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Matrix selection and application is a crucial step in obtaining meaningful results with matrix-assisted laser desorption/ionization (MALDI) mass spectrometry imaging (MSI). Most instruments have a large spatial, and data with adequate spatial resolution can frequently be obtained on a benchtop instrument. The matrix application workflow has been optimized for the imaging of the earthworm (Eisenia hortensis), after exposure to various statins, a class of blood lipid-lowering agents. Lipids are nonpolar, often neutral molecules, making them difficult to ionize, and heightening the need for matrix optimization. The matrices 2,5-dihydroxybenzoic acid (DHB), α-cyano-4-hydroxycinammic acid (CHCA), 1,5-diaminonaphthalene (DAN), and 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid; SA) were studied. Samples were also washed in the ammonium salts of acetate, bicarbonate, formate, sulfate, or water as a control to enhance ionization and improve spatial resolution. A successful matrix for MSI is one that demonstrates homogenous tissue coverage, ionization of the analytes of interest, and does not require excessive laser power for ionization. All matrices showed sufficient tissue coverage; however, CHCA yielded unambiguous images of cholesterol and yielded sufficient signal over the lipid mass range (400–1,000 m/z), indicating that it successfully ionized endogenous lipids. Following additional optimization, the application of 50 mL of 10 mg/mL CHCA following a 5 s salt ammonium sulfate salt wash proved most successful for improving lipid ionization and enhancing spatial resolution.
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1 INTRODUCTION
Pharmaceuticals continue to be detected in the environment and are known to have toxic effects on the ecosystem, earning them the title of “contaminants of emerging concern.” Statins are a class of blood lipid-lowering agents that have been increasingly prescribed throughout the last decade (Matyori et al., 2023), which has led to their existence in the environment (Pino et al., 2015). The growing pharmaceutical industry and the difficulty removing these contaminants from wastewater treatment plants (Ternes et al., 2004; Yu et al., 2011) creates the urgent need for analysis of affected organisms including earthworms (Eisenia hortensis), an effective indicator of biotoxicity (Van-Gestel, Dirven-van Breemen and Baerselman, 1992; Fründ et al., 2010; Ciğerci et al., 2016). Dosing a model terrestrial environment with pharmaceuticals allows the uptake and distribution into biological tissue to be studied via mass spectrometry imaging (MSI). This technique is unique from bulk analytical methods in its ability to provide information regarding the spatial distribution of analytes within a sample, often with relatively simple sample preparation. Although MALDI MSI is a powerful technique, its application in environmental contexts is in the early stages of development (Selby et al., 2024). Moreover, such instruments are large, with time-of-flight (TOF) mass analyzers spanning from floor to ceiling. Instruments of this nature are expensive to purchase, cumbersome to care for, and have a large spatial footprint, thereby making benchtop MALDI TOF instruments more practical for some researchers, including those at primarily undergraduate institutions or labs with a small sample capacity.
The most important portion of the sample preparation workflow is the choice of matrix. Matrices are typically conjugated organic acids or bases; the conjugated organic nature allows for absorption of laser irradiation, whereas the acidic or basic properties of the matrix allow for proton exchange between the analyte and matrix. There are hundreds of matrices to choose from (Calvano et al., 2018; Leopold et al., 2018), and in selecting one, the analytes of interest, the tissue to which matrix is being applied, and the spatial resolution of the instrument must be considered. Although some matrices interact favorably with only a few classes compounds (e.g., 2,4,6-trihydroxyacetophenone (THAP) for nucleic acid and peptide/protein analysis (Patil et al., 2024), others span a wide range of assorted compounds (e.g., trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) for analysis of oligomers, polymers, dendrimers, and small molecules (Ulmer et al., 2000; Brown et al., 2001)). However, the road to finding a suitable matrix for a given application is often considered a “trial-and-error” process because matrices do not always interact with analytes in the expected manner (Leopold et al., 2018). This is likely a consequence of an incomplete understanding of the exact mechanism of any given matrix. This necessitates matrix optimization, during which several matrices are examined for the most favorable interaction with the analytes of interest and the tissue being ionized from. A successful matrix for MSI is one that demonstrates homogenous tissue coverage, ionization of the analytes of interest, and does not require excessive laser power for ionization. The matrices tested in this study were 2,5-dihydroxybenzoic acid (DHB), α-cyano-4-hydroxycinammic acid (CHCA), 1,5-diaminonaphthalene (DAN), and 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid; SA) for the ionization of lipids and statins from earthworms. These matrices were chosen due to their ability to ionize lipids and statins (Jirásko et al., 2014; Leopold et al., 2018; Zhu et al., 2019; Angerer et al., 2022; Yin et al., 2022; Leopold et al., 2023).
