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Abstract

Mass Spectrometry Imaging is an effective technology that allows to determine the in-situ
distribution of endogen and/or exogen small molecules. It is a rapidly emerging approach for
visualizing drugs and their metabolites within biological tissues. Matrix-Assisted Laser
Desorption lonization (MALDI) Mass Spectrometry Imaging (MSI) coupled to high resolving
power analyzer (e.g. TOF) was already investigated for metallodrug localization and
metabolization studies, but was proved to suffer from a lack of sensitivity and resolution,
leading to poor coverage and assignment. To counter these technological limitations, the use of
ultra-high resolving power analyzer such as Fourier Transform lon Cyclotron Resonance
(FTICR) could be revealed as a technique of choice. The high field FTICR MS provides ultra-
high resolving power and mass accuracy that allows exhaustive molecule coverage and non-
ambiguous molecular formula assignments. Platinum derivatives, such as oxaliplatin, are
widely used as therapeutic agents for cancer treatment. The assessment of their intake,
distribution and metabolism within the organs is important to know the risks associated with
their use. In this study, MALDI FTICR MSI analyses were performed to better understand the
penetration and metabolization of platinum derivatives in ovaries of women treated by
Hyperthermic Intraperitoneal Chemotherapy (HIPEC) for peritoneal metastasis of colorectal or
appendicular origin. Twelve ovary sections, from six ovary samples in six women donors,
before and after treatment, were analyzed with 120 um spatial resolution. For the first time, the
high resolving power (220,000 at m/z 457) and sub-ppm accuracy (< 1 ppm) of the FTICR
combined with an Isotopic Fine Structure study enabled to distinguish two Pt-isobaric species
derived from oxaliplatin in biological tissues. One of these, which is unknown, was specifically

localized at the contour of the ovary.

Keywords : Mass Spectrometry Imaging; MALDI-FTICR ; ovary ; platinum metabolites ; HIPEC ;
Isotopic Fine Structure
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1. Introduction

Mass Spectrometry Imaging (MSI) has entered the field of tissue-based research. It is an
effective technology that allows to determine the in-situ distribution of endogen and/or exogen
small molecules. Introduced by Caprioli et al [1], MSI using Matrix-Assisted Laser
Desorption/lonization Time-Of-Flight (MALDI-TOF) technology has become an appropriate
alternative to radioactive labeling, to visualize simultaneously initial drug distribution and their
metabolism in specific tissues or whole animal body [2]. This became possible by spatially
imaging the mass to charge (m/z) ratios of molecules to generate molecular pictures of the tissue
[1]. Currently, application of MALDI MSI in drug research and development has attracted
intense attention from the pharmaceutical industry [3, 4]. MALDI imaging is complementary
to more conventional optical imaging techniques (such as histology, fluorescence, RAMAN
microscopy, Xray spectroscopy [5]) and lies in its label-free, unparalleled chemical information
and spatially resolved detection. In this way, the MSI technique is raising interest, especially in
clinical research, for various kinds of applications like drug biodistribution and metabolization
studies. However, it must be noted that the use of Formalin-Fixed Paraffin-Embedded (FFPE)
tissues is not recommended for metabolite studies (loss and delocalization of the metabolites
during the washing steps), which may reflect a limitation of this technique regarding the large
FFPE samples library. This limitation is of less importance for MSI of proteins, more robust to

FFPE sample preparation steps. [6, 7]

In particular, platinum-based drugs play an important role in cancer treatment [8, 9]. Given the
clinical use of these drugs, evaluation of their intake, distribution and metabolism within organs
and/or tumors is important to study the efficacy, metabolization and the fate of the drug in the

organism. Various methodological developments for the imaging of this metal-based anti-



