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Abstract. This paper presents a debut study of damaged tissues by 7, 12 dimethylbenzanthracene 
(DMBA) and UVB radiation. Before data acquisition samples were inoculated in formalin solution 
mixed with colloidal silver. The objective was to apply Raman, FT-IR and SERS spectroscopy to 
detect the structure and conformation of molecular components from tissues originating from 
wounded mouse models. These vibrational micro-spectroscopies can provide molecular information 
of the examined samples with a high spatial resolution at microscopic level. Raman imaging was 
applied to investigate areas from the tissues and identified SERS effect due to the added colloidal 
nanoparticles. The analysis of these spectra indicated chemisorption of the nanoparticles in the tissue. 
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INTRODUCTION 

Raman spectroscopy is a powerful vibrational spectroscopic technique which 
has been applied in different biomedical applications [13, 15, 19, 23, 27]. Some of 
its advantages such as requirement of no or little sample preparation, high spatial 
resolution and molecular level information have made it attractive for in vivo and 
in vitro characterization of biological tissues. The principle is that Raman spectra 
probe molecular vibrations providing highly specific fingerprinting of the 
molecular structure and biochemical composition of cells and tissues. Since most 
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diseases are induced by biochemical processes including mutation and/or infection 
and are accompanied by molecular composition changes in the tissues, vibrational 
spectroscopic methods are reported to be useful tools for analyses being objective 
and rapid [15]. They provide the necessary information without external markers 
such as stains or radioactive labels. 

FT-IR spectroscopy is a complementary technique to Raman spectroscopy, 
which has also proven to be a potent analytical tool for studying complex 
biological materials such as tissues, body fluids and cell cultures [3, 4, 6, 28, 30]. 
Mid IR spectroscopy is based on the absorption of radiation, typically in the 400 – 
4000 cm–1 range which excites molecular vibrations. Biological macromolecules 
such as proteins, nucleic acids, and lipids have specific, fingerprint IR spectra in 
the wavenumber range 400–1800 cm−1. Because these spectral fingerprints are 
directly determined by molecular structures and cellular chemistry, IR 
spectroscopy has been shown to have promising potential to detect abnormal 
changes in cells and tissues [5]. IR spectroscopic fingerprints can probe chemical 
compositions and compositional and structural changes in tissues and cells in real 
time without markers on the molecular level. Therefore, IR spectroscopy has been 
recognized as an analytical tool in medical diagnostics [5]. 

Raman spectroscopy suffers the disadvantage of extremely poor efficiency 
because of its low cross section. In the past two decades there has been a renewed 
interest in Raman techniques due to the discovery of surface-enhanced Raman 
scattering (SERS) effect, which results in strongly increased Raman signals when 
molecules are adsorbed on nanometer sized metallic structures. This concern in 
surface enhanced Raman techniques is due especially to the progress in 
nanoparticles fabrication, noble metal nanoparticles being recognized as SERS-
active platforms that exhibit a Raman enhancement factor ranging from 106 to 1014 
in appropriate surface plasmon resonance conditions. In order to increase the 
Raman intensity and to obtain a high specificity of the spectral response in 
analyzed samples, here we probed the SERS from skin tissue using silver colloidal 
nanoparticles and visible laser excitation [8, 24]. 

Based on SERS theory, if the Ag nanoparticles attached to the tissue, or if the 
laser spot falls at the junction between a nanoparticle and tissue, enhanced Raman 
signal should be observed. The strong enhancement of Raman scattering attributed 
to the SERS effect arises from combined electromagnetic and chemical 
mechanisms involving the adsorbate and the metal surface. The chemical effect is 
based on the adsorption of the molecules at certain surface sites, creating a charge-
transfer state between the metal and the adsorbed scatterer. The electromagnetic 
effect appears because of the collective oscillations of the conduction electrons that 
result when a metal is irradiated with light. These electrons, also called “surface 
plasmons”, generate a secondary electromagnetic field, which can add to the 
incident one. This resonant response greatly enhances the local electromagnetic 
field intensity, thereby enhancing the efficiency of Raman scattering for molecules 
on or near the metal surface [1, 2, 7, 11, 19, 25]. 
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The aim of this study was to apply vibrational spectroscopic techniques to 
study in vivo damaged tissue by UVB radiation and 7, 12 dimethylbenzanthracene 
(DMBA) solution in mouse models and to detect the structure and conformation of 
molecular components. 

