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Introduction
 Macro- and microelements are present in 
a living organism in small concentrations, but 
involved in many processes, and they are com-
ponents of cells and tissues. Knowledge about 
the composition of mineral substances in plant 
raw material will allow it to be used purposefully 
for the prevention and treatment of various 
diseases [1].

 The homeostasis of the human body is 
dependent on macro- and microelements, which, 
as biotics, are modulators of metabolic process-
es, or determines the effect on the immune 
response,processes of tissue respiration, hemato-
poiesis, cell division, growth, reproduction, etc. 
The deficiency or excess of the relevant 
elements affects all links in the food chains,en-
hancement or weakening of the synthesis of
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biologically active substances, containing trace 
elements, to changes in the processes of interme-
diate metabolism, to violations that cause human 
disease.
 At the heart of the distribution of micro-
elements in the organs and tissues of the body 
lies their physiological significance, as well as 
the features of blood supply to the body. In 
particular, at complex biochemical processes in 
the brain take an active part: Cu, Mn, Al, Ag, Si, 
Ti,in the pancreas — Zn, Co, Mo, Ni, I, Si, Mn, 
Cr, Sn, in thyroid gland the main role belongs to 
iodine, as well as bio-elements: Br, Co, Cu, F, 
Zn. The main depot of mineral components for 
the body is the liver. It contributes to their 
constancy in the blood,provides stability of 
homeostasis in an organism of a number of enzy-
matic systems, maintaining the level of metabol-
ic processes in organs and tissues.
 The trace elements are part of the 
enzymes (known about 200 metal enzymes): Zn 
- to carbanhydraz, Cu to polyphenol oxidase, Mn 
to arginase, Mo to xanthine oxidase; vitamins: 
Co - to vitamin B12; hormones: I - to thyroxine, 
Zn and Co - to insulin; respiratory pigments: Fe 
- to hemoglobin and other iron-containing 
pigments, Cu to hemocyanin. Some elements 
affect the ability to grow (Mn, Zn, I), reproduc-
tion (Mn, Zn), hematopoiesis (Fe, Cu, Co), on 
tissue respiration (Cu, Zn), intracellular metabo-
lism, etc.The main source of trace elements to 
the body is food [2 -4]. 
 Plant organisms, as living systems, are 
characterized by an appropriate degree of accu-
mulation of macro- and microelements, which 
act as environmental factors,play the role of 
basic modulators for the synthesis of biological-
ly active substances and organic molecular struc-
tures, also, at the same time, it is possible to trace 
the migration of chemical elements in the 
biosphere, to find out the mechanisms of their 
concentration and to determine the topography 
of the most favorable from the ecological point 
of view of the places of procurement of raw 
materials [5 - 7].
 Therefore, the study of new medicinal 
plantswhich will be complementary to official 

species, with high content of biologically active 
substancesandthedevelopment of new medicines 
that are a complex of vital macro- and microele-
ments are relevant. To such plants we relate 
Aiugareptans L. and Filipendulahexapetala 
Gilib.
 Aiugareptans L. is sprawling perennial 
plant of Lamiaceae family, with a creeping 
rhizome. The stem grows to a height of about 
10-35 cm, erect, single, unbranched. The lower 
leaves are narrowed to the base, obovate or oval, 
collected in the basal rosette, the plants do not 
dry up during flowering, from rosettes grow long 
rooting stems. Leaves are whole, egg-shaped. 
The flowers are irregular, blue (sometimes pink 
or white),two-lipped, located in the leaf axils, 
collected in the rings for 6-8 pieces, forming 
apical paniculate inflorescences. The fruit is nut 
[8, 9]. 
 Aiugareptans L. is known for its seden-
tary, antiseptic, hemostatic and anti-inflammato-
ry properties, used in the treatment of viral 
diseases, with colds, rheumatism, diseases of the 
stomach, cholelithiasis, malaria and oncology. 
The presence of flavonoids, hydroxycinnamic 
acids, indicates antioxidant and antimicrobial 
activity. Infusion, broth of Aiugareptans L. used 
for diarrhea, externally - with wounds, shows 
hepatoprotective effect [10-13]. 
 Filipendulahexapetala Gilib. is sprawl-
ing perennial plant of Rosaceae family, is around 
30-150 cm tallwith a thin rhizome and thin 
rootswith tuberous thickening of the globular or 
spindle-shaped form [14]. 
 The plant exhibits anti-inflammatory, 
astringent, diuretic and hemostatic effect. 
Rhizomes with roots are used in the treatment of 
diseases of the gastrointestinal tract, cardiovas-
cular system, oncological diseases, rheumatism, 
diarrheas, as a diuretic [15, 16]. 
 The goal of our work. The aim of this 
articlewas the study of macro- and micro-ele-
mental composition of raw materials of Aiug-
areptans L. and Filipendulahexapetala Gilib. for 
the study of the possibility of further use as 
herbal remedies.
 As the objects of the study were chosen 
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inflorescences, leaves, stems and grass ofAiug-
areptans L., harvested in the outskirts of 
Tlumach, Ivano-Frankivsk region in 2017. To 
study of Filipendulahexapetala Gilib. over-
ground and underground parts of the plants were 
used, as well as soils that were harvested in 
different areas of Ivano-Frankivsk, Chernivtsi, 
Khmelnytskyi regions. To determine macro- and 
microelements the samples were harvested 
according to the method of harvesting of medici-
nal plants.A necessary condition for the harvest-
ing of inflorescences, leaves, stems and grasses 
was the absence of precipitation within 3-5 days 
before harvesting.

