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Beeoenue. Hayunvlil u npakmuyeckuii unmepec K npooieme MUKpOKancyIuposanus OCmaemcs 6blCOKUM, 0 YeM
ceudemenbcmeyem oOWUPHAS Tumepamypa no 3mou meme. Bvibop niénxkoobpaszosamens 6 kawecmee HOCUMeNA
Ouon02UYeCKU AKMUBHO20 Beujecmad Npu MUKPOKANCYIUPOSAHUU Onpedensemcs mpebyemoti CKOpoCmblo 8biC8000-
JHCOCHUS 1eKAPCMBEHHO20 8eulecimsd, 8 3HAUYUMENbHOU Mepe, 3asucaujeli om QuuiecKux ceolicms nociedHezo. B
Kawecmse 00010YKU 4ACMO UCHONb3Yemcst buodecpadupyemvle NOIUMepPbl — albeuHam Hampus u sceramun. Llens
Pabomul — CpasHUMENbHbINL AHAU3 MEPMOOUHAMULECKUX XAPAKMEPUCTHUK 8bICBOOOICOEHUS. BUHNOYEMUHA U3 MU-
KPOKANCYN, COOEPACAUUX 8 Kayecmae 0DON0UKU JHCeNLAMUH, HAmpus atbeuHam, @ 600y u 6 smanon. Mamepuanst u
Memoowl. B kauecmae HauanbHo20 cOCMOAHUA OIS paAciema mepMOOUHAMUYECKUX XAPAKMEPUCTUK 8bLCBOOOHCOEHUs
BUHNOYEMUHA U3 NOTUMEPO8 ObliA UCNONb308AHA KOHpOpMAYUs cucmemsvl «HOIUMEP-BUHNOYEMUH» NOCLe MepMO-
OUHAMUYECKO20 YPABHOBEUUBAHUS MEMOOOM MOLEKYIAPHOU OUHAMUKY 8 npocpamme Buosepuxa. Pezynomamot u
obcysycoenue. Boiceobooicoenue sunnoyemuna uz aiveunama Hampusi 8 600y ¢ pH=2 sensemcs snepeemuyecku 6vl-
200HbIM NPOYECCOM, A MAKIHCE CONPOBONUCOAEMCI YBETUHEHUEM SHMPONUL, YMO 2080pum o Ooiee 8blCOKOU mepmo-
OUHAMUYECKOU 8EPOAMHOCINU KOHEYHO20 COCMOAHUS (6UHNOYEMUH 8 pacmeope). Bvicsobooicoenue sunnoyemuna 6
IMAHON U3 ANbSUHATNA HAMPUS IHEPLeMUUeCKU MeHee 8bI200HO0 N0 CPABHEHUIO C 8blc80O0NCOeHUeM 8 800Y. Bviceobo-
JHCOeHUe BUHNOYEMUHA U3 JHCENAMUHA 8 IMAHON IHePemUYecKy MeHee 8bl200H0 NO CPABHEHUIO C 8bICB0OONCOEHUEM
6 800y. 3akntouenue. CpasHumMenbHblll AHANU3 PE3YIbMAMNO08 KEAHMOBO-XUMULECKO20 BbIYUCTEHUS MEPMOOUHAMU-
YeCKUX XapaKmepucmuk 8blc6000ICOeHUsl GUHNOYEMUHA U3 ANbeUHAMA HAMPUS U JCENAMUHA NO380NAEmM COeNamb
861800 0 DobLULEM CPOOCTEE BUHNOYEMUHA K ANbSUHAMY HAmpUs 6 paziudnelx cpedax. Credcmeuem 9mozo, moicem
Obimb Oonee 8blcoKAs cmeneHb 8blceobodcOenus sunnoyemuna ¢ pacmeop HCI 0,01 M u cnupm u3 sicenamuna no
CPABHEHUIO C ANbSUHAMOM HAMPUS.

Knrouesvie cnosa: muxpoxancynvl, BUHNOYEMUH, HCENAMUH, HAMPUS ANb2UHAMN, KBAHMOBO-XUMUYECKULL paciem,
cmeneHb 8b1c8000XCOEHUS
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Introduction. The scientific and practical interest in the problem of microencapsulation remains high, as evi-
denced by the extensive literature on this subject. The choice of a film former as a carrier of the active substance
in microencapsulation is determined by its required release rate of the latter, which depends largely on the physical
properties of the latter. Biodegradable polymers, sodium alginate and gelatin, are often used as a coating. The aim
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of the research is a comparative analysis of the thermodynamic characteristics of the release of vinpocetine from
microcapsules containing gelatin, sodium alginate as a shell, into water and ethanol. Materials and methods. For
calculating the thermodynamic characteristics of the release of vinpocetine from polymers, the conformation of the
“polymer-vinpocetine” system after thermodynamic equilibration by the molecular dynamics method in the Bioevrica
program was the initial state. Results and discussion. The release of vinpocetine from sodium alginate to water with
pH = 2 is an energetically beneficial process, and is accompanied by an increase in entropy, which indicates a higher
thermodynamic probability of the final state (vinpocetine in solution). The release of vinpocetine from gelatin into wa-
ter at pH = 2 is an energetically favorable process, as well as accompanied by an increase in entropy, which indicates
a higher thermodynamic probability of the final state (vinpocetine in solution). The release of vinpocetine from sodium
alginate to ethanol is energetically less favorable than its release to water. The release of vinpocetine from gelatin to
ethanol is energetically less favorable than its release into water. Conclusion. A comparative analysis of the results
of the quantum-chemical calculation of the thermodynamic characteristics of the release of vinpocetine from sodium
alginate and gelatin makes it possible to conclude that vinpocetine has more affinity for sodium alginate in various
environments. As a consequence, there may be a higher degree of vinpocetine release into a solution of HCI 0.01 M
and an ethanol from gelatin compared to sodium alginate.
Keywords: microcapsules, vinpocetine, gelatin, sodium alginate, quantum-chemical calculation, release degree

BBEJEHHME. OnnHoii u3 mpobieM COBpeMEHHOM
(apMarun SBISETCS HENMPOMODKUTENFHOE HAXOXKICHHE
MHOTHX JIGKAPCTBEHHBIX BEIICCTB B OpraHW3ME. DTHM
0OBSCHSAETCS HEBO3MOXKHOCTH CO3aHUS B KPOBH M TKa-
HAX pPaBHOMEpPHOM TepareBTUUECKOW KOHIICHTPAIIMH
JIEHCTBYIONIETO BEIIECTBA B TEUEHHUE UINTEIHLHOTO Bpe-
MCHH.

