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B PE3IOME

BeepeHne. OkucnutensHblit CTpecc ABASETCS OAHOM U3 MPUYMH MOBPEXAEHUS SPUTPOLMTOB NPU XPaAHEHUU. MenaToHumH
(MT) sensetca a3dbdbekTUBHBIM QHTUOKCMAAHTOM, OBHAKO NPO- M OHTUOKCMAGHTHbIE CBOMCTBA MT 3aBMCAT OT TMNA KNeTOK,
OKMCNUTENBHO-BOCCTAHOBUTENIBHOMO COCTOSIHMS, O TAKXE SKCMEPUMEHTASNbHBIX YCIOBUHM.

Lenb pabotbl — M3yunTh BAMAHME HM3KOM KoHUeHTpaumn MT Ha mopdonoruio, arperaumio, OKUCIUTENbHbBIM CTpecc
M METABONM3M FIOKO3bl SPUTPOLUTOB NMPU UX JONTOBPEMEHHOM XPAHEHMUM.

Marepuansl u metopbl. JleiikopunsTPOBAHHbIE SPUTPOLUTLI MHKYOUpPOBAnHM B TedeHne 42 fHel B ycrnosusax BaHka Kposu
B nobasounoit cpeae MAP ¢ MT (150 nr/mn) u 6es MT. dns euisenenus npotektusHoro adpdexkta MT npu xpaxeHum
SPUTPOLMTOB M3Y4anu MOpdONOruio SpUTPOLMTOB, OrPEraLMOHHbIM MHAEKC, KOHLEeHTpauuu metremornobuHa (MetHb),
manonosoro guansgernaa (MOA), riokossl, mouesoit kucnotsl u ATD & sputpountax B anm O, 7, 14, 21, 28, 35 n 42.
Pesynbratel. Ha konuyecteo nepopMUPOBAHHBIX SPUTPOLMTOB, OTHOCUTESNIbHYIO CKOPOCTb FEMONIN3A, MHAEKC Arperaumm,
koHueHTpaurn MOA u MetHb sHauntensHo Bnuanm kak epems xparenus (p<0,0001), Tak u Hannume menatorunHa (p<0,01),
WX B3OMMHOE eiCTBME BAMSIO TOMbKO HA KONMYecTBo fedbopmrpoBaHHbix aputpouutos (p < 0,0001). Ha koHueHTpaumio
FNIOKO3bl, MONOYHOM KncnoTsl M ATD snuano epems xparerus (p < 0,0001), Ho He koHueHTpaumns MT (p > 0,05). Konnuectso
AedOPMUPOBAHHBIX SPUTPOLMTOB, OTHOCHTENbHAS ckopocTb remonunaa, MOA u MetHb B rpynne MT 6binn sHaunTensHo
HWXXE, YeM B KOHTPOIbHOM rpynne B KOHLe cpoka xpaHenus (p < 0,05).

3aknioyeHune. Huskne koHueHTpaumn MT okasbiBanu NpoOTEKTUBHbIA 3PEPEKT HA KAYECTBO XPOAHWUMBIX SPUTPOLMTOB
6narofaps AHTMOKCUMAAHTHOMY 3 deKTy.
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BN ABSTRACT

Introduction. Oxidative stress is one of the important causes of red blood cells (RBCs) storage lesion. As a hormone, melato-
nin (MT) is also an effective antioxidant, however the pro- and antioxidative properties of MT depend on the cell type, redox
state, as well as experimental conditions.

Aim of this study — to investigate the protective effects of low concentration of MT on the stored RBCs in vitro.

Materials and methods. Leukofiltered RBCs were incubated in MAP RBC additive solution with or without 150 pg/mL of MT
for 42 days under blood bank conditions. The morphology, aggregation index, methemoglobin (MetHb), malondialdehyde
(MDA), glucose, lactic acid and ATP of RBCs were detected on days O, 7, 14, 21, 28, 35 and 42 to observe the protective
effects of MT during the storage of RBC:s.

Results. During RBCs storage, the number of deformed RBCs, relative hemolysis rate, aggregation index, MDA and MetHb
were significantly affected by both storage time (p < 0.0001) and melatonin (p < 0.01), and they had interaction only
on the number of deformed RBCs (p < 0.0001). The concentration of glucose, lactic acid and ATP were affected by storage
time (p < 0.0001), but not by MT concentration (p > 0.05). The number of deformed RBCs, relative hemolysis rate, MDA
and MetHb in MT group were significantly lower than that in control group at the end of storage stage (p < 0.05).
Conclusion. Our study showed low hypnotic drug concentration of MT is speculated to have protective effects on the quality
of stored RBCs through antioxidative mechanism.
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BBenenune

Tpchd)ysmn SPUTPOLIMTOB SIBJISIIOTCS Ba>KHOM COCTaB-
HOM 4aCTbI0 MHTEHCMBHOW Te€panuy U 4aCTO UCIOJIb3yI0TCS
v GOJIBHBIX C OCTPOM MaCCUBHOI KPOBOIIOTEPEM, 0XKoramu,
aHeMUel, XUPYyPruyeCKMM BMeIIaTeIbCTBOM, 3JIOKAYeCT-
BEHHBIMM HOBOOOPA30OBAHUSIMM M TSIXKEJIBIMU TPABMAaMM.
Onu HesaMeHUMBI AJisl yJlydlleHus CHabKeHUsl KUCJI0po-
JIOM, COEHCTBYIOT KOATYJISIIMY, CIACalOT )KU3Hb OOJIBHBIX.
OpHako KOHIEHTPATHI SPUTPOLIUTOB IIPU XPAHEHUH (11 VLLT0
[peTepeBaOT Psifi OMOXMMUYECKUX U MOP(OIOrnIecKUX

Introduction

Transfusion is an important medical practice of fluid
resuscitation, and this service is commonly used for pa-
tients with acute massive blood loss, burns, anemia, sur-
gery, malignancies, and severe trauma. It has an irre-
placeable role in significantly improving oxygen supply,
promoting coagulation, and saving lives. The concen-
trates of red blood cells (RBCs) during 2 vitro storage
undergoes a series of biochemical and morphological

