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Phospholipids play an important physiological role being components of biologically active
membranes of animals and humans nerve cells. The conditions of separation of sunflower
phospholipids have been defined by the method of high performance liquid chromatography.
Procedurer for quantitative determination of phosphatidylcholine, phosphatidylethanolamine and
phosphatidyl inositol has been developed. It was done under normal phase mode and according to
external standards and the order of exit. Phospholipid composition of sunflower lecithin has been
identified and phospholipid fatty acid composition has been determined by tandem mass
spectrometry. The presence of antioxidant o-tocopherol has been determined in liposomes
composition, stipulating for maintaining stability of liposomal substance. Membrane-protecting
effect of a-tocopherol is associated with its participation in arrangement of the membrane structure
through direct interaction of its side isodental chain with polyunsaturated fatty acids of
phospholipids, which leads to denser packaging of mitochondrial membranes and rising of increased
resistance to lipid peroxygenation process effect.
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The term “lecithin” was used for lipids,
received from egg yolk. Later, this term
was applied as a synonym for specific
phospholipid — phosphatidylcholine, which
is the main component of the fraction of egg
yolk and soybeans phosphatides. Having
regards to some medical issues, the term
“lecithin” was referred to -1,2-diacylglycero-
3-phosphatidylcholine (L-a-lecithin). In
contrast to this definition, in the industry
and trade (particularly in the technology of
drugs and food additives) the term «lecithin»
is used to determine the mix of neutral lipids
(triglycerides, a small amount of “free” fatty
acids and sterols), polar lipids (phospho — and
glycolipids) and carbohydrates.

At present, the most optimal is industrial
use of liposomal preparations of natural
phospholipids (soybeans, flax, canola,
corn, sunflower, hazelnut, egg yolks, milk,
salmon), since the introduction of liposomes
are based on natural raw lecithin or
phosphatidylcholine — ether phosphoric acids
and fatty acids — is not associated with the

risk of toxicity, immunogenicity and allergic
reactions.

The stability of the liposomes can
conveniently be divided into physical, chemical
and biological stability being interrelated.
As a rule, the term of liposomes stability is
determined by their physical and chemical
stability (uniformity of size distribution,
encapsulation efficiency and minimal
degradation of all components respectively).
Preparations in liposomal form can become stable
through optimizing their size distribution, pH
and ionic strength, as well as due to addition of
antioxidants and chelating agents[1].

Considering the fact that phospholipids
usually form bilayer basis their chemical
stability is deemed very important [2-4].
Two types of chemical reactions can affect
the stability of the phospholipid bilayer:
hydrolysis of esters that connect fatty acids
with glycerol and unsaturated lipid acyl chains
peroxygenation (if any).

The oxidation and hydrolysis of lipids
can lead to liposomal preparations quality
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degrading [4, 5]. In addition, physical
processes like aggregation/flocculation
affect the shelf life of liposomes, and may
lead to loss of biologically active targeting
substances and changes in the liposomes size
[6]. The biological stability of liposomes
depends on the presence of structures like
proteins which interact with liposomes, and
the route of liposomes entry. Permeability
and stability of the liposomes are dependent
on the lipid bilayer rigidity. The choice of
lipids, in turn, depends on the temperature
of the phase transition, which depends on
the length of acylic chain. Gel-fluid phase
transition occurs in a narrow temperature
range for pure lipid (so-called phase transition
temperature T). T depends on the length of
the side chains and the degree of unsaturation
of fatty acids as well as the polarity of the
main groups. Lipids with long acyl chains
are often used to generate liposomes, as they
have a high phase transition temperature.
However, the stability of liposomes cannot
be achieved using only one type of lipids. The
stability of liposomes can be achieved through
a combination of lipids or inclusion of other
substances [1]. Liposomal preparations of
phospholipid nature start to be used widely in
medical practice, so the vital issue of this new
class of drugs deals with raw materials sources
and methods of phospholipids obtaining. There
are several groups of phospholipids that can be
used in the preparation of liposomes, namely:
phospholipids from natural raw materials,
modified natural materials, semi-synthetic,
synthetic, and those with natural “heads”
[7-9]. Currently, there exist two approaches
to solving the problems of availability of these
compounds. The first approach is bio-inspired
or chemical (enzymatic) synthesis (and
combinations of these methods). The second
is the selection of phospholipid fractions
and their mixtures containing natural raw
materials using bio-inspired methods.

