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Experimental Studies
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ITenp uccaeoBaHust — 1MOKA3aTh BO3MOKHOCTD UCTIOJIb30BAHUS AaHTUOKCUIAHTA HA OCHOBE STHTAPHOU KHCJIOTHI
JUIST BOCCTAHOBJIEHHSI METTEMOTJIOONHA [I0 OKCUTeMOTJIOONHA B KPOBH i1 Vitro.

Marepuassl 1 MeTO/bI. 3260p KPOBU B MUKPOBETTHI, coziepskaiiue DJITA, mpousBoANIN y MATH 3I0POBBIX /10~
HOPOB MpU MTPOGHUIAKTUYECKUX 0CMOTPaX. B KpoBb in vitro nobasisiim pactBop NaNO, Uis1 oJrydeHust METTeMOor-
sgo6una (MetHb). B kauecTBe aHTHOKCHAAHTA UCTIOIB30BAIN KOMILIEKCHBIH TIPETapaT, COCTOSIIMN U3 CJIEAYIONIX
AKTUBHbBIX KOMIIOHEHTOB: SIHTAPHASI KUCJIOTA, MHO3WH, pub0MIIaBIH U HUKOTUHAMUZL. VI3Mepsiiu CIIEKTP TTOTJIONIEHNUST
CYCIEH3UIl S5PUTPOLUTOB € PasAMYHBIM coepkanneM npenapara D, (4, )egper € arom 1 um. Mertonom Hemuneiinoil
perpeccun pacCUNTHIBAIN KOHIIEHTPAIIUH TIPOU3BOIHBIX TEMOTIOONHA B CYCTTEH3MUSIX.

Pesyabrartel. B akciiepumenTax, Korjaa MeTreMorio0MH B3aUMOJIEHCTBOBAJ ¢ IPENapaToM, OITHYECKas! [I0T-
HOCTb TIUKOB, XaPaKTEPHBIX /IJI1 OKCUTEMOIIOOMHA, YBEJINUNBAJIACH, @ CIIEKTPAJIbHbIN MK METIeMOrJIOOUHA CHU-
skascst. dem Gosibliie ObLIM KOHIEHTPAIMs Mperapara u BpeMs WHKyOaiuu, TeM adderTrBHee OblI Mpoiece
BOCCTAHOBJIEHUsI METT€MOIJIOOUHA /10 OKCUTeMOTJIO0NHA.

3akmouenue. JKCIEPUMEHTAIbHO J0Ka3a/K, YTO IPU HAYAIbHOII KOHIIEHTPAIMK METIeMOTIO0MHA B KPOBH
91—93% mobaBmenue mpenapaTa CHUKAET €ro KOHIeHTpanuio 10 25—27%. B To ke Bpems, 61arogapst aBTOBOC-
CTAHOBJICHUIO, KOHIIEHTPAIIUsI METTeMOTIJIOOMHA YMEHBIIAETCs TOJIBKO 10 84%. [TokasaHHblii ahherT MOKeT UMETh
MPAKTUYECKOE TIPUMEHEHHE TP KPUTHYECKUX COCTOSIHUSX, IPU XPAaHEHUH JOHOPCKOW KPOBH, TIPU MPOBEJIEHUN
reMotpaHcdy3uu, pu Bo3ieicTBUN (HUUKO-XUMUYECKUX (DAKTOPOB HA KPOBb.

Kantouesvte caosa: spumpovyumol; Memzemoziooum; 0KCuzemMozi00um; 60CCMan08IeHIe; SHMAPHASL KUCLOMA; UHO-
3UM; PUOOPIABUI; HUKOMUHAMUO; YUMODIABUH

The purpose of the study — to determine the feasibility of using the succinate-based antioxidant for the in vitro
reduction of excessive methemoglobin to oxyhemoglobin in blood.

Materials and Methods. Blood sampling was performed in five healthy donors in microvettes containing EDTA
during prophylactic examinations. NaNO, solution was added to blood samples in vitro in order to yield methemo-
globin (MetHDb). The complex drug containing the following active ingredients: succinic acid, inosine, riboflavin,
nicotinamide, was used as an antioxidant. The absorption spectrum of red cell suspensions with different drug content
D, (A )exper Was measured with 1 nm increments. The non-linear regression method was used to calculate concentra-
tions of hemoglobin derivatives in suspensions.

Results. In our experiments, when methemoglobin reacted with drug the optical density of peaks typical for
oxyhemoglobin increased and the spectral peak of methemoglobin decreased. The greater the concentration of drug,
the more was the incubation time, the more efficient was the process of reduction of MetHb to HbO,.

Conclusion. We proved experimentally that while the baseline concentration of MetHb was an average of
91—93%, addition of drug decreased its concentration to 25—7%. Without drug, due to autoreduction, the con-
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centration of MetHb decreases only to 84%. The revealed effect provide a potential for practical applications in
critical illness, during the storage of donor blood, in blood transfusions, and under the action of physico-chemical

factors on blood.

Keywords: red blood cells; methemoglobin; oxyhemoglobin; reduction; succinic acid; inosine; riboflavin; nicotinamide;
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BBenenne

IHIOTEHHAS U 9K30TE€HHAsT MHTOKCUKAIUST Pa3-
JIMYHOW TIPUPOJBI MOKET BBI3BIBATH 00pasOBaHIE
aktuBHBIX (hopM kucaopoaa (ADK) B kposu n mosu-
(UITIPOBATH MOJIEKYJII TEMOTJIOOHHA B 9PUTPOIIUTAX.
[Tpu 5TOM TIPOMCXOST TIPOIIECCHI OKUCIEHIIS JKETe3a
Fe?*—Fe’* u npeBpaliieHust MOJIEKYJIbl TeMOTJI0OUHA
(Hb) u okcuremorsiobuna (HbO,) B Mmerremorinobun
(MetHb) [1—3]. B HOpMabHOM COCTOSTHII OPTAaHU3M
HOJIEPKIBAET OMOXMMUYECKOE PABHOBECHE, U METTe-
MOTJIOOWH B KPOBH Y€JIOBEKA BCEr/a MPUCYTCTBYET B
Hebobinux Koandectsax (0,5—1,5%).

Hapyrenne paBHOBeCHsT MEKIY COMEPIKaHTEM
obpasytonuxcs ADK 1 aHTHOKCHIAHTHBIME 3alIHT-
HBIMU MEXaHU3MaMU KJIETKU MOJKET MTPOU30UTH O]
BJIUSTHIEM Pa3JUYHLIX 9HIOTEHHBIX W 9K30TE€HHBIX
(akropoB (6akTepyM, BUPYCHI, XUMUYECKUE are€HTH,
psan dapMmipenapaToB, 3arps3HeHNe OKPYIKAIOIIEN
Cpe/ibl, HOHU3UPYIOTIUE U3TyIEHIsT, TPABMbI, MACCHB-
HbIe KpoBOTeueHUs u 1p.) [4—6]. Kpome Toro, meTre-
MOTJIOOMHEM ST MOKET OBITh BbI3BaHa MEPEIO3UPOB-
KOU HEKOTOPBIX JIEKAPCTBEHHBIX CPEACTB (JIMIOKANH,
HOBOKAaWH, TIPOTUBOMAJISIPUITHBIE TIPETIAPaThl U JIP.),
OTpaBJIeHIEM XUMUYECKIMU BETeCTBAMY (AHUJTITHO-
BBIMU KPAaCUTEISIMU, HUTPaTaMH, XJI0pOeH30710M) [7].

[Ipn ycuieHun OKUCIUTETHHBIX IPOIECCOB
coOCTBeHHAsT aHTHOKCHAAHTHAsE CUCTEMa YyKe He
MOJKET «CITPABJISITHCST> C YBETMYEHHBIM KOJTUIECTBOM
AKTUBHBIX (DOPM KHCJIOPO/IA U a30Ta U 00pa3oBaHIEeM
MetHb. YBenudenue copepskanus METTeMOTIOOMHA
BbIlITe (DM3NOJOTMIECKOTO YPOBHS IPUBOIUT K HAPY-
meHuo razoodMeHa. IIpu yaeabHON KOHIIEHTPAI[UN
MetHb Gosee 30% B JKU3HEHHO BasKHBIX OpTaHax
MOTYT Pa3BUBaThCs HeoOpaTUMble M3MEHEeHUs [4].
M3BeCTHO, YTO JJISI JICYCHUST METTEMOTJIOOMHEMITH
MPUMEHSETCS METUJICHOBBIN cuuuit. OMHaKo OH He
Beerga addexTuBen 1 001aJaeT PAZOM MOOOYHBIX
ToKcH4YeCKUX 3(PeKToB [4, 5].

[ToaToMy TOWCK JIEKAPCTBEHHDBIX TIPEMAPATOB,
CITIOCOOHBIX YCHJIUTD 3((HEKTUBHOCTh aHTHOKCHIAHT-
HOU CUCTEMBI 9PUTPOIIUTOB U TIPEAOTBPATUTH 00Pa3o-
Barrie ADK u MetHb, siBiisiercst akTyaabHbBIM,

OcobGeHHBII HHTEPEC MPEACTABIISIOT BEIIECTBRA,
coJiepsKalire TIPUPOIHbIE KOMITOHEHTHI. [IprmMepom
TakuX TpemapaToB saBisercs mutodaasun (OO0
«HTDOOD «ITOJINCAH>», Poccuiickast Degeparnmst).
Ero dapmakosornueckue ahheKTs OMPeaensIioTcs
COBMECTHBIM [IEHICTBUEM, COCTABJISIONIIX €T0 HHTPe-
JUEHTOB: STHTAPHAS KUCJIOTa, WHO3WH, HUKOTUHA-
MU, MOHOHYKJIeOTH I pubodrasura Hatpus [8].

Introduction

Endogenous and exogenous intoxications of var-
ious causes may lead to the formation of active forms
of oxygen (ROS) in the blood and modify hemoglobin
molecules in erythrocytes. At the same time, the oxi-
dation processes Fe**—Fe?* occurs, and molecules of
deoxyhemoglobin (Hb) and oxyhemoglobin ( HbO,)
are converted to methemoglobin (MetHb) [1—3]. In
its normal state, the body maintains a biochemical bal-
ance, and methemoglobin is always present in small
amounts (0.5—1.5%) in human blood.

The imbalance between the amount of ROS
formed and the antioxidant defense mechanisms may
occur in cells under the influence of various endogenous
and exogenous factors: bacteria, viruses, chemical agents,
a number of pharmaceuticals, environmental pollution,
ionizing radiations, traumas, massive bleeding, etc. [4—
6]. In addition, methemoglobinemia can be caused by an
overdose of some drugs (lidocaine, novocaine, antimalar-
ials, etc.) and poisoning with chemicals (aniline dyes, ni-
trates, chlorobenzene) [7]. With increasing of oxidative
processes, own antioxidant system can no longer deal
with an increased amount of active forms of oxygen and
nitrogen and MetHb formation. If MetHb level is higher
than the physiological level, the disturbance of gas ex-
change occurs, because the oxidized heme is not capable
to deliver the oxygen to tissues. At the level of MetHb
of more than 30%, irreversible changes in vital organs can
develop [4]. Tt is known that methylene blue is used to
treat methemoglobinemia. However, it is not always ef-
fective and has a number of toxic side effects [4, 5].

