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Muxkpoxancynvl 8 Hacmosiuee 8pems HauLIu NPUMeHeHue 8 Pa3IuyHblX ompaciax. Mukpokancyiel ¢ sumamuramu,
IPUPHBLMU U HCUPHBIMU MACTAMU 8XO0AM 8 COCMAB PA3TUYHBIX KOCMEMUUECKUX CPeOcms (Kpemos, eeiiel, CbiBOPOMmOK).
Muxpokancynuposarmbie npoOUOMUKY UCNOTb3YIOMCSL 8 KOPMAX U KOPMOBLIX dobaskax 6 eemepunapuu. Basicnas 06-
JAcmeb NPUMEHEeHUsL MUKPOKANCYIUPOBAHUSL 8 (hapmayuu — cosmelyerue 6 oouell 003UposKe J1eKapCmeeHHbIX 6euecms,
HecoBMeCmuMbIX NpU CMeueHul 8 c60000HoM ude. Llens padomoul — cpasHUmMenbHblll AHATU3 MEPMOOUHAMULECKUX XA~
PAKMEPUCMUK 8bICB0O0XHCOCHUS BUHNOYEMUHA U3 CHIABA NYEIUHO20 80CKA U MACIA KAKao 3:2 8 8600y, 8 pacmeop KUCI0-
mot xa0pucmogodopoonoii 0,01 M u cnupm smunoguiii. Mamepuanst u memoowl. /[ns moOenuposaniis npoyecca 8blceo-
0021cOeHUs BUHNOYEMUHA U3 CNIIABA 8 PAZTUYHBIX CPeOax OblLiu NOCMPOeHbl MOOelU KOMINOHEHMO8 UCCIe0yYeMbIX CUCTEM
U BbIMUCTEHBL 3aPSObL UX AMOMOB KBAHMOBO-XUMUYECKUM Memodom. [Ipocmpancmeentvie Mooenu KOMROHEHmMOos OblLiu
nocmpoensl ¢ ucnonvsosanuem npoepammol Hyper Chem 8.01. B kauecmee Hauanivno2o cocmosinusi 0is pacuema mep-
MOOUHAMUYECKUX XAPAKMEPUCMUK BbLCBODONCOEHUSL BUHNOYEMURA U3 CNIA8a OblId UCNOIb308AHA KOHGOpMAayus cu-
cmembl «CNA8-8UHNOYEMUHRY NOCLe MEePMOOUHAMUYECKO20 VDABHOBEULUBAHUS MEMOOOM MOIEKYIAPHOU OUHAMUKU 8
npoepamme buosspuxa 6 meuenue 5 ne. s vloenennvix cucmem nposooucs KoiebamenbHbill AHaIU3 ¢ UCTIONb308AHU-
em Heocpanuuennozo memooa Xapmpu-D@oxa 6 6azuce STO-3G 6 npoepamme Orca 4.0. Pezynomamot u oocysicoeHue.
Boviceobooicoenue sunnoyemuna u3 cniasa n4eiuHo20 0CKka U macia kakao 3:2 ¢ 600y npu pazmuynsix pH u 6 smanon
3a8ucum om e20 pacmeopuUMOCIU 8 IMUX Cpedax, a Max dice om pacmeopumocmu cniasda. 3axaiodenue. lIposedennvie
UCCLe008aHUL MOOETUPOBAHUSL MOLEKVIIAPHOU OUHAMUKU 8bICEOO0IICOCHUsL BUHNOYEMUHA U3 CIIABA NYETUHO20 80CKA U
macna kaxao 3:2 noxkaswiaen 803MONCHOCHb 8blc8000NCOeHUs 8uHNOYyemuna ¢ 600y ¢ pH 2,0 u 6 smanon. Ilonyuennoie
De3VIbmamsl NO360A0N NPEONON0HCUMb DOlee HUSKYIO CIEeNeHb 8blC80D0NCOCHUS BUHNOYEMUHA U3 CILA8A 8 IMAHOI
110 CPABHEHUIO C PACMBOPOM KUCTOMbL XA0PUCTNO08000pooHol 0,01 M.

Knroueeswvie cnosa: muxkpokancyivl, 00010uKa, 8UHNOYEMUH, 80CK, MACIO KAKAO, KBAHMOBO-XUMUYECKULL pacyem,
cmeneHb 8b1C8000H#COEHUs
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Nowadays microcapsules are widely spread in different industries. Microcapsules with vitamins, etheric and fatty
oils are included into different cosmetics (creams, gels, serums). Microencapsulated probiotics are used in foods and
fodder additives in veterinary. An important field of application of microencapsulation in pharmacy is the combination
in the total dosage of drugs that are incompatible when mixed in free form. The aim of work is a comparative analysis
of thermodynamic characteristics of vinpocetine release from the melt of beeswax and cacao butter 3:2 into water,
solution of hydrochloric acid 0.01 M and ethanol. Materials and methods. For simulation of the process of vinpocetine
release from the melt into different environments models component models of the studied systems were built and their
atom charges were calculated by quantum-chemical method. Spatial models of the components were built in Hyper
Chem 8.01. As an initial state for the thermodynamic characteristics of the calculation of vinpocetine release from the
melt, a conformation of «melt-vinpocetine» system was used after thermodynamic equilibration by molecular dynam-
ics simulation in Bioeurica program for 5 ns. For isolated systems a vibrational analysis was performed with the use
of unrestricted Hartree-Fock method in STO-3G basis set in Orca 4.0 program. Results and discussion. Vinpocetine
release from the melt of beeswax and cacao butter 3:2 into water with different pH values and to ethanol depends on
its solubility in these environments, and also on solubility of the melt. Conclusion. The performed study of vinpocetine
release from the melt of beeswax and cacao butter 3:2 by molecular dynamics simulation demonstrates the opportunity
of vinpocetine release into water with pH=2 and into ethanol. The obtained results make it possible to assume a lower

degree of vinpocetine release from the melt into ethanol compared with the solution of hydrochloric acid 0,01 M.
Keywords: microcapsule, shell, vinpocetine, beeswax, cacao butter, quantum chemistry, molecular dynamics

simulation, degree of release

BBeaenue. MukancynupoBaHue — 3T0 IPOLECC, IPU
KOTOPOM MEJbYaiIIIe YaCTUIIBI )KUIKOTO, TBEPIOTO HIIH
ra30BOr0 aKTUBHOTO MHIPEMEHTA YIIAKOBAHbI BO BTOPOH
Matepuain Ui 3aliUThl €ro OT BO3JAEHCTBUIL OKpYKaro-
meir cpenst [1, 2]. T'mapodoOHYO 000I0YKy-MaTpHILy
MHKPOKAIICy/l BBIOMPAIOT HA OCHOBAaHWH HEOOXOIMMBIX
CBOWCTB MHUKPOKAIICYJIbI, HApUMEp, HA OCHOBaHWHU Ha-
3HAUEHUS] MUKPOKAIICYJI, TEMIIEpaTypbl XpaHEHUs U T.II.
[3]. IlpenmourutenbHas ruapohoOHas 000I0IKa-MaTPH-
11a IOJDKHA 00J1a1aTh TEMIIEPaTypoi TUIaBICHUS, IPEBHI-
mraroreit 45°C, Tak 94To0BI €€ MOYKHO OBLIO XPaHHUTh IPH
KOMHATHOW TeMIeparype, 00BIYHO MO>KHO HCHOJIB30BATh
moboe ruapodoOHOE BEIIECTBO, €CIH MHKPOKATICYIIBI
XpaHAT [IPU TEMIIEpaType, MEHbIIECH TeMIIepaTyphbl ILIaB-
neHus TuapogdoOHoTo BemecTna [4].

