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B oannou pabome npedcmasnenvi pe3yniomanmol uzyueHus u MOOEIUPOBAHUS GIUAHUSL OUITEKMPUYECKOU NPOHU-
yaemocmu pacmeopumeris Ha SKCMpPAKYUo U30CAIURYpno3udd U3z Yeemrog beccmepmuuxa necuanozo. ILlens oannoi
padomol — uzyuUmMb GIUAHUE PACMBOPUMENS HA SIKCIMPAKYUIO U30CATUNYPNO3UOA U3 YBENKO8 becCMepmHUKa necud-
HO20, NPeosodHCUmsb meopemuyeckyro mooens 0jisl ONUCAHUA NONYYeHHbIX pe3yibmamos. Mamepuansl u memoosl.
H3menvuennoe pacmumensHoe coipve «beccmepmuuka necuanozo yeemxuy (Helichrysi arenarii flores). Boonsie pac-
meopul smanona (26, 43, 59, 72, 81, 97+1% 06.), memanona, 1-nponanona, 2-nponanona, ayemona u smuiayeman.
Drempakmul nonyyaru npu COOMHOWEHUU PACMUMENbHOe Cbipbe — dKkempazenm 1:5 (macc./06.), nacmausanuem 6
meuenue 24 uacoe npu memnepamype 24+1°C. Ananuz skcmpaxkmos npogoousiu ¢ nomMoujbio 00paweHo-pasoeot
BbICOKOIPPEKMUBHOU HCUOKOCTHOU XPOMAMOSpaduu u cmanoapmuo2o oopasya uzocaiunypnosudd. Pezynomamot
u oocyycoenue. Hzyuena 3a6ucumocmos KOHYESHMPAyUU U30CATUNYPRO3UOd 6 CRUPMO-600HBIX IKCMPAKMAX OM KOH-
yenmpayuu smanona 6 pacmeope. Hatioeno, 4umo mMakcumanibHas KOHYEHMpayus u30Caiunypno3uoa Habnooaemcs 8
pacmeopax ¢ Konyewmpayuil smanona 75+5% 06. Imom ouanazon KOHYEeHMpayuil JIManoid cOOmeemcmayen oud-
JIleKmpuyeckoll Koncmanme pacmeopumeins pasnou 38+3 eounuy. [lonyuerno peepeccuonnoe ypagHeHue 3a8Ucumocmu
KOHYEeHmpayuy u30Caiunypno3uod 8 KCmpakme om OUdIeKmMpuUyeckoll NOCMOSHHOU CRUPMO-B00HbIX PACMEOPOS.
TeopemuuecKku cnpocHO3UPOBAHA U IKCNEPUMEHMATLHO NPOBEPEHd ONMUMANbHAS KOHYEHMPAayus pacmeopumens
Ha npumepe 800HBIX PACMBOPO8 MEeMAHoAd, ayemond, 1-nponanona, 2-nponanona. 3aknrwouenue. Buvisacueno, umo
Ha npoyecc svidenenus GUMOKOMNOHEHmMA U3 PACMUMEIbHO20 CbIpbs Hauboree cyujecmeenHoe 8luaHue oKa3vleaem
ousniekmpudeckas NOCMoAHHAA pacmeopumens. Teopemuuecku 0OOCHOBAHA U ANPOOUPOBAHA MAMEMATNUYECKASL MO-
0enb 0151 ONUCAHUA 3A8UCUMOCTU KOHYEHMPAYUU U30CATUNYPNO3UOA OM OUIIEKIMPULECKOU NOCMOSAHHOU 800HO-2MA-
HOMbHBIX pacmeopos. Hatioen onmumanvuviii Ouana3om 3Ha4eHull OUdIeKMpU4eckoli NOCMOSIHHOU pacmeopumens 0
00CUINCEHUSL MAKCUMATLHOL KOHYEHMPAYUU U30CATUNYPno3udd 8 IKCmpaxme.

Kniwouesvie cnosa: Beccmepmuuxa necuanozo yeemxu, pacmeopument, BOJKX ananus, ousnexmpuueckas kou-
cmanma, u30Canunypno3uo
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This article presents results of the study and modeling of solvent influence on isosalipurposide extraction from
Helichrysi Arenarii flowers. The aim of this work is to study the influence of the solvent on isosalipurposide extraction
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from Helichrysi arenarii flowers and suggest a theoretical model for description of the results obtained. Materials
and methods. The basic materials were: a ground plant raw material of Helichrysi arenarii flowers. water solutions
of ethanol (26, 43, 59, 72, 81, 97+1% v/v.), methanol, 1-propanol, 2-propanol, acetone and ethyl acetate. The extracts
were obtained from the plant raw materials / solvent at the ratio of 1:5 (wt./vol.) by maceration for 24 hours at the
temperature of 24+1°C. The analysis of the extracts was carried out by reversed-phase high performance liquid
chromatography and isosalipurposide reference substance. Results and discussion. A dependence of isosalipurposide
concentration in ethanol-water extracts on ethanol concentration in the solution was studied. It has been found out
that maximum concentration of isosalipurposide is observed in the solutions with ethanol concentration of 75+5%
v/v. This range of ethanol concentrations corresponds to solvent’s dielectric constant value of 3843 units. The re-
gression equation of dependence between isosalipurposide concentration in the extract and dielectric constant of
ethanol-water solution has been obtained. Optimal concentration of the solvent has been theoretically predicted and
experimentally verified as in the case of water solutions of methanol, acetone, I-propanol, and 2-propanol. Con-
clusion. It has been determined that solvent s dielectric constant has the most significant influence on the extraction
process of phytocompound from the plant raw material. A mathematical model for description of the dependence of
isosalipurposide concentration on dielectric constant of ethanol-water solutions has been substantiated theoretically
and tested. The optimal range of solvents dielectric constant to obtain maximum concentration of isosalipurposide in

the extract has been found.

