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ABSTRACT 

Breast cancer tissues have been analyzed to determine the feasibility of the chemical changes taking place in the biological tissue, which 
can be identified and categorized into various grades. FTIR spectroscopy can be used for qualitative analysis of cancerous breast tissues 
because of its sensitivity to the changes in the biomolecules in the tissues. IR spectra was taken for a total number of 43 samples of 
human breast tissues which were already identified as normal, hyperplasia, fibro adenoma, ductal carcinoma and invasive ductal 
carcinoma breast tissues. The infrared spectrum was recorded in the frequency range between 400 cm-1 and 1100 cm-1. Some remarkable 
spectral differences were observed among normal, hyperplasia, fibro adenoma, ductal carcinoma and invasive ductal carcinoma tissues. 
The absorption bands were found to be at 538 cm-1, 853 cm-1, 935 cm-1, 1005 cm-1, 1080 cm-1 were found to be the characteristic peaks 
which differentiate the benign tissues and cancerous breast tissues. The ratios A538/853, A538/935, A538/1005, A538/1080, A853/935 A853/1005, 
A853/1080, A935/1005, A935/1080, A1005/1080 were also determined and discussed. Thus it implies that FTIR spectroscopy is useful for the 
qualitative investigation of cancerous breast tissues. 

Keywords: FTIR Spectroscopy, Breast cancer, Run chart analysis 

 
INTRODUCTION 

The breast cancer is the most common malignant tumor in 
women and the second major cause for death1, 2. The 
breast undergoes many changes throughout a woman’s 
life, both progressive due to puberty, pregnancy, 
menstruation and menopause. This dynamical activity 
could induce a lot of opportunities for disease. Breast 
pathology is divided into two main categories, benign and 
malignant pathologies3. The increased cell proliferation 
and metabolic activity in malignant tissue results in 
changes in the oxidation states of several biochemical 
species. Using the sensitivity of FTIR spectroscopy to the 
biomolecular changes in the tissues, many works4-8 has 
been done in the analysis of breast cancer tissues. The 
present work is focused on the variations in the collagen 
content in breast cancerous tissues which changes the 
spectral character accordingly during the carcinogenesis 
process. This spectral difference for the various 
carcinogenesis processes is studied using fitting line plot 
statistical method.  
 

MATERIALS AND METHODS 

Human breast tissues were obtained from pathology 
department at Government General Hospital, Madras 
Medical College, and Chennai. Each sample was cut into 
two pieces. The first one was sent to the pathologists for 
evaluation using their histopathological techniques. The 
second was frozen in saline water immediately after 
collecting it and used for IR spectroscopic recording 
within few hours. For FTIR spectroscopic recording the 
frozen tissues was taken as thin layer and dried then 
placed on the BaF2 window in the spectrophotometer. 
Totally about 43 samples were collected. Among those 43 

samples 10 were diagnosed as infiltrating ductal 
carcinoma, 10 as ductal carcinoma, 9 as fibro adenoma, 9 
as hyperplasia and 5 as normal breast tissues. 

Apparatus Description 

The IR spectroscopy is carried out by using FT technique 
in PERKIN ELMER SPECTRUM ONE FTIR. IR 
spectroscopy involves the study of interaction of 
electromagnetic radiation with matter. Due to this 
interaction, electromagnetic radiation characteristic of the 
interacting system may be absorbed or emitted. The 
experimental data consists of the frequency and the 
intensity of the characteristic radiation absorbed or 
emitted. 

The interference pattern from a two beam interferometer 
as the path difference between the two beams is altered, 
when Fourier transformed, gives rise to the spectrum. The 
transformation of the interferogram into spectrum is 
carried out mathematically with a dedicated on – line 
computer. The Perkin Elmer Spectrum One FTIR consists 
of Nerst glower as source, an interferometer chamber 
comprising of KB beam splitter followed by a sample 
chamber and detector. This instrument cover entire region 
of 4000 – 450 cm-1. The spectrometer works under purged 
conditions. 

Analysis 

FTIR measures the changes in the cell status in the 
biomolecular structure and contents. The breast 
pathological tissues are mainly composed of collagen;9 
proline, valine, glycine and phenylamine are the main 
collagen’s amino acids. It is composed of both an 
epithelial component and a substantial stroma neoplastic 
element with collagen deposition.10 The spectrum of breast 
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tissues can be considered to be mainly from the 
overlapping of the epithelial cells and collagen in the 
connective tissue. The infrared spectra of the breast tissue 
in the frequency region 400 cm-1 and 1100 cm-1 are 
focused here. Proteins, nucleic acids, lipids and 
carbohydrates are the characteristic functional 
biomolecules in tissues. The change of the cell from 
normal status to malignant status induces changes in the 
relative content of the biomolecules.11 The spectrum of 
breast tissues can be considered to be mainly from the 
overlapping of the epithelial cells and collagen in the 
connective tissue. 

 
Figure 1: Scatter plot of normal, hyperplasia, fibroadenoma, 
ductal carcinoma, invasive ductal carcinoma. 

