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ABSTRACT

Background. This study aimed to analyze the microviscosity of membranes and the surface charge of erythrocytes and
blood plasma proteins using fluorescent zones in pregnant women before and after cesarean section (CS) with traditional
management of the perioperative period and use of an accelerated recovery program.

Materials and methods. The study included pregnant women without somatic or obstetric complications. They were
divided into groups that received traditional management during the perioperative period (fasting for >8 h before surgery
and administration of an antibiotic after clamping the umbilical cord) and used an accelerated recovery program. The relative
microviscosity of the erythrocyte membranes was assessed using the lateral diffusion method with a hydrophobic pyrene
probe (C16H10). The surface charge of erythrocytes and blood plasma proteins was determined using the fluorescent probe
8-anilino-1-naphthalene sulfonic acid.

Results. In postpartum women with an accelerated recovery program, the immersion of proteins in the lipid bilayer of the
erythrocyte membrane decreased. The coefficient of pyrene eximerization in areas of protein-lipid contacts in the same group
was higher and further increased both after anesthesia and after surgery. In the traditional management group, an increase
in the eximerization coefficient was registered only after CS. In the areas of lipid-lipid contacts, the coefficient of pyrene
eximerization in the accelerated recovery program group was significantly higher than that in the control group. Changes in the
eximerization coefficient after anesthesia and surgery were insignificant. Moreover, the polarity of the microenvironment of
both anular lipids and total lipids did not change.

Conclusions. An increase in the pyrene eximerization coefficient in patients on an accelerated recovery program indicates
a decrease in the microviscosity of erythrocyte membranes and an increase in their fluidity, which may be due to structural
rearrangements of cell membranes and leads to an increase in their functional activity. The components of the accelerated
recovery program affect the microviscosity of erythrocyte membranes, particularly in the areas of protein-lipid contacts, which
may positively affect microcirculation in the perioperative period, which plays a significant role in the genesis of postoperative
complications.
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AHHOTALUA

Beepenue. Lienb nccnefoBaHus — U3yyeHne MUKPOBA3KOCTU MeMOpaH U MOBEPXHOCTHOTO 3apsAa 3pUTPOLMTOB M benKoB
MNa3Mbl KPOBM C UCMONb30BaHWEM (IyOpPECLIEHTHbIX 30H Y bepeMeHHbIX [0 1 nocne Kecapesa cevenns (KC) npu TpaguumoH-
HOM BEIeHWM NepUOMNepaLyoHHOro NepUoAa M € UCMOSb30BAHWEM NPOrpamMMbl YCKOPEHHOMO BOCCTAHOBEHMS.

Martepuanbl n MeTopbl. B uccnegosaHue BOYeHb! bepeMeHHble Be3 COMaTUMUECKUX U aKYLUEPCKUX OCMOMHEHUH, U3 HUX
chopMWpoBaHbI rpynMbl € TPAaAMLMOHHEIM BefeHWeM nepuonepauMoHHoro nepuoga (ronoaanue bonee 8 yacos go onepa-
Luu, BBEAEHWNE aHTUOMOTMKA MOCe NepexaTtus NynoBuHbI) U C UCMOJIb30BaHMEM NPOrpaMMbl YCKOPEHHOTO BOCCTAHOB/IEHMS.
OueHKy 0THOCUTENbHOWM MUKPOBSA3KOCTH MeEMOpaH 3pUTPOLMTOB OCYLLECTBIANIM METOAOM faTepanbHon Auddysum ruapodob-
Horo 3oHAa nupeHa (C16H10). MoBepxHOCTHbLIN 3apsaf, 3pUTPOLMTOB U 6ENKOB Na3Mbl KPOBW OMPeAEeNsnv ¢ NoMoLLb dIyo-
pecueHTHoro 30HAa AHC (8-aHunmHo-1-HadTanuHcynbgoHoBas KUCOTA).

