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CnekrpodoromMmerpuueckoe onpeaejeHne A-BUTAMUHHON
AKTUBHOCTU KapPOTHHOUAOCOAEPHKAILETO ChIPbS

B.B. Besnuuko, /I.C. Kpyrios

®OI'bOY BO «Hosgocubupckuil 2ocydapcmeeHHblil meduyuHekull yHusepcumem» Munadpasea Poccuu

AHHOTAIIUS

KapoTrHOU/BI [IPECTABISIIOT HHTEPEC KAK IPE/NIECTBEHHUKHI BUTAMUHA A, UMEIOIETO [INPOKUH [1ana3oH hapMaKosIo-
TMYECKON aKTUBHOCTH — aHTUOKCUZAHTHOM, IMMYHOMO/IYJIPYIOIIEH, yuacTre B (DOTOPEIENnIUi U JIP.

Lenpio paboTHI ABJISAIACH PA3pabOTKA METOUKY CIEKTPO(GOTOMETPHUECKOTO OIPEesIeHIs A-BUTAMIHHON aKTHBHOCTH
JIEKAapCTBEHHOTO pacTUTeNbHOrO chipbs (JIPC), Goratoro xapoTuHOuAaMu. B KauecTBe 0O'bEKTOB HCCIIEZOBAHUS OBLIN
BBIOpAHBI TPAJUIIMOHHBIE NCTOYHUKH KapOTHHOUZIOB — 00JIenuxa, MOPKOBbB, THIKBA U IIMIOBHUK. [Ipe/jiokeHa MeTo-
JIUKa OTIpe/ieJIeHNs CO/IEPKAaHUA NHUBU/IyaIbHBIX KADOTHHON/IOB B JIPC 110 BeTMYMHE ONTHYECKOH ITIOTHOCTH IIPHU JJTH-
Hax BOJIH, COOTBETCTBYIOIINX XapaKTePHBIM MaKCHUMyMaM O-KapOTHHA, J-KapoTHHA 1 JUKOMHHA. [loka3aHo, YTO IpeArno-
YTHUTEJIHHO UCIIOJIb30BATh M30IPOMUIIOBBIN CIIUPT Kak Haubosiee 3HEKTUBHBIN PACTBOPUTEIT.

VueT coziep:kaHus KOHKPETHBIX KAPOTUHOU/IOB TIO3BOJISET ONPEAEATh A-BUTAMHUHHYIO aKTUBHOCTb CYMMBI KADOTHHOM-
JIOB, U3BJIEKAEMBIX M3 PACTUTEIHHOTO ChIPbsI, U COOTBETCTBEHHO MOBBICUTH 3(PGHEKTUBHOCTD TPUMeEHEHHs HUTOIpenapa-
TOB U OMOJIOTUYECKU AKTUBHBIX J00ABOK JJIs1 03/I0POBJIEHUS.

Kaoueanble ca08a: KapOTHUHOUIBI, A-KapOTHH, [3-KapOTUH, JIUKOIIH, 9KBUBAJIEHT PETUHOJIA, CIEKTPOGOTOMETPHS.

Oo6paszen murtupoBaHusna: Bemnuko B.B., Kpyrios /I.C. CnekTpodoTOMETpUYECKOE OIIPE/ieIEHHE A-BUTAMUH-
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The spectrophotometric determination of A-vitamin activity
of carotenoid-containing raw material

V.V. Velichko, D.S. Kruglov

Novosibirsk State Medical University

ABSTRACT

Carotenoids are of interest as precursors of vitamin A, which has a wide range of pharmacological effects — antioxidant,
immunomodulatory, participating in photoreception, etc.

The aim of the research was to develop a technique for the spectrophotometric determination of the A-vitamin activity of
carotenoids-rich medicinal plant raw materials (MPRM). The objects of research were the traditional sources of carot-
enoids — sea buckthorn, carrot, pumpkin and wild rose. A method is proposed for determining the content of individual
carotenoids in MPRM by optical density at wavelengths corresponding to the characteristic peaks of a-carotene, f-carotene
and lycopene. It has been shown that it is preferable to use isopropyl alcohol as the most effective solvent.

Taking into account the content of specific carotenoids makes it possible to determine the A-vitamin activity of the sum of
carotenoids extracted from plant materials, and, accordingly, to increase the efficiency of the use of herbal preparations
and biologically active additives for health improvement.

Keywords: carotenoids, a-carotene, [3-carotene, lycopene, retinol equivalent, spectrophotometry.
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BBE/IEHUE

