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Abstract

Determining the distribution of a drug and its metabolites within tissue is a key facet of evaluating 

drug candidates. Drug distribution can have a significant implication in appraising drug efficacy 

and potential toxicity. The specificity and sensitivity of mass spectrometry imaging (MSI) make it 

a perfect complement to the analysis of drug distributions in tissue. The detection of lapatinib as 

well as several of its metabolites in liver tissue was determined by MSI using infrared matrix-

assisted laser desorption electrospray ionization (IR-MALDESI) coupled to high resolving power 

Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometers. IR-MALDESI required 

minimal sample preparation while maintaining high sensitivity. The effect of the electrospray 

solvent composition on IR-MALDESI MSI signal from tissue analysis was investigated and an 

empirical comparison of IR-MALDESI and UV-MALDI for MSI analysis is also presented.
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1 INTRODUCTION

In drug discovery and development, it is essential to determine and understand the 

pharmacokinetic (PK) properties of drug candidates including their absorption, distribution, 

metabolism, and excretion (ADME) [1]. Drug efficacy is at least partially dependent on its 

localization toward its intended target; however, untargeted accumulation of the drug or its 
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metabolites in tissue can result in adverse toxicological effects. While drug levels in plasma 

do play an important role in pharmacokinetic and pharmacodynamic (PK/PD) studies, it has 

been suggested that plasma concentrations alone do not accurately reflect the localized drug 

concentration in tissue [2].

In 1997 Caprioli et al. demonstrated the molecular imaging of peptides and proteins from 

biological tissue sections using matrix-assisted laser desorption ionization (MALDI) 

MSI[3]. There are several key attributes that make MALDI MSI a good candidate for the 

mapping of pharmaceuticals in tissue. MALDI is known to be a highly sensitive technique 

that is capable of detecting attomole quantities of analyte [4]. Also, detection based on MS 

allows for simultaneous image acquisition of multiple species as well as discrimination 

between parent drug and metabolite distributions. An added benefit is that MS does not 

require the use of radiolabeled standards and therefore distributions studies can be 

performed as a more cost effective methodology earlier in the drug discovery process to 

refine the list of potential drug candidates to those that exhibit desirable PK/PD properties. 

Troendle et al. demonstrated the direct detection of pharmaceuticals from tissue sections by 

MALDI MS [5] and Caprioli's group presented the first MALDI MSI analysis of dosed 

drugs in tissue [6,7]. Because whole body autoradiography (WBA) and LC-MS are more 

commonly used for drug distribution analysis, several groups have validated the observed 

distributions and relative intensities obtained from MSI by performing autoradiography or 

LC-MS on serial sections [7-28].

The multiplexing capabilities of MSI can be realized if a large m/z range is acquired from 

each pixel enabling simultaneous acquisition of spatial information for hundreds of 

endogenous as well as exogenous molecules (xenobiotics). The additional information 

obtained from these endogenous molecular distributions could prove to be useful when 

correlated with drug accumulation [19,25,29-32]. However, because most MALDI MSI 

analyses are performed with lower resolution mass analyzers, isobaric interferences in the 

low m/z range from endogenous molecules or matrix-related peaks necessitate the use of 

MS/MS imaging to follow a specific transition which precludes multiplex image acquisition. 

Several sample preparation methods have been described to circumvent isobaric matrix 

interferences [21,33]. Despite being less common, the examples of high spectral resolution 

MSI for determining drug distribution in tissue demonstrate the benefits of using FTICR or 

Orbitrap MS for this type of study [23,28,30,31,34-39]. Most of these groups report on the 

resolution of several unique species with distinct spatial distributions all resolved at the 

same nominal mass. This higher resolving power (RP) decreases the risk of an unresolved 

interfering species, therefore allowing for full mass range MSI to be performed and the 

benefits of multiplex image acquisition to be realized. In addition to high RP, these 

instruments also provide high mass measurement accuracy (MMA) which, for small 

molecules, can provide a unique elemental composition to aid in ion identification [40].