Matrix choice and application is of paramount importance because a matrix that is incompatible with the tissue or analytes of interest will result in unsuccessful ionization. Some analytes may be difficult to ionize regardless of matrix choice due to low concentration relative to other endogenous compounds. This may be addressed by washing the tissue prior to matrix application with a solution that will remove interfering endogenous compounds while allowing the tissue to retain the low concentration analytes of interest. The analytes of interest for this study included lipids—a typically neutral nonpolar species that can be difficult to positively ionize. Washes with ammoniated salts prior to matrix deposition have been shown to enhance biological lipid signal (Wang et al., 2011; Trim and Snel, 2016; Leopold et al., 2018), and amines are also known to interact favorably with lovastatin and simvastatin (Miao and Metcalfe, 2003). As a result, four different ammonium salts—acetate, bicarbonate, formate, and sulfate—and water as a control at varying submersion times were examined.
The aim of this research was to optimize the matrix application workflow for effectively analyzing the impact of exposure to atorvastatin, lovastatin, and simvastatin, along with endogenous lipids, in earthworms (E. hortensis). Images were generated using a linear, positive polarity MALDI TOF following matrix application via an artist airbrush sprayer (Zhang et al., 2020). Four matrices (CHCA, DAN, DHB, and SA) were examined for their ability to cocrystallize with the tissue to allow for analyte ionization. The amount of matrix was then standardized for matrices that demonstrated cocrystallization and analyte ionization before proceeding with an assessment of the effects of an ammonium-based salt wash prior to matrix deposition. The most successful workflow will then be utilized in a complementary qualitative and quantitative analysis of the effect of environmentally relevant concentrations of statins on earthworms.
2 MATERIALS AND METHODS
2.1 Materials
For pharmaceutical exposures, atorvastatin calcium (certified reference material), lovastatin (>98%), and simvastatin (98%) were purchased from Sigma Aldrich (St. Louis, MO), TCI Co. (Kita-Ku, Tokyo, Japan), and Fisher Scientific (Hampton, NH), respectively. The MALDI matrices α-cyano-4-hydroxycinnamic acid (CHCA; 98%), 2,5-diaminonaphthalene (DAN; >98.0%), 2,5-dihydroxybenzoic acid (DHB; 99%), and 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid (SA); >98%) were purchased from Fisher Scientific, TCI Co., Thermo Fisher Scientific (Waltham, MA), and TCI Co., respectively. Standards and matrices were dissolved in methanol (HPLC grade; Fisher Scientific), ethanol (200 proof, Pharmco (Brookfield, CT)), or acetonitrile (HPLC grade; Fisher Scientific) depending on solubility. The protonating aid trifluoroacetic acid (TFA) (>99.5%) was purchased from VWR (Radnor, PA). For the assessment of salt washes, ammonium acetate (ACS, Reagent grade), bicarbonate (Baker Analyzed Reagent grade), formate (>99.0%), and sulfate (Certified ACS) were purchased from RICCA (Arlington, TX), Avantor (Radnor, PA), Honeywell (Charlotte, NC), and Thermo Fisher Scientific, respectively. Type I (≥18.2 MΩ) filtered water was used for any instance that water was needed.
2.2 Earthworm care
The studies involving animals were reviewed and approved by the Southern Illinois University Edwardsville Institutional Animal Care and Use Committee under Protocol #11723-KT1. Earthworms (E. hortensis) were purchased from Speedy Worm (Alexandria, MN) and housed in 20-gal fish tanks containing locally purchased organic potting soil. The worms were acclimated for at least 2 weeks prior to exposure to the statins. Care measures were taken weekly, during which the worms were fed spent coffee grounds, and the soil moisture was adjusted via Type I water to fall within the range of 20%–30% moisture.
