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ABSTRACT

Determination of the mineral composition is important for further study and standardization of the dried
branches of the species from the Salix (willow) family genus and extracts from the plant material. The study
aimed to determine the qualitative and quantitative content of macro- and microelements in some
representatives of the Salix spp. growing in Ukraine in comparison with soils and extracts of plant material. The
elemental composition of the branches of Salix cinerea L., S. incana Schrank, S. caprea L., S. sachalinensis F.
Schmidt, S. acutifolia L., S. fragilis L., S. caspica Pall., S. rosmarinifolia L., and S. myrsinifolia Salisb was
determined using atomic emission spectrometry with photographic registration for the first time. The method
used allowed us to determine the presence of 5 macro- (K, Na, Ca, P, Mg) and 14 microelements (Fe, Si, Mn,
Al, Sr, Zn, Ni, Mo, Cu, Co, Pbh, Cd, As, Hg), and the content of 14 elements were quantified in the dried
branches of the Salix spp. plants. The ability to accumulate and a relatively high content of micro- and
macroelements, as well as low content of toxic microelements (Co, Pb, Cd, As, Hg) in willow branches, allow
considering them as a promising but safe source of biologically available microelements. There were typically
not correlations between concentrations of micro- and macroelements in plant material and soils. The maximum
levels of macroelements and microelements were found in Salix species collected in the Kharkiv region, and in
the Zakarpatye region, respectively. The elemental composition in the Salix sachalinensis F. Schmidt was quite
different if compared with all others.
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INTRODUCTION

Willows have one of the first places in the species diversity in the dendroflora of Ukraine. The genus Salix
(Willow) family Salicaceae (Willow) includes about 350 species, which are united in 29 sections, and sections
close in evolutionary-morphological relation - in three subgenuses: Salix, Vetrix, and Chamaetia. According to
the literature, there are naturally about 25 species of willow in Ukraine. The Carpathians are home to the largest
number of native willow species. Among the plants of the willow family (Salicaceae) that are artificially grown
to obtain wood raw materials, as well as for landscaping, creating reclamation, recreational plantations, willow
(genus Salix L.) species, and forms are important. Willows are indispensable for the creation of anti-erosion
plantations, preliminary soil-improving crops in the reclamation of disturbed lands, as well as for energy
plantations designed to produce the biomass suitable for biofuels [1-3].
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The leader countries by area of land covered by energy crops in Europe are Italy - 57 thousand hectares (the
largest area in Europe), Poland - 13 thousand hectares, Sweden - 12 thousand hectares, Germany - 11 thousand
hectares, Denmark - 10 thousand hectares, Finland - 8 thousand hectares. According to the estimates of the
Bioenergy Association of Ukraine, the potential bioenergy 21 million tons, incl. about a third - 7 million tons
AD - energy crops on 2 million hectares of land. The total area of land involved in cultivation energy crops in
Ukraine - about 4 000 hectares for August 2018. Most of them (approx. 3,000 ha) located on the territory of
Volyn, Kyiv, and Zhytomyr regions [1, 2].

In the process of care and thinning of these plantations, there are a huge amount of waste remains - young
willow branches, which would be advisable to use in medical and pharmaceutical practice to create new
supplements and medicines.

They are the promising objects for phytochemical study; they are the sources of highly active natural
compounds used in folk medicine for a long time as an anti-inflammatory, diuretic, antipyretic, disinfectant,
hemostatic, astringent, sedative, wound healing, choleretic and antirheumatic drug to treat many diseases [4-8].
Some species of the Salix genus are officinal in the European countries for medicinal usage. The plant material
of various species of the Salix genus, such as S. purpurea L., S. fragilis L., S. daphnoides Vill., have been
included in the European Pharmacopoeia, British Herbal Pharmacopoeia, French Pharmacopoeia, and S.
acutifolia Willd. is in the Russian Pharmacopoeia (2008) [1, 9, 10].

The Department of Pharmacognosy of the National University of Pharmacy conducted the study of amino acid
composition, phenolic and volatile compounds, and carboxylic acids of branches of different species in the Salix
genus from the Ukrainian flora [4, 11, 12]. The study of the chemical composition of the plant material of Salix
spp. branches help to improve methods for quality control of both the raw material and pharmaceutical products
from it.

