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STUDIES OF ALTERATIONS OF THE CELLULAR MEMBRANE BARRIER
FUNCTION AT LARYNGEAL CANCER

Introduction. Cellular membrane batrrier alterations lead to metabolic and functional disorders. However, in the
case of laryngeal cancer (LC) they are insufficiently studied.

The aim of the study — to learn the nature of the interaction of erythrocyte membranes with introduced spin
probes as an indicator of changes in the barrier function of membranes at LC.

Research Methods. Samples of the erythrocyte membranes from 40 patients with LC stages Il and Ill and 20
healthy volunteers were probed by EPR with AATEMPO test. Microviscosity of erythrocyte membranes was deter-
mined by the t,,and the decreasing in RSSI. The content of MWM was identified in the blood plasma and in eryth-
rocyte. The partition coefficient between blood plasma proteins and erythrocyte glycocalyx was calculated. SCEM
was evaluated by amount of unabsorbed methylene blue.

Results and Discussion. It was established that LC patient’s endogenous intoxication is characterized by
excessive accumulation of the total pool of MWM both in blood plasma and glycocalyx of erythrocyte. SCEM was
significantly decreased in samples of both LC stages in comparison to control. The most apparent decline in t,was
observed prior to washing of erythrocytes for 5 min after probe insertion. The deceleration after 60 min was observed
only in LC stage Il. The value of 1,,was at control values levels after washing of erythrocytes of LC stage Il 5 min
after probe insertion and was significantly reduced in stage Ill LC in comparison to control. RSS! in samples both
stage of patients prior to and after washing of erythrocytes was on average 1.5-fold higher than that of control.

Conclusions. It was established that the LC patient’s endogenous intoxication is characterized by excessive
accumulation of the total pool of MWM both in blood plasma and glycocalyx of erythrocytes, activation of catabolic
processes in plasma, redistribution of MWM between the pool of erythrocyte proteins, which corresponds to the
second stage of endotoxicosis. The reduction of the SCEM is shown, which is a manifestation of pathological chang-
es in the surface functional activity of erythrocyte membranes. The effectiveness of AATEMPO for the evaluation of

microviscosity of erythrocyte membranes in patients with LC was confirmed.

KEY WORDS: laryngeal cancer; erythrocytes; middle weight molecules; sorption capacity of erythrocyte

membranes; EPR; nitroxyl radicals.

INTRODUCTION. Among the various functions
of cell membranes one of the most important is the
barrier one. It is not limited by a simple separation
of the cytoplasm from the extracellular environment,
however, it provides also the selective passive and
active metabolism with the environment. In addition
to supplying the cell by the necessary substances
and removing catabolites, the selective permeability
of the membranes prevents the entry of unwanted
substances into the cell. The fulfilment of these
needs, and many other tasks, is ensured by the
evolutionarily developed mechanisms with partici-
pation of lipids, proteins, carbohydrates. Their
functions inside membranes are in close interaction
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both with each other and with intracellular and
extracellular substances. Obviously, that the
introduction of foreign substances into the membrane
cannot but violate this consistency. Among the
variety of such substances the protein and peptide
components of metabolic intoxication are leading
both by the frequency of manifestation and by the
variety of complications caused.

Metabolic intoxication is an integral part of the
various diseases that are associated with the
impairments of the normal metabolism [1]. Fur-
thermore, the noticing fact is that among of secon-
dary toxins, the key role is played by middle weight
molecules (MWM), that are a wide group of sub-
stances of predominantly protein-peptide nature [2].
In majority they are produced by non-functional
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proteolysis, which is an integral part of the inflam-
matory processes of any etiology [3]. Unlike the
original molecules, the structure of such fragments
is unbalanced, which makes them capable for in-
teracting with cell membranes and incorporating
into the latter [4]. Such membrane inclusions are
able to aggregate both between themselves and
with integral membrane proteins. As the result, the
conformational mobility of these membrane com-
ponents undergoing changes with the following
functional insufficiency of these proteins [5]. No less
sufficient are the regularities of the protein structures
formation at influence of a phospholipid bilayer of
the membrane (membrane folding). They lead to
the exposure of the outer surface of the membrane
and activation of proteolysis and the reaction of the
immune system. The parts exposed on the intracel-
lular surface of the membrane are formed according
to the “positive inside” rule and are enriched by
imbalanced positively charged amino acid residues,
which can be ideal substrates for non-enzymatic
glycosylation [6]. All these processes affect signifi-
cantly the functioning of the various components of
the cell membrane and the cell as a whole [7].
Though, in which measure can all these factors
interfere on the barrier function of membranes? The
solution of this question seems to be of peculiar
importance at cancer research. Owning to the fact
that the answer is connected both with the develop-
ment of endogenous intoxication and with the ability
of cancer cells to sorb and accumulate the nano-
particles of diverse nature [8]. On the other hand,
the violation of the barrier function of cell mem-
branes can be the cause of chromosomal aberra-
tions inherentin cancer cells [9]. The red blood cells
informatively reflect the state of cell membranes at
the diseases of various etiology and localization
[10, 11]. Therefore, the aim of this work was to study
the nature of the interaction of erythrocyte mem-
branes with introduced spin probes as an indicator
of membrane barrier function changes at laryngeal
cancer (LC).

