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ABSTRACT

Thiamet-G inhibits the activity dfl-acetyl$-glucosaminidase, a glycoside
hydrolase known as OGA. A validated bioanalytio&thod has been developed to
enable pharmacokinetic studies of Thiamet-G anckltded analogues. The bioanalysis
was carried out using high performance liquid chatography (HPLC) coupled to a
tandem mass spectrometer (MS/MS). In the MS/MStipilelreaction monitoring
(MRM) was used to monitor the transition of analy&eent ions to diagnostic daughter
ions. The validated method utilized the HypercaRE cartridge as the cleanup tool and
the ZIC-HILIC column as the suitable stationary gdna The method was validated for
linearity, specificity, accuracy, precision, recoyenatrix effect, stability, and
sensitivity. Pharmacokinetic samples obtained frata treated by oral gavage with
Thiamet-G were subjected to analysis using thelagdd method. Thiamet-G was found

to be absorbed with a.&x 0of 370 £ 20 ng / mL and showed,g,tof 2 h.

Keywords: Thiamet-G; MRM; pharmacokinetics; N-acety  |-B-
glucosaminidase; OGA; bioanalytical method validati on

Subject Terms: LC-MS/MS, bioanalytical validation
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CHAPTER 1: INTRODUCTION
1.1  Carbohydrates and the O-GIcNAc Modification

The central dogma of molecular biology was a thewiginally established in
1958. It describes the transcription process,hicivgenetic information encoded in the
chains of DNA are converted into messenger RNAllofaing transcription, the
messenger RNA is translated into protein. Theltieguproteins are either used for
various functions inside the cell or secreted duhe cell. Many proteins interact with
each other to enable functioning of a cell, whkhie smallest dividing unit of all living

things[1].

In addition to proteins and lipids, carbohydratesienportant biomolecules that
act as signalling molecules and structural compmigi8]. Carbohydrates also play a
role as crucial intermediates in generating eneriglyin cells[1]. Carbohydrates often
exist on the surface of proteins as glycans, whrehcovalently linked sugar chains of
varying structures and sizes[4]. These glycopnsteict to enable cells and their
surroundings to interact and therefore enable coctsdn of complex muticellular organs

and organismsl[1].

The exact functions of glycaimsvivo are difficult to define, but they have been
found to be important for the development, grovidinctioning, and survival of the
organism that synthesizes them[1]. The biologickds of glycans can be separated into

three main categories. First, glycans functiotheamaintenance of cellular structure and



to modulate cell-cell interactions[2]. Second,cglys regulate the proper folding of the
newly synthesized polypeptides in the endoplaseticulum (ER) and Golgi apparatus.
Proper glycosylation within the secretory pathwalpk to maintain protein stability and
conformation. If proteins are not properly glyclaégd and / or they fail to fold properly,
they are removed from the ER and subjected to phatis [2]. The other key biological

function of glycans is their role as targets faragnition by other molecules[2], which

can influence the localization of the glycans alyd¢aproteins.

1.1.1 Monosaccharides, the Basic Components for all Carbohydrates

The basic component for all carbohydrates is martdsides. Monosaccharides
contain multiple hydroxyl groups and exist predoamthy as either a six- or five-
membered ring. There are two classes of monosadebBaaldoses and ketoses (Figure
1.1). An aldose has an aldehyde function wherdatase contains a ketone groupl5].
Many aldoses and ketoses exist in either an opaim ébrm and a cyclic form[5]. The
cyclic form of many 6-carbon and 5-carbon sugafsrnsied by the nucleophilic attack of
the hydroxyl group, typically the stereogenic ceritirthest from the carbonyl group, on
the open chain sugar[5]. A pyranose, a 6-membxnggdor a furanose, a 5-membered

ring are the most common cyclic species formedamb@hydrates[5].
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Figure 1.1. Examples of an Aldose, Glucose (A), and  a Ketose, Fructose (B).
The structures on the left hand side are the open chain forms of the sugars shown in
Fisher projection while the structures on the right hand side are in the ring forms
illustrated in modern projection.

One of the two anomersg,andp, can be generated during formation of the ring.
The open chain forms of glucose and fructose avesshn the middle of Figure 1.2 (A)
and (B) respectively. Anomers forglucopyranose and-fructofuranose are illustrated
in Fischer projection on the left hand sideafhomer) and the right hand sigeanomer)
of the figure. In am-anomer, the hydroxyl group attached to the ananeanibon is on
the same side of the carbon backbone, as drawischdt projection, as is the oxygen
atom attached to the highest numbered stereogentcec On the other hand, when the
two substituents are on opposite sides of the calaokground in the Fischer projection,

the configuration i$[5].
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Figure 1.2. Formation of Two Different Anomers Resu  Iting from the Cyclisation of
Carbohydrates.
(A) Glucose and (B) ketose are shown in the figure as examples of an aldose and
ketose respectively. All structures are illustrated in Fischer projection format. The
order of the structures from left to right in the figure are the a-anomer (l€ft), the open
chain forms (middle), and the g-anomer (right). After the formation of the ring, when
the nucleophilic oxygen ison the same side as the hydroxyl group attached to the
anomeric carbon, the configuration isa When the substituents are on the opposite side,
the configuration is .

There are several forms of monosaccharides, sotie shost commonly found
forms in nature are hexoses and hexosamines. @skdg composed of six carbons and
an example is glucose. A hexosamine has the sauttuse as hexose, except that an
amino group replaces a particular hydroxyl groupssituent. N-acetylglucosamine
(GlcNAc) andN-acetylgalactosamine (GalNAc) are examples of haxases (Figure

1.3) [, 5].
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Figure 1.3. N-acetylglucosamine (GIcNAc) is Example of a Hexosam  ine with a 2-
Acetamido Group Replacing the 2-Hydroxyl Group of G lucose.

In eukaryotic cells, proteins and lipids are comiyianodified by glycosylation. In order
for chains of monosaccharides to become covaléinkgd or to become linked to
another molecule (whether it be another sacchapiaein, or lipid), they need to be
attached via glycosidic linkages, which are usufaiyned through the hydroxyl group of
the anomeric centre. The formation of a glycosmtiad is initiated by the nucleophilic
attack of the oxygen of a hydroxyl group to theraedc carbon. In Figure 1.4, the
nucleophilic oxygen is part of the hydroxyl groupRSOH while the anomeric carbon is
carbon 1 ob-glucopyranose. Each monosaccharide can formy anap-glycosidic
linkage when attached to another mole[]le Due to the fact that there are numerous
possible positions on a monosaccharide which dactato another molecule to form a
glycosidic linkage, the study of glycobiology cam\ery challenging. Luckily, the
possible combinations of glycosidic linkages thas&in natural biological
macromolecules are limited. However, the diversitdifferent glycan structures in
nature is still large because the hydroxyl grougs @lso be modified by phosphorylation,
sulfation, methylationQ-acetylation, or fatty acid acylation[1, 5]. Thigesis involves a
particular type oD-linked glycosylation on proteins, tii&GIcNAc modification, which

is the focus of further discussion.



D-Glucopyranose R'-B-D-glucopyranoside
(hemiacetal) (acetal)

Figure 1.4 The Reaction Mechanism for Acid Catalyze d Glycosidic Bond Formation.
A hemiacetal has reacted with R'OH to yield an acetal group with a B-configured
glycosidic bond.

1.1.2 The O-GIcNAc Modification

B-O-linked N-acetylglucosamine, abbreviated@<IcNAc, is produced by an
enzymatic transfer of the monosacchaidacetyl glucosamine (GIcNAc) to the
hydroxyl group of certain serine and threoninedess of eukaryotic proteins. Different
from other characterised glycosylations, this tgpglycosylation happens in the nucleus
and cytoplasm and consists of the addition ofgusingle GIcNAc unit[6]. Th&-
GlcNAc modification was discovered more than two decade§/g During studies of
the O-GIcNAc modification in rat hepatocytes, it was holto dominantly occupy the
nuclear envelope and the chromatin, especiallgeanticlear pore complex[8].
Researchers also discovef@dsIcNAc on many cytoplasmic proteins, including
cytoskeletal proteins[9]. The-GIcNAc modification is one of the most common post
translational modifications found on proteins[1(-12pproximately 500 proteins have
been classified &-GIcNAc modified proteins to date, and these prdeire involved in
a number of roles[10, 12], including stress respefis3, 14], transcription[15-18],
translation[19], and cellular signalling[20]. Amber ofO-GIcNAc modified proteins
are part of the cytoskeleton, and regulate thenalslyeof microtubules and the bridging

of actins[21-24]. Research has suggested thatrtb@sfication of proteins is involved in



type Il diabetes[25, 26], Alzheimer’s disease[25], and cancer[17]; however, their

exact roles are unclear and are contentious[27, 28]

The cycling ofO-GIcNAc relies on two enzymes (Figure 1.5). Uralin
diphosphoN-acetylglucosamine:polypeptifieN-acetylglucosaminyltransferase (OGT),
a glycosyltransferase, transfers the sugar morety the donor sugar substrate, uridine
diphosphate (UDP)-GIcNAc, onto target proteinsf29. In the reverse proce$sN-
acetylglucosaminidase (OGA) removes @&IcNAc moiety from proteins[26, 31]. As
a resultO-GIcNAc is a dynamic process in which the additor removal of the moiety

can happen numerous times during the lifespanpob&in[12].

UDP-GlcNAGc UDP
oGT -
HO 0
OH
Héﬁ&o
NH
g
OGA Gy
O-GlcNAc
GleNAG H.0

2

Figure 1.5. The Cycling of the O-GIcNAc Modificatio  n.
OGT, a Glycosyltransferase, Transfers the Sugar Moiety from the Donor Sugar
Substrate, UDP-GIcNACc, onto Target Proteins. In the Reverse Process, OGA
Removes the O-GIcNAc Moiety from Proteins.

Researchers have found that disruption of the ganeding for the OGT is lethal
at the single cell level and is essential for maarsdryogenesis[32]. Furthermore, when
the genes encoding for either BeGIcNAc transferase or the hydrolase, OGA, were

knocked out irCaenorhabditis elegans, defects were detected in dauer larvae formation



and in the regulation of macronutrient storage@d, To date, gene deletion of OGA
has not been done in mammals, although evidenaggestgithaO-GIcNAc cycling is

important for development[33, 34].

Analogous to phosphorylation, teGIcNAc modification appears to play a key
role in regulating the activity of target proteiBS]. TheO-GIcNAc modification has
some analogies to phosphorylation (Figure 1.6). tik@O-GIcNAc modification, a
transferase, and for a phosphorylation, a kinagsesponsible for putting the moiety onto
the hydroxyl group of certain serine and threomgsdues of eukaryotic proteins[36].
Similarly, for phosphorylation, a phosphatase, fimdhe O-GIcNAc modification, a

hydrolase, removes the moiety from the modificasae[37].

PO, UDP-GIcNAc

Kinase
>—< :>—< O- GIcNAc

GlcNAc

Figure 1.6. Cycling of O-GIcNAc and O-phosphate on the Same Amino Acid Residue of a
Protein Molecule.

As illustrated in Figure 1.6)-phosphate an@®-GIcNAc can occur on the same or
nearby residues[38, 39]. In the case of the Citahdomain of RNA polymerase II,
competitive cycling was observed for tBeGIcNAc modification and
phosphorylation[40]. Studies of oestrogen receptsuggested that two types of

modification at the same site might function inukaging the activity and the turn over of



the receptor[41]. There are some cases whe@4B&ENAc modification modulates a
nearby phosphorylation site[35, 42]. Historicaildewmce suggests that teGIcNAc
modification alters phosphorylation and proteinregsion in crucial signalling

pathways[43].

1.1.3 Methods to Modulate Levels of O-GIcNAc

Altering O-GIcNAc levels in cells eithdn vivo orin vitro helps to provide a
better understanding of the functions of the pratglational modifications on proteins.
Researchers have tried various techniques to miedina levels 0O-GIcNAc.
Upregulation can be done by elevating the conceotrof UDP-GIcNAc[44, 45] and

increasing the expression of OGT[46].

One can elevate the concentration of UDP-GIcNA@mbyeasing the
concentration of glucose or glucosamine, whichnaeéabolic precursors[47]. However,
when introducing glucosamine, various other effatthe cellular level are observed,
which complicates the study of the upregulatioBP-GIcNAc[48-50]. Aside from
OGT, other enzymes also transfer UDP-GICNAc toginst or other molecules during
other types of glycosylation processes[51, 52]usimethods to elevate levels of UDP-
GlcNACc for purposes of defining the role ©fGIcNAc by feeding metabolic precursors
to increase the levels of the modification is ambigs because these other glycosylation

pathways are also affected[53].

Another common approach is to overexpress OGTliu@d cells[30] or in
animals[54]. Consistent with OGT being a largetrdoimain macromolecule, it has

been found to interact with many other proteinfawSonet al. found that



overexpression of OGT actually disturbs the pragjoesof the cell cycle[55]. Although
the non-catalytic roles of OGT have not been defitieese data suggest that OGT may
have functions other than just cycli@gGIcNAc. Overexpression of OGT can induce
other unavoidable effects due to the non-catafdiovities or interactions of OGT with
other proteins[56-58]. Furthermore, OGT overexgim@susually only results in small

increases iO-GIcNAc levels.

Another method for increasing the leveld®f5IcNAc modified proteins is to use
inhibitors to block the activity of the enzyme reapible for removin@-GIcNAc from
target proteins. Haltiwanget al. first showed that the inhibition of OGéan
significantly increase the levels OfFGICNAc in cells[59]. In order to understand the
background about inhibitors currently used for OG&me general information regarding

OGA will first be discussed in the following segatio

1.1.4 OGA

Many glycosyltransferases and glycoside hydrolés@sd in nature are
responsible for the post-translational modificatadrproteins with sugar units. Enzymes
that have been identified from gene sequencinglassified in the CAZy database[60]
according to their amino acid sequence and stralctufiormation where available[61].

OGA is a member of family 84 of glycoside hydroa¢&H34).

Aside from OGA, there are other enzymes found élysosome that are also
capable of cleaving terminblacetylglucosamine residues off from glycoconjuggi2].
They are calle@-hexosaminidase A (HexA) and B (HexB). These eresare

members of family 20 of glycoside hydrolases (GH&2)) The substrates of these
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enzymes are mainly gangliosides such as gangliéaM2 which is directed to the

lysosome for degradation[63]. These enzymes simepparent sequence similarity to
OGA[62]. A good inhibitor for use in cells an vivo should be highly specific for OGA
over the functionally related HexA and HexB so@axoid concomitant inhibition of all

three enzymes.

Human OGA is composed of two domains, a C-terndieahain, which was
proposed to have an acetyltransferase[64] and sarhinal domain which has the
glycoside hydrolase activity[64]. Some bacteriayanmes share high sequence similarity
to the N-terminal domain of eukaryotic OGAs, angidhbeen grouped into GH84[65]. A
close homolog of human OGAs fraBacteroides thetaiotaomicron (BtGHB84) is able to
cleaveO-GIcNAc from proteins and uses the same catalygchmanism[66]. The crystal
structure of human OGA has never been solved lanofiBtGH84 is known[66] as is the
structure of two other bacterial homologues[67, 6Bjese structures have provided a

good model of the human OGA to enable studieshabitors of OGA[69].

The substrate-assisted catalytic mechanism usédimgn OGA is shown in
Figure 1.7. In this double replacement retainireghanism, the 2-acetamido group of
the substrate acts a nucleophile[62]. The catatgsidues, two aspartate residues, in the
active site of the human OGAs are involved in gatal One residue polarises the 2-
acetamido group, which increases its nucleophjl@itd assists its attack at the anomeric
centre. It most likely acts as a general baskarfitst step of the reaction. The second
residue acts as a general acid during the firptat¢he reaction, aiding the departure of

the leaving group and leading to formation of anzmtine intermediate. During the
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second step, the first residue acts as a genedaaad the second residue now acts as a

general base, aiding the attack of a molecule ¢émat the anomeric centre.

Asp 175 Asp 175 Asp 175
@
)\0‘\ )\ }\
o] N o © o O\

[C]
@] f(;/ (0]
/KO /K
Asg 174 Asg 174 ° As%% ©

Figure 1.7. The Retaining Mechanism for OGA.
Amino Acid Residues are Labelled Based on the Numbering of the Human OGA[62].

1.1.5 Small Molecule Inhibitors

Small molecule inhibitors are crucial for understiag the functional roles of
many enzymes. Using a cell permeable small madgablibitor to increase the-
GIcNAc levels in cells through inhibition of OGA iis many ways more advantageous
than genetic methods or altering the nutrient fT@] Given that not all the cells are
capable of undergoing transfection employing a petineable small molecule inhibitor
is more convenient[71]. The level of dosing carelsily adjusted and if necessary, the
inhibitor can be removed to observe the effecthencells[70]. Furthermore, the levels
of the proteins themselves are not directly peddrbHence, inhibition of OGA is often
performed in cultured cells[20, 27], and tissuethbovitro[72, 73] andn vivo[74, 75]
for studying the effects of increasing level¥BGICNAc. One drawback of using

inhibitors is that they are not all able to pentetiato all tissues types, and some
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inhibitors are not selective for OGA, which cande¢a some unanticipated results[62].

Several inhibitors for OGA are known and thesesamamarised briefly below.
PUGNACc and Streptozotocin

O-(2-Acetamido-2-deoxyp-glucopyranosylidene)-amind-phenylcarbamate
(PUGNAC) is both an inhibitor of mammalian OGK, & 52 nM) and the functionally
related lysosomdi-hexosaminidasek( = 52 nM)[76]. By treating cells with PUGNAC,
some off-target effects were observed that resuitted inadvertant inhibition or
alteration of enzymes or processes, other than Q&A0, 77, 78]. Since PUGNACc
inhibits the function of the lysosom@dhexosaminidases, which are important for
recycling glycosphingolipids, levels of the ganglae GM2 in cultured neuron cells
increase after PUGNACc treatment[77]. PUGNACc treaitnwhich causes an increase in
O-GIcNACc levels, has been shown to cause insuliistasce. But this effect could be
due to an off-target activity and not solely byibition of OGA[28, 78]. An additional
important factor which makes PUGNACc a poor candidahibitor is that it is not able to
cross the blood brain barrier[75]. The structrf® dGNAc is shown in Figure 1.8

Structure A.

Streptozotocin (STZ) has poor potency towards O@As 2 mM)[79, 80].
Many disastrous effects, such as the deaflra#lls that ultimately leads to an insulin-
dependent diabetic phenotype in rodents, were wbgddollowing treatment with
STZ[81-83]. Two studies support that these comagilbi;ms do not arise from the
inhibition of OGA by STZ, but instead from off-tageffects[84, 85]. These
complications indicate that both PUGNAc and STZ(ffe 1.8 Structure B) are poor

tools for investigating the functional role ©fGIcNAc.
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Figure 1.8. Structures of (A) PUGNAc and (B) Strept  ozotocin.

NAG-thiazoline, NButGT and Thiamet-G
1,2-Dideoxy-2-methyl-u-D-glucopyranoso-[2,H]-A 2-thiazoline (NAG-

thiazoline) was first synthesized by Knagifal[86]. This compound has since been

shown to be a good inhibitor of both OGK & 0.07 uM) and lysosomé§t

hexosaminidase&(= 0.07 uM) but shows no selectivity[62]. Figur® $hows the

structures of NAG-thiazoline (A) and its derivatitvet possesses a butyl chain, NButGT

(B).

OH

A . B ", C
0 o
HO HO 0
HO H&ﬁ HOHO
N S

NYS

CH, NH
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Figure 1.9. Structures of (A) NAG-thiazoline, (B) N ButGT and (C) Thiamet-G.
The active site on the structure of OGA (or a &aat homologue) was not known
when the structure of lysosomal HexB was crystdljZ1]. The active site of HexB, an

enzyme known to be similar in function to OGA, Iheen shown to bind the 2-acetamido
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group of inhibitors[87]. However, since the pockatrounding this group is very small,
lengthening the 2-acetamido group by adding lasgestituents should weaken the
binding of the inhibitor towards HexB. A seriesMAG-thiazoline derivatives with
extending chains at the 2-acetamido group weretbier synthesized[62]. One of the
derivatives, NButGT, was identified to be highlyesgive (700-fold) for OGAK, =

0.230 uM) over HexBK, = 340 uM) with good potency[62]. The crystal sture of
NBuUtGT which possesses a butyl chain, in complehk BiGH84 supported the proposal
that there is indeed a deep pocket able to accomt@atibstituents where the 2-

acetamido group of substrates are bound to OGAtarbmologues[69].

Research studies have shown that’A§pasp?*? in BtGH84) located in the active
site of OGA is a crucial catalytic residue havingia of 5.2[88, 89], making it
deprotonated and anionic at physiological pH.ak been found that the protonated form
of NButGT has al§, of 3.4[74]. These findings suggest that the nigjaf NButGT in
solution would not be protonated at a physiologpt4lof 7.4 and, therefore, a favourable

ionic pair interaction with Asg* cannot be formed[71].

In the crystal structure &BtGH84 in complex with NAG-thiazoline[66] or
NButGT[69] (Figure 1.10), the endocyclic nitrogeftloe thiazoline is within hydrogen
bonding distance of the side chain of A8p In order to generate a favourable ionic pair
with Asp*” a new series of compounds, Thiamet-G (FigureStrcture C) and its
analogues, were made by increasing the basicitysoéndocyclic nitrogen of the
thiazoline ring of NButGT[74]. The first methylenait of the alkyl chain was replaced
with an amine[74]. This change makes Thiamet-Ghmore basic (g, = 8). As a

result it shows selectivity for OGA over HexB (30(3fold) and the binding potency to
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OGA is increased by 30-fold( = 21 nM at pH 7.4)[74]. Thiamet-G was also shdawn

be able to increase tixGIcNACc levels in both cultured cells amalvivo in the rat

brain[74].
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Figure 1.10. The Crystal Structures of BtGHB84 Glycoside Hydrolase Active Centre in
Complex with either, (A) NButGT or (B) Thiamet-G.
Adapted from [74].

1.2 Pharmacokinetics

Pharmacokinetics (PK) is the study of the relatmbetween doses of
administered drugs and the measurable drug comtiemtin the blood in a quantitative
fashion[90]. PK investigates how a drug behavekerbody after administration
whereas pharmacodynamics investigates the rel&ijphgtween the concentration of a
drug at the site of receptors and the correspongfiincacy of the drug[91]. The focus of

this thesis will be on PK.

The LADME (Liberation, Absorption, Distribution, Nbolism, Excretion)
processes are illustrated in Figure 1.11. Theealhtion L stands for liberation of the
drug from its dosage form while A stands for absorpof the drug from the site of

dosage into the blood circulation. The letter presents distribution of the drug by
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diffusion or active transporters transferring frdme intravascular space into the body
tissues while M represents metabolism of the draigsforming into metabolite. Finally,

E symbolizes excretion of the unchanged drug anwdvietabolites from the body[92].

LADME

Liberation

Figure 1.11. LADME Processes that Take Place after  Drug Administration
Adapted from [93].

PK is the study of LADME processes of a drug byedwining the drug
concentration during a time course in body fluid}|9LADME or pharmacokinetic
processes rely on the physical and chemical priegeats well as the amount of drug
administered into the body[92]. The LADME procesaee generally considered to
happen simultaneously. For example, the libergtimcess does not need to be

completed in order to initiate the absorption pesce

One important factor to consider while administgrdrugs into a body is the
process which occurs to transfer drugs acrossyaathbranes. Cellular membranes are
composed of phospholipid bilayers with apolar hgdrbon chains facing inward and the

polar head groups facing outward[94]. Proteind@cated in between the membranes
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and form small gaps or pores[95], which permit flofxpolar substances or drugs into
cells[94]. Non-polar drugs usually enter the cbiidiffusion through the hydrocarbon
barriers located between the phospholipid bilagéis[ Many factors influence the
transport of a drug across cell membranes incluttiegize, shape, solubility, and the
degree of ionisation of the drug[94]. Some drugghtnstrongly bind to plasma or tissues
in the body[94]. Consequently, only the free fahthe drug is able to pass through the
membranes[94]. At the steady state, the concémtraf the unbound drugs is the same
on both sides of the membrane[94]. pH differeramess membranes also play a role in
drug transfer only if the compounds are ionisalniéan physiological conditions[94].

For ionisable drugs, their transfer relies upongka of the drug and the pH

gradient[94].

1.2.1 Basic Understandings of the LADME System

Liberation of the drug is important for all drugopucts administrated via routes
other than the intravenous route[92]. The maiseea for formulating drugs inside
tablets are to protect the perishable drugs frooohposition, to minimize odour, and to
smoothen the progress of swallowing[97]. The dsugleased from its formulation
during liberation and this process determines abesrof absorption and the
bioavailability of the drug, and it is governedthyg properties of the drug within the

tablet[97].

By definition, absorption is the act of taking tireig from the site of
administration into the bloodstream of the bodye Bbsorption site depends on the
route of administration and the most common fornesoaal and intravenous. Other

factors that affect the rate of absorption areptingsical state of the drug, concentration
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of the drug, the circulation at the absorption,sited the area of the absorbing surface.
Among the various routes of administration, intrames administration inputs the drug

directly into the venous bloodstream, thereby elating the process of absorption[94].

After the drug is in the circulation system, thegess of distribution takes place
from the bloodstream into the body tissues, tostteeof action. The rate of the process is
dependent on the blood flow and the diffusion @fdihug across cell membranes of a
variety of tissues and organs in the body. Onéthbound fraction of the drug is
available for transfer and the distribution of tirection of drug is governed by the
binding to proteins or uptaken by cells in the hodlyhen drugs tend to bind to protein in
the plasma, the amount of drug reaching into tsssémited. Hence, the distribution of
the drug depends on the physicochemical propestitee drug and several physiological

factors[94].

Metabolism, sometimes referred to as biotransfaonats the bio-chemical
alteration of a drug in the body prior to elimimati To avoid the build up of foreign
substances, the body uses enzymes to chemicaMgrddipophilic compounds into more
water-soluble metabolites. The processes of nefaamation are divided into Phase |
and Phase Il reactions. In the Phase | reactipoja group is added to the drug to
increase its water solubility. These reactionsganmeerally either oxidative or hydrolytic.
Phase Il reactions involve formation of a covaleord(s) with endogenous substances.
The liver is known as the primary location of metisdm. Processes of metabolism
generally modify the drug into a substance whidmagtive or less active than the parent

compound[94].
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After the drug has undergone metabolism, it is ygade eliminated from the
body. Among the various excretory organs, the nmpgbrtant organ is the kidney as the
majority of drugs are excreted in the urine[92libStances in the feces are typically
either unabsorbed drugs or compounds removedhetbite[94]. A portion of both non-

ionised and ionised drugs may be passively reabddrlp the kidney[94].

The efficacy of a given drug is largely governedlig concentration of the drug
in the body. To measure efficacy, the ideal larafor measuring the concentration of
the drug is at the receptor, which is the siteatiba of the drug. Practically, however,
drug concentrations are usually measured in wholedoor other body fluids, such as
plasma, saliva, urine, or cerebrospinal fluid. @neg content in these fluids is believed
to be in steady-state with the amount of drug etréiteptor. The measured drug
concentration in these fluids is often referreds¢dhe drug level, which is the free

fraction of drug in equilibrium within the body[91]

1.2.2 Compartmental Modelling

For purposes of PK, a body consists of more tmenocompartment. The input
and output of drug from the body, and the transfehe drug content between the
compartments of the body are represented by ratstaats. PK models are often used to
describe how a drug behaves in a biological systiéen administration. The models that
have been well classified are the one-compartntentcompartment, and

multicompartment models[98].

In a one-compartment model, all the tissues obtiiy are considered to be

homogenous. The drug is assumed to distributantigtthroughout the body upon
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administration and hence the drug is instantang@isdteady state. However, the drug
concentration in plasma is not equal to the drugceatration in tissues. In this model,
the changes in the plasma concentration are piopaftto the changes in the tissues. As
a result, a monophasic response or a monoexpohemtiee is observed when the drug
concentration in plasma is plotted against timgyfé 1.12 A). The plot of the log of
concentration of drug in plasma versus time graphstvow a linear relationship (Figure

1.11 B) [98].

[drug in plasma]
log [drug in plasmal]

Time Time

Figure 1.12. Plots that Exhibit a One-compartment M  odel.
(A) Concentration of drug in plasma versus time plot, (B) the log of concentration of
drug in plasma versus time plot. In both plots, the data is for intravenous
administration.

In a two-compartment model, the tissues of theylard not simply a
homogenous unit. In this model, the body is coredax a central compartment and a
peripheral compartment. The central compartmeobmsidered to be the organs
including the heart, lungs, kidneys, liver, anditoralhe peripheral compartment is
mainly the muscle, fat, and skin of the body.slagssumed that the central compartment
has tissues that are highly perfused whereas tiyghpeal compartment is less perfused.
In this model, when drug is administered into thattal compartment, equilibration is

not achieved instantly between the two compartmeémesto the differences in the rate of
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drug distribution. A biphasic response is dematstt when the concentration of drug in
plasma is plotted against time (Figure 1.13 A). eéWbne takes the log of the
concentration of drug in plasma and plots it agdinge, a plot consisting of two distinct

lines is obtained (Figure 1.13 B) [98].
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Figure 1.13. Plots that Exhibit a Two-compartment M odel.
(A) Concentration of drug in plasma versus time plot, (B) the log of concentration of
drug in plasma versus time plot. In both plots, the data is for intravenous
administration.

The last model is called the multicompartment modd the name suggests, the
model takes into account the presence of an additmmpartment in the body system
into which the drug will distribute. In a plot tife concentration of drug in the plasma
versus time, one would expect more than a singbemaential decay. Differences are also
expected in the log of concentration of drug inphesma versus time curve[98]. Consult

Appendix A 1.1 for a description of the fundamemafameters for PK.