OnHIM 13 OCHOBHBIX CIIOCOOOB TIOBBITIICHHS YD heK-
TUBHOCTH (papMaKOTepaly SBISETCS CO3JaHHE JIeKap-
CTBEHHBIX MpENapaToB IMPOJIOHTHPOBAHHOTO IEHCTBHA,
KOTOpBIE, B CBOIO OY€peab, UMEIOT P[] IPEHMYIIECTB.
OT0, TIpekKIe BCETO, YMEHBIIICHHE YaCTOTH BO3SHUKHOBE-
HUSL TT0004YHBIX () (eKToB, obecneueHne MOoaIEPKaHUS
TEPaneBTUYECKOTO YPOBHS KOHIIEHTPAILIUH JIEKAPCTBEH-
HOTO BEIIECTBA B KPOBH, BO3MO)KHOCTH PETYIHPOBAHUS
CKOPOCTH BBICBOOOXK/ICHHS, a TAKXKe YIOOCTBO B IIpHUMe-
HEHHWH TaKOTO POia IpenapaTos.

OTHU U IpyTHE 3a1a9d MOTYT OBITh PEIICHBI TIOCPE-
CTBOM OJHOTO W3 HanboJlee MHTEHCHBHO Pa3BUBAIOIIHX-
csl HampaBleHHA B (papMareBTHKE, KOCMETOIOTHH H
JIPYTUX XUMUYECKHUX OTPACHIAX MPOMBIIUICHHOCTH — MU~
KPOKAICYTUPOBAHHUS.

IIpu 3TOM OHOI M3 YACTHBIX 3a]]a4 CTAHOBUTCS I10-
UCK TUICHKOOOpa3zoBaTesell, perylupyomnX IHTEIhb-
HOCTB JIeHCTBHS JICKAPCTBEHHOTO BEUIECTBA M OTBEYAIO-
X MEIUKO-(PapMarieBTHIeCKUM TpedboBaHusm [1].

MukpokancyanpoBaHUe SBISIETCS COCOOOM TOIy-
YeHHs TPAJAUIIMOHHBIX MaTepHajoB B YHUKAJIBHOH (op-
Me, KOTopasi CIIOCOOHa 3allUTUTh BEHIECTBa OT BO3IEHi-
CTBHSI (PaKTOPOB OKPY’KAIOIIEH CPeIIbl, BRI3BIBAIOIINX UX
pasnoxenue [2, 3]. DTOT nMpueM HaXOIUT NMPUMEHEHHE
B MEIWIIMHE U (papMaItui, I/e JIEKapCTBEHHEBIE CPEICTBA
1 (pepMEeHTHI 3aKTF0UEHBI B OMOJIOTHUECKH pa3jiaracMble
MHUKpOKarcyisI [4, 5].

BricokOMOJIEKyIIpHBIE BEIECTBA IPUPOTHOTO MPO-
WCXOXKJCHUS JOBOJBHO YCTOWYMBE K OMOIECTPYKLINH B
TKaHSIX XKUBBIX OPTaHU3MOB, XOTS CLOCOOHBI COOCTBEH-
HO K mecTpyknun. OHH OHMOJOTHYECKH COBMECTHUMBI H
CPaBHUTEIHHO HEIOPOTHE, IIOATOMY B Psilie CIIy4aeB HC-
TOB3YIOTCS JUIS BKIIOYCHUS OMOJOTHYECKH aKTUBHBIX
BemiecTB [6—8].

[lepcrieKTHBHBIM JICKAPCTBCHHBIM BEIICCTBOM LIS
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CO3MIaHUA MHUKPOKAIICYJTUPOBAHHOW (OPMBI  SIBIISETCS
BuHMonietux [9, 10].

MetomoM [IUCTIEPTHPOBAaHUSA B CHCTEME O KHI-
KOCTB-)KUAKOCTh TIONyYCHBl MHKPOKAIICYIbl BHHIIO-
[eTHHA ¢ 0DOJIOYKOM CIIaB Macilo Kakao:BOCK B COOT-
HomeHnuu 3:2. IlpoBeneHHble OWO(papMaleBTHICCKUE
HCCIICIOBaHUS 00pa3IoB ITOKa3ad, 4TO Hambojee Ioj-
HOE BBICBOOOXKIECHHE JICKAPCTBEHHOTO BEIIECTBA IPO-
HCXOUT U3 MUKPOKAIICYJ ¢ TUAPO(OOHBIM MTOKPHITHEM,
COZEpKAIlMM BOCK ITYETMHBIN W Macjo Kakao B COOT-
HomeHuu 3:2 u pazmepom 0,5-1 MM, TUCTIEpCHOHHON
Cpemoil Tpu MONyYeHHH KOTOPHIX SBISUICA 2% pacTBOp
Na-KMII [11].

