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Abstract: Fourier-Transform Infrared microspectroscopy (FT-IR) has been usefully applied in the 

analysis of the complex biological processes occurring during X-ray radiation-cell interaction. 

Different experimental approaches are available for FT-IR spectra collection (transmission, 

attenuated total reflection (ATR) and transflection modes) from cells samples. Recently, some 

problems have been raised about the role of transmitted and reflected components of the infrared 

beam in transflection mode. For this reason, we investigated two different transflection approaches 

for collecting spectra from cells exposed to X-ray. In the former approach, cells were grown on 

MirrIR slides, for the second approach cell pellets were prepared. In both cases, SH-SY5Y 

neuroblastoma cells were used. X-ray exposure was performed at doses of 2 and 4 Gy. Spectra were 

obtained by using both the approaches in the 4000–600 cm−1 spectral range from exposed and not-

exposed samples. The main contributions from proteins, lipids, carbohydrates and DNA were 

clearly evidenced in spectra obtained with the two different acquisition approaches. A comparison 

among them has been also reported. 
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1. Introduction 

Fourier-Transform Infrared microspectroscopy (µFT-IR) is nowadays considered a valuable tool 

for investigating biochemical changes occurring in cells during the interaction with external agents 

[1]. In particular, µFT-IR has been usefully applied in the analysis of the complex biological processes 

occurring during X-ray radiation-cell interaction [2,3]. Different experimental approaches are 

available for FT-IR spectra collection (transmission, attenuated total reflection (ATR) and 

transflection modes) on cells samples. Transflection-mode FTIR spectroscopy is particularly used for 

this kind of samples due to the relatively low cost of required substrates compared to transmission 

windows, and a higher absorbance due to a double pass through the same sample approximately 

doubling the effective path length. Recently, some questions have been raised about the role of 

transmitted and reflected components of the infrared beam in transflection mode [4,5]. For this 

reason, we started investigating two different transflection approaches for collecting spectra from 

cells exposed to X-ray. In the former approach, cells were grown on MirrIR slides, a specific reflection 
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FT-IR spectroscopy microscope slide; for the second approach cell pellets were prepared. In both 

cases, SH-SY5Y neuroblastoma cells were used. 

X-ray exposure was performed at doses of 2 and 4 Gy. FT-IR absorption spectra were obtained 

by using both the approaches in the 4000–600 cm−1 spectral range from exposed and not-exposed 

(control) samples. The main contribution from proteins, lipids, carbohydrates and DNA has been 

clearly evidenced and assigned. A comparison among spectra obtained with the different 

experimental approaches has been also reported. 

2. Methods 

2.1. Materials 

DMEM medium, fetal bovine serum, penicillin, streptomycin, L-glutamine and formaldehyde 

were provided by Sigma-Aldrich Co. and used without any further treatments. SH-SY5Y (American 

Type Culture Collection, Manassas, VA, USA) is a human cell line subcloned from a bone marrow 

biopsy taken from a four-year-old female with neuroblastoma.  

2.2. Sample Preparation and Treatment 

SH-SY5Y cells were cultured in vitro in DMEM medium, supplemented with 15% fetal bovine 

serum, 1% penicillin, 1% streptomycin and 1% L-glutamine. They were grown at 37 °C, 5% CO2 in 25 

cm2 flasks. Two types of samples were prepared: for the first (slide-cells), the cells were seeded on 

MirrIR slides (25 × 25 mm2) (Kevley Technologies, Chesterland, Ohio), a specific reflection FT-IR 

spectroscopy microscope slide, nested into petri dishes (60 mm diameter); for the second approach 

(drop-cells) cell pellets were prepared. The number of cells was ~ 4 × 105 for the slide-cells samples, 

since in this conditions, cells were not confluent as to leave sufficient inter-cellular spaces for 

measurement of the background signal, and ~ 2 × 106 cells/pellet were used for the drop-samples. 

X-ray irradiation was performed, at room temperature, using a Gilardoni MGL 200/8D machine 

operating at 250 kVp and 6 mA (dose rate 60 cGy/min). Both types of cellular samples were exposed 

to various doses of X-rays (2, 4 Gy) and then investigated together with unexposed cells (0 Gy). 

After X-ray exposure, the cells grown on MirrIR slides were fixed in a 3.7% formaldehyde PBS 

solution for 20 min at room temperature, and, then, briefly washed in distilled water for 3 s to remove 

the residue PBS from the surface of the cells. Subsequently, the samples were dried under ambient 

conditions and stored in a desiccator until spectral analysis. Cell pellets after the exposure were 

centrifuged for 8 min at 1,500 rpm. The supernatant was aspirated, and the pellet resuspended in 300 

μL of NaCl 0.9% until spectra acquisition.  

