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Highlights

* Repaglinide and metabolite quantitation using droplet based surface sampling
* Bulk extraction of organ homogenates was employed as reference method

» Surface sampling underestimated analyte concentration in thin tissue sections.

» Surface sampling in its current form allows for rapid semi-quantitative analysis.
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Abstract

Herein, quantitation aspects of a fully automated autosampler/HPLC-MS/MS
system applied for unattended droplet-based surface sampling of repaglinide dosed thin
tissue sections with subsequent HPLC separation and mass spectrometric analysis of
parent drug and various drug metabolites was studied. Major organs (brain, lung, liver,
kidney, muscle) from whole-body thin tissue sections and corresponding organ
homogenates prepared from repaglinide dosed mice were sampled by surface sampling
and by bulk extraction, respectively, and analyzed by HPLC-MS/MS. A semi-
quantitative agreement between data obtained by surface sampling and that by
employing organ homogenate extraction was observed. Drug concentrations obtained
by the two methods followed the same patterns for post-dose time points (0.25, 0.5, 1
and 2 h). Drug amounts determined in the specific tissues was typically higher when
analyzing extracts from the organ homogenates. In addition, relative comparison of the
levels of individual metabolites between the two analytical methods also revealed good

semi-quantitative agreement.

Keywords
liquid microjunction, droplet-based liquid extraction, quantitation, autosampler, spatial

distribution, repaglinide.
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1. Introduction

Tissue distribution studies in animals are an indispensable part of the drug
discovery and development pipeline [1]. The information these studies provide is
important for the understanding and prediction of pharmacological target engagement,
toxicological target tissue exposure, and drug disposition.

A number of different technologies are currently used to measure drug and
metabolite distributions directly from tissues. For example, quantitative whole-body
autoradiography (QWBA) [2,3] and matrix-assisted laser desorption/ionization mass
spectrometry (MALDI-MS) [4,5,6] are used to analyze drug dosed thin tissue sections.
High performance liquid chromatography-mass spectrometry (HPLC-MS) is used to
measure these species in whole organ tissue homogenates [1] or in punched thin tissue
sections [7]. However, each of these approaches has analytical shortcomings. QWBA
requires the use of an often expensive radiolabeled drug and it is unable to distinguish
between parent drug and its metabolites. MALDI-MS analysis requires coating the
sample with a chemical matrix prior to MS analysis and it is not well-suited to detect
fragile molecules like phase Il metabolites [5]. In addition, MALDI lacks the capability to
transfer the ablated material for post-sampling processing such as an HPLC separation.
Post-sampling processing is advantageous in dealing with complex sample matrices,
multiple analytes, and/or for separation and identification of isomeric compounds not
distinguishable by MS methods alone. Such is the case when employing HPLC-MS
analysis with the above mentioned punched samples or whole organ tissue
homogenates. The use of HPLC-MS also enables absolute analyte quantitation.

However, HPLC-MS analysis of punched samples and tissue homogenates typically
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requires extensive sample handling, extraction, and cleanup steps. While an
unattended workflow might be employed for this multi-step process using conventional
laboratory preparative schemes and robots, simplifying and speeding up the analytical
workflow is desirable.

Liquid extraction based surface sampling probes [8] have been increasingly
applied with tandem MS (MS/MS) for sampling and detecting drugs [9] and phase
1,[10,11,12] and phase Il metabolites [13,14,15,16,17,18,19,20] directly from animal thin
tissue sections. The rise in interest in this spatially resolved surface sampling/analysis
methodology is due, in part, to the enhanced sensitivity compared to other ambient
surface sampling techniques [21,22], and to the integration with HPLC-MS/MS systems
[16,17,18,19,20,23,24]. Comparative relative quantitation of drug and metabolites
distributions determined by the liquid extraction based surface sampling probes, by
QWBA and HPLC-MS [17], and QWBA and radio thin-layer chromatography [18]
analyses have shown good agreement.