changes, 1. e., the RBCs storage lesions [1-2], which
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uamenenunii [1-2], koropble NpPUBOAAT K NOBPEXAEHUIO
MeMOpaH 9pUTPOLMTOB, YMEHBLIAIOT MX (PyHKIMOHAb-
Hble cBoiicTBa. [loaTomy B mocienHue roasl mpobsemsl
YILydIIEHUs] Ka4eCTBA XPAHEHUS M MPOAJIEHUs BPEMEHU
XpaHEHUs JPUTPOLUTOB CTAJIM TEMAaMW MHOTMX HCCJIe-
noBanuii. VcromeHnne sHeprum M OKMCIMTENBHOE MOBpe-
YKIAEHUe SBJISIIOTCS KJIoYeBbIMU (PaKTOpaMu paspylieHus
apuTpouuToB B npouecce xpanenus [3—4]. [lna ymenbiue-
HUS OKMCJIUTESBHOTO MOBPEXEHUSI B PACTBOP A00aBJs-
10T aHTHOKCUAAHTHL. B HacTosiliee Bpems mmerorcs: coob-
HeHnsi 06 MCMOJb30BAHUM DHOTEHHBIX aHTUOKCHIAHTOB,
rakux kak suramuH E [6], Buramun C [6-7], ruyraTnon
[8-9] u N-aunernnuumcrenn [10], u HexoTOpsIX 5K30TrEH-
HBIX (PeHOTBHBIX coequHennii, Takux kak mponodosn [11].
HobaBienne OONBIIMHCTBA M3 OTHUX AHTHUOKCHAAHTOB
YJLy4IIAeT B ONPEAEJEHHON CTENeHN KadeCTBO XPAHEHMS
OPUTPOLMTOB, HO HE MOKET MOJHOCTBIO MPOTUBOAEUCT-
BOBATb CHJIBHOMY OKHCJIMTEJBHOMY IOBPEXKIEHUIO. JTO
[POMCXOAUT MOTOMY, YTO CYILUECTBYET MHOI'O PAa3HBIX BH-
[OB CBOOOIHBIX PAIMKAJIOB, U €IMHCTBEHHBII MOIJIOTUTEDb
CBOOOAHBIX paguKagoB He MoxeT 3(PdeKTUBHO OJIOKU-
posaTh nosmmopdHy0 HenHyto peakuuio. s pemenus
aTOi npobsembl ObLIM U3y UeHbl 3amuTHBIE 9 deKThl BUTA-
muna C [10, 12], suramuna E [5, 12], nucrenna [13] n ux
xombunanuii [10]. [Ipu ucnonbszosanuu Beex ux GwaU 10-
CTUTHYTBI HEKOTOPbIE AaHTUOKCUAAHTHBIE 3¢ deKThI 3a cUeT
MOIVIOIIEeHU s TUAPOKCUJIbHBIX PaJMKaJoB, cTabuausanuu
KJIETOYHOM MeMOPaHbI U MOIVIOIEHH S HQOQ. Opnnako BuTa-
mun C moskeT OBbITH JIETKO OKMCJIEH cam 1o cebe, 1 3puTpo-
LUTBI OYAYyT AOMNOJHUTENHHO MOBPEXAeHbl 0bpasoBaHueM
cBobonHbIx panukasos. Kpome Toro, anaurusnbie pactso-
pot Butamuna C, nucrenHa u miyraTMoHa BOAOPAaCTBOPH-
MBI, U MOTOMY MX MOXXHO JIETKO PACTBOPUTb, HO TPY/IHO
BBECTHM B SPUTPOLUTHL. B mpoTnBonososkHoCTs aTOMY, HC-
HOJIb3yeMbId B KadecTBe JMNO(MUIBHOIO aHTUOKCHUAAHTA
ButamuH E Mo>keT nmocTynarsb B KJIETKY, HO €ro TPy/AHO pac-
TBOpUTHL B pactBope. Vayuenue agautuBHBIX pacTBOpOB
IIPOBOJAMTCS YK€ MHOIO JIET, HO, HECMOTPSI Ha 9TO, CUTya-
LMSI C MOBPEXXAEHUEM dPUTPOLMTOB IIPU XPAHEHNUU CYIIe-
CTBEHHO HE yJLy4IINJIACh.

Menaronun (MT), taxke ussectuniii kak N-ameTus-
5-MeTOKCUTPUNTAMUH, MPEACTaBJaseT CcobOOH TrOpPMOH,
CUHTE3UPYEMBIA U CEKPETHUPYEMBbIH IIMIIKOBUAHOM >Ke-
nesoit [14]. On obaapaer mmpokum crnexrpom pusanoso-
rM4ecKux (PyHKLMI W BAMSET HA OMOJIOTMYECKUE 4achl,
Pery/auMpyeT UMMyHHYIO CHCTEMY U OKa3bIBA€T AHTHOK-
CHUAHTHOE AeHCTBUE, AEHCTBYS KaK MPSIMOM IMOIJIOTUTEIb
CBOOOHBIX PAJMKAJIOB, & TAK)KE ILyTEM IOBBILIEHUS DKC-
MNPEeCCMM M aKTUBHOCTU 9HIOTNEHHBIX AHTHUOKCHIAHTHBIX
dbepmentos [15-16]. Kpome Toro, MT moxer okaseiBarh
AHTHOKCH/IaHTHOE AEHCTBME Ha MeMOpaHy W Ha LUTO-
301 U3-3a ero JUnoUIbHBIX U IMAPOPUIBHBIX CBOACTB.
Beuny srtoro npeanonaraercs, aro MT mosker siButbcs
MOJIE3HBIM a/JIUTUBHBIM PACTBOPOM [J1s1 XPAHEHUsI KOH-
LIEHTPATOB 9PUTPOLIUTOB.

leads to reduced survival rate of RBCs. Therefore, it is
necessary to improve the storage quality and prolong
the storage time, and these have become the hot re-
search topics in recent years. Energy depletion and oxi-
dative damage are the key factors of RBCs lesion dur-
ing the storage [3—4]. To reduce oxidative damage,
some antioxidants were added into the additive solution.
Currently, the endogenous antioxidants such as vita-
min E [56], vitamin C [6-7], glutathione (GSH) [8-9]
and N-acetylcysteine [10], and some exogenous phenolic
compounds, such as propofol [11], have been reported.
The addition of most of these antioxidants could im-
prove the storage quality of RBCs to a certain extent
but could not completel_y counteract the strong oxidative
damage. This is because there are many kinds of free
radicals, and the single free radical scavenger cannot ef-
fectively block the polymorphic chain reaction. To solve
this problem, the protective effects of vitamin C [10, 12],
vitamin E [5, 12], cysteine [13] and their combination
[10] were studied. All of these have achieved some an-
tioxidative effects by scavenging hydroxyl radicals, sta-
bilizing cell membrane, and scavenging H,O,, respec-
tively. However, vitamin C can be easily oxidized by
itself, and the RBCs were further damaged by generated
free radicals. In addition, the additives of additive solu-
tion, vitamin C, cysteine, and glutathione (GSH) are all
water-soluble, and so they can be easily dissolved, but
it’s difficult for them to enter RBCs. In contrast, as a li-
posoluble antioxidant, vitamin E can enter the cell, but
is difficult to dissolve in the additive solution. The study
of additive solution has never stopped, and also the dam-
age of RBCs during storage has not been substantially
improved.

Melatonin (MT), also known as N-acetyl-5-methoxy
tryptamine, is a hormone synthesized and secreted by
pineal gland [14]. It has a wide range of physiologi-
cal functions and influences biological clock, regulates
immune system, and has antioxidant actions that can
act as a direct free radical scavenger or by increasing
the expression and activity of endogenous antioxidant
enzymes [15-16]. In addition, MT can exert antioxi-
dant effects in the membrane as well as c_ytosol because
of its lipophilic and hydrophilic properties. In view
of this, MT is speculated to be a better supplement
for storage of RBCs. Some studies have shown that
the pro- and antioxidative properties of MT depended
on the type of cells, redox state, as well as experimental
conditions [17]. The human serum MT concentration is
lower during the day (10-20 pg/mL) and significantly
higher at night (30-120 pg/mL), which reaches its peak
at about 3:00 am [18]. The general hypnotic-curing oral
dose of melatonin is 1 to 3 mg, and the blood drug con-
centration achieves more than 1.9 ng/mL after 1 hour.
M.R. Sekeroglu et al. [11] have shown that 500 pg/

