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extraction time is 30 minutes, the precipitating agent is 2% citric acid. , the yield of hyaluronic acid is 4.87-
4.89%. We prepared a 1% solution of hyaluronic acid, obtained on the basis of optimal technological
parameters, and evaluated its solubility, pH and authenticity. It has been proven that the physicochemical
properties of hyaluronic acid obtained from rooster combs in the laboratory are the same as those of a
standard preparation. With this in mind, a number of hyaluronic acid-based cosmetics will be developed in

the future: creams, gels, lotions and balms.
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Metabolic activities of normal and cancer cells differ significantly from each other and can be assessed
by measuring the concentration of low-molecular-weight metabolites. These metabolites represent a diverse
range of chemicals, full characterization of which is an impossible task for any single method [1]. In
addition, modifications of some functional groups (for example, esterification) have been observed in the
body fluid of cancer patients as a result of altered metabolism [2]. Different methods, such as a nuclear
magnetic resonance (NMR), mass spectroscopy (MS), Raman and FTIR spectroscopies, have been
developed for the cancer diagnostics or screening proposes by utilizing the differences in metabolic
activities of cancer and normal cells. An artificial Intelligence-based medical diagnosis was developed
using the model constructed with the FTIR spectra of human blood plasma of healthy and lung cancer
patients [3].

Changes in metabolism observed in the various cancer types result in modification of morphology of
the cells, surface receptors and lipid compositions localized in the plasma membrane, etc [4-6]. During
cancer progression, significant changes were observed in the extracellular environments of cancer cells.
Increased oxygen consumption in the rapidly growing tumor cells deprives oxygen supply that results in
hypoxic microenvironments in cancer cells. In hypoxia, as a result of enhanced anaerobic glycolysis, the
extracellular environment of cancer cells becomes more acidic [7]. The pH value of the cancer
microenvironment may reach to 6.2. An acidic environment along with the activation of some lysosomal
enzymes initiates the expression of some genes involved with pro-metastatic factors. Therefore, the
extracellular acidic environment is closely related to cancer metastasis [8]. As mentioned above, metabolic
changes that arise in cancer cells modify the plasma membrane including the lipid composition. The
surface charge of cancer cells is different compared to that of normal cells. Proper characterization of the
surface charges is very important since it is essential to characterize and distinguish various cells. The
surface charge of cells can be characterized quantitatively with zeta potential measurements. Zeta potential
is an electric potential that characterizes the electrical double-layer potential of the cell surface [9, 10]. In
this regard, the zeta potential value of the cells is very informative for the assessment of the stability of the
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healthy and cancer cells. Increased values (more negative) of the zeta potential of cells indicate that these
cells are less prone to cell aggregation and adhesion processes [11]. Zeta potential measurements were
applied to study the interaction between nanoparticles and biological cells. Multifunctional nanoparticles
are fabricated for the diagnosis and treatment of cancer cells. This new medical approach is still evolving
[12].

In the current study zeta potential measurements were performed for human lung cancer cells,
specifically large cell carcinoma, and non-cancer cells (called healthy). Data indicate that zeta potential
values of cancer and healthy cells are significantly different. In contrast to pH 6.2, which is relevant to the
environment of hypoxic cancer cells, zeta potential values decreased for both types of cells at pH 7.3. The
data are valuable for cancer diagnosis as well as for the assessment of drug-cell interaction and drug
delivery.

Materials and Methods. Sample preparation. Human lung materials from the surgery were examined
in a histopathology laboratory for diagnosis and separation of the material to healthy and carcinoma parts.
A 62-year-old smoker man had an abnormal pulmonary mass in the upper lobe of the lung in computed
tomography (CT) imaging. Histopathology has indicated the presence of poorly differentiated large cell
carcinoma. The final diagnosis was T3N2M1b in TNM classification indicating that cancer spread nearby
lymph nodes with solitary metastasis.

The lung tissues from the above-indicated patient were obtained after fixation in 10% formalin. Before
the experiments, formalin was removed from the lung tissues by placing them PBS buffer at pH 7.3 and six
15-minute washes with the same buffer. The research was performed in accordance with the tenets of the
Declaration of Helsinki. Informed consent was obtained from the donor after the explanation of the
objective of the study. The sample handling and research procedures were approved by the institutional
review board.

