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Abstract: Fourier transform infrared (FTIR) spectroscopy is a non-invasive technique that is largely
used for studying lipidomics. Lipids are a primary class of biological molecules that play numerous
vital roles in various processes. In the present work, we adopted FTIR spectroscopy for monitoring
the lipid extraction efficiency of different methods used for extracting lipids from hepatocarcinoma
cells. The spectra acquired from samples obtained with the selected methods showed the contribu-
tions of different functional groups. A qualitative comparison indicated that all the spectra exhibited
similar lipid species profiles. The peak intensity attributed to the CH2 asymmetric stretching mode
has been used for a quantitative comparison of the efficiency of the different extraction methods.

Keywords: lipid extraction methods; FTIR spectroscopy; HepG2 cells

1. Introduction

Lipids are a primary class of biological molecules that play numerous vital roles in
various processes [1]. A powerful technique used for lipids detection and characterization
in biological samples is Fourier Transform Infrared (FTIR) spectroscopy [2]. In the present
paper, we adopted FTIR spectroscopy to monitor the efficiency of lipid extraction proce-
dures from human cells. In particular, FTIR spectroscopy has been employed for charac-
terizing four different methods [3-6] using HepG2 cells that are largely used in many
biomedical research fields [7]. Infrared spectra have been obtained in the 4000-800 cm™!
wavenumber region, and the contributions of different functional groups have been evi-
denced. For a quantitative comparison of the efficiency of the different extraction meth-
ods, the intensities of the peak attributed to CH2 asymmetric stretching mode and related
to lipid contributions have been estimated.

2. Materials and Methods
2.1. Cell Growth

Human hepatocellular carcinoma cells (HepG2) were obtained from Sigma-Aldrich
(Milan, Italy). Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM). The
medium was supplemented with 10% heat-inactivated FBS, 100 U/mL penicillin, 100
pug/mL streptomycin, and 1% L-glutamine. The cells were grown in a humidified
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atmosphere of 95% air/5% CO2 at 37 °C in T25 flasks. Cells at 80% confluence were re-
moved from the flasks by trypsinization and pelleted by centrifugation (1200 rpm x 5 min).

2.2. Lipid Extraction Methods

Four different extraction methods were examined [3-6]. For brevity, they were
named BUMOD, B&D, SAI, and SHA. For preparing samples by using the BUMOD
method, cell pellets were collected into the test tube. Butanol/methanol (300 uL, [3:1], v/v)
was added to the test tube, and the solution was vortexed for 1 min. Heptane/Ethyl Ace-
tate (150 pL, [3:1], v/v) was added to the tube, and the solution was vortexed again for
another minute. 150 pL heptane/Ethyl Acetate was added, and after vortexing for 1 min,
300 pL of 50 mM LiCl was added to the test tube to induce phase separation. The resulting
solution was vigorously vortexed for 1 min and then centrifuged at 2700 rpm for 10 min.
The upper organic layer was collected and placed into a new test tube. The remaining
aqueous layer was re-extracted with 320 pL of heptane/Ethyl Acetate [3:1], then with 250
uL of the same solvent. After each addition of heptane/Ethyl Acetate, the solution mixture
was vortexed and centrifuged at 2700 rpm for 10 min, and the resulting upper organic
layers were collected and combined with the previous organic layer. The lipid extract was
dried with nitrogen and stored at —20 °C [3].

For the B&D method, for each 1 mL of sample, 3.75 mL 1:2 (v/v) CHClz:2MeOH were
added and vortexed well. Then 1.25 mL CHCls was added and vortexed well. Finally, the
sample was added with 1.25 mL of dH2O, vortexed well, and centrifuged at 1000 rpm for
5 min at room temperature to give a two-phase system (aqueous top and organic bottom).
The bottom phase was recovered with Pasteur pipettes into a clean glass vial, dried with
nitrogen, and stored at —20 °C until measurements [4].

For the SAI method, cell pellets were mixed with 2 mL of isopropanol:water: ethyl
acetate (30:10:60 v:v:v), vortexed, sonicated 2x (20 Hz for 20 s each), and centrifuged (10
min at 4000 rpm) at 24°C. The supernatant containing lipid extracts was recovered, and 1
mL aliquot of the sample was transferred into a glass vial, dried with nitrogen, and stored
at —20 °C until measurements [5].