I'mppodobHas obomouka-mMaTpua Wik THAPOPOO-
Has ¢a3a MOXKET OBITh BBIOpaHa W3 TPYIIIEI, BKIIOUAIO-
mel KUPBI, Macia, BOCKH, CMOJBI, SMYJIbraTopbl U HX
cmecu. [IpeqnoarurensHas runpodoOHas 000I0uKa-Ma-
TpuIa wiu ruapopoOHas ¢aza BEIOUpAETCS U3 TPYIIIHL,
BKJIIOYAIOIIEH XMBOTHBIE MAacia W XHUPBI, TOTHOCTHIO
WJIN YaCTUYHO THAPHPOBAHHBIE PACTUTEIBHBIC U KHUBOT-
HBIE Macila, HEHACHIICHHBIC YaCTHYHO THIPUPOBAHHbIC
WIN TOJHOCTBIO THAPUPOBAHHBIE CBOOOJHBIC >KHPHBIC
KHCJIOTHI, JPYTHE SMYIIbIraTophl, )KHBOTHBIE BOCKH, pac-
TUTEJIbHBIE BOCKH, MUHEPAJIbHBIE BOCKH, CHHTETHIECKIE
BOCKH, MPUPOJIHBIC U CHHTETHYECKUE CMOJIBI U UX CMe-
cu. JKUBOTHBIE BOCKH TPEACTABISIIOT COOON MTYCTHHBIH
BOCK, JIAHOJMH, BOCK INEIYXH WM BOCK KHTaHCKOTO
BOCKOBOTO Ue€pBeIla.

[lepcrieKTHBHBIM JIEKAPCTBEHHBIM BEIIECTBOM JUJIS
CO3JaHUSI MHKPOKAICYJIMPOBAHHONW (DOPMBI  SBIACTCS
BHHITOIETHH [5, 6].

BuHMoneTuH miaoxo pacTBOpsSeTCs B BOJE, W JUIA
MIPOBEICHUS TIPEIBAPUTEIBHBIX HCCIIEIOBAaHNI IO 000-
CHOBAaHHMIO COCTaBa MHKPOKAICYJI M ONPEIENICHHUIO ycC-
JIOBUII X TIOJydEHUs], IPH CPAaBHUTEIILHBIX HCCIIEI0BA-
HUSIX B KAQU€CTBE CPEIbl HAPsLy C BOAOM OUYMILEHHOU U
pPacTBOPOM KHCJIOTHI XJIOPUCTOBOJOPOTHOI MOXKET OBITh

UCTIONIB30BaH 3THJIOBBIH CITUPT, YTO MO3BOJUT OojIee YeT-
KO OTIPEJCINTh BIMSHHUE BCIIOMOTATENIFHBIX BEIIECTB M
TEeXHOJIOTHUeCKUX (hakTopos [7].

Muxpoxarcyisl ¢ THApoPpoOHOI 000T0UKOH MOTYT
OBITh TIOTYYEHBI MeTomoM mucreprupoBanus [8]. Ox-
HAaKO 3a9acTyi0 CJIOXHOCTB armapaTrypHOro ogopmiie-
HUS TIporiecca W Hu3Kasg 3(PPEeKTHBHOCTH JIENA0T TOMI-
00p METOAMKH MUKPOKAICYJHPOBAHNS JITHTEIBHBIM
U JOPOTOCTOSIIIMM HCCIIEIOBaHWEM. MopennpoBaHue
MOJIEKYIIADHOW JWUHAMHKHA PACTBOPOB TPH H3YUYCHUH
mporecca BBICBOOOXKICHHUSI JIEKAPCTBEHHBIX BEIECTB
13 MHUKPOKAICYJ TO3BOJISET 10J00paTh ONTHMAalbHBIN
TUIEHKOOOpa30BaTelb, BOIOPOAHBIN MOKA3aTeNb, Cpemy
JUIST BBICBOOOXKICHUSI M ApyTue (haKTOpbl, BasKHbBIC IS
YCIICITHOTO MPOBEACHHS MPOIECCa MUKPOKAICYJINPOBa-
uust. [Ipy 3TOM HEOOXOIMMOCTD MTPOBEACHUS PEATBHOTO
SKCTICPIMEHTA CBOIUTCS K MUHUMYMY [9].

Lenbp wMcciaeqoBaHMsi — CPAaBHUTEIbHBIM aHAIU3
TEPMOIMHAMHYECKIX XaAPAKTEPHUCTHK BBICBOOOXKICHUS
BUHIIONIETHHA M3 CIUIaBa ITYEITHMHOTO BOCKA M Macia Ka-
Kao 3:2 B BOIY, B pacTBOP KUCIIOTHI XJIOPHUCTOBOIOPOI-
Hoit 0,01 M 1 criipT STHITOBBIN.

Marepuanbl 1 MeToAbl. /{151 MonennpoBaHus mpo-
1iecca BEICBOOOXKICHUSI BUHTIOIIETHHA U3 CIIIaBa B pas-
JIMYHBIX Cpe/iaX MPEABAPUTEIHHO OBUIH ITOCTPOEHBI MO-
JIETT KOMITOHEHTOB HCCIIEYEMbIX CUCTEM (BUHITOLIETHH,
a Tak >K€ KOMITOHEHTBHI CIIIaBa ITYEITMHOTO BOCKA U Macia
Kakao) W BBIYHMCICHBI 3aps/bl NX aTOMOB KBaHTOBO-XH-
MHYECKIM METOIOM.

JIyi MOJIeKynbl BUHIIOIETHHA YUIUTHIBAaJIach HOHU-
3anus B 3aBUCHMOCTH OT BenuunHbl pH anucnepcuon-
HOW Cpenibl C LENbI0 BOCIIPOU3BEACHNUS €TI0 IOBEICHUS
B pacTBOpHUTENE. YUWTHIBAas IOKA3aTENb KOHCTAHTBHI
nonusaunn sunnonernna (pK,) B Bome 7.1 [10] u nc-
mone3ys ypaBHeHme [enmepcona-Xaccempbaxa [11],
MOXHO CJIEJIaTh BBIBOJ O TOM, YTO BHHIIOIETHH rpu pH
2,0 mpaKTHYeCKH MOTHOCTHIO HOHM3UPOBaH, a mpu pH
7,0 moss MOHU3MPOBAHHBIX MOJIEKYJ BUHIIOLETHHA CO-
crasisieT 0,56:
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Pucynox 1 — Omuocumensvnoe cooepicanue GUHNOYEMUHA-OCHOBAHUA U 6UHNOUEMUHA-KAMUOHA 8 PACHIEOPE 6
coomeemcmeuu c ypasuenuem I'endepcona-Xaccenvoaxa

IIpu 3TOM pacTBOPUMOCTb BHUHIIOLETUHA B HEMU-
TpaJbHON BOAHOHW cpejie MO JaHHBIM JUTepaTypsl [12]
umskas (1,89:-107° mr/mir), 9T0 TOBOPUT O HE3HAYUTEIb-
HOM KOHLICHTpAlUW BHUHIIOLICTMHA B BOAHOM Cpele Kak
B BHJC KaTHOHA, TaK U BUJE OCHOBaHUS. MHTepecHbIM
B JIaHHOM HCCJICIOBAaHUM HAM IPEACTaBIAETCS MOJC/IU-
poBaHHE BBICBOOOXKACHHUS KaK KaTHOHA, TaK M OCHOBA-
HUS B CPEIy PacTBOPUTEINA, T.K. 3TO AAeT BO3ZMOXHOCTh
OOBSICHUTH pa3HUIy B 3PPEKTHBHOCTH BBICBOOOKIACHHS
JTAHHOTO BEIIECTBA B PACTBOPUTEINH MPH PA3TUUHBIX 3HA-
yeHHuAX pH ¢ TOUKM 3peHUst TCOPUU CTPOCHUS MOJIEKYIL.
IIpu 3TOM mepexo MOIEKYIbI U3 CIIJIaBa B PACTBOPUTEIH
MOYKET COTPOBOXKAATHCS €€ MOHM3ALNeH B 3aBUCUMOCTH
OT BEJIUYMHBI BOJAOPOIHOTO TOKAa3aTessl pacTBOPUTEIIS.
[Ipuuem MOHU3AIMA MOXKET TMPOUCXOAUTH YK€ MpPU Ha-
XOXJICHUU MOJICKYJIbl BUHITOLIETHHA Ha Mex(pazHoil no-
BEPXHOCTH ITPU KOHTAKTE ¢ pacTBoputeneM. Hamu 66110
OCYILIECTBICHO MOJENIUPOBAHHE MMEHHO 3TOr0 KPHUTHU-
YEeCKOTo 3Tama Ipolecca BBICBOOOXKICHUS — IPEoo-
JICHWE MOJICKYJIOH BHHIOLETHHA I'paHUIbI pasziena ¢a3
«CIUIaB-pacTBOpUTENbY. B KadecTBe mnpumepa 1omo0-
HOTO MCCIICAOBaHMS MOXKHO TpuBecTH padboty Hui-dong
Zheng [13].