K ugmciy mneHkooOpa3oBaresieif, NepCreKTUBHBIX
JUI WCCIIEOBAaHMS B KadecTBE OOONOYEK I MHKPO-
KariCyJ BHHITONIETHHA, OTHOCATCS, B YAaCTHOCTH, JKe-
JmatuH M Hatpus aneruHar [12-14]. Mukpoxarcyisl ¢
000JI04KOH M3 KEJaTHHA MPEHMYIIECTBEHHO ITOTyJaroT
METOJIOM IUCTIEPTUPOBAHMS B CHCTEME <CKUAKOCTb-KH-
KoCTh» [15, 16]. MuKpoKaricyssl ¢ 000JI0UKOM U3 HATPUS
aJbTUHATa — METOIOM 3KCTpy3uu [17, 18].

BuHMoOneTHH IIIOXO pacTBOpsSeTCsS B BOIE, W JUIA
MIPOBENICHNS TIPEIBAPUTEIBHBIX HCCIIEIOBaHUI 1O 000-
CHOBaHHMIO COCTaBa MHKPOKAIICYNl M OIPEIeNICHHIO YC-
JIOBUH WX TONYYEHHUS B Ka9eCTBE CPEAbl PacTBOPEHUS
WCTIOJIB30BAJI STHIIOBBIM CIIMPT, YTO MO3BOJIIIIO Oojee
YETKO OMPEAETHUTh BIMSHNAE BCIIOMOTATEIFHBIX BEIIECTB
1 TEXHOJIOTHYECKHUX (PaKTOPOB.

OpHako 3a4acTyl0 CIIOXKHOCTH — aIapaTypHOTO
odopmIteHHs Tiporiecca W Hu3Kas 3 (EeKTHBHOCTH Jiena-
10T MOA00p METOAWKH MUKPOKAIICYTHPOBAHUS IITUTEIh-
HBIM U TOPOTOCTOSIIIMM HccienoBanueM. Monennposa-
HHUE MOJIEKYISIPHOW AMHAMHKH PAaCTBOPOB IPH H3yUEHHUH
mporecca BBICBOOOXKICHMS JIEKAPCTBEHHBIX BEIIECTB
W3 MHKPOKAIICYJ MO3BOJIIET MOAOOpaTh ONTHMAIbHBIHA
TUIEHKOOOpa3oBaTeIb, BOZOPOIHBIN ITOKa3aTelb, CPeIy
JUT BBICBOOOXIEHUS W Ipyrue (HaKTOpHI, BaXKHBIC IS
YCIICIITHOTO TIPOBENEHHS MIPOIiecca MUKPOKATICYIHPOBa-
Hus. TIpu 3TOM HEOOXOOMMOCTH MPOBEICHHUS PEeaIbHOTO
SKCIEPUMEHTA CBOANUTCS K MUHUMYMY.

HEJb HMCCIEJOBAHUSA - cpaBHUTENLHBINA
aHaIN3 TEPMOJUHAMUYECKHX XapaKTCPUCTHK BHICBOOO-
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JKICHUS BUHITONIETHHA U3 JKEJIaTHHA ¥ HATPHS albruHaTa
B BOZY H B 3TAHOIL.

IleneBrie 3amaun:

1. Brigenenue pparMeHTOB CHCTEM «BHUHIIOETHH
— aJIBTMHATY», «BUHIONETHH — XKEJIaTHH», «BUHIIOIETHH
— BOZIa», «BUHIIOIICTUH — 3TAHOI, TOCTYIIHBIX [ KBaH-
TOBO-XUMHYECKOTO MOJICIINPOBAHHS;

2. TlpoBeneHue konmedaTEeNbHOrO aHAIM3a KOMIIO-
HEHTOB HCCIEAYEMBIX CHCTEM;

3. OmpeneneHne SHTPOTIHH, SHTATBITNN U SHEPTUN
T'u66ca BEICBOOOKICHVSI BUHITOIIETHHA B PaCTBOPUTEIH
— BOZY H 3TAHOIL.

MATEPUAJIBI 1 METO/BI. [Ins monenuposa-
HUS TIpolecca BHICBOOOXKICHUS BHHIIOLETHHA W3 ajlb-
THHATa HATPHS W JKEJIaTHHA B PAa3IMYHBIX cpeaax Mpes-
BapUTENBFHO OBUIM TIOCTPOEHBI MOJENIN KOMIIOHEHTOB
HCCIIETyEeMBIX CHCTEM M BBIYHCIICHBI 3apsiIbl UX aTOMOB
KBaHTOBO-XMMUYECKIM METOIOM. AMMHOKHCIOTHAS
MIOCTIETOBATEIFHOCTh MOJICKYITBI KOJUIareHa ObLIa TOITy-
yeHa u3 0a3pl qanaeix Uniprot.org (P02453) u ncons-
30BaHa Jajee B MPOIeCCe MOIENHPOBAHHS JKEIaTHHA.
Cbopka aMHHOKHUCIIOTHOH TIETIH TTPOU3BOAMIACH aBTOMA-
THYECKU C MCIIOJIb30BaHHEM Tporpammbl OpenBabel Ha
ocHoBe koga FASTA. AMHHOKHCIIOTBI, CIIOCOOHBIE HO-
HU3UPOBATHCS, OBUTH IPOTOHMUPOBAHBI B 3aBHCHMOCTH OT
BeIMYMHbI pH.

B xayecTBe KOMITOHEHTOB HCCIICAYEMBIX CHCTEM
OBUTH UCIIONIF30BAHBI MOJICIIH MOJICKYJIBI BHHITOIICTHHA
B BHJIC OCHOBaHHS W B BHJIC KAaTHOHA, a TAKXKE MOJCITH
(hparMeHTOB MAaKpPOMOJICKY/ allbTMHATA HATPHS U aJTbru-

HOBOM KHCJIOTHI TT0 6 MOHOMEPOB KaX<1ast; Monenu (par-
MEHTOB MaKpOMOJIEKYJIBI KOJJIareHa.

