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Introduction

Research into the utilization of FTIR based spectroscopic methods
has been going on for close to about 25 years with the field
expanding from the initial days of cancer diagnosis to now where
it includes various diseases occurring due to pathogens, genetic
and environmental factors as well as lifestyle and age related
factors. In parallel there have been developments in terms of both
instrumentation sophistication and computational methods, to
make it more clinically appealing while increasing the sensitivity
and specificity of the technique. As the field has diversified over
the years, a few reports are highlighted that establish the growing
acceptance of FTIR spectroscopy as a reliable technique in both
basic and applied research in the field of biomedicine.

The field of IR based diagnosis emerged with the validations
that carcinogenic and normal tissues from various organs
could be differentiated based on their absorbance in the IR
region (mostly mid-IR) that was related to the alteration in the
chemical composition [1-4]. The concept of unique fingerprinting
was subsequently well established with studies from many
different laboratories reporting that each cell or tissue type
ranging from microbial cell [5] to complex human tissues have
characteristic absorbance spectrum [6-8]. Making the system of
diagnosis reagent free has been the ultimate challenge in using
the technique in routine clinical set ups. While computational
analysis for data processing were continuously being developed
to increase the sensitivity and specificity of the technology,
progress has also been made to provide a unique platform for
predicting diseases from examination of biopsies [9,10]. This in
turn is expected to pave the way for real time diagnosis at the
site of surgery. Similarly, the ability to utilize both the transverse
[11] as well as longitudinal sections [10] of a biopsy for obtaining
information on the status of complex tissues like colon provides
a unique potential to FTIR based measurements compared to
conventional techniques like Immunofluorescence. Likewise the
ability to predict the abnormality from both higher and lower
wavenumbers of the spectra independently or in combination
using biomarkers derived from spectral data and the possibility
of using common biomarkers for several diseases have led to the
possibility of deployment of this technique in clinical setting for a
variety of disease diagnosis [12,13].

Though the field began with studies on cancerous tissues which
were used as samples in the initial period owing to their well
defined architecture it has since expanded to other types of
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tissue abnormalities [14] and utilization of animal models [15].
Malignant tissues, melanoma and other types of abnormal
tissues have been used for an altogether different purpose,
namely as model systems for development of computational
methods to analyze the data to increase the specificity and
sensitivity of the technology. This is one aspect of the technology
that has been steadily progressing with the interdisciplinary
research and software development. The earliest studies
depended heavily on spectral differences that were obvious
either as wavenumber shifts or as changes in band intensities
or effective ratios derived from intensities at wavenumber
corresponding to originate from biological components, for
classification of normal and abnormal tissues [1,2,7,11-13].
As the field progressed, the advanced techniques like cluster
analysis and linear discriminant analysis (LDA) were developed
to make the data analysis more objective. Further improvements
and application of mathematical propositions has been leading
to methods which enable categorization of spectral data which
have very low variability by the earlier techniques, enabling
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these samples to be classified without ambiguity. Computational
analyses like probabilistic neural networks (PNN), discriminant
— classification function (DCF) and others fall into this category.
These computational methods have proved to be a boon while
analyzing data obtained through techniques like Focal plane
array (FPA) where a high degree of automation is required due
to the enormous amount of data generated with each sample.
An example of such combination of computational analysis with
FPA instrumentation is described by Stenlund et al. [16]. A few
of the recent reports are mentioned below to demonstrate the
rapid expansion of the research into the different dimensions of
biomedicine and spectroscopy.

The ability to develop instrumentation that can monitor
molecular changes without staining continuously is an important
advance in the field of IR based diagnosis. The recent work of
Gelfand et al. [17] establish that it is feasible to measure changes
over time in vitro without the need for the procedures followed
hitherto like fixing and drying to get rid of excess water while
performing FTIR spectroscopy. This study highlights not only the
ability of FTIR spectroscopy to continuously monitor changes in
cells under in vitro conditions but provides a platform to employ
the system for screening of drugs in the initial stages of a trial.
It not only alleviates the need for more complicated procedures
such as immunofluorescence or fluorescence activated cell
sorting (FACS) or other biochemical methods to monitor changes
but also overcomes the necessity of obtaining samples with low
water content for FTIR spectroscopy. Additionally, this study
delves into understanding the mechanism behind diseases whose
pathologies maybe depend on protein conformational changes.
Thus, the study opens up the field of not only diagnosing a
disease but elucidating the mechanism, which in turn helps to
make the technique independent of any other complementary
or supplementary method. Earlier studies required immuno
(histochemistry) studies in parallel as it was the established gold
standard. In this study the only other requirement is of a light
microscope with some basic staining which is routinely available
in clinical settings and requires very basic level of skill. Thus it
overcomes the requirement of personnel with very specific
expertise like a pathologist. This would facilitate the use of the
technique for routine drug evaluations and being rapid and
reagent free is likely to be more popular among the industry
personnel as it would significantly reduce recurring expenditure.