Repaglinide is an insulin secretagogue used in the treatment of type 2 diabetes.
In humans, repaglinide is rapidly absorbed and cleared with a time to maximum serum
concentration of 0.5 hours (oral solution) and a terminal half life of 0.53 hours. A
dicarboxylic acid metabolite, M2, is a major metabolite in humans. Other metabolites
include hydroxylated metabolite M4 and an acyl glucuronide metabolite M7. It is of our
interest to study the tissue distribution of repaglinide in a time scale that is consistent
with its rapid absorption and elimination [25,26]. In this paper, we quantitate repaglinide
and its metabolites in organs of whole-body mice thin tissue sections using a fully

automated droplet-based liquid microjunction surface sampling probe (LMJSSP)-HPLC-
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MS/MS system [16,17,18,19,20,27] and compare those results with quantitation using
HPLC-MS/MS analysis of bulk extracts from organ homogenates. Absolute drug
concentrations obtained by the two methods differed but showed good relative
agreement with concentrations determined generally higher with the organ homogenate
extracts. Reasons for differences observed in concentration values and strategies to

correct for them are discussed in detail.

2. Experimental

2.1. Reagents and materials

Repaglinide (cpd 1) and Cremophor® RH 40 were purchased from Sigma Aldrich

(St. Louis, MO, USA). Repaglinide-d5 (cpd 1a) was purchased from Toronto Research

Chemicals (North York, Ontario, Canada). Blank BALB/c mouse plasma was
purchased from BioreclamationlVT (Westbury, NY, USA). All organic solvents and

water were of HPLC grade or better and purchased from Sigma Aldrich.

2.2. Sample preparation

2.2.1. Mouse dosing

All animals used in this study were handled in accordance with the Guide for the
Care and Use of Laboratory Animals [28]. Before the study initiation, the study protocol
was approved by the Institutional Animal Care and Use Committee. Male BALB/c mice
(n = 4, 18-25 g body weight) were purchased from Hilltop Laboratories (Scottdale, PA,
USA). Animals were fasted overnight (at least 12 h) prior to, and throughout the study

following dose administration. Each mouse received a single oral dose of repaglinide at

6
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1 mg/kg as a solution in 25/75 (w/w) Cremophor® RH 40/water. One mouse per time
point was euthanatized by deeply anesthetizing at 0.25, 0.5, 1 and 2 h post-dose. All
carcasses were frozen at -70 °C dry ice/ethanol bath and stored at -80 °C until required

for embedding.

2.2.2. Preparation of whole-body thin tissue sections for surface sampling
analysis

An individual mouse carcass in a sagittal position was embedded in a chilled 2%
carboxymethylcellulose matrix and mounted on a microtome stage maintained in a dry
ice/ethanol bath at -70 °C. Whole-body sagittal tissue sections of 50 ym thickness were
collected on 845 Scotch® tape (3M, St. Paul, MN) using a cryomicrotome (model Leica
CM3600, Leica Microsystems Inc., Bannockburn, IL) at -20 °C. Sections at various
levels were collected to include the major organs investigated. The sections were dried

in the cryomicrotome at -20 °C for at least 48 h before analysis.

2.2.3. Preparation of liver homogenate thin sections for surface sampling
calibration curve

Liver was homogenized in water (1-to-1 ratio (w/w)) using an Omni TH
homogenizer (OMNI International, Waterbury CT, USA) with final repaglinide
concentration ranging from 50 nM to 5 uM in the homogenate. (Liver tissue was used in
the preparation of calibration standards since its density was similar to the majority of
tissues in the whole-body section.) Holes 2.5 mm in diameter were drilled in a frozen
tofu block (ca. 100 x 50 x 12.5 mm in size, purchased locally) then the liver homogenate

7
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standards were added into the holes while the tofu block was on dry ice. For this
reason, no significant loss of drug to the tofu block was expected during preparation of
the tissue section standards. After the liver homogenates completely froze, the tofu
block was embedded in 2% carboxymethylcellulose matrix at -20 °C and sections of 50
pum thickness were collected on tape and dried in the cryomicrotome at -20 °C for at
least 48 h before the surface sampling analysis. These samples were used to quantify
repaglinide in mouse whole-body thin tissue section samples measured by the surface

sampling system.

2.2.4. Preparation of samples from bulk extraction of organ homogenates

Major organs (brain, lung, liver, kidney, muscle) were excised from each frozen
carcass after preparation of whole-body tissue sections and were stored at -20 °C until
required for homogenization. Each organ was homogenized in water with 1-to-1 ratio
(w/w). Organ homogenates 50 pL in volume were mixed with 50 pL of mouse blank

plasma and 200 pL of acetonitrile (ACN) containing 20 nM of repaglinide-d5 internal
standard (IS, cpd 1a). The resulting samples were mixed well and shaken for 2 min

with a mechanical shaker extensively, then centrifuged for 10 min at 4000 rpm. 240 yL

of supernatants were mixed with 80 uL of water and transferred into a 96-well plate.