A majority of the challenges with MALDI MSI are directly related to the matrix application 

process. This process commonly involves spraying or spotting a saturated solution of 

organic matrix to extract analyte from within the tissue for co-crystallization with the matrix 

on the tissue surface [41]. Therefore, variation in extraction efficiency relating either to 

tissue type or analyte solubility in the matrix solvent can impact the observed relative ion 
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intensities. There is also some debate on the degree of molecular diffusion that can take 

place during this process. In addition, the homogeneity of matrix application and the size of 

the resulting matrix crystals directly impact the achievable spatial resolution making sample 

preparation the most important step in the MALDI MSI process. Because of the large 

number of variables associated with matrix application (i.e. choice of matrix, choice of 

matrix solvent composition, application method), there are no standard procedures that work 

best for all samples. Thus, the decision of which method to use is typically determined 

empirically for a specific analyte or tissue type. Also, given that the matrix molecules ionize 

very well and are present in such large excess, the low mass range is typically dominated by 

matrix-related peaks making the analysis of small molecules more challenging. Despite 

these analytical challenges, MALDI has been the most widely implemented method of 

ionization for imaging of drugs and metabolites in tissues.

Other ionization methods that don't require such extensive sample preparation show a great 

deal of promise in MSI. Desorption electrospray ionization (DESI) has been used on several 

occasions for drug distribution studies [14,16,28] and liquid extraction surface analysis 

(LESA) is capable of providing a quick profiling of drug distribution [42-46]. Another 

ambient ionization method that has demonstrated potential in MSI is infrared matrix-assisted 

laser desorption electrospray ionization (IR-MALDESI) [47]. MALDESI was the first 

ambient ionization technique to combine atmospheric pressure matrix-assisted laser 

desorption with electrospray post-ionization [48]. While first described for UV desorption, 

the MALDESI process is independent of laser wavelength given that any wavelength laser 

could be used, provided an appropriate matrix (endogenous or exogenous) is chosen that 

strongly absorbs the corresponding laser wavelength. The use of an infrared laser is 

particularly appealing because it allows for the use of ice as the laser energy absorbing 

matrix which does not produce mass spectral interferences and can be easily applied to the 

sample if necessary.

Herein we report on the use of both IR-MALDESI and UV-MALDI coupled to FT-ICR for 

the MSI analysis of lapatinib dosed liver tissue. Both techniques provide complementary 

information on the detection of the parent drug and several of its metabolites. An 

investigation of the role of the electrospray solvent composition on IR-MALDESI signal is 

also presented.

2 EXPERIMENTAL

Materials

Formic acid was purchased from Sigma Aldrich (St. Louis, MO). HPLC grade acetonitrile, 

methanol, trifluoroacetic acid, and water were purchased from Burdick & Jackson 

(Muskegon, MI, USA) or Fisher Scientific (Pittsburgh, PA) and were used as received 

without further purification. 2,5-dihydroxybenzoic acid, (DHB, purity 98%) was purchased 

from Sigma Aldrich (St. Louis, MO) and purified by recrystallized prior to use. ITO coated 

glass microscope slides were purchased from Bruker Daltonics (Billerica, MA). Shandon 

colorfrost plus positively charged glass microscope slides were purchased from Fisher 

Scientific (Pittsburgh, PA).
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2.1 Samples—All studies were conducted in accordance with the GSK Policy on the Care, 

Welfare and Treatment of Laboratory Animals and were reviewed the Institutional Animal 

Care and Use Committee either at GSK or by the ethical review process at the institution 

where the work was performed.

Following repeat oral administration of lapatinib, dog liver tissue was flash frozen in liquid 

nitrogen at necropsy and stored at −80 °C until sectioning. Frozen tissues were sectioned at 

12 μm for UV-MALDI with serial 50 μm sections collected for IR-MALDESI using a Leica 

350S cryostat (Wetzlar, Germany). Sections for IR-MALDESI were thaw mounted onto 

positively charged glass microscope slides and sections for UV-MALDI were thaw mounted 

onto ITO coated glass microscope slides.

