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B cmamve npedcmasnenvl Hogble HOOX0O0bI K CINMAHOAPMU3AYULU CYXO20 IKCMPAKMA U 1eKAPCMEEHHBIX Npenapa-
moeg (JII1) eunxeo dgynonacmuozo (Ginkgo biloba L.). Ilpednooicenvt memoouku cnekmpogomomempuyeckoeo onpe-
Oenenus asoHouo08, MepneHoNIaKmoHO8 U SUHK2ONe8bIX KUCIOM 8 aKMUBHOU (hapmayesmuyeckoll cyocmanyuu
(ADC) «l'unxeo 08y1ONACMHO20 HIKCMPAKM CYXOU» (Oanee «IKCMPAKMmM SUHK20»), a makce memoouku ananuza JII1
«I'MHKT O, mabnemxku, nokpsimeie obonoukot, 40 mey (danee «I HHKI O, mabnemxu») u « MHKI'O, pacmeop 014
npuema eHympo, 40 me/mny (Oaree « ' MHKI O, pacmeopy). Llens pabomer — pazpabomka u 6anuoayuoOHHAs OYeH-
Ka memooux cmanoapmuzayuu APC pacmumenvbHo20 NPOUCXOHCOEHU — IKCIMPAKMa eunkeo, a maxoce JIII na e2o
ocHose. Mamepuanvt u memoowt. Obvekmamu ucciedosanus nocayxcuiu oopasyvt ADC «l unkeo 08yronacmuo2o
akempaxkm cyxouy, JIII «'MHKT'O, mabremxuy u «I MHKI O, pacmsopy, npouszeedentvie komnanuei 340 «BHU-
@UTEX» (Poccus). Memoovwl ucciedoganus: cnekmpogomomempus (Oanee « CO-mempusy) u 8vicokoagpexmuenas
arcuokocmuas xpomamoepagus (BOIKX). Hcenonvzyemoe obopyoosanue: cnekmpogomomemp CD-56, npouszsoocmso
000 «JIOMO-CIIEKTP» (Poccus) u xpomamozpag scuokocmuviii mapku Shimadzu Prominence LC-204D (Anonus)
€ NPOSPAMMHBIM YNPAGTIeHUeM U KOMNbIOMeEPHOU obpabomkoll pe3ynbmamos anaiusa. Pesynemamut u oocyscoenue.
Hcnonvsosanue memooda CO-mempuu onmumusupyenm npoyecc aHaiu3a He moibKo 8 Xo0e CmaHOapmu3ayuu 20mo-
8020 NPOOYKIMA, HO U HA BCEX CMAOUAX NPOMBIULTIEHHO20 NPou3800cmea JII1 6 pamKax mexiconepayuoHH020 KOHMpPO.
Cooeporcanue cymmol agoHoU008 8 06pazyax 08X cepuil IKCMpaxKma eUHK20 8 nepecyeme Ha pymuH cCOCIasuio Memo-
oom npamoii CP-wempuu — (29,64 + 0,36) % u (28,88 £ 0,54) %; memoodom oughpepenyuanvnoii CO-wempuu — (21,78
+0,41) u (20,98 £ 0,24) %. Codepoicanue cymmol grasonoudos 6 npenapamax «I HHKI O, madnemxu» u «[ MHKT O,
pacmeopy cocmasuno: memooom npamoti CO-wempuu — (9,84 = 0,15) me/mab. u (10,07 + 0,10) me/ma; memooom ougp-
depenyuanvroti CO-wempuu — (7,33 £ 1,13) me/mab. u (8,30 £ 0,13) me/mn, coomsemcmeaenno. Ilpoananuzuposarul
npenapamol-ananoeu « MEMOIIIAHTY («Dr. Willimar Schwabe GmbH & Co. KG») u « TAHAKAH®» («Beaufour
Ipsen Industrie») — noryuennvie pesyrvmamol conocmagumvl. Paspabomarnvt MemoouKu KoIuuecmseeHHo2o onpeoe-
nenuss 8 ADC cymmol mepneHonaKxmoros memooom ouggepernyuanvroi CD-mempuu u 0OCMamoyHo20 cOOepHCAHUs
CYMMBL 2UHK20N1e8bIX Kuciom memodom npamou CP-uempuu. B xode ux anpobayuu 6b110 yCmMaHO8IeHO, Ymo KOlu-
4ecmeo 2UHK20JIAKMOHO8 8 UCciedo8anHbix obpasyax cocmasisiem (7,87 + 0,17) % u (8,03 £ 0,22)% 6 nepecueme
Ha 6un06aU0, A OCMAMOUYHOe COOEPIHCAHUE CYMMbL 2UHK201e8blX Kuciom He npesviutaem 10 ppm. Iloomeepacoena
yenecoobpasHocmo u d¢ppexmuenocms npumerenus memooa BOIKX ona oonospemenno2o onpedeneHuss NOOIUHHO-
cmu u oyenku oobpokavecmsennocmu cyocmanyuu u JII eunkeo. 3axntouenue. Paspabomarnvl memoouku CDP-me-
MPU1ECKo20 KOMUYECTNBEHHO20 onpedeneHus cymmuvl Grnagonouoos ¢ APC u JIII, nonyueHnvix U3z aucmves SUHK20
ogynonacmuozo. Ilpumenumenvro k ADPC npednoscenvt memoouxku CD-mempuueckoeo onpedenenus Cymmvl mep-
NEeHONAKMOHO8 U OCIAMOYHO20 COOEPHCAHUS CYMMbL SUHK2O0Ne8bIX Kucaiom. Paspabomannvie Memoouxu omeeyaiom
8ANUOAYUOHHBIM KPUMEPUAM, XAPAKMEPUIVIOMCA MOYHOCMBIO U 80CHPOUIBOOUMOCTIBIO 8 COUEMAHUL C NPOCHOMOI
UCNOTHEHUS U ANPOOUPOBAHYL 8 YCI0BUAX PAPMAYEEMUYECKO20 NPOU3BOOCHEA.

Kntouesvie cnoga: cunxeo 3KCmpaxm, SUHK2ODAABOHSTUKOZUObI, MEPHEeHONAKNMONbL, SUHK2ONesble KUCTOMDbL,
cnekmpoghomomempus
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The article presents new approaches to standardization of dry extract and medicinal preparations (MD) of ginkgo
bilobate. Methods for the spectrophotometric determination of flavonoids, terpenolactones and ginkgoic acids in the
active pharmaceutical substance “Ginkgo biloba dry extract * (further in the text “ginkgo extract”), as well as meth-
ods for analysis of MD “GINKGO, tablets coated with 40 mg” (“GINKGO”, Tablets) and “GINKGO, solution for
enteral use, 40 mg/ml “(“GINKGO, solution”). The aim — development and validation of methods for standardization
of plant-derived APS — ginkgo extract, as well as MD based on it. Materials and methods. The samples of the APS
“Ginkgo biloba dry extract *“, MD “GINKGO, tablets” and “GINKGO, solution”, produced by CJSC “VIFITEH”
(Russia) served as the objects of the study. Research methods. spectrophotometry (further in the text “SF-metry”) and
high-performance liquid chromatography (HPLC). Used equipment.: SF-56 spectrophotometer manufactured by LLC
“LOMO-SPECTR " (Russia) and liquid chromatograph of the brand Shimadzu Prominence LC-204D (Japan) with
software control and computer processing of analysis results. Results and discussion. The use of the method of SF-me-
try optimizes the analysis process not only during the standardization of the finished product, but also at all stages of
industrial production of MD within the framework of interoperational control. The content of the sum of flavonoids in
the samples of two series of ginkgo extract in terms of rutine was determined by direct SF-metry — (29.64 £+ 0.36)%
and (28.88 + 0.54)%, method of differential SF-metry — (21.78 £ 0.41) and (20.98 £ 0.24)%. The content of the amount
of flavonoids in the preparations “GINKGO, tablets” and “GINKGO, solution” was: by direct SF-metry — (9.84 +
0.15) mg/tab. and (10.07 £ 0.10) mg/ml; Method of differential SF-metry — (7.33 = 1.13) mg/tab. and (8.30 £ 0.13) mg/
ml, respectively. The analogues “MEMOPLANT” (“Dr. Willimar Schwabe GmbH & Co. KG”) and “TANAKAN®”
(“Beaufour Ipsen Industrie”’) were analyzed — the results obtained are comparable. Methods for quantitative deter-
mination of the amount of terpenolactones in the APS by the method of differential SF-metry and the residual content
of the sum of ginkgoic acids by the direct SF-metry method are developed. During their approbation it was found that
the amount of ginkgolactones in the samples studied is 7.87 = 0.17% and 8.03 + 0.22%, calculated as bilobalide, and
the residual content of ginkgoic acid does not exceed 10 ppm. The expediency and effectiveness of using the HPLC
method for simultaneous determination of the authenticity and evaluation of the benign nature of the substance and
MD ginkgo was confirmed. Conclusion. The methods of the SF metric quantification of the amount of funds have been
developed. The developed methods meet the validation tests, are characterized by accuracy and reproducibility in
combination with simplicity of execution and are tested in the conditions of pharmaceutical production.

Keywords: Ginkgo extract, ginkgofavonglycosides, terpenolactones, ginkgolic acids, spectrophotometry

Beenenne. Hoorpors! — dapmaxonornaeckast rpyra
JekapcTBeHHBIX mpernapatoB (JIII), xoTopele OKa3bIBaroT
crienQuyueckoe O3UTHBHOE BIIMSIHUE HA BBICIIINE HHTETPa-
TUBHBIE (DYHKIIM MO3Tra 4elI0BeKa, yMCTBEHHYIO JESTEIb-
HOCTB, MOBBIIIAIOT YCTOHYMBOCTB K Pa3IMYHBIM HOBPEXKIa-
oMM (pakTopaM, CHIDKAIOT HEBPOJIOTHYECKHUH JCQUINT
W YIy4IIaloT KOPTHUKO-CYOKOpTHKabHBIE cBsizH [1, 2]. B
COBPEMEHHOM aCCOPTHMEHTE HOOTPOITHBIX CPEZICTB 0C000€
MECTO MPHHAUISKUT MpenaparaM pacTUTEIHHOTO TPOHC-
XOKIEHUSI, KOTOPBIE TIPU TPABHIBHOM MPHMEHEHHN Jei-
CTBYIOT HE MeHee 3(P(EKTHBHO, YeM CHHTETUYECKUE WIIH
MOJTyCUHTETUUECKUE AHAJIOTH, TIPU ATOM OHH, KaK IIPaBUJIO,
He BBI3BIBAIOT TI0OOUHBIE d(dexTsl. Cpeyt HUX BBIIEISIIOT
JIIT Ha OCHOBE I'MHKIO JBYJIOIACTHOIO JMCTHEB 3KCTPAKTA
(Extractum foliorum Ginkgo bilobae), XxapakTepu3yroIye-
csl 1epeOpPOBACKYIISIPHON aKTHUBHOCTBIO.

Peanmzanus  dapmakoiormueckoro 3ddexra mpe-
MapaToB THUHKIO IPOUCXOAUT Yepe3 ONOCPEAOBaHHOE
BO3/ICHCTBHE HA HEPBHYIO KIETKY, 00YCIOBIEHHOE YITy4-
IIeHHEeM KaK CHCTEMHOTO MO3TOBOTO KPOBOTOKA, TaK M
MUKPOIUPKYIIAINNHY, & TAK)KE aHTHATPETAaHTHBIM M aHTHU-
TUTIOKCUYECKUM fieiicTBueM |3, 4, 5].