Preparation of the cell suspension. Cancer and adjacent non-cancer (named as healthy) lung tissue
specimens were cut into a small species and then homogenized using a glass homogenizer in PBS buffer at
pH 6.2 or 7.3. Homogenates, washed several times in appropriate buffer, were centrifuged for 5 minutes.

Zeta potential measurements. The zeta potential measurements were performed for healthy and
carcinoma cells of human lung suspended in phosphate-buffered saline (PBS, in mol L™ NaCl, 0.14, KCl,
0.005, NagHPQ,, 0.01, KH,PQ4, 0.002, pH 7.3), ionic strength of which is 0.177 mol L. To evaluate the
influence of pH, the pH value of the same dispersing solution was adjusted to 6.2. Zeta potential
measurements were performed at a temperature interval of 25- 45 °C. To get the correct sample temperature
value, the samples were equilibrated at least 10 min at each temperature.

Zeta potentials of carcinoma and healthy cells of the human lung were measured using Zetasizer Nano-
ZS (Melvern Panalytical Ltd, UK) in automatic mode to select parameters. For each experiment, 10 to 15
measurements were performed. Disposable zeta cells were used for measurements. Data were recorded and
analyzed using a Malvern Zetasizer Software. Zeta potential distribution plots were analyzed using the
program OriginLab 2016 (OriginLab. Corporation, Northampton, MA, USA).

Results and Discussion. Figure 1 shows the results of Zeta potential measurements for large-cell
carcinoma and healthy cells in pH values of 6.2 and 7.3 at the temperature interval of 25- 40 °C. Zeta
potential values for cancer and healthy cells are significantly different at both pH values.

At pH 6.2, which is characteristic of the hypoxic cancer environment, Zeta potential values for the
healthy and cancer cells lie between about -28 mV =+ -31 mV and -23 mV =+ -26 mV, respectively.
However, at pH 7.3, which is characteristic of a normal extracellular environment, Zeta potential values for
the healthy and cancer cells shifts significantly and lie between about -25 mV =+ -26 mV and -19 mV -+ -22
mV, respectively. The differences in Zeta potential values in pH of 6.2 and pH of 7.3 are very interesting.
The absolute values of Zeta potentials of the carcinoma cells in pH 6.2 are the lowest (Figure 1). It is well
established that Zeta potential is directly related to the surface charges of the cell membrane [11]. Higher
values of the Zeta potentials, for example of nanoparticles, cells, etc., indicate the stability of the systems.
Thus, alkalization of the microenvironment of the hypoxic cancer cells from pH 6.2 to pH 7.3 will decrease
the stability of the cancer cells. The use of alkalizing drugs in chemotherapy may be beneficial for cancer
patients.
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Figure 1. Zeta potentials of human lung healthy and carcinoma cels at various conditions. (A) Zeta
potential values of human lung healthy and carcinoma cells in pH 6.2 at temperature interval of 25-
45 degree C. (B) Zeta potential values of human lung healthy and carcinoma cells in pH 7.3 at
temperature interval of 25- 45 degree C. Thick horizontal lines represents the average value of Zeta
potential of corresponding cells.

In cancerous tissue, the cancer cells are heterogeneous and may show different properties [13]. Since
the value of Zeta potential related to the surface charges of cell membranes, Zeta potential distribution
curves of the healthy and carcinoma cells were examined. It is evident that for the carcinoma cells,
amplitude averaged values of the Zeta potential distributions do not coincide with the maximum values in
both pH values of 6.2 and 7.3. This indicates that the Zeta potential data do not follow a normal
distribution. Therefore, Zeta potential differences in cancer cells are not random, but primarily determined
by metabolic differences. However, this situation is not observed for healthy cells. The heterogeneous
nature of the carcinoma cells may indicate that the carcinoma cells are in different metabolic states in the
cancer tissue. Interestingly, the cancer cells show less heterogeneity in pH value of 7.3, which is a case for
the normal extracellular microenvironment.