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

cancer compound as Pt-metallodrugs in biological samples were improved in the last years [10].
The main analytical tools for MS-based metallodrug imaging related in the literature are SIMS-
MSI, LA-ICP-MSI and MALDI-MSI. These three techniques can be compared in term of
sensitivity, spatial resolution and type of analytes detected. While SIMS-MSI and MALDI-MSI
are useful in providing molecular information on the drug metabolites, they suffer from a lower
sensitivity than LA-ICP-MS [10-12]. Indeed, LA-ICP-MS technique is very sensitive (platinum
detection around ng/mg of tissue [13]), offers a spatial resolution of 1 um, does not require
chemical derivatization of the sample, allows for FFPE sections analysis but does not allow
molecular characterization of the metallodrug. Besides, SIMS-MSI offers the best spatial
resolution (100 nm) with a sensitivity up to 0.1 pg/mg of tissue [5] for elemental and molecular
fragments while MALDI-MSI provides the visualization of biomolecules leading to molecular
information on intact drug species formed, at the um scale. However, MALDI-TOF MSI [14]
shows low sensitivity (picogram level detection) for platinum compound detection due to poor
ionization of metallodrugs in comparison to LA-ICP-MSI. As detailed below, MALDI-MSI

limitations can be overcome thanks to FTICR instruments instead of TOF analyzers.

Nowadays, oxaliplatin is the most administrated anti-cancer drug of all platinum based-
treatments and the study of its metabolization, as oxaliplatin-methionine complex metabolite,
is of great interest (formulas shown in Figure 1).

° |

V

NH, O
2/
Pt
o AN
'NH,

Chemical Formula CgH,4N,O,Pt
Exact Mass: 397.0601
Oxaliplatin

o

NH2NH OH
N/
Pt
v AN
"INH, S

CH;

Chemical Formula C44H»3N3;0,PtS
Exact Mass: 456.1159
Oxaliplatin-methionine
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Figure 1: Structural formulas of oxaliplatin and oxaliplatin-methionine.

Indeed, a MALDI TOF-MSI approach has been previously developed to study the distribution
of oxaliplatin in rat kidney, in which platinum-containing compounds were detected as
complexes that might be attributed to oxaliplatin-methionine and oxaliplatin-cysteine [15].
These findings were complemented by a combined MALDI-TOF and LA ICP-MS imaging in
which the presence of platinum drugs was confirmed in human tumors [16] and in ovaries [13]
from HIPEC treated patients. However, in many cases, in vivo administrated drugs can be more
difficult to analyze than endogenous small molecules due to their low abundance (ng/mg of
platinum in the ovaries [13]) and due to the ionization competition phenomenon with more
abundant and more easily ionizable molecules. In addition, the mass resolution of the TOF MS
instruments (typically between 20,000 to 50,000) may not be sufficient to separate all isobaric
species in the absence of prior chromatographic separation [17]. Consequently, in some cases,
it is not possible to evidence the presence of some species when high abundance isobars are
present. Therefore, it is difficult to precisely identify individual signal in MSI spectra and
resulting MS/MS experiments are the combination of fragments from several isobaric precursor

ions [18].

The MALDI-TOF-MSI tool limitations [13] can be overcome with the use of ultra-high
resolution mass analyzer such as Fourier Transform lon Cyclotron Resonance (FTICR) MS
[19-21]. High resolution instruments are defined by a resolving power, Full Width at Half
Maximum (FWHM), above 10,000 [22] whereas ultra-high resolution analyzers provide a
resolving power above 200,000 [17]. Thus, the FTICR MSI at high magnetic field provides
high mass accuracy (< 1 ppm) and ultra-high resolving power (> 200,000) enabling the
separation of most isobaric species. In addition, the resolution obtained during FTICR MS

tissue imaging is very suitable for unambiguous molecular formula attribution taking advantage
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of the Isotopic Fine Structure (IFS) [17-19, 23-26]. Therefore, this technique is of great interest
for exhaustive analysis, rapid and precise annotation of compounds in biological samples [27]
and already have proved its merit for MALDI imaging analysis of biological tissues in terms of
resolving power, mass accuracy and dynamic range [27].