Keywords: Helichrysi arenarii flowers, solvents, HPLC analysis, dielectric constant, isosalipurposide

BBEJEHUE. Ha naHHbIli MOMEHT B Hay4yHOU JIH-
TepaType B 001acTH (UTOXMMHU OYCHb Majo padoT,
KOTOpBIE OBbLIH OBl MOCBSILEHBI BOIPOCY pa3pabOTKU U
CO3IaHUsI MaTeMaTHYeCKOW MOJENU sl OIMCAHUS 3a-
BUCHMOCTH KOHIIGHTpPAIIMM OHOJIOTHYECKH AKTHBHBIX
BEILIECTB B DKCTPAKTE OT (PU3MKO-XUMHUYECKUX CBOWCTB
pacTBOpHTEIIS.

Onuu M3 HUX QOKYCHPYIOTCS TOJBKO HA AMITUpHYE-
CKOM M3y4YEHHH CTEIEeHHU Iepexofa (pUTOKOMIIOHEHTOB
U3 PACTUTENIBHOTO CHIPbsl B TOT WJIM MHOW PacTBOPUTEIT,
0e3 TeopeTUUECKOT0 OOBSICHEHUS TIOJyYCHHBIX PE3Yiib-
tatoB [1].

Jlpyrue wuccienoBaHUsl TOCBSILIEHbI MaTeMaruye-
CKOMY OIHMCAHHIO BIMSHUS MOHHBIX U THIAPOTPOIHBIX
YKMJIKOCTEH Ha MPOLECC KCTPAKIMH (PUTOKOMIIOHEHTOB
U3 PacTUTEIBHOTO ChIPbs [2, 3], uTo Ge3yc/IOBHO MHTE-
PECHO, OIHAKO HE NMPUMEHUMO K OOBIYHBIM THIIAM pac-
TBOPUTEIICH.

Eme oxna rpynma paboT mocBsiieHa MOJETHPOBa-
HHIO Ipoliecca PacTBOPEHHUs! (PUTOKOMIIOHEHTOB B pac-
TBOPHUTENIE C WCIIOJBb30BAHUEM TEPMOJMHAMHYECKUX
npuHIMnoB [4]. OxaHako B paboTe HE YUUTHIBAJIOCH BIIU-
SHUE PaCTUTEIFHOTO MaTPUKCa Ha MPOLECC pacnpesere-
HUSI (UTOKOMITOHEHTOB MEXK1y (pa3amu.

Crenyer mog4epKHYTh, YTO TEOPETHUYECKOE ONHCa-
HHE MOJ00HON 3aBUCHMOCTH JIa€T KJIFOY K BBISBICHHIO
OIITUMAJIbHBIX TTAPAMETPOB PACTBOPHUTEIIS IS JIOCTHIKE-
HHSI MAKCUMAJIbHOHM CTETIEHN MCTOILEHHUS PACTHTEIILHOTO
CBIPbsl TIPY MUHHMAJIBHBIX 3aTparax o0ObeMa pacTBOPH-
TeJlsl, YHEPTMH ¥ MacChl TIepepadaTbiBaeMOro pacTHTEINb-
HOTO CBIPbSI.

beccmepTHUK necuaHblid  SIBISAETCS HMHTEPECHBIM
pacTeHueM JUIsi HayYHBIX UCCIIEJOBAHUH, TOCKOIBKY 9TO
pacTeHre IUPOKO PACIPOCTPAHEHO M0 BCEMY MHPY, 00-
JIQJIAaeT PSIIOM IIEHHBIX (hapMaKOJIOTHIECKHUX dPPEKTOB U
COJIEP)KHUT B CBOEM COCTaBE HECKOJILKO IPYIIl OHMOJIOTH-
YEeCKH aKTUBHBIX BellecTB ((p1aBoOHONIbI, XaJIKOHBI, (hTa-
JIUJIBI, THPOKCUKOPHYHBIE KUCIIOTHI, d3(pUpHbIE Macia U
psA ApyTux rpymnn BemiecTs) [5—17].

OnmHUM M3 BaKHBIX OWOJIOTMYECKH aKTHBHBIX Be-

miecTB B uBetkax Helichrysum arenarium (L.) Moench
0 JaHHBIM JIMTCPATYPbl SABJIACTCA XaJIKOHOBBIN TIH-
KO3MJ| M30CAIUITYPIIO3U/I, KOTOPBIN SIBISIETCS JIOMUHHU-
pyroumM B cMecu (DEHOJBHBIX coequHeHui. [Ipu 3ToM
ero cojiepkanue B chipbe gocturaet 1,5% u Gonee [6].
Kpowme Toro, Ha teppuropuu Poccun un Yipaussl paspa-
0oraH W BbIIycKaeTcs npemnapar «DraMuH», KOTOPBIH
COZIEPXKUT (PCHOJIbHBIC COSIUHEHHS, B TOM YHCIIE H30Ca-
JIMITYPIIO3U /1, U MIPUMECHACTCA JI JICHCHU S XPOHUYCCKUX
3a00JIeBaHNil MIEYCHH.

HEJb nanHO# pabOThl — HKCIEPUMEHTAILHO H3-
YYUTH BIIMSIHUE PACTBOPUTENSA Ha SKCTPAKIHMIO H30Ca-
JiMmmypmno3njia U3 1IBCTKOB 6eCCMepTHI/IKa IeCYaHoro u
OPEAJIOKUTE TCOPECTUIYCCKYTIO MOJACIIb JIsI OITMCAaHUA 110~
JIYYEHHBIX PE3YyIbTaTOB.

Jlnst AOCTHIKEHHS TTIOCTABICHHOM 11eJIM HEO0OXOMMO
6]:1]10 PEINTD psAa 3ada4: U3Yy4YUTh BJIUAHHUC BOJAHO-3Ta-
HOJIBHOTO PACTBOPUTEJNI Ha KOHIIGHTPALMIO H30Callu-
Mypro3ujia B 9KCTPAKTE; TEOPETUYECKH OOOCHOBATH M
arnpoOUpoBaTh MaTEMaTHYECKYI0 MOJENb 3aBUCHMOCTH
KOHLIEHTPAIMH H30CATUITYPIIO3U1a OT AUIIEKTPUUECKOI
MTOCTOSIHHOM PaCTBOPUTENS; CIPOTHO3UPOBATh, 3KCIEPU-
MCHTAQJIbHO MPOBEPUTH PE3YJIbTAT U MPEAJIOKUTL ONTH-
MaJIbHBIM BUJ DKCTPAreHTa AJIsl BbIICICHUS N30 CAIUILY -
no3una u3 Helichrysi arenarii flores.

