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The study of the elemental composition of common
domestic types of the medicinal plant raw material

Aim. To determine the elemental composition of common domestic types of the medicinal plant raw material, such
as Sophora japonica flower buds, Crataegus sanguinea leaves and flowers, Astragalus dasyanthus herb, Mentha
piperita leaves, Arctium lappa roots.

Materials and methods. The elemental composition was studied by atomic absorption spectrography with photo-
graphic registration. The research was conducted at the premises of STC “Institute of Single Crystals” of the National
Academy of Sciences of Ukraine (Kharkiv).

Results and discussion. The results of the research obtained show that the samples of common domestic types
of the medicinal plant raw material studied contain at least 19 chemical elements; potassium, calcium, magnesium,
and phosphorus predominate among them.

Conclusions. The study shows the prospects of creating new original complex drugs from the raw material of the plants
studied for the prevention and treatment of diseases of the cardiovascular system, in particular hypertension.

Key words: mineral compounds; Sophora japonica flower buds; Crataegus sanguinea leaves and flowers;
Astragalus dasyanthus herb; Mentha piperita leaves; Arctium lappa roots

€. KO. 8ypoea, O. IN. XBopocT
HauioHanbHu bapmaueBTUYHMI yYHiBepcuTeT MiHicTepcTBa OXOPOHM 300POB’A YKpaiHu

LocnigxeHHs eNeMeHTHOro cknaay nonynsapHuX BiTYN3HAHUX BUAIB NikapCcbKoi
POCNUHHOI CUPOBUHMU

MeTa pocnigxeHHA. BU3Ha4MTN enemMeHTHUI cknag nowmMpeHnX BiTYN3HSAHMX BUAIB NiKapCbKOi POCAMHHOT CUPO-
BVHW: Ny’ sIHKIB COhOpU AMOHCHKOI, MUCTS Ta KBITOK Moy KpYBaBO-4e€PBOHOTO, TPaBW acTparany LLepCTUCTOKBITKOBO-
ro, NMUCTS M’SAITU NEePLEBOI Ta KOPEHIB Nonyxa 3BU4anHoro.

Matepianu Ta meToau. [lJocnigkeHHs1 eNeMEHTHOrO CKNnazy BUKOHYBanu METoI0M aTOMHO-abcopOLUiiHOT cnekTpo-
rpadii 3 choTorpadivHoto peectpauieto Ha 6a3i HAY HTK «IHcTuTyT MmoHokpucTanis» HAH Ykpainu (M. Xapkis).

PesynbraTti Ta ix o6roBopeHHsa. OTpuMaHi pedynstatu ceigvaTtb, WO B AOCAIAXKYBaHUX 3paskax NoLMPeHnX
BITYM3HAHUX BUAIB NiKAPCbKOI POCMHHOI CUPOBUHW MICTUTLCA HE MeHLe 19 XiMiYHUX enemeHTiB, cepen sKux npe-
BaroKTb Kanin, KanbLii, MarHin, docgop.

BucHoBku. [poBeaeHe JocnifpkeHHS 4OBOAUTb MNEPCMNEKTUBHICTb CTBOPEHHS 3 CUPOBUHW 3a3Ha4YeHUX POCITUH
opuriHanbHNX KOMMMEKCHNX NikapcbKknx 3acobiB Ans npodinakTukn Ta nikyBaHHS 3aXBOPIOBaHb CEpLEBO-CyANHHOT
CUCTEMU, 30KpeMa apTepianbHOI rinepTeHasii.

Knrovoei cnoea: miHeparsibHi crionyku; ryn’sHKU cogbopu sIMOHCLKOI; 1ucmsi ma Keimku 25100y Kpugago-
Yepe8oHO20, mMpasa acmpaaarsy WepCcmuUCMOKS8IMKO8020, IUCMs M’Imu Mepueesoi; KOpeHi roryxa 3gu4yaliHo20

E. 0. 3ynosa, O. I'. XBopocT
HaumoHanbHbIN hapmaueBTuyecknii yHuBepcenteT MnHucTepcTBa 3gpaBooXpaHeHns YKpavHbl

UccnepoBaHue afieMeHTHOMo cocTaBa nonynspHbIX oTe4eCTBeHHbIX BUOOB
JIeKapCTBeHHOro pacTuTesibHOro Chbipbs

LUenb nccnegoBanusa. Onpenenntb 3NE€MEHTHbIN COCTaB pacnpOCTPaHEHHbIX OTEYECTBEHHbIX BUAOB NeKap-
CTBEHHOIO PaCTUTENBbHOIO Cbipbsi: OYTOHOB COOPbI SIMOHCKOM, MUCTLEB U LIBETKOB HOSIPbILLHMKA KPOBABO-KPACHOTO,
TpaBbl acTparara LepCTUCTOLBETKOBOIO, NMUCTHEB MATbI MEPEYHOW 1N KOPHEN rnomnyxa 06bI4HOrO.

