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Abstract. It is widely accepted that the lipid compositions of the plasma membranes of healthy and cancer
cells significantly differ from each other. During the cancer progression, cancer cells change the lipid
constituent of the membranes resulting in the loss of lipid asymmetry between the membrane leaflets.
Consequently, physicochemical properties of the cell membranes are also changed in response to altered
lipid organization. Partitioning of the spin probe 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) into the
membranes of the cells has broadly been applied to characterize membrane properties of various cells in
health and disease conditions. In this work, we used liposomes fabricated using lipids extracted from normal
and carcinoma cells. This system permits the determination of the properties of the healthy and cancer cell
membranes provided exclusively by its lipid components. Application of TEMPO-benzoate, in which the
benzoate group is attached to the TEMPO, indicates significantly enhanced discrimination of liposomes
between cancer and normal cells. Partitioning experiments with TEMPO-benzoate revealed relatively
enhanced incorporation efficiency for liposomes of cancer cells. On the contrary, TEMPO incorporation
efficiency in the same liposomes of cancer cells was not much different compared to healthy cells. Data
indicate that TEMPO-benzoate as a probe is more suitable than TEMPO to discriminate cancer cells from
healthy cells. Free energy gain observed for TEMPO-benzoate resulted mainly from the hydrophobic effect
of the benzoate group.

Key words: Electron paramagnetic resonance, TEMPO, TEMPO-benzoate, partitioning, lung carcinoma,
cell membrane lipid composition.

INTRODUCTION

During the disease progression cancer cells obtain new capabilities. Because cancer cell development and
transformation is a multi-step process, a solid tumor mass shows cell heterogeneity at both phenotypic and functional
levels [1,2]. Functional reprogramming of the cancer cells provides new features, such as evading apoptosis, sustained
growth signals, insensitivity to anti-growth signals, tissue invasion and metastasis, uncontrolled replicative potential and
sustained angiogenesis. These features are common for all types of human tumors [3].

The mortality of cancer patients is mainly related to metastatic progression. Cancer cell mesenchymal transition is
a critical step for the development of metastasis. Metastatic progression of the cells manifested by loss of cell polarity,
cell-to-cell adhesion, etc. [3,4]. The significant changes observed in the cancer cell membranes play a direct role in
conferring new capabilities. The various lipids, mainly composed of assorted phospholipids, sphingolipids, glycolipids,
cholesterol, etc. arranged asymmetrically in the healthy cells. As a result, the outer leaflets of healthy cells are more
negatively charged compared to that of inner leaflets [5-7]. Phospholipid transportation proteins, such as flippases,
floppases and scramblases, play a pivotal role in maintaining the asymmetry the healthy cells. However, cancer cells show
significant loss of asymmetry that manifested in decreased negatively charged phospholipid head group in the outer
leaflet. Therefore, the zeta potential of cancer cells is decreased compared to that of healthy cells [8].

The membrane proteins play a major role in signaling pathways that regulate the metabolism of both cancer and
healthy cells [4,9-12]. The membranes, such as those of cancer and healthy cells, composed of dissimilar lipids are
adopted to modulate functions of particular cell types [5,13,14]. The cell membrane permeability is an important
parameter to characterize healthy and cancer cells.

As indicated above, the lipid compositions of the membranes of healthy and cancer cells significantly differ from
each other [15-17]. The lipids in the membrane are arranged non-uniformly and described with domain structures that
have distinct properties in both cell types [18-21]. The membrane proteins, as well as lipid compositions, may play a
critical role in assembling these domains [16,17,22].

In this study, taking a reductionist approach, we have evaluated if differences in lipid compositions of the membranes
of healthy and cancer cells are enough to discriminate between both cell types. For this reason, we have studied the
permeability properties of the liposomes produced from the lipids extracted from the healthy and cancer cells of human
lung tissue.