IR-MALDESI Imaging

For a detailed description of the IR-MALDESI imaging source and source parameters please 

refer to the following references [47,49]. In short, the sample is placed on the liquid cooled 

Peltier stage which is cooled to −10 °C while open to the ambient in order to deposit a thin 

layer of ice over the surface of the tissue section. The energy from a mid IR laser (IR 

Opolette, Opotek, Carlsbad, CA, USA) pulse (2.94 μm) is strongly absorbed by the ice 

matrix to facilitate desorption of the sample. The ablated neutral sample molecules partition 

into the charged solvent droplets of an electrospray plume generated from an emitter 

capillary coupled to a syringe pump. Ion production occurs through an ESI-like process and 

ions are then sampled by the atmospheric pressure interface of the mass spectrometer. The 

IR-MALDESI source is coupled to a Thermo LTQ-FT Ultra (ThermoFisher Scientific, San 

Jose, CA, USA). The resolving power of the LTQ-FT was set at 100,000 at m/z 400. The 

automatic gain control (AGC), which controls the number of ions sent to the ICR cell to 

maintain high MMA with external mass calibration, was turned off for these experiments 

due to its incompatibility with the pulsed nature of the IR-MALDESI source. Internal 

calibration can be performed using the average frequency shift recalibration technique 

(described in detail elsewhere [50]) to maintain MMA within ± 1 ppm. For these 

experiments a large m/z window (m/z 150-1500) was collected in order to obtain spatial 

information on endogenous species as well as the drug-related peaks. Stage movement, laser 

ablation, and mass spectrometer acquisition is synchronized as described previously [47]. 

Three IR pulses are performed at each pixel which ablates all the way through the 50 μm 

thick tissue section with the ion injection time (length of time that ions are accumulated in 

the LTQ) set to 200 ms in order to accumulate ions from all three laser pulses (3 pulses at 20 

Hz). In this manner, a single acquisition mass spectrum is obtained at each pixel location. 

Thus, the signal at each pixel in the ion image is representative of an average of ions from 

the entire voxel of material that is ablated. It should also be noted that liver morphology can 

vary within these 50 μm thick voxels. A rectangular region of interest (ROI) that defines the 

boundaries of the MSI experiment was drawn to encompass the entire tissue area The MSI 

experiments were performed at a spatial resolution of 150 μm.

2.2 UV -MA LDI Imag ing—Immediately following thaw-mounting of the tissue section 

on the ITO coated glass slide, a matrix solution consisting of DHB (30 mg/mL) in water/

methanol/TFA (1:1:.05 v/v/v) was applied using an ImagePrep (Bruker Daltonics, Billerica, 
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MA) automated matrix application device for all UV-MALDI tissue slides. All UV-MALDI 

(355 nm) experiments were performed using a Solarix 7T Fourier transform-ion cyclotron 

resonance mass spectrometer (Bruker Daltonics, Billerica, MA). Data were acquired at a 

spatial resolution of 150 μm and spectra at each position were generated using 100 laser 

shots at a frequency of 1 kHz. Dog liver tissue sections consisted of 2962 pixels. Ion images 

for tissue sections were acquired in 1 hour at a peak resolution of ~125,000 (FWHM, m/z 

400).

2.3 Data A na lys is—The .raw files from the Thermo instrument were converted into 

mzXML files using the freely available MSConvert tool from Proteowizard [51]. The 

Bruker files were exported as .ascii files using CompassXport (free data export tool from 

