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Figure 4. Distribution of two lipid species with increased distribution across the 
treatment groups. Brain sections were analyze by MALDI IMS to identify lipid species of 
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MALDI IMS identifies changes in lipids and metabolites in rat brains 
following arsenic exposure.
E. Ellen Jones1 , Laura Schnackenberg1, Dustyn Barnette1, Richard D. Beger1, Andrew Shen2, Timothy Flanigan2

National Center for Toxicological Research (FDA), 1Division of Systems Biology, 2 Division of Neurotoxicology 
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Abstract Materials and Methods Results and Discussion 
Matrix assisted laser desorption ionization imaging mass
spectrometry (MALDI IMS) is a label free, ever-evolving 
technology, which produces 2D ion density maps representing the
distribution of an analyte(s) across a tissue section. Correlation of
MALDI images with H&E or immunohistochemistry (IHC) 

ar map” to assess an 

Fresh frozen rat brains collected at postnatal day (PND) 21 and 
180 (juvenile and adult, respectively) were serial sectioned at 12 
µm (coronal and sagittal) for MALDI IMS and H&E, cresyl violet 
or lipid staining. Tissue sections for MALDI IMS analysis were 
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Figure 5. Distribution of two lipid species with increased distribution across the 
in sections were analyzed by MALDI IMS to identify lipid species 

• Flanigan et al. (2021) reported that brain arsenic levels 
reflected the arensite dosage groups, but that there were no 
differences noted in neurobehavior and no significant 
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(0.1 mg/kg/day)(deionized water) (1.5 mg/kg/day) (3.75 mg/kg/day) changes in biological markers of neurotoxicity, highlighted 
limitations for modeling arsenic brain exposures between 

sprayed with 2,5-dihydroxybenzoic acid (DHB) matrix 
(40mg/ml). Lipids and metabol

ined serial sections provides a “molecul
lyte’s location and relative intensity to specific ce

s mass spectrometry 
ally developed to analyze larger 

sta 
ll different specitypes ana ites were detected using a Bruker

7T ScimaX MRMS in broadband mode for both positive and 
negative ion modes. Raster width varied (20-100 µm) and was 

es. 
lthough thi
iti

and/or tissue architecture. A
(MS)-based approach was i 
anal 

n 
scan dependent. Lipids and metabolites were identified by
accurate mass and confirmed using collision-induced dissociation Most Screened Lipid Distributions were Consi

Between Arsenite Dose Groups 

ytes such as proteins and peptides, the recent incorporation 
of high-resolution instruments, such as the Fourier- transform ion
cyclotron resonance (FTICR) mass spectrometer within imaging 

stent 
(CID). MALDI images were acquired using Flex Imaging. Flex 
Analysis and SCiLS lab were used for processing and alignment o fworkflows has increased the number of detectable analytes,

making identification of lipids, n-linked glycans and small images to stained serial sections 
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Figure 3. Distribution of two abundant lipid species across the treatment groups. Brain 

molecule metabolites feasible. MALDI IMS use across toxicity 
llstudies has been on the rise, specifica y in neurotoxico ogy l 

Fresh Frozen Rat Brain H&E and IHC Data Collection 

studies targeting specific brain abnormalities or changes due to 
exposure to toxic materials or drugs. A recent study at NCTR was 

Sagittal Serial Secti
conducted to determine the effects of exposure to inorganic 

ons at 12 µm 
HTX-TM 5 : App 

ic on development, MALDI IMS was utilized to gain a more 
thorough understanding of potentia toxicity e 

ly Matrix treatment groups. Bra
of interest. Lipid di
These two li i

arsen • idth: 50-
stributions were then compared across the four treatment groups. 

ds exhibited dose-dependent  decreases in several regions throughout the 
fic areas o 

raster w 
100 µm
positive & negative The distribution of each analyte/peak 
ion mode can be visualized in relation to tissue 

l ffects on the brain. p
• brain. Speci f the brain are highlighted. 

Brain ti • Validation by CID histology 
H&E MALDI Image ssue from postnatal day 21 and adult Sprague-Dawley rats 

Data Analysi
were analyzed, with the adult animals representing long-term 

ects.  Four arsenic treatment groups were tested:  0, 0.10, 1.50, 
and 3.75 mg/kg/day, with a maximum o 

Control Low Medium High Conclusions and Future Directions 
s: SCiLS Software 

eff 
f 3-4/sex/treatment 

• Flanigan et. al. did not identify any differences in
neurobehavior or biological markers of neurotox 

group. Dose-dependent changes and distributions at specific 
brain regions were assessed for markers of toxicity in relation to 
histopathology.  Interestingly, MALDI IMS identified many lipids 

icity 
with Arsenic exposures in a Sprague Dawley rats 
MALDI IMS analysi i i 

sections were analyze by MALDI IMS to identify lipid species of interest. Lipid 

Figure 1. Overview of MALDI IMS method. Fresh frozen brains were sectioned at 12 distributions could then be compared across the four treatment groups. Many abundant 

µm, sprayed with DHB matrix and analyzed via 7T FTICR MS. Each peak (m/z) lipids had similar distributions across the four groups, including PC 32:0 +K and GlcCer which have been linked to arsenic exposure in mice, 
l f •18:1/24:1+K. represents an analyte and i i lized across the brait’s d stribution can be visua n tissue. assess ana

with arsenic 

s s an nnovative approach to 
lyte distributions in brain tissues dosed 

phosphatidylcho ines (PCs) o varying chain lengths : PC (36:1),
PC (40:5), and PC (38:6). These studies are ongoing, but the
preliminary data showing distribution of lipids and metabolites i Lipid Distributions that Increase with Arsenite Dose Project Overvi 

Aim: Evaluate neurobehav 

ew n 
•relation to arsenic exposure will be presented. Lipids with differential distributions can be identified 

and mapped to specifi
pathology and arsenic exposure. 

ioral and neurochemical profil
lowing pre- and postnatal 

es 

c areas in relation to tissue of Sprague Dawley rats fol
exposure to arsenite 

Introduction 
SD rat 

4. Arsenic high dosage ( 
ed analytes will be verified using collision 
ssociation. 

•
•In 2016, the FDA issued a risk assessment report detailing a 

major concern regarding fetal susceptibility to neurotoxic effects 
dosing by oral gavage 

) 

from maternal dietary arsenic exposure. To address these 
Pups:
• PND 0 - 21: Once daily doing by oralknowledge gaps, a study using a Sprague Dawley rat model was 

gavage 

conducted to assess neurobehavioral and neurochemical effects 
f i 

Brains 

 Arsenic quantification 
 Western blotting • PND 21: subset of pups sacrificed 
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