2.2.5. Preparation of samples for bulk extraction calibration curve
100 pL of mouse blank plasma samples with repaglinide concentrations ranging
from 0.3 nM to 10 uM were mixed with 200 pL aliquots of ACN containing 20 nM of IS.

The samples were mixed well, shaken for 2 min with a mechanical shaker extensively,
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then centrifuged for 10 min at 4000 rpm. 240 pL of supernatants were mixed with 80 pL
of water and transferred into a 96-well plate. These samples were used to quantify

repaglinide in bulk extraction analysis of organ homogenate samples.

2.3. Sample analysis
2.3.1. Whole-body thin tissue section analysis by droplet-LMJSSP-HPLC-MS/MS
Whole-body and tofu-embedded liver homogenate thin sections were analyzed
using droplet-based LMJSSP-HPLC-MS/MS. Briefly, the tissue section was attached to
a 3 x 4 in. glass slide using double sided tape, and then the glass slide was mounted in
a microtiter plate size “universal” sample holder [15] (Advion BioSciences, Inc., Ithaca,
NY, USA). The optical image of the sample was acquired using a scanner (ScanMaker
3630, Microtek Lab, Inc., Santa Fe Springs, CA, USA) with software developed at
ORNL (LMJ Points Plus® V2.98). After optical image acquisition, the sample section on
the sample holder was placed into a tray of a CTC PAL autosampler (LEAP
Technologies Inc., Carrboro, NC, USA) and the analysis locations in sample were

selected using the same software. An extraction solvent containing 1/1 (v/v) ACN/water

containing 100 nM IS of cpd 1a was used for surface extraction. The extraction solvent

vial was placed in a vial holder which was located in the CTC PAL autosampler. The
surface sampling process was similar to that described previously [16,17,18,27].
Briefly, the autosampler first drew 5 yL of solvent from the extraction solvent vial
followed by switching the syringe needle into surface sampling mode using Wash1,
location of the first washing solution. As illustrated in Scheme 2, then the needle moved

to the section and 5 uL extraction solvent was dispensed onto a previously selected
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surface spot creating a liquid junction of approximately 2 mm in diameter and 100-300
pum in thickness (needle-to-surface distance). After 5 second extraction time, the liquid
was aspirated back into the syringe and the full 5 yL samples was injected onto an
Atlantis® C18 HPLC column (50 mm x 2.1 mm, 3 um; Waters, Milford, MA, USA) for
subsequent HPLC/MS analysis employing a Shimadzu HPLC system equipped with two
LC-10AD VP pumps (Shimadzu Scientific Instruments, Inc., Kyoto, Japan) to deliver the
separation solvents coupled to an 4000 QTRAP hybrid triple quadrupole/linear ion trap
mass spectrometer (AB SCIEX, Concord, Ontario, Canada). HPLC separation solvents
A and B were 100/0.1 (v/v) water/FA and 100/0.1 (v/v) ACN/FA, respectively. The 5-
min-long gradient separation starting from 70% A included the following steps: 0-2.8
min: linear gradient to 10% A; 2.8-3.3 min: 10% A, 3.3-3.4 min: linear gradient to 70% A;
3.4-5 min: 70% A. Solution flow rate was 300 pyL/min.

Selected reaction monitoring (SRM) transitions of m/z 453.3—230.3 (repaglinide,

cpd 1), m/z 458.3—230.3 (repaglinide-d5, cpd 1a), m/z 629.3—435.3 (metabolite M7),

m/z 469.3—246.3 (metabolite M4) and m/z 485.3—262.3 (metabolite M2) were

monitored using positive ion mode ESI with an emitter voltage of 5 kV and employing a
collision energy (CE) of 35 eV and a declustering potential (DP) of 80 V. Dwell time
was 55 ms for each transition monitored. Turbo sprayer heater temperature was 300
°C. Scheme 1 shows the compound structures, mass-to-charge ratio and the origin of

the major product ions monitored in the tandem mass spectrometry measurements.
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2.3.2. HPLC-MS/MS analysis of samples from bulk extraction of organ
homogenates

Samples from bulk extraction of organ homogenates (5 pL of each) were
analyzed using HPLC separation and MS/MS detection conditions identical to that of

mouse whole-body thin section analysis.