Indeed, the carcinoma cells in pH 6.2 show the highest FWHM for Zeta potential. In contrast, the
FWHM of Zeta potential significantly decreased in pH of 7.3. Data indicate that at pH 7.3 surface changes
of the carcinoma cells are more uniform. This is an advantageous situation to increase the efficiency of
drug-cell interactions.

In summary, we demonstrate that Zeta potential measurements of the human lung healthy and
carcinoma cells could have a practical value for cancer patients. In this particular case, switching the pH
value from 6.2 to 7.3 shows the beneficial condition for drug-cell interaction in chemotherapy. Therefore,
the combinatorial approach, the use of alkalizing drugs in combination with various cytotoxic drugs, should
be considered in the chemotherapy of cancer patients.
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Fig.2. Zeta potential distribution data for human lung healthy and carcinoma cells at different
temperatures. Left panel for pH 6.2, Right panel for pH 7.3. Vertical short lines indicate amplitude
averaged values for the corresponding Zeta distribution curve.
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Fig. 3. Heterogeneity of human lung healthy and carcinoma cells assessed from Zeta potentials
values. (A) The full width at half maximum (FWHM) from Zeta potential distribution data for
human lung healthy and carcinoma cells in pH 6.2 at temperature interval of 25- 45 degree C. (B)
FWHM from Zeta potential distribution data for human lung healthy and carcinoma cells in pH 7.3
at temperature interval of 25- 45 degree C. For quantitative assessment of the heterogeneity of the
human lung healthy and carcinoma cells, the values of full width at half maximum (FWHM) from
Zeta potential distribution data were determined (Figure 3).
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Xiilasa
Insanin agciyoarlorinin saglam va Xarcong hiiceyralarinin zeta-potensiah: xar¢ongin miialicasi iiciin
ahamiyyati
R.B.Hasanov, L.A.Malikova, O.K.Qasimov, C.A.Oliyev

Insanin miixtolif orqanlarmin, o ciimlodon agciyorlorin saglam vo Xorcong hiiceyrolori, miixtolif
metabolik aktivliyo malik olur. Saglam hiiceyralor ilo miiqayisada Xar¢ong hiiceyralarinin struktux qurulusu
doayiso bilor. Natmicads saglam va Xorgong hiiceyralori miixtalif sathi xassolora malik olur. Bu tadgigatda
insanin agciyarindo Xorgong/karsinoma va saglam hiiceyroanin zeta-potensiali pH 6,2 va 7,3 olduqda, 25°C-
45°C temperaturda Olgiilmiisdiir. pH 7,3 olduqda agciyarlorin saglam va Xorgong hiiceyralorin zeta-
potensiali tagriban -25 mV (25°C) vo -19 mV (25°C) toskil edir. Gostaricilordon molum olmusdur ki,
agciyarlorin sathi saglam hiiceyralori karsinomanim sathi hiiceyralori ilo miiqayisads daha negativ olurlar.
Eyni tendensiyalar pH 6,2 oldquda miisahido edilmisdir, bu hal hipoksik xorgong hiiceyralarin
hiiceyroxarici miihiti ti¢iin xarakterik olmugdur. Orta turs mithitdo (pH 6,2) agciyarlorin saglam va Xar¢ong
hiiceyralarinin zeta-potensiali tagriban -28,5 mV vo -25,5 Mv olmusdur. Zeta-potensialin paylasdirilmasi
tizra gostaricilordon molum olmusdur ki, pH 6,2 olduqda, xar¢ang hiiceyralarinin sathi eyncinsli olur. Daha
az moanfi zeta-potensial sistemin daha az stabil oldugunu gostorir. ©lds edilon naticalor nano hissaciklarin
istifdo edilmosilo dormanlarin ¢atdirilmas: sistemi aktual mosSolodir. Miialico zamami nanohissaciklor
istifado edildikdo dormanlarin selektiv dormanlarin ¢atdirilmasi ti¢iin zeta-potensialin diizgiin hadlarina
diggest etmok lazimdir. Nano-hissaciklorin zeta-potensiali hiiceyroyo daxil olmaqg vo qarsilight tosir tiglin
zoruri holledici faktordur. Nano materiallar ilo saglam vo Xorgong hiiceyralorinin garsiligh tasirini zeta-
potensial haddinin doyismasi tizro giymatlondirila bilar ki, bu da hiiceyralorin dinamik cavabini miisahida
etmoys imkan verir.