In this way, the objective of this study was to investigate the insight of MALDI-MSI coupled
to FTICR analyzer for the visualization and the identification of oxaliplatin and its potential
metabolites in human ovary surgically resected from woman treated with HIPEC for a
peritoneal carcinomatosis. Briefly, peritoneal carcinomatosis is a common extension of colon
cancer whose recurrence is characterized by the multiplication of tumor nodules on the
peritoneum. HIPEC is one of the most recent treatments enabling a significantly improved
survival of the patients. It consists in a local application of a high concentration of warmed anti-
cancer Pt-metallodrugs, such as oxaliplatin, through the peritoneal cavity [28-31]. In treated
women, the intra peritoneal location of ovaries raises the possibility for their contamination
with the Pt-drug [13]. Thus, the objective of the related clinical work is to optimize oxaliplatin
distribution to tumoral nodules issued from peritoneal metastasis during the HIPEC while
limiting its diffusion to adjacent organs like ovaries in order to preserve fertility. The eventual
contamination of the ovaries has been studied in this work. As a result, the analyses of 12 ovary
sections before and after treatment enabled to highlight the presence of a Pt-metabolite on the
outskirts of the organ. The ultra-high mass accuracy and resolution of the FTICR analysis
combined with the study of IFS allowed to determine with a high level of confidence the

molecular formula of this Pt-containing metabolite, derived from oxaliplatin.

2. Materials and Methods

2.1. Reagents and chemicals
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Acetonitrile (ACN) and water quality grade LC-MS were purchased from Fisher Scientific
(Loughborough, UK). a-Cyano-4-hydroxycinnamic acid (CHCA) matrix, and trifluoroacetic
acid (TFA), were purchased from Sigma-Aldrich (S' Louis, US). Sodium trifluoroacetate
(NaTFA, Sigma-Aldrich, St Louis, US), at a concentration of 0.1 mg mL™* (ACN/H20 50/50
(v/v)) was used as external calibrant before each analysis. Oxaliplatin-methionine was prepared
by reacting Eloxatin solution (1.3mM) with the amino acid methionine (1.3mM) in
physiological buffer (23mM NaHCO3z, 5mM NaH2PO4, pH7.4) at 37°C under 5% CO. for 24h.
All chemicals and solvents for this reaction were purchased from Sigma Aldrich (St. Louis,

MO. USA) [15].

2.2. Tissue collection
For this prospective study, all patients gave written informed consent before the procedure, and
the institutional review board approved the study, which was performed in accordance with the
ethical standards of the Helsinki Declaration of 1975. Six ovary samples were surgically
removed from women donors diagnosed with colorectal peritoneal carcinomatosis before and
after HIPEC treatment of the peritoneal tumoral nodule with oxaliplatin drug. Clinical patient’s
data and HIPEC treatments were previously published [13]. Briefly, the patients in this group
presented peritoneal metastasis of colorectal (4 patients) and appendicular (2 patients) origin.
The appendicular origin was low grade appendiceal mucinous neoplasm (LAMN) [32]. The
two entities were included as the HIPEC protocol is similar, based on the administration of
oxaliplatin. The prognostic of the two entities, however, is quite different with a median overall
survival (OS) of 41.7 months for the patients with peritoneal metastasis of colorectal origin,
while it is of 196 months for patients with LAMN [32, 33]. The difference of prognosis of these
patients has no impact on the results of the current study that aims to detect penetration of the

ovaries. This latter aspect can be highly important for the female patients that have fertility
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projects that are compatible with the long survival of some of these patients [34]. For each
donor, one ovary was removed before HIPEC treatment and used as a reference sample for
MALDI-FTICR MSI. The ones removed after treatment were used to image the drug
localization and to identify the drug metabolite. In addition, one peritoneal tumoral nodule
section was also sampled for analysis. The samples were frozen in liquid nitrogen and stored at
-80°C until analysis.
2.3. Tissue preparation for MALDI FTICR imaging

Fresh frozen 10 um ovary sections were obtained with a Microm HM 550 cryotome (Thermo
Scientific, Germany) using -18°C and -20°C temperatures for the specimen and the chamber
respectively. Sections were mounted on conductive Indium tin oxide (ITO)-coated slides
(Bruker, Bremen, Germany, 75x50 mm) and stored at -80°C. Before analysis, the slides were
first taken back at room temperature for 1h in a desiccator. CHCA matrix solution (5 mg mL™*
in ACN/H20 70/30 (v/v), 0.1% TFA) was applied to the tissue sections with an automatic
microsprayer HTX TM-Sprayer (HTX Imaging, Chapel Hill, NC, US) with the following
parameters: flow rate 100 pL min™, number of passes 12, track spacing 2 mm, nozzle
temperature 85°C, nozzle velocity 1200 mm min, N pressure 10 psi and N flow rate 2 L min

