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dNneMeHTHbIN cocTaB MNJ1040B Hanbosiee pacnpocTpaHeHHbIX
pacTeHUn cemencTBa Vacciniaceae

[.C. Kpyrnos, B.B. Beanuko

PIrB0YBO «HoBOCMOUMPCKUIA FocyAapC TBEHHb I MEAVLIHCKUI YHUBEPCUMTET» MinH3gpasa Poccumn, HoBocnbmpck,
Poccua

AHHOTAL WA

BBegeHue . HapyweHMs MUKPO3IEMEHTHOTO roMeocTasa fIBAAKTCA MPUUYMHAMU MUKPO3/1IEMEHTO30B, KOTOpble
4acTo NPUBOAAT K Pa3BUTUIO TaKMX COLMaNbHO-3HAYMMbIX NaTONOrMiA, Kak >kenesogeduuymtHasa aHemus (XKOA) n caxap-
HbI anabeT.

L en b . MccnegoBaHne MUKPO3/IEMEHTHOIO cocTaBa N/040B pacTeHU cemelicTBa Vacciniaceae n onpegesieHne nx nep-
CMEeKTUBHOCTW A9 UCMOb30BaHNA B NPOUNAKTUKE MUKPO3/IEMEHTO30B.

MaTepuanb n meTopgbl . CoaepxaHue 37 3N1eMEHTOB, B TOM 4Yncse acceHunanbHbix (Mn, Fe, Cu, Cr, Co, Zn)
N 3nemMeHTOB-TOKcuKaHToB (Pb, Hg, As n Od), onpegensannM MeTofoM MacC-CMeKTPOCKOMUU € MHAYKTUBHO-CBA3aHHOM
naasmon.

PesdynbTartbl . CodepXXaHue 3N1eMEHTOB-TOKCMKAHTOB BO BCEX UCCNefyeMbix o6pasuax HuXe A0NYCTUMbIX HOPM.
Cogep>kaHue acceHUManbHbIX MUKPO3/IEMEHTOB Pa3/IMYHO, YTO HEOOXOANMMO YUMTbIBaTh B NPOPUNAKTUKe KOHKPETHOIO
MWKPO3/IeMeHTO3a.

3akntwyeHue . CobpaHHOe Cbipbe 3KO/IOrMYECKM 6€30MacHO M MOXET 6bITb MCMNOMb30BAHO B NIeYEBHbIX LEensx.
KoM6urHauuna nnogos KAKBbl M YEPHUKN SABNAETCA ONTUMasIbHOM C TOUKM 3pEeHMS coAepyXXaHnsa mMmapraHua u LMHKa u
MOXKeT NPUMEHATLCA ANA NPOPUNAKTUKIN caxapHOoro gmabeta. C TOUKKU 3peHUs NnpodmnakTukm XA npegnoyutTuTensHo
NCMoAb30BaTh NA0Abl roslybuKnM, KOTOpble MMEIT 3KBUMONSIPHbIE KOHLIEHTpaL MK Xese3a u mapraHua n MakcumMasnbHoe
cogepykaHne KobanbTa.

Kno4yeBble c/ioBa: MUKPO3NEMEHTbI, XKenesoaeuumuTHas aHeMus, caxapHblil anabeT, 3/1eMeHTbI-TOKCUKaHTbI, 6pyc-
HUYHble, YepHUMKa, BpYCHMKA, ronyburKa, KKBa, KpacHMKa.

O6pas3ey umTtmpoBaHuMa: Kpyrnos/.C., Bennuko B.B. 3neMeHTHbIi cocTaB N1040B Hanboee pacnpocTpaHeH-
HbIX pacTeHU cemericTBa Vacciniaceae // Journal of Siberian Medical Sciences. 2022;6(4):7-14. DOI: 10.31549/2542-
1174-2022-6-4-7-14

Elemental composition of fruits of the most plants
of the Vacciniaceae family

D.S. Kruglov, V.V. Velichko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Disturbancesof trace element hemostasis are the causes of trace element imbalance, which often
lead to the development of such major human diseases as iron deficiency anemia (IDA) and diabetes mellitus.

Aim. Studyofthe trace element composition offruits of the Vacciniaceae family plants and determination of their pros-
pects for use in the prevention of trace element imbalance.

Materials and methods. Thecontentof37elements, including essential (Mn, Fe, Cu, Cr, Co, Zn) and toxic
elements (Pb, Hg, As, and Cd), was determined by inductively coupled plasma mass spectroscopy.
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Results. The contentoftoxic elements in all the studied samples is below the reference values. The content of essen-
tial microelements differs, which must be taken into account in the prevention of specific imbalance of trace elements.

Conclusion.