At present, the use of natural phospholipids
in production of liposomal preparations (from
soybeans, flax, rapeseed, corn, sunflower,
hazelnut, yolks of eggs, the milt of salmonid
fishes) sounds the most optimal, since the
introduction of liposomes based on natural
raw materials involves no risk of toxicity,
immunogenicity and allergic reactions [7,
9]. In addition, there are no restrictions on
the use of natural lecithin in food products,
cosmetics and medicines both in the European
Union and in the instructions of Food and
Drug Administration, medicines and cosmetics
(FDA) of the USA [3, 10]. The macro and fatty
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acid composition of fat-free sunflower lecithin
and sunflower lecithin impact on stability
of liposomes have been researched in this
scientific paper.

Materials and Methods

The objects being researched. Dry sunflower
fat-free lecithin — a mixture of phospholipids,
phosphatidylcholine (PC), extracted with
ethanol or isopropanol — all belong to “PJSC
DOIREA” Ukraine.

Instruments and equipment. High
performance liquid chromatography (HPLC)
“Dionex Ultimate 3000”, Dionex. The
following items enter into the chromatograph
composition: pump LPG-3400A;
spectrophotometric detector VWD-3400;
Column heating oven TCC-3000; Autosampler
WPS; column Ultra 1l Silica, 3 pm, 100x4.6 mm.
Triple quadrupole mass spectrometer API 3200
LC/MS/MS System, AB Sciex. Water clean-
up system Direct-Q, Millipore. Weigh-scales
Radwag, XAS 220/C.

Reagents and solvents. Deionized water;
chloroform, HPLC grade, Merck; Methanol,
HPLC grade, Merck; orthophosphate acid,
HPLC grade, Merck; acetonitrile, HPLC
grade, Merck; hexane, HPLC grade, Merck;
benzene, HPLC grade; standard version of
phospholipids (Phospholipid Mixture for HPLC
from Soybean, Supelco, P3817-1VL, varied
conc. in chloroform, L-a-PC 1500 mkg/ml,
L-a-PE 1200 mkg/ml, L-a-PI (As ammonium
salt), 900 mkg/ml, L-o-LPC 300 mkg/ml); ethanol
farm.; 300 mkg/ml); TLC Silica gel 60, Merck; Pro
Analysi; Aluminium oxide for chromatography,
basic. Brockmnn I, 50—200 pm. Acros Organics.

Preparative discharging of
phosphatidylcholine. It was found in previous
research that phospholipids are the best
separated using basic aluminum oxide.
When PC discharging through preparative
chromatography using basic aluminum oxide is
performed. In this case aluminum purity equals
more than 90% and lysophosphatidylcholine
(LPC) can be extra mixed. Column is used to
separate the substances, the ratio of length
to inner diameter is equal to 20. Dense layer
of cotton wool 1 cm thick and paper filter of
relevant diameter was placed at the bottom.
The column is filled with a suspension of basic
aluminium oxide in a mixture of chloroform:
methanol (1:1) for 1-2 days prior to separation
of phospholipids and filter paper was placed
on top. The portion of 30 mg of phospholipids
per 1 g of dry sorbent was taken to separate
the mixture. Phospholipids were dissolved
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in a mixture of methanol-chloroform (1:1)
and then brought into the column. PC
with admixture of LPC was washed with
two full columns volumes. 75% of the
first volume was rejected. As soon as PC
was discharged, the column was washed
with one volume of the same mixture.
Phosphatidylethanolamine (PE) mixed with
phosphatidyl serine (PS) was washed with
2—3 volumes of ethanol-chloroform-water
(5:2:2). The first volume was rejected. Both
the effluents were evaporated to dryness
with a rotary evaporator. The discharged
volume was 80-90% in relation to the
theoretically possible.