1 Slides were dried under vacuum before analysis.

2.4. Mass spectrometry instrumentation
MALDI imaging analyses were performed on a FTICR instrument (solariX XR, Bruker,
Bremen, Germany) equipped with a 12 Tesla superconducting magnet and a dynamically
harmonized ICR cell. This instrument is equipped with both laser desorption ionization source
(smartbeam 11, 1 kHz Nd:YAGx3 laser at 355 nm, Bruker) and an electrospray ionization (ESI)
source. Mass spectrometric analyses were performed in positive ion mode in the mass range

m/z 150-1000. Each MALDI mass spectrum for each position is the result of 250 consecutive
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laser shots. Spectra were acquired with a 120 um spatial resolution. The analytical resolution is
220,000 at m/z 457.

Before each image acquisition, external calibration was performed in positive ion mode by
NaTFA infusion via ESI source. Internal calibration of the MALDI mass spectra was then
performed by assigning known metabolites in the mass range m/z 150-1000. During the image
acquisition, an auto-calibration was performed assigning CsH14NO4P (m/z 184.07332, [M+H]",
phosphocholine), C10H7NO3z (m/z 399.03778, [2M+K]*, matrix peak), C2sHsoNO7P (m/z
496.33977, [M+H]*, lipid), Ca7H7sN206P (m/z 675.54355, [M+H]*, lipid), Ca2Hg2NOgP (m/z
782.56703, [M+Na]*, lipid), C4sHsoNOsP (m/z 820.52531, [M+K]", lipid).

Data size was set at 2 million points for a transient length of 0.87 s and mass spectra were
acquired with a 97% data file reduction. All images were acquired with the FTMS control and
FlexImaging (v 5.0, Bruker, Bremen) softwares. Images were processed with SCiLs Lab Pro
software (Bruker Daltonics, Bremen, Germany).

To unambiguously determine the molecular formula of the compound of interest, the IFS was
evaluated by accumulation of 20 scans on the region of interest by zone profiling. Molecular
formulas were generated using Bruker Data Analysis, considering the following elements and

limits (Co-20H0-4000-10No-10S0-4Pto-1) with m/z errors < 1 ppm.

3. Results and discussions

3.1. Pt localization inside ovary tissues
The aim of the study is to localize and identify by MALDI-FTICR MSI analysis the
administrated Pt-drug and/or its metabolites after HIPEC treatment of the peritoneal metastasis
in adjacent ovarian tissue section. Mass spectrum of a Pt-containing compound has a
characteristic isotopic profile, characterized by the m/z values of each isotope. This profile is

due to the presence of the three most abundant platinum isotopes namely 1°*Pt, %Pt and 1%pt
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with respective relative abundance of 32.9%, 33.9% and 25.9%. For the 6 patients, one ovary
was removed before HIPEC treatment (reference tissue) and the other one after treatment.
Overall, 12 ovary sections were analyzed. Due to the high number of detected metabolites (more
than 1,200 peaks for an ovary tissue analysis), the isotope profile of Pt-compounds is difficult
to detect. To evidence Pt-containing compounds, a non-targeted search of discriminating m/z

values was carried out between the sections before and after treatment, with SCiLS software.

Before HIPEC Afterl—[IPEC

m/z 45610324 Voot .

m/z 457.10551

m/z458.10570

Intonsity (arb. unf)
—

0% 100%

Figure 2: MALDI FTICR MSI of ovary tissues before and after HIPEC treatment.
Visualization of discriminative values at m/z 456.10324, m/z 457.10551 and m/z 458.10570.
Spatial resolution of 120 um.

In Figure 2, MALDI FTICR MS images show a peripheral location of a discriminative
compound at three m/z values, m/z 456.10324, m/z 457.10551 and m/z 458.10570, which do not
correspond to the original oxaliplatin compound (m/z 397.0653, m/z 398.0675, m/z 399.0679).
The same peripheral distribution could indicate that they are from the same molecule.