Continuing these studies, it is advisable to study the composition of macro- and micronutrients in raw materials
of some willows species from Ukrainian flora and extracts from them, since this is of great importance in their
standardization and affects their overall pharmacological effect.

Formation and accumulation of biologically active substances in medicinal plants are dynamic processes
changing in the ontogenesis of plants and depending on numerous environmental factors, including
anthropogenic ones [10, 13-15]. This is especially important in the environmentally hostile conditions in
Ukraine, especially after the tragedy at the Chernobyl NPP. The specificity of accumulation of heavy metals in a
certain species of tree vegetation that is part of urban phytocoenosis has been proven, and it harms the quality of
the plant material collected.

On the other hand, the medicinal plants, which accumulate a considerable number of essential microelements,
can be used for the prevention and complex treatment of many diseases appearing because of the imbalance of
microelements and macroelements in the human body [4, 16]. Also, the trace elements have an important role in
the functioning of the human body, they act as cofactors for various enzymatic systems or possess regulatory
activity [17].

This study aimed to determine the qualitative composition and the quantitative content of several macroelements
and microelements (K, Na, Ca, P, Mg, Si, Fe, Mn, Al, Sr, Zn, Ni, Mo, Cu, Co, Pb, Cd, As, and Hg) in dried
branches of 9 species of Salix genus naturally growing in Ukraine and their dry extracts, in comparison with
soils.

MATERIALS AND METHODS

Sample Description. The branches of the nine Salix genus species were collected from 2015 to 2016 in
Zakarpatye, Rivne, Kharkiv, and Kyiv regions (Table 1). As these samples of plant material are planned to be
studied for introduction into medical and pharmaceutical practice, the raw material was harvested in an
appropriate industrial planting and wildlife. Branches were collected from at least ten different trees and formed
a combined sample, which was further studied to establish the content of macroelements and microelements and
determine the purity of the raw materials. The tops of branches (length 30-40 cm), which included leaves and
stems in the block, were cut off from the willow plants and not dried. They collected all at the same level and in
the same development stage. The plant samples were dried at room temperature for 10 days, and the dried plant
material preserved in well-closed bumper bags at room temperature before analyses. At the same time, average
soil samples were taken under the same trees at a depth of 10 to 50 cm. The soil moisture was considered when
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conducting the experiments [18, 19].

All Salix species studied were identified by the taxonomic guide [20, 21] and using the expert opinion of the
botanist Horelov A.M. from the M.M. Gryshko National Botanical Garden of the NAS of Ukraine (Kyiv). The
voucher specimen (No 98-107) is deposited in the herbarium of the Pharmacognosy Department, The National
University of Pharmacy, Kharkiv, Ukraine.

Table 1: Studied branches of different species of Salix genus collected in Ukraine

Sample Species Origin Geographical coordinates
1 Salix cinerea L Near the river Tisa, Steblivka village, Khust district, 48°4'50.081"N
' Zakarpatye region 23°24'29.376"E
2 S. incana Schrank
3 S. caprea L.

50°41'21.656"N

4 | S.sachalinensis F. Schmidt | Near the Shubkiv village, Rivne district, Rivne region 26°29'48.314" E

. Near the Shelestove village, Kolomatsk district, Kharkiv 49°51'54.709" N
5 S. acutifolia L.

region 35°12'16.081"E
. Near the river of Klenove village, Bohodukhiv district, 50° 8'56.076" N
6 S. fragilis L. . .
Kharkiv region 35°41'49416"E
7 S, caspica Pall M.M. Gryshko National Botanical Garden of the NAS of 50°24'56.837" N
- casp ' Ukraine (Kyiv) 30°33'46.429"E
8 S. rosmarinifolia L.
9 S. myrsinifolia Salisb.

Preparation of extracts. Based on the preliminary chemical and pharmacological studies, and the prospect of
using an industrial scale [4, 5, 11, 12] only samples 1, 4, 5, and 8 were selected for obtaining extracts [22]. 100
g of each sample of the crushed air-dry raw material (0.5-2 mm) were extracted with 1000 ml 70% ethyl alcohol
(in the ratio of raw material-extractant 1:10) at 90 °C for 2 hours with occasional stirring. The operation was
repeated 2 times. The third extraction was carried out with hot water under the prerequisites. The obtained
extracts were combined, evaporated, and dried in a rotary evaporator at the temperature 85-90 °C to obtain dry
extracts. The yield of the dry extracts was 18-23 % [23].