mL MT could prevent the accumulation of malondial-
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Hexoropsie nccienoBanus nokasanu, 4To npo- U aH-
TuokcunanTHele coiictBa MT 3aBucenu or Tuna kie-
TOK, OKUCJIMTEJbHO-BOCCTAHOBUTEJIBHOIO COCTOSIHUS,
a Taxyxe ycuoBuil sxcrnepumenra [17]. Konuenrpauus
MT B ceiBopoTke uenoseka auem Huxe (10-20 nr/mu),
a noubto Bbime (30-120 nr/ma), mocrturas nuxa npwu-
mepHo B 3 uaca yrtpa [18]. Obmas nepopanbnas nosa
MT, ucnonbayemoro B kayecTBe CHOTBOPHOIO Ipenapa-
Ta, cocraBaser oT 1 go 3 mMr, KOHLEHTpauus JeKapCT-
BEHHOI'O CpeJCTBa B KpPOBM jpocturaet bosee 1,9 ur/ma
gepes 1 wac. M.R. Sekeroglu u coasr. [11] nokasannu,
aro MT B konuenrpanuu 500 nr/ma mosker npegorepa-
maTh HakomJeHue maJsoHosoro nuasabaeruga (IMJ/A)
M COXPAaHSTh KOHLEHTPALUM IJIyTATHUOHA, IJIyTATHOH
NEPOKCUAA3BI U CYTIEPOKCUA AUCMYTA3bl, HO HE BJIUSET
Ha karanaszy spurpouunrtos. M. Allegra u coasr. [19] no-
kasanu, utro MT He Tonbko npegorspaiaer BoipaboTKy
MJIA, HO ¥ npenoTBpalaeT MNOBPEXAEHUE IPUTPOLU-
toB, BeideiBaemoe MJIA. B nHexoropsix mccnepoBanu-
aX coobumasoch 06 OrpaHUYEHHONH aHTMOKCU/IAHTHOM
aktuBHoctu MT [20] nau naske npuBoamaucey noxkasa-
TEJbCTBA €ro MPOOKUCIUTENbHBIX cBOUCTB [21-24].

Ilens HacTosimeit paboTbl — M3YyYHUTH BAUSHUE HU3KON
xonnentpaunu MT na Mopd)onormo, arperaiyp, OKHC-
JIMTEJbHBIA CTpecc U MeTaboaM3M IVII0KO3bl 9PUTPOLIUTOB
NpU UX AOJTOBPEMEHHOM XPaHEHUH.

Marepuaibr 1 meTonsl

Céop u nodzomosra npo6

Nccnenosanue 6b1710 01060peHO KOMUTETOM IO ITHUKE
Menuunnckoro konnemxa baoroy. beliu pexkpyruposa-
HbI 6 3710pOBBIX 106pOBObIEB B Bodpacte 18-23 net. Bee
AOOPOBOIBLBI NEepe] cAadeil KPOBM MOANMUCAIU MHEPOP-
MHUPOBAHHOE COIJIACHE, Y Ka)X[Or0 M3 HUX OBLIO B3SATO
o 200 mu nensnoit kposu. [locne nefikopennenun spu-
TPOLMTHI pecycreHanposaau ¢ nomouipio 50 ma pacreo-
pa MAP (aumonnas xucsora 0,20 r, auruapar uurpara
narpus 1,50 r, rmokosa 7,93 r, nuruapodocdar narpus
0,94 r, xnopun marpus 4,97 r, anenun 0,14 r, manuut
14,67 r B xaxxkppix 1000 msn pacrBopa). OpurpounTs
OCTOPO’KHO MEPEMEIIMBAJIM, a 3aTEM PABHOMEPHO pac-
npenesasau no Asym nakeram. OCHOBHBIM KOMIIOHEHTOM
nakeTa KpPOBU SBJSJICH NAaCTUDUIIMPOBAHHBINA TOJIH-
sunuaxgaopus (I1BX) ¢ nByxsrunrexkcunossim adpupom
(DEHP) (meanumnckue nmosmumepHble MPOAYKTHI IPyII-
nel Shandong Weigao Co., Ltd, llansayn, Kurait). MT
nobasasin B onun mewok (rpynna MT) nna nocruske-
HMSI KOHeYHOH koHueHTpauuu 1560 nr/ma, B apyroi me-
ok fobaBnsisu paBHbll 00bem pactBoputens 6es MT
(koHTpOJIBHASL Tpynna). OPUTPOLUTHl 3aTEM XPAHUIU
npu 4 + 2 °C. Ilpu cpoke xpanenus 0, 7, 14, 21, 28, 35
u 42 pHA M3 KaXKIOro makeTa MOCJIE OCTOPOXKHOIO CMe-
IIMBaHUSI CyCHeH3uu otbupanu no 5 ma obpasua Kposu
Y HAIIPABJISIJIN AJISI UCCIIELOBAHMSI.
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dehyde (MDA) and protect GSH, glutathione peroxi-
dase and superoxide dismutase levels, but did not affect
the catalase levels of RBCs. M. Allegra et al. [19] have
shown that MT not only prevents MDA production,
but also prevents damage of RBCs caused by MDA.
Some studies have reported the limited antioxidative
activity of MT [20] or even provide evidence for its
pro-oxidative properties [21-24].

Aim of this study — to investigate the long-term preser-
vation effects of low hypnotic drug concentration of MT
on the morphology, aggregation, oxidative stress and me-
tabolism of glucose in stored RBCs.

Materials and methods

Sample collection and preparation

This study was approved by the Ethics Committee
of Baotou Medical College. Six healthy volunteers aged
18-23 years were recruited, and informed consent form
was obtained before blood donation. 200 mL of whole
blood was collected from each volunteer. After depletion
of white blood cells, the packed RBCs were resuspend-
ed in 50 mL. MAP solution (citric acid 0.20 g, sodium
citrate dihydrate 1.50 g, glucose 7.93 g, sodium dihydro-
gen phosphate 0.94 g, sodium chloride 4.97 g, adenine
0.14 g, mannitol 14.57 g in each 1000 mL additive so-
lution). The RBCs were gently mixed and then evenly
distributed in 2 blood bags, the main component of the
blood bag is 2-ethylhexyl ester (DEHP) plasticized
polyvinyl chloride (PVC) (Shandong Weigao Group
medical polymer products Co., Ltd, Shandong, China).
MT was added in one bag (MT group) to reach a final
whole blood concentration of 150 pg/mL, and an equal
volume of MT solvent was added in the other bag (con-
trol group). These RBCs were then stored at 4 + 2 °C.
At shelf-life of 0, 7, 14, 21, 28, 35, and 42 days, 5 mL
of blood sample was taken from each bag after gently
mixing the suspension.
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Onpedenenie mopghonozuu spumpoymos

Cycnensuio spurpouutos obbemom 50 MK MCHosb-

30BaJM OJisd M3roToOBJIEHMS Ma3Ka KpOBMH, KOTOprﬁ

okpammBaau 1o l'umae. Mopd)onorn}o 9PUTPOLIMTOB
uccaenosanu nox mukpockonom (yseanuenue x100), xo-
Au4ecTBO AePOPMUPOBAHHBIX SPUTPOIIUTOB MOACUUThHIBA-

au na 1000 spurponuros.

OllpegeﬂEHLLE uu&mca azpecauiLil 3punpoLiLnios

st ompeneneHust arperanuy 9pUTPOLIUTOB HCIIOIB30-
Basu aBromarndeckuil peomerp xkposu LBY-N6C.

0/1/]696/[6/—![[6 ONMHOCUINETLbHOLL CKOpOCUL 2eMOJLU3a

Cycnensuio spurpountos obbemom | mua uenrpudy-
ruposanu npu 3000 06./mun B Teuenme 5 munH. 3arem
oroupanau 200 mks cynepHaraHTa u pasbaBiasiM AEUO-
HusuposaHHoi Bogoil. C nomoruiso MHOrodyHKIIMOHATb-
Horo cuutbiBatenss mukporuanmeros (Thermo 3001)
onpepessau morsioumenue B cynepHaranre npu 540 mm.
[Tornomenue 50 pasz pazbaBieHHOro reMosM3aTa UCHOJb-
30Ba/IM B KAa4eCTBE JTAJOHA, OTHOCUTEJBHYK CKOPOCTBH
reMoJIn3a KajkX[oro obpasna pacCUMUTHIBAJIU, UCIOJb3Ys

bopmyury:

OrtHocutenbHas CKOpPOCTb reMonin3a = nomoLlexHne o6pc13ua/nornomeHMe 3TANIOHA.

