' SERS prospect of different organs from mouse and
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ABSTRACT

This study evaluates the capacity of infrared, Raarad surface enhanced Raman spectroscopy (SERBfetentiate organs and to detect the structurkamformation of molecular components from heatthgt cancerous tissues. Since most diseases athty biochemical
processes including mutation and/or infection, thesyaccompanied by molecular composition changéseitissues. Vibrational spectroscopy providesitet information about the biomolecular compositaf tissues, which might be used to distinguistwieen normal and malignant
ones. The spectra of three organs (Ilver, Iungshmn) from different specimens contain contribusidrom amino acids, proteins, |Ip|dS and choledtdroe Raman spectra of normal skin are domlnatediﬂggen, but also bands from I|p|ds, DNA and aineide 11l and | bands of
proteins. Raman images were collected to idenéifjans showing SERS effect and FTIR imaging was afgplied as a complementary technique.
Sample preparation 4 mice specimens Instrumentation: Single Raman spectra were collected from differegions from Data analysis The resulting Raman maps and FTIR image
all samples placed on Caslides. Spectra were recorded using a Raman mipesc were processed using the CytoSpec software package.
coupled to a 785 nm diode laser (Kaiser Opticate3gs). The laser power was set data sets were normalized resulting in a lineareation of
DMBA (7,12-dymethilbenzanthracene) to 200 mW. The exposure time was 5 seconds andspeciirum was an average of the complete spectrum , background subtraction,
solution which was administered orally. 2 accumulations. Raman maps were acquired usinsgiine instrument, each map polynomial baseline correction. Low-intensity spaavere

—NMRI, C57 and Sprague Dawley —
were exposed to UV radiation and

Both treatments are known to induce

cancer. Samples from lung, liver and 2 s per spectrum., number of acquisitions 2, dtirakt between 10-30 s.

skin were collected from each specimel
and immersed in 10% formalin solution
mixed with colloidal silver. Thin tissue

sections were prepared and placed on

CaF; slides.

4000 cm'. Image dimension 350 x 35@n2.

IR images were acquired in transmission modegusiRTIR microscopy coupled
to a 64x64 focal plane array detector (Varian)sdéns at 4 crhresolution were
collected and Fourier transformed to produce tkalti@g spectrum from 950 to

having a dimension of 19 x 19 =361 spectra witkea size of 1@m, exposure time removed from the data sets because they correspoade

positions outside the tissue, near holes, nearrfissor near

margins. In FTIR images, the intensity of the anlidand
near 1656 crt was used to determine whether some

regions of the sample were too thin for the spectize
included in the subsequent data analysis, whitheén
Raman maps the 2750-3050-timterval was chosen.
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Raman mapping of lung sample from NMRI specimen

(from left) Microscopic picture of NMRI lung.
Magnification 1.5, objective 1 x. Raman map of skeéected
area. The crosses delimit the dimension of the fupper
right and lower left). Distribution of the integeat intensity
2750-3050 cm, hierarchical cluster analysis and the T
corresponding Raman spectra of the red, blue asehgr

clusters.

Macroscopic picture of lung sample
showing high blood content. Picture
acquired using a Keyence digital
microscope

The high blood content of lungs gives enhanced Ramads
due to resonance effect at 675 (oxygenated cetsrsiric
pyrrole deformation), 824 (both oxygenated and
deoxygenated cells methine out of plane deformatiuh
pyrrole breathing mode), 973 (deoxygenated cells C-C
asymmetric stretching of porphyrin macrocycle), 112471
(oxygenated cells asymmetric pyrrole half-ring sinatg),
1250 (deoxygenated cells C-H methine deformatiodj01
1561 and 1620 cthupon 785 nm excitation => changes in
blood perfusion and in the red blood cells contamt be
easily detected by Raman spectroscopy.
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FTIR imaging of lung NMRI sample

Microscopic picture of NMRI lung (10 x objective), IR
imaging and HCA cluster analysis (from left) and the
representative cluster-averaged IR spectra codefcoen
tissue sections shown with the same color scaile the
pseudo color maps.

