
Plasma 0.25-5pg/ml

1 x6_20160613_008.Icd 2 7.841 120 523 0.5 0.5
Plasma 0.25-5pg/ml

2 x6_20160613_009.lcd 2 7.84 126 063 0.52 0.5
Plasma 0.25-5pg/ml

3 x6_20160613_010.lcd 2 7.84 123717 0.51 0.5
Plasma 0.25-5pg/ml

4 x6_20160613_011.lcd 2 7.841 144 757 0.6 0.5
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14905931953

Plasma 0.25-5ug/ml

5 x6_20160613_012.Icd 2 7.839 126 479 0.53 0.5
Plasma 0.25-5ug/ml

6 x6_20160613_007.lcd 2 7.834 98 302 0.41 0.5
Average 7.839 123 307 0.51
%RSD 0.034 12.088506 12.1
Maximum 7.841 144 757 0.6
Minimum 7.834 98 302 0.41
Std. Dev. 0.003 14 905.931953 | 0.06

SNR =%
123307  _ 827

Table 13: Rifampicin Data file name, Ret.time, Area and 1 pg/ml Concentration Level

Ret. Conc. | Std.

Data# | Data Filename Level# | Time | Area (ug/ml) | Conc.
Plasma 0.25-5ug/ml

1 x6_20160613_013.Icd 3 7.839 | 178708 1 1
Plasma 0.25-5ug/ml

2 x6_20160613_014.Icd 3 7.833 | 163221 0.91 1
Plasma 0.25-5ug/ml

3 x6_20160613_015.Icd 3 7.827 | 150 567 0.84 1
Plasma 0.25-5pug/ml

4 x6_20160613_016.Icd 3 7.836 | 161438 0.9 1
Plasma 0.25-5pug/ml

5 x6_20160613_017.Icd 3 7.834 | 155284 0.87 1
Plasma 0.25-5pg/ml

6 x6_20160613_018.lcd 3 7.828 | 150874 0.84 1
Average 7.833 | 160015 0.9
%RSD 0.058 | 6.595679 6.59
Maximum 7.839 | 178708 1
Minimum 7.827 | 150 567 0.84
Std. Dev. 0.005 | 10554.098412 | 0.06
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_K
SNR—E

160015

10554.098412
=15.16

Table 14: Rifampicin Data file name, Ret.time, Area and 1.5 pg/ml Concentration Level

Ret. Conc. | Std.

Data# | Data Filename Level# | Time | Area (ug/ml) | Conc.
Plasma 0.25-5pug/ml

1 x6_20160613_019.Icd 4 6.831 | 803 606 1 1.5
Plasma 0.25-5pg/ml

2 x6_20160613_020.Icd 4 6.834 | 807 140 1 1.5
Plasma 0.25-5ug/ml

3 x6_20160613_021.lcd 4 6.838 | 733282 1 1.5
Plasma 0.25-5ug/ml

4 x6_20160613_022.Icd 4 6.839 | 756 061 1 1.5
Plasma 0.25-5pg/ml

5 x6_20160613_023.Icd 4 6.839 | 750 884 1 1.5
Plasma 0.25-5pug/ml

6 x6_20160613_024.Icd 4 6.835 | 757 899 1 1.5
Average 6.836 | 768 145 1
%RSD 0.045 | 3.923893 0
Maximum 6.839 | 807 140 1
Minimum 6.831 | 733282 1
Std. Dev. 0.003 | 30141.205248 | 0

SNR =

768145
30141.205248

=255X10°
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Table 15: Rifampicin Data file name, Retention Time, Area and 3 pg/ml Concentration Level

Ret. Conc. | Std.

Data# | Data Filename Level# | Time | Area (ug/ml) | Conc.
Plasma 0.25-5pug/ml

1 x6_20160613_026.Icd 5 6.833 | 643519 1 3
Plasma 0.25-5pg/ml

2 x6_20160613_027.Icd 5 6.83 667 450 1 3
Plasma 0.25-5pg/ml

3 x6_20160613_028.Icd 5 6.828 | 659 553 1 3
Plasma 0.25-5ug/ml

4 x6_20160613_029.Icd 5 6.818 | 693 295 1 3
Plasma 0.25-5ug/ml

5 x6_20160613_030.lcd 5 6.831 | 673244 1 3
Plasma 0.25-5pg/ml

6 x6_20160613_025.Icd 5 6.827 | 680 053 1 3
Average 6.828 | 669 519 1
%RSD 0.076 | 2.560786 0
Maximum 6.833 | 693 295 1
Minimum 6.818 | 643519 1
Std. Dev. 0.005 | 17 144.944640 | O

SNR=%

6
669519
17144.944640

=39.05

Table 16: Rifampicin Data file name, Retention Time, Area and 5 pg/ml Concentration Level

Ret. Conc. | Std.
Data# | Data Filename Level# | Time | Area (ng/ml) | Conc.
Plasma 0.25-5pg/ml
1 x6_20160613_031.lcd 6 7.817 | 824 345 5 5
Plasma 0.25-5ug/ml
2 x6_20160613_032.lcd 6 7.816 | 860499 5.22 5
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Plasma 0.25-5ug/ml
3 x6_20160613_033.Icd 6 7.816 | 888503 5.39 5
Plasma 0.25-5ug/ml
4 x6_20160613_034.Icd 6 7.816 | 904 489 5.49 5
Plasma 0.25-5pg/ml
5 x6_20160613_035.Icd 6 7.829 | 903 090 5.48 5
Plasma 0.25-5pg/ml
6 x6_20160613_036.Icd 6 7.832 | 952138 5.78 5
Average 7.821 | 888844 5.39
%RSD 0.096 | 4.882691 4.88
Maximum 7.832 | 952138 5.78
Minimum 7.816 | 824 345 5
Std. Dev. 0.008 | 43399.498103 | 0.26
SNR =%
— 888844
43399.498103
=20.48

Table 17: showing data, data file name, level, retention time, area, concentration of all Rifampicin-

Plasma standards

Ret. Conc.

Data# | Data Filename Level# Time | Area (ug/ml) Std. Conc.
Plasma 0.25-5ug/ml

1 x6_20160613 001.lcd | 1 7.76 24 098 0.17 0.25
Plasma 0.25-5ug/ml

2 x6_20160613 002.lcd | 1 7.78 22 682 0.16 0.25
Plasma 0.25-5ug/ml

3 x6_20160613 003.lcd | 1 7.798 | 10937 0.1 0.25
Plasma 0.25-5pg/ml

4 x6_20160613 005.1cd | 1 7.799 | 28913 0.19 0.25
Plasma 0.25-5ug/ml

5 x6_20160613_006.Icd | 1 7.834 | 42475 0.27 0.25
Plasma 0.25-5ug/mi

6 x6_20160613 007.lcd | 2 7.834 | 98302 0.57 0.5
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Plasma 0.25-5ug/mi

7 x6_20160613_008.Icd | 2 7.841 | 120523 0.69 0.5
Plasma 0.25-5ug/mi

8 x6_20160613_009.Icd | 2 7.84 126 063 0.72 0.5
Plasma 0.25-5ug/ml

9 x6_20160613_010.lcd | 2 7.84 123 717 0.71 0.5
Plasma 0.25-5ug/ml

10 x6_20160613_011.lcd | 2 7.841 | 144757 0.82 0.5
Plasma 0.25-5ug/mi

11 x6_20160613_012.lcd | 2 7.839 | 126 479 0.72 0.5
Plasma 0.25-5ug/mi

12 x6_20160613_013.lcd | 3 7.839 | 178708 1 1
Plasma 0.25-5ug/mi

13 x6_20160613_014.Icd | 3 7.833 | 163221 0.92 1
Plasma 0.25-5ug/ml

14 x6_20160613_015.Icd | 3 7.827 | 150 567 0.85 1
Plasma 0.25-5ug/ml

15 x6_20160613 _016.Icd | 3 7.836 | 161438 0.91 1
Plasma 0.25-5ug/mi

16 x6_20160613_017.lcd | 3 7.834 | 155284 0.88 1
Plasma 0.25-5ug/mi

17 x6_20160613_018.Icd | 3 7.828 | 150 874 0.85 1
Plasma 0.25-5ug/mi

18 x6_20160613_019.lcd | 4 7.829 | 228777 1.28 1.5
Plasma 0.25-5ug/ml

19 x6_20160613_020.Icd | 4 7.829 | 216 957 1.21 15
Plasma 0.25-5ug/ml

20 x6_20160613 _021.Icd | 4 7.832 | 219969 1.23 15
Plasma 0.25-5ug/ml

21 x6_20160613_022.lcd | 4 7.831 | 217 800 1.22 1.5
Plasma 0.25-5pg/ml

22 x6_20160613_023.lcd | 4 7.829 | 209 703 1.17 1.5
Plasma 0.25-5ug/ml

23 x6_20160613_024.lcd | 4 7.83 226 675 1.26 1.5
Plasma 0.25-5ug/ml

24 x6_20160613 025.Icd | 5 7.824 | 588 442 3.22 3
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Plasma 0.25-5ug/mi

25 x6_20160613 026.Icd | 5 7.829 | 617 340 3.38
Plasma 0.25-5ug/mi

26 x6_20160613_027.lcd | 5 7.823 | 635086 3.48
Plasma 0.25-5ug/ml

27 x6_20160613_028.Icd | 5 7.826 | 601 362 3.29
Plasma 0.25-5ug/ml

28 x6_20160613_029.Icd | 5 7.822 | 640184 35
Plasma 0.25-5ug/mi

29 x6_20160613_030.lcd | 5 7.828 | 632 589 3.46
Plasma 0.25-5ug/mi

30 x6_20160613_031.lcd | 6 7.817 | 824 345 4.5
Plasma 0.25-5ug/mi

31 x6_20160613_032.Icd | 6 7.816 | 860499 4.7
Plasma free 0.25-
5ug/mi

32 x6_20160613_033.Icd | 6 7.816 | 888503 4.85
Plasma 0.25-5ug/ml

33 x6_20160613_034.Icd | 6 7.816 | 904 489 4.94
Plasma 0.25-5ug/mi

34 x6_20160613_035.Icd | 6 7.829 | 903 090 4.93
Plasma 0.25-5ug/mi

35 x6_20160613_036.Icd | 6 7.832 | 952138 5.19
Average 7.825 | 348 485 1.92
%RSD 0.219 | 89.973269 88.3
Maximum 7.841 | 952138 5.19
Minimum 7.76 10 937 0.1
Std. Dev. 0.017 | 313 543.591029 | 1.7
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Addendum B: Chapter 3

Part B: Karl Fischer experimental data

3.5 Karl Fischer auto-titrator method parameters

Max. mlimin

Figure 1: Karl Fischer method parameters: volume step of titrant 1ml, signal drift (Signal before the
next increment of titrant can be released for further titrant requirment) of 50 mV/min, equilibrium

time of 26s, temperature at 273.15K, Stop volume 20ml.

161



Stellenbosch University https://scholar.sun.ac.za

Sample analysis 1

Figure 2: Sample analysis 1: Standing Plasma sample 1 runs 1-4
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Figure 3: Sample analysis 1: Standing Plasma sample 2 runs 1-4

Figure 4: Sample analysis 1: Standing Plasma sample 3 runs 1-4
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Figure 5: Sample analysis 1: Standing Plasma Sample 4 runs 1-4
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Figure 6: Sample analysis 1: Standing Plasma sample 5 runs 1-4

Figure 7: Sample analysis 1: Standing Plasma sample 6 runs 1-4
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Figure 8: Sample analysis 1: Standing Plasma sample 7 runs 1-4
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Table 1: Plasma standing samples analysis 1: Sample 1 Percentages rounded off to second decimal

Plasma sample 1:(Patient 1D)1098435

Runs Mass in grams(g) Water%o Protein%
1 0.0306 81.78 18.22
2 0.0326 79.63 20.37
3 0.0390 88.04 11.96
4 0.0325 79.14 20.86
Average 0.0337 82.15 17.85
RSD% 9.43 431 19.85

4 runs table (water content present in plasma analysis 1 sample 1) at 200puL of plasma sample per run

illustrated in table 3.7, with a mean mass value of 0.0337. The highest water content % detected was
88.04 and the lowest water content % was 79.14 with an RSD% for all 4 runs of 4.31%.

Table 2: Plasma standing samples analysis 1: Sample 2 Percentages rounded off to second decimal

Plasma sample 2: (Patient 1D)11127901

Runs Mass in grams Water% Protein%
1 0.0316 77.06 22.94
2 0.0281 94.64 5.36
3 0.0274 95.35 4.65
4 0.0372 94.50 5.50
Average 0.0311 90.39 9.61
RSD% 12.47 8.52 80.12
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4 runs (water content present in plasma analysis 1 sample 2) at 200uL of plasma sample per run,

illustrated in table 3.8, with a mean mass value of 0.0311. The highest water content % detected was
95.35 and the lowest water content % was 77.06 with an RSD% for all 4 runs of 8.52%.

Table 3: Plasma standing samples analysis 1: Sample 3 Percentages rounded off to second decimal

Plasma sample 3: (Patient 1D)11127901

Runs Mass in grams Water%o Protein%
1 0.0322 85.01 14.99
2 0.0294 95.72 4.28
3 0.0272 90.10 9.90
4 0.0320 85.99 14.01
Average 0.0302 89.21 10.79
RSD% 6.02 4.73 39.08

4 runs (water content present in plasma analysis 1 sample 3) at 200uL of plasma sample per run,

illustrated in table 3.9, with a mean mass value of 0.0302. The highest water content % detected was
95.72 and the lowest water content % was 85.01 with an RSD% for all 4 runs of 4.73%.

Table 4: Plasma standing samples analysis 1: Sample 4 Percentages rounded off to second decimal

Plasma sample 4: (Patient 1D)11114623

Runs Mass in grams Water% Protein%
1 0.0344 84.97 15.03
2 0.0301 91.66 8.34
3 0.0294 90.60 9.40
4 0.0303 103.97 0
Average 0.0311 92.80 7.20
RSD% 6.32 7.40 65.55

168




Stellenbosch University https://scholar.sun.ac.za

4 runs (water content present in plasma analysis 1) at 200uL of plasma sample per run, illustrated in

table 3.10, with a mean mass value of 0.0311. The highest water content % detected was 103.97% and

the lowest water content % was 84.97% with an RSD% for all 4 runs of 7.40%.

Table 5: Plasma standing samples analysis 1: Sample 5 Percentages rounded off to second decimal

Plasma sample 5: (Patient 1D)10984359

Runs Mass in grams Water%o Protein%
1 0.0331 85.33 14.67
2 0.0329 85.53 14.47
3 0.0336 90.73 9.27
4 0.0345 79.25 20.75
Average 0.0335 85.21 14.79
RSD% 1.84 4.77 27.49

4 runs (water content present in plasma analysis 1, sample 5) at 200pL of plasma sample per run,

illustrated in table 3.11 with a mean mass value of 0.0335g. The highest water content % detected was
90.73% and the lowest water content % was 79.25% with an RSD% for all 4 runs of 4.77%.

Table 6: Plasma standing samples analysis 1: Sample 6 Percentages rounded off to second decimal

Plasma sample 6: (Patient 1D)10984359

Runs Mass in grams Water% Protein%
1 0.0339 84.42 15.58
2 0.0316 86.26 13.74
3 0.0303 88.01 11.99
4 0.0331 95.46 454
Average 0.0322 88.53 11.47
RSD% 4.30 4.74 36.58
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4 runs (water content present in plasma analysis 1, sample 6) at 200uL of plasma sample per run,
illustrated in table 3.12, with a mean mass value of 0.0322. The highest water content % detected was
95.46 % and the lowest water content % was 84.42% with an RSD% for all 4 runs of 4.74%.

Table 7: Plasma standing samples analysis 1: Sample 7 Percentages rounded off to second decimal

Plasma sample 7: (Patient 1D)1114623
Runs Mass in grams Water% Protein%
1 0.0313 83.10 16.90
2 0.0313 78.29 21.71
3 0.0313 96.81 3.19
4 0.0314 83.80 16.20
Average 0.0313 85.50 14.50
RSD% 0.14 8.03 47.35

4 runs (water content present in plasma analysis 1, sample 7) at 200uL of plasma sample per run,
illustrated in table 3.13, with a mean mass value of 0.0313g. The highest water content % detected
was 96.81% and the lowest water content % was 78.29% with an RSD% for all 4 runs of 8.03%.

Sample analysis 2
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Figure 9: Sample analysis 2: Shaken Plasma Sample 1 runs 1-4

Figure 10: Sample analysis 2: Shaken Plasma Sample 2 runs1-4
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Figure 11: Sample analysis 2: Shaken Plasma sample 3 runs 1-4
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Figure 12: Sample analysis 2: Shaken Plasma Sample 4 runs 1-4

Figure 13: Sample analysis 2: Shaken Plasma sample 5 runs 1-4
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Figure 14: Sample analysis 2: Shaken Plasma sample 6 runs 1-4
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Table 8: Plasma shaken samples analysis 2: Sample 1 Percentage rounded off to 2 decimals

Plasma sample 1: (Patient 1D)11127901

Runs Mass in grams Water% Protein%
1 0.0352 77.14 22.86
2 0.0344 76.21 23.79
3 0.0275 96.90 3.10
4 0.0433 83.82 16.18
Average 0.0351 83.52 16.48
RSD% 15.96 9.90 50.14

4 runs (water content present in plasma analysis 2, sample 1) at 200uL of plasma sample per run,

illustrated in table 3.14 with a mean mass value of 0.0351g. The highest water content % detected was
96.90% and the lowest water content % was 77.14% with an RSD% for all 4 runs of 9.90%.

175




Stellenbosch University https://scholar.sun.ac.za

Table 9: Plasma shaken samples analysis 2: Sample 2 Percentage rounded off to 2 decimals

Plasma sample 2: (Patient 1D)11114623

Runs Mass in grams Water% Protein%
1 0.0305 85.97 14.03
2 0.0301 85.67 14.33
3 0.0306 88.26 11.33
4 0.0325 77.99 22.01
Average 0.0309 84.47 15.53
RSD% 3.00 4.59 25.78

4 runs (water content present in plasma analysis 2) at 200uL of plasma sample per run, illustrated in
table 3.15 with a mean mass value of 0.0309g. The highest water content % detected was 88.26% and
the lowest water content % was 77.99% with an RSD% for all 4 runs of 4.59%.

Table 10: Plasma shaken samples analysis 2: Sample 3 Percentage rounded of to 2 decimals

Plasma sample 3: (Patient 1D)10984359
Runs Mass in grams Water% Protein%
1 0.0340 84.35 15.65
2 0.0349 84.29 15.71
3 0.0353 86.30 13.70
4 0.0417 82.45 17.55
Average 0.0365 84.35 15.65
RSD% 8.37 1.61 8.70

4 runs (water content present in plasma analysis 2, sample 3) at 200uL of plasma sample per run,
illustrated in table 3.16 with a mean mass value of 0.0365g. The highest water content % detected was
86.30% and the lowest water content % was 82.45% with an RSD% for all 4 runs of 1.61%.
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Table 11: Plasma shaken samples analysis 2: Sample 4 Percentage rounded off to 2 decimals.

Plasma sample 4:10984359
Runs Mass in grams Water% Protein%

1 0.0296 88.44 11.56

2 0.0311 85.74 14.26

3 0.0342 82.98 17.02

4 0.0331 87.12 12.88
Average 0.0320 86.07 13.93
5.55 2.35 14.52

4 runs (water content present in plasma analysis 2, sample 4) at 200uL of plasma sample per run,
illustrate in table 3.17, with a mean mass value of 0.0320. The highest water content % detected was
88.44% and the lowest water content % was 82.29% with an RSD% for all 4 runs of 2.35%.

Table 12: Plasma shaken samples analysis 2: Sample 5 Percentage rounded off to 2 decimals

Plasma sample 5: (Patient 1D)11114623
Runs Mass in grams Water% Protein%
1 0.0356 86.02 13.98
2 0.0336 85.20 14.80
3 0.0480 73.45 26.55
4 0.0309 97.49 2.51
Average 0.0370 85.54 14.46
RSD% 17.69 9.94 58.82

4 runs (water content present in plasma analysis 2, sample 5) at 200uL of plasma sample per run,
illustrated in table 3.18 with a mean mass value of 0.0370. The highest water content % detected was
97.49% and the lowest water content % was 73.45% with an RSD% for all 4 runs of 9.94%.
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Table 13: Plasma shaken samples analysis 2: Sample 6 Percentage rounded off to 2 decimals

Plasma sample 6: (Patient 1D)11114623
Runs Mass in grams Water% Protein%

1 0.0356 84.15 15.85

2 0.0341 83.01 16.99

3 0.0322 88.36 11.64

4 0.0367 89.35 10.65
Average 0.0347 86.22 13.78
RSD% 4.87 3.12 19.52

4 runs (water content present in plasma analysis 2, sample 6) at 200uL of plasma sample per run,
illustrated in table 3.19 with a mean mass value of 0.0347g. The highest water content % detected was
89.35% and the lowest water content % was 83.01% with an RSD% for all 4 runs of 3.12%.

Table 14: Plasma shaken samples analysis 2: Sample 7 Percentage rounded off to 2 decimals

Plasma sample 7: (Patient 1D)11114623
Runs Mass in grams Water% Protein%
1 0.0407 77.99 22.01
2 0.0374 97.28 2.72
3 0.0329 89.72 10.28
4 0.0342 78.77 21.23
Average 0.0363 85.94 14.06
RSD% 8.33 9.34 57.65

4 runs (water content present in plasma analysis 2, sample 7) at 200uL of plasma sample per run,
illustrated in table 3.20 with a mean mass value of 0.0363g. The highest water content % detected was
97.28% and the lowest water content % was 77.99% with an RSD% for all 4 runs of 9.34%.
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Table 4.5 One way Anova detailed statistical comparison of the [plasma protein] in sample pairs

using Bonferonni’s multiple comparison test

Bonferroni's Multiple Significant?

] Mean Diff. t Summary  95% CI of diff
Comparison Test P <0.05?
CL13vsCL14 9.2 3.62 No ns -20.3t0 1.91
CL13vsCL15 -5.41 2.13 No ns -16.5 0 5.70
CL13vs CL16 13.6 5.34 Yes e 24410247
CL13 vs CL17 3.65 1.44 No ns -7471014.8
CL13vsCL18 -28.1 111 Yes e -39.2t0-17.0
CL13vs CL19 31.2 123 Yes ok 20.1t042.3
CL13vsCL20 -32.4 12.8 Yes Fkk -43.510-21.3
CL13vsCL21 -39.3 155 Yes ok -50.4 t0 -28.1
CL13vsCL22 -39.2 154 Yes Fkk -50.3t0-28.1
CL13vs CL23 -39.4 155 Yes ek -50.5 t0 -28.2
CL13vsCL24 -12 4.73 Yes * -23.110-0.894
CL13vs CL25 111 4.35 No ns -22.210 0.0594
CL13vs CL26 -66.2 26.1 Yes s -77.3t0-55.1
CL13 vs CL27 -132 5.2 Yes o -24.310 -2.09
CL13 vs LCR54 -50.1 19.7 Yes b -61.2 t0 -39.0
CL13 vs LCR55 9.9 3.9 No ns -1.21t021.0
CL13 vs LCR56 -3.51 1.38 No ns -14.6 10 7.60
CL13 vs LCR57 103 4.04 No ns -0.859 t0 21.4
CL13 vs LCR58 124 0.488 No ns -9.87t012.4
CL13 vs LCR59 -3.89 153 No ns -15.0t0 7.22
CL13 vs LCR60 12.8 5.06 Yes *x 1.73t0 24.0
CL13 vs LCR63 -11.3 4.44 Yes * -22.410-0.154
CL13 vs LCR65 -1.82 0.717 No ns -12.9t09.29
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CL13 vs LCRG66

CL13 vs LCRG7

CL13 vs LCR68

CL13 vs LCR70

CL13 vs LCR43

CL13 vs LCR64

CL13vs LCR71

CL13vs LCR72

CL13vs LCR73

CL13vs LCR74

CL13vs LCR75

CL13 vs LCR76

CL13 vs LCR77

CL13vs LCR78

CL13vs LCR131

CL13 vs LCR135

CL13vs LV134

CL13vs LV136

CL13vs LV138

CL13 vs LV139

CL13 vs LV140

CL13vs LV141

CL13vs LV142

CL13vs LV143

CL13 vs LV144

CL13 vs LV145

CL13 vs LV146

13.2

275

12

-3.09

4.53

-1.35

244

-6.09

-3.26

13.6

131

0.12

1.63

0.367

-14.9

-11

11.7

115

18.8

9.44

7.52

16.9

26.3

3.81

6.8

-3.75

36.4
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5.19

10.8

4.72

1.22

0.533

9.62

24

1.28

5.35

5.14

0.0473

0.641

0.144

5.88

4.35

4.63

4.54

7.41

3.72

2.96

6.67

10.3

15

2.68

1.48

143

Yes

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

No

No

No

Yes

No

Yes

Yes

Yes

No

No

Yes

Yes

No

No

No

Yes

*%k

*kk

ns

ns

ns

*kk
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CL13vs LV161
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CL14 vs LCR55
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CL14 vs LV139

CL14 vs LV140

CL14 vs LV141

CL14 vs LV142

CL14 vs LV143

CL14 vs LV144

CL14 vs LV145

CL14 vs LV146

CL14 vs LV161

CL14 vs LV163

CL14 vs LV162

CL14 vs LV164

CL14 vs LV165

CL14 vs LV167

CL14 vs LV168

CL14 vs LV176

CL14 vs CV125(L)

CL14 vs CV126(L)

CL14 vs CV130

CL14 vs LV180

CL14 vs LV183

CL15vsCL16

CL15vs CL17

CL15vsCL18

CL15vs CL19

CL15vs CL20

CL15vsCL21
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CL15vs CL22
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CL15vs CL24

CL15vs CL25
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CL15vs LCR60
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CL15vs LCR77 7.04 2.77 No ns -4.07 to 18.2
CL15vs LCR78 5.78 2.28 No ns -5.331016.9
CL15vs LCR131 -9.53 3.75 No ns -20.6t0 1.59
CL15 vs LCR135 -5.63 2.22 No ns -16.7t05.48
CL15vs LV134 17.2 6.76 Yes Frx 6.05 to 28.3
CL15vs LV136 16.9 6.67 Yes halaid 5.831028.1
CL15vs LV138 24.2 9.54 Yes il 13.1t035.3
CL15 vs LV139 14.9 5.85 Yes Frx 3.7410 26.0
CL15 vs LV140 12.9 5.09 Yes ** 1.82t024.0
CL15vs LV141 22.3 8.8 Yes ekl 11.2t033.5
CL15vs LV142 317 12.5 Yes il 20.6t042.8
CL15vs LV143 9.22 3.63 No ns -1.89t020.3
CL15vs LV144 12.2 481 Yes ** 1.10t0 23.3
CL15vs LV145 1.66 0.654 No ns -9.45t012.8
CL15 vs LV146 41.8 16.5 Yes il 30.7t052.9
CL15vs LV161 16.4 6.45 Yes Frx 52710275
CL15vs LV163 8.17 3.22 No ns -2.941019.3
CL15 vs LV162 35.1 13.8 Yes Frx 24,010 46.2
CL15vs LV164 333 13.1 Yes Fkk 22.2t044.4
CL15 vs LV165 24.9 9.81 Yes el 13.8t0 36.0
CL15vs LV167 15.7 6.17 Yes il 4.56 t0 26.8
CL15vs LV168 29.7 11.7 Yes el 18.6 t0 40.9
CL15vs LV176 -7.65 3.01 No ns -18.8 t0 3.47
CL15 vs CV125(L) -4.19 1.65 No ns -15.3106.92
CL15 vs CV126(L) 212 8.36 Yes halaid 10.1t0 32.4
CL15 vs CV130 1.53 0.604 No ns -9.581012.6
CL15vs LV180 10.6 4.17 No ns -0.519t0 21.7
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CL15vs LV183

CL16 vs CL17

CL16 vs CL18

CL16 vs CL19

CL16 vs CL20

CL16vs CL21

CL16 vs CL22

CL16 vs CL23

CL16 vs CL24

CL16 vs CL25

CL16 vs CL26

CL16 vs CL27

CL16 vs LCR54

CL16 vs LCR55

CL16 vs LCR56

CL16 vs LCR57

CL16 vs LCR58

CL16 vs LCR59

CL16 vs LCR60

CL16 vs LCR63

CL16 vs LCR65

CL16 vs LCR66

CL16 vs LCR67

CL16 vs LCR68

CL16 vs LCR70

CL16 vs LCR43

CL16 vs LCR64
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CL16 vs LCR71

CL16 vs LCR72

CL16 vs LCR73

CL16 vs LCR74

CL16 vs LCR75

CL16 vs LCR76

CL16 vs LCR77

CL16 vs LCR78

CL16 vs LCR131

CL16 vs LCR135

CL16 vs LV134

CL16 vs LV136

CL16 vs LV138

CL16 vs LV139

CL16 vs LV140

CL16 vs LV141

CL16 vs LV142

CL16 vs LV143

CL16 vs LV144

CL16 vs LV145

CL16 vs LV146

CL16 vs LV161

CL16 vs LV163

CL16 vs LV162

CL16 vs LV164

CL16 vs LV165

CL16 vs LV167
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CL16 vs LV168

CL16 vs LV176

CL16 vs CV125(L)

CL16 vs CV126(L)