IIpocTpaHCTBEeHHBIE MOAETH KOMIIOHEHTOB OBLIH
MMOCTPOEHBI C UCIIONB30BaHUEM TIporpamMmbl HyperChem
8.01.

B xadecTBe HAYaJBHOTO COCTOSHMS [UIS pacyera
TEPMOIMHAMHYECKIX XapaKTEPUCTHK BBICBOOOKICHUS
BUHITOIIETHHA W3 TOJMMEPOB ObLIa HCIIONIh30BaHa KOH-
(opMaIyss CHCTEMBI «IIOJMMEpP — BHHIIOIECTHH» IIOCTE
TEPMOIMHAMHYECKOTO YPAaBHOBEIIIBAHHS METOIOM MOJIE-
KyJISIpHOW TMHAMUKHU B TporpamMme bruosBprka B TeueHHe
5 He [19, 20]. B kauecTBe KOHEYHOTO COCTOSTHUS UCTIONb-
30BaJICSI MOMEHT BPEMEHH MOACIHPOBAHUS MOJICKYISIP-
HOW JWHAMUKH, COOTBETCTBYIOUIMH IIOJHOMY BBIXOIY
MOJIEKYITBI BHHIIONETHHA U3 TIOJIMMEPOB B PACTBOPHTEIb.
B xadecTBe KpuTEpHs BHIXOJAa BUHIIOIICTHHA B PACTBOPH-
TEeJIb UCIIONIb30BaJICsl MOIYb SHepruu Bau-aep-Baansco-
Ba B3aUMOJICHCTBISI MEXIIy MOJIEKYJIOW BHHIIOICTHHA W
nomamepoM (|E| < 0,1 x/x/moms). [ 060ux cocTosHMiA
MPOBOIMJIACE ONTAMHU3AINS TE€OMETPHH B CHIIOBOM IIOJIE
Amber94 B nporpamme brosspuka [21].

Jlis BEIAETICHHBIX CHCTEM IPOBOIMIICS KOJIeOaTelh-
HBIA aHanmu3 [22] ¢ WCIONb30BaHUEM HEOTPAHUYECHHOTO
MeTona Xaptpu-®oka B 6azuce STO-3G B mporpamme
Orca 4.0 [23]. B pesynbrare OBIIH HOTY9EeHBI TEPMOIH-
HAMHYECKUE XaPAKTEPUCTUKU MOJICIIUPYEMBIX (pparMeH-
TOB CHUCTEM (JHTAIIBITUS ¥ SHTPOIIUA ).

[Hanee npoussonuincs pacuet 3HTansnuu (AH) u sn-
Tporun (AS) BEICBOOOXICHHS BUHIIOIETHHA U3 MOJIHMe-
pa o ¢popmynam:

AH = (Hnonnmep + HBP[HH.—paCTBOpHTeJ‘lb) - (HBHHH.—nonumep + HpaCTBOpHTeJIb)

AS = (Srlomleep + SBHHH.—paCTBOpl/lTeJ'lb) - (SBI/IHH.—HOJH/IMEP + SpaCTBOpP[TeJIb)

C ucroiap30BaHUEM TONYYEHHBIX SHTAIBIUN U DH-
TpONHi paccuuThIBaUCh 3HEeprun [ n66ca (AG) BBICBO-
OOXIeHNsT BUHTIONETHHA B Pa3IMYHBIC CPEAbl UII TeM-
neparypst 310 K o hopmyme:

AG = AH - TAS,

rne T — Temmeparypa, K.

PE3VJIBTATbI U OBCYXJIEHHUE. Monenu-
pOBaHHE MOJISKYJISIPHON JMHAMUKH BBICBOOOKICHHS
BUHIIOLIETHHA M3 JKEJNaTHHA I10Ka3ajl0 BO3MOXKHOCTb
BBICBOOOYKICHHSI BUHTIONIETHHA B Boy ¢ pH = 2 u B 3Ta-
HOJI. BUHITOLIETHH TPAKTHYECKH HE PacTBOPUM B BOJIE,
pacTBOpUM B CHHPTE 3THUIOBOM. B HeKoTOphIX padoTax
OIUCHIBAETCS BO3MOXXHOCTH HCIIOJIb30BaHUS B TaKUX
CITy4asix BOJIbI OUHMILCHHOH ¢ 100aBIeHNEM TOBEPXHOCT-
HO-aKTHUBHBIX BEIIECTB B Ka4€CTBE aKIENTOPHON CPe/ibl
C LETbIO TIOBBIIIEHHST PACTBOPUMOCTH BetiecTBa. OHa-
KO, B JJAHHOM HCCIICIOBAHUH JUTS TIPEJIOTBPAIICHUS B3a-
MMOJICHCTBHSI BCIIOMOTATENIbHBIX BELIECTB, BXOSIIUX B
COCTaB MUKPOKAIICYJ, C MOBEPXHOCTHO-aKTUBHBIMU Be-
IECTBAMH B KA4€CTBE CPE/Ibl PACTBOPEHUSI UCIIOIb30BaH
cupT STHIOBEIN 95%. [lomydeHHbIe pe3yasTaThl 03BO-

JISTIOT TIPEITIONIOKHUTh 00Jiee HU3KYIO CTETIeHb BBHICBOOO-
JKICHUS BUHIIOLIETHHA W3 )KEJTaTHHA B 3TAHOII I10 CpaBHE-
Huto ¢ pacteopom HC1 0,01 M.

