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        Abstract



        
          Aim:


          The aim of the study is to study the elemental composition of the leafy shoots, rhizomes, and roots of D. fruticosa varieties cultivated in Ukraine.

        


        
          Background:


          Dasiphora fruticosa (L.) Rybd. (Rosaceae) is a species native to Middle Asia and the Far East. More than 130 D. fruticosa varieties are known; plants have a significant raw material base and are promising objects for phytochemical research. Data only on the elemental composition of the aboveground parts of the wild-grown D. fruticosa is present. No information on the elemental composition of the raw materials of cultivated D. fruticosa varieties is available.

        


        
          Objective:


          A comprehensive analysis of the elemental composition of Dasiphora fruticosa varieties and identification of the features of macro- and microelements translocation.

        


        
          Methods:


          For all D. fruticosa varieties, raw materials were taken from two plants with five replicates per plant. The elemental composition was studied by atomic absorption spectroscopy. Using corresponding formulas, translocation factors of elements were determined, and a hygienic full-value of the raw materials was established.

        


        
          Results:


          In the studied raw materials, fourteen elements were identified and quantified. The translocation factors of potentially toxic elements Mo, Cu, Ni, and Sr indicate a capture of these elements in the root system and a presence of the barrier mechanisms preventing their accumulation in D. fruticosa varieties shoots.

        


        
          Conclusion:


          The results obtained show the presence of the barrier mechanisms preventing the accumulation of potentially toxic elements in aboveground parts of D. fruticosa varieties and justify a need for the study of those mechanisms.
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      1. INTRODUCTION


      Dasiphora Rafin. is a small genus of the subfamily Rosoideae of the family Rosaceae; as follows from different scientific sources, this genus comprises 5 or 6 species. Dasiphora plants are erect, less commonly prostrate shrubs growing mainly on rocks, rocky slopes, and along the banks of rivers. Dasiphora species are typical representatives of the flora of the Northern Hemisphere and the largest areas are characteristic of Siberia and Central Asia [1, 2].


      Taxonomic independence of Dasiphora Rafin. genus species, as well as a generic name, are disputable. Dasiphora spp. are classified to Potentilla L. genus as shrubby cinquefoils [3]; S. K. Cherepanov classifies these plants to Pentaphylloides Hill genus [4]; some researchers support Dasiphora Rafin. genus as a separate taxonomic unit [5, 6]. By The Plant List, the name Dasiphora Rafin. is an accepted name, but Dasiphora fruticosa (L.) Rybd. is disputable, which is a synonym of Potentilla fruticosa L. [7].


      Dasiphora fruticosa (L.) Rybd. (Potentilla fruticosa L., Pentaphylloides fruticosa (L.) O. Schwarz) is an erect, less commonly prostrate branchy silky-pubescent ornamental shrub of 20-150 сm height. Branches covered with brown or gray bark; leaves more or less large, pinnate, 5 less frequently 7 leaflets each, leaflets oblong in shape, entire with pointed ends. Flowers yellow, up to 3 cm in diameter, solitary or in small apical inflorescence. The plant grows along the banks of rivers, in bushes, floodplains, on the rocky slopes, and outcrops. The species is common to Central and Atlantic Europe, Scandinavia, the Caucasus, Siberia, Central Asia, and the Far East [1]. In Tibetan medicine, D. fruticosa is used in the treatment of gastrointestinal tract diseases, pulmonary tuberculosis, and lobar pneumonia; the species is the nectariferous plant and is used as a tea substitute [8]. D. fruticosa is a valuable shrub with more than 130 varieties distinguished by flowers colour and size [9].


      The whole plants of D. fruticosa have several pharmacological activities, such as antimicrobial and anti-viral activities. They contain immune-boosting properties as well as the ability to lower cholesterol and blood sugar levels. Due the high amounts of hyperoside, ellagic acid, and (+)-catechin, the leaf extract from D. fruticosa may display significant antioxidant activity in vitro and protective effects on Escherichia coli under peroxide stress [10].