For the SHA method, cell pellets were added with 0.5 mL of CHsOH and 0.25 mL of
CHClIs, and the solution was sonicated at room temperature for the 30s. This single-phase
mixture was incubated at 48 °C overnight in a heating block. After cooling, 75 uL of 1 M
KOH in CHsOH was added and, after brief sonication, incubated in a shaking water bath
for 2hat37°C. A 0.4 mL aliquot was transferred to a new test tube to serve as the “single-
phase extract” (which was centrifuged to remove the insoluble residue, the supernatant
collected, the residue reextracted with 1 mL of CHsOH:CHCls, 1:2, v:v, centrifuged, and
the supernatants combined). 1 mL of CHCls and 2 mL of H20 were added to the remaining
original extract and then centrifuged; in the end, the lower organic layer was transferred
to a new tube. The upper phase was extracted with 1 mL of CHCls, which was added to
the organic-phase extract. The solvents were removed from the single-phase extract, and
the organic-phase extract and the dried residues were stored at —20 °C until measurement

[6].

2.3. FTIR Measurements

For FTIR analysis, the lipid extracts were resuspended in methanol, and drops of a
few microliters were placed on CaF: windows and used for the spectra acquisition in
transmittance mode. FTIR spectra were obtained using a Perkin Elmer Spectrum One
spectrometer. All spectra were collected using 64 scans in the range from 4000 to 1000 cm™!
with a 4 cm™ spectral resolution.

For a preliminary quantitative comparison of the efficiency in lipid extraction of the
different methods, the intensity of the peak located around 2922 cm™ and related to the
symmetric stretching vibration of the CH: group was assumed as the indicator of
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extraction efficiency. To make this comparison, the background was subtracted, and a
Standard Normal Variate (SNV) normalization was performed [8].

3. Results and Discussion

Figure 1 shows the FTIR spectra of lipids acquired from the B&D method [4]. The
contributions due to functional groups related to lipids are evident. Table 1 summarizes
the assignments of all the main peaks present in the spectra. Also, the spectra obtained
from the samples extracted using the other methods show similar behavior.

Figure 2 shows the high-wavenumber region of the spectra acquired from lipids ex-
tracted from HepG2 cells using the above-mentioned different procedures. When these
spectra are compared, and the intensity of the peak located at 2922 cm™' is assumed as an
indicator of extraction efficiency, it is evident that the B&D method can be considered the
most efficient. This result is confirmed by evaluating the intensity of the 2870-2850 cm™
band as suggested in the literature [11,12].
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Figure 1. Typical FTIR spectrum of lipid extract from HepG: cells using B&D method.

Table 1. Main peaks are present in the spectra of Figure 1 and assignments according to Refs.

[9,10].
Peak Position (cm™) Assignment

3362 O-H, N-H, C-H stretching
3010 CH=CH asymmetric stretching
2956 CHs asymmetric stretching
2922 CH2asymmetric stretching
2853 CH2 symmetric stretching
1736 C=0 stretching
1469 CH: bending
1380 CHs bending
1230 Asymmetric PO;stretching
1086 Symmetric POj stretching
1065 C—O stretching

970 C—O stretching
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Figure 2. High-wavenumber region of average spectra acquired from lipid samples extracted using
the four different procedures.

4. Conclusions

In the present paper, we investigated the efficiency in lipid extraction from HepG2
cells by using four different methods by FTIR spectroscopy. The spectra acquired from
lipid samples obtained using such procedures show similar features. The peak intensity,
located around 2922 cm™ and assigned to the symmetric stretching vibration of the CHz
group, indicates that the B&D method using chloroform/methanol/water is the most effi-
cient in terms of selectivity. It is characterized by the highest efficiency and can be consid-
ered the “gold standard” for lipid analysis. Further investigations are in progress to con-
firm these results. The BUMOD method is a new rapid, straightforward, chloroform-free
method, therefore advantageous in terms of health and environment for total lipid extrac-
tion, which allows overcoming the risk of sample contamination because lipids are recov-
ered from the upper organic layer. The SHA method requires a long extraction period and
is more sensitive to sphingolipids. Finally, the SAI method is a single-phase extraction
that could be recommended for simplicity, automation, low solvent consumption, and
economy.
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