MATEPUAJIBI U METO/bI

JlekapcTBeHHOE PACTUTEJILHOE ChIPbe

Jlnst vccnenoBaHuid MCIonb30Baiu (hapmakoneitnoe
pactutensHoe cbipbe (DC.2.5.0007.15) uzmenbueHHOE
J10 OJHOPOAHOM Macchl «beccMepTHUKA IECUaHOrO LBET-
xku» (Helichrysi arenarii flores), npuoOpeTeHHOE B arTe-
ke OO0 «JIexapcTBeHHBIE TPaBbD», I XapbKoB, YKpau-
Ha, cepus Ne 530617, cpok rogHoctu 10 07.2020 1.

PacTBOpHuTe/ M M BelllecTBA CTAHAAPTHI

B xauecTBe 3KcTpareHTa HCHOIb30BaIN BOAHBIE pac-
TBOpPHI 3Tanona (26, 43, 59, 72, 81, 97+1% 06.), mera-
Hona, l-mpomanona, 2-mpornaHoia, areToHa 1 dTujale-
tar. Bce pactBopurenu, kpome 3TaHoia, KBaIH(UKALUH
«4.7.a.», dTaHOJI — (papMalleBTHYECKUH, MPOU3BOJICTBA
Po.
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B kauecTBe BemiecTBa CTaHAapTa HCIOIb30BAJIH
CTaHAapTHBIN 00pasel] rocyIapcTBeHHOH (apmakoren
YKpauHbl — U30CAIUITYPIIO3ULI.

IMosryyenne IkcTpaKTOB

DKCTpaKThI JJIsl aHAJIM3a MOIyYalld 10 CIIEAYIoNeh
Metonuke: 1,0 T celpbs (TOUHas HaBecka) 3anuBanu 5,0
MJI pPacTBOpHTEIIS (TOUHAsI HABECKA), HACTAUBAJIM B TEYe-
Hue 24 gacos, mpu temmneparype 24+1°C.

[OTOBBII IKCTPAKT CIAMBAIM M LEHTPUDYTHPOBAIH
npu yactore BpaimieHus 13000 006/MuH B TeUeHUE 5 MUH,
a 3aTeM aHaJIM3UPOBAJIM C MOMOIIBI0 METO/Ia 0OpaIeH-
HO-(a30BOH BBICOKOA(P(EKTHUBHON KHUIAKOCTHON XpoMa-
torpaduu (0D BIKX).

Metoauka anaauza O® BIKX

AHanm3 SKCTPAKTOB MPOBOAMIN C IOMOIIBIO TPHOO-
pa dupmer «Agilent Technologies» cepuu «Agilent 1200
Infinity», npomssoacta CIHIA. IlompoOHO MeTomuka
aHanM3a mpuBeneHa B padore [18].

Teopus

OIHUM M3 KJITFOYEBBIX KOJINYECTBEHHBIX ITAPaMETPOB

AG = AGSOlid + AG
AG=—RTInK =—RT InC

Hy - Ko

pacTBOpPHUTENIS, KOTOPBIE MOTYT OKa3bIBATh 3HAUUTEIILHOE
BIIMSIHHE Ha MPOLECC pacipeieseHus (PUTOKOMIIOHEHTa
MeXAy GazaMu SKCTPAKIIMOHHOM CUCTEMBI SBISIETCSI €ro
JudIieKTpudeckas nocrosuuas [ 19, 20].

JUis moCcTpoeHus: MaTeMaTH4eCcKOH MOJIENTN aBTOPHI
MPUMEHWIN PHEPreTUYeCKHi MOAXOM, KOTOPBIH CBSI3aH
¢ M3MeHeHneM dHepruu ['mOOca B SKCTPaKIMOHHOH CH-
CTeME€ M JHEepruei MeXMOJIEKYIIpHBIX cuil. J[s 3Toro
aBTOPBI UCHOIB30BAIH PSI AOMYIICHUN: MOJIEKYBI TO-
JsipHBL; cmtamu Jlebas MOXKHO TpeHeOpedb; MaTpHKC
PACTUTENIBHOTO CBHIPhSI MPEACTABIEH LEIUTION030M; TU3-
JIeKTpUYecKasi MPOHUI[AEMOCTb IPOMUTAHHOTO MaTpUKca
PACTUTENBHOTO CIPbsA (&) PABHA CYMME MPOU3BEICHUS
00BEMHOM JIONM KOMITOHEHTOB Ha MX JUAJIEKTPUUECKYIO
HOCTOSHHYIO, T.€. IIEJUTIONO3bI (£,) U PACTBOPUTENA (& );
KOHCTaHTa paBHOBecHs (K) paBHA paBHOBECHOMN KOHIIEH-
Tpanuu GpuToKoMIIOHeHTa B FKcTpakte (C).

Takum 00pazoMm, WCIOIB3YS JAHHBIC JIOMYIICHHS
u Gopmynsl U3 uctouHuka [20], MOXKHO COCTaBHUTH Psif
ypasuenwuii (1)—(5):

+AG ey

)
3)

solv unpred

3'al'a2 11‘]2

AGsoild = NA ’ +

AG H My

(4-ﬂ-50-8y)-r3 (4-ﬂ-50-5y)2 270 .