      Due to the undemanding cultivation requirements, resistance against environmental factors and a significant raw material base, we consider D. fruticosa as a promising object for phytochemical research.


      A number of articles have shown the elemental composition of the aboveground parts of the wild-grown D. fruticosa [11, 12] and a generalized model of the distribution of some elements in the taxon has been proposed [13]. However, in the available scientific primary sources, there are no data on the elemental composition of the aboveground parts of D. fruticosa varieties, as well as underground organs of both wild-grown plants and cultivated varieties.


      We believe that the analysis of plant elemental composition should be comprehensive and include the study of the elemental composition of both aboveground parts and underground organs since such information helps understand the features of macro- and microelements translocation, and hence, show the presence of the barrier mechanisms preventing the accumulation of certain elements in plant aboveground parts, as well as justify the need for the study of those mechanisms.


      The present article aims to study the elemental composition of shoots and rhizomes and roots of Dasiphora fruticosa (L.) Rybd. varieties cultivated in Ukraine, and identify the features of the translocation of macro- and microelements. It was also reasonable to determine the total ash of the raw materials.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Plant Samples


        The objects of the study were the raw materials (RMs), namely leafy shoots, rhizomes, and roots of three D. fruticosa varieties, namely ‘Primrose Beauty’, the compact shrub, crown diameter up to 1.2 m; flowers light yellow, small, numerous, blooming time: mid-June – mid-September; ‘Goldfinger’, the shrub 1 – 1.5 m high, up to 1.5 m wide; leaves dark green; flowers numerous, intensely yellow, up to 5 cm in diameter, blooming time: June – October; ‘Princess/Pink Queen’, the shrub up to 80 cm high; crown pulvinate, up to 1.2 m in diameter; leaves dark green; flowers pink, 3-3.5 cm in diameter; blooming time: May – October.


        All D. fruticosa varieties were purchased in spring 2019 from plant nurseries at the age of approx. 3 years. Plants were transplanted and grew for approx. 1.5 year before sampling. For each D. fruticosa variety, all RMs were taken from two plants with five replicates per plant and mixed to obtain corresponding combined samples.


        The leafy shoots (app. 25 g per each plant) were harvested in the flowering and early fruiting phase in August-September 2020 (Kyiv region, Petropavlivska Borshchahivka village, (Table 1); immediately after harvesting, shoots were rinsed and then dried in an oven at 40-45° C. Rhizomes and roots were harvested in November 2020, and immediately after harvesting, were washed thoroughly with running water and dried in the oven at 45-50° C. The oven-dried RMs were stored in paper bags in a dry place protected from light.

      


      
        

        2.2. Determination of Elemental Composition


        The elemental composition of RMs was 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. Accurately weighted grounded raw material samples (passed through a 2 mm sieve) were treated with sulfuric acid and carefully ashed in a muffle furnace (temperature was not more than 500 °С) 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 А, 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 DFC-8 spectrophotometer 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 [14, 15].


        The translocation factor (TF) was calculated as the ratio of the element’s concentration in the shoots to that in the rhizomes and roots (Formula 1) [16, 17]:


        TF = СShoots / СRhizomes and roots (Formula 1)


        Hygienic full-value (HFV) was calculated as the ratio of Ca concentration to Sr concentration in RM (Formula 2) [18]:


        HFV = ССа / СSr (Formula 2)


        The total ash of RMs was determined according to the procedure given in the State Pharmacopoeia of Ukraine [19].

      


      
        

        2.3. Statistical Analysis


        All measurements were performed five times for each combined sample. The mean and standard deviation (SD) for each combined sample were calculated according to the State Pharmacopoeia of Ukraine [20].