[IpocTpaHCTBEHHBIE MOAETM KOMIIOHEHTOB OBLIH
MIOCTPOCHBI € UCTIOJIb30BaHKueM TporpamMmbl Hyper Chem
8.01 (muuen3us HC80SA-4-1BBF6).
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BaxkHbIM (pakTOpoM, KOTOPBIH HEOOXOAUMO YUUTHI-
BaTb IpU MOJACITIUPOBAHUN MOHeKyHﬂpHOﬁ JUHAMHUKU I'C-
TEPOTEHHBIX CHCTEM, SIBIISICTCS paclpeeeHue 3apsiaoB
aTomoB. U1 ATOM LeNu 3apsiibl aTOMOB KOMIIOHEHTOB
MOJICTUPYEMBIX CHCTEM BBIYHCIISUIUCH METOJOM ab initio,
qTO 6}31.]'10 IMPOAUKTOBAHO HeﬂOCTaTO‘IHOﬁ TOYHOCTBHIO
MOTyDMITUPUIECKUX METONOB. BBIOOpD KBaHTOBO-XH-
MHUECKUX METOJIOB JUIsi ONpPECICHUS 3apsoB aTOMOB
MOJIEKYJI KOMIIOHEHTOB CIUIaBa (HEOrpaHWYEHHbIH Me-
ton Xaptpu-®oka ¢ 0asucHbIM Habopom 3-21G* s
ONTUMHU3AIMY TEOMETPUHN U METOJ| TeOpUH (YHKIHMOHA-
na motHoctd UB3LYP ¢ 6asucubiM Habopom 6-31G*)
ObUT cliellaH B COOTBETCTBUH C PE3y/bTaTaMU UCCIIEN0-
BaHMsI, IPUBEACHHBIMU B padote [14]. O60CHOBaHHOCTH
UCIIONIb30BaHUsI METONIOB ab initio 1Jisl pacuera 3apsiioB
aTOMOB IIPpU MOACTIUPOBAHUN MOJ'IeKyJ'IHpHOfI JUHAMHUKU
TPAHCIIOpPTa BEIIECTB uepe3 Mex(a3Hylo MOBEPXHOCTh
JEMOHCTpHUpyeTcs B padote [15].

FeOMeTpI/IH KOMITOHEHTOB CIJIaBa Oblia ONTHMH3H-
poBaHa METOIOM MOJIEKYISIpHOH MexaHuKu mm+ [16] ¢
ucronb3oBanueM nporpammbl Hyper Chem 8.09. [lanee
6])1.]13 MMpOBE€ACHA ONITUMMU3AIIUA TCOMCTPUN MOJICKYIT MC-
TofIoM ab initio (HeorpanndeHHbI MeTon Xaprpu-Doka,
6asucHblit Habop 3-21G* [17]). 3apsibl BBIYUCICHBI Me-
To10M ab initio (MeTon Teopun (PyHKIIMOHAJIA TUIOTHOCTH
UB3LYP [18], 6azucHsiii Hadop 6-31G*).
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[TonyuenHasi cuctema Jlajiee BCTpauBajach B pac-
TBOPHTENIM — BoAy 1 dTaHod. [Tocie aToro mpoBoausiocs
TEPMOJIMHAMUYECKOE YPAaBHOBEIIMBAHHE C MCIOJIb30Ba-
HUEeM Tporpammbl buosspuka (aBtop A.A. I'mymiko) [19]
(cunoBoe nose Amber 94 [20], npsiMoyroyibHbIE TIEPHO-
JIMYECKHEe TpaHUYHbIC YCIOBHS, TepMocTaT bepenaceHa

[21] — 310 K, Bpems pernakcauuu tepmoctara 100 de,
mar MofienupoBanust 1 ¢c).

TepMocrarupoBaHHe OCYLIECTBISIIOCh B COOTBET-
CTBHH C rpaduKoM, pUBeIeHHBIM B Taduue 1. Temre-
parypa, 3aj1aBaemMasi TepMOCTATOM, JINHEHHO N3MEHSIaCh
MEXy MOMEHTAMH BPEMEHH rpaduka.

Tabnuuya 1 — I'pagpuk pabomsr mepmocmama 6 npoyecce MoOEIUPOBAHUA MONEKYIAPHOU OUHAMUKU

Bpewmsi, dc Temnepartypa, K
0 0
300000 310

Jlanee MpOM3BOIMIOCH MOJEIUPOBAaHHE BHICBOOO-
JKJICHUS] BUHIIOIETHHA U3 y4acTKa CIUIaBa B pacTBOpU-
Tenb B TeueHue 20 He.

B kauecTBe Ha4aJbHOTO COCTOSHHS IS pacdera
TEPMOIMHAMUYECKUX XapPaKTEPUCTUK BBICBOOOXKICHUS
BUHITOIIETHHA U3 CIUIaBa OblIa HCIIO0JIb30BaHa KOH(opMa-
LU CHCTEMBI «CIIIaB-BUHIOLETHH» MOCNE TePMOIAMHA-
MHYECKOTO ypaBHOBEIINBAHHS METOAOM MOJIECKYJISIPHOI
JUHAaMHUKU B niporpamme buosspuka B TeueHue 5 He. B
Ka4yecTBE KOHEYHOTO COCTOSTHHSI UCIOIb30BAICS MOMEHT
BPEMEHHU MOJICTUPOBAHNS MOJICKYIIAPHOIN AMHAMUKH, CO-
OTBETCTBYIOIINI MOJHOMY BBIXOAY MOJEKYJbl BUHIIOLE-
THHA U3 CIUIaBa B pacTBOPUTENb. B kadecTBe KpuTepus
BBIXO/Ia BHUHIIOLETMHA B PACTBOPUTENH HCIIOIB30BAJICS

MoAynb 3Hepruu Bau-aep-BaanbcoBa B3aumonencTBus
MEXIy MOJICKY/I0i BuHMOIeTHHA U cruiaBoM (|E| < 0,1
k/x/Momp). JIist 000MX COCTOSIHUIN MPOBOIMIIACH ONTH-
MU3alusl TeOMETPUH B cuiloBoM mosie Amber 94 B mpo-
rpamMMme buosBpuxka.

J1ist BBIJIGNICHHBIX CHCTEM MPOBOJMIICS KoJieOaTeb-
HBIA aHanu3 [22] ¢ UCMOIB30BaHHEM HEOTPAaHHUEHHOIO
Mmerona Xaprpu-®Poka B 6asuce STO-3G B cB0oOOAHO
pacmpoctpansemoii nporpamme Orca 4.0 [17]. B pesynb-
Tare ObLIM MONYYeHbl TEPMOJUHAMHYECKHE XapaKTepH-
CTHKH MOJEIMPYEMBIX (PParMEHTOB CHCTEM (DHTAJIBITHS
u sHTponwus). Jlanee mpou3BoOAMICS pacyeT SHTaJIbIUH
(AH) u sutponun (AS) BBICBOOOKACHHUS BUHIIOLCTHHA
13 CIUIaBa 1Mo POopMysIam:

AH = (HCI’L/Z(IG + Hsan.—pacmeopume/tb) - (HGHHH.—CI’L/IGS + Hpacmeopumeﬂb)

AS = (SC}’L/IGB + Seul—m.—pacm@opumeﬂb) - (SSMHH.—C}’L/IGS + Spacmeopumeﬂb)

C nCHOoNB30BaHUEM TIOJIyYSHHBIX SHTAJBIUN W 9H-
TpONMi paccYuThIBAINCH 3Hepruu [ n6oca (AG) BBICBO-

OO0’K/1eHHs] BUHIIOLIETHHA B PA3JIMYHBIE Cpeabl 10 (hopMy-
Jsie st remneparypst 310 K:

AG = AH —TAS,

rne T — temneparypa, K.
Pe3ysbTarhl u 00cyskaeHne. B kauecTBe KOMIIOHEH-
TOB HMCCIIEyeMbIX CHCTEM OBIIIM MCIIOIB30BAHbI MOJIEIH

