
Technological University Dublin
ARROW@TU Dublin

Articles Radiation and Environmental Science Centre

2013

Raman Spectroscopic Mapping for the Analysis of
Solar Radiation Induced Skin Damage
Hugh Byrne
Technological University Dublin, hugh.byrne@dit.ie

Syed Mehmood Ali
Dublin Institute of Technology

Franck Bonnier
Dublin Institute of Technology, Franck.Bonnier@dit.ie

K. Ptasinski
Dublin Institute of Technology

Helen Lambkin
Dublin Institute of Technology, helen.lambkin@dit.ie

See next page for additional authors

Follow this and additional works at: https://arrow.dit.ie/radart

This Article is brought to you for free and open access by the Radiation and
Environmental Science Centre at ARROW@TU Dublin. It has been
accepted for inclusion in Articles by an authorized administrator of
ARROW@TU Dublin. For more information, please contact
yvonne.desmond@dit.ie, arrow.admin@dit.ie, brian.widdis@dit.ie.

This work is licensed under a Creative Commons Attribution-
Noncommercial-Share Alike 3.0 License

Recommended Citation
Byrne, H., Ali, S. M., Bonnier, F. Ptasinski, K., Lambkin, H., Flynn, K. and Lyng, F. M. Raman spectroscopic mapping for the analysis
of solar radiation induced skin damage. Analyst, 138 (14), 3946 - 3956 (2013) doi:10.1039/C3AN36617K

https://arrow.dit.ie?utm_source=arrow.dit.ie%2Fradart%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://arrow.dit.ie/radart?utm_source=arrow.dit.ie%2Fradart%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://arrow.dit.ie/rad?utm_source=arrow.dit.ie%2Fradart%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://arrow.dit.ie/radart?utm_source=arrow.dit.ie%2Fradart%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:yvonne.desmond@dit.ie,%20arrow.admin@dit.ie,%20brian.widdis@dit.ie
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/


Authors
Hugh Byrne, Syed Mehmood Ali, Franck Bonnier, K. Ptasinski, Helen Lambkin, Kathleen Flynn, and Fiona
Lyng

This article is available at ARROW@TU Dublin: https://arrow.dit.ie/radart/38

https://arrow.dit.ie/radart/38?utm_source=arrow.dit.ie%2Fradart%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages


1 
 

Analyst, 138 (14), 3946 - 3956 (2013) 

 

Raman Spectroscopic mapping for the analysis of solar radiation 

induced skin damage 

  

S. M. Ali
a*

, F. Bonnier
a
, K. Ptasinski

c
, H. Lambkin

b
 , K. Flynn

b
, F.M. Lyng

a
, H.J. Byrne

c 

a Radiation and Environmental Science Centre, Focas Research Institute, Dublin Institute of Technology, Kevin Street, Dublin 8, 

Ireland. 
b School of Biological Sciences, Dublin Institute of Technology, Kevin Street, Dublin 8, Ireland. 
c Focas Research Institute, Dublin Institute of Technology, Kevin Street, Dublin 8, Ireland. 

 

 

*Corresponding Author: Syed Mehmood Ali, 

Radiation and Environmental Science Centre 

Focas Research Institute, Dublin Institute of Technology, 

Kevin Street, Dublin 8, Ireland. 

E mail address: mehmood.ali@dit.ie 

Ph: +353 1 4027966 

 

Abstract 

The effects of simulated solar irradiation of an artificial skin model have been examined using 

Raman spectroscopy and the results are compared with cytotoxicological and histological 

profiling. Samples exposed for times varying between 30 minutes and 240 minutes were 

incubated post exposure for a period of 96hours. The cytotoxicological response as measured by 
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the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyl tetrazolium bromide] assay demonstrated a 