Bruker). Analysis of both imaging files was performed using the freely available standalone 

version of the MSiReader software [52]. All images shown have not been normalized or 

interpolated in order to demonstrate the true quality of the raw data. The observed accurate 

masses were used to assign the identification of lapatinib and its metabolites. The 

nomenclature for the observed metabolites is based on a previously published metabolite 

descriptions of lapatinib [53]. For the pixel by pixel calculation of the percentage of drug-

related material (% DRM), the pixel intensities for lapatinib and all of its metabolites were 

exported from MSiReader by exporting the intensity data for all pixels containing drug 

related material. These intensity values for all drug-related m/z's were summed on a pixel by 

pixel basis to obtain a heat map of the total intensity for all DRM. This new heat map was 

then loaded back into MSiReader using the load custom data function. By normalizing 

lapatinib or one of its metabolites with this custom heat map, the percentage of total DRM at 

each pixel can be determined for each drug component. These heat maps show the 

distribution of the composition of DRM in each pixel where the intensity scale is % DRM 

for that particular compound (lapatinib or metabolites). While this is not an exact measure of 

the % DRM due to potential differences in ionization efficiency, it can provide valuable 

information about the relative distribution of the parent and its metabolites.

2.4 IR-MAL DESI Imaging Solvent Composition Analysis—To investigate the 

effect of the electrospray solvent composition on the observed signal from an IR-MALDESI 

MSI experiment, the syringe pump was replaced with a HPLC pump (Chorus 220, Leap 

Technologies, Carrboro, NC). Both methanol and acetonitrile were investigated as the 

organic solvent. The solvent compositions were as follows; solvent A: 95% water 5% 

organic (methanol or acetonitrile) 0.2% formic acid and solvent B: 5% water 95% organic 

(methanol or acetonitrile) 0.2% formic acid. The following solvent gradient was performed 

during an imaging analysis within the tissue section at a flow rate of 3 μL/min.; 0-5 min 

95% A, 5-20 min 95% A to 95% B, 20-25 min 95%B. A rectangular ROI was selected such 

that every pixel in the imaging experiment was on tissue (Fig. 2a-b). Three separate 

experiments were performed for each solvent system on serial sections of lapatinib dosed 

liver tissue. The extracted ion chromatograms for several lipid species (369.3516, 

cholesterol, [M+H-H2O]+; 758.5694, PC(34:2)/PE(37:2), [M+H]+; 786.6007, PC(36:2)/

PE(39:2), [M+H]+; 806.5694, PC(38:6)/PE(41:6), [M+H]+; 810.6007, PC(38:4)/PE(41:4), 

[M+H]+), lapatinib and its metabolites, and several ambient ions (371.1012, 

pentadimethylcyclocyloxane, [M+H]+; 519.1388, heptadimethylcyclocyloxane, [M+H]+; 
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536.1654, heptadimethylcyclocyloxane, [M+NH4]+; 593.1576, octadimethylcyclocyloxane, 

[M+H]+; 610.1841, octadimethylcyclocyloxane, [M+NH2]+) were obtained for each 

experiment using Xcalibur (ThermoFisher Scientific) and exported into Excel. The 

intensities for each group (lipids, DRM, and ambient ions) were summed for each 

experiment and the plots in Fig 2c) represent a 20 point moving average of all three imaging 

experiments for both solvent systems.

3 RESULTS and DISCUSSION

3.1 Preliminary IR-MALDESI Imaging

IR-MALDESI MSI was performed on a 50 μm thick section of dog liver tissue from an 

animal dosed with the tyrosine kinase inhibitor lapatinib. Because of the increased 

penetration depth of an IR laser compared to UV, a significantly larger amount of material is 

ablated with a single IR laser pulse [54]. While drug related signal was observed with 12 μm 

thick tissue sections, a previous investigation on the effect of tissue thickness on overall IR-

MALDESI signal demonstrated that the use of thicker tissue with multiple pulses per pixel 

provided more consistent results (data not shown). This, however, does come at the cost of 

loss of spatial resolution in the z-direction where tissue morphology can vary within the 

thicker tissue sections. The tissue section was placed on the liquid cooled Peltier stage of the 

IR-MALDESI source and a thin layer of ice was deposited over the top of the tissue section 

just prior to analysis. This ice layer has been shown to improve sensitivity and pixel to pixel 

reproducibility in IR-MALDESI imaging experiments [47,49] as it resonantly absorbs the 

laser energy and facilitates efficient desorption of the tissue-related material.