The spin probe 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) has widely been applied to investigate membrane
permeability properties of various cell types in health and diseased conditions. Particular properties of Electron
Paramagnetic Resonance (EPR) spectra of TEMPO in aqueous (hydrophilic) and membrane (hydrophobic) environments
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allow easy detection of the spin probes located in these environments. TEMPO-benzoate, along with TEMPO, was also
tested to evaluate its partition properties in healthy and cancer cells. The experiments were performed at various
temperatures to examine the temperature sensitivity of the lipid extracted from both cell types. Data indicate relatively
more enhanced incorporation of TEMPO-benzoate into the liposomes of cancer cells compared to that of TEMPO. Unlike
TEMPO-benzoate, TEMPO partitioning constants in the liposomes were similar to healthy and cancer cells.

MATERIAL AND METHODS

2.1. Human lung tissue collection

Since experiments were performed with liposomes, formalin-fixed lung tissues were adequate for providing reliable
data for analysis. Human lung tissues were collected and used in accordance with the tenets of the Declaration of Helsinki
and approved by the review board of the Azerbaijan National Center of Oncology. The cancer diagnosis was provided by
a histopathology report. Here we report, as an example, a case of a 30-year-old female who did not receive chemo- or
radiation therapy before the surgery. The pathology findings on the surgical lung tissue were consistent with a XBT-0-
3:8070/3, (squamous cell carcinoma) lung cancer. Cancer grade was classified as G2 (intermediate grade/moderately
differentiated). The separation of lung tissue into cancer and normal (also referred to as healthy) parts was provided by
the pathologist.

2.2. Preparation of epithelial cell suspension from lung tissue

The lung tissue was washed thoroughly with PBS buffer to remove blood. Afterward, the tissue was cut into small
pieces. To remove formalin fixation, the sample was incubated in PBS buffer for 2 hours. During this procedure, the
buffer was refreshed every 15 minutes. Then, the samples were homogenized in PBS buffer using a glass homogenizer.
The homogenized lung tissues were washed three times with PBS solution and then centrifuged (Eppendorf 5418) to
remove the cell debris.

2.3. Extraction of lipids and preparation of liposomes from healthy and cancer cells

The epithelial cell suspensions obtained from healthy and cancer tissues of the lung were used to extract the lipids.
Total lipid extraction was performed using a widely accepted three-component system (water, chloroform and methanol)
[23]. The liposomes from the lipids extracted from healthy and cancer cell suspensions were produced using the probe-
tip sonication method [24].

2.4. EPR spectroscopy

EPR measurements were performed using a Bruker ELEXSYS ES580 spectrometer at X-band frequency with a
variable temperature accessory. The liposomes fabricated from the lipids extracted from lung carcinoma and normal cells
were incubated with TEMPO or TEMPO-benzoate for 30 min and then were placed into Pyrex capillary tubes with an
LD. of 0.6 mm. The following instrumental parameters were chosen for recording the EPR spectra. Scan width: 100
Gauss, sweep time: 40 s, modulation amplitude: 1 Gauss, modulation frequency: 100 kHz, microwave power: 0.47 mW,
time constant: 0.1 s. The samples were kept for 5 minutes at each temperature to make sure that the temperatures of the
samples matched the set temperatures.

2.5. Partitioning of TEMPO and TEMPO-benzoate in the liposomes constructed using the lipids extracted from
human lung normal and carcinoma cells

TEMPO and TEMPO-benzoate contain the same nitroxide group that shows a well-known EPR spectrum with three-
component resulting from nitrogen hyperfine interactions. The hyperfine splitting constants in EPR spectra of TEMPO
and its derivatives depend on the polarity of the solvent. As it will be shown below the hyperfine splitting constant of
nitroxide is larger in a hydrophilic environment compared to that in a hydrophobic one. TEMPO derivatives dissolved in
the system that contains two phases with distinct polarities, such as liposomes and aqueous environments, will be
distributed in these phases according to accessibility and polarity. Obtained EPR spectra, which are composed of the
partitioning of TEMPO derivatives, show resolved components at the high magnetic field. The following consideration
explains the features of EPR spectra observed in the partitioning experiments. The values for isotropic hyperfine coupling
constants (Ais) and g factors of the nitroxide spin probe are slightly different in hydrophobic (liposome) and aqueous
environments which can be explained by differences in spin densities of two canonical structures of TEMPO [25].
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The aqueous solution trend to stabilize the structure (B) in which unpaired electron density is localized on N-atom.
In contrast, the structure (A), in which unpaired electron density is localized on the oxygen atom, is preferentially
stabilized in a hydrophobic environment. Therefore, the nitrogen hyperfine coupling constant is lower in a hydrophobic
environment compared to that in a hydrophilic environment [25].