Macro-and Microelements Analysis. The elemental composition of the plant material, the soil samples, and
the dry extracts were determined using a DFC-8 atomic emission spectrophotometer at the premises of the State
Scientific Institution “Institute for Single Crystals” of the NAS of Ukraine. The weighed quantities of the
crushed material (particle size passed through a 0.2 mm plastic sieve) were treated with sulfuric acid and
carefully coaled in a muffle furnace (temperature was not more than 500 °C) for 1 hour. The samples were
evaporated from the craters of graphite electrodes. There were the following conditions of spectra
photographing: the amperage of the arc AC — 16 A, the ignition phase — 60°, the frequency of the pulses ignited
— 100 discharges per second; the analytical interval — 2 mm; the width of the spectrograph slit — 0.015 mm;
exposure — 60 s; as a source of spectra excitation IBC-28 was used. The spectra were recorded on photographic
plates using a DFS-8 spectrograph with a three-lens system of the slit illumination and diffraction screen of 600
lines/mm. Measurement of the line intensities in the spectra of the samples analyzed was performed using an
MF-4 microphotometer at a wavelength from 240 to 347 nm compared to the standard samples of elements —
calibration samples. Photographic plates were developed and dried; then the following lines (nm) in the spectra
of the samples and the standard samples of the mixture of mineral elements, as well as the background near
them were measured.

According to the results of photometric measurements for each element, the differences of the blackening of the
line and the background for spectra of the samples and the standard samples of the mixture of mineral elements
were calculated. Then the calibration graph was plotted in the following coordinates: the average value of the
difference of blackening of the line and the background — the logarithm of the element content in the standard
sample of the mixture of mineral elements. According to this graph, the content of the element in ash (a)
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expressed in percent was determined. The elemental composition in the plant material was calculated according
to the formula:

aem

M

X =

where m — is the mass of ash (g); M — is the weighed quantity of the dried plant material taken for analysis (g); a
— is the element content in ash found by the graph (%). The method used is intended for determining trace
impurities. The interval of the content specified (wt % to ash) is: Mn from 2 10* to 1, Cu - from 1 10 to 5 10% Ni,
Ge, Pb, Ga, Ag, Snfrom 5 10*to 1 10 Cd - from 5 10° to 1 10?, V, Mo, Co, Cr from 2 10 to 1 107 Ni-510*to 1, Sr
-from 1102 to 1, Zn - from 1 *** to 2. Calibration graphs in the range of the concentrations of elements measured
were plotted using the standard sample solutions of metal salts (ICOPM-23-27) [24-26].

Statistical Analysis. The mean and standard deviation (SD) of the sample was calculated according to the
monograph "Statistical analysis of the results of a chemical experiment™ of the State Pharmacopoeia of Ukraine,
2.2. The average sample p was calculated as the arithmetic mean of all variants (n=5 of combined samples). At
the same time, the spread of options around the average is characterized by the magnitude of the standard
deviation s. The uncertainty of this estimate is characterized by the value of the confidence interval, in which the
true value p is given with the given two-way probability P,. Under uncertainty, the confidence interval is
understood, usually for the 95% significance level. Limit values of the confidence interval were calculated using
Student's criterion. Quantitative data are presented as the mean = SD. Linear regression between concentrations
of micro- and macroelements in branches and soil analysis was used (Pearson correlation coefficients); the level
of statistical significance was set at not more than p>0.05.

RESULTS AND DISCUSSION

Elemental composition of the plant material. The elemental analysis of medicinal plants for the content of
different elements is required to check them for health and safety [27]. The method used allowed determining
the content of 5 macro- (K, Na, Ca, P, Mg) and 14 microelements (Fe, Si, Mn, Al, Sr, Zn, Ni, Mo, Cu, Co, Pb,
Cd, As, Hg) in the dried plant material studied, 8 of them also have been quantified in this study. The results
presented in Table 2 give a detailed idea of the differences in the elemental composition of the samples studied.