The results of the IR-MALDESI MSI experiment are shown in Fig. 1a-e. In addition to 

detecting lapatinib, IR-MALDESI MSI was capable of determining the spatial distribution 

for eleven of its metabolites (see supplemental Fig. S1 for ion maps of all drug-related 

material). Optical images of the tissue section before (Fig. 1a) and after the ice matrix 

deposition (Fig. 1b) demonstrate the uniformity of matrix application. At 150 μm spatial 

resolution, the distribution of the parent drug as [M+H]+ appears to be homogenously 

distributed throughout the liver with exception to the area around the blood vessels where 

little to no lapatinib was detected (Fig. 1c). To highlight the location of these blood vessels, 

the distribution for heme b as [M]+ is presented in Fig. 1d and an overlay of the lapatinib 

distribution (blue) with the heme distribution (red) is shown in Fig. 1e. Additionally, there 

were over 700 peaks relating to endogenous species that were also detected. Based on an 

accurate mass search of this peak list in the Scripps METLIN database [55], a majority of 

these endogenous species were likely to be lipids (primarily phosphocholines). The lower 

mass limit for the subsequent UVMALDI analysis was set to m/z 340 to avoid low mass 

interferences from matrix related peaks. Given that the matrix for the IR-MALDESI imaging 

experiments is ice, there are no low mass matrix interferences allowing for acquisition of a 

lower mass range (m/z 150 for these experiments). Of the endogenous species that were 

detected, over 40 of them were below the lower mass range for the UV-MALDI acquisition 

(340 m/z). These low m/z peaks include endogenous species such as phenylalanine, 

spermine, and adenosine just to name a few. The ability to acquire imaging data at such low 
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m/z without matrix interference becomes even more significant when investigating the 

distribution of drugs or endogenous species that fall within this range.

3.2 UV-MALDI Imaging

UV-MALDI MSI was performed on a 12 μm thick section of dog liver that was a serial cut 

to the one analyzed by IR-MALDESI to allow for empirical comparison between the two 

techniques. The UV-MALDI results are shown in Fig. 1f-j. Images depicting the section 

before and after the matrix application process are shown in Fig. 1f and 1g respectively. The 

spatial resolution of the MALDI experiment was set to 150 μm to match the resolution 

currently attainable by IR-MALDESI. The conditions used for the matrix application step in 

MALDI IMS can be adjusted to match the desired spatial resolution. Higher spatial 

resolution experiments (e.g. 10 μm) require higher quality application (e.g. sublimation) of 

the matrix to achieve a homogenous coating and avoid introducing artificial variation of the 

analyte signal. In these experiments, given the relatively low spatial resolution, the matrix 

application step was adjusted to enhance for sensitivity by increasing the volume of matrix 

solution applied during each spray cycle to increases the analyte extraction from the tissue. 

As a result, it is apparent from Fig. 1g that the aggressive matrix application method used in 

this instance resulted in heterogeneous crystal formation on the tissue surface. This 

heterogeneity can produce variation in analyte signal that correlates with the local matrix 

concentration. This technique, however, led to the observation of lapatinib as [M+H]+ (Fig. 

1h) as well as twenty-four metabolites of lapatinib directly from the dog liver tissue. The 

distributions for these metabolites are similar to the one shown for lapatinib (Fig. 1h) but 

can be found in supplemental Fig. S2. Lapatinib and its metabolites were detected 

homogeneously throughout the liver at this spatial resolution. As was observed in the IR-

MALDESI MSI analysis, lapatinib was not detected in the regions around the blood vessels. 

The ion image for m/z 725.5575 (Fig. 1i), tentatively identified as SM(34:0) or PE-

Cer(37:1), relates to the location of these blood vessels and an overlay with the lapatinib 

distribution is given in Fig. 1j. Comparison of Fig. 1c (IR-MALDESI lapatinib distribution) 

and Fig. 1h (UV-MALDI lapatinib distribution) highlights that both techniques provide 

similar results. The UV-MALDI MSI technique was able to detect more of the lesser 

abundant metabolites, however, because these MALDI and MALDESI experiments were 

performed on two different mass spectrometers, it is difficult to discern whether this 

improved sensitivity is directly related to differences in the ionization sources.