2 2
213" 1y

I +1,

“

_NA

v = )
o @4-r-gy-6,) 3

&y =01 & +(1_(P1)'5x

riae AG — sueprust [m66ca, J[x/Moib; R — razoBas mocTo-
stHas, 8,314, Ix/(monb-K); T — abcomoTHast TemIiepa-
Typa, K; K — xoHCcTanTa paBHOBecusi; C — paBHOBECHast
KOHLICHTPAIMs BENIECTBA B JKCTpakTe, MONb/I;, AG .,
— DHEPrHs CBSI3U MOJEKYJ OHMOJIOTHICCKH aKTHBHBIX Be-
IIECTB C MAaTPUKCOM PACTHUTEIBHOTO CBHIPHS, J>K/MOIIb;
AG, — dHeEprus B3aMMONEHCTBHS MOJIEKYN OMOIOTHYE-
CKU aKTHBHBIX BEHICCTB W MOJEKYN pacTBoputels, J[x/
MOJIb; AGMW , — HCYYTCHHBIC DHEPIeTHYECKHUE TPOLEC-
cbl, Jlx/monb; N, — umcio Asoranpo, 6,02:10% momb™;
T — MareMaTh4ecKas KOHCTaHTa, 3,14; ¢, — siexrpude-
ckas mocTosHHas, 8,85-10712 d/m; &, & — JUDIICKTpHYe-
CKasl MPOHMUIIAEMOCTh: MaTPUKCA PACTUTEIHLHOTO CBHIPBS
U PAaCTBOPUTENIsS COOTBETCTBEHHO; [, [, [, — IUTIONBHBIN
MOMEHT MOJICKYJI: MATPUKCA PACTUTEIBHOTO CHIPhs, OMO-

2

(4 7-gy6 3k T1° (Greyge) 205 L+

6)

JIOTHYECKH aKTHBHBIX BEIIECTB M PACTBOPHUTENS COOT-
BeTCTBEHHO, Kil'M; 0, @, 0, — OIAPH3yeMOCTh MOJIEKYIT:
MaTpHKCa PACTHTEIBLHOTO CHIPhsI, OMOJIOTHUECKH aKTHB-
HBIX BEIIECTB M PACTBOPHUTENS COOTBETCTBEHHO, M*; /, [,
1, — >Heprus HOHU3AIMH MOJIEKYJI: MATPHKCA PACTHTENb-
HOTO CBHIPbsI, OMOJIOTMYECKH AKTHBHBIX BEIIECTB M pac-
TBOPUTENS COOTBETCTBEHHO, JXK; I' — paCCTOSHUE MEXAY
MOJIEKYJIaMH, M; ¢, — OObEMHas JION MaTPUKCa PacTy-
TEJILHOTO CHIPBSI.

[Tocne mpeoOpa3oBaHMsl JAHHBIX ypaBHEHHWH M BBI-
JICTICHUS] W3 HHUX JIMAJIEKTPUYCCKOM IPOHUIIAEMOCTH
pacTBOPHUTENST MOXKHO 3alucarh KOHEYHOE YpaBHEHHE
(6), KOTOpOE CBS3BIBACT PABHOBECHYIO KOHIICHTPAIHIO
BEIIECTB B IKCTPAKTE W JUAJICKTPUUECKYIO MpPOHHUIIae-
MOCTb PacTBOPHTEIIS:

R-T 1 £ 1 £
——InC=—-|(D+E)-22 . B|+— | F-2. 4|+ AG,.c. ©
N 2 2 unpre
A £ &, £, g,
FHCD: 2'/,[32'/122 s f— 3’0!3‘&2 ) [3'12 , _ 3'&1’&2 ) 11’12
(4.7;.50)2.3./(7.,,6 4-7-gp) -2/ (I +1, (4.”,80)2.2,,,6 I +1,
Hy Hy Hy - Hy

F

C@ozegy)
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VYpaBHenue (6) JOBOJBHO CIIOKHO ISl MaTeMaTH-
Yyeckoll 00pabOoTKH, MO3TOMY /ISl €r0 YIpOUICHHS aB-
TOPBI MPHHSUIN €lIe OJHO JOIYyIIEHHE, YTO OTHOICHHS
g’/e? u g /e paBHEI KOHCTaHTe. B oTOM Cilyqae nanHas
3aBUCHMOCTB Oy/IET OIPE/ENATHCS B OCHOBHOM OajiaH-
COM DHEpreTuueckux kodpuuuentos (D+E)-const-B u
(G-const-A), n MOXeT OBITh NPOAHAIM3UPOBAHA JIAXKE C
UCIIONIb30BaHNEM MHCTpyMeHTa MS Excel, Tak Kak mpH

BBEJICHUM HOBOH nepemenHodl x=l/e, ypaBHenue (6)
CBOJUTCS K KBaJIpaTHOMY YPaBHEHUIO.

PE3VJIBTATBI U OBCYKJIEHHE. B nepsoii
YacTH HCCIENOBAHUN H3yyanach 3aBHCHMOCTb KOHIIEH-
TpalMy M30CATHUITYPIIO3HUIa B IKCTPAKTaX, MOTYyYSHHBIX
C IOMOIIBIO Pa3HbIX KOHLIEHTpaLUil 3TaHona. Pesynbra-
o1 O® BOXKX ananusa copepikanusi JaHHOTO BEIIECTBA
B OKCTpaKTax MpUBe/eHb! B Ta0bmuIe 1.

Tabnuya 1 — 3nauenue na1owiadu RUKA U KOHYEHMPAYUU U30CATUNRYPROZUOA 6 IKCHIPAKMAX, NOTYYUEHHBIX U3
Helichrysi arenarii flores, na ocnose ymanona paznuunoi Konyenmpayuu

Bpewms Konnentparnws sTanona, % o00.
IT
apamerp yACPIKUBAHHS, 26 4 59 -~ a1 97
MHH

1. Ilnomane nuka, 3464+ 8314+ 10544+ | 10801+ 11700+ 9821+
mAU-s* 104 249 316 324 351 295
2. Konnenrparus 20.6£0.6 2,22+ 5,34+ 6,77+ 6,94+ 7,51+ 6,31+
BEILECTBA, MMOJIbL/JI T 0,07 0,16 0,20 0,21 0,22 0,19
3. Jlmonexrpirieckas 681 5041 48+1 401 3541 2741
KOHCTaHTa

* [Ipumeuanue. Cpednee 3nauenue u ouwuOKy napamempa paccuumuléaiu npu mpex nOSMOPHOCMAX N=3 U YyPOBHe 3HAYUMO-

cmu P=0,95.

Kak BumHO M3 HaHHBIX TaOmUubl 1, HamOoJbLIas
KOHLICHTpAIMS HM30CaJMIypHo3una HalOmonaercs s
pactBopa staHosa 81% 06. OgHAKO cleayeT yTOUHHTS,
YTO MaKCHMAaIIbHYIO0 KOHLICHTPALUIO H30CAIHIYPHO3HIa
B OKCTPaKTe MOXKHO OXKMJATh B JIHAIla30HE KOHIICHTpa-
iy dta"oaa 75+5% o0.