RESEARCH METHODS. We investigated 40
patients of Kolomiychenko Institute of Otolaryngo-
logy (Kyiv, Ukraine). Male patients aged 45 through
65 years with initial stages of LC were selected for
participation. Of them, 20 patients were diagnosed
with laryngeal keratotic squamous cell carcinoma
(T,NoM,) stage Il and 20 — with (T;N,M,) stage 1.
The control group was composed of 20 apparently
healthy volunteers. All the groups were randomized
for age and sex composition. All subjects were in-
formed about the aim of the study. Informed consent
was obtained from every participant.

Blood samples were obtained from median
cubital vein puncture of fasting patients in the mor-

ning and mixed with 3.8 % sodium citrate anticoa-
gulant (9:1) in plastic test tubes. Platelet-poor
plasma and erythrocyte mass were obtained by
conventional methods of selective centrifugation
[12]. The content of MWM were identified in the
blood plasma and in erythrocyte in an SF-26 spec-
trophotometer [13]. It was expressed in terms of
conventional units (CU), that were equal to the
optical density of the solution, which were measured
at a wavelength of 242, 254, and 280 nm [14]. The
partition coefficient between blood plasma proteins
and erythrocyte glycocalyx was calculated by the
formula (1):

_ (E242+E254+E2g2)plasma
(E242+Ez54+Eg)erythrocytes '

Ky

Sorption capacity of erythrocyte membranes
(SCEM) was assayed after A. A. Togaybayev with
modifications by T. V. Kopytova [15]. The amount
of unabsorbed methylene blue was evaluated, and
the amount of absorbed dye was calculated accor-
ding to the following formula (2):

E
A(%)= (100— E—e> x100 %,
C

where E, is the experimental sample absor-
bance and E. is the control sample absorbance.

The electron paramagnetic resonance (EPR)
studies were performed on erythrocytes prior to and
post-triple washing with 0.9 % sodium chloride
solution. Microviscosity of erythrocyte membranes
was studied by spin probe method using lipophilic
adamantane-based nitroxyl radical — bis(1-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl) ester of 5,7-di-
methyladamantane-1,3-dicarboxylic acid (AdTEM-
PO). This compound was shown to be able to in-
corporate in a model lipid bilayer, with nitroxyl group
localizing between water and lipid phase (Fig. 1)
[16, 17].

Final probe concentration in samples was
5.10“M. EPR spectra were registered with Varian
E-3X-band spectrometer (9 GHz). The strength of
center magnetic field was 3210 G, a time constant
1s, scantime 4 min. We used glass capillary probes
of 0.1mL with the inner diameter of 3mm. The si-
multaneous standard signal of Mn?*/MgO (3 and 4
lines) with known values of g-factor was used to
equalize experimental conditions.

The following parameters from the obtained
spectra were calculated: the effective rotational
diffusion correlation times (z.), hyperfine interaction
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Fig. 1. Structure of the ATEMPO.
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constants (a), and radical spectrum signal intensities
(RSSI). Correlation time for rotational diffusion was
calculated based on the following formula (3):

f/
T,4=6,65-10°AH, , ;—1—1 ,
-1

where I,,, I_; are the intensities of the low-field
and high-field lines and AH,, is the peak-to-peak
line width of low-field line.