~50% loss of viability of the artificial tissue after 120 minutes exposure. Histological staining of 

tissue sections showed considerable loss of cellular content in the epidermal layer at this 

endpoint. Raman spectroscopic mapping of tissue sections, coupled with K-means cluster 

analysis (KMCA) clearly identified the dermal and stratum corneum layers and differentiated 

further substructures of the epidermis. Post irradiation, a significant loss of DNA features in the 

basal layer was apparent in the results of the KMCA. Principal Components Analysis (PCA) of 

layers identified by the KMCA post exposure compared with controls indicated a significant 

increase in the lipidic signatures of the stratum corneum. In the dermal layer, little photodamage 

was observed, but a similar increase in lipidic signatures in the basal layer was accompanied by a 

decrease in DNA and protein contributions. The spectral profiles of the photodamage to the basal 

layer as identified by PCA are consistent over the exposure periods of 30-240 minutes, but an 

examination of the evolution of features associated with specific biochemical components 

indicated DNA damage and loss of lipidic signatures at the early exposure times, whereas 

changes in protein signatures appeared to evolve over longer periods. In comparison to the 

cytotoxicological responses, the study demonstrates that Raman spectroscopy can identify 

biochemical changes as a result of solar exposure at time points significantly earlier than changes 

in tissue viability are observed. 

 

Keywords 

Raman Spectroscopy, K-means Cluster Analysis, Principal Components Analysis, Human skin 

models, simulated solar radiation, collagen, lipids, DNA damage, biochemical analysis 
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Introduction 

Skin cancer has the highest incidence of all cancers worldwide 
1
. Every year, there are more new 

cases of skin cancer than the combined incidence of cancers of breast, lung and colon
2
. However, 

if diagnosed at an early stage, the prognosis is quite good, highlighting the demand for improved 

rapid screening and diagnostic technologies 
3-5

.  Solar irradiation, as one of the most important 

environmental stressors, has long been known to be the main etiological cause of skin cancers 

and accelerated skin ageing. Carcinogenesis happens when the continuous and cumulative 

exposure to sunlight results in non repairable damage to the DNA and abnormal growth of the 

skin cells is triggered. It is speculated that around 90% of skin cancer occurs due to unprotected 

and repeated exposure to UV radiation from sun 
6
, and thus understanding the processes and 

identifying markers of early stages of DNA damage in skin due to exposure to solar radiation are 

potentially important in disease diagnosis and prevention strategies. 

Currently, cancer diagnosis relies heavily on histopathological examination of the affected tissue, 

a protocol which is still considered to be the gold standard. However, this process is not only 

time consuming but also costly. To perform histopathology, biopsies may be analysed using 

several tools including endoscopy for hollow organs such as the gastrointestinal tract, lungs, 

bladder, the Papanicolaou (Pap) smear test for the cervix and mammography for breast cancer 

diagnosis. However, sampling errors can limit the effectiveness of these procedures and may 

lead to unwanted removal of tissue. Moreover, excisional biopsy of delicate organs associated 

with the central nervous or vascular systems could be hazardous. An ideal diagnostic test for 

early disease detection should be rapid and non-invasive 
3, 7

.  
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Vibrational spectroscopy is a means of establishing a fingerprint of a material through the 

characteristic molecular vibrations. It is a routine technique for fingerprinting and identifying 

chemicals and acts as a standard method of analytical pharmacy and chemistry 
8
. The potential of 

vibrational spectroscopy for diagnostic applications has been demonstrated, notably in dermal 

applications 
9-11

, as well as for in vitro screening of toxicological effects of ionising radiation 
12

, 

nanoparticles 
13, 14

 and the action of chemotherapeutic agents 
15

. Raman and infrared (IR) 

spectroscopy additionally provide detailed information of the molecular structure and 

composition of the tissue, ultimately promising an analysis of disease origin. Thus they offer 

additional information, potentially valuable for diagnosis, that is not provided by X-ray or MRI 

techniques 
16

. Raman spectroscopy has been demonstrated to have higher spatial and spectral 

resolution than IR spectroscopy, however 
17

. It has been furthermore demonstrated that some of 

the experimental difficulties associated with the measurement of chemical and physical 