MATERIALS AND METHODS 

SAMPLE PREPARATION 

In this study two mice species (C57BL/6J and NMRI) and two rats of 
Sprague Dawley strain weighing 170–200 g were employed. The mice and one rat 
were exposed to UV radiation (295 nm) and all specimens were treated with 
DMBA solution, a synthetic polycyclic aromatic hydrocarbon which is known to 
induce cancer in different organs even it is applied topically. Autopsy tissue 
samples of about 0.5–1 cm3 were collected from different tissues (lung, liver, skin). 
The samples were fixed in 10% formalin solution mixed with colloidal silver 
prepared through Lee-Meisel method.  

Cryo-sections were cut from the formalin-fixed samples using a LEICA 
CM3050S cryostat and placed on CaF2 slides. The samples were not submitted to 
any preparation, like “freezing shock” in liquid nitrogen or washing.  

All experimental procedures were approved by UMFT Bioethical Committee 
and institutional guidelines in the handling and care of the animals. The experiment 
is part of a larger study of three groups using eight animals for model and treatment 
with new formulations. The animals were accommodated to UMFT Biobase and 
they have been maintained in optimal conditions. The food was standard and was 
administered as the water, ad libitum. The day/night cycle was 12/12 hours and the 
humidity over 55%. 

INSTRUMENTATION 

Single spectra were collected from different regions from all samples placed 
on CaF2 slides. Spectra were recorded using a Raman microscope coupled to a 785 
nm diode laser (Kaiser Optical Systems). The laser power was set to 200 mW. The 
exposure time was 5 seconds and each spectrum was an average of 2 
accumulations. Raman maps were acquired using the same instrument, each map 
having a dimension of 19 × 19 = 361 spectra with a step size of 10 µm, exposure 
time 2 s per spectrum, number of acquisitions 2, dwell time between 10–30 s.  

FT-IR images were acquired in transmission mode using an FT-IR 
microscope coupled to a 64 × 64 focal plane array detector (Varian). A typical FT-
IR imaging acquisition consists of 4096 IR spectra taking 4 minutes. 40 scans at 4 
cm–1 resolution were collected and Fourier transformed to produce the resulting 
spectrum from 950 to 4000 cm–1. The dimensions of the images were 350 × 350 µm.  
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Data acquisition was controlled by the HoloMap module of the HoloGrams 
software package (Kaiser). The software automatically performs a cosmic ray 
correction and wavelength calibration. 

DATA ANALYSIS 

The resulting Raman and FT-IR images were processed using CytoSpec [31] 
software packages. An offset correction of each complete spectrum removed all 
negative intensities in the data set. Other preprocessing techniques included 
background subtraction, polynomial baseline correction and filtering. Low-
intensity spectra were removed from the data sets because they corresponded to 
positions outside the tissue, near holes, near fissures or near margins. In both, FT-
IR and Raman images, the intensity of the amide I band at 1656 cm−1 was used to 
determine whether some regions of the sample were too thin for the spectra to be 
included in the subsequent data analysis. Finally, clustering analysis was performed 
on the data sets.  

Cluster analysis identifies regions of the sample that have similar spectral 
response by clustering the spectra into groups or clusters such that differences in 
the intra-cluster spectral responses are minimized while simultaneously 
maximizing the inter-cluster differences between spectral responses. The 
hierarchical cluster analysis (HCA) algorithm calculates the symmetric distance 
matrix (size n×n) between all considered spectra (number n) as a measure of their 
pairwise similarity. The algorithm then searches for the minimum distance, collects 
the two most similar spectra into a first cluster and recalculates spectral distances 
between all remaining spectra and the first cluster. In the next step the algorithm 
performs a new search for the most similar objects, which now can be spectra or 
clusters. The two most similar objects are clustered again and the distance values of 
the newly formed cluster are recalculated. This iterative procedure is repeated n–1 
times until all spectra have been merged into one cluster. 

RESULTS 

Skin covers the surface of the body and has an important role in protecting it 
against different external factors. It consists essentially of three tissue layers: deep 
subcutaneous fatty layer, dermis and epidermis, the most superficial layer. 
Epidermis is a multi layer membrane which contains no blood vessels. Its 
outermost layer is stratum corneum which acts like a primary barrier to 
environmental contaminants.  

Prolonged exposure to UV radiation can cause premature skin aging, skin 
cancer and a host of skin changes. Some of the possible mechanisms for UV skin 
damage are collagen breakdown and consistency changes, the formation of free 
radicals, interfering with DNA repair and inhibiting the immune system.  
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The mice and rats used in this study were exposed to UVB radiation (295 
nm). After exposure, the skin manifested injury in a variety of ways, including both 
acute and chronic responses, the most evident feature of UV radiation being 
erythema (redness or sunburn). After one month of exposure, the visual aspects 
indicated important skin damages that suggested photoaging and first steps of skin 
carcinoma (Fig. 1). 