PesynbTatbl. Y poaunbHWL € NpOrpaMMOiA YCKOPEHHOTO BOCCTAHOB/IEHUS BbISIBIEHO CHUXKEHWE MOrpyXEHHocTU BeskoB
B MNUAHbIA 6ucnoit MeMbpaHbl apuTpoumToB. KoadduumeHT aKcMepu3aLumm NupeHa B 30Hax 6eIOK—AMNMAHBIX KOHTAKTOB
B 3TOM JKe rpynne NauMeHTOK OKa3asics BblLLe M [lanee BO3pacTan KaK Noce aHecTe3nu, Tak W nocne onepaumuu. Y nauueHToK
C TPaAMLMOHHOW NOArOTOBKOW 0TMEYaeTcs NMoBbilleHne KoadduumeHTa akcumepmsauun Tonbko nocne KC. B 3oHax nunua-
JMMULHBIX KOHTAKTOB KO3 (UUMEHT 3KCUMEPU3aLIMN MUPEHA Y HEHLLMH C NPUMEHEHWEM MPOTPaMMbl YCKOPEHHOMO BOCCTa-
HOBJIEHUA JOCTOBEPHO BbILLE, YEM B CPABHMBAEMOI rpynne KOHTPOnA. M3MeHeHus KoadduuMeHTa 3KCMMepu3aumm nocne
aHecTe3nn 1 onepaumuu HesHauuTenbHbl. [py 3TOM He 0BHapyeHbl M3MEHEHWs MONSPHOCTU MUKPOOKPYIKEHUS KaK aHynsp-
HbIX IMNMAOB, TaK U 0BLLMX IMNKA0B.

3aknioyenue. [loBbieHre KOIQPUUMEHT IKCMMEPU3aLMM MUPEHA Y MALMEHTOK C NPOrpaMMOi YCKOPEHHOT0 BOCCTAHOB-
NEeHNs YKa3blBAeT Ha CHUMEHWE MUKPOBA3KOCTU MeMOpaH 3pUTPOLIMTOB, YBENMYEHWE UX TEKYYECTM, YTO MOXET bbiTb 06-
YCNOBNEHO CTPYKTYPHBIMU NEpecTporiKaMu KIeTOUHbIX MeMbpaH, NPUBOASALLMMU K YCUNEHMIO UX BYHKLMOHANBHONM aKTUBHO-
cT. KOMNOHEHTLI NporpaMMbl YCKOPEHHOTO BOCCTAHOB/IEHWSA OKa3bIBaKOT BAIMSHUE HA MUKPOBS3KOCTb MeMBpaH 3puUTpoLMTOB
0cobeHHO B 30Hax 6eNOK—NMMMAHBIX KOHTAKTOB, YTO BO3MOXHO MOJIOMMUTENbHO CKa3blBAeTC HAa MUKPOLMPKYNALMM B ne-
pronepaLMoHHOM neproge, To ecTb GaKTope, UrPaIoLLEM 3HAUUTENBHYIO POfib B FeHe3e NoceonepaLunMoHHbIX 0CTOKHEHUN.

KnioueBble cnoBa: ¢nyopecueHTHbIn 30HA AHC (8-aHunuHo-1-HadTanuHcynbdoHoBas KucnioTa); Defku nnasmbl
KpOBM; KECapeBO CEYeHWe; MUKPOBA3KOCTb MeMbpaH; nporpaMMa YCKOPEHHOrO BbI3[J0POBNEHUS; NUPEH; KMHETUYECKME
napameTpbl; GpyopecLeHTHble 30HAbI; GacT TPeK; NPorpaMMa YCKOPEHHOr0 BOCCTAHOBNEHWS; NepuonepaLnoHHbIi Nepuoa,.
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ORIGINAL STUDY ARTICLE

INTRODUCTION

Choosing the best clinical approaches to minimize the
risk associated with abdominal delivery and surgical com-
plications remains a major concern [1-2]. Surgical compli-
cations following cesarean section (CS) may be attributed to
impaired blood circulation, oxygen deficiency in tissues and
organs, hormonal and metabolic dysregulation, free radical
oxidation (FRO), and oxidative stress.

In a previous study, we have reported that cytotoxic
end-products of lipid peroxidation (LP) are able to accumu-
late in erythrocyte membranes post-surgery [3]. Overpro-
duction of free radicals results in structural and functional
integrity defects of cell membranes, impairing their dynamic
properties and lipid bilayer fluidity. Furthermore, increased
membrane microviscosity, as well as changes in permeability
and osmotic resistance may be observed [4-5].

Erythrocytes are regarded as an integral indicator of cell
membrane performance, and the structural and functional
properties of erythrocyte membranes have been extensively
studied under both normal and abnormal conditions [6-7].