I'mukro nBynonactueiid (Ginkgo biloba L.) — ronoce-
MEHHOE JIUCTOMAHOE PENUKTOBOE JIePEBO, KOTOPOE SIBJIS-
€TCs eANHCTBEHHBIM COBPEMEHHBIM ITPEACTABUTEIIEM CEM.
I'maxroBere (Ginkgoaceae). JIMCTBS THHKTO BKIIIOYEHBI B
Poccwuiickyro, EBporneiickyro n bpuranckyro dapmaxoren
U CITyXaT ChIpbeM IS ipon3BozacTBa psina JII1 (TanakaH,
Mewmoruiant, brunoown, ['makro-dopt u ap.) u dGuonoruye-
CKM aKkTHBHBIX 100aBoK (BAJ) k muiie, KOTOPBIX HACUH-
TBHIBACTCSI HECKOJBKO JICCATKOB HaMMeHOBaHMH. OJHaKo,
B CHJIY Pa3IWYHBIX IIPUYHH, B TOM YHCIIE OTHOCHUTEIHHO
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BBICOKOI CTOMMOCTH KOHEYHOTO MPOJYKTA, CIIPOC HA JIaH-
HBIE MpenapaThl OCTaeTCs Hepean3oBanHbM [1, 6, 7, 8].
B cBsi3u ¢ BbIIIEU3I0KEHHBIM, 3aja4a CO3JaHUsI POCCUMA-
ckux JIIT Ha OCHOBE KCTpaKTa 'MHKIO, HE YCTYNAIOUINX
10 Ka4ecTBY, 3P(PEeKTHBHOCTH U OE30MAaCHOCTH 3apyOeK-
HBIM aHaJoraM, BechbMa akTyanbHa. CO3IaHHI0 HUMIIOp-
tozamenraronux JII1 U3 JHCTHEB THHKIO MPEMSATCTBYIOT
Takue (PaKTopbl, KAK HEOOCCIICUCHHOCTh JICKAPCTBEHHBIM
pacTUTENLHBIM CHIPbEM M CTAaHIAPTHBIMU OOpasiamu
(CO), B psnme cmydaeB CIOKHOCTH TIPOBEICHUS METOIUK
aHaJw3a u Jp.

AHanM3y KCTPaKTa THHKIO H €ro IpenaparoB Io-
CBsIIICH psij uccnenosanuii [9, 10, 11, 12, 13]. B 60:15b-
UIMHCTBE METOMIUK, MPEIIOKCHHBIX PaHee, OCHOBHOE
BHUMaHHUE yACTSACTCS ABYM KiIaccaM OHOJIOTHYECKH aK-
TuBHEIX BemiecTB (BAB): ¢prmaBoHOMIHBIM TIHKO3HIAM,
00bEeTMHEHHBIM T0J] OOIIMM Ha3BaHHEM «THHKTro(a-
BOHIJIMKO3UIBDY, «THHKIO3UIBD», «THHKIO(IaBOHBD»,
U TePICHOIAKTOHAM, KOTOPBIC TAKKE OOBEIUHSIIOT MO
PYIIIOBBIM Ha3BaHUEM «THUHKIOJHIbIY, «THHKIOJaK-
TOHBI, «Omnobamuaser» [14, 15, 16]. B myGnukannsx
MOCIIEAHUX JIET OTMEJAETCS TIOTCHIIMAIbHAS OMTACHOCTD
HEKOHTPOJIUPYEMOTO MTPUMECHEHHS HEOYHIICHHOTO KC-
TpakTa TMHKTO, CBSI3aHHAs C MPOSBICHUEM Psia M000U-
HbIX 3()()EKTOB, B UACTHOCTH, aJUICPTHUCCKUX PCAKIUI
U TOKCHYECKOTO BO3ACHCTBHS Ha IKCITYIOYHO-KHUIICY-
HBIA TPAKT, 9YTO OOYCIOBICHO MPUCYTCTBUEM T.H. THHK-
TOJIEBBIX KHCJIOT. B CBSA3W ¢ TeM, 4TO MHHUMAaTbHBIH
KypC Tepamuu IpenapaTaMd THHKIO COCTaBISET TPHU
MecsIa, a MOXKET JOCTUIaTh MIECTH U OoJiee MeCSIEB,
9KCTPAKT THHKIO PEKOMEHIOBAHO JIOTIOJHUTEIBHO HOP-
MHUPOBaTh 10 YPOBHIO MPEACIBHO JOIMYCTUMOTO COIEP-
JKaHUSI CYMMBI THHKTOJIEBBIX KHCJIOT (IO Pa3IUYHBIM
HCTOYHHUKAM He Oosee 5 Mr/kr wim He 6osee 10 Mr/Kr)
[7, 17, 18,].

®apmanetuueckas kommnanus 3A0 «kBUGDUTEX»
BOCIpou3BoAUT TexHonoruw APC — cyXoro skcTpak-
Ta JINCThEB T'MHKIO JBYJIOMACTHOIO M BHEIPSICT B ac-
coprument JIIT «TMHKI'O, tabnetkn» u «I ' MHKT O,
pacTtBop». TexHOIOTHS 3aKIII0YaeTCS B SKCTPAKIIUH JIH-
CTBEB TMHKTO aneToHoM 60% ¢ mocnenyommmu Gpak-
IUOHUPOBAHUEM W CEJICKTUBHOW OYHCTKOH OT MaJo-
MOJIIPHBIX BEHICCTB, B T.4. OT TMHKIOJICBBIX KUCJIOT. B
pe3ysbTaTe npenapaThl SABJSIOTCS MOJTHBIMH aHAJIOTaMHU
JIIT «MEMOIUIAHT, Tabnerku, 40 mr» («Dr. Willimar
Schwabe GmbH & Co. KG», T'epmanns), «TAHA-
KAH®, tabnertku, 40 mr», 1 « TAHAKAH®, pactsop, 40
mr/mim» («Beaufour Ipsen Industrie», dpanmus), xoto-
pbIC 3apETUCTPHUPOBAHBI U MPUMCHSIOTCS HA TEPPUTO-
puu PO ceeire 20 ner [1, 6].

Heab padoThl — pa3paboTka W BaJIHUIAIMOHHAS
oreHka MeToauk ctaHgapTm3anuu ADC pacTUTEIHHOTO
MIPOUCXOKICHUS — CyXOT0 3KCTPAKTa U3 JIHCTHEB THHK-
O JIBYJIONIACTHOTO U JICKAPCTBCHHBIX MPEMapaToB Ha €ro
OCHOBE.

224

Marepuanasl 1 MeToabl. OObEKTaMH HCCIIETOBAHMS
apisitoTcs 00pas3nbl ADC «I'MHKIO JBYNIOMACTHOTO 3KC-
Tpakt cyxoit», JIII « TMHKI'O, tabnerkm» u «'MHKIO,
pactBop», mpomsBeneHHble Kommanueir 3A0 «BUOU-
TEX». Metonsl uccnenoBanusi: CO-merpusi B YO- u
BuauMOl obnactu (cnekrpodoromerp CD-56, OO0
«JIOMO-CIIEKTP», Poccus), BOXX-xpomarorpadus
B CJIGAYIOIIUX YCJIOBHUSX: XpoMmarorpad >KHIKOCTHBIN C
MIPOTPaMMHBIM YIIPaBICHHEM U KOMITBIOTEpHON 00paboT-
KOW pe3yipTaToB aHanmm3a Mapku Shimadzu Prominence
LC-20AD (Smonus) ¢ nerazatopom DGU-20A3R u
Y®-BU/I-nerekropom Shimadzu SPD-20A; xpomaro-
rpaduyeckas xoionka — Zorbax EclipseXDB-C18 pa3zme-
poM 4,6 x 250 MM U pa3MepOM YaCTHIl COPOCHTA 5 MKM;
MOJBIKHAS (a3a — cMech U3 OpToPoCcHOPHON KHUCTOTHI
pactBopa 0,5 % u aneToHHTpmia st Xpomarorpaduu
(70:30); mrHA BOJMHBI NETEKTUPOBAHMS — 370 HM.

Pe3yabTarsl u 06cy:xaenue. CoriacHO JaHHbBIM JIH-
Teparypbl, (pJIaBOHOM/BI SIKCTPAKTA THHKIO TpECTaBIIe-
HbI IJIMKO3H/IAMH, IPOU3BOIHBIMU KBEPIIETHHA, KeMIi(e-
poIa ¥ M30PaMHETHHA, a TAK)KE KOHACHCUPOBAHHBIMH 110
cesn C~C’, bnpmasononmamu [15, 19].

OOHapy>keHne (GpIaBOHOUIOB B UCCIEAYEMbIX 00b-
eKTaX OCYLIECTBISUIN IIOCPEACTBOM I[IMAaHUINHOBOM
mpoObI [16], KoTOpast MO3BOJSIET OBICTPO M HAJIEKHO
unaeHrudunuposath ux, kak B A®C, tak u B JIII. [Toxa-
TBEP)KJICHHEM TOMINHHOCTH HCCIEIyeMBIX OOBEKTOB
TaKoKe SBIACTCS HAJTHUNE XapaKTEPUCTUUCCKUX ITHKOB
anIMKOHOB KBEpIETHHA, KeMIl(hepona U M30paMHETHHA
Ha BOXX-xpomarorpamme (puc. 1). 'mnponns dnaso-
HOJITJINKO3UIOB B X071€ TIPOOOITOrOTOBKH ITPOBOIHIIH B
NPUCYTCTBUH XJIOPUCTOBOAOPOIHON KHUCJIOTHI IPU Ha-
TPEBaHMU PEAKIIMOHHOW CMecH B TeUeHHE 2 9 B cpere
STHIJIOBOTO CITHPTA.

Ha »orame paspabotkm u ampoOariyi METOAHMKH
BOXKX-ananu3a npuHaIeKHOCTh MUKOB HAa XPOMAaTo-
rpaMMax aHaJIM3UPYEMbIX BEIIECCTB MOATBEPIKAAIH HC-
nojib3oBanueM pactBopoB CO KBepiieTHHA, KeMII(eposa
u nzopamuetnHa (Sigma Aldrich). AHanu3 MOTyIeHHBIX
SKCTICPUMEHTAIBHBIX TaHHBIX MOKAa3all, 4TO C IEJIBI0
VIPOILICHHUS TPOIEAYPHl CTaHAAPTHU3ALUN CyOCTaHIIUU
u JIIT runkro merogom BOXXX, nns BoisiBiIeHUS Ha Xpo-
MarorpamMMe XapakTepHCTHYECKHX IHKOB JIOCTATOYHO
ucnosnp3oBate Tonbko CO KBepreThHa, OOHapy)KeHHE
KOTOPOTO TIO3BOJISICT HICHTH(UIIMPOBATH THKH KEMII-
(epona (COOTHOIICHNE, PACCUUTAHHOE Kak t, — L
— oxkono 1,9) n nzopamueTHHA (t

KBepLeTHHA YL BEIIECTBA  Y/I. KBEPLIETHHA

— oKoJI0 2,1).

@apmaxomnies: CILIA (USP) nomomHuTENBHO Ipea-
YCMaTpUBAET KOHTPOJIb COOTHOLIECHHUS MJIOMIACH MHKOB
(I1aBOHOMTHBIX aIJIMKOHOB KBEpLETHHA U KeMIdepora,
KOTOpOE B J00OpOKa4eCTBEHHOM HPOAYKTE HE JOJIKHO
MIPEBBIATH 2,5:1; 3TOT NOKa3aTelb UCKIII0YAET BBEACHUE
B COCTaB IIPOJyKTa Oosiee JOCTYIHBIX BEIIECTB — PYTH-
Ha WIN KBEPLETHHA, C LEJIbI0 YBEINYCHHSI COJICPIKAHMS
¢aBoHOMTHOH (ppakumm [18].



