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Advanced Applications

Hydrophilic Interaction Liquid
Chromatography (HILIC) and

Book Review | NEws & AN

‘Having a printed book in one’s hands is always an opportunity for the imagination,
and if the book is pleasant and very useful, it's the best of these.

Since Alpert 1] coined the term hydrophilic
interaction liquid chromatography (HILIC)
to define the highly efficient chromatographic
separation of very polar molecules that rakes
place through the interaction between an aque-
ous organic mobile phase and a polar station-
ary phase, the technique has been fine tuned,
and accounts of many of its applications have
been published.

In this information field, I commend the excel-
lent effort of Perry G Wang (Research Chemist,
Office of Regulatory Science, US FDA) and
Weixuan He (Associated Director, Product and
Process Development, at Meda Pharmaceuticals),
who compiled and edited the state-of-the-art
in their book Hydrophilic Interaction Liquid
Chromatography (HILIC) and Advanced
Applications, published by CRC Press (Taylor &
Francis Group, Boca Raton, FL, USA, 2011).

This is a well-organized piece that takes us
through 23 chapters ranging from the most
basic concepts up to the very specific applica-
tions developed for recognized scientific teams
who make contributions to the book.

Chaprers 1, 2, 3, 11 and 17 offer the basic
concepts for understanding HILIC, compar-
ing diverse aqueous normal-phase chroma-
tographies with true HILIC, explaining the
relationship between log k* and percentage
organic volume in the mobile phase, using
the calculation of log D for choosing internal
standards during method development, giving
a point of view on ion-exchage chromatography
as well as HILIC, exposing the effects of buffer
concentration and temperature on HILIC per-
formance, and describing the retention and
selectivity of several polar phases.

Although the book is nort divided into sec-
tions, its organization allows us to realize that
chaprers are grouped by similar items. Chaprers
4, 5 and 6 afford advanced applications in the
food and safery field; che separation of proan-
thocyanidins and other plant pelyphenols,

the use of HILIC for checking final qual-
ity, nutrients and the safety of diverse food
products, and toxic analysis episodes during
seafood consumption.

Material on environmental applications,
included in Chapters 7 and 8, explores the search
for pesticides and drugs in wastewater and soil.

For all of those who love clinical applications,
Chapters 9 and 10 delve into the hard work of
biological sample processing previous to HILIC
and depict the effort of scientists employing
this type of chromatography for selecting and
quantifying a huge variety of biomarkers for
several diseases. Chaprer 18 introduces us to
the cumbersome analysis of very polar drugs for
pharmacokinetic purposes.

In Chapters 12 through 16, five research
groups describe their works in the field of
pharmaceutical applications. HILIC has become
a solution for the analysis of polar impurities
during R&D and for the characterization of very
polar acid or basic drugs. On these pages, two
examples of HILIC-UPLC are shared: analysis
of joversol and of hydrazine-based mildronate.

Two special chapters are included for bio-
chemical applications (Chapters 19 and 21):
the separation of very hydrophilic mono- and
di-phosporylated nucleotides, and the separation
of carbohydrates.

Finally, and to avoid the idea that HILIC
is solely for small molecules, Chaprers 20, 22
and 23 are presented in the area of proteomics.
HILIC has been utilized for the characterization
of post-translational protein modifications such
as glycosylation and phosporylation.

The great amount of applications included
that have coupled HILIC with MS is not sur-
prising, and there are several physicochemical
reasons for this. First, the high percentage of
organic solvent — usually acetonitrile — used
in the mobile phase decreases viscosity, with
a consequent decrease in pressure, Thus, high
flow-rates can be used, rendering shorter run
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Bioequivalence of 250 mg lysine clonixinate
tablets after a single oral dose in a healthy
female Mexican population under fasting

conditions
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Abstract. Objective: To evaluate the bio-
equivalence between two 250 mg-tablets of
lysine clonixinate, Dorixina Forte® (Sieg-
fried Rhein, México) as reference product,
and Prestodol® (Farmaceuticos Rayere, S.A.,
Meéxico) as test formulation. Methods: 26
healthy adult female Mexican volunteers re-
ceived a single oral dose of 250-mg lysine
clonixinate under fasting conditions. The
drug was administered following a random-
ized, two-period, two-sequence, cross-over
design. Twelve serial blood samples were
collected up to 8 h after dosing, and clonixin
(CLX) was measured by ultra-performance
liquid chromatography (UPLC) coupled with
tandem mass spectrometry. Decimal loga-
rithm values of C,, and area under the curve
(AUC) were used to construct a classic confi-
dence interval at 90% (90% CI). Bioequiv-
alence was established if 90% CI of mean ra-
tios (test/reference) fall within the 0.8 — 1.25
range. Results: Volunteers formed a homoge-
neous population in terms of age (27.2 + 6.3
years), weight (55.9 + 6.5 kg), height (1.6 =
0.04 m), and body mass index (BMI) (22.91 =
2.03 kg/m?). Reference formulation exhibited
the following pharmacokinetics: C,,. (32.39
+ 8.32 pg/ml); t,, (0.64 £ 0.2 h); AUC g
(48.92 £ 16.51 pg.h/ml); t;5 (1.3 £ 0.24 h);
CLqpy (564199 Vh), and Vd,,, (10.222.91).
Concerning bioequivalence, PQPE) CI were:
C o (82.32-98.79), AUC, , (94.59 — 106.29),
and AUCy_;,;(94.61 — 106.42), with a statisti-
cal power of > 0.90 at every tested interval.
Conclusions: This single-dose study found
that both 250-mg immediate-release tablets
of lysine clonixinate met the Mexican regula-
tory criteria for bioequivalence in these vol-
unteers.