MOJICKYJIbl BUHIIOLIETHHA B BHJIE OCHOBAHUSI U B BUJIE Ka-
THoHa (puc. 2), a Tak)Ke MOJEIH KOMIIOHEHTOB CIUTaBa
ITYETTMHOTO BOCKA M Macja Kakao (puc. 3).

b

Pucynok 2 - Xumuueckana cmpyKkmypa u npocmpancmeennoe cmpoenue UHNOUemuna
(A — ocnosanue, b — kamuon)
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MenuccunmnajabMuATaT
H 2 H 2
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H,C p 9}[( ~c /E j\c ¢
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MupunuinaibMATaT
H
(c2)w o
H,C ~ g o
[¢)
A
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C o
H,C ~ y

3

1,3-nucreapo-2-oaeun

1-rtaneMuTO-2,3-110NENH
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[TaneMuTOCTEAPOOTENH

Pucynok 3 — Cmpyxkmypnoie (hopmynol u npoCmpancmeenoe Cmpoenue 0CHO6HbIX KOMNOHEHN 08
Cn1a8a NUETUHO020 80CKA U MACTIA KAKAO

KonnuecTBeHHbIN cOCTaB CIIaBa BOCKa U Macia Ka-
Kao OBIT pacCYMTAH UCXOS U3 JIUTEPATYPHBIX TaHHBIX O
XUMHUYECKOM COCTaBe IMUESITMHOTO Bocka [23] 1 Macia Ka-
kao [24]. danee, MCXoms W3 MOJEKYISIPHBIX Macc, ObLTH
paccYuTaHBl KOIMYECTBA MOJICKYJT OCHOBHBIX KOMITOHCH-
TOB MOZACTHPYEMON CHCTEMBL. Y YUTHIBast 00BEM MOJICITH-
pyemoro ¢parMeHTa CIIaBa IMYEIHMHOTO BOCKA M Macia
Kakao 3:2, paBHbIii 125 HM?, B MOIE)Th GBUTH BKITFOUCHBI TE
KOMITOHEHTHI, KOTMIECTBO MOJICKYJT KOTOPBIX, HCXOMIS U3
KOJITYECTBEHHOTO COCTAaBa HE MEHee 2-X Ha MOZACTHpye-
MBI 00beM. B kagecTBe mpumepa BIOOpa cocTaBa MHO-
TOKOMIIOHCHTHOW CHCTEMBI MOXKHO TIPHBECTH PadoTy, B
KOTOPOH OCYIIECTBIIIIOCH MOACTHUPOBAHNE Maca KaKao
METO/IOM MOJICKYJSIPHON TUHAMUKH, TIPU STOM B COCTaB
CcMecH OBUTH BKITIOYCHBI JINIIH TP TUITA TPUTIIUIICPHIOB,
He OBUTH BKITFOUCHBI )KUPHBIE KHCIOTH U APYTHE MHOTO-
YHCIICHHBIE MUHOPHBIC KOMIIOHEHTHI Macna [25]. Eme
OITHUM PacIPOCTPAHEHHBIM PUMEPOM MOJICTHPOBAHUS
CHCTEM, MMEIOIINX CIOKHBIH COCTaB, SIBISETCS MOJe-
JTUPOBAHNE MOJCKYIISIPHON AMHAMUKH (HOCHOTHITHIHBIX
MeMmOpas [26]. Ilpu 3TOM, B cOCTaB MEMOpaHBI IIPH MO-

JIENMAPOBAaHUH BKIIIOYAIOTCS JIMITH KOMIIOHEHTEI, CONep-
YKaIuecs B I0CTaTOYHO OOIBIIOM KoJruecTBe. Momenu-
poBaHHE MOJEKYIIIPHOH IMHAMHUKHU B HACTOAIICE BPEMS
JOCTYITHO B MacmTade 0 AeCATKOB HAaHOMETPOB, T.C. B
o0beMe 10 ThICAY KyOmdecknx HaHoMmeTpoB [27]. B to
JKE BpeMs, MHOTHE MHHOPHBIC KOMIIOHEHTHI BEIIECTB
MIPUPOIHOTO MTPOUCXOKICHHUS UMEIOT HACTOIBKO HU3KHE
KOHIICHTPAIIAH, YTO WX MOJICKYIBI IIPEICTABICHBI B S/IU-
HUYHOM 3K3eMIUIIpE B 00BbeMax, HAMHOTO ITPEBHIIIAIO-
IIUX THICSYHN KyOMUeCKUX HAHOMETPOB. Y UUTHIBAS 3TO, B
HACTOsIIIee BpeMs HE MPECTABISCTCS BOSMOKHBIM yUET
MHOTHX MHHOPHBIX KOMIIOHEHTOB CMECEH MPHPOIHOTO
MIPOUCXOXKICHNS TPU MOJCITHPOBAHUH MOJCKYISIPHOI
nuHaMukd. OIHAKO, MAHHBIA TEOPETHYECKHH METOI
IIAPOKO M YCIEITHO UCHONB3YeTCs U H3y9IeHUs (Hu3u-
KO-XUMHUYECKUX CBOHCTB cMmeceit [28-30].

Janee, yanTsiBasi MOJNEKYISpHBIC MacChl, OBLTH pac-
CYHTAHBI KOJMYECTBA MOJIEKYJ OCHOBHBIX KOMIIOHCHTOB
MOJICITUPYEMOM CHCTEMEI (Talur. 2).

Ha ocHOBe cTpyKTyp KOMIIOHEHTOB OBLIA TOCTPOCHA
MOJIeJTh CIIJIaBa MUSIMHOTO BOCKA M Macia Kakao 3:2.

Taonuya 2 — Konuuecmeennwlii cocmag mMooenupyemozo cniasa n4eaunozo 60CKa U Macia kakao 3:2

BermecTso Mounspuas mac- | MaccoBas noinst B | Yucno monekyn | Uucio aToMOB B
ca, r/MOJIb cruiase, % B MOJIEJH CIIJIaBa MOJIETTH
LleporunoBas kucnora 396,7 7,2 8 640
Heoneporunosas kuciora 382,673 3 3 231
MenuccuHOBasT KUCIOTA 452,808 2,4 2 184
MoHTaHnHOBAs KUCIOTa 438,781 2.4 2 178
Menuccun najabMUTaT 677,24 33 21 2940
Mupumui naabMHATAT 691,267 12 7 1001
1,3-nucreapo-2-oneux 889,485 7,9 4 684
1-manemuTo-2,3-110JaCUH 803,307 53 3 453
[TanmeMuTOCTEApOOIIEHH 805,323 26,8 14 2142
HUTOI'O: 100 8453

B macne kakao, TOMIMO TPUIIMIIEPHUIIOB, COIEPIKATCS
TaKKe ¥ CBOOO/IHBIE *KUPHBIE KUCTOTHL. OO MX KOHIIEHTpa-
LM MOXKHO CYIWTB TI0 BEJIMYMHE KUCIOTHOTO umcia. [o-
cymapcTBeHHas papmaxories X [24] nomyckaeT KUCIOTHOE

YHUCII0 Macia Kakao He Oomnee 2,25 mr KOH Ha 1 r macna. 13
ATOTO CIIEYET, 9TO CONEepKaHNEe JKUPHBIX KHUCIIOT B Maclie
KaKao, COOTBETCTBYIOIIEM TpeOoBaHmsIM [ 0cynapcTBeHHOI
(apmakorien ve nipesbimaet 4.01-107° Mow/r:
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m(KOH)
M(KOH)

C (orcupnvix kuciom) =

rae C (KUpPHBIX KHCJIOT) — COAEP)KaHHE KUPHBIX
KHCITOT B | T Maciia Kakao, MOJIB/T;

m (KOH) — macca KOH, neo6xonumoro s He-
TpaJM3aliK KUCIIOT, COACPIKAIMXCs B Maclie Kakao Ha |
r Macna (kuciotHoe uncio), T KOH/r;

M (KOH) — monspras macca KOH, r/morb.