      

    


    
      

      3. RESULTS


      
        

        3.1. The Elemental Profile of Dasiphora Fruticosa Varieties


        In the studied RMs of D. fruticosa varieties, 19 elements were identified and quantified, namely 9 microelements (Si, Fe, Al, Mn, Mo, Cu, Zn, Sr, Ni) and 5 macroelements (K, Na, Ca, Mg, P); the translocation factors of elements from the root system to the shoots were determined (Table 2). The elements were ranked in the descending order of their concentration: ‘Goldfinger’, shoots: К˃Са˃Mg˃Si=Р˃Аl˃Fe˃Na˃Мn˃Zn˃ Sr˃Сu˃Mo˃Ni; rhizomes and roots: К˃Са˃Р˃Mg˃Na˃ Si=Fe˃Мn˃Аl˃Sr˃Zn˃Сu˃Mo˃Ni; ‘Primrose Beauty’, shoots: К˃Са˃Mg˃Si˃Р˃Аl˃ Na=Fe˃Мn˃Zn˃Sr˃Сu˃ Mo˃Ni; rhizomes and roots: Са˃К˃Mg˃Р˃Na˃Si˃Fe=Аl˃Sr˃ Мn=Zn˃Сu˃Mo˃Ni; ‘Princess/Pink Queen’, shoots: К˃Са˃Mg˃Р˃Si˃Na˃Аl˃ Мn˃Fe˃Zn˃Sr˃Сu˃Mo˃Ni; rhizo mes and roots: К˃Са˃Р˃Mg˃Si˃Na˃Fe=Мn˃ Zn˃Аl˃ Sr˃Сu˃Mo˃Ni.


        The highest content of macroelements was determined in D. fruticosa var. ‘Princess/Pink Queen’ shoots (185.98±5.88 mg/kg). Of all the RMs, the content of microelements was the highest in D. fruticosa var. ‘Primrose Beauty’ shoots (27.27±1.11mg/kg).


        In RMs, the composition of the prevailing elements was similar, but their content differed. In D. fruticosa var. ‘Goldfinger’ shoots macroelements K, Ca, and Mg prevailed; K and Ca prevailed in rhizomes and roots. K, Ca, Mg, and Si were the prevailing macroelements in D. fruticosa var. ‘Primrose Beauty’ shoots, in rhizomes and roots Ca, K, and Mg prevailed. The prevailing macroelements of D. fruticosa var. ‘Princess/Pink Queen’ shoots were K, Ca, and Mg, in rhizomes and roots K and Ca prevailed. The obtained profiles of the prevailing macroelements are comparable with the corresponding profiles of the representatives of the family Rosaceae Juss. [21-23].


        
          Table 1 The studied Dasiphora fruticosa (L.) Rybd. varieties.


          
            
              
                	Dasiphora Fruticosa (L.) Rybd. Variety

                	Geographical Coordinates
              

            

            
              
                	‘Goldfinger’

                	50°26'04.1”N 30°19'23.4”E
              


              
                	‘Primrose Beauty’

                	50°26'04.0”N 30°19'22.3”E
              


              
                	‘Princess/Pink Queen’

                	50°26'05.8”N 30°19'22.7”E
              

            
          


        


        
          Table 2 The elemental profile of Dasiphora fruticosa varieties raw materials and translocation factors of elements.


          
            
              
                	Element

                	D. fruticosa Variety, Content*, mg/kg, mean ± SD (n=5).
              


              
                	‘Goldfinger’

                	‘Primrose Beauty’

                	‘Princess/Pink Queen’
              


              
                	Shoots

                	Rhizomes and Roots

                	TF

                	Shoots

                	Rhizomes and Roots

                	TF

                	Shoots

                	Rhizomes and Roots

                	TF
              

            

            
              