CL16 vs CV130

CL16 vs LV180

CL16 vs LV183
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CL17 vs LCR67
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CL17 vs LV163

CL17 vs LV162

CL17 vs LV164

CL17 vs LV165

CL17 vs LV167

CL17 vs LV168

CL17 vs LV176

CL17 vs CV125(L)

CL17 vs CV126(L)

CL17 vs CV130

CL17 vs LV180

CL17 vs LV183
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CL18 vs LCR54
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CL18 vs LCR57

CL18 vs LCR58

CL18 vs LCR59
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CL18 vs LCR60

CL18 vs LCR63

CL18 vs LCR65

CL18 vs LCR66

CL18 vs LCR67

CL18 vs LCR6G8

CL18 vs LCR70

CL18 vs LCR43
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CL18 vs LV144

CL18 vs LV145

CL18 vs LV146

CL18 vs LV161

CL18 vs LV163

CL18 vs LV162

CL18 vs LV164

CL18 vs LV165

CL18 vs LV167

CL18 vs LV168

CL18 vs LV176
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CL18 vs CV126(L)

CL18 vs CV130

CL18 vs LV180

CL18 vs LV183
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CL19 vs LCR57

CL19 vs LCR58

CL19 vs LCR59

CL19 vs LCRGO

CL19 vs LCR63

CL19 vs LCR65
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CL19 vs LV141

CL19 vs LV142

CL19 vs LV143

CL19 vs LV144
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CL20 vs LCR55

CL20 vs LCR56

CL20 vs LCR57

CL20 vs LCR58

CL20 vs LCR59
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CL20 vs LV139 41.8 16.5 Yes el 30.7 t0 53.0
CL20 vs LV140 39.9 15.7 Yes halaid 28.81051.0
CL20 vs LV141 49.3 194 Yes Frx 38.2t0 60.5
CL20 vs LV142 58.7 231 Yes halaid 47.61069.8
CL20 vs LV143 36.2 143 Yes Frx 25.1t047.3
CL20 vs LV144 39.2 154 Yes halaid 28.11050.3
CL20 vs LV145 28.7 113 Yes il 17.5t039.8
CL20 vs LV146 68.8 27.1 Yes Frx 57.7t079.9
CL20 vs LV161 43.4 17.1 Yes il 32.3t054.5
CL20 vs LV163 35.2 13.8 Yes halaid 24.11046.3
CL20 vs LV162 62.1 245 Yes il 51.0to 73.2
CL20 vs LV164 60.3 237 Yes halaid 49.2t0714
CL20 vs LV165 51.9 204 Yes il 40.8 10 63.0
CL20 vs LV167 42.7 16.8 Yes halad 31.6t053.8
CL20 vs LV168 56.7 22.3 Yes il 45.6 10 67.9
CL20 vs LV176 19.3 7.62 Yes halad 8.231030.5
CL20 vs CV125(L) 22.8 8.98 Yes il 11.7t0 33.9
CL20 vs CV126(L) 48.2 19 Yes haad 37.11059.3
CL20 vs CV130 285 11.2 Yes il 17.4t0 39.6
CL20 vs LV180 37.6 14.8 Yes el 26.510 48.7
CL20 vs LV183 38.8 15.3 Yes sl 27.61049.9
CL21 vs CL22 0.04 0.0158 No ns -11.1to11.2
CL21 vs CL23 -0.107 0.042 No ns -11.2t011.0
CL21vsCL24 27.2 10.7 Yes el 16.1t0 38.4
CL21vs CL25 28.2 11.1 Yes halaid 17.1t039.3
CL21 vs CL26 -26.9 10.6 Yes el -38.0t0-15.8
CL21vs CL27 26.1 10.3 Yes sl 14.91037.2
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CL21 vs LCR54 -10.9 4.28 No ns -22.01t00.239
CL21 vs LCR55 49.2 194 Yes halaid 38.0t060.3
CL21 vs LCR56 35.7 141 Yes Frx 24.6 t046.9
CL21 vs LCR57 495 19.5 Yes halaid 38.4 10 60.6
CL21 vs LCR58 40.5 15.9 Yes Frx 29.4t0 51.6
CL21 vs LCR59 354 13.9 Yes halaid 24210 46.5
CL21 vs LCR60 52.1 205 Yes il 41.0t0 63.2
CL21 vs LCR63 28 11 Yes el 16.9t0 39.1
CL21 vs LCR65 374 14.7 Yes il 26.31t048.5
CL21 vs LCR66 524 20.6 Yes halaid 41310635
CL21 vs LCR67 66.7 26.3 Yes il 55.6t077.8
CL21 vs LCR68 51.2 20.2 Yes halaid 40.1t0 624
CL21 vs LCR70 36.2 14.2 Yes il 25.0t047.3
CL21 vs LCR43 43.8 17.2 Yes Frx 32.7t054.9
CL21 vs LCR64 37.9 14.9 Yes il 26.81049.0
CL21 vs LCR71 63.7 251 Yes Frx 52.6t0 74.8
CL21 vs LCR72 33.2 13.1 Yes il 22.0t044.3
CL21 vs LCR73 36 14.2 Yes Frx 2491t047.1
CL21 vs LCR74 52.8 20.8 Yes il 41.7 t0 64.0
CL21 vs LCR75 52.3 20.6 Yes el 41.21t063.4
CL21 vs LCR76 394 155 Yes il 28.31050.5
CL21 vs LCR77 40.9 16.1 Yes el 29.81052.0
CL21vs LCR78 39.6 15.6 Yes haiaid 28.51050.7
CL21 vs LCR131 24.3 9.58 Yes el 13.2t035.4
CL21 vs LCR135 28.2 11.1 Yes halaid 17.1t039.3
CL21vs LV134 51 20.1 Yes el 39.9t062.1
CL21 vs LV136 50.8 20 Yes sl 39.7t061.9
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CL21 vs LV138 58.1 229 Yes il 46.9 t0 69.2
CL21 vs LV139 48.7 19.2 Yes Fhx 37.61059.8
CL21 vs LV140 46.8 18.4 Yes il 35.7t057.9
CL21vs LV141 56.2 22.1 Yes HRx 45.1t067.3
CL21 vs LV142 65.5 25.8 Yes il 54.410 76.6
CL21 vs LV143 431 17 Yes Fhx 31.9t054.2
CL21vs LV144 46.1 18.1 Yes il 3491t057.2
CL21 vs LV145 355 14 Yes el 24.4 10 46.6
CL21vs LV146 75.6 29.8 Yes il 64.5t0 86.8
CL21vs LV161 50.2 19.8 Yes el 39.1t061.3
CL21 vs LV163 42 16.5 Yes il 30.9t053.1
CL21 vs LV162 69 27.2 Yes el 57.81080.1
CL21vs LV164 67.1 26.4 Yes il 56.0t0 78.3
CL21 vs LV165 58.7 23.1 Yes el 47.6t069.9
CL21 vs LV167 49.5 19.5 Yes il 38.4 t0 60.6
CL21 vs LV168 63.6 25 Yes el 52.5t0 74.7
CL21vs LV176 26.2 10.3 Yes il 15110373
CL21 vs CV125(L) 29.6 11.7 Yes il 18.5t040.8
CL21 vs CV126(L) 55.1 21.7 Yes il 44.0t066.2
CL21 vs CV130 354 13.9 Yes el 24.3t046.5
CL21 vs LV180 444 175 Yes Fhx 33.3t055.5
CL21 vs LV183 45.6 18 Yes el 34.5t056.7
CL22 vs CL23 -0.147 0.0578 No ns -11.3t011.0
CL22 vs CL24 27.2 10.7 Yes el 16.1t0 38.3
CL22 vs CL25 28.2 111 Yes el 17.0t0 39.3
CL22 vs CL26 -27 10.6 Yes il -38.1t0-15.8
CL22 vs CL27 26 10.2 Yes HRx 14910 37.1
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CL22 vs LCR54 -10.9 4.3 No ns -22.0t00.199
CL22 vs LCR55 49.1 19.3 Yes halaid 38.0t060.2
CL22 vs LCR56 35.7 141 Yes Frx 24.6 t046.8
CL22 vs LCR57 495 19.5 Yes halaid 38.4 10 60.6
CL22 vs LCR58 40.5 15.9 Yes Frx 29.3t051.6
CL22 vs LCR59 353 13.9 Yes halaid 24.21046.4
CL22 vs LCR60 52.1 205 Yes il 40.9 t0 63.2
CL22 vs LCR63 27.9 11 Yes el 16.8 t0 39.1
CL22 vs LCR65 374 14.7 Yes il 26.31t048.5
CL22 vs LCR66 524 20.6 Yes halaid 41310635
CL22 vs LCR67 66.7 26.3 Yes il 55.6t077.8
CL22 vs LCR68 51.2 20.2 Yes halaid 40.1t062.3
CL22 vs LCR70 36.1 14.2 Yes il 25.0t047.2
CL22 vs LCR43 43.7 17.2 Yes halad 32.6t054.9
CL22 vs LCR64 37.9 14.9 Yes il 26.71049.0
CL22 vs LCR71 63.6 251 Yes Frx 52.5t074.8
CL22 vs LCR72 331 13 Yes il 22.0to44.2
CL22 vs LCR73 36 14.2 Yes Frx 248t047.1
CL22 vs LCR74 52.8 20.8 Yes il 41.7 10 63.9
CL22 vs LCR75 52.3 20.6 Yes halad 41210634
CL22 vs LCR76 39.3 155 Yes il 28.21050.4
CL22 vs LCR77 40.8 16.1 Yes el 29.71052.0
CL22 vs LCR78 39.6 15.6 Yes haiaid 28.51050.7
CL22 vs LCR131 24.3 9.56 Yes el 13.2t035.4
CL22 vs LCR135 28.2 11.1 Yes halaid 17.1t039.3
CL22 vs LV134 51 20.1 Yes el 39.8t062.1
CL22 vs LV136 50.7 20 Yes sl 39.6t061.9
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CL24 vs LCR57
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CL25 vs LCR60

CL25 vs LCR63

CL25 vs LCR65
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CL27 vs LCR71

CL27 vs LCR72

CL27 vs LCR73

CL27 vs LCR74
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CL27 vs LV168

CL27 vs LV176

CL27 vs CV125(L)

CL27 vs CV126(L)

CL27 vs CV130

CL27 vs LV180

CL27 vs LV183

LCR54 vs LCR55
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LCR54 vs LCR77

LCR54 vs LCR78

LCR54 vs LCR131

LCR54 vs LCR135
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LCR54 vs CV130
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LCR54 vs LV183 56.5 22.2 Yes el 45.410 67.6
LCR55 vs LCR56 -134 5.28 Yes bl -24.51t0-2.30
LCR55 vs LCR57 0.353 0.139 No ns -10.8t011.5
LCR55 vs LCR58 -8.66 341 No ns -19.8t02.45
LCR55 vs LCR59 -13.8 5.43 Yes Frx -24.910 -2.68
LCR55 vs LCR60 2.95 1.16 No ns -8.17t014.1
LCR55 vs LCR63 -21.2 8.34 Yes il -32.3t0-10.1
LCR55 vs LCR65 -11.7 4.62 Yes * -22.8 t0 -0.607
LCR55 vs LCR66 3.27 1.29 No ns -7.841t014.4
LCR55 vs LCR67 17.6 6.92 Yes ekl 6.45to0 28.7
LCR55 vs LCR68 2.09 0.824 No ns -9.02t0 13.2
LCR55 vs LCR70 -13 5.12 Yes * -24.1t0-1.88
LCR55 vs LCR43 -5.37 2.12 No ns -16.5t05.74
LCR55 vs LCR64 -11.3 4.43 Yes * -22.410-0.141
LCR55 vs LCR71 14.5 5.72 Yes il 3.411025.6
LCR55 vs LCR72 -16 6.3 Yes Frx -27.1t0-4.88
LCR55 vs LCR73 -13.2 5.18 Yes ** -24.3t0 -2.05
LCR55 vs LCR74 3.69 1.45 No ns -7.421t014.8
LCR55 vs LCR75 3.16 1.24 No ns -7.951t0 14.3
LCR55 vs LCR76 -9.78 3.85 No ns -20.9t01.33
LCR55 vs LCR77 -8.27 3.26 No ns -19.4t0 2.84
LCR55 vs LCR78 -9.53 3.75 No ns -20.6t0 1.58
LCR55 vs LCR131 -24.8 9.78 Yes il -36.0 to -13.7
LCR55 vs LCR135 -20.9 8.25 Yes halad -32.1t0-9.83
LCR55 vs LV134 1.85 0.727 No ns -9.27t013.0
LCR55 vs LV136 1.63 0.643 No ns -9.48t0 12.7
LCR55 vs LV138 8.91 351 No ns -2.21t020.0
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LCR55 vs LV139

LCR55 vs LV140

LCR55 vs LV141

LCR55 vs LV142

LCR55 vs LV143

LCR55 vs LV144

LCR55 vs LV145

LCR55 vs LV146

LCR55 vs LV161

LCR55 vs LV163

LCR55 vs LV162

LCR55 vs LV164

LCR55 vs LV165

LCR55 vs LV167

LCR55 vs LV168

LCR55 vs LV176

LCR55 vs CV125(L)

LCRS55 vs CV126(L)

LCR55 vs CV130

LCR55 vs LV180

LCR55 vs LV183

LCR56 vs LCR57

LCR56 vs LCR58

LCR56 vs LCR59

LCR56 vs LCR60

LCR56 vs LCR63

LCR56 vs LCR65
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LCR56 vs LCR66

LCR56 vs LCR67

LCR56 vs LCR68

LCR56 vs LCR70

LCR56 vs LCR43

LCR56 vs LCR64
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LCR56 vs LV161

LCR56 vs LV163

LCR56 vs LV162

LCR56 vs LV164

LCR56 vs LV165

LCR56 vs LV167

LCR56 vs LV168

LCR56 vs LV176
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LCR57 vs LCR74

LCR57 vs LCR75

LCR57 vs LCR76

LCR57 vs LCR77

LCR57 vs LCR78

LCR57 vs LCR131
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LCR57 vs LV168

LCR57 vs LV176

LCRS57 vs CV125(L)
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LCR57 vs CV126(L) 5.57 2.19 No ns -5.54 10 16.7
LCR57 vs CV130 -14.1 5.57 Yes halaid -25.2t0 -3.02
LCR57 vs LV180 -5.07 2 No ns -16.2't10 6.04
LCR57 vs LV183 -3.91 154 No ns -150t07.21
LCR58 vs LCR59 -5.13 2.02 No ns -16.21t05.98
LCR58 vs LCR60 11.6 4.57 Yes * 0.494 t0 22.7
LCR58 vs LCR63 -125 4.93 Yes i -23.6t0-1.39
LCR58 vs LCR65 -3.06 121 No ns -14.2t08.05
LCR58 vs LCR66 11.9 4.7 Yes * 0.821t0 23.0
LCR58 vs LCR67 26.2 10.3 Yes ekl 15.1t037.3
LCR58 vs LCR68 10.8 4.23 No ns -0.359t0 21.9
LCR58 vs LCR70 -4.33 171 No ns -15.4t06.78
LCR58 vs LCR43 3.29 1.29 No ns -7.83t014.4
LCR58 vs LCR64 -2.59 1.02 No ns -13.7t0 8.52
LCR58 vs LCR71 23.2 9.13 Yes il 12.1t0 34.3
LCR58 vs LCR72 -7.33 2.89 No ns -18.4t03.78
LCR58 vs LCR73 -4.5 177 No ns -15.6 t0 6.61
LCR58 vs LCR74 12.4 4.86 Yes x 1.24t023.5
LCR58 vs LCR75 11.8 4.65 Yes * 0.707 to 22.9
LCR58 vs LCR76 -1.12 0.441 No ns -12.2t09.99
LCR58 vs LCR77 0.387 0.152 No ns -10.7t0 11.5
LCR58 vs LCR78 -0.873 0.344 No ns -12.0t0 10.2
LCR58 vs LCR131 -16.2 6.37 Yes il -27.3 t0 -5.07
LCR58 vs LCR135 -12.3 4.84 Yes Fx -23.4t0-1.17
LCR58 vs LV134 10.5 4.14 No ns -0.606 to 21.6
LCR58 vs LV136 10.3 4.05 No ns -0.819t021.4
LCR58 vs LV138 17.6 6.92 Yes sl 6.4510 28.7
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LCR58 vs LV139

LCR58 vs LV140

LCR58 vs LV141

LCR58 vs LV142

LCR58 vs LV143

LCR58 vs LV144

LCR58 vs LV145

LCR58 vs LV146

LCR58 vs LV161

LCR58 vs LV163

LCR58 vs LV162

LCR58 vs LV164

LCR58 vs LV165

LCR58 vs LV167

LCR58 vs LV168

LCR58 vs LV176

LCR58 vs CV125(L)

LCR58 vs CV126(L)

LCR58 vs CV130

LCR58 vs LV180

LCR58 vs LV183
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LCR59 vs LCR63

LCR59 vs LCR65

LCR59 vs LCR66

LCR59 vs LCR67

LCR59 vs LCR68

8.2

6.28

15.7

25

2.57

5.56

-4.99

35.2

9.73

1.52

28.5

26.7

18.3

9.02

23.1

-14.3

-10.8

14.6

-5.12

3.94

511

16.7

-1.37

2.07

171

314

15.9

Stellenbosch University https://scholar.sun.ac.za

3.23

2.47

6.18

9.86

13.8

3.83

0.599

11.2

10.5

7.19

3.55

9.09

5.63

4.27

5.74

2.02

2.01

6.59

2.9

0.817

6.72

12.4

6.26

No

No

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

No

No

Yes

No

No

Yes

Yes

Yes

ns

ns

*kk

*k*k

ns

ns

ns

ns

ns

*kk

*kk

ns

*kk

ns

ns

ns

ns

ns

ns

*k*k

*k*k

-2.911019.3

-4.831t017.4

4.58 t0 26.8

13.9t036.1

-8.55 10 13.7

-5.5510 16.7

-16.1t06.12

24.0t046.3

-1.39t020.8

-9.59t012.6

17.4 10 39.6

15.5t037.8

7.14t029.4

-2.0910 20.1

12.0to 34.2

-25.4t0-3.19

-22.0t0 0.266

3.47t0 25.7

-16.2t05.99

-7.17t015.1

-6.01t0 16.2

5.631t027.9

-18.5t03.74

-9.04t013.2

5.951028.2
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LCR59 vs LCR70

LCR59 vs LCR43

LCR59 vs LCR64

LCR59 vs LCR71

LCR59 vs LCR72

LCR59 vs LCR73

LCR59 vs LCR74

LCR59 vs LCR75

LCR59 vs LCR76

LCR59 vs LCR77

LCR59 vs LCR78

LCR59 vs LCR131

LCR59 vs LCR135

LCR59 vs LV134

LCR59 vs LV136

LCR59 vs LV138

LCR59 vs LV139

LCR59 vs LV140

LCR59 vs LV141
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LCR59 vs LV143
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LCR59 vs LV146

LCR59 vs LV161

LCR59 vs LV163

LCR59 vs LV162
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LCR59 vs LV164

LCR59 vs LV165

LCR59 vs LV167

LCR59 vs LV168

LCR59 vs LV176

LCR59 vs CV125(L)

LCR59 vs CV126(L)

LCR59 vs CV130

LCR59 vs LV180

LCR59 vs LV183

LCR60 vs LCR63

LCR60 vs LCR65

LCR60 vs LCR66

LCR60 vs LCR67

LCR60 vs LCR68

LCR60 vs LCR70

LCR60 vs LCR43

LCR60 vs LCR64

LCR60 vs LCR71

LCR60 vs LCR72

LCR60 vs LCR73

LCR60 vs LCR74

LCR60 vs LCR75

LCR60 vs LCR76

LCR60 vs LCR77

LCR60 vs LCR78

LCR60 vs LCR131
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LCR60 vs LCR135

LCR60 vs LV134

LCR60 vs LV136

LCR60 vs LV138

LCR60 vs LV139

LCR60 vs LV140

LCR60 vs LV141

LCR60 vs LV142

LCR60 vs LV143

LCR60 vs LV144

LCR60 vs LV145

LCR60 vs LV146

LCR60 vs LV161

LCR60 vs LV163

LCR60 vs LV162

LCR60 vs LV164

LCR60 vs LV165

LCR60 vs LV167

LCR60 vs LV168

LCR60 vs LV176

LCR60 vs CV125(L)

LCR60 vs CV126(L)
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LCR63 vs LCR65

LCR63 vs LCR66
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LCR63 vs LCR67

LCR63 vs LCR68

LCR63 vs LCR70

LCR63 vs LCR43

LCR63 vs LCR64

LCR63 vs LCR71

LCR63 vs LCR72

LCR63 vs LCR73

LCR63 vs LCR74

LCR63 vs LCR75

LCR63 vs LCR76

LCR63 vs LCR77

LCR63 vs LCR78

LCR63 vs LCR131
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LCR63 vs LV134
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LCR63 vs LV163 14 5.52 Yes el 291t025.1
LCR63 vs LV162 41 16.1 Yes halaid 29.9t052.1
LCR63 vs LV164 39.2 154 Yes Frx 28.0t0 50.3
LCR63 vs LV165 30.8 12.1 Yes halaid 19.6t0 41.9
LCR63 vs LV167 215 8.48 Yes Frx 10.4t0 32.6
LCR63 vs LV168 35.6 14 Yes halaid 24510 46.7
LCR63 vs LV176 -1.79 0.706 No ns -12.9109.32
LCR63 vs CV125(L) 1.66 0.654 No ns -9.45t012.8
LCR63 vs CV126(L) 27.1 10.7 Yes il 16.0t0 38.2
LCR63 vs CV130 7.39 291 No ns -3.73t018.5
LCR63 vs LV180 16.4 6.48 Yes il 5.331027.6
LCR63 vs LV183 17.6 6.94 Yes halaid 6.50 t0 28.7
LCR65 vs LCR66 15 5.9 Yes s 3.881026.1
LCR65 vs LCR67 29.3 115 Yes Frx 18.2t040.4
LCR65 vs LCR68 13.8 5.44 Yes wxx 2.70t024.9
LCR65 vs LCR70 -1.27 0.501 No ns -12.4t09.84
LCR65 vs LCR43 6.35 25 No ns -4.77 t0 17.5
LCR65 vs LCR64 0.467 0.184 No ns -10.6t0 11.6
LCR65 vs LCR71 26.2 10.3 Yes il 15.1t037.4
LCR65 vs LCR72 -4.27 1.68 No ns -15.4t06.84
LCR65 vs LCR73 -1.44 0.567 No ns -12.6 10 9.67
LCR65 vs LCR74 154 6.07 Yes el 4.30 to 26.5
LCR65 vs LCR75 14.9 5.86 Yes haiaid 3.771026.0
LCR65 vs LCR76 1.94 0.764 No ns -9.17t013.1
LCR65 vs LCR77 345 1.36 No ns -7.67t014.6
LCR65 vs LCR78 2.19 0.861 No ns -8.931t013.3
LCR65 vs LCR131 -13.1 5.17 Yes wx -24.2t0-2.01
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LCR65 vs LCR135

LCR65 vs LV134

LCR65 vs LV136

LCR65 vs LV138
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LCR66 vs LCR70

LCR66 vs LCR43

LCR66 vs LCR64

LCR66 vs LCR71

LCR66 vs LCR72

LCR66 vs LCR73

LCRG66 vs LCR74
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LCR66 vs LV163
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Stellenbosch University https://scholar.sun.ac.za

-16.3

-8.65

-14.5

11.3

-19.3

-16.4

0.42

-0.113

-13.1

-11.5

-12.8

-28.1

-24.2

-1.43

-1.64

5.63

-3.73

-5.65

3.76

131

-9.37

-6.37

-16.9

23.2

-2.21

-10.4

16.5

6.41

3.41

5.72

4.43

7.59

6.47

0.165

0.0446

5.14

4.55

5.04

111

9.54

0.562

0.646

2.22

1.47

2.23

1.48

5.16

3.69

251

6.67

9.14

0.869

4.1

6.51

Yes

No

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

Yes

No

No

Yes

Yes

No

No

Yes

*kk

ns

*kk

*kk

*k%k

ns

ns

*%x

*%x

*kk

ns

ns

ns

ns

ns

ns

*k

ns

ns

*kk

ns

ns

*k*k

-27.4t0-5.15

-19.8 to 2.47

-25.6t0-3.41

0.141t0 22.4

-30.4 t0 -8.15

-27.510-5.32

-10.7t0 115

-11.2t011.0

-24.2t0-1.94

-22.710-0.434

-23.91t0-1.69

-39.2t0-17.0

-35.3t0-13.1

-12.5t09.69

-12.8t0 9.47

-5.481t016.7

-14.8t07.38

-16.8 t0 5.46

-7.35t014.9

1.98 to 24.2

-20.5t01.75

-17.5t04.74

-28.0t0-5.81

12.1t034.3

-13.3t08.91

-21.510 0.699

5.421027.6

225



Stellenbosch University https://scholar.sun.ac.za

LCR66 vs LV164 147 5.8 Yes el 3.61t025.8

LCR66 vs LV165 6.32 249 No ns -479t0174

LCR66 vs LV167 -2.91 1.15 No ns -14.0t08.20

LCR66 vs LV168 11.2 4.4 Yes * 0.0473t0 22.3
LCR66 vs LV176 -26.2 10.3 Yes Frx -37.3t0-15.1
LCR66 vs CV125(L) -22.8 8.97 Yes halaid -339t0-11.7
LCR66 vs CV126(L) 2.65 1.04 No ns -8.46 t0 13.8

LCR66 vs CV130 -17.1 6.72 Yes halaid -28.2t0-5.94
LCR66 vs LV180 -7.99 3.15 No ns -19.1t03.12

LCR66 vs LV183 -6.83 2.69 No ns -17.9t04.29

LCR67 vs LCR68 -155 6.09 Yes sl -26.6 t0 -4.36
LCR67 vs LCR70 -30.6 12 Yes ekl -41.7t0-194
LCR67 vs LCR43 -22.9 9.03 Yes il -34.1t0-11.8
LCR67 vs LCR64 -28.8 11.3 Yes Frx -39.9t0-17.7
LCR67 vs LCR71 -3.04 12 No ns -14.2 t0 8.07

LCR67 vs LCR72 -33.6 13.2 Yes Frx -44.7t0-22.4
LCR67 vs LCR73 -30.7 12.1 Yes il -41.8t0-19.6
LCR67 vs LCR74 -13.9 5.46 Yes Frx -25.0t0 -2.76
LCR67 vs LCR75 -14.4 5.67 Yes il -25.510-3.29
LCR67 vs LCR76 -27.3 10.8 Yes halad -38.5t0-16.2
LCR67 vs LCR77 -25.8 10.2 Yes il -37.0t0 -14.7
LCR67 vs LCR78 -27.1 10.7 Yes el -38.2t0-16.0
LCR67 vs LCR131 -42.4 16.7 Yes il -53.510-31.3
LCR67 vs LCR135 -38.5 15.2 Yes el -49.6 to -27.4
LCR67 vs LV134 -15.7 6.19 Yes halaid -26.8t0 -4.61
LCR67 vs LV136 -15.9 6.27 Yes el -27.0t0 -4.82
LCR67 vs LV138 -8.66 341 No ns -19.8t02.45
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LCR67 vs LV139

LCR67 vs LV140

LCR67 vs LV141

LCR67 vs LV142

LCR67 vs LV143

LCR67 vs LV144

LCR67 vs LV145

LCR67 vs LV146

LCR67 vs LV161

LCR67 vs LV163

LCR67 vs LV162

LCR67 vs LV164

LCR67 vs LV165

LCR67 vs LV167

LCRG67 vs LV168

LCR67 vs LV176

LCR67 vs CV125(L)

LCR67 vs CV126(L)

LCRG7 vs CV130

LCR67 vs LV180

LCR67 vs LV183

LCR68 vs LCR70

LCR68 vs LCR43

LCR68 vs LCR64

LCR68 vs LCR71

LCR68 vs LCR72

LCR68 vs LCR73
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LCR68 vs LCR74

LCR68 vs LCR75

LCR68 vs LCR76

LCR68 vs LCR77

LCR68 vs LCR78

LCR68 vs LCR131

LCR68 vs LCR135

LCR68 vs LV134

LCR68 vs LV136

LCR68 vs LV138

LCR68 vs LV139

LCR68 vs LV140

LCR68 vs LV141

LCR68 vs LV142

LCRG8 vs LV143
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LCRG8 vs LV145
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LCR68 vs LV161

LCR68 vs LV163

LCRG8 vs LV162

LCR68 vs LV164

LCR68 vs LV165

LCR68 vs LV167

LCR68 vs LV168

LCR68 vs LV176

LCR68 vs CV125(L)