Therefore, the search for drugs that can enhance
the effectiveness of the antioxidant system of erythro-
cytes and prevent the formation of ROS and MetHb
is always urgent.

Substances containing natural ingredients are of
a special interest. One of such drugs is cytoflavin
(STPF «POLISAN>», Russian Federation). Cytoflavin
as a therapeutic category relates to «a metabolic regu-
lator», pharmacological effects of which is regulated by
a combined action of the formulation’ ingredients: suc-
cinic acid, inosine, nicotinamide, riboflavin mononu-
cleotide sodium [8]. Cytoflavin has been shown to
serve as a pharmacological agent capabale to aid in en-
chancing the energy formation, decreasing reactive
oxygen species (ROS), activating metabolic processes
after ischemia and reoxygenation [9, 10].

The aim of the work is to show the feasibility of
using of cytoflavin for in vitro reduction of excessive
methemoglobin to oxyhemoglobin in blood.
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[TuTodmaBun MOKET CTUMYJIUPOBATH 0Opa3oBaHIe
9HEpruu; yMeHbiath obpasosanue ADK; aktusupo-
BaTh METabOJNIECKUE TIPOIIECCHI TTOCTIE UITEMUK 1
peokcurenanuu [9, 10].

[Tesb paboThl — MOKa3aTh BOSMOKHOCTH UCTIOJb-
30BaHUS AHTHOKCUIAHTA HA OCHOBE STHTAPHOI KHUCJIO-
TBI JIJIS BOCCTAHOBJIEHUST METTEMOTIOOMHA 10 OKCHUTE-
MOIJIOOUHA B KPOBU i1 Vitro.

MaTepI/IaJI U METO/1bl

Kposb (150 mka) Gpanu B mMukposertbl ¢ J/TA
(Sarstedt AG and Co., Germany) y nsitu JOHOPOB BO BpeMsI
MPOGUITAKTHYECKUX CKPUHITHTOB.

WccnenoBanne TpOBOANIN B COOTBETCTBUH C IPUH-
ramu XeJbCHHKCKOMN JIeKTapaliiy 1 ObLIIo 0/100peHo aTH-
geckuM komuteToM DeziepaIbHOr0 HAYIHO-KIMHUIECKOTO
LeHTpa peaHumatosioruu u peaduauranuun HUW obuieit
peanumarosornu uM. B. A. Herosckoro. Coruacue 6b110 110-
JIY9€HO OT KaK/IOTO YYACTHUKA JI0 HayaJla NCCIIeIOBAHNSI.

[TapameTpbl reMaToJOrNN U3MEPSIIIH ¢ TOMOIIBIO Te-
MaroJjiornyeckoro ananusaropa Advia 60-CT (Bayer, Ger-
many). B ncxozanoii kpoBu reMaToKpHT cocTaBiisi 39—45%,
KOHIIEHTpaIns reMorao6uHa cocrassiia 110—146 v/,

JLy1st OKHCIIeH st reMOTIoOnHA B KPOBH i1 Vitr0 MCTIONB30-
BaJm pactBop HuTputa Harpust NaNO,. {15t npurotosieHns Ga-
30BOTO pacTBopa HuTpHUTa Hatpus (pactsop L) 1.4 r NaNO,
(Sigma—Aldrich Co. LLC) pas6asJisizu B 10 mut hocparHoro Gy-
depa (PBS), pH=7.4 (MP Biomedicals, USA). Pacrsop S tiosty-
vyasu pasbasiernem pactBopa L B 10 pas. IlurodmaBun —
KOMILIEKCHOE JIEKAPCTBEHHOE CPEJICTBO, COJIEprKalliee AKTHBHBIE
BetecTBa — saTapHas kucaota — 100 r, aukoTrHamMu — 10 T, pu-
Gokcut (nHosun) — 20 1, puboduiaBuna docdar Harpust (pruGo-
(hiaBun) — 2 r; BeriomoraresibHble BEIecTBa: MeryiioMuH — 165,
HATPUS TUAPOKCU]T — 34 T, Bozia /71t mHbeKIwii — 7o 1 smrpa [8].

OnTHryeckasi IIIOTHOCTD PACTBOPOB U3MEPSLIIACh C MO-
Motwio 1dposoro criektpodoromerpa Unico 2800 (USA).
Wsmepsimu criekTp noraoimenust Dy(4;),,, CyCleH3nu apuT-
pouutos B Oydepe PBS (pH 7,4) B nuanasone 1jiuH BOJIH
500-700 um c¢ mmarom 0,5—1 um. 31ech 4; — ITUHBI BOJIH
CBeTa, HA KOTOPBIX U3MEPSLIA ONTUIECKYIO ILIIOTHOCTS, [ —
HOMED JJINHBI BOJIHBI.

J11s1 HaXOKIeHVS KOHIIEHTPAIHIA TPON3BO/HBIX FeMO-
riobuHa ncnonbzosain merozx Nonlinear Fitting [7, 11—13].
IMIUPHYEcKUil ciekTp Dy(4y),,,, aNIPOKCUMUPOBAIN TeOpe-
THYECKOU KPUBOI Di(4)) j100r, KOTOPASI HAUIIY UM CLIOCOOOM
BITUCBHIBAETCS B 9KCIIEPHUMEHTAIBHYIO KpUBYIo. [1pn anmpok-
CUMAIIMU YYUTBIBAIH TIOTJIOIIEHIIE CBETA PA3HBIMH TIPO-
U3BOAHBIMU TeMoryobuna. OMHOBPEMEHHO YUUTHIBAIICH
2(bdeKThI pasIeeBCKOTO paccesiHUS CBeTa KaK Ha CTPYKTYPax
paszmepom D<A (koaddutineHT S), Tak U Ha YACTUIAX PaA3-
Mepom D >4 (koabdutinent K):

Dy(A) theor =27 €01 (A) Ch L+K+S/2 (1)

3nech unnekc i o6o3navaeT MPOU3BOHBIE TEMOTJIO-
6una: HbO, (oxcurennposaunbiiit Hb), Hb (1e30Kcurenupo-
sannbiii Hb), MetHb (merremoriiobun), HONO (Hutposu
skenesa Hb), MetHbNO, (csasanubiii aurputom MetHb),
MetHbNO (tpexBanientbiii nutposusn Hb). L — ato Tou-
MIMHA CJIOST PACTBOPA.

[l1s1 pacyeTa KOHIEHTPAI[UH ITPOU3BOHBIX F€MOTJIO-
GuHa GBI VCIIOJIB30BAH METOJL AllPOKCUMAIK KPUBOI B
nporpamme Origin (OriginLab, Northampton, MA). C mo-
moriio Function Builder mbr cozmaem dyHr1mio Di(A) meor
(ypasuenue (1)). IIpu aToM cTatyc 3aBUCUMOI IepeMEHHO

Materials and Methods

The blood samples (150 pl) were withdrawn from five
donors into microvettes with EDTA (Sarstedt AG and Co.,
Germany) during prophylactic screenings.

The study was performed in accordance with the prin-
ciples of the Declaration of Helsinki and was approved by
Ethics Committee of Federal Research and Clinical Center
of Intensive Care Medicine and Rehabilitology, V. A. Negov-
sky Scientific Research Institute of General Reanimatology.
An informed consent was obtained from each participant
prior to the study.

Hematology parameters were measured by Hematol-
ogy Analyzer Advia 60-CT (Bayer, Germany). The baseline
hematocrit was 39—45%, the concentration of hemoglobin
was 11.0—14.6 g/dl.

For in vitro oxidation of hemoglobin in blood, we used
sodium nitrite NaNO, solution. To make the sodium nitrite
stock solution, 1.4 g of sodium nitrite NaNO, (Sigma-—
Aldrich Co. LLC) was diluted in 10 ml of phosphate buffer
(PBS) pH=7.4 (MP Biomedicals, USA) to form the «solu-
tion L». The latter was diluted 10 times to obtain the solution
S. Cytoflavin (STPF «POLISAN», Russian Federation) is a
complex drug containing the following active ingredients:
succinic acid 100 g, inosine 20 g, nicotinamide 10 g, riboflavin
sodium phosphate (riboflavin) 2 g, and the following excipi-
ents: meglumine 165 g, sodium hydroxide 34 g, water for in-
jections gs up to 1 liter [8].

The absorbancy of solutions was measured by a digital
spectrophotometer Unico 2800 (USA). The absorption
spectra Dy(4,),, of erythrocyte suspension in buffer (PBS
pH 7.4) was measured at a wavelength range 500—700 nm
with 0.5-1 nm increments. Here 4; stands for the wave-
lengths of light for which the absorbancy were measured,
and /is the number of wavelength.

The Nonlinear Fitting method was used to find the
concentrations of hemoglobin derivatives [7, 11—13]. The
empirical spectrum D;(4)),.,, was approximated by the theo-
retical curve Dy(4)) .., Which fits the experimental curve in
the best way. Under approximation, the light absorption by
different hemoglobin derivatives was considered. The effects
of Rayleigh light scattering on structures with size D<A (co-
efficient §) and light scattering on particles with size D>/
(coefficient K) were taken into account:

D) theor =21 01 () Cn L+K+S/4f (1)

Here, the index 4 stands for hemoglobin derivatives:
HbO, (oxygenated hemoglobin), Hb (deoxygenated hemo-
globin), MetHb (methemoglobin), HbNO (ferrous nitrosyl
hemoglobin), MetHbNO,, (nitrite bound methemoglobin,
MetHbNO (ferric nitrsoyl hemoglobin). L stands for the
thickness of a solution layer.