1.3 Analytical Issues in PK

1.3.1 Complexity of Biological Samples

Biological samples are highly complex due to tHfeugnce of many endogenous

substances. Quantitation of administered drugdpalogical fluids can also be a
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challenge because of the low quantity of the taagelytes. In blood fluids, such as
serum and plasma, there are often proteins angpbbgids present along with the
target analytes. Plasma is about 55 % of the bdt@ld volume. Roughly, 90 % of the
plasma is water. The other 10 % is comprised ofyntissolved substances, such as
fibrinogen, proteins, nutrients, hormones, anddgaaic mineral salts. Plasma serves an

important role as a storage and transport mediurblémd clotting factors[99].

The ideal analytical method to monitor the concaign of a compound in
plasma would enable isolation of the analytes ftbenmatrix in a fast, simple,
inexpensive, and reproducible way, while yieldinghhrecoveries and avoiding

degradation of the analytes[100].

1.3.2 Sample Preparation Processes
1.3.2.1 Deproteinisation before LC-MS/MS Analysis

After the collection of plasma from a body, the pées have to undergo some
extraction and clean up processes before the metital analysis by LC-MS. This step
is essential to ensure that the mass spectronsetet contaminated and that it remains
operational. One of the common processes is daprsdtion by protein precipitation.
Sometimes protein precipitation is followed by sdioren of solid phase extraction to
further clean up the extracts[101, 102]. In thet@n precipitation method, the plasma
extract is treated with a common organic solveribarpH aqueous solution to denature
the proteins. After centrifugation, the analytmaens in the supernatant while the
proteins present in the plasma will aggregate anddmcentrated in the pellet[102].
Another method uses ultrafilters to trap proteirespnt in the plasma extracts followed

by HPLC using a configuration in which an ion exoa column is placed in front of the
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analytical column enabling further online purificeat of the target analytes[103]. In
2001, Chou and Cheng described a method involvépgaieinisation with acetonitrile
followed by extraction of the polar analytes frame supernatant using dichloromethane
and water[104]. This procedure is a liquid-ligeixtraction (LLE) that can remove

various contaminants present in the supernatagt aftjanic deproteinisation.

1.3.2.2 Further Cleanup of Plasma Extracts before L  C-MS/MS Analysis

Plasma extracts contain abundant salts, lipidsep®, and surfactants[105]. All
of these compounds can be a cause of ion suppnedsiong ESI-MS/MS bioanalysis,
but it is generally thought that phospholipids we major cause of ion suppression[105].
Lipids can also build up on the analytical colunwerctime and lead to analytical

complications[105].

Using protein precipitation alone in the sampleppration process will lead to a
significant amount of ion suppression and therefbbeeremoval of lipids is also an
important step for achieving reliable drug quanétion. Accordingly, further treatment
of samples after deproteinisation enables the tleplef many of the remaining matrix

ions, contributing to improved reproducibility gk shapes in the chromatograms[105].

1.3.2.3 Common Sample Cleanup Techniques

Among the various cleanup processes, solid phasaction (SPE) is a common
technique adopted for isolating analytes of intefresn a wide variety of matrices
including urine and blood[106]. SPE can be usajurémoving matrix interference but it
does require considerable method development ataiaption. Many different

commercially available stationary phases can treghyées and remove contaminants
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from the matrices or vice versa. Other than SRBRge of an online trap column before

the actual stationary phase can also help to remmatgx interference[107].

1.3.3 HPLC Chromatography for Separation of Polar C  ompounds
1.3.3.1 Column Separation Challenges Encountered fo  r the Thiamet-G analogues

As commented by Li X. et al., “The physicochemidaracteristics of a
monosaccharide, such as low molecular weight agia lydrophilicity pose a significant
analytical challenge[108].” Due to the sugar-lgteucture of the compounds of interest,
the analogues are very polar and highly solubigater. As a result of these hydrophilic
properties, they cannot easily be retained usipgr#y reverse stationary phases,
including those which are silica-based and orgpolgmer-based[109]. The compounds
are also hard to analyse due to their poor vaiasind the fact that they have low UV
absorption[110]. Although ion exchange chromaapy is generally used for
separation of polar compounds, it is also not adgdwice when carrying out LC-
MS/MS bioanalysis since the use of high salt comgi mobile phases is not compatible
to the ion sources of mass spectrometers. A ngoivee column is more suitable for
hydrophilic compounds, however, the solvents fammal phase, such as
dichloromethane, hexane, toluene, and other hydroos, are not suitable for ESI-
MS[111]. This incompatibility arises because E&]juires the use of a polar mobile
phase for ionisation[111]. None of the traditiooafomatography methods therefore are

ideal for separating highly polar compounds.
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1.3.3.2 Alternative Phases for HPLC Chromatography: HILIC Stationary Phase

There are some techniques reported that can eoalihe separation of polar
compounds coupled with ESI-MS. In 1990, Alpertlekped the mechanism of
hydrophilic interaction liquid chromatography (H{), a variant form of normal-phase
chromatography using aqueous solvent[112]. HIld€dmpatible with polar organic
mobile phase solvents despite the hydrophilicataty phase[113]. The addition of
small amounts of water in the mobile phase cremtemqueous layer on the surface of the
stationary phase and this essentially leads tge¢heration within the column of a liquid-
liquid extraction system[113]. The analyte of net&t then partitions between the mobile
phase and the aqueous layer present on the stgtioinase[113]. The polar functional
groups of the analytes form hydrogen bonds withpiblar groups of the stationary
phase[113]. Lastly, the elution of analytes isgyoed by the polarity of the eluent as

well as the solubility of the sample in the molplease[113].

1.3.3.3 Alternative Phases for HPLC Chromatography: PGC Phase

Another attractive alternative for the analysisafbohydrate-like molecules
involves the use of a porous graphite carbon (P€&Cimn that can be coupled online to
ESI-MS[114]. PGC columns enable the retentionesf/\polar compounds using
standard reversed phase chromatography eluents[Th#] retention of polar solutes
onto this chemically stable and super-hydrophotaiiaary phase is believed to be
driven by hydrophobic interactions and the poldnilstg of the surface[114]. The PGC
column is made up of flat sheets of hexagonallsraged carbon atoms, graphite[114].
In 2002, Jackson and Carr were able to show tlegpitasence of any functional group

inducing polarization of a benzene ring, such aslaatron-donor or electron-acceptor,
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will lead to greater retention of the molecule[113he binding of the analyte is due to
interactions between the hybridized orbitals of¢agbon surface and analyte. The result
suggests that there are dipole-type and electra pair donor-acceptor interactions, and
that graphite can donate as well as accept elefitb6]. Compared to other packing
materials, a porous graphite column often offettebeetention and selectivity of polar
compounds[116]. The material can in some casesitimate between compounds that
differ only by a single methylene unit[116]. Métletal.[117] and Tanakat al.[118]

have both shown that graphite offers better sejparaf various analogues than either

Cygsilica or pyrenylethyl-silica.

1.3.3.4 Mobile Phase Optimization

There are a great variety of columns availableug®, so selection and
optimization of a column for separating analoguesterest is the crucial step for
development of an appropriate HPLC method. Otfen tolumn choice, the next most
important factor is the optimization of the moljlease which is important because both
the polar sample and the solvent molecules mayactstrongly with the column
surface[119]. As commented by Strege, the useifféed mobile phases is important
for maintaining repeatability in the separatiorcbarged species between
chromatography runs because the electrostaticictions between the analyte and the
stationary phase are strongly influenced by théepif20]. Strege found that increased
salt concentrations in the mobile phase reducedetiaging capacity of HILIC
columns[120]. However, removal of buffer from thebile phase resulted in the pH and

ionic strength of the prepared samples havingaangtmfluence on the results[120].
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Accordingly, some balance between ionic strengthlausffering capacity should be

aimed for.

1.4 Liquid Chromatography Coupled with Mass Spectro metry

In this thesis, liquid chromatography (LC) coupleith mass spectrometry was
chosen as the platform to develop an analyticahotet The mass spectrometer (MS) is a
tandem quadrupole-linear ion trap MS and electaspnisation (ESI) is the technique

used for ion production.
Analysis Using LC-MS

In general, the LC method is started by pumpingitagihase from the solvent
reservoirs. Once the sample is injected into #mepde loop of the autosampler, the
solvent in the system pushes the sample from fketian port into the analytical column
where chromatographic separation of the analytestpkace. The analytical column
outlet is connected to the ionisation source, whiaegons are produced and then

detected using the MS[121].

The mass spectrometer is composed of five compsnantion source, vacuum
system, mass analyser, detector, and computemsysteacquiring the digitalised data.
For this thesis, the ion source is electrospray)(ESe mass analyser is a tandem
guadrupole / linear ion trap, and the detectoniglactron multiplier. Two pumps are
responsible for creating the vacuum inside the rapsestrometer. They are the rotatory
vane and the turbomolecular pump. In the followsegtion, a brief introduction about
the ion source, mass analyser, and the differemt swdes is provided. The positive ion

mode is used throughout the project.
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ESI

The ionisation technique of ESI (Figure 1.13) osdarthree steps, droplet
formation, shrinkage of the droplet, and formatidnhe gaseous ion[122]. The sample
from the column outlet passes through the electegspeedle, which has a high positive
voltage of 4 to 5 kV applied to it[121]. A downwaaelectrical potential and pressure
gradient is set from the electrospray needle tosvtrd counter electrode at the entrance
of the first mass analyser of the mass spectrofd@@jr The high electric field at the
electrospray needle leads to partial separatiahafges in the solution delivered to the
end of the electrospray needle. In the positivende, the cations present in the
solution gather at the tip of the electrospray tetdvelling towards the counter
electrode whereas the anions inside the needle engag from the tip[124]. The mutual
repulsion at the end of the needle tip increasestathe accumulation of charges[125].
When the repulsion of the positive ions at theaeftension and the attraction of these
ions toward the counter electrode overcomes tHamitension of the liquid, the liquid
at the meniscus will deform into a cone, the Taglame, just outside the electrospray
tip[124, 126, 127]. After the formation of the @ra fine stream of liquid is
instantaneously ejected out from the tip of theectmwards the counter electrode[124,
128]. The liquid becomes unstable and breaks doterpositively charged
droplets[124]. The droplets reduce in diametesulgh evaporation of the solvent as they
are drawn toward the counter electrode[123]. Dwtire process, the charges inside the
droplets remain the same[127]. As a result, treegddensity on the surface of the
droplets continuously rises[127]. The dropletsdmee unstable when the charge density

reaches the Rayleigh stability limit[127, 129]. &the electrostatic repulsion has
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exceeded the surface tension, which is holdingltbplets in place, the droplets
disintegrates into smaller droplets[127]. Dropédtfission[127] splits the droplets into
smaller and irregularly shaped droplets[130]. Bgtihe process, the microdroplets do
not explode. However, smaller microdroplets efemn the elongated end of the parent
droplets[130]. Solvent evaporates continuouslyiftbe successive droplets that have
been relieved from the coulombic stress througlfigsion[127]. These droplets

eventually reach the Rayleigh stability limit amttdergo another jet fission[127].

There are two schools of thought regarding the &ion of gas-phase ions from
the small and highly charged droplets. The chargsillue model suggests that the
smallest droplets will contain an analyte with @harge remaining. When the remaining
solvent is removed from the droplet by the proadss/aporation, an ion is formed. On
the other hand, the ion evaporation model suggleatsvhen the radii of the droplets
decreases to a particular size, an ion can betljirgected from the droplet. In order for
an ion to form, the mutual repulsive force expereghby the escaping ion has to exceed

the attraction between the escaping ion and thelekf@27].
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Figure 1.14. Features of the ESI Interface of the A tmospheric Pressure Region.
In the positive-ion mode, electrochemical oxidation takes place at the metal capillary
while reduction occurs at the counter-electrode. The imposed electric field causes
accumulation of positive ions at the tip of the electrospray needle. When the charge
repulsion and electric field overcome the surface tension of the liquid at the tip, the
liquid will expand into a Taylor cone. The fine jet of liquid immediately ejects out
from the tip of the cone. The liquid becomes unstable and breaks down into
positively charged droplets. Through solvent evaporation and the process of
droplet-jet fission, the droplets shrink in size and ultimately form gaseous ions. TDC
stands for total droplet current, 1[124].

Once the ions are accelerated out of the ion sptlreg enter into the vacuum
interface leading to the quadrupole mass analy8&}[1A quadrupole mass analyzer
uses a stable trajectory in the oscillating eledteald to separate ions according to their
mass-charge-ratios[125]. It consists of four galabds arranged symmetrically in a
square array, with opposite rods connected to etiwr electrically[121]. Separation of
ions are achieved by applying a direct current (BQ) a time-dependent radio frequency

(RF) potential on these rods[131]. Rods adjaaeeath other have voltages of opposite
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polarity applied to them[123]. Positive DC potahis applied to two opposite rods in
the X-Z plane whereas negative DC potential isiaddb the rods in the Y-Z plane[131].
The superimposed RF potential, V e@sis also applied on both pairs of rods withv,
and t representing the amplitude of the applied/&tage, angular frequency, and time
respectively[123]. The magnitude of the RF potdns the same for both pairs of rods,
but the polarity is opposite from each other[13The RF potential rapidly changes back
and forth from a positive charge to negative ona ayclic manner[123]. The trajectory
of the ions is affected by the total electric fieddde up of the applied potentials on the
rods[123]. The forces cause the ions to oscilbateveen the four rods[123]. If the
oscillation is unstable, the ion trajectory is atdé and the ion will strike a rod and
therefore fail to reach the detector[123]. Thesragdplied with positive DC act as a high-
pass filter for the heavier ions while the roddwatnegative DC act as the low-pass filter
for the lighter ions[123]. Only ions with partieulmass-to-charge ratios can pass
through the quadrupole along the z-axis in betwkerfour rods while other ions cannot

reach the detector[123]. Consult Figure 1.15 foerpanded depiction of a quadrupole.
Tandem mass spectrometers in space
A tandem quadrupole mass spectrometer is compddedrajuadrupoles.

The second quadrupole (Q1) and fourth quadrupa® ¢Dthe instrument are both
operated with DC and RF voltages as discussed abbwe first quadrupole (Q0) and the
third quadrupole (g2) are RF only. QO is for faogsthe ions before they enter Q1. For
g2, collision gas is introduced so that an ion em¢ethe quadrupole will undergo one or
more collisions. Within the RF-quadrupole, whenancollides with a neutral gas

molecule, a fraction of the kinetic energy of tba converts into internal energy[124].
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This process can cause the ion to fragment in @egsoknown as collisionally induced

dissociation (CID).

The components of the tandem mass spectrometéiuateated in Figure 1.14.
As one can see, the potential energy graduallyeasess from the counter electrode (1000
V) to Q3 (-33V). The electric field draws the ioasross the z-axis from the entrance of
the mass spectrometer towards the detector. Thkifer potential (DP) is referred to
as the voltage applied to the orifice relative toumnd. The orifice plate is located
between the counter electrode and the skimmer.DFhenergy is applied on the ions at
the orifice plate in order to eliminate the solvehister and reduce the chemical noise in
the final spectrum. The potential energy at g2dse negative when compared to Q1.
The purpose is to increase the kinetic energyeidhs significantly so that CID can take

place[132].
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Figure 1.15. Schematic Cross-section View of the Ma  ss Spectrometer Used for this Work.
The mass spectrometer is composed of four quadrupoles (QO, Q1, g2, and Q3) and

a detector. An electric field with decreasing potential draws the ions across the z-
axis towards the detector. An expanded version of the Q1 quadrupole is illustrated
in the circle. (DP = declustering potential applied on the ions at the orifice plate, 1Q1
= Q1 entrance lens, 1Q2 = collision cell entrance lens, 1Q3 = Q3 entrance lens, EXB
= exit lens for linear ion trap mode, DET = detector, DF = deflector)[132].

Several scan modes that are frequently used iretamdass spectrometry are

described below (Table 1.1).

Q1 scan: The first quadrupole is set to scan sanabusly. All the ions within a

preset range of m/z would pass through Q1 and teeteel in the detector. This scan

mode is useful for identifying a wide range of caments within a mixture.

Product-ion scan: lons with a particular mass-targh ratio are chosen in the
first quadrupole. In the RF-only quadrupole, thieses collide with gas molecules to

undergo CID fragmentation. Q3 is set to scan anradlyae the entire set of fragments,
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which are known as product ions The product-iansnode is commonly used for

structure elucidation of an analyte of interest[123

Precursor-ion scan: The third analyser is set teai@nly the product ion of
interest. At the same time, Q1 is scanning foer@atn mass range to transmit only
precursor ions that could yield the product iongtdrest through CID fragmentation.
Only precursor ions that generate the product admsterest will be detected in the
resulting mass spectrum. This scan mode is usafidentifying classes of compounds

having similar polarities and structures within ture[123].

Neutral-loss scan: Both Q1 and Q3 are set to doautaneously and at the same
rate so that all the ions pass through Q1 but thdge species that fragment to give a
product ion with a fixed mass offset pass througth lmass analysers and are detected.
Similar to the precursor-ion scan, this scan medeseful for identifying structurally

related classes of compounds in a mixture[123].

Multiple-reaction monitoring (MRM): The MRM experent is carried out by
specifying the parent mass of the compound fomfigfation in the first quadrupole and
then specifically monitoring for a particular praduon in the third quadrupole. MRM is
useful for quantitative measurements of analytesgmt in complex samples. The name
also indicates that under this scan mode, moredharreaction can be monitored
simultaneously[123] Also, the duty cycle, the time allocated to monitgrthe ions, is
much lower when performing a MRM experiment as caragd to many other

experiments.
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Table 1.1. The Five Common Scan Modes for Tandem MS  with Quadrupole Analysers.

Scan Mode * Operation of Q Operation of q » Operation of Q 3
1 Q, Scan desired N/ A N/ A
range
5 Prod_uct-lon, No scan, select m; CID Scan up to m; to
define m, collect its fragment
Scan from m,
3 Precu_rsor-lon, upwards to cover CID No scan, select m,
define m, potential
precursors
Neutral-loss, Scan desired Scan range shifted by
4 : CID
define Am range Am to low mass
Multiple-reaction
5 Monitoring, No scan, select m; CID No scan, select m,
define m; and m,

Table was adapted from [124].
*Masses for reaction m; = m, +n, except for 1) Q1 scan.

m; and m, are any mass of interest chosen by the user whereas n is equivalent to the difference
between m; and m,.

1.5 Research Interest

Both glycosylation witfO-GIcNAc and phosphorylation, are post-translational
modifications found on the microtubule-associateatgin tau (MAPT). The levels of
these two post-translational modifications on tauehbeen found to vary reciprocally.
This is thought to be due to the fact that theytmmtcur on either the same or nearby
hydroxyl groups of certain serine and threoninédtess. It has long been proposed that
hyperphosphorylation of tau leads to its aggregatichich in turn generates paired
helical filaments, and leads to the eventual foromadf neurofibrillary tangles, a
distinctive feature of Alzheimer’s disease. Theref by increasing the level GF

GIcNAc modification on tau, it may be possible teyent or slow its
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hyperphosphorylation, thus altering progressiodiséase in patients suffering from

tauopathies, which include Alzheimer’s disease[74].

Thiamet-G inhibits the activity of the glycosidednglase, OGA. OGA is the
enzyme responsible for removing @eGIcNAc modification from tau. When OGA
function is impaired, the levels G-GIcNAc will increase at all sites of modificatidmut,
most relevantly for tau, at sites that are eitleeptial targets for phosphorylation or
adjacent to such sites, thus helping to preventdimeation of neurofibrillary tangles.
Thiamet-G is able to cross the blood brain baraad it has been demonstrated that this
inhibitor can decrease the phosphorylation ofiteatdvo. An animal pharmacodynamic
study, which reveals what the drug does to the plody been recently carried out using
Thiamet-G. However, no pharmacokinetics for Thia@éave been described nor is
there a published bioanalytical method for charatey its pharmacokinetics

behaviour[74].

As discussed earlier, the PK of a molecule desstitmev it is liberated, absorbed,
distributed, metabolized, and excreted from a bb8§]. In an animal study, scientific
investigation of how fast the drug is being disitdd and eliminated from the body is of
importance since this is a key factor in desigragafg and effective therapeutics[133].
After administration of a drug, one way to quanéteemaining drug in the body is by
monitoring its concentration in plasma over tim&fJL3The development of a highly
sensitive and reproducible bioanalytical methodgioantifying and characterizing the

drug present in the plasma of an animal is theeedotritical step in establishing its PK.
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Figure 1.16. Structures of Thiambu-G (R = NHBu), Th iampro-G (R = HNPr), Thiamet-G (R =
NHEt), Thiamme-G (R = HNMe), and ThiamH-G (R = NH ).

Five analogues shown in Figure 1.15, Thiambu-G (R48Bu), Thiampro-G (R =
HNPr), Thiamet-G (R = NHEt)[74], Thiamme-G (R = HM) and ThiamH-G (R =
NH>), were developed in the Vocadlo laboratory. Pesgrtoward developing a
bioanalytical method for use in PK studies of thalagues is described in Chapter 2 of
this thesis. The bioanalysis was carried out ukigg performance liquid
chromatography (HPLC) coupled to a tandem masdrgpeeter. In the MS/MS, MRM
was used to monitor the transition of parent ionfhe compounds to diagnostic product
ions, which are generated by collision inducedatiggion. A validated bioanalytical
method was developed so that rat PK parametersdrahand intravenous
administration of Thiamet-G, Thiampro-G, and Thiae@®, can be determined and is
described in Chapter 3. Optimization of the bidginaal method cycled among the
following areas until a reliable and reproduciblethod was realized: 1) MS
optimization, 2) HPLC separation of the analytes] ) sample cleanup of samples
mimicking genuine PK samples. With the PK data am@ffective bioanalytical method,
important parameters, such as the therapeuticte#econcentration range of the

compounds and the half-life of these molecuhegvo can be determined.
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CHAPTER 2: METHOD DEVELOPMENT

2.1 Scope of Work

The work was directed toward devising a sensitie r@producible bioanalytical
method optimized in three areas: 1) MS analysi$]R)C separation of the analogues,
and 3) sample cleanup. The process of method al@went cycled among these three

areas until a well polished method had evolved.

2.2 Optimization of MS for Quantitation

The system used was a Dionex Ultimate 3000 HPL@Bsysoupled to an
Applied Biosystems Sciex 4000 QTRAP quadrupoledinen trap tandem mass
spectrometer equipped with a turbo ion spray iamea Analyst 1.4.2 software was
used for data acquisition and processing. A leasiBve mass spectrometer, the AB
Sciex API 2000 triple quadrupole tandem mass speeter was also employed in
various studies. The API 2000 was coupled to &ifEelmer Series 200 HPLC system.
Unless mentioned specifically, the work presented performed using the API1 4000

QTRAP.

2.2.1 Establishment of the MRM Transitions for the Analytes

The first step in developing the LC-MS/MS methodswa determine the polarity
of ionisation to be used for detection of Thiametf@iampro-G, Thiamme-G, and
Thiambu-G[134]. The type of ionisation used wasdabon which mode gave a higher

ion count. Simultaneously, the ESI operating patans were optimized during the
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infusion of a standard of mixed analogues, Thia@ethiampro-G, Thiamme-G, and
Thiambu-G. Parameters were optimized to give kighal intensity of both molecular
and fragments ions. This allowed the parameterthh®MRM scan analysis to be

determined concurrently for all four analogues.

2.2.1.1 Polarity of lonisation

A mixture of the compounds was infused directlypitite MS with an external
pump for the Q1 scan analysis. The total ion clatogram (TIC) that was generated is a
type of Q1 chromatogram that depicts the signalnsity over the entire range of all m/z
plotted against time. The extracted ion chromatg(XIC) for each corresponding
compound was generated by extracting the ion ef@st from the TIC. The XIC is the
chromatogram with the signal of just one singlepbstted against time. Determination
of the fragmentation pattern of the compounds viasidated after consolidating the
preferred instrumental parameters for ionizingitms. See Method 1 for the
experimental details (Section 2.5.1).
Results

All the analytes were observed when positive idiosawas chosen in the
acquisition method during the Q1 scan analysise @dsitive ions characterized in the
chromatograms are shown in Table 2.1, and thergpebtained for Q1 scan analysis is
shown in Figure 2.1 (I). The consistent signahi& XIC supported the fact that the
compounds were constantly infused into the MS andidcreadily be detected
simultaneously. An attempt was made to detectoimepounds using negative ionisation,
but no predicted negative ions for the correspapdompounds were observed. Table

2.1 also shows the predicted molecular ions that wgpected if negative ionisation was
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chosen in the acquisition method of the MS. Th€ Xir these ions was extracted
independently as shown in Figure 2.1 (II), but latkignal suggested that these

compounds did not ionise to yield the predictedatieg ions.

Table 2.1. Determination of the lonisation Polarity of the Analogues.

lon (m/z) Acquired lon (m/z) Expected to
Analogue . Z) Acquire be Observed with
with Positive Polarity ; .
Negative Polarity
Thiamet-G 249 247
Thiambu-G 277 275
Thiampro-G 263 261
Thiamme-G 235 233
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Figure 2.1. Q1 scans in Positive and Negative lonis  ation Modes for Thiamet-G and its
Analogues.
A mixture of the analogues was infused directly into the MS using an external pump
after the acquisition was started. (I) Positive ionisation mode: (A) The TIC for all the
expected molecular ions (B — E) and the XIC for each analogue; (B) Thiamet-G, (C)
Thiambu-G, (D) Thiampro-G, and (E) Thiamme-G. The consistent signal in the XIC
indicates the compounds were constantly infused into the MS and are being
detected simultaneously. Repeat (II) Negative ionisation mode: In all the XIC
collected (B — E), the signal intensity of the negative ions was much lower than the
signal intensity of the TIC (A). This suggests that the predicted negative molecular
ions were not detected.

2.2.1.2 Fragmentation Pattern of the Analogues

Product-ion scans have to be determined indivigdal each compound in order
to determine the most representative or intenseéyatdon that results after fragmenting
the analogue precursor ion. The specificity ofdhalytical method can be vastly
increased by monitoring a distinct fragmentationcess for each compound in order to
realize absolute quantitation. The MRM scan maakeldeen adopted for this purpose in

this thesis.

Thiamet-G and its analogues were infused into tiseftd the product-ion scan
analysis. The precursor ion of each compound wiested for fragmentation with the
optimized collision energy (CE) to generate a seoieMS/MS chromatograms, which
are plots of the signal intensity against the nfithe remaining precursor ions and the
resulting daughter ions. See Method 2 for the erptal details (Section 2.5.2).
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Results

The precursor ion for each compound as report@élote 2.1 was independently
selected for product-ion scan analysis. The MSHdé&ctra of these analogues are shown

in Figure 2.2.
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Figure 2.2. MS/MS Spectra for Thiamet-G and its Ana logues.
Collision-induced dissociation mass spectra of each compound were generated by
using the product-ion scan mode with positive ionisation chosen as the acquisition
method. A mixture of the analogues was infused into the MS. The MS/MS
chromatograms are (A) Thiamet-G, (B) Thiambu-G, (C) Thiampro-G, and (D)
Thiamme-G.

As shown in the MS/MS spectra, fragmentation ofgtezursor ion of each
compound generated two daughter ions both havigly intensities. For each analogue,
one of the two daughter ions was chosen for the MdRiysis. The pair of ions,
precursor ion, and the selected daughter ion fahalanalogues are tabulated in Table

2.2.
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Table 2.2. The MRM transitions of the Analytes usin

g Positive Polarity.

Precursor lon Daughter lon with
Analogue (m/2) the Highest
Intensity (m/z)
Thiamet-G 249.00 171.00
Thiambu-G 277.00 199.00
Thiampro-G 263.00 185.00
Thiamme-G 235.00 157.00

2.2.2  Optimization of the MS Parameters for each An  alytical Column

The ideal method for use with each analytical coligtudied was optimized by

using a mixing tee with two inlet ports and oneleiport, which connects to the turbo

ion spray ion source on the MS. Optimization afteeolumn method was achieved by

infusing the mixture of standards into one inlettgy using an external pump (at a flow

rate of 10 uL / min) and, at the same time, pumiregmobile phase into the other inlet

port using the HPLC pump at the flow rate that gaimg to be used during the

subsequent experiments. Consult Figure 2.3 fallustration of the configuration.
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HPLC Pump

Pumping the mobile phase at

300 pL / min
Inlet # 1
Mixing T JOutlet MS
Inlet # 2

Infusing a mixture of analogues
10 pL / min

External / Infusion Pump

Figure 2.3. The Setup of the MS Using a Mixing T fo  r Optimization of the System
Parameters for Column.
The delivery rate of the mobile phase from the HPLC is set to 300 puL / min as an
example. A column does not have to be incorporated in the configuration.

Results
MS parameters for two analytical columns, TSKgel ZC-HILIC, were subject
to optimization. The optimized methods are sumnedria Method 3 and Method 4 for

TSKgel (Section 2.5.3) and ZIC-HILIC (Section 2)5dspectively.

2.3 Column Phase Selection for HPLC Separation

A stationary phase is compatible with the MS whalment passed through it
produces a low background signal in the MRM chramgetm since this indicates that the

column is not bleeding materials into the MS. Tbkimn of choice should separate
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analytes of interest with high resolution and eadbeir sensitive detection. Therefore,
when comparing different stationary phases, shadgptal peaks for the target analytes in

the resulting chromatograms are preferred.

Reverse phase columns have been reported to lablsuibr compounds with a
variety of properties. The first column investigitvas a reverse phase column. Two
other types of columns, hydrophilic interaction I(H3) and porous graphite carbon
(PGC) were also tested. Table 2.3 summarisesrtipepies of the different stationary

phases.