Stellenbosch University https://scholar.sun.ac.za

1.6

1.07

-11.9

-10.4

-11.6

-26.9

-0.247

-0.46

6.81

-2.55

-4.47

4.94

14.3

-8.19

-5.19

-15.7

24.4

-1.03

-9.23

17.7

15.9

7.5

-1.73

123

-25.1

-21.6

0.63

0.42

4.68

4.08

4.58

10.6

9.07

0.0971

0.181

2.68

1.76

1.95

5.62

3.22

2.05

6.2

9.61

0.404

3.64

6.97

6.26

2.95

0.683

4.86

9.87

8.51

No

No

Yes

No

Yes

Yes

Yes

No

No

No

No

No

No

Yes

No

No

Yes

Yes

No

No

Yes

Yes

No

No

Yes

Yes

Yes

ns

ns

ns

*k%k

*kk

ns

ns

ns

ns

ns

ns

ns

ns

*kk

ns

ns

*k*k

ns

ns

*%x

*k*k

-9.51t012.7

-10.0t0 12.2

-23.0t0-0.761

-21.51t00.746

-22.7t0-0.514

-38.0t0 -15.8

-342t0-11.9

-11.4t010.9

-11.6t010.7

-4.30t017.9

-13.7t0 8.56

-15.6 t0 6.64

-6.17t016.1

3.16t025.4

-19.3t02.93

-16.3t05.92

-26.9 t0 -4.63

13.3t0 35.5

-12.1t010.1

-20.31t0 1.88

6.60 t0 28.8

4.79t027.0

-3.61t018.6

-12.8109.38

1.231t023.5

-36.2t0-13.9

-32.71t0-10.5

228



LCR68 vs CV126(L)

LCR68 vs CV130

LCR68 vs LV180

LCR68 vs LV183

LCR70 vs LCR43

LCR70 vs LCR64

LCR70vs LCR71

LCR70 vs LCR72

LCR70 vs LCR73

LCR70 vs LCR74

LCR70 vs LCR75

LCR70 vs LCR76

LCR70 vs LCR77

LCR70 vs LCR78
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LCR70 vs LCR135

LCR70 vs LV134
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LCR70 vs LV140

LCR70 vs LV141

LCR70 vs LV142

LCR70 vs LV143

LCR70 vs LV144

LCR70 vs LV145

LCR70 vs LV146
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LCR70 vs LV161

LCR70 vs LV163

LCR70 vs LV162

LCR70 vs LV164

LCR70 vs LV165

LCR70 vs LV167

LCR70 vs LV168

LCR70 vs LV176

LCR70 vs CV125(L)

LCR70 vs CV126(L)

LCR70 vs CV130

LCR70 vs LV180

LCR70 vs LV183

LCR43 vs LCR64

LCR43 vs LCR71

LCR43 vs LCR72

LCR43 vs LCR73

LCR43 vs LCR74

LCR43 vs LCR75

LCR43 vs LCR76

LCR43 vs LCR77

LCR43 vs LCR78

LCR43 vs LCR131

LCR43 vs LCR135

LCR43 vs LV134

LCR43 vs LV136

LCR43 vs LV138

Stellenbosch University https://scholar.sun.ac.za

14.1

5.85

32.8

31

22.6

134

274

-9.97

-6.51

18.9

-0.787

8.27

9.44

-5.88

19.9

-10.6

-1.79

9.07

8.53

-4.41

-4.16

-19.5

-15.6

7.22

7.01

143

5.54

2.31

12.9

12.2

8.9

5.26

10.8

3.93

2.57

7.45

031

3.26

3.72

2.32

7.84

4.18

3.07

3.57

3.36

7.67

6.13

2.84

2.76

5.62

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

Yes

No

No

No

No

Yes

No

No

No

No

No

No

No

Yes

Yes

No

No

Yes

*kk

ns

*kk

*k*k

*kk

*%

*kk

ns

ns

ns

ns

ns

ns

*kk

ns

ns

ns

ns

ns

ns

ns

*kk

ns

ns

*k*k

2.951025.2

-5.261t017.0

21.7t043.9

19.9t042.1

11.5t033.7

2.241024.5

16.3t0 38.5

-21.1t01.15

-17.6t0 4.60

7.811t030.0

-11.9t010.3

-2.84t019.4

-1.67t020.6

-17.0t05.23

8.79t031.0

-21.7t0 0.493

-18.9t03.33

-2.0510 20.2

-2.581019.6

-15.5t06.71

-140t08.21

-15.3t06.95

-30.6 t0 -8.35

-26.7 to -4.46

-3.8910 18.3

-4.11t018.1

3.17t025.4

230



LCR43 vs LV139

LCR43 vs LV140

LCR43 vs LV141

LCR43 vs LV142

LCR43 vs LV143

LCR43 vs LV144

LCR43 vs LV145

LCR43 vs LV146

LCR43 vs LV161

LCR43 vs LV163

LCR43 vs LV162

LCR43 vs LV164

LCR43 vs LV165

LCR43 vs LV167

LCR43 vs LV168

LCR43 vs LV176

LCR43 vs CV125(L)

LCRA43 vs CV126(L)

LCR43 vs CV130

LCR43 vs LV180

LCR43 vs LV183

LCR64 vs LCR71

LCR64 vs LCR72

LCR64 vs LCR73

LCR64 vs LCR74

LCR64 vs LCR75

LCR64 vs LCR76
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LCR64 vs LCR77 2.98 117 No ns -8.13t014.1
LCR64 vs LCR78 1.72 0.677 No ns -9.39t012.8
LCR64 vs LCR131 -13.6 5.35 Yes Frx -24.710 -2.47
LCR64 vs LCR135 -9.69 3.82 No ns -20.8t01.42
LCR64 vs LV134 131 5.16 Yes *x 1.99t024.2
LCR64 vs LV136 12.9 5.08 Yes bl 1.771024.0
LCR64 vs LV138 20.2 7.94 Yes il 9.05t031.3
LCR64 vs LV139 10.8 4.25 No ns -0.319t0 21.9
LCR64 vs LV140 8.87 3.49 No ns -2.24 10 20.0
LCR64 vs LV141 18.3 7.2 Yes ekl 7.171029.4
LCR64 vs LV142 27.6 10.9 Yes il 16.5t038.7
LCR64 vs LV143 5.16 2.03 No ns -5.95t016.3
LCR64 vs LV144 8.15 321 No ns -2.96 10 19.3
LCR64 vs LV145 -2.4 0.945 No ns -13.5t08.71
LCR64 vs LV146 37.7 14.9 Yes il 26.61t048.9
LCR64 vs LV161 12.3 4.85 Yes x 1.21t023.4
LCR64 vs LV163 411 1.62 No ns -7.00 to 15.2
LCR64 vs LV162 31.1 12.2 Yes Frx 19.9t042.2
LCR64 vs LV164 29.2 115 Yes il 18.1t040.4
LCR64 vs LV165 20.8 8.21 Yes halad 9.731t0 32.0
LCR64 vs LV167 11.6 4.57 Yes * 0.501to 22.7
LCR64 vs LV168 25.7 10.1 Yes el 14.6t0 36.8
LCR64 vs LV176 -11.7 4.61 Yes * -22.810-0.594
LCR64 vs CV125(L) -8.25 3.25 No ns -19.4 t0 2.86
LCR64 vs CV126(L) 17.2 6.77 Yes halaid 6.07 t0 28.3
LCR64 vs CV130 -2.53 0.995 No ns -13.6 t0 8.59
LCR64 vs LV180 6.53 2.57 No ns -4.581t017.6
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LCR64 vs LV183

LCR71 vs LCRT72

LCR71 vs LCR73

LCR71 vs LCR74

LCR71 vs LCR75

LCR71 vs LCR76

LCR71 vs LCR77

LCR71 vs LCR78

LCR71 vs LCR131

LCR71 vs LCR135

LCR71 vs LV134

LCR71 vs LV136
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LCR71 vs LV144
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LCR71 vs LV164

LCR71 vs LV165

LCR71vs LV167
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halaid -46.6t0 -24.4
** -23.8t0 -1.57
wx -240t0-1.78
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LCR71 vs LV168

LCR71vs LV176

LCR71 vs CV125(L)

LCR71 vs CV126(L)

LCR71 vs CV130

LCR71vs LV180
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LCR72 vs LV163

LCR72 vs LV162

LCR72 vs LV164

LCR72 vs LV165

LCR72 vs LV167

LCR72 vs LV168

LCR72 vs LV176
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-4.05t018.2

-13.4t08.81

-15.3t06.89

-5.931016.3

3.41t025.6

-19.1t0 3.17

-16.1t0 6.17

-26.6 to -4.39

13.5t035.8

-11.910 10.3
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LV134 vs LV163

LV134 vs LV162

LV134 vs LV164

LV134 vs LV165

LV134 vs LV167

LV134 vs LV168

LV134 vs LV176

LV134 vs CV125(L)

LV134 vs CV126(L)

LV134 vs CV130

LV134 vs LV180

LV134 vs LV183

LV136 vs LV138

LV136 vs LV139

LV136 vs LV140

LV136 vs LV141

LV136 vs LV142

LV136 vs LV143

LV136 vs LV144

LV136 vs LV145

LV136 vs LV146

LV136 vs LV161

LV136 vs LV163

LV136 vs LV162

LV136 vs LV164

LV136 vs LV165

LV136 vs LV167
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-20.1t02.13

6.841029.1

5.03t0 27.3

-3.371018.9

-12.6 10 9.63

1.47t023.7

-35.91t0-13.7

-32.5t0-10.2

-7.03t015.2

-26.7 to -4.51

-17.7t04.55

-16.5t05.71

-3.84t018.4

-13.2 10 9.02

-15.1t07.10

-5.71t016.5

3.621t025.8

-18.8t0 3.39

-15.8t06.38

-26.4 to -4.17

13.7 t0 36.0

-11.7t0 10.5

-19.9t02.34

7.06 t0 29.3

52510275

-3.15t019.1

-12.4 10 9.84
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LV136 vs LV168

LV136 vs LV176

LV136 vs CV125(L)

LV136 vs CV126(L)

LV136 vs CV130

LV136 vs LV180

LV136 vs LV183

LV138 vs LV139

LV138 vs LV140

LV138 vs LV141

LV138 vs LV142

LV138 vs LV143

LV138vs LV144

LV138 vs LV145

LV138 vs LV146

LV138 vs LV161

LV138 vs LV163

LV138 vs LV162

LV138 vs LV164

LV138 vs LV165

LV138 vs LV167

LV138 vs LV168

LV138 vs LV176

LV138 vs CV125(L)

L\V138 vs CV126(L)

LV138 vs CV130

LV138 vs LV180

12.8

-24.6

-21.1

4.29

-15.4

-6.35

-5.19

-9.37

-11.3

-1.87

7.46

-15

-12

-22.6

17.6

-7.84

-16

10.9

9.09

0.687

-8.55

553

-31.9

-28.4

-2.98

-22.7

-13.6
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9.69

8.33

1.69

6.07

25

2.04

3.69

4.44

0.738

2.94

591

4.73

8.88

6.93

3.09

6.32

4.29

3.58

0.27

3.37

2.18

12.5

11.2
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*x 1.69t023.9
halaid -35.7t0-135
Frx -32.31t0-10.0
ns -6.82t015.4
Frx -26.510 -4.30
ns -17.5t04.76
ns -16.3t05.93
ns -20.5t01.75
* -22.410-0.174
ns -13.0t09.24
ns -3.65t018.6
halaid -26.1t0-3.89
* -23.1t0-0.894
Frx -33.7t0-114
il 6.47 to 28.7
ns -19.0to 3.27
o -27.210 -4.93
ns -0.215t0 22.0
ns -2.03t020.2
ns -10.4t011.8
ns -19.7t0 2.57
ns -5.59t0 16.6
haiaid -43.0t0-20.8
halad -39.5t0-17.3
ns -14.1t08.13
el -33.8t0-11.6
sl -24.7t0-2.51
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LV138 vs LV183

LV139 vs LV140

LV139 vs LV141

LV139 vs LV142

LV139 vs LV143

LV139 vs LV144

LV139 vs LV145

LV139 vs LV146

LV139vs LV161

LV139 vs LV163

LV139 vs LV162

LV139vs LV164

LV139 vs LV165

LV139 vs LV167

LV139 vs LV168

LV139 vs LV176

LV139 vs CV125(L)

LV139 vs CV126(L)

LV139 vs CV130

LV139 vs LV180

LV139 vs LV183

LV140 vs LV141

LV140 vs LV142

LV140 vs LV143

LV140 vs LV144

LV140 vs LV145

LV140 vs LV146

-12.5

-1.92

7.49

16.8

-5.63

-2.64

-13.2
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20.3

18.5
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14.9
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-19
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-4.26

-3.09
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-3.71

-0.72

-11.3

28.9
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-24.31t0-2.08
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-17.8t04.43

9.15t031.4
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-10.3t011.9

3.7810 26.0

-33.6t0-11.4

-30.2t0-7.93

-4.73t017.5

-24.410-2.21

-15.4t06.85

-14.21t0 8.02

-1.70t0 20.5

7.631029.9

-14.8t07.40

-11.8t010.4

-22.410-0.161

17.8t040.0
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LV140 vs LV161

LV140 vs LV163

LV140 vs LV162

LV140 vs LV164

LV140 vs LV165

LV140 vs LV167

LV140 vs LV168

LV140 vs LV176

LV140 vs CV125(L)

LV140 vs CV126(L)

LV140 vs CV130

LV140 vs LV180

LV140 vs LV183

LV141 vs LV142

LV141 vs LV143

LV141 vs LV144

LV141 vs LV145

LV141 vs LV146

LV141 vs LV161

LV141 vs LV163

LV141 vs LV162

LV141 vs LV164

LV141 vs LV165

LV141 vs LV167

LV141 vs LV168

LV141 vs LV176

LV141 vs CV125(L)

3.45

-4.76

22.2

20.4

12

2.74

16.8

-20.6

-17.1

8.31

-11.4

-2.34

-1.17

9.33

-13.1

-10.1

-20.7

19.5

-5.97

-14.2
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11
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-6.67

7.4

-30

-26.5
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570t027.9
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-28.210-6.01

-2.81t0194

-22.510-0.287

-13.5t08.77

-12.3t09.94

-1.78t020.4

-24.2t0-2.01

-21.2t00.979
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8.3510 30.6

-17.1t05.15

-25.3t0 -3.06

1.66 to 23.9

-0.153t0 22.1

-8.55t013.7

-17.8t04.44

-3.71t018.5

-41.1t0-18.9

-37.71t0-15.4
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LV141 vs CV126(L)

LV141 vs CV130

LV141 vs LV180

LV141 vs LV183

LV142 vs LV143

LV142 vs LV144

LV142 vs LV145

LV142 vs LV146

LV142 vs LV161

LV142 vs LV163

LV142 vs LV162

LV142 vs LV164

LV142 vs LV165

LV142 vs LV167

LV142 vs LV168

LV142 vs LV176

LV142 vs CV125(L)

LV142 vs CV126(L)

LV142 vs CV130

LV142 vs LV180

LV142 vs LV183

LV143 vs LV144

LV143 vs LV145

LV143 vs LV146

LV143 vs LV161

LV143 vs LV163

LV143 vs LV162

-1.11

-20.8

-11.8

-10.6

-22.5

-19.5

10.1

-15.3

-23.5

3.44

1.63

-6.77

-16

-1.93

-39.3

-35.9

-10.4

-30.1

-21.1

-19.9

2.99

-7.56

32.6

7.16

-1.05

25.9
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-33.6t0-11.3

-30.6 t0 -8.35

-41.1t0-18.9

-0.986 to 21.2

-26.4t0-4.19

-34.6t0-12.4

-7.681t014.6

-9.49t012.7

-179t04.34

-27.1t0-4.89

-13.0t09.18

-50.4 to -28.2

-47.0t0-24.8

-21.6t00.673

-41.3t0-19.0

-32.2t0-9.97

-31.0t0-8.81

-8.12t0 14.1

-18.7t0 3.55

21.5t043.7

-3.9510 18.3

-12.21010.1

14.81037.0
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LV143 vs LV164

LV143 vs LV165

LV143 vs LV167

LV143 vs LV168

LV143 vs LV176

LV143 vs CV125(L)

LV143 vs CV126(L)

LV143 vs CV130

LV143 vs LV180

LV143 vs LV183

LV144 vs LV145

LV144 vs LV146

LV144 vs LV161

LV144 vs LV163

LV144 vs LV162

LV144 vs LV164

LV144 vs LV165

LV144 vs LV167

LV144 vs LV168

LV144 vs LV176

L\V144 vs CV125(L)

LV144 vs CV126(L)

LV144 vs CV130

LV144 vs LV180

LV144 vs LV183

LV145 vs LV146

LV145vs LV161
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LV145 vs LV163

LV145 vs LV162

LV145 vs LV164

LV145 vs LV165

LV145 vs LV167

LV145 vs LV168

LV145 vs LV176

LV145 vs CV125(L)

LV145 vs CV126(L)

LV145 vs CV130

LV145 vs LV180

LV145 vs LV183

LV146 vs LV161

LV146 vs LV163

LV146 vs LV162

LV146 vs LV164

LV146 vs LV165

LV146 vs LV167

LV146 vs LV168

LV146 vs LV176

LV146 vs CV125(L)

LV146 vs CV126(L)

LV146 vs CV130

LV146 vs LV180

LV146 vs LV183

LV161 vs LV163

LV161 vs LV162
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LV161 vs LV164

LV161 vs LV165

LV161 vs LV167

LV161 vs LV168

LV161 vs LV176

LV161 vs CV125(L)

LV161 vs CV126(L)

LV161 vs CV130

LV161 vs LV180

LV161 vs LV183

LV163 vs LV162

LV163 vs LV164

LV163 vs LV165

LV163 vs LV167

LV163 vs LV168

LV163 vs LV176

LV163 vs CV125(L)

LV163 vs CV126(L)

LV163 vs CV130

LV163 vs LV180

LV163 vs LV183

LV162 vs LV164

LV162 vs LV165

LV162 vs LV167

LV162 vs LV168

LV162 vs LV176

LV162 vs CV125(L)
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-11.8t0 10.4

2.251t024.5
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-31.7 10 -9.46

-6.251016.0

-26.0t0-3.73

-16.9t05.33

-15.7t0 6.49

15.81t038.1

14.0 to 36.2

5.62t027.8

-3.61t018.6

10.5t0 32.7

-26.9t0-4.71

-23.5t0-1.25

1.951t0 24.2

-17.8t0 4.47

-8.69t013.5

-7.53t014.7
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-16.5t05.74
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LV162 vs CV126(L) -13.9 5.47 Yes el -25.0t0 -2.76
LV162 vs CV130 -33.6 13.2 Yes halaid -44.7t0-225
LV162 vs LV180 -24.5 9.66 Yes Frx -35.6t0-13.4
LV162 vs LV183 -234 9.2 Yes halaid -345t0-12.2
LV164 vs LV165 -8.4 331 No ns -19.5t02.71
LV164 vs LV167 -17.6 6.94 Yes halaid -28.7t0 -6.52
LV164 vs LV168 -3.56 1.4 No ns -14.7 t0 7.55
LV164 vs LV176 -41 16.1 Yes Frx -52.1t0-29.8
LV164 vs CV125(L) -37.5 14.8 Yes il -48.6 t0 -26.4
LV164 vs CV126(L) -12.1 4.75 Yes * -23.210-0.954
LV164 vs CV130 -31.8 12.5 Yes il -42.9 to -20.7
LV164 vs LVV180 -22.7 8.94 Yes ekl -33.8t0-11.6
LV164 vs LV183 -21.5 8.49 Yes il -32.7t0-104
LV165 vs LV167 -9.23 3.64 No ns -20.3t01.88
LV165 vs LV168 4.84 191 No ns -6.27 t0 16.0
LV165 vs LV176 -32.6 12.8 Yes Frx -43.7t0-214
LV165 vs CV125(L) -29.1 115 Yes il -40.2t0-18.0
LV165 vs CV126(L) -3.67 1.44 No ns -14.8t0 7.45
LV165 vs CV130 -23.4 9.2 Yes il -3451t0-12.3
LV165 vs LVV180 -14.3 5.64 Yes el -25.4t0-3.20
LV165 vs LV183 -13.1 5.18 Yes ** -24.3 10 -2.03
LV167 vs LV168 141 5.54 Yes el 2.96t0 25.2
LV167 vs LV176 -23.3 9.18 Yes il -34.4t0-12.2
LV167 vs CV125(L) -19.9 7.82 Yes el -31.0t0 -8.75
LV167 vs CV126(L) 5.57 2.19 No ns -5.551t016.7
LV167 vs CV130 -14.1 5.57 Yes el -25.310-3.03
LV167 vs LV180 -5.08 2 No ns -16.2t06.03
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-15.0t0 7.20

-48.510 -26.3

-45.1t0-22.8

-19.6 to 2.61

-39.3t0-17.1

-30.3 t0 -8.04

-29.1t0-6.87

-7.66t0 14.6

17.8 10 40.0

-1.9310 20.3

7.13t029.4

8.2910 30.5

14.3 t0 36.5

-5.39t016.8

3.67t025.9

484t027.1

-30.8 t0 -8.59

-21.8t0 0.466

-20.6t0 1.63

-2.0510 20.2

-0.886t0 21.3

-9.95t012.3
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Addendum C: Chapter 5 supporting data tables for Fluorescence and

UV graphs

4. Fluorescence data of Plasma and Plasma containing drug with concentrations of 30-1 pg/ml

with increments of 5 pg/ml.

4.1. Rifampicin
Wavelength | plasma | 1 pg/ml | 5 ug/ml | 10 15 20 25 30
pg/ml pg/ml pg/ml pg/ml pg/ml
300 39597 | 37843 | 37866 | 34462 | 33695 |31023 |23698 | 26824
310 45012 | 42281 | 42983 | 38514 | 37343 | 34654 | 29152 | 29208
320 46028 | 43431 | 43292 | 39273 | 37298 |35007 |30712 | 29588
330 44984 42175 42214 37987 36304 33346 30035 28220
340 40923 38709 38511 34653 32948 30698 27193 25810
350 32997 31227 31408 28367 27058 25269 21893 21392
360 25106 | 23653 | 23831 | 21747 | 20859 | 19537 | 16119 | 16617
370 17831 16865 17156 15669 14971 14196 11465 12121
380 12054 | 11419 | 11637 | 10663 | 10319 | 9643 7681 8300
390 7854 7525 7591 7014 6734 6379 4987 5479
400 5134 4855 4964 4554 4414 4159 3237 3630
410 3226 3075 3109 2869 2792 2618 2033 2271
420 2067 1953 1981 1837 1795 1680 1312 1456
430 1312 1250 1255 1154 1144 1066 849 905
440 880 823 837 760 756 683 573 610
450 595 577 606 526 516 473 433 423
460 437 379 421 391 376 338 306 300
470 290 302 306 267 257 235 234 228
480 251 240 230 216 218 200 185 180
490 207 186 195 182 180 169 170 144
500 171 160 163 147 162 146 161 115
510 152 143 135 146 145 130 137 109
520 143 129 136 129 124 111 129 98
530 104 89 109 101 113 101 105 86
540 107 79 104 95 85 78 98 80
550 84 75 66 81 75 78 94 73
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560 64 56 54 56 74 62 72 69
570 62 57 67 56 47 61 47 52
580 58 49 49 41 50 62 56 54
590 34 31 30 42 36 48 47 56
600 23 44 48 48 29 47 29 41
610 23 31 25 31 31 31 31 54
620 36 24 14 36 23 18 30 20
630 18 17 32 12 37 8 22 21
640 4 0 12 43 25 0 0 39
650 0 33 12 6 25 29 0 52
660 18 0 19 0 13 26 21 0
670 13 7 0 0 0 0 35 9
680 26 11 35 18 3 64 0 0
690 57 47 0 0 0 39 0 7
700 10 0 10 12 0 26 0 0
4.2. 25-desacetyl rifampicin
Wavelength | PLASMA |1 5 ug/ml | 10 15 20 25 30
pg/ml pg/ml pg/ml pg/mi ug/ml pg/ml
300 39186 25029 | 23982 | 23698 22956 | 22230 | 22415 | 20200
310 49771 28141 | 26560 | 26232 25682 | 25328 | 24821 22496
320 53168 28931 | 27184 | 27040 | 26642 | 25704 | 25613 | 22957
330 51647 28226 | 26579 | 26600 | 25762 | 24946 | 24850 | 22326
340 47162 25647 | 24471 | 24186 23669 | 22975 | 22744 | 20621
350 37194 20981 | 19611 19737 19146 18863 18576 16767
360 27731 15832 | 14887 15123 14620 14386 14276 12899
370 19479 11239 | 10663 10686 10384 | 10331 10248 | 9281
380 12987 7616 | 7137 7218 7106 6975 6880 6247
390 8387 4991 | 4669 4757 4639 4586 4539 4129
400 5391 3241 | 3134 3138 3093 3001 2987 2694
410 3391 2063 | 1945 1962 1914 1897 1877 1711
420 2172 1319 | 1285 1246 1241 1234 1222 1089
430 1369 837 800 799 776 780 785 724
440 955 568 562 536 539 531 530 468
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450 683 412 387 377 380 376 359 356
460 493 273 282 278 270 284 268 230
470 376 193 199 189 193 191 191 195
480 298 169 169 156 157 157 156 160
490 266 135 123 132 141 130 129 123
500 246 117 108 113 118 122 113 127
510 220 96 90 98 102 112 109 108
520 174 86 89 85 96 85 119 94
530 149 76 68 78 90 90 91 94
540 138 73 62 62 76 84 61 78
550 127 54 51 74 73 81 65 64
560 110 38 34 50 63 70 65 64
570 90 20 21 34 37 48 52 62
580 74 37 11 32 43 39 54 43
590 57 23 20 31 32 39 36 26
600 42 18 16 21 29 46 33 50
610 46 6 15 22 39 52 48 26
620 47 0 12 13 12 25 36 28
630 32 22 27 15 14 44 27 0
640 16 5 43 12 0 9 33 15
650 16 17 8 41 0 0 48 23
660 15 0 36 9 10 6 34 0
670 0 0 17 22 9 0 23 8
680 28 0 7 0 11 0 22 15
690 15 0 4 34 25 0 9 0
700 0 0 25 0 37 0 0 0
4.3. Isoniazid
wavelength | plasma | 1 pg/ml | 5 pg/ml | 10 15 20 25 30
pg/ml pg/ml pg/ml pg/ml pg/ml
300 38752 | 24185 | 23010 | 21562 | 19243 | 18903 | 17050 | 14759
310 47757 | 26938 | 25910 | 24332 | 21864 | 21060 | 19257 | 16481
320 50481 | 27607 | 26830 | 25167 | 22661 | 21981 |19972 | 17314
330 49023 | 27141 | 26446 | 24848 | 22140 | 21549 | 19772 | 17067
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340 44619 24746 24091 22707 20537 19763 17945 15708
350 35433 19962 19443 18513 16375 16050 14618 12549
360 26474 14895 14727 13641 12385 12056 10997 9404
370 18602 10680 10379 9749 8721 8493 7774 6808
380 12489 7309 7140 6579 5913 5799 5292 4551
390 8075 4741 4606 4288 3947 3799 3423 3022
400 5302 3122 3033 2814 2537 2495 2247 1997
410 3279 1944 1901 1775 1583 1581 1383 1273
420 2089 1241 1236 1151 1044 1015 913 848
430 1348 794 787 728 663 653 598 549
440 931 548 530 495 459 454 398 370
450 666 372 343 340 329 319 289 278
460 488 259 259 248 251 216 190 193
470 355 181 181 158 163 162 148 139
480 300 141 162 141 137 126 106 119
490 256 129 127 107 112 106 90 94
500 235 109 93 93 97 74 86 71
510 212 91 86 85 75 62 56 58
520 166 78 73 70 73 59 67 48
530 163 62 77 69 58 53 49 29
540 136 55 50 50 59 40 46 37
550 120 33 45 55 37 48 36 42
560 99 46 35 33 36 48 26 30
570 86 40 28 35 32 20 23 24
580 76 36 19 12 30 28 27 15
590 61 41 19 6 17 21 11 12
600 38 36 13 16 6 20 17 17
610 28 18 16 26 0 9 28 10
620 42 12 39 20 16 13 10 34
630 0 17 22 19 35 27 7 0
640 9 0 10 5 5 33 44 9
650 24 0 24 0 0 19 0 23
660 30 0 0 27 0 6 23 0
670 2 19 0 29 26 0 0 50
680 39 0 0 0 0 0 15 0
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690 22 0 0 13 34 19 0 7