To calculate the concentration of hemoglobin deriva-
tives, the method of curve approximation was used by means
of the Origin software (OriginLab, Northampton, MA). By
means of Function Builder, the function D;(4)),.,, (equation
(1)) was created. In this case, the status of dependent variable
was assigned to Dy(4)),.,. Parameters of individual absorption
at different wavelengths ey, (4;) were independent variables
[10]. Independent concentrations of Crsos, Cr, Casertis, CribNo,
Cwmertibnos, Cuertiono, and scattering coefficients K and S were
considered model parameters. These model parameters have
been chosen in a manner where the theoretical curve Dj(4) 0r
describes the experimental data Dy(4),., the best. In the ap-
proximation, the condition that C;>0 must be satisfied.
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6b11 ipucBoer Dy(4)),,,,- Unansuayanbhas
MOTJIONIATEIbHASL CIIOCOOHOCTD MIPU PA3JIHy-
HBIX IJTITHAX BOJH &1, (4;) SBJSITINCDH HE3aBH-
cumbpimMi iepemerHbIMU [ 10]. HezaBucumbie
koutnenTpaunt  Cupos, Cup, Cwmeun, Crino,
Cwytetiipnos, CueibNo, @ TaKsKe KOI(PHOUTTNEHTHI
paccestanst K 1S paccMaTpUBAINCh MOJIE/Tb-
HBIMHU TIapaMeTpaMu. DTH MapaMeTpPbl MO-
nesn o6 MpaioTCst TaK, 4TOGBI
Teoperuueckasi Kpubast D;(4)) eo, OTIMCHIBATIA
sKcrIepuMenTasbhbie Jannbie Di(d),, 1y4-
muM  criocobom.  Ilpu  anmpoxcumaryu
JIOJKHO BBITIOJHATHCS yeaosue, uto C;=0.
OKCIIEPUMEHTHI i1 Vitro TPOBEIN TI0
cxeMe, TIpejicTaBIeHHoi Ha puc. 1.
MUuUKpOBETTHI CO CBEXKEN 1eTHbHON KPo-
Bbi0 150 MKJI OBLIM IPUTOTOBJIEHBI (CTAAUS
1). K xasxzoit MUKpoBeTTE € 1ETBbHON KPO-
BbIo 106aBs 10 Mxar pactBopoB NaNO, ¢
konnentpanueir C=0,14 t / ma (craans 2).
[TosTOMy B MUKPOBETTE KOHI[EHTPAIIUS
NaNO, cocrasmsna 100 mM. Cycrniensuio ¢
aToil koutnenTpanueit HazBaau NaNO, (L).
Taxske ncenenoBamm apdexrst NaNO, ¢ koH-
nentparueit 10 MM NaNO, (S). B teuenne
10 mun unkybauu obpasosasicss MetHb, n
KPOBb CTaHOBHJIACh KOPMYHEBOIl. PacTBop
NaNO, re 106aBJIsIIN K KOHTPOJBHBIM MIK-
posetrTam (KoHTpoJb). Ha 3 ctagmm oT™bI-
Basm cycnensuu ot NaNO,. [lna atoro
CYCIIEH3UU C 9PUTPOIUTAME U3 KaKI0H MUK-
POBETTHI TIEPETNBAJIN B CBOIO COOTBETCTBYIO-
myio npobupky snnengopd ¢ 1 ma PBS.
Cycuiensun B npoGupKax anneHaopd mex-
tpudyruposanu (1500 mun!, 5 Mmum), 3arem
VIAJSIIA HAZI0CAA0UHY IO SKUIKOCTD 1 100aB-
asm cHoBa 1o 1 mu 6ydepa B Kaskablil o11-
nenzopd ¥ CHOBA IEHTPU(YTUPOBAIIL.

|
1 150 pl
blood
2 Blood with / \ | Blood with |
10 pl PBS 10 pl NaNO,
3 ‘ Centrifuge, ‘
| Wash out

4 |OT CYT; |

75 RBC+ +(75-CYT)PBS+CYT, (pul) 75 RBC (NaNO;) +(75-CYT)) PBS+CYT, (ul) |

RBCCYT; », - RBCNaNO,CYT,

'Y g

;

f

Puc. 1. Cxema 3KCIIEPHMEHTOB 110 BOCCTAHOBJIEHHIO METTEMOTJIOOUHA /10 OKCHre-
MorioG0uHa nocie 1ob6asienus qurodaaBuHa.

Fig. 1. The scheme of experiments of reduction of methemoglobin to oxyhemo-
globin after cytoflavin addition.

Note. Stages of the experiments are marked with numbers: 1 — whole blood in mi-
crovette; 2 — addition of NaNO, solution (10 pl) or PBS, 10 min incubation, forma-
tion of MetHb; 3 — elimination of NaNO, using triple centrifugation (1500 min, 5
min), and rinsing of RBC in PBS; 4 — addition of cytoflavin or PBS, incubation of
suspension for 1—24 h; 5 — measurements of absorption spectra of solutions, calcula-
tion of concentrations of hemoglobin derivatives.

IIpumeyanne. Craann 9KCIEPIMEHTOB OTMeYeHBI inbpamir: 1 —IesbHast KPOBb B
MuKposerre; 2 — nobasaerue pactsopa NaNO, (10 mxa) unu PBS, 10 mun unkyba-
1, obpasosarre MetHb; 3 — ormbis ot NaNO, ¢ IOMOIIbI0 TPORHOTO 1eHTprdY-
ruposanust (1500 mus™!, 5 MUH) 1 IPOMBIBaHIE KPACHBIX KJIeTOK KpoBu B PBS; 4 —
nobasnenue nurodaasuna uin PBS, unkybanus cycrnensuu B redenue 1—24 4; 5 —
U3MEPEHUsT CIIEKTPOB MOTJIONIEHUST PACTBOPOB, BBIUICIEHNE KOHIIEHTPAIIHIT TTPO-
M3BO/IHBIX TeMOTTO0MHA.

Taknm o6pasom, xomtentparyst NaNO, cy-

MIECTBEHHO YMEHBIINJIACh MTOCJe TPETheit

MpoMBIBKY 1 Oblita 6smska k 0. [Tocse TpeTbeit

[IPOMBIBKH TTOJTHBIN 06EM CYCIIEH3UH IPUTPOIMTOB B KAXK-
noM ariienziopde coctaniisit 150 MKJI, 4TO paBHO HCXOTHOMY
06beMy KPOBH.

Jlasiee B KasKabIil anmeHopd 106aBIIAIN COOTBETC-
TByIollee KosmuecTBO TuTodaaswHa (craaust 4). Ilepen
nobasienrem uutodaaBuia B kosnumdectse CYT; (MKJI)
yaansan takoe ke Kosauuectso Oydepa CYT; (Mki) us
snnennopda. Mnnekca i 8 sanmmcn CYT; ykaspiBaeT 06beM
nurodaBrna (B MKJI) B IAHHOM anmieH0pde.

[TpuroToBiienye cycreH3 il PUTPOIUTOB ¢ TUTO(ITA-
BUHOM IIPOBEJIN COTJIAcHO cxeme 2—5 v Tabumiie. CyMMapHbiit
00beM CyCIIeH3nK coXpaHsiin Beeraa papibiM 150 M. (L/S)
o6osHauaer pactBop NaNO, ¢ koHuenrpaiueii L wim S.

KonTposbtbie cycrensnu (B HUX He ObLI o6aBIeH
pactBop NaNQO,, Ho 6611 106aBIeH UTO(GIABUH ) BBITIOJ-
HSIJTH COTJIACHO BBIPAKEHUIO:

75 RBC+(75-CYT,) PBS+CYT; (ul) (2)

Takue CyCIICH31H1 0003HaYCHBI KaK

RBC CYT, (3)

Uccnenyembie cycrensun (B HUX ObLT T00aBJIeH pac-
tBOp NaNO, u nocie IpoMbIBKU 100aBJIeH HUTO(IABUH)
BBITIOJTHSIIH CIIELYIONIIM 00PasoM:

We carried out experiments in vitro according the fol-
lowing scheme (Fig. 1).

Microvettes with fresh whole blood (150 ul) were pre-
pared (stage 1). 10 pl of NaNO, solutions with the concen-
tration C=0.14 g / ml were added to each microvette with
whole blood (stage 2). Therefore, in microvettes, the con-
centration of NaNO, was 100 mM. The suspensions with
this concentration we called NaNO, (L). In addition, we
studied the effects of NaNO, with a concentration of 10 mM
(NaNO, (S)). Within 10 min of incubation, MetHb was
formed, and blood turned brown. NaNO, solution was not
added to the reference microvettes (reference sample). In
the 3d stage, the suspensions were washed from NaNO,. For
this, suspension with red blood cells (RBC) from each mi-
crovette was added into a corresponding Eppendorf tube
with 1 ml of PBS. The suspensions in Eppendorf tubes were
centrifuged (1500 min‘!, 5 min), then the supernatant was
removed and 1 ml of buffer was added again to each Eppen-
dorf tube, and they were centrifuged again. Thus the con-
centration of NaNO, substantially diminished after the third
washing and was close to 0. After the third washing, the total
volume of erythrocyte suspension was 150 ul in each Eppen-
dorf tube, which is equal to the baseline volume of blood.

Next, an appropriate amount of cytoflavin was added
to each Eppendorf tube (step 4). Before adding cytoflavin
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Cocrag cycneHnsuii ¥ ux 0603Hau€eHue.
Composition of suspensions and their designations.

Eppendorf Suspension Symbol

1 75 ul RBC+ +7501 PBS RBC CYT,

2 75 ul RBC NaNO, +75ul PBS RBCNaNO, (L/S)CYT,
3 75 uIRBC + 725 pl PBS + 2.5 pl CYT RBC CYT,,

7 75 1l RBC NaNO, + 72.5 pl PBS + 2.5yl CYT RBCNaNO, (L/S)CYT,,
5 75 1l RBC++70 pl PBS + 5 pl CYT RBC CYT,

6 75 ul RBC NaNO, + 70 gl PBS + 5 pl CYT RBCNaNO, (L/S)CYT,
7 75 LI RBC+ +65 pl PBS + 10 pl CYT RBC CYT,,

8 75 il RBC NaNO, + 65 g PBS + 10 pl CYT RBCNaNO, (L/S)CY T,

Note. Eppendorf — nomepa npo6upok; Suspension — cycnensust; Symbol — o6osnauenue cycrneHsuu.

75 RBC NaNO, (L/S) +(75-CYT,) PBS+CYT, (ul) (4)
Takue CyCIICH31U1 0603HaquH KaK

RBC NaNO, (L/S) CYT; (5)

B onbrrax Besmmunnnt CYT; coctaBuin:

CYT,=0ul CYT, CYT, 5=2,5ul CYT, CYT;=5 pul CYT,
CYT,,=10 pl CYT.

B nannom cayyae CYT; — 910 06beM 1inTodiaBina B
150 MK cycniensuu (He KoHueHtpatun). st pacuera 00b-
€MHOIi KOHIIEHTpAINHU IIUTO(IIABUHA B KAJKIIOM a1TieH1opde
MOJKHO BOCTIONTb30BaThest hopmynoit: CYT; /150 (Mrr/mir).

Tematokput B anmenzopde MoITH COBMAZAET C OT-
MTPABHOM TOYKOM JIJIST KAJK/IOH CepUU AKCIIEPUMEHTOB C TOY-
rocthio 10 10%. Cycrensun spuTpoInTOB HHKYOMPOBATIH
CYT, B Teuenme ot 1 yaca n0 24 dacos, 3aTeM U3MePsIN
CTEeKTPHI Torontenust (ctaaust 5). st m3Mepenust crek-
TpoB norsomenust Vg, = 20 MKJI cycniensnu us snmenaopha
N00aBJIAIIN K KBapIleBoi Kiosete ¢ 2,4 mat PBS u usmepsiin
OTITHYECKYIO TIIIOTHOCTh. DTOT MPOTIECC TOBTOPSLIIN JIJISI CyC-
MEeH3UN KaXK/I0T0 TIreHopda.

IKCHEPUMEHTBI € KPOBBIO KaXK/IOTO JIOHOPA TPOBO-
JIAJIA 110 TPH pasa. Jluist Kaxoro arnenopda crexTp usme-
psiin 3 pasa. Tak nposesn 45 cepuil 9KCIIEPUMEHTOB 110
cxeme (puc. 1). B ka0l ceprit U13Mepsiaiu CIIeKTPhI KOHT-
POJIBHBIX PACTBOPOB, & TAKKE PACTBOPOB € Pa3HbIM KOJINYe-
ctBoM 1uTodaasuna. CIIeKTpbl, TOKa3aHHbIe HA PUC. 2,
TUTIMYHBI JIJI5T TaHHBIX KoHIeHTpannit NaNO, n CYT; nna
KPOBU Pa3HbIX JJOHOPOB.