Table 2.3. Properties of the Tested Stationary Phas es.

Types of Chromatography Stationary Phase Able to Retain Solvent Strength

Reverse phase Alkyl chains Nonpolar analytes, ACN>H,0
analytes with minor polarity

Hydrophilic Interaction (HILIC) |Polar groups Polar analytes H,O > ACN

Porous Graphitic Carbon (PGC) | Spherical and porous carbon| Planar or polar analytes ACN>H,0

2.3.1 Ranking the Stationary Phases

A mixture containing the analogues was injected edch of the different
columns and the performance of each column wasiated by examining the resulting
MRM chromatograms. The protocols used for eachroolwere initially based on those

established in the literature.
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Table 2.4. Literature Methods for Columns of Intere  st.

Column Reference

Synergi Fusion-RP [135, 136]

Cig reverse phase - alternated with hydrophobic and polar
embedded groups on a silica surface

Agilent Zorbax Eclipse XDB [137]

Cig reverse phase — alkyl chains on a silica surface

TSKgel Amide-80 [120, 138-
HILIC - carbamoyl group covalently linked to a silica gel matrix 140]
ZIC-HILIC [134, 141,
HILIC - zwitterionic functional groups covalently attached on a 142]
porous silica surface

Hypercarb [114, 116]

PGC - flat sheets of hexagonally arranged carbon atoms, porous

The performance of each column was evaluated baset) its ability to retain
the polar compounds on the stationary phase, dgtet of background in the
chromatogram, 3) the peak shapes of the analytds4aintegration of the signal

corresponding to each analyte.

2.3.2 Optimization of Retention and Analyte Resolut  ion of the Column(s)

Optimum conditions were established to enable angolto adequately retain all
the analytes. The ideal capacity factor for thelyes (also called the retention factor) is
greater than 0.5 and less than 10[143]. Optinopatif various compositions of mobile
phase was carried out to improve the resolutiaim@feaks. The aim was to identify a
mixture of ACN / HO where the compounds were retained on the stayigiease yet
elution did not take overly long. Adjustment oéthH and the addition of ion pairing

reagents also affected the retention time of tladytes. Since there were multiple
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analytes in the matrix, separating the analytes feach other and also from the matrix

was desirable.

2.3.2.1 Results Obtained by Separating the Analytes  with Different Types of
Stationary Phases

A mixture of the analogues was injected into theM6 system for MRM
analysis using the MRM transitions tabulated inl&&b2. Chromatographic separation
was carried out using the different columns so segiaration and retention of the
compounds can be evaluated for each stationaryephasly the data obtained using the
HILIC columns are shown in this chapter. The dditined using other columns are

shown in Appendix A 3.1 and A 3.2.

HILIC Columns

2.3.3.1 TOSOH Bioscience TSKgel Amide-80, 3 um (TSK gel column)
TSKgel was the first HILIC column tested. The istiaary phase has a carbamoyl

group covalently linked to a silica gel matrix. iJlgroup is non-ionic (Figure 2.4).

@)

P
N2

R
y
M«Lw i
Figure 2.4. Functional Group on the TSKgel column.
Figure 2.5 shows the MRM chromatogram of the ana#¢egnd reveals that all
the ion peaks afford a Gaussian peak shape. Taumoosolume of the empty TSKgel

column (C\empy) Was 503 pL. In general, the void volume)é assumed to be 60-70
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% of the empty column, and 30-40% is assumed thdspace taken up by the packing

material[144].
To = Vo/ flow rate (2)

The void time () was calculated to be 1.63 min. It is recommenttatianalytes of
interest are eluted with at least 1.5 void volumesrder to provide sufficient time for
the analytes to interact with the stationary phkE]. Hence, the time recommended for

eluting the least retained analogu@ddhmendel IS 2.45 min.

5.1e5 ' -G (4. in)-
j.ggg Thiambu-G (4.89 min)--— r=Thiampro-G (5.7 min)
w .42
53 g-geg ” ___Thiamet-G
= . e .
*:=: 39e5 ‘ (7.18 min)
< 2.8e5 I
2 2.4e5 .
- 2083 | |‘ Thianime-G
1.2e5 1 (9.00 min)
5 . |
| |
.Oeo ! k\_ L. [\
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Figure 2.5. Separation of the Four Analytes Usingt  he TSKgel column.
Concentration of the mixture of analytes was 210 ng / mL. (Column: 2.0 mm x 15
cm; guard: 2.0 mm x 1.0 cm, flow rate: 200 pL / min, elution with: 0.1 % FA + 80 %
ACN / H,0)

The TSKgel column provided retention as well asasafon of the compounds.
In contrast to the reverse phase column, the pedat compound, Thiambu-G, eluted
first while the most polar compound, Thiamme-G, wetained on the stationary phase
for the longest time. Thiambu-G eluted at aboQtrbin, hence analytes were retained
sufficiently on this column. In this thesis, tleerh background is defined as chemical

noise which arises from the signals correspondirgpecies other than the analytes
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present in the analytical system[145]. The ternsecefers to electronic signal produced
by the analytical instrumentation[146] and is defiras the change in detector response
over a specified time period without the introdantof solvent or samples[145].

Notably, the documented maximum S / N of the imatnt used in this thesis is less than
20. As aresult, the instrument noise is insigaifit when compared to the background

noise.

The level of background noise in the chromatogréiFfigure 2.4 was generally
lower than 200 cps. Compared to the intensityhefanalogues, the background level
was a thousand times lower. In Table 2.5, themmunn S / B measured is reported in

Table 2.5 and is greater than 6000. Thus, thawolprovides suitable sensitivity.

Table 2.5. S/ B Ratios for the Separation and Dete ction of Thiamet-G and its Analogues
on a TSKgel Column.

Intensity of .
Analyte S/B Analyte Maximum Levels of
(cps) Background (cps)
Thiamet-G 1.1 x 10* 1.8 x 10° 2.8 x 10°
Thiambu-G 2.8 x 10* 2.7 x 10° 1.6 x 10°
Thiampro-G 2.7 x 10* 2.4 x 10° 1.7 x 10°
Thiamme-G 6.2 x 10° 1.2 x 10° 3.1x10°

Levels of background were measured from 0 to 0.5 min.
Separation as shown in Figure 2.5.

As shown in Table 2.6, the retention factorsfde all the analytes ranged from
1.92 to 3.26 and were within the range (0.5-15pssted by the literature[143]. The
peaks were separated as shown in Figure 2.5. ‘Easured resolution values confirm

that there is an excellent separation betweeneb&g
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Table 2.6. Calculation of the k' Values and the Chr  omatographic Resolution of the
TSKgel Column.

Analyte RT (min) kK'A Selectivity Vugl]; I?ﬁf;ﬁ) [\ Resolution
Thiambu-G 4.90 2.01 0.14 3.0x10°
Thiampro-G 5.88 2.61 1.30 0.15 4.3x10° 3.0
Thiamet-G 7.19 3.41 1.31 0.17 5.7 x 10° 3.8
Thiamme-G 9.00 4.52 1.33 0.22 6.5 x 10° 4.5

Separation as shown in Figure 2.5.

Stability of the TSKgel Column

A standard solution containing the four analytea ebncentration of 210 ng / mL
each was analysed using the TSKgel column at thmbieg and at the end of each set
of analyses. In between analyses of these twa$standard solutions, samples
containing plasma were separated using the colurdraaalysed by MRM using the
MS/MS. Table 2.7 tabulates the peak area coumtsetantion times of the standard
solutions. Within a group of samples containingr@fvidual samples (about 11 h of
analysis time), the drifting of the retention tifioe the analytes was less than 4%. The
peak area counts of the two standard samples veeyesimilar with less than 5 %
difference in all cases. The data demonstrateéghibal SKgel column is stable based on

the reported retention times and peak area counts.
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Table 2.7. Comparison of the Peak Area Counts of th e Samples Analysed over the
Course of 11 h.
Peak Area Peak Area
Standard | Standard of of %
% Standard
Analyte (Sample (Sample Change | Standard Change
3) 63) . (Sample in Peak
in RT (Sample 3) b
. . 63) Area
(min) (min)
cps
(cps) (cps)
Thiamet-G 5.87 5.64 3.92 6.39 x 10° | 6.61 x 10° 3.44
Thiambu-G 4.13 3.99 339 | 7.85e x10° | 8.33 x10° 6.11
Thiampro-G 4.88 4.71 3.48 | 7.30e x10° | 7.68 x 10° 5.21
Thiamme-G 7.29 7.05 329 | 5.12ex10° | 5.25x 10° 2.54

% shift in X (peak area or RT) = (|X of Sample 3 - X of Sample 63| / X of Sample 3) x 100 %.
2.3.3.2 Merck SeQuant ZIC-HILIC, 5 um 200A PEEK wit h PEEK frits (ZIC-HILIC column)
ZIC-HILIC is another type of HILIC column that igglar to the TSKgel
column. It has a stationary phase covalently bdmwdéh zwitterionic functional groups
on the surface (Figure 2.6). Due to the overalitra charge state of the functional
group, a charged analyte will have weak electrizsiatteractions with the stationary

phase.

Figure 2.6. Functional Group on the ZIC-HILIC Colum n.
All analytes showed Gaussian peak shapes in tlenatogram. Based on the

column volume, the minimum time required to eldte keast retained analyte is 1.35
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min. The least polar compound, Thiambu-G, tool 3mn to elute. The chromatogram

is reported in Figure 2.7.

4.3e5; Thiambu-G-¢  p--—-—------- Thiampro-G
4.0e54 (3 45 min) [ 1 (4.57 min)

~T"-Thiamet-G (6.41 min)

I,'EI' “~Thiamme-G (9.41 min)

Figure 2.7. Separation of the Four Analytes Usingt  he ZIC-HILIC Column.
Concentration of the mixture of analytes was 210 ng / mL. (Column: 2.1 x 100 mm;
guard: 2.1 x 20 mm, flow rate: 300 pL / min; elution with: 0.1 % FA + 85 % ACN /

H-0)
The levels of background in the chromatogram wereegally lower than 200
cps. The numerical data shown in Table 2.8 dematestthe signal of the analytes was

well above the background noise.
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Table 2.8.

S / B Ratios for the Separation of Thiam

HILIC Column.
Intensity of
aae | sie | gy | e e o
Thiamet-G 3.80 x 10° 3.20 x 10° 9.50 x 10"
Thiambu-G 4.51 x 10° 4.30 x 10° 1.10 x 10°
Thiampro-G 6.60 x 10° 4.30 x 10° 7.00 x 10"
Thiamme-G 1.17 x 10° 1.80 x 10° 2.60 x 10

et-G and its Analogues Using a ZIC-

Levels of background were measured from 0.5 to 1 min.
Separation as shown in Figure 2.7.

Based on equation 1, Was determined to be 0.90 min. As shown in Tal®e
the retention factors, kfor all the analytes were within the range (05-4s suggested
by the article, “HPLC Method Development and Valida for Pharmaceutical
Analysis’[143]. The peaks were greater than 2.8hesvn in Figure 2.7. The suitable

resolution confirmed that there was an excellepasgion between the peaks.

Table 2.9. Calculation of the k ' Values and the Chromatographic Resolution of the Z  IC-
HILIC Column.
Half Peak
Analyte RT (min) kK'A Selectivity Width (min) N 4 Resolution
Thiambu-G 3.44 2.82 0.21 7.8 x 10
Thiampro-G 457 4.08 1.44 0.26 1.14 x 10° 2.4
Thiamet-G 6.41 6.12 1.50 0.33 1.52 x 10° 3.3
Thiamme-G 9.46 9.51 1.55 0.46 1.96 x 10° 4.3

Separation as shown in Figure 2.7.

A standard solution, containing the four analytea eoncentration of 210 ng /
mL, was analysed on the ZIC-HILIC column at theibamg and at the end of analysis.
Plasma samples were analysed during the perioétimeen collecting data on these two
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sets of standards. Table 2.10 tabulates the peakcaunts and retention times of the
samples. An increase in peak area response wasvelddSor sample 63. The apparent
increase in concentration might be due to evaporaif the ACN in the sample vial
although this effect was not observed when usiedglt®Kgel column. With a time gap
of more than 11h, the shifting of the retentiondifar the analytes was significant; the
smallest shift in retention time for the analogues found to be over 20 %. A possible
reason that could account for this effect is thfitdver matrix ions present inside the
column may not be completely washed out prior ®itlection of the next sample. The
matrix ions might adhere onto the stationary plaaskthereby alter the properties of the
column. Consult the experimental data in Appe#dx3.4 for further investigations

regarding the stability of the ZIC-HLIC column.

Table 2.10. Stability of the ZIC-HILIC Column.

Standard | Standard Peak Area of |Peak Area of %
%
Standard Standard Change
Analyte (Sa;nple (Saggple Change in Peak
) ) InRT (Sample 3) (Sample 63)
(min) | (min) (cps) (cps) Area
Thiamet-G 3.45 4.32 25.2 5.25 x 10° 5.88 x 10° 12.0
Thiambu-G 2.16 2.61 20.8 6.11 x 10° 6.92 x 10° 13.3
Thiampro-G 2.64 3.28 24.2 5.69 x 10° 6.21 x 10° 9.14
Thiamme-G 4.81 6.10 26.8 4.58 x 10° 5.18 x 10° 13.1

% shift in X (peak area or RT) = (|X of Sample 3 - X of Sample 63| / X of Sample 3) x 100 %.

Discussion

As discussed in Section 2.3.1, a suitable statiophase was chosen for the
analytical method based on its ability to retaia plolar analogues, the level of

background signal in the chromatogram, the peageshaf the analytes, and the intensity
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of the signal corresponding to each analyte. Bo¢hl SKgel and ZIC-HILIC columns
show an ability to fulfill the above criteria. Alugh for both columns, there were
difference in peak area responses among the cordpptlte relative peak area responses
for the compounds were consistent among all thersatograms. These two columns
were therefore considered as possible candidatdsttoe use. Further optimization of

the sample cleanup procedure is discussed below.

2.4 Sample Cleanup of Model Samples

As described in Section 1.3.2, samples containibiglagical matrix, such as rat
plasma, have to undergo some kind of cleanup psdeef®re being injected into an
analytical system for analysis. The higher theeof interference from the matrix, the
lower the efficiency of the ionisation of the artaly: Thus, the removal of matrix

interference required optimization of sample clgaprocedures.

Various types of samples were prepared to mimics&ples and these contained
a known concentration of a mixture of the analoguHsese samples were used to assess
each of the sample cleanup processes tested. |3erat plasma was purchased from a

commercial supplier with sodium heparin as thecasigulant.
Sample preparation: types of samples.

1. Standard: Thiamet-G and its analogues diluted from stodltgmn into ACN /

H,O mixture (composition dependent on experimentaige

2. Control sample (positive control): Thiamet-G and its analogueseaspiked in

water.
3. Blank sample (negative control): plasma spiked in water.
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4. Plasma sample: Thiamet-G and its analogues were spiked intonpéadiluted

with water.

All the samples went through the sample cleanupgsses except for tiseandard.

2.4.1 Assessment of each Sample Preparation Process  During Method
Development

a) % Recovery = (sample peak area / standard peak area) x 100 %
The comparison of peak area response betweentrtigesand the standard

yielded the percent ratio of the recovery of thalgies. This value provides an estimate
of the loss of analytes during the sample cleamapgss. The desired % recovery is

above 80 %.

b) % Matrix suppression = (plasma sample peak area / control sample peak
area) x 100 %

Suppression of the analogue ions is caused byxmatrs coeluting with the
target analytes. The percent ratio of matrix saggion reflects the influence of matrix
ions present in the rat plasma on the analyte kigtemsity. A percent ratio of less than
100 % indicates that matrix present in the sangkippressing ionisation and detection
of the analyte. A percent ratio of over 100 % ddug caused by an ionisation
enhancement effect, in which analyte is lost inghsence of matrix during
analysis[147].

Cc) % RSD = (standard deviation of x / average of x) x 100 %
x = either the peak area response or retention time of the analytes

The percent ratio of relative standard deviatioBIiR measures the repeatability of

the peak area or retention time (RT) during rekagtanple runs of the analytes within
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the same batch. The desired % RSD for the peakisitess than 10 % and the desired %

RSD for the RT is less than 2 %.
d) Q1 scan (Scanning with the second quadrupole)

Comparison of the Q1 scan of the control samplepgasina sample reveals the

matrix ions present in the plasma sample.

2.4.2 Results with Different Sample Preparation Pro  cedures

Several sample cleanup procedures were attemptadeér to remove proteins
and other matrix components that were presentamtbdel samples so that these
samples could be ionised efficiently for the MSlgsia. Through the comparison of the
chromatograms between the control and plasma sampfesuppression was observed
for Thiamet-G and Thiamme-G, in particular, in #iesence of sample clean up. This is
evident from the high % matrix suppression anddiseortion of peak shapes of the
analytes in the chromatograms of the plasma safApleendix Section A 4). As
discussed in Appendix Section A4.3.2, one set wipdas was prepared using procedure
4 and was analysed using the ZIC-HILIC column.haitgh ion suppression was not
observed for the analytes, using this sample patiparprocedure yielded poor %
recovery for both the control and plasma samphdkthe detailed experimental results

are summarised in Table 2.11 and are reporteceiatgr detail in Appendix A4.
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Table 2.11. Preliminary Methods for Sample Preparat

Development.

ion and other Types of Method

Sample Description Result

Cleanup

Procedure

Protein Experimented with Phospholipids and salts remained and caused ion

Precipitation

different organic
solvents for
precipitating the
protein from plasma
extracts.

suppression.

Different
eluents as
mobile
phase

1. Combination of
ACN/H,O+0.1%
FA.

2. Combination of
MeOH / H,O + 0.1
% FA.

2: The compounds were not retained on the
stationary phase likely due to interactions between
the compounds and the eluent.

Ultrafiltration

Obtained the filtrate
using an ultra
filtration device
while removing the
proteins in the
filtrand.

Salts and other components remained and caused
ion suppression.

Phospholipids were removed.

Ultrafiltration
+ LLE

Extracted out the
non polar matrix
ions present in the
filtrate that can
interfere with
analysis.

Salts were present resulting in ion suppression.
Phospholipids were removed.

See Appendix A4 for full detalils.

In Table 2.12, results obtained from sample clegmopedures involving solid phase
extraction devices have been summarised. Noneegirtocedures yielded good results
except for the Hypercarb offline 1 mL SPE cartriddye the following section the results
obtained from using this particular cartridge asedssed in more detail. The detailed
results for procedures 1, 3, 4 are reported in AdpeA5. Since Thiamme-G and
Thiampro-G were not retained on the Supelclean EQatlb SPE tube when washing the
cartridge with 100 % water, procedure 2 was nosped further. All these experiments

were performed using a ZIC-HILIC column because oninor suppression was
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observed for the analytes when using this coluimrcontrast, when using the TSKgel

column, detection of the analytes suffered fromesewnatrix suppression.

Table 2.12. Sample Preparation Using Solid Phase Ex traction Devices.

Sample Description Result
cleanup
procedure
1 | Ultrafiltration + | Filtrate collected from the Analytes were lost in the
ZiptipCqg ultrafilter was further cleaned | ZiptipCgs.
up by the C,g cartridge in the
ziptip.
2 | Supelclean Nonporous graphite cartridge | Compounds eluted out at
ENVI-Carb 1 (NPGC) used after 100% water limiting
mL SPE tube ultrafiltration. usefulness.

3 | Sigma Hybrid Lipid remover was used after | Lipids were removed but
SPE 1 mL protein precipitation. salts were still present.

4 | Captiva ND"P Lipid remover was used after | Lipids were present in the
protein precipitation. final samples. The
cartridge was not
compatible with solvent
composed of high organic

composition.
5 | Hypercarb Porous graphite cartridge Analogues were obtained
offline 1 mL (PGC). with low carryover of
SPE cartridge matrix.

See Appendix A5 for full detalils.
Hypercarb SPE Cartridge

Figure 2.8 shows the analyses of the samples tsngIC-HILIC column after
they have undergone the sample cleanup process theirHypercarb SPE cartridges. As
shown in Figure 2.8, Gaussian shapes were obs@véte analytes. The plasma
sample was analysed followed by nine samples, atdsdand other plasma samples,
before analysis of the control sample. The peak aounts of the analytes from both

chromatograms were very similar.
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Figure 2.8. Use of Hypercarb SPE Cartridge for Samp le Cleanup on Plasma Samples
Containing Thiamet-G and its Analogues.
Chromatogram (A) and (B) were the control and the plasma samples respectively.
These samples were separated using a ZIC-HILIC column after sample cleanup.
Separation conditions: Step 1) 0 - 10 min, 300 puL / mL, 84 % B, Step 2) 10.5 - 13
min, 600 pL / mL, 30 % B, Step 3) 13.5 — 16 min, 600 pL / mL, 84 % B, Step 4) 16.5
-18 min, 300 L/ mL, 84 % B(A=05% FA+5% ACN + H,O, B=0.1% FA +
ACN).

To evaluate the % matrix suppression following skensfean up, analogues were
added into both the control and plasma samples fwrithe sample cleanup process. The
% matrix suppression was calculated based on tleenaiographic separation as shown
in Figure 2.8. The percent ratio close to 100 ¥halestrated that no matrix suppression
occurred for any of the analytes when containgtiénplasma sample and cleaned up by
Hypercarb SPE (Table 2.13). As indicated in th@etatograms, any changes in

retention time were small.
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Table 2.13. Comparison of the Peak Area Counts of T
Prepared in Water versus Plasma.

Control Plasma
Analyte Sample Sample % Matrix
(cps) (cps) Suppression
Thiambu-G 2.08 x 10° 2.31x10° 111
Thiamet-G 2.24 x 10° 2.36 x 10° 105%
Thiampro-G 2.40 x 10° 2.60 x 10° 108%
Thiamme-G 1.86 x 10° 1.96 x 10° 105%

% Matrix suppression = peak area counts of (plasma /control) x 100 %.
Separation as shown in Figure 2.8.

A % recovery experiment was carried out, and tkalte are reported in Table
2.14. The peak area counts were compared betlWwegiasma sample and a blank
sample that was spiked with the compounds at thme g@ncentration as the plasma
sample that had undergone the sample cleanup grod¢&® purpose of this comparison
was to test the efficiency of the sample extracpiomcess. As shown in Table 2.14, the

% recovery ranged from 93.4 to 98.0 %. A % recpwérclose to 100 % suggests that

the extraction process was efficient.

63

hiamet-G and its Analogues




Table 2.14. % Recovery of the Analogues.

Plasma Plasma
Analyte Sample (cps) Spike (cps) 7o Recovery
ThiambL-G 2.31x10° 2.39 x 10° 96.6 %
Thiamet-G 2.36 x 10° 2.53 x 10° 93.4 %
Thiampro-G | 260 10° 2.66 x 10° 97.6 %
Thiamme-G 1.96 x 10° 2.00 x 10° 98.0 %

Separation as shown in Figure 2.8.

Stability of the ZIC-HILIC Column

In Figure 2.8, the elution time of Thiamme-G in@matogram (A) was different
when compared to chromatogram (B). The retentioad for the other three compound
ions in both chromatograms were similar. From eepee in using the ZIC-HILIC
column, changing in retention times of analyteseaayserved throughout the time it
took to analyse one batch of samples. Howeverlévetion of the retention time for
Thiamme-G was often the greatest. A possible egpian is that some matrix ions were
still present in the column even though a washecy@s incorporated in the run. As a
result, the elution time of the analytes, partidyld@hiamme-G, might be affected by the
co-eluted matrix ions. Another possible reason tlvasthe stationary phase might
become more polar due to frequent exposure todlae matrix ions. As described in
Section A4.1.2, a similar observation was seemfioer experiments carried out using a

ZIC-HILIC column.
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During method development, it was not known whethersamples needed to
undergo deproteinisation prior to loading ontoc¢hdridge or not. Analytes present in
the samples that were directly applied onto thedfigarb SPE cartridges were better
retained on the bulk material and did not elutedaurtng washing with 100 % water (data
not shown). When proteins were first removed ftbmsamples by protein precipitation,
elution of Thiamme-G occurred when the cartridge washed with water using 6.5
times of the bulk material volume. Thiamet-G adated out when the cartridge was
washed with water using 8.5 times the bulk matedéhme. When the samples were
first passed through an ultrafilter, elution of d&mime-G occurred when the cartridge was
washed with 8.5 times of the bulk material of 10@v&er. Interestingly, when directly
applied to the column, the analytes were still ablbind on the cartridge when washing
with 100 % water using 20 times of the bulk materdume. Nevertheless, in Q1 scan
analysis, the same matrix ions co-eluting withdhalytes were observed regardless of
which of the three sample cleanup processes (prptecipitation, ultrafiltration, direct
application to cartridge) was employed. Basedhesé data it was decided to use
Hypercarb SPE alone for sample clean up sincemassrapid and enabled a good
balance between retention of the analytes andafadation from the cartridge. Further,
this approach to clean up, along with use of tHe-BILIC column, showed little matrix

suppression and demonstrated good run to run regitmtity.

2.4.3 The Optimized Method

An optimized analytical method was developed. dpemized method used
Hypercarb SPE cartridges as the cleanup tool a1€-41ILIC column as a compatible

stationary phase. The analytical system for LC-WEAnalysis consisted of a Dionex
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Ultimate 3000 HPLC system coupled with an AB S&ér0 QTRAP quadrupole linear

ion trap tandem mass spectrometer equipped withba fon spray ion source.

2.5 Method Section

2.5.1 Method 1: Generic Method for the 2000 QTRAP L  C/MS system

Chemicals and reagents. HPLC gradeacetonitrile and HPLC grade or LC-MS
grade water were purchased from Caledon Laboratataée (Georgetown, Canada) and
Mallinckrodt Baker, Inc. (Phillipsburg, USA) respieely while reagent grade formic
acid was purchased from Fluka, Sigma-Aldrich Carada(Oakville, Canada). The
compounds, Thiamet-G (batch JJ-37)[74], Thiambuib&dh JJ-1-28), Thiampro-G
(batch JJ-1-47), and Thiamme-G (batch JJ-1-42) saamthesized previously in the
Vocadlo lab (Simon Fraser University, Burnaby, BC).

Instrumentation. The 2000 QTRAP LC/MS system consisted of the 2000
QTRAP mass spectrometer (Applied Biosystems, Léehhologies Corporation, Foster
City, USA) interfaced with a Perkin EImer Serie®©20gh performance liquid
chromatography (HPLC) system (Perkin Elmer Inc, 88atusetts, USA). The control
software for data acquisition was Analyst versioh2 (Applied Biosystems). The LC
system was composed of a binary LC pump, a vaclwegasser, controlled autosampler,
and a column compartment without temperature contdo analytical column was
installed in the system. The mobile phase, 0.1%B%% ACN + HO, was pumped at

a flow rate of 300 pL / min.

Preparation of Standards. 7.00 mg of each analogue was weighed out

individually with a five decimal place analyticahllance (Fisher Scientific Company,
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Ottawa, Canada) for preparation of stock solutioBgck solutions (conc. = 70000 ng /
mL) consisting of Thiamet-G, Thiambu-G, Thiamproahd Thiamme-G, were prepared
by dissolving the compounds in water and makingvtiieme to 100 mL using glass
volumetric flasks. These stock solutions wereestat 4°C in an amber glass bottle.
Mixed compound standard solution A (conc. = 1400 md.) was prepared by adding
200 pL from each stock solution to 8.5 mL ACN anaking the volume to 10 mL with
water using a glass volumetric flask. This solutistandard solution Al, was stored at 4

°C in a HPLC vial until analysis.

Analytical Procedure. Standard solution A was analysed using the Mbth
positive ion and negative ionisation modes by ecardusly infusing the standard using a
Harvard syringe pump at a flow rate of 10 pL / nmto the turbo ion spray ion source of
the MS. Through a mixing tee, 300 puL / min of thebile phase was concurrently
delivered into the turbo ion spray ion source usiregHPLC pump. Q1 scan analysis
was the selected acquisition method. The scamaimge of the mass range was set from
230.00 amu to 280.00 amu, and the dwell time watkog®500 sec. The resolution of Q1
was set to be 1 unit mass resolution. In positwsation mode set, the set parameters
were CUR (25.00 psi), IS (4500.00 V), TEM (100.@),°GS1 (55.00 psi), GS2 (40.00
psi), DP (42.50 V) FP (200.00 V), and EP (7.00 Y .negative ionisation mode set in
the acquisition method, the set parameters were (28R0 psi), ISP (- 4500.00 V),

TEM (100.00 °C), GS1 (55.00 psi), GS2 (40.00 BB, (- 42.50 V), FP (- 200.00 V) and

EP (- 7.00 V).
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2.5.2 Method 2: Generic Method for the 4000 QTRAP L  C/MS system

Chemicals and reagents. See Method 1 (Section 2.5.1).

Instrumentation. The 4000 QTRAP LC-MS/MS system consisted of thed4
QTRAP mass spectrometer (Applied Biosystems) aadiitimate 3000 HPLC system
(Dionex Corporation, Bannockburn, USA). The LCteys was composed of a binary
LC pump, a vacuum degasser, a temperature comtralimsampler, and a thermostated
column compartment set at ZD. The control software for data acquisition wamkyst
version 1.4.2, Dionex Chromatography M&ectrometry Link software version
2.0.0.2315, and Chromeleon version 6.80 SP2 (Di@wyporation). The mobile phase,

0.1% FA + 85% ACN + KD, was pumped at a flow rate of 300 puL / min.