MaTtepuanbl n metoAbl. ViccnegoBaHne anemMeHTHOro coctaBa NPOBOAMIIM METOAOM aTOMHO-abCcopOLMOHHOW
cnekTporpacun ¢ dotorpacpuyeckon pernctpauuent Ha 6aze M'HY HTK «MHcTutyT MoHokprcTannos» HAH YkpauHbl
(r. XapbkoB).

Pesynbrathl U ux obecyxaeHue. MonyyeHHble pedynsraThl CBMOETENBLCTBYIOT, YTO B Mccnegyemblx obpasuax
pacnpoCTpaHeHHbIX OTEYECTBEHHbLIX BUAOB IEKAPCTBEHHOIO PACTUTENBLHOMO ChiPbs COAEPXKUTCHA HEe MeHee 19 Xxumu-
YEeCKMX 3NEMEHTOB, Cpeau KOTOPbIX NPeBanupyoT Kanum, KanbLuin, marHun, pocdop.

BbiBoabl. [1poBeaeHHOe nccneaoBaHve nokasbiBaeT NePCneKTUBHOCTb CO34aHUA U3 CbipbSA YKa3aHHbIX pacTe-
HU HOBbIX OPUMMHAnNbHbIX KOMMIIEKCHUX NEKapCTBEHHbIX CPEACTB ANS NPOUNAaKTUKM U neveHns 3abonesaHunii cep-
[OEYHO-COCYAMCTON CUCTEMbI, B YACTHOCTU apTepuarnbHOW rmnepTeH3nu.

Knrodeenie cnoea: MuHepasbHble cOeOUHeHUSs]; 6ymOoHbl cOhOPbI SAMOHCKOU,; IUCMbS U U8emKu BOsIpbILHUKA
KpO8ago-KpacHo20;, mpaea acmpazasna Wwepcmucmoy8emKo80oo; NUCMbs MAMbI NepPeYHOU; KOPHU f1oryxa
06b14HO20
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Introduction. Macro- and microelements (which per-
form various functions [1], including the role of the plas-
tic material, maintenance of osmotic pressure [2], pH,
the ionic and acid-base balance [3, 4]) are found in the me-
dicinal plant raw material and their extracts in an orga-
nically bound form, which is more suitable for assimi-
lation by a macroorganism [5].

Trace elements, which are part of enzymes, hormo-
nes, vitamins and other biologically active substances,
are involved in the metabolism of proteins, fats and car-
bohydrates, growth and reproduction [6, 7]. Impaired
absorption of macro- and microelements due to gastro-
intestinal diseases, increased loss in infectious diseases,
burns, blood loss, metabolic disorders in endocrine dise-
ases can lead to the development of new diseases, inclu-
ding cancer, cardiovascular and other diseases [8-10].

According to the World Health Statistics 2021 pub-
lished by the WHO, hypertension affects approximately
26.5 % of the world’s population [11], and this percentage
is growing every year. It is one of the most common
diseases, which increases the risk of stroke, congestive
heart failure, myocardial infarction, peripheral vascu-
lar disease and overall mortality. Prophylaxis and early
treatment can prevent the development of hypertension
and related complications [12]. Treatment options in-
clude a diet and lifestyle changes (including the weight
loss, smoking cessation, and the increased physical ac-
tivity), antihypertensive medicines, and surgery in spe-
cial situations.

Clinical and population studies show that some nutri-
ents, such as sodium, potassium, calcium, magnesium,
and fiber, affect blood pressure, and the change in these
nutritional factors provides an important strategy for
controlling blood pressure, especially in people with high
blood pressure and early hypertension.

The macronutrient potassium is necessary for the contrac-
tile activity of the heart muscle, normalization of blood
pressure. Potassium deficiency disrupts metabolic pro-
cesses in the myocardium, electrical instability of the heart
muscle occurs, leading to the risk of heart failure, stroke,
life-threatening arrhythmias, cardiac arrhythmias [2, 6, 13].

Calcium deficiency, in addition to the muscle func-
tion deterioration, leads to heart problems [7, 14]. Magne-
sium deficiency is found in 90 % of patients who have
suffered a myocardial infarction [14-16].

Thus, mineral compounds play an important thera-
peutic role in the control of blood pressure and a sup-
porting role in the treatment of a number of diseases of
the cardiovascular system.