IIPUBEACHHY O HUKE

Onpedenenue memeemoznobuna (MetHb), enroroset
UL MOLOUHO KILCOMbL

Konnenrpauuio MetHDb, riroxoasr 1 Mo109HON KHUCIOTHI
OIpeesIslIv € IoMoLLbIo rasdoanaaunsaropa kposu ABL 90.

Onpedenenue pH, M/[A u ATD

pH obpasua kposu onpenesnsnmu ¢ UCNOAL30BAHUEM U3~
meputensi Mettler Toledo. Konnenrpanuio M/IA onpene-
JSJIM B COOTBETCTBMM ¢ MHCTpyKuusimu Habopa (SO0131,
WNucruryr 6Guorexnonoruu beitoruma). Copeprxanue
AT® B spurpounrtax onpenesstiv B COOTBETCTBUU C Ha-
6opom nasa obuapyxenus ATD (50027, Mucturyr Guo-
texHosoruu beiioTuma).

Cmamucmuueckui anaru3. JIas craTucTMkM M aHaIusa
AAHHBIX WCIIOJIB30BAJIM CTATUCTUYECKOE IPOrPaMMHOE
obecneuenne GraphPad Prism 5.02. Pesynbrarsr usmepe-
HUI BBIPA)KaJIM B BUJE CPEHETO 3HAYEHMS = CTAHAAPTHOE
oTkyoHeHUe. /L7151 cTaTHCTHMYeCKOro aHATHM3a UCITOIh30BaIN
aBycroponnuit ananus aucnepcun (ANOVA). B kauecrse
CTaTUCTUYECKY 3HAaYMMOM pasHubl npuaumanu p < 0,05,

Peaynprars:

MT ymenvwun korwecmeo degpopmuposarmoix
IPUMPOYUIMO6 HA KOHEUHOIL CMAULL XPAHEHU

Masok KpoBM HWCNOAB30BANM MAJIsl HADJIIOAEHUS MOP-
dosorun spurponuros. Kak nokasano na pucynxe 1A,
OpU [JIMTEJbHOM BPEMEHU XpaHeHUs mopdoJsiorus spu-
TPOLIMTOB M3MEHSJIACHh OT IVIAZKOrO JBOHHOIO BOIHYTOIO

Detection of RBCs morphology
RBCs suspension of 50 pLL was used to push the blood

smear, and then was stained by Giemsa. The morphol-
ogy of RBCs was observed under a microscope (x100)
and the number of deformed RBCs was counted in each

1000 RBCs.

Detection of RBC aggregation index

LBY-N6C automatic blood rheometer was used to detect
the aggregation of RBCs.

Detection of relative hemolyois rate

RBCs suspension of 1 mL was centrifuged at 3000 rpm
for 5 minutes. Then 200 pL of supernatant was taken out
and diluted with deionized water. The diluted supernatant
was used for detecting the absorbance at 540 nm by mul-
tifunction microplate reader (Thermo 3001). The absor-
bance of 50 times diluted hemolysate was used as reference,
and the relative hemolysis rate of each sample was calcu-
lated by using the following formula:

Relative hemolysis rate =sample absorbance /reference absorbance.

Detection of methemoglobin (MetHb), glucose

and lactic actd

The concentration of MetHb, glucose and lactic acid was

detected by the Radiometer ABL90 blood gas analyzer.

Detection of pH, MDA and ATP

The pH of blood sample was determined by us-
ing the Mettler Toledo pH meter. The concentration
of MDA was detected according to the MDA kit instruc-
tions (S0131, Beyotime Institute of Biotechnology).
The ATP level in RBCs was determined according
to the ATP detection kit (S0027, Beyotime Institute
of Biotechnology).

Statistical analyses. GraphPad Prism 5.02 statistical soft-
ware was used for data statistics and analysis. Measurement
data was expressed as means =+ standard deviation (X +8),
and two-way Analysis of Variance (ANOVA) was used
to do statistical analysis. 2 < 0.05 represents a statistically
significant difference.

Results
MT reduced the number of deformed RBCy at the end

dlorage slage

The blood smear was used to observe the morphology
of RBCs. As shown in Figure 1A, with the prolonged stor-
age time, the morphology of RBCs changes from smooth
double concave disk to acanthocyte, smooth spherica]
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AMCKA K aKaHTOLUMUTAM, MAAKUM cepuvecKum M aKaH-
TYCHBIM OPUTPOLMTAM KAaK B KOHTPOJIBHOW TIpYyIIIE, TaK
u B rpynne MT. Crarucruueckuit ananus (puc. 1B) noxa-
3aJ1, 4TO Ha KOJUYECTBO Ae(POPMUPOBAHHBIX 9PUTPOLIUTOB
Bausio kak Bpems xpanenus (p < 0,0001), tak u xonuenr-
pauus MT (p < 0,0001), meskay HUMU OblIa B3BAMMOCBS3H
(p <0,0001). Konuuectso nedpopmupoBaHHbIX 3PUTPOLUTOB
B rpynne MT Gbli10 s3HaunTEIBHO MEHBLIIE, YeM B KOHTPOJIb-

HOH rpynne Ha 21-i#1, 28-i1, 35-i1 u 42-it nam (p < 0,0001).

MT cruncaem omuocumensryw ckopocme 2emoausa
Ha KoHewroil cmaduu Xpanenus

OrTHocuTeNIbHASI CKOPOCTh I'eMOJIM3a OTPAa’KaeT paspy-
wenune spurpountoB. Ha oTHOCHTENBHYIO CKOPOCTH re-
mosnsa Bausin kaxk Bpems xpanenus: (p < 0,0001), rax
n xoHuentpauus menaronuna (p < 0,01), mexxay Humun
6buta BoisiBieHa sHaummas ceasb (p < 0,01) (puc. 3).
ITo cpaBHeHMIO C KOHTPOJIBHON IPyNIIOH OTHOCHUTEJIbHAS
ckopoctb remosnuaa rpynnsl MT Gbina snHauntensHo Husxe

Ha 42-i1 pensn (p < 0,0001).
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and acanthus erythrocyte in both control group and MT
group. Statistical analysis (Figure 1B) showed that
the number of deformed RBCs was affected by both stor-
age time (p < 0.0001) and MT concentration (p < 0.0001),
and there was interaction between them (p < 0.0001).
The number of deformed RBCs in MT group was signifi-

cantly less than that in the control group on days 21, 28, 35
and 42 (p < 0.0001).

MT reduced the relative hemolysis rate at the end
dlorage slage

The relative hemolysis rate reflects the destruction
of RBCs. The results (Figure 3) showed that the relative he-
molysis rate was affected by both storage time (p < 0.0001)
and melatonin concentration (p < 0.01), and there was inter-
action between them (p < 0.01). Compared with the control
group, the relative hemolysis rate of MT group was signifi-

cantly lower on day 42 (p < 0.0001).
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Pucynok 1. Baunsrve MT Ha nedopmaumio n remonns sputpounos. A — sddext MT Ha mopdonorio xpaHimeix 5putpoumntos. Mopdonormio xpaHswmxcs 3putpoumrTos Habnio-
nanv B maske kpoeu nog mukpockonom (x100) & aru O, 7, 14, 21, 28, 35 n 42. [NoepexaeHrHsie 3puTpoumTH NOKA3aHs KpacHsimu cTpenkamu . B — enuanne MT Ha konmuecteo
nedopmmnposarHsix sputpoumtos. C — srusanne MT Ha ckopocts remonnaa sputpouytos. OBpasLpl noyuers o1 & OTAENbHEIX 4OHOPOB KPOBH. [laHHbE NPEnCTaBNEHb KaK CpeaHee