MopnenupoBaHue MOJEKYISIPHOW AMHAMUKH BBICBO-
OOXJOeHWs BUHIOINETHHA M3 HATpHsA albruHaTa IIOKa-
3aJ10, YTO BBICBOOOXKICHHE BUHIIOIETHHA B 3TAHON W3
aNbrUHATa HATPHUA SHEPreTHYECKH MEHee BBITOJHO IO
CpaBHEHHIO C BBICBOOOXKIECHMEM B Boxy. [Ipenmomoxu-
TEJIHLHO 3TO OOBSACHSIETCS OOJiee HU3KOW CTETICHbIO Ha0y-
XaHWS M AUCCOLMAINY aJbTWHATa HATPUSA B STaHOJIE 110
CpaBHEHHMIO C BOAHOU cpenoil. BeneacTBue storo, momu-
Mep MeHee TOJIIPEH, YTO MOXKET OBITh MPUIMHON Ooree
TIPOYHOTO CBSI3BIBAHHS BUHIIOLIETHHA.

JUis KBaHTOBO-XMMHYECKOTO pacueTa TepMOAWHA-
MHYECKHAX XapaKTEPHCTUK M3 CHCTEM, HCITOTH30BaBIIIHX-
Cs1 IPH MOZETTMPOBAHUH MOJICKYIISIPHOM JTHHAMUKH OBLIH
BBIJICJICHB! (PparMeHThl HA9aIbHOTO W KOHEYHOTO COCTO-
ssaui (puc. 1 — 6):

BUHTIOIETHH — OJIUMED,

PacTBOPHUTETID,

MoJIMMeED,

BUHTIOIETHH — PACTBOPHUTENb.
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Pesynerarel TepMOAMHAMUYECKIX XapaKTEPUCTHK MOZIETIMPYEMBIX (pparMeHTOB CHCTEM IpeCTaBICHEI B TabmuIax 1, 2.

Taﬁﬂuua 1- Pe3yﬂbmambl K6AHMOBO-XUMUUECKO20 pacuema IHmajibnuu 8b1C6OD0IICOCHUSA eunHnouemuHna

U3 noiumepoe 6 pacmeopumeiib

DHTaJBIUA CUCTEMBI, KJI)K/MOJIb DHTAJIBIINUS
CucremMa | Bypmonerun B PactopiTes [onmumep Ge3 Bummonerns B | BPICBOOOMKICHNS,
MOJIMMEPE BUHIIOIIETHHA pacTBOpHTENE KkJhK/Moh
Kenarnna
pH=2 -10604545,97 -9450228,56 -7733273,32 -12322871,38 -1370,17
pH=7 -13321305,03 -4725065,66 -10450648,86 -7595963,74 -241,92
DraHon -12063161,03 -8000056,02 -9192888,69 -10870588,77 -260,41
Harpus anerunar
pH=2 -12916834,42 -7284492,27 -10044950,29 -10156853,84 -477,44
pH=7 -17333888,15 -7284608,01 -14463147,62 -10155553,84 -205,31
OraHon -16173836,89 -8000056,02 -13303372,49 -10870588,77 -68,35

Ta6fll«ll{(l 2- Pe3y.71bmambt K6AHMOBO-XUMUUECKO20 pacuema IHmponuu 6bICB000IICOCHUA euHnouemuna
U3 noiiumepoes 6 pacmeopumeiib

OHTponust cucremsl, KJK/MOIb OHTponHs
Cucrema BunnoueruH B [Monumep Ge3 Bunnouerus B BBICBOOOXKIICHUS,
PacTtBopurens
oJuMepe BUHITOIIETHHA pacTBopHTEne kJIK/MOITB
Kenarun
pH=2 1,4633 1,9408 1,4311 2,0721 0,0991
pH=7 1,7888 0,9101 1,6679 1,0108 -0,0201
OraHon 1,3711 1,9652 1,4290 1,7424 -0,1649
Harpus anerunar
pH=2 1,7361 1,4434 1,6231 1,6059 0,0494
pH=7 2,0070 1,4759 1,9391 1,6409 0,0971
OraHon 1,9313 1,9652 1,5261 1,7424 -0,6281

BricBOOOK IeHNE BUHITOLICTHHA U3 aJIbIHATA HATPHS B
Boxy ¢ pH=2 siBisIeTCS SHEPreTHYECKH BHITOTHBIM TIPOIIeC-
COM, a TaKkKe COIIPOBOXKIACTCS YBEIMUYCHHEM SHTPOIIHH,
YTO TOBOPHT O 0OJIee BHICOKOM TEPMOITMHAMUYIECKON BEPO-
STHOCTH KOHEYHOTO COCTOSTHHS (BUHIIOIICTHH B PacTBOPE).

BricBoOOXKIeHIE BHUHIONETHHA M3 ajJbIWHATa Ha-
Tpud B Boxy ¢ pH=7 3HepreTuyecku MeHee BBITOJIHO 110
CpaBHEHHIO C BRICBOOOXKAEHHEM B BoIy ¢ pH=2.

BricBOOOXICHIE BUHIIOIICTHHA W3 KEJIaTHHA B BOLY

¢ pH=2 sBisteTcs SHEPTrEeTHYECKU BEITOAHBIM IIPOLIECCOM,
a TaKk)Ke COMPOBOXKIACTCS YBETMYCHHUEM DHTPOITUH, UTO
TOBOPHT O 00Jiee BBICOKOH TEPMOIUHAMUIECKON BEPOST-
HOCTH KOHEYHOTO COCTOSTHUS (BUHIIOIIETHH B pacTBOPE).

BricBOOOXIeHIE BUHITOIIETHHA W3 KEJIaTHHA B BOILY
¢ pH=7 sHepreTruecku MeHee BBHITOAHO M0 CPABHEHUIO C
BBICBOOOKIICHHEM B Boay ¢ pH=2.