Moreover, the nominal masses of these three m/z values are separated by one mass unit, which

could reflect the presence of the platinum isotopic profile.

3.2. Determination of molecular formula of peripheral Pt-based compound by FTICR
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With ultra-high resolution instruments, the molecular formula of a compound can be
determined thanks to a high mass accuracy and to an isotopic pattern study [24]. To get a higher
signal to noise ratio and therefore better define the isotopic structure, 20 spectra were

accumulated in the peripheral regions of the tissue.

The three detected masses at m/z 456.10324, m/z 457.10551 and m/z 458.10570 did not
correspond to the oxaliplatin ion. With a mass difference of 40 ppm, this species is an isobar of
the oxaliplatin-methionine complex C11H23N302SPt (Figure 1, Table 1) described in the study
of Bouslimani et al. [15]. The resolution, around 20,000, and mass measure precision,
difference of 0.06 Da, would not have been sufficient in this study to differentiate the two
isobars. Thus, to validate the presence of another compound than oxaliplatin-methionine in
these tissue sections, drops of 1 pL of this complex were deposited at the tissue peripheries. As
shown in Figure Si, the FTICR high resolution (220,000 at m/z 457.12309) enabled to
distinguish these two isobaric species. The overall internally calibrated mass spectrum showed
an average error of 0.133 ppm in the mass range m/z 150-1000. From this accurate mass
measurement, the molecular formula of oxaliplatin-methionine complex was confirmed
(*2C111H25'*N3°0,%2S1%°Pt) with a mass accuracy of 0.453 ppm. This statement was reinforced
by the analysis of a section from a peritoneal tumoral nodule itself, resected after HIPEC.
Results, shown in Figure Sz, highlight the presence of three oxaliplatin-methionine complex
isotopes (Table 1) as previously described [15], with respective errors of 0.145 ppm, 0.060 ppm
and 0.388 ppm. As shown in Figure Ss, the other platinum complex at m/z 457.10551 was also
visualized in these tissues after HIPEC treatment with the presence of the three co-localized

isotopes 194Pt, 195Pt, and 1%pt.

Pt (M) 9Pt (M+1) 9Pt (M+2)
[MHI*  [M#HI+ [MeH]+

Oxaliplatin
12Cg'H14N,°04Pt 397.065314  398.067522  399.067585

Oxaliplatin-methionine  456.121055 457.123297 458.123319




12C111H2314N31602328Pt

263 Table 1: Theoretical m/z values of the isotopes M (***Pt), M+1 (***Pt) and M+2 (*Pt) for
264 oxaliplatin and oxaliplatin-methionine complex.

265

266  The use of high field FTICR analyzer, providing high mass accuracy and resolution, was
267  demonstrated to be essential for the unambiguous differentiation of these isobaric compounds,

268  which reveals the presence of a platinum-derivative at the contours of the ovary.

269 In the ovary tissue sections mass spectra, the molecular formula of the ion of interest was
270  determined from the monoisotopic peak, calculated by using the most abundant isotope of each
271 element (m/z 457.10551 for 1%Pt). Then, the molecular formula of this compound was precisely
272 determined by study of the IFS. In major cases, mass spectrometry studies have to consider
273 atomic isotopes that play an important role in the atomic elucidation of a compound. Generally,
274  each element has one most abundant isotope (such as *?C) and others with minor abundance
275  (such as *3C). These low abundance isotopic peaks can be separated from other isobaric
276  isotopologues when working at sufficiently high resolution, thus facilitating the atomic
277  composition determination [27]. Primary, the high mass accuracy of the spectrum considerably
278  reduced the number of possible molecular formulas especially for Pt-containing compound. The
279  monoisotopic peak detected at m/z 457.10551 had 3 candidate formulas, namely C10H19N30sPt,
280  Cu1H1sN7OPt and C11H23N3S2Pt, at respective mass errors of —1.86, 1.09 and 0.06 ppm (Table
281  2). The mass accuracy of each isotopologue (containing *%4Pt, 1%Pt and 1%Pt) and their relative
282 intensity were compared to the theoretical mass spectra, generated at the same resolving power
283  as the experimental mass spectrum (220,000). All m/z values and relative intensities of the

284  clearly resolved isotope peaks are listed in Table 2.