Table 2: Content of macroelements and microelements in the branches of the Salix spp. Plants

N The content of the elements. Mean + SD (n=10)
g Macroelements (g/kg)
& P Mg Ca Na K
1 1.502+0.341 2.603+0.385 6.900+0.585 0.640+0.055 10.750+1.024
2 1.800+0.164 3.600+0.513 7.203+0.650 0.601+0.049 15.002+1.411
3 1.953+0.105 3.352+0.345 8.950+0.789 0.840+0.092 11.204+1.140
4 1.301+0.108 2.800+0.130 5.605+0.343 0.351+0.029 17.501+1.100
5 2.250+0.211 3.653+0.471 13.005+0.996 0.400+0.059 20.250+2.011
6 1.005+0.097 1.900+0.195 6.405+0.480 0.381+0.035 22.404+2.058
7 1.552+0.187 3.300+0.422 6.051+0.657 0.500+0.047 11.002+1.043
8 1.401+0.100 1.803+0.170 6.900+0.730 0.600+0.050 12.002+1.084
9 1.200+0.110 2.951+£0.278 5.903+0.488 0.530+0.061 17.703+1.371
L. Microelements (mg/kg)
5 2 Fe Si Al Mn Ni | Mo Cu Zn Sr
1 | 430.2£41.1 | 3451.0+£584.5 | 431.0+39.2 | 430.8441.1 | 4.3+0.3 | <0.3 4.4+0.4 86.2+18.1 | 86.5+12.5
2 | 540.4£46.5 | 3603.9+768.5 | 150.8+17.1 | 150.2+13.7 | 3.1+0.4 | <0.3 6.0£1.1 | 120.1x13.9 | 60.2+7.6
3 | 561.1+£63.1 | 4502.4+£381.2 | 280.3+18.3 | 220.6+19.1 | 2.840.6 | <0.3 5.6+£0.7 | 112.2+£15.0 | 112.5+14.7
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1023+ 11.1 | 420.3+£32.9 | 170.5+14.1 | 121.4+12.6 | 8.4+1.1 [0.7£0.1| 7.7+0.8 70.4£7.0 | 35.1£11.0
650.3+48.2 | 3651.54366.1 | 650.1+42.4 | 320.6+44.1 | 1.3£0.3 | <0.3 | 10.1+1.3 | 40.3£3.8 20.0+£2.4
160.0£12.9 | 1150.8+149.7 | 140.2+15.2 | 48.4+2.9 | 0.5+0.1 |0.3£0.1| 9.6+1.7 51.147.1 76.4+6.3
441.0+£51.0 | 2203.3+281.5 | 165.2£17.2 | 55.0+2.8 | 0.6+0.1 | <0.3 5.5£1.1 55.4+49 | 110.4£23.0
240.5+¢17.3 | 1800.1+110.6 | 150.3£16.8 | 30.8+4.9 | 4.2+0.3 | <0.3 3.0+£0.5 | 180.2+16.7 | 60.1+17.1
9 | 411.3£52.0 | 2950.5£233.2 | 147.3+13.9 | 59.4+13.1 | 3.1+0.2 | <0.3 6.0+0.2 118.0£9.9 | 88.4+11.3

Notes: Co and Pb<0.03; Cd, As and Hg<0.01 mg/kg
Sample 1 - Salix cinerea, 2 - S. incana, 3 - S. caprea, 4 - S. sachalinensis, 5 - S. acutifolia, 6 - S. fragilis, 7 - S. caspica, 8 - S. rosmarinifolia, and 9 -
S. myrsinifolia

0| N o g &

All analyzed microelements were determined quantity, but 5 ones (Co, Pb, Cd, As, Hg) were not found within
the sensitivity of the method (was found in very small quantities (Co, Pb, Cd, As, Hg)) [28]. Iron, cobalt,
manganese, copper, molybdenum, and zinc are among the most important essential elements. Fortunately, in
willow branches such toxic elements as cobalt and lead (both <0.03 mg/kg), cadmium, arsenic, and mercury (all
<0.01 mg/kg) were absent or not within the range of determination by the method of emission spectrometry. In
branches of the species studied such microelements as potassium (10.750-22.404 g/kg), calcium (5.605-13.005
o/kg), magnesium (1.803-3.653 g/kg), phosphor (1.005-2.250 mg/kg), sodium (0.351-0.840 mg/kg), and
microelements as silicon (420-4502 mg/kg), iron (102-650 mg/kg), zinc (51-180 mg/kg), manganese (31-431
mg/kg) were accumulated in the greatest amount. On average, the maximum content of macroelements was
noted for species collected in the Kharkiv region (samples 5 and 6), and the maximum content of microelements
was observed for the branches collected in the Carpathians (samples 1-3). The content of both macroelements
and microelements in sample 4 is much more different if compared with all others. This is probably due to the
soil and climatic conditions of the plants S. caspica, S. rosmarinifolia, and S. myrsinifolia, which branches were
collected in M.M. Gryshko National Botanical Garden of the NAS of Ukraine (Kyiv), accumulated microelements at
the sufficiently high level. The branches of S. caprea, S. acutifolia, and S. fragilis can be recommended as the
richest sources of different macroelements, the most microelements had S. acutifolia (Al, Mn, Ni, Mo, Cu), and
S. caprea (Fe, Si, Zn, Sr).

