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PE3FOME

BeegeHue. OHOI M3 OCHOBHBIX MPUYMH CMEPTU B MUPE AB/AIOTCA HApYLLEHMA MO3roBoro KposoobpauweHus (HMK). 3a6onesanus
AAHHOM rpynnbl YacTo NPUBOAAT K INLLEHNIO A,eeCnOCOBHOCTY, UHBaIMAM3ALMNM, YXYALIEHMIO Ka4eCTBa U3HU U TPebyIoT ANUTE/IbHOMO
NeyeHus v peabunutaumn. MNepcneKTUBHLIM HarnpaeneHneM B nedeHnn HMK aBaseTca UCnosib3oBaHWe aHTUOKCUAAHTOB, K KOTOPbIM
OTHOCUTCA, B TOM YKC/e, NpenapaT MenaToHUH. BBuay aokasaHHOM 3¢ dekTMBHOCTM MenaToHMHa npu HMK pauuoHanbHO co3gaHne ero
napeHTepasibHOW GpOpPMbI /11 YCKOPEHHOW ero J0CTaBKN B OPraHW3M nawuueHTa, 0CO6eHHO B CUTYaLMAX, KOrja nepopanbHoe BBeJeHne
npenaparta HeBO3MOXHO. JIunocoManbHas popMa MenaToHWHa NO3BO/IAET BBOAMTL NpenapaT BHYTPUBEHHO 1, BEPOATHO, 6yaeT crnocob-
CTBOBATb MPOXOX/EHUIO MeNaTOHWHa Yepe3 reMaTosHLedannyeckuin b6apbep.

Lienb nccnepoBanms — paspabotka METOAMKM NONYHEHUA NMNOCOMasIbHOW GOPMbI MeNaTOHMHA A1 NMapeHTepasibHOro BBeAEHUA U
nccne0BaHMe Nosly4eHHOW IeKapCcTBeHHON GOpMbI.

Marepuan n MeTobl. /IMNOCOMbI MONYYaNu rMApaTUPOBAHUEM NUNUAHONM NAEHKW, MONYYeHHOWM Ha POTOPHOM uUcnapuTene us ¢oc-
doamnnzos 1 xonectepuHa. MenaToHMH BKAKOYAAN B IMMUAHYIO 060/104KY, NpesBapuTe/IbHO PacTBOPUB ero B Xn1opogpopmMe. Pasmep
NOCOM M3MepsAAN MeTOAOM AMHaMMYeCKoro ceeTopaccefiHns. OUMCTKY NIMMOCOM OT HEBK/IOYMBLUErOCA MenaTOHVMHa NPOBOAUAM
MEeTOAOM AMasnn3a Yepes NoaynpoHuLaemyto MeMbpaHy. SPPeKTUBHOCTb BK/IOYEHUA MeNaTOHWMHA B IMNOCOMbI OMpeAesifin MeTO0M
Y®-cnekTpopoTomMepun.

PesynbTatbl. bbina nonyyeHa nMnocomanbHas G¢opMa MenaToHMHa € pa3MepoM YacTuy, 66,6+10 HM. KoHueHTpaLmsa NekapCTBEHHO-
ro BelecTBa B AaHHOM npenapate coctaBuaa 1,8+0,01 Mr/mMa. 3dPeKTUBHOCTL BKAKOYEHUS MEAaTOHUHA B IMMOCOMbI — 87,8+0,5%.
OTHoLLEeHMe BKAIOYMBLLEroCa MenaToHnHa K pocponunmaam — 0,035.

3akntoyeHue. [onyyeHHble IMNOCOMbI C MeIaTOHUHOM MOTYT 6bITb MPUFOAHbI ANA BHYTPUBEHHOIO BBEAEHMWSA, U MPU HAAUYUK Cro-
COB6HOCTU NPOHMKaTb Yepe3 reMaTosHLepannyecknin 6apbep o6ecneynTb afpecHyo J0CTaBKY BbICOKMX KOHLIEHTPaLMIA MeNaTOHUHA B
LHC, rae oH 6yaeT okasbiBaTb CBOe /leyebHOe felCTBMe.