3. Results and discussion

3.1. Absolute quantitation of repaglinide in organs from thin tissue sections and
organ homogenates

Figures 1a and b show signal levels recorded during a 5 min HPLC-MS/MS
analysis of a liver sample (0.5 h post dose) for parent drug repaglinide and internal
standard repaglinide-d5, respectively, using droplet-based surface sampling
methodology. Figures 1f and g show signal levels when a homogenate of the same

liver was analyzed by bulk extraction HPLC-MS/MS. Gray sections represent the

retention time (R ranges used for peak integration (R~=1.6-2 min for both 1 and 1a).

Using droplet-LMJSSP-HPLC-MS/MS liver, kidney, muscle, brain and lung at each post-
dose time points (i.e. 0.25, 0.5, 1 and 2 h) were analyzed in triplicate (three thin tissue
sections, one sample location for a given tissue type in each section) and calculated
drug content is shown in Figure 2a. The calculation employed a calibration curve
obtained from analysis of thin sections prepared from liver homogenates with 50 nM - 5
uM repaglinide (see Supplemental Figure S1). Using bulk extraction HPLC-MS/MS
liver, kidney, muscle, brain and lung homogenates were analyzed in duplicates (two

separate extractions each from a given tissue homogenate) at each post-dose time

11



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

points (i.e. 0.25, 0.5, 1 and 2 h) and calculated drug content is shown in Figure 2b. The
calculation employed a calibration curve obtained from analysis of mouse plasma as
matrix and concentrations of repaglinide ranged from 0.3 nM to 10 uM (see
Supplemental Figure S2). Good relative agreement between data obtained by the two
methods was obvious. To better aid quantitative comparison of calculated drug content
obtained using surface sampling and bulk extraction of tissue homogenates, ratios of
corresponding values were calculated and are plotted in Figure 2c. These values were
between 0.1 and 2.1, and in general they indicated that calculated drug content was
lower (ratio<1) when using surface sampling than that using bulk extraction; only two
time points (0.5 and 2h) for muscle and one time point for lung (1 h) exhibited the
opposite trend. Another observation was that ratio values averaged using all time
points for the organs (indicated by the wide empty bars with corresponding error bars in
Figure 2c) was around 0.4 for the more dense tissues (kidney, liver and brain) and
around 1 for the less structured ones (muscle and lung). Good reproducibility among
biological replicates (%RSD<30%) suggested that the source of these observed
concentration differences must have been biological in nature and/or related to sample
preparation and not due to technical/experimental error.

Based on these observations, there are several possible sources of the
quantitative disagreement between the employed methods. First, the calibration curve
used with the surface sampling method was obtained with tissue homogenates and
applied for un-homogenized tissue sections. Most likely, extraction efficiency from
homogenized thin tissue sections used for calibration curve creation were higher than

that from non-homogenized whole-body ones using the current extraction conditions. In
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addition, because correction factors were applied based on the responses from different
tissue homogenates, there could be differential biases in quantitation if extraction
efficiencies are different between each tissue homogenates and real tissue. This bias
seems to be consistent with some tissues (e.g. liver, kidney and brain) but different in
other tissues such as muscle and lung. Interestingly, muscle and lung are both highly
fibrous but contain less lipids [29] than the other tissues investigated. It may be
possible that difference in fiber and/or lipid content could be a source of such differential
bias in tissue extraction although further experiments are needed to confirm such
hypothesis. Nevertheless, applying the given calibration curve for whole-body tissue
sections likely resulted in a tissue dependent underestimation of drug content in the
latter leading to the generally observed lower values with the surface sampling method.
Another source of potential bias is from the relative water content of thin slices between
tofu slices and whole body slices. Although all slices were processed in the same
fashion and dried before analysis, the relative water content was not compared.
Therefore, different water contents were possible between slices and even between
different tissue types on the same slice, resulting in differences in nominal
concentrations in standard curves for tofu blocks therefore biases in quantitative results.
Determination of water content in future experiments might correct for this potential bias
in concentrations. Furthermore, bulk extraction of organ homogenates provided the
average concentration in the amount of tissue used for sample preparation (1 g, that is
about 1 mL of tissue in the current study), while surface sampling analyzed an area of

about 2 mm in diameter, that is about 0.16 pL in volume employing 50-um-thick tissues.
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In other words, true spatial distribution differences in the concentrations of the drug in

the tissues are reflected in the data from the surface sampling based method.