In recent years, fluorescent probes (FPs) have been em-
ployed to investigate a range of physical properties, including
those of membrane lipids, protein conformations, and other
cell components. They have also been used to examine the
molecular mechanisms underlying pathological processes,
the effects of drugs, and the efficacy of therapies [4, 5, 8-10].

There is a variety of task-specific classes of FPs [4, 5, 7].

A comprehensive review of the scientific literature re-
veals a paucity of research on the use of FPs in obstetrician
practice.

The objective of this study was to investigate erythrocyte
membrane microviscosity using a pyrene-based FB and a
surface charge of erythrocytes and plasma proteins. An ANS-
based (8-aniline-1-naphthalenesulfonic acid) FP was used in
pregnant women before and after CS with the conventional
perioperative management or enhanced recovery program
(ERP) technology.

MATERIALS AND METHODS

The study included pregnant women with no history of
somatic and obstetric complications who had elective ab-
dominal delivery. All patients signed an informed consent to
participate in the study. The study was approved by the Local
Ethics Committee of the Dagestan State Medical University
(Protocol No. 23 of April 17, 2018).

The patients were divided into two groups: Group 1 (con-
trol group) for the conventional perioperative management
(fasting for >8 hours before surgery and antibiotic administra-
tion following cord clamping) (n=41); and Group 2 (treatment
group) for the ERP technology (high-carbohydrate enteral
formula 2 hours prior to surgery and antibiotic administration
1 hour prior to surgery) (n=41). Blood samples were taken
in both groups before and after anesthesia, as well as after
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surgery. Blood was collected from the ulnar vein into heparin
tubes, refrigerated, and centrifuged at 1,500 rpm for 5 min-
utes in an Eppendorf 5702R centrifuge to separate plasma
from erythrocytes, as previously described [3]. Erythrocyte
membranes were isolated from precipitated erythrocytes.
Achromacytes were obtained according to Klenova et al. [6].

The relative microviscosity of blood cell membranes was
assessed by lateral diffusion of a pyrene-based hydrophobic
probe (C16H10) [8-91. The microviscosity of erythrocyte mem-
branes was measured using a Hitachi F7000 Fluorescence
Spectrophotometer (Japan) according to Panin et al. [11].

The microviscosity of the lipid layer in erythrocyte mem-
branes was measured at excitation wavelength 337 nm (with
the spectral slit-width of 1.5/2.5). The microviscosity of pro-
tein—lipid interfaces was measured at a maximum of 280 nm
(with the spectral slit-width of 1.5/5). Maximum fluorescence
wavelengths were 395 nm for pyrene monomers and 470 nm
for excimers.

Structural rearrangements of membrane proteins were
assessed by the efficiency of excitation energy transfer be-
tween intrinsic tryptophan residues and pyrene. The quench-
ing of membrane protein fluorescence by pyrene was mea-
sured at A, itaion=280 Nm and A0, =333 nm. The efficiency
of excitation energy transfer was determined by the formula
(Fo—F/F;)x100, where F, is the fluorescence intensity of a
pyrene-free suspension of erythrocyte membranes; F is the
fluorescence intensity of a suspension of erythrocyte mem-
branes incubated with pyrene (7.76 pm) [8-9].

The polarity of the lipid bilayer and protein—lipid interfaces
in erythrocyte membranes was identified by the fluorescence
intensity ratio of two monomers (F;,/F5,,) in the fine struc-
ture of pyrene at A,,i0n 337 NM and 280 nm, respectively.

The surface charge of erythrocytes and plasma proteins
was determined using an ANS-based fluorescent probe [8].
The Hitachi F7000 Fluorescence Spectrophotometer was
used to measure fluorescence at A, i, =360 nNm and A,
sion=80 nm (native fluorescence). The concentration-depen-
dent fluorescence of ANS incubated with erythrocytes and
blood plasma was analyzed within the range of probe con-
centrations 0.005-0.05 pM at 25 °C. The maximum fluores-
cence intensity was determined by ANS fluorescence spectra.
Then, the maximum fluorescence intensity (F) was plotted
against the probe concentration in the sample, and kinetic
characteristics were calculated using nonlinear multidimen-
sional regression analysis and non-linear Michaelis—Men-
ton equation.

