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C UICNONb3OBAHVEM YNbTPA3BYKOBOW OBPAEOTKU ChIPbA
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Llenb. HacToswas cTaTbhsa NocBalleHa MHTeHcUrKauus npoLecca npousBoAcTBa rycTOoro aKcTpakTa nno-
[l0B pacTOPOMNLUN NATHUCTONR C MCMOAb30BAHWEM YNbTPa3ByKOBO/ 06paboTKu chipbsi. MaTepuansl U MeTofbl. B
KauecTBe 006bEKTA UCCNEA0BAHNS UCMONb30BAAM U3MENbUYEHHbIE NN0AbI pacToponwy naTHucTon oT 000 «Buo-
Kop», . MeH3a. B kauecTBe sKcTpareHTa MUCNOAb30BaNM BOAHbIA pacTBOp 3TaHona 70% 06. s ynbTpa3ByKoBOi
06paboTKM pacTUTENLHOTO CbipbA M 3KCTPareHTa uncnonb3osanack ycraHoska «Bandelin SONOPULSHD 3200»,
yacToTaynbTpassyka 20 W u, MowHoCcTh n3nyyaTens 280 BT, TemnepaTypa 25°C. CrylleHue U3BneYeHUs npo-
BOAWM C MOMOLLbLI poTOpHOro ucnapuTensa RV-10 npu TemnepaType 60°C u paspe>keHun 600-650 mm. pT. CT.
[0 0OCTATOYHON BAaXKHOCTW 25%. KayeCTBEHHbI M KOMMYECTBEHHbIA aHanu3 rycTOro skCTpakTa npoBoAuics
MeTofaMu CneKTPohoTOMET UM 1 XpoMaTorpaduu. KonmuecTBeHHbIA aHann3 cyMmMbl p1aBOIMFHAHOB MPOBOANN
Ha cnekTpodoToMeTpe CP-56. PasgeneHne hnaBoIMIHAHOBOrO KOMMIEKCA U KOMYECTBEHHOE ONpefeneHne cum-
OMHMHA NPOBOAUIN HA >KMAKOCTHOM XpoMaTorpade dmpmbl «Agilent Technologies 1200 Infinity». Pe3ynbTaThbl 1
o6cy>KkeHue. B xoae nccnefoBaHns ycTaHOBNEHO, YTO 06paboTKa M3MENbUYEHHBIX NI040B pacTOPONLN NATHACT O
yNbTPa3sByKOM Ha CTajuu HamaunBaHus, NpakTWYecKu BABOE NOBbIWAET BbIXOL (h1aBOAUIAHOBOr0 KOMMNeKca W3
NeKapCTBEHHOIO PacTUTENLHOIO Chipbs. MakcumanbHOe KONMYecTBO (PNaBoNUrHaHoB U3BNEKAETCA Npu 06paboTke
NN0A0BPACcTOPONWN NS THACTO N 3KCTPareHTaynbTpasBykoM ¢ 4acToTol 20 K 1B TeueHue 5 MUHYT. lMonyuyeH-
HbI TaKnM CnocoboM rycToii SKCTPaKT NA040B pacTOPONIMN NATHUCTOR B KOMNOHEHTHOM COCTaBe COLEPIKUT
KaK LeneBoit hnaBonMrHaHoBbIin Komnnekc (87,39%, cunmbuHuHa - 24,36%), obecneymBatoLmii renaTonpoTeKTop-
Hoe AeiicTBMe, TakK 1 hnaBOHOM/bI - XNOPOreHOBYH KucnoTy (1,69%) u aurnapoksepueTuH (10,92%), nposensto-
LMe aHTUOKCUAAHTHYI0 aKTUBHOCTb. YCTaHOBMEHO, YTO MO Ka4eCTBEHHOMY COCTaBy (h1aBONMIHAHOB NONYYEHHbIN
rycTOA 3KCTPaKT COOTBETCTBYET MnpenapaTam Ha OCHOBE pacTOPONWM NATHUCTOR. Takum 06pas3om, Bnepsble
NpeAno>kKeH MeTOZ MOyYeHNst TycTOro sKCTpakTa MAofoB pacTOPONLWM NATHUCTON C UCMOMb30BAHUEM YAbTpas-
BYKOBOI/ 06paboTKM Cbipbl U 3KCTpPareHTa Ha cTajny HamaumBaHus. MonyyeHHbI rycTOR 3KCTpakT npeanara-
€TCS UCMOMb30BaTh B KAYECTBE aKTVBHOW (hapMaLeBTUYeCcKo CybcTaHLuM Ans Npou3BOACTBA FpaHyn Ha OCHOBE
MeTMWOHWHA 1 (h1aBOMMIHAHOB PACTOPONLUM NATHUCTOIA. 3aknoueHune. PesynbTaTbl NPOBEAEHHBIX 3KCNEPUMEHT OB
Mo3BOMIAIIOT PEKOMEHL0BATb MOMyYeHNe NyCTOro 3KCTPaKTa NNoA0B pacTOPONLUM NATHACTONR, UCNOMb3ys CTaanio
yNbTPa3ByKOBO/ 06pabOTKM Cbipbs U 3KCTPAreHTa B TeyeHne 5 MUHYT, Npu YacToTe ynbTpa3syka 20 | u.
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INTENSIFICATION OF PRODUCTION PROCESS
OF THICK EXTRACT OF MILK THISTLE FRUITS
BY ULTRASONIC PROCESSING OF RAW MATERIALS
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The aim. This article is devoted to the intensification ofthe production process ofa thick extract ofmilk thistle
fruits using ultrasonic processing ofraw materials. Materials and methods. As an object ofthe study, the crushed
milk thistlefruitssfrom Penza ‘Biokor’ company were used. As the extractant, an aqueous solution ofethanol 70%
vol. was used. For ultrasonic processing ofplant materials and extractant, the installation “Bandelin SONOPULS
HD 32007’ was used, the ultrasoundfrequency was 20 kHz, the radiator power was 280 W, and the temperature was
25°C. The concentration o fthe extract wasperformed using a rotary evaporator RV-10 at the temperature 0o f60°C and
a vacuum o f600-650 Mmhg to a residual moisture content 0 f25%. Qualitative and quantitative analysis ofthe thick
extract was carried out using spectrophotometry and chromatography. Quantitative analysis o fthe amount offlavolig-
nans wasperformed on an SF-56 spectrophotometer. The separation o ftheflavolignan complex and the quantification
ofsilibinin wasperformed on a liquid chromatograph ‘Agilent Technologies 1200 Infinity”. Results and discussion.
During the study it wasfound out, thatprocessing ofthe crushed milk thistlefruits by ultrasound at the soaking stage
almost doubles the output o ftheflavoligan complexfrom medicinal plant materials. The maximum amount o fflavoli-
gnans is extracted when thefruits o fmilk thistle and extractant are processed with ultrasound at thefrequency 0f20
kHzfor 5 minutes. Thus the obtained thick extract ofmilk thistlefruits in the component composition contains both
the targetflavolignan complex (87.39%, silibinin - 24.36%), providing the hepatoprotective effect, andflavonoids
- chlorogenic acid (1.69%) and dihydroquercetin (10.92%) exhibiting antioxidant activity. It was established that,
according to the qualitative composition offlavolignans, the obtained thick extract corresponds to preparations based
on milk thistle. Thus, for thefirst time, the method wasproposedfor obtaining a thick extract ofmilk thistlefruits using
ultrasonic processing o fraw materials and extractant at the soaking stage. The obtained thick extract isproposed to
be used as an active pharmaceutical substancefor the production ofgranules based on methionine and milk thistle
flavolignans. Conclusion. The results o fthe experiments allow us to recommend obtaining a thick extract o fthe milk
thistlefruits, using the stage ofultrasonic processing ofraw materials and extractantfor 5 minutes at the ultrasound
frequency 020 kHz.
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BBEAEHWE. Mo paHHbim BO3 30% HaceneHus
CTpajaeT XpPOHNYECKUMU AUPQY3HbIMK 3a6071€BaHUAMUN

