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The purpose of the presented work was to study
the possibility of using the fluorescent probes method
to diagnose the harmful effects of chemical factors on
the example of polyethylene glycol on the organism of
white rats by evaluating the state of erythrocyte mem-
branes.

Material and methods. We used the following fluo-
rescent probes in the studies: ortho-hydroxy deriva-
tives of 2.5-diaryl-1.3-oxazole.

Results and discussion. In the case of erythro-
cytes of rats, which are toxic to PEG-400, there is a
marked decrease in the fluorescence intensity of all
the probes used. The discussed decrease in the fluo-
rescence intensity of the probes indicates a decrease
in the number of molecules of each of the probes as-
sociated with erythrocyte membranes per one hour of
incubation, which indicates a decrease in the rate of
binding of probes to membranes. Such a decrease in
the binding rate can be explained by the formation of
an additional protective membrane around each lipid
membrane.

Conclusion. The established fact of formation of
an additional coat of polyethylene glycol molecules on
the surface of erythrocyte membranes can be treated
as a stable standardized indicator for the method of
fluorescent probes, which may indicate the absence of
damaging effect on the membranes at the object of
study, which requires confirmation in further studies.

Keywords: chemical factors, polyethylene glycol,
toxification, erythrocytes, biomembrane, lipid bilayer,
fluorescent probe.

Research relation to the plans, programs and
department themes. The research was carried out
within the framework of performing the research work
of Kharkiv National Medical University on the special
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order of the Ministry of Health of Ukraine
"Experimental substantiation of the prognosis of dan-
ger and correction of structural and pathogenetic dis-
orders in the body warm-blooded with the purpose of
developing hygienic standards for surfactants for wa-
ter in reservoirs" (state registration number
0115U000233 ), as well as the initiative research work
of biological chemistry department "Biochemical
mechanisms once dismetabolic processes under the
influence of chemical environmental factors "(state
registration number 0115U000240).

Introduction. The problem of diagnosing the con-
sequences of harmful effects on the body of chemical
environmental factors (CEF) is relevant, because to-
day scientists of Ukraine and such countries as the
United States of America, Great Britain, Germany and
France are concerned about the growing pollution of
drinking water and the world's oceans, and the entry
of chemical pollutants into the human body with cos-
metics, medicines, shampoos, detergents, materials
for arranging apartments and many others [1-6].
Chemical factors have radiomimetic properties and
cause a wide range of various dismetabolic disorders
in the body. One of the most commonly used in the
national economy and everyday life of a person is
polyethylene glycol (PEG) [7].

PEG is wused to soften some plastics
(polyethylene, polyvinyl chloride, cellulose ether mem-
branes in filters, etc.) that are used to store and trans-
port food. According to the latest research of foreign
scientists, plastic components can migrate from prod-
ucts made from them to foodstuffs during storage,
processing and transportation, and thus potentially
affect human health [1, 6].

The Purpose of the presented work was to study
the possibility of using the fluorescent probes method
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to diagnose the harmful effects of chemical factors on
the example of polyethylene glycol on the organism of
white rats by evaluating the state of erythrocyte mem-
branes.

Material and Methods. The chemical factor poly-
ethylene glycol-400 (PEG-400) produced by “Barva-
Pharm”, Ivano-Frankovsk, was used as an object of
research. For the study, an active dose of 1/10 LDsg
was chosen according to the indicators of general
toxic effect on the warm-blooded organism [7].

Polyethylene glycol-400 (PEG-400) is a colorless
viscous liquid with a characteristic odor and bitter,
slightly burning taste, very hygroscopic. The empirical
formula is HOCH, (CH,OCH,) mCH,OH, where m is
the average number of oxyethylene groups. PEG is
obtained by polymerization of ethylene oxide in the
presence of water and a catalyst under pressure [1].

A 45-day study was performed on 20 white rats of
both sexes of the WAG line of the control and test
groups in an amount of 10 animals each. Animals
were in the standard conditions of the vivarium. The
content and monitoring of animals was carried out in
accordance with the provisions of the "General princi-
ples of animal experiments", agreed upon by the First
National Congress on Bioethics (Kiev, 2001),
"European Convention for the Protection of Verte-
brates used for experimental and scientific pur-
poses" (Strasbourg, 1986).

An aqueous solution of PEG-400 was daily in-
jected intragastrically at a dose of 1/10 DLg, using a
metal probe. The mean lethal dose (DLsg) for polyeth-
ylene glycol according to these parameters of acute
toxicity was established at 28.9 g / kg body weight of
white rats, 1/10 DLg, was 2.89 g / kg body weight [7].
The control group of rats received the corresponding
volumes of drinking water. After the end of the 45-day
subacute toxicological experiment, rats were with-
drawn from it in accordance with the "International
recommendations for conducting biomedical studies
using laboratory animals" by decapitation using a guil-
lotine, according to approved instructions and legisla-
tive acts.