Statistical analysis was performed using the STATISTICA
software package. The tabulated values represent the mean
of 20 independent experiments. The significance of differenc-
es was assessed using the Student’s t-test.

RESULTS

Pregnant women'’s erythrocyte membranes have been
shown to have higher levels of LP end-products following

Al
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anesthesia and CS. This observation appears to align with
developing oxidative stress [3]. It was interesting to inves-
tigate how elevated levels of cytotoxic free radicals impact
the structural and functional properties of erythrocyte mem-
branes. It is well established that the cytoplasmic membrane
plays a pivotal role in cell functions. It is responsive to a mul-
titude of external and internal factors, exhibiting alterations
in its dynamic properties, lipid bilayer fluidity, and micro-
viscosity [7, 9]. Erythrocyte membranes serve as an integral
indicator of cell membrane performance under abnormal
conditions, as well as a reliable indicator of oxidative stress
and total antioxidant status.

The findings obtained with FPs are presented in Tables 1
and 2.

The analysis of membrane protein immersion into the lip-
id bilayer using pyrene-based FPs showed no significant dif-
ferences between the compared groups of pregnant women.
In the conventional approach to CS management, there was
only a slight reduction in the protein immersion into the lipid
bilayer following anesthesia and surgery. In contrast, the ERP
group demonstrated a 11.4% and 11.7% decrease in protein
immersion, respectively. This finding suggests the potential
for structural and functional rearrangements of membranes.

To elucidate the causal relationship between the observed
changes, the membrane microviscosity at the protein-lipid
and lipid-lipid interfaces was analyzed.

The results demonstrated that in the ERP group, the
pyrene excimerization coefficient (Kex) at the protein-lipid
interfaces of erythrocyte membranes was 15.7% higher com-
pared to that for the conventional perioperative management.
This indicated a decrease in the microviscosity of erythrocyte
membranes and an increase in fluidity at the protein-lipid
interfaces. It is evident that the difference in Kex values of
pyrene between the compared groups is attributable to the
ERP components. After anesthesia and surgery, there was a
tendency for an increase in Kex in both groups. The conven-
tional perioperative management was associated with a 23%
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postsurgical increase in Kex for pyrene, while the ERP group
exhibited an increase in Kex after anesthesia and surgery by
11.4% and 25%, respectively.

Apart from the ERP components, the CS procedure obvi-
ously affects the microviscosity of the protein-lipid interfaces
of the membranes, contributing to higher fluidity and lower
protein immersion into the lipid bilayer. This phenomenon
may be attributed to the modification of cell-surface mem-
brane proteins resulting from FRO activation, as has been
previously demonstrated [3].

The analysis of the lipid bilayer microviscosity has shown
that in the ERP group, the Kex value for pyrene at the lip-
id-lipid interfaces of erythrocyte membranes was signifi-
cantly higher than that in the control group. However, Kex
variations induced by anesthesia and surgical procedure
were insignificant in both groups. It can be concluded that
the ERP components also contribute to a reduction in the lipid
bilayer microviscosity and an increase in fluidity. However,
the effects of anesthesia and CS on the lipidlipid interfaces
of erythrocyte membranes are less pronounced than their
impact on the protein-lipid interfaces.

It is known that a change in the polarity of the lipid bilayer
and anular lipids may result in binding defects, membrane
“gaps,” and dysfunction [5].

We found no significant changes in the polarity of the mi-
croenvironment of both protein-adjacent anular lipids char-
acterized by better organization, lower mobility, and higher
levels of saturated fatty acids, and total lipids (see Table 1).

ANS-based probe fluorescence is a useful method for
assessing the modification of the surface charge of eryth-
rocytes and plasma proteins [8]. To analyze the erythro-
cyte-ANS binding kinetics, we investigated the ANS fluores-
cence intensity against concentration after probe incubation
with erythrocyte membranes and blood plasma (Table 2).