KapotuHousibl — 3TO Tpymmna OHOJOTHYECKU
akTUBHBIX coenHeHu (BAC), koTopast OTHOCHUTCS K
ITOJIMEHOBBIM H3OIPEHOUAM TEPIIEHOBOTO psiia,
MIPENMYIIECTBEHHO — TeTpaTepreHamM. KapoTuHo-
UJIBI 00JIATAI0T IITUPOKUM CIIEKTPOM (hapMaKOJIOTH-
YEeCKOW aKTUBHOCTH — IIPOBUTAMHHHOW, AaHTHOKCH-
JTAaHTHON, UMMYHOMO/IyJIUPYIOIIEeH, yuacTue B pOTO-
petieniiuu u Ap. B opranusmMe yesoBeka KapOTHHO-
UJIbl HE CUHTE3HPYIOTCS, BOCIIOJIHEHHE TOTPEeOHO-
CTel BO3MOXKHO TOJIPKO IIyTEM IIOCTYILUIEHUS C
MHIIeH, OMOJIOrHUYEeCKH aKTUBHBIMY 100aBKaMH HJIN
JIeKapCTBEHHBIMU cpezicTBaMu. HaumbOoJsiee vacto B
COCTaBe PACTUTEJILHOTO CHIPbsl IPUCYTCTBYIOT CJie-
JIYIOIIIHE KapOTHHOUBI: JIUKOIWH, KaK OMOTeHEeTH-
YeCKUU IIPEIIECTBEHHUK BCeX KAPOTHHOU/IOB [1, 2],
UMEIOIUH JIMHEWHYIO CTPYKTYPY, 8 TAKKe A-KapOTUH
U [}-KapOTHH, OTJIMYAIOIIHUECS APYT OT JIpyra CTPYK-
TypOH 3aMBIKAIOIUX HOHOHOBBIX ITUKJIOB. KapoTu-
HOUJIBl TIPECTABJIAIOT MHTEPEC KaK IPeIIecTBeH-
HUKH (IIPOBUTAMHWHBI) BUTAMUHA A, HEOOXOIUMOTO
JUIsT HOPMAJIBHOU 3KUBHEJEATETbHOCTH KUBOTHOTO
opranusMma. [I[poBuTaMUHHBIE CBOMCTBA [J-KapOTHHA
0a3UpyIOTCS HA TOM, YTO ITPOCTHIM JIeJIEHUEM OTHOH
ero MOJIEKYJIBI Ha JIBE PaBHbIE YACTH MOTYT OBITh
MTOJIyYeHbI 1B MOJIEKYJIBI PETUHOJIA (BUTaMHUHA A).
Bmecre ¢ TeM peasbHBIN MeTab0IU3M [-KapoTHHA
ropasJio cyIoxkHee [3] u BKIIOYAeT OKHCITUTETBHYIO
JIECTPYKIIUIO, HAUMHAIONIYIOCA C OJTHOTO U3 KOHI[OB
MOJIEKYJIbI 4epe3 oOpa3oBaHHEe arnoKapOTHHAJIEH.
ITOCKOJIBKY OKHCJIUTEJIbHBIE MPOIECCHI, ITPOTEKAIO-
IHEe B C/JIU3UCTONM TOHKOTO OT/leJla KHUIIEYHHKA,
Heu30eKHO COTPSI?KEHBI C TOOOUHBIMU PEAKITUSIMH,
TO A-BUTaMUHHAsA aKTUBHOCTH MOJIEKYJIBI [3-Kapo-
THHA HE BBIIIIE, a B /IBA Pa3a HUKe aKTUBHOCTH MOJIe-
KyJIbl YKHCTOTO PETHHOJIAa. IMIIUPUYECKH YCTaHOB-
JjieHo [1], 4uro 1 Mr [-KapoTHHAa COOTBETCTBYET
1667 ME (MexxayHapomHas eIUHHUIAa aKTHBHOCTU
BUTaMHHA A), B TO BpeMs KaK 1 MT 0-KapOTHHA COOT-
BetcTByeT 883 ME. JIuKONINH, HECMOTPS HA TO, YTO
OH sBJIsETCS OUOTEHETUYECKUM IIPEIIeCTBeHHU-
KOM KapoTHHa, caM 1o cebe He obsayiaer A-BHUTa-
MHWHHOU aKTHBHOCTBHIO [4]. B 3TOH cBA3M Jekap-
CTBEHHBIE PACTUTEJIbHBIE IIperapaThl, HCIOJIb3ye-
Mble KaK MCTOUHHUKHM KapOTHHOWOB, MOTYT 00Jia-
JlaTh pa3HOU A-BUTAaMHHHOW SKBUBAJIEHTHOCTHIO, U
B BTOM CJIy4ae HeoOXOAMMO CTaHJaPTU30BATh UCXO0-
JTHOE JIeKapCTBEHHOE pacTUTebHOoe chipbe (JIPC) He
TOJIBKO I10 CyMMe KapOTHHOU/IOB, HO U IIPEK/IE BCETO
10 ero A-BUTAMUHHOMY SKBUBJIEHTY. TeM He MeHee
B HACTOAINUNA MOMEHT CTaHJAPTU3ALHA TaKOTO
CBHIPBS IPOU3BOIUTCS TOJIBKO II0 CyMMe KapOTHHOU-
JIOB B IlepecueTe Ha [-KapoTwH, 06e3 ydera ero
A-BUTAaMUHHON SKBHBAJIEHTHOCTH.