+ cTanpaptHoe otknorerie. " — p < 0,0001 no cpasHeHMIO C KOHTPONLHON rPYNNOV

Figure 1. Effect of MT on deformation and hemolysis of RBCs. A — the effect of MT on the morphology of stored RBCs. The morphology of stored RBCs was observed on the blood
smear under microscope (x100) on days O, 7, 14, 21, 28, 35 and 42. Damaged red blood cells were shown with red arrows. B — the effect of MT on the number of deformed RBCs.
C — the effect of MT on the hemolysis rate of RBCs. Samples from 6 individual blood donors, and data are shown as means + standard deviation. * — p < 0.0001 vs control group
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Bauwsnue MT na undexe azpecayuu spumpouyiumos
HA 3MAne KOHEUHO20 XPAHEHUA

WNupexe arperanuy spuTpouuToOB OBLT M3YYEH HA aABTO-
marnueckom peomerpe kposu LBY-N6C. Kak nokasano
Ha PUCYHKe 2, MHIEKC arperanuu 9pUTPOLUTOB IOCTE-
NEeHHO MOBBILIAJICS Kak B KOHTposbHOH, Tak u B MT rpyn-
nax BO Bpems xpaHeHus spurpounTos. Cratncrnuecknit
anaauns (puc. 2) mokasas, 49TO Kak BpeMs XPaHEHUS
(p < 0,0001), rak u koruuentpanus MT (p < 0,01) Bauanu
Ha WHIEKC arperanyy, HO MEX/Ay HHMH OTCyTCTBOBAJa
sHaunmas cBsasb (p > 0,05). Minpekce arperanum B rpymnmne
MT 6bin HusKe, YeM B KOHTPOJIBbHOI rpye, Ha 35-if neHb
(p = 0,0602) u 42-i1 nens (p = 0,05642), Ho He GbLIO CyIECT-

BEHHOW pasHULbI B 911 AHU B rpymmne MT.

g envutan konyenmpayio M/IA na koneunoi
cmaduu xpanenus

MJIA saBnsieTcss OAHUM U3 KOHEYHBIX MPOAYKTOB Iepe-
KHMCHOTO OKMCJIEHU S TIOJMHEHACBIIEHHBIX KUPHBIX KHMC-
JI0T B KJeTKax, u cogeprxanne MIA o6bruno ncnonbayer-
CS1 B Ka4eCTBE MapKepa AJIsl OTPA’KEHUs OKMCIUTETbHOTO
cTpecca M aHTUOKCHUAAaHTHOrO craryca. Vccnenosanue no-
kasaJsio (puc. 3A), uro xak Bpems xpanenus (p < 0,0001),
tak u xonuentpauus MT (p < 0,0001) Bananun na MIA
u mexay Humu cyuiecrsosadsa csasb (p < 0,01). Ilo cpas-
HEHUIO C KOHTPOJbHOM TI'PyNNOi OTHOCUTEIbHAs CKO-
poctb remosnusa B rpynne MT Obuia sHaunTenbHo HUdKe

na 35-it nens (p < 0,05) u 42-i nens (p < 0,0001).

MT ymenvwan MetHb na koneurnoii cmaduu
xpanenus

MetHb obpasyercsa B peaysnbrate obpaTumoro okucJe-
Hus remosoro >kesesa (Fe2?) mo Tpexsanentnoro cocro-
auusa (Fe3’). Oro peakrtuBHas mousekysna, KoTopas Mo-
>KET [OMOJHUTEJBHO YCUJIMBATh OKMCJIMUTENBHBIA CTPecC
Y BBI3BIBATH OCMOTMYECKYIO0 XPYIKOCTb M BHYTPHCOCY-
nuctelil remonna. Kak nokasano nHa pucynke 3B, Bpems
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Pucyrok 2. Brusrne MT Ha arperaumio 3putpoumTos Bo
Bpems xpaxerus. OBpasibl KPoBM NomyueHs OT & OTAENbHbIX
ROHOPOB KpoBY. LaHHbE NPeACTaBAEH! Kak CpeaHee * CTaH-
AOPTHOE OTKNOHEeHME

Figure 2. Effect of MT on the aggregation of RBCs during stor-
age. Samples from 6 individual blood donors, and data are
shown as means * standard deviation

&2 ‘pe* @a’* ‘g,af‘ F 4

Observation days

* — p<0,05 no cpasHeHuio ¢ KOHTPONLHON rpynnoit, *
Figure 3. Effect of MT on MDA level and MetHb proportion during storage. A — the effect of MT on the MDA level of
stored RBCs. B — the effect of MT on the MetHb proportion of stored RBCs. Samples from ¢ individual blood donors,
and dafa are shown as means # standard deviation.

The effect of MT on RBC aggregation index at the end
dlorage slage

The RBC aggregation index was detected by LBY-
N6C automatic blood rheometer. As shown in Figure 2,
the RBC aggregation index was gradually increased
in both control and MT groups during the storage
of RBCs. Statistical analysis (Figure 2) showed that
both storage time (p < 0.0001) and melatonin concentra-
tion (p < 0.01) affect the aggregation index, but there
is no interaction between them (p > 0.05). The aggre-
gation index of MT group is lower than control group

on days 35 (p = 0.0602) and 42 (p = 0.0542), but there is

no significant difference.

MT reduced the MDA at the end storage stage

MDA is one of the final products of polyunsatu-
rated fatty acids peroxidation in the cells, and MDA
level is commonly used as a marker to reflect oxidative
stress and the antioxidant status. This study showed
(Figure 3A) that both storage time (p < 0.0001) and mel-
atonin concentration (p < 0.0001) affect the MDA,
and there is also interaction between them (p < 0.01).
Compared with the control group, the relative hemoly-

sis rate of MT group was significantly lower on days 35
(p < 0.05) and 42 (p < 0.0001).

MT reduced the MetHb at the end storage stage

MetHb is formed by reversible oxidation of heme iron
(Fe*) to ferric state (Fe’*). It is a reactive molecule,
which can further increase oxidative stress and cause
osmotic fragility and intravascular hemolysis. As shown
in Figure 3B, both storage time (p < 0.0001) and melato-
nin concentration (p = 0.0002) affect the MetHb, but there
is no interaction between them (p > 0.05). The MetHb
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Pucynok 3. Bausrne MT Ha kornuenTpaumio MIA u gonio MetHb npu xparerin. A — snvanne MT Ho koHueH-
tpaumio MIA 8 xpaHumeix sputpoumtax. B — saustve MT Ha gonio MetHb 8 xpanmmeix sputpoumrtax. O6pasus
KPOBU Nomy4eHsl OT & OTAENbHbIX AOHOPOB KPOBY. JaHHbIE NPEACTABNEHb KOK CPEAHEE + CTAHAAPTHOE OTKNOHEHME.

— p<0,0001 no cpaBHEHMIO C KOHTPOMBHOM rPYNMOV

" — p<0.05 vs control group, * — p < 0.0001 vs control group.
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xpanenus (p < 0,0001) u konuenrpaumusa MT (p = 0,0002)
paustiun ua MetHb, wmo MeXy HHUMH OTCYTCTBOBAJIA
cssb (p > 0,05). Konuenrpauua MetHb B rpynne MT

61>1na 3HAYUTEJIbHO MEHBbIIIE, 4YeM B KOHTPOJILHOfI rpyunme

Ha 42-i1 nenn (p < 0,0001).

Buusnuwe MT na konyenmpauyro enrokosot

I'miokosy B pobaBouHOM pacTBOpe paccmaTpuBa-
AU KAaK OCHOBHOM WCTOYHUK OHEPIMM OPUTPOLIUTOB.
KonuenTpauus riokossl cHH)XKaJIach CO BpEMEHEM Xpa-
nenus (p < 0,0001) (puc. 4A), Ha Hee He BAMANA KOHLEH-

tpauus MT (p > 0,05), u meskny Humu He OBLIIO HUKAKOH

csazu (p > 0,05).