Methods and materials
 This work is the fragment of complex 
research work of Pharmacy Department of the 
Ivano-Frankivsk National Medical University 
"Research of some wild and cultivated plants of 
western region of Ukraine and creation of tech-
nologies of their use for therapeutic purposes" 
(state registration number 0118U003809).
 Study of the elemental composition of 
the studied objects was carried out by the method 
of atomic emission spectrometry with inductive-
ly coupled plasma iCAP 7000 Duoon the basis 
of the State enterprise “Ivano-Frankivsk 
Research-and-Production Center for Standard-
ization, Metrology and Certification” (certificate 
of accreditation № 2Н098 from 20.06.2014 р.)In 
the spectrometer, the optical scheme of Eshelle 
and a semiconductor CID detector are used. 
Solution of prepared sampleis sent to the sprayer 
by peristaltic pump, to get an aerosol. Large 
drops are removed from the spray chamberand 

small droplets are sent to the plasma discharge. 
The remnants of the sample are decomposed into 
atoms and ions, which are excited and emit char-
acteristic light, the value of which is measured, 
which makes it possible to determine, respec-
tively, the concentration of chemical elements in 
the experimental test.
 Sample preparation involves homogeni-
zation, зweighing, adding nitric acid and trans-
ferring the appropriate sample to a microwave 
oven. Under the influence of the given parame-
ters of pressure and temperature, the expansion 
of samples takes place. The resulting sample is 
diluted with deionized water and injected into a 
mass spectrometer. 
 The atomic emission spectrometer with 
inductively coupled plasmaincludes: comput-
er-controlled atomic emission spectrometer with 
background correction, radio frequency genera-
tor and argon supply system. Atomic emission is 
measured by optical spectroscopy. The sample is 
sprayed; the aerosol is transported to a plasma 
burner, where the excitement happens. Charac-
teristic atomic emission lines generate radio 
frequency inductively coupled plasma. The mea-
surement spectrum is decomposed on a diffrac-
tion grating of a spectrometer,and the intensity 
of the lines is recorded by detectors. Detector 
signals are controlled and processed by the com-
puter system [15, 16].

Results of investigation
 Results of the study of the content of 
macro- and microelements in the raw material of 
Aiugareptans L. are shown in tab. 1

Table 1. Content of macro- and microelements in the raw material of Aiugareptans L.
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Name of 
the 

element 

The name of the plant part 

Inflorescence Leaves Steam  Grass 

mg/100gdry raw materials 

Ca 87,50 103,56 91,42 94,58 



 The results of the studies presented in 
Table. 1, indicate that in inflorescence, leaves, 
stems and grass of Aiugareptans L. there are 23 
available inorganic elements.
 So, the largest amount in the raw material 
of Aiugareptans L. was found on Са, the 

contents of which varies from 87,50up 
to103,56mg/100g of dry raw materials depend-
ing on the part of the plant. The content of Mg is 
from 19,0 up to 22,21 mg/100g of dry raw mate-
rialsdepending on the part of the plant. The high-
est Fe content (34.21 mg/100g of dry raw
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Mg 19,0 19,0 22,21 20,67 