Preparation of Standards. 7.00 mg of compounds were weighed out separately
with a five decimal place analytical balance foegaration of stock solutions. Stock
solutions (conc. = 70000 ng / mL) containing Thi&®Ge Thiambu-G, Thiampro-G, and
Thiamme-G were prepared by dissolving the compoimdster and making the volume
up to 100 mL using volumetric flasks. These steckitions were stored at’@. Mixed
compound standard solution B (conc. = 1400 ng / w3 prepared by adding 200 pL
from each of the stock solutions into a 10 mL ghadlsmetric flask and making the
volume up with water. Standard solution B wasesdat 4£C in a glass vial. Mixed
compound standard solution C (conc. = 10 ng / m&3 wepared by transferring 10 puL
of solution B into a HPLC vial. To this vial, 980 of ACN and 410 uL kD were
added to yield solution C with a final compositi@in/0 % ACN / HO. Standard

solution C was stored af@ in a HPLC vial prior to analysis.
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Analytical Procedure. 10 pL of standard solution C was injected by the
autosampler of the HPLC system. Using the HPLCptorprovide the mobile phase,
sample was delivered into the turbo ions pray mmwee. The software began the
acquisition prior to the injection of the samplehe same solution was repeatedly
injected into the autosampler for the product-icansanalysis of all the compounds. Q1
scan analysis was selected in the acquisition ndetiithe scanning range of the mass
spectrum was from 100.00 amu to 500.00 amu. Thedldime was 4.00 sec. The
resolution of Q1 was unit and Q3 was low. In gesitonisation mode set in the
acquisition method, the other parameters were GROROQ psi), ISP (4500.00 V), TEM
(200.00°C), GS1 (20.00 psi), GS2 (20.00 psi), DP (65.00GAD (7.00 psi), EP (8.00
V), and CXP (10.00 V). The settings for CE were 32, 30, and 32 eV for Thiamet-G,

Thiambu-G, Thiampro-G, and Thiamme-G respectively.

2.5.3 Method 3: Generic method for TSKgel-MS-Analys is

The method was simildo the generic method for the 4000 QTRAP LC/MS

system (See Section 2.5.2) with the following clesng

Instrumentation. The analytical column for the analysis, TOSOH Biesce
TSKgel Amide-80 (South San Francisco, USA) (3 ura, 22150 mm ID), was protected
by a guard column (3 um, 2.0 x 10 mm ID). The reophase, 0.1 % FA + 80 % ACN /
H,0, was pumped at a flow rate of 200 uL / min. ©perating pressure of the column

was approximately 47 bar.

Preparation of Standards. Mixed compound standard solution F (conc. = 1400

ng / mb) was prepared by adding 200 pL of the analogu&k stolutions, prepared in
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Method 2 (Section 2.5.2), into a 10 mL glass voltriadlask containing 7 mL of ACN
and making the volume up with water. The standatdtion F vial was stored at’@ in

a HPLC vial prior to analysis.

Analytical Procedure. 2 pL of standard solution F was injected by the
autosampler of the LC / MS system. Using the HPL@p to provide the mobile phase,
2 puL of the sample was delivered to the turbo jamag ion source. The MRM transitions
were set according to Table 2.2, and the dwell tvae set as 200.00 psec. The
resolution of Q1 and Q3 was set to be 1 mass esdlution. In the positive ionisation
mode, the other parameters were CUR (30.00 p$?)(4500.00 V), TEM (200.0%C),

GS1 (20.00 psi), GS2 (20.00 psi), DP (56.00 V), CADO psi), EP (9.00 V), CE (31.00

eV), and CXP (10.00 V).

2.5.4 Method 4: Generic Method for ZIC-HILIC-MS-Ana lysis

The method was simildo the generic method for the 4000 QTRAP LC-MS/MS

system (See Section 2.5.2) with the following clesng

Instrumentation. The analytical column used for the analyses, M&e®uant
ZIC-HILIC column (Ume4, Sweden) (5 um, 2.1 x 100 nid), was protected by a guard
column (5 um, 2.1 x 20 mm ID). The mobile phas#,% FA + 85 % ACN / KO, was

pumped at a flow rate of 300 pL / min.

Preparation of Standards. Mixed compound standard solution G (conc. = 210
ng / mL) was prepared by adding 30 pL of the stock solstmfithe analogues, prepared

as in Method 2 (See Section 2.5.2), into a 10 nalsgolumetric flask containing 7 mL
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of ACN and making the volume up with water. Thenstard solution G was stored at 4

°C in a HPLC vial prior to analysis.

Analytical Procedure. 5 pL of solution G was injected by the autosampfe
the LC-MS/MS system. Using the HPLC pump to prewide mobile phase, the sample
was delivered to the turbo ion spray ion sourcke MRM transitions were set according
to Table 2.2 and the dwell time was set as 2004@ 1 The resolution of Q1 and Q3 was
set to be 1 unit mass resolution. In the positiwésation mode, the other parameters
were CUR (30.00 psi), ISP (4500.00 V), TEM (200°G), GS1 (20.00 psi), GS2 (20.00

psi), DP (56.00 V), CAD (7.00 psi), EP (8.00 V), C&.00 eV), and CXP (10.00 V).

2.5.5 Method 5: Generic Method for Hypercarb SPE CI  eanup and LC-MS/MS
Analysis

The method was simildo the method for validation (See Section 3.7) il

following changes:

Preparation of Samples: One stock solution containing Thiamet-G, Thiampro-
G, and Thiamme-G (conc. = 10000 ng / mL) was pespary dissolving 1.0 + 0.1 mg of
each standard in water and making up the volunaeli®0 mL volumetric flask. A mixed
standard containing 100 ng / mL of each compounslpvapared by serial dilution. A
separate 100 ng / mL internal standard was prefghessame way by preparing a stock

solution containing only Thiambu-G (conc. = 100@Y mL).

To generate the plasma sample 11 pL of the 100wigrhixed standard and 11
pL of the 100 ng / mL internal standard were transid into a centrifuge tube. In
addition, two portions of 11 pL of the control pdasma and 110 pL of water were added

into the tube to give a total final volume of 154. pAfter the tube was capped and
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vortexed for 30 sec, it was centrifuged at 10068 fpr 1 min at room temperature. The
control sample was prepared the same way excepihnaat plasma was replaced with
water. A blank sample was also prepared usingdhge sample preparation procedure
as the plasma sample except that the mixed stamdezrdeplaced with water. To a blank
sample, after undergoing the sample cleanup prpeessadded 11 pL of the 100 ng /
mL mixed standard and 11 pL of the 100 ng / mLrimaéstandard. This sample was
called the plasma spike sample. These sampleschezneed up using the Hypercarb
SPE cartridge following the procedure describethewvalidation method (See Section
3.7). The peak area counts of the analytes report€able 2.14 were corrected using
equation 3 to make the peak area counts equiviameviiat should be observed for a

blank sample spiked with 10 pL of the standards.

Analytical Procedure. 4 pL of the plasma sample was injected by the
autosampler of the LC-MS/MS system after analybib® control sample (injection
volume =4 pL) had finished. Nine samples werdyeea in the time between the
control and the plasma sample analyses. The plapike, 4 pL injection volume, was

then analysed after the plasma samples.
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CHAPTER 3: METHOD VALIDATION

A highly selective, sensitive, and reproducible moetis needed for quantifying
potential therapeutics and their metabolites withological samples for
biopharmaceutical studies. The main objectiveadihating the current method is to
demonstrate a bioanalytical method suitable fontifyang Thiamet-G and its analogues
in rat plasma. From this quantification, a PK @ican be generated for each of the
compounds that were dosed into rats by eitheraahadinistration or intravenous
administration. According to the industrial guidarfor bioanalytical method validation,
the fundamental parameters for validation condishearity, ,specificity, accuracy,
precision, recovery, matrix effect, stability, asehsitivity [148]. Limit of detection
(LOD) and limit of quantitation (LOQ) are criticictors that need to be
determined[148]. The method created here (Seb RI&thod 5) was tested to ensure

that it met these general criteria.

Specific samples were prepared for validation psego The same amount of internal
standard (10 pL of 100 ng / mL), Thiambu-G, wakagiinto all three types of solutions.
1) Control standard solution (CSS): Thiamet-G, Thiaoa@r and Thiamme-G were
spiked into neat solvent (70 % ACN 4®). This solution did not go through the
sample extraction process and serves as a positiveol.
2) Blank plasma solution: Plasma (diluted with watkgt has undergone the

sample extraction process. This solution servesrasyative control.

73



3) Working calibration standard solution (WCSS): The&#®, Thiampro-G, and
Thiamme-G were spiked into plasma diluted with wafEhe solution went

through the sample clean up process.

3.1 Selectivity/Specificity, General Considerations

A method is selective when it can be used to gfyatite analyte in the sample in
the presence of other components[148]. It is ingudrto maintain selectivity at the
lower limit of the quantification (LLOQ)[148]. Spé#icity is crucial for identifying the
correct analytes. For this project, compounddadety related structures were present in
certain mixtures. The method being developed aed should enable monitoring the
response of one analyte and its specific detectan other analytes, providing that
representative chromatograms are available for eaalyte. Bioanalytical validation
practices recommend that analyses of blank sampléescted from biological matrices
should be obtained from at least six sources[1#R&jwever, other sources state that a
single source of matrix may be used when the bigdoal method is able to maintain its
selectivity[147]. A single matrix source was usente since the method was being

developed for plasma.

3.1.1 Results

As discussed earlier, a QTRAP tandem mass sped&omas the chosen
analytical technique for analysis of Thiamet-G @sdnalogues. The use of a tandem
mass spectrometer (MS/MS) enables the use of MRM: analytical method was
readily able to discriminate between compounddaxaty related structures by using the

MRM scan mode. Chromatograms (A), (B), and (Cfyigure 3.1 were obtained using
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LC-MS/MS analysis of the following solutions, th&§E, the blank, and the WCSS. The
blank sample was used to determine any interferpresent in the blank plasma
solution. Supporting data shows a positive peagarese when a mixture of compounds
was separated (chromatogram A), and no response avtedysing samples that did not
contain the analytes (chromatogram B). The spenaonstrated the specificity of the
analytical method in the presence of the matrisipresent within the samples

(chromatogram C).
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Figure 3.1. Thiamet-G, Thiampro-G, and Thiamme-G we re Easily Separated in the
Presence of the Matrix Plasma.
Chromatogram (A) was obtained using the CSS sample. Chromatogram (B) and (C)
were blank samples containing the internal standard (Thiambu-G) and the WCSS
sample, respectively. Al, B1, and C1 are the expanded version of the
corresponding chromatograms. In all cases, the large off scale peak is Thiambu-G
which was used as an internal standard.

3.2 Linearity

The linearity of the method is the ability of the@pedure to relate the signal
responses obtained during analysis directly tactimeentration of analytes in the samples
in a proportional manner within a specified randecalibration curve relates the
detector response with a series of known conceotiabf the analyte of interest. A
calibration curve is constructed from a blank sanatking the internal standard, a zero

sample containing the internal standard, and &t lga standards covering the analyte of
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concentration range expected to be present inperenents to be analysed. All
standards used for the calibration curve shoulprbpared in the same biological matrix
as the actual samples. The concentrations of tnkimg calibration standards are based

on the concentration ranges used in the actuay stud

Linearity is assessed by visual inspection of &4 pilgignal response against the
concentration of analytes and more quantitativglyaing the data from the regression
line and determining the degree of linearity[148he Pearson product moment
correlation coefficient, r, is often used duringgar regression analysis to relate a
dependent variable to an independent variable[1E8}. a set of data points, linear
regression generates a formula for the trend haemost closely matches those points.
It also gives an r value to demonstrate how mudhefariability of the dependent
variable is explained by the independent variale.value close to 1 indicates the
signals are well correlated with the actual coneiun of the analytes[149]The

acceptable r value for this method is above 0.99.

3.2.1 Results

Calibration standard solutions (CSSs), composékh@met-G, Thiampro-G, and
Thiamme-G, were diluted from a stock solution, kt@gq by serial dilution. A set of
WCSS samples with a final concentration of 0.8,,,100, 500, and 1000 ng / mL of the
analytes were prepared using the CSSs. As medtiesxtier, WCSS samples were
spiked into blank rat plasma using a constant amofutihe internal standard in order to

offset the variation of instrumental responsestduée instability of the system.
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Out of the various possible weighting factors comhaised, 1/ yielded the
best fitting WCSS curves and this weighting wagluse all analytes. The plots below
show the peak area ratio versus concentration thi@tvorking curve, for each

compound.
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Figure 3.2. Working Curves. Plots of Peak Area Rat ios versus Concentration of the
WCSS Samples for (A) Thiamet-G, (B) Thiampro-G, and  (C) Thiamme-G.

The r value was greater than 0.99 in all case® dHta suggested that the
recorded signals can be well correlated with thiead@oncentration of the analogues,

and one can directly predict the concentratiorhefanalytes from the curve over a
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concentration range of the analyte ranging fromt®@.5000 ng / mL.

One observation in the working curves is that ttegmeears to be curvature at the
higher end (Figure 3.2), which results in systematiderestimation of the concentration
at the higher concentrations. The sample at 1@00mL noticeably deviates from the
line and it is possible that the response fromMigedetector is becoming saturated at
higher concentrations. Since data for & @igh concentrations (QG 800 ng / mL) are
accurate (Section 3.4.1) and precise (Section)3#he results suggest that the working
curves are still maintaining linearity at around@8®@ / mL. Further, the expected range
of analytes should be less than 800 ng / mL. Therewe felt that these working curves

were adequate for our analyses.

3.3 Limits of the Method

3.3.1 Lower Limit of Detection (LOD)

LOD is the minimum concentration of analyte thatétectable using the
analytical system being employed. However, atB®, the signal does not have to be
quantifiable. In equation 4, Cm is the concenpratt the detection limit[146]. &
the mean background signal obtained by averagmgéak height of a blank sample in
multiple mass spectrasy, is the calculated standard deviation of the peagtt
responses recorded in the mass spectra. Sm iti@gdas the minimum distinguishable

analytical signal and the m in equation 5 is tlopslof the calibration curve.
Sm="§ + (KX &), Wherek = variation of blank due to random errors  (4)
Cm=(Sm-"9/m (5)
By substituting equation 4 into equation 5, oneaotst
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Cm = KX sp) / m, wherek = 3.3 [146] (6)

Confirmation of the LOD can be done by using stiaéé techniques along with
the signal-to-background ratio (S / B) [150]. Egoa 7 shows the relationship that one
can practically draw between % RSD (introducedenti®n 2.4.1) and S/ B. The

commonly accepted S/ B ratio for the LOD is betw2do 3[151].
% RSD =50/(S/B) @)

By inputting the numerical value 3 for S/ B in atjon 7, the % RSD is about 17
%. This means that by injecting six replicates gample at the LOD, if the calculated %
RSD for peak height is around 17 %, then the saspiepared were approximately at

the LOD[150].

3.3.2 Limit of Quantification (LOQ)
LOQ is the minimum concentration of analyte thaqusintifiable. In principle,

the theoretical value of LOQ can be calculated wihation 8[150].

LOQ = (10 Xsp) / M (8)

The signal response at the LOQ should be at leastimes higher than a blank
response[148]. Analyses of replicates at this entration level should yield quantifiable
results with precision and accuracy[148]. In pEchowever, the commonly accepted S
/ B ratio for the LOQ is 10-20[151]. By inputtiige numerical value 10 for S/ B in

equation 6, the % RSD obtained is about 5 %. hermtvords, the % RSD of six injected

replicates should be less than 5 % at the LOQ.

LOD and LOQ are illustrated in Figure 3.3. Bioaighl validation

recommendations and the actual data for LOQ amusk&d in the Result sections of
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accuracy and precision (See Section 3.4.1.1 and.3)4 According to the guidance, %
accuracy for LOQ should not deviate from the norncaacentration by more than 20 %

and the precision data for LOQ should be withir®2048].

Limit of detection Limit of quantitation 4

Signal / Background Signal / Background Signal
=2-3 =10-20

2 N NS ON PPN TN PN EE Background

Figure 3.3. Limit of Detection and Limit of Quantit  ation Expressed in Signal-to-
Background Ratios.
Adapted from [151].

LOQ is also the lowest working calibration standfndconstructing the
calibration curve[148]. For this project, the dediLOQ in the plasma is less than or
equal to 2.5 ng / mL, since this is the lowest emtiation at which most therapeutics are
useful. The lowest calibration standard for canging the working calibration curve is

0.5 ng/ mL. The concentration is equivalent @5Ing / mL in the undiluted rat plasma.

3.3.2.1 Result

The background level (,Bmeasured from the blank mass spectra was T x 10
cps while the standard deviation of the backgrdemdls §,) was 1 x 16cps. The
calculated LOD and LOQ are summarised in Table 3le LOD from the experimental
result is found to be 0.05 ng / mL for all threengmunds. The working curves used to

guantify the respective analytes are shown in EQu2.
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Table 3.1. The Calculated LOD and LOQ.

Analyte LOD (ng / mL) LOQ (ng/ mL)
Thiamet-G 0.0210 0.0700
Thiampro-G 0.0175 0.0585
Thiamme-G 0.0307 0.1025

3.4 Accuracy, Precision, Recovery, and Range

The accuracy, precision, recovery, and the rangkeoiethod are determined
based on the quality control (QC) samples. A murmof five replicates of QC samples
(n =5 for 3 different concentrations) are recomdezhto be included in each batch of
runs[152]. A group of samples that are analyseHiwthe same run is calledbatch.

Each sample is analysed one after the other witmaxchine idle time in between.

During validation, the QC samples were preparelésvs: The lowest
concentration level of QC samples (Q€onc. = 1 ng/ mL) was prepared at a
concentration level close to the LOQ. The mediemmcentration level (Qf conc. =
400 ng / mL) was at the midrange of the calibratiorve. Lastly, the high QC sample
(QCy, conc. =800 ng / mL) was at a concentration clogbe upper level of
guantification (ULOQ). During validation, six reghtes of QC samples were run
throughout the batch along with a freshly prepA#dSS. The concentrations of the QC
samples were determined by interpolating from tlekimg curves. The QC samples and

the WCSS samples were freshly prepared for each laatalysed.

3.4.1 Quantification of QC Samples

Four batches of samples were analysed. Tablehi@@gh 3.5 summarise the

resulting data after quantifying the QC samplesefich batch of analysis. The reported
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information are the nominal concentration of thalges, the mean concentration of the
replicates, and the SD of the concentration oféipéicates. The nominal concentration
was the theoretical concentration of the QC samplbgch was determined by the
weight of the analyte added to the stock solutiah e dilution factors. The mean
concentrations of the analytes at three differemtls were determined to be close to the
nominal concentration in all four batches of sarapl8ome QC samples were not

included the calculations due to verifiable injentfailures.

Table 3.2. Mean Concentration and SD of QC Samples  for Thiamet-G and its Analogues
in Sample Batch #1.

Thiamet-G Thiampro-G Thiamme-G
intraday] hominal conc|n| mean SD nominal conc.Jn] mean SD nominal conc.|n] mean SD
(ng / mL) (ng / mL) (ng/ mL) (ng / mL) (ng/mL) (ng / mL)
QcC, 1.01 6] 1.14 0.03 0.99 6] 1.07 0.05 1.0 6] 1.1 0.1
QCy 405 6] 395 5 398 6] 376 9 402 6] 3.4 x10% J0.2 x 107
Qcy 810 6)7.6x10*|0.2x 10? 796 |6]7.3x10%]0.2 x 107 803  [6] 7.6 x10?[0.3 x 107

QC samples were cleaned up using Hypercarb SPE cartridges. These samples were then
analysed using a LC equipped with a ZIC-HILIC column coupled with the MS. Separation
conditions: Step 1) 0 - 10 min, 300 pL / mL, 84 % B, Step 2) 10.5 — 13 min, 600 pL / mL, 30 % B,
Step 3) 13.5 - 16 min, 600 pL / mL, 84 % B, Step 4) 16.5 - 18 min, 300 uL / mL, 84 % B (A=0.5
% FA +5 % ACN + H,O, B=0.1% FA + ACN). See the Methods for Validation (Section 3.7) for
details.

Table 3.3. Mean Concentration and SD of QC Samples for Thiamet-G and its Analogues
in Sample Batch #2.

Thiamet-G Thiampro-G Thiamme-G
intraday| nominal conc|n] mean SD nominal conc.{n] mean SD nominal conc.|n| mean SD
(ng / mL) (ng / mL) (ng / mL) (ng / mL) (hg/ mL) (ng / mL)
QC_ 1.01 6] 0.98 0.03 0.99 6| 1.07 0.07 1.0 6] 09 0.1
QCy 405 6] 4.0x10%|0.1 x 10° 398 [6] 408 7 402 || 38x10%|o3x10°
Qcy 810 6] 7.8 x 10%|0.2 x 10° 796 |6]8.1x10%[0.2 x 107 803  [6] 7.5x 10%|0.4 x 107

Same conditions as described for sample batch #1 above.
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Table 3.4. Mean Concentration and SD of QC Samples  for Thiamet-G and its Analogues
in Sample Batch #3.

Thiamet-G Thiampro-G Thiamme-G
intraday|nominal concjn] mean SD nominal conc.fn| mean SD nominal conc.|n] mean SD
(hg/ mL) (ng / mL) (ng / mL) (ng / mL) (ng / mL) (ng / mL)
QC, 1.01 4] 1.02 0.02 0.99 5| 1.04 0.05 1.0 5| 1.0 0.05
QCy 405 6| 404 9 398 6] 381 4 402 6] 4.2 x 10 [0.3 x 10%
QCy 810 6]7.5x10%]0.1 x 102 796  |6] 6.9 x10%[0.1 x 10° 803 [6] 8.0 x 102]0.4 x 10

Same conditions as described for sample batch #1 above.

Table 3.5. Mean Concentration and SD of QC Samples for Thiamet-G and its Analogues
in Sample Batch #4.

Thiamet-G Thiampro-G Thiamme-G
intraday] nominal conc.|n| mean SD nominal conc.|n] mean SD nominal conc.[n] mean SD
(ng/ mL) (ng / mL) (ng / mL) (ng/ mL) (ng / mL) (ng / mL)
QC, 1.01 5] 1.03 0.04 0.99 6] 1.07 0.05 1.0 6] 0.98 0.04
QCy 405 6] 394 8 398 6] 388 9 402 6] 4.0 x 102 [0.1 x 102
Qcy 810 6 7.7 x 10%[0.3 x 102 796 [6]7.4 x 10%[0.2 x 10? 803 [6] 7.8 x 10%[0.5 x 10°

Same conditions as described for sample batch #1 above.
3.4.1 Accuracy

The accuracy of a method describes the deviatidheomean test results from the
true concentration of the analyte[148]. Using kébcation curve constructed with freshly
prepared standards, one can determinendasured concentrations of the QC samples (n
= 6). The meameasured concentrations of the QC samples were compardteto

nominal concentrations to determine the % accuracy.

% accuracy = (mean measured conc. of the repli¢atesinal conc.) x 100 %

(9)

3.4.1.1 Results

Four batches of samples were analysed. Six regdicd QC samples for three
concentration levels, 1, 400, and 800 ng / mL veeauired for each batch. Each batch
of samples was freshly prepared prior to analy$ise accuracy data for Thiamet-G (Et),

Thiampro-G (Pro), and Thiamme-G (Me) that were igtch from the four batches of QC
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samples ranged from 86.5 % to 113 % (Table 3.6).

Table 3.6. Accuracy Data for QC Samples of Thiamet- G and its Analogues.

% Accy % Accy % Accy
QC, (1 ng/ mL) QC), (400 ng / mL) QCy (800 ng/ mL)
Et Pro Me Et Pro Me Et Pro Me

Batch 1 113% 107% 112% 97.6% 94.5% 96.6% 93.8% 91.8% 94.5%

Batch2 | 96.7% 108% 93.8% 99.6% 108% 95.6% 96.8% 102% 83.6%

Batch3 | 101% 104% 104% 100% 95.6% 105% 93.0% 86.8% 99.4%

Batch4 | 102% 107% 98.0% | 97.2% 97.6% 99.1% 94.9% 92.4% 97.4%

According to the FDA guidance, % accuracy for ladl toncentration levels is
suggested to be within 15 % of the nominal coneioin, and the LOQ is suggested to
not deviate from the nominal concentration by ntben 20 %[148]. As shown in Table
3.6, the analytical method developed here provaseaccurate means of quantifying

Thiamet-G and its analogues that is consistent RIDA guidances.

During the collection of data for the second baitkamples, the run was
interrupted due to a setup error. The run wasmesiby acquiring data for six aliquots
of system suitability (SS) samples to ensure tsgument was stable, and the data that
were obtained after the analyses of the SS sam@eslabelled SS SS were obtained
in the same way as §%ut they were collected at the beginning of tine prior to
interruption. SS was a solution composed of @&lahalogues including the internal
standard with the same solvent compositions aQtesamples (70 % ACN / H20),
except that SS was not treated with plasma. The mapose of analysing SS samples
is to monitor the stability of the instrumentatierthin a run. The data for S8vere
compared with the data of §&s shown in Table 3.7. The precision data foh lsets of

CV are less than 2 %. The average signal resptatagfor Sgand S$also are very
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similar. The percent ratio tabulated in the ladumn shows that the average peak area
responses for each compound deviates by no mane/thabetween the two sets of data.
As a result, the instrument was shown to be sthibteighout the entire period spanning
the interruption. Furthermore, no outlier was degd for the replicates of the QC

samples as evaluated by performing the GrubbsleDTist.

Table 3.7. Comparison of the Data of SS ; and SS, for QC Samples of Thiamet-G and its

Analogues.
Average % (Peak Area of SS 4/
Analyte Peak Area SD Ccv
(cps) Peak Area of SS ,)
SS, Thiamet-G 2.35x10° | 0.03x10° 1% 94.2%
Thiampro-G | 1.99x10° | 0.04 x 10° 2% 93.4%
Thiamme-G 2.04x10° | 0.04x10° 2% 94.1%
Th'a(?;t)’“'G 2.26x10° | 0.04 x10° 2% 93.9%
SS, Thiamet-G 2.50x10° | 0.03 x10° 1%
Thiampro-G | 2.13x10° | 0.03 x 10° 1%
Thiamme-G 2.16x10° | 0.02 x 10° 1%
Th'a(?gt)’“'G 2.41x10° | 0.02 x 10° 1%

3.4.2 Precision

The precision of a method demonstrates the dewiationeasurements of the
analyte when it is at a known constant concenmfti48]. Precision is expressed as the

percentage of relative standard deviation, % R3Bpefficient of variation, CV.

CV = (SD of measured conc. / mean measured cori®P»@6 (20)
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Validation of precision can be further classifiedimtra-batch (within-run) and inter-

batch (between-run).

The intra-batch analysis involves the measuremeatgooup of samples under
the same operating conditions for a short periodheé, or samples within the same
batch. The QC samples being analysed are prepapatately for each run. The
purpose of the intra-batch analysis is to deterrthiearepeatability of the sample
preparation procedure through comparison of theigiomn of the QC samples within
batches. The inter-bat@malysis involves varying the analytical methodle/kissessing
the precision of the QC samples during the rurffeBances in the analysts, equipment,
and day of analysis all contribute to variation[[L48 minimum of three batches of

samples are recommended for carrying out the lraésh analyses[152].

3.4.2.1 Results

Precision for a Single Run

A total of four batches of samples were run. lohelaatch run, QC samples (n = 6)
at three different concentration levels were aredysSince these QC samples were
extracted individually, the precision measuremenktinto account possible human
errors and any sources of deviations that coukkaturing the sample preparation

procedures.

The resulting precision data are shown in Table 2&cording to the guidances,
the % RSD for all the concentration levels showddnithin 15 % and the LOQ should be
within 20 %[148]. A low percentage indicates tlevidtion among the QC replicates

was low. In the data, all CV values are below 10Pke data suggests that by following
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the sample preparation procedure, the analytichodewvas able to reliably produce

precise data that is consistent with the FDA guiésan

Table 3.8. Precision Data for QC Samples of Thiamet -G and its Analogues.

CcVv cVv cVv
QC_ (1 ng/ mL) QCy; (400 ng / mL) QCy (800 ng / mL)
Et Pro Me Et Pro Me Et Pro Me
Batch 1 3% 5% 9% 1% 2% 6% 2% 2% 4%
Batch 2 3% 6% 8% 2% 2% 7% 2% 2% 6%
Batch 3 2% 5% 4% 2% 1% 7% 2% 1% 5%
Batch 4 4% 5% 4% 2% 2% 3% 4% 3% 6%

Intermediate Precision

Two types of analyses were performed to validatenfi@rmediate precision. One
was called the day-to-day analysis, and the othenas called the column-to-column

analysis.
Day-to-day Analysis

The numerical data that were obtained on diffedays of analysis are reported
in Table 3.9. For each day of the analysis, sasnpkre freshly prepared and analysed
using the LC-MS/MS as an individual batch. Sirteest batches of samples were all
analysed with column # 1 installed in the systdm,garameter that was monitored was
the repeatability of the sample preparation prac@$se mean accuracy data, calculated
by averaging the % accuracy of the QC samples frenfour batches of analyses, are
close to 100 %. The results for the QC samplesiangar for all three compounds at
three different concentration levels. The precigiata show a CV below 10 %. These
results demonstrate the sample extraction procasshighly reproducible over different

days.
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Table 3.9. Precision Data for QC Samples of Thiamet -G and its Analogues in Different
Batches of Samples over Different Days.