700 5 0 0 100 0 28 27 43

4.4, Ethambutol

wavelength | plasma | 1 pg/ml | 5 pg/ml 10 15 20 25 30

pg/ml pg/ml pg/ml pg/ml pg/ml

300 31098 | 28219 | 25373 | 25738 | 25188 | 24548 | 23456 | 23356
310 39084 32457 28693 28726 28564 28063 26545 26200
320 41906 | 33072 | 29769 | 29678 | 29245 | 28803 | 27224 | 27023
330 41206 | 32438 | 28851 | 29092 | 28276 | 28099 | 26470 | 26249
340 36939 | 29693 | 26564 | 26644 | 25890 | 25582 | 24173 | 24044
350 29466 24183 21286 21428 21083 20676 19517 19478
360 21805 17845 15944 16197 15720 15556 14695 14676
370 15442 12903 11372 11478 11248 11108 10512 10459
380 10307 8711 7702 7742 7642 7614 7138 7105
390 6677 5638 5050 5104 4961 4949 4675 4631
400 4337 3717 3308 3318 3241 3243 3057 3057
410 2693 2352 2081 2115 2066 2013 1901 1939
420 1737 1510 1344 1363 1327 1313 1244 1224
430 1127 954 866 853 856 852 806 790
440 760 645 566 591 557 559 540 517
450 539 471 434 384 400 398 369 362
460 412 330 263 279 271 278 264 269
470 294 227 209 206 198 190 184 194
480 256 186 163 174 150 157 157 145
490 221 149 127 140 132 129 125 127
500 193 120 107 115 121 103 105 106
510 175 107 94 94 94 103 89 85
520 166 90 97 88 92 80 76 78
530 138 70 74 57 67 72 62 68
540 120 66 56 50 63 59 42 66
550 82 60 58 48 50 55 50 55
560 92 54 43 45 16 39 36 52
570 73 51 37 36 29 36 34 27
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580 57 41 40 31 34 36 24 33
590 42 10 12 5 35 19 44 23
600 44 45 14 43 28 9 15 35
610 27 7 10 19 31 15 15 34
620 48 23 34 19 0 4 39 5
630 42 6 28 1 0 0 13 1
640 20 8 3 9 9 20 24 4
650 0 20 0 0 7 0 15 8
660 0 29 48 22 26 14 40 5
670 14 0 34 0 32 4 0 30
680 8 55 6 34 9 43 4 8
690 17 0 20 0 0 0 4 21
700 21 12 0 63 31 21 0 15
4.5. Pyrazinamide
wavelength | plasma | 1 pg/ml | 5 pg/ml 10 15 20 25 30
pg/ml pg/ml pg/ml pg/ml pg/ml
300 33410 31435 25642 25559 22741 22356 20644 19064
310 38286 35099 32205 29109 25804 24706 23327 21231
320 38986 36346 34815 29651 26284 25809 23996 21778
330 38115 35720 33874 29196 25668 25276 23559 21209
340 34863 32612 30775 26818 23541 23191 21536 19457
350 28236 | 26358 | 24331 | 21428 | 18867 | 18844 | 17299 | 15644
360 21139 19865 18057 16290 14161 14058 13048 11828
370 15034 | 14098 | 12704 | 11463 | 10028 | 10030 9309 8347
380 10193 9604 8488 7805 6818 6808 6308 5704
390 6606 6264 5538 5107 4446 4420 4132 3710
400 4365 4131 3584 3323 2949 2898 2728 2434
410 2777 2553 2231 2110 1861 1829 1709 1548
420 1725 1674 1452 1372 1211 1191 1119 995
430 1132 1072 919 881 781 755 718 642
440 739 707 663 619 525 545 473 450
450 512 524 469 437 366 374 332 303
460 378 364 355 299 260 269 235 218

259



Stellenbosch University https://scholar.sun.ac.za

470 268 253 286 222 199 194 183 160
480 218 217 222 180 171 167 135 131
490 174 174 194 155 126 129 129 113
500 140 140 177 126 121 109 106 90
510 140 127 153 117 91 100 93 87
520 122 103 144 87 70 88 63 74
530 96 93 122 75 70 69 68 73
540 70 69 116 57 53 77 50 44
550 69 62 91 61 48 45 35 24
560 49 68 90 44 39 36 27 39
570 52 36 78 50 31 41 20 54
580 41 38 48 16 29 29 33 14
590 43 41 66 28 18 31 30 18
600 43 30 44 17 6 39 26 21
610 42 25 41 23 30 5 28 12
620 6 22 36 26 22 32 0 22
630 18 18 19 1 0 7 10 11
640 47 43 32 30 18 23 32 0
650 35 39 29 31 11 14 34 21
660 0 1 52 0 22 0 30 12
670 0 12 7 19 0 17 4 0
680 0 21 2 29 17 25 0 0
690 20 58 28 0 0 21 43 2
700 0 0 10 40 0 8 0 0
4.5. RIF-4 (combination of INH, RIF, ETH and PYR)
wavelength | plasma 1 5 pg/ml 10 15 20 25 30
pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
300 35339 | 33386 | 32165 31237 29202 28586 24398 20631
310 43334 | 38006 | 35976 | 34894 | 32497 | 32131 | 27235 | 22930
320 45812 | 38763 | 37205 | 35816 | 33900 | 33069 | 27851 | 23529
330 44629 | 37972 | 36068 | 34824 | 32848 | 32243 | 27523 | 22981
340 40598 | 34609 | 33040 | 31991 | 30038 | 29483 | 25237 | 21017
350 32073 | 28034 | 26706 25954 24321 23708 20285 17040
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360 24069 | 21077 | 20041 19696 18240 17812 15310 12893
370 16890 | 15041 | 14402 14027 13119 12745 10873 9180
380 11293 | 10163 9789 9525 8847 8635 7386 6296
390 7323 6645 6401 6240 5807 5699 4847 4134
400 4726 4333 4169 4087 3783 3675 3164 2694
410 2943 2769 2603 2602 2397 2339 1991 1697
420 1918 1779 1697 1633 1511 1529 1271 1115
430 1236 1113 1075 1058 985 948 819 686
440 853 756 739 697 659 652 554 489
450 621 524 507 486 475 454 384 366
460 458 373 366 360 332 313 265 236
470 354 263 253 245 235 218 204 164
480 293 207 200 192 185 178 156 137
490 247 180 165 172 155 158 132 119
500 221 150 146 128 122 120 96 96
510 205 134 116 117 118 112 92 88
520 188 106 110 102 97 89 79 69
530 155 84 78 82 83 80 81 64
540 134 90 77 67 78 77 47 46
550 119 80 60 71 55 56 54 41
560 101 52 56 47 41 44 35 37
570 81 47 33 55 31 62 33 28
580 65 34 32 44 38 50 24 25
590 53 33 31 40 38 34 12 22
600 56 31 10 12 15 31 16 24
610 38 3 8 23 28 7 25 17
620 40 27 6 26 25 32 29 25
630 0 29 11 21 0 7 12 9
640 25 13 0 12 12 7 10 0
650 13 7 4 4 4 13 0 26
660 0 0 0 0 18 5 0 33
670 32 31 6 30 18 0 15 34
680 0 14 0 0 0 0 22 3
690 92 56 7 16 12 37 0 4
700 0 0 27 0 8 15 0 1
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4.2 Preparation of in-vitro drug sample to human plasma protein for UV spectroscopy analysis

Table 1: Absorbance spectroscopy data of Plasma, INH and Plasma with INH at different

concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5 pg/ml

wavelength inh inh inh inh inh inh inh
[nm] plasma | inh | 1pg/ml | 5ug/ml | 10pg/ml | 15pg/ml | 20pg/ml | 25pug/ml | 30ug/ml
220 | 0.647 | 1.253 | -0.929 | -1.002 -1.321 0.647 -0.33 -1.406 -0.44
222 | 0.856 | 0972 | -0.316 | -0.697 -1.157 -0.647 0.425 -1.022 0.856
224 -0.9 |1 0.114 | -1.168 | -1.701 -1.405 -1.201 -1.224 -1.182 -0.983
226 | -0.522 | 0.586 0.323 0.323 0.323 0.323 0.323 -0.955 0.323
228 -0.35 | 0.993 | -0.333| -0.208 -0.397 0.14 -0.377 -0.651 -0.265
230 | 0.134|0.173 0.134 | -0.096 0.134 0.134 0.134 -0.345 0.134
232 | 0.226 | 0.486 0.226 -0.24 0.226 0.226 0.226 -0.194 0.226
234 0| -1.05 0| -0.572 0 0 0 0 0
236 | 0.064 | 0.293 0.064 0.064 -0.231 0.064 0.064 0.064 0.064
238 | 0.354 | 0.261 0.354 0.132 -0.055 0.354 0.354 -0.25 0.354
240 | 0.169 | 0.124 0.386 | -0.233 0.275 0.033 -0.182 -0.306 -0.179
242 | 0.025 | 0.025 | -0.004 0.025 0.025 0.025 0.025 0.025 -0.01
244 0 | 0.294 0| -0.504 -0.287 0 0 0 0
246 0 0 0 0 0 0 0 0 0
248 00.113 0| -0.053 0 0 0 0 0
250 | -0.165 0 0| -0.282 0 0 0 0 0
252 | 0.206 | 0.086 | -0.067 0.049 0.03 0.001 0.055 0.425 0.425
254 | 0.043 | -0.07 0.032 0.043 -0.11 0.043 0.043 0.043 0.043

262




Stellenbosch University https://scholar.sun.ac.za

256 0| -0.08 0 0 0 0 0 0 0
258 | -0.091 | 0.153 0| -0.033 -0.008 0 0 -0.213 -0.507
260 0 0 0| -0.229 0 0 0 -0.314 -0.145
262 | 0.092 | 0.134 0.135 0.061 0.135 0.135 0.077 0.135 0.135
264 0 0 0 0 0 0 0 0 0
266 | -0.264 0 0 0 -0.428 0 0 0 0
268 00.323 0 0 -0.274 0 0 0 0
270 0 0 0 0 0 0 0 0 0
272 0 0 0 0 0 0 0 0 0
274 | 0.153 | 0.324 0.153 0.153 -0.255 0.153 0.153 0.153 0.152
276 0 0 0 0 0 0 0 -0.239 0
278 | 0.024 | 0.358 0.024 0.024 -0.084 0.024 0.024 0.024 -0.109
280 | 0.248 | 0.095 0.248 0.232 0.248 -0.032 0.248 0.248 0.248
282 | 0.871| 0.35 0.871 0.538 0.593 0.341 0.457 0.594 0.59
284 134 134 1.34 1.34 1.34 1.34 1.34 1.34 1.34
286 1.809 | 1.649 1.809 1.809 1.809 1.809 1.809 1.809 1.809
288 | 2.147 | 1.482 2.147 1.991 2.147 2.147 2.147 1.743 1.87
290 | 1.878 | 1.719 2.103 1.746 2.172 2.364 1.936 1.743 2.364
292 | 2.481 | 2.022 2.003 1.887 2.265 2.481 2.138 2.112 2481
294 | 2.611 | 2.417 2.611 2.568 2.611 2.611 2.611 2.597 2.611
296 | 2791 | 194 2.791 2.791 2.791 2.791 2.791 2.791 2.791
298 | 2.938 | 1.638 2.938 2.938 2.938 2.839 2.938 2.938 2.938
300 | 2.555 | 1.424 2.578 2.885 2.841 2.567 3.033 2.849 2.624
302 | 2592 | 1.194 2414 2.424 2.482 2.712 2.638 2.378 2.45
304 | 3.142 | 1.076 2.431 2.389 2.455 2.69 2.827 2.893 2.804
306 | 2.869| 0.96 2.244 2.248 2.993 2.195 2.866 2.57 2.821
308 | 2.673|0.828 2.002 2.005 2474 2.052 2.236 2.367 2.249
310 | 2.929 | 0.713 1.809 1.853 2.295 1.985 2.387 2.466 2.077
312 2.35| 0.613 1.606 1.703 1.972 1.801 2.032 1.897 1.974
314 | 2.084 | 0.527 1474 1.503 1.922 1.666 1.818 1.892 1.837
316 | 2.191 | 0.451 1.337 1.388 1.695 1.536 1.721 1.694 1.657
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318 | 2.233 | 0.385 1.266 1.306 1.59 1.458 1.628 1.6 1.574
320 | 2.062 | 0.325 1.19 1.245 1.513 1.411 1.535 1.53 1.464
322 | 2.091| 0.27 1.132 1.175 1.474 1.333 1.486 1.542 1.479
324 | 2.056 | 0.223 1.091 1.147 1.415 1.284 1.399 1.429 1.423
326 | 1.881 | 0.186 1.029 1.095 1.379 1.257 1.335 1.388 1.365
328 | 1.949 | 0.158 0.998 1.066 1.353 1.265 1.329 1.403 1.379
330 | 1.868 | 0.136 0.967 1.031 1.3 1.197 1.278 1.318 1.311
332 | 1.794 | 0.115 0.922 1.001 1.285 1.151 1.237 1.273 1.278
334 | 1.867 | 0.094 0.896 0.989 1.228 1.163 1.227 1.26 1.267
336 | 1.888 | 0.073 0.874 0.961 1.236 1.149 1.205 1.217 1.266
338 1.82 | 0.06 0.851 0.939 1.209 1.116 1.2 1.219 1.25
340 | 1.748 | 0.048 0.844 0.913 1.176 11 1.177 1.183 1.254
342 | 1.779 | 0.039 0.82 0.88 1.148 1.088 1.156 1.155 1.228
344 | 1.692| 0.03 0.797 0.874 1.136 1.076 1.107 1.138 1.191
346 | 1.659 | 0.023 0.777 0.865 1.11 1.048 1.084 1.128 1.182
348 | 1.697| 0.02 0.778 0.851 1.09 1.046 1.062 1.117 1.19
350 | 1.726 | 0.015 0.76 0.84 1.098 1.047 1.08 1.117 1.195
352 | 1.665| 0.01 0.741 0.815 1.061 1.006 1.046 1.081 1.133
354 | 1.651 | 0.006 0.73 0.821 1.04 0.994 1.062 1.084 1.151
356 | 1.647 | 0.005 0.715 0.794 1.037 0.989 1.029 1.075 1.126
358 | 1.636 | 0.003 0.711 0.788 1.027 0.976 1.02 1.061 1.123
360 | 1.561 | 0.002 0.7 0.772 1.003 0.953 0.983 1.039 1.09
362 | 1.662 | 0.004 0.692 0.768 1.004 0.963 0.984 1.046 1.109
364 | 1.652 | 0.004 0.679 0.754 0.968 0.946 0.964 1.028 1.085
366 | 1.536 | 0.005 0.664 0.739 0.941 0.916 0.951 0.994 1.071
368 | 1.528 | 0.004 0.662 0.72 0.945 0.906 0.939 0.998 1.061
370 | 1.518 | 0.004 0.653 0.708 0.93 0.908 0.917 0.97 1.048
372 | 1.538 | 0.006 0.643 0.715 0.932 0.901 0.931 0.972 1.049
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374 | 1.489 0.00E; 0.636 0.699 0.917 0.892 0.931 0.964 1.025
376 | 1.522 0.00E; 0.634 0.693 0.914 0.889 0.923 0.963 1.029
378 | 1.504 0.00E; 0.624 0.682 0.901 0.883 0.907 0.945 1.022
380 1.46 0.007- 0.615 0.673 0.889 0.871 0.894 0.937 1.004
382 | 1.524 0.00S; 0.612 0.671 0.882 0.873 0.902 0.935 1.002
384 | 1.502 0.01]_. 0.611 0.668 0.88 0.875 0.894 0.93 1
386 | 1.479 | -0.01 0.611 0.664 0.878 0.868 0.894 0.922 0.995
388 | 1.528 0.0li 0.606 0.664 0.88 0.867 0.897 0.926 1.002
390 | 1.509 0.012- 0.603 0.665 0.876 0.859 0.888 0.923 0.995
392 | 1.483 0.012_ 0.601 0.661 0.866 0.863 0.886 0.924 0.994
394 | 1.482 0.01]_. 0.597 0.659 0.86 0.851 0.879 0.917 0.989
396 | 1.481 0.01]_. 0.594 0.656 0.855 0.847 0.872 0.911 0.979
398 | 1.485 0.012- 0.6 0.659 0.862 0.85 0.881 0.911 0.985
400 | 1.479 0.012_ 0.599 0.66 0.863 0.855 0.881 0.916 0.991
402 | 1494 0.013: 0.602 0.666 0.861 0.857 0.883 0.923 1.004
404 1.48 0.012- 0.604 0.665 0.861 0.862 0.886 0.925 0.993
406 | 1491 0.012- 0.606 0.672 0.861 0.864 0.885 0.92 0.982
408 | 1.489 0.01]-. 0.604 0.674 0.861 0.859 0.883 0.917 0.987
410 | 1.508 - 0.607 0.675 0.862 0.866 0.888 0.924 0.989
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0.012
412 | 1.529 0.01?_) 0.607 0.675 0.865 0.873 0.893 0.929 0.995
414 | 1531 0.011;r 0.609 0.675 0.867 0.868 0.893 0.927 0.992
416 1.54 0.01; 0.611 0.678 0.866 0.872 0.896 0.93 0.993
418 1.55 0.01; 0.609 0.681 0.865 0.876 0.901 0.934 0.99
420 1.54 0.017_ 0.612 0.68 0.868 0.872 0.9 0.931 0.997
422 | 1.544 0.01(; 0.612 0.679 0.867 0.868 0.9 0.935 1.001
424 | 1.542 0.01(; 0.61 0.68 0.865 0.868 0.897 0.928 0.998
426 | 1.548 0.01(; 0.608 0.677 0.861 0.869 0.895 0.927 0.989
428 | 1521 0.0lé 0.605 0.674 0.852 0.864 0.891 0.924 0.985
430 | 1.527 0.01(; 0.607 0.676 0.857 0.865 0.894 0.923 0.983
432 | 1.552 0.01(; 0.609 0.679 0.86 0.868 0.897 0.926 0.988
434 | 1.558 0.01(; 0.61 0.68 0.859 0.869 0.897 0.927 0.986
436 | 1.541 0.015: 0.607 0.68 0.855 0.866 0.896 0.928 0.987
438 | 1.542 0.016- 0.609 0.679 0.855 0.866 0.894 0.925 0.983
440 | 1.551 0.016- 0.608 0.68 0.857 0.869 0.898 0.928 0.989
442 | 1.553 0.016-3 0.607 0.681 0.853 0.868 0.895 0.924 0.984
444 | 1.558 0.01!'; 0.606 0.678 0.848 0.866 0.892 0.921 0.983
446 | 1.564 - 0.608 0.682 0.852 0.866 0.897 0.926 0.986
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0.016
448 | 1.579 0.01é 0.61 0.684 0.853 0.871 0.896 0.924 0.99
450 | 1.558 0.01é 0.607 0.681 0.852 0.866 0.894 0.923 0.983
452 | 1.565 0.016-3 0.61 0.686 0.853 0.868 0.899 0.928 0.985
454 | 1.574 0.01(; 0.611 0.686 0.854 0.872 0.9 0.928 0.986
456 | 1.581 0.01(; 0.613 0.69 0.855 0.872 0.903 0.931 0.989
458 1.59 0.017_ 0.615 0.691 0.859 0.877 0.906 0.935 0.991
460 1.59 0.012; 0.62 0.693 0.86 0.878 0.909 0.937 0.995
462 | 1.579 0.017- 0.61 0.687 0.85 0.87 0.899 0.928 0.985
464 | 1.555 0.01(; 0.603 0.682 0.843 0.865 0.891 0.919 0.978
466 | 1.551 0.015; 0.603 0.678 0.841 0.862 0.89 0.917 0.975
468 1.56 0.017_ 0.6 0.675 0.838 0.858 0.887 0.913 0.973
470 | 1541 0.012; 0.593 0.667 0.829 0.85 0.88 0.906 0.961
472 | 1.534 0.019_ 0.589 0.663 0.822 0.845 0.875 0.9 0.957
474 | 1.538 0.0lf; 0.587 0.66 0.82 0.844 0.87 0.896 0.953
476 | 1.523 0.0lE; 0.581 0.655 0.812 0.837 0.863 0.889 0.949
478 | 1.517 0.015; 0.578 0.651 0.809 0.831 0.862 0.888 0.948
480 | 1.523 0.019- 0.575 0.647 0.805 0.828 0.856 0.886 0.947
482 | 1.509 - 0.574 0.646 0.802 0.828 0.857 0.883 0.941
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0.021
484 | 1.498 0.0Zi 0.575 0.643 0.801 0.828 0.858 0.885 0.939
486 | 1.472 0.017- 0.559 0.628 0.782 0.808 0.837 0.863 0.919
488 | 1.448 0.015; 0.547 0.617 0.769 0.794 0.824 0.849 0.908
490 | 1.426 0.017_ 0.538 0.605 0.756 0.781 0.809 0.835 0.894
492 | 1418 0.015_3 0.532 0.598 0.749 0.774 0.805 0.832 0.89
494 1.38 0.015; 0.515 0.582 0.73 0.757 0.785 0.812 0.87
496 | 1.362 0.01(; 0.507 0.57 0.717 0.746 0.774 0.801 0.856
498 | 1.352 0.017- 0.501 0.561 0.712 0.739 0.766 0.795 0.851
500 | 1.324 0.01(; 0.488 0.547 0.697 0.723 0.752 0.781 0.837
502 1.3 0.017_ 0.478 0.535 0.683 0.71 0.739 0.767 0.825
504 | 1.274 0.015; 0471 0.524 0.673 0.699 0.729 0.756 0.815
506 | 1.256 0.012; 0.462 0.513 0.663 0.69 0.719 0.746 0.807
508 | 1.236 0.019_ 0.454 0.505 0.651 0.679 0.709 0.736 0.795
510 | 1.222 0.01€; 0.447 0.497 0.643 0.671 0.699 0.727 0.786
512 | 1.207 0.01€; 0.441 0.487 0.635 0.663 0.692 0.719 0.777
514 1.19 0.015; 0.432 0.478 0.625 0.653 0.684 0.71 0.766
516 | 1.175 0.019- 0.426 0.471 0.617 0.646 0.675 0.705 0.76
518 1.17 - 0.425 0.468 0.612 0.641 0.672 0.7 0.759
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0.021
520 | 1.154 | 0.019 0.418 0.461 0.602 0.633 0.662 0.691 0.749
522 | 1.138 | 0.019 0.412 0.453 0.594 0.624 0.654 0.682 0.74
524 | 1.132 | 0.021 0.409 0.45 0.591 0.621 0.652 0.68 0.738
526 | 1.128 | 0.021 0.408 0.448 0.59 0.62 0.65 0.679 0.736
528 | 1.124 | 0.022 0.406 0.444 0.587 0.616 0.648 0.676 0.734
530 | 1.104 | -0.02 0.396 0.434 0.575 0.605 0.635 0.664 0.72
532 | 1.084 | 0.019 0.386 0.425 0.564 0.593 0.623 0.65 0.707
534 | 1.075| -0.02 0.384 0.422 0.56 0.591 0.621 0.649 0.705
536 | 1.066 | 0.018 0.38 0.417 0.555 0.587 0.617 0.644 0.7
538 | 1.058 | 0.019 0.377 0.414 0.551 0.584 0.613 0.64 0.696
540 | 1.054 | 0.021 0.378 0.413 0.55 0.581 0.613 0.64 0.696
542 | 1.056 | 0.021 0.38 0.413 0.551 0.584 0.614 0.643 0.698
544 | 1.038 | 0.018 0.369 0.405 0.541 0.573 0.602 0.631 0.685
546 | 1.033 | 0.019 0.366 0.402 0.536 0.57 0.599 0.627 0.682
548 | 1.035| 0.019 0.367 0.401 0.535 0.569 0.598 0.627 0.682
550 | 1.026 | 0.018 0.364 0.398 0.532 0.565 0.595 0.622 0.678
552 | 1.028 | -0.02 0.365 0.399 0.533 0.566 0.596 0.623 0.679
554 | 1.026 | -0.02 0.365 0.397 0.533 0.565 0.596 0.622 0.681
556 | 1.022 | -0.02 0.363 0.396 0.529 0.563 0.593 0.62 0.676
558 | 1.019 | -0.02 0.362 0.394 0.527 0.563 0.59 0.618 0.675
560 | 1.019 | -0.02 0.362 0.394 0.527 0.561 0.589 0.618 0.674
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562 | 1.016 | 0.021 0.361 0.392 0.525 0.559 0.589 0.617 0.673
564 | 1.014 | 0.022 0.359 0.392 0.523 0.558 0.587 0.615 0.67
566 | 1.015 | 0.022 0.358 0.393 0.523 0.558 0.589 0.615 0.669
568 | 1.008 | 0.022 0.357 0.389 0.519 0.554 0.584 0.612 0.666
570 | 1.004 | 0.021 0.354 0.387 0.517 0.553 0.583 0.609 0.665
572 | 1.004 | 0.022 0.355 0.388 0.516 0.552 0.584 0.609 0.663
574 | 1.001 | 0.021 0.352 0.386 0.515 0.549 0.582 0.607 0.661
576 | 0.997 | -0.02 0.35 0.383 0.512 0.547 0.577 0.605 0.657
578 | 0.992 | -0.02 0.348 0.381 0.51 0.545 0.575 0.6 0.653
580 | 0.985 | -0.02 0.346 0.379 0.506 0.543 0.572 0.597 0.652
582 | 0.988 | -0.02 0.347 0.379 0.506 0.543 0.572 0.599 0.652
584 | 0.991 | -0.02 0.348 0.379 0.507 0.543 0.574 0.599 0.653
586 | 0.986 | -0.02 0.348 0.38 0.507 0.542 0.572 0.6 0.653
588 | 0.985 | -0.02 0.347 0.378 0.505 0.542 0.572 0.598 0.651
590 | 0.988 | 0.019 0.347 0.378 0.503 0.54 0.571 0.597 0.651
592 | 0.986 | 0.019 0.345 0.377 0.503 0.538 0.569 0.597 0.65
594 | 0.981 | -0.02 0.344 0.376 0.501 0.538 0.568 0.596 0.648
596 | 0.984 | -0.02 0.345 0.376 0.501 0.539 0.568 0.596 0.648
598 0.98 | 0.019 0.344 0.375 05 0.537 0.568 0.595 0.648
600 | 0.974 | 0.018 0.341 0.373 0.496 0.534 0.564 0.59 0.641
602 | 0.976 | 0.019 0.341 0.373 0.496 0.534 0.564 0.591 0.642
604 | 0.979 | -0.02 0.343 0.375 0.498 0.536 0.568 0.593 0.646
606 | 0.978 | -0.02 0.342 0.373 0.496 0.534 0.567 0.591 0.643
608 | 0.972 - 0.338 0.371 0.493 0.53 0.561 0.586 0.637
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0.019
610 0.97 | 0.021 0.338 0.37 0.492 0.53 0.562 0.586 0.638
612 | 0.967 | 0.019 0.337 0.369 0.491 0.53 0.56 0.586 0.637
614 | 0.962 | 0.019 0.336 0.367 0.488 0.526 0.558 0.582 0.633
616 | 0.966 | -0.02 0.336 0.366 0.487 0.526 0.558 0.582 0.634
618 | 0.967 | -0.02 0.337 0.367 0.488 0.526 0.558 0.583 0.635
620 | 0.968 | -0.02 0.337 0.368 0.488 0.527 0.559 0.585 0.636
622 | 0.965 | 0.021 0.336 0.366 0.486 0.526 0.558 0.584 0.636
624 | 0.964 | 0.021 0.335 0.366 0.486 0.527 0.557 0.583 0.633
626 | 0.966 | 0.021 0.337 0.367 0.487 0.527 0.557 0.584 0.633
628 0.96 | 0.021 0.335 0.366 0.484 0.525 0.555 0.581 0.633
630 | 0.956 | 0.021 0.332 0.364 0.482 0.522 0.552 0.578 0.63
632 | 0.955 | 0.021 0.331 0.362 0.479 0.52 0.55 0.576 0.628
634 | 0.954 | 0.021 0.331 0.361 0.479 0.521 0.55 0.575 0.628
636 | 0.952 | -0.02 0.331 0.36 0.476 0.518 0.548 0.575 0.626
638 | 0.947 | 0.021 0.328 0.358 0.474 0.516 0.547 0.572 0.623
640 | 0.945 | -0.02 0.326 0.357 0.471 0.513 0.544 0.569 0.621
642 0.94 | -0.02 0.325 0.356 0.47 0.512 0.542 0.567 0.621
644 | 0.938 | 0.019 0.323 0.354 0.468 0.51 0.541 0.567 0.616
646 | 0.938 | 0.019 0.323 0.354 0.467 0.509 0.54 0.567 0.615
648 | 0.936 | 0.019 0.322 0.353 0.467 0.508 0.539 0.565 0.615
650 | 0.938 - 0.322 0.354 0.465 0.508 0.539 0.564 0.615
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0.019

Table 2: Absorbance spectroscopy data of Plasma, Rifampicin and Plasma with Rifampicin at

different concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5 pg/mi

Rif
Wavelength without | RIF RIF RIF RIF RIF RIF RIF
[nm] plasma | plasma | 1ug/ml | 5pug/ml | 10ug/ml | 15pg/ml | 20ug/ml | 25ug/ml | 30pg/ml
220 | -0975| -1.325| -1.005| -1.303 0.288 -0.592 -0.967 -0.887 -1.074
222 -0.834 | -0.644 | -1.078 | -0.817 -0.494 -0.907 -0.826 0.856 -0.786
224 | -1.052 -1.04 | -1.792 | -1.566 -1.635 -1.566 -1.423 -1.284 -1.644
226 0.323| -0.781 | -0.806 | -1.083 -1.127 -0.744 -1.132 -1.199 -1.201
228 | -0.707 | -0.653 | -0.768 | -0.966 | -0.776 | -0.936 | -0.815 -1.09 | -0.652
230 0.134 | -0.398 -0.58 | -0.202 0.134 -0.458 0.134 0.134 0.134
232 -0.241 | -0.656 | -0.579 | -0.577 0.226 -0.403 -0.383 0.226 -0.273
234 | -0.787 | -0.763 0| -0.957 0 -0.708 -0.773 0 -0.724
236 -0.692 0.064 | -0.114 0.064 | -0.582 0.064 0.064 -0.763 -0.686
238 -0.111 | -0.454 | -0.252 0.125 0.003 -0.406 0.285 -0.272 -0.435
240 0.369 0.07 | -0.346 | -0.061 | -0.336 -031| -0138| -0.321| -0.389
242 0.025 0.025 | -0.021 0.025| -0.333 -0.194 0.025 0.025 -0.155
244 0 0 0| -0.136| -0.189 | -0.517 0 0| -0.383
246 0 0 0| -0474| -0.597 -0.645 0 0 0
248 -0.174 0 0| -0.003 -0.067 0 0 0 0
250 0 0| -0311| -0.141 0 -0.344 -0.15 -0.21 0
252 0.136 | -0.335| -0.232 | -0.274 0.217 -0.265 -0.172 -0.039 -0.161
254 0.043| -0.312| -0.25| -0.352 0.043 | -0.066 | -0.167 0.007 | -0.536
256 0| -0.236 0| -0.207 0| -0.541 0| -0.129| -0.702
258 0| -0.175 0| -0.292 0 -0.28 | -0.208| -0.168 -0.36
260 0| -0.102 0| -0.499 0 0 -0.282 -0.143 -0.174
262 -0.002 0.135| 0.135| -0.183 0.135 0.135 -0.356 -0.239 0.135
264 0 0 0 0 0 0 -0.138 0 0
266 | -0.376 | -0.189 | -0.485| -0.236 | -0.023 0 054 | -0.441| -0.345
268 0| -0.422 0| -0.396 0 0| -0.613| -0.357 | -0.029
270 0 0 0| -0.438 0 0 0 0 0
272 0 0 0 0 0 0| -0.142 0 0
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274 0.153 0.068 | -0.172 | -0.095| -0.431 -0.513 0.153 0.002 0.114