INTRODUCTION

Karotenoids are a group of biologically active
compounds (BAC) that belongs to polyene isopren-
oids of the terpene series, mainly tetraterpenes.
Carotenoids have a wide range of pharmacological
activities, among which are generally recognized
provitamin, antioxidant, immunomodulatory, par-
ticipating in photoreception, etc. Carotenoids are not
synthesized in the human body; the needs can be
replenished only through intake with food, biologi-
cally active additives or drugs. Most often, the fol-
lowing carotenoids are present in the plant material:
lycopene, as a biogenetic precursor of all carotenoids
[1, 2], with a linear structure, as well as a-carotene
and [-carotene differing from each other in the
structure of terminal ionone cycles. Carotenoids are
of interest as precursors (provitamins) of vitamin A,
which is necessary for the normal functioning of an
animal organism. The provitamin properties of
[-carotene are based on the fact that by simply divid-
ing one of its molecules into two equal parts, two
retinol (vitamin A) molecules can be obtained. At the
same time, the real metabolism of [(-carotene is
much more complicated [3] and includes oxidative
destruction, starting from one of the ends of the mol-
ecule through the formation of apocarotenals. Since
the oxidative processes occurring in the mucous
membrane of the small intestine are inevitably asso-
ciated with side reactions, the A-vitamin activity of
the B-carotene molecule is not higher, but two times
lower than the activity of the pure retinol molecule.
It has been empirically established [1] that 1 mg of
[-carotene corresponds to 1667 IU (the international
unit of activity for vitamin A), while 1 mg of a-carotene
corresponds to 883 IU. Lycopene, despite being a
biogenetic precursor of carotene, does not possess
A-vitamin activity itself [4]. In this regard, herbal
medicinal preparations used as sources of carot-
enoids may have different A-vitamin equivalence,
and in this case, it is necessary to standardize the
starting medicinal plant raw material (MPRM) not
only in terms of the sum of carotenoids, but also pri-
marily in terms of its A-vitamin equivalent. Never-
theless, at the moment, the standardization of such
raw material is based on the sum of carotenoids in
terms of B-carotene, without taking into account its
A-vitamin equivalence.

Most often, for the standardization and quantita-
tive determination of carotenoids in MPRM, spec-
trophotometry is used [5] as the simplest, fastest,
and most cost-effective method. In this method,
carotenoids are identified by the positions of light
absorption peaks, which vary depending on the
length of the polyene fragment, the presence of cycle
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HauboJsiee yacTo /i IPOBEJEHUs CTaHAAPTH3A-
MU U KOJIMYECTBEHHOTO OTpeZiesIeHUs] KapOTHHOU-
noB B JIPC wWCHOJB3YIOT METOJ, CIEKTPOdOTOME-
TpuH [5] Kak HauboJiee MPOCTOH, OBICTPHIM U MaI03a-
TpaTHBIA. B 3TOM MeTo/ie KapOTUHOUIbI UIeHTUDU-
OUPYIOT 110 THOJIOKEHUSAM MAKCHMYMOB CBETOIIOTJIO-
IIIeHNUs, KOTOpPbIe BAapbUPYIOT B 3aBUCHMOCTH OT
JUTUHBI TTOJINEHOBOTO ()parMeHTa, HAJTUIUSA B CTPYK-
Type IUKJINYECKUX KOHIIEBBIX TDYII, CTEPUUECKUX
53¢ deKToB, TPUPOABI UCIIOIB3yEMOTO0 PACTBOPUTEIS
u nap. [losmreHoBasgs CTPYKTypa KapOTUHOHIOB 00y-
CJIOBJIMBAET MHTEHCUBHOE IIOTJIONIEHUE 3JIEKTPOMAr-
HUTHOTO U3JIyYeHUs B UHTEPBAJIE OT 400 710 500 HM.
B TocymapcrBennoit ¢apmakonee XIV wusnanud
(I'd XIV) pns ompeneneHuss CyMMBI KapOTHHOUZOB
MpUBeJieHa cIeKTpodOTOMETPIUYECKas METO/TUKA [6],
B KOTODOHM B KayecTBe HKCTPAreHTa IIpeJIaraeTcs
HCIOJIb30BATh TeKCcaH. BMecTe ¢ TeM ITPOAYKT OKHUCITe-
HUs H-TeKCaHa, [T0T1a/[asi B OPTaHU3M UeJIOBEKA, OKHC-
JISleTCsl ¢ BBIZIEJIEHHEM 2,5-TeKCAHAMOHA, KOTOPBIH
criocobeH B3aMMO/IEHCTBOBATD C JIM3MHOM U 00paso-
BBIBATh IIEPEKPECTHBIE CIIMBKU B O€IKaX HEPBHBIX
BOJIOKOH U T€M CaMbIM NPUBOAUTH K HAPYIIEHHUIO
(yHKINY TIOC/TIETHUX, BRI3BIBAS TOPAYKEHNIE HEPBHOM
cucrembl [7]. KpoMme Toro, rekcaH — JieTyuee CoeInHe-
Hue (Temmeparypa kumenus 68 °C), crroco6Hoe 06pa-
30BBIBATh B paboueli 30He B3PBIBOOIIACHBIE cMecH [8].

IIEJTb UCCJIEIOBAHUSA

Mopaudukanus MeTOAUKH CIEeKTPO(pOTOMETpH-
YEeCKOTO OmpeJie/IeHUus COJIEPKaHUA KapPOTUHOUJOB
B JIPC u onpenenenre A-BUTaMHUHHOU aKTUBHOCTH
pasnunusbix Bua0B JIPC, 60raToro KapoTHHOUIAMH.