% Accy Mean
QC Samples Batch | Batch | Batch | Batch % Accy sP cv
#1 #2 #3 # 4 (%)
QCy(thiamet-c) | 113% | 96.7% | 101% | 102% 103% 0.07 7%
QC\(thiampro-) | 107% | 108% | 104% | 107% 107% 0.02 2%
QCy(thiamme-c) | 112% | 93.9% | 104% | 98.0% 102% 0.08 8%
QCurhiamet-c) | 97.6% | 99.6% | 100% | 97.2% 98.7% 0.02 2%
QCuthiampro-c) | 94.5% | 108% | 95.6% | 97.6% 98.8% 0.06 6%
QCu(rhiamme-c) | 96.6% | 95.6% | 105% | 99.1% 99.1% 0.04 4%
QCrithiamets) | 93.8% | 96.8% | 93.0% | 94.9% | 94.6% 0.02 2%
QCu(thiampro-c) | 91.8% | 102% | 86.8% | 92.4% 93.2% 0.06 7%
QCrythiamme-c) | 94.5% | 93.6% | 99.4% | 97.4% 96.2% 0.03 3%

Column—-to—column Analysis

In the column—to—column analysis, the same batcp@samples were analysed
with different lots of the same stationary phagach sample in batch #4 was divided
into two HPLC vials before the LC-MS/MS analysf®ne set of samples were analysed
using column # 1 (column # SB80414) installed anahalytical system and interfaced
with the MS/MS. After the completion of the anadyshe other set of samples were
analysed in the same way but using column # 2 ool SB81229) installed on the

analytical system. The purpose of this experimeas to see whether the analyses of the
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same samples using different lots of the sameostaty phase would lead to differences
in accuracy and precision. The data are repontdéble 3.10. On both days of
analyses, the accuracy data were close to 10086.CV values for all concentration
levels of the analytes were within 10 %. The rdedrdata therefore suggests that using

different lots of columns did not produce differeaan the data.

Table 3.10. Precision Data for QC Samples of Thiame t-G and its Analogues with Different
Lots of Stationary Phase.

% Accy
QC Samples Mean % Accy SD cVv
Column Column
#1 #2
QC(thiamet.c) 102% 107% 105% 0.04 4x10° %
QCy(Thiampro-G) 107% 112% 110% 0.03 3x10°%
QC\(thiamme-G) 98.0% 111% 105% 0.09 9x10°%
QCh(Thiamet-G) 97.3% 106% 102% 0.06 6x10° %
QCuwi(rhiampro-6) 97.6% 102% 99.9% 0.03 3x10°%
QCu(rhiamme-c) 99.1% 111% 105% 0.08 8 x 10° %
QChr(rhiamet-c) 94.9% 110% 102% 0.1 1x10' %
QChithiampro-G) 92.4% 99.7% 96.0% 0.05 5x10° %
QCu(Thiamme-G) 97.4% 111% 104% 0.09 9x10°%

Stability of the ZIC-HILIC Column

20 SS samples were injected into the analyticakgysising a newly installed
ZIC-HILIC column (Column #2). The peak area resggmand retention times of these

analogues are summarised in Table 3.11. AlthohgCV values for the peak area ratios
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for Thiamet-G and Thiampro-G were low, suggesthg the system was reproducible,
for Thiamme-G, the CV value was somewhat high.sTindicates that the behaviour of
Thiamme-G on this column is to some extent ledsetaTl he retention time ratio for all
three compounds had a small CV value indicatingétention times were constant when

no plasma was present in the sample.

Table 3.11. Consistency of Peak Area and RT Ratio o f Thiamet-G and its Analogues over
19 h of Analysis Time.

Peak Area Ratio RT Ratio
Analyte
Average SD cv Average SD Ccv
Thiamet-G 0.94 0.04 4% 1.8 0.005 0.3%
Thiampro-G 0.88 0.02 2% 1.3 0.005 0.4%
Thiamme-G 0.72 0.06 8% 2.6 0.009 0.3%

A separate experiment was carried out to demoedtnatbehaviour of a new
ZIC-HILIC column (column # 2) when it was first exged to WCSS samples. Five QC
samples were prepared in triplicate in plasma%t1).10, 100, and 1000 ng / mL. When
these QC samples were first exposed to the newrtyglthe elution times of all three
compound ions changed. The trend of the elutime tould not be tracked during these
experiments. This same batch of samples wereaalalysed using column # 1, and the
results indicated all three analytes had stabénten times on column # 1. It was found
that after analysing at least two batches of sasnphecolumn #2, the precision and
accuracy improved to acceptable levels, suggesiaighe column requires a period of

conditioning of approximately 70 QC samples befegroducible results are obtained.
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3.4.3 Recovery

Recovery describes the comparison of the deteetmonse for analytes added to
and then extracted from the biological matrix te tletector response for samples of
authentic analytes of known concentration. Thevery of analytes and the internal

standard should be both consistent and reprod{iti8¢

An experimental design was proposed by Chamiiei$153]. Recovery was
expressed in % recovery.

% Recovery = (signal response of sample spikedrée&ixtraction / signal

response of sample spiked after extraction) x 100 %

(11)

The FDA guidances suggest that % recovery doesewext to be 100%, but the
ability of the method to maintain consistency, B®n, and reproducibility is the main
objective[148]. For this analytical method, thepeated range for % recovery was 80 to

120 %.

3.4.3.1 Results

Samples at two different concentration levels (bowd high) were measured. The
obtained data for the WCSS samples were comparadoleink samples that were spiked
with the same amount of analytes as the plasmalsamphe recovery data are reported
in Table 3.12. The results are within the expectedje. We are able to demonstrate the
sample extraction process is efficient as only malisample is lost during the process.

Consequently, the method yields good recovery.

93



Table 3.12. Recovery Data for QC Samples of Thiamet -G and its Analogues.

Analyte QC. QCx
Thiamet-G 83.8% 97.4%
Thiampro-G 85.1% 83.4%
Thiamme-G 86.3% 100%
Thiambu-G (IS) 95.0% 105%
3.4.4 Range

The range of a method is the concentration of tiadyées that can be detected
with a suitable level of precision, accuracy, andarity. The range of a method is
defined as the region between the upper and lowsrentration levels[151]. The
minimum specified ranges for assaying drug produftom 80 to 120 % of the test

concentration[154].

3.4.4.1 Results

In the concentration range of 0.5 to 1000 ng / mLThiamet-G and its
analogues, all the fundamental parameters for atdid, such as precision, accuracy, and
linearity, are expected to meet the guidance suiggesgiven the levels of analytes
dosed to animals. In the analysis of the actuas&iiples for Thiamet-G (Section 3.8),
most of the concentrations ranged from 50 to 420my. The lowest concentration
detected was 2.8 ng / mL. 80 and 120 % of 2.8my are 2.24 and 3.36 ng / mL
respectively. As a result, the linear dynamic sggri@5 to 1000 ng / mL, is acceptable for

detecting the concentrations of the actual PK saspl

94



3.5 Matrix Effect

This experiment assesses the ionization efficieridiie analytes in MS-based
analysis. One generic observation for MS-baset/sisds that ions are either
suppressed or enhanced with the presence of neatmiponents in the biological

samples[147].
An experimental design was proposed by Chaméiels

% Matrix effect = (signal response of sample spilkeplasma /
signal response of sample spiked in 70 % ACNQ)}k 100 %
(12)
A percent ratio of 100 % suggest that there isffexts. When the value is low, there is

signal suppression; when the value is high, therenization enhancement.

For this analytical method, we expected the % matfect to be within the range of 70

to 110 %[153].

3.5.1 Results

Samples at two different concentration levels (bowd high) were measured. The
obtained data for the WCSS samples were compartbédivd CSS samples that were
spiked with the same amount of analytes as thenaaamples. Data for the internal
standard-normalized matrix effect are reportedabl& 3.13. The results are close to the
preset range. The data suggest that there werenoats suppressing the ionization of
the analytes but the level of suppression was miAara result, the method is not

affected by the matrix to any extent causing coogpions.
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Table 3.13. Matrix Effect Data for QC Samples of Th iamet-G and its Analogues.

Analyte QC. QCy
Thiamet-G 84.0% 79.6%
Thiampro-G 85.3% 92.3%
Thiamme-G 77.9% 77.9%
3.6 Stability

Short and long-term compound stability experimeais also be carried out.
Short-term stability tests should include 3 freeteaw cycles, bench top, and
refrigerated stability. Short-term stability messments are best carried out during
method validation. Long-term measurements aréestarior to validation and should be
completed after validation[155]. The stabilityasfalytes is dependent on the storage
conditions, chemical properties of the analytes,itiological matrix, and the container
used. In this work the following stability studieere carried out: stock solution, freeze-
thaw, bench top, refrigerated stability, and tradbiity of the samples at the -20 prior
to reconstitution. Some of the actual PK samplesevstored at — 8. Under different
storage conditions, it is generally accepted thatsample matrix will have variable
stability. Therefore, determination of the staiitif the compounds in plasma at —°60

was also carried out[155].

3.6.1 Stock Solution Stability

The stability of both the analyte and internal dtnd in the stock solutions is
required for evaluation at room temperature fdeast 6 h. Stock solutions of analytes
for the stability evaluation should be preparednmappropriate solvent at known

concentrations. Fresh stock solutions are prefaoedthe reference material for
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determination of the stability of the compoundsha stock solution and the stock
solutions that were refrigerated[152].
3.6.1.1 Results

For this method, the stock solutions were preparedater. One fresh stock
solution, Stockixeq, Was prepared for Thiamet-G, Thiampro-G, and Thi@rs. The
other stock solution, Stogkwas prepared for the internal standard, ThiambuFGese
fresh stock solutions were prepared from referenaterial to determine both the

stability of analytes and the stability of the aldéock solution (4 months old).

The response of a fresh stock solution at time, Zeyavas compared with the
response of the same stock solution that has bigeg it room temperature in the
autosampler for 6 h,gfs The analysis of the stock stability was caroed individually
for Stocks and Stockixes. A percent ratio can be obtained by the followioignula

where T, stands for any time point:
% Ratio = (Peak Area Response qff Peak Area Response of) kK 100 %
(13)

In first row of Table 3.14, the percent ratios taeulated for the analytes in
Stocknixess With deviations of less than 5%, the compoundsavghown to be stable
within a time frame of 6 h at room temperature thia second row of the table, the
percent ratios for comparing the signal responsadlder Stockixeq With the signal
response of theglsample are tabulated. The response of the ddek solution should
be within 5 to 7 % of the response of the fresklsgolution[152]. The data indicates the

compounds are stable for 4 months when stored@t 4
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Table 3.14. Stability Test for Stock nixed -

% Peak Area Thiamet-G | Thiampro-G Thiamme-G

%(Tenrs! To) 105% 105% 103%

%(T4 months old/ To) 99.0% 100% 95.5%

A similar experiment was performed using ThiambirGtocks. In Table 3.15,
Thiambu-G was shown to be stable within a time #ah6 h because the recorded
percent ratio in the first row is close to 100 ¥he recorded percent ratios in the second
and the last rows are similar, except that in #s¢ low, the recorded signal response at
each time point is divided by the measured weidgfAthtambu-G. A 17 % deviation is
observed in the second percent ratio in the table reason was that the nominal
concentration of the 4Tnonths olsSample was slightly higher thag. TNominal
concentration is determined by the weight of thalye and the volume of the stock
solution. Therefore, a 10 % deviation is seerr dffte correction is made. For the

purpose of this project, a 10 % deviation is aczielet

Table 3.15. Stability Test for Stock |s.

% Peak Area Response Thiambu-G
%(Tenrs/ To) 102%
%(T4 months old / TO)l 110%

These samples have been corrected for the differences in their nominal concentrations.
% Peak Area Response calculated based on equation 11.

Three sets of system suitability (SS) samples wareat the beginning, in the
middle, and at the end of the batch analysis ofthability samples. The precision data
of the three sets of SS are reported in Table 3TI& precision data are less than 5 %,

and this indicates that the system was stable gltin@ analysis.
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Table 3.16. Stability of the Analytical System Dete

rmined by System Suitability Samples.

Peak Area Relative RT
Average ) cv | Average SD % RSD
(cps) (min)
SSthiamet.G 1.83 x 10° 0.07 x 10° 4% 4.82 0.05 1
SSthiampro.c | 1.55 x 10° 0.07 x 10° 5% 3.53 0.04 1
SSthiamme.s | 1.63 x 10° 0.06 x 10° 4% 7.03 0.09 1
SSis 1.88 x 10° 0.09 x 10° 5% 2.76 0.02 1

For the rest of the stability experiments includiregze-thaw, bench top,
refrigerated stability, and the stability of thergdes at -20C prior to reconstitution, a
set of samples freshly prepared from the stockiismlwf analytes in an appropriate
analyte-free, interference-free biological matrigresused. The replicate aliquots of
stability samples were analysed along with a séteshly prepared working calibration
standard solutions (WCSS). Two concentration weelQC samples, QGnd QG are
recommended to be used in the stability experimamiswe followed this

guideline[155].

3.6.2 Long-term Stability Experiment

For long-term stability studies, the storage tirhéhe QC samples should be long
enough to account for the storage time of the sampélytes. At least three aliquots of
QC samples were stored at the storage conditiet fos the eventual sample analyses.
The volumes of the stability samples are large ghauch that there is adequate sample
for three separate analyses. Periodic analysiedtored samples help to monitor the
stability of the compounds in plasma. The conegiuns of the stability samples are

calculated from the calibration curve constructeith & set of freshly prepared WCSS.
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Concentrations of all the stability samples analyse different days are compared to the
mean of the samples analysedday 1. Theday 1 analysis took place within 24 h after
the samples were prepared. It is recommendedvtioatonsecutive assessments be
carried out on two successive days to determingheiné¢he analyte has become unstable
due to its storage conditions[155].
3.6.2.1 Results for QC 4

A large volume of Q@ was freshly prepared and aliquoted into severdl@ts.
Three aliquots were analysed in batch # 1. Thaltieg data from analysis of these three
aliquots were labelled as tday 1 analysis, and they are tabulated in the first row of
Table 3.17. Half of the remaining aliquots wereatl at — 26C and the other half were

stored at — 86C.

In the day 1 analysis, the accuracy data were ledémliby comparing the mean
concentration of the replicates to the nominal eoti@tion of the QC samples. All
samples have % accuracy ranging from 90 to 99 #e pFecision data demonstrated that
the concentrations of the replicates were veryectosach other. The bioanalytical
validation guidelines generally suggest that ttseiiteof the day 1 analysis should not
deviate from the nominal concentration by more thao 7 %[155]. For this project, we

have accepted the data to deviate from the nororatentration by 10 %.

Analysis of QG samples that have been stored at%2@and —8GC for 10 days
and 6 months are also shown in Table 3.17. Thegio@ data that are lower than 5 %
showed that the replicates have only minor diffeesrfrom each other. The accuracy

data were calculated by comparing the mean coratenirof the replicates to the
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concentration obtained from the day 1 analysise dtcuracy data are mostly within 15

% of the nominal concentration. The result suggtstt Thiamet-G and Thiamme-G at a
high concentration level were stable in the plaatrthe corresponding storage conditions.
Further stability experiments should demonstratetivr Thiampro-G is unstable under
these conditions since the recorded accuracy datatdd from the concentration of the

day 1 analysis by more than 15 %.

Table 3.17. Long-Term Analyte Stability of QC  for Thiamet-G and its Analogues

Thiamet-G Thiampro-G
Samples1 Storage n |mean (ng/mL)| SD cV %Accy n|mean (ng/ mL)| SD CcV %Accy
Day 1 N/A 3 797 7 1% 98.4% 3 761 4 1% 95 7%
Day 10 -20°C 3 750 10 2% 93.9% 3 690 20 2% 90.5%
-80 °C 3 810 20 2% 102% 3 800 30 4% 105%
6 months -20 °C 3 750 10 1% 94 6% 3 580 10 2% 75.5%
-80 °C 3 740 20 2% 93.3% 3 550 20 3% 72.4%

Thiamme-G

Samples’ | Storage n |mean(ng/mL)] SD [ CV %Accy

Day 1 N/A 3 720 10 1% 90.0%
Day 10 -20 °C 3 770 30 3% 106%
-80°C 3 803 9 1% 111%

6 months -20 °C 3 810 20 3% 112%
-80 °C 3 740 20 2% 102%

lReplicates of QCy was prepared and analysed on day 1. The other data are for replicates of
QCy that were stored at -20 °C and - 80 °C for 10 days and 6 months before analysis.

3.6.2.2 Results for QC |

In the case of QG the data for the day 1 analysis show high acqufBable
3.18). The precision data demonstrate that theesarations of the replicates were very
close to each other. The mean concentration agatdiom the samples of the day 1
analysis was used for calculating accuracy datéhfurther long-term stability

experiments.
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Analysis of QG samples that have been stored at°“@@énd —80C for 10 days
and 6 months are also shown in Table 3.18. Thegioa data that are lower than 7 %
demonstrated that the replicates have only mirfterédnces from each other. The
accuracy data are mostly within 15 % of the nomauadcentration. The result suggests
that Thiamme-G at a high concentration level iblstan the plasma under the
corresponding storage conditions. Further stgt@iperiments should demonstrate
whether Thiamet-G and Thiampro-G are unstable utidese conditions since some of
the recorded accuracy data deviated from the coratem of the day 1 analysis by more

than 15 %.

Table 3.18. Long-Term Analyte Stability of QC | for Thiamet-G and its Analogues

Thiamet-G Thiampro-G
Sample ' Storage n |mean (ng/mL)| SD CcVv %Accy n|mean (ng/mL)] SD | CV Y%Accy
Day 1 N/A 3 0.97 0.03] 3% 95.8% 3 0.96 0.02] 2% 96.2%
8 months -20 °C 2 0.78 0.02] 3% 80.9% 2 0.653 0.004] 1% 68.3%
-80 °C 2 0.88 0.05] 5% 90.7% 3 0.69 0.02] 3% 72.4%
Thiamme-G

Sample’ | storage | n | mean(ng/mL)| sSD] ev | %Acey

Day 1 N/A 3 1.00 0.02] 2% 100%
6 months -20°C 2 0.95 0.03] 3% 94.6%
-80 °C 3 0.97 0.06] 6% 96.3%

'Replicates of QC, were prepared and analysed on day 1. The other data are for replicates of
QC, that were stored at -20 °C and - 80 °C for 10 days and 6 months before the analyses.

3.6.3 Freeze-Thaw Stability

The stability of the analyte was determined atteee freeze - thaw cycles. Three
aliquots of QC samples were frozen at their stotaggerature for 24 h and thawed at
room temperature. Once the samples were compliialyed, the samples were frozen
again for at least 12 h under the same storagatawml The freeze - thaw cycle was
repeated two more times. After the last freez@wtcycle, the stability samples were
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analysed using the LC-MS/MS along with a set of@asithat had undergone only one

freeze - thaw cycle.

3.6.3.1 Results
Aliquots of QC samples were stored at 220and —8CF°C. Three aliquots of QC

samples were removed from each of the storage womnsliand were thawed at room
temperature. Then, these samples were returnéddaeeir original storage conditions.
This cycle was repeated a total of three times.ti@rday of the analysis, three aliquots
of QC samples that have been thawed only once JivElle extracted and analysed
along with the samples that had gone through #ezf-thaw cycles three times (3 FT).

These samples were analysed along with a set of SM@# batch #2.

The accuracy data for each type of freeze — thampkes were calculated by
comparing the mean concentration of the replicitélse nominal concentration of the
QC samples. The accuracy data of close to 100dggesis that the concentration of the
replicates were very close to their actual valdeble 3.19). Variation in precision of

less than 5 % further suggests that there werenmaindifferences between replicates.
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Table 3.19. Freeze-thaw (FT) Stability of QC for Thiamet-G and its Analogues.

Thiamet-G Thiampro-G
Storage | Sample |n| mean |SD| CV] %Accy| [n| mean [SD] CV |%Accy
(ng / mL) (ng / mL)
3FT |3 790 20 2% | 97.7% 3 820 10 | 1% | 103%
-20°C
1FT |3 770 10 2% | 94.8% 3 800 10 | 2% | 100%
3FT |3 790 20 2% | 97.1% 3 800 20| 3% | 101%
-80°C
1FT |3 774 B8 | 1% | 95.5% 3 816 5 11% | 103%
Thiamme-G
Storage | Sample [n| mean SD| CV | %Accy
(ng / mL)
3FT |3 760 20 | 3% | 94.3%
-20°C
1FT |3 710 30 | 4% | 88.6%
3FT |3 731 51 1% | 91.0%
-80°C
1FT |3 810 10| 2% | 101%

Replicates of QCy, were prepared and stored at -20 °C and - 80 °C. 3FT QC samples were
subjected to three freeze-thaw cycles while the 1FT samples were subjected to only one freeze-
thaw cycle.

In Table 3.20, the accuracy data of samples thet ti@wed only once are
compared with the accuracy data of samples that game through the freeze-thaw cycle
three times. The difference in percentage islinases less than 11 %. The numerical
data showed that the compounds in plasma wereesaftielr going through the three

freeze-thaw cycles.

Table 3.20. Comparison of the Accuracy Data of QC for FT Samples.

Storage Thiamet-G  |Thiampro-G  Thiamme-G
-20°C 3.0% 3% 5.7%
-80°C 1.6% 2% 10%

Percent values = |% accuracy of 3FT - % accuracy of 1FT]|

For the stability analyses for QQGhe accuracy data for all the compounds, except

for Thiampro-G, are high (Table 3.21). The percaities for all the samples being
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close to 100 % suggests that the FT samples haat m@viations from the nominal

concentration that were not problematic.

Table 3.21. Freeze-thaw (FT) Stability of QC | for Thiamet-G and its Analogues.
Thiamet-G Thiampro-G

Storage | Sample| n| mean SD CV | %Accy n| mean SD |CV | %Accy
(ng/mL) (ng/mL)
3FT | 3| 0096 0.03 3% 94 6% 3 0.91 0.03 |3%]| 91.6%

-20°C

1FT | 3| 0.91 0.01 1% 90.2% 3 0.89 0.04 |4%] 89.3%

3FT | 3| 083 0.04 5% 92.3% 3 0.77 0.07 |9%]| 77.5%

-80°C

1FT | 3| 0.92 0.02 3% 90.8% 3 0.77 0.01 |1%]| 77.1%

Thiamme-G

Storage | Sample| n | mean SD | CV | %Accy
(ng / mL)
3FT 3 0.96 |0.03]3%| 95.4%

-20°C

1FT 3 092 [0.01]2% | 91.9%

3FT 3 0.95 |0.06] 7% | 94.5%

-80°C

1FT 3 0.93 ]0.02] 2% | 92.9%

Replicates of QC, were prepared and stored at -20 °C and - 80 °C. QC samples for 3FT were
subjected to three freeze-thaw cycles while the 1FT samples were subjected to only one freeze-
thaw cycle.

In Table 3.22, the accuracy data for (Zamples that have undergone three
freeze-thaw cycles compared with samples that badergone only one freeze-thaw
cycle. The results suggest that Thiamet-G andriiima-G were stable in plasma after
three freeze-thaw cycles at the low concentratiéor. Thiampro-G, the FT samples that
were stored at — 2L had accuracy values close to 100 %. In the Rip&ss that were
stored at — 86C, 1FT and 3FT had a % accuracy of less than 80 B&. precision data
suggest that the measurements of the replicatesweey close to each other. A possible

reason for the observed result is that Thiamproightprecipitate out when stored at
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— 80°C and then it might take additional time for Thiaoy6 to redissolve at room

temperature. This is a possibility that will ndede investigated further.

Table 3.22. Comparison of the Accuracy Data of QC | for FT Samples.

Storage Thiamet-G |Thiampro-G  Thiamme-G
-20 °C 4.4% 2.3% 3.6%
-80 °C 1.5% 0.4% 1.6%

Percent values = |% accuracy of 3FT - % accuracy of 1FT]|

3.6.4 Short-term Stability Experiment

This experiment ensures that the analyte doesegade during the sample
cleanup process prior to analyses. Three aliqpfd@C samples were removed from the
storage conditions, thawed, and then maintainedcamh temperature for the period of
time that the samples will be at room temperatumnd the proposed analytical method.
The typical time for analysis is between 4 and 24-br this project, 24 h is used to be on
the safe side since the batch analysis can takeAftar 24 h, another set of stability
samples was removed from storage and thawed. Wieesecond set of samples had
thawed, a WCSS standard was freshly prepared alygsad along together with the two
sets of samples. The accuracy data were calcubgtedmparing the mean concentration

of the replicates to the nominal concentratiorhef @C samples.
Results

Three aliquots of Q& samples were removed from each of the storagetcamsl
and were thawed and then maintained at room tertyperéor 24 h. On the day of the
analysis, three aliquots of QC samples were reméead the storage conditions and

thawed. These freshly removed samples (1 FT) eeracted and analysed along with
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the samples that had been at room temperaturelfor(3T). These samples were

analysed with a set of WCSS from batch #2.

The data for the short-term stability experimemt@& are reported in Table
3.23. The % accuracy and the precision data arersko be close to 100 % and below 4
% respectively. The % accuracy of these two sestability samples should be within
15 % of the nominal concentration. The CV of teé replicates should be less than 15
%[155]. These data indicate the measured cond@msavere close to the nominal

concentrations and measurements of the replicates w agreement with each other.

Table 3.23. Stability of QC  for Thiamet-G and its Analogues at Room Temperatur e for 24
h.

Thiamet-G Thiampro-G Thiamme-G

Storage | Sample| n [ mean |SD| CV | %Accy n| mean | SD | CV|%Accy n| mean |SD| CV |%Accy
(ng /mL) (ng /' mL) (ng /' mL)
ST 3 780 30 | 3% | 98.3% 3| 810 20 | 3% | 107% 3 760 30| 4% | 105%

-20°C

1FT |3 770 10 | 2% | 96.3% 3| 800 10 | 2% | 105% 3 710 30 | 4% | 98.5%

ST 3 780 10| 1% | 98.4% 3| 796 8 |1%] 105% 3 760 30 | 4% | 105%

-80°C

1FT |3 774 6 [ 1% ] 97.1% 3| 816 5 | 1%] 107% 3 810 10 | 2% | 112%

Thiamme-G

Storage | Sample| n | mean SD | CV | %Accy
(ng / mL)
ST 3 760 30 | 4% | 105%

-20°C

1FT 3 710 30 | 4% | 98.5%

ST 3 760 30 | 4% | 105%

-80°C

1FT [ 3] 810 | 10 [2%| 112%
Replicates of QCy, were prepared and stored at -20 °C and - 80 °C. QC samples for ST were
thawed and held at room temperature for 24 h while the 1FT samples were thawed and analysed
immediately afterward.

In Table 3.24, accuracy data of the samples that eawed right away are
compared with the samples that were at room tertyperéor 24 h. The difference in
percentage is less than 7 % suggesting that the@amas in plasma were stable after

sitting at room temperature for 24 h.
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Table 3.24. Comparison of the Accuracy Data of QC for Short-term Stability Samples.

Storage | Thiamet-G Thiampro-G Thiamme-G

-20°C 2.0% 2% 7%
-80°C 1.2% 3% 7%

Percent values = |% accuracy of ST - % accuracy of 1FT]|

Aliquots of QG samples were removed from the storage conditivess thawed
and maintained at 24 h, and labelled as ST. A#Hehn, aliquots of freshly removed
samples (1 FT) were extracted along with the STpsasithat had been at room

temperature for 24 h. These samples were anahséedtch # 4.

The short-term stability data for Q@re reported in Table 3.25. For samples that
were stored at -2fC, the accuracy data for both the ST and 1 FT sasrguie close to
100 %, which suggests that the reported data halyenginor deviations from the
nominal concentration. The calculated CV valued #ne less than 5% indicating that
the concentrations of the replicates were in ages¢mvith each other. The data shows
that the compounds were stable in plasma for 24rtoan temperature. The only

exception was the samples containing Thiampro-Gwiaa stored at — ST.
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Table 3.25. Stability of QC | for Thiamet-G and its Analogues at Room Temperatur e for 24
h.

Thiamet-G Thiampro-G

Storage | Sample] n | mean SD | CV | %Accy n| mean SD |CV | %Accy
(ng/ mL) (ng/ mL)
ST 3 094 |004|4% | 97.2% 3] 092 |006])|7%| 95.8%

-20°C

1FT 3 0.91 ]0.01[ 1% | 93.9% 3] 089 ]0.04])14%| 92.8%

ST 3 0.97 ]0.04{4% ] 100% 3] 097 002)12%]| 101%

-80°C

1FT | 3] 092 0.02]3%| 945% 3] 077 10.0111%] 80.1%

Thiamme-G

Storage | Sample] n| mean SD | CV | %Accy
(ng / mL)
ST 3 0.96 |0.03[3%] 95.5%

-20°C

1FT ]3] 092 ]0.01]2%] 91.8%

ST 3] 095 0.01|1%] 94.9%

-80°C

1FT ]3] 093 ]0.02]2%] 92.9%

Replicates of QC,_ were prepared and stored at -20 °C and - 80 °C. QC samples for ST were
thawed at room temperature for 24 h while the 1FT samples were thawed and analysed right
away.

In the case of Thiampro-G, the FT samples stored3&’C are shown to have low
accuracy. The samples that underwent both on¢haee freeze thaw cycles were
observed to have the same variation. HoweverStheamples that were stored at — 80
°C still maintained high accuracy. This could beaiese, when thawing a sample stored
at — 80°C, Thiampro-G needs more time to be redissolvedah temperature. This
idea will need to be tested in the future. Sedd&al®6 for the comparison between the

accuracy data of 1 FT and ST samples.
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Table 3.26. Comparison of the Accuracy Data of QC | for Short-term Stability Samples.