2.3 Earthworm exposures
Twelve 2.5-gal tanks were prepared with 1.8 kg of potting soil and 20 acclimated worms were added for exposure to statins. To nine tanks, 400 mL either 1,000% of the environmentally relevant concentration of atorvastatin (2.0 ppb (Ottmar et al., 2012)), lovastatin (1.0 ppb (Conley et al., 2008)), or simvastatin (15 ppb (Pereira et al., 2016)) was added. The remaining three tanks received 400 mL of Type I water as control. The worms were kept in the treated soil for 2 weeks, and the soil was re-dosed with statin solution on day 7 maintaining the 20%–30% moisture level. The soil mass and volume of dose solution were designed to model the field irrigation and related water runoff (Shukla and Boman, 2006; Perdue and Hamer, 2019). Following the exposure period, three worms per tank were selected for MALDI MSI analysis, and the remaining were reserved for future studies.
2.4 MALDI MSI sample preparation
The three worms designated for MALDI MSI analysis were rinsed with Type I water, coiled in a metal bottle cap, and covered with aluminum foil before flash freezing in liquid nitrogen. Worms were mounted in Type I water and cryosectioned (Lecia CM 1850; Deer Park, IL) at −20°C to obtain 20 μm longitudinal sections. Each section was thaw-mounted to an indium tin oxide (ITO)-coated glass slide (Shimadzu Scientific Instruments, Columbia, MD) and stored at −80°C. Slides were dried in a vacuum desiccator prior to matrix application using an artist’s airbrush sprayer (Paasche VL 0123, Kenosha, WI). Specific matrix application parameters varied depending on the purpose of the given step in matrix optimization, as described below. First, 10 mg/mL CHCA, DHB, DAN, and SA were dissolved in either methanol or acetonitrile according to solubility and received 0.1% (v/v) TFA to aid in ionization. The crystal sizes for these matrices vary, thus matrix was applied to each slide until there was consistent coverage of the tissue observed via optical microscopy. Several trials were performed at varying matrix concentrations to determine the average mass applied to the slide. This information was then used to determine the average volume of 10 mg/mL matrix that should be applied in matrix optimization. Next, comparatively low, middle, and high volumes of the successful 10 mg/mL matrices were examined. Finally, washes of four ammonium salts (acetate, formate, bicarbonate, and sulfate) prior to matrix deposition were examined prior to matrix application. All salt solutions were 50 mM; water was used as a control. Variable wash times (5, 10, and 30 s) were examined. For each acquisition, a white marker was used to indicate the corners of the imaging window to increase ease in defining this space. Additionally, 1 μL of 1:1 5 mg/mL CHCA:TOFMix standard (LaserBio Labs, Valbonne, France) was applied via the dried droplet method for mass spectral calibration.
2.5 MALDI MSI acquisition and data processing
Spectral and spatial data were acquired using MALDI Solutions Data Acquisition software (Shimadzu Scientific Instruments, Columbia, MD) on the Shimadzu MALDI-8020 (Columbia, MD): a linear, positive polarity, benchtop MALDI TOF MS with imaging capabilities. There were four assessment parameters used throughout matrix optimization summarized in Table 1. During Step 1, instrument acquisition conditions (laser power, pulsed extract, and number of shots) were optimized for each matrix to obtain high mass spectral signal-to-noise ratio (S/N), mass resolution, and on-tissue signal (mV). Final instrument operation conditions for remaining analyses were decided in Step 2 in accordance with the most successful amount of matrix. The mass range for all acquisitions was designed in such a way that the matrix ions (<400 m/z) and lipid signals could be captured (typically ∼400–1,000 m/z). The blanking mass was set to be the lower limit of the mass range. The number of profiles was automatically calculated according to the specified resolution (100 × 100 μm) and defined imaging area, which is directly correlated with the amount of time required to acquire data.
TABLE 1 | Assessment parameters used throughout matrix optimization.
[image: Table 1]Images were generated and processed using IonView software (Shimadzu Scientific Instruments, Columbia, MD). Processing included normalizing the signal to the total ion count and the scales of each image were internally adjusted to maximize image contrast. Additionally, post hoc calibration was performed using a one-point calibration adjustment based on the signal from the CHCA dimer.