CymmapHasi Macca KOMIIOHEHTOB Macjia Kakao,
BKJIFOYaEMbIX B MOJICKYJSIPHYIO MOJENb, COCTABISIET
2,8:10%° r (tabm. 2). Takum 06pa3oM, KOJTHYESCTBO KUP-
HBIX KHCIJIOT Macjia Kakao B MOJCIMPYEeMOM O0beMe He
JOJDKHO npeBbImarh 1,12-102* MoJib, 4TO COOTBETCTBYET
0,676 MONEKyY KUPHBIX KUCIIOT:

N = m - C(orcupnoix kuciom) - Ny

I7Ie M — Macca Maclia Kakao B MOZIEIUPYEMOM CHCTE-
Me, T;

N, — uncino ABoraapo, Momb™';

N — 4McI0 MOJIEKYH KUPHBIX KUCIOT B MOJEIUpYye-
MO CHCTEME.

[Tomy4yeHHsle pe3yapTaThl COOTBETCTBYIOT IIPH-
Onu3uTeNnbHO | MoOJIeKysie KMPHOW KHCIOThI Ha 64
Pa3INYHBIX MOJEKYJI KOMIIOHEHTOB crjiaBa (Tadm. 2),
4acTh U3 KOTOPBIX CPaBHUMA IO pa3MepaM C KHUPHBI-
MU KHCJIOTaMH Macjia Kakao, a Apyras 4acTb (Tpur-
JULEPUABI) 3aHUMACT 3HAYUTEIBHO OOIBIINI 00BEM.
Hcxonst U3 3TOTO, MOJIEKYIBl )KMPHBIX KHCIOT Macia
Kakao HE OBUIM BKJIIOUYEHBI B COCTaB MOJEIUPYEMOil
CHCTEMBEI.

Jlanee ¢ ucnonp3oBaHueM nporpaMmsl brosspuka
MIPOU3BOAMIIOCH TEPMOINHAMUYECKOE YPaBHOBEIIINBA-
HHE MOJIETIH CIUTaBa METOAOM MOJICKYIISIPHON AMHAMU-
KM, MIOCJIE YEeTr0 CHUCTEMa BCTpamBajach B PacTBOPU-
Tenu — BoAy M 3taHoi. Ilociie TepMOAMHAMUYECKOTO
YPaBHOBEIIMBAHUSA CUCTEMBI METOIOM MOJIEKYISIPHOI
JUHAMUKH B TEYEHHE 5 HC MPOU3BOAMIOCH MOJEIH-
poBaHHE BBICBOOOXK/ICHMS BHHIIOLETMHA W3 ydacTKa
cruiaBa B pacTBopuTelnb B TeueHue 20 He. B Tabmiuie 3
MIPUBECHBI N300paKeHUSI TPOCTPAHCTBEHHBIX CTPYK-
Typ MOJCITUPYEMBIX CHCTEM B Pa3IMYHbIE MOMEHTHI
BPEMEHH.

Taﬁﬂuua 3 — Cocmosanusn M00e.rmpyeMbtx cucmem 6 pasinunbvle MOMEHmbL 6peMenu

Bpems,| «CIUIAB — BUHIIOLETHH — BOAA» | «CILIAB — BUHNIONETHH-KATHOH
«CIJIAB — BHHIOIETHH — dTAHOD»
He (pH=7,0) — Bojaa» (pH=2,0)
TepMoarHAMUYECKOE YpaBHOBEIIMBAHHE
0
:-%I..
5
MogenupoBaHue BEICBOOOKICHHST BUHITOIICTHHA
0
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IIpoodonoicenue mabauyvl 3

10

20

B pesynbrare TEpMOOMHAMHYECKOTO YPABHOBEIIH-
BaHMS B BOIHOH cpejie ObuIa MOoTyueHa reTeporeHHast CH-
CTeMa C YeTKO BBIPAKCHHOHN MeK(Pa3HOI MOBEPXHOCTHIO
1 YIOpPsIOYEHHBIMU CTPYKTypaMH B cIuiaBe. B cpene
9TAaHOJA MPOU3O0IUIO YACTHYHOE CMEIIMBAHKE CIIaBa C
pactBopuTtenem (tadm. 3).

ITo pesynbraram aHanm3a BaH-JIEP-BaallbCOBA B3ANMO-
JIEHCTBHS MEX/Ty BUHIIOLETHHOM U CIUIaBOM OBLIH Omperie-

, KJIx/Monb

-BaJIbCOBA B3aHMOJCHCTBHA

DHeprusi BaH-j1ep

---gona (pH = 2)

JICHBI JUTUTENTBHOCTH BHICBOOOYK/ICHHSI MOJICKYJIbI BUHIIOLIE-
THHA B PacTBOpHUTEND (pHc. 4). 711 3TOro OBUTO OTpeIesicHO
BpeMsi, B TEIEHHE KOTOPOTO MOJTYJIb SHEPTHH BaH-/IeP-Baallb-
COBA B3aUMOZICHCTBHUS MEKTY MOJICKYIIOH (MIOHOM) BUHITOIIC-
THHA U CIUTaBoM craHoBmiics Mensie 0,1 xJ[x/monb. Bpe-
MEHHbIC PsiJIbl SHEPTHHU BaH-/IeP-BaaIbCcOBa B3aUMOJICHCTBUSI
[PE/IBAPUTENLHO  TTO/IBEPTaINCh CIIKMBAHUIO METO/IOM
CKOJB3SIIETO CPEHETO (OKHO yepemHeHus 1,6 He).

Bpewms, He
—3TaHOI

= poma (pH =17)

Pucynok 4 — /lunamuka snepzuu 8an-0ep-6aaibcoéa 63aumMoo0eiicmeus mexcoy Moaexkynou (Lonom)
GUHROYEMUHA U CRIAGOM NUENUHO20 60CKA U MACIA KaKao 3:2
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AHanm3 pe3ysibTaroB MOJEIHPOBAHMS IOKA3bIBACT,
YTO BBICBOOOIK/ICHUE KATHOHA BHHIIOIETHHA M3 CILIaBa B
STaHOJ MPOUCXOIUT 3a 15,5 He. BeicBOOOXIeHIE OCHOBA-
HUS BUHTIOLIETHHA U3 CT1aBa B Boxy npu pH 7,0 He mpowuc-

XOJIUT, BBU/Ty OoJiee BHICOKON ruaApOOOHOCTH OCHOBAHUS
BUHIIOIETHHA. BricBoOOKAeHHE B Bomy 1ipu pH 2,0 mpo-
HCXOJIUT, OIHAKO MOJIEKYJa BHHIIOIETHHA OCTAeTCs JUIH-
TENILHOE BPEeMsl CBSI3aHHOM ¢ Mex(azHOIl TOBEPXHOCTHIO.

Taonuua 4 — /InumenvHocmsy 6b1C6000)COCHUA BUHNOYECMUHA 6 PACHIBOPUMENb
RO pe3yibmamam MoOeIUPOSaAHUSL MOEKYIAPHOI OUHAMUKU

PactBopuTens JUTMTEeTbHOCTh KOHTAKTa BUHITOIICTHHA CO CIUTABOM, HC
Bona (pH 7,0) >20
Bona (pH 2,0) >20

DraHon 15,5

[IpoBeneHHbIe HUCCIIENOBaHMUSA IOKa3alH, 4YTO B
BoiHOM cpene npu pH 2,0 criaB myenamHOro BOCKa U
Macja Kakao 3:2 He pacTBOpPHM, YTO SIBIsieTCsl (pakTo-
pOM, 3aMeUISIONIMM BBICBOOOXK/ICHHE BHHITOIETHHA
B pacTBOpHTENb. B kucnoit xxe cpene (pH 2,0) xartnon
BUHIIOIIETHHA BBICBOOOXKIAETCS M3 CIIaBa IMYEINHOTO
BOCKa M Maclia Kakao 3:2 u nepexoaut B Boxdy. [Ipu sTom
€CTh TeHJICHIMS K aJICOpPOLMK BUHIIOIIETHHA Ha ITOBEPX-
HOCTH CIIaBa.

BuHMoneTrH BBICBOOOXKIAETCS M3 CIUIaBa MYEINH-
HOTO BOCKAa M Macjla Kakao 3:2 B 9TaHOJI U MOJTHOCTBIO

MEPEXOIUT B pacTBOPUTEIh. [IpH 9TOM MPOUCXOIUT da-
CTHYHOE PACTBOPEHHE CIUIABa B ITAHOJIE.