276 | -0.042 0 0| -0.421 0 0 -0.261 0 -0.424

278 | -0.154| -0.438 | -0.108 | -0.431 0.024 0.024 -0.274 -0.335 -0.019

280 0.248 0.248 | 0.181| -0.148 0.17 0.248 -0.279 0.132 0.172

282 0.866 0.831| 0588 | 0.231 0.428 0.658 0.571 0.257 0.318

284 1.34 1.068 1.34 1.012 1.34 1.102 1.34 1.067 1.254

286 1.809 1.543 | 1.809 1.585 1.809 1.809 1.809 1.592 1.673

288 2.058 1.324 | 1.622 1.473 2.147 2.147 1.707 1.759 1.332

290 1.801 1.448 | 2.035 2.104 2.364 1.727 1.765 2.053 1.749

292 1.931 1.469 | 2481 2.266 2.481 2.153 2.444 2.258 2.404

294 2.611 1.494 | 2611 2.611 2.611 2.611 2.303 2.611 2.611

296 2.791 145 2791 2.791 2.791 2.791 2.791 2.791 2.791

298 2.938 1.355| 2.813 2.447 2.624 2.938 2.602 2.846 2.588

300 2414 1322 | 2.277 2.081 2.713 3.033 2.353 2.203 2.457

302 2.863 1.308 | 2.451 2.07 2.34 2.369 2.359 2.257 2.168

304 3.111 1352 | 2.626 2171 2.237 2.379 3.142 2.289 2.189

306 2.629 1.393 | 1.986 1.916 2.057 2.129 2.131 2.265 1.946

308 2.691 1.397 | 1.602 1.693 1.751 1.926 1.786 1.785 1.719

310 2.537 1517 | 1.444 1.573 1.598 1.73 1.679 1.685 1.581

312 2.293 1543 | 1311 1.445 1417 1.529 1.546 1.521 1.469

314 2.05 1.657 | 1.175 1.325 131 1.417 1.426 1.416 1.366

316 1.716 1.7 | 1.089 1.24 1.224 1.361 1.351 1.348 1.289

318 1.614 1.715| 1.085 1.213 1.181 1.286 1.339 1.306 1.264

320 1.563 1.749 | 0.994 1.196 1.125 1.235 1.32 1.284 1.238

322 1.549 2.074 | 0.958 1.186 11 1.211 1.247 1.319 1.257

324 1.443 1.967 | 0.935 1.137 1.099 121 1.24 1.292 1.24

326 1.432 1918 | 0.919 1.155 1.061 1.192 1.232 1.263 1.223

328 1.47 2.044 | 0.896 1.161 1.064 1.195 1.253 1.296 1.257

330 1.395 1.908 | 0.873 1.129 1.028 1.185 1.23 1.299 1.245

332 1.392 1.994 0.86 1.118 1.01 1.175 1.247 1.272 1.276

334 1.396 2.135| 0.855 1.102 1.005 1.142 1.227 1.237 1.283

336 1.334 2.156 | 0.856 1.104 1.023 1.148 1.251 1.284 1.262

338 1.34 2.168 | 0.843 1.097 1.005 1.156 1.27 1.332 1.267

340 131 2.178 | 0.829 1.057 0.999 1.135 1.267 1.295 1.291

342 1.322 1.985 0.82 1.074 0.979 1.136 1.267 1.282 1.238
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344 1.279 1.844 | 0.798 1.05 0.962 1.122 1.197 1.251 1.212

346 1.271 1.718 | 0.795 1.031 0.959 1.095 1.172 1.237 1.175

348 1.272 1596 | 0.778 1.021 0.948 1.054 1.15 1.238 1.168

350 1.27 1519 | 0.778 1.002 0.936 1.06 1.164 1.229 1.145

352 1.218 1.281 | 0.765 0.96 0.901 1.025 1.083 1.116 1.077

354 1.204 1.156 | 0.761 0.935 0.901 1.004 1.058 1.081 1.041

356 1.22 1.023| 0.742 | 0.921 0.884 0.982 1.024 1.042 0.989

358 1.203 0914 | 0.739| 0.887 0.871 0.961 0.992 1.008 0.954

360 1.172 0.798 0.73 0.848 0.854 0.931 0.969 0.948 0.904

362 1.18 0.725| 0.726 | 0.832 0.849 0.922 0.953 0.939 0.871

364 1.153 0.661 0.71| 0.814 0.828 0.903 0.91 0.895 0.833

366 1.137 0.595| 0.696 | 0.788 0.816 0.88 0.874 0.864 0.801

368 1.124 0.541 | 0.682 0.766 0.8 0.859 0.855 0.829 0.775

370 1.099 0.498 | 0.672 0.744 0.787 0.84 0.833 0.802 0.744

372 1.122 0.463 | 0.673 0.744 0.788 0.841 0.822 0.79 0.734

374 1.113 0434 | 0.671 0.739 0.788 0.839 0.8 0.771 0.709

376 1.089 0.411 | 0.673 0.73 0.79 0.833 0.797 0.758 0.691

378 1.085 0.388 | 0.662 0.72 0.777 0.819 0.784 0.742 0.675

380 1.075 0.37 | 0.655 0.7 0.764 0.809 0.764 0.723 0.649

382 1.088 0.359 | 0.654 | 0.695 0.764 0.807 0.757 0.718 0.648

384 1.078 0.346 | 0.649 0.691 0.764 0.801 0.755 0.706 0.638

386 1.068 0.336 | 0.645 0.681 0.755 0.792 0.745 0.701 0.629

388 1.07 0.327 | 0.648 0.683 0.757 0.792 0.737 0.693 0.619

390 1.072 0.32 | 0.651 0.679 0.754 0.791 0.737 0.687 0.615

392 1.075 0.317 | 0.648 | 0.679 0.758 0.793 0.734 0.686 0.608

394 1.064 0.314 | 0.639 | 0.675 0.751 0.779 0.726 0.678 0.608

396 1.058 0.312 | 0.639 0.67 0.75 0.779 0.718 0.675 0.603

398 1.068 0.314 0.64 0.674 0.753 0.781 0.719 0.673 0.604

400 1.072 0.317 | 0.642 0.675 0.756 0.781 0.722 0.673 0.605

402 1.083 0.323 | 0.647 0.678 0.759 0.79 0.727 0.679 0.608

404 1.084 0329 | 0.652| 0.684 0.76 0.786 0.729 0.682 0.61

406 1.093 0.338 | 0.653| 0.681 0.761 0.786 0.728 0.682 0.613

408 1.092 0.349 | 0.653| 0.681 0.763 0.787 0.733 0.683 0.615

410 1.104 0.362 | 0.658 | 0.686 0.77 0.79 0.736 0.691 0.62

412 1.108 0.378 | 0.662 0.691 0.769 0.793 0.739 0.694 0.625
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414 1.113 0.396 0.66 | 0.688 0.77 0.795 0.745 0.7 0.628

416 1.116 0.416 | 0.662| 0.692 0.777 0.797 0.753 0.704 0.636

418 1.132 0.437 | 0.663| 0.698 0.782 0.803 0.755 0.711 0.643

420 1.123 0.46 | 0.665| 0.699 0.781 0.804 0.76 0.717 0.649

422 1.126 0.485| 0.667 | 0.703 0.782 0.806 0.765 0.725 0.656

424 1.128 0.51| 0.667| 0.704 0.783 0.808 0.766 0.727 0.661

426 1.128 0.537| 0.664| 0.705 0.781 0.812 0.77 0.732 0.666

428 1.123 0.566 0.66 | 0.703 0.778 0.804 0.771 0.734 0.671

430 1.13 0.594 | 0.663 0.708 0.778 0.806 0.777 0.743 0.678

432 1.135 0.624 | 0.665| 0.712 0.784 0.814 0.785 0.753 0.688

434 1.136 0.654 | 0.666 | 0.717 0.788 0.818 0.791 0.762 0.698

436 1.133 0.687 | 0.666 0.721 0.787 0.819 0.797 0.767 0.706

438 1.139 0.719 | 0.666 0.726 0.79 0.822 0.802 0.777 0.715

440 1.146 0.752 | 0.668 0.729 0.796 0.829 0.813 0.786 0.726

442 1.139 0.783 | 0.667 0.732 0.794 0.829 0.816 0.793 0.737

444 1.139 0.813 | 0.666 0.734 0.793 0.83 0.821 0.798 0.743

446 1.145 0.846 | 0.668 0.74 0.799 0.837 0.833 0.811 0.756

448 1.152 0.885 0.67 0.745 0.802 0.841 0.843 0.824 0.768

450 1.142 0.913 0.67 0.744 0.801 0.841 0.846 0.829 0.775

452 1.152 0941 | 0.671 0.753 0.806 0.846 0.852 0.841 0.786

454 1.161 0.967 | 0.673 0.758 0.808 0.85 0.863 0.849 0.797

456 1.169 0991 | 0.676 0.763 0.811 0.855 0.873 0.858 0.807

458 1.174 1.013| 0.681 0.77 0.815 0.861 0.883 0.873 0.818

460 1.178 1.03| 0.684| 0.776 0.819 0.865 0.892 0.884 0.83

462 1.163 1.047 | 0.675 0.77 0.813 0.858 0.888 0.881 0.831

464 1.149 1.062 0.67 | 0.768 0.806 0.853 0.884 0.88 0.831

466 1.147 1.073 0.67 | 0.769 0.808 0.856 0.889 0.885 0.837

468 1.145 1.085| 0.667 0.767 0.805 0.856 0.891 0.888 0.84

470 1.126 1.091| 0.659 0.762 0.799 0.849 0.887 0.885 0.838

472 1.121 1.096 | 0.654 0.76 0.794 0.845 0.886 0.884 0.839

474 1.111 1.099 | 0.654 | 0.758 0.792 0.844 0.885 0.884 0.839

476 1.107 1.093 | 0.648 0.753 0.787 0.839 0.882 0.884 0.836

478 1.103 1.092 | 0.646 | 0.752 0.786 0.839 0.88 0.885 0.837

480 11 1.086 | 0.643 0.75 0.784 0.836 0.883 0.882 0.835

482 1.092 1.071| 0.643 0.749 0.783 0.836 0.882 0.883 0.836
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484 1.092 1.053 | 0.644 | 0.751 0.785 0.835 0.881 0.883 0.836

486 1.062 1.038 | 0.624 | 0.732 0.764 0.815 0.862 0.864 0.819

488 1.042 1.009 | 0.614 0.72 0.752 0.804 0.849 0.851 0.804

490 1.023 0.983 | 0.602| 0.708 0.739 0.791 0.834 0.838 0.791

492 1.009 0.95| 0.597 0.7 0.734 0.784 0.825 0.827 0.783

494 0.979 092 | 0581| 0.681 0.716 0.763 0.805 0.804 0.76

496 0.961 0.88| 0571| 0.671 0.706 0.751 0.791 0.79 0.745

498 0.945 0.845| 0.566 | 0.664 0.701 0.744 0.78 0.779 0.733

500 0.92 0.802 | 0.553 0.646 0.685 0.728 0.761 0.759 0.712

502 0.899 0.756 | 0541 | 0.632 0.674 0.714 0.743 0.736 0.69

504 0.879 0.714 | 0533 | 0.621 0.663 0.701 0.726 0.72 0.67

506 0.86 0.673 | 0526 | 0.609 0.653 0.688 0.71 0.703 0.651

508 0.843 0.633 | 0.516 0.595 0.642 0.675 0.694 0.685 0.632

510 0.828 0.592 | 0.509 0.584 0.636 0.665 0.678 0.667 0.614

512 0.813 0.553 | 0.501 0.572 0.626 0.654 0.661 0.647 0.593

514 0.799 0.511 | 0.492 0.558 0.617 0.642 0.644 0.625 0.57

516 0.786 0.474 | 0.486 | 0.548 0.61 0.633 0.627 0.608 0.551

518 0.78 0.44 | 0.484| 0.542 0.605 0.625 0.615 0.595 0.536

520 0.766 0.411 | 0.477 0.53 0.595 0.613 0.599 0.576 0.518

522 0.751 0.383 | 0.469 | 0.517 0.585 0.601 0.585 0.559 0.499

524 0.746 0.349 | 0.467 0.511 0.582 0.595 0.573 0.546 0.485

526 0.741 0.321 | 0.465 0.506 0.581 0.591 0.564 0.536 0.472

528 0.736 0.297 | 0.464 0.501 0.579 0.586 0.555 0.527 0.461

530 0.717 0.282 | 0.453| 0.487 0.566 0.573 0.538 0.507 0.442

532 0.697 0.264 | 0.442 0.472 0.554 0.559 0.52 0.488 0.423

534 0.691 0.241 | 0.441 0.467 0.551 0.554 0.512 0.479 0.412

536 0.682 0.226 | 0.436 0.46 0.545 0.547 0.502 0.467 0.401

538 0.675 0.211 | 0.432 0.455 0.54 0.541 0.494 0.457 0.391

540 0.674 0.197 | 0.433 0.453 0.54 0.54 0.49 0.453 0.386

542 0.675 0.185| 0.435 0.453 0.543 0.541 0.488 0.451 0.383

544 0.657 0.176 | 0.424 0.441 0.53 0.527 0.473 0.435 0.366

546 0.651 0.166 0.42 0.435 0.526 0.522 0.466 0.427 0.36

548 0.65 0.158 0.42 | 0.433 0.525 0.521 0.463 0.424 0.355

550 0.644 0.151 | 0.417 0.428 0.521 0.515 0.458 0.418 0.349

552 0.645 0.141 | 0.418 0.429 0.522 0.515 0.456 0.417 0.346
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554 0.643 0.134 | 0.418 0.427 0.521 0.514 0.454 0.413 0.343

556 0.64 0.129 | 0416 | 0.424 0.518 0.51 0.45 0.409 0.339

558 0.638 0.123 | 0.414| 0.422 0.516 0.508 0.445 0.406 0.336

560 0.637 0.117 | 0.415| 0421 0.515 0.508 0.443 0.404 0.333

562 0.635 0.112 | 0.413 0.42 0.515 0.506 0.441 0.402 0.331

564 0.631 0.108 | 0.412| 0.416 0.513 0.503 0.438 0.398 0.328

566 0.634 0.105| 0.413| 0.416 0.514 0.504 0.439 0.398 0.327

568 0.629 0.101| 0.409| 0.414 0.51 0.501 0.435 0.394 0.323

570 0.625 0.097 | 0.408 0411 0.507 0.498 0.432 0.392 0.321

572 0.625 0.093 | 0.407 0.41 0.508 0.498 0.432 0.391 0.321

574 0.622 0.09 | 0.406| 0.408 0.507 0.496 0.43 0.388 0.318

576 0.617 0.088 | 0.403 | 0.403 0.503 0.491 0.425 0.384 0.315

578 0.613 0.085| 0.399 0.4 0.5 0.487 0.423 0.381 0.31

580 0.611 0.082 | 0.398 0.399 0.498 0.485 0.419 0.378 0.307

582 0.61 0.078 | 0.398 0.397 0.496 0.484 0.419 0.378 0.308

584 0.61 0.075| 0.398 0.398 0.498 0.486 0.419 0.378 0.307

586 0.611 0.073 | 0.399| 0.397 0.498 0.485 0.418 0.377 0.307

588 0.61 0.069 | 0.398 | 0.396 0.497 0.483 0.417 0.377 0.306

590 0.609 0.066 | 0.397 | 0.396 0.498 0.484 0.417 0.376 0.305

592 0.607 0.064 | 0.396 | 0.393 0.495 0.482 0.415 0.375 0.303

594 0.606 0.062 | 0.397 0.392 0.494 0.481 0.414 0.374 0.302

596 0.606 0.058 | 0.398 0.393 0.495 0.481 0.416 0.373 0.302

598 0.604 0.056 | 0.394 0.392 0.495 0.48 0.413 0.372 0.301

600 0.597 0.054 | 0.391| 0.386 0.491 0.475 0.409 0.368 0.297

602 0.597 0.051| 0.391| 0.386 0.491 0.475 0.409 0.369 0.298

604 0.602 0.047 | 0.395 0.39 0.494 0.479 0.413 0.372 0.3

606 0.6 0.045| 0.393| 0.388 0.492 0.476 0.411 0.369 0.298

608 0.593 0.043 | 0.389 0.382 0.487 0471 0.406 0.365 0.294

610 0.594 0.039 | 0.389 0.381 0.487 0471 0.405 0.365 0.294

612 0.593 0.038 | 0.388 0.38 0.485 0.47 0.404 0.363 0.292

614 0.587 0.036 | 0.386 | 0.377 0.483 0.466 0.401 0.361 0.289

616 0.589 0.032 | 0.386| 0.378 0.484 0.466 0.401 0.361 0.289

618 0.591 0.029 | 0.387| 0.378 0.484 0.467 0.401 0.362 0.29

620 0.59 0.027 | 0.387| 0.377 0.485 0.468 0.402 0.362 0.29

622 0.589 0.025| 0.387 0.376 0.483 0.466 0.4 0.361 0.29
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624 0.588 0.023| 0.386| 0.375 0.484 0.465 0.4 0.362 0.289
626 0.589 0.021| 0.387| 0.376 0.485 0.467 0.401 0.362 0.291
628 0.587 0.018 | 0.386 | 0.375 0.482 0.465 0.399 0.361 0.289
630 0.583 0.016 | 0.384| 0.371 0.48 0.463 0.396 0.358 0.286
632 0.58 0.015| 0.382 0.37 0.479 0.461 0.395 0.356 0.283
634 0.581 0.012 0.38 | 0.369 0.478 0.46 0.394 0.355 0.283
636 0.578 0.011| 0.379| 0.366 0.476 0.457 0.392 0.354 0.281
638 0.575 0.009 | 0.378| 0.364 0.473 0.454 0.39 0.352 0.279
640 0.572 0.007 | 0.375| 0.363 0.472 0.451 0.387 0.349 0.278
642 0.568 0.006 | 0.373 0.36 0.469 0.45 0.385 0.348 0.277
644 0.568 0.006 | 0.372| 0.358 0.467 0.449 0.384 0.346 0.277
646 0.566 0.005| 0.371| 0.358 0.467 0.449 0.383 0.346 0.275
648 0.565 0.003 0.37| 0.357 0.466 0.448 0.383 0.345 0.273
650 0.564 0.002 | 0.371| 0.356 0.466 0.447 0.382 0.345 0.274

Table 3: Absorbance spectroscopy data of Plasma, 25-desacetyl rifampicin and Plasma with 25-

desacetyl rifampicin at different concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5

pg/mi
D-RIF D-RIF D-RIF | D-RIF
Wavelength D- 1 D-RIF 10 D-RIF D-RIF 25 30
[nm] RIF pag/ml | 5Sug/ml | pg/ml | 15pg/ml | 20pg/ml | pg/ml | pg/ml | plasma
220 | -0.952 | -1.088 0.647 | -0.466 -0.901 -0.426 | -1.098 | -0.554 | -0.803
222 | -0.474 0.856 0.856 | -1.034 -0.478 -0.091 | -0.753 -0.36 | -0.327
224 | -0.993 0.114 -1.408 | -1.459 -1.579 -1.126 | -1.798 | -0.888 | -1.127
226 | -0.368 | -0.946 0.323 | -1.189 | -0.943 0.323 | -0.185| 0.323| 0.323
228 | -0.311 | -1.022 -0.499 | -1.066 0.237 -0.032 -0.55 | 0.237 0.237
230 | 0.134| -0.549 -0.009 -0.32 0.134 0.134 0.134 | -0.204 0.134
232 | -0.284 | -0.517 0.196 | -0.613 0.226 -0.443 0.21 | -0.604 0.226
234 | -0.118 | -0.549 0 0 0 -0.958 | -0.577 | -0.268 0
236 | 0.064 | -0.181 -0.377 | -0.473 0.064 0.064 | -0.547 | 0.064 0.034
238 | 0.354| -0.293 -0.097 | -0.011 0.354 0.353 | -0.413 | 0.354 0.164
240 | 0.403 | -0.213 | -0.216 | -0.306 | -0.292 0.517 | 0.517 | -0.268 | -0.112
242 | 0.025| 0.025| -0.554 | -0.252 | -0.069 0.025| 0.025| -0.028 | 0.025
244 0| -0.227 0 0 0 0| -0.252 0 0
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246 0 0 0 0 0 0 0 0 0
248 0 0 0 0 0 0 0 0 0
250 0| -0.208 0| -0.276 0 -0.406 0 0 0
252 | -0.033 | -0.167 -0.157 | -0.228 0.033 -0.052 -0.1| -0.152 | 0.126
254 | 0.043 | -0.279 -0.226 | 0.043 0.043 -0.105 | -0.099 | -0.281 | -0.133
256 0| -0.263 0 -0.13 0 0 0| -0.467 0
258 0 0 0| -0.312 0 -0.287 | -0.171 | -0.177 0
260 0 0 0 0 0 0 0 0 0
262 | 0.135 0.015 -0.023 | 0.135 0.135 0.135| 0.135| 0.135| 0.135
264 0 0 0| -0.007 0 0 0 0 0
266 | -0.023 | -0.429 0 0 -0.28 0 0 0 -0.13
268 0| -0.076 0 0 0 0 0| -0.148 0
270 0 0 0 0 0 0 0 0 0
272 0 0 0 0 0 0 0 0 0
274 | 0.153 0.153 0.153 | -0.062 0.113 0.06 | 0.153| -0.055| 0.025
276 0 0 0 0 0 0 0 0 0
278 | 0.024 0.024 0.024 | 0.024 0.024 0.024 | 0.024| 0.024| 0.024
280 | 0.246 0.248 0.248 | 0.155 -0.009 0.248 0.11 | 0.248 | 0.248
282 | 0.351 0.871 0.871 | 0.504 0.871 0.446 | 0.424 0.7 0871
284 1.34 1.34 1.34 1.34 1.34 1.193 1.318 1.34 1.34
286 | 1.781 1.809 1782 | 1.809 1.809 1.809 1.809 | 1.809 1.809
288 | 1.275 1.865 151 | 1.808 1.996 1.63 1745 1.975| 1791
290 | 1.206 1.842 208 | 2.364 2.364 2.364 1928 | 2364 | 2361
292 | 1.264 2.481 2408 | 2.387 2.481 2.481 2102 | 2481 | 2181
294 | 1.304 2.611 2611 | 2611 2.611 2.611 2611 | 2611 | 2611
296 | 1.225 2.791 2791 | 2791 2.791 2.791 2791 2791 2791
298 | 1.151 2.512 2938 | 2.604 2.707 2938 | 2938 | 2938 | 2.634
300 | 1114 2.606 2639 | 2351 2.592 2796 | 3.033| 2464 | 2353
302 | 1.088 2.268 2474 | 2312 2.576 2504 | 2344 2439 | 2372
304 | 1.092 2.305 2.364 | 2.442 2.348 2653 | 2243 | 2218 | 2.383
306 | 1.098 1.984 2.003 | 2.105 2.152 2124 | 2204 | 2312 | 2651
308 | 1.114 1.628 1.812 1.72 1.833 1.762 1.76 | 1972 | 2.357
310 1.14 1.485 1.671 | 1.594 1.645 1.609 1.65| 1846 | 3.215
312 | 1.173 1.327 1.498 | 1.365 1.516 1.483 1.479 | 1.615| 2541
314 | 1.219 1.209 1411 | 1.298 1.376 1.379 1.392 | 1.492 2.39
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316 | 1.282 1111 1.309 | 1.205 1.324 1314 | 1.287| 1386 | 2351