MATEPUAJIBI 1 METO/IbI

B kauecrBe OOBEKTOB WCCIENOBAHUA ObLINA
BBIOpaHBI TPAJUIMOHHBIE HCTOYHUKUA KapOTHHOMU-
JIOB: MSKOTB IUIOIOB THIKBBI KPYITHOIUIOHON copTa
JleuebGHast 1 KOPHEILIObI MOPKOBH copta HaHTCKas,
BBIpaIlleHHble Ha OINBITHOM YYacTKe B OKPECTHOCTH
moc. Mouwuiie HoBocubupckoit obsactu (HCO);
ILTOZIBI 00JIENTUX Y KPYIIMHOBHAHOM copTta Friesdorfer
Orange, BbIpallleHHble Ha OIBITHOM yYacTKe B
OKpecTHOCTsIX craHIiuu FOHOocTh 3amagHo-Cubup-
CKOU 3KeJIE3HOU JIOPOTH, & TaKKe ILJIO/IBI JJUKOPACTY-
Iero IIMIOBHUKA HIJIMCTOrO — Rosa acicularis
Lindl.,, coOpanHOTO B OKpecTHOCTH cejia bapsak
Mormkosckoro paiiona HCO B ¢dasy miomoHomeHNs
B 2019 T. 3aroToBJIEHHOE ChIpbe IOCjIe MTEPBUYHOHN
OUYHCTKH OT IIOCTOPOHHUX IPUMeceH TOBOAWIN /10
BOB/IYIITHO-CYXOTO COCTOSIHUS IIPH KOMHATHOU TEM-
IepaType B 3alUIeHHOM OT cBeTa Mecre. ITocie
BBICYIIIMBAHUS ChIPbE U3METBYIH JI0 YACTHUII, IIPO-
XOZSAIINX CKBO3b CUTO C PA3MEPOM STUEHKH 2 MM.

terminated groups in the structure, steric effects,
type of the solvent used, etc. The polyene structure
of carotenoids causes intense absorption of electro-
magnetic radiation in the range of 400 to 500 nm.
In the State Pharmacopoeia of the XIV edition (SPh
XIV), a spectrophotometric method is given for
determining the sum of carotenoids [6], in which it
is proposed to use hexane as an extractant. At the
same time, the oxidation product of n-hexane,
entering the human body, is oxidized with the
release of 2,5-hexanedione, which can interact with
lysine and form cross-links in the proteins of nerve
fibres and, thereby, lead to a dysfunction of the lat-
ter, causing damage to the nervous system [7]. In
addition, hexane is a volatile compound (boiling
point 68°C) capable of forming explosive mixtures
in the working area [8].

AIM OF THE RESEARCH

To modify the method of spectrophotometric
determination of the carotenoid content in MPRM
and the A-vitamin activity of various types of carot-
enoids-rich MPRM.

MATERIALS AND METHODS

Traditional sources of carotenoids were selected
as objects of research: the pulp of the large-fruited
pumpkin of Lechebnaya variety and carrot of the
Nantskaya variety grown on a test plot in the vicinity
of Mochishche, village in Novosibirsk Region; fruits
of the sea buckthorn of Friesdorfer Orange variety,
grown on a test plot in the vicinity of the Yunost sta-
tion of the West Siberian Railway, as well as the fruits
of wild rose — Rosa acicularis Lindl., collected in the
vicinity of Barlak village, Moshkovsky district, Novo-
sibirsk Region at the fruiting stage in 2019. After pri-
mary cleaning from impurities, the crude material
was brought to an air-dry state at room temperature
in a dark place. After drying, the raw material was
crushed to particles passing through a sieve with a
mesh size of 2 mm.

To obtain the extraction, a sample weight of raw
material was placed in a glass-stoppered flask, pro-
tected from direct exposure to light, and filled with
an extractant at the ratio of 1:30. The hermetically
sealed flask was kept at room temperature for 24 h
with constant shaking on a shaker. The resulting
extract was filtered, and the UV absorption spec-
trum of the filtrate was determined using an SF-56
spectrophotometer in the range of 350-550 nm
(the characteristic range of peaks of the spectra of
carotenoids). The extractants used were hexane,
toluene, petroleum ether, isopropanol, and 95%
ethanol.
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I ToJIyuyeHUs W3BJIEUEHHUS HABECKY CBIPbS
IIOMEINaI B KOJIOY € MPUTEPTOU MTPOOKOM, 3aImu-
IIEHHYI0 OT IPSIMOTO JEHCTBUS CBETA, U 3aJIUBAIH
SKCTPareHTOM B COOTHOIIEHWH 1:30. 'epmeTnyHO
3aKpBITYI0 KOJIOYy BBIAEPIKHUBAIA IPU KOMHATHOU
TeMIIepaType B TeUeHHe 24 U TPU IOCTOSHHOM
BCTPSIXMBAHUM HA Ieiikepe. [lomydueHHOe n3BIeue-
HUe (PUIBTPOBAIHU, U C IOMOIIBIO cIeKTpodOoTOME-
Tpa C®-56 omnpenenanu YO-CIeKTp MNOTJIONIEHU
dunpTpaTa B guamazoHe 350—550 HM (Xapakrep-
HBIU IUana30H 5KCTPEMYMOB CIIEKTPOB KAPOTUHOU-
II0B). B xauecTBe SKCTpPareHTOB UCIOJIb30BAJIU: TEK-
CaH, TOJIYOJI, TIETPOJIEHHBIN 3(UP, U30MPOIAHO U
95% 5TaHOJI.