Pharmacy & Pharmacology V. 5 N 3, 2017

DOI:10.19163/2307-9266-2017-5-3-222-241

mB

200+

100

20

3 Letextop A 370HM
500 n;;_ 1
B |
| | .
} | |
|
.
| 1 |
| |
| 25
|
| | S
T T T ST T T T | B

25 30

Pucynox 1 — Oonapyscenue aziukonos (p1asonoudoe IKCMpaKma 2uHK20 memooom BIKX.
Ycnosnvie ov03nauenun: 1 — nuk keepyemuna; 2 — nux Kkemngpepona; 3 — nuK uzopamHemuna.

Conepxanne CyMMbl (DIaBOHOMIOB B JKCTpaKTe U
Ipenaparax TMHKIo onpenesstor merogamu Cd-merpun
n BOXKX [20, 13]. Metog BOXX npenycmarpusaer cyM-
MHpOBaHHE IUIONAJCH ITHMKOB ArIMKOHOB KBEPLETHHA,
KemIieposia M HM30paMHETHHA Ha XpOMaTrorpaMMme I'H-
JposIn3ara, MOJIydeHHBIH Pe3ysIbTaT IepecUnThIBACTCS Ha
CyMMY (pIaBOHOMTHBIX TIIMKO3UJIOB Yepe3 IUIOMIa b ITHKa
pactBopa CO KBepueTMHa ¥ IONPABOYHBINA K0P PUIH-
eHT. MeTomKa BOCIIPONU3BOAUTCS, TTO3BOJISIET CEIEKTHB-
HO OIIEHMBAaTh AHAIM3UPYEMBIH KJIacc BEIIECTB, OAHAKO
3aBUCHUT OT MOJHOTHI IPOTEKaHUS THAPOIH3a (IaBOHOII-
IJIMKO3MIOB, TPYIOEMKa B UCIIOJIHEHUH U TPeOyeT 3Ha4YH-
TEJIBHBIX 3aTpaT BO BPEMEHH. B yCIOBHSAX MpPOMBINLICH-
HOTO THpOM3BOJCTBa Ao3upoBaHHbIX JIII, B wacTtHOCTH,
TalbIeToK M pacTBopa, Meronuka BOXKX-ananmsa moxer
3HAYNUTEITHHO BIUATH HA CKOPOCTH TPOIIECCOB MEXOIEpa-
LIMOHHOTO KOHTPOJIS, @ UMEHHO TalOIeTHpyeMOi Macchl,
siep TalOJIeTOK, MPOMEXYTOUHBIX IONYNPOAYKTOB HIIH
pacTBOpOB; MO3BOJISIET CTAHAAPTH3NPOBATH aHAIU3HMPYe-
MBIl OOBEKT TOJBKO JIMIIB 110 MPEETBHO JOIYyCTHUMOMY
HIDKHEMY YPOBHIO KOJIMYECTBEHHOTO COAEPKAHHS CYMMBI
¢nmaBoron10B. [IpenMyIiecTBOM METOMKH SIBIISIETCSI BO3-
MO>KHOCTH OJTHOBPEMEHHOT'O ONPEIEICHHUS MOTMHHOCTH
1 T0OPOKAYECTBEHHOCTH CYOCTAHIINH.

KomnuecTBenHOe ompenesieHne CyMMBbl (hJIaBOHOU-
JIOB B OKCTPaKTe M Hpernaparax 'MHKIO arpoOHnpoBaiH
MapaJulebHO 10 METOAMKaM npsiMoll u muddepeHnn-
anbHOl CO-merpun. OTanuns B NOAXOAAX peau3aluu
METOJIMK 3aKJII0Yal0TCs B Ipo0ornoaroroBke. B BapnanTe
npsiMoil CD-MeTpuH ONTHYECKas MIOTHOCTh U3MEpsIeT-
Csl y pacTBOpa BeIIeCTBA WJIM CyMMBbI BEIIECTB B UX HC-
XOJJHOM COCTOSIHWH, HE MU3MEHEHHOM B X0J1€ KaKoHW-JIn00
peaKkuuu, W HM3MEpPeHHE MPOU3BOAUTCS OTHOCHTEIBHO
pacTBOpHTENs, KaK MPaBHiIO, OECIBETHOTO W IIPO3pad-
Horo. B Bapmanre muddepennmansaoin CD-meTpun
OIIpe/ieIIeHNe TPOBOAMUTCS MO TPOAYKTaM XHUMHUYECKUX
MIPEBpAIIEHUH aHAIN3UPYEMOI0 BEIECTBA MM CYMMBI
BEIIECTB, M3MEPEHHE INPOBOANTCS OTHOCHTEIILHO pac-
TBOpA, IPUTOTOBIEHHOTO AHAJOTWYHO HCIBITYEMOMY,
HO 0e3 100aBiIeHNs peareHTa, KOMIUIEKCOOOpa3oBarels,

okucaurenss u ap. [IpumenurenbHo k dkcrpakty u JIII
THHKTO, B BapuaHTe npsMoil CD-meTpun cymma aHa-
JIM3UPYEMBIX BEIIECTB COOTBETCTBYET CEJIEKTUBHOMY
W3BJICUEHHUIO — TIPEUMYIIECTBEHHO (pakunu ¢iaBo-
HOWMOB, B BapuaHre audpdepenuansuoin CO-mMeTpun
— KOMIUIEKCaM ()JIaBOHOHMJOB C KaTHOHAMH AJIOMHHUS
(II), obpa3yronriMest B CITA00KUCIION Cpee.

Y®-criekTphl MOMIOMIEHUST HCIBITYEMBIX PACTBO-
POB U3 3KcTpakTa rUHKTO U ero JIII B ycmoBusx npsimoit
CO-meTpun UMEIOT T.H. «IUICUO» WM cIab0 BBIPAXKEH-
HBII MakcuMyM B obnacti (340 — 375) um; YD-criekTpsl
TIOTVIOIICHHUS UCTIBITYEMBIX PACTBOPOB B YCIOBUSIX AH(-
¢depennmanbaoit CO-MeTpuu UMEIOT MaKCUMYMBbI B WH-
tepBaie oT 405 mo 415 HM (Tabn. 1). B xoxe ncnpItanuit
YCT@QHOBJIEHO, YTO 3aBUCHMOCTb BEIIMYMH ONTHYECKOH
IUIOTHOCTH HCIIBITYEMBIX PacTBOPOB OT HAaBECKH JKC-
TPaKTa TMHKIO COOTBETCTBYET BAIMIALIMOHHOMY KpHUTe-
PHIO JIMHEHHOCTH, YTO TO3BOJISIET CUUTATh 00a BapHaHTa
METOJMKH HPUTOAHBIMH ISl CTAaHJapTH3AIMK Tperiapa-
TOB THHKTO.

B kagectBe cranmaptHoro obOpasma B o0ewx Me-
toaukax ucronszoBamn CO pyruna (Sigma Aldrich),
MMEIOIUI B YCIOBHUAX aHAJIN3a MaKCUMYyMBbI IOTJIOIIe-
HUS TP JuinHAX BOJH (362 + 5) HM u (410 £+ 5) HM,
cootBeTcTBeHHO. PacTBopel CO pyTHHA, Kak B IPSIMOH,
TaK ¥ B quddepenunansaoil CO-meTpun, 1eMOHCTPHU-
PYIOT BOCHPOM3BOAMMOCTH BEIMYMHBI ONTHYECKOH
IUIOTHOCTH, 3TO INOCIYKHJIO OCHOBAaHHEM JJISl pacueTa
BEJIMUMH YIENBbHOTO TOKasatens mnomiomenus (4170)
pyTHHA B ycnoBHsAX aHanu3a (tabim. 1). OTHocHuTenbHAS
omwuOKa OTpeIeJIeHNs YIEIbHOTO IT0Ka3aTels MOTJIoNIe-
HUS HE mpeBblmaer 2%, YTO MO3BOJSET MCHOIb30BaTh
YCTaHOBIICHHbBIE BEJINYMHBI B pacuerax. Kak M3BecTHO,
HCIOJIb30BaHUE TOYHO yCTAHOBIICHHOTO ITOKa3aTeJs o-
3BOJISIET 3HAYUTEIBHO COKPATUTh MPOAOIDKHTEIHHOCTD
aHaJN3a, CHU3UTh BEIIMYMHY U BEPOSTHOCTH OIIMOKH
OTIpE/IeNICHHsI, a TAaK)Ke MPOBOANTH CTaHIAPTH3AIMIO B
YCIIOBHSIX OTCYTCTBUSI Miu HexBatku CO pyTHHA, 9TO
HEMaJIOBAXXHO JISl TEKYIIETO MEKOIEPAMOHHOTO KOH-
TPOJISI HA TIPOU3BOJICTBE.
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Taonuya 1 — Cpagnumenvnas XapaKmepucmuKka 6apuUanmos KoiuyecmeeHnozo
onpeodenenus cymmol (1agoHoud08 6 IKcmpakKme unkzo memooom CO-mempuu

Cnexrpodoromerpus
Ipsamas Juddepennnanbuas
1. Y®-cneKTpbI NOIJI0LIEHUS UCIIBITYEMbIX PACTBOPOB, COIVIACHO METOANKAM
onpejeJieHUsi CYMMbI ()JIABOHOH/I0B B IKCTPAKTE U Npenaparax rHHKIo

YcnoBHble 0603HadeHUS: 1 — uenbiTyeMsrit pactBop CO pytuHa; 2 — ucnbiTyeMblii pactBop u3 JIIT « TMHKT O,
pactBop»; 3 — ucnbiTyeMslit pactBop u3 JIIT «TMHKT'O, Tabnetkn»; 4 — HCIIBITYEMBIH pacTBOP U3 CyOCTaHINH «[ HHK-
TO JABYJIONACTHOTO SKCTPAKT CYXOiD»

2. 3aBHCHMOCTDb ONITHYECKOI IJIOTHOCTH OT HABECKH IO METOAUKAM orpeae/JieHus1
CYMMbI (l).]'laBOHOI/II[OB B OKCTPAKTE 'HHKI0

12 4
<A 087 A
1 0.7
08 - 0.6
0.5
0.6 1 0.4
04 - 03
0.2
0.2 - HABECKA, T 01 HABECKA, T
0 T T T T 1 0 T T T T 1
0,02 004 0,06 0,08 0.1 0,08 0.1 0,15 0.2 025

3. BeJM4HHBI YACJBHOI0 MOKA3aTe/s MOIIOLECHH (A%z/&) pyTHHA

el P s | ax | &% x | £ | P | s | 4 | 6%
31,6 | 5] 095 | 2,1323 | 548 | 1,76 1860 | 5 | 095 [1,3969| 3,59 | 1,93