The EPR spectra of TEMPO and TEMPO-benzoate incubated in the solutions of liposomes fabricated from the
lipids extracted from lung carcinoma and healthy cells were analyzed using the LabVIEW program developed by
Christian Altenbach https://sites.google.com/site/altenbach/) employing the spectral simulation code written in
FORTRAN [26]. Two-component analysis was adequate to describe the EPR spectra of both TEMPO and TEMPO-
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benzoate incubated in various liposome systems. The resolved components of EPR spectra were used to calculate a
partition coefficient (K) according to the following formula:

K= Ilip/(llip +1aq)' (n
Liip and 1,4 are double integrals of EPR components of TEMPO or TEMPO-benzoate localized in liposome and aqueous
environments, respectively. The same liposome (by mass of lipids) and spin probes (TEMPO or TEMPO-benzoate)
concentration were used for direct comparison of the partition coefficients [27]. In partition experiments, the
concentrations of TEMPO or TEMPO-benzoate were 150 [_]M.

For quantitative characterization of thermodynamic parameters of liposomes constructed using the lipids extracted
from lung carcinoma and healthy cells, the free energy required to transfer a TEMPO or TEMPO-benzoate from an aqueous
to a liposome environment was calculated using the values of the equilibrium constants, i.e. partition coefficients,
determined at various temperatures

LogK = —AG/RT. 2)

Similarly, the rotational correlation times of TEMPO or TEMPO-benzoate determined at various temperatures were
used to determine the activation energies for rotational motions in the lipid fraction of the liposomes fabricated from
healthy and cancer cells.

RESULTS AND DISCUSSION

Detection of cancer at the earliest stage is most important for successful cancer treatment. Today various screening
methods exist to reduce mortality or prevent various types of cancer, such as colon cancer, breast cancer, etc. However,
such of screening method is not yet available for wide-range application for lung cancer, one of the deadliest diseases.
Recent developments utilizing artificial intelligence applied to the FTIR spectra of human blood plasma samples for the
classification of lung cancer patients are encouraging [28,29]. Evaluating of distinct properties of the healthy and cancer
cell may provide the information for selected drug delivery, i.e., incorporation into the membranes.

Lipid constituents play a significant role in conferring specific properties to cell membranes, such as permeability,
membrane dynamics, etc. It is well documented that the lipid composition of healthy and cancer cells significantly varies
from each other [15-17]. Liposome model systems used in this study allow us to determine the properties of the healthy
and cancer cell membranes provided exclusively by its lipid components. The distinct features of the liposomes composed
of the lipids from the healthy and cancer cells may provide very important information for drug delivery applications.
Comparison of the results obtained from the applications of TEMPO and TEMPO-benzoate permits the evaluation of the
contribution of a benzoate group in partitioning the lipid phases composed of different components. Below, we provide
TEMPO and TEMPO-benzoate partitioning experiments into the liposomes constructed from healthy and cancer cells at
the temperature of 295K — 317K interval.