3uadenust sHeprun [ m66ca BEICBOOOKICHHS BUHIIO-
[ETHHA B Pa3JINYHbIEC CPEIbl MPEICTABICHEI B TabnuIe 3.

Tabnuya 3 — Pe3ynomamol K6anmogo-xumuueckozo paciema ynepzuu L'uooca 6vlc60060coenus suHnoyemuna
U3 NOIUMEPOB 6 PACMEOPpUmeENnb

Dueprus ['n60ca cucremsl, kJ[x/Mob Dueprus ['md6ca
Cucrema BUHITOTIETHH B PactBopHTe ITomumep 6e3 BUHITOTIETHH B BBICBOOOXKICHHS,
IoJINMEPE BHHIIOLIETHHA pacTBopHUTEIIE kJLK/MOIIb
Kenarun
pH=2 -10604999,59 -9450830,21 -7733716,96 -12323513,74 -1400,90
pH=7 -13321859,54 -4725347,78 -10451165,92 -7596277,076 -235,68
OraHon -12063586,07 -8000665,24 -9193331,67 -10871128,92 -209,28
Harpus anerunar
pH=2 -12917372,63 -7284939,72 -10045453,44 -10157351,66 -492,75
pH=7 -17334510,31 -7285065,55 -14463748,74 -10156062,51 -235,40
Oranon -16174435,61 -8000665,24 -13303845,58 -10871128,92 126,35
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BricBOOOXIeHIE BUHITOIICTHHA B 3TAHOI W3 albIH-
HaTa HaTpHs YHEPTETHUECKH MEHEE BBITOTHO IO CpaBHe-
HUIO C BBICBOOOXKJICHHEM B BOAY. lIpenmonoXuTensHO
3TO 00BsICHAETCS Ooee HN3KOW CTENEeHBI0 HAOyXaHH U
JUCCOIMAIINY aJbTMHATA HATPHUSA B 3TAHOJE IO CpaBHE-
HUIO C BOJIHOM cpenoit. BenencTBue storo, moamumep me-
Hee MOJIIPEH, YTO MOXKET OBITh MPHUINHOM OoJIee MPOIHO-
TO CBSI3BIBAHHSI BUHIIOLIETHHA.

PaBHOBecHe npu BHICBOOOXKIACHNH B Boay ¢ pH=2 u3
JKETIaTHHA CHIIbHEE CMEIIEHO B CTOPOHY BOJBI IO CpaBHE-
HHIO C TIPOIIECCOM BBICBOOOXKACHUS M3 AJIbIMHATA HATPH,
T.K. dHeprus [mb60ca sl BEICBOOOKICHUS W3 JKEIaTHHA
3HaunTeNbHO MeHbIe (—1400,90 xJI/MOnb 171 KenaTu-
Ha 1 —492,75 xJ[/MONb I abIrUHATa HATPHS ). DTO TO-
3BOJISIET MIPEATIONOKUTE 00JIee BBICOKYIO CTEIIEHb BBICBO-
OOk IIeHHsI B BOIY B KuCo# cpene (pH = 2) BUHTIOETHHA
13 JKeJIaTHHA TI0 CPAaBHEHHUIO C aIbTMHATOM HaTpPHs.

BricBOOOXIeHIE BUHITOIIETHHA M3 )KEJIaTHHA B JTa-
HOJI DHEPreTUYEeCKN MEHEe BBITOIHO 10 CPAaBHEHHIO C

BBICBOOOXKICHHEM B BOY. [IpenmonokuTebHO 3T0 00b-
sICHeTCS OoJIee HU3KOH CTETICHbIO HaOyXaHUs KellaTHHA
B ATAHOJIE TI0 CPABHEHUIO C BOJHOM CPe/ioi, B pe3ybTaTe
Yero CpoJCTBO BHHITONETHHA K OETIKY BO3pacTaeT.

SAKJIIFOUEHHUE. TlpoBeneHbl WCCIEIOBAHUS TI0
BBEIOOPY ONTHMAIBHOTO IUIEHKOOOpPA30BaTeNs ISl MH-
KpPOKAICYIUPOBaHusl CyOCTaHIMKM BUHIIONETHHA. Cpas-
HUTETBHBI aHaJIN3 Pe3yJIbTaTOB KBAHTOBO-XHMHUYECKO-
TO BBIYHCICHHUS TEPMOIMHAMUYECKHX XapaKTEPHUCTHK
BBICBOOOKACHHUSI BUHIIOIETHHA M3 aJbrUHATA HATPHS H
JKeJIaTHHA TI03BOJISIET CAETaTh BRIBOX O OONBIIEM CPOI-
CTBE BHHITOLIETHHA K aJbTWHATY HATPHUS B Pa3IHIHBIX
cpenax. CreacTBHEM 3TOTO, MOXKET OBITH 00Jiee BBICOKAs
CTETICHb BEICBOOOXKICHNSI BUHITOIIETHHA B KHCITYIO CPEeIy
JKETYIOYHOTO COKa W CIIUPT 3THWJIOBBIA M3 JKEJIaTHHA I10
CpaBHEHHIO C ATbIHATOM HATpHSI.

BJIAT'OJAPHOCTM. HccnenoBaHus BBIMOIHEHBI
npu puHaHcoBol mozepkke CoBera 1o rpantam Ilpe-
sunenta PO CI1-95.2018.4

INTRODUCTION. One of the problems of mod-
ern pharmacy is a short-term presence of many drugs in
the body. This explains the impossibility of creating a
uniform therapeutic concentration of the active substance
blood and tissues for a long time. One of the main ways
to increase the effectiveness of pharmacotherapy is the
creation of drugs with prolonged action, which, in turn,
have a number of advantages. This primarily reduces the
incidence of side effects, ensuring the maintenance of a
therapeutic level of drug concentration in the blood, the
possibility of regulating the release rate, as well as the
convenience in using such drugs.