High performance liquid chromatography
(HPLC). Detection of phospholipids followed
by HPLC separation is generally carried
out by absorption in the ultraviolet region
of the spectrum or refractometrically.
Phospholipids <can be identified
chromatographically both in native form
and in the form of derivatives. Majority of
membrane, barrier and superficial lipids
have absorption band in the ultraviolet
region [11], but the molar extinction
factor of saturated lipids and monoene
lipids is relatively small. Only lipids with
a high content of unsaturated bonds have a
significant extinction factor. Unmodified
lipids are commonly found in absorption
band of the UV region in the range of 203
213 nm.

Since a large number of organic solvents
are strongly absorbed in the 200-215 nm
range, a mixture of acetonitrile/ methanol/
water or hexane/isopropanol/water is used
most often. Usually selectivity is increased
as a result of appropriate selection of the
effluents and by adding thereto acids or other
ion modifiers. The mixture of acetonitrile,
methanol and concentrated phosphoric
acid and water was used as effluent for
chromatographic separation of phospholipids
through the column Ultra 1l Silica, 3 micron,
100 x 4.6 mm, which enabled to determine
quantitative volume of main sunflower lecithin
components. Based on the performed tests,
it was found that the following composition
of mobile phase was the best to separate the
substances as A:B = 99.6:0.4, where A —
CH;CN:CH;0H: H;PO, = 490:5:5, B — H,0.
The effluent was prepared as follows: 490
ml of acetonitrile, 5 ml of methanol and 5 ml
of concentrated orthophosphoric acid were
carefully mixed in a separate flask destined for
mobile phase. Conditioned water was poured
into another flask. The components A and B

were mixed using a pump based on previously
set program (isocratic mode). Minor variations
in temperature (20-25 °C) practically
produced no effect on the obtained results.
The optimum indices were the flow rate —
1 ml/min and the detection wavelength —
208 nm. The sample was pre-filtered through
polytetrafluoroethylene (PTFE) filter which
resembled a spray nozzle with a diameter of
pores of 0.22 microns. After each analysis
made, the column was washed for 10—15 min
at a flow rate of 1 ml/min.

Tandem mass spectrometry. Identification
of phospholipids in sunflower lecithin was
performed using tandem mass spectrometry
method. Ionization method presented
electrochemical spraying in the positive
(identification of phosphatidylcholine)
and in the negative (other phospholipids)
mode (ESI*, ESI"). The identification of
phospholipids groups was performed based
on the availability of molecular ions of
substances. Fatty acid composition and the
presence of specific structural fragments
(residues of inositol, glycerol, etc.)
were confirmed based on the presence of
characteristic product ion fractions-spectrum
fragmentation of parent ions (in MS2
spectra). The group of phosphatidylcholines
was identified in positive ionization mode
through scanning product ion precursor
according to ion ratio mass/charge 184
(the remainder of phosphatidylcholine).
The Solution of sunflower lecithin with
concentration of 0.05 mg/ml in chloroform
system — a solution of formic acid 10 mmol/1
in methanol = 1: 1 were injected with infusion
method. Ionizing voltage equaled 4500 V, the
source temperature — 300 °C, DP 50, CE 30.
Full scanning spectra were in the mass range
from 50 to 1000 a.o.m.

The formation of liposomes. Liposomes
were prepared using an ultrasonic homogenizer
with sonication method (Techpan UD-20)
at a frequency of 22 kHz and = 0.165
extruded using a hand extruder LiposoFast-
Basic, AVESTIN. Preparing solutions of
phospholipids followed the methods of [7].

The presence of ao-tocopherol was
determined in accordance with GOST 30417-
96. Vegetable oils. Methods for determination
of vitamins A and E mass fractions.

Statistical analysis of the results was
made by calculating averages the average
rates, their standard deviations and errors
using Student’s test. The differences were
considered statistically-valid at P < 0.05.
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Results and Discussions