Jlanee ¢ MOMOIIBIO JaHHBIX, OTOOPAKEHHBIX B Ta-
Onuie 1, U CHpPaBOYHBIX JAHHBIX OTHOCHTEIBHO H3-
JICKTPUYECKON TPOHHUIAEMOCTH JJIsl CMECH ITAaHOJ-BO-
na [21], ObUTa OCTpOEHA 3aBUCUMOCTh B KOOPJMHATAX
InC=f(1/¢) (cm. puc. 1).

O6paTHOe 3HAYCHUE TUAJICKTPUUIECKON TTOCTOSTHHOM pacTBOpUTeNs, 1/

0,04

-11 ? ? } } } |
0,01 0,015 0,02 0,025 0,03 0,035

12+
Q i
k=

13 + 5

InC = -2072.4/¢> + 121.55/¢ - 13.6
i R?=0.9358
14 -

Pucynox 1 - 3asucumocmo KOoHuyenmpauuu u3ocwlunypno3u()a 6 IKCmpaxkmax om 06pamnoﬁ 6CIUYUHDL
()uwzekmpuuecmﬁ nporHuyaemocmu pacmeopumeni

Kak BumHO M3 pucyHka 1, dKCIEpHUMEHTaIbHBIC
JIAHHBIE XOPOIIIO OITUCHIBAIOTCS MPEJIOKSHHON MaTeMa-
THYECKOH Mojienblo (6) B mpenenax 3HAUEHWH JIHDJICK-
TPHUYECKON KOHCTAHTHI OT 26 110 59 enunuir (1/e = 0,039-
0,017). IIpu 5TOM perpeccCHOHHOE YpaBHEHUE UMEET BH/T
InC=—13,6+122/6-2072/¢2, a ko3ppuLineHT aeTepMHUHA-

uu paBed R?=0,94, uro roBopuT 00 aeKBAaTHOCTH MaTe-
MaTuaeckoit moaenu. OHaKo /I 3HAYSHUH TUIEKTPH-
4yeckoit KoHCTauTh! Bhime 60 exunui (1/e menee 0,017),
OTKJIOHEHUS CTAHOBSTCS OYCHb CYIIECTBEHHBIMH, H IKC-
MIePUMEHTANBHBIE JaHHBIE 3HAYUTEIBHO OTKIIOHSIOTCS
OT TPEJIJIOKEHHOMN YIPOIIEHHOW MaTeMaTnyecKkoi Mojie-
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JIH, 9TO BEPOSATHO CBSA3aHO C BOSHUKHOBCHHUEM B IKCTPAK-
LIMOHHOW CUCTEME HETPEBUICHHBIX MTPOIICCCOB.

CortacHO BBIIIIC MPUBECHHOTO YPaBHCHUS, MAKCH-
MaJbHOC 3HAUCHHE KOHIICHTPAIMU W30CaJIHITypPIIO3HIa
COOTBETCTBYET MUAJICKTPUUCCKON KOHCTAHTE PacTBOPH-
Tens 38+3 enuHUII.

[To3TOMy MOXXHO OKHATh, YTO U JJISl IPYTHX pac-
TBOPUTEICH C NAHHBIM 3HAYCHUCM JHMIJICKTPHUYCCKOMN
MMOCTOSIHHOWM KOHIICHTPAIIHSI M30CATHITYpPIIO3HIa B IKC-

TpakTax TaKke OyleT Ha BBICOKOM ypoBHe. s mpo-
BEPKH JaHHOTO MPEIIOJIOKCHHUS, aBTOPhI UCIIOIH30BAIH
CJICAYIOIINE PACTBOPUTEIIH: MCTAHOJ, BOIHBIA PAacTBOP
anetToHa 65% wmacc., l-mponanona 70% wmacc., 2-mpo-
nanona 68% macc. u metanona 95% wmacc. [{ns cpaBHe-
HUS TAKXKE MCIIOJIb30BAJIM YUCTHII alleTOH, |-IPOMaHo,
2-mponaHoN U dTuianerar. JlaHHple Mo 3HaYEHUIO TLIO0-
[[aJId TIMKA U KOHIICHTPALWH JIJIsl M30CATHITypPIIO3HIa B
9THX PACTBOPUTEIISX MPHUBEICHBI B TaOHIIC 2.

Tabnuya 2 — 3nauenue niowadu nuKa u KOHYEHMPAYUU U30CATURYPROZUOA 8 IKCHPAKINAX, ROTYUEHHBIX
u3 Helichrysi arenarii flores na ocnoge paznuunvix pacmeopumeneii

Bpewmst PacTBopurens
ITapameTp YACPKUBAHUS, Arieton Meranon 1-iponianoa 2-1IpOonaHoa SrHaLerar

MUH 65 % macc. 95 % macc. 70 % macc. 68 % macc. H
1. ITnomaae muka, 5302+159 9544+286 6315+190 2382472 2056262
mAU-s* 13439+403 10987+330 117234352 12673+380
2. Konnenrpanus 3.41£0.10 6.134+0.18 4.06+0,12 1.534+0.05
memectsa, mvoms/n | 20000 | 8635006 | 7.06:021 7534023 | 8.14x0024 | 32004
3. udnextpuye- 19+£1 34+1 21+£1 19+1 61
CKasl KOHCTaHTa 39+1 36+1 38+1 37+1

* [Ipumeuanue. Cpeonee 3nauenue u ouwubOKy napamempa paccuumuléanu npu mpex NOSMOPHOCMAX N=3 U YyPOBHe 3HAYUMO-

cmu P=0.95.