CcermMeHTa pbiHKa. Mony4yeHHble faHHble TOBOPAT O LIK-
POKOM NpUMeHEHUN npenapaTtoB Ha OCHOBE M1040B pac-

neyeHu, YTo abCoMOTHBIX 3HAYEHWUAX COCTABNSET OKO/O
2 mapa. yenosek [1]. MpenapaTsl, cogepxawime ¢naso-
NUrHaHbl NI0A0B PacTOPONLIM MATHUCTOW, Ha Cerof-
HALIHWIA [eHb SBNSOTCA Hanbonee LUMPOKO MCMONb3Y-
eMbIMU PacTUTENbHbIMW IEKaPCTBEHHbIMU CPeACcTBaMU
npw 3abonesaHusix nevexHun [2, 3]. MenatonpoTeKTOpHOE
[eicTBMe nNAoJOB pacToponwu nATHMcTol  Silybum
TananuT ~ . TananuT) obycnaBnueaeT BXOAALMNIA B
MX COCTaB KOMMEKC (hNaBOANIHAHOB, BK/OYalOLLUIA
CUNNOUH, CUNMXPUCTUH, CUANLNAHWUH U UX CTEPeon3o-
Mepbl [4-7]. OCHOBHbIM KOMMOHEHTOM CU/IMMapUHOBOTO
KOMMeKca ABNseTcs cunmouH [8, 9].

B xoge npefBapuTenbHOro aHannM3a acCopTUMeEHTa
renaTtonpoTeKTOPOB, 3aperucTpMpoBaHHbIX Ha hapma-
LLeBTUYECKOM pbliHKe Poccuiickoin ®epepauumn ycTa-
HOBMIEHO, YTO [0NA MpenapaToB Ha OCHOBe 3KCTpaKTa
pacTtoponwu nATHUCTOW cocTaBnseT 11,5% uenesoro
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TOpOMNLWY NATHUCTOM B OTEYECTBEHHOW MeauuuHe. [ns
XapakTepuUCTUKM MNOMYYEHHOr0 CermMeHTa renaronpo-
TEKTOPOB, Oblfl M3y4YeH acCOPTUMEHT NeKapCTBEHHbIX
npenapaTtoB (J1M) 1 6MOMOrMYeCcKN aKTUBHbIX [06aBOK
(BAL) pacToponiwn NATHUCTOW. AHann3 NPOBOAMICA MO
[aHHbIM roCyapCTBEHHOrO peecTpa v perucTpa nekap-
CTBEHHbIX cpefcTs [10, 11]. B xoge aHanu3a 6bin chop-
MUPOBaH WHMOPMALMOHHbIA MaccuB, BK/HOYAOLWNIA
115 no3nunin NekapcTBEHHbIX nNpenapatoB u BA/, pac-
TOpOMNWX NATHUCTON. Ha OCHOBaHMM [aHHbIX WHGOP-
MaLMOHHOr0 MaccuBa OblIM MOCTPOEHbI AuarpamMMmbl,
npefcTaBNeHHble Ha PUCYHKax 1-2, UAACTpUpyloLmne
CTPYKTYpPY acCOpPTMMEHTA JIeKapCTBEHHbIX MPenapaTos U1
BA/L pacToponiwiy NATHUCTON MO (hapMaKoI0rMYecKum
rpynnaM v ¢opmam, B KOTOPbIX KOMMIEKC 6Gmonorunye-
CKM aKTMBHbIX BewecTB (BAB) pacToponiwmn NATHUCTOM
BBoauTca B /1IN n BA/L,.
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PucyHok 1 - CTpyKTypa accopTUMeHTa
npenapaToBpacTOPONWY NATHUCTOMN
no hapMakonorMyeckum rpynnam, %

M3 pucyHka 1BuMAHO, YTO OCHOBHAA A0NS anTevyHo-
ro acCopTMMeHTa pPacToponiumn NATHUCTOW NpeacTaBne-
Ha BA/[, (89%). Ha pucyHke 2 nokasaHo, 4TO B COCTaB
aHanu3npyemoro cerMeHTa npenapaTos komnnekc BAB
pacToponiuy NATHACTO BBOAMTCA MPEeNMYLLECTBEHHO B
thopme macna (41%) n cyxoro akcTpakTa (28%). Cnegy-
€T OTMeTUTb, YTO Ha (hapmaLeBTUYeCKOM pbiHKe Poccum
He 3aperncTpMpoBaHO HU O4HOrO MNpenapara Ha OCHOBe
rycTOro aKCTpakTa pacToponiuu NATHUCTOW. Tem He me-
Hee, Takas (hopma 3KCTpaKTa ABAAETCA MepcrneKTUBHOM
[N BBEEHMS B COCTaB Pa3MYHbIX NeKapCTBEHHO (hop-
Mbl HE TONbKO Kak aKTUBHOW (hapmaLeBTUYeCKOin cy6-
CTaHLMW, HO M B KaYeCTBe CBA3YHOLLEr0 KOMMOHEHTA.