“Raw” vegetable oils in addition to spare
lipids (acetylglycine) include other groups
of lipids (phospholipids, waxes) as well as
products of hydrolysis and oxidation of lipids
and the substances that determine the color,
smell and taste of oil. Unwanted components
of oil raw material are removed when refining.
0Oil refining begins with water treatment —
hydration (extraction of hydrophilic
compounds, primarily phospholipids). Oil
subjected to heating and vigorous stirring
is mixed with the required amount of water.
The mixture is aged to ensure coagulation of
phospholipids (phosphatides) and phosphatide
emulsion is separated from hydrated oil.
Phosphatides (phosphatide concentrate or
liquid lecithin) being dried under vacuum
to a moisture content of 90% are considered
commercial products. Fat-free lecithin is
obtained from phosphatide concentrate by
extraction with acetone, the lecithin of the
kind is then dried and grinded. Table 1 shows
the main characteristics of fat-free lecithin
obtained according to the procedure [7]
from sunflower phosphatide concentrate by
extraction with acetone. As shown in the Table.
1 dry fat-free lecithin phosphatide is actually
isolate (containing 98% phosphatides).
Phospholipid composition of obtained fat-free
sunflower lecithin (Fig. 1) was defined using
HPLC method. The chromatogram shows

that the peaks of the main components are
symmetrical.

Regarding the substances whose content
is relatively low, the peaks have slightly
extended rear slope, which may indicate
these compounds high affinity to silica gel.
They could be lysoforms of phospholipids. It
is clearly seen that several substances whose
retention time is less than phosphatidyl
inositol (PI) retention time, were not divided.
It was established previously by TLC [12] that
the sunflower lecithin contains a significant
amount (at PC) phosphatidic acid (PA).
Using thin-layer chromatography [12], it
has been earlier discovered that sunflower
lecithin contained a significant ammount of
phosphatidic acid (at PC level). However, after
the high intensity peaks PI, other peaks are not
observed, except identified ones. Probably, PA
emerges earlier as compared with PI.

The time span of components retention is
slightly larger than that one of the standard
substances, which can be attributed to
different fatty acid composition of soybean
phospholipids (the standard is made from soy
phospholipids) and sunflower phospholipids.

Owing to the fact that mainly
phosphatidylcholine solutions are used
to generate liposomes, extraction was
conducted using ethyl and isopropyl alcohol.
Chromatogram of 50% PC solution in ethanol
given in Fig.2. It shows that PC content in the

Table 1. Key features of fat-free sunflower lecithin

Index name Description and rate Results
External view Loose powder mass without impurities Relevant
The smell and teste taste and smel of sunflower ol 16 allowed | Relevant
Color From yellow-gray to fawn colored Relevant
Moisture content, % , not exceeding 1.4 0.4
Oil content, %, not exceeding 1.5 1.0
Peroxide value mmol (*20,)/kg, not exceeding 10.0 1.5
Acid value, mg KOH/g, not exceeding 32.0 15.0
Mass cqncentratior; of substance§ insoluble 2.0 0.6
in toluene, %, not exceeding
Mass concentration of phospholipids, %, 95.0 98.0
not exceeding
pH of 1% aquatic solution 6 —17 6.4
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Fig. 1. Chromatogram of sunflower lecithin
Conditions of chromatography: v =1 ml / min, t = 20 °C, A = 208 nm column: Ultra 11 Silica, 3 micron,
100x4.6 mm mobile phase: isocratic mode, A:B = 99:1; A — CH3CN:CH30H:H3RO, = 490:5:5 (vol.%)
B — H,0. Retention time span: 2,707min — PIX; 6.873 min — PE; 1 min 0.133 — PC.

Fig. 2. Chromatogram for PC (50% solution) extracted from sunflower lecithin by ethanol alcohol
Conditions of chromatography: v=1ml / min, t = 20 °C, A = 208 nm column: Ultra 11 Silica, 3 micron,
100x4.6 mm mobile phase: isocratic mode, A:B=99: 1; A — CH3CN:CH30H:H3PO, = 490: 5: 5 (vol.%),
B — H,0. Retention time spans: 2.460 min — PI; 5.973 min — PE; 8.753 min — PC

extract is big enough, but it is poorly cleared.
A certain number of PE is available. The time
span of components retention is a little more
as compared with the standard, but slightly
less than that one for the components of fat
free lecithin. This can be explained by the fact
that the sample resembled a 50% solution in
ethanol and its trace amounts play some part
in the division.

