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ABSTRACT

Mefenamic acid (MA) [ 2-[(2,3-dimethylphenyl) amino]benzoic acid], is from group
of nonsteroidal anti-inflammatory drugs (NSAIDs). Generic MA is widely used
nowadays as it is expected to have same efficacy and strength as the brand drug.
Bioequivalence study for generic formulation is prime requisite of generic drug
registration. Bioequivalence study consists of clinical part and analytical part. Method
development and subsequent validation of MA in human plasma using HPLC UV-vis
detector for analytical part of bioequivalence study was the aim of this study. Two
sample preparation technique was successfully developed and validated which were
protein precipitation technique and liquid liquid extraction technique. Optimization of
MA was performed with selecting several mobile phase, column, and selection of
internal standard candidates. Acetonitrile and 2 % triethylamine buffer adjusted to pH
4.2 by using phosphoric acid with ratio (60:40 v/v) was selected as mobile phase.
Agilent Zorbax Eclipse XDB C 18 column with 3.5 um particle size (150 mm x 4.6
mm) was selected as the column for separation of MA compound. Diclofenac sodium
was selected as internal standard. Retention time of MA and diclofenac sodium was
found 5.4 and 3.8 minutes respectively. Protein precipitation technique was performed
using 500 pul spiked plasma sample added with 100 pl of internal standard and 2 ml
acetonitrile. For liquid liquid extraction technique relatively small volume of sample
was used, 100 pl of spiked plasma with MA, was added with 100 ul diclofenac
sodium and 100 pl 20 mM ammonium acetate buffer with pH 3.9. Dichloromethane
was used as extracting solvent for MA and IS. Both of these sample preparation
technique was validated according to CDER bioanalytical method validation
guideline. Protein precipitation technique and liquid liquid extraction was validated
for selectivity and showed no interference at retention time of MA and IS. Calibration
plot was linear within the range of 250 — 5000 ng ml? with the coefficient of
determination (r?) above 0.990 for both technique. Limit of detection was 40 ng ml*
whereas limit of quantification was 250 ng mlt. QC samples consists of LLOQ 250
ng ml, LQC 400 ng ml*t, MQC 2700 ng mlI, and HQC 4500 ng ml. Accuracy and
precision was performed for QC samples for intraday and interday. The range for
intraday or within day accuracy was between 91.67 % to 110.84 %. The range for
intraday and interday precision (CV) was between 1.45 % to 5.5 %. Recovery of MA
was more than 80 %. Limit of detection for MA for liquid liquid extraction was 50 ng
ml* whereas limit of quantification 250 ng ml. The range of accuracy for intraday
and interday accuracy was within 95.11 % to 106.56 % whereas the range for intraday
and interday precision (CV) was 1.47 % to 6.45 %. Recovery of MA was found more
than 90 % for this technique. For the stability study for both liquid liquid extraction
technique and protein precipitation technique, MA was found stable, for short term,
freeze up to three cycle and thaw and long term stability the content of MA about 4
month found about 90 % for all QC samples. Thus two different chromatographic
technique were developed and validated for MA in plasma which were efficient,
reliable, economic and also fulfill the green chemistry approach. Both the methods are
suitable for bioequivalence study of MA.
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ABSTRAK