CraTucTHYeCKNil aHAIN3 HKCIIEPUMEHTAIbHBIX TAHHBIX
[IPOBEJIK € UCIIOJIb30BaHKeM rporpammbl Origin (OriginLab,
Northampton, MA). /I1g onpeaesieHnsi HEU3BECTHBIX KOH-
[EHTPALMI TPOU3BO/HBIX FeMOITIOOMHA AIPOKCUMUPYIOLILY O
KpUBYIO roctponsiu 110 cxeme Analysis — Fitting — Nonlinear
Curve Fit — the Function (1). B pesysibrare aripokcumariuu,
HOJIYYNIM niapameTp R-Square, KOTOPBIil SIBJISJICS KOJIUYe-
CTBEHHBIM TIPEJICTABJIEHUEM YPOBHS aripokcnmaruu. [lapa-
merp R-Square pomxen Obith Gombme 0,98, [lamnmbie
MPEJICTABUIIN KaK CpejiHee  cTaHiapTHoe oTkiIoHeHue. Vc-
nosib3oBasu porpammy One-Way ANOVA st onpesiesieHust
CTATUCTUYECKOI 3HAYMMOCTH BIUSAHUS 1InTO(hIaBuHa (B pas-
HBIX KOHI[EHTPAIMSIX) Ha cHikene MetHb 110 cpaBHEHHIO ¢
aproBocctanoByieHreM (RBCNaNO,(L/S)CYT,). 3naurnmbie
passmranst ormevasu ipu p<0,05.

PesyubraThl 1 00Cy K1€HIE

[TutodraBuH, BBEZIEHHBIN B CyCITIEH3UIO 3PUTPO-
LUTOB, CIIOCOOCTBOBAJI BOCCTAHOBJIEHUIO METTEMOT-
JobuHa 10 okcuremoriobuna. Ilocie mobasieHus
NaNO, 1104TH BeCh reMOTJIO0MH IIPEeBpAIaICs B MET-

in the amount of CYT; (ul), the same amount of buffer CYT;
(ul) was removed from the Eppendorf tube. The index i in
CYT;indicates the volume of cytoflavin (in pl) in a given Ep-
pendorf tube.

The preparation of suspensions of RBC with
cytoflavin was carried out according to scheme 2—5 and
Table 1. The total volume of the suspension was always kept
at 150 pl (L/S) means the NaNO, solution at a concentra-
tion equal L or S.

Reference solutions (NaNO, solution was not added,
but cytoflavin was added) were carried out according to the
equation:

75 RBC+(75-CYT,) PBS+CYT; (ul) (2)

Such suspensions were designated as
RBC CYT; (3)

The investigated samples (NaNO, solution was added
followed bycytoflavin was also added after washing) were
carried out according to the equation

75 RBC NaNO, (L/S)+(75-CYT,) PBS+CYT; (ul) (4)

Such suspensions were designated as
RBC NaNO, (L/S) CYT;(5)

In our experiments the CYT; values were as follows:
CYT,=0pl CYT,

CYT,5=2.5pl CYT,

CYTs=5upl CYT,

CYT,y= 10 ul CYT

In this case, CYT; is not a concentration, but the vol-
ume of cytoflavin in 150 pl of suspension. To calculate the
volume concentration of cytoflavin in each Eppendorf tube,
we can use the formula: CYT; /150 (pl/ml).

Hematocrit in Eppendorf tubes nearly almost coin-
cided with the baseline for each series of experiments at an
accuracy of 10%. The RBC suspensions were incubated with
CYT, from 1 hour to 24 hours; then, the absorption spectra
were measured (stage 5). For measuring of absorption spec-
tra, Vy,g, =20 pl of suspension from Eppendorf tube were
added to a quartz cuvette with 2.4 ml of PBS and optical
density was measured. This process was repeated for the sus-
pension in each Eppendorf tube.

The experiments for blood taken from each donor
were carried out thrice. For each Eppendorf tube, the spec-
trum was measured thrice. Thus, 45 series of experiments
were carried out according to the scheme (Fig. 1). In each
series, the spectra of reference solutions as well as of solu-
tions with different amount of cytoflavin were measured.
The spectra shown further in Figs. 2 and 3 are typical for
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Puc. 2. CueKkTpbl IOIJIONIEHNsT 0GPA3IOB ¢ PA3IMYHbIMU KOHIEHTparusiMu nurodaasuna u rucrorpammst MetHb (%) nocie Bosaeii-
creust NaNO, (L/S) u nurodraBuna.

Fig.2. Absorption spectra of the samples with different values of cytoflavin & Histograms of MetHb (%) after effect of NaNO, (L/S)
and cytoflavin.

Note. a;, b,, ¢, for NaNO, (L); a,, b,, ¢, for NaNO, (S). Incubation time is: t;=1 hour (@), t,,=24 hours (b). Names of curves correspond to
equations and signs (2—5); ¢, and ¢, — data for each concentration of cytoflavin CYT,;, CYT;, CYT,, were compared to corresponding data
of CYT, (autoreduction) for each incubation timepoint (* — P<0.05; ** — P<0.01; *** — P<0.001).

ITpumeuanne. Optical density — ontuueckas maotHOCTD; wavelength — mmmna Bosaer, hours — wacer. ay, by, ¢, — s NaNO, (L); ay, b,
¢, — st NaNO, (S). Bpemst unkybanuu a — t,=1 vac; b — t,,=24 uaca. HazsaHust KpUBBIX JJIs1 d, b COOTBETCTBYIOT YPABHEHUSM 1 TIO]I-
mcsim (2—35); ¢, 1 ¢, — TaHHbIe TSt Kaskaoii kKorteHTparun nnrtobaasutua CYT, 5, CYT;, CYT,, GbLI COMOCTABIEHBI ¢ COOTBETCTBYIOMINMI

JMAHHBIMU (ABTOBOCCTAHOBJICHUE) JIJIST KasKI0T0 BpeMenn nukybanun (¥ — p<0,03; ** — p<0,01; ***

reMoryio0uH, JiJiss KOTOPOro XapaKTepHbl Ollpe/ie/eH-
HbIE KK B CIIeKTpe noraomenus. OcoOenHo Boie-
JISLICST MUK Ha ayHe BosHbl A=630 uwm. ITocie mpo-
MBIBa 9PUTPOIMTOB TO-TIPEKHEMY IIpeobiaialn
MetHb (oxouio 93%).

JlobGaBJieHre PasHOTO KOJINYeCTBA IUTOMIaBU-
Ha CYT, mpuBesio K U3MEHEHWIO CIeKTpa MorJolie-
HUSI, ¥ [IPU 9TOM HaOGJIIOAaIU KOHIIEHTPAIIMOHHYIO
3aBUCHMOCTD.

Ha puc. 2 pog NaNO, (L) v nist NaNO, (S) npu-
BEJIN CIIEKTPBI TIOTJIONEHUS CYCIIEH3U I 9PUTPOITUTOB
175t KouTposbHoit RBCCYT,u RBCNaNO,(L/S)CYT,
NI PA3JTMYHBIX KOHIEHTpAIWi 1uTodiaBuHa —
CYT,,CYT,;,CYT; u CYT,, iocjie MHKyOaluu B Te€ue-
nwue t,=1 gaca n t,,=24 gacos.

Ilng cycnensun L mocae 1 yaca mHKyOanuu ¢
HUTO(MIABUHOM HaOMIOAAIN CIIEKTPBI, XapaKTepHbIe
st MetHb nnst Becex 06pasiios (puc. 2, a,). MoxHo
caenarb BbIBOJ, 4TO CYT),55, TPAKTUYECKU He
MOBJINSIN Ha cHIKeHue MetHb.

[Tocie 24 wyacos wuHKyGanuu s oOpasia
RBCNaNO,(L)CYT,, B KOTOpbIii He K06aBJISIN
nuTodIaBuH, HaOMIONANN CIIEKTD, XapaKTePHBIN s
MetHb (puc. 2, b, xopuuneBast KpuBast). IIpousoriresn

— p<0,001).

given concentrations of NaNO, and CYT; for blood from dif-
ferent donors.

The statistical analysis of experimental data was per-
formed using the Origin software (OriginLab, Northampton,
MA). To determine unknown concentrations of hemoglobin
derivatives the fitting curve was constructed according the
scheme: Analysis — Fitting — Nonlinear Curve Fit — the
Function (1). In resulting approximation, the R-Square pa-
rameter, the quantitative representatve of the fitting level,
was determined. The R-Square parameter should be greater
than 0.98. Data are shown as the mean+standard deviation.
We used One-Way ANOVA for determining statistical sig-
nificance of effect of cytoflavin in different concentrations
on reduction of MetHb in comparison with autoreduction
values (RBCNaNO,(L/S)CYT,). Significant differences were
reported at P<0.05.

Results and Discussion

The experiments demonstrated that cytoflavin
administered into a suspension of RBC contributed to
the reduction of methemoglobin to oxyhemoglobin.
After addition of NaNO,, almost all hemoglobin mole-
cules were transformed to methemoglobin, for which
certain peaks in the absorption spectrum were specific.
The peak at the wavelength A=630 nm was most spe-
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npoiecc asrosoccranosienuss [14]. Ho on 6bLn
He3HAYUTeNbHbIM — He Gosee 2—10%.

[Tpu xoumnentpanuu nurodraBuna RBCNa-
NO,(L)CYT, ; cranu nposiBAATBCS MUKW HA JIJIMHAX
BOJIH A=542 1M u A=577 um, xapakrepusie mist HbO,
(puc. 2, b,, 3enenas kpusas). OHaKO BOCCTAHOBJIE-
uue MetHb no HbO, v Hb 6b1II0 He TOJHBIM. 3a 3TO
BpeMsl WHKYOAIMN BOCCTAHOBUJIOCH TOJBKO 59%
METTeMOTIOOUHA.

[ToBbITIeHMe KOHTIEHTPAIIUK TTUTOMGIABUHA 10
CYT,, cymectBeHHO ycuamio ah@eKT BoccTaHoBIIe-
Hust MeTreMorsio0OrHa B oopasiiax RBCNaNO,(L)CYT;
(puc. 2, b,, ronybas kpusasi) u RBCNaNO,(L)CYT,,
(puc. 2, b,, cunstss nunust). ITUKH, XapaKTepHbIE JIst
OKCHUTeMOTJIOOMHA, TIOUTH JOCTUTJIN KOHTPOJBHBIX
3HaueHul, HabmogaeMbix B obpasie RBCCYT, Ges
sozzeiicteust NaNO, (puc. 2, b,, kpacHas kpusasi). B
ATOM cJlydae ysKe BOCCTaHOBHJIOCH OKOJIO 25—27%
METTEMOTIO0MHA.

Jlnst cycmensuii S mocte 1 yaca MHKYGAIm BO Beex
006pasiax HabJIIoIa/IN CIIEKTPAIbHBIE XaPaKTEPUCTUKU
JUIST KOMOMHAIINN Pa3JIMUHbIX IPOU3BOIHBIX TEMOTJIO-
ouna (puc. 2, a,). JLns Beex xonnentpatnit CYT,,55 1
CTIEKTPBI  ObLIM  TTPUGIM3UTEIBHO OAMHAKOBBIMU €
HEeOOJIBIIUM, HO O4EBUAHBIM TUKOM 1Ipu A=630 HM. ITO
coorBetctByetr 30—40% MetHb B cycniensusix. [Tocie 24
vacoB uHKybarmu st 06pasiia RBCNaNO,(S)CYT,, 8
KOTOPBII HUTO(M/IABUH He J0OABJISAICS, STOT IIUK OCTAJI-
Cs1 HeM3MeHHDIM (pUC. 2, b, KOpUUHEBAsT KPUBast ).