4. MeToAMKHU onpeneJeHUusi CyMMbI ()JIABOHOUI0B B IKCTPAKTE TMHKIO
Ilpucomosnenue ucnvimyemozo pacmsopa A
K 0,1 r (Tounas HaBecka) cyocranmmu npudasistor 30 mi cupta 50% u mepeMemnBaloT Ha MAarHUTHOR Me-
[Iagke WM MIeHKepe B Te4eHHe 5 MUH. PacTBOp KOMMYECTBEHHO € MOMOIbio ciupTa 50% MepeHocsST B MEpHYIO
KOJIOY BMECTUMOCTBIO 50 M1, 3aTeM 00BbEM JOBOIST TEM XKe CIIUPTOM IO METKH U NIePEMEIIHBAIOT
Ilpucomognenue ucnvimyemo2o pacmsopa b
2,0 M1 pacTBOpa A TMOMENIAIOT B MEPHYIO KOJOy BMe- 1,0 M1 pacTBOpa A MOMEIIAIOT B MEPHYIO KOJIOY
ctuMocThio 50 mit, mpubasmsaor 0,5 MII yKCYCHOH KHCIOTHI | BMECTHMOCTBIO 25 MIT, IPUOABISIOT 2 M aTFOMUHHS
pactBopa 1%, noBoxsat crimprom 70% no metku u nepeme- [ (III) xmopuna cnmprosoro pactsopa 2%, 0,5 mi yk-
IIUBAOT CyCHOW KHCITOTHI pa3BeneHHOi 30%, 3aTeM JOBOIAT
o0bem ciproM 50% 10 METKH M HepEMEIINBAIOT
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Ipooonsicenue mabauyor 1

Yenosusi cnekmpoghomomempuposanus ucnvimyemoeo pacmeopa b

10 MM

[pu nrae BomHBI 362 HM B KIOBETE C TONIIMHON CITOS

Ipu qmmHe BomHB! 410 HM B KIOBETE C TONIIMHON
ciost 10 mMm

Pacmeop cpasnenus

PactBop cripta stmiosoro 70 %

PactBOp, NpUTOTOBIEHHBII aHAIOTUYHO PACTBO-
py b, HO Ge3 moGaenenus pactBopa amomuaus (I11)
xytopuaa 2%

A-50-50-100  A-125000
A% .a.2.(100-W) 311,6-a-(100— W)’

Tem

Dopmyna pacuema cooepiucanust Cymmbvl QiasoHoud08 8 cyocmanyuu
6 nepecueme Ha pymuH u cyxoe seujecmeo (X) 6 npoyenmax

rae A —  ONTHYECKas IJIOTHOCTb MCIIBITYEMOTO pacTBopa b;
A —  yHeHbHBIN NOKa3aTelb MOMIOICHNS PYTHHA B YCIOBHSX aHAIIN3a;
a — HaBecka CcyOCTaHIWH, T;
W  — moreps B Macce IpH BRICYIIMBAHUH CyOCTaHIINH, Yo.

A-50-25-100 A -125000
A% -a-1-(100-W)  186-a-(100— W)’

[Ipu ananuze JIII, conepKalux SKCTPAKT TMHKIO, B
METO/IMKH BHECEHBI HE3HAUUTEIbHBIC N3MEHEHNUS Ha CTa-
MU TIPOOOIIOTOTOBKY, KAacaloIUecss HEOOXOIMMOCTH
KOPPEKIIMM HaBECKW M JOTOJHUTEIBHON (MIBTpanuy
pactBopa A. PesymbraThl MHOTOYHCIICHHBIX HCCIIEOBA-
HUH TOATBEPIWIN BO3MOXKHOCTH TIPUMEHEHHUSI METoa
Cd-meTpun B IBYX BapuUaHTax JUlsl ONPEENICHUSI CYMMBI
(hrmaBOHONIOB, TaK KAaK BO BCEX MCIBITAHUSIX OTHOCHTEIIb-
Has OIIOKa onpezesieHns He npesbimana 2,0 % (tadm. 4).

AHanornyHo ObuTH pa3padboTtanbl Metoauku CD-me-
TPUUYECKOTO OIPE/ICICHUS CyMMBI TECPIICHOJAKTOHOB U
CYMMBI THHKTOJIEBBIX KHCJIOT C IIETIbI0 KOJMUECTBEHHOM
OLICHKH.

TepreHOTaKTOHBI THHKTO MTPECTABICHBI CECKBH-
JUTEPIEHOBBIMU NPOU3BOAHBIMU. JJanHas rpynna bAB
XapaKTepu3yeTcss OTCYTCTBHEM BBIPAKCHHBIX I10JIOC

MOTJIOLICHNUS, YTO SIBHJIOCH 00OCHOBaHMEM pa3padoT-
KM MX KOJMUYECTBEHHOTO OIPEAEICHUS METOAOM And-
¢depennmanbaoii CO-METpUH 10 PEaKIUH C OKHUCISIO-
IIMM PEaKTUBOM TI0 aHAJIOTHH C paHee OMUCcaHHoHi [21].
[TpoGomnonroToBka MpeaycMaTpUBAET  CEICKTHBHOC
BBIJICJICHUE U3 KCTPAKTA 'MHKTO TEPIICHOMAHOM (pak-
UM HEMOJSIPHBIM XJIOPCOJAEPKAIIM OPTraHUYCCKUM
pactBopuTeneM. B kadecTBe craHmapTHOro obOpasua
ucrnonszoBau Ounobamun (Bilobalide from Gingko
biloba leaves, Sigma Aldrich), KOTOPBI B IPUCYTCTBUU
KOHILIEHTPHUPOBAHHOW CEPHOM KUCIOTHI 00pa3yeT coeu-
HEHHE C BBIPRKEHHBIM MAaKCHMYMOM MOTJIOMICHUS TIPH
mHe BONHBI (292 + 5) HM. CymmapHbii YO-criekTp
MIPOIYKTOB OKHCIICHHUS TEPHEHOJIAKTOHOB HKCTpaKTa
THMHKTO B YCJOBHUSX aHAJIN3a MOKa3ajdl MaKCUMYMBI T10-
romeHus mpu (267 £ 5) am u (295 + 5) M (puc. 2).

Pucynok 2 — YD-cnexmpul noznowieHus npooykmoe oKucienus ounooanuoa (1) u cymmol mepnenonakmonos
IKCMPAKma uHKzo (2) cepHoill KUca0moil KOHYEeHmpPUpo8anHoll
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3aBUCHMOCTh ONTHYECKOM INIOTHOCTH HCHBITYEMBIX
PaCcTBOPOB OT HABECKU IKCTPAKTA TMHKTO UMECT JIMHEH-

0.5 -
0.7 -
0.6 -
0,5 -
0.4 -
0.3 -
0.2 -
0,1 -

A

HBIN Xapakrep (pHc. 3), 4TO SIBISIETCS HA/IC)KHBIM KpUTe-
pHUeM Ui IPUMEHEHHUS TaHHOTO MOJIXO0A.

{I T T
0,05 01

0,15 02

Pucyuox 3 — 3asucumocmov onmuueckoil n1IOmMHoOCHMU ucnsimyemozo pacmeopa
Om HABECKU IKCMPAKmMa CUHK20 6 MeMOoOUKe KONUUEeCMEEeHHO20 onpedeﬂelmﬂ CYMMbl MEPNEHOIAKMOHO08

[Ipu pa3zpaboTke METOTUKH OBUT pacCUMTaH YHCIhb-
bl ToKazaTenb moromenus (412) 6unodanuaa, Ko-
TOPBIN B ycnoBUsAX aHanmm3a coctaBma 9,8 (f = 5; P =
0,95). OTHOCHTENBHAS OMIHOKA OTIPECIICHIS COCTaBHUIIA
2,98%, 9TO TI03BOIISET UCTIOTB30BaTh PACCUUTAHHBIN TO-
Kazarelb B CTAaHAAPTH3ALMH SKCTPAKTa.

Meroanka ONpEACTICHUs] CyMMBI TEPIIEHOIAKTO-
HOB B CYXOM 3KCTpakTe T'MHKro merogom CO-merpun
mpexacrasieHa B Tabm. 2. Ona Oplma ampoOmpoBaHa

Ha 00pa3lax CyXoro KCTPaKTa T'MHKIO MPOM3BOACTBA

3A0 «BUOUTEX». AHanu3 npoBOININ B MIECTH IIO-
BTOPHOCTSX, IOJIYYEHHBIC Pe3yJbTaTbl 00padaThIBaIH
CTaTHCTUYECKUM METOJIOM; OTHOCHTEJIbHAs OIMINOKa
ompeneneHus He npesbimaet 3,0%. YcTaHOBIEHO, 4TO
COZIEp)KaHWE CYMMBI TEPICHOJAKTOHOB B JKCTPAKTE
THHKTO, omnpeznensteMoe C®-MeTpHYECKHM METOIOM,
MI03BOJISIET HOPMUPOBATH JaHHBIN ITOKa3aTeNb Ha yPOB-
He «He MeHee 6,0%», YTO COOTBETCTBYET paHee ycCTa-
HOBJICHHBIM MEXIYHapOAHBIM TpeOoBaHUAM (Tabmn. 4)
[18, 20].

Tabnuya 2 — Memoouka Konuuecmeenno2o0 Onpede1enuss CyMmbl MePneHolaKmoHo8 6 IKCMpPAaKme SUHK20

IIpuzomosnenue ucnvimyemozo pacmeopa A

K 0,2 r (Tounas HaBecka) cyOcTaHIu mpuOaBisaioT 40 M1 XopodopMa U IepeMernBaroT B TeueHne 30 MUH Ha
BOJISTHO# OaHe ¢ 00paTHBIM XOMOMMIBHAKOM Ipu Temiteparype (60-70) °C. 3atem cmech GuisTpytoT ¢ 2,0 T HaTpust
cynbdara 6e3B0JHOTO B KOOy JUIs OTTOHKH BMecTUMOCTHIO 250 Mi1. Korndeckyro kosOy 1 puibTp KOIMIECTBEHHO
MIPOMBIBAIOT XJI0podopMoM 2 paza mopuusaMu 1o 15 min. XaopodopMHOE N3BIICUCHNE YITAPUBAIOT HA POTOPHOM HC-
mapurerne noj Bakyymom mpu temmeparype (50-60)°C 1o mosHOro ynajaeHus opranudeckoro pacrtBopurens. Ocra-
TOK PacTBOPSIOT B 5 MuI XJopodopma mpH c1aboM HarpeBaHWHM Ha BOJSHOM OaHe M MEPEHOCAT B MEPHYIO KOJIOY
BMecTUMOCThIO 10 Mit. KonOy 71st OTTOHKH KOJTMYECTBEHHO IIPOMBIBAIOT TEM JKE PACTBOPHUTEIIEM JIBaYKAbI IIOPIIHSIMHI
110 2 mis1. O6BEM pacTBOpa B MEPHOH KOJIOE IOBOJAT XIOPO(GOPMOM 0 METKH U IIEPEMEIITHBAIOT

IIpuzomosnenue ucnvimyemo2o pacmeopa b

5,0 M1 pacTBOpa A IMOMEMIAIOT B KOJIOY JJIsi OTTOHKHA BMECTUMOCTBIO 50 MJT 1 YIIApUBAIOT Ha POTOPHOM HCTIAPHUTEIIE
oj1 BakyymoM tipu temreparype (50-60)°C 10 moHOro yaaneHusi Opranuyeckoro pactsoputeiisi. OCTaTok CMeln-
BaIOT C 5 MJI CEPHOM KUCIIOTHI KOHIICHTPHUPOBAHHOW, KOTOPBIE 3aTEM MEPEHOCAT B MEPHYFO KO0y BMECTUMOCTRIO 10
MJI, KOJIOY OTOJTaCKHBAIOT 3 MJI KHUCIIOTHI, KOTOPBIC IIPHCOCTUHSIIOT K OCHOBHOMY 00bheMy B MepHOM Koioe. O0breM
pacTBOpa AOBOJST A0 METKU CEPHON KMCIOTOM KOHUEHTPUPOBAHHON U MEPEMEIINBAIOT

YenoBust criekTpohOTOMETPUPOBAHHUS HCITBITyeMOoro pactBopa b — IIpu mnHe BoHbI 295 HM B KIOBETE C TOJIIMHOM
crost 10 mm

PLZC}’}’Z60p cpasHeHusl — KMCJI0Ta CCpHAst KOHUCHTPUPOBAHHAA

Dopmyna pacuema cooepiucaniisi CyMMbl MEPREHOLAKMOHO8 8 CYOCManyuy
B nepecueme na 6unodanud u cyxoe gewgecmaso (X) 6 npoyenmax:

_ A-10-10-100
A% -a-5-(100— W)’
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TIpooonsicenue mabnuywvr 2

rme A — Omnrnueckas IIOTHOCTD MCITBITYeMOTO pacTBopa b
1% — yHenbHbII [OKa3aTelb MOMIOMEHNs OMI00aTH/IA B YCIOBUSAX aHAIIN3a;
a — HaBecKa cyOCTaHIuUW, T;
W — T0Teps B Macce MPH BBICYIIMBAHUH CyOCTaHIUH, %o.