PE3YJIBTATBI 1 OBCYXK/IEHUE

Ha nepBom stare uccienoBanus ObLUT IPOBEAEH
BBIOOD ONITHMAJILHOTO U HanboJiee 6€30I1acCHOTO DKC-
TpareHTa. B kauecTBe ChIPbs UCIOJIH30BAIA MAKOTD
THIKBBL. [lOJlyueHHBIE CIIEKTPHl TPHUBEAEHBI Ha

puc. 1.
CrnexTpasibHbIe XapAKTEPUCTUKU JIJIsI PA3JIMUHBIX
9KCTPareHTOB

HCII0JIb30BAHHBIX
TabJI. 1.

IpUBEJEHbI B

Onruyeckas IJIOTHOCTH D
Optical density D

RESULTS AND DISCUSSION

At the first stage of the experiment, the choice of
the optimal and safest extractant was made. Pump-
kin pulp was used as a raw material. The obtained
spectra are shown in Fig. 1.

The spectral characteristics for the various
extractants used are given in Table 1.

Differences in the positions of peaks can be asso-
ciated with the sum of carotenoids in the raw mate-
rial and their different solubility in the extractant.
The quantitative ratio of carotenoids can vary and,
therefore, change the resulting spectrum.

The most common in plants are a- and
[-carotenes, as well as lycopene, the spectral charac-
teristics of which are given in Table 2.

Since the closest spectral characteristics of the
extracts were obtained using hexane and isopropa-
nol, further isopropyl alcohol was used as an
extractant. The spectra of extracts with isopropyl
alcohol from the plant material are shown in
Fig. 2—5.

Taking into account the additivity of the Bouguer-
Lambert-Beer law, the total optical density measured
at any wavelength can be represented as the sum of

N3zomnpomnanon / Isopropanol
Tekcan / Hexane

Tomyon / Toluene
Aranoi / Ethanol

460 480 500 520 540

JlivHa BOJIHBI, HM
Wavelength, nm

[etponeiinbiii a¢up / Petroleum ether

Puc. 1. CrieKTpbl MOTJIONEHNsI I3BIEYEHH 13 THIKBBI, OJyYE€HHBIX C HCIIOJIH30BAHIEM PA3IMYHbIX SKCTPATEHTOB
Fig. 1. Absorption spectra of pumpkin extracts obtained using various extractants
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Taﬁmzma 1. CHeKTpaJIbHBIe XapaKTEePUCTUKHU U3BJIEUEHU U3 TBIKBBI, IIOJIy4Y€HHBIX C UCIIOJIb3OBAHUEM PA3ITMIHBIX

9KCTPAareHToB

Table 1. Spectral characteristics of absorption of pumpkin extracts obtained using various extractants

Maxkcumymbl, HM / Peaks, nm

gi.n/ . Axcrparent / Extractant

A A, A,
1 N3zomnpomnanon / Isopropanol 423 444 471
2 Tekcan / Hexane 421 443 470
3 Tomyos / Toluene 430 454 482
4 IMetponeitnsiii adup / Petroleum ether 420 443 470
5 Aranon / Ethanol 424 444 471

Paznyuuusa B HOJIOKEHUAX HKCTPEMYMOB MOKET
OBITH CBA3aHO C IPUCYTCTBUEM B CHIPbE CYMMBI Kapo-
TUHOU/IOB U UX PA3JINYHOU PACTBOPUMOCTHIO B DKC-
TparenTe. KosimuecTBeHHOE COOTHOIIIEHHE KapOTHU-
HOHUZIOB MOJKET BapbHpPOBATh U, KaK CJIEJICTBUE,
MEHSTb Pe3yJIbTUPYIOITUN CIIEKTP.

Hawubosee wacto BCTpeuyaoTcs B PACTEHUAX A- U
[-KapoTUHBI, a TaKXKe JIUKOIWH, CIEKTPAIbHBIE
XapaKTEPUCTUKU KOTOPHIX IPUBEZEHBI B TA0JIL. 2.

ITockosibky Haubosiee 6JIU3KHE CIEKTPAJIBHBIE
XapaKTEPUCTUKHU W3BJIEYEHUH OBLIN IOJTyUeHbI
IIPU UCIOJIb30BAHUM I'eKCAaHA U U30IPOIAHO0JIA, B
JlaJIbHEUIIeM B KauecTBe HKCTPareHTa NCIO0JIb30-
BaJIiCsl CIUPT U30MPONMIIOBBIHA. CIEKTPHI U3BJIE-
YeHUH H30MPONUJIOBBIM CIHUPTOM U3 HCCIIEnye-
MOTO pACTHUTEJIBHOTO CBIPbS IPHUBEJEHBI Ha
puc. 2—5.

