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SUMMARY

OBJECTIVE: lonizing radiation can cause radio-induced changes in the cellular metabolome due to the breakdown of DNA bonds. Our
goal was to find the early tissue response to radiation exposure supported by distinct analytical methods.

METHODS: Histological analyses were performed on the organs extracted from rats to search for microscopic changes. The histological
slides stained with hematoxyline-eosin (HE) were analyzed in magnification (40x). Subsequently, the tissues were subjected to mass
spectrometry that allowed molecular analysis and DESI-MSI that generated the molecular image of lipids, assessing changes in inten-
sities, especially in the brain.

RESULTS: The histological analysis found nonspecific inflammatory changes; no areas of fibrosis, necrosis, or apoptosis were identified,
suggesting non-morphological tissue alterations. However, the DESI-MSI images of brain lipids allowed the observation of many
radio-induced changes in the lipid's intensities.

CONCLUSIONS: No early radio induced histological or mass weight changes in the radiation exposed rats could be observed at 5 Gy.
However, early changes in the molecular level were observed in the DESI-MSI images of the brain lipids. The DESI-MSI method proved
to be efficient and relevant, allowing a regional molecular analysis of the tissues, expanding a new field of study that is still in its infancy:
radiometabolomics.

KEYWORDS: Metabolome. Radiation. Gamma rays. Mass spectrometry. Lipids. Spectrometry, mass, matrix-assisted laser desorp-
tion-ionization. Brain.

INTRODUCTION

The International Cancer Research Agency of the  of the cell cycle allows the emergence of neoplastic
World Health Organization (IARC/WHO) has shown  lesions that characterize cancer?. One of the thera-
that cancer is the leading cause of morbidity and mor-  peutic modalities in cancer is radiotherapy, in which
tality worldwide'. a large portion or the whole organ infiltrated by the

The absence of repair mechanisms and control  tumor is exposed to radiation. Gamma radiation is a
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ANALYTICAL METHODS FOR ASSESSING CHANGES IND

type of ionizing radiation (IR) that can cause various
cellular damages due to direct and/or indirect struc-
tural changes resulting from the rupture of molecular
bonds in the DNA of the neoplastic cells, resulting in
their loss of clonogenicity?.

In addition, healthy tissues are also affected by
radiation exposure, resulting in several adverse effects
of the radiation therapy, such as cerebral edema,
radiation necrosis, cerebral atrophy, neurocognitive
deficits?, thickened bronchial wall, dilated alveolar
space®, pneumonitis, pulmonary fibrosis®, cardiomy-
opathy, reduction of myofibrils with fibrosis’, hepato-
cytes with focal necrosis, nephritis with glomerular
capillary necrosis, or degeneration of the proximal
cell lineage.

DESI-MSI is an analytical imaging method used to
obtain lipid profiles of normal and neoplastic tissues,
identify metabolites in microbiology, and study brain
neurotransmitters®". Radio-induced brain changes
can cause several adverse effects such as cognitive
losses and radionecrosis™. DESI-MSI allows assess-
ing changes in the tissue metabolic profile so that it
can be used in a review of radiation therapy protocols
in order to minimize the deleterious effects of ioniz-
ing radiation.

The goal of the present research was to find the
early tissue response to the radiation exposure of
total-body-irradiation (TBI) at 5 Gy supported by dis-
tinct analytical methods.

METHODS
Group selection and Irradiation Protocol

Statistical analyzes were performed with the body
and organ mass weights of 40 male albino rats, 90
days old, from the Rattus norvegicus, Wistar line,
weighing approximately 300 + 15g. The animals
were euthanized, the organs removed, weighed, and
stored. The tissues were prepared and histological and
molecular analyses were performed. The research
goals and protocols were previously submitted; the
study was approved by the Ethics Committee on
Animal Use (CEUA-UFMG), protocol 339/2014, after
standardization for animal care; euthanasia. The ani-
mals of the IR group had their total body irradiated
in the Co-60 Gamma-LIG/CDTN radiator, all together
in 4 boxes, receiving 5 Gy absorbed dose, at the Lab-
oratory of Irradiation Gamma-LIG of the Center of
Development of the Nuclear Technology (CDTN). The
irradiated animals were sacrificed according to time

kinetics corresponding to 12h, 48h, 96h, and 01 week
after exposure.