The concentration of cadmium and lead was low, less than 0.03 mg/kg. According to The Commission of the
European Communities [6, 29], the maximum allowed concentrations for cadmium and lead are 0.05 and 0.2
mg/kg/bw for vegetables, berries, and fruits, which are detected much more in Salix species by us. Also, the
leaching of toxic elements such as cadmium and lead from plant material by water extraction was very little in
the study performed by Drozdz et al. [17]. It was found [30] that 21% of the analyzed 54 samples of medicinal
plants contain both cadmium and lead above their permissible limits.

As much the level of iron in different willows was between 102 and 650 mg/kg, it can be considered safe as its
iron concentration is below the WHO limit 3000 mg/kg [31]. On the other hand, the iron concentration in 25
woody trees and shrubs in the northeast of Mexico was 66-276 mg/kg [32], but in our study more than 300
mg/kg in six samples of nine Salix spp. It is interesting to mention that the ferrous type of natural mineral water
(Fe > 1 mg/L) is suggested for anemia and iron deficiency [33]. Plants contain less heme iron than nonheme
iron which bioavailability is low (2-20%) [34]. Thus, the rather high concentration of iron in the Salix genus
studied and its real influence on human health stays unclear. On the other hand, there is no correlation between
the content of iron in plant material and soils (correlation coefficient was 0.491, p=0.202).

By Meos et al. [35] the lead content in dry pot marigold (Calendula officinalis L.) inflorescences was 9.3
mg/kg, in dry leaves 11.6 mg/kg, and in soil 0.65 mg/kg. There was a strong positive correlation between the
number of precipitations and lead content of plant leaves indicating the soil as primarily the source of increased
lead content. The main indigenous and primary source of elements in medicinal plants associated with soil [36].
As much the willow branches studied did not have direct contact with soil, there is no risk for contamination
from the soil but stays possible from wind/dust. Willow tissues can accumulate relatively high cadmium
concentration; therefore, it can remove, restore, and stabilize pollutants in the environment [37]. The content on
silicon (420-4502 mg/kg) was also quite high (140-10840 mg/kg) in eight medicinal plants growing in Iraq [38].
Several heavy metals with health risks (Pb, Cr, As, Zn, Cd, Cu, Hg, and Ni) can be accumulated in plant tissues
from the soil [39, 40]. On the other hand, the anthropogenic contamination of also water and atmosphere results
in contamination of the medicinal plants and formulations [27].
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Elemental composition of the soils. Analyses of micro and microelements also in different parts of Salix spp.
growing in Ukraine may be informative in the future. It was shown [38] that the concentrations of copper and
zinc varied between Salix plant parts and species, for example, copper concentrations decreased in the order
twigs > leaves > wood > bark. Higher concentrations of Cd, Pb, and Zn were generally noted for the stems than
for the leaves whereas Mn and Cu were consistently present at higher concentrations in the leaves of Salix
subfragilis [41].

The content of macroelements and microelements in raw materials is greatly influenced by their composition in
soils where it grows [41-46]. Thus, a study of the elemental composition of the soils has been also performed
(Table 3). The research showed that the soils were rich in macroelements such as P, Mg, Ca and K, and

microelements — Fe, Al, Mn, Mo, and Cu.