Fe 17,08 34,21 10,01 18,04 

Si 7,0 7,0 7,0 6,50 

Al 2,95 2,92 2,97 2,94 

Zn 2,41 2,33 1,75 1,96 

Mn 2,17 2,10 2,20 2,27 

Sr 0,89 0,91 0,87 0,88 

Cu 0,45 0,47 0,34 0,46 

Ba 0,39 0,35 0,40 0,36 

B 0,33 0,33 0,34 0,33 

Ni 0,33 0,33 0,36 0,33 

Sn 0,15 0,14 0,15 0,15 

Cr 0,10 0,10 0,13 0,11 

mcg/100g of dry raw materials 

Se 14,42 14,84 14,77 14,52 

Mo 13,16 11,76 10,43 11,96 

Co 11,98 12,68 11,56 11,98 

Pb 1,76 2,26 1,18 2,15 

As 1,93 1,72 1,93 1,28 

Cd 1,33 1,33 1,47 1,35 

Hg 0,06 0,09 0,08 0,07 

Be 0,00028 0,00028 0,00028 0,00028 

I  0,0007    0,0007 0,0007 0,0007



materials) accumulated in the leaves of Aiug-
areptans L. Content in the study samples of Si 
and Zn was found in range from 6,50 up to 7,0 
mg/100g and from 1,75 up to2,mg/100g of dry 
raw materials in accordance. Content of Al is 
from 2,92up to 2,94mg/100g of dry raw materi-
als. The highest Mn content (2,27 mg/100g of 
dry raw materials) was found in the grass of 
Aiugareptans L. Content of Sr was found within 
the range from 0,87 up to0,91mg/100g of dry 
raw materials depending on the part of the 
plant.The highest content of B, Ba and Ni was 
found in the grass of Aiugareptans L. and it is 
0,34, 0,40and 0,36mg/100g of dry raw materials 
in accordance. Quantitative content of Sn and Cr 
is within 0,14 to 0,15 mg/100g of dry raw mate-
rials and 0,10 to 0,13 мmg/100g of dry raw mate-
rialsin accordance. Content of Mo and Se was 
found within the range from 10,43up to 13,16 
mcg/ 100 gand from 14,42up to 14,84 mcg/100g 

of dry raw materials in accordance. Content of 
Co is from 11,98 - 12,68 mcg/100g of dry raw 
materials. Also the traces of ВеandІin the raw 
materials of Aiugareptans L were detected. 
Quantitative content of As, Cd, Hg and Pb is 
insignificant and is within the limits of the maxi-
mum permissible concentrations for raw materi-
als and food products, which meets the require-
ments of the State Pharmacopoeia of Ukraine.
 Quantitative content of macro- and 
microelements in the studied raw material of 
Aiugareptans L. corresponds to such regularity: 
Ca > Mg > Fe > Si > Zn > Mn > Al > Sr > Cu > 
Ba > Ni > B > Sn > Crта Se > Mo > Co > Pb > 
Cd > As > Hg > Be > I.
 Results of analysis of elemental content 
of underground and overground parts of plants 
of Filipendulahexapetala Gilib. depending on 
the vegetation phase, are shown in Table. 2

Table 2. Quantitative content of macro- and microelements in soil and raw materials of Filipendula-
hexapetala Gilib. depending on the vegetation phase
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Nameo
ftheele
ment 

Content of the elements, mg/100 gof dry raw materials 

Startofvegetation, 
22.IV 

Thefloweringperiod, 
15.IV 

The end of 
vegetation, 2.X Soil, 

mg / kg grass rhizomeswit
hroots 

grass rhizomeswi
throots 

grass rhizomeswit
hroots 

Fe 3,29 7,2 2,84 4,15 2,52 7,16 4,63 

Cu 0,44 1,04 0,69 1,29 0,89 1,54 1,82 

Zn 0,96 4,78 1,64 4,11 1,01 4,76 5,88 

Mn 5,62 4,25 6,28 4,89 3,88 6,13 9,15 

Content of the elements, mcg/100 g of dry raw materials 

Mg 0,7 1,4 2,7 4,1 1,1 5,1 7,24 

Cr 0,6 1,4 1,4 2,1 1,1 1,4 5,1 

Co 0,4 1,2 0,8 1,5 0,5 1,6 1,3 



 The results of the studies presented in 
Table. 2, indicate that, maximum content of the 
studied macro- and microelementsin under-
ground parts of the plant in the majority accumu-
lates in the phase of the final vegetation. The 
number of Cu, Co, Mn and Mg gradually 
increased during the entire period of vegeta-
tion,its maximum content in underground organs 
was detected during the extinction of the over-
ground part (1,54 mg/100 g, 1,6mcg/100 g, 
6,13mg/100 g, 5,1 mcg/100 gof dry raw materi-
alsin accordance).
 In the grass of Filipendulahexapetela 
Gilib. Quantitative content of the studied 
elements in different periods of vegetation 
varied in different ways. For Fethere was a maxi-
mum accumulation at the beginning of the vege-
tation period. The number of Cugradually 
increased with maximum content at the end of 
the vegetation (0,89mg/100 gof dry raw materi-
als). The number of Zn, Co, Mn, Cr and Mg in 
overground part grew most during the flowering 
period (1,64mg/100 g, 0,08 мmg/100 g, 6,28 
mg/100 g, 1,4mcg/100 g, 2,7 mcg/100 g of dry 
raw materials in accordance). The number ofCd 