KnioyeBble c/ioBa: HapyLleHVe MO3roBOro KpoBoobpalleHWs, MesaTOHWH, JIMMOCOMBI.
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HOI $pOPMbI MeNIaTOHWHA AN BHYTPUBEHHOTO BBegeHus. Gapmaums, 2020; 69 (7): 29-33. https://doi.org/10/29296/25419218-2020-
07-05

DESIGN AND ANALYSIS OF A LIPOSOMAL MELATONIN FORMULATION FOR INTRAVENOUS ADMINISTRATION

V.P. Ageev', O.A. Kulikov', K.G. Gurevich?, V.I. Shlyapkina’, A.V. Zaborovsky?

’N.P. Ogarev National Research Mordovia State University, 68, Bolshevistskaya St., Saransk 430005, Russian Federation;

2A.l. Evdokinov Moscow State University of Medicine and Dentistry, 20, Delegatskaya St., Build. 1, Moscow 127473, Russian Federation

Ebapmaums 2020, 1. 69, Ne7 29



TexHONOrUa NeKApCTBEHHbIX CPEACTB

INFORMATION ABOUT THE AUTHORS

Ageev Valentin Pavlovich - Engineer of the laboratory of pharmacokinetics of the National Research Mordovia State University
(NRMSU). Tel.: +7 (927) 978-89-51. E-mail: valeageev@yandex.ru. ORCID: 0000-0001-5152-5358

Kulikov Oleg Alexandrovich - Associated Professor of the Department of Pharmacology the NRMSU, PhD. Tel.: +7 (962) 596-06-
13. E-mail: oleg-kulikov-84@mail.ru. ORCID: 0000-0003-4411-677X

Gurevich Konstantin Georgievich - Head of Department UNESCO of the Moscow State University of Medicine and Dentistry
named after A.l. Yevdokimov (MSUMD), Doctor of Medical Sciences, Professor. Tel.: +7 (495) 681-88-31. E-mail: kgurevich@mail.ru.
ORCID: 0000-0002-7603-6064

Shlyapkina Vasilisa Igorevna — Laboratory assistant of the Pharmacokinetics laboratory of the NRMSU. Tel.: +7 (929) 745-01-58.
E-mail: shlyapkina.98@mail.ru. ORCID: 0000-0002-5248-0136

Zaborovskiy Andrey Vladimirovich — Head of Department of Pharmacology of the MSUMD named after A.l. Yevdokimov, Doctor
of Medical Sciences. Tel.: +7 (495) 650-45-14. E-mail: azabor@mail.ru. ORCID: 0000-0002-7923-9916

SUMMARY

Introduction. Cerebrovascular accident is one of the major causes of death worldwide. This group of diseases frequently leads to
incapacity, disability, and a poor quality of life and requires long-term treatment and rehabilitation. The use of antioxidants that include
melatonin among others is a promising treatment for cerebral circulatory disorders. In view of the proven efficacy of melatonin for these
disorders, it is rational to design its parenteral formulation for accelerated drug delivery to the patient's body, especially in the situations
where this drug cannot be administered orally. The liposomal formulation of melatonin allows its intravenous injection and is likely to
promote its passage through the blood-brain barrier.

Objective: to develop a procedure to prepare a liposomal melatonin formulation for parenteral administration and to investigate
the resulting dosage form.

Material and methods. Liposomes were obtained by hydration of the lipid film prepared from phospholipids and cholesterol, by
using a rotary evaporator. Melatonin was incorporated into the lipid membrane, after dissolving the agent in chloroform. The size of
liposomes was measured by dynamic light scattering. The liposomes were purified from unincorporated melatonin by dialysis through a
semipermeable membrane. The efficiency of melatonin incorporation into the liposomes was determined using UV spectrophotometry.

Results. A liposomal melatonin formulation with a particle size of 66.6+10-nm was obtained. The drug concentration in this
preparation was 1.8+0.01 mg/ml. The efficiency of incorporating melatonin into liposomes was 87.8+0.5%. The ratio of the incorporated

melatonin to phospholipids was 0.035.