Table 3: Content of macroelements and microelements in the soils of the Salix spp. plants

The content of the elements, mg/100 g, Mean + SD (n=5)
é- Macroelements
3 P Mg Ca Na K
1 250.0+£21.5 1200.0+£101.2 1500.0+£181.6 3000.0+151.5 1800.0+111.7
2 180.0+11.7 1000.0+81.3 600.0+53.2 1600.0+168.2 1500.0+173.2
3 300.0£31.2 1000.0+94.5 1000.0+108.4 1600.0+201.6 1300.0+110.1
4 90.0+8.1 280.0£31.1 300.0£31.2 500.0+15.8 380.0£31.8
5 280.0+18.8 1100.0£121.5 1300.0+£145.8 1600.0£179.3 1300.0+181.9
6 250.0+26.2 1150.0+£131.8 1200.0£112.3 1400.0+£135.2 1500.0+201.6
7 250.0+£19.7 850.0+82.6 2300.0+£302.6 1500.0+£201.6 2200.0+£303.7
8 350.0+£36.2 1000.0+81.9 5000.0+381.2 1600.0+£151.6 1800.0+£210.5
9 300.0+34.6 1000.0+£103.4 3500.0+323.5 2000.0+234.2 1600.0+188.4
L Microelements
P Si Al Mn Ni Mo Cu Pb Sr
1 [4000.0+£386.6 | 33000.0+£561.2 | 8000.0+£89.5 | 40.0+8.5 | 7.0+£0.8 | 12.0+£3.2 |150.0+£8.2| 10.0£0.5 | 10.0+1.5
2 13000.0+£258.8 | 33000.0+538.7 | 7000.0+£101.2 | 45.0+1.7 | 6.5+1.2 | 5.0£0.6 | 80.0+£3.5 | 7.0+0.7 | 5.0+0.8
3 [3000.0£311.7 | 38000.0+395.5 | 8000.0+111.7 | 55.0£3.9 | 6.0+£0.2 | 20.0+£1.2 | 60.0£2.1 | 6.0+£1.2 | 12.0+£0.6
4 | 1200.0£81.2 | 28000.0£681.4 | 1800.0+65.7 | 11.0£1.2 | 7.0+£0.9 | 6.0=0.9 | 48.0=1.2 | 2.6£0.2 | 3.5+0.2
5 12800.0+£265.8 | 32000.0+355.7 | 5000.0+116.6 | 50.0+4.9 | 6.0+1.4 | 10.0+£0.7 |130.0+£3.7| 6.5+0.7 | 8.0+£0.6
6 |3000.0+£301.6 | 36000.0+£581.7 | 6000.0£98.8 | 17.0£2.2 | 4.5+1.3 | 12.0+1.1 | 60.0£4.5 | 5.0£0.5 | 9.0£l1.1
7 13200.0+334.2 | 33000.0+486.5 | 5000.0+123.2 | 17.0+£3.8 | 5.0+0.5 | 10.0+£1.3 | 45.0+1.9 | 6.0+0.6 | 5.0+1.2
8 |2800.0+284.5 | 34000.0+£575.5 | 6000.0+181.7 | 25.0+5.2 | 5.0+0.7 | 12.0+£0.5 | 60.0+2.2 | 15.0+0.9 | 5.0+0.7
9 [3500.0+401.8 | 36000.0+521.8 | 6500.0+201.5 | 20.0+1.8 | 3.5+0.4 | 18+0.8 | 22.0+1.5 | 3.0+£0.5 | 10.0+0.4

Notes: Co <0.03; Cd, As and Hg<0.01 mg/kg
Sample of soils of: 1 - Salix cinerea, 2 - S. incana, 3 - S. caprea, 4 - S. sachalinensis, 5 - S. acutifolia, 6 - S. fragilis, 7 - S. caspica, 8 - S.
rosmarinifolia, and 9 - S. myrsinifolia

The environmental situation in Ukraine influences some soils which were contaminated by Pb and Sr.
Therefore, it is necessary to control the content of the sum of heavy metals and these elements in particular
when harvesting raw materials. A comparative analysis of the soils and the branches of the Salix spp. plants
showed that the plants studied accumulate P, Mg, Ca, and K from the soil, among the microelements - Fe, Mn,
Ni, Zn, and, unfortunately also Sr. The last result must be considered when using this raw material further. On
the other hand, Mo and Cu are practically not accumulated by these plants.

There were typically not correlations between concentrations of micro- and macroelements in plant material and
soils, just the content of Mn showed a moderate correlation (coefficient 0.663, p=0.043). The concentrations of
such elements as P, Ca, K, Mn, Mg, and, unfortunately, Sr, in the raw materials, on average, increases in 7, 7,
13, 5, 3,6, and 10 times accordingly in comparison with the soils. It is interesting to mention that some

6
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microbiological indicators, such as the proportion of actinomycetes, bacteria, and fungi in soil layers, may
indicate the level of heavy metals in soils [47].