3.3. Relative quantitation of repaglinide metabolites in organs from thin tissue
sections and organ homogenates

In contrast to the analysis of the parent drug, calibration curves were not created
for repaglinide metabolites due to lack of standards. Thus, only relative quantitation of
these compounds was attempted. Figures 1c, d and e show signal levels recorded
during a 5 min HPLC-MS/MS analysis of a liver sample (0.5 h post dose) for repaglinide
metabolites M7, M4 and M2, respectively, using thin tissue sections with surface
sampling. Corresponding signal levels for the same metabolites when homogenate of
the same liver was analyzed by bulk extraction HPLC-MS/MS are shown in Figures 1h, i

and j, respectively. Gray sections indicate R;ranges used for peak integration (R=1.2-

1.6 min for M7, R=1.35-1.75 min for M4 and R=1.85-2.25 min for M2). The integrated

peak areas of all three metabolites were converted into arbitrary concentration values
(c’) shown in Figure 3 using the corresponding calibration curves obtained for the parent
drug above. For these reasons, the obtained ¢’ concentration values should only be
used for relative comparison of the levels of individual metabolites between the two
analytical methods. This comparison shows good relative agreement between data
obtained by the two methods similar to the results obtained for the parent drug. Higher
levels of metabolites were determined using organ homogenates most likely due to

reasons discussed above for the parent drug.
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4. Conclusions

In this paper, we described quantitation aspects of a fully automated droplet-
based HPLC-MS/MS system applied for unattended surface sampling of repaglinide
dosed thin tissue sections with subsequent HPLC separation and tandem mass
spectrometric analysis of parent drug and its metabolites. Good relative agreement for
tissue concentrations of the drug and metabolites was obtained with the two methods.
In almost all cases, however, the specific tissue concentrations determined were higher
when using organ homogenates compared to selected spot sampling of regions within
the thin tissue sections of the same organ. This observation was attributed to the
calibration curve used with the surface sampling method being obtained with tissue
homogenates and applied for un-homogenized tissue sections. Most likely the
extraction efficiency from a tissue section was lower than that of a homogenized tissue
thus the calibration curve resulted in the underestimation of drug content and
consequently in the observed lower values with the surface sampling method. In
addition, spatial distribution of repaglinide (and metabolites) presumably affected their
concentrations obtained by the two methods due to different volumes sampled by them.

Based on the results of this work, future studies on absolute quantitation using
the droplet-based surface sampling system will focus on extraction strategies to achieve
100% extraction efficiency (i.e., recovery) of targeted analytes from thin tissue sections.
This path will involve comparative quantitation of thin sections by direct surface
sampling and by bulk extraction of tissue punches only a few mm in diameter of
adjacent thin sections. This methodology would allow the evaluation of extraction

efficiencies without spatial distribution of the analyte of interest affecting the results.

15



333

334

335

336

337

338

339

340

341

342

343

Acknowledgements

W.C., LW., and J.G. would like to thank Mr. Markus Fancher and the Technical
Support Unit at Bristol-Myers Squibb for assistance in animal handling and dosing.
Support for V.K. and G.J.V.B. was provided through a Cooperative Research and
Development Agreement with Sciex (CRADA NFE-10-02966). The software package
LMJ Points Plus© V2.98 was previously developed with support from the U. S.
Department of Energy, Office of Science, Basic Energy Sciences, Chemical Sciences,
Geosciences, and Biosciences Division. ORNL is managed by UT-Battelle, LLC for the

U.S. Department of Energy under contract DE-AC05-000R22725.

16



344

References

[1] B.L. Ackermann, M.J. Berna, J.A. Eckstein, L. W. Ott, A.K. Chaudhary. Current Applications of Liquid
Chromatography/Mass Spectrometry in Pharmaceutical Discovery after a Decade of Innovation, Ann.
Rev. Anal. Chem. 1 (2008) 357-396.

[2] E.G. Solon, S.K. Balani, F.W. Lee, Whole-Body Autoradiography in Drug Discovery, Current Drug
Metabolism 3 (2002) 451-462.

[3] Food and Drug Administration; www.fda.gov, 1005; 21CFR312.23

[4] S. Khatib-Shahidi, M. Andersson, J.L. Herman, T.A. Gillespie R.M. Caprioli RM, Direct Molecular
Analysis of Whole-Body Animal Tissue Sections by Imaging MALDI Mass Spectrometry, Anal. Chem.
78 (2006) 6448-6456.

[5] M. Stoeckli, D. Staab, A. Schweitzer, Compound and Metabolite Distribution Measured by MALDI
Mass Spectrometric Imaging in Whole-Body Tissue Sections, Int. J. Mass Spectrom. 260 (2007) 195-
202.