The scatter plot of normal, hyperplasia, fibroadenoma, 
ductal carcinoma and invasive ductal carcinoma is shown 
in figure-1. The figure clearly differentiates benign and 
malignant breast tissues. The absorbance peak at 538 cm-1 
is related to the disulphide bridges in cysteine 
corresponding to the s-s vibrational mode. The absorbance 
value at this peak is more for benign compared to 
malignant stages of breast cancer tissues. It was found that 
the lysosomal cysteine proteases cathepsin B and 
cathepsin L have been implicated in tumor spread and 
metastatis which is a underlining factor for tumor 
associated proteolysis for invasion and metastatis. In this 

way the absorbance variation of the FTIR band at 538 cm-1 
in normal tissue, hyperplasia, fibroadenoma, ductal 
carcinoma and invasive ductal carcinoma could be well 
understood when keeping this in mind these changes in 
cysteine content occurring in tumoral process.12 

The absorbance peak at 853 cm-1 is the next significant 
FTIR band to be noted in the spectra. It was found that the 
absorbance is more for benign tissues less for cancerous 
tissues. The aborbance at this peak is due to the vibrational 
modes of (C-C) bond and (O-P-O) bond due to the 
presence of proline, tyrosine and DNA. Figure-1 also 
represents that at the peak near 935 cm-1, the absorbance 
values of malignant have a higher value compared to 
benign stages of cancerous tissues. The absorbance here is 
due to the (C-C) bonding and α – helix bonding due to the 
presence of proline, valine, protein and glycogen.13 The 
absorbance peak at 1005 cm-1 is due to the symmetric ring 
vibrational mode due to the presence of phenylalaline. The 
absorbance is found to be higher for benign tissues 
compared to cancerous tissues. The peak at 1080 cm-1 is 
related to the (C-C), (C-O), (PO2), (C-N), (O-P-O) 
vibrational modes. It represents the presence of nucleic 
acids, proteins and carbohydrates. 

Comparative analysis among various breast cancer 
grades using Run Chart Analysis method. 

The statistical method used for the IR spectroscopic 
analysis of human breast tissues for the region 400 cm-1 – 
1100 cm-1 is the Run Chart Analysis. Variation occurs in 
all processes. Common cause variation is a natural part of 
the process. Another type of variation called the special 
causes comes from outside the system and causes 
recognizable patterns, shifts or trends in the absorbance 
data. The run chart shows if special causes are influencing 
the change in the process. Run chart performs two tests for 
randomness that provide information on the non-random 
variation due to trends, oscillation, mixtures and 
clustering. 

 

 
Figure-2(a): Run Chart  Analysis  for absorbance at 538 cm-1 
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Figure-2(b): Run Chart Analysis for absorbance at 853 cm-1 

 

 
Figure-2(c): Run Chart  Analysis   for absorbance at 935 cm-1 

  

 
Figure-2(d): Run Chart  Analysis  for absorbance at 1005 cm-1 
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Figure-2(e): Run Chart Analysis for absorbance at 1080 cm-1 

 

TABLE 1: COMPARISON OF INTERNAL STANDARD RATIO AMONG FIVE CANCER GRADES. 

Internal 
standard ratio Normal Hyperplasia Fibro adenoma Ductal 

carcinoma 
Invasive ductal 

carcinoma 
A538/853 0.78333 0.77375 0.54000 0.31100 1.07250 
A538/935 0.57000 0.79375 0.49167 0.35111 1.77000 
A538/1005 0.540000 0.590000 0.418333 0.299000 0.634000 
A538/1080 0.543333 0.718750 0.461667 0.253000 0.562000 
A853/935 0.736667 0.998750 0.815000 0.998750 0.850000 
A853/1005 0.70333 0.77250 0.74167 0.83500 2.23600 
A853/1080 0.700000 0.857500 0.866667 0.771000 0.769000 
A935/1005 0.960000 0.796250 0.913333 0.878000 0.956000 
A935/1080 0.95667 0.81125 1.06667 0.86600 1.32800 
A1005/1080 1.08000 1.16222 1.11111 0.98000 1.80200 

 
The Run chart of normal tissues, hyperplasia, fibro 
adenoma, ductal carcinoma and invasive ductal carcinoma 
breast tissues at 538 cm-1, 853 cm-1, 935 cm-1, 1005 cm-1 
and 1080 cm-1 are shown in figure-2(a), figure–2(b), 
figure-2(c), figure-2(d) and figure – 2(e) respectively.  
 

CONCLUSION 

The above results show that normal, hyperplasia, fibro 
adenoma, ductal carcinoma and invasive ductal carcinoma 
tissues have their own characteristic spectra and spectral 
parameters. Some notable differences exist between the 
spectra of these four kinds of breast cancer tissues in terms 
of spectral profiles, absorption values the absorption ratios 
of the major absorption bands. In carcinoma tissues a 
higher level of collagen was observed. These results which 
are in accordance with the histopathological observation 
such as nucleus condensation in carcinoma tissue collagen 
deposition in fibro adenoma tissue may show that the 
carcinogenesis process depend on the alterations of the 
composition of the connective tissues. Thus we have made 
use of the sensitivity of FTIR spectrum to study the 
biological changes happening in the cancerous tissues.  
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