3 RESULTS
3.1 Step 1: comparison of matrices
In identifying the most suitable matrix for ionization of lipids in earthworms, the spectral and spatial data were judged according to parameters 1, 2, and 3 (Table 1). CHCA, DAN, DHB, or SA was applied until the slide and tissue were uniformly coated as observed via optical microscopy due to varying crystal sizes. All matrices generated signal that was widespread across the entire imaging window, indicating consistent slide and tissue coverage (Figure 1A). Notably, the signal intensities of DAN and SA matrix were higher than that of the others. DAN and DHB poorly ionized cholesterol, as shown by the low signal intensity of cholesterol and remarkable similarity of the cholesterol and matrix images, respectively. Cholesterol was selected as an indicator of success because it is prevalent in biological tissue and has a well-established MALDI MS signal ([M+H–H2O]+ (369 m/z)​) (McAvey et al., 2011). CHCA and SA were both successful in their ionization of cholesterol given the notable intensity and that the cholesterol signal can be easily distinguished from that of the matrix. Unsurprisingly given its poor ionization of cholesterol, DHB was unsuccessful in ionizing in the lipid region with at least threefold less signal intensity than the other matrices (Figure 1B). CHCA, DAN, and SA demonstrated sufficient signal intensity in the lipid region, with the most signal being generated by SA (Figure 1B). Both CHCA and SA demonstrated marked success compared to DAN and DHB in their tissue coverage, ionization of endogenous analytes, and ionization of lipids in earthworm tissue; therefore, both matrices were examined further.
[image: Figure 1]FIGURE 1 | Comparison of CHCA, DAN, DHB, and SA. (A) Protonated matrix, cholesterol images, (B) and quantitative lipid signal following the application of four different matrices. 10 mg/mL CHCA, DAN, DHB, or SA were deposited onto each slide via airbrush sprayer until sufficient crystallization and tissue coverage was observed via optical microscope. The left-side image for each matrix header depicts the signal generated by protonated matrix (CHCA dimer 379.09, DAN 159.09, DHB 155.03, SA 225.08 m/z). The right-side image for each matrix header depicts the signal generated by cholesterol occurring at 369 m/z.
3.2 Step 2: determining the amount of selected matrices
The amount of CHCA or SA applied to the slide was then optimized. Parameters 2, 3, and 4 were used to assess the data’s spectral and spatial quality, as well as the feasibility of instrument operation used for the optimized amount of matrix (Table 1). Comparatively low, middle, and high amounts of CHCA and SA were determined to be 20, 30, and 50 mL and 10, 20, and 40 mL, respectively. Cholesterol was well ionized by 50 mL CHCA and 30 mL SA given the distinct signal arising from the tissue, while other amounts generated cholesterol signal that was easily confused with matrix or produced low signal intensity (Figure 2A). 50 mL CHCA was likewise successful in lipid ionization whereas lower volumes generated insufficient signal intensity (Figure 2B). All volumes of SA yielded sufficient signal intensity for lipids, with 40 mL SA generating the highest signal intensity (Figure 2B). Uniquely considered during this portion of optimization was the laser power required for sufficient ionization to determine whether prolonged operation was feasible. Regardless of matrix amount, SA required a higher laser power than any volume of CHCA (Figure 2B). 50 mL CHCA successfully yielded meaningful results at a more reasonable laser power, and therefore this volume of matrix and instrument acquisition conditions were employed in subsequent analyses.
[image: Figure 2]FIGURE 2 | Determining the of amount of matrix applied to slide for CHCA and SA. (A) Cholesterol images (369 m/z), (B) lipid signal, and instrument operation conditions following the application of varying amounts of CHCA or SA. 10 mg/mL CHCA or SA were deposited on slides via airbrush sprayer at specified volumes. These masses deposited on the slides represent low, middle, and high amounts relative to the average applied mass of both CHCA and SA.
3.3 Step 3: assessing the effect of salt wash prior to matrix deposition
A salt wash prior to application of 50 mL CHCA was examined for its potential to aid in lipid ionization. According to parameters determined in Step 2, all salt wash data was acquired at a laser power of 90, pulsed extract of 1,500, and 20 shots. The quality of Step 3 data was assessed via parameters 2 and 3 (Table 1). Regardless of wash solution, 5 and 10 s washes generated the most distinct of cholesterol and most reasonable intensity for endogenous lipids, suggesting greater success at lipid ionization. A longer wash time enhances noise, causing cholesterol to be visually indistinguishable from off-tissue matrix signal (e.g., 30 s water) or from background signal (e.g., 30 s ammonium bicarbonate wash) (Figure 3A). When considering the 5 and 10 s washes, ammonium sulfate, ammonium bicarbonate, and water were all qualitatively successful in generating ionization of endogenous analytes with meaningful images. Short wash times of ammonium sulfate were the most successful both qualitatively (Figure 3A) and quantitatively (Figure 3B), and therefore this salt was identified as being the superior for ionization of lipids from statin-exposed earthworms. At this point in optimization, the worms were also assessed for ionization of statins; unfortunately, none were successfully ionized.