Asid mefenamik (AM) ialah 2-[(2,3-dimetilphenil) amino]asid benzoik. la merupakan
salah satu ubat daripada kumpulan ubat anti radang bukan steroid. Ubat AM generik
yang dihasilkan mempunyai kesan yang sama dengan syarikat inovator yang
mengeluarkannya. Bagi mendaftarkan ubat generik, kajian bioekuivalen perlu
dijalankan. Kajian bioekuivalen terdiri daripada dua bahagian iaitu kajian klinikal dan
bahagian analisis. Kaedah untuk mengesan ubat AM daripada plasma manusia
menggunakan kromatografi cecair berprestasi tinggi (HPLC) dengan menggunakan
alat pengesan yang dinamakan ultraungu telah dijalankan untuk menganalisa kajian
bioekuivalen. Terdapat dua teknik penyediaan sampel daripada plasma manusia telah
berjaya dihasilkan dan disahkan iaitu kaedah penyah protein dan juga teknik
pengekstrakan cecair. Pengoptimuman AM dilakukan dengan pemilihan fasa
bergerak, turus dan pemilihan standard dalaman terbaik. Asetonitril dan air yang
mengandungi 2 % trietilamina telah diubahusai kepada pH 4.2 dengan nisbah 60:40
menjadi pilihan sebagai larutan fasa bergerak. Turus yang digunakan ialah turus 18
karbon berjenama Agilent Zorbax Eclipse XDB (150 mm x 4.6 mm, 3.5 um d.d)
untuk pengasingan AM. Diclofenac sodium telah dipilih sebagai standard dalaman.
Masa yang dapat direkodkan untuk AM dan diclofenac sodium ialah pada 5.4 dan 3.8
minit. Kaedah penyahprotein dilaksanakan dengan hanya menggunakan 500 pl isipadu
plasma yang mengandungi AM. Standard dalaman telah dimasukkan ke dalam plasma
sebanyak 100 pl dan 2 ml asetonitril. Teknik pengekstrakan menggunakan cecair
hanya memerlukan 100 pl isipadu plasma yang mengandungi AM. Diclofenac sodium
100 pl dan 100 pl larutan 20 mM ammonium asetat dengan pH 3.9 telah ditambah.
Diklorometana digunakan sebagai larutan ekstrak untuk AM dan standard dalaman.
Kedua-dua teknik ini telah disahkan dengan kaedah pengesahan bioanalitikal yang
diperkenalkan oleh CDER. Bagi parameter pemilihan, kedua-dua teknik ini
menunjukkan bahawa tiada kompaun lain terdapat di dalam kompaun AM dan
standard dalaman. Graf kalibrasi dengan julat kepekatan antara 250 — 5000 ng ml*
linear dan pekali penentuan (r?) mencatatkan 0.990 bagi kedua-dua teknik. Had
pengesanan adalah 40 ng ml* dan had kuantifikasi ialah 250 ng ml-1. Sampel kawalan
kualiti terdiri daripada empat kepekatan berbeza iaitu LLOQ, 250 ng mI, LOQ 400
ng ml?t, MQC 2700 ng mI* dan HQC 4500 ng ml?. Ketepatan dan kejituan untuk
kedua-dua teknik memenuhi kriteria yang ditetapkan oleh panduan yang disediakan
oleh CDER. Kadar perolehan semula AM ialah 80 %. Had pengesanan untuk teknik
ekstrak cecair untuk AM ialah 50 ng mI! dan had kuantifikasi ialah 250 ng ml™.
Kadar perolehan semula AM untuk teknik ini ialah lebih daripada 90 %. Hasil kajian
kestabilan AM bagi penyahprotein dan ekstrak cecair menunjukkan AM berkeadaan
stabil bagi tempoh masa yang singkat, sewaktu proses beku dan cair, serta untuk
tempoh masa yang lama. Kestabilan AM didapati lebih daripada 90 % untuk kesemua
sampel kawalan kualiti.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF STUDY
1.2 BIOANALYSIS AND ITS ROLE IN DRUG DEVELOPMENT

Bioanalysis is the quantitative determination of drugs and their metabolites in
biological fluid (Wells, 2003). Examples of biological fluids are blood, plasma, urine
and tissues. It is different from the conventional analysis. Inherent complex
characteristics of the bio-matrices make it more complicated compared to
conventional analysis. The challenge lies in the removal of the matrix interference that
limits the detection of analyte. Recently, the term bioanalysis is also used to define
analytical techniques applied in the quantification and characterization of biologicals
(Hill, 2009). This includes enzymes, proteins, monoclonal antibodies, cytokines and
vaccines (Mikkelsen and Corton, 2004). In bio-analytical method validation
guidelines, there are two types of bio-analysis discussed in two different categories,
namely the chemical method and the ligand binding assay method (Center for Drug
Evaluation and Research (CDER) and European Medicines Agency (EMA)). For this
study, the scope was mainly focused on the bioanalysis in a biomatrix, namely plasma.
Bioanalysis plays an important role in the field of medicine and pharmacy. These are
closely related to human wellbeing. Primarily, it is instrumental in new drug discovery
and the development to construct the toxicological, bioequivalence, bioavailability,
pharmacokinetic, as well as therapeutic drug monitoring studies. Moreover, fields like

forensic and doping in sports largely depend on bioanalysis to produce reliable results.