318 | 1.331 1.09 1294 | 1.175 1.32 1276 | 1247 | 1312 | 2.236

320 | 1.338 1.041 1.243 | 1.154 1.277 1.242 1195 | 1.251| 2.166

322 | 1.486 1.008 1.245 | 1.115 1.252 1.205 1.189 | 1.258 | 2.083

324 | 1.476 0.972 1.227 | 1.084 1.215 1.2 1.183 | 1.208 | 1.974

326 | 1.493 0.949 1.229 | 1.077 1.217 1.195 118 | 1.192 1.94

328 | 1.621 0.955 1.262 | 1.077 1.25 1.199 117 1.181| 1.991

330 | 1.603 0.94 1.221 | 1.047 1.205 1.155 1.143 111 | 1.882

332 | 1572 0.932 1231 | 1.033 1.216 1.161 1.147 | 1.122 1.776

334 | 1.589 0.908 1211 | 1.014 1.2 1.137 1.142 | 1.117 1.901

336 | 1.516 0.903 1.206 | 1.027 1.185 1.171 1.151 | 1.097 | 1.955

338 | 1.517 0.881 1.191 1.01 1.19 1.168 1.122 1.11 1.92

340 | 1.513 0.89 1.149 | 0.997 1.181 1.148 1.09 1.08 | 1.949

342 | 1.489 0.86 1.159 | 0.999 1.161 1.125 1.076 | 1.056 | 1.885

344 | 1.293 0.844 1.15| 0.983 1.14 1.102 1.069 | 1.051 1.814

346 | 1.182 0.828 1.139 | 0.948 1.111 1.076 1.041| 1.065| 1.687

348 | 1.088 0.821 1.08 0.93 1.074 1.061 1.019| 1.036| 1714

350 | 0.986 0.809 1.057 | 0.913 1.084 1.048 1.017 | 1.039 | 1.892

352 | 0.853 0.794 1.006 0.89 1.015 0.981 0972 | 1.011 1.764

354 | 0.756 | 0.788 0.983 | 0.898 0.984 0.957 | 0.958 | 0.99 | 1.744

356 | 0.669 0.769 0.933| 0.873 0.947 0935 | 0926 | 0984 | 1.691

358 | 0.607 0.759 0.901| 0.848 0.916 0914 | 0919 | 0968 | 1.746

360 | 0.544 0.744 0.86 | 0.822 0.885 0.884 | 0.885| 0.962 1.699

362 | 0.505| 0.742 0.839 | 0.821 0.876 0.869 | 0.876| 0962 | 1.773

364 | 0.469 | 0.725 0.814 | 0.811 0.855 0.851 | 0.862| 0.951| 1.706

366 | 0.439| 0.716 0.789 | 0.788 0.822 0824 | 0.833| 0.929| 1.689

368 | 0.416 | 0.703 0.764 | 0.776 0.809 0.804 | 0.823| 00914 | 1.626

370 | 0.397 0.708 0.75| 0.768 0.799 0.782 0.804 0.9 1.574

372 | 0.386 0.706 0.737 | 0.774 0.797 0.784 | 0.796 | 0.904 | 1.593

374 | 0.375 0.69 0.728 | 0.758 0.779 0.773| 0.802| 0.898| 1.604

376 | 0.368 0.687 0.718 | 0.748 0.768 0.77| 0.798 | 0904 | 1.623

378 | 0.362 0.691 0.707 | 0.745 0.751 0.755| 0.781| 0.898 | 1.592

380 | 0.356 | 0.676 0.699 | 0.737 0.743 0.743 | 0.775| 0.884 1.53

382 | 0.358 | 0.678 0.69| 0.741 0.745 0.74 | 0.771 0.89 | 1.589

384 | 0.354 0.679 0.683 0.74 0.738 0.74| 0.765| 0.886| 1.586

280




Stellenbosch University https://scholar.sun.ac.za

386 0.35| 0.672 0.682 0.73 0.735 0.737 | 0.754 | 0.871| 1.562

388 | 0.348 | 0.672 0.675| 0.729 0.724 0.732 0.76 | 0.877| 1.579

390 | 0.343 0.672 0.672 | 0.727 0.728 0.735| 0.762 | 0.875| 1.573

392 | 0.339| 0.669 0.668 | 0.727 0.727 0.729 | 0.762 0.88 | 1.566

394 | 0.337 | 0.665 0.663 | 0.725 0.718 0.721 | 0.753| 0.871 1.53

396 | 0.332| 0.666 0.66 | 0.716 0.714 0.725 0.75 0.87| 1518

398 | 0.328 | 0.666 0.664 | 0.724 0.713 0.726 | 0.749 | 0.868 | 1.561

400 | 0.322| 0.669 0.663 | 0.727 0.715 0.722 0.75| 0.875| 1.559

402 | 0.314 0.676 0.668 | 0.726 0.719 0.725 0.76 | 0.871 1.57

404 | 0.308 0.676 0.67 | 0.732 0.725 0.727 0.76 | 0.872 | 1.566

406 | 0.303| 0.675 0.669 | 0.732 0.721 0.728 | 0.759 | 0.872 | 1.555

408 | 0.299 0.674 0.668 | 0.732 0.723 0.727 | 0.757 | 0.871| 1.565

410 | 0.293 0.679 0.672 | 0.737 0.728 0.731 0.761| 0876 | 1.577

412 | 0.289 0.681 0.673 | 0.741 0.73 0.735| 0.766 | 0.878 | 1.581

414 | 0.282 0.683 0.676 | 0.739 0.729 0.736 | 0.767| 0.875| 1.586

416 | 0.277 0.686 0.681 | 0.743 0.732 0.738 | 0.772 | 0.882 1.62

418 | 0.273 0.689 0.687 | 0.749 0.739 0.743| 0.772| 0.884 | 1.617

420 | 0.268 0.686 0.688 | 0.745 0.741 0.744 | 0.773 0.88 | 1.607

422 | 0.267 0.687 0.692 | 0.747 0.74 0.745 0.774 0.88 1.608

424 | 0.266 0.687 0.692 | 0.746 0.741 0.747 0.774 | 0.877 1.616

426 | 0.266 0.685 0.692 | 0.745 0.74 0.747 0.773| 0.873| 1.605

428 | 0.266 0.683 0.693 | 0.742 0.738 0.744 0.77 | 0.869 1.59

430 | 0.265 0.684 0.698 | 0.745 0.743 0.747 0.773| 0.873| 1.588

432 | 0.264 0.687 0.704 0.75 0.749 0.751 0.778 | 0.871 1.618

434 | 0.266 0.687 0.708 | 0.749 0.751 0.756 | 0.781| 0.874| 1.611

436 | 0.269 0.687 0.712 | 0.751 0.753 0.757 0.782 | 0.871 1.606

438 | 0.269 0.687 0.715| 0.753 0.755 0.759 0.784 | 0.872 1.61

440 | 0.269 0.69 0.72 | 0.755 0.761 0.763 | 0.787 | 0.873| 1.611

442 0.27 0.688 0.724 | 0.756 0.762 0.763 | 0.786 | 0.871 1.604

444 | 0.272 0.688 0.726 | 0.755 0.766 0.767 0.787 | 0.867 1.6

446 | 0.272 0.692 0.733 | 0.758 0.77 0.772 0.792 | 0.869 1.613

448 | 0.274 0.693 0.739 0.76 0.776 0.776 0.794 | 0.872 1.615

450 | 0.276 0.69 0.742 | 0.761 0.776 0.774 | 0.795| 0.868 | 1.606

452 | 0.277 | 0.694 0.748 | 0.766 0.782 0.781| 0.799 | 0.871| 1.617

454 | 0.279 0.696 0.753 | 0.767 0.786 0.785| 0.802| 0.874| 1.621

281




Stellenbosch University https://scholar.sun.ac.za

456 | 0.281| 0.697 0.758 | 0.769 0.791 0.789 | 0.805| 0.875| 1.637

458 | 0.281 0.7 0.764 | 0.775 0.796 0.796 | 0.811| 0.877| 1.635

460 | 0.282 0.702 0.772 | 0.777 0.801 08| 0814| 0878| 1.636

462 | 0.286 | 0.696 0.768 0.77 0.794 0.793| 0.809| 0.869| 1.619

464 | 0.288 | 0.691 0.765 | 0.765 0.792 0.789 | 0.805| 0.863 | 1.598

466 | 0.288 | 0.691 0.766 | 0.764 0.794 0.791| 0.804 | 0.861 1.6

468 0.29 | 0.687 0.766 | 0.763 0.791 0.789 | 0.804 | 0.857 | 1.592

470 | 0.292 0.68 0.76 | 0.756 0.788 0.783 | 0.797 | 0.848 1.58

472 | 0.292 0.677 0.759 | 0.753 0.786 0.782 0.792 | 0.844 1.57

474 |1 0.293 0.673 0.757 | 0.751 0.782 0.778 | 0.791| 0.842 1.568

476 | 0.294 0.67 0.753 | 0.747 0.779 0.775| 0.787 | 0.838 | 1.555

478 | 0.295 0.668 0.751 | 0.745 0.778 0.773| 0.784| 0.832| 1.554

480 | 0.296 0.664 0.75| 0.741 0.775 0.77 0.781 | 0.832 1.55

482 | 0.294 0.662 0.751| 0.739 0.774 0.771 0.781 | 0.833| 1.546

484 | 0.294 0.663 0.75| 0.739 0.773 0.771 0.781 | 0.832 1.54

486 | 0.299 0.647 0.73| 0.722 0.757 0.751 0.763 | 0.813 | 1.507

488 | 0.299 0.637 0.718 0.71 0.744 0.74 0.752 | 0.802 1.485

490 0.3 0.627 0.706 0.7 0.733 0.728 0.74 0.79 1.464

492 | 0.298 0.623 0.701 | 0.694 0.728 0.722 0.735| 0.783 | 1.457

494 | 0.301 0.606 0.681 | 0.678 0.712 0.704 | 0.716 | 0.767 1.416

496 | 0.299 0.597 0.669 | 0.667 0.701 0.694 | 0.706 | 0.757 1.397

498 | 0.297 0.591 0.661 | 0.661 0.694 0.688 0.7] 0.752 1.387

500 | 0.298 0.578 0.647 | 0.648 0.679 0.673 | 0.687 | 0.737 1.353

502 | 0.298 | 0.568 0.631 | 0.636 0.667 0.661 | 0.674| 0.725| 1.331

504 | 0.297 0.559 0.619 | 0.626 0.655 0.647 | 0.662| 0.716 | 1.311

506 | 0.297 0.55 0.606 | 0.618 0.644 0.638 | 0.652| 0.706 | 1.294

508 | 0.295| 0.541 0.595 | 0.608 0.633 0.628 | 0.643| 0.699 | 1.274

510 | 0.295 0.534 0.583 | 0.598 0.625 0.618 | 0.634 0.69 1.258

512 | 0.294 0.529 0.57| 0.591 0.614 0.607 0.625| 0.683| 1.238

514 | 0.295 0.521 0.557 | 0.582 0.604 0596 | 0.615| 0.675| 1.222

516 | 0.295| 0.515 0.547 | 0.574 0.594 0.588 | 0.607 | 0.668 | 1.208

518 | 0.294 | 0.512 0.54 0.57 0.587 0.583 06| 0.664| 1.203

520 | 0.295| 0.504 0.528 | 0.561 0.578 0.573 | 0591 | 0.656 | 1.189

522 | 0.295| 0.496 0.516 | 0.553 0.567 0.562 | 0.583| 0.648 | 1.172

524 | 0.294 0.494 0.509 0.55 0.562 0558 | 0579 | 0.646| 1.165
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526 | 0.293 | 0.493 0.504 | 0.548 0.559 0.555| 0577 | 0.645| 1.163

528 | 0.292 0.49 0.499 | 0.546 0.554 0.55| 0575 0.644 | 1.158

530 | 0.295| 0.481 0.486 | 0.536 0.542 0.537 | 0.562| 0.631| 1.135

532 | 0.296 0.471 0.471 | 0.525 0.531 0.525 | 0.549| 0.619 111

534 | 0.295| 0.469 0.466 | 0.521 0.526 0.522 | 0.546| 0.618| 1.102

536 | 0.296 | 0.465 0.458 | 0.517 0.52 0.516 054| 0.613| 1.093

538 | 0.295| 0.462 0.454 | 0.514 0.515 0.511| 0.537| 0.608 | 1.086

540 | 0.293 | 0.461 0.452 | 0.512 0.513 0.511| 0.536 0.61| 1.084

542 | 0.291 0.462 0.451| 0.512 0.512 0.511 0.537 0.61 1.085

544 | 0.293 | 0.453 0.438 | 0.503 0.503 0499 | 0.525| 0.599 | 1.067

546 | 0.293 | 0.451 0.434 0.5 0.499 0.495| 0.521| 0.595| 1.058

548 | 0.291 0.451 0.432 | 0.499 0.497 0.494 0.52 | 0594 | 1.056

550 | 0.291 0.448 0.428 | 0.496 0.494 0.49 0.516 | 0.591 1.05

552 | 0.287 0.447 0.427 | 0.495 0.493 0.49 0.516 | 0.591 1.05

554 | 0.284 0.446 0.425| 0.494 0.492 0.489 0.515| 0.591 1.047

556 | 0.282 0.444 0.423 | 0.492 0.488 0486 | 0512 | 0.588 | 1.044

558 | 0.279 0.443 0.42 0.49 0.487 0.483 | 0.511| 0.586 | 1.041

560 | 0.276 | 0.443 0.419 | 0.489 0.485 0.481| 0.509| 0.585| 1.042

562 | 0.273 0.442 0.417 | 0.489 0.482 0.481 0.507 | 0.583 | 1.038

564 0.27 0.44 0.414 | 0.488 0.48 0.479 0.506 | 0.583 | 1.034

566 | 0.265 0.44 0.414 | 0.487 0.48 0.479 0505 | 0.583| 1.034

568 | 0.262 0.438 0.411| 0.485 0.476 0476 | 0.504 | 0.581 1.028

570 | 0.259 0.436 0.407 0.48 0.474 0.473 05| 0577 1.025

572 | 0.254 0.436 0.405 | 0.481 0.473 0.472 05| 0.576 1.025

574 0.25 0.435 0.404 0.48 0.472 0.47 0.497 | 0.576 1.022

576 | 0.245 0.432 0.4 | 0.477 0.468 0.467 0.495 | 0.573 1.015

578 | 0.242 0.43 0.397 | 0.474 0.466 0.463 | 0.491| 0.569 1.01

580 | 0.238 0.427 0.394 | 0472 0.462 0.461 0.489 | 0.565| 1.007

582 0.23 0.427 0.393| 0471 0.461 046 | 0.487| 0.566| 1.004

584 | 0.225 0.428 0.394 | 0472 0.462 046 | 0.488| 0.566 1.01

586 0.22 0.427 0.393 | 0472 0.46 046 | 0.486| 0.566 | 1.007

588 | 0.213 | 0.426 0.391 0.47 0.459 0.458 | 0.485| 0.564 | 1.005

590 | 0.208 | 0.424 0.39| 0.469 0.458 0.457 | 0.485| 0.564 | 1.002

592 | 0.202 | 0.425 0.387 | 0.467 0.456 0.455 | 0.483| 0.562 1

594 | 0.196 0.423 0.386 | 0.467 0.455 0454 | 0481 | 0.561| 0.999
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596 | 0.187 0.423 0.385 | 0.466 0.454 0454 | 0481| 0.562| 0.999
598 | 0.182 0.422 0.384 | 0.466 0.452 0.453 | 0.479 0.56 | 0.996
600 | 0.178 0.418 0.38 | 0.462 0.448 0.448 | 0.475| 0.556 | 0.988
602 | 0.169 0.418 0.379 | 0.462 0.447 0.447 | 0.477| 0.557| 0.992
604 | 0.162 0.421 0.38 | 0.463 0.45 0.45| 0478 | 0559 | 0.994
606 | 0.156 0.419 0.378 | 0.462 0.447 0.448 | 0.476| 0.557 0.99
608 | 0.149 0.415 0.374 | 0.458 0.443 0.443 | 0472 | 0552 | 0.985
610 | 0.142 0.415 0.373 | 0.458 0.442 0.443 | 0471| 0.551| 0.982
612 | 0.137 0.415 0.37| 0.456 0.441 0441 | 0469 | 0551 | 0.981
614 | 0.131 0.412 0.366 | 0.453 0.436 0.437 | 0.467| 0548 | 0.972
616 | 0.124 | 0.411 0.366 | 0.452 0.435 0.438 | 0.465| 0.547 | 0.974
618 | 0.117 0.411 0.366 | 0.452 0.436 0.437 | 0.466 | 0.547 | 0.978
620 | 0.111 0.41 0.366 | 0.451 0.435 0437 | 0466 | 0548 | 0.978
622 | 0.105 0.411 0.365 0.45 0.432 0435| 0464 | 0547 | 0.976
624 | 0.098 0.41 0.363 | 0.452 0.432 0435| 0463 | 0546 | 0.976
626 | 0.093 0.41 0.364 | 0.451 0.432 0435| 0464 | 0547 | 0.977
628 | 0.087 0.408 0.361 | 0.449 0.43 0432 | 0461 | 0544 | 0.973
630 | 0.082 0.406 0.357 | 0.446 0.427 0.429 | 0.459 0.54 | 0.969
632 | 0.078 0.404 0.354 | 0.444 0.425 0.427 | 0.457 0.54 | 0.965
634 | 0.072 0.403 0.354 | 0.444 0.423 0426 | 0.455| 0.539 | 0.965
636 | 0.067 0.402 0.352 | 0.441 0421 0424 | 0453 | 0.537| 0.961
638 | 0.063 0.4 0.349 0.44 0.419 0421 045| 0.535| 0.956
640 | 0.058 0.398 0.347 | 0.436 0.417 042 | 0448 | 0.532| 0.949
642 | 0.055 0.397 0.345 | 0.435 0.416 0.417 | 0.447| 0.529 | 0.947
644 0.05 0.395 0.344 | 0.434 0.413 0.415| 0.445| 0.527 | 0.946
646 | 0.047 0.395 0.342 | 0.433 0.413 0.414 | 0.444| 0.527| 0.947
648 | 0.044 | 0.394 0.341 | 0.432 0.411 0413 | 0.443| 0.526 | 0.944
650 0.04 | 0.393 0.34| 0432 0411 0412 | 0442 | 0.525| 0.942
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Table 4: Absorbance spectroscopy data of Plasma, Pyrazinamide and Plasma with Pyrazinamide at

different concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5 pg/mi

PYR PYR PYR PYR
Wavelength PYR | PYR5 10 15 20 25 PYR 30
[nm] Plasma | PYR | 1ug/ml | pg/ml | pg/ml pg/ml pa/ml | pg/ml pg/ml
220 | -0.383 | -1.02 | -1.087 | 0.647 -0.57 | -0.248 | -0.942| -0.962 -1.269
222 | -0.048 | -0.884 | -0.581 | -0.087 | -0.235| -0.696 | -0.596 | -0.235 -0.638
224 1 -1.394 | 0.114| -1518| -1.131| -1.083 -1.639 | -0.794 | -1.042 0.114
226 -0.74 | -1.096 | -0.618 | -1.089 | -0.539 0.323 | -0.661 0.323 0.323
228 | -1.205| -0.908 | -0.211 | -0455| -0.852 | -0.605| 0.237| 0.237 0.237
230 -0.25| 0491 | 0.134| 0.134| -0.498 -0.187 | -0.075 | -0.393 0.134
232 | -0.317 | -0.269 | 0.226 0.226 | -0.459 -0.084 | -0.296 | -0.333 0.226
234 | -0.533| -0.65]| -0.063 0| -0.134 0| -0.685 0 0
236 0.064 | -0.135| 0.064 | 0.064 | -0.664 0.064 0.064 0.064 0.064
238 | 0.104 | -0.396 | 0.354| 0.354| -0.055 0.229 | -0.198 0.354 0.354
240 | -0.356 | -0.431 | 0.238 0.517 0.222 0.517 0.251 | -0.068 0.517
242 | 0.025| -0.153 | 0.025| 0.025| -0.06 0.025| 0.025| -0.139 0.025
244 0 0 0 0 0 0 0 0 -0.514
246 0 0 0 0 0 0 0 0 0
248 0 0| -0.074 0 0 0 0 0 0
250 | -0.034 | -0.021 | -0.057 0 0 -0.158 0 0 0
252 0.387 | -0.173 | 0.077 | -0.072 0.425 -0.007 | -0.134 0.212 0.425
254 | -0.029 | -0.295 | 0.043 | -0.349 | 0.043 -0.16 | -0.178 0.043 0.043
256 0 0 0| -0.357 0| -0.145 0 -0.33 -0.072
258 0 0 0 0 0 0 0 0 0
260 0 0 0 0 0 0 0 0 0
262 | -0.052 | -0.059 | 0.135| 0.135 0.135 0.135 0.135| -0.093 0.135
264 0 0 0 0 0 0] -0.259 0 -0.349
266 0 0 0 0 0| -0.249 | -0.327 0 -0.023
268 0] -0.231 0 0 0 0 0 0 0
270 0 0 0 0 0 0 0 0 0
272 0 0 0 0 0 0 0 0 0
274 0.153 | 0.153 | 0.153 0.035 0.153 0.153 0.153 0.153 0.153
276 0] -0411 0 0 0 0 0 0 0
278 0.024 | -0.461 | -0.421 0.024 0.024 0.024 | -0.048 0.024 0.024
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280 | 0.248| 0.206 | 0.248 | 0.248 | 0.248 0.248 | 0.248 0.248 0.248
282 0.871| 0.218 | 0457 | 0.871| 0.413 0.146 | 0.759 0.585 0.375
284 1.34 0.67 1 1.34| 1.013 1.238 1.34 1.34 1.34
286 1.809 0.58 | 1.809 | 1.809 1.809 1.809 1.809 1.809 1.809
288 1.969 | 0.432 205 | 1672 | 2147 2147 | 2147 1.55 1.844
290 1989 | 0359 | 1973 | 2243| 2179 2.364 | 2.364 2.061 1.999
292 2245 | 0305| 2481 | 1.948| 2481 2481 | 2481 2.481 2.481
294 2611 | 0.295| 2611 | 2611| 2611 2611 | 2611 2.611 2.611
296 2791 0289 | 2791| 2791| 2791 2791 2791 2.791 2.791
298 2938 | 0.279| 2885 | 2938 | 2517 2.851 | 2.938 2.604 2.686
300 2542 | 0.286| 2512 | 2439| 2539 2.843 | 2.674 2.687 2.36
302 31| 0298 | 2132 | 2343 | 2403 2.529 | 2493 2.482 2.951
304 | 3.142| 0309 | 2009 | 2492 2.18 2948 | 2.606 2.573 2.294
306 2.577 | 0.318 172 | 1.935| 10911 2266 | 2.075 2.069 2.115
308 2569 | 0.328 | 1424 | 1.606 1.776 1.748 1.656 1.802 1.878
310 2565 | 0.339| 1.266| 1.456 1.588 1.558 1.542 1.713 1.746
312 2.475 0.34 113 1311 1.41 1.357 1.369 1.517 1.456
314 2578 | 0.341| 1.004 | 1.202 1.259 1.275 1.232 1.361 1.332
316 2374 | 0335| 0936 | 1.117 1.181 1.17 1.143 1.272 1.258
318 2.229 0.32 09| 1.066 1.14 1.117 11 1.211 1.209
320 2031| 0.303| 0.871| 1.002 11 1.082 1.047 1.177 1.158
322 21| 0.275 0.85| 0.972 1.046 1.041 1.013 1.118 1.149
324 1993 | 0.242| 0.826 | 0.939 1.011 0.996 | 0.997 1.074 1.095
326 1.844 | 0.213| 0.799 | 0.908 1 0.987 | 0.953 1.047 1.079
328 1.964 | 0.188 | 0.787 0.89 0.98 0.968 | 0.938 1.038 1.063
330 192 | 0.164| 0.764| 0.868 | 0.964 0.931| 0.925 1.004 1.017
332 1916 | 0.136 | 0.754 | 0.844| 0.941 0.904 | 0.914 0.976 0.998
334 1932 | 0.109| 0.724 082 | 0915 0911 | 0.891 0.96 0.976
336 1942 | 0.086| 0.715| 0.805| 0.893 0.909 | 0.874 0.932 0.956
338 1945| 0.066 | 0.715| 0.787 0.89 0.884 0.86 0.925 0.937
340 1.878 | 0.049| 0.705| 0.776 | 0.867 0.868 0.85 0.918 0.927
342 2.007 | 0.036| 0.696 | 0.764| 0.854 0.865 | 0.842 0.917 0.904
344 1859 | 0.022| 0.679| 0.738| 0.844 0.848 | 0.835 0.898 0.891
346 1.805 | 0.013 0.67| 0.736 | 0.829 0.845| 0.819 0.877 0.887
348 1.729 | 0.007| 0.668| 0.737| 0.822 0.838 | 0.808 0.861 0.875
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350 1.813 | 0.006 | 0.665| 0.722| 0.819 0.827 | 0.814 0.858 0.869
352 1.714 | 0.0007 | 0.648 | 0.697 | 0.794 0.798 0.8 0.832 0.837
354 1.705 | -0.003 0.65| 0.692| 0.788 0.791 | 0.798 0.827 0.845
356 1.712 | -0.005 | 0.639 | 0.684 | 0.784 0.789 | 0.784 0.822 0.837
358 1.669 | -0.005 | 0.627 | 0.675| 0.773 0.789 | 0.775 0.821 0.83
360 1.658 | -0.007 | 0.616 | 0.662 | 0.755 0.771 | 0.756 0.804 0.817
362 1.703 | -0.008 | 0.617 | 0.657 | 0.763 0.775 | 0.767 0.805 0.819
364 1.661 | -0.006 | 0.607 | 0.652 | 0.745 0.76 | 0.753 0.793 0.808
366 1569 | -0.007 | 0594 | 0.638| 0.726 0.748 | 0.739 0.775 0.8
368 1.589 | -0.006 | 0.588 | 0.628 | 0.729 0.736 | 0.743 0.776 0.782
370 1571 | -0.005 | 0.584 | 0.626 | 0.721 0.734 | 0.722 0.771 0.769
372 1.612 | -0.007 | 0.587 | 0.629 | 0.723 0.736 | 0.725 0.771 0.774
374 1599 | -0.005| 0.582| 0.624| 0.717 0.728 | 0.727 0.762 0.77
376 1.589 | -0.006 0.58 0.62| 0.712 0.726 | 0.718 0.755 0.774
378 1.567 | -0.007 0.57| 0.614| 0.707 0.719 | 0.714 0.747 0.763
380 1505 | -0.005| 0.566 | 0.604| 0.695 0.717 | 0.709 0.744 0.756
382 1.525 | -0.006 | 0.564 | 0.608 | 0.697 0.716 | 0.715 0.745 0.755
384 1548 | -0.01 0.56 | 0.604 | 0.697 0.712 | 0.708 0.743 0.751
386 1525 | -0.009 | 0.561| 0.601| 0.688 0.701 | 0.704 0.74 0.752
388 1.523 | -0.009 | 0.559 06| 0.692 0.705 | 0.706 0.738 0.753
390 1528 | -0.009 | 0.558 | 0.598 | 0.693 0.704 | 0.701 0.737 0.749
392 152 | -0.01 0.56 06| 0.688 0.706 | 0.702 0.737 0.746
394 1.507 | -0.008 | 0.555| 0.594 | 0.685 0.7 0.698 0.73 0.742
396 1.509 | -0.007 | 0.554 | 0.591| 0.685 0.699 | 0.696 0.726 0.739
398 1531 | -0.01| 0.555| 0.594| 0.686 0.698 | 0.698 0.729 0.746
400 153 | -0.008 | 0.555| 0.599 | 0.685 0.698 | 0.699 0.734 0.74
402 1.565 | -0.009 | 0.559 | 0.602 | 0.689 0.71 | 0.707 0.738 0.749
404 1551 | -0.009 | 0559 | 0.601| 0.691 0.707 | 0.705 0.74 0.747
406 1544 | -0.008 | 0.556| 0.603| 0.693 0.705 | 0.706 0.736 0.749
408 1.537 | -0.009 | 0.556 | 0.602 0.69 0.71| 0.707 0.733 0.75
410 1.549 | -0.009 0.56 | 0.604 | 0.692 0.711| 0.709 0.738 0.752
412 1.565 | -0.009 | 0.561 | 0.608 | 0.696 0.712 | 0.708 0.742 0.753
414 1.567 | -0.009 | 0.559 | 0.608 | 0.695 0.711 | 0.709 0.739 0.75
416 1567 | -0.011 | 0.562 | 0.606 | 0.694 0.712 | 0.711 0.742 0.754
418 1597 | -0.011| 0562 | 0.607| 0.698 0.712 | 0.716 0.743 0.757
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420 1575 | -0.012 | 0.563 0.61 | 0.697 0.714 | 0.713 0.744 0.756
422 1583 | -0.012 | 0.563 | 0.609 | 0.694 0.713 | 0.711 0.739 0.756
424 1.592 | -0.012 0.56 | 0.607 | 0.692 0.708 | 0.709 0.739 0.754
426 1579 | -0.012 | 0.558 | 0.605 0.69 0.708 | 0.707 0.737 0.751
428 156 | -0.011 | 0.554| 0.602| 0.688 0.705 | 0.704 0.734 0.745
430 1566 | -0.012 | 0.553 | 0.602 | 0.689 0.707 | 0.706 0.734 0.747
432 1583 | -0.012 | 0.556 | 0.604 0.69 0.708 | 0.708 0.737 0.752
434 1.586 | -0.012 | 0.556 | 0.605 0.69 0.709 | 0.707 0.737 0.75
436 1581 | -0.012| 0.555| 0.604| 0.689 0.708 | 0.708 0.735 0.75
438 1.566 | -0.012 | 0.554 | 0.605 0.69 0.707 | 0.708 0.735 0.749
440 1574 | -0.012 | 0.554 | 0.606 | 0.691 0.709 | 0.708 0.736 0.751
442 1572 | -0.013 | 0.554 | 0.606 | 0.688 0.707 | 0.706 0.735 0.748
444 1566 | -0.011 | 0551 | 0.603| 0.686 0.704 | 0.704 0.732 0.746
446 1582 | -0.013| 0.552| 0.605| 0.689 0.707 | 0.707 0.735 0.749
448 1.598 | -0.012 | 0.552 | 0.607 0.69 0.708 | 0.708 0.735 0.75
450 1583 | -0.012 | 0549 | 0.605| 0.687 0.706 | 0.705 0.732 0.75
452 1597 | -0.013 | 0.551 | 0.608 0.69 0.708 | 0.708 0.733 0.75
454 161 | -0.012 | 0552 | 0.608 | 0.691 0.708 0.71 0.735 0.752
456 1.608 | -0.013 | 0.552 0.61| 0.694 0.71| 0.711 0.738 0.754
458 1618 | -0.014 | 0.556 | 0.613 | 0.694 0.714 | 0.713 0.74 0.758
460 1.617| -0.015| 0558 | 0.614| 0.696 0.717 | 0.715 0.743 0.759
462 1.594 | -0.013 0.55| 0.607| 0.691 0.708 | 0.707 0.736 0.752
464 1577 | -0.013| 0545| 0.603| 0.683 0.703 | 0.702 0.729 0.745
466 1572 | -0.014 | 0.545| 0.601| 0.681 0.702 | 0.701 0.726 0.741
468 1574 | -0.014 | 0.543 | 0.598 | 0.679 0.698 | 0.699 0.724 0.74
470 1554 | -0.014 | 0.537| 0592 | 0.673 0.692 | 0.691 0.718 0.734
472 1537 | -0.015| 0.535| 0.588 | 0.668 0.687 | 0.688 0.713 0.729
474 1541 | -0.016 | 0531 | 0.586| 0.665 0.685 | 0.685 0.711 0.725
476 1531 | -0.015| 0.527| 0.581| 0.662 0.678 | 0.681 0.707 0.722
478 1536 | -0.016 | 0.527| 0.579| 0.657 0.677 | 0.678 0.704 0.72
480 153 | -0.016 | 0524 | 0578 | 0.655 0.676 | 0.677 0.701 0.719
482 1532 | -0.018 | 0.524 | 0.576 | 0.655 0.674 | 0.676 0.699 0.718
484 1518 | -0.018 | 0.526 | 0.577 | 0.654 0.673 | 0.675 0.699 0.717
486 1.482 | -0.014 051 | 0.561| 0.639 0.657 | 0.658 0.682 0.7
488 1.465 | -0.015 0.5 0.55| 0.628 0.646 | 0.647 0.673 0.689
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490 1.432 | -0.014 | 0.491 0.54 | 0.619 0.638 | 0.638 0.662 0.68
492 1.426 | -0.015| 0.488 | 0.537| 0.613 0.632 | 0.633 0.658 0.675
494 1.389 | -0.012 | 0.473 | 0.521 0.6 0.616 | 0.618 0.642 0.66
496 1371 | -0.013 | 0.467 | 0.513 0.59 0.608 | 0.608 0.634 0.65
498 1.361 | -0.015| 0.465| 0.508 | 0.584 0.602 | 0.604 0.63 0.645
500 1.328 | -0.014 | 0.454 | 0.497| 0.572 0.591 | 0.592 0.616 0.634
502 1.307 | -0.014 | 0.445| 0.486| 0.561 0.58 | 0.581 0.606 0.624
504 1282 | -0.014 | 0.439| 0479 | 0.554 0.571| 0.574 0.598 0.615
506 1.267 | -0.015| 0.432| 0.471| 0.545 0.562 | 0.564 0.589 0.607
508 1.244 | -0.015| 0.426 | 0.464 | 0.538 0.555 | 0.559 0.582 0.6
510 1231 | -0.016 | 0.422 | 0.457| 0.532 0.547 | 0.552 0.575 0.593
512 1.213 | -0.017 | 0.415| 0.451| 0.525 0.541 | 0.543 0.568 0.585
514 1.193 | -0.016 | 0.409 | 0.444 | 0.516 0.532 | 0.535 0.559 0.577
516 1.182 | -0.016 | 0.405| 0.439| 0.512 0.527 | 0.531 0.554 0.572
518 1.178 | -0.017 | 0.404 | 0.437| 0.507 0.524 | 0.528 0.551 0.57
520 116 | -0.017 | 0.398 | 0.429 05 0.516 0.52 0.544 0.562
522 1.141 | -0.016 039 | 0423 | 0.49% 0.51| 0.513 0.536 0.554
524 1136 | -0.017 | 0.391| 0.421| 0.493 0.507 | 0.512 0.534 0.553
526 1.132 | -0.019 039 | 0421 0.49 0.506 | 0.511 0.534 0.553
528 1.127 | -0.02 | 0.389 0.42 | 0.487 0.504 | 0.508 0.532 0.551
530 1.105| -0.017 | 0.379| 0.409| 0.479 0495 | 0.498 0.522 0.541
532 1.085| -0.015| 0.369| 0.399| 0.469 0.485| 0.488 0.512 0.531
534 1.075| -0.017 | 0.369| 0.398| 0.467 0.483 | 0.487 0.511 0.529
536 1.065 | -0.016 | 0.365 | 0.394 | 0.464 0.479 | 0.483 0.506 0.524
538 1.057 | -0.017 | 0.363 | 0.391| 0.461 0.476 0.48 0.503 0.522
540 1.054 | -0.018 | 0.365| 0.392| 0.461 0.476 0.48 0.503 0.522
542 1.055 | -0.019 | 0.367 | 0.395| 0.461 0.476 | 0.482 0.504 0.523
544 1.036 | -0.017 | 0.355| 0.384| 0.452 0468 | 0.472 0.496 0.514
546 1.029 | -0.017 | 0.353| 0.381| 0.451 0.466 0.47 0.493 0.511
548 1.029 | -0.016 | 0.353 | 0.382 0.45 0.466 0.47 0.491 0.51
550 1.023 | -0.015| 0.351| 0.378| 0.447 0.462 | 0.466 0.489 0.507
552 1.023 | -0.017 | 0.352 0.38 | 0.447 0.462 | 0.467 0.489 0.509
554 1.023 | -0.018 | 0.353 | 0.379 | 0.446 0.462 | 0.466 0.489 0.507
556 1.016 | -0.017 0.35| 0.378| 0.444 0.459 | 0.464 0.487 0.505
558 1.016 | -0.018 | 0.349 | 0.378 | 0.443 0.458 | 0.464 0.486 0.504
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560 1.014 | -0.018 | 0.349 | 0.376 | 0.444 0.459 | 0.462 0.485 0.504
562 1.011 | -0.019 | 0.348 | 0.376| 0.442 0.456 | 0.461 0.483 0.503
564 1.007 | -0.019 | 0.347 | 0.375| 0.441 0.455 | 0.461 0.481 0.502
566 1.009 | -0.02 | 0.347 | 0.375 0.44 0.456 | 0.461 0.482 0.502
568 1.003 | -0.019 | 0.344| 0.372| 0.439 0.454 | 0.458 0.479 0.499
570 1] -0.018| 0.342| 0371 | 0.436 0.451 | 0.456 0.477 0.497
572 1| -0.019 | 0.342 0.37 | 0.436 0.452 | 0.457 0.477 0.497
574 | 0.997 | -0.018 0.34| 0.369| 0.435 0.45| 0.455 0.476 0.496
576 0.991 | -0.017 | 0.338| 0.366 | 0.433 0.447 | 0.452 0.472 0.493
578 0.985| -0.016 | 0.336| 0.363| 0.431 0.445 | 0.449 0.471 0.491
580 098 | -0.017| 0.334| 0.362| 0.429 0.443 | 0.447 0.469 0.489
582 0.978 | -0.017 | 0.334| 0.362| 0.428 0.443 | 0.447 0.469 0.488
584 098 | -0.017| 0.334| 0.364| 0.428 0.444 | 0.449 0.47 0.489
586 098 | -0.016 | 0.335| 0.364| 0.426 0.443 | 0.448 0.469 0.488
588 0.981 | -0.017 | 0.335| 0.362| 0.428 0.442 | 0.447 0.469 0.489
590 | 0.978| -0.017| 0.335| 0.363| 0.428 0.442 | 0.447 0.469 0.489
592 0973 | -0.016 | 0.333| 0.361| 0.425 0.441 | 0.445 0.467 0.487
594 | 0.972| -0.017 | 0.332 0.36 | 0.425 0.44 | 0.445 0.466 0.486
596 0.973 | -0.018 | 0.333 0.36 | 0.425 0.44 | 0.445 0.467 0.486
598 0.97 | -0.017 | 0.332 0.36 | 0.424 0.44 | 0.444 0.464 0.485
600 | 0.962 | -0.016 | 0.327| 0.356| 0.422 0436 | 0441 0.461 0.481
602 0.966 | -0.018 | 0.328 | 0.358 0.42 0436 | 0441 0.462 0.482
604 0.97 | -0.019 | 0.332 0.36 | 0.423 0438 | 0.444 0.465 0.485
606 0.964 | -0.018 033 | 0359 | 0421 0.436 | 0.443 0.463 0.483
608 0.958 | -0.017 | 0.326 | 0.354| 0.418 0.434 | 0.439 0.459 0.48
610 | 0.956| -0.018 | 0.326 | 0.355| 0.418 0.434 | 0.438 0.459 0.479
612 0.955 | -0.017 | 0.324| 0.355| 0.418 0.432 | 0.437 0.458 0.479
614 | 0.948 | -0.017 | 0.321| 0.352| 0.415 043 | 0.435 0.455 0.477
616 0.948 | -0.018 | 0.323| 0.352| 0.415 043 | 0.435 0.455 0.476
618 0.952 | -0.018 | 0.324| 0.354| 0.416 043 | 0.436 0.456 0.478
620 | 0.956| -0.018 | 0.325| 0.354 | 0.415 0.431| 0.437 0.457 0.479
622 0.952 | -0.019 | 0.325| 0.354| 0.414 0.43 | 0.435 0.456 0.476
624 | 0.951| -0.019 | 0.324| 0.353| 0.415 0.43 | 0435 0.455 0.477
626 0.952 | -0.019 | 0.325| 0.354| 0.415 0.431| 0.435 0.455 0.478
628 0.948 | -0.019 | 0.324| 0.353| 0414 0.429 | 0.433 0.455 0.476
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630 | 0.944 | -0.019 | 0.321 0.35| 0411 0.427 0.43 0.453 0.473
632 | 0.937 | -0.019 0.32| 0.348 | 0.409 0.425| 0.429 0.45 0.471
634 | 0.938| -0.02 0.32 | 0.348 0.41 0.424 | 0.429 0.45 0.47
636 | 0.936| -0.019 | 0.318 | 0.347 | 0.408 0.422 | 0.427 0.447 0.469
638 | 0.929| -0.018 | 0.315| 0.344| 0.406 0.421 | 0.425 0.445 0.468
640 | 0.929| -0.018 | 0.314 | 0.343| 0.405 0.419 | 0.424 0.442 0.466
642 | 0.926 | -0.018 | 0.313 | 0.343| 0.403 0.418 | 0.422 0.44 0.464
644 | 0923 | -0.017 | 0311 | 0.341| 0.401 0.417 | 0.422 0.441 0.463
646 | 0.923 | -0.017 0.31 0.34| 0.401 0.416 0.42 0.441 0.463
648 0.92 | -0.016 031 0.339| 0.401 0.415 0.42 0.441 0.461
650 | 0.916 | -0.016 0.31 0.34 | 0.399 0.414 | 0.419 0.439 0.461