Statistical processing was carried out using
WInPEPI package of programs for biometrics re-
search. For the parameters that corresponded to
the normal distribution (according to the results of
the Shapiro-Wilk test), the Student's t-test was used,
taking into account the recommendations of Gubler
[18] and Maltsev [19]. From the data set, the
arithmetic mean of the variation series (M), the error
of the arithmetic mean (m) was calculated. Mann —
Whitney U-test were used to assess differences
between the data on LC of different stages and
control group. The description was made with the
mean and the standard deviation for the parameters
that followed a normal distribution, and the median
(Ps,) and 25 (Q,) and 75 (Q,) percentiles for the
variables that did not follow a normal distribution.
Differences were considered significant at p<0.05.

RESULTS AND DISCUSSION. According to
the results obtained, the content MWM in plasma
and in erythrocytes of the groups of patients with
cancer and healthy persons one was remarkably
different (Table 1).

The Table 1 shows the growth trend of MWM
in the blood plasma of patients with LC stage I,
moreover, at the stage lll group this index was
statistically sharply increased. (p<0.01). The
differences in the content of MWM in blood plasma
at various states of probably depends on their dis-
tribution between plasma and erythrocytes. Due to

these facts, we determined MWM content both in
blood plasma and in erythrocytes. To evaluate the
informative value of these indices, the coefficient
of the distribution of MWM between blood plasma
and the erythrocyte glycocalyx was calculated. Its
difference between the groups of patients with LC
stages Il and IlI both relatively to the control group
was significant 1.7 and 1.4 times, respectively
(p<0.01 and p<0.05). Such difference may be
caused by an increase of catabolic processes in
tumor with following release of the toxic products
into the bloodstream. At the same time, the increase
in MWM content in erythrocytes may be as the result
of adsorption on the surface of erythrocytes as by
their formation by erythrocytes themselves [20].

Evaluation of the sorption capacity is widely
applied to assess state of erythrocyte membranes.
SCEM analysis provides information on reduction
capacity of erythrocytes, which changes with fluc-
tuation in plasmalemma barrier functions. SCEMin
patients with stage Il of LC was detected in 40% of
the patients and was on average significantly lower
in comparison to control (Table 2).

It was not measured in 60 % of the patients of
this group. SCEM in patients with LC stage Ill was
detected in 33 % and was on average also low in
comparison to control group (p<0.001). It was not
measured in 67 % of the patients of this group.

Diminished sorption capacity is interpreted by
some authors as an indicator of energy deficiency
in the erythrocyte. Thus, degradation of erythrocyte
membranes and trans-membrane transport leads
to disruptions in energy metabolism within the
erythrocytes accompanied by decreased ATP con-
tent and pyruvate kinase activity [21]. Hence, we
established the decrease in SCEM from blood of
LC patients in comparison to healthy controls, ir-
respective of the stage of the disease. Notably, the
difference between both experimental group mea-
surements was insignificant. We consider the

Table 1 — The content of MWM in blood plasma and in erythrocytes of patients
with laryngeal cancer and healthy persons

Indices Healthy volunteers, LC patients
n=20 Stage II, n=20 Stage Ill, n=20
MWM, CU 0.135+0.003 0.145+0.005 0.160+0.009*
Index of MWM distribution between blood plasma 0.37+0.05 0.63+0.04* 0,52+0.05*
proteins and erythrocyte glycocalyx, CU

Note. * — the validity of the difference between the indices of the studied groups.

Table 2 — Sorption capacity of erythrocyte membranes of laryngeal cancer patients

Experimental Groups

Mean,; Pg,;Q1-Q3

Healthy volunteers n=20

45.89; 50.21 (43.85; 53.68)

Patients with LC stage 1l n=10

2.35;0.92 (0.4; 4.3)*

Patients with LC stage Ill n=11

2.03; 1.63 (0.23; 4.22)

Note. * — the validity of the difference between the indices of the studied groups.
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downward of SCEM in blood of the patients as an
indicator of pathological changes in surface func-
tional activity of erythrocyte membranes, in particu-
lar of their inability to efficiently transport metabolites
via bloodstream [21, 22].