Erythrocytes were separated from the plasma by
centrifugation (UNIVERSAL 320 R centrifuge) with
stabilized blood heparin (the final dilution of heparin-
whole blood was 1: 100) for 15 min at 3000 g. The
erythrocyte suspension was washed several times
with a cooled 0.89% solution of NaCl [8].

Fluorescent probes - ortho-hydroxy derivatives of
2.5-diaryl-1.3-oxazole, molecules of which are non-
covalently bind to cell membranes and react to
changes in the microenvironment [9-12], which were
previously successfully used for biomembrane stud-
ies: 2- ( 2'-OH-phenyl) -5-phenyl-1.3-oxazole (probe
010), 2- (2'-OH-phenyl) -5- (4'-phenyl-phenyl) -1.3-
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oxazole (probe 060) and 2- (2'-OH-phenyl) -phena-
nthrene (10,11) -1,3-oxazole (PH7 probe) [13-16].

The choice of fluorescent probes 010, 060 and
PH7 (ortho-hydroxy derivatives of 2.5-diaryl-1.3-
oxazole) for the study of erythrocyte membranes is due
to the fact that the fluorescent characteristics of these
probes depend on the physicochemical properties of
their microenvironment: from the proton donor ability,
polarity and viscosity of microenvironment [9-12].

The fluorescent probes were dissolved in acetoni-
trile to an initial concentration of 2 x 10 -4 mol / L, then
50 pl of each of the respective probe solutions were
added to 2 ml of the red blood cell suspension. The
final concentration of each of the probes in the sus-
pension of the investigated membranes was 5-10-6
mol / |, so the molar ratio of lipid / probe was 200: 1.
Fluorescence spectra were measured on a Lumina
(Thermo Fisher Scientific) spectrophotometer one
hour after the addition of probes to the erythrocyte
suspension. Fluorescence spectra of probes were
measured in the 340-600 nm regions with a width of
the slits of excitation and fluorescence monochroma-
tors of 5 and 5 nm, respectively, and an excitation
wave length of 330 nm. The error in measuring the
fluorescence intensity was 5%.

Results and Discussion. Fluorescent probes-the
ortho-hydroxy derivatives of 2.5-diaryl-1.3-oxazole,
sensitive to changes in the proton-donor capacity,
polarity, and viscosity of the microenvironment, were
used to study the state of membranes of rat erythro-
cytes under the influence of PEG-400 [9-12]. Ortho-
hydroxy derivatives of oxazole are distinguished, dif-
fering in their lipophilicity: it is expected that the re-
gions of localization of the selected probes in the
membrane are different and correspond to the lipo-
philicity of the probes (Figure 1) [13-16]. The ex-
pected localization and orientation of 010, 060 and
PH7 on the basis of their fluorescent properties in lipid
membranes [13-16] and on the basis of their structural
similarity with fluorescent probes with known localiza-
tion in lipid membranes [17]: probe 010 — in the region
of glycerol residues of phospholipids (closer to the
center of the lipid bilayer), in the region of carbonyl
groups of phospholipids and in the region of fatty acid
chains of phospholipids adjacent to the region of car-
bonyl groups; probe 060 — in the region of carbonyl
groups of phospholipids and in the region of fatty acid
chains of phospholipids (near the polar part of the bi-
layer); probe PH7 — in the region of fatty acid chains of
phospholipids (near the center of the bilayer) and in the
center of the lipid bilayer of membranes (Figure 1).

The results of measuring the fluorescence of
probes in solutions containing rat erythrocytes under
the influence of PEG-400 and erythrocytes of the con-
trol group are shown in Figure 2.
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Fig. 1. Expected localization and orientation of fluorescent
probes 010, 060 and PH7 based on their fluorescent proper-
ties in lipid membranes [14, 15] and on the basis of their
structural similarity with fluorescent probes with known local-
ization in lipid membranes [17]. To indicate the location of
the probes, two molecules of phosphatidylcholine from an
external monolayer

According to Figure 2, in the case of the animals
of the experimental group, the ratio of the long-
wavelength intensities (emission of the phototometric
shape of the probe [9-12]) and the short-wave
(emission of the normal shape of the probe [9-12])
fluorescence bands for each of the probes used was
practically unchanged in comparison with the corre-
sponding value for of the control group of rats: for
probe 010, the fluorescence intensity ratio 1477 / 1370
was 110 and 108, respectively; for probe 060, the
fluorescence intensity ratio 1490 / 1386 was 18 and 17,
respectively, and, for the PH7 probe, the fluorescence
intensity ratio 1490 / 1400 was 25 and 23, respectively.
Thus, as a result of the influence of PEG-400, no
changes are observed in the localization of the 010,
060, and PH7 probes, i.e. in the field of glycerol resi-
dues of phospholipids, in the region of carbonyl
groups of phospholipids and in the region of fatty acid
chains of phospholipids.

