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The Role of Chromatography

in Bioanalytical Studies

by The Disinterested Analyst

The accurate determination of the concentration of a drug candidate and it’s resulting metabolites in biological fluids plays an
essential in the drug discovery, preclinical and clinical development programs. The drug concentration values determined are
used to calculate the pharmacokinetics properties of the candidate drug molecules; such as Area Under the Curve (AUC), T 1/2,
Cmax and elimination constant. In discovery these values are used to select the most promising candidate compound, from a
library or parallel synthesis experiment, to be carried forward into development. In development the pharmacokinetic values
derived from both DMPK and safety assessment studies are used to provide evidence of the dosed compound exposure, (in

safety assessment studies) evaluate the effect of increased drug dosing on compound exposure and estimate the appropriate
dose to be used in the initial human clinical trails. At this point the metabolism of the compound in mammalian species, such as

rat, dog and mouse is also extensively studied and accurately defined. Again this requires the accurate measurement of drug and

metabolite concentrations; normally performed using a radio labelled isotope of the drug. During the initial phase | clinical
studies the derived drug concentration values are used to determine the pharmacokinetics and exposure of the drug in health

human volunteers. As these values are used to measure the effect of increased exposure to the drug and give guidance to the

clinical team with respect to the next dose, rapid assay turnaround is required to deliver results in a 24 hour time period or less.

As the early dosing in man is at extremely low levels the assay must have sufficient sensitivity to accurately determine the
elimination phase of the pharmacokinetics curve if correct values for half-life, AUC and elimination constant are to be determined.

Liquid chromatography coupled to UV [ or
sometimes fluorescence or electrochemical
detection 23 has been successfully employed
to support drug discovery, development and
clinical trial studies. However the need to
complete analyte resolution from the
endogenous components in biological
matrices resulted in run times in the order of
20-40 minutes which in turn limited the ability
to provide fast turn round of results. Whilst the
use of fluorescence and electrochemical
detection provided assays in the low ng/mL
and pg/mL level when the analyte chemistry
allowed, the majority of the time assay
sensitivity was limited to the mid ng/mL level.
The use of solid phase extraction allowed an
analyte pre-concentration with a clean up step,
simultaneously improving assay robustness
and increasing sensitivity to the low ng/mL
range . In general, with highly potent
compounds dosed at very low levels, assay
sensitivity could become a limiting factor for
project progression. To develop a method
with the required sensitivity for these low
dosed compounds or compounds with low
circulating levels such as inhaled products
could take a significant amount of laboratory

time with derivitization schemes being

required in order to impart the necessary
chemical properties upon the analyte
molecule to allow for detection by a more
sensitive technique; fluorescence being the
most popular 4. An alternative approach
sometime adopted is the use of radio immuno
assay (RIA) this approach, which involves the
growing of antibodies to the drug molecule
(normally using a host such as the sheep) can
be very sensitive. Although sensitive RIA does
have several limitations which have limited its
utility namely, lack of specificity via cross talk,
poor linear dynamic range and most
importantly the time taken to raise the
antibodies and develop the methodology 7.
The development of the atmospheric pressure
jonisation (API) source in the late 1980's
allowed the direct interfacing of liquid
chromatography with mass spectrometry 8.
The use of mass spectrometry as a detector
imparted several critical benefits on liquid
chromatography . The orthogonal nature of
mass detection allowed for an added degree
of specificity into the analytical process; the
use of selected ion monitoring (SIM) or
multiple reaction monitoring (MRM) reduced
the need for complete resolution of analytes in
the chromatography method allowing for

shorter run times. The versatility of the
detection process removed the need for
compound derivitization, or the need for
antibody generation making method
development faster. Finally the overall
detection process was more sensitive than UV
(and in most cases fluorescence and
electrochemical detection) allowing for lower
limits of sensitivity 9. As previously
mentioned, the specificity of the MS detection
process allowed shorter analytical run times,
higher assay throughput and chromatographic
methods requiring less resolution ', Indeed
some scientists even removed the
chromatography process completely
performing on-line SPE with small cartridges
packed with chromatographic material. Raw
plasma was diluted and injected on to the
extraction cartridge where it was washed with
buffer and organo-aqueous mixtures to
remove endogenous material before elution
using an organic solvent. The resulting eluent
from the SPE process was directed into the
mass spectrometer ' without employing any
further LC separation. This methodology
allows for simple rapid analysis of
pharmaceutical compounds in plasma or
serum with total analysis times of just 5-8




minutes from sample extraction to result with
sensitivities in the low ng/mL range.