The data presented in Table 2 suggest that there are
specific characteristics and diverse trends associated with
the number of ANS binding sites for surface proteins of

Table 1. The structural state of the membranes of erythrocytes of the blood of maternity hospitals

Microviscosity

Protein immersion | lipid-protein

Blood samples into lipid bilayer

Polarity of anular lipid | Polarity of total lipid
microenvironment microenvironment

Microviscosity
of lipid layer

Fo-PVFo, % | pojrm iz | Gosan) "oc2sn) ocssn)
Group 1 47,5+1,83 0,38+0,034 0,440,040 1,050,090 0,90+0,07
(control)
Post-anesthesia 47,81+2,33 0,40+0,027 0,460,038 1,040,086 0,91+0,074
Post-surgery 45,24+1,83 0,47+0,028* 0,450,041 1,030,084 0,93+0,08
Group 2 (antibiotic + 48,65+1,85 0,44+0,03 0,55+0,036* 1,02+0,090 0,91+0,076
glucose)
Post-anesthesia 43,11£1,44* 0,49+0,035* 0,57+0,048* 1,030,093 0,900,071
Post-surgery 42,93+1,56* 0,55+0,055* 0,55+0,037* 1,04+0,10 0,89+0,07

Note. Fe/m is the ratio of excimer fluorescence intensity to monomer fluorescence; *the differences between the indicators of the main

and control groups of patients were significant (p <0.05).
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Table 2. Kinetic parameters of binding of ANS (8-anilino-1-naphthalenesulfonic acid) to plasma proteins and erythrocytes of the blood of

maternity women

Blood plasma Erythrocytes
Blood samples N, N,
binding sites/mg Kd, mmol binding sites/mg Kd, mmol

of protein of protein
Group 1 (control) 10466340 0,0132+0,0011 867136 0,0705=0,005
Post-anesthesia 9807+310 0,010+0,001* 980+42* 0,070420,005
Post-surgery 9592+260* 0,0096+0,001* 992+0,47* 0,0547+0,005*
Group 2 (antibiotic + glucose) 8682+385 0,081+0,0012 995147 0,0732+0,005

p1-5<0,05 p;-5<0,003 p;-5<0,05
Post-anesthesia 8417+390* 0,085+0,0012* 1168+76* 0,0577+0,005*
Post-surgery 8176+455* 0,089+0,001* 1188+80* 0,0545+0,005*

Note. Kd, mM is the dissociation constant; *the differences between the indicators of the main and control groups of patients were

significant (p <0.05).

erythrocytes and blood plasma. In the ERP group, there was
a 14.7% increase and a 17.1% decrease in fluorescence after
ANS incubation with erythrocytes and blood plasma, respec-
tively, compared to the control group. The contribution of free
ANS to the fluorescence intensity is known to be negligible,
and the increase in fluorescence is attributed to emission
associated with the positive surface charge of erythrocytes
[8]. The negative charge inversely correlates with the fluores-
cence intensity. Based on these findings, there is an increase
in the positive charge of erythrocyte surface proteins and a
decrease in that for blood plasma, which can be attributed to
the potential modification of protein molecules as a result of
the ERP components.

Following anesthesia and CS, both groups showed sim-
ilar changes. These included an increase in the number of
ANS binding sites for surface proteins of erythrocytes and
a decrease in binding to blood plasma proteins. However,
the most significant changes after anesthesia and CS were
found in erythrocytes for the ERP group (an increase in flu-
orescence by 17.4% and 19.4% compared to 13% and 14.4%
for the conventional perioperative management). There was
a decrease in the number of ANS binding sites in plasma in
both groups. This tendency was more significant post-sur-
gery in patients from the conventional management group.

The analysis of the relationship between ANS fluores-
cence in erythrocyte samples and concentration showed a
decrease in the dissociation constant (Kd, mmol) in both
groups post-surgery. This suggests an increase in the ap-
parent number of probe binding sites. The dissociation con-
stant decreased by 25.5% for the ERP group and by 22% for
the conventional perioperative management group. The blood
plasma dissociation constant exhibited a variety of trends in
the compared groups. The conventional management was
associated with a decrease in Kd after anesthesia (by 6.3%)
and CS (by 8.4%), whereas in the ERP group, the values
tended to increase post-surgery (by 9.9%). This suggests a

DAl http://doi.org/10.17816/2313-8726-2024-11-1-69-76

decrease in the apparent number of probe binding sites as a
result of the ERP components.