The collected raw materials are environmentally safe and can be used for medicinal purposes. The

combination of cranberry and blueberry is optimal in terms of manganese and zinc content and can be used to prevent
diabetes. From the point of view of the IDA prevention, it is preferable to use blueberry fruits, which have equimolar con-
centrations of iron and manganese and the maximum content of cobalt.

Keywords: trace elements, iron deficiency anemia, diabetes mellitus, toxic elements, Vacciniaceae family, bilberry,

lingonberry, blueberry, cranberry, Kamchatka bilberry.
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BBEAEHWE

BuoreHHble Makpo- M MUKPO3INEMEHTbI yya-
CTBYIOT NMPaKTUUYECKN BO BCEX BUOXUMMNYECKNX NPO-
Leccax - OKMCNUTE/IbHO-BOCCTAHOBUTESbHbIX peak-
LMsx, cBO6OAHO-paANKaNbHOM OKUCAEHUN, CUHTE3e
6enka, gudhepeHLMPOBKe N pocTe TkaHel n ap. [1].
KoHUeHTpauusa 3/eMeHTOB B TKaHAX opraHusma
cTporo cbanaHcMpoBaHa N NoaAep>XXNBaAeTCHa cuUcTe-
MO romeocTtasa. [ns HOpManbHOro MNpoTeKaHWUs
BCEX (PN3MONOrNYEeCKUX NPOLECCOB B OpraHn3mMe ero
3/1IEMEHTHbIN COCTaB A0/HKEH UMeTb OnpeaeneHHbIN
6anaHc, 1 B 3TOM CMbIC/Ie MOXXHO rOBOpUTL 06 ane-
MeHTHOM romeocTase.

HapylwieHns 2n1emMeHTHOro romeoctasa Kak
COCTAaBHOM 4acTM TrOMeoCTaTU4YeCcKOW CUCTeMbI
opraHu3ma npuBOAAT K BO3HUKHOBEHMUIO NaTo/10-
rMYecKMX COCTOSAHUI - MUKPO3NEMeHTO30B [2].
Tak, HapylleHue 6anaHca MUKPO3/IEMEHTOB «KpPO-
BETBOPHOro Kommnnekca» - Mn, Fe, Cu, Cr [3] -
NPUBOANT K PasBUTUIO KIMHWYECKOro cMHApoMa
xenesogeuuntHoli aHemun (OKOA), a pa3suBato-
wascsa B nocnefyroLleM TKaHeBas U remmyeckas
rMMOKCUS CTAHOBUTCA MPUYMHON pacCTPOACTB
CepAeYHO-COCYANCTON, HEPBHOW © APYruX cUCTeM
opraHmsma. B KOHeYHOM wuTore feduunT XKenesa
Bbl3blBaeT CHUXKEHME PEe3UCTEHTHOCTU OpraHu3ma,
XPOHM3aLUUI0 pa3/IMYHbIX 3ab0seBaHUi U, Kak
cneacTBue, CHMXKeHUe paboTocrnocobHoOCTU, AeTo-
POAHOMN (YHKLUWWN >XKEeHLIWH, YXyALWeHNe KayecTBa
XKU3HU, a TaKXe pa3BUTUE OC/TIOXKHEHUI BO BpPEMS
6epeMeHHOCTU U POAOB U 3afep XKy pasBUTUSa ”
pocta geteii [4, 5]. Mo cBoei 3HaunmocTm XXIA,
pacnpocTpaHeHHOCTb KOTopow gocturaeT o 20 % B
nonynsaumm (NpeMmMmyLi,ecTBEHHO Cpean >KeHLMH
[eTopofHOro BO3pacTa), a C y4eTOM NaTeHTHOro
peduruymnta xxenesa - 30-40 % (B HEKOTOPbIX Peru-
oHax o 50-60 %), MmoXeT 6bITb OTHECEHA K COLM-
aflbHO 3Ha4YMMbIM 3abonesaHusam [6]. K mukpoane-
MeHTaM «KPOBETBOPHOIO KOMMeKca» cnegyet
OTHECTWU U KobanbT, KOTOpPbI, Byayyn 3/1eMEHTOM
NPOCTETUYECKOW rpynnbl LMaHOKO6anamMmuHa, He

INTRODUCTION

Biogenic macro- and microelements are involved
in almost all biochemical processes: redox reactions,
free radical-mediated oxidation, protein synthesis,
tissue differentiation and growth, etc. [1]. The con-
centration of elements in body tissues is strictly bal-
anced and maintained by the homeostasis system.
For the normal course of all physiological processes
in the body, its elemental composition must have a
certain balance, and in this sense we can talk about
elemental homeostasis.

