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GRAPHICAL ABSTRACT

Bioimaging LA-ICP-MS is established
for trace metals within biomedical
specimens.

e Trace metal imaging allows to study
brain function and neurodegenera-
tive diseases.

e Laser microdissection ICP-MS was

applied to mouse brain hippocampus

and wheat root.
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Bioimaging using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) offers the
capability to quantify trace elements and isotopes within tissue sections with a spatial resolution ranging
about 10-100 wm. Distribution analysis adds to clarifying basic questions of biomedical research and
enables bioaccumulation and bioavailability studies for ecological and toxicological risk assessment in
humans, animals and plants. Major application fields of mass spectrometry imaging (MSI) and
metallomics have been in brain and cancer research, animal model validation, drug development and
plant science. Here we give an overview of latest achievements in methods and applications. Recent
improvements in ablation systems, operation and cell design enabled progressively better spatial
resolutions down to 1 wm. Meanwhile, a body of research has accumulated covering basic principles of
the element architecture in animals and plants that could consistently be reproduced by several
laboratories such as the distribution of Fe, Cu, Zn in rodent brain. Several studies investigated the
distribution and delivery of metallo-drugs in animals. Hyper-accumulating plants and pollution indicator
organisms have been the key topics in environmental science. Increasingly, larger series of samples are
analyzed, may it be in the frame of comparisons between intervention and control groups, of time
kinetics or of three-dimensional atlas approaches.

© 2014 Elsevier B.V. All rights reserved.

Contents
B O {1 o e L Totu (o) o PPN 2
1.1.  Motivation for element imaging in biological tissues — example brain ............. ... i i i et e e 3
1.2.  Position of MSI by LA-ICP-MS amongst other methods ... ........ ... i it e ettt e et e e 3
1.3.  Principle of MSI DY LA-IC - S . ..ottt et et e et e e ettt e e et ettt et ettt e 3
2. Advance in methodology of LA-ICP-MS tiSSue IMaging . .. .. ...ttt tnt ettt ettt ettt et ettt ettt e 6
2.0, SamIPle PreParation . . ...ttt ettt e e e e e e e e e e e e e e e e 6

* Corresponding author. Tel.: +49 2461 612698; fax: +49 2461 612560.
E-mail addresses: s.becker@fz-juelich.de (J.S. Becker), a.matusch@fz-juelich.de (A. Matusch), b.wu@fz-juelich.de (B. Wu).

http://dx.doi.org/10.1016/j.aca.2014.04.048

0003-2670/© 2014 Ercewmiep B.c. AAL puynto pecepwed.


http://crossmark.dyndns.org/dialog/?doi=10.1016/j.aca.2014.04.048&domain=pdf
mailto:s.becker@fz-juelich.de
mailto:a.matusch@fz-juelich.de
mailto:b.wu@fz-juelich.de
http://dx.doi.org/10.1016/j.aca.2014.04.048
http://dx.doi.org/10.1016/j.aca.2014.04.048
http://www.sciencedirect.com/science/journal/00032670
www.elsevier.com/locate/aca