Jlyisi KBAaHTOBO-XMMHUYECKOTO pPacyueTa TepMOJUHA-
MHUYECKUX XapaKTEPUCTUK W3 CHUCTEM, HCIOJIb30BaB-
[IUXCS IPU MOJECITUPOBAHUU MOJIEKY/SIPHOHM JMHAMUKH,
ObUTH BBIIEIIEHBI (PPArMEHTHI HAYATBHOTO M KOHEYHOTO
coctostHul (puc. 5 —7):

BUHIIOIETHH — CIIJIaB,

PacTBOPUTEIT,

CILIaB,

BUHIIOIETHH — PACTBOPHUTEITH.

Ny
v \ <

9
e .)VJ_’I\ ,_\ STe

Pucynox 5 — Boiceodorcoenue eunnoyemuna u3 cniaea é 600y npu pH 2,0
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Pucynok 7 — Boiceoborcoenue GUHNOYEMUNA U3 CRIIAGA 8 IMAHOT

PesynbTars! TEpMOIMHAMUYECKHX XapaKTEPHUCTHK MOAEIMPYEMBIX ()parMEeHTOB CHCTEM Hpe/cTaBIIeHbI B Ta0II. 5, 6.
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Tabnuya 5 — Pe3ynomamul K6AHMOBO-XUMUYUECKO20 PACUEMA IHMATbNUU
U IHMPORUU BbICE0D0IHCOCHUA GUHNOYECMUHA U3 CNIA8A 8 PACHEOPUMENb

DHTANIBINS CUCTEMBI, KJ[/MOITb DHTAJIbIUSL
Cucrema Bunnonerun B PacTBopHTETD Cruta 0e3 BuHrmonerusx B BBICBOOOXKICHUS,
crJjiaBe BHUHIIOLIETUHA pacTBOpHTEIC kJx/Momb
pH 2,0 -10658071,42 -9450228,56 -7786164,35 -12322871,38 -735,75
pH 7,0 -9847693,09 -7284608,01 -6976933,10 -10155553,84 -185,85
DraHon -14228766,63 -8000056,02 -11357749,23 -10870588,77 484,64
DHTpONHsI CUCTEMBI, KJ[7K/MOJIb
pH 2,0 2,3391 1,9408 1,9715 2,0721 -0,2363
pH 7,0 2,2291 1,4759 1,8550 1,6409 0,0971
DTaHoI 2,8314 1,9652 1,9945 1,7424 -1,0597
Tabnuya 6 — Pe3ynbmamsl K6AHMOBO-Xumuueckozo paciema snepzuu I'uooca
6b1C6000IICOCHUA BUHNOYECMUHA U3 CNIIABA 8 PACIEOPUMETD
Oueprust [m60ca cuctemsl, k/[x/MoIb Dueprus ['m66ca
Cucrema Bunnonerun B PacTROpHTES Cmutas 6e3 Bunnonerun B BBICBOOOK/IEHMS,
CIUIaBe BUHIIOLIETHHA pactBopuTee kJlx/mMoib
pH 2,0 -10658796,55 -9450830,21 -7786775,523 -12323513,74 -662,50
pH 7,0 -0848384,12 -7285065,55 -6977508,17 -10156062,51 -121,02
DTtaHon -14229644,37 -8000665,24 -11358367,54 -10871128,92 813,15

BrIcBOOOXKIeHNE BUHITOIIETHHA U3 CIIJIaBa MYEIHHO-
IO BOCKa U Macja kKakao 3:2 B BOAy IpH pazauuHbIX pH u
B 3TAHOJI 3aBHCUT OT €r0 PaCTBOPUMOCTH B 3TUX Cperax,
a TaKkKe OT PaCTBOPUMOCTH CILIABA.

CrutaB MYETHMHOTO BOCKA M Maciia Kakao 3:2 gyacTud-
HO pacTBOPSIETCSl B ATAHOJE, YTO SIBISAETCS (aKTOpOM,
YCKOPSIFOLIIMM BBICBOOOYK/IEHHE BHHIIOIICTHHA B PacTBO-
pUTETb.

BunnonernH ocraercs B ¢ase cruraBa Ipu MOJIEINH-
poBanuu cucteMsI ¢ Bopoit (pH 7,0), uto roBoput o ToM,
YTO BBICBOOOYK/IEHHE BHHIIOIIETHHA U3 CIIJIaBa MYETHHO-
ro Bocka W Macja kakao 3:2 B Bogy npu pH 7,0 3arpyn-
HEHO.

3akioyeHue. BricBOOOX/IeHHE BHHIIOLETHHA U3
CIUIaBa MYEIMHOTO BOCKAa M Macia Kakao 3:2 B BOAY C
pH 2,0 sBisieTcst SHEPreTHYECKH BBITOAHBIM IPOIIECCOM,
a TaKk)Ke CONPOBOXKAACTCS YBEITUUEHHUEM DHTPOIHUH, YTO
TOBOPUT O OoJiee BEICOKOW TEPMOAMHAMUYECKON BEPOSIT-
HOCTH KOHEYHOTO COCTOSTHUS (BUHIIOIETHH B PACTBOPE).

BrIcBOOOXKIeHNE BHHIIOIETHHA U3 CIJIaBa B BOAY C
pH 7,0 sHepreTruecky MeHee BBITOHO 110 CPAaBHEHHUIO C
BBICBOOOXKIEHHEM B Boay ¢ pH 2,0.

BrICBOOOXKIeHHE BUHIIOLETHHA B 3TAHOJ U3 CIUIaBa
SHEPreTHUeCKH MEHEE BBITOHO T10 CPAaBHEHHUIO C BBICBO-
OOJK/IeHHEM B BOJY INPH YCIOBHU OTCYTCTBHS PacTBO-
peHus criaBa B aTaHone. OQHAKO, pe3ynbTaThl MOJCTH-
pPOBaHUS MOJICKYJIAPHON TUHAMUKU CBUICTEIBCTBYIOT O
BO3MOKHOCTH PacTBOPEHHsI KOMIIOHEHTOB CIlJIaBa B 3Ta-
HoJIe. DTO sBjsieTcsl (hakTOpoM TOBBIIAIOINM dhdek-
TUBHOCTH BBICBOOOXKACHUSI BUHITOLIETHHA.

[IpoBeneHHbIE HCCIEIOBAHUS MOJICINPOBAHHS MOJIe-
KyJIIPHOM JWHAMUKHU BBICBOOOXKICHUSI BUHIIOIIETHHA M3
CIUTIaBa MYEIMHOTO BOCKA U Macja Kakao 3:2 MmoKa3blBaeT
BO3MOKHOCTh BBICBOOOYKIEHHUSI BUHIIOLIETHHA B BOIY C
pH 2,0 u B aTanon. [lomydeHHbIe pe3yIbTaThl HO3BOMISIOT
MIPETIONIOXKUTH O0Iee HU3KYIO CTETeHb BBICBOOOXKICHUS
BHUHIIOLIETHHA U3 CIUIaBa B 3TAHOJ MO CPaBHEHUIO C pac-
TBOPOM KHCIJIOTHI XJIopucTOBOAopoaHOM 0,01 M.

Introduction. Encapsulation is a process, while
which the smallest particles of fluid, solid or gaseous ac-
tive ingredients are packed into the second material for
preserving them against environment [1,2]. The choice
of hydrophobic shell-matrix for microcapsules is based
on the needed properties of microcapsules, for example,
based on the purpose of microcapsules, the temperature
of storage, etc. [3]. Preferable hydrophobic shell-matrix
must have the melting temperature higher than 45°C, so
that it could be stored at the room temperature. Usually
any hydrophobic substance can be used if microcapsules

354

are stored at the temperature lower than the melting tem-
perature of hydrophobic substance[4].

Hydrophobic shell-matrix, or hydrophobic phase,
can be selected from the group including fats, oils,
waxes, resins, emulsifiers and their mixtures. Preferable
hydrophobic shell-matrix, or hydrophobic phase, is
selected from the group including animal fats and oils,
fully or partially hydrated plant and animal oils / fats,
unsaturated partially hydrated or fully hydrated free fatty
acids, other emulsifiers, animal waxes, plant waxes,
mineral waxes, synthetic waxes, natural and synthetic
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resins and their mixtures. Animal waxes are beeswax,
lanolin, husk wax or wax of Chinese waxworm.

Vinpocetine is a perspective medicinal substance for
development of a microencapsulated form [5,6].