Disturbances of elemental homeostasis as an
integral part ofthe bodily homeostasis system lead to
the development of pathology - trace element imbal-
ance [2]. Thus, an imbalance in microelements of the
hematopoietic complex - Mn, Fe, Cu, Cr [3] - leads
to iron deficiency anemia (IDA), and subsequent tis-
sue and hemic hypoxia causes disorders of the car-
diovascular, nervous and other body systems. Ulti-
mately, iron deficiency causes a decrease in the
body’s resistance, chronicity of various diseases and,
as a result, a decrease in performance, female infer-
tility, quality oflife worsening, aswell asthe increased
risk of complications during pregnancy and child-
birth, and delay in the development and growth of
children [4, 5]. In terms of its importance, IDA, the
prevalence of which reaches up to 20% in the popula-
tion (mainly among women of childbearing age), and
taking into account the latent iron deficiency being
up to 30-40% (in some regions up to 50-60%), can
be attributed to socially significant diseases [6].
Microelements of the hematopoietic complex should
also include cobalt, which, as an element of the pros-
thetic group of cyanocobalamin, not only actively
participates in enzymatic processes and the produc-
tion of thyroid hormones, but also increases the
absorption ofiron and hemoglobin synthesis, being a
stimulant of erythropoiesis [1].

Another major disease is diabetes mellitus (up to
7% of the world’s population suffers from it) [7], the
pathogenesis ofwhich also depends on the balance of
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TO/IbKO aKTUBHO Yy4acTBYeT B (hepMeHTaTUBHbIX
npoueccax M BblpaboTKe FOPMOHOB LLVUTOBUAHOWA
>Xesie3bl, HO N NOBbILLIAET YCBOEHUE XKefe3a U CUH-
Te3 remorsiobmHa, ABASASICb CTUMY/ISITOPOM 3pUTPO-
noa3za [1].

Opyrum pacnpocTpaHeHHbIM counanbHo-
3HaUYMMbIM 3a60M1€BaHNEM SBNSIETCS caxapHbIA ana-
6eT (UM cTpagaeT o 7 % HaceneHumsa 3emnn) [7],
natoreHe3 KOTOPOro TakXXe 3aBUCUT OT 6anaHca
MWKPO3/1eMeHTOB. B 4acTHOCTU, UMHK CTUMYNUPYeT
CUHTE3 UHCY/INHA; TPEXBa/IEHTHbIM XpOM yCcUIMBaeT
JelicTBMe MHCYNMHa U BbICTyNaeT B KayecTBe (pak-
TOopa TO/IepaHTHOCTM K [/1I0K03€e, a MapraHel, akTu-
BU3MPYET MULLEHW - JINTaHAbl, y4acTBYHOLLME B CUH-
Te3e nHcynunHa [8].

XapaKTepHOI 0CO6EHHOCTEH MHOTUX MUKPO3Sie-
MEHTO30B SIBMISIETCA HanM4ume SlaTeHTHOro nepuoga
JedmumTa MUKPO3IEMEHTOB, C TeHEHUEM BPEMEHU
nepexoasiLiero B cTtaguio 60/e3HU. B 3Tol cBA3M
Ba)XXHbIM  acrekToM sBAsieTcs  NpodmnakTMka
MWKPO3/1EMEHTO30B, B KOTOPOMA 0CO6YyH0 posib
MrparoT JIeKapCTBEHHbIE pacTUTe/IbHbIE NpenapaThbl.
B pacTuTeNlbHOM OpraHu3Me cogepxkaTcsi npakTuye-
CKW BCe 3/IEMEHTbI 3eMHO KOpbl, MHOTMe U3 KOTO-
pbIX HAX0AATCA B TepaneBTUYECKUX AN opraHu3ma
YesioBeKa KOHLIeHTpaLusXx.