EPR spectroscopy is a valuable technique al-
lowing for detection of changes in cellular meta-
bolic processes. The spin probes, in particular, can
be used to study structural changes in cellular
membranes at early stages of metabolic disruptions
[23]. Nitroxide radicals are the most widely used
spin probes. In the first instance we measured
hyperfine interaction constants (a) from EPR spec-
tra of the radical in erythrocyte suspension of all the
groups in order to characterize spin probe environ-
ment prior to the experiments. It was measured to
be 16.75 G in all instances, which indicates that
AJTEMPO embeds, incorporate into lipid bilayer of
erythrocyte membrane with nitroxyl fragment situ-
ated on the lipid-water phase boundary. Mobility of
the biradical in membrane environment was ex-
pressed as effective rotational diffusion correlation
time (Table 3).

Since various substances may be absorbed by
cellular membranes and block their receptors, in-
creasing their lability and disrupting permeability,
all the experiments were performed on erythrocytes
prior to and after washing with 0.9 % sodium chlo-
ride solution. Probe diffusion was slow in samples
of erythrocytes from blood of patients with LC
stages Il and IlI of characterized by 7,,at 5 min after
the probe's introduction (p<0.05). The biradical
mobility had a tendency to decrease in 60 min in
patients with LC stage Il in comparison to control.
The difference of this parameter in patients with LC
stage Ill in comparison to control and the other
experimental group was not significant.

The value of 1. in LC stage Il patient group
after erythrocytes washing was close to control
levels with 5 min after probe introduction. We ob-
served a tendency to increased mobility of the bi-
radical in erythrocytes after washing. At stage I,
this parameter was significantly higher than that of
control (p<0.02), indicating slower probe dissipation.
No difference was detected between data prior to
and post washing. The value of 1.; had a tendency

to be higher in patients at stage Il after 60 min ex-
position. At stage IlI this parameter was not signifi-
cantly above that of control due to notable diffe-
rences between individual readings.

Erythrocyte membrane permeability in all
groups was also evaluated after the rate of radical
spectrum signal drop per hour (Fig. 2).

At stages Il and 11l of the pathology the residu-
al signal spectrum after erythrocyte washing was
on average of 1.5 times lower in comparison to
control (p<0.01 and p<0.001, respectively). After
washing, this parameter in groups with stage Il and
[l of LC increased statistically significantly in com-
parison to control in equal, although lesser, measure
(1.4 times on average) (p<0.02 and p<0.01). There
was slightly variance between signal spectra before
and after erythrocyte washing by 0.9 % sodium
chloride.

According the results with the spin probe, dif-
fusion may be interpreted as happening in two
stages: membrane surface sorption and permeation
into lipid bilayer. We can thus observe various ef-
fective rotational diffusion correlation times for
binding of AATEMPO to membrane surface (5 min)
and during the probe permeation of erythrocyte
membranes (60 min). Primary sorption of AdTEM-
PO on erythrocyte membranes is associated with
increased T, which indicates inhibited torsion of
the probe. The effective rotational diffusion correla-
tion time further increases (in 60 min), yet these

% 90 1 @ prior to washing
80 1 | after washing

*

70 1 *
60 1
50 1
40 1
30
20
10 1
0

Healthy
volunteers

Stage Il-nd
LC patients

Stage ll-rd
LC patients

Fig. 2. RSSI in erythrocytes of LC patients prior to and
post-triple washing with 0.9 % sodium chloride solution.

Table 3 — Values of t in erythrocyte membrane environment of patients with LC prior to
and post washing with 0.9 % sodium chloride solution

Experimental Groups

Erythrocytes prior
to washing T,4;-10°, s

Erythrocytes after
washing T.;-10°, s

5 min 60 min 5 min 60 min
Healthy volunteers 4.69+0.16 5.09+0.18 4.56+0.13 5.01+0.20
Patients with LC stage Il 5.95+0.51* 5.83+0.30 4.18+0.69* 5.59+0.20
Patients with LC stage Il 5.26+0.23 5.62+0.22 5.17+0.17* 5.50+0.15

Note. * — significance of difference between healthy group and patients group data; # — significance of difference between
data prior to and post washing with 0.9% sodium chloride solution in the same group.
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changes are not substantial, which may result from
disruptions in lipid bilayer structure and integrated
proteins [24, 25]. This assumption was confirmed
by data of residual signal intensity. Cellular mem-
brane permeability decreases significantly in laryn-
geal cancer patients, and this bars intracellular
antioxidants for interacting with nitroxyl radical that
is on the outer surface of the plasmalemma. The
cellular membrane of the healthy volunteers is intact
and functions normally.