[image: Figure 3]FIGURE 3 | Assessment of ammonium salt wash before applying CHCA. (A) Cholesterol images (369 m/z) and (B) lipid signal following various salt washes. 50 mL of 10 mg/mL CHCA was deposited on slides via an artist’s airbrush following a wash (50 mM specified salt) for a given length of time. The instrument was operated at a laser power of 90, pulsed extract of 1,500 Da, and 20 shots.
4 DISCUSSION
4.1 1,5-Diaminonaphthalene (DAN)
DAN was ruled out as a probable matrix for ionization of lipids in earthworm tissue due to the high intensity of matrix signal and minimal signal for cholesterol (Figure 1A). The high intensity of the matrix signal is likely a consequence of it being a basic rather than acidic matrix like CHCA, DHB, and SA. As a result, DAN will accept a proton rather than donating one to the analytes of interest, thereby allowing for easy matrix detection in positive mode and suppressing ionization of the analytes. The Shimadzu MALDI-8020 can only perform positive ionization, so DAN and other basic matrices are not suitable for applications on this instrument.
4.2 2,5-Dihydroxybenzoic acid (DHB)
DHB was ruled out as a probable matrix for ionization lipids in earthworm tissue due to images from matrix and cholesterol signal being indistinguishable from one another (Figure 1A). This may seem surprising, as DHB is a well-known matrix applied to a variety of different analytes including proteins, oligosaccharides, and perhaps most relevant, lipids (Hillenkamp et al., 1991; Strupat et al., 1991; Leopold et al., 2023). DHB frequently generates large crystals (Li et al., 2016) when compared to other matrices used in this study. Larger crystals are more difficult to apply in a homogenous and reproducible manner, especially using an artist’s airbrush. Due to the difficulty in successful homogenous matrix application to the tissue, it is unlikely that co-crystallization of the endogenous analytes and matrix occurred. This thereby prevents the matrix from assisting in desorption and ionization of the analytes, effectively rendering the matrix ineffective. The disadvantage of large crystal size is supported by the success of CHCA and SA, which both have smaller crystal sizes. It is possible that DHB would have been successful for this application had it been applied with an automated sprayer and therefore well-controlled matrix application system.
4.3 Sinapinic acid (SA)
SA was initially promising as a potential matrix as it generated sufficient matrix coverage and successful ionization of endogenous analytes (Figure 1). SA required a higher laser power regardless of the amount of matrix applied to the slide (Figure 2), indicating that the matrix is ill-suited for lipids (Leopold et al., 2023). Other studies suggest that SA would be more suitable for ionization of higher mass analytes such as proteins (Patil et al., 2024). Moreover, laser power and ionization are positively related regardless of matrix choice; however, there is no way to confidently ensure that only the desired analytes are being ionized. Instead, additional classes of compounds compete for ionization with the analytes of interest, thus reducing the signal from analytes of interest. Additionally, enhancing overall signal can lead to earlier burnout of the detector. The over-enhancement of signal is supported by the higher signal within the lipid region for those slides receiving SA (Figures 1B, 2B). Furthermore, the laser itself may suffer early burnout, as earthworms are relatively large, and typically require anywhere from 2 to 4 h to image at a 100 μm resolution. Repeatedly operating the instrument for longer run times at an excessive laser power to obtain replicates and sufficient data would be impractical and harmful to the instrument’s long-term performance. As a result, SA was deemed an unsuitable matrix for detecting lipids from biological tissue on this linear benchtop MALDI TOF.