M3BecTHO, 4TO MakKCMMa/lbHOe cofepXaHune
3/1eMeHTOB 06HapY>XMBaeTCs B BereTaTUBHbIX Opra-
Hax pacTeHUs, 0cob6eHHO B Tex, rfAe npoTekaeT
thoTtocmHTE3 [9]. BMecTe ¢ TeM UX 6MOAOCTYNHOCTb
3aTpyfHEHa BBMAY TOro, 4YTO OHU HaxoAATCcs B
tbopMe ManopacTBOpMMbIX cofieli U nepexoasiT B
CyMMapHble n3BfeYeHUs aKCcTeMMopanbHbIX
NIeKapCcTBEHHbIX (OPM B 3HAUYUTENIbHO MEHbLUUX
Ko/iMyecTBax, YeM cofepyKaTcs B HATUBHOM Cbipbe
[10]. B nnogax mMakpo- M MUKPO3NEMEHTbl Haxo-
aaTca B 6onee 4ocTynHoi ¢opme, U, Kpome TOro,
nnofAbl MNOCTynawT B HATUBHOM COCTOSSHUM B
XKeNyaoYHO-KULLIEeYHbI TpaKT, rae BKAOYaeTcsa He
TONbKO  ANMPAY3UOHHbIA  NYTb  MOCTYNAeHUs
MWKPO3/1EMEHTOB B KPOBb, HO M IUFaHAHbIA 06MEH,
obecneynBalLLIMi NepeHOC B KPOBb KaTUMOHOB U3
ManopacTBOPUMbIX coeAuHeHnin [11]. B 3Tom
CMbIC/le BECbMa MHTEePECHbI M0Abl AUKOPACTYLLLNX
pacTeHuii ceMecTBa BPYCHUYHbIX: YepHUKa, Fony-
6uKa, K/HOKBa, 6pYCHMKA, KpacHMKa — UX pecypc-
Hasi 6a3a BecbMa CyL}eCTBEHHA, W OHU TpaguLM-
OHHO MCMNOJb3YITCA KaK MULLEBOA NPOAYKT, a
TaKXXe B HapOAHOWM MeAuLUHe. BaxHO 1 TO, 4To, B
OTNIMUME OT KY/bTUBUPYEMbIX pacTeHU, B Nepuog,
pocTa AaHHble AMKOPaCTyUiMe pacTeHUs He obpa-
6aTbIBalOT Pa3NIMUYHbIMN XMMUKATaMU, 4YTO Aenaet
3TW BUAbI Cbipbs 6e30MacHbIMU A8 UCNO/b30Ba-
HUS B NULLLEBON Lenu.
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microelements. In particular, zinc stimulates insulin
synthesis; trivalent chromium enhances the action of
insulin and acts as a factor of glucose tolerance, and
manganese activates the targets - ligands involved in
insulin synthesis [8].

A characteristic feature of many types oftrace ele-
ment imbalance is the presence of a latency period of
trace element deficiency, which eventually turns into
a disease stage. In this regard, an important aspect is
the prevention of imbalance of trace elements, in
which herbal medicines play a special role. The plant
body contains almost all elements of the Earth’s
crust, and many of them are in human therapeutic
concentrations.

It is known that the maximum content of ele-
ments is found in the vegetative organs of a plant,
especially in those where photosynthesis proceeds
[9]. At the same time, their bioavailability is hin-
dered due to the fact that they are in the form of spar-
ingly soluble salts, and pass into the crude extracts of
extemporaneous dosage forms in much smaller
amounts than the native raw materials contain [10].
In fruits, the macro- and microelements are in a
more accessible form, and, in addition, the fruits
enter the gastrointestinal tract in a native state,
where not only the diffusion pathway for the entry of
microelements into the blood is switched on, but also
the ligand exchange, which ensures the transfer of
cations from sparingly soluble compound into the
blood [11]. In this sense, the fruits of wild plants of
the Vacciniaceae family are of great interest, namely,
bilberry, blueberry, cranberry, lingonberry, and
Kamchatka bilberry. Their resource base is very sub-
stantial, and they are traditionally used as a food
product and in folk medicine. It is also important
that, unlike cultivated plants, these wild herbs are
not treated with various chemicals during the growth
period, which makes these types of raw materials
safe for use in the food chain.

AIM OF THE RESEARCH

The study of the trace element composition of the
fruits of Vacciniaceae family plants and determina-
tion of their prospects for use in the prevention of
trace element imbalance.

MATERIALS AND METHODS

The objects of the study were the fruits of bilberry
(Vaccinium myrtillus L.), lingoberry (Vaccinium
vitis-idaea L.), blueberry (Vaccinium uligino-
sum L.), cranberry (Oxycoccus quadripetalus Gilib.),
and Kamchatka bilberry (Vaccinium praestans
Lamb.) collected in the flowering phase in endemic
areas of Siberia and the Far East (Table 1).
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LLE/Tb MCCNMEOOBAHUNA

VlCCﬂe,CI.OBaHI/Ie MUWKPO3J/IEMEHTHOTO COCTaBa rnJio-
[0B pacTeHuii cemelicTBa Vacciniaceae n onpegene-
HNe nx nepcneKTMBHOCTMN ANA WUCMOJ/Ib30BaHUA B
I'IpOCbI/IﬂaKTI/IKe MWKPO3/1IEMEHTO30B.

MATEPUVAJbI N METO/4blI

O6beKkTaMy UCCNEAOBAHMUSA CAYXNIN NNOAbI Yep-
Huknm  (Vaccinium  myrtillus L)), 6pycHuKu
(Vaccinium vitis-idaea L.), rony6ukn (Vaccinium
uliginosum L.), kntoksbl (Oxycoccus quadripetalus
Gilib.) n kpacHuku (Vaccinium praestans Lamb.),
cobpaHHble B hase MIOLOHOLUEHUA B TUMUYHbIX
MecTax rnpouspactaHuns Ha Tepputopumn Cubmpu n
JanbHero Boctoka (Tabn. 1).