At the same time, in the case of erythrocytes of
rats (Figure 2), which are toxic to PEG-400, there is a
marked decrease in fluorescence intensity of all the
probes used. The discussed decrease in the fluores-
cence intensity of the probes indicates a decrease in
the number of molecules of each of the probes associ-
ated with erythrocyte membranes per one hour of in-
cubation, which indicates a decrease in the rate of
binding of probes to membranes. Such a decrease in
the binding rate can be explained by the formation
around each lipid membrane of an additional protec-
tive shell [18] consisting of polyethylene glycol mole-
cules adsorbed on the membrane surface [19].
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Fig. 2. Fluorescence spectra of probes 010 (A), 060 (B) and
PH7 (C) in solutions containing rat erythrocytes: under the
influence of PEG-400 (dashed line), intact (solid line)

Conclusions

1. The registered dynamics of fluorescence intensity
of probes, as well as the absence of changes in the
region of glycerol residues of phospholipids, in the
region of carbonyl groups of phospholipids and in
the region of fatty acid chains of erythrocyte phos-
pholipids of the experimental group of animals
treated with PEG-400 at a dose of 1/10 LD50, is
evidence of no damage on the membrane.

2. The fact of forming an additional shell of polyethyl-
ene glycol molecules on the surface of membranes
of blood erythrocytes of rats is established. The
obtained results by the method of fluorescent
probes can be treated as a stable standardized
indicator, which can indicate the absence of damag-
ing effect on the membranes of the object of study.
Prospects for further research. Further studies

will deal with studying the types and stages of apop-

tosis of nucleated cells.
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OOCNIOXEHHA METOOOM ®JTYOPECLEHTHMUX 30HAIB CTAHY

MEMBPAH EPUTPOLUMUTIB BINUX LLYPIB NPU BNNUBI XIMIYHUX ®AKTOPIB
HABKOJIMLUHBbOIO CEPEOOBULLUA

HakoHeyHa O. A., be3podHa A. I., KopHieHko €. M., Tkayoea T. H.,

€Egpimoea C. J1., [Nlocoxoe €. O., Makcumosa I. I'.

Memoro npegctaeneHoi po6oTu Byno BUBYEHHS MOXIMBOCTI 3aCTOCyBaHHS MeToAy (hfyopeCUEHTHNX 30H-

4iB Ans AiarHoCTUKK LKIANMBOro BNAMBY XiMiYHMX (DaKTOPIB HA NpUKNagi NonieTUNEeHrnikoso Ha opraxiam 6inmx
LLYPIB LUMSAXOM OLIHKN CTaHy MembpaH epuTpoLmTIB.
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Memodu. Y pocnimxeHHAX BUKOpUCTaHi nyopecueHTHi 3oHAM — opTo-rigpokcunoxigHi 2,5-giapun-1,3-
oKcasony.

Pesynbsmamu. Y Bunagky epuTpounTiB LWypiB, TokcidikoBaHux MNMEM-400, cnoctepiraeTbCs NOMITHE 3HUXKEH-
HA IHTEHCMBHOCTI (riyopecLeHLT BCiX BUKOPUCTAHUX HaMK 30HAiB. BcTaHOBNEHE 3HUKEHHS IHTEHCUMBHOCTI hny-
opecLeHLii 30HAIB CBIiAYNTL NPO 3MEHLLEHHS KiNTbKOCTI MOJIEKYIT KOXKHOIO 3 30HAIB, LU0 3B'A3anncsa 3 MeMmbpaHa-
MW epUTPOLIMTIB 3a OAHY FOAMHY iHKyDaUii, WO CBiAYNTb NPO 3MEHLUEHHS WBWUAKOCTI 3B'A3YBaHHSI 30HAIB 3 MEM-
6paHamun. Take 3MEHLLUEHHS LUBUAKOCTI 3B'A3yBaHHsi MOXe OyTW NOSACHEHO hOpMYBaHHSAM HABKOJO KOXHOT Ninig-
HOT MembpaHy 404aTKOBOI 3aXMCHOI OBONOHKM.