[6] A. Walch, S. Rauser, S-O. Deininger, H. Hofler, MALDI Imaging Mass Spectrometry for Direct Tissue
Analysis: a New Frontier for Molecular Histology, Histochem. Cell Biol. 130 (2008) 421-434.

[7] J.A. Masucci, A.D. Mahan, J.D. Kwasnoski, G.W. Caldwell, A Novel Method for Determination of Drug
Distribution in Rat Brain Tissue Sections by LC/MS/MS: Functional Tissue Microanalysis, Current
Topics Med. Chem. 12 (2012) 1243-1249.

[8] G.J. Van Berkel, S.P. Pasilis, O.S. Ovchinnikova, Established and Emerging Atmospheric Pressure
Surface Sampling/lonization Techniques for Mass Spectrometry, J. Mass Spectrom. 43 (2008) 1161-
1180.

[9] I. Lanekoff, M. Thomas, J.P. Carson, J.N. Short, C. Timchalk, J. Laskin, Imaging Nicotine in Rat Brain
Tissue by Use of Nanospray Desorption Electrospray lonization Mass Spectrometry, Anal. Chem. 85
(2013) 882-889.

[10] D. Eikel, M. Vavrek, S. Smith, C. Bason, S. Yeh, W.A. Korfmacher, J.D. Henion, Liquid Extraction
Surface Analysis Mass Spectrometry (LESA-MS) as a Novel Profiling Tool for Drug Distribution and
Metabolism Analysis: the Terfenadine Example, Rapid Commun Mass Spectrom. 25 (2011) 3587-
3596.

[11] E.Q. Blatherwick, G.J. Van Berkel, K. Pickup, M.K. Johansson, M.E. Beaudoin, R.O. Cole, J.M. Day,
S. lverson, I.D. Wilson, J.H. Scrivens, D.J. Weston, Utility of Spatially-Resolved Atmospheric
Pressure Surface Sampling and lonization Techniques as Alternatives to Mass Spectrometric
Imaging (MSI) in Drug Metabolism, Xenobiotica 41 (2011) 720-734.

[12] S. Schadt, S. Kallback, R. Almeida, J. Sandel, Investigation of Figopitant and its Metabolites in Rat
Tissue by Combining Whole Body Autoradiography with Liquid Extraction Surface Analysis Mass
Spectrometry, Drug Metab Dispos. 40 (2012) 419-425.

[13] G.J. Van Berkel, V. Kertesz, K.A. Koeplinger, M. Vavrek, A.T. Kong, Liquid Microjunction Surface
Sampling Probe Electrospray Mass Spectrometry for Detection of Drugs and Metabolites in Thin
Tissue Sections, J. Mass Spectrom. 43 (2008) 500-508.

17


http://www.fda.gov

[14] G.J. Van Berkel, V. Kertesz, Application of a Liquid Extraction Based Sealing Surface Sampling
Probe for Mass Spectrometric Analysis of Dried Blood Spots and Mouse Whole-Body Thin Tissue
Sections, Anal. Chem. 81 (2009) 9146-9152.

[15] V. Kertesz, G.J. Van Berkel, Fully Automated Liquid Extraction-Based Surface Sampling and
lonization using a Chip-Based Robotic Nanoelectrospray Platform, J. Mass Spectrom. 45 (2010) 252-
260.

[16] V. Kertesz, G.J. Van Berkel, Liquid Microjunction Surface Sampling Coupled with High-Pressure
Liquid Chromatography-Electrospray lonization-Mass Spectrometry for Analysis of Drugs and
Metabolites in Whole-Body Thin Tissue Sections, Anal. Chem. 82 (2010) 5917-5921.

[17] V. Kertesz, G.J. Van Berkel, Automated Liquid Microjunction Surface Sampling-HPLC-MS/MS
Analysis of Drugs and Metabolites in Whole-Body Thin Tissue Sections, Bioanal. 5 (2013) 819-826.

[18] V. Kertesz, N. Paranthaman, P. Moench, A. Catoire, J. Flarakos, G.J. Van Berkel, Liquid
microjunction surface sampling of acetaminophen, terfenadine and their metabolites in thin tissue
sections, Bioanal. 6 (2014) 2599-2606.

[19] G.J. Van Berkel, V. Kertesz, Continuous-Flow Liquid Microjunction Surface Sampling Probe
Connected On-Line with High-Performance Liquid Chromatography/Mass Spectrometry for Spatially
Resolved Analysis of Small Molecules and Proteins, Rapid Commun. Mass Spectrom. 27 (2013)
1329-1334.