C yueToM afuTUBHOCTH 3akoHa byrepa — Jlam-
6epra — Bepa, usmepeHHy0 Ha JI060 IJIMHE BOJTHBI
CYMMAapHYIO ONITHYECKYIO IJIOTHOCTh MOKHO IIpeZ-
CTaBUTh B BHUJE CYMMbI OITHYECKHX IUIOTHOCTEH
[IPUCYTCTBYIOIINX B U3BJIEYEHUN WHIUBUAYATbHbIX
KOMIIOHEHTOB (-KapOTHHA, [-KapOTHHA U JIUKO-
nuHa. TakuM 0o6pa3oM, MOKeT OBbITh COCTaBJIeHA
cucreMa W3 TpexX ypaBHEHUH (1) /Ui ONTHYECKOU
IUIOTHOCTH, U3MEPEHHOH IIPU JJTUHE BOJHBI 445, 451
U 474 HM (XapakTepHble MAaKCUMyMBbl JUJIS
0-KapOTHWHA, [(-KapoTHHA W JIMKOIIMHA COOTBET-
CTBEHHO):

the optical densities of the individual components of
a-carotene, B-carotene and lycopene present in
absorption. Thus, a system of three equations (1) can
be proposed for the optical density measured at
wavelengths of 445, 451 and 474 nm (characteristic
peaks for a-carotene, [-carotene, and lycopene
respectively):

= F@45) . (445) . 445) . O -
D445 =E! C +E C,+ E3 (,‘3,

— (451 ., (451) , (451) ,
D451—E1 C +Ef (,‘2+E3 C

3’
D474 = E1(474) . C1 + E2(474) . C2 + E§474) . CS’
where E , E, and E ,are the percent extinction (%) of
a-carotene, f-carotene and lycopene at wavelengths
of 445, 451 and 474 nm respectively;

C, C, and C3 are concentration of a-carotene,
[-carotene and lycopene in the test solution (%).

The dependence of the extinction of a-carotene,
B-carotene and lycopene on the UV absorption spec-
trum has been studied quite well and is given in the
research literature [9, 10]. Taking into account the
values of the percentage extinction, the system of
equations (1) can be represented in the form

D445 =2710 - C + 2218 - C, + 2096 - C3;
D, =2384-C +2550-C,+1996 - Cs;
=2202-C +2789-C, + 3740 CS.

(1)

(2)

45

D

474

The resulting system of linear equations (2) con-
cerning three variables is trivially solved by Cramer’s
Rule.

TaGauna 2. CrieKTpasbHbIe XapAKTEPUCTHKHU HAMb0JIee YaCTO BCTPEUAIOIIIXCS B PACTEHUAX KAPOTHHOU/IOB
Table 2. Spectral characteristics of the most common carotenoids in plants

gi'n/ I Kaporunoug* / Carotenoid* rakchyMH’ o/ Pe;: ks, nm A

1 Q-KapoTuH / a-carotene 420 445 475
2 B-xapotun / B-carotene 425 451 482
3 JlukonuH / Lycopene 446 474 506

* DKCTpareHT — TeKCaH.
Extractant is hexane.

Journal homepage: http://jsms.ngmu.ru
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= F@45) . (445) . (445) . .
D, =E&.C +EW .C,+E% . C;
— F 451 ., (451) 450 . O -
D, =E%Y.C +E%).C,+E%).C,; 6))

451

= F@74 . (474) . (474) .
D, ,=E#-C +E#.-C +E¥.-C,

4
rne E, E, u E3 — TPOIEHTHAsA SKCTUHKIUA (%)
0-KapoTHHA, (-KapoTHHA U JIMKOIMHA MPU JJTHHAX
BOJIH 445, 451 ¥ 474 HM COOTBETCTBEHHO;

C, C, n C, — KOHUEHTpauysl Q-KapoTuHa, -Ka-
pPOTHHA U JINKOIIMHA B KiccaeayeMoM pacTBope (%).

3aBUCHUMOCTh SKCTUHKIIUN O-KapOTHHA, B-Kapo-
THHA U JIMKOIIMHA OT JIJIMHBI BOJIHBI IIOIJIOIIAEMOT0
M3JIy4eHUs U3yUeHa JOCTATOUYHO XOPOIIIO U IPUBe-
JIeHa B JINTepaTyPHBIX HCTOYHHKAX [9, 10]. C yueTom
BEJIMYMH MPOIEHTHON SKCTUHKIIUN CHCTEMY ypaB-
HeHUH (1) MOXKHO IIPEICTABUTH B BU/IE

D445 =2710 - C, + 2218 - C, + 2096 - CS;
D451 =2384-C +2550-C, +1996 C3;
D , = 2202 - C, +2789-C, + 3740 - CS.

47

(2)

[TonyueHHasi cucTeMa JIMHEWHBIX YpaBHEHUH (2)
OTHOCUTEJIPHO TpeX HEU3BECTHBIX pa3pelraercs
TPUBUATBFHBIM 06pa3oM 1o Metozy Kpamepa.