Baxneiimeir 0COOEHHOCTBIO OKCTpaKTa THHKTO
SIBISIETCSI BO3MOYKHOE TIPHUCYTCTBHE B €r0 COCTaBE T.H.
TMHKTOJIEBBIX KHCIIOT, MO3TOMY TEXHOJIOTHS €ro IIpo-
MBIIIJICHHOTO ITPOM3BOJCTBA IPEIyCMATPUBAET >KHUJI-
KOCTh-XKMJKOCTHYIO 9KCTPAKLIUIO H-T€ITaHOM WJIH ApY-
MM TMTOAXO/SIINM SKCTPAreHTOM C IIEJIbI0 UX YIalCHNUS.

IToTeHupanbHOE MOOOYHOE BIMSHUE TMHKIOJEBBIX KHC-
JIOT ompenessieT HeOOXOAMMOCTh KOHTPOJISI HX OCTaTO4-
HOTO CONEpKaHHS B CyOCTaHITNH C IENBI0 00eCTIeueHIUs
6e3omacuoctu JIII. TTo cBoiicTBAaM M XUMHUYECKOH CTPYK-
Type THHKTOJICBBIE KUCIIOTHI SBISIOTCS MAJIOMIOISPHBIMU
6-aJIKIITIPOW3BOAHBIMHA CATUIMIIOBOM KUCIIOTHI (puC. 4).

OH O R= ’C13Hz7_ ruakrosneBas kucinora GA C 13:0 (6-Tpuaerii-caauuioBas KUCIoTa);
R= fCI JH,,— runKrONIEBas KMCI0TA GA C 15:1 (anakapameBasi KHCIIOTA;
OH 6-TIeHTAICTICHIII-CATUIIAIIOBAsT KHCIIOTA);
R =-C H, — runxronesas kucnora GA C 15:0 (6-meHTanenmi-cannuunosas KucioTa);
R R= £17H31— ruakrojeBas kuciora GA C 17:1 (6-rentaeneHI-CATUITIIIOBAs KACIOTA)

Pucynox 4 — I'uuxzonesvie Kucaomol, UOEHMUPUUUPOBAHHBLE 8 TUCHBAX 2UHK20 O8Y10NRACMHO20

[Tpu pazpaboTKe METOMKH UCIIBITAHUN OBUTH yuTe-
HBI X (PU3UKO-XMMHUYECKHE CBOMcTBa (Tabu. 3). DKerpa-
TeHTOM aHAJIM3UPYEMOH (pakimu st 00paboTKH HaBe-
CKH CyXOr'0 9KCTpaKTa I'MHKIO B XO/i€ IPOOOIIOATOTOBKH
ObLT BEIOpAH H-TeNTaH, KOTOPBIN MO3BOJISIET UCKIIIOUUTh
MEIIaroIIee BINSHHUE KaK COMy TCTBYIOIIHX ITOJISIPHBIX CO-
€IMHEHHH, TaK M TePIECHOJIAKTOHOB, KOTOPBIE HEPACTBO-
PHUMBI B IaHHOM dKCTpareHre. B kadyecTBe crangapTHOTO
o0pasna Mbl UCIOJIB30BAIN O-TPHICHNII-CATHIIUIOBYIO
kucnory (Ginkgolic acid (GA) C 13:0, Sigma Aldrich).
PactBop GA C 13:0 umeer BblpakeHHbIII MAKCUMYM TO-

IJIOIIEHNUS pH JAiHE BOJIHBI (311 + 2) HM, KOoTOpas Oblia
NIPUHSTAa HAMU B Ka4eCTBE aHAJIUTHYECKOH B METOIUKE
CIIEKTPO(OTOMETPHUECKOTO orpezeeHus. Haecka ana-
JIM3UPYeMOl cyOcTaHIMM 10oJ00paHa Tak, 4yTo IpH Ha-
JIMYUHM OCTATOYHOTO KOJMYECTBA CyMMBI I'MHKI'OJIEBBIX
kucior 6ostee 10 ppm (0,001 %), onTrdeckas INIOTHOCTD
ucreiTyeMoro pactsopa Oyner mpesbimarsk 0,167, a Ha
Y®-cniektpe Oyner NMpUCYTCTBOBATh T.H. «IUICUO» HIIH
MakcuMyM. B oOpasnax skcTpakra, IpomeInX HCIIbl-
TaHWs, COAEP)KaHWE CyMMbI THHKIOJIEBBIX KHCIIOT COOT-
BETCTBYET YCTaHOBJIICHHON HOpME (pHC. 5).

Pucynok 5 — YD-cnexmpul noznoweHus ucnvimyemozo pacmeopa IKCMpaKma 2unk2o u pacmeopos CO
2UHK2071€801 KUCTIONbl
Yenosenvie 0o603nauenun:
1 — ucnvimyemulii pacmeop IKCMPAKmMa CUHK20;
2 — pacmeop CO zunkzoneeoit kucnomovt GA C 13:0 0,520 m2/mn;
3 — pacmeop CO zunkzoneeoit kucnomut GA C 13:0 0,208 me/mn.
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Taonuya 3 — Memoouka ucnvlmanusa cyxo2o IKCMPAKma ZUHK20
Ha ocmamouHoe cooepicanue CyMmol 2UHK201€6bIX KUCIOM

IIpuzomosenenue ucnvimyemoz2o pacmeopa

15,000 T mopomika cyOCcTaHINK, TIPEIBAPUTEIIFHO BEICYIIEHHON B TEUCHHE 5 U, MOMEIIAIOT B KOHNYECKYIO KOJIOY
BMecTUMOCTBIO 250 Mit, mpubasisiorT okoso 100 M #-TenTaHa M NMepeMelnBaloT Ha MAarHUTHOW MeEIIajKe B Te-
yenue 30 MuH. CMmech QUIBTPYIOT ¢ 2 T HaTpus cyibdara 0e3BOAHOTO B KOJIOY sl OTTOHKH BMECTHMOCTBIO 250
1. Kornaeckyto kon0y 1 GuiisTp nmpoMsiBatoT 20 MII H-TeNTaHa, KOTOPbIE IIPHCOCIUHSIOT K OCHOBHOMY PacTBOPY.
@unpTpar yrapuBaroT Ha pPOTOPHOM uctapuTene mpu temneparype (75-85)°C 1o noHOTo yaaaeHus OpraHuuecKoro
pactBopuTtens. OcTaToOK CMEIIUBAIOT € 5 MII H-T€NTaHa, 3aTEM KOJHYECTBEHHO C MOMOILBIO TOTO K€ PACTBOPUTEIS
TIEPEHOCST B MEPHYIO KOOy BMecTuMOcThi0 10 Mi1. OOBeM pacTBOpa B MEPHOM KOJIOE JOBOMST T€ITAHOM JI0 METKH,
TIepeMEIINBAIOT ¥ (QUIBTPYIOT

Venosust cnekmpogomomempuposanus ucnovlmyemoco pacmeopa —
ITpu nnune Bonubl 311 #u B KroBeTe ¢ TOMKUHOM crosg 10 MM

PacTtBOp cpaBHEHMS — H-TeNTaH

Hopmuposanue:
OnTHyeckas MIOTHOCTh HCITBITYEMOTO pacTBOpa JOJDKHA OBITH He Oomee 0,167
(conmeprkaHne CyMMBbI THHKTOJIEBBIX KUCIIOT B iepecyeTe Ha rTHHKroneByto kucioty C 13:0 — ne 6omee 0,001%)

OKCIIEpUMEHTAJIbHBIE JaHHbIE, [OIyYEHHBIE B Jia-
6oparopun OKK 3A0 «BUOUTEX», nonreepauiu pe-
3yIbTaTUBHOCTb NpUMeHeHHus MeTtona CD-merpun ans
OLIEHKU OCTATOYHOI'O COAECPIKAHUS CYMMBI THHKIOJIEBBIX
KHCJIOT B CyOCTaHIIMH, HOPMUPYEMBIX 110 BEpXHEMY Ipe-
neny. OTHOcHTeNbHAs OMMOKAa MPOBEJCHHBIX HCIIBITA-
Hull He npesbimaet 2,0%.

B xonme ampoGammm B ycnoBHsAX (apMmaneBTHUe-
CKOTO NpPOM3BOACTBA OBUIO YCTAHOBIEHO, YTO paspa-
OOTaHHBIE METOJIMUKH ISl TOKa3aTreiaed MOAIMHHOCTD,
COOTHOIICHHE KBEpLETHHA M KeMIleposia, HCIbITa-
HUE Ha COAEpXkaHHE CYMMBbl T'MHKIOJIEBBIX KHUCIOT,
KOJIMYECTBEHHOE ONpEAeICHNEe CyMMBI (hIABOHOMJIOB
(TMHKTO(IaBOHIIIMKO3UOB) U CYMMBI TEPIIEHOJAKTO-
HOB BKiIoueHbl B HJI Ha cyOcrannuio «['MHKro IBY-

JIOTIACTHOTO 3KCTpakT cyxoi» (3A0 «BUDPUTEX») n
SIBIISTIOTCSL  00S13aTENIbHBIMK ISl €€ CTaHJapTH3alHH.
[TpuMeHHTEIBHO K JIEKaPCTBEHHBIM (popMaM, coaepika-
LIUM CTaHAAapPTU30BAHHBIM 3KCTPAKT TMHKIO, B aHAJU-
3e 1o nokasarento «KonuuecTBeHHOE OIpenerIeHHey,
11eJIECO00pa3HO OTPAHUYMTHCS OLIEHKOH COfIepKaHUs
CyMMBI ()JIaBOHOMJIOB, TaK KaK 3TOT IIOKa3aTelb J0CTa-
TOYHO WH(OPMATHBHBIN, XapaKTepPU3yeTCss TOUHOCTBIO,
BOCIIPOU3BOAUMOCTBIO M MPOCTOTON HUCIOJHEHUS, 4TO
OYEHb BAXKHO JUI1 MEKOINEPAalIOHHOIO KOHTPOJIA IO-
aynpoaykToB. Kpome Toro, Ha naHHBIA HOKa3aTelb
3HAUYNTENILHO MEHbIIEE BIMSHUE CIIOCOOHBI OKa3bIBaTh
BCIIOMOTaTeIbHbIE KOMIIOHEHTHI, BXOJSIINE B COCTaB
JIII. Pe3ynbrarsl anpobanuy METOMK NPEICTABICHBI B
Tabl. 4, 5 u 6.