Elemental composition of the dry extracts. Upon manufacturing of galenic and new galenic medicines from
raw materials, concentration, or vice versa the removal of some elements from final products can take place.
Therefore, the elemental composition of the most promising extracts of Salix spp. was also studied (Table 4).
The results of the analysis showed a large amount of K in the extracts, while Na is practically not extracted. The
microelements P, Mg, and Ca were extracted but Fe, Al, Mn, Ni, Cu, and Sr are practically not when extracts
are obtained.

Table 4: Content of macroelements and microelements in the extracts of the Salix spp. branches

The content of the elements, mg/100 g, Mean £ SD (n=5)

é— Macroelements

3 P Mg Ca Na K
1 145.0£11.5 440.0+£70.7 715.0+£101.1 75.0+6.8 2970.0+110.9
4 86.0+9.6 490.0+62.4 800.0+99.6 61.0£5.5 3400.0+208.8
5 145.0+£10.2 340.0+54.2 680.0+72.2 78.0+10.1 2745.0+£178.4
8 190.0+18.9 385.0+50.6 645.0+47.3 170.0+18.9 2580.0+187.9

: Microelements

e Si Al Mn Ni Cu Zn Sr
1 0.5+£0.1 55.0+5.7 0.5+0.1 3.540.2 0.5+0.1 0.5+0.1 5.5+0.7 1.340.1
4 4.9+0.3 43.0+5.1 0.8+0.2 3.7+0.5 1.8+0.7 1.5+0.3 7.4+0.9 1.8+0.3
5 2.0+0.7 98.0+6.8 1.2+0.4 3.4+0.1 0.3+0.1 0.9+0.2 7.3+1.1 1.5+0.2
8 1.540.2 70.0+£5.5 0.5+0.1 1.7+0.2 0.4+0.1 1.0+0.3 7.7£1.3 0.9+0.1

Notes: Co, Mo, and Pb<0.03; Cd, As and Hg<0.01 mg/kg
Sample of the extracts: 1 - Salix cinerea, 4 - S. sachalinensis, 5 - S. acutifolia and 8 - S. rosmarinifolia

Our studies broaden the information regarding the chemical composition of the dried branches of the Salix
genus plants and give a theoretical justification of the possibility of the complex use of medicinal plants taking
considering the environmental factors. In sum, the results of our study also give guidance to the pharmaceutical
manufacture of galenic and traditional remedies.

CONCLUSIONS

For the first time the elemental composition of branches of nine species of willow (Salix cinerea, S. incana, S.
caprea, S. sachalinensis, S. acutifolia, S. fragilis, S. caspica, S. rosmarinifolia, and S. myrsinifolia) grown in
Ukraine in comparison with soils and their extracts, has been determined. The ability to accumulate and a
relatively high content of micro- and macroelements, as well as low content of toxic microelements (Co, Pb, Cd,
As, Hg) in willow branches, allow considering them as a promising but safe source of biologically available
microelements and substances. The maximum levels of macroelements and microelements were found in Salix
species collected in the Kharkiv region, and in the Zakarpatye region, respectively. The elemental composition in
the Salix sachalinensis F. Schmidt was quite different if compared with all others. The willow species studied
accumulate P, Mg, Ca, and K from the soil, among the microelements - Fe, Mn, Ni, Zn, and, unfortunately also
Sr, only the concentrations of Mn showed a moderate correlation in branches and soils (0.663, p=0.043).

The concentrations of P, Ca, K, Mn, Mg, and Sr, in the raw materials increases in 7, 7, 13, 5, 3,6, and 10 times
accordingly in comparison with the soils.

The extracts from these raw materials contain a large amount of K, while Na is practically not extracted. Also,
in the proposed technology among the microelements, P, Mg, and Ca are extracted, unlike Fe, Al, Mn, Ni, Cu,
and Sr.

It is noteworthy that the extracts contain a high content of Si, which in the extract can be found only in the form
of silicon-organic compounds, which indicate the prospect of studying these substances as litholytic agents. Mn

7
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and Zn, which are important microelements and cofactors of some enzymes, also go into the extracts, which will
undoubtedly affect the overall pharmacological effect of these products.
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