J.S. Becker et al./Analytica Chimica Acta 835 (2014) 1-18

D72 U0 TR \\F 1 A o 7 (< 6
2.1.2. Limited usefulness of fiXxed fISSUE . .. ... ...ttt e e e e e 6
2.2, CalIDIation . .. ...t e e e e e 7
221, External StandardsS .. ... ..ot e e 7
222, Internal Standards . . ... ..ot e e e 7
2.3, Operation and ablation MOES . . . ... ... .ttt ettt e e e e e e e 9
230, ADIAtion MOAES . . ..ottt ettt e e e e e e e e e e e e e e e e e e e e e 9
2.3.2. Minimization/resolution of polyatomic isobaric interferences .. ...... ...ttt ittt iaean 10
2.4, Data treatMeNt . ... ..ottt ittt ettt et e e e e e e e 10
2.5.  Improvement of spatial TeSOIULION . . . . . ...ttt et e e e et e e e e e e e et e e e 10
2.5.1.  Commercial ablation SYSteIMIS ... ...ttt ittt e e e e e e e e e 10
2.5.2,  LMID-LA-ICP-M S .ttt e e e e e e e 1
2.5.3.  Other approaches for improving spatial resolUtion ... .. ... ... . ittt e ettt et 11
Applications of LA-ICP-MS bio-imaging — 10 years Of WOTK ... ... .ttt i e et ettt ettt et ettt 1
3.1.  Element-architecture in healthy OrganiSmS . . . .. ... ...ttt ittt ettt ettt e et ettt ettt et eaanns 1
3110 ANIMAL TISSUE .o .ottt ettt e e e e e e e e e e e e e e 1
3.1.2.  Human biopsy/autopsy tISSUE . . ...ttt ettt e e e e e e e e e e e e e e e 12
2% U TR & Vo 1P 12
304, NOD-VEITEDIALES . . oottt ettt ettt e e e e et e et e e e e e e e e e e e e e e e e e e e 12
3.2.  Tissue at pathological CONAILIONS . . . ... ...ttt et e et ettt et ettt e ettt et e 12
3.2.1.  BiOPSY/QULtOPSY SPECIIMIEIIS . . vttt ettt ettt et et e e e et e e et et e et e e et e et e e e e e e 12
3.2.2.  Experimentally induced diSease . ... ... .. ...ttt e e e 12
3.3. Organisms after exposition to metal/hetero-element compounds at lifetime ........... ... ..ttt ninnnennnnn 12
3.3.1.  Hyper- and hypo-accumulating plants ... ... ... .t et e e e 12
3.3.2. Development of drugs, therapeutic nanoparticles, contrast agents and their delivery .............. .. ... ... ... ...... 13
3.3.3.  Stable iSOtope tracer StUAIES . .. ...ttt ittt ettt e e e e e e e 13
3304, OtReT o e e e e 13
3.4. Ex vivo binding/staining including immunhisStoChemistry . ... ... ... ..ttt it e et e ettt et e 13
3.4.1. Immunhistochemistry/histological StaiNS . ... ... ...ttt e ittt e e e 13
3.4.2. Exvivo binding studies of element species Of INteIreSt . . . ... ...ttt ettt ettt ettt et 14
3.5, VATIOUS CASS . o vttt ittt ettt e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 14
28 75 PO <Y< o o P 14
3.5.2.  LeaVes, COPIaMAr ...ttt ettt e e e e e e e e e e 14
3.5.3.  Root blots of plants during GroWth .. ... ... .. e e e e 14
3.6. Larger numbers of serial samples/group comparisons and Kinetics ... ... ........ .ttt ittt iaeeenn 14
3.7.  Atlas approaches/3D reconstruction of serial SECHIONS . . ... ..ottt ittt ettt ettt e e ettt e 15
3.71.  Atlas of formalin fixed MOUSe Drainl . .. ... ...ttt e 15
3.7.2. Wheat grain @erm atlas ... ... ..ottt e e e e e e 15
(0] 3 1ol 1L 13 (o) o - PR P 15
ACKNOWIEAZEIMENIES . . o\ttt ittt ettt e et e et e et et e e e et e e e e e e e e e e e e 15
REIOIBIICES . . o .ttt ettt e e e e e e e e e e e e e e e e e e 15

Dr. . Sabine Becker is the head of the BrainMet
(Bioimaging of Metals in Brain and Metallomics) at
Research Centre Juelich, Germany. She has more
than 35 years of extensive experience in all fields of
mass spectrometry and pioneered imaging LA-ICP-
MS for micro- and nanolocal analysis for biological
specimens combined to metallomics. Dr. Becker is
the author of the comprehensive handbook: Inor-
ganic Mass Spectrometry: Principles and Applica-
tions, Wiley, 2007, of 355 scientific publications, 24
patents and is [UPAC Fellow and member of several
Editorial/Advisory Boards of the International Jour-
nal of Mass Spectrometry, Journal of Analytical Atomic
Spectrometry, Talanta, Metallomics and others.

Dr Andreas Matusch studied medicine and physics
at the universities of Marburg, Munich, Poitiers and
Paris-VI. He received his MD in medicine in 2000
followed by clinical education in Neurology in Paris.
Since 2003 he has worked at Forschungszentrum
Jilich in the field of molecular neuroimaging using
mass spectrometric and radiotracer techniques at
the translational junction of medicine, analytical
and nuclear chemistry. He contributed analytical
questions and samples of clinical relevance, imple-
mented experience from medical tissue and data
processing and assured data analysis bridging from
precise morphology to function.

Bei Wu received her PhD in Environmental Engi-
neering at Zhejiang University, China, in 2009. After
working as an Alexander von Humboldt postdoctor-
al fellow, she was a scientific coworker at the
BrainMet laboratory at Forschungszentrum Jiilich
(FZ]), Germany, working on the development of LA-
ICP-MS imaging of metals/metalloids with high
spatial resolution down to the low- and sub-pm
range. Her forthcoming research activities will
investigate elemental cycling in soil system using
advanced mass spectrometric techniques in the
Institute of Bio- and Geosciences, FZ].




Download English Version:

https://daneshyari.com/en/article/1164510

Download Persian Version:

https://daneshyari.com/article/1164510

Daneshyari.com


https://daneshyari.com/en/article/1164510
https://daneshyari.com/article/1164510
https://daneshyari.com/