Vinpocetine is poorly soluble in water, and, for
preliminary research to substantiate the composition
of microcapsules and determine their preparation
conditions, ethanol can be used as an environment
along with purified water and hydrochloric acid, which
makes it possible to determine the influence of auxiliary
substances and technological factors [7].

Microcapsules with hydrophobic shell can be
prepared by dispersion method [8]. But often the
complexity of the instrumental arrangement process and
low efficiency make the choice of microencapsulation
methods a long and expensive research.

Molecular dynamics simulation of solutions in the
study of the process of medicinal substances release from
microcapsules allows to select an optimal film former,
hydrogen index, the environment for release and other
factors, important for successful microencapsulation

process. Hereby the necessity of the actual experiment
is minimized [9].

The aim of the study is a comparative analysis of
thermodynamic characteristics of vinpocetine release
from the melt of beeswax and cacao butter 3:2 into water,
solution of hydrochloric acid 0.01 M and ethanol.

Materials and methods. For the vinpocetine
release process simulation from the melt into different
environments models of components of the studied
systems were built preliminary (vinpocetine and the
beeswax and cacao butter melt components) and atom
charges were calculated by quantum-chemical method.

For the vinpocetine molecule ionization, depending
on the pH of the dispersion environment, was taken into
account in order to reproduce its behavior in the solvent.

Taking into account the vinpocetine ionization
constant index (pK )in water 7.1 [10] and using
Henderson—Hasselbalch equation [11], it is possible to
make a conclusion, that vinpocetine is almost completely
ionized in pH 2 and in pH 7 the fraction of the ionized
vinpocetine molecules is 0,56:

1OpH—pKa
“ =1+ 1008 pKa

f=1—-«a

where a and B are a relative content of vinpocetine-base and vinpocetine-cation in the solution respectively.

12

cation

08

06

04

Relative content

0.2

base

6 8 10 12

pH

Figure 1 — Relative content of vinpocetine-base and vinpocetine-cation in solution according to Henderson—
Hasselbalch equation

Hereby the solubility of vinpocetine in neutral water
environment according to the literature data [12] is low
(1.89-10°mg/ml), that means insignificant concentration
of vinpocetine in water environment both in the form of
cation and in the form of base. The release simulation of

both cation and base into the solvent environment seems
to be interesting in this study, since it gives an opportuni-
ty to explain the difference between release efficiency of
this substance into the solvent in different values of pH
from the molecular structure point of view.
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Hereby the transition of a molecule from the melt to
the solvent can be accompanied by its ionization depend-
ing on the value of solvent pH. Moreover, ionization can
occur even when a molecule of vinpocetine is situated on
the interphase surface in contact with the solvent.

We performed the simulation of exactly this critical
stage of the release process, i.e. overcoming the phase
boundary of «melt-solvent» by vinpocetine molecule.
As an example of a similar study the work by Hui-dong
Zheng [13] can be represented.

Spatial models of components were built Hyper
Chem 8.01 program (license HC80SA-4-1BBF6).

An important factor that should be taken into account
in molecular dynamics simulation of heterogeneous sys-
tems is the atom charge distribution.

For this purpose atom charges of the simulated sys-
tem components were calculated by ab initio method,
which was dictated by insufficient accuracy of semi-em-
pirical methods. The choice of quantum-chemical meth-
ods to detect the atom charges of melt component mo-
lecules (unrestricted Hartree-Fock method with basis set
3-21G* for geometry optimization and density function-
al theory method UB3LYP with 6-31G* basis set) was

made according to the results of the study, represented in
the work [14]. The validity of ab initio methods used for
atom charge calculation in molecular dynamics simula-
tion of substances transfer through interphase surface is
demonstrated in the work [15].

Geometry of the melt components was optimized
by molecular mechanics mm+ method [16] in Hyper
Chem 8.09 program. Further geometry optimization
of molecules was performed by ab initio method
(unrestricted Hartree-Fock method, basis set 3-21G*
[17]). The charges were calculated by ab initio method
(density functional theory method UB3LYP [18], basis
set 6-31G*).

The obtained system further inserted into the
solvents — water and ethanol. After that thermodynamic
equilibration was performed by Bioeurica program (the
author is A.A. Glushko) [19] (force field Amber94 [20],
rectangular periodic boundary conditions, Berendsen
thermostat [21] — 310K, bath relaxation time 100 fs,
integration step 1 fs).

Thermostating was performed according to the graph
in Table 1. The temperature, set by the thermostat, was
linearly changed between the graph moments of time.

Table 1 — Graph of thermostat work in molecular dynamics simulation process

Time, fs Temperature, K
0 0
300000 310

Further molecular dynamics simulation of vinpoce-
tine release from the melt spot to the solvent was per-
formed during 20 ns in Bioeurica program.

As an initial state, for calculation of thermodynamic
characteristics of vinpocetine release from the melt,
the conformation of “melt-vinpocetine” system was
used after thermodynamic equilibration by molecular
dynamics method in Bioeurica program during 5 ns.

As a final state, a moment of time of molecular
dynamics simulation was used, corresponding to full release
of vinpocetine molecule from the melt to the solvent.

As a criterion of vinpocetine release into the solvent

a module of Van-der-Waals energy interaction between
vinpocetine molecule and the melt was used (|[E|<0.1 kDj/
mol). For both states geometry optimization in Amber94
force field was performed by Bioeurica program.

For isolated systems vibrational analysis performed
[22] by unrestricted Hartree-Fock method in basis set
STO-3G in free distributable program Orca 4.0 [17].
As a result thermodynamic characteristics of simulated
system fragments (enthalpy and entropy) were obtained.
Further the calculation of enthalpy (AH) and entropy
(AS) of vinpocetine release from the melt were made
using these equations:

AH = (Hmelt + Hvinp.—solvent) - (Hvinp.—melt + Hsolvent)
AS = (Smelt + Svinp.—solvent) - (Svinp.—melt + Ssolvent)

Using the obtained enthalpies and entropies Gibbs,
energies (A1) of vinpocetine release into different

environments were calculated according to the equation
for temperature 310 K:

AG = AH —TAS,

where T istemperature, K.
Results and discussion. As the components of the
studied systems, the models of vinpocetine molecule
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in form of base and cation were used (Fig. 2), and also
models of beeswax and cacao butter melt components

(Fig. 3).
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Figure 2 - Chemical and spatial structures of vinpocetine
(A — base, B — cation)
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Figure 3 — Structure formulas and spatial structure of basic components of beeswax and cacao butter

Quantitative composition of the beeswax and cacao
butter melt was calculated according to the literature data
about chemical composition of beeswax [23] and cacao
butter [24].

Further, based on molecular masses quantities of
molecules of the simulated system basic components
were calculated. Accounting the volume of the simulated
beeswax and cacao butter melt 3:2 a fragment, equal
to 125 nm, the components which molecules’ number
according to the quantitative composition was more
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than 2 for the simulated volume, were included into the
model.

As an example of selection of multicomponent
system composition the work can be represented, in
which simulation of cacao butter was performed by
molecular dynamics method, hereby only three types of
triglycerides were included in the mixture composition,
fatty acids and many other minor components of oil were
not included [25].

Another one wide-spread example of the simulating
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systems, having complex composition is molecular
dynamics simulation of phospholipid membranes [26].
Hereby only the components contained in a fairly large
number are included into the composition of membrane.
Nowadays molecular dynamics simulation is available in
the scale of up to dozen nanometers, i.¢. in the volume of
thousands of cubic nanometers [27].

At the same time many minor components of
natural substances have such low concentrations, that
their molecules are represented in a single exemplar in
volumes far exciding thousands of cubic nanometers.

Taking that into consideration, nowadays it does not
seem possible to account many minor components of
natural mixtures in molecular dynamics simulation.But
this theoretical approach is widely and successfully used
for physical-chemical properties of mixtures study [28-
30].

Further, taking into consideration molecular masses,
quantities of molecules of basic components of the
simulated system were calculated (Table 2).

Based on components structures, the model of
beeswax and cacao butter melt 3:2 was built.