Jns  cpaBHEHHs TIPOBOJIWIJIOCH OIpe/esIeHHe
coziep:KaHue CyMMbI KADOTUHOU/IOB B IIepecueTe Ha
B-kapoTWH O MeTOZMKe, MpeJIokeHHOH B Tocy-
JapcrBeHHOl ¢apmakonee XIV wusmanus [6] mo
BEJINUYMHE ONTHYECKON IUIOTHOCTU WCCIIEAYEMBIX
PacTBOPOB IPH JIJINHE BOJIHBI 450 HM U BEJIMUMHE
IPOIEHTHOM SKCTUHKIMY B-KapoTtuHa E™ = 25092,

[TosyueHHBIE B pe3YJIbTATHI PACUETOB JJAHHBIE TI0
CO/IEP’KAaHUIO KADOTUHOW/IOB IIPUBEZIEHBI B TA0JI. 3.

Kak cienyer u3 mpuBe/IeHHBIX Pe3YJITATOB (CM.
TabJy. 3), CyMMapHOe COZEpP:KaHHE KAapPOTHHOH/IOB,
OllpefieJIeHHOe JIBYyMs METOZIaMH, IPAKTHUECKU
COBIIQJIA€T /IS BCEX BUJIOB CHIPhsS, KpOME ILIOZIOB
munoBHUKA. CpaBHUBAs CIIEKTPHI W3BJIEUYEHUN U3
CBIPHs IIIUIIOBHUKA U JIPYTUX HCCJIE/IOBAHHBIX BU/IOB
CBIPbsI, MBI BUIUM, UTO CIIEKTpP IIIMIIOBHUKA UMEET
6aTOXPOMHBIN CIIBUT, KOTOPBIH MOKET OBITh 00BsIC-
HEH TIpeo0JialaHeM B COCTaBe KapPOTHHOUIOB

For comparison, the content of the sum of carot-
enoids calculated to [-carotene was determined
according to the method proposed in the State Phar-
macopoeia of the XIV edition [6] by the optical den-
sity of the test solutions at the wavelength of 450 nm
and value of the percentage extinction of B-carotene
E¥ =25092.

The calculated data on the content of carotenoids
are given in Table 3.

As follows from the above results (see Table 3),
the total content of carotenoids, determined by
two methods, practically coincides for all types of
raw material, except for wild rose hips. Comparing
the absorption spectra of wild rose and other stud-
ied raw material, we see that the spectrum of wild
rose has a bathochromic shift, which can be
explained by the predominance of lycopene in the
composition of wild rose carotenoids that has
peaks at longer wavelength. At the same time, as
mentioned above, all considered carotenoids have
different A-vitamin activity. Considering that
a-carotene is broken down only into one retinol
molecule, i.e., is equivalent to 53% of [-carotene,
and lycopene has no A-vitamin activity, the results
are given in Table 3, can be recalculated to the
equivalent of retinol in IU% (the number of inter-
national units of action of retinol in 100 g of raw
material). The recalculation results are shown in
Table 4.

The closest results obtained using both methods
are for carrot and pumpkin because the absorption
spectra of them are as close as possible to the spec-
trum of B-carotene, and their A-vitamin activity is
lower than that determined by the pharmacopoeial
method by 17-19%; for sea buckthorn, in which
a-carotene dominates, the equivalent of retinol is
32% lower; for wild rose, in which lycopene pre-
vails, the A-vitamin activity is almost three times
lower. Such a difference in A-vitamin activity must

Ta6auna 3. ConeprkaHue KapOTHHOUIOB B Pa3JIMYHBIX BUAAX CHIPbS, MT%
Table 3. The content of carotenoids in various types of raw material, mg%

Ne Cymma Cymma kapoTH-

_ CoIipbe a-kapotuH [j-kapoTtuH JIMKOIIMH KapOTHHOWJAOB HOUAOB 0 I'® XIV
n/o q .
No Raw material a-carotene [3-carotene Lycopene Sum of . Sum of: carotenoids

’ carotenoids according to SPh XTIV
1 Mopxkoss / Carrot 0.59 1.45 0.16 2.20 2.16
2 O6Jenuxa 1.55 0.99 0.11 2.65 2.57
Sea buckthorn
3 TrixBa / Pumpkin 0.14 3.50 0.65 4.29 4.28
4 [IIunoBHUK 0.41 0.95 2.62 3.98 3.32
Wild rose

24
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Tab6suna 4. CosieprkaHre SKBUBAJIEHTa PETUHOJIA B pa3audHbIX Buzax JIPC, ME%

Ne ChIDBE OnpezaeseHue MO MPeaI0KEHHOMY Onpenenenue mo meroxy I'd XIV
n/no Ra ‘E material METOxy Determination by the SPh XTIV
No. Determination by the proposed method method
1 Mopxkoss / Carrot 2938 3601
2 O6enuxa 2037 4284