These and other tasks can be solved using one of the
most intensively developing areas in pharmacy, cosme-
tology and other chemical industries - microencapsula-
tion.

In this case, one of the particular problems is the
search for film formers-regulating duration of the action
of a medicinal substance and meeting medical and phar-
maceutical requirements [1].

Microencapsulation is a method of obtaining tradi-
tional materials in a unique form that is able to protect
substances from the effects of environmental factors that
cause their degradation [2, 3]. This method finds an ap-
plication in medicine and pharmacy, where drugs and en-
zymes are encapsulated in biodegradable microcapsules
[4,5].

High-molecular substances of natural origin are quite
resistant to biodegradation in tissues of living organisms,
although they are actually capable of degradation. They
are biocompatible and relatively inexpensive, so in some
cases they are used to include biologically active sub-
stances [6—8].

A promising drug for creating a microencapsulated
form is vinpocetine [9, 10].

By dispersing in a liquid-liquid system, microcap-
sules of vinpocetine were prepared with a shell of a melt
of Cacao butter and wax at the ratio of 3:2. The biophar-
maceutical studies of the samples showed that the most

complete release of the drug was observed from micro-
capsules with a hydrophobic coating containing beeswax
and Cacao butter at the ratio of 3:2 and the size of 0.5-1
mm, the dispersion medium in the preparation of which
was a 2% solution of Na-CMC [11].

Among the film formers, promising for investigation
as envelopes for vinpocetine microcapsules, are, in par-
ticular, gelatin and sodium alginate [12-14]. Microcap-
sules with a gelatin shell are advantageously prepared by
a dispersion method in a “liquid-liquid* system [15, 16].
Microcapsules with a shell of sodium alginate are pro-
duced by extrusion [17, 18].

Vinpocetine is poorly soluble in water, and for per-
forming preliminary studies to justify the composition
of microcapsules and to determine the conditions for
their preparation, ethanol was used as a solving medium
which allowed a more precise determination of the effect
of auxiliary substances and technological factors.

However, the complexity of the process design and
low efficiency often make the selection of the microen-
capsulation technique a long and expensive study. In the
study of the process of drug release from microcapsules,
modeling molecular dynamics of solutions allows us to
select the optimal film former, pH, the release medium
and other factors important for the successful microen-
capsulation process. Thereby, the need for a real experi-
ment is minimized.

THE AIM OF THE RESEARCH is a comparative
analysis of-thermodynamic characteristics of the release
of vinpocetine from gelatin and sodium alginate to water
and ethanol.

Targets:

1. Fragments separation of the systems “vinpoce-
tine-alginate”, “vinpocetine-gelatin”, “vinpocetine-wa-
ter”, “vinpocetine-ethanol” available for quantum-chem-
ical modeling.

2. Carrying out a vibrational analysis of the com-
ponents of the investigated systems.

3. Determination of entropy, enthalpy and Gibbs
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energy of vinpocetine release to the solvents — water and
ethanol.

MATERIALS AND METHODS. To simulate the
process of vinpocetine release from sodium alginate and
gelatin to different media, models of the components of
the studied systems were preliminarily constructed and
the charges of their atoms by the quantum-chemical
method were calculated. The amino acid sequence of the
collagen molecule was obtained from the Uniprot.org da-
tabase (P02453) and used further in the gelatin modeling
process. The amino acid chain was assembled automati-
cally using the OpenBabel program based on the FASTA
code. Amino acids capable of ionizing were protonated
depending on the pH value. As components of the studied
systems, models of the vinpocetine molecule in the form
of a base and in the form of a cation were used, as well
as models of fragments of macromolecules of sodium al-
ginate and alginic acid with 6 monomers each; and also
a model of fragments of the macromolecule of collagen.

Spatial component models were built using Hyper-
Chem 8.01.

As the initial state, for the calculation of the ther-

modynamic characteristics of the release of vinpocetine
from polymers, the conformation of the “polymer-vinpo-
cetine” system was used after thermodynamic equilibra-
tion by the molecular dynamics method in the Bioeurica
program for 5 ns [19, 20].

As the final state, the time of molecular dynamics sim-
ulation was used, corresponding to the complete yield of
the vinpocetine molecule from the polymers to the solvent.
As a criterion for the yield of vinpocetine to the solvent,
the energy modulus of van der Waals interaction between
the vinpocetine molecule and the polymer was used (|E| <
0,1 kJ/mol). For both states, geometry optimization was
carried out in the Amber94 force field in the Bioeurica pro-
gram [21]. For the isolated systems, a vibrational analysis
was carried out [22] using the unrestricted Hartree-Fock
method in the STO-3G basis in the Orca 4.0 program [23].

As aresult, the thermodynamic characteristics of the
modeled fragments of the systems (enthalpy and entropy)
were obtained.

Further, the enthalpy (AH) and entropy (AS) of vin-
pocetine release from polymer were calculated by the
following formulas:

AH = (Hpolymer + I_Ivinp.—solvent) - (Hvinp.—polymer + I_Isolvent)

AS = (S polymer +S vinp.—solvent) - (S vinp.—polymer + S solvent)

Using the enthalpies and entropies obtained, the
Gibbs energies (AG) of vinpocetine release to various
media were calculated by the following formula for the
temperature of 310 K:

AG = AH - TAS,

where T was the temperature K.

RESULTS AND DISCUSSION. Simulation of the
molecular dynamics of vinpocetine release from gelatin
showed the possibility of vinpocetine release to water
with pH = 2 and to ethanol. Vinpocetine is practically
insoluble in water, but soluble in ethyl alcohol. In such
cases, some papers describe the possibility of using puri-
fied water with the addition of surface active substances
as an acceptor medium in order to increase the solubility
of the substance. However, to prevent the interaction of
the excipients that make up the microcapsules with the
surface active substances, 95% ethyl alcohol was used in
this study. The results obtained allow to suggest a lower

204

degree of vinpocetine release from gelatin into ethanol in
comparison with the solution of HC1 0,01M.