Similarly, Kuchuk Baloglu [18] has reported an interesting
diversification of the study of metabolic alteration in adipose
tissue with lipid related cellular changes by using animal models.
This study brings into focus the expansion of FTIR vibrational
spectroscopy into animal model based studies in the field of
biomedicine. While the field was largely limited to studies of
human tissue with a view to establish its relevance to the clinical
applications in the former decades, recent work as this further
decrease the gap between the basic and translational research
requiring FTIR spectroscopy. This study is also important as it
has utilized effectively the absorbance from the higher wave
region to implicate the changes in the lipid quality and quantity
due to increasing obesity. Thus, the study has broadened the
horizons to include diseases that are consequences of lifestyle
and age. The last important aspect of this study is the ability to
study transformation of adipocytes from brown to white type
which becomes important for managing obesity especially in
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those individuals who are susceptible to recurrent obesity after
undergoing procedures like liposuction. Since most of the excised
fat after a liposuction would be discarded as medical waste, a part
of it could be used to develop a system of understanding the entire
process through continuous monitoring similar to monitoring
during carcinogenesis in cells and tissues using FTIR spectroscopy.
The lifestyle changes and increasing cases of obesity would make
the technique much relevant in clinical settings to cut down costs
of health management. There is however an aspect that has not
been addressed completely in this study and that is the increase
in absorbance in the region of carbohydrates in case of the obese
mice. Whether improper metabolism of the carbohydrates is
reflected in the tissues need to be further examined.

An interesting ramification of these studies has also been
diagnosis for a disease for forensic purpose using tissue or
body fluid [19-22]. Analysis of blood and urine as well as other
body fluids by FTIR for different pathologies has been making
significant progress. Although IR itself is non-invasive and non
toxic, its use is theoretically limited to body surfaces where there
is accessibility with surface scanning probes. The possibility
of routine evaluation of clinical samples like blood and urine
to diagnose a disease by FTIR may further make the technique
relevant in the clinical context [23-25].

Recent developments in the field include the amalgamation
of other techniques with infrared spectroscopy that may help
to pin point changes in cells at the intracellular locations and
at molecular levels (Bruker optics). The work of Jimenenz-
Hernnandez [26] shows the unique ability of FTIR based
technique to analyze the effect of drugs by analyzing the cell
cycle stage. This may in future be the approach to screen drugs
for different types of malignanacies as the technique eliminates
the effect of cell proliferation. Thus it can be successfully used
to not only define the different doses but also associate the
observed effect with a cellular mechanism like apoptosis which
lends it a higher degree of credibility among clinicians as well as
basic research scientists. This study included an approach of cross
checking the data by post measurement staining of the samples
for biological markers using immunofluorescence on the same
set of cells for which FTIR was measured. This approach may in
future be used, partly overcoming the requirement of having to
obtain consecutive sections of a biopsy for FTIR measurements
and for immuno-histochemistry to correlate the biochemical
changes with observed spectral changes. The study however
could have included a flow cytometry component by sorting the
cells at different stages of cell cycle and/or apoptosis and then
measuring their FTIR spectra which would have perhaps been
more convincing such an approach would likely include the FTIR
signatures of any bound flurochromes or reagents at different
stages of the cell cycle/apoptosis.

We predict that with the requirement for easier techniques
that are cheap and rapid, having high sensitivity and specificity
to unambiguously diagnose a disease, and due to a growing
population, there would be further expansion of the research
into the utilization of FTIR based technologies in biomedicine. As
technology advances and data analysis and interpretation take on
a more objective approach, it is very likely that the technique will
become more common and be routinely used for both applied
research and basic research. The latest approaches to FTIR based
research point in this direction [27].
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