EPR spectra of TEMPO resulted from partitioning in liposomes using the lipids extracted from human lung normal
(healthy) cells at pH 7.3 are shown in Figure 1.
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Figure 1. EPR spectra of TEMPO resulted from partitioning in the liposomes fabricated using the lipids extracted from
human lung normal (healthy) cells at pH 7.3. (A) EPR spectra of TEMPO were recorded at various temperature values
as indicated on the graph. Dotted lines are simulated spectra obtained from the fitting to a two-component model. For
better visualization, simulated spectra were shifted vertically. (B) EPR spectra of resolved components. Black and red
lines indicate EPR spectra of TEMPO localized in hydrophilic (aqueous) and lipophilic (liposome) environments,
respectively. The amplitudes of high field components of EPR spectra of TEMPO in a liposome environment were
increased 5-fold (dotted red lines) for better judgments
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As can be seen from Figure 1A (vertically shifted dotted lines), two components are enough for adequate
characterization of the spectra. The small fractions of TEMPO molecules are localized in the lipid fraction of the liposome
system (Fig. 1B, red lines). TEMPO partitioning into the lipid fraction of the liposome is increased at higher temperatures.
TEMPO partitioning experiment in liposomes constructed from the lipids extracted from cancer cells of human lung tissue
shows similar results (Fig. 2).

Partitioning of TEMPO into the liposomes constructed from the cancer cell lipids is almost identical to that of healthy
cells (Fig. 1, Fig. 2). The parameters recovered from the fitting procedures are shown in Tables 1 and 2.

The Ais values for TEMPO in the lipid and aqueous environments in the liposomes fabricated from the lipids of
cancer and healthy cells show identical values, 34.5+ 0.1 and 31.4+ 0.1, respectively. The identical Ajs, values for TEMPO
in lipid fractions of liposomes from cancer and healthy cells indicate that TEMPO molecules in both cases are localized
in regions with similar hydrophobicities. The Arrhenius plots reveal that free energies required to transfer a TEMPO from
an aqueous to the liposomes of cancer and healthy cells are very close, 7.7+ 0.6 kcal/mol and 6.6+ 0.6 kcal/mol,
respectively (Fig. 3). Thus, TEMPO does not discriminate between the liposomes fabricated from cancer and healthy
cells.

33‘30 33‘40 33‘50 33‘60 33‘70 33‘30 33‘40 33‘50 33‘50 33‘70
Magnetic field (Gauss) Magnetic field (Gauss)

Figure 2. EPR spectra of TEMPO resulted from partitioning in liposomes using the lipids extracted from human lung

carcinoma cells at pH 7.3. (A) and (B) are the same as in Figure 1, but obtained from the lipid extracted from lung

carcinoma cells

Table 1. Parameters obtained from the EPR studies on the liposomes, lipids of which were extracted from
healthy and cancer cells of the human lung

Sample 2Ais0 (Gauss) 2Ais (Gauss) AGk
p (aqueous) (liposome) (kcal/mol)
Liposome (Healthy), pH 7.3 TEMPO 34.5+0.1 31.4+0.1 6.6+ 0.6
Liposome (Cancer), TEMPO 34.540.1 31.4+0.1 7.7+ 0.6
pH7.3
Liposome (Healthy), pH 7.3 TEMPO-benzoate 33.7+£0.2 31.4+0.1 2.9+0.7
L1posolzr§ ’g(;ancer), TEMPO-benzoate 337401 30.8+ 0.1 45407

Table 2. Rotational correlation times for TEMPO-benzoate located in lipid fractions of the liposomes. The
liposomes were fabricated using the lipids extracted from healthy and cancer cells of the human lung

Temperature T (ps) T (ps)
(K) Cancer, Component B Healthy, Component B
295 466.8 278.8
300 312.5 223.0
305 291.5 202.0
310 244.0 108.3
317 181.8 45.8
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Figure 3. Arrhenius plots for the TEMPO partitioning coefficients obtained for the liposomes constructed using the
lipids extracted from the healthy (black circles) and carcinoma (red circles) cells of the human lung tissue. Experiments
were conducted at pH 7.3
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Figure 4. EPR spectra of TEMPO-benzoate resulted from Figure 5. EPR spectra of TEMPO-benzoate resulted from
partitioning into the liposomes fabricated using the lipids partitioning in liposomes using the lipids extracted from human
extracted from human lung normal (healthy) cells at pH 7.3. lung carcinoma cells at pH 7.3. (A) and (B) are the same as in
(A) EPR spectra of TEMPO-benzoate were recorded at Figure 4, but obtained from the lipid extracted from lung
various temperature values as indicated on the graph. Dotted carcinoma cells

lines are simulated spectra obtained from a two-component
model. For better visualization, simulated spectra are shifted
vertically. (B) EPR spectra of resolved components. Black
and red lines indicate EPR spectra of TEMPO-benzoate
localized in hydrophilic (aqueous) and lipophilic (liposome)
environments, respectively