The IR spectra are dominated by the amide | abdnt at
1653 and 1538 cthwhich arise from the C=0 stretching
and N-H bending of the amide group, the CH
asymmetrical stretching mode of lipids at 2924'and
the amide A band at 3296 ¢m

FTIR imaging was applied as a complementary techeniq

SERS effect (magenta spectrum) identified in thm&a
map due to the Ag nanoparticles which penetrated th
tissue, in comparison with a Raman spectrum rechirben
the point next to it. The bands in the SERS spectte
shifted towards smaller wavenumbers (717 Ramartrspac
— 714 cm? SERS, indicating phospholipids, 1001 Raman
spectrum -997 crh-SERS, assigned to phenylalanine).
Other contributions observed in the SERS spectmam a
lipids, proteins, heme groups, cholesterol, cardteand
nucleic acdis to a lower extent

HCA analysis divided the tissue in 3 clusters, bfali one (red spectrum) was assigned to the cqgdral Slight differences between the cluster avedapectra showed that the concentration of
proteins and lipids decreases when going fromigisei¢ towards the margins. Contributions from hewlaiglare the most prominent and are present at®#5,1334, 1370 and 1567 dm
Significant differences can be seen in the inte#@f-1800 cm whereas the variances in the high wavenumber regi@small.

Liver samples

15000

1448 CH, bend protens.

10000

1658 Amide |

Raman Intensity (arb. units)

so004

T T
0 1000 1500

Wavenumbers (cm )

Skin samples

15000

Raman spectra of liver tissues arg
dominated by contributions from
proteins at 622 (phenylalanine),
644 (tyrosine), 757 (tryptophan),
853 (tyrosine and C-C stretching
vibrations of proline), 1003, 1032,
(phenylalanine), 1159 (C-C
stretch of proteins), 1172 (C-H
bend of tyrosine), 1209
(tryptophan and phenylalanine)
and 1448 cm (CH, bend of
proteins), lipids and some
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The major component in the Raman spectrum of noskialis collagen, which can be
identified by its characteristic Raman bands at 8%8 and 1243 cth Further components are
lipids, which can be localized in the stratum comedr in the subcutis.
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influences from collagen and
nucleic acids.

The spectra resemble very well
and the only differences between
specimens were found in the
relative intensity of the present
bands.
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After exposure to ultraviolet radiation, the skin
manifested injury in a variety of ways,including N S| :
both acute and chronic responses, the most evidetensity in the band at 1300 érin the NMRI spectrum has

acute feature of UV radiation exposure being

erythema (redness or sunburn).

Raman spectra from 1200 to 1350"crfihe indicated bands
are: A - 1266 cm amide Il a-helix, B - 1302 cnt - CH, bend
of lipids, C - 1319 cm CH,CH, wagging of collagen/lipids and
D - 1336 cnt assigned to CKCH, wagging of collagen. The
amide Il band has decreased intensity in the N&ifRl C57
spectra compared to the SPD spectrum.

The asterisk band present in NMRI spectrum at 1243
distinctive for amide Ill collagen is missing irethed spectra
and has a small contribution in the green one.B'hand is
nearly missing in the NMRI spectrum indicating @mase in
lipids.

Eczema is usually formed on dry skin so this caamteat
Raman spectra should present a decrease in ttis. [[pecreased

been correlated with skin after UV irradiation [4].

Raman spectrum of C57 specimen (red) shows areisedelipid
content, which could be an indicator of skin witiammatory
disease.

NMRI specimen and conclusions
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« In the graph to the right, Raman spectra from Jlirgr and skin of NMRI specimen are presentece Raman spectrum of skin is dominated by collatienliver
spectrum is dominated by proteins and the lungtspads dominated by contributions from hemoglobid proteinsComparing all three organs from the same

the Ag nanoparticles adsorbed in the tissue

skin
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specimen it is possible to identify the type of oan by analyzing the Raman bands present in the speem.

« This study demonstratéise capacity of Raman spectroscopy of differentiatig between the same organ from distinct specimeasd the possibility oidentifying the
structure and molecular components from healthy andliseased tissues.
+«Raman and FTIR imaging were applied to investigatas from the tissues. In this walye SERS effect was identified This was expected due to the colloidal
nanoparticles which were mixed with the formalinkigon in which the samples were immersed. SERS$tspevere acquired from normal and diseased origased on

« FTIR or Raman vibrational microspectroscopy cavigte molecular information of samples with a higtatial resolution at microscopic level.
« Changes in specific cellular events such as an inereadecrease in substance classes (lipids, proteind) [2dd to differences in the Ramans and IR spectra.
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