Chromatogram of 50% PC solution in
isopropyl alcohol shown in Fig. 3 indicates
that the PC content in the extract is large,

but admixtures are still present. The main
admixture is PE. However, as compared to
the extract in ethanol, other contaminants are
fewer in number. Retention time spans do not
quite match the standard mixture retention
time spans, they are somewhat smaller. This is
explained by isopropanol impact.

Preparative-scale chromatography was
used to obtain pure PC isolated from fat-free
lecithin using a column with aluminum oxide.
The chromatogram for PC, obtained with this
method is given in Fig. 4.
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Fig. 3. Chromatogram for PC (50% solution) extracted from sunflower lecithin by isopropyl alcohol
Conditions of chromatography: v =1 ml / min, t = 20 °C, A = 208 nm column: Ultra 11 Silica, 3 micron,
100x4.6 mm mobile phase: isocratic mode, A:B = 99:1; A — CH3CN:CH3;0H:H3RO, = 490:5:5 (vol.%),
B — H,0. Retention time spans: 2.460 min — PI; 5.973 min — PE; 8.753 min — PC

Table 2. The content of phospholipids in fat-free sunflower lecithin and cleared PC

Sample Phospholipid Content of masses%
PC 29.4 =0.3
Dry fat-free lecithin PE 12.5+0.4
PI 19.2+0.5
PC 63.7+0.1
The extract of PC in ethanol PE 6.7+0.2
PI 1.4+0.2
PC 48.5+ 0.3
The extract of PC in isopropylalcohol PE 4.4=+0.1
PI 2.2+0.1
PC, cleared by preparative chromatography PC 97.8+0.8

Table 2 shows the quantitative amount
of phospholipids in a dry fat-free lecithin,
50% extracts with isopropanol and ethanol,
as well as in PC, cleared by preparative
chromatography.

Identification of phospholipids in
sunflower lecithin and phospholipids fatty
acid composition was performed with
tandem mass spectrometry. Electrochemical
spraying in the positive (identification of
phosphatidylcholine) and negative modes
(identification of other phospholipids) was
used. The analysis results of phospholipids
composition determining with tandem mass
spectrometry used under negative ionization
mode is shown in Fig. 5. PI, PE and PA, and
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phosphoglycerol (PG) and their respective
lysoforms were identified by the given
spectrum by molecular ion masses.

The range of ions in positive ionization
is shown in Fig. 6. PC, which is invisible
in negative ionization, is clearly seen in
this case. The weight of its main molecular
ions was comprised 782.7 and 784.7. The
molecular weight of choline balance was
520.4, confirming that they are the forms
of phosphatidylcholine. The analysis results
to deal with sunflower lecithin are provided
in Table 3. PC, PE, PG, PA, RI and related
lysoforms are included in the sunflower
lecithin composition. The most common
saturated fatty acid inherent in animals,
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Table 3. 1dentifying the components of sunflower lecithin

Phospholipid Molar ion Remains of fatty acids
833 16:0, 18:2
PI 857 18:2, 18:2
861 18:0, 18:2
595 18:2
LPI
571 16:0
695 18:2,18:2
PA 671 16:0, 18:2
699 18:0, 18:2
PE 738 16:0, 18:2
769 16:0, 18:2
PG 721 16:0, 16:0
745 16:0, 18:2
LPG 483 16:0
782 18:2,18:2
PC
758 16:0, 18:2
520 18:2
LPC
496 16:0

Fig. 4. Chromatogram for PC extracted from sunflower lecithin by column chromatography based on main
aluminum oxide
Conditions of chromatography: v =1 ml / min, t = 20 °C, A = 208 nm column: Ultra 1l Silica, 8 micron,
100x4.6 mm mobile phase: isocratic mode, A:B = 99:1; A — CH3CN:CH30H:H3RO, = 490:5:5 (vol.%),

B — H,0. PC Retention time span — 9.480 min

plants and microorganisms is palmitic
acid (16:0). Stearic acid (18:0) is one of the
essential fatty acids inherent in animals and
some fungi and is a minor component of most
plants. Oleic acid (18:1 omega-9) is the most

common of monoene fatty acids in plants and
animals. Palmitooleic acid (16:1 omega-7) is
also widely occurred in animals, plants and
microorganisms and is a major component
of some vegetable oils. Linoleic acid (18:2
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Fig. 5. Sunflower lecithin ions spectrum ranging from 50 to 1000 a.m.u/ charge. Negative ionization
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Fig. 6. Sunflower lecithin ions spectrum ranging from 50 to 1000 a.m.u/ charge. Positive ionization.