194pt (M) 195pt (M+1) 196pt (M+2)

12C10'"H19*N30sPt  456.10243 (87%) 457.10466 (100%) 458.10472 (68%)
2C14'H15N7%OPt  456.10376 (87%) 457.10601 (100%) 458.10604 (68%)
12C 11 H23MN3%S,Pt - 456.10330 (87%) 457.10554 (100%) 458.10555 (68%)

Theoretical m/z (relative
abundance)




Experimental m/z (relative 456.10324 (93%) 457.10551 (100%) 458.10570 (70%)

abundance)
12 1 14 16 _ _ _
Errors between theoretical Cio"Hig™NsOsPt 1.78 1.86 2.19
and experimental values 12C11H15MN7*OPt 1.15 1.09 0.736
(Ppm) 12C111HysMN3%2S,Pt 0.125 0.06 -0.319

285  Table 2: Theoretical and experimental m/z values and relative abundance (%) of the isotopes
286 M (***Pt), M+1 (**°Pt) and M+2 (*%Pt) for the determined raw formulas CioH1oN3OsPt,
287  CuiH1sN7OPt and C11H23NsS2Pt of the unknown compound with associated m/z errors.

288  Figure 3 shows the complete pattern spectra containing the M (***Pt), M+1 (}%°Pt) and M+2
289  (*°°Pt) isotopes for the experimental analysis and the simulated patterns with an expanded
290 window of the monoisotopic peak M+1. For the three molecular formulas, the three isotopes
291  are present in the spectra with excellent mass accuracies (Table 2). The experimental relative
292  abundances are adequate with the theoretical ones with 93%, 100% and 70% for M, M+1 and
293  M+2 isotope, respectively. The precise identification was therefore performed by studying the
294  IFS of the M+2 isotope showing three resolved isotopologues. As shown in Figure 4, for each
295  molecular formula, we observed a peak generated by 'C substitution (m/z 458.10796 for
296 12Co3C1MH19MN3%05%Pt, m/z 458.10930 for 12C10*3C1 H15MN7°0%Pt and m/z 458.10882 for
297 12C10"C1 H23'*N3%S,1%Pt). The experimental one is observed at m/z 458.10853. For
298  Ci11H23N3S2Pt, the peak observed at m/z 458.09909 is produced by a S substitution. This peak
299 s also encountered in the experimental profile at m/z 458.09967 which proves the presence of
300  sulfur in the compound. The peak caused by a **S substitution (m/z 458.09909) is resolved from
301 the peaks caused by a %Pt substitution (m/z 458.10555) and a °°Pt'*C substitution (m/z
302  458.10882). This isotope study also confirmed the presence of platinum. This IFS confirmed
303  the molecular formula C11H23N3S2Pt that does not fit with the oxaliplatin-methionine compound
304 previously reported to be identified in rat tumoral kidney tissue and in tumoral peritoneum
305 tissue [15]. Consequently, we could confirm the presence of oxaliplatin-methionine in tumoral
306  peritoneum tissue but not in the ovary tissue sections from the treated women, implying that

307 the Pt-drug diffuses to the ovary with the metabolization of another compound. These results
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were confirmed by measurements on tissue from six patients. Platinum metabolite distribution
in the 6 ovary sections before treatment and 6 ovary sections after treatment is shown in Figure
S4. MSI based on FTICR mass analyzer showed here its great potential for unambiguous

metabolite identification.
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Figure 3: MALDI FTICR MS spectra of (a) Experimental and theoretical isotopic
distribution patterns of C10H19N3OsPt, C11H1sN7OPt and C11H23N3S2Pt for M (}%*Pt), M+1
(*%Pt) and M+2 (1°°Pt) isotopes (b) expanded m/z window of the experimental monoisotopic
peak at m/z 457,10551 and the three theoretical monoisotopic peaks of C1oH19N3OsPt,
C11H1sN7OPt and C11H23N3S2Pt.
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Figure 4: MALDI FTICR MS spectra of observed and theoretical isotopic fine structure of

C10H19N305Pt, C11H15N7OPt and C11H23N3S2Pt for M+2 (*°°Pt).