There is a certain analogy in the development
of malignant tumors and bacterial biofilms [26]. An
important role in the formation of the latter belongs
to horizontal gene transfer. Apparently, in the case
of malignant neoplasms, such a transfer is facili-
tated by a violation of the barrier function of the cell
membranes, which are located in the local focus of
accumulation of endogenous intoxication products.
In this case the damaging effect of MWM will be
much more pronounced than in the case of eryth-
rocyte membranes and play a significant role in the
malignant process.

CONCLUSIONS. Taking into account the
abovementioned, we may finally draw the conclu-
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0. B. CyxoBeeB?, 0. b. Bypnaka', H. B. lpuHb?, A. |. BoBK?, C. B. BepboBka!
IHCTUTYT OTO/IAPUIHIO/TONNT IM. MTPO®. O. C. KO/IOMIMYEHKA HAMH YKPAIHWE, KUIB
IHCTUTYT BIOOPIAHIYHOI XIMII TA HAGTOXIMIT IM. B. M. KYXAPS HAH YKPAIHWR, KVIB

JOC/IIIKEHHA 3MIH BAP’EPHOI ®YHKIIIT KTIITUHHUX MEMBPAH

ITPU PAKY I'OPTAHI

Pesiome
Bcmyn. 3miHU 6ap’epHOT QhyHKYil KIMUHHUX MeEMBpaH npu paky 2opmaHi (P) npu3sodsimb 00 MemabosiiyHUX

i (hyHKYiIOHa/IbLHUX MOPYWEHb, sIKi HEOOCMAamHbO BUBYEHO.

Mema docnidxeHHs1 — BUBHUMU Xapakmep 83aeModii MeMbpaH epumpoyumis 3i CriiHoBUMU 30HOaMU SIK iH-
dukamop 3MiH 6ap’epHOI hyHKYIT MeEMBPAH Mpu paky 20pmakHi.
Memoou docnidxeHHs. 3pasku s8i0 40 nayieHmis 3 PI Il i Ill cmadii ma 20 300posux oci6 0oc/ioxysasu

MemoooM e/1IEKMPOHHO20 napamazHimHo20 pe3oHaHcy, BUKopucmosytodu 30H0 AATEMPO. Mikpos’siskicmb Memb-
paH epumpoyumig BU3HAYa/IU 3a YaCoM Kopesisyil 06epmasibHOI Ougbys3il (T.,) | 3HUKEHHSIM IHMEeHCUBHOCMI cu2Ha-
/Iy cnekmpa paoukasna. BusHauasiu smicm Mosieky1 cepedHbOi Macu 8 nasmi kposi U epumpoyumax i po3paxosy-
Bas1u KoegbiyieHm po3rodisly M npomeiHamu raa3mu Kposi ma a/1ikokasnikcom epumpoyumis. CopbyitiHy eMHicmb
epumpoyumis oYiHB8a/U 3a Ki/lbKicmio HeabcopboBaHO20 MeMU/IEHOBO20 CUHLOZO.

OPUTTHAJIBHI AOCII>KEHH
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OPUTITHAJIBHI AOCIJIIZI>KEHHSA

Pe3ynbmamu Ui 062080peHHs1. BcmaHog/ieHo, wo npu PIT eH0o2eHHa iIHMOoKcuKayisi nayieHmis xapakmepu-
3yembCsi HAO/IUWKOBUM HaKOMUYEHHSIM 3a2a/1bHO20 [1yJ/1y MOJIEKY/1 CEPEOHBOI Macu SIK y I/1a3Mi Kposi, mak i 8
anikokanikci epumpoyumis. Cop6yiliHa eMHiCmb epumpoyumis rpu 060x cmadisix PI™ 6yaa 3HUXeHa NopiBHSIHO 3
KOHmMposem. Halibinbw 3Ha4YHe 3MEHWEeHHs T.; criocmepizasau 00 BiOMUBaHHSI epumpoyumis Yyepes 5 x8 nic/isi
BBeOEHHs 30H0a. YOBI/IbHEHHS T,; Yepe3 60 X8 sid3Haqasu mizibku npu Il cmadii PI. icas sBioMusaHHs1 epumpo-
yumis npu Il cmaadii PI" yepe3 5 x8 ric/151 8B€0eHHS1 30HOA T, Nepebysas Ha PiBHI KOHMPO/IbHUX 3HAYEeHb | 3Ha4YHO
3mMeHwyBsascs npu Il cmadii MopisHIHO 3 KOHMPo/ieM. [HMeHCUBHICMb cugHasly criekmpa paoukasaa y 3paskax
XxBopux Ha PI" 06ox cmadil do i nic/1si BidMuUBaHHS epumpoyumis y cepedHbomy 8 1,5 pasa 6yn1a suwjoro, HiXx y
KOHMPO/ILHIU epyri.