1.3 APPLICATION OF BIOANALYSIS
1.3.1 Pharmacokinetic Study and Bioavailability of Drugs

Pharmacokinetics of drug molecule is defined as the movements of drugs inside the
body. It involves the absorption, distribution, metabolism and excretion of drugs from
the body (Jambhekar and Breen, 2012). In drug development, pharmacokinetics
profile of the drug molecule is very critical. It helps to evaluate the preclinical toxicity
testing and animal pharmacology as well as to decide the appropriate dosing for
pivotal phase Ill study of efficacy (Rang, Dale, Ritter and Flower, 2007). In
absorption, the drug must pass through the cell membrane to gain access to the cell,
though this process depends on the chemical properties of the drugs. At the cellular
level, membrane layer consists of lipid materials which allow lipophilic drugs to be
easily absorb to the membrane. However, if the drug is in an ionized form, it will
modify according to the environment of stomach and gastrointestinal gut. If the drug
is in an amphipathic form, whereby it possesses both lipophilic and hydrophilic
properties, the absorption of this compound will be much easier. Few drugs can be
absorbed by using active transport available in the membrane layer (Galbraith, 2001).
After absorption, drugs enter into the blood circulation. The environment of the blood
circulation is in aqueous medium. There are several mechanisms that allow
transportation of drugs in the blood, which is referred as drug distribution. Protein
binding is one mechanisms of drug transportation (Katzung, Masters and Trevor,
2009). If the molecules of the drugs are hydrophobic, they can easily attach
themselves to blood proteins, also known as protein bound. Proteins have amphiphatic
characteristics as they can render both lipophilic and lipophobic molecule. The
protein-bound drug must be in equilibrium with the free drug inside the plasma.

Proteins will stay inside the bloodstream and never enter the tissue. For the drugs to



act on the target tissues, they have to be in a free drug form. This equilibrium shift
will play an important role in distributing the drugs to the body. Liver plays an
important role in drug distribution where after absorbing the drug from the
gastrointestinal tract, the hepatic portal system will take it and carry it to the liver. The
liver will metabolize the drugs before distributing them to the rest of the body. Such
drug is said to have a high hepatic first pass. Knowledge about volume of distribution
is important; the approximate volume of plasma in an average 70 kg adult is 3 L.
When the drug is administered orally, the plasma is measured to get the concentration
of drug in the blood. However, the concentration of drugs in the plasma is not same as
the dose given. This is because the drugs can diffuse from blood to the tissues. The
distribution of a drug inside a human body can be calculated. To calculate this, a
known amount of drugs is injected intravenously, and if the drug is able to stay within
the plasma, the amount of drug is equivalent to the drug dissolved in litters of liquid.
If the drug is distributed in the body, the concentration will be equivalent to the drug
dissolved in 40 L, which is the total volume in the body’s fluid compartments. Drug
metabolism can detoxify the drugs and also change the drugs to its active form.
Besides that, metabolism of drugs will change the drugs to be more hydrophilic so that
they will not be re-absorbed into the system during the excretory process. In an
excretion process, the majority of drugs are excreted either as the same molecule as
they were administered, or as metabolites in the urine or bile. For renal drug excretion,
it involves three processes which are glomerular filtration, active tubular secretion and
passive diffusion across tubular epithelium. Furthermore, drug can leave the body
other natural routes, such as saliva, sweat, tears and breathe (Galbraith, 2009; Rang et

al., 2007).



Bioavailability is defined as the unchanged drug that reaches the systemic
circulation by any route of administration. It is measured by the measure of area under
the blood concentration-time curve (AUC), as shown in Figure 1.1. Different route of
administration such as intramuscular, intravenous and rectal administration will give
different bioavailability (Katzung et al., 2009). Half-life, denoted as t*, can be defined
as the time required to change the drug in the body by one-half during elimination.
The parameters in pharmacokinetics that can be used to measure bioavailability are
absorption and liver pass effect (Galbraith, Bullock, Manias, Hunt and Richards,

2007).

C max

Concentration
of drugs Inside
the plasma ,
(g mi')

Area under Curve
Auc

Time (h)

Figure 1.1 Single compartment model of plasma drug concentration time curves

Drug preparation is not the only factor that influences bioavailability.
Differences in enzyme activity of gut wall or liver as well as the pH of gastric or
intestinal motility can also affect bioavailability (Rang et al., 2007).

Understanding of pharmacokinetic and bioavailability of a drug gives a clue on

how to quantitate the drugs in human body. Accordingly, bioanalysis knowledge is