Pe3ome
3eTa-mOTEeHUHAJIBI 3[I0POBBIX H PAKOBBIX KJIETOK JIETKOr0 YeJI0BeKa: 3HAUeHNe /ISl Tepanuu paKa
P.b. I'acanoBa, JI.A.MeaukoBa, O.K. I'acbimoB, [lx.A. AjineB

3/10pOBbIE U PAKOBbIE KIETKH PA3IUYHBIX OPraHOB 4YEJOBEKa, BKIIOYAs JIETKHE, UMEIOT PazIU4HYyI0
METa0OJIMUYECKYI0 aKTUBHOCTb. CTpPyKTypHasi OpraHu3alys PaKOBBIX KIETOK TAaKK€ H3MEHSETCS 10
CPaBHEHHUIO CO 3/I0pPOBBIMU KJIETKaMH. B pesynbraTe 3710pOBble W PAaKOBbIE KJIETKH MPOSBISAIOT pa3HbIe
MOBEPXHOCTHBIE CBOWCTBA. 3/I€Ch 3HAYCHUS 3€Ta-MOTCHIMAala paka / KapIWHOMBI H 3J0POBBIX KJIETOK
JIETKOTO YeroBeka Obun m3Mmepensl ipu pH 6,2 u 7,3 B nuaTepBane temnepatyp ot 25 ° C mo 45 © C. Ilpu
pH 7,3 3era-moTeHIMANBI 3OPOBBIX U PAKOBBIX KJIETOK JIETKMX COCTABIIAIOT MpUMEpHO -25 MB (mpu 25 °
C) u -19 MB (nipu 25 ° C), cooTBeTcTBeHHO. [laHHBIE TOKA3bIBAIOT, YTO MOBEPXHOCTH 370POBBIX KIIETOK
Jerkux OoJiee HEraTWBHA IO CPAaBHEHMIO C IOBEPXHOCTBIO KIETOK KapUWHOMBL Takue ke TeHICHLUHU
Habmonanucy npu PH 6,2, xapakTepHOM Ui BHEKJIETOYHOM Cpesibl TMIIOKCHYECKHX PAKOBBIX KJIETOK. B
YMEpPEHHO KUCIBIX ycinoBusix (PH 6,2) 3eTa-moTeHIMabl 37I0pOBBIX H PAKOBBIX KJICTOK JISTKUX CIIBUTAOTCS
npuMepHo a0 -28,5 mB um -25,5 MB cooTrBercTBeHHO. JlaHHBIC pacmpeselieHus I3eTa-TOTCHIMAIA
MOKa3bIBAIOT, YTO MOBEPXHOCTHBIE 3apsbl PAKOBBIX KIETOK Oosee HeogHopoxaHsl mpu pH 6,2. Menee
OTpHULATENbHBIN 3€Ta-MOTeHIMa YKa3blBaeT Ha MEHBIIYI0 CTa0MJIBHOCTH CHCTeMBbl. llomydeHHble
pe3ynbTaThl aKTyalbHBI JUISI CHCTEMBI TOCTABKH JIEKAPCTB C HMCIIONB30BaHWEM HaHOYacTWIl. B Tepamuun
HAHOYACTHIBI JOJDKHBI OBITH M3TOTOBIEHBI C MPAaBWIBHBIMU 3HAYCHHUSAMH J[3€Ta-MOTEHIMANA s
CEJIGKTUBHOM JOCTaBKM JIEKAPCTB. 3€Ta-TIOTEHIMAJ] HAHOYACTHI] SBISAETCS Ba)XXHBIM ONPEAEIIIONIUM
(hakTOpOM mJIT BXOJa B KJICTKH W B3aUMOJCHCTBUI. B3ammomelcTBHE 30POBBIX M PAKOBBIX KIETOK C
HaHOMaTepHajJaMH MOXXHO OIICHWTh 0 M3MEHEHHSIM 3HA4YeHWH A3€Ta-TMOTEHIIMalla, KOTOPbIE MO3BOJISIOT

OTCJIEXHUBATh JUHAMUYECKHUHN OTBET KIETOK.
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