і Liwas insignificant, was maintained at one 
level during the entire period of vegetation.
 The research of the elemental composi-
tion of soil, wherethe plants grew, indicates a 
significant diversity of their quantitative correla-
tion. The highest level was attributed to manga-
nese (9,15mg/100 g of dry raw materials), Mg 
(7,24 mcg/100 g), Zn (5,88 mg/100 g) andFe 
(4,63mg/100 g). Quantitative content of Cu is 
1,82mg/100 g, Cr – 5,1 mcg/100 g, and the least: 
Li – 2,1 mcg/100 g, Cd – 1,9mcg/100 g andCo – 
1,3 mcg/100 g.
 To detect the influence of growth condi-
tions on the content of macro- and microele-
ments in the root system of Filipendulahexa-
petala Gilib. its quantitative determination in 
different places of growth was carried out. The 
raw materials for the study were harvested in 
Ivano-Frankivsk, Ternopil, Chernivtsi, Khmel-
nytskyi regions.
 Results of study of macro and microele-
mental composition in rhizomes with roots and 
growth soils of Filipendulahexapetala Gilib. 
harvested from different places of growth are 
given in Table. 3

Table 3. Content of macro- and microelements in rhizomes with roots of Filipendulahexapetala 
Gilib. in the period of extinction of the underground part and soils depending on the place of growth
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Cd 0,2 0,2 0,3 0,3 0,3 0,3 1,9 

Li 0,2 0,2 0,2 0,1 0,2 0,3 2,1 

N
am

eo
fth

ee
le

m
en

t 

Content of the elements, mg/100 g of dry raw materials 

Ivano-Frankivsk 
region, Nadvirna 

district, 
Yaremche 

Ivano-Frankivsk 
region, Nadvirna 

district, 
Berezivka 

Ternopil region,, 
outskirtsм. 

Monastyryska 

Chernivtsi,= 
обл.,  

outskirtsNovosel
utsia 

Khmelnytskyireg
ion, 

outskirtsGorodo
k 

Under
groun
d part 

Soil 
Underg
roundp

art 
Soil 

Underg
roundpa

rt 
Soil 

Under
ground

part 
Soil 

Unde
rgrou
ndpar

t 

Soil 

Fe 7,34 4,18 7,05 4,63 6,84 5,46 7,62 5,28 6,94 5,88 

Cu 1,39 1,61 1,51 1,82 1,60 1,56 1,73 1,69 1,48 2,06 
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 Content of macro- and microelements 
(table3) of underground parts of Filipendula-
hexapetala Gilib., harvested in different places 
of growth, don’t have significantly different. In 
all samples of the root system there was high 
content of Fe, Mn, Zn and minor fluctuations in 
the level of other elements, which indicates the 
absence of influence of the place of growth on 
the quantitative content of elements in the raw 
materials.

Conclusions
 1. The composition of macro and micro-
elements of raw materials of Aiugareptans L. has 
been investigated for the first time, 23 inorganic 
elements were found, and in raw materials of 
Filipendulahexapetala Gilib. - 9 inorganic 
elements
 2. It was established that content of 
macro- and microelements in the studied raw 
material of Aiugareptans L. corresponds to such 
regularity: Ca > Mg > Fe > Si > Zn > Mn > Al > 
Sr > Cu > Ba > Ni > B > Sn > Cr та Se > Mo > 
Co > Pb > Cd > As > Hg > Be > I.
 In rhizomes with roots of Filipendula-
hexapetala Gilib. content of macro- and micro-
elements corresponds to such regularity: Fe > 
Mn > Zn > Cu та Mg > Co > Li > Cd. 
 3. Results of study of elemental composi-
tion of raw materials of Aiugareptans L.  and 
Filipendulahexapetala Gilib. indicate that the 
quantitative and qualitative composition of 

macro and microelements depends on the 
elemental exchange of its plants, conditions of 
growth, elemental composition of the soil, which 
must be taken into account when developing 
new herbal medicinal products, which would 
have anticipated desired pharmacological 
effects.

Prospect of further research
 The obtained results indicate the expedi-
ency of further study of raw materials of Aiug-
areptans L. as a promising medicinal plant mate-
rial with sedative, anti-inflammatory, antioxi-
dant and antimicrobial activity.
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