[Mukwu ipu A= 542 um u A= 577 HM, XapaKTepHble
st Hb O, Hauasii yBeJIMYrBaThCs 1JIsT BCeX 00PasIoB
c urodaasunoM. [iist RBCNaNO,(L)CYT; (puc. 3, b,,
rosybas kpusast) u RBCNaNO,(L)CYT,, (puc. 3, b,,
CHHSISI KDUBas) IMKH, TUIIMYHBIE [JIsI METTEMOTIO0N-
Ha, TPAKTUYECKU UCUe3sn. B aTOM cirydae KOHIIEHTpa-
st MetHb cansumnach 1o 10—12%, Ho Habmonamm
He6oubInoi ik 1yist RBCNaNO,(L)CYT, ; (puc. 2, b,,
3esieHasl KpuBasg). IJTO cooTBeTcTBOBasO 16—18%
MetHb.

Busyasnbhbriii acdext BausgHusg uTodraBuHa Ha
Boccranosyienne MetHb no HbO, okasaH Ha puc. 3.

Ha dororpadusix mpencraBiensl cycrnensun L
KPacHBIX KJIEeTOK KpoBu B PBS, Bpemst mHKyOanuu
aputporutos ¢ CYT,, (wmm ¢ PBS) cocraBmnsano ¢,=14
(puc. 3, a) u t,,~24 4 (puc. 3, b). B reuenue t,=1 gaca
uHKyGanus urodaBrHa ¢ CyClieH3uel SpUTPOIUTOR
He BJMsiia Ha KoHteHTpanuio MetHb (puc. 4, a). Cyc-
nensust s obpasia RBCNaNO,(L)CYT,, 6bi1a 1o-
[peKHEMY KOPUYHEBOW TaksKe, Kak W il oGpasia
RBCNaNO,(L)CYT, 6e3 nutodaBuHa.

OuHako 1ocsie HHKyOaIuu B TeYeHue t,,~24 yacos
cycrien3ust ¢ 1urodaasuaom RBCNaNO,(L)CYT,,
nokpactesa (puc. 3, b), 4To HATJISIHO TOKA3bIBAET, YTO
B CYCIIEH3WH ITPOM3OIIIEJ MPOIECC BOCCTAHOBJIEHUS
MeTTeMOrJIOONHA 10 OKCUTeMoriobuHa. B To ske Bpemst
cycniensust RBCNaNO,(L)CYT, Ges uuroduiaBiHa
ocTaJIach KOPUYHEBOK — MIPOIIECC CAMOBOCCTAHOBJIEHUST
nouTH orcytcTBOBas. KonTposbras cycnensust RBCC,
6e3 nobasienns NaNO, u iuroduiasuna Oblia KpacHo

cific. Following washing of red blood cells, MetHb still
prevailed (about 93%).

The addition of different amount of cytoflavin
(CYT) resulted in changing the absorption spectra,
and the concentration dependence was observed.

Absorption spectra of RBC suspensions for ref-
erence RBCCYT, and RBCNaNO,(L/S)CYT, for vari-
ous concentrations of cytoflavin — CYT,,CYT,;,CYT;
and CYT,, after incubation during t,=1 hour and
ty,=24 hours are shown in Fig. 2 for NaNO, (L) and
NaNO, (S).

For suspensions L after 1 hour of incubation with
cytoflavin, spectra typical for MetHb were observed
for all samples (Fig. 2, a,). It can be concluded that
CYT,, 551 almost did not affect the reduction of
MetHb.

After 24 hours of incubation, for the sample
RBCNaNO,(L)CYT,, in which cytoflavin was not
added, a spectrum typical for MetHb (Fig. 2, b, brown
curve) was observed. The process of autoreduction oc-
curred [14], however it was insignificant.

The peaks at A=542 nm and A=577 nm character-
istic for HbO, (Fig. 2, b,, green curve) began to appear
for a sample with cytoflavin RBCNaNO,(L)CYT,5:.
However, the reduction of MetHb to HbO, and Hb was
incomplete. During this time of incubation, only 59 %
of methemoglobin was reduced.

An increase in concentration of cytoflavin to
CYT,, significantly enhanced the effect of reduction of
methemoglobin in samples RBCNaNO,(L)CYT; (Fig. 2,
b,, cyan curve) and RBCNaNO,(L)CYT,, (Fig. 2, b,,
blue curve). The peaks characteristic for oxyhemoglo-
bin almost reached the reference values observed in
sample RBCCYT, without the impact of NaNO, (Fig. 2,
b, red curve). In this case methemoglobin was already
reduced to about 25—27%.

As for suspensions S after 1 hour of incubation,
spectra characteristics for a combination of different
hemoglobin derivatives (Fig. 2, a,) were observed for
all samples. For all concentrations of CYT, 5 5 ,, Spec-
tra were approximately the same with a small but ob-
vious peak at =630 nm. This peak corresponded to
30—40% of MetHbD in suspensions. After 24 hours of
incubation, for the sample RBCNaNO,(S)CYT, in
which cytoflavin was not added, this peak remained
the same (Fig. 2, b,, brown curve).

The peaks at A=542 nm and A=577 nm typical for
HbO, began to increase for all samples with cytoflavin.
For RBCNaNO,(L)CYT; (Fig. 2, b,, cyan curve) and
RBCNaNO,(L)CYT,, (Fig. 2, b,, blue curve), the peaks
typical for methemoglobin almost disappeared. In this
case, the concentration of MetHb decreased to 10—12%.
However, only small peak was observed for
RBCNaNO,(L)CYT,; (Fig. 2, b,, green curve). This
peak corresponded to 16—18% of MetHb.

A visual image of the effect of cytoflavin on the
reduction of MetHb to HbO, is shown in Fig. 3.

Fig. 3 shows suspensions L of RBC in PBS. The
incubation time of RBC with CYT,, (or with PBS) was
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Puc. 3. @ororpaduu cycnensuii KpacHbIX KJIE€TOK KPOBH B KBap-
LeBbIX KioBeTax nocie aodasaenuss NaNO, u uurodaaBuna.
Fig. 3. Suspensions of red blood cells in quartz cuvettes after ad-
dition of NaNO, and cytoflavin.

Note. 1 h (a) and 24 h (). Notes under the cuvettes correspond to
different concentrations of NaNO, and cytoflavin in accordance
with equations 2—5.

IIpumeuanue. 1 1 (@) n 24 1 (b). HasBaHus KI0BET COOTBETCTBYIOT
passnunbiM KoHuenTpaiuam NaNO, u nurodaasiuna B COOTBET-
CTBUY C yPaBHEHUsIMU 2—5.

KaK UCXOJIHO, TaK 1 yepe3 24 yaca.

Itn gpoTorpaduu KaueCTBEHHO UJLTIOCTPUPYIOT
addexkT M3MeHeHUs KOHIIEHTPAIUil TTPOU3BO/IHBIX
remorsio6una. OHU COOTBETCTBYIOT KOJMYECTBEHHBIM
pesyJibraTaM 9KCIIEPUMEHTOB U PACYETOB.

Bo Bpemst peakifuii BO3MOKHO 0Opa3oBaHue cJie-
AYIOUMX MPOM3BOAHBIX remornobuna HbO, Hb,
MetHb, HhNO, MetHDNO,, MetHDNO. BoLin ucnonn-
30BaH METO/I AlMPOKCUMAIINH KPUBOIL. DKCIIEPIMEH-
TaJIbHble 3aBUCUMOCTH Dy(4)),,, N alIPOKCUMUPOBAH-
Hble Kpusbie D (4)),,,, TPEACTABIEHDI HA PUC. 4:

DA 1o =105 ; Crivo, L+em, ; Crp L+
&Mettb, CMettis L+&nbNno,1 Crono L+
EMetHbNO3, 1 CMetioNOg L+EMertibNo,1 CrettibNo L +

K+5/7; (6)

KOHHeHTpaHI/H/I IIeCTU MMPOMU3BOAHBIX TEMOTJIO-
O6uHa OBLITK OTIPEIeIEHBI ATIMPOKCUMAITHEN 9KCTIepH-

t,~1 hour (Fig. 3, @) and ¢,,=24 hours (Fig. 3, ). Dur-
ing ¢,=1 hour the incubation of cytoflavin with RBC
suspension did not affect the concentration of MetHb
(Fig. 3, ). The suspension RBCNaNO,(L)CYT,, conti
nued to keep a brown color similar to specimen
RBCNaNO,(L)CYT, without cytoflavin.

However, after incubation for ¢,,=24 hours, the
suspension with cytoflavin RBCNaNO,(L)CYT,, turned
red (Fig. 3, b) that clearly demonstrated the process of
reduction of methemoglobin to oxyhemoglobin in the
suspension. The suspension RBCNaNO,(L)CYT, with-
out cytoflavin remained brown, i. e. the process of au-
toreduction was almost absent. Reference suspension
RBCC, without addition of NaNO, and cytoflavin was
red at a baseline and in 24 hours.

These images qualitatively illustrate the effect of
changes in the concentrations of hemoglobin deriva-
tives that is in good agreement with the quantitative
results of experiments.

During reactions, the formation of the following
hemoglobin species are possible: HbO,, Hb, MetHb,
HDNO, MetHbNO,, MetHbNO. Curve fitting method
was used. Experimental relations D,(4,),,, and fitted
curves D;(4,),.., are presented in Fig. 4:

DA 1o =105 ; Crivo, L+em, ; Cry L+
&Mettib,l Crertiv L+€ensno,t Crbno L+
EMetHbNO3, 1 CMetibNOg L+EMettibNo,1 CrettibNo L +

K+S// (6)

Concentrations of six hemoglobin derivatives
were identified by best approximation of the experi-
mentally measured spectra by theoretical curves.

Fig. 4, a and Fig. 4, b show good approximation
of experimental spectra by theoretical curves for cal-
culated concentrations of hemoglobin derivatives.

The kinetics of reduction of hemoglobin deriva-
tives in the presence of cytoflavin was studied in the
experiments (Fig. 5) once every 3 hours during 24
hours of incubation (suspension L). The dependences
of changes in hemoglobin derivatives concentrations
with ¢ Fe?* — MetHb+MetHONO,+MetHbNO are
shown in Fig. 5, a. The dependences of changes in he-
moglobin derivatives concentrations with Fe* —
HbO,+Hb+HbNO are shown in Fig. 5, b.

Cytoflavin increased the concentration of Fe?*
hemoglobin derivatives and decreased concentration
Fe’* Hb.

Importantly, the action of cytoflavin developed
gradually over time. This was demonstrated by the ki-
netics of the level of significance. For each incubation
timepoint, data for each concentration of cytoflavin
CYT,;, CYT;, CYT,,were compaired to corresponding
data of CYT, (autoreduction). At timepoints ¢,=1 hour
and ¢;=3 hours, there were no significant differences
in a drug action at all concentrations of cytoflavin.

