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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.
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Astragalus dasyanthus herb; Mentha piperita leaves; Arctium lappa roots
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Дослідження елементного складу популярних вітчизняних видів лікарської 
рослинної сировини
Мета дослідження. Визначити елементний склад поширених вітчизняних видів лікарської рослинної сиро-

вини: пуп’янків софори японської, листя та квіток глоду криваво-червоного, трави астрагалу шерстистоквітково-
го, листя м’яти перцевої та коренів лопуха звичайного.

Матеріали та методи. Дослідження елементного складу виконували методом атомно-абсорбційної спектро-
графії з фотографічною реєстрацією на базі НДУ НТК «Інститут монокристалів» НАН України (м. Харків).

Результати та їх обговорення. Отримані результати свідчать, що в досліджуваних зразках поширених 
вітчизняних видів лікарської рослинної сировини міститься не менше 19 хімічних елементів, серед яких пре-
валюють калій, кальцій, магній, фосфор.

Висновки. Проведене дослідження доводить перспективність створення з сировини зазначених рослин 
оригінальних комплексних лікарських засобів для профілактики та лікування захворювань серцево-судинної 
системи, зокрема артеріальної гіпертензії.
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Исследование элементного состава популярных отечественных видов 
лекарственного растительного сырья
Цель исследования. Определить элементный состав распространенных отечественных видов лекар-

ственного растительного сырья: бутонов софоры японской, листьев и цветков боярышника кроваво-красного, 
травы астрагала шерстистоцветкового, листьев мяты перечной и корней лопуха обычного.

Материалы и методы. Исследование элементного состава проводили методом атомно-абсорбционной 
спектрографии с фотографической регистрацией на базе ГНУ НТК «Институт монокристаллов» НАН Украины 
(г. Харьков).

Результаты и их обсуждение. Полученные результаты свидетельствуют, что в исследуемых образцах 
распространенных отечественных видов лекарственного растительного сырья содержится не менее 19 хими-
ческих элементов, среди которых превалируют калий, кальций, магний, фосфор.

Выводы. Проведенное исследование показывает перспективность создания из сырья указанных расте-
ний новых оригинальных комплексних лекарственных средств для профилактики и лечения заболеваний сер-
дечно-сосудистой системы, в частности артериальной гипертензии.

Ключевые слова: минеральные соединения; бутоны софоры японской; листья и цветки боярышника 
кроваво-красного; трава астрагала шерстистоцветкового; листья мяты перечной; корни лопуха 
обычного
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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, α-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 IVS-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 = Sl + f-Sf) 
were calculated for the spectra of the test samples (Sin) 
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 (lg C) where C was expressed as a per-
centage. According to this graph, the content of the ele-
ment in ash (a), %, was calculated.

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

M

mа
Х

�

� ,

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).

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

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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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 (Arctium 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-
pa roots – 310 mg/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, 

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
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such as cadmium, arsenic and mercury, were contained 
in the amount of < 0.01 mg/100 g.

Conclusions and prospects of further research
1. The study of the elemental composition of common 

domestic types of the medicinal plant raw material 
(Sophora japonica flower buds, Crataegus sangui- 
nea leaves and flowers, Astragalus dasyanthus herb, 
Mentha piperita leaves, Arctium lappa roots) by ato- 
mic absorption spectrography with photographic re- 
gistration of the results showed the presence of at least 
19 macro-, micro- and ultramicroelements in this raw 

material. It is characterized by a significant content 
of potassium, calcium and magnesium, which play 
an important role in the human body functioning in 
general and in the normalization of blood pressure.

2. The development of original complex medicines ba- 
sed on these types of the medicinal plant raw ma-
terial for the prevention and treatment of diseases 
of the cardiovascular system, in particular arterial 
hypertension, can be promising.
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