Kax BuAHO M3 MaHHBIX MPUBEACHHBIX B Talnuie 2,
3HAYEHHsI KOHIIEHTPAIMU U30CATHUITYPIIO3H/Ia B AKCTPaK-
Tax JyIsi TAKUX pacTBOPUTENEH, KaK alleToH, 1-mpomnaHon,
2-NIpONaHoII U 3TUJIAIETAT (YHUCIIUTENh) HIXKE TI0 CpaBHE-
HUIO CO 3HAYCHHEM KOHIICHTpaIuu B 3Tanoie 81% 00.,
TOJILKO B METAHOJIE KOHIICHTpAIUsl JAHHOTO BEIIECTBA
npuOIIbKaeTCst K YPOBHIO 3Tanona 59% 06. JlanHbie pe-
3yJBTATHI XOPOIIIO COMNIACYIOTCS € MPEIONIOKEHHEM, YTO
9TO CBSI3aHO C BEJIMYMHOMN IMAJIEKTPUUYECKON MOCTOSH-
HOM pacTBOPUTENsS, KOTOpasi CUJILHO OTIMYAETCS OT OIl-
THMaJIbHOTO JAMana3oHa.

B mpOoTHBOMONOKXHOCTh YHUCTBIM PACTBOPUTEINSIM,
3HaYeHHE KOHIICHTPAIIUU U30CATHITYPIIO3H/Ia B AKCTPaK-
Tax M3 UX BOJTHBIX PACTBOPOB (3HAMEHATEIIb), KaK U OBLIO
MIPe/ICKa3aHo, HAXOASTCSI Ha BRICOKOM YPOBHE Jlake Tpe-
BBIIIAIONIAM €r0 MaKCHUMalbHOE 3HAaYeHHUE JIJIsl DTaHoIa
81% 00.

[Tony4yeHHBIC Pe3yabTaThl MOTYT OBITh UCIIOJIBb30Ba-
HBI JJI1 YCOBEPIICHCTBOBAHUS HEKOTOPBIX TEXHOJIOTH-
YECKUX ACIICKTOB BBIJCICHHS OHOIOTMYCCKH aKTUBHBIX

BCHICCTB U, B YaCTHOCTHU, U30CAJIMITYPIIO3Uda U3 IIBETKOB
OeccMepTHHKA.

SAKJTFOYEHME. N3y4eHo BNMsIHIE BUIA PACTBOPUTENIS
Ha SKCTPAKIMIO M30CAIHITYPIIO3U/IA M3 [IBETKOB OSCCMEPTHHKA
TiecyaHoro. BhIsicHeHo, uTo Hanboree CYIIECTBEHHOE BIMSIHHC
Ha JIAHHBII TPOLIECC OKA3bIBACT AMANIEKTPUYECKAs! TIOCTOSIHHAST
pactBopuTess. TeopeTnuecku 0OOCHOBAaHA M ArpoOHpOBaHA
MareMariueckasi MO b JUIsl OIMCAHMS 3aBUCUMOCTH KOHIICH-
TpaLMy U30CAMITYPIIO3UIA OT AUNIEKTPUYECKOM MOCTOSHHOM
pacTBOpHTENs Ha TIPUMEPE BOIHO-3TAHONBHBIX PACTBOPOB.
Haiinen mmana3oH 3Ha4eHWI JWANIEKTPUYECKOM MOCTOSHHOM
pactBopuTtenst 38+3 eAUHULL, PU KOTOPOM JIOCTUTACTCSl MaK-
CUMaJIbHAsT KOHIIGHTPAIMSl M30CATUITYPIIO3HIA B DKCTPAKTE.
TeopeTruecky CIPOrHO3UPOBaHa U AKCIIEPUMEHTATIHHO TTPOBe-
peHa ONTUMaJTbHasi KOHIICHTPALMSI PACTBOPUTENSI Ha TIPHMEPE
BOJIHBIX PAacCTBOPOB METAHONIA, alleTOHa, |-mponaHona, 2-1po-
naHor1a. [lomydeHHble pe3yssTarbl MOTYT OBITh MCTIONB30BaHbI
B IJIHEHIIINX MCCIICAOBAHMSIX MO YCOBEPILICHCTBOBAHHIO TEX-
HOJIOTWH BBIJIENICHHS] M30CAJTUITYPIIO3H/Ia M3 [IBETKOB OeccMepT-
HUKA [IECYaHOr0.

INTRODUCTION. At present, scientific papers
dedicated to phytochemistry contain very little informa-
tion about the development of a mathematical model to
describe the dependence of biologically active substanc-
es concentration in the extract on physical and chemical
parameters of the solvent.

Some of them focus only on empirical study of phy-
tocompound transfer degree from the plant raw material
into various solvents without any theoretical explanation
of the results obtained [1].

Other studies are dedicated to mathematical descrip-
tion of the influence of ionic or hydrotropic solvents on
the extraction process of phytocompounds from the plant
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raw material [2, 3], which is certainly interesting, but not
applicable to traditional types of solvents.

Another group of works is dedicated to modeling
dissolution of phytocomponents in a solvent using ther-
modynamic principles [4]. However, the authors of this
work disregard the influence of plant matrix on the distri-
bution process of phytocompounds between the phases.

It should be noted that theoretical description of this
dependence gives the key to determination of solvent’s
optimal parameters to obtain the maximum depletion de-
gree of a plant raw material at the minimum amount of the
solvent, energy and weight of the plant raw material used.

Helichrysum arenarium (L.) is a plant interesting for
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scientific studies due to its being widely spread all over
the world. In addition, it has some useful pharmacolog-
ical effects and contains different groups of biological-
ly active substances (flavonoids, chalcones, phthalides,
hydroxycinnamic acids, essential oil, and some other
groups of substances) [5—17].

Chalcone glycoside (isosalipurposide) is one of the
important biologically active substances present in He-
lichrysi arenarii flowers. According to the scientific data
it is dominating among all the phenolic compounds Its
content is more than 1.5% in the plant raw material [6].

In addition, on the territory of the Russian Federation
and Ukraine, a medicine of “Flaminum” has been devel-
oped and produced. It is used for treatment of chronic
liver diseases and contains certain phenolic compounds,
including isosalipurposide. At the same time, some tech-
nological aspects of biologically active substances ex-
tracted from Helichrysi arenarii flowers, isosalipurpo-
side in particular, can be revised and improved, taking
into account the results obtained.

THE AIM of this work is to study the influence of
the solvent on isosalipurposide extraction from Heli-
chrysi arenarii flowers, substantiate it theoretically and
suggest a theoretical model for description of the results
obtained.