At time #,=6 hours there was no significant dif-
ference for suspension with CYT, ;, but significant dif-
ferences appeared for CYT; and CYT,, at * — P<0.05.
At a timepoint tq (9 hours) the levels of significance
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Puc. 4. CpasHenne skcnepuMenTanbHbIX Di(Ay) o1pe, M ANNMPOKCUMHPOBAHHBIX KPUBBIX Dy(4) heoy € YIETOM PACUETHBIX KOHIIEHTPAIHI
NPOU3BO/IHBIX FEMOTJIOOUHA.

Fig. 4. Comparison of experimental D;(4) ..., and fitting curves D;(4y) theor» considering the calculated concentrations of hemoglobin
species.

Note. Concentrations of hemoglobin species are shown; calculations were made by the curve fitting method. (a) CYT,, ¢,,=24 hours, 87%
MetHb, R-Square=0.998. (b) CYT,,, t,=9 hours. There was a partial reduction of methemoglobin, 51% MetHb, R-Square=0.994.
IIpumeyanue. KoHieHTpany npor3BoAHBIX reMOrJIO0MHA TTOKa3aHbl Ha KaK/0M rpaduke, oHK ObLIN PACCYUTAHBI METOOM AIPOKCH-
Mmaruu KpuBoit. a — CYT), t,,~24 u. Habmonaercs 87% MetHb, R-Square=0,998; b — t,=9 u. IIpoH3011I0 YaCTUYHOE BOCCTAHOBJICHUE MET-

remoryiobua 10 51%, R-Square=0,994.

MEHTAJTbHO U3MEPEHHBIX CIIEKTPOB TEOPETUUECKUMU
KPUBBIMU.

Ha puc. 4, a v puc. 4, b nokaszaHa anmpokcuma-
AT 9KCTIEPUMEHTAIBHBIX CIIEKTPOB TEOPETHUECKUMU
KPUBBIMU JIJIsI PACYETHBIX KOHIIEHTPAIIMI TTPOU3BOJI-
HBIX FeMOTJIOOHHA.

Uepes kakpie 3 yaca B TeUeHNE 24 4acOB UHKY-
GaIy B 9KCIIePUMEHTAX U3yJYaJu KHHETUKY BOCCTa-
HOBJICHUST ITPOU3BO/IHBIX TEMOTJIOONHA B ITPUCYTCTBUU
ruroduasuna (puc. 5) aus cycnensuu L. Ha puc. 5, a
MPE/ICTABIEHbI 3aBUCUMOCTY U3MEHEHMST KOHIIEHTPa-
Uil mpousBOAHBIX remornobuna ¢ Fe?* — MetHb+
MetHbNO+MetHbNO. Ha puc. 5, b nupeacrasiennt
3aBUCUMOCTH U3MEHEHUS KOHIIEHTPAIWI TTPOU3BO/I-
HbIX remoraobuna ¢ Fe?* — HbO,+Hb+HDNO.

[MnTodnasun yBesnInBag KOHIIEHTPAINIO TTPO-
M3BOAHBIX TeMOTJIoOnHa ¢ Fe? 1, COOTBETCTBEHHO,
YMEHbIIAT KOHIleHTparuio ¢ Fe?".

BaxHo, uto neiicTBue muTOdIaBIHA TOCTEEH-
HO PasBUBAJIOCH CO BpeMEHEM. DTO MOKET OBITh MPO-
JIEMOHCTPUPOBAHO KUHETUKOW YPOBHS 3HAUMMOCTH.
JlaHHBIC [T KasKI0U TOUKK BPEMEHU HHKYOAIIMH TTPU
orrpesiesieHHON KoHieHTpanuu rurtodiaasuna CYT, s,
CYT;, CYT,,cpaBHMBAJIN C COOTBETCTBYIOMNUMHU JIaH-
weiMu CYT, (aBToBOCCTaHOBJIeHNE). B MOMeHTHI Bpe-
Menn t,=1 yac u ¢;=3 yaca He OBLIO CYMECTBEHHDBIX
pasnuunil B apekTe mpenaparta Mpu BCeX KOHIIEHT-
panusx mutodaaBuHa.

B MoMeHT BpeMeHH £;=6 4acoB He OBLIO BbISBJIE-
HO HUKAKUX CYTIECTBEHHBIX PA3JIUIHH JIJIST CyCIIEH3UN
¢ CYT, 5, 10 nnst CYT;u CYT,, oSIBUINCH CyIIECTBEH-

became *** — P<0.001 for CYT;and CYT,,. The drug
effects at CYT,; also increased, ** — P<0.01.

Fig. 2 represents histograms of the MetHb per-
centage in suspensions of the L series (Fig. 2, a) and
S series (Fig. 2, b) depending on different concen-
trations of NaNO, and corresponding different base-
line levels of methemoglobin. At #,=1 hour, there
were no significant differences between MetHb lev-
els for all concentrations of cytoflavin ( CYT,;, CYT;
and CYT,,) compared to CYT, (Fig. 2). After t,,=24
hours, for both series, there were significant differ-
ences between group with cytoflavin and control
suspensions with no drug. Moreover, significance
level was different for different concentrations of
cytoflavin: (a) for CYT,; * — P<0.05 (for S) and
#* — P<0.01 (for L); (b) for CYT;and CYT,,, ** —
P<0.01 (for §) and *** — P<0.001 (for L).

There were no statistical differences between
values of MetHb (%) due to autoreduction in samples
after 24 hours and 1 hour, P=0.4.

In a separate experiment, it was shown that
under the action of cytoflavin, the excessive methe-
moglobin is converted to oxyhemoglobin and not to
carboxyhemoglobin. The standard methods based on
the use of sodium dithionite were employed in this
experiment. After addition of dithionite, the spectral
parameters specific for oxyhemoglobin disappeared,
and the spectrum appeared to exhibit only one max-
imum typical for deoxyhemoglobin at =554 nm.

The high level of MetHb can be reached at poi-
sonings with aniline and its derivatives, some local
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Puc. 5. Kuneruka uaMeHeHus: IPOU3BOIHBIX TeMOTIO0MHA P Pa3JIMYHbIX KOHIeHTpanusax nurodaasuna npu NaNO, (L).

Fig. 5. Kinetics of changes of hemoglobin derivatives for different concentrations of cytoflavin, for NaNO, (L).

Note. a — Species with Fe** (MetHb+ MetHbNO,+MetHbNO); b — Species with Fe?* (HbO,+Hb+HbNO). Data represent three independ-
ent experiments for each of five donors, each point is the mean, standard error of the mean is displayed as error bars. For each timepoint,
the data obtained for each concentration of cytoflavin CYT, 5, CYT;, CYT,, were compared to corresponding data of CYT, (autoreduction)
(* — P<0.05; ** — P<0.01; *** — P<0.001).

IIpumeuanue. a — npoussonnsbie ¢ Fe’* (MetHb+ MetHbNO,+MetHDNO) He ciocoOHBIE HECTH KHCAOPOJ; b — mponsBoHble ¢ Fe?*, cmo-
cobubie ieperocutsb Kucaopoa (HbO,+Hb+HbHNO). [laHHble B3SThI 13 TPEX HE3ABUCHMbIX SKCIIEPHMMEHTOB JIJIsI KaJK/I0TO U3 ISITH IOHOPOB,
KasK[[ast TOYKa — CpelHee 3HAUEHe, CTaHapPTHAS ONMMOKa CPEeTHETO 3HAYEHUsT 0TOOPAKAETCSI, KaK TOJI0CH! ommnboK. [Ipr KaskIoM BpeMeHn
MHKYOAInK aHHbIe Uit Kaskaoi kontentpaiuu utodiasuua CYT, 5, CYTs, CYT,;, Gblin cONOCTABIEHbI ¢ COOTBETCTBYIOUMMU IAHHBIMI

CYT, (aBroBoccranosienne) (* — p<0,05; ** — p<0,01; *** — p<0,001).

Hble pasandns npu * — p<0,05. 1 K t;=9 yacam ypo-
BeHb 3HauMMoOcTHu ctan *** — p<0,001 pna CYTs u
CYT,,. Taxxe Obu1 yBenueH ahPeKT IpU UCIIOJIb30-
BaHWM KoHIleHTparuu npenapara CYT, 5, ** — p<0,01.

Ha puc. 2 mpenicraBieHbr THCTOTPAaMMBI ITPOTIEHTA
MetHb B cycniensusix cepun L (puc. 2, ¢,) u S (puc. 2, ¢,)
B 3aBUCUMOCTH OT pa3HbIx KoHtienTparuit NaNO, 11 cooT-
BETCTBYIOIIETO PA3JINYHOTO HAYATBHOTO COJEPKAHUST
merremorso6una. [Tpu ¢,=1 yac He 6BIIO CYIIECTBEHHBIX
passmunii Mexkay cozepskanreM MetHb mis Beex kon-
nerrpanuii iutodaasuna — CYT, s, CYT; u CYT,, otHo-
cutensho CYT, (puc. 2). Ho niocne t,,=24 yaca ijist o6enx
cepuii HabJTIOAIN CYIIECTBEHHbIE PA3THYMS MEK/LY JaH-
HBIMU JIJIsT 0OPA3IOB ¢ IUTOMIABUHOM TI0 CPABHEHUIO C
cycriensusivu 6e3 Hero. Bosiee Toro, ypoBeHb 3HAYUMOCTH
He GBI OJIMHAKOBBIM /IS PA3HBIX KOHIIEHTPAIU IIUTO(h-
nasuna. [Tosromy mst CYT, 5 * — p<0,05 (s S) u ** —
p<0,01 (mnst L). B o xe Bpems g CYT; u CYT,,) ** —
p<0,01 (s S) m *** — p<<0,001 (msa L).

He 6bLI0 CTATUCTUYECKUX Pa3iUYMil MEKIY
cpenaumu 3Havenvsivu MetHb (%) n3-3a aBToBOCCTa-
HOBJIEHUA B oOpasiiax yepes 24 yaca u 1 yac, p<0,4.

B oriesibHOM 9K CIIEpUMEHTE OBLIO TIOKAa3aHO, YTO
METTeMOTTIOOUH € TIOMOTIILIO I TO(hIaBUHA TIPEBPAITa-
eTcsl IMEHHO B OKCUTEMOTJIOONH, a He B KapOoKcuTe-
MorsIo6uH. J1JIst ToKa3aTeIbeTBa TIPUMEHIITH CTaH/apT-
HYI0O METOJMKY, OCHOBAaHHYIO Ha WCIIOJb30BAHIN
nauTronnTa Hatpust. [locie mobOaBIeHMs TUTHOHWTA
XapakTepHBIE IJIst OKCUTEMOTJIOOWHA TTapaMETPBI CIICK-

anesthetics, nitrites and nitrates [1, 3, 6]. Due to the
development of the pharmaceutical and chemical in-
dustries, the methemoglobinemia of the exogenous
origin occurs more often [15].