CoBpemMeHHast TEHAEHLMA WCNONb30BaHUA CYXOro
3KCTpaKTa pacToponwinM MNATHUCTOW oT4yacTu 06ycnoBs-
NeHa Tem, 4YTO C Lenbio YBeNNYeHUs Bbixoda PpnaBour-
HaHOB PacTUTENbHOE Cbipbe 06ePKMPUBAIOT C UCMOJIb30-
BaHWEM OpraHuWyecknx pacTtBopuTeneil (MeTponeiHbI
3up, aueToH, X/I0POGOPM, YETbIPEXXIOPUCTLIN yrne-
pof) [12-15]. 31O NPUBOAUT K HEBO3MOXHOCTU MOJIHOrO
yAaneHUs OCTaTKOB OpraHU4YeckuMx pacTBopuUTeneil u3
rycToro aKCTpakTa M Kak CMeAcTBUE BO3MOXHOE CHU-
XKeHVe renatonpoTeKTOPHON aKTUBHOCTU U yBeIMYeHUe
prcKa TOKCMYHOCTMW npenapaTa.

Kpome TOro, ycTaHOB/IEHO, 4TO 06e3KUpUBaHUE
NA0A0B PacToOpOnLUN NATHUCTOM He NO3BONSET U3BNEYbL
MOMHBIA KOMNMIEKC 6MONOrMYecKM aKTUBHBIX BeLLECTB
(BAB), o6ecneumBaroLMX renaTonpoTeEKTOPHOE Aeii-
ctBue. [aHHOe 06CTOATENbCTBO CBA3LIBAKOT C CUHepre-
TUYECKUM AelCTBMEM (PNaBOSUIHAHOB M (PIaBOHOMLOB,
KOHLLeHTpaL s KOTOPbIX CYLLECTBEHHO CHWMXKaeTcs Mpu
06e3KMpMBaHMN. ITO [0Ka3blBaeTCA BbICOKON renato-
MPOTEKTOPHOM aKTUBHOCTbH «PacTopomniuM 3KCTpakTa
XUAKOr0» U «PacToponLuy HacTOMKW», cogepxalmx 6o-
Nnee MOMHbIA KoMnaekc BAB, YeM Yy OUYULLEHHON CyMMbI
(hnaBonMrHaHoBs [16]. CyLuecTByloLWMe Ha CErOAHALLHNI
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41%
Macno DKCTPaKT Cyxoi
LLipoT MNnoabl U3MenbYeHHbIe
OKCTPaKT XXUAKUA HacToiika

PucyHok 2 - CTpykTypa accopTvMeHTa
npenapaToOBpacTOPONWU NATHUCT O
no opmam BeefeHunsi Komnnekca BAB

pacToponwun nATHUCTOR B cocTas /1M n BAL, %

MOMEHT TEXHONOrMYeCKMne MeTOAUKN NMOYUYEHUS CYyXMUX
3KCTPaKTOB M3 M/I0A0B PacTOPONLUM NATHUCTON, 6e3 nc-
NoMb30BaHWA CTaAMM OYMCTKM OCHOBAHbI Ha rpoueccax
malepauun 1 penepkonauum [17, 18].

[ns nHTeHcudpuKaumm npouecca sKCTpakLumMm npea-
naraeTca MCMNonb30BaTb YnbTpasBykoBy (Y3) o6pa-
60TKY NeKapCTBEHHOro pacTUTeNbHOro cbipbs (JIPC) n
3KCTpareHTa Ha CTafiMn HamMauymMBaHWA. YNbTPa3BYKOBble
BO/IHbI CO34al0T KaBUTaLMI0 U TypOyneHTHbIe MOTOKN B
cMecu akcTpareHTa u JIPC, B pe3ynbTate Yero npowc-
X0AmnT 6bIcTpoe HabyxaHue JIPC 1 pacTBOpeHUe cofep-
XXUMOr0 KeTKW, YBENNYMBAETCA CKOPOCTb ruapataumm
4yacTuL, Cbipbd, B NOrpaHMYHOM ANDHY3NOHHOM Croe
BO3HUKAOT Typ6Yy/neHTHble U BUXpeBble NOToKU. Morne-
KynspHas autdysus BHyTpM uvacTtuy JIPC u B norpa-
HUYHOM AU Y3MOHHOM CNoe NPaKTUYECKW 3aMeHseT-
CH KOHBEKTMBHOM, 4TO MNPUBOAUT K WHTEHCUUKaL MK
maccoobmMeHa [19]. CornacHo nuTepaTypHbIM AaHHbIM,
MCNoNb30BaHWe yNnbTpasByKa MN03BOANAO YCKOPUTL NPO-
Llecc akcTpakuum BAB nnofoB 60spbIWLHKKE, LWandges,
TpaBbl AywWunLbl, Yabpeua, NMCTbEB 6a3unuka, 6yTOHOB
rBO34UKW; YBEIMUNTbL BbIXOL (h1aBOHOWAOB U3 NAOAOB
yepemyxu 06bIKHOBEHHOM; YCKOpUTb MpoLecc M yBe-
nnunTb BbIXOA akaucTepongos Silene viridiflora, Silene
colpopitylla u 1.4. [20-22].