3.3 Influence of Electros pray Solvent Composition

Comparison of the preliminary IR-MALDESI MSI results with those obtained from UV-

MALDI revealed that the latter may be more sensitive as more of the lesser abundant 

metabolites were observed. In order to improve sensitivity, an optimization of the IR-

MALDESI source geometry for tissue imaging experiments was performed [49]. In addition 

to the source geometry optimization, the influence of the electrospray solvent composition 

on IR-MALDESI signal was also investigated. It was hypothesized that the composition of 

the electrospray solvent would impact analyte partitioning into the charged solvent droplets 

and prior results from other groups using similar ionization sources support this hypothesis 

[56,57].

Barry et al. Page 7

Int J Mass Spectrom. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To systematically explore how solvent composition influences the observed IR-MALDESI 

signal, the syringe pump that normally supplies the isocratic flow of electrospray solvent 

was replaced with an LC pump to provide a solvent gradient. In short, an imaging 

experiment was performed over the lapatinib dosed liver tissue while an LC gradient from 

5% organic to 95% organic was performed. Both methanol and acetonitrile were 

investigated as the organic solvent. The results of these experiments are provided in Fig. 2. 

Optical images of the ROI for each imaging experiment are provided in Fig. 2a for the 

acetonitrile gradient and Fig. 2b for the methanol gradient. The summed extracted ion 

chromatograms of several lipids are represented in blue, lapatinib and its metabolites are 

shown in red, and several ambient ions are shown in green. Also provided is an overlay of 

the gradient plotted on the secondary y-axis. For both solvent systems the abundance of the 

tissue-related ions (lipids and DRM) was low with the high aqueous composition but started 

to increase by around 20% B. The acetonitrile gradient (solid lines) shows an initial spike 

around 35% B then the most abundant signal for both groups of tissue-related ions was 

observed at around 75% B. For the methanol gradient (dashed lines) the tissue-related ions 

reach their maximum abundance around 50% B then the abundance pretty much plateaus. At 

the optimal solvent composition for both solvent systems, the maximum abundance for both 

tissue-related ion groups (lipids and DRM) was essentially the same. However, the major 

difference between the two was the abundance of the ambient ions. As can be observed in 

Fig. 2c, at 50% B in the methanol gradient, where the tissue-related signal is maximized, the 

ambient ions are more abundant than at 75% B in the acetonitrile gradient. Because these 

ions are being used as internal calibrants for mass recalibration, it is important that they are 

relatively abundant. Therefore, 50% aqueous methanol with 0.2% formic acid was chosen as 

the optimal solvent composition for IR-MALDESI MSI of these lapatinib dosed liver tissue 

sections. Even though this experiment did not exhibit much selectivity between the two 

tissue-related groups (lipids vs. DRM) it did lead to an overall improvement in tissue-related 

signal.

3.4 IR-MALDESI Imaging with Optimized Geometry and Solvent Composition

Sections of the lapatinib dosed liver tissue were examined by IR-MALDESI using the 

optimal solvent composition and recently optimized source geometry [49]. This analysis 

resulted in the observation of several more metabolites that were not previously detected by 

IR-MALDESI (supplemental Fig. S3) as well as an improvement signal reproducibility 

(pixel-to-pixel variability). A summary of the results from the optimized IR-MALDESI MSI 

analysis is shown in Fig. 3. The optical image of the tissue as well as the distributions for 

lapatinib and the metabolite M1 are presented in Fig. 3a, c, and d respectively. Again, the 

distribution is homogeneous throughout the tissue as was observed in the previous 

experiments. A new method for evaluating the distribution of drug-related ions is also 

presented. By summing the intensities for all drug-related ions on a pixel-by-pixel basis, the 

image in Fig. 3b can be obtained. Normalizing lapatinib or one of its metabolites to this total 

DRM image provides the composition of DRM at each pixel. For lapatinib, the % DRM 

image (Fig. 3e) shows that it makes up roughly 70% of all drug-related intensity 

homogeneously over the tissue while not being detected in the blood vessels. In contrast, M1 

(Fig. 3f) was roughly 3% of the total DRM over most of the tissue but around the blood 

vessels the M1 makes up a larger portion of the total DRM. This implies that it is one of the 
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only metabolites observed in this region. This information is not as obvious when looking at 

the M1 ion distribution (Fig. 3d) alone which supports the utility of determining the % DRM 

distribution.