Conclusion. The obtained liposomes with melatonin can be suitable for intravenous administration, and, if they can penetrate the
blood-brain barrier, provide the targeted delivery of high-concentration melatonin to the central nervous system, where melatonin will

exert its therapeutic effect.
Key words: cerebrovascular accident, melatonin, liposomes.
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BeeaeHue
COI‘JIaCHO Ja"nHbIM BO3, HapymeHus MoO3ro-
Boro KpomooGpamenus (HMK) saHumaror
2-e MeCTO CpeJyu IpU4YUH CMepTU B mupe [1]. B me-
JIAX ONTHMU3AIUM JIeYeHUs TAKUX 3ab6oJieBaHUM
OBUI IPOBeJIeH PAZ, NCCIeJOBAHUH 110 N3yYeHUIO 3¢-
(beKTUBHOCTHU Tepaluu C UCIOIb30BaHNEM MeJaTo-
HUHA. MeJIaTOHUH — IIpenapar, ABJIAININANCA CUH-
TeTUYeCKUM aHaJIOTOM TOpMOHAa NIMIIKOBUAHOMN
»KeJsle3bl. B CBA3M C TeM, YTO MeJIATOHUH yCKOPseT
3acpIllaHUe, yYMEHbBINAeT YUCIO HOYHBIX ITPOOYXK-
JeHU, yaydliaeT caMOYyBCTBHe IIOCJIe YTPeHHero
NpoOYX/IeHN:A, He BbI3bIBAeT OLIYIIEeHUA BAJIOCTH,
Pa30UTOCTU U YCTAJIOCTH INPU MPOOYKIEHUU, €ro
MIPUMEHAIOT /I HOPMaJIWu3alluy IUPKAJHBIX PUT-
MOB [2].
B skcmepumMenTax in vitro u in vivo 6pUIa JOKa3a-
Ha 2(pdekTUBHOCTE MesaToHnHa npu HMK |[3]. Ilo-
Ka3aHo, YTO TOPMOH O0JIafiaeT aHTUOKCHUIAHTHBIM U
HeNpPOIIPOTeKTUBHEIM JielicTBUeM [4]. Takike ObUIN

BBIABJI€HBI HEKOTOPbIe MeXaHU3MbI JAHHBIX (papMa-
Kosormyeckux apdexroB. Tak, peAyKL0 HEBPOJIO-
ru4yecKoro AeduIyuTa y KpbIC MeJIaTOHVH BbI3bIBAJ 32
cyeT BIMAHUA Ha clenupuyecKkre CUTHaJIbHbIE Me-
guaropsl B ITHC — KuHasy JAK2 1 aKTUBaTOp TpaHC-
kpuniuu STAT3 [5]. B akcrnepuMeHTe Ha KyJIbType
KJIeTOK BbIABJIeHAa AaHTUOKCHUAAHTHAA aKTUBHOCTH
MeJIATOHMHA, KpOMe TOro, OOHAapy>XeH IIPOTHUBOBOC-
aINTeNbHBIN 3¢ eKT. MeTaTOHUH IPUBOAWI K CHU-
YKeHUI0 MAJIOHOBOTO JUAIBJETU/Ia B KyJIbTypPaIbHOMN
cpefie U LIUTOIIa3Me KJIETOK, IIOBBINIEHUIO B KJIeT-
KaX CyIepOKCUAAUCMYTA3bl U [IIyTaTUOHIIEe POKCHUIA-
3bI, IIPU 3TOM yMeHbIIAI COZiepKaHue (akTopa He-
Kkpo3sa omyxonu-o (PHOa«) u unTeprnerikuna (MJI)-6. 3a
CYeT CXOKUX MeXaHU3MOB MeJaTOHUH CHIDKAJ Hel-
POTOKCHYHOCTD BeIlleCTB, UCIIOIb3yeMBbIX /1A MOje-
JpoBaHus 6ose3nu IlapkuHCOHA [6]. YUUTBIBasA 3TH
JlaHHbIe, MeJIaTOHUH MOXKeT UMeThb IIepCIeKTUBY HC-
TIOJTb30BaHUA I JedeHu:A U npodunaktuku HMK u
UHCYJIbTA.

30

Ebapmauma 2020, 1. 69, Ne7



TexHONnOrUa NeKapcTBEHHbIX CPEACTB

Ha faHHBII MOMEHT CyIIecTByeT TOJBKO Ilepo-
panpHaA (popMa MeJIaTOHMHA, BBUJY eTo KpaliHe HU3-
KOM pacTBOPHMMOCTH B BOZie BHYTPHBEHHOe BBeje-
HHe JAHHOTO IIperapara He SBJIAETCA BO3MOKHBIM.
DTy mpo6ireMy MOKHO PeIlIUTh MHKAIICYJIMPOBAHIEM
JIEKapCTBEHHOTO BelllecTBa B JIMIIOCOMBI, YTO II03BO-
JIUT BBOJAUTH MeJATOHWH BHYTPUBEHHO, YCKOPUTH
HacTyIuleHue (papMakoaormdeckoro ag@exra u pac-
ITUPUTH CIIEKTP ero IMpuMeHeHUs.