Storage Thiamet-G Thiampro-G  [Thiamme-G

-20°C 3.3% 3.0% 3.7%

-80°C 6% 21% 2.0%

Percent values = |% accuracy of ST - % accuracy of 1FT]|

3.6.5 Post-Preparative Stability

There are two types of post-preparative stabikyegiments, on-instrument and
extraction stability. For the on-instrument expent, QGabiity Samples analysed at the
beginning of the run were compared against£fs samples analysed in between or at
the end of the run[155]. For the extraction sthbéxperiment, the stored Qpiity
samples are compared with replicates ofgfy samples that are prepared fresh. This
evaluation is not part of the routine validationg#ss[155]. For this project, only the on-
instrument stability experiment was performed.
3.6.5.1 Results

Replicates of extracted QC samples were poolegtheg and aliquoted into six
portions. They are referred to as thes@fxy Samples, and two concentration levels were
prepared, a low concentration Q&biiry and a high concentration QGhdiiy were
prepared. These aliquots of samples were run ghrout the batch. The number of
replicates was six. Since they were pooled togetfier the extraction process, the
resulting data should yield a low CV. There weoelpd together to eliminate the

differences in concentrations during sample prdjmara

In the longest on-instrument stability experimeng time of the analysis between

the first and the last Quiity Samples was 79 h. The accuracy data were cldsg0t®6o

110



(Table 3.27). The precision data were less thésm SAll three compounds were

therefore stable in the autosampler af@dor 79 h.

Table 3.27. On-Instrument Stability of QC iy for Thiamet-G and its Analogues for 27 h.

Thiamet-G Thiampro-G
intraday [nominal conc.| mean SD CcVv %Accy nominal conc.| mean SD | CV %Accy
(ng / mL) (ng/mL) (ng/ mL) (ng / mL)
QC, 1.01 0.97 0.07 7% 96.0% 0.99 0.95 004 | 4% 95.8%
QCy 810 760 20 3% 93.6% 796 720 20 2% 89.9%
Thiamet-G
intraday [nominal conc.| mean SD CcVv %Accy
(ng/mL) (ng / mL)
QC, 1.00 1.01 0.06 6% 101%
QCy 803 780 20 2% 97.2%

3.7 Sensitivity
Sensitivity is the assessment of the lowest canagon that can be measured
using the method with acceptable accuracy andgoefil52]. For this method, the

LOQ is setat 0.5 ng/ mL.

3.7.1 Results

Six replicates of QC samples at the concentratfdrO§) were prepared. They
were injected into the system one after anothére 8ccuracy and precision data are
reported in Table 3.28. The accuracy data fothale analytes are within 85 to 115 %
whereas the precision data are lower than 5 %. d&kee support the fact that method is

able to detect the lowest concentration at 0.5mg./
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Table 3.28. Sensitivity Data for Thiamet-G and its ~ Analogues.

Expected Mean
Conc. SD (04Y) % Accy
(ng/ mL) (ng / mL)
Thiamet-G 0.506 0.47 0.02 4% 92.5%
Thiampro-G 0.497 0.432 0.008 2% 86.9%
Thiamme-G 0.502 0.44 0.01 3% 86.7%

3.8 Analyses of PK Samples

After completing of the validation procedure, the $amples for Thiamet-G were
analysed using the same protocol. Three rats tnesgd by with100 mg / kg of
Thiamet-G were fed into three rats by oral gavafjiquots of rat plasma were collected
from the animals throughout a time period extendipdo 24 h. These samples were
prepared as described above and analysed by LC-BIS/Mvo separate analyses were
carried out for each sample. The mean concentisaiod standard deviation obtained

for each time point are tabulated in Table 3.29.

From the experimental results, we could deternfieentaximum concentration of
Thiamet-G that can be absorbed into the bloodstr€am, and the time point for g
As seen in table, Gxand taxare determined to be 370 + 20 ng/ mLand 2 h

respectively.
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Table 3.29. Concentration of Thiamet-G in the Pharm

acokinetic Samples

Time Rat#1 | Rat # 2 | Rat # 3
(h) (ng/mL)

1st analysis| 2nd analysis | 1st analysis | 2nd analysis|1st analysis| 2nd analysis | average | SD
0 0 0 0 0 0.587 0.653 0.2 0.3
0.25 207 223 200 222 155 164 200 30
0.5 336 358 382 388 323 353 360 30
1 301 334 N/A 409 356 416 360 50
2 356 389 358 375 349 367 370 20
4 182 186 106 105 157 163 150 40
8 95.9 101 54.1 55.5 86.3 94.5 80 20
24 2.89 3.24 2.19 2.5 2.94 3.13 2.8 0.4

determined by plotting the average concentratidih@met-G in Table 3.29 against the

The total amount of compound that is absorbedtimtdody system can be

range of time points for collecting the plasma skasip The result, which is a typical

pharmacokinetic graph, is shown in Figure 3.4. atea under the curve (AUC)

represents the average amount of Thiamet-G absbrgptte rats. The AUC was 2263

ng / mL by oral administration. In the future, &@auhal information, such as the

bioavailability, can be determined by using thitadalong with a pharmacokinetic study

using intravenous administration.
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Determination of the AUC for Thiamet-G

500-
T 4004
2 300-
£ AUC = 2263 ng / mL
Q
= 200
£
©
= 100-
[
0 T T !
0 10 20 30

Time (h)

Figure 3.4. The Total Amount of Thiamet-G that was  Absorbed by Rats.
Concentrations of Thiamet-G were plotted against the time points of collection. The
AUC was 2263 ng / mL.

PK compartment models are often used to descobeahcompound behaves in a
biological system after administration. The bebaviof Thiamet-G in rat can be
examined by plotting the log of concentrations bfamet-G versus time points. In the
logarithmic graph of Figure 3.5, it exhibits an atpgion phase, a distribution phase and
an elimination phase are all observed. In oraliathtnation as compared to 1V injection,
the compound in the blood is slower to reagh®ecause of the absorptive processes of
the Gl tract[94]. Since the experiment was perfetrasing oral gavage, these phases are
not distinctive in the graph. Nevertheless, mdshe points lie on the trendline. The
shape of the graph resembles the curve expecteddoe compartment model (Figure
1.12 B). The actual determination of the typeahpartment model should be

determined by administration via the intravenougeo

114



Determination of the Behaviour of Thiamet-G in Rat

y =-0.0874x + 2.5625

R?=0.9689

1

Log [Thiamet-G]

0 T T 1
0 10 20 30

Time (h)

Figure 3.5. An Apparent One Compartment Model is Ex  emplified in the Log of
Concentrations of Thiamet-G versus Time Graph.
The behaviour of Thiamet-G in the body of rat can be determined by compartment
modeling. In an one compartment model, the body is considered as one unit. Once
the compound reaches the body system, the compound immediately distributes
throughout the body and maintain steady state between tissues. The black line is
the actual data and the red line is the trendline.

The elimination rate constari,can be determined by plotting the natural lothef
concentrations of Thiamet-G in the elimination ghasrsus time. The graph is shown in
Figure 3.6. A minimum of three points are requif@ddeterminind91]. A linear
relationship was drawn between concentration and with a coefficient of regression

of 0.998. The plot supports the fact that the coamgl is eliminated from the body by a
first order kinetic process. The apparkctn be estimated from the negative slope of
the line representing the elimination phase ofgtegph (Figure 3.6). Hence, the apparent
kis 0.201 + 0.009. Using equation 14, the appanalitlife, t;,,, can be determined as
well that is the time it takes for the initial camtration of the compound in the plasma to

decrease to 50 %.

t1o= 0.693 k (14)
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In this study, 1, is 4.977 + 0.222 h. Thedsuggests that Thiamet-G indeed partitions
between the plasma and the tissues in the bodit adell absorbed by the body

system.

Determination of the Apparent Elimination Rate Constant

— G-

y =-0.2009x + 5.8694
R2=0.998

Natural Log of [Thiamet-G

0 | I 1
0 10 20 30

Time (h)

Figure 3.6. The Apparent Elimination Rate Constant  can be Determined from the Natural
Log of Concentrations of Thiamet-G versus Time Grap  h.
k is equal to the negative slope of the plot. t;,, can be determined once k is known. k
and ty, are 0.201 £ 0.009 and 5.0 £ 0.2 h respectively.

3.9 Conclusion

We have developed a LC-MS/MS method for suppottiegpharmacokinetic
analyses for Thiamet-G, Thiampro-G, and ThiammeB@ring method development,
samples were prepared by spiking compounds inlaatra that mimicked the make up
of the actual pharmacokinetic plasma samples. rMiiaG acted as the internal standard.
The method utilized the Hypercarb offline cartridgethe sample extraction tool and the
ZIC-HILIC column as the stationary phase. Therunsiental settings for the

bioanalytical method are summarised in Table 3.30.
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Table 3.30. Summary of Validated Instrumental Setti  ngs

Ultimate 3000 HPLC system (Dionex Corporation,

LC Bannockburn, USA
MS 4000 QTRAP mass spectrometer (Applied Biosystems Life
Technologies Corporation, Foster City, USA)
Merck SeQuant ZIC-HILIC column (Umed, Sweden) (5 pm, 2.1
Column x 100 mm ID), was protected by a guard column (5 um, 2.1 x 20

mm D).

Separation conditions

Step 1) 0 - 10 min, 300 pL / mL, 84 % B, Step 2) 10.5 - 13 min,

600 pL / mL, 30 % B, Step 3) 13.5 - 16 min, 600 puL/ mL, 84 %

B, Step 4) 16.5- 18 min, 300 uL/ mL, 84 % B (A=0.5% FA +
5% ACN + H,0, B =0.1 % FA + ACN).

Dwell time 200.00 psec
CUR 30.00 psi
ISP 4500.00 V
TEM 200.00 °C
GS1 20.00 psi
GS2 20.00 psi
DP 56.00 V
CAD 7.00 psi
EP 8.00V
CE 31.00 eV
CXP 10.00 V

We have successfully validated the method spetifia supporting the

pharmacokinetic analyses for Thiamet-G, Thiamprai@ Thiamme-G. The method
has been proven to be linear, specific, accuraéejge, sensitive, with good recovery,
and not affected by matrix effect. The compoundsesfound to be generally stable with

some exceptions at their storage conditions,“@and -8°C. The experimental LOD
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was determined to be 0.05 ng / mL for all three poumds. Precision and accuracy were
maintained at the LOQ, 0.05 ng / mL. The lineamaiypic range ranged from 0.05 to

1000 ng / mL.

As shown in Section 3.8, the method proved usefuahalysis of the actual
pharmacokinetic samples. The study was carriedbpieding Thiamet-G to rats by
oral gavage. Thiamet-G was found to be absorb#daw,.x of 370 + 20 ng/ mL and a
tmax Of 2 h. The AUC was 2263 ng/ mL. From the asalythe apparent k anghtwere
determined to be 0.201 + 0.009 and 5.0 £ 0.2 hewtspely. We were conclusively able
to demonstrate that the method was capable of dyiagtthe analytes in rat plasma

from pharmacokinetic studies.

3.10 Future Plans

PK samples for other compounds and samples that eadlected from
intravenous administration will be analysed usimg$ame protocol. The method can be
expanded to analyse other plasma types and tis$iugsould be possible to make
improvements to the current sample extraction neetiva the chromatographic
conditions. For example, the manual extractiorcgss can be adapted to an automatic

format, which will help to shorten the time requirt® perform the overall analysis.

3.11 Methods for Validation
Chemicals and reagents. HPLC grade acetonitrile was purchased from

Caledon Laboratories Ltd. LC-MS grade or HPLC graditer was purchased from

118



Mallinckrodt Baker, Inc, while reagent grade formamd was purchased from Fluka,

Sigma-Aldrich. Reagent grade glacial acetic acd yurchased from Anachemia.

Control rat plasma was obtained from the animalifgof Valley Biochemical, Inc.

(Winchester, USA).

Instrumentation. The 4000 QTRAP LC-MS/MS system consisted of theD400
QTRAP mass spectrometer interfaced with an Ultinr3@@0 HPLC system. The HPLC
system was composed of a binary LC pump, a vaclegasser, a temperature controlled
autosampler and a thermostated column compartreeat 40C. The control software
for data acquisition was Analyst version 1.4.2, g Chromatography Mass
Spectrometry Link software version 2.0.0.2315 ahdo@eleon version 6.80 SP2. The
analytical column for the analysis, Merck SeQua@-HBAILIC column (5 pm, 2.1 x 100
mm ID), was protected by a guard column (5 umx20 mm ID). The mobile phase,
0.1 % FA + 85 % ACN / kD, was pumped initially at a flow rate of 300 pinih. A

gradient method was setup for the run as tabulatédble 3.30.
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Table 3.31. LC Gradient Program Gradient Method for  the ZIC-HILIC Column.

Time (min) % B Flow Rate (L)
0 84 300
10 84 300
10.5 30 600
13 30 600
13.5 84 600
16 84 600
16.5 84 300
18 84 300

Mobile phase A was 0.1 % FA + 5 % ACN + H,O and mobile phase B is 0.1 % FA + ACN.
Preparation of Standards. One stock solution, Stogkeq, containing Thiamet-
G, Thiampro-G, and Thiamme-G (conc = 100000 ng J,mlas prepared by dissolving
10 £ 0.1 mg of each standard in water and makieg/thume up to 100 mL in a
volumetric flask. The stock solution of interntdrsdard, Stogk (conc = 10000 ng /
mL), was prepared by dissolving 1 + 0.1 mg of THiarG in water and making the
volume up to 100 mL in a volumetric flask. Thecktsolutions were stored af@. The
actual weights of compounds for preparing the st@tutions and the procedures for

preparing the Calibration Standards (CS) are dasdiin Appendix Section A2.
Preparation of Working Calibration Standard Solutions (WCSS)

11 pL of each calibration standard solution (CS) &b pL of a 100 ng / mL
internal standard solution were transferred inteatrifuge tube. In addition, two

portions of 11 pL of the control rat plasma and u10of water were added into each
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tube to give a final total volume of 154 uL. Aftée tubes were capped and vortexed for

30 sec, they were centrifuged at 10000 rpm for A abiroom temperature.
Equilibration of the Cartridges

1 mL Hypercarb cartridges were loaded onto the sacmanifold holder, which
was placed on top of a reversible manifold lid. aifa vacuum was applied to the
assembly, the liquid solutions present inside Hrériclges were drawn into the waste
container. The steps for equilibration of the wdges were as follows: a) 1 mL of 0.5 M
ammonium hydroxide, b) 2 x 1 mL of HPLC grade wat¢30% acetic acid, d) 1 mL of
HPLC grade water, €) 1 mL of 70% ACN 4®(premixed earlier), f) 5 x 1 mL of HPLC
grade water

During the equilibration process, the solutionsspre in the cartridges were kept
no lower than the top edge of the manifold holddrich was located immediately above
the bed level of the cartridge. Effort was madawoid trapping air bubbles inside the
column bed. The vacuum pressure reading was nraatso that it was no higher than
7 mm Hg. The next equilibration solution was lodeden the level of the previous
solution present in the cartridge has just reachedop edge of the holder. Just prior to

loading the next solution, the vacuum was released.
Application of the Samples

140 pL of the sample was individually loaded offit® * mL Hypercarb SPE cartridge
using an adjustable pipette. The vacuum pressasemaintained below mm Hg until the

sample had entered into the cartridge bed.
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Washes

Five washes each being 720 pL in volume of wateewapplied into the cartridges. The
cartridges were dried completely after both thetftoand fifth wash. When drying the

cartridges, a vacuum was drawn through the asseimb80 sec at 8 mm Hg.
Elution

Two portions of 180 pL of a 70% ACN /A8 solution (premixed earlier) were
applied into the cartridge. The collection tubesewlaced underneath the reversible
manifold lid, so the eluted fractions were collectén between the two elution
processes, the cartridges were dried completé8ynain Hg. When initially passing the
eluent into the cartridges, the vacuum readingkegs at 2 mm Hg. The two eluted
fractions were pooled into one collection tube.e Bluent was dried down completely

under vacuum at 55°C.
Preparation of the Test Article

100 pL of a premixed 70% acetonitrile/water solutieas transferred into
collection tubes to reconstitute the samples. tlibes were capped and vortexed for 30
sec. After 5 min of sonication, the tubes wererifiged at 10000 rpm for 6 min at
room temperature. Hence, the WCSS are five timae miilute than the CS. 7 pL of
each sample were transferred into separate HPUE coataining inserts. All samples
were capped. One set of samples were used for ISIME analysis and other samples

were stored either in the 4°C refrigerator or i@ t80°C freezer.
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Preparation of the QC Samples

Three QC stocks for compounds with high ¢€800 ng / mL), medium (Qg=
400 ng / mL), and low (QC= 1 ng / mL) concentrations of analytes were pregdrom
the Stockixeq Please see Appendix Section A2 for the procedsee to prepare these
QC spiking stocks. These QC stocks were addedaepainto six aliquots of plasma.
Eventually, six replicates of QC samples for thad#&erent concentration levels were
prepared. 11 pL of a QC stock solution and 11 1108 ng / mL internal standard
solution were transferred into a centrifuge tubeaddition, two portions of 11 pL of the
control rat plasma and 110 pL of water were addemleach tube, total volume of 154
pL. After the tubes were capped and vortexed @oset, they were centrifuged at 10000
rpm for 1 min at room temperature. 140 pL of the €ample was loaded onto a
Hypercarb cartridge for sample cleanup. The proeetbr sample cleanup was the same

as the sample cleanup for the WCSS samples ashmsabove.
Preparation of the QCstaniity Samples

Six QC samples containing analytes at the sameectration underwent the
sample extraction processes. These samples weledpogether and aliquoted into six
portions of QGapiity Samples. These six stability samples should faerical

concentrations because the possible causes oftideveave been eliminated.

Analytical Procedure. 4 pL of sample was injected by the autosamplertime
4000 QTRAP LC-MS/MS system. With the HPLC pump pimg the mobile phase, the
4 uL of the sample was delivered into the turbospray ion source. During acquisition,
the MRM transitions were set according to Tableah@ the dwell time was set as

200.00 msec. The resolution of Q1 and Q3 wasodeé tl unit mass resolution. With
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positive ionisation mode set in the acquisitionmoet the other parameters were CUR
(30.00 psi), ISP (4500.00 V), TEM (200.00 oC), G30.00 psi), GS2 (20.00 psi), DP

(56.00 V), CAD (7.00 psi), EP (8.00 V), CE (31.00)gand CXP (10.00 V).
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APPENDICES

Appendix A1 PK Parameters

Volume of distribution (Vg): V4 represents the apparent volume of plasma needed to
dissolve the compound so that the resulting comagonh would give the concentration of
compound in plasma[98]. In the equation belowyme drug concentration in plasma,

X is the amount of compound and t is the time[98].
Va(t) = X/ Cp(t) (15)

For a bolus injection, the initial plasma concatitm, Cp(0), is equal to the dose

divided by the Vd[91].
Cpt = Cp(0) x exp (kt) (16)

Equation 14 above describes the plasma concemtratien the compound content in the
plasma undergoes exponential decay[98]. Whendhatm®n is converted into the linear

form, the equation becomes
In Cpt = In Cp(0) —kt, a7
wherek is the elimination rate constant and the y intetrceIn Cp(0)[98].

Half-life: Half life is the time needed to reduce the plasorecentration of the

compound to half of its original concentration[90]he equation for defining half-life is

ti2 = 0.693 Kk (14)
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Bioavailability (F): Bioavailability refers to the fraction of the doskich gets into the
circulatory system[94]. This parameter stronglpeleds on the rate of absorption at the
site of administration[94]. By the intravenoust@ul00 % of the dose is considered to
be in the bloodstream[94]. A common way to detagrthe bioavailability of the other
routes is by comparing the area under the curvedAdbtained from the intravenous

route and the other route[91].
Bloavallablllty = AUC)ther routJ AUC|V (18)
Salt factor (9):

Salt factor, S is the active form of the compous@aalt or an ester. If there is a
compound with a salt factor of 0.8, it indicategram of the salt form of the compound is

equal to 800 mg of the active compound[98].

Areaunder the Curve (AUC): AUC is found by plotting the concentration of ptes

against a period of time[91].

Clearance (CL): In general, clearance is a theoretical term, Whétates the rates of

elimination to the compound concentration in plasththe site of measurement[91].
CL = Elimination rate of drug from the entire badyoncentration

From the physiological perspective, CL is the appavolume of plasma present in the
system, cleared of the compound per unit time byabwdic and elimination
processes[91]. In multicompartmental models, thleme of distribution at steady state

can be related to clearance by the equation 6[94].

CLiotai = kX Vg4 (19)
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Mathematically, CL is the elimination rate constamivhich a portion of drug is
constantly lost from the }as described in equation 6 above. However, irt cases,
the clearance and the volume of distribution aseiaed to be independent of each

other[94].

Steady State Concentration (Cp™): A steady state is observed when multiple dosing i
applied at a regular dosing interval, The condition is reached when the amount of
compound applied to a body system is equivalettte@mount of compound that is
eliminated from the system within the same timequer By the route of intravenous
infusion, steady state is also observable whewrahgpound concentration in the plasma

increases with time until it remains constant.
Rate of compound administration = ($x D) /T (20)
Rate of compound elimination = CL x &p (21)

When the two rates are equivalent, the followingrfala is useful for estimating

the Cp*
Cp°°=(Sx Fx D)/ (CL x) (22)
As a result, one could use equation 9 to calc@at&98].

Loading Dose (LD): The dose administered at the beginning of a treatno reach the

desired compound concentration in the body syst&m[9

The LD can be estimated by equation 10 assumirng i€phe desired

concentration to be reached.

LD = Vgx Cp>° (23)

127



Since LD is increasing exponentially inside theyegstem, the above equation is

modified into:
Cp = LD x exp(kt) / Vyq (24) [98]

Maintenance dose: A dose that is used to offset the amount of comgdhat is being

eliminated from the body. The dose is administdérgthtravenous infusion[98].
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Appendix A2  Supplementary Data for the Validated Me  thod

In Table 1A, the weights of the analogues usedrfaking the Stogk, the stock
of each compound, and Stagkq solutions are tabulated. The procedure for pregar
these stock solutions is described in the Methodadidation (See Section 3.7).
Stocknixeq Was prepared by mixing samples of Thiamet-G, ThiarG, and Thiamme-G

in one vial. Stock was prepared with Thiambu-G.

Table 1A. Actual Weights of Each Analogue.

Analogue Weight (ng)
1 Thiamet-G 1.01220 x 10’
2 Thiampro-G 0.99446 x 10’
3 Thiamme-G 1.00440 x 10’
4 Thiambu-G (IS) 0.10180 x 10’

The six calibration standard solutions (CS) randiog 2.5 to 5000 ng / mL
were prepared from the Steglkqaccording to Figure 1A. The three different
concentration levels of QC stock solutions at défe concentrations (QG 62.5 ng /

mL, QGy = 25000 ng / mL, and QC= 50000 ng / mL) were also prepared from the

stock solution.
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[5mL/10 mL] [5mL/10 mL]
100000 ng / mL (Stock ..} ———3 50000ng/mL(QC,) » 25000 ng/mL (QC,,)

[5mL /100 mL]
A4 [5mL/ 100 mL] [5mL/10 mL] [5mL/ 10 mL]
5000ng/mL(Std1) ______y 250ng/mL ___y 125ng/mL — y 625ng/mL(QC, )
(Std 4)
[5mL/10 mL] [2 mL/50 mL]
v [2mL/ 10 mL] A4
2500 ng / mL (Std 2) 5ng/mL (Std 6)
50 ng/ mL (Std 5
[2mL/ 10 mL] 9 ( ) [5mL/10 mL]
¥ M
500 ng / mL (Std 3) 2.5ng/ mL(Std 7)

Figure 1A. Dilution Scheme for Calibration standard S.
The dilution factors are indicated in the square brackets.

The weights of Thiamet-G, Thiampro-G, and Thiammar@&e CSSs samples
are reported in Table 2A. The weights of thesemumds in the QC spiking stocks are

reported in Table 3A.

For preparing the internal standard, 5 mL of sgpalas added into a 100 mL
volumetric flask. The flask was made up to volumit water. 2 mL of the water
mixture was transferred into a 10 mL volumetricKaand it was made up to the volume

with water. The concentration of the preparedrivdbestandard was 102 ng / mL.
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Table 2A. Calibration Standard Solutions (CSSs).
Volume
[Stock 1] transferred | Final _Final _ Final _ Final
No. (ng / mL) from volume |[Thiamet-G] | [Thiampro-G] [Thiamme-G]
[stock] (mL) (ng / mL) (ng / mL) (ng / mL)
(mL)
Std 1 | 1.000 x 10° 5.00 100.0 | 5.06 x 10° 4.97 x 10° 5.02 x 10°
Std 2 | 5.00 x 10° 5.00 10.0 | 2.53x10° 2.49 x 10° 2.51 x 10°
Std 3 | 2.50 x 10° 2.00 10.0 506 497 502
Std 4 250 2.00 10.0 50.6 49.7 50.2
Std 5 125 2.00 50.00 5.06 4.97 5.02
Std 6 5.00 5.00 10.0 2.53 2.49 2.51

'Stock concentration is the approximate concentration of each analogue present with the stock
solution. For example, for std 1 it is approximately 1.012 x 10° ng / mL of Thiamet-G, 0.9945 x

10° ng / mL of Thiampro-G, and 1.004 x 10° ng / mL of Thiamme-G.

Table 32A. QC Stocks.

Volume
[Stock 1] transferred | Final _Final _ Final . Final
(ng / mL) from volume | [Thiamet-G] | [Thiampro-G] | [Thiamme-G]
[stock] (mL) (ng / mL) (ng / mL) (ng / mL)
(mL)
QCy |1.000 x 10° 5.00 10.0 | 5.06 x 10° 4.97 x 10° 5.02 x 10°
QCy | 5.00x 10" 5.00 10.0 | 2.53x10° 2.49 x 10° 2.51 x 10°
QC. 125 5.00 10.0 63.3 62.2 62.8

!Stock concentration is the approximate concentration of each analogue present in the stock
solution. For example, for the stock solution for preparing the QCy stock it is approximately 1.012
x 10° ng / mL of Thiamet-G, 0.9945 x 10° ng / mL of Thiampro-G, and 1.004 x 10° ng / mL of
Thiamme-G.
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Appendix A3 Supplementary Experiments on Different Types
of Stationary Phases

As discussed in Section 2.3.2 and 2.4.2, the datred using other columns are

shown in this section.

A3.1 Reverse Phase Columns
A3.11 Phenomenex Synergi 2.5 um Fusion-RP 100 A wit h Guard Column

The Synergi Fusion column uses a polar embeddgte€in with suitable
operating pH conditions ranging from 1.5 to 10.eTim&ecommende€lUtion on the
Synergi Fusion column was 1.86 min. In chromatog(A) shown in Figure 2A, none of
the analytes were efficiently retained when usirgenvas the mobile phase, and co-
elution was observed for Thiampro-G and Thiambuh@&chromatogram (B), only
Thiambu-G was retained efficiently when using 5 @M/ H,O as the mobile phase.
The ability for the column to retain these polampmunds under these conditions was
poor. Other chromatographic conditions have bestetl for this column, but none of
the conditions demonstrated that the Synergi Fusatunmn was capable of retaining and

separating the analogues (data not shown).
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Figure 2A. Attempted Separation and Analysis of the Analogues Using a Synergi Fusion
Column.
(Column: 3 x 50 mm; guard: 3 x 4 mm, flow rate: 200 pL / min, CVempy: 382 pL,
Timerecommended: 1.86 min, sample: a mixed compound standard solution dissolved in
water, elution with: 100 % H,O for chromatogram (A) and 5% ACN / H,O for
chromatogram (B)).

The exocyclic nitrogen of the inhibitors have aap#t 8.0[74]. At physiological
pH or under acidic conditions, Thiamet-G and italagues are in their protonated states.
To favour deprotonation of the analytes, the pkhefmobile phase has to be above
8[74]. When compounds are not in their ionisetestathey become less polar and are
likely to be more easily retained on reverse pltademns. Nevertheless, use of an
agueous solution containing 100 % 10 mMsCBONH, at pH 8.3 as the mobile phase,
illustrated in Figure 3A, did not improve the reien of the compounds and only
Thiambu-G was retained on the column. The efféplatially deprotonating the
analogues was poor and the separation was evee Was when using the

chromatographic conditions outlined for the datscdbed in Figure 3A.
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Figure 3A. Attempted Separation of the Analogues on the Synergi Fusion Column Using
an Aqueous Mobile Phase, pH 8.3.
The analysis was performed using an APl 2000 LC-MS/MS system, and 100 % 10
mM CH;COONH,, pH 8.3 was used as the mobile phase. The sample is a mixed
compound standard solution dissolved in water. Only Thiambu-G was retained.
The resolution of the analogues was poor, and peak tailing was observed.

A3.12 Agilent Zorbax Eclipse XDB

The Zorbax Eclipse column is a normakColumn with operating pH conditions
ranging from 2 to 9. In chromatogram (A) showrFigure A4, all analytes were retained
except for Thiamme-G. It took more than 8 minTarampro-G and Thiambu-G to elute
from the column. In chromatogram (B), only Thiam®Bwvas fully retained. The
separation shown in Figure 4A indicated that tisicin was not ideal for retaining all
these analogues. The column was tested previautiythe usual concentration of the
analytes used in these studies (1400 ng / mL) &étatction of the analogues was very
poor when using the API 2000 LC-MS/MS. Hence,dbecentration of analytes used in
the LC-MS analyses reported in Figure 4A was irsedao 2 mg / mL in order to

determine the performance of the column. The @is@i®column was not further

pursued.
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Figure 4A. Attempted Use of Zorbax Eclipse XDB Colu  mn for Separation of the Analytes.
The analysis was performed using an APl 2000 LC-MS/MS system. (Column: 4.6 x
150 mm; flow rate: 1 mL / min, CVempy: 2.49 ML, TiMeecommended: 2.43 Min, sample: a
mixed compound standard solution dissolved in water, elution with: 100 % 10 mM
CH3;COONH, at pH 8.3 for chromatogram (A) and 5% ACN / 10 mM CH;COONH, at
pH 8.3 for chromatogram (B))

A3.2 PGC Column

A3.2.1 Thermo Scientific Hypercarb Column, 3um, 200 A

The Hypercarb column is a porous graphite colun@®dP When the
hydrophobicity of the analytes increases, theyraet@ned longer on a reverse phase
column. Analytes behave similarly when using a Hgpeb column. As shown in Figure
5A, all four analytes were retained on the coluamg they were well separated from
each other. Thiamme-G, being the most polar comgowas eluted first while
Thiambu-G, being the least polar compound, wasnedaon the stationary phase for the
longest time. All four analogues have tall androarpeak shapes. The only concern
was that background signals matching those foMR&1 used for monitoring Thiambu-
G continued to increase after the elution of Thiafdh The MS parameters were not
optimized for this column because of the appamstability of the column, which is

discussed below.
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Figure 5A. The PGC Column was able to Retain all Fo  ur Analytes.
Analytes were separated with the PGC column. In this figure, only the first seven
min of the chromatogram are shown. (Column: 3 x 50 mm; guard: 3 x 4 mm, flow
rate: 600 pL / min, CVempy: 353 pL, TiMerecommended: 0.57 min, sample: a mixed
compound standard solution dissolved in water, separation conditions: Step 1) 0
min, 600 puL / mL, 0 % B, Step 2) 5 min, 600 pL / mL, 21.1 % B, Step 3) 5.1 - 7.1
min, 600 pL / mL, 94.7 % B, Step 4) 7.2 — 20.1 min, 600 uL / mL, 0 % B (A=0.5%
FA +5 % ACN + H,0, B=0.1 % FA + ACN))

Stability of the Hypercarb Column

A sample that was treated with plasma was injeictiedthe analytical system
connected to the Hypercarb column. The samplaafearocedure used was
ultrafiltration. A control sample, acting as a e control, was also prepared by
replacing the plasma with water. A standard sofutvas also prepared by dissolving the

four analogues into water.