Taonuya 4 — Pe3ynomamsl anpooayuu Mmemooux Cmanoapmu3ayuu cyocmanyuu
«l'unkzo ogynonacmmuozo akcmpaxm cyxoit» (340 « BUOHTEX»)

Pesynbrar ucnieitanus cyOCTaHIINN

ITokazarens kauecTBa O6paszerr 1 Obpa3zer 2
(cep. 011216) (cep. 021216)
KauectBenHas peakuus Ha (p1aBOHOUIBI [TonoxurensHas [TonoxurensHas

OOHapy»KeHHe B THIIPOJIH3aTe arlINKOHOB
KBEpIICTHHA, KeMII(eposia U H30PaMHCTHHA

BrinepkuBator ucnsitanue — Ha BOXKX-xpomartorpamme
WCIBITYEMBIX PACTBOPOB MPUCYTCTBYIOT MUKH,
COOTBETCTBYIOIIUE TI0 BPEMEHH YICPIKUBAHUS TTHKAM
KBEpIICTHHA, KeMII(epora U H30paMHETHHA

COOTHOIIICHNE KBEPIICTHHA U KeMIieposia 1,31 1,22
Coneprxanne Merton npsimori CO-meTpun 29,64 +0,36 28,88 + 0,54
CYMMBI (e=1,21%) (e=1,87%)
(maBoHOMIOB, % [ MeTop nudpepeHnnanTbHON 21,78 £ 0,41 20,98 + 0,24

CD-meTpun (e=1,88%) (e=1.14%)
CopepxaHue CyMMbl TEPIIEHOJIAKTOHOB, %o 7,87+0,17 8,03 £0,22

(e=2,16 %) (e=2,74 %)
HcnpiTanue Ha ocTaTouHOE COACPKaHNUEC CyMMBI
N BI)I,E[ep)KI/IBaeT UCIIBITAHUC BI)II[ep)KI/IBaeT UCIIBITAHHUEC

TUHKTOJIEBBIX KHUCIIOT, %o

230




Pharmacy & Pharmacology V. 5 N 3, 2017

DOI:10.19163/2307-9266-2017-5-3-222-241

Taonuya 5 — Pe3ynomamot anpooayuu MemoouxK cmaHoapmu3ayuu maoaemox
C IKCHPAKMOM ZUHK20

Pesynbrar ncneitanus TabneTOK

Iloxa3arens kauecTBa «['MHKT O, TabaeTkmy» ((éV[EMOHHAHT,
TaOJIeTKH, TOKPHITHIC
(3AO «BUDUTEX»), » [TOKP
0005104KOi1, 40 MIY,
Poccust
I'epmanus
KauectBeHHas peaknus Ha (DIIaBOHOUIBI [onoxxurenpHas [TonoxkuTenpHas

OO6HapyKeHHe B THAPOIH3aTE aTHKOHOB KBEPIETHHA,
kemrieposa U U30paMHETHHA

BrigepxuBatot ucnbiTanue — Ha BOXX-
XPOMATOTrPaMME HCITBITYEMBIX PACTBOPOB
MPUCYTCTBYIOT MMUKU, COOTBETCTBYIOIIHUE I10
BPCMCHH YIICPKUBAHUS TMKaM KBEPILICTHHA,
kemreposia U n30paMHETHHA

COOTHOIIICHNE KBEPIICTHHA U KeMIipeposia 0,21 1,3
ConeprkaHue CyMMBI Merton npsimoit 9,84+0,15 8,6+0,11
(1aBOHOHIOB, MT/Ta0. CO-meTprun (e=1,56%) (e=1,34%)
Merton
anbdepeHIHaTEHOM 7,33+1,13 6,8440,13
CD-metprn (e=1,76%) (e=1,85%)

Tabnuya 6 — Pe3ynomamul anpodayuu Memooux Cmanoapmu3ayuu pacmeopa
¢ IKCIPAKMOmM ZUHKZ0

Pezynbrar ucnbiTanus pactsopa

IToka3arenp xauecTBa

«I'MHKT O, pacTBOp»
(BAO «BUDPUTEX»), Poccus

«TAHAKAH®, pactBop
JUIS IPUEMa BHYTPb,
40 mr/ma» («Beaufour Ipsen
Industrie»), @paniust

KauecTBeHHas peaknuns Ha (DITaBOHOUIBI

TlonoxurenpHas

TlonoxxurenpHas

OOHapyKeHHe B THIPOJIM3aTe aTINKOHOB
KBEpLETHHA, KeMII(eposia 1 H30paMHETHHA

BeiaeprkuBatot ncnsitanue — Ha BOYKX-xpomarorpamme
UCIIBITYEMBIX PaCTBOPOB IIPHCYTCTBYIOT ITHKH,
COOTBETCTBYIOIIME 110 BPEMEHH yAEPKUBAHHS THKAM
KBEpLETHHA, KeMI(eposa 1 H30paMHETHHA

CooTHOIIEHNE KBEpLETHHA U KeMIidepora 1,31 1,37
Conepxanue MeTtoa npsimoit 10,07 £ 0,1 9,63 £0,11
CYMMBI CD-metpun (e=1,03 %) (e=1,17 %)
(1aBOHOMIOB,
MM ﬁ:;;ipeHuHaanoﬁ 8,30+ 0,13 7,81 +0,11
= 0 = 0
CD-werpun (e=1,57 %) (e=1,44 %)

3akuiouenue. [IpeamoxeHbI METOIUKH CIIEKTPOdO-
TOMETPHUYECKOTO OIpEIENICHUsS CYMMapHOTO COJepiKa-
HUsT (DIAaBOHOWIOB, TEPIIEHOJIAKTOHOB W THHKTOJIEBBIX
KHCJIOT, HOpMHPYEeMBIX TpH cTargaptu3ammu ADC pac-
TUTETHHOTO TPOUCXOXKACHHS — « MHKTO ABYJIONACTHOTO
SKCTPAKT CYXON»; TEXHOJIOTHS KOTOPOW BOCIPOMU3BEE-
Ha ¢apmareprindeckoir kommanneit 3A0 «BUDOUTEX»
(Poccmst). Bece meTonmku pa3zpaboTaHbl ¢ yaeToMm (u3u-
KO-XMMHUYECKUX CBOMCTB oIpeneisieMblx knaccoB bAB,
OTBEYAIOT COBPEMEHHBIM TPEOOBAHUAM, aJallTHPOBAHEI
K YCJIOBHSIM IIPOMBIIIUIEHHOTO TTPOU3BO/ICTBA M KOHTPO-
ns kadectBa. [lomTBepxkneHa 3(QekTHBHOCTE MeTona
BD2XX nms oqHOBpeMEHHOH MACHTH(PHUKAINN 1 OICHKH
J0OpPOKaYeCTBEHHOCTH SKCTPAKTa M MPEMapaToB THHKTO.

[TpoBenena cpaBHUTENBHAS OIIEHKA CIIEKTPO(OTOMETPH-
YECKOTO OMpe/eNIeHNsT CyMMbI (pJIaBOHOH/IOB B pa3iind-
HBIX BapHaHTaX, KOTOPBIE XapaKTEPH3YIOTCSI TOUHOCTHIO
U BOCIIPOM3BOJMMOCTBIO B COYETAHWM C MPOCTOTOM
UCTIONHEHUs.. MeToanKn aHaIu30B amnmpoOHMpOBAaHBl B
KOHTpONbHO-aHanmuTHIecKoi naboparopun OKK 3A0
«BUOUTEX», nonyyeHHbIE pe3yabTaThl MPOLUIH BaJIU-
JAIMOHHYIO OIIEHKY 10 OCHOBHBIM KPUTEPHSIM, KOTOPBIC
MOKa3aId BO3MOXXHOCTh WX MPUMEHEHMS Kak ISl Me-
KOTIEPAI[IOHHOTO KOHTPOJISI MONYTIPOITYKTOB, TaK M IS
CTaHIAPTU3AINU TOTOBBIX NPOIYKTOB, MOTYYaEMbIX W3
JIMCTHEB THHKIO JIBYJOMACTHOTO — JKCTPAKTA CYXOTO M
JIIT «TTUHKT O, TabneTku MOKPHITEIE 000I09K0#H, 40 MI»
n «[TMHKT O, pacTtBop /11 ipuema BHYTph, 40 Mr/Mi».
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Introduction. Nootropics are a group of drugs that
have a specific positive effect on the higher integrative
functions of the human brain, mental activity, increase
resistance to various damaging factors, reduce neurolog-
ical deficits and improve cortic-subcortical connections
[1, 2]. In a modern range of nootropics drugs, a special
place belongs to preparations of plant origin that, when
properly applied, are no less effective than synthetic or
semi-synthetic analogs, and they are usually side effects
are minimized. Among them , preparations based on
ginkgo biloba leaf extract (Extractum foliorum Ginkgo
bilobae), characterized by cerebrovascular activity, are
distinguished. The realization of the pharmacological ef-
fect of ginkgo drugs occurs through an indirect effect on
the nerve cell due to the improvement of cerebral blood
flow and microcirculation, antiaggregant and antihypox-
ic effect [3, 4, 5].

Ginkgo biloba (Ginkgo biloba L.) is a gymnosperm
relict deciduous tree, which is the only modern represen-
tative of the family Ginkgolide (Ginkgoaceae). Ginkgo
leaves are included in the Russian, European and British
pharmacopoeias and serve as raw materials for the pro-
duction of a number of drugs (Tanakan, Memoplant, Bi-
lobil, Ginkgo-Fort, etc.) and biologically active additives
(BAA) for food, which number several dozen names.
However, due to various reasons, including the relatively
high cost of the final product, the demand for these prod-
ucts remains unrealized [1, 6, 7, 8]. Proceeding from the
above, the need to create Russian MP that are not inferior
in quality, efficiency and safety to foreign analogues is
very relevant. The creation of import-substituting drugs
is hampered by such factors as the lack raw materials,
lack of standard samples (CS), in a number of cases the
complexity of conducting analysis techniques, ect.

For an analysis of extract of ginkgo and its prepa-
rations are devoted a number of studies [9, 10, 11, 12,
13]. In most of the techniques proposed earlier, the focus
has been on two classes of substances: flavonoidal gly-
cosides, collectively known as “ginkgoflavonglicosides,”
“ginkgozides,” “ginkgoflavones” and terpenolactones,
which also are grouped under the name ginkgolides,
ginkgolactones, “Bilobalides” [14, 15, 16]. In the recent
publications, there has been a potential danger of uncon-
trolled use of the crude ginkgo extract, which is associ-
ated with a number of side effects, in particular, allergic
reactions and toxic effects on the gastrointestinal tract,
which occur due to the presence of the so-called. gink-
golic acids. Due to the fact that the minimum length of
therapy with ginkgo drugs is three months, but it could
reach six months or more, it is recommended for the ex-
tract of ginkgo to be additionally normalized according
to the level of the maximum allowed content of ginkgoic
acid (according to various sources, not more than 5 mg /
kg or not more than 10 mg / kg) [7, 17, 18].

Pharmaceutical company CJSC “VIFITEH” repro-
duces the APS technology of the dry extract of leaves
ginkgo biloba and introduces into the assortment of MP:
“GINKGO, coated tablets, 40 mg” and “GINKGO, solu-
tion for enteral use, 40 mg / ml.” The technology based

232

on the extraction of ginkgo leaves with 60% acetone,
followed by fractionation and selective purification from
low-polar substances, including from ginkgoic acids.
As a result, the preparations become full analogues of
drugs “MEMOPLANT, tablets coated with a film coating
of 40 mg” (“Dr. Willimar Schwabe GmbH & Co. KG”,
Germany), “TANAKAN®, tablets coated with 40 mg”,
and “TANACAN® , solution for ingestion of 40 mg /
ml (“Beaufour Ipsen Industrie”, France), which are reg-
istered and used in Russian Federation for more than 20
years [1, 6].

The aim — is the development and validation of
methods for standardizing of APS — dry extract, and
ginkgo biloba preparations.