Bruanue MT na konyenmpayuo morounoi
KUCL0mbL

Mosnounas KucIOTa SBASETCSI KOHEYHBIM IPOAYKTOM
aHaopOOHOro OKMCIeHUs IToK03bl. [ [pu xpanennu mosiou-
Has KMCJIOTA HAKATJIMBAJIACh, U €€ KOHLEHTPALMS yBeJu-
yuBasack co Bpemenem xpanenus (p < 0,0001), no Ha Hee
Ha Bausaa konuentpauus MT (p > 0,05), u mexay Humu
He 6bu10 3HaunMoli csizu (p > 0,05) (puc. 4B).

Buusnue MT na konyenmpauyuw ATD
apuUmpomos

AT® aBasiercss NPSIMBIM UCTOYHUKOM SHEPIMU IS SKU3-
HepesitesbHocTr oputporntos. Konnenrpauns AT® nocre-
NEHHO yMeHbIluasacs co Bpemenem xpanenus (p < 0,0001),
HO Ha Hee Ha Bimsiaa konuertpauus MT (p > 0,05), u mex-

ny Humu He 6bu10 csizu (p > 0,05) (puc. 4C).

Ob6cyxpaenne

Xpansipecss KOHIEHTPAThl 3PUTPOIUTOB PACCMATPUBA-
I0TCS KaK OCHOBHOM MCTOYHUK JUIsl TIpoBefieHusi Tpancdy-
suonHoOi Tepamuu. KauecTBo XpaHAmMXCcsi 9pUTPOLMTOB
3aBMCHUT OT COCTaBa Al JUTUBHOTO PACTBOPA U YCJIOBUH UX
xpanenusi. OnHAKO afiITUTUBHBIA PACTBOP MOYKET 3a[epsKu-
BAaTh CTApEHUE SPUTPOLUTOB, HO HE MPEJOTBPAIIAET UX CTa-
penve. [lpyrumu cioBamu, 9pUTPOLUTHI TPETEPHEBAIOT P
MOpdOIOrnYecknx, (PyHKIMOHAJBHBIX M OMOXMMUYECKUX

| OPUTUHATIbHBIE CTATbA | ORIGINAL ARTICLES |

of MT group was signiﬁcant]y lower than control group

on day 42 (p < 0.0001).

Effect of MT on the concentration of glucose

Glucose in the additive solution was considered as the main
energy source of RBCs. Our results (Figure 4A) showed
that the glucose concentration decreased with storage time
(p < 0.0001) but could not be affected by MT concentra-
tion (p > 0.05), and there is no interaction between them

(p > 0.05).
Effect of MT on the concentration of lactic acid

Lactic acid is the end product of the anaerobic oxidation
of glucose. During storage, lactic acid was accumulated,
and its concentration was increased with storage time
(p < 0.0001) but could not be affected by melatonin concen-
tration (p > 0.05), and there is no interaction between them

(p > 0.05) (Figure 4B).

Effect of MT on the ATP level of RBCy

ATP is the direct energy source for the life activi-
ties of RBCs. As shown in Figure 4C, the concentra-
tion of ATP was gradually decreased with storage time
(p < 0.0001) but could not be affected by melatonin con-
centration (p > 0.05), and there is no interaction between

them (p > 0.05).

Discussion

Stored RBCs are considered as the main source
of transfusion therapy. The quality of stored RBCs de-
pends on the composition of additive solution and their
storage. However, the additive solution can only delay
the aging of RBCs but cannot prevent their aging. In oth-
er words, RBCs undergo a series of changes in mor-
phology, function and biochemistry, and these changes
become more and more obvious with prolonged storage
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Pucynok 4. Brvstne MT Ha metabonutsl mukonmsa 8o spems xparenus. A — saustne MT Ha koHueHTpaumio miokossl. B — snvsarne MT Ha koHueHTpa-

umio mosnouror kucnotsl. € — envsHne MT Ha koHueHTpaumio ATD. O6pasup KpoBK NosyyeHs 0T & OTAENMbHbIX JOHOPOB KPOBY. [laHHbIE MPeAcTaBnEHs Kak

cpenHee + CTAOHOAPTHOE OTKNOHEHNE

Figure 4. Effect of MT on the glycolysis metabolites during storage. A — effect of MT on the concentration of glucose. B — effect of MT on the concentration
of lactic acid. C — effect of MT on the ATP level. Samples from ¢ individual blood donors, and data are shown as means # standard deviation
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M3MEHeHUH, KOTOpble CTAHOBSATCS BCe OoJsiee OYeBUAHBIMU
C yBEJMYEHHEM [JIMTEJIBHOCTH XpaHeHus. Urobbl ymeHb-
LIUTh WM OTCPOYMTH MOBPEXKAEHUE OPUTPOLMTOB BO Bpe-
Msl XpaHeHUsl, HeoOXoaumo HaiTh adeKTUBHBIE 106ABKU
WJIM COCTABBI ISl X COXPAaHeHUs1. DTO MpobJiemMa NCCIIeLyeT-
€Sl BO MHOTMX paboTax, MOCBSILEHHBIX XPAHEHHUIO KOMIOHEH-
toB kposu. Y mutexonmrarommx MT He Tonbko perynupyer
LIMPKaAHbII 1 CE30HHBIA PUTMBI, TOHYC COCY/IOB U MOJABJISIET
pasBUTHE pakKa, HO U siBJsieTcs: 9(pPeKTUBHBIM AHTUOKCU/IAH-
TOM Kak (12 vivo, Tak u (n vitro [26—26]. B kagecrBe nornoruresrs
IMAPOKCHJIBHBIX PAMKAJIOB €ro MOIVIOAoIAsl CIOCOOHOCTD
B4 pasa npesbliuaer riytatio U B 14 pas — mannur [27-28].
B kauectse addextusnoro nunoduibHoro anTHOKCHIAH-
Ta IOIVIOIIAOIIAST AKTUBHOCTb AJIKMJI-IEPOKCU, PagrKasa
B 2 pasa npesblaer aktusHocTs Butamubaa E [28]. Bosee
toro, M. Allegra u coasr. noxasann, uro MT mosxer nero-
CPEICTBEHHO YIAJIATh CBOOOMHBIE PaJMKAJIbl, MPOLYLIUPYe-
mele B spurpouurax [19]. Konuenrpauns MT B ceiBoporke
obbruHo cocrasasier menee 120 nr/ma (mpumepno 66 nr/ma
KOHLIEHTPALMM LEJTBHON KPOBU), & KOHLEHTPALMS CHOTBOP-
HOTrO JIEKAPCTBEHHOTO CPE/CTBA B KPOBU COCTABJIsIET GoJiee
1900 nr/ma (mpumepro 1045 nr/mur koHIEHTpaLMKM LETBHON
kposm). B aTom nccneposanun sammrasie adpdexrsr 150 nr/min
(konuenTtpanus neabHoit kposn) MT na spurponnTs Habs0-
[AJIMCh BO BPEMSI VIUTEJIBHOIO X PAHEHU S 9PUTPOLUTOB.

mopdomnorus Habmona-

Bo-nepssix, SPUTPOLUTOB

J1aCh B pa3andHbIe MOMEHTBI BpeEMEHU XpaHeHus.