Our findings indicate that the ERP components had an
effect on the microviscosity of erythrocyte membranes, in-
creasing their fluidity at the protein-lipid and lipid-lipid inter-
faces. After anesthesia and surgery, an increase in microvis-
cosity was largely observed at the protein-lipid interfaces of
erythrocyte membranes in the compared groups. Obviously,
despite the LP activation previously identified in the study
groups [3], free radicals have no significant impact on the
structural and functional integrity of the lipid bilayer. Rather,
they result in the modification of anular lipids of erythrocyte
membranes, with only insignificant variations in the polarity
of the microenvironment of anular and total lipids. The ob-
served changes in erythrocyte membrane dynamics, which
result in a reduction in the viscosity of anular lipids, may be
regarded as an adaptive response to the ERP components
and CS. This response is beneficial for microcirculation
during the perioperative period, which is a major contributor
to postoperative complications.

A significant increase in the number of ANS binding sites
for erythrocyte surface proteins in the ERP group, followed
by their increase after anesthesia and CS, as well as a de-
crease in the number of binding sites for plasma proteins,
suggests that the ERP components may be responsible for
the structural modifications of membrane proteins and plas-
ma proteins.

CONCLUSIONS

1. The pyrene-based FP has demonstrated similarities
in the protein immersion into the lipid bilayer of erythrocyte
membranes between the control group with conventional
preparation for cesarean section and the group using the
ERP technology. Following anesthesia and CS, the protein
immersion into the lipid bilayer of erythrocyte membranes
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in the control group remained almost unchanged, whereas it
decreased in the ERP group.

2. The ERP components contributed to a decrease in the
microviscosity of erythrocyte membranes at the protein-lipid
and lipid-lipid interfaces in the preoperative period. In both
groups, CS resulted in a decrease in the microviscosity of
erythrocyte membranes only at the protein-lipid interface.

3. The ERP components, anesthesia, and CS had no effect
on the polarity of the microenvironment of anular and total
lipids.

4. The ERP components contributed to an increase in the
number of ANS binding sites for surface proteins of erythro-
cytes and blood plasma. In both groups, anesthesia and CS
were associated with a unilateral increase (more significantly
in the ERP group) in the number of ANS binding sites for the
surface charge of erythrocyte proteins and a decrease in the
number of binding sites for plasma proteins.
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A0NOSIHATESIbHAS UHDOPMALIUA

Bknap aBTopoB. Bce aBTOpLI BHEC/M CYLLIECTBEHHbIV BKITaA B pas-
paboTKy KOHLENuuW, NpoBefieHue MCCNefoBaHUS U MOArOTOBKY
CTaTbyi, MPOYM 1 ofobpunn duHanbHyl0 Bepcuio nepen, nybvka-
uven. KoHuenums v amusaiiH uccneposanva — [.P. Memxunposa,
EM. lWndman; cbop v obpabotka Matepmana — [.P. Memxmaosa,
[1.Y. Yeprecosa; cTatucTyeckas obpaboTtka aaHHbx — [1.P. Men-
¥unposa, EM. lWndmaH; HanmcaHme Tekcta — [.P. Memxwmaosa,
[.Y. Yepkecosa, AY. YepkecoBa; penaktvposatve — EM. Lnd-
MaH, A.Y. Yeprecosa.

®uHaHcupoBaHMue. ABTOpbI 3asBNIAIOT 06 OTCYTCTBMM BHELLHEro
(VHaHCVMPOBaHUA NP MPOBELEHWM UCCIIEA0BAHUS.

KoHdnukt mHTepecoB. ABTOpbI [eKNapupyloT OTCYTCTBME ABHBIX
W NOTEHUMANbHBIX KOHQIIMKTOB MHTEPECOB, CBA3aHHBIX C MybnnKka-
LMeN HaCTOoALLIEN CTaTbM.

3Tuveckoe yTBepXKAeHuUe. [poBeaeHMe 1ccefoBaHKa 0fobpeHo
JIoKanbHbIM 3TMYECKMM KOMUTETOM [larecTaHCKoro rocyAapcTBeH-
HOro MeMUMHCKOr0 yHmBepcumTeTa (mpoTokon N® 23 ot 17.04.2018).
WndopmupoBaHHoe cornacue Ha mybamkaumio. Bce naumeHTKY,
y4acTBOBaBLLUVE B UCCNIEA0BAHUM, MOAMMCANN HEObX0aMMble AOKY-
MEeHTbI 0 106pOBObHOM MH(OPMUPOBAHHOM COrflacM Ha yJacTvie
B MCCNIEA0BAHUM W MYBAMKALMIO MX MEAMLMHCKMX AaHHbIX.
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