To achieve this goal, it was necessary to solve the
following tasks: to study the influence of ethanol-water
solvent on isosalipurposide concentration in the extract;
to substantiate theoretically and test the mathematical
model of the dependence of isosalipurposide concentra-
tion on the dielectric constant of the solvent; to predict,
test the result experimentally and suggest the optimal
type of the solvent for extraction of isosalipurposide
from Helichrysi arenarii flowers.

MATERIALS AND METHODS

Plant raw material. For the study, pharmacopoeia
plant raw material of Helichrysi arenarii flowers was
used. The flowers were bought at a chemist’s shop “Me-
dicinal plants” (Kharkov, Ukraine, lot No. 530617, expi-
ration date 07/2020) and ground to a homogeneous state.

AG =AG

soli

4 TAG
AG=-RTInK =-RTInC

Solvents and Reference Substances / Standards. As
extractants, water solutions of ethanol (26, 43, 59, 72,
81, 97+1% v/v), methanol, 1-propanol, 2-propanol, ac-
etone, and ethyl acetate we used All the solvents were
high grade (Russia), only ethanol was of a pharmaceuti-
cal grade (Russia).

Isosalipurposide (Ukrainian State Pharmacopoeia,
Ukraine) as a reference substance was used for qualita-
tive and quantitative analyses.

Preparation of extracts. The extracts for analyses
were obtained as follows: one gram of the ground plant
raw material (accurate weight) was embedded in 5.0 ml
of the solvent (accurate weight) and macerated for 24
hours at 24+1°C.

Then extract was decanted and centrifuged at 13000
rpm for 5 minutes, and then analyzed by reversed-phase
high performance liquid chromatography (HPLC).

HPLC analysis. The extracts were analyzed with a
device of “Agilent Technologies” firm of “Agilent 1200
Infinity” series, the USA. The methods of the analysis is
presented in in work in detail [18].

Theory. A dielectric constant is one of solvent’s
key parameters that may have a significant influence on
the process of phytocompound distribution between the
phases of the extraction system [19, 20].

For the development of a mathematical model, the
authors used the energetic approach, which is connected
with a change of Gibbs energy in the extraction system
and energy of intermolecular forces.

For that, the authors used the following assumptions:
Debye forces can be neglected; the matrix of the plant
raw material is presented as cellulose; the dielectric con-
stant of the impregnated plant raw material matrix (¢ ) is
equal to the sum of the product of the volume fraction of
the components by their dielectric constant, i.e. cellulose
(¢)) and the solvent (¢ ); the equilibrium constant (K) is
equal to phytocompound equilibrium concentration of
the phytocompound in the extract (C).

Therefore, using these assumptions and formulas
from the work [20], the following equations can be de-
veloped:

+ AG

unpred

ey
()

solv

AG. . =N .. Hy - Hy " 3-01 - (41 )
soild —+V 4 4 3 4 2 7 6 I+ 1
( .ﬂ.go.gy).r ( .”.go.gy) . .’/' l 2
2,2
AG.,. =—N,- Hy . 2- 143 2‘#2 —+ 3‘053'0‘22 . 13'12J @@
(4-7m-gy-€) 1 @Armeye)3kTr (4re-&e) -2r U3+l
8y=¢’1‘51+(1—(01)‘5x ®)

where AG is Gibbs energy, J/mole; R is gas constant,
8.314 J/(mole'K); T is an absolute temperature value,
K; K is equilibrium constant; C is equilibrium phyto-
compound concentration in the extract, mole/l; AG_ ., is
adhesion energy of phytocompound molecules with the
plant raw material matrix, J/mole; AG , is interaction
energy between molecules of the phytocompound and

the solvent, J/mole; AG,, ., are unpredicted energetical
processes, J/mole; N, is Avogadro’s constant, 6.02-10%
mole™; m is mathematical constant, 3.14; ¢ is electrical
constant, 8.85-10"* F/m; ¢, ¢_are dielectric constants of
the plant raw material matrix and the solvent respective-
ly; u, u, , are molecules’ dipole moment for the plant
raw material matrix, the phytocompound, and the sol-
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vent, respectively, a, a, a, are molecules’ polarizability
for the plant raw material matrix, the phytocompound,
and the solvent, respectively, m’; /, 1, I, are molecules’
ionization energy for the plant raw material matrix, the
phytocompound, and the solvent, respectively, J; r is a
distance between the molecules, m; ¢, is the volume frac-

tion of the plant raw material matrix.

After the transformation of these equations and the
separation of the dielectric permittivity of the solvent
from them, a final equation (6), can be presented, which
connects equilibrium phytocompound concentration in
the extract (C) and solvent’s dielectric permittivity con-
stant (¢ ):

2
ﬂ-lnC:i- (D+E)_87xB +i' F_gixA +AGun red (6)
N 4 &2 &2 & & g
X y X y

212
TAC p_ M3 M s F— 330

CGemog) 3k T T (demegg) 200
F H3 Hy

-(13.]2]’B: 3-0(1-0(2 ‘[11']2]’
L+1, @-7-g9)* 218 U1+ 1,

Hi - Ho

_(4-7T-80) e

Equation (6) is rather difficult for mathemat-
ical treatment, thus for its simplicity, the authors
used the assumption that ratios € */¢ *> and sx/gy are
equal to the constant. In this case, the dependence
will be defined mainly by the balance of energet-
ical coefficients (D+E)-const-B and (G-const-A4),
and it can be analyzed even using MS Excel, as
due to introduction of a new variable x=1/¢, the

C@eomeogy)r

equation (6) transforms into a quadric polynomial
equation.

RESULTS AND DISCUSSION. In the first part of
our research, we studied the dependence of isosalipurpo-
side concentration in the extracts obtained with different
ethanol concentrations in the extractant. The results of
RP HPLC analysis of the content of this substance in the
extracts are given in Table 1.