[20] V. Kertesz, T.M. Weiskittel, G.J. Van Berkel, An Enhanced Droplet-Based Liquid Microjunction
Surface Sampling System Coupled with HPLC-ESI-MS/MS for Spatially Resolved Analysis, Anal.
Bioanal Chem. 407 (2015) 2117-2125.

[21] W. Rao, A.D. Celiz, D.J. Scurr, M.R. Alexander, D.A. Barrett, Ambient DESI and LESA-MS analysis
of proteins adsorbed to a biomaterial surface using in-situ surface tryptic digestion, J. Am. Soc. Mass.
Spectrom. 24 (2013) 1927-1936.

[22] M. Montowska, W. Rao, M.R. Alexander, G.A. Tucker, D.A. Barrett, Tryptic digestion coupled with
ambient desorption electrospray ionization and liquid extraction surface analysis mass spectrometry
enabling identification of skeletal muscle proteins in mixtures and distinguishing between beef, pork,
horse, chicken, and turkey meat, Anal. Chem. 86 (2014) 4479-4487.

[23] P. Abu-Rabie, N. Spooner, Dried Matrix Spot Direct Analysis: Evaluating the Robustness of a Direct
Elution Technique for use in Quantitative Bioanalysis, Bioanal. 3 (2011) 2769-2781.

[24] K. Heinig, T. Wirz, A. Gajate-Perez, Sensitive Determination of a Drug Candidate in Dried Blood
Spots using a TLC-MS Interface Integrated into a Column-Switching LC-MS/MS System, Bioanal. 2
(2010) 1873—-1882.

[25] V. Hatorp, Clinical Pharmacokinetics and Pharmacodynamics of Repaglinide, Clin. Pharmacokinet.,
41 (2002); 471-483.

[26] J. Gan, W. Chen, H. Shen, L. Gao, Y. Hong, Y. Tian, W. Li, Y. Zhang, Y. Tang, H. Zhang, W. G.
Humphreys, A. D. Rodrigues, Repaglinide-Gemfibrozil Drug Interaction: Inhibition of Repaglinide
Glucuronidation as a Potential Additional Contributing Mechanism, Br. J. Clin. Pharmacol., 70 (2010),
870-880.

18



[27] V. Kertesz, D. Calligaris, D.R. Feldman, A. Changelian, E.R. Laws, S. Santagata, N.Y.R. Agar, G.J.
Van Berkel, Profiling of adrenocorticotropic hormone and arginine vasopressin in human pituitary
gland and tumor thin tissue sections using droplet-based liquid-microjunction surface-sampling-
HPLC-ESI-MS-MS, Anal. Bioanal. Chem. DOI 10.1007/s00216-015-8803-2, Published online June
18, 2015.

[28] National Research Council 1996
[29] M Jain, S. Ngoy, S. A. Sheth, R. A. Swanson, E. P. Rhee, R. Liao, C. B. Clish, V. K. Mootha, R.

Nilsson, A Systematic Survey of Lipids Across Mouse Tissues, Am. J. Physiol. Endocrinol. Metab..
306 (2014) E854-E868.

19



Figures

Quantitation of Repaglinide and Metabolites in Mouse Whole-
Body Thin Tissue Sections using Droplet-Based Liquid
Microjunction Surface Sampling-HPLC-ESI-MS/MS

Weiqgi Chen’, Lifei Wang', Gary J. Van Berkel?, Vilmos Kertesz**> and Jinping
Gan*'

! Pharmaceutical Candidate Optimization, Bristol-Myers Squibb Research and
Development, Princeton, NJ 08543
2 Organic and Biological Mass Spectrometry Group, Chemical Sciences Division,
Oak Ridge National Laboratory, Oak Ridge, TN 37831

Submitted for publication in Journal of Chromatography A for special issue on the subject
of Mass spectrometry: innovation and application

*Corresponding authors:
JG: 609-252-7885 VK: 865-574-3469

Email: jinping.gan@bms.com Email: kerteszv@ornl.gov

Running Title: Quantitation of Repaglinide by droplet-LMJSSP-HPLC-MS/MS
Schemes: 2