2.3. FT-IR Micro-Spectroscopy Measurements 

IR absorption spectra of the cells samples were acquired, at room temperature, using a Spectrum 

One FTIR (PerkinElmer, Shelton, CT, USA) spectrometer equipped with a Perkin Elmer Multiscope 

system infrared microscope and an MCT (mercury cadmium telluride) FPA (focal-plane-array) 

detector. For the slide-cells samples, the measurements were performed on cells grown on 25 × 25 

mm2 MirrIR slides in transflection mode. Spectra were collected within an aperture of 100 × 100 µm2. 

The background signal was acquired in a region of the slide free of cells. Every slide was examined 

in different regions and multiple spectra were acquired for each position. The signal was collected in 

the spectral region between 4000 and 600 cm−1 using 16 scans with a spectral resolution of 4 cm−1 and 

a 5 s acquisition time for each spectrum at room temperature. 

For the drop-cells samples, a drop of 3 µl volume was taken from the 0.9% NaCl cells 

suspensions irradiated at various doses and deposited on a normal microscope slide coated with 

aluminum paper, which has the task of reflecting the IR light after the passage through the sample. 

The so-obtained slides were left to dry at ambient condition and subsequently analyzed with the 

spectrometer following the same procedure used for the slide-cells samples. 

2.4. Data Analysis 
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2.4.1. Preliminary Process 

The whole dataset of the spectra detected from cells was preliminarily processed by subtracting 

the corresponding background spectrum from the measured one and, subsequently, noise corrections 

was performed on the whole data set by a numerical procedure based on wavelet algorithms 

(“MATLAB Wavelet Toolbox”, MathWorks Inc., Natick, MA, USA)[6–8]. The signal was recalculated 

from detail components up to the nine level. Then a piecewise baseline correction was performed as 

usually done to eliminate the possible contributions due to scattering or absorption by the supporting 

substrate in transmission or transflection type IR spectroscopy [9]. After this step, the spectra were 

processed via vector normalization procedure in order to have comparable intensities, using 

Standard Normal Variate method [9,10].  

2.4.2. Average Spectra 

Average spectra were obtained for each type of samples and positions of principal peaks and 

their absorbance values were evaluated. The related graphic elaborations were carried out using 

MATLAB (MathWorks Inc., Natick, MA, USA) software. 

3. Results and Discussion 

3.1. Control Spectra 

FT-IR spectra of SH-SY5Y neuroblastoma cells consist of several bands arising from the 

vibrational modes of the biologic molecules of cells constituents (lipids, proteins, DNA, etc.). In 

Figure 1 average spectra of unexposed samples, for both slide- and drop-cells, obtained in the region 

3600–900 cm−1, are reported. The spectra appear to be divided into two principal zones with different 

visible peaks. The range from 3600 to 2800 cm−1 (Figures 1A, C) is generally indicated as high wave- 

number region (HWR) and presents bands that are due to the contribution of proteins, lipids and 

carbohydrates. In the so-called fingerprint region (1800–900 cm−1) (Figure 1B, D), different peaks that 

are representative of proteins and nucleic acids are clearly visible. In Table 1, the assignments of the 

main peaks, are reported, according to literature [2,3,11–13]. 

Table 1. FT-IR peaks observed in the spectrum of control cells, with assignments in accordance with 

the data reported in the literature [2,3,11–13]; abbreviation: as = asymmetric, s = symmetric, ν = 

stretching, δ = bending, sc = scissoring, vbr = vibration, a. a. = free amino acids. 

Peak ASSIGNMENT 

cm−1 DNA/RNA Protein Lipid Carbohydrate 

3200-3500    O-H ν 

3200-3500  Amide A (-N-H ν)  O-H ν 

≈ 3150  -NH3+ as. ν (a. a.)   

≈ 2960  CH3 as. Ν CH3 as. ν  

≈ 2920   CH2 as. ν  

≈ 2870  CH3 s. ν CH3 s. ν  

≈ 2850   CH2 s. ν  

≈ 1650  Amide I (C=O ν, C-N ν)   

≈ 1540  Amide II (C-N ν, C-NH δ)   

≈ 1450  CH3 as. δ, CH2 sc. CH3 as. δ, CH2 sc.  

≈ 1400  COO− s. ν   

≈ 1250 PO2− as. Ν C-O-P ν   

≈ 1080 PO2− s. ν C-O-P ν   
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Figure 1. Average spectra of non-exposed cells samples: drop-cells sample spectrum in the range 

(3600–2800 cm−1) (A) and in the range (1800-900 cm−1) (B), respectively; slide-cells sample spectrum in 

the range (3600–2800 cm−1) (C) and in the range (1800-900 cm−1) (D), respectively; the break at (2800-

1800 cm−1) hides a region without interesting signals from biological molecules. Data presented as 

Mean ± SEM. 