inhomogeneity can be surmounted 
18, 19

. However, the study of human skin necessarily involves 

huge variations related to the origin of the samples 
17

. Many parameters can influence the 

experimental observations and these have to be taken into account. These include considerations 

such as sex, age, pathologies, smoking habits, diet, and skin colour. All these variables influence 

the data obtained and make the analysis of the effect of external factors such as UV radiation 

difficult. It is therefore proposed that, by using 3D skin models, the variations due to these 

different parameters will be removed such that the underlying, early stage effects of UV 

radiation, both in terms of cytotoxicological responses and morphological changes, can be 

established on a molecular level, through the use of Raman spectroscopy, coupled with 

multivariate data analytical techniques. These models also represent an alternative system for 

testing transdermal delivery of pharmacological products or skin moisturising and protection 
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products, in accordance with the EU Directive (2010/63/EU) to Replace, Reduce and Refine the 

use of animals for scientific research.  

While investigating biological responses to UV irradiation, the use of natural solar radiation 

would be ideal. However, it would require strict aseptic conditions for cell culture and day to day 

fluctuations in spectral irradiance from the sun due to weather conditions, time of day, season 

and geographical location make the use of natural solar radiation near impossible. As an 

alternative, the use of artificial irradiation sources are the most pragmatic option, since stability 

and reliability are essential to achieve trustworthy data.  

In this work, Raman spectroscopy is employed to explore the biochemical changes in artificial 

skin sections exposed to varying degrees of the full spectrum of simulated solar radiation. The 

results are compared to cytotoxicological evaluation of the reduced viability of the tissue model 

as a result of exposure. The data analysis protocol was in accordance with previous work which 

demonstrated that K-means means cluster analysis (KMCA) of Raman spatial profiles of 

unprocessed and formalin fixed paraffin processed (FFPP) skin tissue sections successfully 

discriminated the structural layers of skin while principal components analysis differentiated the 

identified clusters based on their dominant characteristic biochemical constituents 
17

. Using 

similar analysis, the spectral profiles of model tissue sections clearly differentiate the superficial, 

epidermal, and dermal regions, which compare well with the spectral profiles of human skin 

sections as well as the morphology revealed by histological staining of the sections. Exposure 

dependent biochemical changes can be localised within the different layers of the skin structure 

and their biochemical origin elucidated. It is demonstrated that Raman spectroscopy can identify 

a significant degree of biochemical damage at stages where minimal loss in tissue viability is 

observed, suggesting the modality holds great potential for early disease diagnosis. 
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Materials and Methods 

Preparation of Tissue samples  

MatTek’s patented EpiDerm
TM

 artificial skin model consists of normal, human-derived 

epidermal keratinocytes (NHEK - Neonatal-foreskin tissue) and normal human-derived dermal 

fibroblasts (NHDF - Neonatal skin), from a single donor, which have been cultured to form a 

multilayered, highly differentiated model of human epidermis. These ready to use tissue models 

are also known generically as reconstructed human epidermis (RhE). Full technical 

specifications, culturing details and examples of applications are provided online 

(http://www.mattek.com/pages/products/epidermft/specification). The EpiDerm
TM

 skin model 

exhibits in-vivo like morphology and growth characteristics which are uniform and highly 

reproducible. EpiDerm
TM

 consists of organized basal, spinous, granular and cornified layers 

analogous to those found in vivo. EpiDerm
TM

 is mitotically and metabolically active. The 

EpiDerm cultures should be treated similarly to normal in vitro cell cultures.  

Each standard EpiDerm Full thickness kit (EFT-400) consists of 24 tissues. On delivery, EFT 

400 samples were transferred into the 0.9 ml of maintained media (provided by MatTek) and 

were incubated for 24 hours in CO2 at 37
o
C. After the incubation period, the tissue samples were 

exposed to simulated solar radiation (10 exposed and 10 control). After exposure, all samples 

were transferred into fresh media and incubated for a further 96 hours, after which they 

underwent further processing and sectioning, before Cytotoxicological (5 exposed and 5 control), 

Histological and Spectroscopic (5 exposed and 5 control) analyses, as detailed in the relevant sub 

sections below.  