Llens mccnenoBaHus — pa3paboTKa METOAMKY I10-
JIydeHMA JINIIOCOMAJIBbHOU (OPMBI MeJIaTOHUHA I
IapeHTepaJIbHOTO BBeJleHNA U UCCIeloBaHMNe IIO0y-
YeHHOMU JIeKapCTBeHHOU (hOPMEI (OIlpefieieHHe pas-
Mepa MOJIy4eHHBIX 4acTUll, 3(pQPeKTUBHOCTH BKIIIO-
YeHUsA B HUX MeJATOHMHA U ero KOHIIeHTpaIluW B
TIOJIyYeHHOM pacTBope).

MaTtepuaa n metoAb!

JUia TomydeHUA JIMIIOCOMAaIbHOM (DOPMBI MeJa-
TOHUHA IPUMEHAIN CJIeAyloliye MaTepuasbl: Jie-
mutiH (pochatupmwixonuu) EPCS 10 8018-1/130,
(Lipoid, I'epmanus); xonecrepuH (Avanti Polar Lipids
Inc., CIIA); ximopodopM (TpUXIOpPMETAaH) CTaOWIU-
3UPOBaHHBIN, X.4. (XuMMe], Poccus); Bojja ouuIeH-
HadA JenoHusuposaHHasdg, OC 42-2619-98; MeraTOHUH
(N-Acetyl-5-methoxytryptamine) (<KLOPAC®!28% CIIIA),
HaTpuA XJIOPUA, pacTBop Aid uHdysuit 0,9% diako-
HbI 200 M1, («<buoxumuk», Poccus).

B xavyecTBe 06OPYAOBAHUA I IPOBEJIEHUS IKC-
IIePUMEHTOB HCIIOJb30BAJIIM: POTOPHBIA HCHapU-
Tenb Heidolph Laborotaeco (lepmanus); sxcrpyzep
LIPEX™ (Northern. Lipids.Inc., Ka"aza); ananusatop
pasmepoB HaHouacTtull, NANO-flex (Microtrac.Inc.,
CIIIA); cnekrpooromerp UV-2600 (Shimadzu.Inc.,
Anonusa); kaMepa AuA yIAbTpaWIbTPAIIUU MOZEIb
8200 (Amicon, CIIA); suanusHbiil Memok MF-1210-
76 c paamepoM nop 12-14 x/la (MFPI, CIIIA); MmarHUT-
HadA Memaika ¢ nogorpesoM C-MAGHS 7 (IKA, Tepma-
HUA), MeMOPaHHbIN QUILTpP U3 IToUKapOoHaTa, 0,40
MKM, (Sartorius, [epmanus).

MeJlaTOHUH BKIIOYAIHA B JIMIUAHYIO OOOJIOUKY,
IIpe/iBapyTeIbHO PacCTBOPUB €ro B xyiopodopme. Jlu-
TIOCOMBI TOJMYYalIW THAPATUPOBAHVEM JIMIIUJHOMN
IUIeHKY, IOJydYeHHO Ha pOTOPHOM HcIapurese. Pas-
Mep JIUIIOCOM H3MepAIN MeTOAOM JUHAMUYeCKOIro
cBeTopacceAHuA. OUUCTKY JIMIIOCOM OT HeBKJIIOYMB-
Ierocsi MeJaTOHMHA IIPOBOJAMIN METOAOM AWaan3a.
SbPeKTUBHOCTh BKIIOUEHU MeJIAaTOHMHA B JIMIIOCO-
MBI OIIpefiesiy MeTofoM YO criekTpooToMeTpuu.