Mocne c6opa cbipbe [0OBOAWMAM B BO3A4YLUHO-
TensoBoW cywunke npu Temnepatype 40 °C go
BO3/YLLUHO-CYXOro COCTOSAHUSA (BNaXHocTb ~10 %) n
n3menb4yann. [anee TOUYHYIO HaBeCKY WN3MesibYeH-
Horo cblpbs (0.1-0.2 r) nomewann Bo oToponaacto-
Bbl BKNaAblll B aBTOK/MaBe U f06aBNAAN 5 M KOH-
LEeHTPUPOBaHHOM a30THOI KucnoTobl [12]. ABTOKNIaB
repMeTUYHO 3aKpbiBasv U MoMeLLann B MUKPOBO/-
HOBYIO NeYyb. PasnoxXeHue npobbl NPOBOAUIN B Cle-
OYIOLLLEM peXXUMe Harpesa: Nogbem TemnepaTypbl 4o
200 °C B TeYeHME 5 MVIH, BblAep>XXNBaHWEe B TeYEHUE
5 MuH npu 200 °C, oxnaxkgeHue go 45 °C. Oxnax-

Tabnuuya 1. O6BLEKTbI UCCNef0BaHUSA
Table 1. Objects of study

After collection, the raw material was brought to
the air-dry state (humidity ~10%) in a hot-air drier
at a temperature of 40°C, and crushed. Next, an
accurate weight of the crushed raw material (0.1-
0.2 g) was placed in a teflon liner in an autoclave,
and 5 ml of concentrated nitric acid was added [12].
The autoclave was sealed and placed in a microwave
oven. Sample decomposition was carried out in the
following heating mode: temperature rise to 200°C
for 5 min, incubation for 5 min at 200°C, cooling to
45°C. The cooled autoclave was shaken to mix the
contents, and the dissolved sample was transferred
guantitatively into a 15 ml tube by shaking the
capped liner three times with 1 ml of deionized
water and transferring each wash into the tube,
then diluted to 10 ml with deionized water, closed,
and mixed. Afterwards a 1 ml aliquot was taken
with an automatic dispenser having replaceable tip,
and made up to 10 ml with 0.5% nitric acid; then
the sample solution was analyzed on an ELAN 9000
mass spectrometer (PerkinElmer Inc., USA). The
content of trace elements was determined by induc-
tively coupled plasma mass spectroscopy [13]. To
control the correctness of the determination, a
spike test was used. All measurements were carried
out with 5 samples, and the obtained values were
averaged.

Feorpagunueckune
KOOpPAMHATHI

szacr:mee MecTo npoun3pactaHusa / Place ofgrowth Geographical coordinates
wunpoTa aonrota
latitude longitude

Vaccinium Tomckas obnacTb, KonnalweBcKuin panoH, 3 KM Ha ceBepo-BOCTOK oT  58°20.88' 82°59.64'
vitis-idaea r. KonnawueBo, cMeLlaHHbI nec

Tomsk Region, Kolpashevsky District, 3 km north-east from the town

of Kolpashevo, mixed forest
Vaccinium Pecnybnuka bypsaTtus, CeBepo-bakanbCKuii panoH, 6 KM Ha ceBep 0T 55°56.51' 111°09.70'
myrtillus nrt Kymopa, 6enomoLLHas Taira

Republic of Buryatia, Severo-Baikalsky District, 6 km to the north

from the Kumora village, white moss taiga
Vaccinium Omckasi 06n1acTb, YCTb-MWNMCKIUI palioH, 7 KM Ha CeBep0-BOCTOK oT  57°46.04' 75°03.30'
uliginosum 4. Enanka, 601070 B XBOWMHOM necy

Omsk Region, Ust-Ishimsky District, 7 km north-east of the village of

Elanka, a swamp in conifers forest
Vaccinium CaxanunHckasa obnactb, NMopoHalicknin ropoAcKom OKpYyr, 5 KM Ha 49°11.68' 142°57.65'
praestans BOCTOK OT . TUXMEHEBO, MOX0BOE 60/10TO