Although the confirmation of a developed structural formula could not be performed by tandem
MS/MS mass spectrometry due to the very low signal intensity of the Pt compound, hypothesis

could be made from the literature.

Previously reported platinum and sulfur containing complexes were described, involving the
formation of a complex with a diethyldithiocarbamate (DDTC) molecule [14]. According to the
determined molecular formula, we can hypothesize that the DACH (diaminocyclohexane)-Pt
group has complexed with a DDTC molecule to form the complex (DACH) (DDTC) Pt(l1)
(Figure S5). Even if DDTC acts as rescue agent, recommended by the World Health
Organization, to detoxify platinum after chemotherapy treatment, to our knowledge, this
molecule was not administrated during HIPEC [35-37]. In other way, the presence of DDTC

could come from its use as a pesticide. Some studies revealed the accumulation and the effect
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of this kind of carbamates on the male and female reproductive organs [38, 39]. Nevertheless,
its presence as a complex into the ovaries after (during) an HIPEC procedure would need to be
confirmed by complementary studies to assign the detected Pt-containing compound. Further
investigations have to be carried out to formally identify the structure of this Pt metabolite

(C11H23N3S2Pt molecular formula) and explain its origin.

Therefore, this study showed that oxaliplatin still diffuses to the non-diseased ovarian tissues
despite HIPEC optimization. It highlighted the great interest of FTICR-MSI to help in

optimizing treatment protocols by understanding drug metabolism and fate in living cells.

4. Conclusion

This study showed that detailed characterization of biological samples by MALDI imaging can
require instrumentation with high mass resolving power and mass accuracy. This work shows
the potential of MALDI imaging coupled to FTICR analyzer for the non-targeted study of Pt-
drug in ovary tissue after HIPEC treatment of the peritoneal metastasis. The high mass accuracy
and resolving power allowed to distinguish the presence of two Pt-isobars. Both the oxaliplatin-
methionine complex and the new isobaric complex were detected in the tumoral peritoneal
tissue whereas the new complex only was localized at the periphery of the ovary. The use of
lower resolution mass analyzer such as TOF, would not allow the separation of these isobaric
species, leading to wrong assignments. The molecular formula of this unknown compound was
then determined thanks to high mass accuracy and high resolution enabling an isotopic fine
structure study. To our knowledge, this study showed for the first time the powerful of MALDI
FTICR MS for imaging and molecular elucidation of metallodrug species in treated biological
tissues. Besides, it showed, for the first time, the presence of an unknown Pt-species in ovary
tissues after HIPEC treatment, which open new perspective in the study of Pt-metallodrug

metabolization understanding.
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Figure captions

Figure 1: Structural formulas of oxaliplatin and oxaliplatin-methionine.

Figure 2: MALDI FTICR imaging of ovary tissues before and after HIPEC treatment.
Visualization of discriminative values at m/z 456.10324, m/z 457.10551 and m/z 458.10570.

Spatial resolution of 120 pm.

Figure 3: MALDI FTICR MS spectra of (a) Experimental and theoretical isotopic distribution
patterns of C10H19N3OsPt, C11H1sN7OPt and C11H23N3S2Pt for M (294Pt), M+1 (1%°Pt) and M+2
(*%Pt) isotopes (b) expanded m/z window of the experimental monoisotopic peak at m/z
457,10551 and the three theoretical monoisotopic peaks of C1oH19N3OsPt, C11H1sN7OPt and

C11H23N3S2Pt.

Figure 4: MALDI FTICR MS spectra of observed and theoretical isotopic fine structure of

C10H19N30sPt, C11H1sN7OPt and C11H23N3S2Pt for M+2 (1°Pt).

Table captions

Table 1: Theoretical m/z values of the isotopes M (}**Pt), M+1 (***Pt) and M+2 (**Pt) for
oxaliplatin and oxaliplatin-methionine complex.

Table 2: Theoretical and experimental m/z values and relative abundance (%) of the isotopes
M (***Pt), M+1 (**°Pt) and M+2 (*%Pt) for the determined raw formulas CioH19N3OsPt,
C11H1sN70OPt and C11H23N3S2Pt and the unknown compound with associated m/z errors.