Sea buckthorn
3 TrikBa / Pumpkin 5958 7135

[IMTunoBHUK 1946 5534

Wild rose

IIMIIOBHUKA JINKOIIMHA, UMEIOIIETr0 OoJiee JITTMHHO-
BOJIHOBBIE JKCTPEMyMBI. BMecTe ¢ TeM, Kak ObLIO
VKa3aHO BBIIE, BCE PACCMATPUBAEMBbIE KapOTHHO-
ARl UMEIOT pa3IuyHyl0 A-BUTAMUHHYIO AKTHB-
HOCTh. YUUTBIBasA, YTO O-KAPOTHH PACIIaZaeTcst
TOJIBKO HAa OJHY MOJIEKYJIy PETHHOJIA, T.€. DKBUBa-
JIEHTEH 53 % OT $-KapOTHHA, a JINKOIUH He 00J13/1aeT
A-BUTAaMUHHOH aKTHUBHOCTBIO, Pe3yJIbTAThl, IPUBeE-
JleHHBIE B TabJI. 3, MOTYT OBITh ITEPECYNUTAHBI HA SKBU-
BasieHT peTrHoIa B ME% (KOJIM4eCcTBO MEXK/IyHapO/I-
HBIX €IMHUI] JIEUCTBUS PETHUHOJIA B 100 T CHIPHS).
Pesysprathl mepepacueTa MpuBeAEHBI B TA0I. 4.

Haubosee O6iM3KKH pe3yJbTaThl, IOJyUYeHHBIE
MIPU UCIOJIB30BAaHUU O0OUX METOJIOB, JJIs MOPKOBH
U TBIKBBI — CIIEKTPBI U3BJIEYEHUH U3 HUX MaKCH-
MaJIbHO OJIM3KM K CHEKTPY [-KapoTHHa, a uX
A-BUTaMUHHAs1 aKTUBHOCTH MEHBIIIE, YeM OIpeie-
JsieMast (papMaKoOIeHHBIM METO/IOM Ha 17—19 %; i
obsienuxu, B KOTOPOW MpeobJaflaeT O-KapOTHH,
SKBUBAJIEHT PETHHOJIA HIDKE Ha 32 %; JJIs IIUIIOB-
HUKA, B KOTOPOM IIPe00IalaeT JINKOIUH, A-BUTa-
MUHHas1 aKTUBHOCTH HIDKeE ITOYTH B TPHU pasa. Takoe
pasyiuuve B A-BUTAMHHHOM aKTHUBHOCTH HEOOXO-
JIUMO YYUTBIBATh IIPHU JO3UPOBAHUU JIEKAPCTBEH-
HOTO PaCTUTEJIBHOTO CBHIPbs, COZIEPIKAIIero KapoTH-
HOUJIBI B perjiaMeHTe GUTO0370POBJIEHUS.

SAK/IIOYEHUE

ITpoBezieHHOE HCCIe/IOBAHHUE ITO3BOJISET C/IETIATH
CJIE/TYIOIIHIE BBIBO/IBI:

1) B X0Jle CPAaBHUTEJIBHOTO aHAIN3A MIPEIJIOKEH-
HOU ¥ (apMaKOIeHHONH METOJUKH YCTaHOBJIEHO,
YTO MPEANOYTUTETHHO UCIIOIb30BATh U30IPOIIHIIO-
BBIU CIUPT Kak Hambosiee 9 HEeKTUBHBIN pacTBOPH-
TEJIb;

2) IpejyIOKEeHa METOZIMKA OIpe/ieJIeHUus Co/iep-
JKaHUSA UHIUBUAYATbHBIX KapoTuHOUu10B B JIPC mo
BEJIMYMHE OINTUYECKOH IUUIOTHOCTH IIPHU JIJTUHAX
BOJIH, COOTBETCTBYIOIIIMX XapaKTEPHBIM MaKCHMY-
MaM Q-KapOTHHA, J-KapOTHHA U JTUKOIIHNHA;

be taken into account when dosing medicinal plant
material containing carotenoids in the herbalism
regulations.

CONCLUSION

The conducted research allows us to draw the fol-
lowing conclusions:

1) the comparative analysis of the proposed and
pharmacopoeial methods determines that it is pref-
erable to use isopropyl alcohol as the most effective
solvent;

2) the method is proposed for determining the
content of individual carotenoids in MPRM by opti-
cal density at wavelengths corresponding to the
characteristic maximums of a-carotene, -carotene
and lycopene;

3) taking into account the content of specific
carotenoids makes it possible to determine the
A-vitamin activity of the sum of carotenoids extracted
from plant material used in the production of herbal
preparations and biologically active additives, and,
accordingly, to increase the effectiveness of the latter
for health improvement.

Conflict of interest. The authors declare no
conflict of interest.

3) y4eT copmepKaHus KOHKDETHBIX KapOTHHOU-
JIOB TO3BOJISAET ONPEAEATh A-BUTAMUHYIO AKTHB-
HOCTb CyMMBI KADOTUHOU/IOB, U3BJIEKaeMbIX U3 pac-
TUTEJIBHOTO CHIPbS, UCIOJIb3YEMOTO IIPU ITPOU3BO/I-
cTBe (puTONpenapaToB U OMOJIOTHYECKH AKTUBHBIX
100aBOK, U COOTBETCTBEHHO IOBBICUTH 3(PGHEKTUB-
HOCTb IPUMEHEHUS MOCIIEAHUX /IJIS 03/I0POBJIEHUA.

Kondaukr nuHTEepecoB. ABTOPHI 3a5IBJIAIOT 00
OTCYTCTBUU KOH(IINKTA UHTEPECOB.
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