This approach was further simplified by
replacing the small cartridges used in the on-
line SPE process with short analytical columns
(1 x 50 mm) packed with large diameter
chromatographic material (30-50 um). Like the
on-line approach the serum/plasma samples
were diluted with aqueous buffer and injected
onto the chromatographic column which was
then eluted with a rapid 1 minute gradient and
flow rates as high as 5 mL/min (see Figure 1).

P ;
1]
I
|
) |
f!
i i
£ | f I'|
'%I__Lr‘-_i.'l"._ﬂ 1T

Figure 1. Sample chromatograms of blank plasma (top) and of
plasma spiked with standard at 5 ng/ml (bottom).
Chromatographic conditions: Column Explorer Turbo-C18 (50
x 1T mm, 50 m); mobile phase a 0-95% acetonitrile gradient
from 0 to 0.9 mins; temperature 40 °C, injection volume 50 pl.

Reproduced from reference 13

This approach, sometimes called Turbulent
Flow LC, allows for assays with analysis times in
the region of 1 minute 314, Further
multiplexing of the columns with a MUX
interface to the MS allowed for the processing
of 8 samples every two minutes 9. Attractive
though this approach initially appears it
suffered from some serious drawbacks. The
high volumetric flow rates employed required
that most of the column eluent be directed to
waste, reducing assay sensitivity. Most assays
reported using this approach were in the 5-10
ng/mL range. The most severe drawback of
this approach however is the lack of
chromatographic resolution. As reported by
Jemal et.al. [16] this lack of resolution can
produce inaccurate results if the target analyte
is not resolved from drug metabolites present
in the sample. Metabolites such as N-oxides
and glucuronides are thermally labile and can

NAC G 31 SINEA de ) Tros 26 4 i vt $O0FEN LA

| Peak resulting

from conjugate
degradation to |
aglycone

Ly 15

NIV of <1 SIM 2 el friem 400 sinu froen g0 0

Intensity. cps

| it
T, imin

m/z = 268

Figure 2. Extracted ion chromatograms for the analysis of AZT and AZT-glucuronide. Reproduced from reference 17.
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Figure 3. The use of solid phase extraction to remove co-eluting ions in a bioanalytical assay. Reproduced from reference 21.

be converted to the aglycone in the MS source.
Without chromatographic resolution this will
means the metabolite signal is
indistinguishable from the analyte in the mass
spectrometer, even with the specificity of
MS/MS detection. This effect was also
observed by Ayrton et.al. for the analysis of AZT
and AZT glucuronide in plasma ['”) (see Figure
2). Here they clearly demonstrated how this
lack of resolution compromised the assay’s
performance. The authors solved this problem
by replacing the high particle size column with
a silica monolith, although the flow rate was still
in the region of 4 mL/min and required flow
splitting into the MS source. The extra
resolution of the monolith material completely

resolved the two analytes and allowed the

direct injection of plasma onto the column.
These on-line approaches remain a viable
option for bioanalysis. Throughput is excellent
and for assays where low levels of detection are
not required they provide an attractive
approach. The small column diameter available
for the monolith technology combined with
their 4-5 pm particle like LC performance make
these, in the opinion of the author the best
option for direct plasma analysis.