Table 5: Absorbance spectroscopy data of Plasma, ethambutol and Plasma with ethambutol at
different concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5 pg/ml

ETH | ETH | ETH | ETH ETH ETH
Wavelength 1 5 10 15 20 ETH 30
[nm] Plasma | ETH | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | 25pg/ml | pg/ml
220 | -1.043 | -1.555 | -0.449 | -0.948 | -0.226 | -0.258 | -0.817 0.647 | -0.788
222 | -0.119 | -1.072 | -0.049 | -0.208 | 0.856 | -0.704 | -0.583 -0.197 | 0.856
224 | -0573 | -1.361 | -1.188 | -1.178 | -0.88 | -1.712 | -1.452 -1.515 | -1.394
226 0.323 | 0.323 | -0.222 | -0.667 | -0.346 | -0.613 0.02 -0.132 | -1.003
228 0.237 | -0.992 | -0.551 | -0.926 | -0.174 | -0.13 | -0.531 -0.136 | -0.397
230 0.134| 0.032| 0.002| 0.134| 0.134 | -0.269 0.134 -0.164 | 0.134
232 | 0.032| -0.061| 0.206 | -0.285 | 0.226 | -0.065 | 0.113 | -0.632 | 0.226
234 | -0.538 | -0.114 0] -0.441 0 0| -0.301 -0.175 0
236 | 0.064 | 0.064 | 0.064 | -0.027 | 0.064 | 0.064 | -0.634 0.026 | -0.142
238 | 0354 | 0.354| 0.354| 0354 | 0.354| 0354 | 0.031| -0.219 | 0.354
240 0.355| -0.275| 0.394| -0.012 | 0.061 | 0.041| -0.126 0.078 | 0.517
242 0.025| 0.025| 0.025| 0.025| 0.025| 0.025 0.025 0.025 | 0.025
244 0| -0.208 0] -0.164 0| -0.377 0 0 0
246 0 0 0 0 0 0 0 0 0
248 0 0 0 0 0 0| -0.024 0 0
250 0| -0.059 0 0 0 0 0 0| -0.363
252 | 0.215| 0.016 | 0.019 | 0.317 | 0.176 | -0.108 | 0.425| -0.188 0.04
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254 0.043 | -0.463 | -0.006 | 0.043 | 0.043 | -0.078 | 0.043 0.043 | 0.043
256 0 | -0.456 0 0| -0.147 0 0 0 0
258 0 0 0 0 0 0 0 -0.156 0
260 0 0 0 0 0 0 0 -0.401 0
262 0.135| -0.07| 0.135| -0.477 | 0.135| -0.116 | -0.051 0.135 | -0.135
264 0 0 0| -0.037 0 0 0 0 0
266 0 0 0| -0.386 | -0.025 0| -0.147 -0.188 0
268 0| -0.002 | -0.297 0 0| -0.028 | -0.112 -0.017 0
270 0 0 0 0 0 0 0 0 0
272 0 0 0 0 0 0 0 0 0
274 0.153 | -0.318 | 0.153 | -0.22 | 0.153| 0.153 | -0.114 0.153 | 0.077
276 | -0.113 0 0| -0.213 0 0| -0.138 0 0
278 | -0.482 | -0462 | 0.024| 0.024 | 0.024 | 0.024 | -0.443 -0.103 | 0.024
280 0.248 | -0.277 | 0.248 | 0.248| 0.176 | 0.167 | -0.366 0.248 | 0.248
282 0871 | -0.276 | 0.568 | 0.283 | 0.576| 0.282 | 0.711 0.871| 0.871
284 1.34 | -0.021 1.34 1.34 1.34 | 0.854 1.34 1.34 1.34
286 1.809 | 0.099 | 1.809| 1.809 | 1.809 | 1.809 | 1.809 1.809 | 1.809
288 1.652 | 0.102 | 1.936 1.66 193 | 1912 | 1.947 2.147 1.83
290 2364 | 0.097 | 1902 | 1913 | 1.862| 1.898 | 2.364 1.836 | 1.802
292 2481 | 0.093 | 2.481 2.3 241 247 | 2169 2.275 | 2481
294 2611 | 0.091| 2611 | 2611 | 2611 | 2611 | 2611 2.611| 2.611
296 2791 0.095| 2791 | 2791 | 2791 | 2791 | 2791 2791 | 2791
298 2938 | 0.093| 2938 | 2938 | 2938 | 2534 | 2938 2.761 | 2.938
300 2.879 | 0.092 | 2.465 253 | 2993 | 2.895| 2819 2.666 | 2.624
302 2.708 009 | 2454 | 2775 | 2.871| 2556 | 2.466 2402 | 2.726
304 273 | 0.086 | 2.648 | 2212 | 3.142 | 2342 | 2.565 2.351 | 2.447
306 2541 | 0.086 | 2.065| 2.027 | 2339 | 2221 | 2123 232 | 2551
308 2.784 | 0.086| 1.639| 1.873 | 1.967| 1839 | 2017 2.028 2.21
310 3.215 | 0.084 146 | 1614 | 1.746| 1.734| 1.836 1.859 2.06
312 2.88 | 0.083 | 1.262 143 | 1.493| 1558 | 1.629 1.618 1.81
314 2999 | 0.082 | 1126 | 1.295| 1.349| 1464 | 1.529 149 | 1.636
316 2548 | 0.084 | 1.026 | 1.206 | 1.227 | 1.337 | 1.397 1.362 | 1572
318 2.144 | 0.082 096 | 1.169| 1.192| 1.269| 1.318 1.299 | 1513
320 2.166 | 0.081| 0.915| 1.094 114 | 1215| 1.274 1.265 | 1.445
322 2599 | 0.081| 0.885| 1.061 1.11 | 1203 | 1.252 1.223 | 1.395
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324 2505 | 0.082 | 0.846 1.04 | 1.067 | 1.136 1.2 1.212 | 1.353
326 2.156 | 0.079| 0.829 | 1.008 | 1.024 | 1.094| 1.156 1162 | 1.325
328 2175 | 0.077 | 0.824 | 1.001| 1.043| 1.099 | 1.164 1.175 | 1.328
330 2.251 0.08 | 0.798 | 0964 | 1.013| 1.076 | 1.128 1.156 | 1.292
332 2029 | 0.082| 0.784 | 0.945| 0.991| 1.052| 1.106 1122 | 1.257
334 2011 | 0.079| 0.769 | 0.949 | 0.979 | 1.026 1.09 1102 | 1.216
336 1.964 | 0.078 | 0.759 | 0.931 098 | 1.012 | 1.077 1.107 | 1.235
338 2.014 | 0.076 | 0.739 092 | 0969 | 1.018 | 1.067 11| 1.222
340 2.165| 0.076 0.73| 0911| 0971 | 0994 | 1.051 1.081| 1.195
342 2.365| 0.076 | 0.719| 0.894 | 0.934 | 0.988 1.05 1.067 | 1.218
344 2.048 | 0.074| 0.692| 0.878 | 0.915| 0.972 | 1.047 1.049 | 1.176
346 2.044 | 0.075| 0.689 | 0.879| 0.911| 0.969 | 1.028 1.032 | 1.176
348 208 | 0.076| 0.688| 0.871| 0.897| 0.963 | 1.025 1.024 | 1.177
350 24241 0.077| 0.691| 0.855| 0.897 | 0.948 | 1.005 1.042 | 1.152
352 2089 | 0.075| 0.664 | 0.835| 0.877| 0.926 0.96 0.988 | 1.134
354 2079 | 0.076 | 0.663 | 0.824 | 0.871| 0914 | 0.971 0.993 | 1.132
356 2.054 | 0.073| 0.653 | 0.823 | 0.866 | 0.916 | 0.968 0.996 | 1.136
358 2.034 | 0.073| 0.639| 0.817| 0.851| 0.913| 0.965 0.996 | 1.119
360 196 | 0.071| 0.627 | 0.798 | 0.845 0.89 0.94 0.976 | 1.103
362 2223 | 0.073| 0.624 08| 0.836| 0.895| 0.954 0.982 | 1.105
364 1961 | 0.072| 0.609 | 0.787 | 0.822 | 0.877 | 0.929 0.969 | 1.085
366 1925| 0.071| 0595| 0.771| 0.808 | 0.867 | 0.921 0.951 | 1.064
368 1.835| 0.071| 0591 | 0.767 | 0.803 0.85| 0.902 0.942 | 1.059
370 1.809 | 0.067 0.59 | 0.752 | 0.795 0.86 | 0.893 0.923 | 1.042
372 1.896 | 0.068 | 0.589 | 0.751 | 0.798 | 0.857 0.9 0.938 | 1.048
374 1.804 | 0.066 0.58 | 0.746 | 0.785| 0.849 | 0.893 0.93 | 1.044
376 1.824 | 0.068 | 0.579| 0.749 | 0.792 | 0.852 | 0.893 0.922 | 1.044
378 1.874| 0.068 | 0575| 0.746 | 0.792 | 0.843 | 0.893 0.911 1.04
380 1778 | 0.068 | 0569 | 0.734| 0.772| 0.818 | 0.877 0.908 1.02
382 1.841| 0.065| 0566 | 0.734 | 0.771 0.82| 0.888 0.908 1.03
384 1.795| 0.065| 0.569 | 0.731 0.77 | 0.827 | 0.885 091 | 1.028
386 1.733 | 0.065| 0.565| 0.724 | 0.768 | 0.821 | 0.879 0.901 1.02
388 1.778 | 0.063 | 0.566 | 0.734 0.76 | 0.818 | 0.879 0.914 | 1.018
390 1.791 | 0.062 | 0.561| 0.726 | 0.761 0.82 | 0.877 0.908 | 1.018
392 1.771| 0.062| 0564 | 0.726 | 0.763 | 0.823 | 0.881 0.904 | 1.018
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394 1.766 | 0.061 | 0.563| 0.725| 0.754 | 0.811 | 0.872 0.895 | 1.015
396 1.73 0.06 | 0558 | 0.721| 0.751| 0.808 | 0.869 0.892 | 1.011
398 1.739 | 0.061 | 0562 | 0.725| 0.755 | 0.816 | 0.872 09| 1014
400 1.781 | 0.061 | 0.565| 0.726 | 0.758 | 0.814 0.87 09| 1016
402 1.798 | 0.059 | 0.568 | 0.733 | 0.764 | 0.816 0.88 091 | 1.025
404 1.742 | 0.059 | 0573 | 0.735| 0.768 | 0.822 | 0.882 0.911 | 1.021
406 1.745| 0.059 | 0.575| 0.738 | 0.768 | 0.826 | 0.883 0.913 | 1.018
408 1.761 | 0.058 | 0.577 0.74| 0.769 | 0.823 | 0.879 091 | 1.016
410 1.767 | 0.057| 0576 | 0.745| 0.771| 0.825| 0.884 0.917 | 1.016
412 1.781 | 0.057 | 0.578| 0.744 0.77 0.83 | 0.881 0.915| 1.019
414 1.779 | 0.055 0.58 | 0.744| 0.769 | 0.832 | 0.884 0.915| 1.014
416 1.819 | 0.054 | 0.582 0.75| 0.772 | 0.835| 0.887 0.919 1.02
418 1.851| 0.054| 0582 | 0.751| 0.778 | 0.837 | 0.888 0.923 | 1.016
420 1.803 | 0.052 | 0.584 0.75| 0.778 | 0.839 | 0.884 0.921 | 1.008
422 1.801| 0.051| 0582 | 0.749| 0.779 | 0.838 | 0.881 0.924 | 1.007
424 1.816 | 0.051| 0579 | 0.749| 0.774| 0.835| 0.876 0.924 | 1.002
426 1.811 | 0.052 0.58 | 0.748 | 0.773| 0.833| 0.873 0.92 | 0.994
428 1.792 | 0.051| 0579 | 0.741| 0.767 | 0.829 | 0.867 0.913 | 0.986
430 1.788 0.05| 0581| 0.744 | 0.768 | 0.831 | 0.866 0.916 | 0.986
432 1.791 0.05| 0583 | 0.748 | 0.771| 0.834 | 0.866 0.922 | 0.991
434 1.803| 0.049| 0583 | 0.748 | 0.774 | 0.835| 0.868 0.922 | 0.986
436 1.808 | 0.049| 0583 | 0.747 | 0.774| 0.832| 0.869 0.919 0.98
438 1.805| 0.048| 0583 | 0.747 | 0.772| 0.832| 0.864 0.919 | 0.975
440 1.829 | 0.048 | 0.585| 0.749 | 0.774| 0.833 | 0.864 0.922 | 0.977
442 1.774 | 0.047 | 0584 | 0.747 | 0.772 | 0.834 | 0.859 0919 | 0971
444 1.793 | 0.047 | 0.584 | 0.745 0.77 0.83 | 0.858 0.916 0.97
446 1.805| 0.046 | 0.585| 0.746 | 0.773 | 0.833 | 0.861 0.921 | 0.973
448 1816 | 0.046| 0586 | 0.751| 0.775| 0.835 0.86 0.923 | 0.974
450 1793 | 0.045| 0585 | 0.748 | 0.774 | 0.832| 0.857 0.922 | 0.969
452 18| 0.045| 0588 | 0.751| 0.777 | 0.834 | 0.859 0.921 0.97
454 1.822 | 0.045| 0591 | 0.753 | 0.778 | 0.839 0.86 0.922 | 0971
456 1.825 | 0.044 | 0.594 | 0.756 0.78 | 0.838 | 0.862 0.927 0.97
458 1.84 | 0.042 | 0.596 0.76 | 0.782 0.84 | 0.865 0.934 | 0.973
460 1.833 | 0.041| 0596 | 0.762 | 0.787 | 0.843 | 0.869 0.934 | 0.977
462 1.811 | 0.042 059 | 0.753| 0.778 | 0.837 | 0.861 0.923 | 0.965
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464 1.79| 0.042| 0585| 0.748 | 0.772 | 0.832| 0.851 0.917 | 0.959
466 1.788 0.04| 0583 | 0.745| 0.769 | 0.829 | 0.848 0.918 | 0.957
468 1.789 0.04 0.58 | 0.743| 0.767 | 0.826 | 0.845 0.915| 0.953
470 1.77| 0.039| 0573 | 0.736 | 0.759 | 0.815| 0.835 0.906 | 0.942
472 1.76 | 0.038 | 0.568 | 0.731 | 0.755 0.81 0.83 0.903 | 0.937
474 1.764 | 0.038 | 0.565| 0.728 | 0.753 | 0.807 | 0.827 09| 0.933
476 1.754 | 0.037 | 0.561| 0.723 | 0.747 | 0.805| 0.823 0.895 | 0.925
478 1.766 | 0.036 | 0.558 | 0.719 | 0.744 | 0.804 | 0.821 0.891 | 0.924
480 1764 | 0.035| 0.555| 0.718 | 0.742| 0.799 | 0.817 0.889 | 0.923
482 1.742 | 0.034 | 0.553| 0.716 0.74| 0.798 | 0.813 0.889 | 0.919
484 1.738 | 0.033 0.55| 0.715| 0.742 | 0.798 | 0.815 0.891 | 0.918
486 1.711| 0.037| 0538 | 0.697 | 0.721| 0.779 | 0.796 0.873 | 0.898
488 1.685| 0.035| 0528 | 0.687 | 0.708 | 0.769 | 0.783 0.86 | 0.884
490 1.656 | 0.036| 0518 | 0.675| 0.698 | 0.758 | 0.771 0.849 | 0.869
492 1649 | 0.034| 0511| 0.671| 0.692| 0.751| 0.765 0.844 | 0.865
494 1.605| 0.036| 0.497| 0.653 | 0.673| 0.733| 0.746 0.826 | 0.844
496 1587 | 0.035| 0.485| 0.642| 0.662 | 0.719 | 0.735 0.816 | 0.833
498 1583 | 0.034| 0.478| 0.634 | 0.658 | 0.714 | 0.728 0.812 | 0.825
500 1547 | 0.034| 0.466| 0.619| 0.644| 0.701| 0.714 0.797 | 0.814
502 1527 | 0.033| 0.453| 0.608 | 0.632 | 0.688 | 0.703 0.785 0.8
504 1501 | 0.033| 0.444| 0599 | 0.622| 0.678 | 0.691 0.776 | 0.792
506 149 | 0.032| 0434 | 0.587 | 0.613 0.67 0.68 0.769 | 0.784
508 1.464 | 0.031| 0.425| 0578 | 0.603| 0.659 | 0.671 0.759 | 0.773
510 1.445| 0.031| 0.416| 0.571| 0.595 0.65 | 0.665 0.751 | 0.765
512 1.435 0.03 0.41 0.56 | 0.588 | 0.643 | 0.656 0.743 | 0.755
514 1.416 0.03 04| 0554 | 0578 | 0.633 | 0.646 0.735 | 0.747
516 1.409 | 0.029 | 0.393| 0.547 | 0.571| 0.626 0.64 0.729 0.74
518 1.398 | 0.028 | 0.389 | 0543 | 0569 | 0.622 | 0.637 0.726 | 0.736
520 1384 | 0.028 | 0.382| 0.534| 0561 | 0.614 | 0.628 0.717 | 0.728
522 1.362 | 0.028 | 0.376 | 0526 | 0.551| 0.606 | 0.619 0.709 | 0.717
524 1.359 | 0.026 | 0.372| 0.523 | 0.549 | 0.605| 0.617 0.708 | 0.715
526 1.354 | 0.025| 0.369| 0.522 | 0.548 | 0.601 | 0.614 0.705| 0.716
528 1.352 | 0.024 | 0.366 0.52 | 0.546 06| 0.613 0.704 | 0.711
530 1.325| 0.026 | 0.358 | 0.509 | 0.536 0.59 | 0.603 0.693 | 0.699
532 1.299 | 0.027 | 0.349| 0.499 | 0524 | 0.578 | 0.589 0.681 | 0.685
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534 1.289 | 0.026 | 0.346 | 0.497 | 0.522 | 0.575| 0.586 0.678 | 0.683
536 1.285| 0.026 | 0.342 | 0.492 | 0.518 0.57 | 0.581 0.675 | 0.677
538 1.276 | 0.025 0.34| 0.489| 0.515| 0.567 | 0.578 0.672 | 0.673
540 127 | 0.024 | 0.338| 0.488 | 0.515| 0.567 | 0.578 0.671 | 0.673
542 1.279 | 0.023 | 0.338 | 0.489 | 0.516 | 0.568 0.58 0.674 | 0.676
544 1.257 | 0.025| 0.331| 0.479| 0.504 | 0.557 | 0.568 0.662 | 0.664
546 1.247 | 0.024| 0.328 | 0.476 | 0.501 | 0.553 | 0.564 0.658 | 0.659
548 1.25| 0.025| 0.327 | 0.476 05| 0.554| 0.565 0.658 0.66
550 1243 | 0.025| 0.326 | 0.472| 0.497| 0.551| 0.561 0.656 | 0.655
552 1.243 | 0.023 | 0.325| 0.473 | 0.498 | 0.551 | 0.561 0.658 | 0.656
554 124 | 0.023 | 0.325| 0.472| 0.499 0.55 0.56 0.657 | 0.655
556 1.237 | 0.023 | 0.324 0.47 | 0.496 | 0.547 | 0.558 0.653 | 0.652
558 1.237 | 0.022 | 0.323 | 0.469 | 0.494 | 0.547 | 0.557 0.653 0.65
560 1.231| 0.021| 0.322| 0.467 | 0.493| 0.546 | 0.556 0.654 0.65
562 1.227 | 0.021| 0.321| 0.467| 0492 | 0.545| 0.554 0.652 | 0.648
564 1.229 0.02 032 | 0.465| 0.491| 0544 | 0.552 0.651 | 0.645
566 1232 | 0.019| 0.319| 0.466 | 0.492 | 0.546 | 0.552 0.652 | 0.645
568 1.221 0.02 | 0317 | 0.463 | 0.489 | 0542 | 0.548 0.647 | 0.641
570 1.216 0.02 | 0.315| 0.461 | 0.486 0.54 | 0.547 0.645 | 0.637
572 1216 | 0.019| 0.315| 0.461 | 0.486 0.54 | 0.546 0.646 | 0.638
574 1.211| 0.019| 0.314| 0461 | 0485 | 0.538| 0.544 0.643 | 0.634
576 1.202 | 0.019| 0.312| 0.458 | 0.482| 0.535| 0.541 0.64 | 0.631
578 1.204 0.02| 0.311| 0.456 048 | 0533 | 0.538 0.636 | 0.627
580 1.194 0.02| 0309 | 0454 | 0478 | 0529 | 0.535 0.635| 0.624
582 1.193 | 0.019| 0.309| 0.454 | 0477 | 0531 | 0.535 0.636 | 0.626
584 1.203 | 0.019 031 | 0454 | 0477 | 0.533| 0.536 0.638 | 0.627
586 1.201 | 0.019| 0.309 | 0.454 | 0.476 0.53 | 0.535 0.638 | 0.626
588 1.195| 0.019| 0.309 | 0.453| 0477 0.53 | 0.535 0.637 | 0.625
590 1.191| 0.019| 0.309| 0453 | 0476 | 0529 | 0.534 0.636 | 0.624
592 1.194| 0.019| 0.307| 0.451| 0475| 0.528 | 0.533 0.634 | 0.622
594 1.194 | 0.018 | 0.306 0.45| 0475 | 0526 | 0.531 0.635| 0.622
596 1.192 | 0.017 | 0.306 0.45| 0476 | 0527 | 0.531 0.634 | 0.622
598 1.194 | 0.018 | 0.305| 0.449 | 0474 | 0.526 0.53 0.633 0.62
600 1.186 | 0.018 | 0.303 | 0.446 0.47 | 0523 | 0.526 0.63 | 0.614
602 1.183 | 0.017| 0.304 | 0.446 | 0472 | 0522 | 0.525 0.63 | 0.615
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604 1.189 | 0.016 | 0.304 | 0.449 | 0474 | 0.525| 0.528 0.633 | 0.618
606 1.185| 0.016 | 0.303 | 0.448 | 0.473 | 0.523 | 0.527 0.631 | 0.616
608 1.177 | 0.017 | 0.302| 0.445| 0.468 | 0.521 | 0.523 0.627 | 0.612
610 1.173 | 0.015 03| 0.444 | 0.469 | 0.521 | 0.522 0.626 | 0.611
612 1.175 | 0.016 03| 0.444 | 0.468 | 0.519 | 0.521 0.625 | 0.608
614 1.17 | 0.016 | 0.298 0.44 | 0.464 | 0516 | 0.517 0.623 | 0.605
616 1.168 | 0.015| 0.298 0.44| 0.465| 0517 | 0.518 0.624 | 0.606
618 1.173 | 0.015| 0.298 | 0.441| 0.466 | 0.518 | 0.519 0.625 | 0.607
620 1.178 | 0.015| 0.299 | 0.441| 0.467| 0519 | 0.519 0.626 | 0.608
622 1171 | 0.014 | 0.298 | 0.441| 0.466 | 0.517 | 0.518 0.625 | 0.606
624 1.169 | 0.013| 0.297| 0.441 | 0.466 | 0.517 | 0.518 0.625 | 0.605
626 117 | 0.012 | 0.297 | 0.441 | 0466 | 0517 | 0.518 0.627 | 0.604
628 1.167 | 0.012 | 0.297 044 | 0464 | 0.515| 0.517 0.624 | 0.603
630 1161 | 0.013| 0.295| 0.437| 0462 | 0513 | 0.514 0.619 | 0.599
632 116 | 0.013| 0.294| 0436 | 0.462| 0512 | 0.512 0.619 | 0.597
634 1.162 | 0.012 | 0.293 | 0.436 046 | 0511 | 0511 0.62 | 0.598
636 1.155| 0.012 | 0.292 | 0.433 | 0.458 | 0.509 | 0.509 0.616 | 0.594
638 1.147 | 0.013 | 0.291| 0.431| 0.455| 0.507 | 0.507 0.615 0.59
640 1.143 | 0.013 029 | 0.431| 0.454| 0.504 | 0.505 0.612 | 0.588
642 1.138 | 0.012 | 0.288 0.43 | 0.453 | 0.503 | 0.502 0.612 | 0.585
644 1.143| 0.013| 0.288 | 0.428 | 0.451| 0.502 | 0.499 0.61 | 0.586
646 1.142 | 0.013| 0.286 | 0.427 045| 0501 | 0.499 0.609 | 0.584
648 1.134| 0.013| 0.285| 0.426 | 0.449| 0501 | 0.498 0.608 | 0.583
650 1.135| 0.013 | 0.285| 0.426 | 0.448 | 0.502 | 0.498 0.608 | 0.583

Table 6: Absorbance spectroscopy data of Plasma, Rif-4 and Plasma with Rif-4 at different

concentrations ranging from 30 pg/ml-1 pg/ml by increments of 5 pg/ml.