Materials and methods. The subjects of the study
are samples of the APS “Ginkgo biloba dry extract” and
MP — “GINKGO, coated tablets, 40 mg” and “GINKGO,
solution for the enteral use, 40 mg/ml” of the Company
CJSC “VIFITEH”. Research methods: spectrophotome-
try in the UV and visible range (spectrophotometer SF-
56, manufactured by LLC LOMO-SPECTR, Russia); the
conditions for the HPLC chromatography: liquid chro-
matograph with software control and computer analysis
of the results of analysis of the brand Shimadzu Promi-
nence C- 20AD with degasser DGU-20A3R and UV-de-
tector Shimadzu SPD-20A; a chromatographic column
of Zorbax Eclipse XDB-C18 has measurements 4,6 %
250 mm and a sorbent particle size of 5 pm; mobile phase
is a mixture of orthophosphoric acid solution of 0,5% and
acetonitrile for chromatography (70: 30); The detection
wavelength is 370 nm.

Results and discussion. According to literature
data, flavonoids of the ginkgo extract are represented
by glycosides, derivatives of quercetin, kaempferol and
isorhamnetin, and also by condensed through the bond of
C,-C’, biflavonoids [15, 19]. The detection of flavonoids
was carried out by means of a cyanidin test [16], which
allows them to be quickly and reliably identified, both in
APS and in the medicinal preparations. The confirmation
of the authenticity of the investigated ginkgo MP is also
occurred through the presence of characteristic peaks of
aglycons of quercetin, kaempferol and isorhamnetin on
the HPLC chromatogram (fig. 1). Hydrolysis of flavo-
nolglycosides during the sample preparation was carried
out in the presence of hydrochloric acid by heating the
reaction mixture for 2 hours in the ethanol medium.

At the stage of development and approbation of the
technique of HPLC analysis, the peaks of the analyzed
substances on the chromatograms were confirmed by the
use of CS solutions of quercetin, kaempferol and isor-
hamnetin (Sigma Aldrich). Analysis of the obtained ex-
perimental data has shown that in order to simplify the
procedure for standardizing of the gingko substance and
drug by HPLC, it is sufficient to use only quercetin CS
for the detection of the characteristic peaks on the chro-
matogram, the detection of which allows us to identify
the peaks of kaempferol (the ratio calculated as the t
— about 1,9 and t

retention

substance’ retention quercetin

—about 2,1).

retention isorhamnetin/quadzetin



Pharmacy & Pharmacology V. 5 N 3, 2017

DOI:10.19163/2307-9266-2017-5-3-222-241

Figure 1 — Detection of aglycons of flavonoids of the extract of Ginkgo by HPLC.
Legend: 1— peak of Quercetin; 2 — peak of Kaempferol; 3- peak of Isorhamnetin

Moreover, the United States Pharmacopeia (USP)
considers the control of the ratio of peak areas of flavo-
noid aglycons for quercetin and kaempferol, which in a
benign product should not exceed 2,5:1; This indicator
eliminates the introduction of more available substances
into the product composition — rutin or quercetin, in order
to increase the content of the flavonoid fraction [18].

The content of the sum of flavonoids in the extract
and preparations of ginkgo is determined by spectropho-
tometry and HPLC methods [13, 20]. The HPLC method
calls for the summation of areas of peaks of aglycons of
quercetin, kaempferol and isorhamnetin on the chromato-
gram, the received amount is recalculated to the sum of
flavonoid glycosides through the peak area CS quercetin
and correction factor. The procedure could be reproduced,
and it allows the selective assessment of the analyzed
class of substances, but depends on the completeness of
the hydrolysis of flavonol glycosides; it is laborious in
execution and requires considerable time expenditure. In
the industrial production of metered MP, in particular of
tablets and solutions, the HPLC analysis can significantly
affect the speed of interoperational control, namely the
tablet mass, tablet cores, intermediate intermediates or
solutions. It allows standardizing the analyzed subject
only according to the maximum permissible lower level
of the quantitative content of the amount of flavonoids.
Despite the shortcomings, the technique has a significant
advantage in the ability of simultaneous determination of
the authenticity and quality of the substance.

The quantitative determination of the sum of flavo-
noids in the extract and ginkgo preparations was simulta-
neously tested by use of the direct and differential spectro-
photometry. The difference of these approaches lies in the
preparation of samples. In the direct spectrophotometry,
the optical density is measured in a solution of a substance
or a sum of substances in their original structure that has
not been altered during any reaction, and the measurement
is made with respect to a solvent, usually colorless and

transparent. In the variant of the differential spectropho-
tometry, the determination is made on the products of the
chemical transformations of the analyzed substance or the
sum of the substances, the measurement here is relative to
the solution prepared analogously to the test, but without
the addition of a reagent, complexion agent, oxidizer, etc.
In the first variant of direct spectrophotometry, the sum of
the analyzed substances was selected in accordance with
the selective extraction that contains mainly a fraction of
flavonoids, in the second variant — colored complexes of
flavonoids with aluminum chloride.

The spectra of UV absorption of the test solutions
from the extract of ginkgo and its dosage forms under
direct spectrophotometric conditions have a so-called
“shoulder” or weakly expressed maximum in the region
(340 — 375) nm; The spectra of UV absorption of test
solutions under differential spectrophotometry condi-
tions have peaks in the range from 405 to 415 nm (table
1). During the tests, we found out that the dependence
of the optical density values of the test solutions on the
sample of the extract of ginkgo corresponds to the vali-
dation criterion of linearity, which makes it possible to
consider both versions of the techniques to be suitable for
standardizing of ginkgo preparations.

As a standard sample, both methods used CS rutine
(Sigma Aldrich), which had absorption maxima at the
wavelengths (362 + 5) nm and (410 £ 5) nm, respectively
(table 1). Solutions of CS rutine, in both, direct and in
differential spectrophotometry, demonstrate the repro-
ducibility of the optical density, which served as the ba-
sis for calculating of the values of the specific absorption
index (A%z/l‘:,[) rutine under the analysis conditions (table
1). According to the data of table 1, the relative error in
determining the specific absorption index for all variants
does not exceed 2%, which allows the use of the speci-
fied values in the analysis techniques. As it is known, the
use of an accurately established indicator allows signifi-
cantly reducing the duration of the analysis, reducing of
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the magnitude and probability of determination error, as  rutine, which is important for the current interoperational
well as standardizing in the absence or shortage of CS  control in production.

Table 1 — Comparative characteristics of variants quantitative determination
the sum of flavonoids in dry Ginkgo extract by SP-metry

Spectophotometry
Direct method | Differential method
1. UV-absorption spectrums of examinees of solutions, according
to techniques of determination of the sum of flavonoids in extract and drugs Ginkgo

Legend: 1 — test solution of Rutine (CRS); 2 — test solution from “GINKGO, solution”;
3 — test solution from “GINKGOtabletsy; 4 — test solution from the substance «Ginkgo extract dry»

2. Dependence of the optical density on the sample by methods of determining
the sum of flavonoids Ginkgo extract

21a 081 A
1 0.7 -
08 - 0.6 1
05
06 - 04
04 - 03 -
02 |
0.2 - shot, g 01 - shot, g
0 : : : : . 0 : : : : .
002 004 006 008 01 008 01 015 02 025
3. The values of the specific absorption index (412 rutine
el P | s | oax | &% X, |t P | s | a4 |&%
316 | 5| 095 | 21323 | 548 | 1.76 1860 | 5| 095 | 13969 | 359 |1.93

4. Methods for determining the amount sum of flavonoids in Ginkgo extract

Preparation of test solution A
To 0.1 g (precise shot) of the substance add 30 ml of ethanol 50% and mix with a magnetic stirr eror shaker for 5
minutes. The solution is quantitatively measured with an ethanol of 50% transferred to a 50 ml volumetric flask, then
the volume is adjusted to the mark with the same ethanol and mixed

Preparation of test solution B
2.0 ml of solution A is placed in a 50 ml volumetric flask, | 1.0 mlofsolution A is place din a 25 ml volumetric
0.5 ml of acetic acid is added to a solution of 1%, adjusted | flask, 2 ml of aluminum (III) chloride ethanol solution
to 70 with an ethanol, and mixed is added 2%, 0.5 ml of acetic acid is diluted with 30%,
then the volume is adjusted with ethanol 70% to the
mark and mixed
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Table 1 continued

The spectrophotometric conditions of the test solution B

At a wavelength of 362 nm in a basin with a layer thick-
ness of 10 mm

At a wavelength of 410 nm in a basin with a layer thick-
ness of 10 mm

Comparison solution

Solution of ethanol 70%

A solution prepared similarly to solution B, but without
adding solution aluminum(III) chloride 2%

A%
a — ashot of substance, g;
W — loss in weight drying, %

The formula for calculating the content of the amount of flavonoids in the substance
In terms of Rutine and dry matter (X) as a percentage:

X = A-50-50-100 A-125000
A% a-2-(100-W) 311L,6-a-(100— W)’
where A —  optical density of the test solution B;

specific indicator of absorption of Rutine in the conditions of analysis;

_ A-50-25-100 A-125000
A -a-1-(100- W) 186-a-(100— W)’

The most important feature of the extract of ginkgo is
the possible presence in its composition of the so-called
ginkgolic acids, therefore, the technology of its industrial
production provides liquid-liquid extraction with n-hep-
tane or with other suitable extractant for the purpose of
their removal. The potential side effect of ginkgoic acids
determines the need to monitor their residual content in
the substance in order to ensure the safety of MP.

By their properties and chemical structure ginkgoic ac-
ids are low-polar 6-alkyl derivatives of salicylic acid (fig. 4).

In the analysis of MP containing ginkgo extract, the
minor changes were made to the procedures during the
phase of the sample preparation, concerning the need for
correction of the sample and additional filtration of solu-
tion A. The results of the numerous studies confirmed the
possibility of applying the spectrophotometry method in
two variations for the quantitative determination of the
sum of flavonoids, because in all tests the relative deter-
mination error did not exceed 2% (table 4).

Similarly, methods were developed for the spectro-

photometric determination of the sum of terpenolactones
and the sum of ginkgoic acids for the purpose of quanti-
tative assessment.

Terpenolactones of ginkgo are represented by sequi-
and diterpene derivatives. This group of BAC is charac-
terized by the absence of pronounced absorption bands,
which establish the basis for the development of their
quantitative determination by differential spectrophotom-
etry by reaction with an oxidizing reagent, in analogy with
the previously described [21]. The sample preparation in-
volves the selective isolation from an extract of the gink-
go of the terpenoid fraction by a nonpolar chlorinated or-
ganic solvent. Bibobalide (Bilobalide from Gingko biloba
leaves, Sigma Aldrich) was used as the standard sample,
which in the presence of concentrated sulfuric acid forms
a compound with a pronounced absorption maximum at
a wavelength of (292 + 5) nm. The total UV spectrum of
oxidation products of terpenolactones of the extract of
ginkgo under the analysis conditions showed absorption
maxima at (267 + 5) nm and (295 £ 5) nm (fig. 2)

Figure 2 — UV absorption spectra of oxidation products of Bilobalide (1) and the sum
of terpenolactones Ginkgo extract (2) with sulfuric acid concentrated

The dependence of the optical density of the test
solutions on the sample weight of the extract of ginkgo is
linear (fig. 3), which is a reliable criterion for the applica-
tion of this approach.

When developing the technique, the specific absorp-
tion index of bilobalide was calculated under the analysis
conditions. The results of the statistical method are pre-
sented in table. 3.
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Figure 3 — Dependence of the optical density of the test solution on the sampleGinkgo extract in the quantitative
determination of the amount of terpenolactones

As can be seen from the data in Table 3, the relative
error of the determination does not exceed 3%, which
makes it possible to use the calculated index in the stan-
dardization of the extract.