Takum o6pasom, chopmmpoBaHa paboyas rmnoTesa,
cocTosWan B yBefIMYeHUM BbIxoda (PnaBoAUrHaHOB U3
NA0A0B PacToOponLIN NPW UCNONb30BAHUN YAbTPA3BYKO-
BOI 06paboTKM CbIpbsA M 3KCTpareHTa Ha CTaguMm Hama-
YMBaHWS.

LENb NCCNEOLOBAHWA - wnHTeHcMduKauus
npotLiecca Npon3BOACTBa NYCTOro 3KCTpaKTa MniaojioB pac-
TOpPOMWN MNATHUCTOM C MCMNONb30BaHMEM YNbTPa3BYKO-
BOI 06paboTKU ChIpbS.

MATEPWANBI N METO/AbI. Ansa uccnesoBaHnii
MCNONb30BaN U3MeNbYEHHbIE N0AbI pacTOPONLWN NAT-
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HucTon komnaHum OO0 «Brokop», T. MNeHsa. B kavecTse
3KCTpareHTa MCNONb30BasM BOAHbLIA pacTBOpP 3TaHoNa
70% 06.

B3gewwnBanu 10 r (ToYHas HaBecka) njofoB pacTo-
pOMLUM NATHUCTOW, U3Me/NbYEHHbIX 40 Pa3MepoB YacTuly
0.7-1.0 mm, 3anMBaNM YacTbl 3KCTpareHTa 4O «3epKa-
na» 1 06pabaTbiBanM NOMYYEHHYHO CMeCh YNbTPa3ByKOM
B TeueHue 5, 10 1 15 MUHYT Npu CneayroLmnx yCnoBusx:
ycTtaHoBka «BaMeln SONOPULS HD 3200», yactoTa
ynbTpassyka 20, 30 n 40 kU, MOWHOCTb M3nyyaTens
280 BT, Temnepatypa 25°C. [anee nponuTaHHOe Cbl-
pbe nepemeLLany B NepkoiATOP, HacTauBaiu B TeyeHue
24 4acoB M NEepKoNMPOBa/IN Cbipbe 4O MOJYYEHUS 3KC-
TpakTa o6bemom 80.0 mn B TeyeHne 1 yvaca. Monyyen-
HbIi 3KCTPaKT ynapueaiy C NOMOLLbIO POTOPHOMO MC-
naputens RV-LU npu TemnepaTtype 600C 1 paspexeHunm
600-650 MM pT. CT. 4O OCTATOYHOW BNAXXHOCTUN 25%.

KonunyectBeHHOe onpefeneHne CyMMbl (hnaBour-
HaHOB, M3B/IEYEHHbIX M3 NI0LOB X TananuT C UCMOMb-
30BaHMEM YNbTPa3BYKOBOW 06paboTKM, Onpeaensnm
COrNacCHO METOAMKe CMeKTPOPOTOMETPUYECKOro onpe-
[eneHns (pnaBoMMIHAHOB MO peakLMn KOMMaeKcoobpa-
30BaHNA C anloMUHUA xnopugom [23]. 1 ma cnupTo-BO-
[LHOTrO M3BNeYeHWs M3 NNOLOB S.TarianuT noMeLLanu
B Konby Ha 100 mn, npubasnsanm 3 ma 2% CnupToBOro
pacTsopa aftoMUHNA Xnopuia U 40BOAUIN 06beM pac-
TBOpPa A0 METKM BOAHbIM PacTBOpoMm aTaHona 70% o6.
OnTuYeckyo MJIOTHOCTb MOJIYYEHHOro pacTBopa u3me-
panu yepes 30 MUHYT Ha cnekTpodoTomeTpe CP-56 npu
ANnHe BONHbI 380 HM B KtoBeTe C TO/WMHOW cnos 10
MM. B kauyecTBe pacTBopa CpaBHeHVs rOTOBWIN PacTBop,
cocTosiwmii n3 1 mn nssneveHusi, 1 mn 3%-ro pacteopa
YKCYCHOW KUCNOTbI, OBEAEHHbIN 40 METKM BOAHbIM pac-
TBOPOM 3TaHoNa 70% 06.

CogepxaHue cymmbl (h1aBoanrHaHoB B Mr/r (X) Bbl-
yucnanu no opmyne 1
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rge D - onTuyeckas NAOTHOCTb UCCAeAyeMOro pacT-
BOpA,;

o y,qeanb%HOKaaaTenb MOrNOLLEHUa CUANAN-
aHMHa-cTaHgapTa ( = 67,5);

m - Mmacca HaBeCKW Cbipbs, T;

(Wj*W2V) - pasBegeHne pacTeopa.

[ns kayecTBEHHOro aHanM3a KOMMOHEHTHOro Co-
CTaBa MO/YYEHHbIX 3KCTPAKTOB WCNO/b30BasM METOA
06paTHO-(ha30BOW  BbICOKOINNEKTUBHON YKUAKOCTHOW
xpomaTorpagun (OP BIXKX). B KauyecTBe BeLlecTB
CTaHAapTOB UCMO/b30BaNN TaKCU(ONNUH U CUANOUHUH
(Merck Sigma-Aldrich). AHann3 npoBoAMAN Ha XpoMa-
Torpage «Agilent Technologies 1200 Infinity» ¢ aBToma-
TUYECKUM MNPO6OOTOOPHUKOM, BaKYyMHLIM MUKPOLO3a-
TOPOM, FpagveHTHbIM HacoCoOM 1 TepMocTaToM. Cymmy
(hNaBO/IMFHAHOB  MOABepraaM  Xpomartorpapuyeckomy
pasfeneHunto B CnefyoLwmnx ycnoBmuax: noasxHasa ¢asa
(A) - 1% BOAHbIA pacTBOp KMCNOTbl MypaBbuHOW, (B)
- CMWPT 3TUNOBLIA 95% B rPafMEHTHOM peXxume 3Mt0-
MpoBaHWA; KOMOHKa: Ascentis express C182,7 am x 100
MM X 4,6 MM; CKOPOCTb NOABWXHON (hasbl: 0,5 MA/MUH;
Temnepatypa KonoHku: +35+0,010C; o6bem npobbl:
140,001 am [24].