R-(4) | R-(4)
R-4 1 5 R-(4) |R-(4) |R-(4) |R-(4) |R-(4)
Wavelength | Plasma 10 15 20 25 30
[nm] pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml

220 | -0.399 | -0.554 | -0.59 | -0.622 | -0.904 | -1.166 | 0.647 -0.87 | 0.647
222 | 0.85 | -0.781| 0.018 | 0.856 | -0.373 | -0.511 | -0.375 | -0.601 | 0.856
224 | 0.114| -0.797 -| 0.114| 0.114| 0.114 | -0.716 | -1.489 | -0.789
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1.107
226 | -0.849 | -0.706 | 0.569 | -1.079 | 0.323 | -0.689 | -0.244 | -1.093 | 0.323
228 0.237 | -0.407 | 0.857 | -0.513 | 0.204 | -0.089 | -0.024 | -0.111 | 0.237
230 | 0.134 0.134 | 0.443 | -0.412 | 0.134 | 0.134 | 0.134| 0.134 | -0.263
232 0.226 0.226 | 0.043 | -0.208 | 0.226 | 0.226 | 0.226 | 0.226 | -0.059
234 | -0.056 0 0 0 0 0 0 0 0
236 0.064 | -0.319 | 0.064 | -0.497 | 0.064 | 0.064 | 0.064 | 0.051 | -0.444
238 0.354 0.313 | 0.142 | -0.201 | 0.354 | 0.354 | 0.354 0.17 | 0.354
240 | -0.069 | -0.277 | 0.517 | -0.257 0.07 | 0.118| 0.038 | 0.229 | 0.517
242 0.025 0.025 | 0.025 | 0.025| 0.025| 0.025| 0.025| 0.025| 0.025
244 0 0| 0.341 | -0.363 0 0 0 0 0
246 0| -0.017 0 0 0 0 0| -0.083 0
248 0 0 0 0 0| -0.022 0 0 0
250 0 0 0 0 0| -0.396 0 0 | -0.057
252 0.149 0.335| 0.215| -0.087 | 0.296 | 0.153 | -0.065 | -0.189 | -0.072
254 | -0.057 0.043 | 0.105 | -0.031 | 0.043 | 0.043 | 0.043 | -0.014 | -0.041
256 0 0 0| -0.186 0 0 0| -0.098 | -0.235
258 | -0.067 0 0 0 0 0 0| -0.155 0
260 0 0 0 0 0 0 0 0 0
262 0.135 0.123 | 0.135| 0.135| 0.135| 0.135| 0.135| -0.005| -0.08
264 0 0 0 0 0 0 0 0 0
266 0| -0.066 0 0 0| -0.144 0 0 0
268 | -0.006 0| 0.168 | -0.267 0 0 0 0| -0.021
270 0 0 0 0 0 0 0 0 0
272 0| -0.076 0 0 0 0 0 0 0
274 | 0.153 0.153 | 0.153 | 0.072 | 0.142 | 0.153 | 0.153 | -0.004 | 0.153
276 0 0 0 0 0 0 0 0 0
278 0.024 | -0.516 | 0.024 | -0.071 | 0.024 | 0.024 | 0.024 | 0.024 | 0.024
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280 0.248 0.248 | 0.248 0.01| 0.221| 0.248 | 0.248 | 0.248 | 0.248
282 0.664 0.871| 0.179 | 0.457 | 0.851| 0.677 | 0.648 | 0.733 | 0.598
284 1.34 124 | 134 1.34 1.34 1.34 1.34 1.34 1.34
286 1.809 1.809 | 1.809 | 1.809 | 1.809 | 1.809 | 1.809 | 1.809 | 1.809
288 2.147 1.367 | 2.042 | 2.147 | 2.063 | 1.757 | 1.943 | 2.147| 1.818
290 2.113 1284 | 1973 | 2258 | 1982 | 2364 | 1.653 | 2.106| 2.288
292 2.481 1.166 | 2.101 | 2.481 | 2.481 | 2.364 215 | 2.095| 2481
294 2.611 1.013 | 2611 | 2611 | 2611 | 2611 | 2611 | 2611 | 2.611
296 2.791 0869 | 2791 | 2791 | 2791 | 2791 | 2791 | 2791 | 2791
298 2.763 0.784 | 2938 | 2.889 | 2938 | 2938 | 2.938 | 2938 | 2.938
300 2.185 0.717 | 2426 | 2.537 | 2593 | 2.784 | 2.944 | 2.614 | 2.868
302 2.461 0.674 | 2.276 | 2.562 | 2.483 236 | 2.248 | 2.404 | 2.455
304 2.758 0.645 | 2.575 205| 2871 | 2.655| 2583 | 2796 | 3.109
306 2.969 0.622 | 1.922 | 1922 | 2471 258 | 2816 | 2311 | 2.863
308 2.496 0598 | 1.533 | 1.619| 1935| 2103 | 2.345| 2.052| 2.417
310 2.631 0.59 | 1.337 | 1.369 172 | 2.087 | 2.064 | 1.928 2.31
312 2.651 0.575| 1.161 | 1.187 | 1532 | 1807 | 1.769 | 1.788 | 1.923
314 2.09 0.565 | 1.032 | 1.045| 1.402 | 1.735| 1.605| 1.718 | 1.688
316 1.988 0.564 | 0.939 | 0951 | 1.278 | 1.629 | 1.485| 1.575| 1.669
318 1.983 0.561 | 0.858 | 0.884 | 1.184 151 | 1419 | 1489 | 1.575
320 1.903 0557 | 0.812 | 0.824 | 1.139| 1388 | 1.334 1.39 | 1.448
322 1.908 0559 | 0.777 | 0.784| 1097 | 1376 | 1.304 | 1.336 1.37
324 1.743 0.553 | 0.738 0.75| 1.027 127 | 1253 | 1289 | 1378
326 1.715 0.545| 0.711 | 0.724| 0.989 | 1.247 | 1.206 | 1.263| 1.352
328 1.656 0.547 | 0.696 | 0.713 | 0.972 | 1.236 119 | 1.243 | 1.325
330 1.594 0.55| 0.679 | 0.687 | 0.948 | 1.212 113 | 1.202 | 1.276
332 1.631 0.545| 0.67| 0675| 0921 | 1.175| 1132 | 1168 | 1.235
334 1.63 054| 0649 | 0.652 | 0902 | 1.149| 1.096 | 1.129| 1.182
336 1.568 0531 | 0.623 | 0.643| 0.889| 1.146 | 1.097 | 1.123 | 1.188
338 1.558 0516 | 0.618 | 0.629 | 0.866 | 1.116 | 1.094 | 1.127 | 1.201
340 1.573 0.505 | 0.602 0.62 0.85 | 1.084 1.06 11| 1.149
342 1.548 0.48 | 0.585| 0.606 | 0.831 1.07 | 1.057 | 1.084| 1.125
344 1.462 0.438 | 0.581 | 0.593 | 0.804 | 1.069 | 1.024 1.06 1.12
346 1.507 0.405 | 0.564 0.58 0.79 1.05| 1.021 1.06 | 1.099
348 1.525 0.37 | 0.547 | 0.566 0.77 | 1029 | 0.993| 1.047| 1.077
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350 1.564 0.342 | 0537 | 0559 | 0.761| 1.016 | 0.975| 1.024 | 1.081
352 1.42 0.299 | 0.527 | 0.538 | 0.717 | 0.957 | 0.936 | 0.987 | 1.036
354 1.451 0.261 | 0.514 | 0.526 | 0.706 | 0.962 | 0.934 | 0.985 1.01
356 1.417 0.232 | 0496 | 0.515| 0.694 | 0.932 | 0.899 | 0.965| 1.001
358 1.415 0.209 | 0.485| 0.514 | 0.675| 0.908 | 0.896 0.94 | 0.977
360 1.389 0.185 | 0.473 | 0.498 | 0.648 | 0.877 | 0.869 | 0.917 | 0.947
362 1.448 0.169 | 0.467 | 0.491 | 0.637 | 0.872 | 0.868 | 0.912 | 0.936
364 1.395 0.153 | 0.456 0.48 | 0.619 0.85| 0.848 | 0.887 | 0.923
366 1.346 0.136 | 0.444 | 0.472| 0.604 | 0.818 | 0.828 | 0.875 0.9
368 1.328 0.122 | 0.441 | 0.462 | 0.595 0.81| 0.814| 0.864 | 0.885
370 131 0.11 | 0.433| 0.457 | 0.585| 0.793 | 0.802 | 0.852 | 0.864
372 1.323 0.103| 0.43| 0.451| 0.574 0.79 | 0.802 | 0.844| 0.873
374 1.329 0.093 | 0.428 045| 0566 | 0.781 | 0.794 | 0.837| 0.858
376 1.318 0.087 | 0.422 | 0.444 | 0559 | 0.776 | 0.792 | 0.829 | 0.851
378 1.311 0.08 | 0.414 | 0.438 | 0.555| 0.762 0.78 | 0.816 | 0.845
380 1.287 0.075 | 0.411 | 0.432| 0542 | 0.745| 0.764 | 0.814 | 0.829
382 1.296 0.071 | 0.408 | 0.434| 0541 0.747 | 0.763 | 0.814 | 0.826
384 1.3 0.066 | 0.41 0.43 0.54 | 0.746| 0.764 | 0.803 0.82
386 1.283 0.062 | 0.406 | 0.426 | 0.533 | 0.739 | 0.754 | 0.796 | 0.807
388 1.292 0.06 | 0.406 | 0.426 | 0.532 | 0.735| 0.754 | 0.802 | 0.809
390 1.289 0.056 | 0.406 | 0.426 | 0.529 | 0.735 0.75| 0.794| 0.809
392 1.283 0.055 | 0.405 | 0.427 053 | 0.732| 0.747 | 0.789 | 0.806
394 1.265 0.056 | 0.403 | 0.426 | 0.527 | 0.727 | 0.741| 0.788 0.8
396 1.259 0.056 | 0.403 | 0.426 | 0.525| 0.718 | 0.741| 0.783 | 0.796
398 1.277 0.055 | 0.407 | 0429 | 0526 | 0.722 | 0.746| 0.788 | 0.802
400 1.269 0.057 | 0.409 | 0.433| 0533 | 0.725| 0.744| 0.792 0.8
402 1.293 0.057 | 0.413 | 0.437| 0535 0.729 | 0.748 | 0.794 | 0.807
404 1.287 0.059 | 0416 | 0.442| 0537 | 0.731| 0.757 | 0.802 | 0.812
406 1.281 0.062 | 042 | 0445| 0538 | 0.732 | 0.757 | 0.798 | 0.813
408 1.281 0.065 | 0.423 | 0.449 054 | 0.734| 0.757 | 0.799 0.81
410 1.295 0.068 | 0.425 | 0.452 | 0.545| 0.738 0.76 | 0.805| 0.817
412 1.302 0.073 | 0.427 | 0.452 | 0.546 | 0.741 | 0.763 0.81 | 0.817
414 1.316 0.077 | 0.426 | 0.454 | 0.548 | 0.742 | 0.764 | 0.809 0.82
416 1.319 0.081| 0.43| 0.456 | 0.551 0.75| 0.771| 0.812| 0.828
418 1.325 0.086 | 0.431 | 0.458 | 0.555 0.75| 0.772| 0.818 | 0.832
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420 1.329 0.091 | 0431 | 0.458 | 0557 | 0.752 | 0.771| 0.817| 0.834
422 1.33 0.097 | 0.433 | 0.458 | 0.558 | 0.753 | 0.776 | 0.819 | 0.835
424 1.324 0.104 | 0.433 0.46 | 0.558 | 0.755 | 0.776 0.82 | 0.835
426 1.322 0.111 | 0.434 | 0.461 | 0561 0.757 | 0.777 | 0.819 | 0.834
428 1.314 0.119 | 0.435| 0.462 | 0.563 | 0.752 | 0.776 | 0.814 | 0.833
430 1.316 0.124 | 0.437 | 0.462 | 0.567 | 0.756 | 0.779 0.82 | 0.838
432 1.325 0.133| 0.44 | 0467 | 0571 | 0.763 | 0.782| 0.826 | 0.842
434 1.333 0.139| 0.44 | 0469 | 0573 | 0.766 | 0.784 0.83 | 0.848
436 1.328 0.148 | 0.442 047 | 0574 | 0.768 | 0.787 | 0.828 | 0.847
438 1.33 0.156 | 0.442 | 0.471| 0.575| 0.768 0.79 0.83 0.85
440 1.328 0.163 | 0.445| 0.472| 0579 | 0.773 | 0.793 | 0.835| 0.855
442 1.326 0.171 | 0.446 | 0471 | 0582 | 0.776 | 0.791| 0.835| 0.853
444 1.328 0.18 | 0.447 | 0472 | 0584 | 0.777| 0.793| 0.833| 0.853
446 1.331 0.187 | 0.449 | 0476 | 0589 | 0.782 | 0.796 | 0.839 | 0.861
448 1.337 0.197 | 0.452 | 0.479| 0.595| 0.786 | 0.803 0.84 | 0.863
450 1.329 0.204 | 0.454 048 | 0596 | 0.788 | 0.802 | 0.841| 0.863
452 1.338 0.211 | 0.457 | 0.484 | 0.601 | 0.793 | 0.806 | 0.847 | 0.868
454 1.341 0.219 | 0.458 | 0.487 | 0.604 | 0.798 | 0.811 0.85| 0.876
456 1.353 0.224 | 0.461 | 0.489 | 0.609 08| 0.815| 0.851| 0.878
458 1.354 0.228 | 0.464 | 0.491 | 0.613 | 0.809 0.82 | 0.856 | 0.885
460 1.363 0.232 | 0465 | 0491 | 0616 | 0.815| 0.823 | 0.863 0.89
462 1.345 0.238 | 0.461 | 0.488 | 0.612| 0.809 | 0.818 | 0.855| 0.882
464 1.326 0.241 | 0458 | 0.483 | 0.608 | 0.804 | 0.814 | 0.851| 0.876
466 1.33 0.243 | 0.455| 0.481| 0.609 | 0.803 | 0.813| 0.848 | 0.879
468 1.329 0.246 | 0.452 | 0.477 | 0.606 | 0.803 | 0.811| 0.847 | 0.877
470 1.314 0.249 | 0446 | 0471 | 0.601| 0.795| 0.805| 0.842 | 0.869
472 1.297 0.249 | 0.441 | 0.466 | 0.597 | 0.792 | 0.801| 0.835| 0.867
474 1.295 025]| 0438 | 0461 | 059 | 0.792| 0.799 | 0.832| 0.864
476 1.282 0.249 | 0433 | 0.457| 0591 | 0.788 | 0.796 | 0.827 | 0.859
478 1.282 0.248 | 0431 | 0.454 | 0589 | 0.786 | 0.793 | 0.824 | 0.861
480 1.28 0.247 | 0.428 | 0.451| 0585 | 0.784 | 0.791| 0.822 | 0.859
482 1.277 0.242 | 0.424 | 0.447 | 0583 | 0.783 | 0.788 | 0.822 | 0.854
484 1.275 0.237 | 0.421 | 0.443 | 0.581 | 0.784 | 0.787 0.82 | 0.856
486 1.244 0.236 | 0.412 | 0434 | 0568 | 0.763 | 0.771| 0.801| 0.836
488 1.218 0.229 | 0.402 | 0.423 | 0.558 | 0.751 | 0.758 0.79 | 0.823
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490 1.195 0.224 | 0.391 | 0.414 | 0547 | 0.739 | 0.747| 0.778 | 0.811
492 1.187 0.215| 0.383 | 0.403 | 0539 | 0.732| 0.739| 0.771| 0.804
494 1.15 021 0372 | 0391 | 0523 | 0.711| 0.723 | 0.752 | 0.783
496 1.131 0.2 | 0.361 0.38 | 0.512 | 0.699 | 0.712 0.74 | 0.772
498 1.12 0.19| 035]| 0.367| 0.503| 0.692 | 0.704 | 0.733 | 0.766
500 1.092 0.18 | 0.339 | 0.354 | 0489 | 0.676 | 0.689 | 0.715| 0.749
502 1.068 0.168 | 0.325 0.34| 0474| 0.663| 0.674| 0.701| 0.734
504 1.049 0.157 | 0.314 | 0.329 | 0.463 | 0.651 | 0.664 0.69 | 0.723
506 1.03 0.147 | 0.305 | 0.318 | 0.451| 0.637 | 0.653 | 0.677 | 0.712
508 1.012 0.137 | 0.296 | 0.308 0.44 | 0.625| 0.641 | 0.667 | 0.699
510 | 0.999 0.127 | 0.287 | 0.298 | 0.429 | 0.616 | 0.631| 0.656 | 0.689
512 0.981 0.116 | 0.278 029 | 0419 | 0.604 | 0.621| 0.647 | 0.678
514 | 0.965 0.105| 0.27| 0.281| 0.408| 0.592 | 0.611| 0.635| 0.666
516 0.953 0.096 | 0.264 | 0.274| 0.399 | 0.582 | 0.602 | 0.628 | 0.659
518 0.946 0.086 | 0.258 | 0.269 | 0.393 | 0.576 | 0.596 | 0.622 | 0.653
520 | 0.929 0.079 | 0.252 | 0.262 | 0.384 | 0.565 | 0.587 0.61 | 0.641
522 0.914 0.072 | 0.247 | 0.256 | 0.376 | 0.554 | 0.576 | 0.602 | 0.629
524 0.91 0.062 | 0.241 0.25| 0369 | 0.548 | 0.571| 0.598 | 0.624
526 0.907 0.053 | 0.236 | 0.245| 0.363 | 0.544 | 0.567 | 0.594 | 0.621
528 0.901 0.047 | 0.231 0.24 | 0.356| 0.539 | 0.563 | 0.588 | 0.616
530 | 0.879 0.044 | 0.225 | 0.233 | 0.347| 0.525| 0551 | 0.575| 0.601
532 0.858 0.04 | 0219 | 0.226 | 0.337 0.51| 0.538| 0.561 | 0.587
534 0.85 0.033 | 0.213 022 | 0.331| 0505 | 0532 | 0.557| 0.582
536 0.841 0.03| 0.209 | 0.215| 0.326 | 0.498 | 0.526 | 0.551 | 0.575
538 0.835 0.025| 0.206 | 0.211| 0.321 | 0.492 | 0.521| 0.546 0.57
540 | 0.834 0.02 | 0.202 | 0.209 | 0.318 0.49 | 0519 | 0.545| 0.569
542 0.835 0.016 0.2 | 0207 | 0316 | 0.491| 0519 | 0.544| 0.569
544 | 0.816 0.016 | 0.196 | 0.202 | 0.307 | 0.478 | 0.508 | 0.532 | 0.555
546 0.807 0.013 | 0.193 | 0.199 | 0.304 | 0.473| 0.504 | 0.528 0.55
548 0.806 0.011 | 0.191 | 0.197| 0.302| 0.471| 0502 | 0.527 | 0.549
550 0.8 0.009 | 0.19| 0.196 | 0.299 | 0.467 | 0.498 | 0.523 | 0.545
552 0.802 0.006 | 0.189 | 0.194 | 0.298 | 0.467 | 0.499 | 0.523 | 0.545
554 | 0.801 0.004 | 0.188 | 0.193 | 0.297 | 0.467 | 0.499 | 0.522 | 0.544
556 0.798 0.002 | 0.186 | 0.192 | 0.295| 0.463 | 0.494 | 0.519 | 0.541
558 0.796 | 0.0008 | 0.186 | 0.191 | 0.293 046 | 0.493| 0.517| 0.539
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560 | 0.793 | -7E-04 | 0.185 019 | 0.292| 0.461| 0.493| 0.517| 0.539
562 0.791 | -0.002 | 0.184 | 0.188 | 0.291 | 0.458 049 | 0.514 | 0.537
564 | 0.788 | -0.004 | 0.183 | 0.187 0.29 | 0.456 | 0.488 | 0.513 | 0.535
566 0.789 | -0.005| 0.182 | 0.187 | 0.289 | 0.457 | 0.489 | 0.512| 0.535
568 0.783 | -0.005| 0.181 | 0.186 | 0.287 | 0.453 | 0.486 | 0.509 | 0.531
570 | 0.779| -0.005| 0.179 | 0.185| 0.285 0.45| 0.483 | 0.507 | 0.529
572 0.779 | -0.007 | 0.18| 0.184 | 0.285 0.45| 0.481| 0.507 | 0.529
574 | 0.777| -0.007 | 0.179 | 0.183 | 0.284 | 0.448 | 0.481| 0.505| 0.527
576 0.772 | -0.007 | 0.178 | 0.183 | 0.282| 0.445| 0.479| 0.502 | 0.522
578 0.766 | -0.006 | 0.178 | 0.182 0.28 | 0.442| 0.475| 0.498 0.52
580 | 0.763| -0.007 | 0.176 | 0.181 | 0.279 | 0.439 | 0.473 | 0.496 | 0.517
582 0.762 | -0.008 | 0.176 0.18 | 0.278 0.44 | 0.472| 0.496| 0.517
584 | 0.761| -0.009 | 0.175 0.18| 0.278 | 0.439| 0.473| 0.495| 0.518
586 0.762 | -0.008 | 0.175| 0.178 | 0.278 044 | 0473| 0.495| 0517
588 0.762 | -0.009 | 0.173 | 0.178 | 0.276 044 | 0472| 0.494 | 0516
590 | 0.763| -0.009 | 0.173| 0.178 | 0.275| 0.439| 0.471| 0.494 | 0.516
592 0.76 | -0.009 | 0.173 | 0.177 | 0.275| 0.437 047 | 0.493| 0.515
594 | 0.758 -0.01 | 0.172 | 0.177| 0.274| 0.436 | 0.468 | 0.492 | 0.514
596 0.76 | -0.011 | 0.172 | 0.176 | 0.274| 0.436 | 0.469 | 0.491| 0.514
598 0.756 -0.01| 0171 | 0.176 | 0.274 | 0.434 | 0.468 | 0.489 | 0.513
600 | 0.747 -0.01 | 0171 | 0.175| 0.272 | 0.431| 0.463 | 0.487| 0.508
602 0.749 | -0.011| 017 | 0174 | 0.271| 0432 | 0.464 | 0.487 | 0.509
604 | 0.754| -0.012 | 0.17| 0174 | 0.271| 0435| 0465 | 0.489 | 0.512
606 0.751 | -0.012 | 0.169 | 0.173 0.27 | 0.432| 0.466 | 0.486 0.51
608 0.745| -0.011 | 0.167 | 0.172 | 0.267 | 0.429 | 0.461 | 0.483 | 0.504
610 | 0.743| -0.013 | 0.167 | 0.171| 0.267 | 0.429 0.46 | 0.482| 0.505
612 0.741 | -0.012 | 0.167 | 0.172 | 0.266 | 0.427 | 0.459 | 0.481 | 0.503
614 | 0.737 | -0.012 | 0.166 0.17| 0.265| 0.423 | 0.457| 0.477| 0.501
616 0.738 | -0.013 | 0.166 0.17| 0.265| 0.424 | 0.456 | 0.478| 0.501
618 0.741 | -0.014 | 0.165 0.17| 0.265| 0.426 | 0.457 | 0.479| 0.501
620 0.74| -0.014 | 0.164 | 0.169 | 0.265| 0.426 | 0.458 | 0.479| 0.503
622 0.74| -0.015| 0.163 | 0.168 | 0.264 | 0.425| 0.456 | 0.477 | 0.502
624 | 0.738| -0.015| 0.163 | 0.168 | 0.263 | 0.425| 0.456 | 0.477 | 0.501
626 0.738 | -0.015| 0.163 | 0.167 | 0.263 | 0.425| 0.456| 0.478 | 0.502
628 0.735| -0.015| 0.162 | 0.166 | 0.262 | 0.423 | 0.454 | 0.475 05
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630 | 0.731| -0.015| 0.161 | 0.165 0.26 0.42 | 0.451| 0.474| 0.497
632 0.729 | -0.015| 0.16| 0.164 | 0.258 | 0.417 | 0.451 0.47 | 0.495
634 | 0.727| -0.016 | 0.159 | 0.164 | 0.258 | 0.417 | 0.449 0.47 | 0.494
636 0.724 | -0.016 | 0.159 | 0.162 | 0.257 | 0.416 | 0.447 | 0.467 | 0.492
638 0.722 | -0.015| 0.158 | 0.161 | 0.256 | 0.414 | 0.445| 0.464 0.49
640 | 0.717| -0.015| 0.157 | 0.161 | 0.254 | 0.412 | 0.444 | 0.463 | 0.487
642 0.716 | -0.015 | 0.156 0.16 | 0.254 | 0.411 | 0.442| 0.462 | 0.486
644 | 0.713| -0.014 | 0.156 0.16 | 0.253 | 0.409 | 0.441| 0.461 | 0.484
646 0.711| -0.015| 0.156 0.16 | 0.253 | 0.409 0.44 0.46 | 0.483
648 0.709 | -0.014 | 0.155| 0.158 | 0.251 | 0.406 | 0.438 | 0.457 | 0.483
650 | 0.709 | -0.014 | 0.154 | 0.158 | 0.251 | 0.406 | 0.439 | 0.457 | 0.482

304



Stellenbosch University https://scholar.sun.ac.za

Addendum D: Ethics approval letter

Ethics Letter
13-Apr-2017
Vallie, Sarfaraaz §

Ethics Reference #: X17/04/005

Clinical Trial Reference #:

Title: Method development and optimization for Rifampicin. Isoniazide and Esomeprazole in plasma using HPLC and LCMS analytical and Validation
techniques

Dear Mr Sarfaraaz Vallie

We acknowledge receipt of your application for your research project to be exempted from ethics review.

The Health Research Ethics Committee has assessed your application and considers this research proposal to meet the
requirements for ethics exemption.

This letter confirms that this research is now registered and you can proceed with study related activities.

Where to submit any documentation
Kindly submit ONE HARD COPY to Elvira Rohland, RDSD. Room 5007, Teaching Building. and ONE ELECTRONIC COPY to ethicsi@sun.ac.za

Please remember to use your protocol number (X17/04/005) on any documents or correspondence with the HREC conceming vour research protocol.

Federal Wide Assurance Number: 00001372
Institutional Review Board (IRB) Number: IRB0005240 for HREC1
Institutional Review Board (IRB) Number: IRB0005239 for HREC2

The Health Research Ethics Committee complies with the SA Naticnal Health Act No.61 2003 as it pertains to health research and the United States
Code of Federal Reguolations Title 43 Part 46. This committee abides by the ethical norms and principles for research. established by the Declaration of
Helsinli, the South African Good Clinical Pracices Guidelines as well as the Guidelines for Ethical Research: Principles Structures and Processes 2004
(Department of Health).

Sincerely,

Francis Masiye

REC Coordinator

Health Research Ethics Committee 2

305