BucHosku. BcmaHos/1eHo, Wo y Xx8opux Ha PI" eHO02eHHa IHMOKCUKayis xapakmepu3yembCsi Ha0IUWKOBUM
HaKoNUYeHHsIM 3a2a/1bHO20 1y/1y MOJIEKY/T cepedHbOI Macu siK y M/1a3Mi Kposi, mak i 8 2/1iKokaslikci epumpoyumis,
akmusayjieto kamabosliuHUX NPOYECI8 y Ni1asmi, Nepepo3rnoodisioMm MOsEeKyY/1 CEPEOHLOI Macu MiX r1y/10M NMpomeiHis
epumpoyumis, wjo siornosioae Il cmadii eHOOMOoKCcUKOo3y. lNMoka3aHo 3HWXEeHHS1 COPOYItHOI EMHOCMI epumpoyumis,
W0 € rposIBOM 11amo/102iYHUX 3MiH MOBEPXHEBOI (hyHKYIOHa/IbHOT akmusHOCMi MeMbpaH epumpoyumis. [iomsep-
OxeHo echekmusHicmb 30H0a ADTEMPO 07151 OYiHKU MiKpOB’si3kocmi MemMbpaH epumpoyumis y nayieHmis 3 PI

K/TIOYOBI CNNOBA: pak ropTaHi; epuTpouuT; MOJIEKY/IN cepeHbOT Macu; cop6uilfiHa EMHICTb MemGpaH
epUTPOLUTIB; eNeKTPOHHUI NapamarHiTHUIA pe3oHaHC; HiITPOKCU/IbHI paguKanu.

A. B. CyxoBeeB?, H0. B. Bypnaka?, H. B. T'puHb?, A. U. BoBK?, C. B. BepeBka'
VHCTUTYT OTOJTAPYIHIO/ION M UM. TTPO®. O. C. KOJTOMUAYEHKO HAMH YKPAVHbI, KMEB
VHCTUTYT BUOOPITAHUYECKOU XUIMVIW U1 HESTEXVMUI VM. B. M. KYXAPS HAH YKPAVHbBR, KMEB

VICCJIEJIOBAHUE U3MEHEHUI BAPBEPHOM ®YHKIIVHN KTETOUHBIX
MEMBPAH ITP1 PAKE 'OPTAHU

Pe3stove

BcmynneHue. Vi3meHeHus1 6apbepHOU thyHKYUU K1eMOYHbIX MemMbpaH npu pake 2opmanu (Pl) npusodsim k
Memabosiu4eCcKUM U (hyHKUUOHA/TbHBIM HapyUeHUsIM, KOmopble HEG0CMAaMOYHO U3yYeHb.

Lesb uccnedoBaHuss — U3yHums xapakmep s3aumodelicmsusi MeMbpaH 3pumpoyumos co CrUHOBbIMU 30H-
damu Kak UHOUKamop usMeHeHull 6apbepHol (hyHKyUU MEMOPAaH rpu pake 2opmanu.