PesyAbTaTbI U OGCYXAEHUE
JU1st BKIIIOYEHUA MeJATOHWHA B JIMIIUIHYIO 000-
JIOUKY B 25 MJI xsiopodopMa pacTBOPSIN 12 MT MeJa-

TOHMHA. B moTydYeHHBIHN pacTBOp f06aBaiu 300 Mr
JIEIUTUHA U 3 MT XOJIeCTepHUHA U ITlepeMelInBIN JO
IIOJIHOTO PAacTBOPEHMsA, CMeCh BBICYIIMBAIN Ha PO-
TOPHOM HCIIapuTeJIe IIOJ, BaKyyMOM IIpU TeMIlepa-
Type 55°C C HOCTelleHHbIM yBeJ4eHHeM CKOPOCTHU
BpameHus ¢ 60 10 180 o6/MuH. BeimapuBanue mpo-
W3BOAWIN O 00pa30BaHUs TOHKON POBHOU IUIEHKU
U IIOJTHOTO MCYEe3HOBEHM:A 3alaxa xjopodopMa, I1o-
CJIe 4ero IUIEHKY TMAPAaTUPOBAIU 6 MJI M30TOHUYeE-
CKOTO pacTBOpa HaTpusdA xjiopuza [7]. Jjd noaydeHus
JIMIIOCOM ONMHAKOBOI'O pa3Mepa AUCIePCUOHHYIO
CMeCh MOABEPraIN IIOCJIENOBATEIILHOMY SKCTPYLU-
POBAHUIO C IIOMOIIBIO TOJMKAPOOHATHBIX GHIBTPOB
auameTrpoM 1op 400, 200 1 100 HM.

[t ompezesieHUA pasMepoB JIMIIOCOMAaJIbHBIX
Be3UKYJ 1 MJI JIMIIOCOM IIOMENTH B TIIPOOUPKY
Eppendorf u npoBoawiu aHanu3 Ha anmapaTte NANO-
flex ¢ momompio mporpamMmmbl Microtrac Flex 11.0.0.2
[6]. Pasmep mosry4eHHBIX JIMIIOCOM COCTaBWI 66,6+10
HM (puc. 1).

OYUCTKYy JUIIOCOMAJIBHOM [UCIIepCUX OT He
BKJIIOYMBIIETOCA B JIMIIOCOMBI MeJaTOHUHA IIPOBO-
JWIA C IOMOIIBIO Avanmn3a. B cTakaH A yjabTpa-
GWIbTpAIUK YCTAaHABIUBATN AUATU3HYI0 MeMOpa-
Hy C JruaMeTpoM mop 12-14 k/la, mocjie 4ero B HEro
IIOMeINAIN 5 MJI PacTBOPA JIMIIOCOM U JOBOAWIN €0
06beM 710 50 MJI I30TOHUYECKUM PAaCTBOPOM XJIOPU-
Ja HarpuA. CTakaH yCTaHABJIWBAIM HAa MarHUTHYIO
MEIIIKY U C IOMOIIBIO OALUIOHA C a30TOM CO37[aBa-
JIX B HeM TIOBBIIIIeHHOe faBiieHne B 0,3 MIla. [luanu3s
IPOBOAWIM B T€YeHUE 24 4 IIPU CKOPOCTU MEIIIKU
60 0o6/MHUH 10 00pa30BaHMA B CTAKaHe TYCTOH OYU-
IEeHHOU JAVCIIePCUU JIUTIOCOM 00heMOM 3—4 MJI, KO-
TOPYIO COOMPAI ¥ BHOBB JOBOJIUIY JI0 00beMa 5 MIL
Jvanuzatr o6beMoM 45 MJI, BBIIIEANTNNA U3 CTaKaHa,
cobupayu B KOJIOy [8].

PacmpeiesieHrie YaCTHII ITO pa3Mepam
40
5
=
=
- 20 |
0 . . HH :
1 10 100 1000
Pazmep (HM)
Puc. 1. Pacnpepenenue nmnocom
C MEJIaTOHMHOM MO PA3MEPAM
Fig. 1. Size distribution of melatonin with liposomes

Ebapmaums 2020, 1. 69, Ne7

i |

31



TexHONOrUa NeKApCTBEHHbIX CPEACTB

1,067
1,000

& 0,500
<

0,000
-0,095
200,00

300,00 400,00 500,00

HM

o R?=0,9993

Onr

0 2 4 6 8
KoHIeHTpanya MeIaTOHUHA, MKT/MJI

Puc. 2. 3as1McMMOCTb ONTMHECKOM NAOTHOCTH
PACTBOPA MENATOHUHA OT AJIMHbI BOJIHbI
Fig. 2. Relationship between the optical density
of melatonin solution and wavelength

Puc. 3. 3as1cMMocCTb ONTMHECKOM NAOTHOCTH
OT KOHLEHTPALMM MENATOHMHA
Fig. 3. Relationship between melatonin
optical density and concentration