Histological methods

The organs were fixed at 10% buffered formalin and
included in paraffin blocks. The 4 um sections were
obtained and stained with hematoxylin and eosin (HE).
The slides were evaluated by a pathologist, and the
images were captured by a camera connected to an
optical microscope (Olympus BX-40; Olympus, Tokyo,
Japan). The histological analysis was performed on
the tissue’s images.

DESI-MSI

The solvents were acetonitrile and N, N-dimethyl
formaldehyde ACN:DMF (1:1) since these chemical
products do not cause morphological changes. The
infusion pump was adjusted with a flow rate of 3.5
uL.min-". The nitrogen nebulizer gas was turned on
at 160 psi pressure. The high voltage source was con-
nected to the ion source and a voltage of 5 kV applied.
The mass spectra were acquired in the 200-1000 mass
range, with an incidence angle of ~ 54° between the
source and the sample surface. The analyses were
made on a ThermoFisher Scientific Q executive
Orbitrap MS instrument. The entire process is repre-
sented in Figure 1.

The ions were selected based on the changes in the
intensity of the ions in the acquired images. In order
to compare the control and experimental brain tissue
with tissue responses in the respective time kinetics
(24h, 48h, 96h, and 1 week), the ion intensities were
properly equalized for comparison purposes.

RESULTS
Histopathological analyses of organs

Histological slides stained with HE were analyzed
in magnification (40x), and the major histological char-
acteristics found in the control group and the irradi-
ated group were observed.

The histological brain slides from the irradiated
group did not present changes such as inflammatory
lymphomononuclear infiltrates, edemas, vascular
degenerations, and areas of necrosis, as depicted in
Figure 2. The lung plaques of the irradiated group
did not present changes such as inflammatory lym-
phomononuclear infiltrates, exudates, edema, and
thickening of the bronchial wall, as shown in Figure 2.
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FIGURE 1. SCHEMATIC REPRESENTATION OF THE DESI-MSI APPARATUS USED TO OBTAIN EACH TISSUE IMAGE.

Source: Mingote™

FIGURE 2. BRAIN, LUNG, KIDNEY, LIVER, AND HEART 400X SLIDES

Source: Mingote™
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The irradiated kidney slides showed no signs of focal
or diffuse glomerulonephritis and no changes were
observed such as inflammatory lymphomononuclear
infiltrate, capillary necrosis, and cell degeneration in
the proximal and distal tubules. The liver slides of the
irradiated group had preserved architecture formed
by hepatocyte cords, sinusoid capillaries, and centri-
lobular vein. No dilatation of sinusoidal capillaries,
areas of focal necrosis, and cellular degeneration with
vacuolated hepatocytes were observed. Figure 2 also
shows the heart laminations of the irradiated group,
demonstrating the preservation of the skeletal striated
muscle structure without the presence of myofibrillar
degeneration, areas of myofibrils necrosis, and areas
of fibrosis.

DESI images

Pertinent changes were noticed in Ion images of
the brain tissue of Wistar rats from samples of the
control group and the irradiated group analyzed in
DESI. The generated images referred to only one ion
and were determined by its m/z ratio. Thus, the scan
reading of each pixel allowed the ions present at each

point of the sample to be quantified and evaluated by
their tissue distribution. Some ions were selected,
which showed substantial differences in intensity
and expressed in each organ area. Figure 3 shows
the images of two ions obtained and their profile in
the different regions of the Central Nervous System
(CNS). The main changes observed were an abrupt
modulation in lipid intensity in various regions for
both samples.

DISCUSSION

Our findings show that the histological method
did not reveal relevant changes in the levels of micro-
scopic tissue.

Ionizing radiation has enough energy to cause elec-
tronic excitation, i.e., ionization, producing the break-
down of chemical bonds in the biological molecules
(DNA, lipids, proteins) of tissues™™. Lipid peroxidation
is a cytotoxic process defined by successive biochem-
ical events triggered by free radicals that determine
the extensive oxidation of unsaturated fatty acids
and membranes. The by-products of those processes

FIGURE 3. ION A) M/Z794.622 AND B) ION M/Z 914.693. THE IMAGES REPRESENT THE INTENSITIES OF THE LIPID'S
IONS, IN COLOR LEVELS, TAKEN IN A DISTINCT ANIMAL BRAIN SECTION, WHOSE PIXELS REPRESENT A SPECIFIC
AREA OF THE RAT'S BRAIN, TAKEN AT THE AFTER-RADIATION TIMES OF 24H, 48H, 96H, AND 01 WEEK.