Table 1 — Value of the peak area and concentration of isosalipurposide in extracts
from Helichrysi arenarii flowers based on ethanol of various concentrations

Ethanol concentration, % v/v
Retention
Parameter time. min
> 26 43 59 72 81 97
1. Compound peak area, 3464+ 8314+ 10544+ | 10801+ 11700+ 9821+
mAU-s* 104 249 316 324 351 295
2. Compound concentra- 20.6+0.6 2.22+ 5.34+ 6.77+ 6.94+ 7.51% 6.31+
tion, mmole/l 0.07 0.16 0.20 0.21 0.22 0.19
3. Dielectric constant 68+1 59+1 48+1 40+1 35+1 27+1

* Note. The mean value and its confidence interval (Mean+SEM) were calculated with repeat counts n=3 and significance

level P=0.95

As Table 1 shows, the greatest value of isosalipurpo-
side concentration is observed for ethanol solution 81%
v/v. However, it should be noted that maximum isosali-
purposide concentration in the extract can be expected in
the range of ethanol concentration of 75 £ 5% v/v.

Then, according to the data presented in Table 1 and
reference data about dielectric constant values for etha-
nol-water solutions [21], the dependence in coordinates
InC = f(1/¢) was plotted (for more detail, see Fig. 1).

As Fig. 1 shows,, experimental data are well-de-
scribed by the suggested mathematical model (6) within
the range of dielectric constant from 26 to 59 units (1/¢
= 0.039-0.017). Hereby, the regression equation is nC
= —13.6+122/c-2072/¢?, and determination coefficient
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equals to R? = 0.94. These factors demonstrate good ad-
equacy of the mathematical model. However, for values
of dielectric constant more than 60 units (1/¢ less than
0.017), the deviations become rather significant and the
experimental data deviate greatly from the simplified
mathematical model suggested, which is probably asso-
ciated with development of unpredicted processes in the
extraction system.

According to above mentioned equation, the max-
imum value of isosalipurposide concentration corre-
sponds to 38 + 3 units of the solvent’s dielectric constant.
Thus, it is reasonable to expect that for other solvents
with this value of dielectric constant, isosalipurposide
concentration in the extracts will be at a high level.



Pharmacy & Pharmacology V. 6 N 4, 2018

DOI:10.19163/2307-9266-2018-6-4-340-350

Reverse value of the solvent dielectric constant, 1/¢
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Figure 1 — Dependence between isosalipurposide concentration in the extract and reverse value
of the solvent’s dielectric constant

To check this statement, the authors used the following types of solvents: methanol, water solution of acetone
65% wt., 1-propanol 70% wt., 2-propanol 68% wt., and methanol 95% wt. For comparison, we also used pure acetone,
1-propanol, 2-propanol, and ethyl acetate. The data on peak areas and isosalipurposide concentration in these solvents

are presented in Table 2.

Table 2 — Value of the peak area and isosalipurposide concentration in extracts obtained
firom Helichrysi arenarii flowers on the basis of various solvents

Retention Solvent
Parameter time. min Acetone Methanol 1-propanol 2-propanol FtAc
’ 65% wt. 95% wt. 70% wt. 68% wit.
1. Compound peak 5302+159 9544+286 6315+190 2382472 2056462
area, mAU-s* 13439+403 10987+330 11723+352 12673+380
2. Compound 3.4140.10 | 6.13+0.18 4.06+0.12 1.5340.05
concentration, 20.6£0.6 1 ¢'631006 | 7.06£021 7.53£0.23 8142024 | 1:32£0.04
mmol/l
3. Dielectric 19+1 3441 21+1 1941 611
constant 39+1 36+1 38+1 37+1

* Note. The mean value and its confidence interval (Mean+SEM) were calculated with repeat counts n=3 and significance

level P=0.95

As Table 2 shows, the values of isosalipurposide
concentration in the extracts for such solvents as acetone,
1-propanol, 2-propanol, and ethyl acetate are lower than
those for ethanol 81% v/v, only in methanol the con-
centration of this compound approaches that of ethanol
59% v/v. These results are in good agreement with the
assumption that this phenomenon is associated with the
value of solvent’s dielectric constant, which differs great-
ly from the optimal range.

Unlike pure solvents, the value of isosalipurposide
concentration in the extracts from their water solutions,
as predicted, is at a high level and even exceeds its max-
imum value for ethanol 81% v/v.

These results can be used for improvement of some
technological aspects of biologically active compounds
extraction, isosalipurposide in particular, from Helichrysi
arenarii flowers.

CONCLUSION. The influence of the extractant
type on isosalipurposide extraction from Helichry-
si arenarii flowers has been studied. A mathematical
model for description of the dependence between
isosalipurposide concentration and solvent’s dielectric
constant by the example of water-ethanolic solutions
has been theoretically substantiated and practically
used. The range of solvent’s dielectric constant values
which is equal to 38+3 units for the maximum isosali-
purposide concentration in the extract has been found.
An optimal concentration of the solvent as in the case
of water solutions of methanol, acetone, 1-propanol,
and 2-propanol has been theoretically predicted and
experimentally verified. These results can be used in
further studies for improvement of the isosalipurpo-
side extraction technology from Helichrysi arenarii
flowers.
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BJIATOJAPHOCTMU. UVccnenoBanusi MNpOBOJIM-
JIUCh B paMKax BBINOJIHEHMsSI TOCYAapCTBEHHOrO 3aja-
Husg Nel2.6429.2017/BY «KoMmekcHble MCCIIEI0BaHUS
00BEKTOB PACTHTEIHHOTO IPOUCXOXKICHHUS B IIPOIEC-
Ce CO3JaHMs psjia IeNIeBhIX JIKAPCTBEHHBIX (HOpM ISt
MPOKTOJIOTHH». ABTOPBI BBIPAKAIOT OTIAC/IbHYIO OJia-
TOaPHOCTh JIOKTOPY XUMHUYCCKUX HayK, Mpodeccopy
Bacunuro MBanoBuuy JIMTBUHEHKO, 3aBEAyHOIIEMY Jia-
Oopatopuell XUMHH U TEXHOJOTHH (UTOXUMHYCCKUX
NpenapaToB rocygapcTBeHHOro npeanpusarus «locy-
JIaPCTBEHHBIM HAYUYHBIM LIEHTp JIEKAPCTBEHHBIX CPEICTB
W MEAUIMHCKON MponyKuuu», I. XapbKoB, YKpauHa 3a
MPEIOCTABICHHE BEIIECTBA CTAHIAPTa.
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