The drive for improved productivity and faster
analysis time had forced the bioanalytical
scientist to trade off sensitivity and specificity
with throughput. The drive for more sensitive
assay had mainly focussed upon the
performance of the mass spectrometer and
the impact of the chromatography process on
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sensitivity was not fully exploited. However the
benefits of the chromatography process on
assay sensitivity are well known. In the late
1990's Jorgenson showed how sub 2 pm
particle LC operated at elevated pressures
could be used to provide higher resolution
separations with greater sensitivity [18]. The
latest generation LC technology has allowed
the chromatographic performance of sub 2 pm
particle LC to be fully exploited. Whilst these
sub 2 pm particle materials have been
commercially available since the early 2000's ['%,
their true chromatographic potential was not
truly realised until dedicated LC systems
became available offering higher pressure
capabilities, reduced delay volumes and
optimised dispersion characteristics 9. The
LC/MS community was quick to take advantage
of the extra resolution generated by these sub
2 pm LC systems, using the narrow
chromatographic peaks generated to improve
MS sensitivity and reduce analysis times [21]
(e.g. Figure 3). Indeed, of over 400 papers
published on this sub 2 ym chromatography
the vast majority relate to MS and MS/MS
analysis. The higher throughput assays allowed
by these materials was illustrated by Hayes et.
al. . In this paper they showed how analysis
times can be reduced by a factor of 2-3 whilst
improving assay sensitivity by a factor of at least
2. The assays robustness was demonstrated to
be at least as good as that obtained with
conventional HPLC/MS/MS. Houghton and
Grace reported that with good laboratory
practices over 3000 injections of protein
precipitated plasma can be obtained in each
LC column 1. The benefits of the resolution
obtained from these smaller particle columns
was also illustrated by Houghton and Grace.
They showed how the extra separation power
was used to resolve the analyte of interest from
unexpected co-eluting endogenous compound
(and also resolution of related geometric
isomers) in an epidemiological study to
increase the number of analytes quantified.
Over the last 3 years there have been several
FDA discussion documents and guidelines
relating to bioanalysis and bioanalytical assays.
These documents have focussed on three
major areas i) matrix effects, ii) incurred sample
reanalysis and iii) metabolites in safety testing
(MIST). All of these factors have an influence
on bioanalytical challenges faced by today’s
scientists working in this field. It is well known
that the sample matrix can significantly
influence the sensitivity and robustness of a
method 4. The co-elution of endogenous
components in the matrix, particularly the
phospholipids present in plasma can result in
jon suppression which in turn can reduce assay
sensitivity and precision. Solid phase extraction

has been exploited to remove these interfering

Figure 4. The resolution of an interfering matrix peak from the alprazolam analyte by changing chromatographic conditions. The

initial 10 pg/mL and plasma blank are shown in chromatograms A and B. The improved separation with new chromatography

condlitions are shown in C and D, with the blank and 0.5 pg/mL blank
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Figure 5. Sub 2 um LC/MS/MS of propranolol metabolites from in vitro incubation. The peak at 4.1 minutes is the propranolol

peak, the peak at 2.8 minutes is the hydroxy metabolites and the peaks at 2.2, 1.8 and 1.5 are the hydroxy-glucuronide metabolites.

Reproduced from reference 25.

compounds and improve assay sensitivity
(Figure 3). In this example the assay sensitivity
was limited to 10 pg/mL using simple protein
precipitation due to an interfering matrix peak.
By employing an SPE process the assay
sensitivity was improved by removing the
interfering matrix peak. In this case the matrix
effect and analyte response were simultaneously
monitored using MRM and full scan MS
detection. However solid phase extraction
alone can not necessarily always address the
matrix issues encountered in developing a high
sensitivity example. As illustrated in Figure 4
changing the LC conditions can often be
sufficient to address this issue. In this case
varying the organic modifier allowed the assay
sensitivity to be lowered by resolving the analyte
of interest from a interfering matrix peak.

The recent regulatory guidelines relating to
drug metabolites in safety testing has placed
greater emphasis on resolving and detecting
metabolites during bioanalytical studies.
Recent publication by Leclercq et.al. discussed
the importance of metabolite resolution from
the parent compound and from each other 2,
In this paper they pointed out that incomplete
resolution of isobaric metabolites could cause
needless extra work to be carried out. As

pointed out by Leclercq, the extra resolving
power of sub 2 pm particle LC can address this
issue without having to resort to longer analysis
times or more complex method development.
The data displayed in Figure 5 shows how the
high resolution of these small particles allows for
the complete resolution of the metabolites of
the beta-blocker propranolol in just 5 minutes.
Here we can see that the three hydroxy-
glucuronides are clearly resolved, allowing for
accurate determination of their concentrations.
As the science of bioanalysis continues to the
evolve and react to new challenges from
regulatory guidelines, new compound classes
and smaller sample sizes (e.g. from tail bled
rodent studies), the role and application of
chromatography will continue to evolve. As we
look to the future we can expect to see that the
use of chromatography will play a major role in
delivering high sensitivity highly specific and fast
analysis. The role of microscale separation may
become more important as the sample size is
reduced. The use of micro separations devices
on a cartridge or integrated device may allow
bioanalysis to be moved into the clinic. This will
allow fast turnaround of results and remove the
need for costly sample transfer. This will
become especially important in epidemiological




studies where the samples run into the tens of
thousand per year. As the importance of
detecting metabolites, impurities and co-
administered compounds increases the need for
higher resolution will increase the drive for more
efficient separation processes (longer columns
or smaller particles). Supercritical fluid LC holds
the potential for high resolution, fast sample
analysis and could well be the key to solving
these issues as well as dramatically reducing
solvent usage and disposal costs.
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