Source: Mingote™
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induce structural and functional changes in the cell
membrane, causing changes in the flow of the ionic
and molecular substrate, triggering several biochem-
ical changes. As an example, metabolism and serum
phospholipid levels (PLs) were altered after exposure
to ionizing radiation.

DESI, however, proved to be extremely effective
in detecting important radio induced molecular
changes™. Polyunsaturated fatty acids, as well as
structural lipids of the cell membrane, are largely
susceptible to damage caused by gamma irradia-
tion. The results showed that the two selected lipids
revealed significant changes in the CNS. The lipid
distribution of m/z 794,622 and m/z 914,693 from
the control group to the irradiated groups was com-
pletely altered. The kinetics of time shows a change
in lipid expression spatially in the brain, as well as an
attempt to respond to minimize the damaging effects
of radiation on tissues. After irradiation, an abrupt
modulation in the intensity of this lipid was observed
in all brain regions in the 24h samples, and in the
48hh samples especially. The 96h sample showed
a slight diffuse increase; however, in the 01-week
sample, there was a decrease in lipid intensity in
all areas.

Changes in lipid expression lead to changes in sig-
naling mechanisms for cellular and molecular repair.
Molecular changes may be associated with the alter-
ation and degeneration of myelin, present in numer-
ous neurodegenerative diseases. It is still necessary
to assess whether oxidative damage can lead to cell
membrane dysfunction, causing changes in metabo-
lism, selective change in cell permeability and signal-
ing, which can lead to apoptosis''¢-8.

Molecular analyses in the other organs are still
being developed since all research is maintained
through inter-institutional cooperation to obtain data
and images.

CONCLUSIONS

The effects of ionizing radiation must be better
identified and understood at the molecular level.
Although macroscopic and microscopic changes in
the tissue are not yet evident, it is necessary to fur-
ther deepen the techniques applied to the metabolic
molecular analysis to achieve a better understand-
ing of the mechanisms that can alter cell structures
and function. DESI-MSI proved to be efficient and
relevant, allowing regional molecular analysis of the
entire CNS, expanding a new field of study that is
still incipient: radiometabolomics. Our studies may
contribute further to the review of the protocols in
dose planimetry to minimize the deleterious effects
of ionizing radiation.
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OBJETIVO: Radiagdo ionizante pode causar alteragées no metaboloma celular devido a quebra de ligagées no DNA. O objetivo deste
trabalho foi evidenciar a resposta aguda tecidual induzida pela exposi¢do da radiagdo ionizante.

METODOS: Andlises histolégicas foram realizadas nos érgdos extraidos de ratos para andlise de alteragées microscépicas. As ldminas
histolégicas coradas com hematoxilina eosina (HE) foram analisadas em aumento (40x). Posteriormente, os tecidos foram submetidos a
espectrometria de massa, que permitiu andlise molecular e o Desi-MSI que gerou imagem molecular de lipidios, identificando alteragdes
na intensidade, principalmente no cérebro.

RESULTADOS: As andlises histoldgicas encontraram alteragées inflamatérias inespecificas, nem dreas de fibrose, necrose ou apoptose,
sugerindo auséncia de alteragées morfoldgicas. As imagens de lipidios cerebrais obtidas por Desi-MSI permitiram observar as inimeras
alteragbes na intensidade nas se¢bes teciduais do encéfalo.
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CONCLUSOES: Alteragdes agudas radioinduzidas de massa do 6rgdo e histolégicas nos 6rgdos dos ratos expostos ndo puderam ser
observadas a 5 Gy. Entretanto, mudancas em nivel molecular foram observadas nas imagens de Desi-MS| dos lipidios cerebrais. O
método Desi-MSI mostrou-se eficiente e relevante, permitindo a andlise molecular regi-onal dos tecidos no SNC, expandindo um novo
campo de estudo que ainda estd em sua infancia: a radiometaboloma.

PALAVRAS-CHAVE: Metaboloma. Radiagdo. Raios gama. Espectrometria de massa. Lipidios. Espectrometria de massas por ionizagdo e
dessorcdo a laser assistida por matriz. Encéfalo.
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