The same liposomes were also tested with TEMPO-benzoate, in which the benzoate group is attached to TEMPO.
The EPR spectra of TEMPO-benzoate incubated in human lung healthy and cancer cell suspensions at pH 7.3 are shown
in Figures 4 and 5, respectively. As in the case of TEMPO, a model with two components sufficiently characterize the
EPR spectra of TEMPO-benzoate at various temperatures (Fig. 4A, dotted lines and 4B).

Significantly enhanced partition for TEMPO-benzoate compared to that of TEMPO is evident (Fig. 1 and 4).
Partitioning of TEMPO-benzoate into liposomes from healthy cells is increased at higher temperatures. In contrast to
TEMPO, TEMPO-benzoate demonstrates much higher partitioning into liposomes of cancer cells compared to that of
healthy cells (Fig. 4 and 5). The parameters recovered from the fitting procedures indicated that Ais, value for TEMPO-
benzoate in liposomes from cancer cells decreased from 31.4+ 0.1to the value of 30.8+ 0.1. The decreased value of Ajs
for the liposomes of cancer cells can be attributed to lipid rafts that are more hydrophobic compared to the phospholipid
parts. At higher temperatures, relatively higher partitioning of TEMPO-benzoate to the liposomes of cancer cells is
evident (Fig. 6).
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Figure 6. Arrhenius plots the TEMPO-benzoate Figure 7. Arrhenius plots for rotational correlation times

partitioning coefficients obtained for the liposomes
constructed using the lipids extracted from the healthy
(black circles) and carcinoma (red circles) cells of the
human lung tissue

of the TEMPO-benzoate in the liposomes constructed
using the lipids extracted from the healthy (black circles)
and carcinoma (red circles) cells of the human lung
tissue

The Arrhenius plots for partitioning values of TEMPO-benzoate indicate significant differences in energies required
to transfer TEMPO-benzoate from aqueous to liposome environments for cancer and healthy cells. The energy transfer
values of TEMPO-benzoate are 2.9 = 0.7 kcal/mol and 4.5 £ 0.7 kcal/mol for liposomes of healthy and cancer cells,
respectively. The rotational correlation times of TEMPO-benzoate and their temperature dependence are appreciably
different for cancer and healthy cells (Fig. 7, Table 2). Activation energies for the rotational motion in liposomes of cancer
and healthy cells are 7.4+ 0.9 kcal/mol and 15.1+ 2.8 kcal/mol, respectively. Free energy difference values for TEMPO
and TEMPO-benzoate transfer to the same system are revealing. [ T ]G (TEMPOTEMPO-benzoate) for the liposomes
from healthy and cancer cells are 3.7 kcal/mol and 3.2 kcal/mol, respectively. Free energy gain from the transfer of the —
CH, group from an aqueous to a hydrophobic environment is about 0.6 kcal/mol [30]. The free energy gain from the
benzoate group can be approximated as 6 of —CH, groups, i.e. 3.6 kcal/mol. This value is very close to the [T ] G (TEMPQ
TEMPO-benzoate) values obtained by the experiments. Thus, free energy gain obtained for TEMPO-benzoate
partitioning for both liposomes from healthy and cancer cells can be explained primarily by the hydrophobic effect.