4.4 α-Cyano-4-hydroxycinnamic acid (CHCA)
CHCA yielded consistent tissue coverage and successful ionization of endogenous analytes (Figure 1). Following an assessment of the amount of matrix to be applied, a relatively high amount (50 mL) was deemed to be the most successful as it generated the most quantitative lipid ionization while also maintaining a more reasonable laser power than SA (Figure 2). CHCA has been employed for the ionization of numerous compounds such as peptides, smaller proteins, and lipids, among others (Lou et al., 2015; Itonori et al., 2018; Høiem et al., 2022). The ability of CHCA to ionize smaller molecules compared to the other matrices is the most probable reason as to why it is the most suitable matrix for ionization within the lipid region on a linear MALDI TOF. Moreover, CHCA crystals are relatively small, making them more compatible for use with a handheld sprayer. The success of CHCA led to its use in the assessment of ammonium-based salt washes.
Washing the slide with an ammonium salt prior to deposition of 50 mL 10 mg/mL CHCA led to enhanced signal within the lipid region for most of the salts examined (Figure 3). This is likely because the wash solution removes polar interfering compounds, thereby enabling the detection of less polar analytes, including lipids. Longer washes reduced spatial quality (Figure 3A), likely because the compounds of interest and perhaps the tissue itself were also being washed away, as well as analyte redistribution on the surface. This is supported by the decreased spatial quality regardless of which salt or water was used (Figure 3A). Additionally, the lipid signal for four of the five conditions at the 30 s wash time more closely resembles that of the 5 s wash, with a peak in signal intensity at 10 s (Figure 3B). Ammonium sulfate was most successful at enhancing signal within the lipid region while also rendering spatially resolved images of endogenous analytes. This may be the result of a favorable interaction between sulfate and the earthworm tissue and/or CHCA that allows for more homogenous crystal distribution and analyte/matrix co-crystallization.
Despite successful ionization of lipids and related analytes, neither water nor salt wash enhanced detection of statins. It may have been the case that the exposure concentrations may have been too low, leading to minimal uptake by the earthworms resulting in the concentrations being below the limit of detection. It is also possible that the wash removed the statins from the tissue as they are more polar and smaller than lipids. Lastly, the endogenous lipids are known to exist in the tissue at greater concentrations than the statins, and therefore enhancing their signal using a salt wash may have masked any signal created by the drugs.
5 SUMMARY AND FUTURE DIRECTIONS
This project aimed to enhance meaningful lipid signal and spatial resolution of statins and lipids from earthworm tissue analyzed by MSI on linear benchtop MALDI TOF MS. A successful matrix for MSI is one that demonstrates homogenous tissue coverage, ionization of the analytes of interest, and does not require excessive laser power for ionization. A 5 s wash with 50 mM ammonium sulfate prior to application of 50 mL of 10 mg/mL CHCA (with 0.1% v/v TFA) via artist airbrush sprayer proved superior for lipid ionization compared to DAN, DHB, and SA; however, these conditions failed to ionize statins. As a result, variable ammonium sulfate concentrations should be investigated to optimize the ionization of statins. Additionally, earthworms may be exposed to higher concentrations of statins with the aim of ensuring statin detection. Ammonium or amine-based salts should continue to be examined including the use of ionic liquid matrices (ILM) including ammonium-CHCA salts. These solutions have recently been found to be useful for small molecule detection due to the smaller crystal size and reduced lipid fragmentation (Abdelhamid, 2018). The inclusion of salt into the CHCA matrix solution rather than washing the slide with the salt prior to matrix deposition could also improve the quality of lipid images.
It is important to note that regardless of the matrix used, the high laser power (90) and pulsed extract (1,500 Da) were required due to the difficulty in consistently ionizing analytes within a thick longitudinal section of tissue. Analyte ionization is heavily dependent on the tissue, section thickness, the matrix of choice, and the instrument being used. Therefore, matrix optimization should be performed with each new tissue type for analysis. This study serves as the first MALDI MSI optimization study for endogenous compounds within model invertebrates exposed to pharmaceuticals as environmental xenobiotics. Because of this as well as the fact that matrix optimization should be performed for each combination of tissue types and analytes of interest, this work should be considered an extension to the present literature regarding MSI of biological tissues featuring a novel application. These results are proposed as a starting point for those seeking to ionize lipids in heterogenous biological tissue using a positive polarity, linear MALDI TOF for MSI analysis and a painter’s airbrush sprayer for matrix application. The workflow outlined here will make MSI more accessible to those employing handheld sprayers and linear MALDI TOF instruments with imaging capabilities.
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