The method of quantitative determination of the
sum of terpenolactones in dry ginkgo extract by UV
spectrophotometry is presented in table 4. It was tested
on samples of dry extract of ginkgo produced by CJSC

«VIFITEH». The assay was performed in six replicates;
the results were processed by a statistical method. It was
found that the content of the amount of terpenolactones
in the extract of ginkgo, determined by the spectropho-
tometric method, allows to normalize this index at the
level of “not less than 6,0%”, since the relative error does
not exceed 3,0%, which corresponds to the previously
established international requirements (table 6) [18, 20].

Table 2 — Method for quantitative determination of the amount of terpenolactones in Ginkgo extract

Preparation of test solution A

To 0.2 g (precise shot) of the substance is added 40 ml of chloroform and stirred for 30 minutes in a water bath under
reflux at a temperature of (60-70) © C. The mixture is then filtered with 2.0 g of sodium sulfate anhydrous into a 250 ml
distillation flask. The conical flask and filter are quantitatively washed with chloroform 2 times in 15 ml portions. Chlo-
roform extraction is evaporated on a rotary evaporator under vacuum at a temperature of (50-60) ° C until the organic
solvent is completely removed. The residue is dissolved in 5 ml of chloroform under gentle heating in a water bath and
transferred to a 10 ml volumetric flask. The distillation flask was quantitatively washed with the same solvent twice
in 2 ml portions. The volume of the solution in a volumetric flask is adjusted with chloroform to a mark and mixed

Preparation of test solution B

5.0 ml of solution A are placed in a 50 ml flask and are rotary evaporated in vacuum at a temperature of (50-60) ° C
until the organic solvent is completely removed. The residue is mixed with 5 ml of sulfuric acid concentrated, which
is then transferred to a 10 ml volumetric flask, the flask is rinsed with 3 ml of acid, which is added to the bulk volume
in a volumetric flask. The volume of the solution is adjusted to a mark with concentrated sulfuric acid and mixed

The spectrophotometric conditions of the test solution B —
At a wavelength of 295 nm in a basin with a layer thickness of 10 mm

Comparison solution — sulfuric acid concentrated

The formula for calculating the amount of terpenolactone in the substance in terms
of Bilobalide and dry matter (X) as a percentage:
_ A-10-10-100
Al -a-5-(100- W)’

where A —  optical density of the test solution B;
A% —  specific indicator of absorption of Bilobalide in the conditions of analysis;
a —  ashot of substance, g;
W —  loss in weight drying, %

The most important feature of the extract of ginkgo is
the possible presence in its composition of the so-called
ginkgolic acids, therefore, the technology of its industrial
production provides liquid-liquid extraction with n-hep-
tane or with other suitable extractant for the purpose of
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their removal. The potential side effect of ginkgoic acids
determines the need to monitor their residual content in
the substance in order to ensure the safety of MP.

By their properties and chemical structure ginkgoic ac-
ids are low-polar 6-alkyl derivatives of salicylic acid (fig. 4).
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OH O

R =-C ,H, —Ginkgoic acid GA C 13:0 (6-tridecylsalicylic acid),
R =-C,,H,~Ginkgoic acid GA C 15:1 (anicardic acid, 6-pentadecenylsalicylic
OH acid),
R =-C H, —Ginkgoic acid GA C 15:0 (6-pentadecylsalicylic acid),
R R =-C H, —Ginkgoic acid GA C 17:1 (6-heptadecenyl salicylic acid)

Figure 4 — Ginkgolic acids identified in leaves of Ginkgo biloba

During the development of the test procedure, their
physicochemical properties were taken into account (ta-
ble 3). Extracting agent for the fraction to be analyzed for
processing of the sample of dry extract of ginkgo during
the sample preparation was n-heptane, which eliminates
the interfering effect of both the concomitant polar com-
pounds and terpenolactones that are insoluble in this ex-
tracting. For a standard sample, we used 6-tridecyl-sali-
cylic acid (Ginkgolic acid (GA) C 13: 0, Sigma Aldrich).
A solution of GA C 13:0 has a pronounced absorption

maximum at a wavelength (311 + 2), which we accepted
to be analytical in the spectrophotometric determination
technique (fig. 5). The sample of the substance to be an-
alyzed is selected so that, if there is a residual amount of
ginkgoic acid more than 10 ppm (0.001%), the optical
density of the test solution will exceed 0.167, and the UV
spectrum will contain a so-called “shoulder” or maxi-
mum. In samples of the extract that have been tested, the
content of the sum of ginkgoic acids corresponds to the
established norm (fig. 5).

Figure 5 — UV-absorption spectra of the test solution of the extract of Ginkgo and solutions of Ginkgoic acid
Legend: 1 — test solution of ginkgo extract; 2 — solution of Ginkgoic acid GA C 13:0 0.520 mg/ml;
3 — solution of Ginkgoic acid GA C 13:0 0.208 mg/ml

Table 3 — Test procedure for dry Ginkgo extract for residual content
the sum of Ginkgolic acids

Preparation of test solution

15.000 g of a substance powder previously dried for 5 hours is placed in a 250 ml conical flask, about 100 ml of
n-heptane is added and mixed on a magnetic stirrer for 30 minutes. The mixture is filtered with 2 g of sodium sulfate
anhydrous into a 250 ml distillation flask. The conical flask and filter are washed with 20 ml of #-heptane, which are
attached to the basic solution. The filtrate is evaporated on a rotary evaporator at a temperature of (75-85) °© C until
the organic solvent is completely removed. The residue is mixed with 5 ml of n-heptane, then quantitatively with
the same solvent is transferred to a 10 ml volumetric flask. The volume of the solution in a volumetric flask is made
up to n-heptane to the mark, mixed and filtered

The spectrophotometric conditions of the test solution —
At a wavelength of 311 nm in a basin with a layer thickness of 10 mm

Comparison solution- n-heptane

Regulation:
The optical density of the test solution should not be more than 0.167 (the content of the sum of ginkgolic
acid sinterms of Ginkgolic acidC13: 0 — not more than 0.001%)

residual content of the sum of ginkgolic acids in a sub-
stance normalized to the upper limit. The relative error of
the tests performed does not exceed 2,0%.

The experimental data obtained in the laboratory of
the CJSC «VIFITEH» confirmed the effectiveness of ap-
plying the spectrophotometry method for estimating the
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During the approbation in the conditions of phar-
maceutical production, it was found that the developed
methods for the indicators of authenticity, the ratio of
quercetin and kaempferol, the test for the content of
the amount of ginkgoic acids, the quantitative determi-
nation of the sum of flavonoids (ginkgoflavonogluco-
sides) and the sum of terpenolactones were included in
the ND on the substance “Ginkgo biloba extract dry”
(CJSC «VIFITEH») and are mandatory for its stan-
dardization. With regard to dosage forms, containing

standardized extract of ginkgo, it is advisable to limit
the content of flavonoids in the analysis according to
the indicator “Quantitative determination”, since this
indicator is sufficiently informative, characterized by
accuracy, reproducibility and ease of execution, which
is very important for control of intermediates. Addi-
tionally, this parameter is significantly less influenced
by the auxiliary components which make up the MP.
The results of approbation of the methods are present-
ed in table 4, 5, 6.

Table 4 — Results of approbation of techniques for standardization
of the substance «Ginkgo bilobae dry extracty (CJSC «VIFITEH»)

Quality index

Result of test of substance

Model 1 (ser. 011216)

Model 2 (ser. 021216)

High-quality reaction to flavonoids

Positive Positive

Detection in a hydrolysate of aglycone of
Quercetin, Kaempferol and Izorhamnetin

Pass the test — on the HPLC chromatogram of the test solutions
there are peaks corresponding to the retention time of the peaks
of Quercetin, Kaempferol and Isorhamnetin

Ratio of Quercetin an Kaempferol 1.31 1.22

The content of Direct 29.64+0.36 28.88+0.54

the amount sum spectrophotometry (e=1.21%) (e=1.87%)

1 0,

of flavonoids, % - I"pyi e rential 21.78 + 0.41 20.98+0.24
spectrophotometry (e=1.88%) (e=1.14%)

The content of the amount sum of terpeno- 7.87+0.17 8.03+0.22

lactones, % (e=2.16 %) (e=2.74 %)

The Fest fgr the. residual content of the sum With stands the test With stands the test

of Ginkgoic acids, %

Table 5 — Results of approbation of standardization procedures
for tablets with Ginkgo extract

Result of test of tablets

Quality index

«GINKGO, tablets 40 mgy»
(CJSC «VIFITEH»),

«MEMOPLANT,
tablets 40 mg»
(«Dr. WillimarSchwabe

Russia GmbH & Co. KG»), Germany

High-quality reaction to flavonoids

Positive Positive

Detection in a hydrolysate of aglycone of Quer-
cetin, Kaempferol and Izorhamnetin

Pass the test — on the HPLC chromatogram of the test solu-
tions there are peaks corresponding to the retention time of
the peaks of Quercetin, Kaempferol and Isorhamnetin

Ratio of Quercetin and Kaempferol 0.21 1.3
The content of the Direct spectrophotometry 9.84+0.15 8.6+0.11
amount sum of fla- (e=1.56%) (e=1.34%)
vonoids, mg/tab. Differential 7.33£1.13 6.84+0.13
spectrophotometry (e=1.76%) (e=1.85%)
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Table 6 — Results of approbation of standardization techniques for solutions with Ginkgo extract

Result of test of solution

Quality index

«GINKGO, solution 40 mg/ml»
(CJSC «VIFITEH»), Russia

«TANAKAN®, solution 40 mg/ml»
(«Beaufour Ipsen Industrie»), France

Ratio of Quercetin and Kaempferol

Positive

Positive

Detection in a hydrolysate of agly-
cone of Qercetin, Kaempferol and

Pass the test — on the HPLC chromatogram of the test solutions there are
peaks corresponding the retention time of the peaks of Quercetin, Kaemp-

Izorhamnetin ferol and Isorhamnetin

Ratio of Quercetin and Kaempferol 1.31 1.37
The content Direct SF-metry 10.07 0.1 9.63 £0.11
of the amount (e=1.03 %) (e=1.17 %)
sum of flavo- | pjfferential 8.30+0.13 7.81+0.11
noids, mg/ml | SF-metry (e=1.57 %) (e=1.44 %)

Conclusion. The methods of spectrophotometric
determination of the total content of sum of flavonoids,
terpenolactones and ginkgoic acids, normalized by stan-
dardization of a pharmacologically active substance of
plant origin — “Ginkgo biloba extract dry”, the technol-
ogy of which was reproduced by the pharmaceutical
company CJSC “VIFITEH” (Russia) are proposed. All
methods are designed taking into account the physical
and chemical properties of the identified classes of BAC,
meet modern requirements, and are adapted to the con-
ditions of industrial production and quality control. The
effectiveness of the HPLC method was confirmed for the

simultaneous identification and evaluation of the benig-
nity of Ginkgo extract and preparations. A comparative
evaluation of the spectrophotometric determination of the
sum of flavonoids was carried out in the different variants,
which are characterized by precision and reproducibility
combined with ease of execution. The methods were tested
in the control and analytical laboratory of the CJSC “VI-
FITEH”, the results were validated according to the main
criteria that showed the possibility of their use for the con-
trol between operation of intermediates and for standard-
ization of the substance, “GINKGO, 40 mg coated tablets”

10.

11.

12.

and “GINKGO, solution for enteral use, 40 mg/ml”.
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