CONCLUSIONS

A comparison of TEMPO and TEMPO-benzoate partitioning into the liposomes fabricated from the lipids using the
healthy and cancer cells of the human lung reveals important differences in their properties. In contrast to TEMPO, the
use of TEMPO-benzoate allows the discrimination of liposomes between fabricated from cancer and healthy cells. The
temperature-dependent partitioning coefficients for TEMPO-benzoate and energies required to transfer TEMPO-benzoate
from aqueous to lipid phase are adequate parameters for cell discrimination. Data indicate that not TEMPO but TEMPO-
benzoate is a good probe to characterize and/or discriminate between cancer and healthy cell systems. Free energy gain
observed for TEMPO-benzoate mainly resulted from the hydrophobic effect of the benzoate group.

This work was supported by the Science Development Foundation under the President of the Republic of Azerbaijan-
Grant Ne EIF-MQM-ETS-2020-1(35)-08/07/3-M-07.

References:

1. Meacham C.E., Morrison S.J. Tumour heterogeneity and cancer cell plasticity. Nature, 2013, vol. 501, no. 7467,
pp- 328-337.

2. Singh AK., Arya RK., Maheshwari S., Singh A., Meena S., Pandey P., Dormond O., Datta D. Tumor
heterogeneity and cancer stem cell paradigm: Updates in concept, controversies and clinical relevance. Int. J. Cancer,
2015, vol. 136, no. 9, pp. 1991-2000.

3. Hanahan D., Weinberg R.A. The Hallmarks of Cancer. Cell, 2000, vol. 100, no 1, pp. 57-70.

4. Rakoff-Nahoum S. Why cancer and inflammation? Yale J. Biol. Med., 2006, vol. 79, no, 3-4, pp. 123-130.

5. Casares D., Escriba P. V., Rossello C.A. Membrane Lipid Composition: Effect on Membrane and Organelle
Structure, Function and Compartmentalization and Therapeutic Avenues. Int. J. Mol. Sci., 2019, vol. 20, no. 9, p. 2167.

6. Lorent J.H., Levental K.R., Ganesan L., Rivera-Longsworth G., Sezgin E., Doktorova M., Lyman E., Levental
I. Plasma membranes are asymmetric in lipid unsaturation, packing and protein shape. Nat. Chem. Biol., 2020, vol. 16,
no. 6, pp. 644-652.

7. Stieger B., Steiger J., Locher K.P. Membrane lipids and transporter function. Biochim. Biophys. Acta, Mol. Basis
Dis., 2021, vol. 1867, no. 5, p. 166079.

8. Gasanova R.B., Melikova L.A., Gasymov O.K., Aliyev J.A. Zeta potentials of healthy and cancer cells of human
lung : implication to cancer therapy. Mod. Achiev. Azerbaijan Med., 2020, no. 4, pp. 112-117.

AxmyanvHbie sonpocwsl duonozuueckol gusuku u xumuu, 2022, mom 7, Ne 2, c. 261-267



MEDICAL BIOPHYSICS AND BIOPHYSICAL CHEMISTRY 267

9. Zulueta Diaz Y. de las M., Arnspang E.C. Special Issue: Dynamics and Nano-Organization in Plasma
Membranes. Membranes (Basel), 2021, vol. 11, no. 11, p. 828.

10. van Deventer S., Arp A.B., van Spriel A.B. Dynamic Plasma Membrane Organization: A Complex Symphony.
Trends Cell Biol., 2021, vol. 31, no. 2, pp. 119-129.

11. Raghunathan K., Kenworthy A.K. Dynamic pattern generation in cell membranes: Current insights into
membrane organization. Biochim. Biophys. Acta, 2018, vol. 1860, no. 10, pp. 2018-2031.

12. Sackmann E., Tanaka M. Critical role of lipid membranes in polarization and migration of cells: a biophysical
view. Biophys. Rev., 2021, vol. 13, no. 1, pp. 123-138.

13. Stieger B., Steiger J., Locher K.P. Membrane lipids and transporter function. Biochim. Biophys. Acta, 2021,
vol. 1867, no. 5, p. 166079.