Kak mnokasano na pucynke 1A, umenn mecro pery-
mopdooruu
apuTpOoLUTOB (OT IVIAJIKOrO0 ABOHHOIO BOTHYTOrO [MCKa

JSIPHbIE  JIET€HEPATUBHbIE  U3MEHEHUsI
[0 MOKPBITHIX LMIMIAMM WU MVIAJKUX [IAPOBUAHBIX B 00enX
rpynmnax), u Bce 6osbiie 1 6oIIblLe SPUTPOLIMTOB ArPErMpPOBa-
JI B Ma3Ke KPOBH, [TOCTENEHHO y BEJIMYNBAsICh BMECTE C MH/IEK-
com arperanuu spurpountos. Kpome toro, npu Henpepsbis-
HOM paspyLIeHNU SPUTPOLUTOB OTHOCUTEJIBHASI CKOPOCTH
reMoJIM3a SPUTPOLMTOB Takyke ysesnunsaiach. Ilo cpas-
HEeHMIO C KOHTPOJIbHOM T'PyNNoii KoiudecTsBo aedopmupo-
BaHHBIX SPUTPOLIMTOB U OTHOCHUTEJBHASI CKOPOCTh FE€MOJIM-
sa rpynnsl MT snaunTesnbHO ymeHBIIMANCHE HA KOHEYHOMN
craguu xpanenus. Vlnpexc arperanmu B rpynne MT Gpur
HIDKeE, 4eM B KOHTpousibHOH rpymnne B gau 35 (p = 0,0602) u 42
(p = 0,0542), Ho pasHuLa He ABISETCS CTATUCTUYECKU 3HAYH-
MOH, YTO MO>KET ObITh 00YCJIOBJIEHO HEOOBIIMM KOJIUYECT-
BOM 00pasuos. V3 BblIeNpUBEAEHHBIX PE3YIIBTATOB MOYKHO
MpeIBAPUTEIBHO C/IENATh BBIBOJL, YTO HU3KAsl KOHLEHTPALMST
MT okasbiBaer 3aluTHOE BIMSIHYE HA JOJTOBPEMEHHO XPa-
usmecs spurpouuntst. lanee Biusuue MT Ha okucianrens-
HBIH CTPECC U MeTabOIMTHI IVIIOKO3bl XPAHUMBIX 9PUTPOLU-
TOB U3MEPSIIN B PA3HOE BPEMS XPAHEHUSL.

OKuCauTeNbHBIA CTPECC SIBISETCS OJAHUM M3 Ba’KHBIX
dbakTOpOB NOBpesk/ileHUs] SPUTPOLUTOB NPU XPaHEHUM.
st nanbHeiinero packpbrtus damurHoro mexannama MT
ObLIM M3y YeHBI TAKME WHAMKATOPbI OKUCIUTEIBHOIO CTPeC-
ca, kak MJIA u MetHb. MJTA paccMaTprBaeTCst KaK OJUH

13 BaXKHEUIINX OPpOoAYKTOB IIEPEKMCHOI'O OKMCJIEHU ST JIUTIH -

time. To reduce or delay the damage to RBCs during
storage, it is necessary to find effective blood preserva-
tion additives or formulations. This has become a hot
research topic in blood conservation study. In mam-
mals, MT not only regulates circadian rhythm, seasonal
rhythm, vascular tone, and suppression of cancer, but
also is an effective antioxidant both in (7 vive and in vi-
tro [256-26]. As a strong hydroxyl radical scavenger, its
scavenging capacity is 4 times that of GSH and 14 times
that of mannitol [27-28]. As an effective lipophilic anti-
oxidant, the scavenging activity of peroxyl alkyl radical
is 2 times that of vitamin E [28]. Moreover, M. Allegra
et al. have showed that MT can directly remove free
radicals produced in RBCs [19]. The serum concen-
tration of MT is generally less than 120 pg/ml (about
66 pg/mL of whole blood concentration), and the hyp-
notic blood drug concentration is more than 1900 pg/
mL (about 1045 pg/mL of whole blood concentration).
In this study, the protective effects of 150 pg/mL (whole
blood concentration) of MT on RBCs were observed
during long-term storage of RBCs.

Firstly, the morphology of RBCs was observed at dif-
ferent storage time points. As shown in Figure 1A, there
were regular degenerative changes in the morphology
of RBCs from smooth double concave disc to spiny
to smooth ball in both groups, and more and more RBCs
were aggregated together in the blood smear and were
gradually increased with RBCs aggregation index.
In addition, with the continuous destruction of RBCs,
the relative hemolysis rate of RBCs was also increased.
Compared with control group, the number of deformed
RBCs and relative hemolysis rate of MT group decreased
significantly at the end storage stage. The aggregation
index of MT group was lower than that of control group
on days 35 (p = 0.0602) and 42 (p = 0.0542), but the dif-
ference is not statistically significant, it might be related
to the small number of samples. From the above results,
we can preliminarily infer that low concentration of MT
has protective effects on the long-term stored RBCs.
Next, the effect of MT on the oxidative stress and glu-
cose metabolites of stored RBCs were measured at dif-
ferent storage time.

Oxidative stress is one of the important factors of stor-
age lesion. To further disclose the protective mechanism
of MT, MDA and MetHb, the indicator of oxidative
stress, were detected. MDA is considered as one of the
most important products of membrane lipid peroxidation
and indirectly reflects the degree of oxidative damage
[23]. MetHb is a hemoglobin but cannot transport O,.
MetHb occurs when oxyhemoglobin in a ferrous (Fe?*)
state is transformed into a ferric (Fe®*) state. Low levels
of MetHb (< 3 %) are always present in the circulation,
but it markedly increases after exposure to certain path-
ological conditions. It also acts as an important oxida-

tive marker of RBCs. The contents of MDA and MetHb
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[OB MeMOpaH M KOCBEHHO OTPA’KaeT CTENEHb OKUCJINTEb-
Horo nospesxaenus [23]. MetHb ssasercsa remornobunom,
Ho He moxker TpaHcnopruposars O,. MetHb Bosnuxaer,
KOI[lJa OKCHMTeMOIVIOOMH B COCTOSIHMM >Keseda e’ mpeo-
bpasyercst B coctosinue sxenesa Fe3'. Huskue xonuenrtpa-
nuu MetHb (< 3 %) Bcerna mpucyTcTByIOT B KpOBOTOKE,
HO OHU 3aMETHO yBEJUYIMBAIOTCS [10CJIE BO3AEHCTBHSI OIpe-
MeJIeHHbIX TTaTosornueckux cocrosauii. MetHb Taxske neii-
CTBYEeT KaK Ba>XHbII OKMCJIMTEbHbIM MapKep 9pUTPOLUTOB.
Copneprxanne MJIA u MetHb nocrenenno ysenmausasnocs
CO BpeMeHeM XpaHeHH sl B 00erX IpyTIax, U 9TO MOKET ObITh
CBSI3AHO C YMEHBIIEHUEM BOCCTAHOBUTEJBHBIX BELIECTB,
HUKOTMHAMMJAAeHUHAuHy Kaeotuadocdar
(HAI®D) B spurpounrax. HAID npoxyuupyercs nenro-

30¢ocaTHBIM IyTEM U SIBJASETCS KO(PEPMEHTOM Ly TaTH-

TaAK1UX KaK

OHPEYKTa3bl, KOTOPAsi OTBEYAET 32 BOCCTAHOBJIEHUE OKMUC-
JIEHHOTO [JLyTaTUOHA [0 BOCCTAHOBJIEHHOIO IJIyTATHOHA.
Ilpu Huskoli Temneparype XpaHeHUs! SPUTPOLIUTOB MIEHTO-
sodocdaTHbIil My Th 3aMeAISIETCs, YTO TPUBOIUT K YMEHb-
wenuto copeprxanus HAD u rnyrarnona. myrarmon
SABJISIETCS CYLIECTBEHHBIM KOMIIOHEHTOM AHTUOKCHIAHT-
HOro crpecca. B arom wmccienoBaHuM Ipeanosnarasiocs,
9YTO yMEHbLIEHUE KOHUEHTPALMHU [y TATUOHA KOPPEJIUPyeT
¢ yBeanuenuem konuentpauuu M/IA u MetHb. Onnaxo
xonuentpanus MJIA u MetHb B rpynne MT 6bi1a nuoxe,
4eM B KOHTPOJIBHOH I'PYIIIIE, YTO YKa3bIBAET HA TO, YTO HU3-
kast koHuenrpauust MT morker ymeHbIINTL OKMCIUTED-
HBII CTPECC U 3AIUUTUTH X PAHSIIINECS] SPUTPOLIUTHL.