Introduction

Clonixin (CLX) is an anti-inflammatory
non-steroidal analgesic drug without narcotic

effects (NSAIDs) that belongs to the
fenamates family; its salt, lysine clonixinate
(Chemical Abstracts Society (CAS) registry
no. 55837-30-4) is an amorphous white pow-
der soluble in organic solvents. It is used to re-
lieve middle to severe episodes of dental pain
[11], dysmenorrhea [3], post-operative pains
[2], and migraine [10].

The mechanism of action of CLX relies on
the blunting of 5-lipoxygenase with dimin-
ishing in the synthesis of the pro-inflamma-
tory S-HETE [6], and it has also been reported
that CLX exerts an inhibitory effect on the ex-
pression of nitric oxide synthase (NOS) in-
duced, which participate during inflammation
[5]. This selectivity of CLX in 5-lipoxygenase
over cyclooxygenases may explain the lack of
effect on platelet number and function during
its therapeutic use associated with common
NSAIDs [9].

Pharmacokinetic data of CLX are suc-
cinct. The {irst attempt to determine the meta-
bolic pathways of CLX in humans employed
the tritium-labeled drug [8]. It showed three
main metabolites both in plasma and urine:
5-OH-clonixin; 4"-OH-clonixin and
2"-ethoxyclonixin. Erratic values of plasma
concentrations have been previously reported
following an intravenous (I'V) dose of lysine
clonixinate solution in 10 children post-sur-
gery [7]. These authors reported a distribution
volume of ca. 1.3 I/kg, and a dose-dependent
elimination half-life between 30 and 50 min.
Serum concentrations were quite similar be-
tween IV and oral administration after 45 min
post-dose; and areas under the curve were
also similar, demonstrating high degree of
bioavailability by oral route,
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Development of an ultra-performance liquid

chromatography—tandem mass spectrometry
micromethod for quantification of lamotrigine in human
plasma and its use in a bioequivalence trial

Background: The aim of the present work was to develop a chromatographic technique coupled with mass
spectrometry for the measurement of lamotrigine in plasma. Lamotrigine and guanabenz (internal standard) were
measured by selected reaction monitoring. The method was validated and applied in a bioequivalence trial on
26 female volunteers. Lamotrigine chewable tablets (100 mg) were administered and monitored for up to 96 h.
Results: The method was linear between 0.05 and 5.0 pg/ml, with acceptable stability, accuracy and precision. Mean
maximum plasma concentration was |.37 pg/ml and was reached at 1.6 h postdose. Elimination half-life was 32.7 h.
Conclusion: Lamotrigine tablets were bioequivalent. Ultra-performance liquid chromatography with tandem mass
spectrometry represents a powerful tool in terms of sensitivity, specificity and high-throughput analysis.

Lamortrigine (LMT; 3,5-diamino-6-[2,3-
dichlorophenyl]-1,2,4-triazine; Figure 1) is

drug that has been used for
over 20 years in the clinical treatment of sev-
eral types of tonic—clonic seizures in adults,
and in the Lennox—Gastaur syndrome in chil-
dren. Recently, LMT has also been utilized
in the trearment of bipolar disorders and as a
mood stabilizer. The molecular mechanism of
LMT effects might lie in inhibition of synaptic
release of glutamate by regularing the recovery
of inactivated sodium channels 1.

Lamotrigine is a lipophilic weak base
(pKa = 5.7) that is totally absorbed from the
gastrointestinal tract and metabolized pre-
dominantly by glucuronidation. It exhibits an
elimination half-life berween 24 and 35 h, with
a plasma peak time at approximately 2 h. It has
been reported that following a single oral dose
0f 200 mg of LMT, plasma concentrations up
to 2.5 pg/ml were reached 2.

Depending on the purpose of the technique
(therapeutic drug monitoring in children or
in pregnant women, pharmacokinetics or
drug—drug interactions), several methods
have been developed for LMT quanrification
in biological fluids. One of the first tech-
niques reported using 50 pl, is based on high-
performance liquid chromatography (HPLC)
with ultravioler (UV) detection employing
liquid—liquid extraction [3]; however, these
authors failed to mention the selectivity of
the technique regarding LMT metabolites.

an antiepileptic

Recently, several methods based on HPLC—
UV were published, with the inconvenient lack
of selectivity associated with this detection
type. In addition, some of these methods of
LMT extraction involving direct precipitation
of plasma proteins have long running times
due to the necessity to separate other molecules
in the same sample [45], or implies the use of
solid-phase extraction [6-9). Recently, an auto-
mated, rapid and sensitive HPLC—-UV method
has been reported using column-switching for
online sample cleaning [10]. At present, HPLC
coupled with mass spectrometry (MS) has been
recognized as the gold standard for measure-
ment of drugs and their metabolites in a very
sensitive and specific manner. Initial attemprs
to measure LMT by HPLC-MS utilized very
small amounts of plasma, either by direct pre-
cipitation [11] or by solid-phase extraction [12];
nonetheless, these maintained long running
times and failed to increase sensitivity due to
LMT monitoring in ‘single ion monitoring’
mode. The coupling of ultra-performance
liquid chromatography with tandem MS
(UPLC-MS/MS) dramatically increased the
bioanalytical possibilities by creating a rapid,
sensitive and specific analytical tool.

Thus, the aim of the present work was to
develop a method for plasma quantification
of LMT by means of the employment of small
amounts of sample based on UPLC-MS/MS
and in a non-time-consuming fashion, and its
further application in a bioequivalence trial.
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