In the HWR region, it is possible to observe lower absorbance values for the peaks in the range 

(3200-3500 cm−1) for the slide-cells samples; similarly, the peaks linked mainly to the stretching of the 

-CH2 and -CH3 groups in the range (3000-2800 cm−1) presents lower absorbance values for the slide-

cells samples. In the fingerprint region some significant differences are visible: higher absorbance 

values are detected for the slide-cells samples in the region (1500-1300 cm−1), with peaks mainly 

attributed to proteins and lipids. The peaks centered at ≈ 1450 cm−1 and ≈ 1250 cm−1 in the drop-cells 

spectrum, attributed to -CH2 and -CH3 bending of lipids and proteins and asymmetric -PO2- 

stretching vibrations of the DNA phosphodiester, respectively, appears to be shifted to lower 

wavenumbers, to ≈ 1480 cm−1 and ≈ 1200 cm−1, in the slide-cells spectrum. The peak at ≈ 1080 cm−1, 

also attributed to -PO2- stretching vibrations of the DNA, presents higher absorbance for the slide-

cells spectrum in respect to the drop-cells one. The SEM values (black and blue shadows in Figure), 

calculated for every wavenumber, show that the greater variability between spectra of the same 

sample type is present in the range 3000-2800 cm−1 and in the fingerprint region, in particular for the 

range 1400-1200 cm−1 and for the band at ≈ 1080 cm−1, for both drop- and slide-samples. 

3.2. Irradiated Spectra 

In Figure 2 average spectra of 2 Gy dose exposed samples, for both slide- and drop-cells, 

obtained in the range 3600-2800 cm−1 (Figures 2A, 2C) and is 1800-900 cm−1 (Figures 2B,D), 

respectively, are reported. In the HWR region, it is possible to observe, as in the case of the control 

spectra, lower absorbance values for the peaks in the range (3200-3500 cm−1) and (3000-2800 cm−1) for 

the slide-cells samples. The same is observed for the spectra irradiated at 4 Gy dose (not shown). In 

the fingerprint region, a shift towards lower wavenumbers is detected for the peak at ≈ 1450 cm−1 in 

the slide-cells for both 2 Gy and 4 Gy irradiated samples, as already observed in the control sample; 

also the peak centered at ≈ 1250 cm−1 in the drop-cells spectrum presents a shift to ≈ 1280 cm−1 in the 

slide-cells spectrum, for both doses. The average drop-cells spectrum for the 4 Gy dose presents 

higher absorbance values in the range (1300-1000 cm−1) compared to that of the slide-cells, as for the 

control samples. Conversely, this difference is not visible for the spectra irradiated at 2 Gy dose. In 

terms of inner variability, the 2 Gy spectra for the drop-cells presents higher values of SEM (black 

and blue shadow in figure) in the range 3000-3600 cm−1, compared to samples of the same type at 
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other doses and with the 2 Gy slide-cells spectrum. In the fingerprint region, for both 2 and 4 Gy 

spectra the greater variability is present for slide-cells spectra, in the range 1000-1400 cm−1.  

 

Figure 2. Average spectra of 2 Gy exposed cells samples: drop-cells sample spectrum in the range 

(3600–2800 cm−1) (A) and in the range (1900-900 cm−1) (B), respectively; slide-cells sample spectrum in 

the range (3600–2800 cm−1) (C) and in the range (1900-900 cm−1) (D), respectively; the break at (2800-

1900 cm−1) hides a region without interesting signals from biological molecules. Data presented as 

Mean ± SEM. 

To take into account the internal variability of the spectra obtained by using the different 

approaches, the mean value of the SEM (in absolute value, for each wavenumber) for both drop- and 

slide-samples, for the HWR and fingerprint region, at the different irradiation doses were calculated 

(Table 2). This parameter allows us to have a preliminary estimate of the variations present in the 

spectra for the two procedures used for the preparation of the samples. 

Table 2. Mean value of the SEM for the two types of samples and the different dose values. 

Dose 
𝑺𝑬𝑴̅̅ ̅̅ ̅̅ ̅ 

drop-cells slide-cells 

Control 0.05 ± 0.02 0.05 ± 0.021 

2 Gy 0.05 ± 0.03 0.04 ± 0.02 

4 Gy 0.03 ± 0.01 0.04 ± 0.02 

The inspection of the 𝑆𝐸𝑀  values indicate that the two approaches are able to give similar 

results as far as concerns the signal variability for samples related to the same experimental 

conditions. 

4. Conclusions 

The results here reported indicate that the two investigated approaches enable the collection of 

spectra with analogous characteristics. This preliminary investigation suggests that the researcher 

can choose the modality which is more suitable in the execution of the particular experimental study 

to be carried out. 
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