PE3Y/NIbTATblI N OBCYXXAEHWE. Ha nepsom
aTane paboTbl 6bI/I0 NPOBEAEHO CPaBHEHUE BbIX0Aa (hna-
BO/IMTHAHOBOI0 KOMM/ieKca U3 10408 pacToponwu nAt-
HWUCTOM B 3aBUCMMOCTU OT BpeMeHW 00paboTKM Cbipbs
M 3KCTpareHTa ynbTPasBYKOM Ha CTafuM HaMaumBaHus.
CnekTpbl NOrMOLLEHNS HEO3BYUYEHHOIO ChIpbs U U3MENb-
YeHHbIX NIoAoB, 06paboTaHHbIX YNbTPa3BykoM B Teue-
Hue 5, 10 n 15 MUHYT, NpPUBELEHbI HA PUCYHKe 3.

PUCYHOK 3 - BnnsiHue BpeMeHU yNbTPa3ByKoBO 06paboTKN Ha BbIX0g (PNaBONUFHAHOB
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M3 pucyHKa 3 BUAHO, YTO CYMMapHbIii BbIX0g thna-
BO/IMTHAHOB W3 M/0J0B PacTOPOMLUM MATHUCTON Mpw
06paboTKe Cbipbs W 3KCTpareHTa ynbTpa3ByKOM Ha
CTafuM HaMaunBaHus B TedeHMe 5 MUHYT yBeNn4nBa-
eTCs NMPaKTUYECKM BABOE MO CPABHEHWIO C HEO3BYUEH-
HbIM CbipbeM. KpoMme TOro, U3 pucyHka 3 BUAHO, uTO
6onee AnuTenbHas 06paboTKa Cbipbsi U 3KCTpareHTa
Ha CTaguy HamaunBaHMsA yNbTPa3ByYKOM He NPUBOAMUT K

M3 pucyHka 4 BWAHO, YTO MakcUMaibHOe KOMu-
4yecTBO (h1laBONMTHAHOB M3BNekKaeTcs npu o6paborT-
Ke CblpbSl U 3KCTpareHTa y/nbTPa3ByKOM C YacTOTOWA
20 kl'y. O606LieHHbIE pe3ynbTaTbl CleKTpodoToMe-

DOLmW.19163/2307-9266-2018-6-5-475-487

YBENMYEHUIO BbiXOAa Lienesoi rpynnel 6AB. Ha cne-
Aytoulem atane paboTbl 6bi1a ycTaHOBAEHA ONTUMASb-
Hasa 4yacToTa Y/NbTpa3BYKOBOW 06paboTKM pacTuTeNb-
HOrO Cbipbl M 3KcTpareHTa. CnekTpbl MOr/oWeHns
3KCTPaKTOB, MONYYEHHbIX NMPU 06paboTKe U3MebYeH-
HbIX MA0A0B PacToponiuy MATHUCTOM M 3IKCTpareHTa
ynbTpa3ByKom ¢ yacToToi 20, 30 u 40, npmBefeHbl Ha
pUCyHKe 4.

TPUYECKOro onpefeneHuss (paaBoMrHAHOBOro KOM-
nnekca B MOMYYEHHbIX W3BEYEHUAX B 3aBUCUMOCTH
0T pexuMa YynbTpa3ByKoBOM 06paboTKuM MpUBEAEHbI
B Tabnnue L

Ta6nuua 1 - Pe3ynbTaThbl KONMYECTBEHHOTO ONpefeNneHns haBoiMrHaHOBOr0 KOMMNEKCa, N3BNe4YeHHOro 13
nnofoB S. TananuT B3aBUCUMOCTM OT peXKMMa ynbTPa3ByKoBoi 06paboTKu

Bpewms YacTtoTa ynbTpassyka, KL
YNbTPa3BYKOBOI 20 30 40
06paboTKM, MUH KoHueHTpayns gpnaBoamMrHaHoB, mr/t
5 50,59+1,11 44,45+1,05 39,53+0,86
10 46,98+1,21 42,43+1,15 36,73+1,04
15 44,27+0,87 40,96+0,98 35,83+1,19

Takum 06pa3oMm, Ucxofas U3 AaHHbIX Tabnuubl 1,
YCTaHOBNEHO, YTO MaKCMManbHOe KONMYecTBO (hnaBo-
NMTHAHOB M3BNeKaeTcs npu o6paboTkKe NoLOB pac-
TOPONWIM MATHUCTOM WM 3KCTpareHTa Y/bTPasBYKOM C
yactoToit 20 Ky B TeyeHne 5 MUHyT. MpK “cnonb3o-
BaHWM yNbTpa3ByKa 60/1ee BbICOKOW 4acToThl UK o6pa-
60TKe B TeyeHue 60nee ANNTENbHOIO BPEMEHU, KOHLLEH-
Tpauma (pnaBoNMrHaHOB B 3KCTPaKTe He3HauUTeNbHO

CHMXaeTca. Bo3mM0OXHO, Takoe CHUXKeHMe Bbixoda BAB
CBSI3aHO C AeCTpyKLMel (h1aBoMrHaHOB Npu yBenuye-
HMMW YacTOTbl YNbTPa3ByKa U BPEMEHU ybTPa3BYKOBOM
06paboTKN.

Ha cnegytowem atane paboTbl NPOBOAMIICS aHaNn3
KOMIMOHEHTHOr0 COCTaBa ryctoro 3KCTpakTa njofoBs pac-
TOponwy NATHUCTON MeTogoM O® BIXKX. MonyyeHHas
Xpomartorpamma npusefeHa Ha pUcyHke 5.
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o paHHbIM XpomaTorpammbl onpejenex KOMMOHEHTHbI COCTaB F'YCTOro 3KCTpaKTa pacTtopontum NATHWUCTOM,

np1BeAeHHbIn B Tabnuue 2.