Table 2 — Quantitative composition of the simulated beeswax and cacao butter melt 3:2

Substance Molar mass, Mass fraction, % Ngmber of molecules quber of atoms
g/mol in the melt model in the model
Cerotinic acid 396.7 7.2 8 640
Neocerotinic acid 382.673 3 3 231
Melissinic acid 452.808 2.4 2 184
Montaninic acid 438.781 2.4 2 178
Melissilpalmitate 677.24 33 21 2940
Miricilpalmitate 691.267 12 7 1001
1,3-distearo-2-olein 889.485 7.9 4 684
1-palmito-2,3-diolein 803.307 5.3 3 453
Palmitostearoolein 805.323 26.8 14 2142
TOTAL: 100 8453

In cacao butter, besides triglycerides, free fatty acids
are contained. Their concentration can be learnt by the
acidic value. State Pharmacopoeia X [24] allows the
acid value of cacao butter to be no more than 2.25 mg
of KOH per 1 g of butter. Therefore, the content of fatty
acids in cacao butter, meeting the requirements of State
Pharmacopoeia is no more than 4.01-10-° mol/g:

. m(KOH)
C(fatty acids) = M(KoH)

where C (fatty acids) is content of fatty acids in 1 g
of cacao butter, mol/g;

m (KOH) — mass of KOH, needed for neutralization
of acids, contained in cacao butter per 1 g of oil (acid
value), g KOH/g;

M (KOH) — molar mass of KOH, g/mol.

Total mass of cacao butter components, included in
the molecular model is 2.8-102° g (Table 2), therefore
the amount of fatty acids of cacao butter in the
simulated volume must not exceed 1.12-10* mol, which
corresponds to 0.676 molecules of fatty acids:

N =m- C(fatty acids) - N,

where m is cacao butter mass in the simulated system, g;

N, — Avogadro number, mol™';

N — number of fatty acid molecules in the simulated
system.

The obtained results correspond to approximately 1
molecule of fatty acid per 64 different molecules of the
melt components (table 2), part of which is comparable
in volume with fatty acids of cacao butter, and another
part (triglycerides) has a significantly larger volume.
Therefore, molecules of fatty acids of cacao butter
were not included into the composition of the simulated
system.

Further on, using Bioeurica program, thermodynamic
equilibration of the melt model was performed by
molecular dynamics method. After that the system was
included into the solvents — water and ethanol. After the
thermodynamic equilibration of the system by molecular
dynamics method during 5 ns, simulation of vinpocetine
release was performed from the melt spot into the solvent
during 20 ns. Images of spatial structures of simulated
systems for different moments of time are represented in
Table 3.
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Table 3 — States of simulated systems at different moments of time

Time, Melt — vinpocetine— Melt — vinpocetine-cation — Melt —vinpocetine —
ns water (pH=7) water (pH=2) ethanol

Thermodynamic equilibration

10

20
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As a result of thermodynamic equilibration in water
environment a heterogeneous system with clear interphase
surface was obtained and the ordered structures in the
melt. In the ethanol environment partial mixing of the
melt with water took place (Table3).

According to the results Van-der-Waals interaction
analysis between vinpocetine and the melt, the durations

-50

-100

-150

-200

-250

-300

Van-der-waals interaction energy, kDj/mol

-350

-400

-450

- - -water (pH =2)

of vinpocetine release into the solvent were determined
(Fig. 4).To do it, the time was detected,while the module
of Van-der-Waals interaction energy between molecule
(ion) of vinpocetine and the melt became less than 0.1
kDj/mol. Time series of Van-der-Waals’ interaction
energy were preliminary smoothed by moving average
method (window of averaging 1.6 ns).

......... Water (pH = 7)

Figure 4 — Dynamics of Van-der-Waals’ interaction energy between vinpocetine molecule (ion)
and the melt of beeswax and cacao butter 3:2

The analysis of the obtained results shows,
that the release of vinpocetine cation from the
melt into ethanol goes during 15.5 ns. The release
of vinpocetine base from the melt into water with

pH = 7.0 doesn’t go, due to higher hydrophobicity of
vinpocetine base.

The release into water with pH=2.0 goes, but vinpocetine
molecule stays bound with interphase surface for a long time.

Table 4 — Durability of vinpocetine release into solvent according to the results of molecular dynamics simulation

Solvent Durability of vinpocetine contact with the melt, ns
Water (pH = 7.0) >20
Water (pH = 2.0) >20

Ethanol 15,5
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The performed study has shown, that the melt of
beeswax and cacao butter 3:2 is not soluble in water
environment which appears to be the factor, slowing
down the release of vinpocetine into solvent. In acid-
ic environment (pH = 2.0) vinpocetine cation releases
from the beeswax and cacao butter 3:2 and passes into
water. Hereby vinpocetine adsorption tends to exists on
the melt surface.

Vinpocetine molecule releases from the beeswax
and cacao butter 3:2 into ethanol and completely passes

\ A

into the solvent. Hereby partial dissolution of the melt in
ethanol takes place.

Forthe quantum chemical calculation of thermodynamic
characteristics of vinpocetine release from systems, used in
the molecular dynamics simulation, fragments of initial and
final states were isolated (Fig. 5-7):

vinpocetine — melt,

solvent,

melt,

vinpocetine — solvent.

v
\-’{- e

>
1 3‘,5)\ AR

— -t‘v ??

Figure 6 — Vinpocetine release from the melt into water in pH 7
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Figure 7 — Vinpocetine release from the melt into ethanol

The results of thermodynamic characteristics calculation of the simulated system fragments are represented in
Tables 5 and 6.

Table 5 — Results of quantum-chemical calculation of enthalpy and entropy
of vinpocetine release from the melt into solvent

System enthalpy, kDj/mol
System Vinpocetine Melt without Vinpocetine Enthalpy. of
5 Solvent ) a . release, kDj/mol
in melt vinpocetine in solvent
pH=2 -10658071.42 -9450228.56 -7786164.35 -12322871.38 -735.75
pH=7 -9847693.09 -7284608.01 -6976933.10 -10155553.84 -185.85
Ethanol -14228766.63 -8000056.02 -11357749.23 -10870588.77 484.64
System entropy, kDj/mol
pH=2 2.3391 1.9408 1.9715 2.0721 -0.2363
pH=7 2.2291 1.4759 1.8550 1.6409 0.0971
Ethanol 2.8314 1.9652 1.9945 1.7424 -1.0597

Table 6 — Results of quantum-chemical calculation of the Gibbs energy
of vinpocetine release from the melt into solvent

System Gibbs energy, kDj/mol .

Svstem - - - - — Gibbs energy of

y Vlr.lpocetlne Solvent M.elt Wlthout Vinpocetine in release, kDj/mol

in melt vinpocetine solvent

pH=2 -10658796.55 -9450830.21 -7786775.523 -12323513.74 -662.50

pH=7 -9848384.12 -7285065.55 -6977508.17 -10156062.51 -121.02
Ethanol -14229644.37 -8000665.24 -11358367.54 -10871128.92 813.15
Vinpocetine release from the melt of beeswax and The melt of beeswax and cacao butter 3:2 is partially

cacao butter 3:2 into water with different pH and into  dissolves in ethanol, and that is the factor, speeding up
ethanol depends on its solubility in this environments, vinpocetine release into solvent.
and also on the solubility of the melt. Vinpocetine stays in the melt phase during simulation
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of the system with water (pH = 7), which indicates, that
vinpocetine release from the melt of beeswax and cacao
butter 3:2 into water with pH=7 is difficult.

Conclusion. Vinpocetine release from the melt
of beeswax and cacao butter 3:2 into water with
pH = 2.0 is energetically advantageous process, and it is
also accompanied by increase of entropy, which indicates
higher thermodynamic probability of the final state (vin-
pocetine in solvent).

Vinpocetine release from the melt into water with pH
= 7.0 is energetically less advantageous comparedwith
the release into water with pH = 2.0.

Vinpocetine release into ethanol from the melt is en-

ergetically less advantageous compared with the release
into water in the condition of no melt dissolution in eth-
anol. Butthe results of molecular dynamics simulation
indicate an opportunity of the melt dissolution in ethanol.
This is the factor increasing efficiency of vinpocetine re-
lease.

The simulation study of molecular dynamics of
vinpocetine release from the melt of beeswax and cacao
butter 3:2 indicates an opportunity of vinpocetine release
into water with pH = 2.0 and into ethanol. The obtained
results allow to assume a lower degree of vinpocetine
release from the melt into ethanol compared with the
solution of hydrochloric acid 0.01 M.
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