It would be important to determine the composition
of mineral compounds of the types of the medicinal plant
raw material widely used in the treatment of these pa-
thologies taking into account the increase in man-made
pressure on the environment, which leads to changes in
the plant composition and xenobiotics.

Sources of such raw material from the families of
Fabaceae, Rosaceae, Lamiaceae and Asteraceae are wide-
spread in Ukraine and used in folk and traditional medi-
cine [9, 17, 18].

For example, Sophora japonica flower buds contain
up to 20 % of rutin, quercetin, kaempferol, ascorbic acid,
potassium, magnesium, calcium and other elements. Medi-
cines from Sophora japonica flower buds are used for
lower blood pressure, increase vascular elasticity [19, 20].

Crataegus sanguinea leaves and flowers are the source
of flavonoids, phenolic acids, coumarins, triterpene acids,
potassium, magnesium, calcium and phosphorus. Extracts
from hawthorn flowers have cardiotonic, hypotensive,
sedative, antispasmodic effects (they eliminate tachycar-
dia and arrhythmia) [21, 22].

Astragalus dasyanthus herb contains daziantosides,
quercetin and kaempferol derivatives, as well as tannins,
coumarins, potassium, calcium and silicon. The infusion
of the herb has sedative, antihypertensive and diuretic
effects [23].

Mentha piperita leaves are rich in essential oils, inclu-
ding menthol, menthon, piperiton, limonene, a-pheland-
rene, proazulenes, etc., flavonoids, tannins, triterpenoids,
potassium, calcium, silicon. It has antispasmodic, seda-
tive, antidiarrheal, choleretic effects, and a weak anal-
gesic effect [24, 25].

Arctium lappa roots contain an essential oil, a bitter,
sesquiterpene lactones, flavonoids, inulin, a fatty oil, com-
pounds with sulfur, magnesium, calcium, potassium.
Extracts from this raw material are used as diuretics,
cholagogues, diaphoretics, metabolic normalizers [16, 26].

Today there are no complex medicines from these
types of the raw material at the Ukrainian market.

The aim of this work was to determine the elemental
composition of common domestic types of the medici-
nal plant raw material, such as Sophora japonica flower
buds, Crataegus sanguinea leaves and flowers, Astra-
galus dasyanthus herb, Mentha piperita leaves, Arctium
lappa roots.

Materials and methods. Air-dry plant raw material
was harvested at the relevant phases of the growing season
in 2020 (Sophora japonica flower buds at the beginning
of flowering in the village Lazurne in the Skadovsk district
of the Kherson region, Crataegus sanguinea leaves and
flowers in the phase of mass flowering in the Kharkiv re-
gion, Astragalus dasyanthus herb and Mentha piperita
leaves in the phase of mass flowering in a private area
of the village Velyka Babka in the Chuhuiv district of
the Kharkiv region), Arctium lappa roots at the begin-
ning of the leaf appearance in the vicinity of the vil-
lage Pishchanka in the Chuguiv district of the Kharkiv
region).

The elemental composition was studied by atomic
absorption spectrography with photographic registra-
tion [27]. The research was conducted at the premises
of STC “Institute of Single Crystals” of the National
Academy of Sciences of Ukraine (Kharkiv).

The samples of the raw material pre-treated with sul-
furic acid were charred when heated in a muffle furnace
(the temperature was not more than 500 °C). Evapo-
ration of the samples was performed from the craters
of graphite electrodes in the discharge of an alternating
current arc (the source of excitation of the [VS-28 type
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spectra) at a current of 16A and an exposure of 60 s.
To obtain spectra and their registration on photographic
plates, a DES-8 spectrograph with a diffraction grating
of 600 ppm was used. Measurements of the intensity of
emission lines in the spectra of the analyzed and calibra-
ted samples (CS) were performed using a MF-1 micro-
photometer.

The spectra were photographed under the following
conditions: AC arc current — 16A, the ignition phase —
60 °C, frequency of ignition pulses — 100 bits per second;
analytical interval — 2 mm; the width of the spectrograph
slit — 0.015 mm; exposition — 60 s. The spectra were
photographed in the wavelength range of 230-330 nm.

Photographic plates were developed, dried; then photo-
meter emission lines (nm) in the spectra of test samples
and C, as well as the background around them, were
observed.

For each element, the differences of blackening bet-
ween the emission line and the background (S =S, + {-S))
were calculated for the spectra of the test samples (S,,)
and CS (SCS). Then a calibration graph was built in
the coordinates: the average value of the difference of
blackening between the emission line and the back-
ground (SCS) — the logarithm of the content of the ele-
ment (C) in CS (Ig C) where C was expressed as a per-
centage. According to this graph, the content of the ele-
ment in ash (a), %, was calculated.