Ta6nuua 2 - KOMMNOHEHTHbI cOCTaB rycToro sKCcTpakTa niofoBpacToponwy NS THUCTOM

M aeHTMdunynpoBaHHoOE COeaNHEHNE Bpemsa ygepxusaHua, * Mnowaab nuka, mAU*s

XnoporeHosas kucnota (l)
AunrngpoksepueTuH (I1)
dnasonurHan (1)
Cunnnéun (1V)

Cnnnéux (V)
dnasonurHad (V1)
dnasonuruad (VII)

W3 Tabnuupl 2 BUAHO, YTO MOMMMO (h1aBO/IMIHAHOBOTO
KOMI/IeKca, 06/1afjatoLLero renaTonpoTeKTOPHON aKTUBHO-
CTbtO, B IYCTOM 3KCTPaKTe M/I0f0B PacTOPOMNLUN NSTHUCTO
TaKXKe COfIEPXKATCA XNIOPOreHOBas K1CNoTa v UruapoKeep-
LETWH, NPOSIBAISIOLLME aHTUOKCUAAHTHOE [eiicTBMe.

6,16+0,30 171,98+4,20
12,13+0,36 1113,46+10,51
18,20+0,34 4620,89+19,13
24,31+0,36 1182,60+14,20
25,03+0,33 1345,41+16,80
26,66+0,25 1133,32+12,16
26,88+0,24 625,80+6,88
n=3 P=95%

MonyueHHbIe B X0fe XpOMaTorpadupoBaHums niowla-
AW TIMKOB (hNaBOHOMA0B M (hNaBOSIMIHAHOB, MCMONb30Ba-
NN ANs pacyéTta OTHOCWUTENbHOIO COAepXKaHWsi Kaxkaoro
3 KOMMOHEHTOB METOZOM BHYTPEHHEe HopManmsaluu.
Pe3y/bTaTbl NPYBEAEHbI B BUAE AMarpaMMbl Ha PUCYHKE 6.

PUCYHOK 6 - MpoLeHTHOe pacnpeaeneHne naBoHOUAOB U ()1aBONUTHAHOB
B ryCTOM 3KCTPaKTe NJoj0BpacToponium niTHUCT Oif
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CornacHo faHHbIM, npegcTaBneHHbIM B Tabnuue 2
N Ha pUCYHKe 6, ons cunmbuHuHa coctasnseT 24,36%,
XNIOPOreHoBOW KNCNoThbl - 1,69%, a AMrngpokesepueTnHa
- 10,92%.

3AKMKOUYEHWE. YcTaHOBNEHO, YTO CyMMapHbIi
BbIX0Z, (hN1aBOIMIHAHOB U3 MA0J0B PacToponiun NATHW-
CTO Npu 06paboTKe Cbipbs N IKCTPareHTa yAbTPasByKoOM
Ha CTaAuMW HaMayMBaHWs YBENUYMBAETCH NPaKTUYECKM
B/BOE MO CPaBHEHMIO C HEO3BYYEHHbIM CbipbeM. Makcu-
ManbHOe KOMMYeCTBO (h1aBOSIMIHAHOB M3BMIEKAETCA NpU
06paboTKe NNOAOB PacToOpOnLIM NATHUCTON U 3KCTpa-
reHTa ynbTpasByKoM c yacToTol 20 KI'L, B TeyeHne 5 mu-
HyT. MpK Mcnonb3oBaHUW YNbTpasByka 60/ee BbICOKOMN
4acToTbl UK 06paboTKe B TeyeHne Gonee ANUTENLHOIO
BPEMEHW, KOHLEHTpauusa (pnaBoiMrHaHOB B 3KCTpaKTe
He3HaunTeNbHO CHMXaeTCA. BO3MOXHO, Takoe CHuXe-

INTRODUCTION. According to the WHO, 30%
of the population suffers from chronic diffuse liver dis-
eases,” absolute values these are about 2 billion peo-
ple [1]. The drugs containing milk thistle flavolignans
are the most widely used herbal remedies for liver dis-
eases nowadays. [2, 3]. Hepatoprotective effect of the
milk thistle fruits of Silybum marianum (S. marianum)
is causesed by the complex of flavolignans, including
silybin, silichristin, silidianin and their stereoisomers
[4-7]. The main component of the silymarin complex
is silybin. [8, 9].

During the preliminary analysis of the range of hepa-
toprotectors registered on the pharmaceutical market of
the Russian Federation, it was established that the share
of preparations based on milk thistle extract is 11.5% of

m hepatoprotectors

m hepatoprotectors and choleretic
mother

* BAA

Figure 1 - The structure ofthe range
ofmilk thistle MP and BAA by
pharmacological groups, %

From Figure 1it is clear that the main share of the
pharmacy assortment of milk thistle is represented by
BAA (89%). Figure 2 shows that in the analyzed seg-
ment of medicines the complex of milk thistle BAS is
represented mainly in the form of oil (41%) and dry ex-

DOI:10.19163/2307-9266-2018-6-5-475-487

Hue BbIxoga BAB cBA3aHO C gecTpykuuein naBonwur-
HaHOB MpW YBEIMYEHWUN YacTOTbl Y/IbTPa3ByKa U BpeMe-
HW ynbTpa3BykoBol 06paboTkn. Metogom Od BIXKX
YCTaHOB/EHO, YTO ryCTOM 3KCTPaKT M1040B PacTOPONLUM
NATHUCTOM, MOMYYEHHbIA C MCMOMb30BAHMEM JaHHbIX
napamMeTpoB YNbTPasBYKOBON 00pabOTKU, COLEPXUT B
KOMMOHEHTHOM COCTaBe Kak LeneBol (hnaBoONUIHaHO-
BbliA komnnekc (87,39%, cunnbnHuHa - 24,36%), obe-
CNeynBatoWMin renaTonpoTeKTOpPHOE [AelicTBUe, TaK M
thnaBoHOMAbl - XnoporeHoByt kucnoty (1,69%) n gu-
rngpokeepueTuH (10,92%), nposBastowme aHTUOKCK-
[JAHTHYI0 aKTWMBHOCTb. [MOMYYeHHbIA TYCTOW 3KCTPaKT
npeanaraeTcs UCNoab30BaTh B KaYeCTBe aKTUBHOM ap-
MaLeBTUYEeCKON cybCTaHUMM A5 NPOM3BOACTBA FpaHyn
Ha OCHOBE METMOHWHA WU (hN1aBOJIMFHAHOB PacTOPONLUM
NATHUCTOA.