Jia onpeneneHua 3Q(eKTUBHOCTHA BKIIOYEHUA
MeJIaTOHWHA B JIMIIOCOMBI HCIOJIB30BAIN CIEKTPO-
¢dotomepuro B YP-ob6mactu. CIleKTp pacTBopa Mesa-
TOHWHA CHUMAaJIU B pacTBoOpe 95% 3TWIOBOIO CIINPTA.
s sToro 25 Mr CyOCTaHIMN MeJaTOHWHA PacTBO-
panu B 200 MJI 3TWIOBOTO CIIMPTa (pacTBop A). 1 M
pacTtBopa A momeniaau B Kooy o6beMoM 50 MII, 0-
6aBmsu 1 MJI UB0TOHUYECKOTO PACTBOPa XJIOPHUAA
HaTpUA U JOBOJAWIM J0 METKU 95% STWIOBBIM CIIUD-
TOM. PacTBOp CpaBHeHUA TOTOBWIM AHAJIOTMYHBIM
06pa3om, He H0OOABJIAA IIPUA ATOM PACTBOP A.

IMocme THIATENBHOTO IepeMelIMBaHUA CHUMA-
JIM CIIeKTP IOJIy4eHHOrO pacTBOpa B JUala3oHe OT
200 BM 70 500 HM (puc. 2). cxond U3 JaHHBIX CIeK-
Tpa, OBUI ClleJIaH BBIBOJ], YTO MAaKCHMMYyM IIOIJIOIIIe-
HUA UIA MEeJIAaTOHUHA — 278 HM, YTO COOTBETCTBYET
JINTePAaTyPHBIM TAHHBIM.

Janee ObUT OCTPOEH rpadMK 3aBHCHMOCTH OII-
TUYeCKO! IUIOTHOCTH OT KOHILIeHTpaluu. B uccie-
JMIOBAHHOM [TMaTla30He KOHIIEHTPAIWU 3Ta 3aBUCHU-
MOCTbh UMeJIa INHeNHbIN XapakTep (R=0,999) (puc. 3).

Yto65I onpenenTh 3G PeKTUBHOCTD BKIIOYEHUA
MeJIATOHWHA B JIMIIOCOMBI IIPOBOJIVUIM €T0 KOJIIde-
CTBEeHHOe oIpeieJieHre B auanu3are. [l aToro 1 M
JUQIN3aTa IIOMEeINAIN B MEPHYIO KOOy 00beMoM 50
MJI U JJOBOJWIU 0 METKU 95% STWIOBBIM CIHUPTOM
(aHAIU3UpPyeMbId PacTBOP). Y MOJy4eHHOI'O PacTBO-
pa MATUKPATHO 3aMepsUIM ONTUYeCKYIO IUIOTHOCTh
U PaCcCUYUTHIBAIY CpefjHee 3HaUYeHNe KOHIIeHTpaIluu
MeJIATOHMHA (CM. TaGJIHILy).

ITomyyeHHOe cpefHee 3HaueHUe MCIIOIb30BAIN
JUIA oIlpefiesieHNA KOJINYeCTBeHHBIX XapaKTepHUCTUK
JumocoM. IlepBOHAYaIbHO HAXOAWIN MAacCy Mesia-
TOHMHA B AManusare o Gopmyie: (CxV xV )V, rme

PEBYHBTGTI:I KOJIN4YeCTBEeHHOro onpegeneHus cogepiXXaHus MeJIaTOHUHA B JIMNoCoOMaXxX

Results of quantitative determination of melatonin levels in liposomes

Ne C, Mr/n C,,» Mrn S AX, X, Mr X, Mr C,, Mr/mi E, % F

1 0,54

2 0,53

3 0,53 0,54 0,019 0,0236 1,20£0,05 8,08%+0,05 1,80%0,01 87,810,5 0,035
4 0,58

D) 0,53

IIpumeuanue. C — KOHIIeHTpaLMs MeJIATOHWHA B Ayau3are; CCP — cpefiHee; S — cpefjHee KBaipaTUYHOe OTKJIOHEHME; Ach — I0BepuU-

TeJIbHbIM UHTEepBas; X — KOMMYEeCTBO MeJIaTOHUHA B luanusare; X — KOJIWYECTBO MEJTaTOHMHA, OCTaBIIeeCs B JIUIOCOMATbHON B3BECH;
Cn — KOHIIeHTpaluA MeJIaTOHUHA B JIMIIOCOMaIbHOU Juctiepcuy; E — 3 peKTUBHOCTD BKIIOUeHUA MeJaTOHMHA B JIUIIOCOMBI; F — OTHO-
IIeHNEe MeJIATOHWHA K JIEIIUTUHY I'OTOBBIX JIUIIOCOM.