BucHosok. BctaHoBneHun cakT oopMyBaHHSA Ha NMOBEPXHi MeMbpaH epuUTpoLMTIB A04ATKOBOI OOOMOHKM 3
MOJEKyYIT NOMIETUMNEHITIKOMO METOAOM (PryOpPECLIEHTHUX 30HAIB MOXHA TPaKTyBaTu K CTabinbHWUIA CTaHOapTyW-
30BaHHOCTb MOKa3HWK CBIigYMTb MPO BiACYTHICTb LWIKIANMBOI Aii HA MeMpaHu y 06'ekTa BUBYEHHS, WO BMMarae
NiATBEPAXEHHA B NOAAnNbLUMX JOCHIAXEHHSX.

Knto4yoBi cnoBa: xiMivHi dakTopu, nonieTuneHrnikonb, ToKkcudikauis, eputpoumnTn, 6iomembpaH, ninigHMn
6iwap, pnyopecueHTHWIA 30HA.
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MCCIIEAOBAHUE METOOOM ®JIYOPECLIEHTHbIX 30HOOB

COCTOAHUA MEMBPAH 3PUTPOLUTOB BEJbIX KPbIC

NMPU BO3OENCTBUU XUMUYECKUX ®PAKTOPOB OKPYXXAIOLLEW CPEAbI

HakoHe4yHast O. A., beapodHasi A. U., KopHueHko E. M., Tkayeea T. H.,

Ed¢pumoea C. J1., [Tocoxoe E. A., Makcumoea U. I'.

Pe3tome. Llesbio npeactaBneHHon paboTbl SIBUNOCh MccnegoBaHue BO3MOXHOCTU MPUMEHEHUs MeToaa
dnyopecLeHTHbIX 30HA0B ANS AMArHOCTUKN BPeOHOro BO3AENCTBUS XMMUYECKNX hakTOpoB Ha npvmMepe nonu-
ATUMEHINMKOMS Ha OpraHu3m 6ernbiX KpbIC MYTEM OLIEHKM COCTOSAHUSE MeMBpaH 3puTpoLUTOB.

Memodki: B nccnegoBaHnsix MCNonb3oBaHbl (rlyopecLeHTHbIe 30HAbI — OPTO-TMAPOKCUNPON3BOaHbIE 2,5-
auapun-1,3-okcasona.

Pesynbmamesi: B cnydae apuTpoumnToB KpbiC, TOKCMdmumpoBaHHbix MNMEM-400, HabnogaeTca 3aMeTHOe CHU-
XXEHNe MHTEHCMBHOCTU hbryopecueHLMN BCEX NCMONb30BaHHbIX Hamu 3oHA0B. ObcyxaaemMoe CHMXEHNE NHTEH-
CMBHOCTU hriyopecLeHLUM 30HAOB CBUAETENbCTBYET 00 YMEHbLUEHUN KONMYEeCTBa MOJEKYN KaXdoro u3 30H-
0B, CBA3aBLUMXCA C MeMbpaHaMu 3puUTPoOLMUTOB 3a OAMH Yac MHKyHaummn, 4To cBngeTenbcTByeT 06 ymeHbLue-
HMN CKOPOCTM CBA3bIBAHUS 30HAOB C MeMbpaHamu. Takoe yMeHblUeHWe CKOPOCTU CBA3bIBAHUSA MOXeT ObiTb
06bsiCHEHO hOpMUMPOBaHMEM BOKPYT KaXKaon NMnmMaHon MemopaHbl AONONHUTENBHOM 3alMTHON 060MoYKN.

Bbigod: YcTaHoBNeHHbIN hakT popMnpoBaHUsa Ha NOBEPXHOCTU MeMBpaH apUTPOLUTOB OOMOSTHUTENBHON
060M0YKM U3 MOMEKYsn MOMUATUMEHINNKONS MEeTOAOM (hNyopecLEeHTHbIX 30HOOB MOXHO TpakToBaTb Kak CTa-
OUNbHbLIA CTaHA4aPTU30BaHbIN NoKasaTenb CBMOETENLCTBYIOWMIA 06 OTCYTCTBMU NOBPEXAAOLEro AEUCTBUS HA
MeMmpaHbl y 06bekTa ndydeHusi, 4to TpebyeT noaTBepKAeHNs B AanbHENLLNX UccregoBaHusX.

KnioueBble cnoBa: xvMuyeckune hakTopbl, MONUITUNEHIIMKONb, TOKCUMUKaLMUS, IpuTpoumnTbl, Bruomem-
OpaHa, nunuaHbIn Gucron, prnyopecuEHTHbIN 30HA.
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