Sakhalin Region, Poronaysky urban District, 5 km to the east from the

Tikhmenevo village, a moss swamp
Oxycoccus HoBocnbupckasn o6nactb, [JOBONEHCKNIA paioH, 5 KM Ha 0ro-BocTok  54°29.64' 79°49.92'

quadripetalus

10

oT c. baraH, ccharHoBoe 601070
Novosibirsk Region, Dovolensky District, 5 km south-east from the
Bagan village, a sphagnum bog
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[JeHHbI aBTOKNAaB BCTPAXMBaNW A5 nepemeLLnBa-
HNSA COAEPXKMMOIO U PacTBOPEHHYI NPO6Y Konunye-
CTBEHHO repeHOCU/IN B NPo6UPKY o6beMom 15 mn,
TPOEKpaTHO BCTPSAXMBAs BK/afbll C KPbIWKOW ¢ 1
M AENOHU30BAHHOW BOAbl U MepPeHOCH KaXKAbli
CMbIB B NPo6UpKY, AoBoamnm obbvem fo 10 mn geno-
HM30BaHHOW BOJOW, 3aKpbIBa/IN N MepeMeLLIBaIN.
ABTOMaTUYECKUM [03aTOPOM CO CMEHHbIM HaKOHeY-
HWUKOM OTOMpanu aAnKBOTHYK 4acTb 1 M1 U J0OBO-
annn go 10 mn 0.5% a30THOI KUCNOTOM, Noc/e Yero
aHannanmposaau Ha macc-cnektpometpe ELAN 9000
(PerkinElmer Inc., CLUA). Cogep>aHne MUKpPO3sie-
MeHTOB onpeaensanm MeTofoM Macc-CNeKTPOCKONnn
C WHAYKTUBHO-CBA3aHHOM nna3moi [13]. ANns KoH-
TPOAsA NpPaBUALHOCTU ONpefeneHus MUCnosib3oBanu
MeTo4 no6aBOK. Bce u3MepeHMs NpoOBOAWIN Ha
5 npob6ax, 1 NoslyyeHHble 3HAYEHUS YCPESHAMN.

PE3YJIbTATbI N1 OBCY>XAEHWE

Mony4yeHHble pe3ynbTaTbl ONpeaesieHNs MUKPO3-
JIeMEHTHOrO0 CoCTaBa pacTeHU NpuBeAeHbl B Tabs1. 2.

Ona panbHenwero aHann3a 66111 BblgeneHbl ABe
rpynnbl 37emeHToB (Tabn. 3):

1) acceHUManbHble MUKPO3sieMeHTbl (Keneso,
MapraHey, Xpom, mMefb, KobanbT, UMHK), Aeduuynt
KOTOPbIX 4acTo ABMSAETCA NPUYNHON Hanbonee pac-
NPOCTPaHEHHbIX MNKPO3/IEMEHTO30B;

2) 3NeMeHTbI-TOKCUKaHTbl (MbIWbSAK, KagMui,
PTYTb U CBUHEL,), COAEPXKaHMe KOTOPbIX onpeaenser
6e30MacHOCTb NPUMEHEHUSA pPacTUTeNbHbIX Mpena-
paToB 1 CTPOro HOPMUPYETCA B IEKAPCTBEHHOM pac-
TUTENIbHOM Cbipbe TOCyAapCTBEHHON thapmakoneei
X1V un3gaHus [13].

Kak rnokasbiBaeT aHa/IM3 NoNyYeHHbIX AaHHbIX, MO
cofiepXXaHuio Xxpoma Bce nccnegyemble naogbl 6711M3Ku,
B TO >Xe BPeMs MO COAePXKaHNIO Mean MaKcuMabHoe
3HayeHWe HabngaeTcsa B N0AAX KNHOKBbl. Y4YUTbI-
Basl, YTO Me[b MOBbILLAET aKTUBHOCTb MHCYNMHA [1],
NA0Abl K/OKBbl MOTYT ObiTb PEKOMEHAOBaHbl AN
NPonNaKTUKU NN B COYETAHHOW Tepanuu caxap-
HoOro agnab6eTa, 0O/HAKO B CBA3M C TEM, YTO COAep>KaHne
LMHKa B Mno4ax YepHUKU MaKCUMasIbHO - ONTUMaslb-
HbIM CPeACTBOM MPOUIaKTUKN AAHHOM natonornuv
6yaeT cMecb M10L40B K/THOKBbI Y YHEPHUKW.

C no3uuunii npodnnakTnkm XX A BaXKHO He abco-
JNIIOTHOEe 3HaYeHWE CoLep>XKaHUs XKenesa, a CooTHoLLe-
Hue Xene3o-mapraHeL,. Npu aKBUMONSPHOM COOTHO-
LEHUW >KeNne3o-MapraHey, NOHbI »Xefne3a HaxoaaTcs
[14] B TpexBaneHTHOM BUzgE, YTO ABNSAETCA ONTUMasb-
HbIM AN npodunnakTuky XA, Tak Kak B 3TOM Cy-
yae ypaeTcsl M3beraTb LLUTOTOKCUYECKOTO AENCTBUSA
AByXBaneHTHOro >enesa [15]. C ydyeToM pgaHHOro
obcToATeNIbCTBA Hanbo1ee ONTUMasIbHbI A1 UCNOSb-
30BaHMA B npodmnaktnke XXAA nnogbl ronybuku.
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RESULTS AND DISCUSSION

The results of determining the trace element
composition of plants are given in Table 2.