Note. C is the concentration of melatonin in the dialysate; C . is the mean; S is the root mean square deviation; AX - confidence

interval; X - the content of melatonin in the dialysate; X, — the remaining content of melatonin in the liposomal suspension; C, is the
concentration of melatonin in the liposomal dispersion; E — the efficiency of incorporating melatonin into liposomes; F is the ratio of
melatonin to lecithin of the finished liposomes.
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V, - o6bem auanusara (45 mi); V, — 00beM aHaIu3u-
pyemoro pacTteopa (50 mu); V, — o6beM auanmMsara,
B3ATBIN 1A a”Hanu3a (1 mu). 3Had U3HavyalbHOEe KO-
JIMYEeCTBO MEJIATOHWHA B 5 MJI JILIIOCOM JI0 OYKUCTKU
Juar3oM (10 Mr), GbUTIO PaCCIUTAHO KOJIMIECTBO Me-
JIATOHUHA, OCTaBIlleecs B JINTIOCOMaX ITOCJIe OUYUCTKU
X (cM. Tabmuity). Pasgens 3To 4yMCIO Ha 06beM JIn-
II0COM, TIOJIyYeHHBIN B pe3yJibTaTe IUaau3a (5 M),
ObUIa HaWfleHa KOHIIEHTpAaIys MeJIATOHWHA B JIU-
nocoManbHOU guctnepcuu C (cM. Tabauily). YIUThI-
Basd WM3HAYIBHBIM OOBEM JIUIIOCOM, ITOJIyIeHHBIN
B pe3yJsibTaTe TUAPATAIUY JIUIUAHOU TuieHKu 0,9%
PacTBOPOM XJIOPHWZIA HATPUA, HaXOAWwin 3()QPeKTHB-
HOCTb BKJIIOYEHUSA MeJIATOHWHA B JIUIIOCOMAIbHBIE
BE3UKYJIBI M OTHOIIEeHVe BKJIIOYUBIIEroCsd MeJIaTo-
HUHA K JIEIUTUHY JjiunocoM E, KoTopad cocraBuiia
87,8% (cM. TabuIHILy).

3akAloueHne

TakuM 00pa3oM, OIMMCAHHBIA METOJ IT03BOJIAET
TI0JIy4aTh JIMIIOCOMBI, COZleprKalliyie MeJIaTOHUH, pas-
MepoM 66,6110 HM, C BBICOKOU 3((PeKTUBHOCTHIO
BKJIIOUeHUA (87,8%) U OTHOIIeHUEM JieKapCTBEHHOM
cyOcTaHIIUM K OCHOBHOMY Jumiuy 0,035. ITo cBouM
XapaKTepUCTUKaM IIOJydeHHbIe JIUIIOCOMBI C Mesa-
TOHWHOM MOTYT ObITh IPUTO/HbI /11 BHYTPUBEHHOTO
BBeJIEHU, U IIPU HAUTUMYUY CIIOCOOHOCTU IIPOHUKATH
yepe3 reMaTodHIlepaTnduecKuii 6apbep 00eCIeYnuTh
aZipeCHyI0 JJOCTaBKy BBICOKUX KOHIIEHTpAIWi Mesa-
TonuHa B [THC, rzie oH OyZeT OKa3bIBaTh CBOE Jieued-
Hoe JieticTBue. OHAKO A HOATBep:kAeHus ¢papMma-
KOJIOTMMECKUX CBOMCTB HEOOXOAMMBI JaJbHEeHIIe
UCCIIeJOBAHUA HA XKUBBIX CUCTeMax (KyJIbType HepB-
HbBIX KJIETOK U JIJAOOPATOPHBIX }KUBOTHBIX C MOJIETHIO
HMK).