These three samples were injected into the sysieneasure the repeatability of
the retention times of the analytes. Aliquots aétesample were consecutively injected

(n =5) into the autosampler for the LC-MS/MS as#@y Five aliquots of standard were
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analysed first, then followed by five aliquots bétcontrol samples. Lastly, five aliquots
of plasma samples were analysed. The peak angangss and retention times of the
analyses were computed in a statistical manneraendeported in Table 4A and Table

SA.

Before analysing the control and plasma sampletralard solution was run to
determine the stability of the system. Five inmts were made with the last four
injections showing consistency in peak area reggand retention times. As tabulated
in Table 4A, the % RSD of the peak area countsratahtion times were in all cases less

than 5 % and 2 % respectively.

Table 4A. Analyses of a Standard Solution.

Peak Area RT
Analyte Average % RSD Average % RSD
SD . SD

(cps) (n=4) (min) (n=4)
Thiambu-G 8.0 x 10" 3x10° 4 3.02 0.02 1
Thiampro-G 6.9 x 10* 2x10° 2 2.10 0.02 1
Thiamet-G 5.8 x 10* 2x10° 3 1.50 0.03 2
Thiamme-G 4.4 x 10 1x10° 3 0.98 0.02 2

A total of five injections of the standard solution were made. The data obtained by the first
injection of the standard was ignored due to the significant differences in peak area responses
and retention times when compared with the other four injections, which suggested the column
was likely not appropriately equilibrated.

As mentioned in Section 2.4.1, the desired % RSDhe peak area counts is less
than 10 %, and the desired % RSD for the RT istlems 2 %. For the control and
plasma samples, the % RSD for both the peak aspamses and the retention times are
higher than 10 % and 2 % respectively (Table 5M)e data suggest that the retention

times became unstable after the introduction otittrafiltrated samples. Statistical
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analyses confirmed that the retention times of MeaG and its analogues were
inconsistent. In summary, the Hypercarb columoambination with ultrafiltration was
a poor candidate for column selection and furthedies using this column were
discontinued. In addition, the time required taiggrate the column (30 column

volumes) was generally unsuitable for further mdtevelopment.

Table 5A.  Analyses of the Ultrafiltrated Samples.

Peak Area RT
Types of Average % RSD Average % RSD
Samples (cps) SD (n=5) (min) SD (n=5)
Thiambu-G
Control 8.7 x 10* 1x10° 1x 10" 3.2 0.1 3
Plasma 6.4 x 10 2 x 10 2 x 10" 3.20 0.09 3
Thiampro-G
Control 9 x 10* 1x10* 1x 10" 2.26 0.09 4
Plasma 1.00 x 10° 7x10° 7 2.24 0.08 3
Thiamet-G
Control 7.8 x 10 8 x 10° 1x 10" 1.66 0.10 6
Plasma 8.9 x 10* 7x10° 8 1.63 0.08 5
Thiamme-G
Control 6.2 x 10 8 x 10° 1x 10" 1.11 0.08 7
Plasma 6.8 x 10* 5x 10° 8 1.10 0.06 6

138



Appendix A4 Supplementary Results of using Differen t
Sample Cleanup Procedures

As discussed in Table 2.11, the data obtained théhvarious clean up methods

are reported in this section.

A4.1  Deproteinisation by Protein Precipitation

A4.1.1 Deproteinisation by Protein Precipitation (T  SKgel column)

A4.1.1.1 MeOH as the Precipitant
In the chromatograms shown in Figure 6A, MeOH wsed to precipitate

proteins that were present in the plasma sampie nfobile phase and the test article
contained 80 % ACN and 90 % MeOH respectively.c8iMeOH and ACN have
polarity indexes of 5.1 and 5.8, respectively[1F8LN is slightly more polar than
MeOH[156]. Chromatograms (A) and (B) showed &stg difference in the peak
shapes for all the analytes. Due to the interadietween the more polar mobile phase
and the MeOH in the test article, it was hard tplax the differences observed in the
chromatograms. Thus, the organic solvent in teeasicle should match with the
organic solvent in the mobile phase to producepnétable results, yet this was not the
case. Itis possible the analytes interact bétear intended with MeOH through

hydrogen bonding. In any event, MeOH was abandasetpotential precipitant.
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Figure 6A. Attempted Separation of the Analytes Usi  ng MeOH as a Precipitant for Sample
Clean up.
Supernatants that were collected after protein precipitation were separated with the
TSKgel column and analysed using the MS. Analysis of the control and the plasma
samples are reported in chromatogram (A) and (B) respectively.

A4.1.1.2 ACN as the Precipitant (TSKgel Column)
In the chromatograms illustrated in Figure 7A, A@HIs used to precipitate

proteins that were present in the samples. Inmehtogram (A), Gaussian peak shapes
was observed for the analytes in the control samiplehromatogram (B), suppression

that was caused by matrix ions was seen for thkspaasing from Thiamet-G and

Thiamme-G.
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Figure 7A. Attempted Separation of the Analytes usi  ng ACN as a Precipitant for Sample
Clean up.
Supernatants, collected after precipitation, were analysed using a TSKgel column
and analysed with the MS. Analysis of the chromatograms of the control and the
plasma samples are shown in (A) and (B) respectively.

By comparing the retention times of the analytthmtwo chromatograms, one can see
that the retention time of Thiamme-G has shifted@B% (Figure 7A). This result
suggests that ions present in the plasma mightféneewith the analytes and cause
deviations in the elution time. Severe suppressias observed for Thiamet-G and

Thiamme-G. In Table 6A, the suppression of anadsgtaused by the matrix ions is
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reported in a percent ratio, the % matrix suppogssilhe deformation of the peak

shapes in the plasma sample is also summariséeé iast column.

Table 6A. Comparison of the Peak Characteristics fr

om the Chromatograms Shown in

Figure 7A.
Control Plasma . . Peak Shape of

Analyte Sample Sample su?png:én the Plasma

(cps) (cps) Sample

Thiamet-G 1.92 x 10° *4.40 x 10° 22.9 % Heavily
suppressed

Thiambu-G 2.05 x 10° 1.99 x 10° 97.1 % N/A

Thiampro-G 2.06 x 10° 1.24 x 10° 60.2 % Sharpened

Thiamme-G 1.54 x 10° *7.24 x 10° 47.0 % Slight
suppression

% Matrix suppression = peak area of (plasma /control) X 100 %.
* = manual integration was used to integrate the peak area counts.

Q1 Scan Analyses

Many peaks were observed in the Q1 chromatogratimegblasma sample, but
these ions were not observable during analysiseotontrol sample. The response for
both Thiamet-G and Thiampro-G was impaired by etutilong with the species giving

rise to this same cluster of peaks, with 430.8 as/the representative peak. The cluster

as shown in Figure 8A chromatogram (A) extendethfi®0 m/z all the way to 2400

m/z. Many isotopic peaks were observed as showhrnomatogram (B). Another

cluster of peaks, with a representative peak atl48ilz, had a pattern showing a

repeating difference of 68 Da (chromatogram notst)o These clusters of ions likely

suppressed ionisation of Thiamme-G.
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These data support the fact that there were indeddx ions causing the
suppression observed for all the analytes, exegptfiambu-G. Hence, protein

precipitation alone was not capable of efficiemdynoving interfering matrix ions.
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Figure 8A. lon Clusters that Appear to Interfere wi  th lonisation of Thiamet-G and
Thiampro-G.
Chromatogram (A) shows the pattern of an interfering cluster with 430.8 m/z as the
representative peak. Chromatogram (B) was the expanded version of 432.9 m/z.
(Sample: plasma sample collected after protein precipitation, Scan type: Q1 scan).

A4.1.2 Deproteinisation by Protein Precipitation (Z  IC-HILIC column)

A4.1.2.1 ACN as the Precipitant (Initial Experiment )
The protein precipitated samples, using ACN agtkeipitant, were analysed

using a ZIC-HILIC column. In Figure 9A chromatogrgA), Gaussian peak shapes
were observed for all analytes in the control s&mph chromatogram (B), suppression
caused by matrix ions was seen for the peaks gmneling to Thiamet-G and Thiamme-

G.
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Figure 9A. Attempted Separation of the Analytes usi  ng ACN as a Precipitant for Sample

Clean up.

Analytes were separated using a ZIC-HILIC column and analysed using the MS.
The control and the plasma samples are reported in chromatogram (A) and (B)
respectively.

As reported for the % matrix suppression in Tal#le Suppression was found for
Thiampro-G and Thiamme-G, with Thiamme-G being sapped heavily. Enhancement
of ionisation was observed for Thiambu-G. Themgts times of all analytes were

shifted earlier, with Thiamme-G shifted the most.

Table 7A. Peak Characteristics of the Analogues fro  m the Chromatograms Shown in
Figure 9A.
Peak Area
Analyte Control Plasma % Matrix P?l?g Slr;irr):am
Sample Sample suppression Sample
(cps) (cps)
Thiamet-G | 1.55x 10° | 1.70 x 10° 110 % Sharpened
Thiambu-G | 1.59 x 10° | 2.28 x 10° 143 % Sharpened
Thiampro-G | 1.62 x 10° | 1.03 x 10° 63.6% Suppressed
Thiamme-G | 1.36 x 10° | 6.63 x 10° 48.8% Sharpened

% Matrix suppression = peak area of (plasma /control) X 100 %.

The analysis was carried out when the column was used for a brief period of time.

Q1 Scan Analysis

The same matrix ions as reported in Section Advle2e observed in the plasma

sample when the sample was analysed using a ZI@cHtblumn. Thiamme-G was
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found to co-elute with the clusters of ions havengepresentative 430.8 m/z. Some new
matrix ions were detected when the analysis waeeed on the TSKgel column due to
the different elution time of these matrix ions @hd compounds. The matrix ions, such
as those having 524.4 and 496.5 m/z, were fourd-elute with Thiambu-G and
Thiamme-G. Based on a literature search, thesedould be phospholipids[157]. The

protein precipitation experiment was repeated ictiSe A 4.1.2.2

A4.122 ACN as the Precipitant (Repeated Experime nt)
Samples prepared using the same procedure asardbe samples analysed in

Figure 9A were injected into the autosampler forMS/MS analysis equipped with a
ZIC-HILIC column. In the experiment the column Hagken conditioned and this enabled
a comparison of the effect of this conditioningpmrformance of this clean up method.

In chromatogram (A) of Figure 10A, Gaussian peapstwas observed for the analytes
in the control sampleBased on the % matrix suppression reported ineTéd,

Thiambu-G and Thiamme-G were found to be suppresgéud minor suppression

observed for Thiamme-G.
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Figure 10A. Another Attempt of Separating the Analy  tes using ACN as a Precipitant for
Sample Clean up, Using a Conditioned ZIC-HILIC Colu mn
The control and the plasma samples are reported in chromatogram (A) and (B)

respectively.
Table 8A. Peak Characteristics of the Analogues in the Chromatograms Shown in Figure
10A (after Partial Conditioning of a ZIC-HILIC Colu  mn).
Control Plasma . _ Peak Shape of
Analyte Sample Sample /6 Matrix the Plasma
suppression
(cps) (cps) Sample
Thiamet-G | 1.91x10° | 2.15x 10° 113 % Sharpened
Thiambu-G | 2.08x 10° | 1.26 x 10° 60.6 % Sharpened
Thiampro-G | 2.03 x 10° | 2.09 x 10° 103 % Suppressed
Thiamme-G | 1.53x 10° | 1.35x 10° 88.2 % Sharpened

% Matrix suppression = peak area of (plasma / control) X 100 %
The analysis was carried out with the column in use for awhile.

Behaviour of the ZIC-HILIC Column

There were some noticeable differentethe behaviour of the ZIC-HILIC
column prior to conditioning (as illustrated in Brg 9A) and when it had been
conditioned by extended use (as illustrated in lEdA). In Figure 9A, the control
sample was analysed, followed by analysis of namees before analysis of the plasma
sample. The nine samples analysed were the Splasida samples. All the analytes in
chromatogram (B) of Figure 9A eluted earlier tharchromatogram (A). In the case of
the chromatograms reported in Figure 10A, the cbaind plasma samples were

analysed almost one after the other and after sixterconditioning of the column. The
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retention times of the same analytes in both chtograms were similar. It seems that
when using the ZIC-column, the retention time & &malytes would shift depending on
whether the column was conditioned. Suppressieemid in the plasma sample,
reported in chromatogram (B) of Figure 10A, wasassevere as in the case of the
corresponding sample reported in Figure 9A. Seseppression was only observable
when the column was first being used, further satigg that conditioning of the column

was important.

A4.2  Altering the Mobile Phase

Changing the mobile phase is a possible way & #ie elution times of the
matrix ions and the analytes and therefore to perletiminate matrix suppression. In
this experiment, the samples for the analysis wesgrotein precipitated samples using
methanol as the precipitant. These samples weesraed using a TSKgel column and
analysed using the MS. The mobile phase was cllainge 80 % ACN to 100 %
MeOH. This could also be beneficial for samplesoted using MeOH as a precipitant

because the mobile phase and solvent containingrkyte would be similar.

A4.2.1 MeOH as the Mobile Phase

The MRM chromatogram (A) of Figure 11A suggests thare was no
interaction between the analytes and the statioplaage. With final composition of the
sample being less polar than the mobile phasearihbites eluted out without being
retained on the column. The possible reason vasMBOH in the mobile phase
interacted with the hydroxyl groups of the ion®bstruct with the binding of the

analytes to the stationary phase.
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Figure 11A. Attempted Separation of the Analytes us  ing the TSKgel column with MeOH as
the Mobile Phase.
In chromatogram (A) of Figure 11A, a standard solution that was dissolved in 90 %
MeOH / H,O was injected into the system with 0.1% FA + 80% MeOH / H,O as the
mobile phase. In chromatograms (B) and (C), the control (B) and the plasma (B)
samples were prepared with 90 % MeOH / H,0O, and the mobile phase was 0.1% FA
+ MeOH.

As discussed in Section 2.3.3.1, the:chmendedor the TSKgel column is 2.45
min. In chromatogram (A), none of the analytes vedgined. In chromatogram (B), two
of the analytes, Thiamet-G and Thiamme-G werenethivhile Thiampro-G was
partially retained. This chromatogram shows thatrhatrix alters the retention time of
the analytes. Presumably by altering the intesadbietween the eluent and the analytes
or by affecting the stationary phase. This dada aldicate that the eluent might interact
with the matrix ions, or the matrix ions might hdeemed a complex with the ions. For
either reason, the separation of the analytes asged making this an inappropriate
approach. A similar observation was made wheiptheipitant of the samples was

changed to ACN (data were not shown).
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Summary of the Q1 Scan Analysis

With the mobile phase composed of MeOH, the elutibthhe matrix ions in the
plasma sample changed in comparison to using AGNemobile phase. The 430.8 m/z
cluster, which happened to interfere with Thiameds@ Thiampro-G, was found to elute
at the beginning of the run. The other clustethwB1.1 m/z as the representative peak,
eluted at 2.154 min. This set of ions have malsrdnces of 68 Da cluster was
suppressed by the 430.8 m/z cluster, and its elutas also hastened when MeOH was
present in the eluent. Another matrix ion haviBg@.B m/z was also apparent at the
beginning of the run. These matrix ions tendeeltde at the middle or at the end of the
run when ACN was used in the mobile phase. A sinubservation was made for the
matrix ions when the precipitated samples wereyaedl using a ZIC-HILIC column
(data not shown). Since some matrix ions co-elutiéda the analytes, it was crucial to

try other sample preparation procedures beforegdanmy further analysis on the MS.

A4.2.2 ACN as the Mobile Phase

In Figure 12A, 99.9 % of ACN was used as the mqghiilase. No analyte eluted
during the run due to the absence of water in tbkile phase. None of the analytes
eluted in both the MRM chromatograms of the cordirad plasma samples (only the
plasma sample was shown in Figure 12A.) In thes€@h analysis, no other matrix ions
were found, except for 118.2 m/z (data not showiiis finding suggests that most of
the matrix ions are polar. The elution of the tamireed analytes with 99.9 % MeOH as

the mobile phase (A 4.3.1) supported the fact¥Me®DH interacts with the analogues.
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Figure 12A. Attempted Separation of the Analytes us  ing the TSKgel column with ACN as
the Mobile Phase.
Plasma sample with final composition of 90 % ACN / H,O was injected into TSKgel
column and analysed in MS. The mobile phase was 0.1 % FA + ACN. A minimal
amount of Thiamet-G eluted during the run.

A4.3  Deproteinisation by Ultrafiltration
A4.3.1 Deproteinisation by Ultrafiltration (TSKgel column)

Since protein precipitation as the sample prepamgirocedure resulted in test
article that still had high levels of interferen@eyas important to try other
deproteinisation processes. Removal of proteindiyg a size exclusion filter is a
common process which traps proteins in the filteil@vobtaining the small compounds

in the filtrate.

Samples were analysed using ultrafiltration. Iroamatogram (A) of Figure 13A,
Gaussian peak shapes were observed for the anaRkteshe plasma sample, as
illustrated in chromatogram (B), severe suppressias observed for both Thiamet-G
and Thiamme-G. Differences in retention times leetwthe control and plasma samples

were noted for Thiamet-G and Thiamme-G.
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Figure 13A. Attempted Separation of the Ultrafiltra  ted Analytes.
Samples were cleaned up using ultrafiltration and the final solvent composition was
90 % ACN / H,O. Analytes were separated using a TSKgel column and analysed by
LC-MS/MS. The mobile phase was 0.1 % FA + 80 % ACN / H,O. Data for the
control and the plasma samples are reported in chromatogram (A) and (B)
respectively.

As indicated by the % matrix suppression shownahl& 9A, the ionisation of all the

compounds was affected by the matrix of the plasamaple, except for Thiampro-G.

Table 9A. Peak Characteristics of the Analogues of the Chromatograms in Figure 13A.
Peak Area
Peak Shape
% Matrix of the
Analyte gontrcljl zlasmla suppression Plasma
ample ample Sample
(cps) (cps)
Thiamet-G | 1.20 x 10° | *4.19 x 10° 34.9 % Suppressed
Severely
Lower
Thiambu-G | 1.46 x 10° | 1.25 x 10° 85.6 % mensity
Thiampro-G
Thiampro-G | 1.45 x 10° | 1.42E x 10° 97.9 % Slightly
Sharpened
. 5 s Severely
Thiamme-G | 8.93 x 10 *4.75 x 10 53.2%
Suppressed

% Matrix suppression = peak area of (plasma /control) X 100 %
* = manual integration was used to integrate the peak area counts

Summary of the Q1 Scan Analysis
Based on the analysis on the Q1 mass spectra,ajog matrix ions likely

contributing to suppression of Thiamet-G and Thia¥y@were the 430.8 m/z cluster and
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431.1 m/z cluster respectively. Other major matins had 118.2, 132.3, and 162.3 m/z.
Thus, the matrix affected the ionisation of somalytes, and the process of
ultrafiltration alone was not capable of removihgde matrix ions. The use of

ultrafiltration for clean and TSKgel column for d&ysis was therefore inappropriate.

A4.3.2 Deproteinisation by Ultrafiltration (ZIC-HIL  IC column)

As shown in Figure 14A, samples were cleaned updsging through ultrafilters
before analysis using the LC-MS/MS. The chromaipfic conditions were modified to
include a wash cycle to remove matrix ions thatenmssibly present in the column after
eluting the targeted analytes. Earlier data irtiSe@\4.2.1, confirmed that samples did
not have stable retention times when separated) asftiC-HILIC column. Removal of
the matrix ions that were left behind in the coluomuld prevent the interference of these
matrix ions with analytes present in the next itgdcsample. An online wash cycle was

therefore incorporated into the LC program.
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Figure 14A. Attempted Separation of the Ultrafiltra  ted Analytes Using an Online Wash
Cycle.
Samples analysed in chromatogram (A) and (B) were cleaned up with ultrafilters and
analysed by LC-MS/MS. The final sample composition was 90 % ACN / H,O and
analytes were separated using a ZIC-HILIC column. The mobile phase was 0.1 %
FA + 85 % ACN / H,0O. Data for the control and the plasma samples are reported in
chromatogram (A) and (B) respectively.

In chromatogram (A) of Figure 14A, Gaussian pdapgs were observed for all
the analytes. In chromatogram (B), suppressiosazhby matrix ions was seen for
Thiamme-G. The % matrix suppression of Thiammen& &ble 10A) was calculated to
be less than 40 %. This suggests that some salstareluted with this analyte and
caused serious ion suppression despite the onlisé wycle. The difference in the
retention times of Thiamme-G between control ardipla samples indicated that there
was need for further sample cleanup. It was notkmwhy the percent peak area for
Thiambu-G and Thiamet-G were so high, but the % isnatippression for Thiampro-G

was reasonable.
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Table 10A. Peak Characteristics of the Analogues in

the Chromatograms of Figure 14A.

Peak Area
% Matrix Deformation in
Analyte Control Plasma SUDDIESSION Peak Shape of the
Sample Sample PP Plasma Sample
(cps) (cps)
Thiamet-G 5.32x10° | 7.32E x 10° 138 % Enhanced
Thiambu-G 5.82x10° | 7.42x10° 127 % Enhanced
Thiampro-G 5.72x10° | 6.23x10° 109 % N/A
Thiamme-G | 3.79x10° | *1.30x 10° 34.3 % Severe
Suppression

% Matrix suppression = peak area of (plasma /control) X 100 %
* = manual integration was used to integrate the peak area counts

Q1 Scan Analysis

Interestingly, in the Q1 scan analysis, ion clusteaving representative ions with
430.8 m/z and 431.1 m/z were not detected duriagehition time frame of all the
analytes (data not shown). The substance thalutedewith Thiamme-G cannot be
detected using the Q1 scan analysis. The reseiit®dstrate that under these
chromatographic conditions involving a wash cyslame of the matrix ions were
removed from the column prior to the injection loé next sample. Overall, however,

this sample clean up method still was inappropfiatéurther development.
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Stability of Retention Times when Using a ZIC-HILIC Column

As shownin Table 11A, the % RSD of the retention times ahdard, control,
and plasma samples are summarised. With the iocatipn of a wash cycle in the run,
the shifting of the retention times of the analytes reduced. The % RSD of the
retention times was generally lower than 2 %. Blne% RSD of the retention times for
the standard solution indicated that the column stalsle. Because Thiamet-G eluted
earlier in the plasma sample than in the contnoige, it is likely that some matrix ions
co-elute with it. Nevertheless, as mentioned apavetter sample preparation process is

necessary to improve the sample analyses.
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Table 11A. The % RSD of the RT of SS, the Control, and Plasma Samples.

Thiambu-G Average % RSD Thiamet-G Average
RT (min) RT (min) | % RSD
Control Sample 3.22 0.63 Control Sample 5.84 1.01
Plasma
Sample 3.23 0.99 Plasma Sample 5.85 0.96
*SS 3.21 0.80 *SS 5.83 0.98
ASum 3.23 0.83 ASum 5.85 0.94
Average Average
Thiampro-G RT (min) % RSD Thiamme-G RT (min) |% RSD
Control Sample 4.20 0.73 Control Sample 8.72 1.35
Plasma
Sample 4.20 0.93 Plasma Sample 7.58 1.21
*SS 4.19 0.96 *SS 8.71 1.01
ASum 4.20 0.80 ASum 8.15 7.37

Two sets of control and plasma samples were prepared, and they were injected into the MS
twice.

*SS = during the run, SS was run after the analyses of every three samples. The % RSD of the
standard was also calculated.

ASum = the sum of the % RSD of the RT of the control samples and the plasma samples was
also calculated.

A4.4  Protein Precipitation + LLE
A4.4.1 Ultrafiltration + LLE (TSKgel column)

A different approach was attempted using ultrailon and liquid-liquid
extraction. After the samples were cleaned upltrgfiltration, the collected filtrates
were extracted with DCM and the aqueous phase nalgsed. In chromatogram (A) of
Figure 15A, Gaussian shapes were observed fomidigtas present in a control sample

of analogues lacking plasma. In chromatogram\{Bgn matrix ions were present,
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distortion in peak shape was observed for Thiamat@&Thiamme-G.

In Table 12A,

missing peak area counts are observable for Thi@raetd Thiamme-G. This sample

cleanup process did not improve the ionisatiorhefdcompound ions.
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Figure 15A. Analysis of Samples of Analytes that we
LLE Using the TSKgel column.
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re Cleaned up by Ultrafiltration and

Samples were passed through ultrafilters and the collected filtrates were extracted
with DCM. The final solvent composition was 90 % ACN / H,O. The mobile phase

was 0.1 % FA + 80 % ACN / H,O. Upon centrifugation, the supernatants were

injected into the autosampler for MS analysis.

Chromatogram (A) and (B) of the

above figure are the control and the plasma samples respectively.

Table 12A. Peak Characteristics of the Analogues of

the Chromatograms in Figure 15A.

Peak Area
. Peak Shape of
0,
Analyte Control Plasma suA) m.itsrilén the Plasma
Sample Sample PP Sample
(cps) (cps)
Suppressed
Thiamet-G | 1.07 x 10° | *3.78 x 10° 35.3 % Severely
Lower Intensity
than Thiampro-
Thiambu-G | 1.37 x10° | 1.15x 10° 83.9 % G
Thiampro-G | 1.34 x 10° | 1.29 x 10° 96.3 % N/A
Thiamme-G | 7.83x10° | 4.79 x 10° 61.2 % Sharpened

% Matrix suppression = peak area of (plasma /control) x 100 %
* = manual integration was used to integrate the peak area counts

A4.4.2 Ultrafiltration + LLE (ZIC-HILIC)

In this experiment, samples were cleaned up bgfilttation. Half of the filtrate

of each sample was saved for analysis, and haltfeofiltrate was extracted with DCM.
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In chromatogram (A) of Figure 16A, Gaussian peapsis are observed for the analytes.

In chromatogram (B), when matrix ions were preseatdistortion in peak shape was

observed.
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Figure 16A. Attempted Separation of the Analytesth  at were Cleaned up by Ultrafiltration
and LLE Using the ZIC-HILIC Column.
Samples were passed through ultrafilters and the collected filtrates were extracted
with DCM. The final solvent composition was 90 % ACN / H,O. The mobile phase
was 0.1 % FA + 85 % ACN / H,O. Upon centrifugation, the collected water portions
were separated with the ZIC-HILIC column and were analysed in the MS.

However, the peak area counts for Thiamet-G andmitrie-G were higher when
compared to the corresponding peaks observed danialysis of the control sample.
The comparison is reported in Table 13A. A stabtention time was observed for all

the analytes.
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Table 13A. Peak Characteristics of the Analogues of

the Chromatograms in Figure 16A.

Peak Area
Peak
% Matrix Shape of
Analyte gontrcljl glasmla suppression the Plasma
ample ample Sample
(cps) (cps)
Higher in
Thiamet-G 3.96 x 10° 5.06 x 10° 128 % Intensity
Thiambu-G 4.16 x 10° 4.18 x 10° 101 % N/A
Higher in
Thiampro-G 4.05 x 10° 4.70 x 10° 116 % Intensity
Higher in
Thiamme-G 3.54 x 10° 5.65 x 10° 160 % Intensity

In Table 14A, the % recovery data are reported@dh for the samples that have
passed through the ultrafilters followed by exti@cwith DCM (Table a) and the
samples that have just passed through the ulawei({fTable b). By using the same
standard solution for comparison, one can obséaiethe peak area counts obtained for
the control and plasma samples were lower whemesttraction process was carried out
using DCM. Compounds are likely lost during th&rastion process making this process

inappropriate for further development.
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Table 14A. Comparison of Response for the Analogues

Control, and the Plasma Samples.

in the Standard Solution, the

a) % Recovery for Samples (Ultrafiltration + LLE)

Peak Area (cps) % Recovery control % Recovery piasma
Analyte Control Plasma | Control Sample/ | Plasma Sample /
Standard

Sample Sample standard standard
Thiambu-G | 6.04 x 10° | 4.16 x 10° | 4.18 x 10° 68.9 % 69.2 %
Thiampro-G | 6.20 x 10° | 4.05x 10° | 4.70 x 10° 64.8 % 75.8 %
Thiamet-G | 6.58 x 10° | 3.96 x 10° | 5.06 x 10° 60.2 % 76.9 %
Thiamme-G | 6.56 x 10° | 3.54 x 10° | 5.65 x 10° 54.0 % 86.1 %

b) % Recovery for Samples (Ultrafiltration)

Peak Area (cps)

%
Recovery control

% Recovery pasma

Analyte
Control Plasma Control Sample / | Plasma Sample /
Standard S | s |
ample ample Standard Standard
Thiambu-G | 5.59E+05 | 5.28 x 10° | 5.27 x 10° 94.5 % 94.3 %
Thiampro-G | 5.68E+05 | 5.19x 10° | 6.00 x 10° 91.4 % 106 %
Thiamet-G | 5.75E+05 | 4.99 x 10° | 6.27 x 10° 86.8 % 109 %
Thiamme-G | 5.48E+05 | 4.46 x 10° | 7.19 x 10° 81.4 % 131 %
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Appendix A5  Supplementary Results of using Further Sample
Preparation Procedures in Conjunction with Differen t Columns

A5.1  Ultrafiltration + Zip tip  cis

From a plasma sample that was cleaned up by Utitaéifon the collected filtrate
was divided into two portions. One portion wasdily injected onto the analytical
system for the LC-MS/MS analysis, and the othetipomwas further cleaned up using
the Gg ziptip. Chromatogram (A) in Figure 17A was prodddy analysing the filtrate
that was obtained by using only ultrafiltrationorfEhromatogram (B), the samples were

analysed using the portion of the filtrate that father cleaned up using a ziptip.