Two groups of elements were distinguished for
further analysis (Table 3):

1) essential trace elements (iron, manganese,
chromium, copper, cobalt, zinc), the deficiency of
which is often the cause of the most common types of
trace elements imbalance;

2) toxic elements (arsenic, cadmium, mercury
and lead), the content of which determines the safety
of the use of herbal preparations and is strictly stan-
dardized in medicinal herbal raw materials by the
State Pharmacopoeia XV edition [13].

As the analysis of the obtained data shows, all
the studied fruits are similar in the chromium con-
tent; at the same time, the maximum value of cop-
per is observed in cranberry fruits. Considering
that copper increases insulin activity [1], cranberry
fruits can be recommended for prevention or in
combined therapy of diabetes mellitus, however,
due to the fact that the zinc content in bilberry is
the maximum, the mixture of cranberry and bil-
berry fruits will be the best way to prevent this
pathology.

From the standpoint of IDA prevention, it is not
the absolute value of the iron content that is impor-
tant, but the iron-manganese ratio. At an equimolar
iron-manganese ratio, iron ions are [14] in a triva-
lent form, which is optimal for the prevention of
IDA, since in this case it is possible to avoid the cyto-
toxic effect of ferrous iron [15]. Taking this into
account, the bluelberry fruits are the most optimal
for use in the prevention of IDA. In addition, the
fruits of blueberry have the maximum content of
cobalt, which increases the absorption of iron and,
being a stimulant of erythropoiesis, is necessary for
the prevention of IDA.

The content of toxic elements in all the studied
samples is below the reference range: lead - no more
than 6.0 pg/g; cadmium - no more than 1.0 pg/g;
mercury - no more than 0.1 pg/g; arsenic - no more
than 0.5 pg/g [13].

CONCLUSION

The comparison of the content of lead, cadmium,
mercury and arsenic in the studied fruit samples
with their maximum content for herbal preparations
showed that the collected raw materials are environ-
mentally safe and can be used for medicinal pur-
poses. The ratio of essential trace elements is differ-
ent, which must be taken into accountin the preven-
tion of a specific trace element imbalance. It was
found that the combination of cranberry and bilberry

1
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Tabnuua 2. Cogep>kaHve 3/1IeMEHTOB B N/104aX pacTeHU ceMelcTBa 6pYyCHNYHbIE, MKI/T
Table 2. The content of elements in the fruits of plants of the Vacciniaceae family, pg/g

dnemMeHT

Element

Jlntnii / Lithium
Bepunnuin / Beryllium
Hatpwuii / Sodium
MarHuin / Magnesium
AnomuHuin / Aluminum
KpemHnii / Silicon
docdop / Phosphorus
Kanwuii / Potassium
Kanbuuia / Calcium
TuTaH / Titanium
BaHaauin / Vanadium
Xpowm / Chromium
MapraHel, / Manganese
XKeneso / Iron
Ko6anbT / Cobalt
Hwukenb / Nickel

Megb / Copper

LIMHK / Zinc

Fannuin / Gallium
FepmaHuin / Germanium
Mblwbsak / Arsenic
CeneH / Selenium
Pybuanin / Rubidium
CTtpoHuuin / Strontium
N1Tpwnii / Yttrium
LinpKoHwMii / Zirconium

Hwuo6uin / Niobium

Monn6aeH / Molybdenum

Kagmuin / Cadmium
Onoso / Tin
Cypbma / Antimony
Tennyp / Tellurium
Lle3unii / Cesium
Bapwii / Barium
PTyTb / Mercury
CsuHeuy, / Lead
BucmyT / Bismuth

Oxycoccus

Vaccinium

quadripetalus vitis-idaea

0.071
0.013
2279
721.4
33.6
420.7
788.1
6380.1
1160.3
3.01
0.19
3.52
104.4
42.0
0.035
0.61
6.49
91
0.02
0.005
0.4
2.00
314
5.37
0.011
0.052
0.0051
0.030
0.037
20.0
0.030
0.007
0.015
7.57
0.023
0.066
0.01

0.021
0.008
16.4
539.4
34.0
440.6
829.3
4605.5
1131.7
2.29
0.04
257
282.5
22.3
0.028
0.41
4.19
12.0
0.034
0.0051
0.32
2.00
134
2.35
0.0055
0.012
0.0014
0.037
0.01
10.1
0.040
0.070
0.060
11.6
0.031
0.095
0.01

Vaccinium
myrtillus
0.075
0.008
19.1
878.9
82.0
352.6
1151.6
5358.3
835.3
2.72
0.082
3.83
48.6
20.5
0.022
2.28
371
18.3
0.022
0.0085
0.24
2.38
4.44
139
0.003
0.013
0.00047
0.202
0.066
12.9
0.030
0.070
0.011
8.44
0.015
0.049
0.01