omega-6) is one of the essential fatty acids in
plant lipids [13]. Palmitic and linoleic fatty
acids are differently recombined in molecular
composition of sunflower phospholipids.
One of the most promising methods to
deal with biotechnology implementation
of phospholipids properties is creating the
nanometer range structures — liposomes,
synthetic analogs of biological membranes
and their loading with drugs. Multiple
functionalities of liposomes enable their
successful inclusion in the scheme of medical
treatment in the clinic [14]. The research of
stability of liposomes (lipid peroxidation)
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obtained from sunflower lecithin was
performed in the paper [7] as compared with
liposomes, obtained from soybeans and egg
yolks lecithin. The research results showed
that liposomes obtained from sunflower
lecithin proved to be the most stable.

The assumption was made in a number of
studies that the stability of the liposomes could
be linked to the phospholipid composition and
different content pieces of unsaturated fatty
acids, including oleic acid, which determine
susceptibility to oxidation [8, 9]. However, the
inspection results concerning the amount of
fatty acids (in the form of ethyl ester derivatives)
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using gas chromatography, showed that the
content of unsaturated fatty acids of sunflower
and soybeans lecithin, which were used in the
experiments, were virtually the same (80% and
79% , respectively). In case of egg yolk lecithin,
the total amount of unsaturated fatty acids
reached 50% , with regard to the amount of oleic
acid being about 5 times higher as compared to
other lecithins. This is in compliance with the
results concerning the properties of sunflower
and soybeans lecithin [8] and egg yolk lecithin
[9]. The presence of antioxidants contained in
the extracts using 1,1-diphenyl-2-picrylhydrazil
(DPPH Test) was also studied [15]. With regard
to DPPH test system, the activity of free radicals
was significantly less for sunflower lecithin than
for soybean and egg yolk lecithin. Based on these
results, the assumption was made that resistance
of the liposomes obtained from sunflower
lecithin to oxidative stress can be attributed to
the effects of natural antioxidants. Research was
conducted to identify a-tocopherol in sunflower
lecithin samples according to GOST 30417-96.
The content of a-tocopherol was discovered at
0.15% level, which is essential for maintaining
stability of lyposomal substance.
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SAJIERHICTD CTABIJIBHOCTI
JIIIIOCOM B1[J, sKUPHORKHUCJIOTHOI'O
CRJIALY JEIIUTUHY I ®OCPOJIIIIIIIB
COHAINIHURY

C. M. ITynvea

Y «IHcTuTyT Xap4uoBoi 6ioTexHOJOTi1
i remomiku HAH Ykpainu», Kuis

E-mail: Shulga5@i.ua

MeToio poGoTu OyJsi0o BU3HAaYEeHHSA CTa-
6inbHOCTI JIimocoM 3aJie’KHO BiJ KUPHOKIC-
JIOTHOTO CKJIaAy JIEIUTHUHY Ta eCeHIliaJbHUX
dochoraimigiB conammEnKy. MeTogoM BHUCOKO-
edperkTuBHOI pimmHHOI XpomaTorpadii Bu-
3HaYeHO yMOBHM po3aiseHHaA Qocdoaimigis
COHAIITHUKY i PO3PO0JSIEHO METOAUKY KiJlbKic-
HOTO BUABJEHHA (ochaTUAUIXO0JIiHy, dhocha-
TUAUJIETaHOJaMiHy i dochaTuguIiHOZUTOTY
B HOpMaJIbHO(PA3HOMY PeKMMi 3a 30BHIMTHIMU
cTaHJapTaMu Ta IMOpAAKOM iX Buxony. ImeH-
TudikoBano pochoinifHUN cKIAL JEIUTUHY
COHANIHUKY Ta BU3HAYEHO KUPHOKUCJIOTHUN
ckaan (ocdoaimimiB 3a JOIIOMOT0I0 METOOY
TaHJEeMHOI Mac-crekTpomerpii. BerarnoBieno
HaABHICTL Yy CKJIAJI JIIMOCOM AHTHUOKCUIAHTY
0-TOKO(eposry, 110 € YMOBOIO 30epeKeHHA iX-
HBOI crabimbHOCTi. MeMOPaHOIPOTEKTOPHUN
edhexT o-ToOKO(deposay IIOB’sA3aHUN 3 MOTO
y4acTio B opradisaiiii cTpyKTypu MemOpaH
yepe3d MOPAMY B3aeMOIil0 Iforo OiuHOTO
i30meHTaJIBHOrO JAaHIIOTa 3 II0JiHeHaCUUeHI MU
KUPHUMU Kucjaoramum G¢ocedoaimingis, mro
cupuse 6iIbII MiTBHOMY TaKYBaHHIO MeMOpaH
MiTOXOHAPiIA 1 migBumieHi# cTifikocTi 10
TIPOIEeCiB IIEPOKCUIHOIO OKUCHEHHSA JimiliB.