In our experiments, hemoglobin was converted
into methemoglobin when erythrocyte suspension was
exposed to NaNO,, and as a result, there was a conver-
sion Fe?*—Fe’*. Under such conditions, the formation
of following hemoglobin derivatives becomes possible:
with iron Fe’* (et MetHb+MetHbNO,+MetHbNO) or
Fe?* (HbO,+Hb+HDNO) in the solution [16]. Only
HDO, of these 6 components is capable to deliver the
oxygen to the tissues whereas Hb is potentially capa-
ble to attach oxygen. Oxidative processes in the blood
lead to tissue hypoxia, to shape changes of RBC and
to distortion of the membrane nanostructure [17—19].
Exact manner in which all these derivatives of hemo-
globin interact with one another is not clear enough.
For example, possible reduction reactions were shown
in work [20]. The change in the forms of hemoglobin
was investigated not only in vitro, but also in vivo [2,
3, 14]. Reactions of conversion Fe’*—Fe?* and
Fe?*—Fe’* are associated with redox processes in the
RBC. Therefore, the addition of pharmaceuticals to
the RBC suspension, which affects the redox
processes, may also affect the interactions of hemoglo-
bin derivatives. As a result, the ratio of the concentra-
tions of hemoglobin derivatives changes significantly.
Earlier we have shown that perfluorocarbon com-

GENERAL REANIMATOLOGY, 2018, 14; 2

www.reanimatology.com

55



56

DOI:10.15360,/1813-9779-2018-2-46-59

Experimental Studies

TPa UCYE3aJIN, & CIIEKTP MMEJI TOJIBKO OJ[ITH MAKCUMYM,
XapaKTePHBIH JJIs1 IE30KCUTeMOTJIOONHA IPU A=554 HM.

Bricokoe comepikanmne MetHb B KpOBU MOKET
BO3HUKATh TIPU OTPABJIEHUN AaHUJIUHOM W €TO TIPO-
W3BOJIHBIMU, HEKOTOPBIMU MECTHBIMU aHECTETUKAMU,
HUTpUTaMu 1 HUTpaTami [ 1, 3, 6]. B cBsi3u ¢ passuTu-
eM (hapMareBTUIeCKON U XUMUIECKON TTPOMBITILICH-
HOCTH METTEMOTJIOOUHEMIISI 9K30T€HHOU 00y CIIOBIICH-
HOCTH BCTPEYaeTCst 04eHb yacto [15].

B Hammx ombITax reMorJo0HH MPEBPAIacs B
MerreMoryiobus mpu aeiictsun NaNO, Ha CyCIIeH3U0
SPUTPOIINTOB: TIPH 3TOM Fe?" iepexoanT B Fe**. B taknx
YCTOBUSIX BO3MOKHO 0GPA30BaHIE TIPOU3BOHBIX TEMO-
robuna c xesnesom Fe’: MetHb+MetHbNO,+MetHb-
NO. Taxxe B pacTBOpe MOTYT CO/IEPKAThCS W TIPO-
usBoaHbie ¢ Fe?*: HhO,+Hb+HDNO [16]. U3 s1ux 6
KOMIIOHEHTOB TOJbKO HbO, TIepeHoCcuT KUCIOPOI 1
Tosbko Hb moTeHImasbHo crocobeH MpUcoeanHUT
Kkucaopoj. Hapytierre oKucImTeIbHBIX MTPOIECCOB B
KPOBH BeZIeT K THTIOKCUU TKaHel, U3BMeHeHUTO (hopM 1
HAHOCTPYKTYPbI MeMOpaH KPacHBIX KJIETOK KPOBU
[17—19]. XapakTep B3aMMOAENWCTBUS TTPOU3BOIHBIX
reMOTJIO0MHA MMOKa HEI0CTaTOuHO siceH. Harmpumep,
BO3MOJKHBIE PEaKIMU BOCCTaHOBJeHus Fe’™ B Fe’*
Ob1IM TIOKasaHbl B padote [20]. ismeHeHue hopm remo-
rJ06MHa OBLIIO MCCIIE0BAHO HE TOJIBKO in 0itro, HO
Takxke in vivo [2, 3, 14]. Peakmuu mpeBparieHus
Fe*—Fe’* u Fe?*—Fe®* Tak wiim nHave CBSI3aHbI C OKHUC-
JINTEJIbHO-BOCCTAHOBUTETHHBIMHI TTPOIIECCAMU B OPUT-
pornuTax. [Toatomy 06aB/ieHIE B CYCIIEH3UIO 9PUTPO-
[IUTOB XUM(bapMIIPEapaToB, CIIOCOOHBIX BJUSATH Ha
OKHUCJIUTEIbHO-BOCCTAHOBHUTETHHBIE ITPOIECCHI, MOKET
TaKKe BJIUSATH M HA MTPOIECCHl B3AMMOENHCTBUS TIPO-
U3BOJIHBIX reMOTJIo0uHa. B pesyJibraTe cOOTHOIIEHIE
WX KOHIIEHTPAITUI MOKET CYIECTBEHHO M3MEHUTHCSI.
Panee Hamu GBLJIO MOKa3aHO, YTO BOCCTAHOBJICHUIO
METTeMOTJIO0MHA 10 OKCUTEMOTJIOONHA CIIOCOOCTBYIOT
nepdTopyrIepoiHbie COeMHEH NS [7].

[TonoxkurenbHoe paefictBue nuTodJaBUHA Ha
OPTraHM3M YeJIOBEeKa IMPU KapIUOXUPYPTUIECKHUX OTle-
paIusix, B IOCTOMEPAIIMOHHBIN MTEPUOJ, TPH TOCTE-
cTtBUsAX umHGapkra mozra m3BectHo ¢ 2004 ropa.
[HuTodmaBruH MMeeT TUTOMPOTEKTOPHBIN 2 dekT. OH
SIBJISIETCSI METabOJINYECKUM PETYJISATOPOM. DTOT TIpe-
Mapar OKa3bIBAeT AHTHOKCUJAHTHOE W AHTUTHUTIOKCH-
YecKoe JIeiicTBIe, TIOJIOKUTEThHOE BJIUSHIE Ha BbIPa-
GOTKY DHEPTUU B KJIETKE, yMEHbIaeT oOpa3oBaHue
cBOOOHBIX PAJIMKANOB U BOCCTAHABINBAET aKTUB-
HOCTb aHTHOKCHUIAHTHBIX (pepmeHTOB. [lnTodrasun
obJsiajlacT aHTUUIIEMUIECKUM JeHCTBIEM, YIydllaeT
KOPOHAPHbIH 1 1iepedpaibHBII KPOBOTOK, OPAHUYH-
BaeT 30Hy Hekpoaa [9, 10, 21—23].

B pa6ore [10] nmpuBeieHb KINHIYECKHE PE3YJib-
TaThl AHTMOKUCTUTENBHOTO JEeHCTBUS 1TUTO(hIABIHA
Ha OpraHu3M yesioBeka. [IpesicraBisieT HaydHbII HHTE-
pec ToKasaTh JeicTBre IUTo(hIaBUHA Ha FeMOTIO0NH
B IIPSAMOM OHO(MU3NYECKOM 9KCIIEPUMEHTE i1 0itr0. ITO
MOJKET TIO3BOJIUTH B JIAJIbHEHTIIEM PACKPBITH MEXaHU3-
MBI aHTUOKUCTUTEILHOTO JIEHCTBUS HTOTO TIPerapara.

pounds contribute to reduction of methemoglobin to
oxyhemoglobin [7].

It could be particularly useful, however, to
study biomimetic pharmaceuticals, which are similar
to natural, functionally significant components of
the body. The positive effect of cytoflavin on the
human body is known since 2004 due to clinical use
in cardiosurgeries, postsurgery and after cerebral in-
farctions and other cerebrovascular diseases.
Cytoflavin provided a cytoprotective effect. It is a
metabolic regulator. This drug has an antioxidant
and antihypoxic action, exerting a positive effect on
energy production in cells reducing the production
of free radicals and restoring antioxidant enzyme ac-
tivity. Cytoflavin has an anti-ischemic effect, im-
proves coronary and cerebral blood flow limiting the
zone of necrosis [9, 10, 21—23].

Clinical results of the studies of the antioxidant
effect of cytoflavin in the human body are presented
in a publication [10]. It was of interest to investigate
the effect of cytoflavin on hemoglobin in a direct ex-
periment in vitro. Further, these studies may reveal the
mechanisms of antioxidant action of this drug.

Pharmacological effects of cytoflavin are regu-
lated by the combined action of several components
of the formulation as described [8, 9]. The complex
formulation is composed of two metabolites (succinic
acid and inosine) and two coenzymes (riboflavin
mononucleotide and nicotinamide). The pharmaco-
logical effects of each component are well-known.
Each component contributes to the redox processes in
the RBC suspension.

Succinic acid is a key biochemical molecule. It is
employed for energy metabolism in plants, human and
animal tissue representi ng an intermediate in the Krebs
cycle. Studies have shown, however, that the role of
succinic acid goes far beyond energy processes. Antihy-
poxic and antioxidant effects of succinic acid has also
been demonsrated [9, 25].

Inosine is used in to improve the quality of the
donor blood components during long-term storage
[26]. Nicotinamide has been included as a compo-
nent of a composition for cryopreservation. Nicoti-
namide is employed for membrane stabilization and
fluidity [27]. Riboflavin mononucleotide sodium
(FMN-Na, Flavin mononucleotide) plays an impor-
tant role in oxidation-reduction reactions. Ri-
boflavin is a water soluble vitamin, also known as
Vitamin B2. In the body, riboflavin is primarily
found as an integral component of the coenzyme, one
of which is riboflavin mononucleotide sodium. There
is a significantly impared relationship between
plasma riboflavin mononucleotide sodium and ri-
boflavin in patients with critical illness [28]. Flavins
act as a cofactor in many enzymes and catalyse a
wide variety of biological reactions due to one of the
most versatile in vivo redox centers in its structure.
Organic redox active materials dissolved in elec-
trolyte materials have received increasing interest
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Dapmarosiornueckue 3GdeKThl nuTOMhIaBNHA
PEryJupyIoTCss COBMECTHBIM JIEICTBUEM COCTABJISIO-
X ero UHrpeaueHToB [8, 9]. ITOT KOMILIEKCHBIN
npenapar COCTOUT U3 JBYX METabOJUTOB (STHTApHOIT
KUCJIOTBI U UHO3WHA) U JIByX KoGepMeHTOB (MOHO-
HyKJIeotuaa proodasuia u Hukoturnamua). Ilupo-
KO U3BeCTHO (papMaKoJIOTYeCcKOe JIefCTBIE KasKIOT0
KOMIIOHEHTA 110 oTAesbHocTu. Kaxkias komMnoneHTa
croco6HA BHECTH BKJIAJl B OKMCIUTENbHO-BOCCTAHO-
BUTEJIbHBIE TIPOIECCHI, TPOUCXO/SIINE B CYCIIEH3UN
KPACHBIX KJIETOK KPOBH.

slHTapHasg KUCJIOTA SIBJISETCS KIIOYEBON OGUOXH-
MU4YecKoil mosiekysoii. IIpuposa ucrosb3yer ee st
HHEPTETUYECKOr0 METabOMN3MA B PACTEHUSX, TKAHSX
YeJIOBEKA U JKUBOTHBIX. SIHTapHAast KUCJIOTA SIBJISIETCS
POMEKYTOUHBIM TIpoyKToM 1ukia Kpebea. Vccoe-
JIOBAHUs IOKA3aJU, YTO POJib SIHTAPHON KHCJIOTHI
BBIXOJIUT JAJIEKO 3a Mpelesibl dHEPreTUYeCKUX IIPo-
1ieccoB . Takske M3BECTHO AHTUTUIIOKCUYECKOE 1 AHTH-
OKCH/IAaHTHOE JIHCTBUE SHTAPHOI KUCIO0THI [9, 25].