Vaccinium
praestans
0.021
0.013
18.4
647
55.9
327.4
1096.5
6007.8
1369.3
4.09
0.11
2.92
278.1
49.3
0.043
0.36
3.95
8.45
0.033
0.0074
0.4
2.00
18.0
1.51
0.011
0.035
0.0026
0.12
0.025
18.5
0.030
0.070
0.12

0.02
0.28
0.01
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Vaccinium
uliginosum
0.115
0.0033
88.0
477.0
50.0
448.0
987.0
4400.0
930.0
3.23
0.69
3.76
92.0
70.0
0.074
0.65
3.19
15.1
0.032
0.003
0.25
0.12
12.3
54
0.016
0.14
0.0066
1.45
0.093
19.7
0.013
0.01
0.073
9.95
0.013
0.75
0.0025
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Ta6nunuya 3. Cofep>kaHne 3cCEHLNANTBbHBIX U TOKCUYHbIX MUKPO3/1IeMEHTOB B UCCNeAYEMbIX M104aX, MKr/T
Table 3. The content of essential and toxic trace elements in the studied fruits, pg/g

dnemMeHT Oxycoccus Vaccinium
Element quadripetalus vitis-idaea
MapraHey, / Manganese 104.4 282.5
XKeneso / Iron 42.0 22.3

Mepb / Copper 6.49 4.19

LinHkK / Zinc 9.1 12.0
Ko6anbT / Cobalt 0.035 0.028

Xpom / Chromium 3.52 2.57
Mblwbsak / Arsenic 0.4 0.32
Kagmwnii / Cadmium 0.037 0.01
CsuHel, / Lead 0.066 0.095

PtyTb / Mercury 0.023 0.031

Kpome Toro, nnogbl rony6uku cogepxkat MakcuMasb-
HOe KO/IM4ecTBO KobasibTa, KOTOPbI MOBbILLAeT yCBO-
eHue Xenesau, byayumn CTUMYyNATOPOM 3pUTPOI033a,
Heobxogmm gnsa npodunakTukm XX A.

Cofep>xaHne 3M1eMeHTOB-TOKCMKAHTOB BO BCeX
nccnegyembix obpasuax HuXKe AONYCTUMbIX HOPM:
CBMHUA - He 6onee 6.0 MKr/r; kKagmunsa - He 6onee
1.0 MKr/T; pTyTK - He 60onee 0.1 MKI/T 1 MblLLbSKA -
He 6onee 0.5 mkr/r [13].

SAKJTKOHEHWME

CpaBHeHWe cofiep>XXaHus CBUHLA, KaaMus, pTyTu
N MbllbsIKa B UCCNeAyeMblX o6pasiax NaofoB ¢ X
npezenibHO AONYCTUMbIMM KOHLEHTpaUMaAMnU Ans
npenapaToB Ha pacTUTe/IbHO OCHOBe NMoKa3aso, YTo
co6paHHOe Cbipbe 3KOIOrMYecKM 6e30MacHO U MOXKeT
6bITb MCMO/IL30BAHO B /lIe4e6HbIX Liensx. CooTHoLe-
HUe acceHUMasbHbIX MWUKPO3/IEMEHTOB pas3finyHo,
YTO HEO6X0AMMO YYUTbIBATb B NMPOUIAKTMKE KOH-
KPETHOFO MWKpPO3sieMeHTo3a. OB6HAapy>XeHo, u4TO
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Vaccinium Vaccinium Vaccinium

myrtillus praestans uliginosum
48.6 278.1 92.0
20.5 49.3 70.0
371 3.95 3.19
18.3 8.45 15.1
0.022 0.043 0.074
3.83 2.92 3.76
0.24 0.4 0.25
0.066 0.025 0.093
0.049 0.28 0.75
0.015 0.02 0.013

is optimal in terms of manganese and zinc content,
and can be used in combined therapy, as well as for
the prevention of diabetes mellitus. As for the pre-
vention of IDA, it is preferable to use the fruits of
blueberry.

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

KOMBUHaLUMA NMA040B KIOKBbl U YepPHUKN ABNSETCA
ONTUMasbHOM C TOYKW 3peHUsA cogdepxkaHUs Map-
raHua v UMHKa U MOXXET MPUMEHSATLCA B KOMIMJIeKC-
HOW Tepanuu, a Takxe ANS NPOPUNAKTUKK caxap-
Horo gnabeta. C TOUKM 3peHns NpopunnakTnkm XX A
NpeAnoYTUTESIbHO UCMO/b30BaTh N0l FOYOUKMN.

KOHMANKT NMHTepecoB. ABTOpbI 3asB/sOT 06
OTCYTCTBUWN KOH(/IMKTA UHTEPECOB.
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