Kongnuxm unmepecos
Agmopbl 3a98a910m 06 omcymcmeuu
KOHPIUKMA UHMepecos

Conflict of interest
The authors declare no conflict of interest

Avteparypa

1. WHO fact sheet. The top 10 causes of death [Electronic
resource]. Access mode: https://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death

2. DHUMKAONeANA NeKapCcTB U TOBAPOB anTeYHOro
accopTUMeHTa. [D1eKTpoHHOe M3gaHue]. Pexum goctyna:
https:// www.rlsnet.ru/mnn_index_id_2278.htm

3. ApywaHsaH 3.b. 3awmTHaa posib MenaToHnHa Npu
HapyLLeHNAX MO3roBoro kKpoBoobpatyeHus. Pycckuin

4. Beni S.M., Kohen R., Reiter R.). et al. Melatonin-induced
neuroprotection after closed head injury is associated with
increased brain antioxidants and attenuated late—phase activa-
tion of NF-kB and AP-1. FASEB J. 2004; 18: 149-51. DOI:
10.1096/1j.03-0323fje

5. Yang B., Zang L.E., Cui J.W. et al. Melatonin Plays a
Protective Role by Regulating miR-26a-5p-NRSF and JAK2-STAT3
Pathway to Improve Autophagy, Inflammation and Oxidative
Stress of Cerebral Ischemia-Reperfusion Injury. Drug Des. Devel.
Ther. 2020; 14: 3177-88. DOI: 10.2147/DDDT.S262121

6. Mack J.M., de Menezes Moura T., Bobinski F. et al.
Neuroprotective effects of melatonin against neurotoxicity
induced by intranasal sodium dimethyldithiocarbamate adminis-
tration in mice. Neurotoxicology. 2020; 80: 144-54. DOI:
10.1016/j.neuro.2020.07.008

7. Kynnkos O.A., Arees B.I1., MHunHa B.N. n ap.
JlunocoManbHan sekapcTBeHHan GpopMa aLeTUALUCTenHa:
nonyyexue n aHanans. @apmauymsa. 2016; 4: 23-5.

8. Kyamkos O.A,, Mataes H.A., 3abopoBckuii A.B. n ap.
PaspaboTka HaHOCOMasnbHOW GOPMbl aNpOTUHMHA. BronneTeHb
3KCMepuUMeHTanbHOM 6ronorum n MeanumHel. 2017; 6: 707-9.

References

1. WHO fact sheet. The top 10 causes of death [Electronic
resource]. Access mode: https://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death

2. DHUMKAONEeANA NEeKapCTB U TOBApOB anTe4YHOro
accopTumMenTa. [Electronic resource]. Access mode: https://www.
rlsnet.ru/mnn_index_id_2278.htm (in Russian)

3. Arushanyan E.B. The protective role of melatonin in cere-
brovascular accidents. Russkiy medicinskiy zhurnal. 2010; 8:
495-9 (in Russian)

4. Beni S.M., Kohen R., Reiter R.). et al. Melatonin-induced
neuroprotection after closed head injury is associated with
increased brain antioxidants and attenuated late—phase activa-
tion of NF-kB and AP-1. FASEB . 2004; 18: 149-51. DOI:
10.1096/fj.03-0323fje

5. Yang B., Zang L.E., Cui J.W. et al. Melatonin Plays a
Protective Role by Regulating miR-26a-5p-NRSF and JAK2-STAT3
Pathway to Improve Autophagy, Inflammation and Oxidative
Stress of Cerebral Ischemia-Reperfusion Injury. Drug Des. Devel.
Ther. 2020; 14: 3177-88. DOI: 10.2147/DDDT.S262121

6. Mack J.M., de Menezes Moura T., Bobinski F. et al.
Neuroprotective effects of melatonin against neurotoxicity
induced by intranasal sodium dimethyldithiocarbamate adminis-
tration in mice. Neurotoxicology. 2020; 80: 144-54. DOI:
10.1016/j.neuro.2020.07.008

7. Kulikov O.A., Ageev V.P., Inchina V.I. et al. Liposomal form
of acetylcysteine: development and analysis. Farmatsiya. 2016; 4:
23-5 (in Russian)

8. Kulikov O.A., Pyataev N.A., Zaborovskiy A.V. et al.
Development of nanosomal form of aprotinin. Bjulleten’
eksperimental'noy biologii i meditsiny. 2017; 6: 707-9 (in
Russian)

Iocmynuna 5 agzycma 20202.
Received 5 August 2020

IIpunama % nybéaukxayuu 16 okmsabpsa 2020 .

MeANLMHCKMIT xypHan. 2010; 8: 495-9. Accepted 16 October 2020
EDbapmaumn 2020, 1. 69, Ne7 33