Biochemical compounds  

http://www.mattek.com/pages/products/epidermft/specification
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For comparison to tissue spectra, a number of biochemical compounds were analysed by Raman 

spectroscopy. The samples were purchased from Sigma-Aldrich (Ireland). Raman spectra were 

recorded from lyophilised deoxyribonucleic acid from calf thymus deposited on a CaF2 substrate. 

Ribonucleic acid from baker’s yeast (S.cerevisiae) was first suspended in water and deposited 

onto CaF2 substrates and dried before recording. Sphingomyelin and L-α- phosphatidylcholine 

(1,2-Diacyl-sn-glycero-3-phosphocholine, 99% from egg yolk) were dispersed in chloroform and 

small amounts of material were drop cast onto CaF2 substrates and left to dry before spectral 

acquisition.  

Dosimetry 

All irradiation experiments in this study were performed using an Oriel solar simulator (Abet 

Technologies, Sun 2000 solar simulator), which provides irradiation over the entire simulated 

solar spectrum including the UVA and UVB regions. The Oriel solar simulator was calibrated 

using spectroradiometry as described in detail in 
16

. As an indication of dose, integrating the 

spectral distribution from 280-400 nm yielded a total UV intensity of 54.88 Wm 
-2

, 52.7 Wm
-2

 in 

the UVA (315-400 nm) and 2.18 Wm
-2

 in the UVB (280-315 nm) region. In the experimental 

section, exposures are presented in terms of exposure time, noting that 1 W m
-2

 equals 1 Jm
-2

s
-1

. 

Thus, for example, a 30 min (1800sec) exposure at an intensity of 54.88 Wm
-2

 (54.88 Jm-
2
 s

-1
) 

provides a dose of 98,784 (54.88 x 1800) Jm
-2

 or 9.8784 Jcm
-2

. For comparison, a dose level of 

~50Wm
-2

, corresponds to the combined UVA and UVB levels of solar radiation in Albuquerque, 

USA 
20

. 

Solar exposure 
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Figure 5: (A): Scatter plot of the PCA of spectra associated with cluster 4 (stratum corneum) of 

the KMCA of unexposed artificial tissue section (red) and cluster 2 (stratum corneum) of the 

KMCA of (240 minutes) exposed artificial tissue section (blue). (B): Bottom (i) loading of PC1 

compared to Raman spectrum of (ii) L-α- phosphatidylcholine and (iii) Ceramide. The dotted 

line indicates the zero point in the case of PC1 
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Figure 6: (A) scatter plot of the PCA of spectra associated with cluster 5 (dermis) unexposed 

artificial tissue sections (red) and cluster 4 (dermis) exposed (240 minutes) artificial tissue 

section (blue). (B) Bottom: (i) Loading of PC2 compared to the Raman spectrum of (ii) 

Sphingomyelin and (iii) L-α- phosphatidylcholine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 
 

 

 

 

 

Figure 7: (A): Scatter plot of the PCA of spectra associated with cluster 2 (basal), unexposed 

artificial tissue sections (red) and cluster 3 (basal), exposed (240 minutes) artificial tissue section 

(blue). (B): Raman spectra of (i) collagen, (ii) RNA, (iii) DNA, (iv) loading of PC1, Raman 

spectra of (v) L-α- phosphatidylcholine, and (vi) Raman spectrum of Sphingomyelin. The dotted 

line indicates the zero point in the case of PC1. 
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Figure 8: PC1 loadings of the skin models of the basal layers after differing degrees of exposure 

versus the corresponding control (i) 30 minutes exposure(ii) 90 minutes exposure (iii) 120 

minutes exposure (iv) 180 minutes exposure (v) 240 minutes exposure 
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Figure 9: Plot of the PC1 loading of the basal layer (exposed) versus corresponding controls, of 

the 813 cm
-1

, 1653 cm
-1

 and 858 cm
-1

 bands, as representative markers of the DNA, proteins and 

lipids, showing their dependence on the exposure time.  
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