14. Lorent J.H., Levental K.R., Ganesan L., Rivera-Longsworth G., Sezgin E., Doktorova M., Lyman E., Levental
I. Plasma membranes are asymmetric in lipid unsaturation, packing and protein shape. Nat. Chem. Biol., 2020, vol. 16,
no. 6, pp. 644-652.

15. Hristova K., Selsted M.E., White S.H. Critical Role of Lipid Composition in Membrane Permeabilization by
Rabbit Neutrophil Defensins. J. Biol. Chem., 1997, vol. 272, no. 39, pp. 24224-24233.

16. Zalba S., ten Hagen T.L.M. Cell membrane modulation as adjuvant in cancer therapy. Cancer Treat. Rev., 2017,
vol. 52, pp. 48-57.

17.Szlasa W., Zendran 1., Zalesinska A., Tarek M., Kulbacka J. Lipid composition of the cancer cell membrane.
J. Bioenerg. Biomembr., 2020, vol. 52, no. 5, pp. 321-342.

18. Karnovsky M.J., Kleinfeld A.M., Hoover R.L., Klausner R.D. The concept of lipid domains in membranes.
J. Cell Biol., 1982, vol. 94, no. 1, pp. 1-6.

19.Owen D.M., Gaus K. Imaging lipid domains in cell membranes: The advent of super-resolution fluorescence
microscopy. Front. Plant Sci., 2013, vol. 4, no. DEC, pp. 1-9.

20. Ursell T.S., Klug W.S., Phillips R. Morphology and interaction between lipid domains. Proc. Natl. Acad. Sci.
U.S.4., 2009, vol. 106, no. 32, pp. 13301-13306.

21. Feigenson G.W. Phase diagrams and lipid domains in multicomponent lipid bilayer mixtures. Biochim. Biophys.
Acta, 2009, vol. 1788, no. 1, pp. 47-52.

22.Preta G. New Insights Into Targeting Membrane Lipids for Cancer Therapy. Front. Cell Dev. Biol., 2020,
vol. 8, no. September, pp. 1-10.

23. Bligh E.G, Dyer W.J. A rapid method of total lipid extraction and purification. Can. J. Biochem. Physiol., 1959,
vol. 37, no. 8, pp. 911-917.

24. Rieth M.D., Lozano A. Preparation of DPPC liposomes using probe-tip sonication: Investigating intrinsic factors
affecting temperature phase transitions. Biochem. Biophys. Reports, 2020, vol. 22, no. April, p. 100764.

25. Griffith O.H., Dehlinger P.J., Van S.P. Shape of the hydrophobic barrier of phospholipid bilayers (Evidence for
water penetration in biological membranes). J. Membr. Biol.,1974, vol. 15, no. 1, pp. 159-192.

26.Budil D.E., Sanghyuk L., Saxena S., Freed J.H. Nonlinear-least-squares analysis of slow-motion EPR spectra in
one and two dimensions using a modified levenberg-marquardt algorithm. J. Magn. Reson., Ser. A., 1996, vol. 120,
no. 2, pp. 155-189.

27.Wu S.H. wei, McConnell H.M. Phase Separations in Phospholipid Membranes. Biochemistry, 1975, vol. 14,
no. 4, pp. 847-854.

28. Gasymov O.K., Aydemirova A.H., Melikova L.A., Aliyev J.A. Artificial intelligence to classify human lung
carcinoma using blood plasma ftir spectra. Appl. Comput. Math., 2021, vol. 20, no. 2, pp. 277-289.

29.Yang X., Ou Q., Qian K., Yang J., Bai Z., Yang W., Shi Y., Liu G. Diagnosis of Lung Cancer by ATR-FTIR
Spectroscopy and Chemometrics. Front. Oncol., 2021,vol. 11, no. September, pp. 1-7.

30. Tanford C. Hydrophobic Effect: Formation of micelles and biological membranes. New York, N.Y.: Wiley-
Interscience, 1980, 233 p.

Russian Journal of Biological Physics and Chemistry, 2022, vol. 7, No. 2, pp. 261-267




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