the target market segment. The findings suggest a wide-
spread use of preparations based on milk thistle fruits in
domestic medicine. To characterize the segment of hepa-
toprotectors obtained, a range of medical products (MP)
and biological active additive (BAA) of milk thistle was
studied. The analysis was carried out according to the
state register and the register of medicines [10, 11]. Inthe
course of the analysis, an information array was formed,
comprising 115 positions of MP and BAA of milk this-
tle. Based on the data of the information array, diagrams
have been constructed, shown in Figures 1- 2, illustrating
the structure of the range of MP and BAA of milk thistle
pharmacological groups and forms in which the complex
of biologically active substances (BAS) of milk thistle is
introduced into the MP and BAA.

« oil mdry extract
» meal mcmsed fruits
e fluid extract e tincture

Figure 2 - Structure ofthe range ofmilk
thistle preparations according to theforms of
administration ofthe milk thistle complex BAS in the
compositions 0ofMP and BAA, %

tract (28%). It should be noted that there is not a single
medicine based on the thick extract of milk thistle that
has been registered on the Russian pharmaceutical mar-
ket. However, this form of the extract is promising for
the introduction into the composition of various dosage
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forms not only as an active pharmaceutical substance, but
also as a binder.

The current trend of using dry extract of milk thistle
is partly due to the fact that to increase the output of fla-
volignans, herbal raw materials are degreased by organic
solvents (petroleum ether, acetone, chloroform, carbon
tetrachloride) [12-15]. This leads to the impossibility of
complete removal of residues of organic solvents from
the thick extract and, as a consequence, a possible de-
crease in hepatoprotective activity and an increase in the
risk of toxicity of the medicines.

In addition, it was found out that degreasing of milk
thistle fruits does not allow to extract the full range of
biologically active substances (BAS) that provide a hepa-
toprotective effect. This circumstance is associated with
the synergistic effect of flavolignans and flavonoids, the
concentration of which significantly decreases during
degreasing. This is proved by the high hepatoprotective
activity of “Milk thistle liquid extract” and “Milk thistle
tincture” containing a more complete complex of BAS
than the purified amount of flavolignans [16]. The cur-
rently existing technological methods for obtaining dry
extracts from the milk thistle fruits, without using the pu-
rification stage, are based on the processes of maceration
and repercolation [17, 18].

To intensify the extraction process, it is proposed to
use ultrasonic (US) processing of medicinal plant materi-
als (MPM) and extractant at the soaking stage. Ultrasonic
waves create cavitation and turbulent flows in the mix-
ture of extractant and MPM, resulting in a rapid swelling
of MPM and dissolution of the cell contents, increasing
the rate of hydration of raw material particles, turbulent
and vortex flows occur in the boundary diffusion layer.
Molecular diffusion inside the MPM’s particles and in
the boundary diffusion layer is almost replaced by the
convective one, which leads to mass transfer intensifi-
cation. [19]. According to the literary data, the use of ul-
trasound made it possible to speed up the process of ex-
tracting BAS out of hawthorn fruits, sage, oregano herb,
thyme, basil leaves, carnation buds; to increase the out-
put of flavonoids from the fruits of the bird cherry; speed
up the process and increase the output of ecdysteroids
from Silene viridiflora, Silene colpophylla, etc. [20-22].

Thus, a working hypothesis has been worked out,
consisting of increasing the output of flavolignans from
milk thistle fruits by ultrasonic processing of raw materi-
als and extractant at the soaking stage.

THE AIM of the study is to intensify the production
process of a thick extract of milk thistle fruits by ultra-
sonic processing of raw materials.

MATERIALS AND METHODS. As an object of
study, crushed milk thistle fruits from “Biokor” compa-
ny from Penza were used. As the extractant, an aqueous
solution of ethanol 70% vol. was used.

10 g (exact weight) of milk thistle fruits were
weighed, then crushed to a particle size of 0.7-1.0 mm,
poured with a part of the extractant “to the mirror” and
the mixture was treated with ultrasound for 5, 10 and 15
minutes under the following conditions: setting “Ban-
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delin SONOPULS HD 32007, ultrasound frequency of
20, 30 and 40 kHz, radiator power of 280 W, the tem-
perature at 25°C. Next, the impregnated raw material was
transferred to a percolator, infused for 24 hours and the
raw materials were percollated to obtain an extract with
avolume of 80.0 ml for 1 hour. The extract obtained was
evaporated using a rotary evaporator RV-10 at the tem-
perature of 60°C and a vacuum of 600-650 Mmhg to a
residual moisture content of 25%.

Quantitative determination of the amount of flavolig-
nans extracted from the fruits of S. marianum using ultra-
sonic procession, was determined according to the meth-
od of spectrophotometric determination of flavolignans
by the complexation reaction with aluminum chloride
[23]. 1 ml of the alcohol-water extraction from S. maria-
num fruits was placed in a flask at 100 ml, 3 ml of a 2%
alcohol solution of aluminum chloride was added and the
volume of the solution was made up to the mark with an
aqueous solution of ethanol 70% vol. The optical density
of the obtained solution was measured after 30 minutes
on an SF-56 spectrophotometer at the wavelength of 380
nm in a cuvette with a layer thickness of 10 mm. As a
reference solution, the prepared solution consisted of 1
ml of extraction, 1 ml of a 3% solution of acetic acid,
it was made up the volume with an aqueous solution of
ethanol with 70% vol.

The amount of flavolignans in mg/g (X) was calcu-
lated by Formula 1:

D*W*W>* 1000
EH*m*V*\00%
where D - optical density of the test solution;

E\°w - specific absorption of silidianin-standard
( 10 67 _

m - weight of raw material, g;

(W**W/V) - dilution of the solution.