M Ca

M K E Mg

13.45+0.35 %

753 4 0.48 % 10.11 £0.32 %
03 0. )

7.41+0.53 %
5.59 £ 0.39 %

1 - Sophora japonica flower buds
2 - Crataegus sanguinea flowers
3 - Astragalus dasyanthus herb
4 - Mentha piperita leaves

5 - Arctium lappa roots

Fig. 1. The content of the total ash in the types of the raw material
studied

The content of the element in the plant material, as
a percentage (X), was calculated by the formula:

a-m
X= 7

where: m — is the mass of ash, g; M — is the mass of the
raw material taken for analysis, g; a — is the content of
the element in the ash, %.

Results and discussion. After charring of samples with
the medicinal herbal raw material the total ash content was de-
termined. The results (%) are shown in the diagram (Fig. 1).
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Fig. 2. The macronutrient composition of the types of the raw material studied (mg/100 g). A — Sophora japonica flower buds;
B — Crataegus sanguinea leaves and flowers; C — Astragalus dasyanthus herb; D — Mentha piperita leaves; E — Arctium lappa roots
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Fig. 3. The microelement composition of the types of the raw material studied (mg/100 g). A— Sophora japonica flower buds,
B — Crataegus sanguinea leaves and flowers, C — Astragalus dasyanthus herb, D — Mentha piperita leaves, E — Arctium lappa roots

In total, at least 19 macro-, micro- and ultramicro-
elements were found in the raw material. The macronu-
trients found in the raw material were Potassium, Cal-
cium, Silicon, Magnesium, Phosphorus, and Sodium. It has
been proven that these elements affect blood pressure,
and the drugs that contain them can be used for prophy-
lactic purposes [28].

The results of determining the macronutrient com-
position of the types of the raw material studied are given
in the form of diagrams in Fig. 2.

The results of studying the microelement composi-
tion of the types of the raw material are given in the form
of diagrams in Fig. 3.

For the accumulation of macronutrients in the raw
material the following pattern was observed: K > Ca >
Mg > P > Si > Na for Sophora japonica flower buds,
Crataegus sanguinea leaves and flowers; K > Ca > Si
> Mg > P > Na for Astragalus dasyanthus herb; K > Ca
> Mg > Si > Na > P for Mentha piperita leaves and
Arctium lappa roots.

According to the results of the study, potassium do-
minated in the medicinal plant raw material; its content
ranged from 1790 mg/100 g (4Arctium lappa roots) to more

than twice the result of 4050 mg/100 g (Astragalus
dasyanthus herb).

In addition to potassium, the test samples contained
a large amount of calcium; its content varied between
390 mg/100 g (Arctium lappa roots) and 1080 mg/100 g
(Astragalus dasyanthus herb).

The content of magnesium was also quite signifi-
cant and ranged from 220 mg/100 g (Sophora japonica
flower buds) to 405 mg/100 g (Mentha piperita leaves).

The highest content of phosphorus was determined
in Astragalus dasyanthus herb —215 mg/100 g. In other
types of the raw material this figure was 1.5-2 times lower.

The highest sodium content was found in Arctium lap-
paroots—310mg/100 g, while Crataegus sanguinea leaves
and flowers contained five times less of this element.

Astragalus dasyanthus herb was the leader in the ac-
cumulation of silicon compared to other raw material
studied — 1080 mg/100 g.

The nickel content ranged from 0.15 mg/100 g in
Sophora japonica flower buds to 0.08 mg/100 g in Cra-
taegus sanguinea leaves and flowers, and Mentha pipe-
rita leaves. The content of elements, such as lead and co-
balt, was in the range of < 0.03 mg/100 g, and elements,
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such as cadmium, arsenic and mercury, were contained material. It is characterized by a significant content
in the amount of < 0.01 mg/100 g. of potassium, calcium and magnesium, which play
Conclusions and prospects of further research an important role in the human body functioning in
1. The study of the elemental composition of common general and in the normalization of blood pressure.
domestic types of the medicinal plant raw material 2. The development of original complex medicines ba-
(Sophora japonica flower buds, Crataegus sangui- sed on these types of the medicinal plant raw ma-
nea leaves and flowers, Astragalus dasyanthus herb, terial for the prevention and treatment of diseases
Mentha piperita leaves, Arctium lappa roots) by ato- of the cardiovascular system, in particular arterial
mic absorption spectrography with photographic re- hypertension, can be promising.
gistration of the results showed the presence of at least Conflict of interest: authors have no conflict of in-
19 macro-, micro- and ultramicroelements in this raw  terests to declare.
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