Knwuosi cnosa: menutud, Gochoaimian cousi-
HUKY, *KUPHI KUCJIOTH, JiIOCOMH.
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JIMIIOCOM OT /KHPHORHNCJIOTHOI'O
COCTABA JJEIUTHHA
N &O0CPOJUITN 0B IIOACOJTHEYHURA

C. M. IITynvea

IV «AHCcTUTYT NUIIEBON OMOTEXHOJIOTUN
u resomMmuku HAH Ykpaunbi», Kues

E-mail: Shulga5@i.ua

ITesbio paboThI OBLIO OIIPEIeIeHe CTAOMIIb-
HOCTH JIMIIOCOM B 3aBUCUMOCTHU OT KUPHOKMUC-
JIOTHOT'O COCTaBa JIEIIUTHUHA U 9CCEHIIUATbHBIX
dochonunugoB moAcoJHeUHHKa. MeTomom
BBICOKO9(hHEeKTUBHON KUIKOCTHOU XpoMa-
Torpauu ompemeseHbl YCIOBUA pasmeieHusa
(ochosnnaoB OACOSTHEUHNKA 1 pasdpaboTana
MeTOJVKa KOJNUYEeCTBEHHOTO BBIABJIEHUA (oc-
datuguaxosnHa, pocharuanudsTaHOJIaMUHA U
dochaTuuInHO3UTOJIa B HOPMaAJIbHO(pa3HOM
peXumMe B COOTBETCTBUM C BHEIIHUMU CTaH-
mapTaMu U HOPAAKOM MX BbIxona. UmeHTudu-
nupoBaH (POCHOJSUIUIHBIN COCTAB JIEIITUTHUHA
TOACOJITHEUHUKA U OIIpeAesieH KUPHOKUCIIOT-
HBII cocTaB (POCHOTUTUAOB C ITOMOIIIHIO METOA
TAaHIEMHON MacC-CIeKTPOMEeTpUU. ¥ CTAHOB-
JIeHO HajJuuue B COCTaBe JUIIOCOM aHTUOKCHU-
IaHTa o-ToKodepoJia, YTO ABJIAETCA YCIOBUEM
coXpaHeHUusdA uX cradbuibHOCTU. MeMOpaHOIIPO-
TeKTOPHBINA 3(h(PeKT a-ToKo(eposia CBsI3aH C ero
y4yacTreM B OpraHu3alluu CTPYKTYPhI MeMOpaH
3a cyeT IIPAMOI'0 B3aNMOIECTBUA ero 60K0BOI
M30JeHTAJbHON IeNUu C MOJMHEHACHIIeHHbI-
MU KUPHBIMU KucjoTamMu GochoanunmngoB, 4TO
crocoO0cTByeT 6oJiee IMJIOTHOW yIIaKOBKE MeM-
OpaH MUTOXOHIPUI U MOSABJIEHUIO IIOBBIIIIEHHON
YCTONYMBOCTHU K AeMCTBUIO IPOIIECCOB IIEPOK-
CUIHOTO OKMCJIEHUA JUINI0B.

Kntouesvie cnoga: nenutut, dhochoaunmabl mos-
COJIHEUHUKA, KUPHbIE KUCJIOTHI, JIUIOCOMBI.