The two resulting samples have the same final sbls@mposition, and the
analogues have the same final concentrations. @ongpthe two chromatograms side
by side, one can easily observe that the less polapounds, Thiambu-G, Thiampro-G,
and Thiampro-G, are much less intense in chromatog@B). The purpose of cleaning
the filtrate with ziptip was to remove the possiblglrophobic interferences present in
the samples. The results have demonstrated thes@woor recovery of the analytes

after this treatment and this approach was notuaat$urther.
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Figure 17A. Analysis of Zip tip Cartridge Clean up of Analyte Samples.
The final sample composition was 90 % ACN / H,O and analytes were separated
using a ZIC-HILIC column. The mobile phase was 0.1 % FA + 85 % ACN / H,O.
In chromatogram (A), the plasma sample was cleaned up by passing it through an
ultrafilter. In chromatogram (B), the filtrate obtained from the ultrafilter was further
cleaned up by ziptip.

A5.2  Protein Precipitation Followed by the Sigma Hy  brid SPE

A set of control and plasma samples underweneprgrecipitation using ACN
and half of the supernatants from both the cortnol plasma samples were analysed by
LC-MS/MS analyses using a ZIC-HILIC column. Theernatant of the control sample
was labeled as B1 in Table 15A whereas the superhat the plasma sample was
labeled as B3. The remainder of each supernatasnpassed through Sigma Hybrid SPE
cartridges. This SPE cartridge is reported tolide 8o remove phospholipids from
plasma samples[157]. The supernatant from theacmd the plasma samples that

were cleaned up by the SPE cartridges were lalzsl&1 (1) and B3 (1l), respectively.

The peak area responses observed for the praesippiated samples, and the
samples that were cleaned up with the SPE Hybriel &Ptridges, are reported in Table

15A. In Table 16A, a comparison of these peak egsponses are made.
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Table 15A. Analyte Response of Protein Precipitated Samples versus the SPE Hybrid SPE

Cartridges.
Peak Area (cps)
Analyte
Control Sample Plasma Sample Control Sample Plasma Sample
(B1) (B3) (B111) (B3 11)
Thiambu-G 5.26 x 10° 6.62 x 10° 6.06 x 10° 4.44 x 10°
Thiampro-G 5.06 x 10° 7.58 x 10° 4.99 x 10° 4.34x 10°
Thiamet-G 4.87 x 10° 7.54 x 10° 4.66 x 10° 3.99 x 10°
Thiamme-G 4.50 x 10° 6.89 x 10° 6.42 x 10° 7.02 x 10°

In the first column of Table 16A, B1 was comparathviB3 by dividing the peak
area counts of B3 by B1. The reported percentpg®sde insight into the % matrix
effect. These percentages, which were far from%06uggest that ionisation
enhancement is occurring as a result of the clpgrracedure or, alternatively the high
viscosity of the plasma sample caused some samydirngtion in this experiment.
Comparison between B1 (1) and B1 yields % recoyvettyich is a calculation of the
efficiency of the sample extraction process. Tlesaples were not treated with plasma
before the sample extraction process. The % regdoeall the compounds were nearly
100 %, except for Thiamme-G. The high % recoverylhiamme-G suggests that there
might some leaching materials from the cartridgeictv shares the same MRM transition
as Thiamme-G. It is possible the high % matrixeet are caused by leaching of
materials when matrix is present and these migte samilar MRM transitions. Another
way to calculate % recovery is to compare B3 (lithvB3. The recoveries of the
analogues were low. In the last column, B3 (lIsweampared with B1 (I1). By dividing
the peak area responses of B3 (ll) with the pee& sesponses of B1 (1) the % matrix

effect was evaluated. The reported percentagagestithat the ionisation of the
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analogues was poor. In summary, the concentratibtiee analogues were high when
using Hybrid SPE cartridges as a sample cleanalp fthis effect discouraged us from

pursuing this approach further.

Table 16A. The % Matrix Effect and % Recovery.

Analyte B3 vs B1 B1 (ll) vs B1 B3 (Il) vs B3 B3 (Il ) vsB1(ll)
Thiambu-G 126% 115% 67.1% 73.3%
Thiampro-G 150% 98.6% 57.3% 87.0%
Thiamet-G 155% 95.7% 52.9% 85.6%
Thiamme-G 153% 143% 102% 109%

A5.3  Protein Precipitation Followed by Captiva Cart  ridge Clean up

A different SPE method was attempted in combimatvwith protein precipitation.

A set of control and plasma samples was cleanadung Captiva Cartridge after going

through the process of protein precipitation. &nstard solution composed of 10.5 ng/

mL was also prepared to act as a reference stafmlaadalysing the extraction

efficiency and the matrix suppression effect fa filasma sample. In Table 17A, the

peak area responses of the analogues for all samaples are tabulated.

Table 17A. Peak Area Responses for the Analytes.

Peak Area
Analyte Control Sample Plasma Sample Standard (cps)
(cps) (cps)
Thiambu-G 1.52 x 10° 1.48 x 10° 1.71 x 10°
Thiampro-G 1.62 x 10° 1.60 x 10° 1.81 x 10°
Thiamet-G 1.53 x 10° 1.55 x 10° 1.78 x 10°
Thiamme-G 1.20 x 10° 5.85 x 10* 1.59 x 10°
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The % recovery and % matrix suppression are caledland reported in Table
18A. The recoveries of the analytes in the corgaphple are higher than 80 % with
Thiamme-G being the exception. For the case oplhgna sample, the recoveries of the
analogues are similar to the control samples exwgptThiamme-G which is only 37 %.
The % matrix suppression is close to 100 % for Me&G, Thiampro-G, and Thiambu-
G. For the case of Thiamet-G, the % matrix sumoesis reported to be 48.8 %. The
result suggests that either the ionisation of Tleia@® was poor or the cartridge retained

some of this compound.

Table 18A. The % Recovery and the % Matrix Suppress ion of the Captiva Treated

Samples.
% Recovery % Matrix
Analyte
Control Sample Plasma Sample Suppression
(cps) (cps)

Thiambu-G 88.9% 86.5% 97.4%
Thiampro-G 89.5% 88.4% 98.8%
Thiamet-G 86.0% 87.1% 101%
Thiamme-G 75.5% 36.8% 48.8%

When analysing the samples using the Q1 scan, proldems were observed
when using the captive cartridge as the clean uwee Phospholipids were observed in
the plasma sample. Many other ions of unknownimagd identity were observed to
elute prior to the analogues. These observatioggest that the captive cartridge might
not be compatible with the organic mixture, resigtin the leaching of bulk material
from the cartridge. This approach was ultimatégradoned in preference to the

optimized method that was ultimately established.
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Appendix A6 Method Section

A6.1 Method Al: Synergi Fusion Column — 4000 QTRAP  (Figure 2A)

The method was simildo the generic method for the 4000 QTRAP LC/MS
system (See Section 2.5.2) with the following clesng

Instrumentation. The analytical column for the analysis, Phenome3ymergi
Fusion-RP (2.5 pm, 50 x 3 mm ID), was protectea lgyard column (Phenomenex
Security Guard cartridgd, x 3 mm ID). The mobile phase, 0.1% FA sj was
pumped at a flow rate of 200 pL / min for chromasog (A) illustrated in Figure 1A.

The mobile phase for generating chromatogram (B) @va% FA + 5% ACN + bO.

Preparation of Standards. Stock solutions for Thiamet-G, Thiambu-G,
Thiampro-G, and Thiamme-G (conc. = 70000 ng / mkgre prepared separately in
water, 30 pL from each stock solution was addeddter to yield mixed compound
standard solution D (210 ng / mlwhich was stored in an HPLC vial at@ until

required.

Analytical Procedure. 3 pL of standard solution D was injected by the
autosampler of the LC—MS/MS system. With the HRIL@p pumping the mobile
phase, the sample was delivered into the turbspoay ion source. In the acquisition
method, the MRM transitions were set accordingdbl& 2.2, and the dwell time was set
as 200.00 psec. The resolution for Q1 was seuaitimass resolution and Q3 was set to
be low mass resolution. A positive ionisation medes set in the acquisition method,

the other parameters were CUR (30.00 psi), ISPQ4B0V), TEM (150.06C), GS1
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(20.00 psi), GS2 (20.00 psi), DP (50.00 eV), CADD(7psi), EP (6.00 V), CE (32.00 V),

and CXP (10.00 V).

*The stock concentration is approximately (70000 ng- of each analogue).
Throughout the methods, the stock concentratigivisn as approximate for the ease of

discussion.

A6.2 Method A2: Synergi Fusion Column — AP1 2000 (F igure 3A)

The method was simildo the generic method for the APl 2000 LC-MS/MS

system (See Section 2.5.2) with the following clesng

Chemicals and reagents. Reagent grade glacial acetic acid was purchased

from Anachemia.

Instrumentation. The analytical column was same as the one usktihod A
1 (See Section A6.1). The mobile phase, 10 mM@PONH, adjusted to pH 8.3 with
concentrated acetic acid, was pumped at a flowafa2800 pL / min for analysis of the

samples; the MRM chromatogram is shown in Figure 3A

Preparation of Standards. 20 pL of standard solution D, prepared as desdrib
in Method Al (See Section A6.1), was injected ey ahtosampler of the LC-MS/MS
system. With the HPLC pump pumping the mobile ph#tse sample was delivered into
the turbo ion spray ion source. The softwareatet acquisition prior to the injection of
solution D. For the acquisition method, the MREitions were set according to Table
2.2 and the dwell time was set as 200.00 psec.rddwution of Q1 and Q3 was set to be
1 unit mass resolution. A positive ionisation medes set in the acquisition method, the

other parameters were CUR (25.00 psi), ISP (5000)DTEM (100.00°C), GS1 (20.00
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psi), GS2 (40.00 psi), CAD (7.00 psi), DP (31.09 M (200.00 V), EP (9.00 V), CE

(30.00 eV), and CXP (25.00 V).

A6.3 Method A3: Zorbax Eclipse XDB Column — API 200 0O (Figure 4A)

The method was simildo Method A 2 (Section A6.2) with the following

changes:

Instrumentation. The analytical column used for the analysis waggilent
Zorbax Eclipse XDB (5 um, 4.6 x 150 mm). The melghase, 10 mM C{£OONH,;,
pH 8.3, was pumped at a flow rate of 1 mL / mimbtain the data shown in the MRM
chromatogram in Figure 4A (A). For the data shawthe MRM chromatogram
illustrated in Figure 4A (B), the same flow ratesnesed, but the mobile phase was 5 %

ACN /95 % 10 mM CHCOONH,;, pH 8.3.

Preparation of Standards. 2.0 mg of each analogue was weighed out
separately using a 4 decimal place analytical lnagNlettler-Toledo International Inc.)
and transferred into a 2 mL HPLC vial. 1 mL of eratvas pipetted into the vial. The
vial was vortexed until the sample dissolved. Hample, standard solution E, was
roughly 2 mg/mL, and it was not used for exact giaive purposes. The vial was

stored at £C until required.

Analytical Procedure. 1 pL of solution E was injected by the autosamepfehe

API 2000 LC-MS/MS system.

A6.4 Method A4: Hypercarb column — 4000 QTRAP (Figu re 5A)

The method was simildo the generic method used when using a ZIC-HILIC

column for LC-MS/MS analysis (See Section 2.5.4hwine following changes:
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Instrumentation. The analytical column for the analysis was a Thermo
Scientific Hypercarb Column (3um, 3 x 50 mm). T&gradient program is reported in

Table 19A.

Table 19A. LC Gradient Program for Hypercarb Column

RT (min) F'Or‘;"irg‘)‘L / %B
0 600 0
0 600 0

5 600 21.1

5.1 600 94.7

7.1 600 94.7
7.2 600 0
20.1 600 0

Solvent A: 0.1% FA + 5% ACN + H,0, Solvent B: 0.1% FA + ACN

Preparation of Standards. Stock solutions for Thiamet-G, Thiambu-G,
Thiampro-G, and Thiamme-G (conc. = 70000 ng / mejenprepared separately in
water. 200 pL from each stock solution were addeal 10 mL volumetric flask and
made to 10 pL by adding water to yield mixed comqbstandard solution H (200 mM
NH;HCO,, pH 4, conc. = 1400 ng / mL), which was stored 3. Mixed compound
standard solution I (final conc. = 10 ng / )nkas prepared by adding 10 pL from
standard solution H into a 2 mL standard HPLC gaitaining 1390 pL of water and

was stored at AC until required.

Analytical Procedure. 10 pL of standard solution | was injected by the

autosampler of the LC-MS/MS system.
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A6.5 Method A5: MeOH as the Protein Precipitant Usi  ng the TSKgel Column
(Figure 6A)

The method was simildo the generic method for TSKgel-MS-analysis (See

Section 2.5.3) with the following changes:

Chemicals and reagents. HPLC grade MeOH was purchased from Caledon
Laboratories Ltd. Control rat plasma was obtaifnech the animal facility of Simon

Fraser University (Burnaby, BC, Canada).

Preparation of Samples. The plasma sample was prepared by transferring 10
ML of solution A (conc. = 1400 ng / mL), as premghaecording to Method 1 (See Section
2.5.1), into a centrifuge tube. 20 pL of the dassma and 10 pL of water were added to
the tube. After vortexing the tube for 30 sec,tth®e was centrifuged at 5000 rpm for 1
min at room temperature. 360 puL of MeOH was adated precipitant, and the tube was
vortexed for 10 to 30 sec. The tube was centridiuatel 0000 rpm for 5 min at room
temperature. 160 pL of the supernatant was trenesféento a HPLC vial with insert and
the HPLC vial was capped prior to LC-MS/MS analysté extra sample was prepared
by pipetting the remaining supernatant into a HRial and this was stored at -20°C.
The control sample was prepared the same way, etteghe rat plasma was replaced
with water. A blank sample was also prepared uisgsame sample preparation

procedure as the plasma sample, except that solatiwas replaced with water.

Duplicate sets of samples were prepared for baltémtrol, blank, and plasma
samples. The final sample composition of the adrand plasma samples was 90 %

MeOH in KO, and the final concentration of the samples viasd/ mL.
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Analytical Procedure. 10 pL of the plasma sample was injected by the
autosampler for the LC-MS/MS system after the agialgf the control sample has
finished. The 10 pL control sample was analysesd, fiollowed by seven samples, the

SS and plasma samples, and only then the plasmaesam

A6.6 Method A6: ACN as the Protein Precipitant Usin g the TSKgel Column
(Figure 7A)

The method was simildo Method A5 (See Section A6.5) with the following

changes:

Preparation of Samples. Instead of MeOH, ACN was used as the precipitant.
As a result, the final sample composition of thatoal and plasma samples was 90 %

ACN in H,O, and the final concentration of the samples viasd/ mL.

Analytical Procedure. The control sample was analysed first, followedtrge
samples, SS and blank samples, and only then éisenpl sample. Only one set of the

duplicate samples were analysed.

A6.7 Method A7: Q1 Scan Analyses using the TSKgel C  olumn (Figure 8A)

The method was simildo Method A6 (See Section A6.6) with the following

changes:

Analytical Procedure. Instead of using the MRM scan mode, Q1 scan arsalysi
was used. The scanning range used was from 1@h0@o 1000.00 amu. The dwell
time was 3.00 sec. The resolution of Q1 was ongsraait, and the step size was 0.3

amu. The set parameters were the same, excesettiag of the CUR, CAD, and CXP
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were not required for this scan mode. The comsaohple was analysed first, followed by

two samples, SS and plasma blank, and only thepl&sena sample.

A6.8 Method A8: ACN as the Protein Precipitant Usin g the ZIC-HILIC
Column (Figure 9A)

The method was similar to the generic method f@-HBILIC-MS-analysis (see

Section 2.5.4) with the following changes:

Preparation of Samples. The samples were the same samples that were

prepared as described in Method A6 (See Sectiof)A6.

Analytical Procedure. The control sample was analysed first, followecdine
samples, SS and blank samples, and only then éisenpl sample. Only one set of the

duplicate samples was analysed. 10 pL of sampdes imjected by the autosampler.

A6.9 Method A8b: Q1 Scan Analyses using the ZIC-HIL  I1C Column

The method was similar to Method A7 (See Sectiorv A@ith the following

changes:

Preparation of Samples. The samples were the same samples prepared as

described in Method A6 (See Section A6.6).

Analytical Procedure. The control sample was analysed first, followedsby

samples, SS and blank samples, and only then éisenpl sample.

A6.10 Method A9: ACN as the Protein Precipitant wit  h the ZIC-HILIC
Column (Figure 10A)

The method was similar to Method A8 (See SectiorBA®@ith the following

changes:
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Analytical Procedure. The control sample was analysed first, followedaby

plasma blank, and then the plasma sample.

A6.11 Method A10: MeOH as Part of the Mobile Phase  (Figure 11A)

The method was similar to Method A5 (See Sectiorbp@ith the following

changes:

Preparation of Samples. Mixed standard solution K (conc. = 10 ng / mL)swa
prepared by transferring 10 pL from mixed standaidtion J (conc. = 1400 ng / mL,
water) into a standard 2 mL HPLC vial. To thislyi260 puL of MeOH and 130 pL of
H,>O were added to yield solution X with a final solveomposition of 90 % MeOH /
H,O. Standard solution X was stored &C4orior until required. Samples used to obtain
chromatograms (B) and (C) of Figure 10 A were drae samples as chromatograms (A)

and (B) in Figure 6A, respectively.

Analytical Procedure. 4 pL of the solution X was injected by the autoper
for analysis while 10 pL was injected for both dmatrol and the plasma sampléghe
control sample was analysed first, followed bysamples, SS and blank samples, and
only then the plasma sample. Solution X was aedlys a different batch as the control

and the plasma samples. A duplicate set of sam@es also analysed.

A6.12 Method A10b: Q1 Scan Analyses using MeOH as P art of the Mobile
Phase

The method was the sarae described in Method A7 (See Section A6.7).
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A6.13 Method A11: 99.9 % ACN as the Mobile Phase (F igure 12A)

The method was simildo the generic method for TSKgel-MS-analysis column
(See Section 2.5.3) with the following changes:

Instrumentation. The mobile phase was 0.1 % FA + 99.9 % ACN.

Preparation of Samples. The plasma sample was the same sample that was
prepared as described in Method A6 (See Sectiof)AA.0 L of the sample was

injected by the autosampler.

A6.14 Method A12: Ultrafiltration Using the TSKgel Column (Figure 13A)

The method was simildo the generic method for TSKgel-MS-analysis column

(See Section 2.5.3) with the following changes:

Chemicals and reagents. Control rat plasma was obtained from the animal

facility of Simon Fraser University (Burnaby, BCagada).

Preparation of Samples. The plasma sample was prepared by transferring 20
pL of solution A (conc. = 1400 ng / mL), as prembaecording to Method 1 (See Section
2.5.1), into a centrifuge tube. 20 pL of the dassma and 40 pL of water were added to
the tube. After vortexing the tube for 30 sec,tiite was centrifuged at 5000 rpm for 1
min at room temperature. The mixture was transtemto an Ultrafree-MC
5000NMWL (Sigma-Aldrich, USA), which is an ultrdfidtion device having a 5000 Da
cut off size. The ultrafilter was centrifuged @000 x g until a minimal amount of
residue was left (45 minutes). 28 pL of the fikravas taken from the tube and spiked

into 252 uL of ACN. The final sample compositidrtle control and plasma samples
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was 90 % ACN / KO, and the final concentration of the samples vgéisnated to be 20

ng / mL.

140 pL supernatant was transferred into a HPLCwitll an insert. The HPLC
vial was capped and then used for the LC-MS/MSyasimal An extra sample was
prepared by pipetting the rest of the diluteddikrinto a HPLC vial and this was stored
at -20 °C. The control sample was prepared theesaay, except that the rat plasma was
replaced with water. A blank sample was also pexpasing the same sample
preparation procedure of the plasma sample, exbapsolution A was replaced with

water.

Analytical Procedure. 10 pL of the plasma sample was injected by the
autosampler into the LC-MS/MS system after analg&ihie 10 pL of the control sample
had finished. A plasma blank was analysed in betwibe control and the plasma

analyte samples in order to minimize RT deviations.

A6.15 Method A12b: Q1 Scan Analysis (TSKgel Column)

The method was simildo Method A7 (See Section A6.7) with the following

changes:

Preparation of Samples. The samples were the same samples that were

prepared in Method A12 (See Section A6.14).

A6.16 Method A13: Ultrafiltration Using the ZIC-HIL  IC Column (Figure 14A)

The method was simildo Method A8 (See Section A6.8) with the following

changes:

174



Instrumentation. A gradient method was established for the rutalslated in

Table 20A.

Table 20A. LC Gradient Program Gradient Method for  the ZIC-HILIC Column.

Time (min) % B Flow Rate (uL / min)

0 84 300
10.5 84 300
10.8 50 800
12.8 84 800
16.8 84 800
17.1 84 400
18.1 84 400

Mobile phase A was 0.1 % FA + 5 % ACN + H,O and mobile phase B is 0.1 % FA + ACN.

Preparation of Samples. The procedure for the preparation was similar to
method A1l (See Section A6.13), except that thafilter was replaced with Microcon
Ym-3 (Sigma-Aldrich, USA), which has a cutoff size3000 Da. The speed for
centrifugation was 12000 x g. Instead of usingana00 mM NHHCO,, pH 4 (buffer
A) was used to prepare the samples. A 10 ng /tardsrd, solution M, was also
prepared by spiking 10 pL of standard solutionan = 1400 ng / mL, 92 % buffer A/

H,0) into a mixture of solvent comprised of 1260 fIA€N and 130 pL of buffer A.

Analytical Procedure. Two sets of samples were prepared separately and
analysed using the LC-MS/MS. The control sampls armalysed first, followed by a
blank sample, and then the plasma sample. SolMiams run after every three

samples.
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A6.17 Method A13b: Q1 Scan Analysis

The method was simildo Method A8b (See Section A6.9) with the following

changes:

Instrumentation. The setup of the system was same as Method 548 (

Section A6.16).

Preparation of Samples. The samples were the same samples that were

prepared as described in Method A13 (See Sectioh6)\6

A6.18 Method Al14: Ultrafiltration + LLE Using the T  SKgel Column (Figure
15A)

The method was simildo Method A12 (See Section A6.14) with the follogin

changes:

Preparation of Samples. The plasma sample was prepared as described in
Method Al12 (See Section A6.14). The mixture wasdferred into the Ultrafree-MC
5000NMWL. The ultrafilter was centrifuged at 1200 until a minimal amount of
residue was left. 30 pL of water was added ingouftrafilter and centrifugation was
continued until a minimal amount of residue was. |gthis process of recentrifugation
was repeated one more time by adding a furtherL.36f pvater into the ultrafilter. 14 pL
of the filtrate was taken from the tube and spiked 126 L of ACN. The prepared
solution was the plasma sample that was cleandxy wittrafiltration (process # 1). 70
puL was added to 400 pL of DCM to perform LLE. Thixture was vortexed for 5 min.
The tube was centrifuged at 10000 x g. 14 pL efdghpernatant was spiked into 126 pL
of ACN. The resulting solution was the plasma dentipat had been cleaned up using a

combination of ultrafiltration and LLE (process ¥ 2
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The control and a blank sample for both process#dl# 2 were also prepared,
except that the rat plasma was replaced with vwaatdrsolution A was replaced with
water. The final sample composition of the con&modl plasma samples was 90 % ACN

in H,O, and the final concentration of the analogues2@asg / mL each.

A6.19 Method A15: Ultrafiltration + LLE Using the Z  IC-HILIC Column (Figure
16A)

The method was simildo Method A13 (See Section A6.16) with the follogin

changes:

Preparation of Samples. The samples were the same samples that were

prepared in Method Al4 (See Section A6.18).

A6.20 Method A16: Ultrafiltration + Ziptip Using th e ZIC-HILIC Column
(Figure 17A)

The method was similar to Method A15 (See Seot6r19) with the following

changes:

Preparation of Samples. 30 pL of the filtrate that were obtained after
ultrafiltration as described in Method A 14 (Seet®m A6.18) was transferred into a
centrifuge tube. A ziptias was equilibrated with 50 % ACN /.8 three times. The
ziptip was then equilibrated with 0.1 % FA +® The filtrate was pipetted up and down
slowly ten times through the ziptip. The ziptipsasthen cleaned three times with a
solution of 0.1 % FA + BD. The compounds that were bound onto the zip&ipew
eluted by the eluting solution composed of 30 uD.4f% FA + 80 % ACN. The elution
was performed by pipetting the eluting solutionamgl down through the ziptip. The

eluant was dried down completely under vacuum &3530 pL of HO was transferred
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into the collection tube to reconstitute the samflbe tube was capped and vortexed for
30 sec. Followed by 5 min of sonication, the tulas centrifuged at 10000 rpm for 5

min at room temperature. 14 pL of the water mixtwas spiked into 126 puL of ACN.
The resulting solution was the plasma sample thdtdeen cleaned up using a

combination of ultrafiltration and ziptip.

The control and a blank sample were also prep&edame way except that the
rat plasma was replaced with water and solutiona& veplaced with water. The final
sample composition of the control and plasma sasnpées 90 % ACN into $O, and the

final concentration of the analogues was 20 ng /eath.

A6.21 Method Al17: Hybrid SPE Cartridge Using the ZI  C-HILIC Column
(Table 15A and 16A)

The method was similar to Method A9 (See SectiorilBBwith the following

changes:

Preparation of Samples. 6 pL of mixed standard solution J (water as solvent
conc. = 1400 ng / mL) was added into a centrifudpet 12 pL of plasma and 182 uL of
water were also added into the tube. The tubecemasifuged at 5000 rpm for 1 min at
room temperature. 600 pL of ACN that had beenifseitby addition of 10 pL of FA
was added into the tube. After vortexing the tids&? min, it was centrifuged at 14000 x
g for 20 min at room temperature. Half of the snptant was saved for LC-MS/MS
analyses. The other half of the supernatant wdscadnto a Hybrid SPE cartridge.
Vacuum was applied to the cartridge (10 to 15 mm Hdne liquid that was collected
from the outlet of the cartridge was used for asialy A standard solution was also

prepared by spiking 3 pL of solution J into a mietaomposed of 97 pL of water and
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300 pL of ACN. A control and a blank sample wdsagrepared the same way except
that the rat plasma was replaced with water angtisol J was replaced with water
respectively. The final sample composition of ¢batrol and plasma samples was 75 %

ACN in H,O, and the final concentration of the analogues1@as ng / mL each.

A6.22 Method A18: Captiva Cartridge Using the ZIC-H ILIC Column (Table
17A and 18A)

The method was similar to Method A9 (See Secti6rilB) with the following

changes:
Instrumentation. The run time was extended from 10 min to 20 min.

Preparation of Samples. 600 puL of ACN was added into a centrifuge tube,
Tube A. 1 pL of FA was spiked into ACN. 6 pL oixed standard solution H (200 mM
NH4HCO,, pH 4, conc. = 1400 ng / mL), 12 pL of plasma, &a8d pL of water were
premixed together in another centrifuge tube, TBbd& he resulting plasma mixture was
vortexed for 30 sec and then centrifuged at 5080fqgy 1 min at room temperature. The
plasma mixture supernatant was spiked into theurexn Tube A. Upon vortexing the
tube for 2 min, the tube was centrifuged at 140@0for 20 min at room temperature.
Half of the supernatant was dried down under vacaumom temperature and it was

redissolved in 10 % 200 mM NHCO,, pH 4 in 90 % ACN.

The other half of the supernatant was added t€Hpiva cartridge. Vacuum
was applied to the cartridge (5 mm Hg). The liqunat was collected from the outlet of
the cartridge was used for analysis. A standakdisa was also prepared by spiking 3
pL of solution J into a mixture composed of 97 flwater and 300 pL of ACN. The

control and a blank sample were also preparedaine svay, except that the rat plasma
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was replaced with water and solution J was replagtdwater, respectively. The final
sample composition of the control and plasma sasnpés 75 % ACN in O, and the

final concentration of the analogues was 10.5mdy £ach.

Analytical Procedure. 4 pL of the plasma sample was injected by the
autosampler into the LC-MS/MS system after the ymisilof the control sample
(injection volume = 4 pL) has finished. The pladnlenk was analysed in between the
control and the plasma samples. The standard@ojut UL injection volume, was

analysed before the control sample and after thenmh sample.
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