Figures: 3

This manuscript has been authored by UT-Battelle, LLC under Contract No. DE-AC05-000R22725 with the U.S.
Department of Energy. The United States Government retains and the publisher, by accepting the article for
publication, acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, world-
wide license to publish or reproduce the published form of this manuscript, or allow others to do so, for United
States Government purposes. The Department of Energy will provide public access to these results of federally
sponsored research in accordance with the DOE Public Access Plan (http://energy.gov/downloads/doe-public-

access-plan).


mailto:jinping.gan@bms.com
mailto:kerteszv@ornl.gov
http://energy.gov/downloads/doe-public

|
\/\ ,\O

(M + H)* = m/z 453.3

cocaemc
JJ\/E~:[ m/z
o 453 3

M7
(M + H)* = m/z 629.3

m/z
262.3

(M + H)" = m/z 458.3

J?VC[COOH
A/?\IH O

N

m/z
246.3

OH M4
(M + H)* = m/z 469.3

NH
L_~_COOH

M2

(M + H)* = m/z 485.3

Scheme 1.

Structure, mass-to-charge ratio, and origin of major product ions for

repaglinide (1), repaglinide-d5 (1a), repaglinide acyl-glucuronide (M7), 3'-hydroxyl

repaglinide (cpd M4) and 2-despiperidyl-2-(5-carboxypentylamine repaglinide)

(M2).



()

L Jp— ) (c) A i

|

LTI

LTI T

|
[TITT]

IR RENENE

I

|
I
B
]

LTI

IIIIH

<

Liquid
Sample junction

\ 10(\];300ym /
N column
From

e
e

Scheme 2. Schematic of the surface sampling process including (a) the
positioning of the syringe needle 100-300 um above a defined surface spot, (b)
dispensing a discrete volume of extraction solvent onto a surface creating a liquid
junction between the needle and the surface, (c) dissolution of the analyte in the
extraction solvent, (d) the liquid is drawn back into the syringe needle after a
predefined extraction time, (e) the liquid is loaded into the sample loop and (f)

injected for a consecutive HPLC-MS analysis.
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FIGURE CAPTIONS

Figure 1. Signal levels recorded during a 5 min HPLC-MS/MS analysis for (a,f)
parent drug repaglinide (cpd 1), (b,g) internal standard repaglinide-d5 (cpd 1a),
and metabolites (c,h) repaglinide acyl-glucuronide (cpd M7), (d,i) 3'-hydroxyl
repaglinide (cpd M4) and (e,j) 2-despiperidyl-2-(5-carboxypentylamine repaglinide)
(cpd M2) obtained using thin tissue sections with surface sampling and traditional
tissue homogenates extraction, respectively. Gray sections show the time ranges
used for peak integration: R=1.6-2 min for 1 and 1a, R~=1.2-1.6 min for M7,
R~=1.35-1.75 min for M4 and R=1.85-2.25 min for M2.

Figure 2. Averaged tissue concentration of repaglinide (cpd 1) obtained using (a)

thin tissue sections and surface sampling and (b) traditional tissue homogenates
extraction at (filled bars) 0.25 h, (empty bars) 0.5 h, (hatched bars) 1 h and (cross
hatched bars) 2h after dose in various organs. (c) Ratios of concentrations shown
in (a) versus those presented in (b), with average ratios and standard deviations

indicated by wide empty bars and error bars for the individual organs.

Figure 3. Averaged relative concentration of metabolites M7, M4 and M2 in liver

obtained using (a) thin tissue sections and surface sampling and (b) traditional
tissue homogenates extraction at (filled bars) 0.25 h, (empty bars) 0.5 h, (hatched

bars) 1 h and (cross hatched bars) 2h after dose.
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Icpd 1/|cpd 1a

Figure S1. Average of the ratio of integrated SRM signal of repaglinide (cpd 1,
50nM-5 uM in liver homogenate thin section) and that of repaglinide-d5 (cpd 1a,
0.1 uM in 5 uL of 1/1 (v/v) ACN/water extraction solvent) (I¢pd 4/ lcpd 1a) @S @ function
of concentration of 1 (¢). The data was analyzed using a least-squares regression

with line going through the origin and fit the model of lcpq 4/ lepd 12 = 1.284 €

(r’=0.999).



Figure S2. Average of lcpq 4/ lepd 12 (PUlk extracted from mouse plasma spiked with
0.3nM-10 uM of 1, see Experimental section for details on extraction) as a function
of original concentration of 1 in plasma (c¢). The data was analyzed using a least-
squares regression with line going through the origin and fit the model of | ¢pg 4/ lcpd

1a = 3.948 ¢ (r’=0.998).
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