For the qualitative analysis ofthe composition of the
obtained extracts, the method of reverse-phase high-per-
formance liquid chromatography (RP HPLC) was used.
Taxifolin and silibinin were used as reference substances.
(Merck Sigma-Aldrich). The analysis was carried out on
an “Agilent Technologies 1200 Infinity” chromatograph
with an automatic sampler, a vacuum microbagger, a gra-
dient pump and a thermostat. The amount of flavolignans
was subjected to chromatographic separation under the
following conditions: mobile phase (A) - 1% aqueous
formic acid solution, (B) - 95% ethyl alcohol in a gra-
dient elution mode; the column: Ascentis express CB
2,7 pm x 100 mm x 4,6 mm; speed of the mobile phase:
0.5 ml/min; the column temperature: + 35 + 0.01°C; the
sample volume: 1+ 0.001 pm [24].

RESULTS AND DISCISSION. At the first stage of
the experiment a comparison between the output of the
flavolignan complex from the milk thistle fruits depend-
ing on the time of processing the raw material and the
extractant with ultrasound at the soaking stage was made.
The absorption spectra of non-sounded raw materials and
crushed fruits, processed by ultrasound for 5, 10 and 15
minutes are shown in Figure 3.
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Figure 3 - The effect ofultrasonicprocessing time on the output offlavolignans

From Figure 3 it can be seen that the total output
of flavolignans from milk thistle fruits during the pro-
cessing of the raw material and the extractant with ul-
trasound at the stage of soaking for 5 minutes increases
almost twice as compared with the non-sounded raw
material. In addition, from Figure 3 it can be seenthata
longer processing of the raw material and the extractant
by ultrasound at the stage of soaking does not increase

From Figure 4 it can be seen that the maximum
amount of flavolignans is extracted when the raw ma-
terial and the extractant are processed by ultrasound
with the frequency of 20 kHz. The summarized re-

the output of the target group ofbiologically active sub-
stances.

At the next stage of the experiment, the optimum fre-
quency of ultrasonic processing of plant materials and
extractant was established. The absorption spectra of
extracts obtained by processing of crushed milk thistle
fruits and extractant by ultrasound with the frequency of
20, 30 and 40 kHz are shown in Figure 4.

sults of the spectrophotometric determination of the
flavolignan complex in the obtained extracts, de-
pending on the ultrasonic treatment mode, are given
in Table 1.
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Table 1 - Results ofquantitative determination offlavolignan complex extractedfrom fruits ofS. marianum,
depending on the mode ofultrasonicprocessing

Ultrasound frequency. kHz

Ultrasonic
processing time. 20 30 40
min. Flavolignan concentration. mg/g
5 50.59 + 1.11 4445 + 1.05 39.53 + 0.86
10 46.98 + 1.21 4243 + 1.15 36.73 + 1.04
15 44.27 +0.87 40.96 + 0.98 35.83 + 1.19

Thus, based on the data of Table 1, it was found out
that the maximum amount of flavolignans is extracted
when processing milk thistle fruits and extractant by ul-
trasound at the frequency of 20 kHz for 5 minutes. When
using ultrasound at a higher frequency or processing for
a longer time, the concentration of flavolignans in the ex-
tract is slightly reduced. It is possible that such a decrease

in the output of BAS is associated with the destruction
of flavolignans with increasing ultrasound frequency and
ultrasonic processing time.

At the next stage of the study, the component compo-
sition of a thick extract of milk thistle fruits was analyzed
by RP-HPLC. The resulting chromatogram is shown in
Figure 5.

According to the chromatogram data, the component composition of a thick extract of milk thistle has been de-

termined. It is shown in Table 2.

Table 2 - Component composition ofathick extract o fmilk thistlefruits

Identified compound
Chlorogenic acid (1)
Dihydroquercetin (I1)
Flavolignan (111)

Silybin (1V)
Silybin (V)
Flavolignan (V1)
Flavolignan (VII)

From Table 2 it can be seen that in addition to the
flavolignan complex with hepatoprotective activity, the
thick extract of milk thistle fruits also contains chloro-
genic acid and dihydroquercetin, which exhibit an anti-
oxidant effect.
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Retention time. tR

Peak area. mAU*s

6.16 + 0.30 171.98 £ 4.20
12.13 + 0.36 1113.46 + 10.51
18.20+ 0.34 4620.89 + 19.13
24.31 £ 0.36 1182.60 + 14.20
25.03 £ 0.33 1345.41 + 16.80
26.66 + 0.25 1133.32 + 12.16
26.88 £ 0.24 625.80 + 6.88
n=3 P =95%

Obtained in the process of chromatography, the peak
areas of flavonoids and flavolignans were used to calcu-
late the relative content of each of the components by the
method of internal normalization. The results are shown
in the diagram (Figure 6).
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Figure 6 - Percentageparceling offlavonoids andflavolignans in a thick extract o f milk thistlefruits

According to the data presented in Table 2 and in
Figure 6, the share of silybin is 24.36%, chlorogenic acid
- 1.69%, and dihydroquercetin - 10.92%.

CONCLUSION. It has been established that the
total output of flavolignans from milk thistle fruits
during processing the raw material and the extractant
by ultrasound at the stage of soaking increases almost
twice as compared to the non-sounded raw materi-
al. The maximum amount of flavolignans is extracted
when processing the fruits of milk thistle and extractant
with ultrasound at the frequency of 20 kHz for 5 min-
utes. When using ultrasound at a higher frequency or
processing for a longer time, the concentration of fla-
volignans in the extract is slightly reduced. It is pos-

sible that such a decrease in the output of biologically
active substances is associated with the destruction of
flavolignans with increasing ultrasound frequency and
ultrasonic processing time. By the RP-HPLC method
it has been established that the thick extract of milk
thistle fruits, obtained with the use of ultrasonic pro-
cessing parameters, contains both the target flavolignan
complex (87.39%, silibinin - 24.36%), providing the
hepatoprotective effect, and flavonoids - chlorogenic
acid (1.69%) and dihydroquercetin (10.92%) exhibiting
antioxidant activity. The obtained thick extract is pro-
posed to be used as an active pharmaceutical substance
for the production of granules based on methionine and
milk thistle flavolignans.
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