Modeling of molecular dynamics of vinpocetine re-
lease from sodium alginate showed that the release of
vinpocetine to ethanol from sodium alginate is energeti-
cally less advantageous compared to the release to water.
Presumably, this is due to the lower degree of swelling
and dissociation of sodium alginate in ethanol compared
to the aqueous medium. Because of this, the polymer is
less polar, which may be the reason for stronger binding
of vipocetine.

For the quantum-chemical calculation of the thermo-
dynamic characteristics, from the systems used in model-
ing molecular dynamics, fragments of the initial and final
states were separated (fig. 1-6):

vinpocetine — polymer;

solvent;

polymer;

vinpocetin — solvent.
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The results of calculating the thermodynamic characteristics of the modeled fragments of the systems are presented in Table 1.

Table 1 — Quantum-chemical calculation of the enthalpy of vinpocetine release from polymers to solvent

Enthalpy of the system, kJ/mol
System Vinpocetine in Polymer without | Vinpocetine in Enthalpy of release,
Solvent . . kJ/mol
polymer vinpocetine solvent
Gelatin
pH=2 -10604545.97 -9450228.56 -7733273.32 -12322871.38 -1370.17
pH=7 -13321305.03 -4725065.66 -10450648.86 -7595963.74 -241.92
Ethanol -12063161.03 -8000056.02 -9192888.69 -10870588.77 -260.41
Sodium alginate
pH=2 -12916834.42 -7284492.27 -10044950.29 -10156853.84 -477.44
pH=7 -17333888.15 -7284608.01 -14463147.62 -10155553.84 -205.31
Ethanol -16173836.89 -8000056.02 -13303372.49 -10870588.77 -68.35

Table 2 — Quantum-chemical calculation of the entropy of vinpocetine release from polymers to solvent

Entropy of the system, kJ/mol
- — - - — Entropy of release,
System Vinpocetine in Polymer with- | Vinpocetine in
Solvent . . k/JIx/MOITH
polymer out vinpocetine solvent
Gelatin
pH=2 1.4633 1.9408 1.4311 2.0721 0.0991
pH=7 1.7888 0.9101 1.6679 1.0108 -0.0201
Ethanol 1.3711 1.9652 1.4290 1.7424 -0.1649
Sodium alginate

pH=2 1.7361 1.4434 1.6231 1.6059 0.0494
pH=7 2.0070 1.4759 1.9391 1.6409 0.0971
Ethanol 1.9313 1.9652 1.5261 1.7424 -0.6281

The release of vinpocetine from sodium alginate to
water with pH = 2 is an energetically beneficial process,
and is accompanied by an increase in entropy, which in-
dicates a higher thermodynamic probability of the final
state (vinpocetine in solution). The release of vinpocetine
from sodium alginate to water at pH = 7 is less energet-

ically favorable compared to the release to water with
pH=2.

The release of vinpocetine from gelatin to water at pH
=7 is less energetically favorable compared to the release
to water with pH = 2. The Gibbs energy values of vinpo-
cetine release into various media are presented in Table 3.

Table 3 — Quantum-chemical calculation of Gibbs energy for the release of vinpocetine from polymers to solvent

Gibbs energy of the system, kJ/mol .
System Vinpocetine in Polymer without | Vinpocetine in sol- Gibbs energy
Solvent . . of release, kJ/mol
polymer vinpocetine vent
Gelatin
pH=2 -10604999.59 -9450830.21 -7733716.96 -12323513.74 -1400.90
pH=7 -13321859.54 -4725347.78 -10451165.92 -7596277.076 -235.68
Ethanol -12063586.07 -8000665.24 -9193331.67 -10871128.92 -209.28
Sodium alginate
pH=2 -12917372.63 -7284939.72 -10045453.44 -10157351.66 -492.75
pH=7 -17334510.31 -7285065.55 -14463748.74 -10156062.51 -235.40
Ethanol -16174435.61 -8000665.24 -13303845.58 -10871128.92 126.35

The release of vinpocetine to ethanol from sodium
alginate is energetically less advantageous compared to
the release to water. Presumably, this is due to the lower
degree of swelling and dissociation of sodium alginate
in ethanol compared to the aqueous medium. Because of
this, the polymer is less polar, which may be the reason
for stronger binding of vinpocetine.

When vinpocetine is released to water with pH =

2 from gelatin, the equilibrium is more biased towards
water compared to the process of release from sodium
alginate, because Gibbs energy of release from gelatin is
much less (-1400.90 kJ/mol for gelatin and —492.75 kJ/
mol for sodium alginate). This allows to suggest a higher
degree of release of vinpocetine from gelatin towater in
acidic medium (pH = 2) in comparison with sodium algi-
nate. The release of vinpocetine from gelatin to ethanol is
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less energy-efficient than its release into water. Presum-
ably, this is due to the lower degree of swelling of gelatin
in ethanol compared to the aqueous medium, resulting in
the affinity increase of vinpocetine for protein.
CONCLUSION. The studies were performed on the
selection of the optimal film former for microencapsula-
tion of vinpocetine substance. A comparative analysis of
the results of the quantum-chemical calculation of the
thermodynamic characteristics of the release of vinpoce-

tine from sodium alginate and gelatin suggests a greater af-
finity of vinpocetine for sodium alginate in various media.
A consequence of this may be a higher degree of vinpoce-
tine release to the acidic environment of the gastric juice
and ethanol from gelatin compared to sodium alginate.
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