4 CONCLUSIONS

These experiments serve as proof of principle that IR-MALDESI MSI coupled to FT-ICR 

can be used to determine the distribution of a dosed drug and its metabolites directly from 

tissue. The influence of the electrospray solvent composition on IR-MALDESI signal for 

tissue related ions was also investigated and it was determined that a 50% aqueous methanol 

solution provided the best results. Furthermore, through analysis of a serial tissue section 

with the more commonly used UV-MALDI MSI, it was demonstrated that both techniques 

offer similar information. There are inherent benefits and drawbacks to both of these 

techniques. While analysis at atmospheric pressure reduces sample restrictions compared to 

analysis under vacuum, the number of ions that are sampled into the mass spectrometer is 

often times a fraction of the total number of ions produced. In addition, the process of matrix 

application continues to be a key issue in sample preparation for MALDI analyses. Due to 

the heterogeneity of the matrix crystallization that was observed for the UV-MALDI 

experiments, attention must be paid to assure an even coating and reduction in analytical 

variability. In addition, the IR-MALDESI source is currently being coupled to the Q 

Exactive which has demonstrated improved ion transmission compared to the LTQ-FT and 

could result in observation of the lesser abundant metabolites.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• FT-ICR Mass spectrometry imaging of Lapatinib dosed liver tissue.

• Comparison of IR-MALDESI and UV-MALDI ionization techniques for MSI.

• Optimization of ESI solvent composition for IR-MALDESI MSI of dosed liver 

tissue.

• Concurrent detection of Lapatinib and several metabolites in liver tissue by 

MSI.
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Fig. 1. 
IR-MALDESI (a-e) and UV-MALDI (f-j) MSI of lapatinib dosed liver tissue. a) Optical 

image of liver tissue section analyzed by IR-MALDESI. b) Optical image of liver tissue 

section after deposition of ice matrix. c) Ion map of lapatinib [M+H]+. d) Ion map of heme b 

[M]+ showing the distribution of the blood vessels. e) Overlay of c) and d) where blue is the 

lapatinib and red is the heme b distribution. f) Optical image of liver tissue section analyzed 

by UV-MALDI. g) Optical image of liver tissue section after matrix application. h) Ion map 

of lapatinib [M+H]+. i) Ion map of SM(34:0) or PE-Cer(37:1) [M+H]+ showing the 

distribution of the blood vessels. j) Overlay of h) and i) where blue is the lapatinib and red is 

the blood vessel distribution
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Fig. 2. 
Influence of solvent composition on IR-MALDESI MSI signal of tissue related material. a) 
Optical images showing the region of interest for the three imaging experiments performed 

with an acetonitrile gradient. b) Optical images showing the region of interest for the three 

imaging experiments performed with a methanol gradient. c) The summed extracted ion 

chromatograms for several lipids (blue lines), ambient ions (green lines), and lapatinib and 

its metabolites (red lines). The solid lines represent data from the acetonitrile gradient and 

the dashed lines represent data from the methanol gradient
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Fig. 3. 
IR-MALDESI MSI of lapatinib dosed liver tissue section after optimization of solvent 

composition and geometrical parameters. a) Optical image of the liver tissue section prior to 

ice matrix deposition. b) Ion map depicting the pixel-by-pixel sum of all drug related 

material. c) Ion map of lapatinib [M+H]+. d) Ion map of metabolite M1 [M+H]+. e) 
Distribution of the lapatinib composition of the total drug related material. f) Distribution of 

the M1 composition of the total drug related material
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