['ukonus paccmarpuBaeTcsi Kak OCHOBHOM MCTOYHUK
SHEPrUM SPUTPOLMTOB. OTOT IIYTh PACLLEILISIET IVIIOKO3Y
c obpasosanuem ATD u monounoit kucaorsl. Hakonnenue
MOJIOYHOH KucsoTsl cHukaer pH pacrBopa nns xpanenus.
B nawem nccnenoBanum xonuentpanms rmokossl u ATO
[OCTENEHHO yMEHbLIAIACh, U MOJIOYHAs] KUCJIOTA IOCTe-
[IEHHO HAKAIlJIMBAJIACh C yBEJINYEHUEM BPEMEHU XPaHEHUS
B 00enX rpynnax, OAHaKoO CTATUCTUYECKU 3HAYUMBbIX PasJii-
YU MeXXy KOHTPOsIbHOM rpymnmoit u rpynnoid MT ne na-
6opasocs. [loaTomy MbI Mpeanosoxuam, 94To 3alMTHBINA
adext Huskoit konuenrpauuu MT peanusyerca B ocHOB-
HOM uepes aHnTnokcuaanTHyto pynkuuo MT, Ho Takxe mo-
SKET BIIMATH MeTabOIM3M ITTIOKO3bI X PAHSIIIUXCS] SPUTPOLI-
TOB, YTO ycuausaer neHTo3odocdaTHbll MyTh, yMeHbIIAs
[pU 9TOM IVIMKOJIU3 U NOTPebsieHre SHEPrUU MO KaKOMY-TO
HENB3BECTHOMY MEXaHM3MY, yJLydlluast yCJIOBUS CPEAbI U CIIO-
COOCTBYSI «BB>KMBAHUIO» XPAHSLIUXCS 9PUTPOLIUTOB.

A. Krokosz u coasr. [17] nokaszamnu, uto punreabHas uH-
kybauus spurpouutos B npucyrcrsun MT B konnuecrse
or 0,02 no 3 MM B Teuenue no 96 4 npu 37 °C unpyun-
poBajia MpPOrpeccupylolee AeCTPYKIMIO IPUTPOLIUTOB.
Yrobbl n36ekaTh BOZMO>KHOIO MOBPEXJAIOIIEro AeHcT-
Bus Boicoknx kKoHuenrpaunii MT na spurpouursl, B Ha-
LIEM 9KCIIEPUMEHTE INEPBOHAYAIBHO HCCJIENOBAIN BIIMSI-
Hye Huskux konuenrpaunit (1560 nr/ma) MT na xpanenne
apurpouutos. Peaynbrarer nokasanu, uro MT ne Tonbko
samuaeT MopdosOruio SPUTPOLIUTOB, YLy YIIAeT UHAEKC
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were gradually increased with the storage time in both
the groups, and this might be because of the decrease
of reductive substances (such as NADPH) in RBCs.
NADPH is produced by pentose phosphate pathway,
and is the coenzyme of glutathione reductase, which
is responsible for the reduction of oxidized glutathione
(GSSG) to reduced GSH. At low temperature, pentose
phosphate pathway slows down in the storage of RBCs,
leading to decreased NADPH and GSH. GSH is an es-
sential component of antioxidative stress, and decreased
GSH was speculated to have correlation with increased
MDA and MetHb in this study. However, the MDA
and MetHb level in MT group were lower than that
of the control group, indicating that low concentra-
tion of MT could reduce oxidative stress and protect
the stored RBCs.

Glycolysis is regarded as the main energy source
of RBCs. This pathway breaks down glucose to pro-
duce ATP and lactic acid. Accumulation of lactic acid
decreases the pH of the storage solution. In our study,
the concentration of glucose and ATP were gradually de-
creased, and the lactic acid were gradually accumulated
with the increasing storage time in both groups, howev-
er, no statistically significant differences were observed
between control and MT group. Therefore, we speculat-
ed that the protective effect of low concentration of MT
mainly through its antioxidant function of MT, but also
could affect glucose metabolism of stored RBCs, which
might strengthen the pentose phosphate pathway while
reducing glycolysis and energy consumption by some
unknown mechanism to improve the survival environ-
ment of stored RBCs.

A. Krokosz et al. [17] had revealed that the pro-
longed incubation of RBCs at 0.02 to 3 mM MT for up
to 96 hours at 37 °C induced a progressive destruction
of erythrocytes. In order to avoid the possible damage
of high concentrations of MT on RBCs, low concentra-
tions (150 pg/mL) of MT on stored RBCs were initially
observed in our experiment. The results showed that
MT not only protects the morphology of RBCs, im-
proves the hemolysis and aggregation index, but also
reduces the oxidative stress. It is worth mentioning,
at the middle and end of storage, the consumption rate
of glucose and ATP, and the accumulation rate of lac-
tose in MT group were all lower than that in control
group, although no statistically significant differences
were observed, the trends of these 3 related indica-
tors remained consistent. In recent year, some research
showed that increased MT signaling has relation with
glucose metabolism in some types of cells [29-30].
Therefore, MT was speculated to strengthen the pen-
tose phosphate pathway while reducing glycolysis
and energy consumption by some unknown mechanism
to improve the survival environment of stored RBCs
in our study. In the further research, the concentration
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reMoJIM3a U arperanyu, HO U yMEHbIIAET OKHUCIUTETbHbIA
crpecc. CrouT oTMeTHTB, YTO B CEpeIHE U KOHLE CPOKOB
xpaneHust norpebsaenne rmokossl 1 AT® u Hakonsenue
naxrosbl B rpynne MT Obuin Hudke, yem B KOHTPOJIb-
HOIl IpyIile, XOTs CTATUCTUYECKU 3HAYUMBIX Pasidduil
He HaOOAAM0Ch. TeHAEHIMM DTUX TPEX CBA3AHHBIX I10-
KasaTeJieil ocTaBaJUCh HEM3MEeHHBIMU. B mocaemHme roasr
HEKOTOPBIE MCCJIEJOBAHUS IMOKA3aJy, YTO MOBBILIEHHAS
perynstopHas poiab MT cBasana ¢ meraboansmom rioko-
3bl B HeKOTOPBIX THnax kiaeTok [29-30]. [Tosromy mpenmo-
naranock, yto MT ycunusaer nenrosodocdarusiit mys,
YMeHbIlIasi TPU 3TOM IVIMKOJM3 U MOoTpebsieHue sHepruu
C NOMOLIBI0 KAKOrO-TO HEM3BECTHOIO MEXAHU3Ma, YJLy4-
1Ias1 yCJIOBUSI X pAaHEHU s 9pUTpounTOB. B nanpHeiimnx mc-
cnenoBanuax auanason konuentpaunit MT nosnsken Guith
pacimupeH, 4ToObl HAaOIIOAATH BAMSHUE HAa MeTaboJaM3M
[JIIOKO3bl XPAHUMBIX OPUTPOLUTOB. OTU HCCJIEAOBAHUS
obecrieyat TeOpeTUYECKY 0 OCHOBY /151 pa3paboTku boJee
addexTuBHOrO penenus A5 XpaHEeHU ] 9PUTPOLUTOB.
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