 

          
Fig. 1. Skin photodamage in evolution (left) after 4 weeks – erythema and (right)  

after 10 weeks – pre-carcinoma. 

Skin samples, obtained from the specimens exposed to UVB radiation for 10 
weeks, were submitted to histopathological investigations to get a precise insight 
on the nature of the damage. The results revealed different types of pathologies 
indicating skin damages and precancerous reactions. Some of the pathological 
initial conclusions pointed towards tissue destruction, hyperkeratosis with 
inflammatory infiltration, desmoplasic dermal reaction and increasing collagen 
fibers and blood tissues in dermis (Fig. 2). 

For investigating the samples, the first step was to acquire single Raman 
spectra from all skin samples. Raman spectra can give important clues to 
understand the biochemical nature of specimens. The molecular fingerprint region, 
700–1700 cm–1 is rich in spectral features characteristic to the main molecular 
components of tissues, proteins, lipids, nucleic acids and collagen, which is 
specific for skin samples (Fig. 3). Most of the contributions present in those spectra 
are proteins which can be seen at 622 (C–C twisting mode of phenylalanine), 644 
(C–C twisting mode of tyrosine), 758 (symmetrical ring breathing of tryptophan), 
852 (ring breathing of tyrosine), 920 (C–C stretching mode of proline), 938 (C–C 
stretch of protein backbone), 1002 (symmetrical ring breathing of phenylalanine), 
1032 (CH in plane bending of phenylalanine), 1083 (C–N stretch of proteins, C–C 
and C–O stretch of phospholipids), 1155 (C–C and C–N stretching vibrations of 
proteins), 1173 (CH in plane bending of tyrosine), 1220–1280 amide III, 1320 (CH 
bending of proteins), 1446 (CH2 bending of proteins), 1586 (phenylalanine) and 
1657 cm–1 (amide I – C–O stretch of proteins, α-helix conformation, collagen and 
elastin). Other molecular components found here are lipids whose bands are 
present at 1063 (skeletal C–C stretch), 1083 (C–N stretch), 1127 (C–C stretch), 
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1266 (C–H in plane bending) and 1296 cm–1 (CH2 bending vibrations). The 
increased content of collagen in skin gives bands at 852, 874, 940, 1244, 1319, and 
1657 cm–1 [9, 12, 16, 20, 21, 22].  

 

    
Fig. 2. Histological evaluations of skin lesions after 10 weeks of exposure. From left to right: 
normal skin; pathological-disposition of epithelial zone cubulous aspects and conjunctive 
tissue destruction in the second image, ulcerations, hyperkeratosis with an inflammatory 
infiltration, lesions in basal layer of epidermis, desmoplasic dermal reaction and increasing of 
collagen fibers in the third image and sub-epidermal densification, basal layer cells abundant, 

increasing of blood tissues in dermis, absence of keratinisation in the last one. 

 
Fig. 3. Single Raman spectra of skin samples. (1) Raman spectrum of skin from 
C57BL/6J specimen, (2) skin from Sprague Dawley rat and (3) skin from NMRI 
mouse. The 500–1700 cm–1 wavenumber interval was magnified for better examination. 

FT-IR spectroscopy has proven to be a powerful investigation tool for 
biomolecules to probe the structure of lipids, nucleic acids, carbohydrates and 
proteins [10, 29]. FT-IR imaging was applied for the investigation of the skin 
samples, collected from C57BL/6J and NMRI mouse specimens and from one 
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Sprague Dawley rat. The resulted data sets were subjected to HCA analysis using 
D-values method for calculating the distances between the objects and Ward’s 
algorithm as the cluster method and the spectra were scaled at the amide I band in 
the 1620–1680 cm–1 interval. The imaging mode of IR spectrometers has a 
significant time advantage due to the multichannel focal plane array (FPA) 
detectors, which record thousands of spatial points of a globally illuminated area in 
a single measurement which takes only few minutes [17]. 