VHO3UH MCIIOJIB3YIOT B PACcTBOPAX C IIEJIBIO
MOBBIIIEHNS KAYeCTBA KOMIOHEHT JOHOPCKON KPOBU
[IPU VTN TEbHOM Xpaneruu [26].

Hukoruuamu, npeaHasHadeHHbId Juis cTabu-
JIA3AIN MeMOPaHBI IPUTPOIIUTOB U TEKYIECTH KPOBH
[27], BkJTIOUEH B cOCTaB /1J1I KPUOKOHCEPBAIIUN.

Momnonyxieorns pubodaasuna narpust (FMN-
Na, moHonyxkJeoT 1 (praBUHA) UTPAET BAXKHYIO POJIh
B OKHUCJIMTEIbHO-BOCCTAHOBUTEJNBHBIX PEAKIUSIX.
PuGodiaBun — 3TO BOAOPACTBOPUMBIH BUTaMUH,
TaK)Ke U3BeCcTeH Kak ButaMud B2. B opranusme puto-
(b1aBUH BCTpevaeTcst Mpeskiie BCET0 KaK HeOTheMJie-
MBIl KOMIIOHEHT KO-(hePMEHTOB, OJIHUM U3 KOTOPBIX
SIBJISIETCST MOHOHYKJIeOTH T pubodaaBrHa HaTPUsL.
CyliecTByeT 3HAYUTEJNbHOE HAPYIIEHUE COOTHOIIIe-
HUST MEX/IY [1JIa3MEHHBIM MOHOHYKJIEOTHIOM prbOo-
(dhaaBuna HATPUA U PUOGOMGIABUHOM Y TAIMEHTOB B
KPUTHYECKUX COCTOSTHUSIX [ 28]. D1aBuHbI 1eHCTBYIOT
Kak Ko(aKTop BO MHOTHX (DePMEHTAX, KOTOPbIE KaTa-
JU3UPYIOT caMble Pa3HOOOpasHbie OUOJOrMYEeCKUe
PeaKInu U COJIeP:KAT OJIIH U3 CAMBIX YHUBEPCAIbHBIX
OKHCJINTEJIbHO-BOCCTAHOBUTEIBHBIX IIEHTPOB i1 Viv0.
Wcnonb3oBanne opraHnyecKux OKUCIUTETBHO-BOC-
CTAHOBUTEJIHHBIX AKTHBHBIX BEIECTB, PACTBOPEHHBIX
B AJIEKTPOJIUTAX, IPHOOPETAET BCe BOIbINIIT MHTEPEC
JUIS CO3/IaHMsT CTaOUIIbHOI GOMUMETUYECKOI ChCTe-
MBI AaKKYMYJIUPOBAHUSI 9HEPTUN — OKHCJIUTETIBHO-BOC-
CTaHOBUTEJIbHBIX OaTapeii [29].

Taxum 06pa3oM Bee 4 KoMIIOHeHTa UTOhIaBUHA
MOTYT BHECTH BKJIAJ] B OKUCJIUTEIBHO-BOCCTAHOBHUTEI b~
HbI€ [TPOLIECCHI, IPOUCXOISIIINE C TPOU3BOHBIMI F€MO-
riobuna. BoamMoxkHO, MX KOMOUHUPOBAHHOE JIEHCTBIE
U TIPUBEJIO K SIBJIEHUIO BOCCTAHOBJIEHISI METTEMOTJIO-
GUHA 10 OKCUTEMOTIOONHA B IPUCYTCTBUM TIUTO(IA-
BuHa. [Ipn aTOM BO3MOKHO /IBA [Ty TH BIMSHUS ITUTOD-
JIABHMHA HA IIPOLIECCHI TIpeBpalieHuii skesesa Fe?*— Fe?*.

Hemnocpencrsennoe xuMuveckoe yyacTie MoJe-
KyJI KOMIIOHEHT IIUTO(hJIABUHA B I[EIIOYKAX OKUCJIIH-
TEeJIbHO-BOCCTAHOBUTEJIBHBIX ITPOIIECCOB. JTO BIUSHUE

for creation of stable biomimetic energy storage sys-
tem, i.e. redox flow batteries [29].

All four components of cytoflavin are capable to
contribute to redox properties of hemoglobin deriva-
tives. Presumably, a combined effect of cytoflavin
components might lead to the reduction of methemo-
globin to oxyhemoglobin in the presence of cytoflavin.
In this case, there are two possible ways of the influ-
ence of cytoflavin on the processes of iron conversion
Fe?t—Fe?*.

Direct chemical involvement of cytoflavin com-
ponents in a redox processes is possible. This influence
can be similar to that of methylene blue or ascorbic
acid used in the treatment of methemoglobinemia [5].

Binding of cytoflavin components to active oxi-
dation centers, thereby participating in the inhibition
of oxidation processes.

To calculate the concentrations of hemoglobin
derivatives, the Nonlinear Fitting method was used for
the approximation of the experimental spectra. Good
agreement between the theoretical data and the exper-
imental data with the coefficient R-Square > 0.99 was
obtained. The theoretical data agreed not only in the
description of the spectrum, but also in the estimation
of the residual K level.

The antioxidant property of cytoflavin was
demonstrated in our work for the first time in a di-
rect biophysical in vitro experiment. For this pur-
pose, blood from healthy donors was used as
control exhibiting initially normal concentration of
oxyhemoglobin and methemoglobin. The situation
of using already initially poisoned blood containing
a large amount of methemoglobin was excluded.
The use of cytoflavin in this model experiment led
to the reduction of excessive methemoglobin to
oxyhemoglobin. In this case, the reduction effect of
cytoflavin occured only if the methemoglobin was
located inside the cell. The effect of NaNO, on free
hemoglobin in distilled water led to the appearance
of methemoglobin. However, in this case, the addi-
tion of cytoflavin did not result in a reduction of
methemoglobin to oxyhemoglobin. This interesting
phenomenon will be studied in details in future ex-
periments.

Performed experiments might contribute to fu-
ture studies validating the role of cytoflavin in blood
recovery after acute poisoning. Clarifying the role of
separate components of the drug would contribute to
mechanistic studies of cytoflavin action.

Conclusion

The revealed effects may have a fundamental
and practical application. Based on results with
cytoflavin it would be possible to study and develop
pharmacological methods for reduction Fe** to Fe?*
in blood. Cytoflavin can be used directly in treat-
ment of methemoglobinemia in clinics. It would be
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Experimental Studies

MOJKET ObITh aHAJOTUYHO AEHCTBUIO METHJIEHOBOTO
CHHETO UJIN aCKOPOUHOBON KUCJIOTBI, UCIIOJb3YEMbIX
[PH JICYCHUH MeTreMoriobuHeMun [5].

CBsi3pIBaHUE KOMIIOHEHTOB IUTOMJIABUHA C
AKTUBHBIMU OKHMCJIUTEJIbHBIMU TleHTpaMu obec-
MEeYnBaeT ydyacTue B MHTHOUPOBAHUU MPOIECCOB
OKUCJIEHUSI.

[l pacuyeToB KOHIEHTPAIUIl [POU3BOIHBIX
remorsio6uHa ucnosbzosad Merox Nonlinear Fitting
st 06paboOTKN  IKCHEPUMEHTATbHBIX  CIIEKTPOB.
[Tosnyueno xopoiliiee COrJiacOBaHUE TEOPETUYECKUX
JNAHHBIX C 9KCIIEPUMEHTATBHBIMU ¢ KO3hdUIIEHTOM
R-Square > 0,99. Teopernueckue aHHbIe COTIACOBA-
HBI He TOJIbKO B OIIMCAHUU CIIEKTPA, HO U B OIIEHKE
0CTaTOYHOrO ypoBHs K.

B nareii pa6ore BriepBbie MOKa3aHO aHTHOKKC-
JIUTEIbHOE CBOMCTBO MUTO(MIABUHA B TIPSMOM GHO-
(pusuueckom akcriepumente in vitro. Kposb ot 3710-
POBBIX JIOHOPOB HCIOJb30BAIMU JIJIT TOTO, YTOObI
M3HAYAJIBHO MMETh HOPMAJIbHYIO KOHIIEHTDPAIIHIO
okcuremorsiobuHa u MmerremMoriobuna. Memnoab3osa-
Hue nuTodIaBUHA B JAHHOM MOJEJTbHOM 9KCIEPH-
MEHTE MPUBEJIO K BOCCTAHOBJIEHUIO METTEMOTIOOUH
1o okcuremoryaobuna. IIpu aToM BoccTaHaBIMBATO-
muii apdext murodaaBuHa MPOUCXOIUT TOJBKO,
ecJau MeTTeMOTJIOONH HAXOIUTCS BHYTPU KIIETKH.
Bospeiictsue NaNO, na ¢cBoOOAHBINA reMori106uH B
MUCTUJLTIPOBAHHON BOJIE TPUBOIMIIO K BOSHUKHOBE-
Huio Merremorsaobuna. Oauako pgodasienue UTOGh-
JIABUHA B 9TOM CJIy4ae He MPUBOJIUJIO K BOCCTAHOB-
JIEHUIO METTeMOTJIOOUHA 10 OKCUTEeMOTIo0HA. ITO
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also important to validate the use of the drug during
the storage of donor blood, in blood transfusion and
for the development of blood substitutes. Clarifica-
tion of the molecular mechanisms of the protective
action of cytoflavin and determining its protective
patterns when using various chemical oxidants
seems a promising area of translational studies.

WHTEpeCHOe ABJeHUe GyAeT AeTalbHO M3YYEHO B
OYIyIUX 9KCIIEPUMEHTAX.

[Tpopenannbie HaMU HKCIIEPUMEHTDLI MOTYT CTaTh
OCHOBOM JIJIS1 NCCIIEZI0BAHNS BO3MOXKHOCTH UCIIOTIbH30-
BaHMs IUTO(IaBUHA JIJI1 BOCCTAHOBUTEIBHBIX 11PO-
I[ECCOB B KPOBU ITAIIMEHTOB C OCTPBIMU OTPABJICHUS-

MU, TaK>Xe H]IB.HI/IpyeTCH I/ISy‘II/ITb ﬂeﬂCTBI/Ie
OT/IEJIbHBIX KOMIIOHEHT Ha 3TOT Hpouecc.
3akiouyeHue

[Tokazaunslii achdekT MOKeT UMETh Kak pyH/1a-
MEHTAJIbHOE, TaK U MPAKTUYECKOe IPUMEHEHUE.
[TurodraBur MOKET OBITH MCIOIB30BAH HEIOCPE/I-
CTBEHHO TIPU JIEYCHUW METTEMOTJIOOMHEMUY B KJIMHU-
Ke. Takke BaxKHO Oy/IET MCIOJIH30BATH €TI0 BO BPEMsI
XpaHeHusI IOHOPCKON KPOBU, IIPU MIPOBEJEHUN TeMO-
Tpanchysuu u npu pazpaboTke KpoBezaMeHUuTe el
Becbma repcrieKTUBHBIM TaKiKe sIBJISIETCS] U3YUeHUe
MOJIEKYJISIDHBIX MEXaHU3MOB IIPOTEKTOPHOrO Jieii-
CTBUS IUTOMJIABUHA TIPU IIUPOKOM CIIEKTPE 9K30T€H-
HBIX OTPABJICHMUIA.
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