MemoOdsbI uccsiedosaHus. Obpasybi om 40 nayueHmos ¢ PI™ Il u Ill cmaduli u 20 300po8bIX Uy uccsedosa-
J1U MemoAooM 3/IEKMPOHHO20 NnapamMazHUMHO20 Pe30HaHCca, Ucrosib3yst 30H0 AATEMPO. Mukpossi3kocms MembpaH
3pUMPOYUMOB OrpPESe/IS/IU MO BPEMEHU KOPeAasyuu spaujamesibHol oughghy3uu (T,,) U CHUXEHUI UHMEHCUB-
HOCMu cuegHana criekmpa paoukasa. Onpedessisiu cooepxaHue MosieKys1 CpedHel Macchl 8 r/ia3me Kposu U 3pum-
poyumax u paccHumslsasiu KoaghchuyueHm pacrnpeoesieHusi Mexaoy npomeuHamu raasmbl KPOBU U 2/IUKOKa/TUKCOM
apumpoyumos. Copb6YUOHHYI0 EMKOCMb 3pUMpPOYUMOB OYEeHUBA/IU MO KO/IUYecmsy HeabcopbuposaHHO20 Memu-
JIEHOBO20 CUHEZ0.

Pe3ysibmambi U 06¢cyx0eHuUe. YCmaHoB/1eHO, Mo rpu PIM 3HO02eHHasi UHMOKCcUKayusi nayueHmos xapak-
mepu3syemcsi U3bbIMOYHbIM HaKOM/IeHUEeM 06uje20 ry/sia MosIeKy/1 CpedHell MaccChl Kak 8 naasme Kposu, Mak U 8
2/IUKOKaslukce apumpoyumos. CopbyuOHHasi EMKOCMb 3pUMmMpoyumos npu obeux cmaodusix PI™ 6blna CHUXeHa no
CPpasHEHUK C KOHMpPosieM. Haubosiee 3HadumesibHOe YMeHbUEHUE T, Hab/1i00a/siu 00 OmMbIBaHUST 3pUMpPoyUMos
yepes 5 MUH nocsie BBeOeHUs1 30HOa. 3amedsieHue T ,4epe3 60 MUH ommedasau mosibko npu Il cmaduu Pr. NMocne
ommMbIBaHUsi apumpoyumos rpu Il cmaduu Pl yepe3 5 MUH nocsie 8sedeHuUs1 30HOa T,; HAX0OU/ICST Ha yYPOBHE KOHM-
PO/IbHbIX 3Ha4YeHUl U 3Ha4UMesIbHO yMeHbWasicsi npu il cmaduu no cpasHEHUKo ¢ KOHMPOAEM. IHMEHCUBHOCMb
CuesHana criekmpa padukasa 8 obpasyax 60/bHbIX PIT 06eux cmaduli 00 U noc/ie omMbiBaHUsT 3pumpoyumos 8
cpedHem 8 1,5 pasa bblsia sblule, YeM 8 KOHMPO/IbHOU 2pynre.

BbI1800bI. YCmaHOB/1eHO, YMO Y 60/1bHbIX Pl 3HOO2EHHasi UHMOKCUKaYuUsi Xxapakmepu3syemcsi U36bIMOYHbIM
Hakon/ieHueM obwe20 rys1a Mosieky/1 cpedHel MaccChl KaK 8 r/1asme KpoBsuU, mak U 8 2/IUKOKa/IUKCe 3pumpoyumos,
akmusayuel kamabo/IuYeCcKuUx npoyeccos 8 nsiasme, rnepepacrpedesieHuUemM MOosIeKy/1 CPEOHel Macchbl MEXQOY
My710M [IPOMEeUHOB8 3puUMmpoyumos, Ymo coomsemcmayem Il cmaduu 3HOOMOKcuKo3a. [TokasaHo CHUXEeHUE copo-
YUOHHOU eMKocmu 3pumpoyumos, Ymo sisfIiemcsi Mposis/IeHUEeM Namosio2udeckux usMeHeHull nosepxHoCmHou
QyHKYUOHa/IbHOU akmusHOCMU MeMbpaH apumpoyumos. NoomsepxoeHa aghghekmusHocmb 30H0a AATEMPO
07151 OUEHKU MUKPOBSI3KOCMU MeMbpaH apumpoyumos y nayueHmos c Prl.

KMKOUEBBLIE C/IOBA: pak roptaHu; 3pUTpPOLUTbI; MOJIEKY/Ibl CpeAHel MacChl; COPGLMOHHAsA eMKOCTb
MeMGpaH 3pUTPOLUTOB; ANEKTPOHHbIN NapaMarHUTHbI Pe30HaHC; HUTPOKCU/IbHbIE paguKasibl.
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