The results obtained for NMRI skin sample are shown here. The HCA 
analysis divided the selected area into three clusters. The representative spectra are 
presented in Fig. 4. All FT-IR spectra exhibit bands near 1068, 1231, 1385, 1455, 
1540, 1656, 2851, 2920, 2955 and 3300 cm–1 characteristic of lipids, proteins, 
cholesterol and nucleic acids. The spectra are dominated by the amide I and II band 
at 1656 and 1537 cm–1 which arise from the C=O stretching and N–H bending of 
the amide group, the CH2 asymmetrical stretching mode of lipids at 2924 cm–1 and 
the amide A band around 3296 cm–1. The amino acid side chain from peptides and 
proteins at 1453 cm−1 was associated with the asymmetric and symmetric CH3 
bending vibrations. The 1234 cm−1 band indicates spectral contribution of 
compounds containing PO2, CO, and CH2 groups, typical for lipids. The bands 
located around 1453 and 1391 cm–1 are due to CH2 and CH3 bending of cholesterol 
and/or phospholipids.  
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Fig. 4. IR spectra resulted after HCA analysis applied on an area from the skin sample  

of NMRI mouse specimen. 

Besides investigating the molecular changes which occur in different organs 
upon exposure to UV irradiation and treatment with 7, 12-dimethylbenzanthracene 
(DMBA) solution, our aim was to inspect whether SERS effect can be detected in 
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those samples, considering the fact that the tissues were first immersed in formalin 
solution mixed with colloidal silver nanoparticles.  

A specific area of 180 × 180 µm was chosen from the whole sample. This 
region was selected based on the density of the tissue. After the acquisition of the 
Raman image, cluster analyzing was performed on the resulted data set, using the 
HCA method implemented in CytoSpec program. Finally, the tissue was divided 
into three clusters. Three spectra representing each cluster are shown in Fig. 5. 

The bottom spectrum is supposed to be a Raman spectrum because it 
coincides with the spectra in Fig. 3. However, the upper spectrum contains 
additional intense bands near 230, 500, 1211, 1316 and 1576 cm–1 which are 
consistent with the SERS effect.  

To the best of our knowledge this is the first time when SERS effect, 
acquired from tissue samples prepared in this manner, is reported. Until now SERS 
effect was reported only for cells [14]. Previously, in literature, it was stated that 
SERS effect can also be acquired from PEG-lated gold nanoparticles injected into 
subcutaneous and deep muscular sites in live animals. The signal was acquired  
in vivo from the point where the nanoparticles were injected. Also, SERS detection 
was reported for in vivo cancer targeting, using antibody conjugated gold 
nanoparticles that recognize the tumor biomarker [25].  

 

 
Fig. 5. Representative averaged-clustered spectra resulted after HCA analysis,  

applied on the same area of the NMRI skin sample used for FT-IR investigations. 
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One problem lies in the reproducibility of the recorded SERS spectra. SERS 
variability was evident in many ways. The intensity varied from one point of 
acquisition to another during the Raman image and also, the resulted signals 
showed differences in peak locations (Fig. 6). The spectral signatures are different 
from the Raman spectra in Fig. 3 and the SERS spectra in Fig. 5. One possible 
explanation is that certain frequencies of scattering are more sensitive to the 
enhancement than others. Additionally, different portions of the tissue could have 
been subjected to the enhancement during the measurement. Depending on how 
many adsorbed molecules on the Ag nanoparticles does the spot of the laser 
encompass, the spectra can present a lot of fluctuations in signal intensities and 
frequencies. This could be an explanation for the fact that in the resulted SERS 
spectra after Raman imaging, there are differences in the way the present modes 
are amplified. 
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Fig. 6. SERS spectrum recorded during Raman imaging in comparison with a Raman spectrum 

acquired from the point next to it. 

CONCLUSIONS 

In this study we have demonstrated the capacity of Raman and FT-IR 
spectroscopy of detecting the nature of molecular components of the in vivo 
damaged tissues by UVB radiation and DMBA solution from mouse and rat 
specimens. Raman and FT-IR imaging were applied to investigate specific areas 
from the autopsy tissues collected from different mice specimens. In this way, the 
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SERS effect was identified. This was expected due to the colloidal nanoparticles 
which were mixed with the formalin solution in which the samples were immersed.  

By inoculating Ag colloidal nanoparticles in biological tissues, we have 
proved here the possibility of recording SERS spectra which can be used to 
investigate the nature of the molecular components of biological samples.  

SERS effect could be the answer to the search and need for new technologies 
for obtaining biochemical information from biological samples, which give 
excellent sensitivity, maximum chemical information content and quantitatively 
reproducible signals. The SERS fingerprint of a tissue is sensitive to subtle 
chemical changes inside it and can be used to study those chemical modifications 
that take place. SERS can be a valuable and powerful approach to the identification 
of chemical components in tissues through reproducible acquisitions under 
controlled experimental conditions. 
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