                	Macroelements
              


              
                	К

                	98.16±2.49

                	37.54±1.57

                	2.61

                	59.06±1.81

                	26.04±0.83

                	2.27

                	125.46±3.38

                	55.2±2.08

                	2.27
              


              
                	Na

                	2.80±0.09

                	4.05±0.11

                	0.69

                	3.36±0.17

                	4.34±0.17

                	0.77

                	2.88±0.11

                	2.76±0.08

                	1.04
              


              
                	Са

                	28.16±1.40

                	19.98±0.89

                	1.41

                	53.96±1.55

                	34.72±1.13

                	1.55

                	33.46±1.81

                	15.24±0.83

                	2.20
              


              
                	Mg

                	14.26±0.65

                	8.05±0.40

                	1.77

                	22.10±1.07

                	10.16±0.56

                	2.18

                	14.58±0.54

                	6.56±0.29

                	2.22
              


              
                	Р

                	9.60±0.47

                	9.31±0.33

                	1.03

                	9.96±0.55

                	6.41±0.30

                	1.55

                	9.60±0.55

                	7.06±0.37

                	1.36
              


              
                	Sum of macroelements

                	152.98±2.29

                	78.94±2.29

                	-

                	148.4±2.59

                	81.67±0.42

                	-

                	185.98±5.88

                	86.82±2.21

                	-
              


              
                	Microelements
              


              
                	Si

                	9.92±0.33

                	3.51±0.18

                	2.83

                	14.84±0.70

                	4.24±0.19

                	3.50

                	7.54±0.33

                	3.46±0.13

                	2.18
              


              
                	Fe

                	3.56±0.17

                	3.59±0.13

                	0.99

                	3.35±0.18

                	3.43±0.15

                	0.98

                	1.92±0.08

                	1.38±0.05

                	1.39
              


              
                	Аl

                	4.18±0.20

                	0.81±0.03

                	5.16

                	5.05±0.20

                	3.51±0.11

                	1.44

                	2.82±0.08

                	0.92±0.04

                	3.07
              


              
                	Мn

                	2.61±0.08

                	1.36±0.07

                	1.92

                	2.39±0.11

                	0.87±0.03

                	2.75

                	2.40±0.09

                	1.38±0.04

                	1.74
              


              
                	Mo

                	<0.03

                	0.010±0.001

                	

                	0.0040±0.0001

                	0.0100±0.0004

                	0.40

                	0.0042±0.0001

                	0.016±0.001

                	0.26
              


              
                	Сu

                	0.040±0.002

                	0.080±0.040

                	0.50

                	0.02±0.001

                	0.030±0.001

                	0.67

                	0.024±0.401

                	0.050±0.002

                	0.48
              


              
                	Zn

                	0.87±0.03

                	0.48±0.02

                	1.81

                	1.22±0.04

                	0.87±0.03

                	1.40

                	0.96±0.05

                	1.15±0.05

                	0.83
              


              
                	Sr

                	0.35±0.02

                	0.67±0.03

                	0.52

                	0.39±0.02

                	1.11±0.05

                	0.35

                	0.340±0.011

                	0.31±0.01

                	1.10
              


              
                	Ni

                	<0.03

                	<0.03

                	-

                	<0.03

                	0.0033±0.0001

                	

                	<0.03

                	<0.03

                	
              


              
                	Sum of microelements

                	21.53±0.49

                	10.5±0.23

                	

                	27.27±1.11

                	14.07±0.30

                	

                	15.69±0.43

                	8.66±0.17

                	
              


              
                	Total

                	174.51±2.38

                	89.43±2.23

                	

                	175.71±3.05

                	95.74±0.71

                	

                	201.68±4.94

                	95.48±2.29

                	
              

            
          


          
            Note: Pb<0.003; Co<0.003; Cd<0.001; As<0.001; Hg<0.001; TF – translocation factor;

            «-» – the value was not determined; * – mg/kg in the oven-dried RMs
          


        


        
          Table 3 The hygienic full-value of Dasiphora fruticosa varieties.


          
            
              
                	D. fruticosa Variety

                	[Ca], mg/kg

                	[Sr], mg/kg

                	[Ca]/[Sr] Ratio
              

            

            
              
                	Shoots
              


              
                	‘Goldfinger’

                	28.16±1.40

                	0.35±0.02

                	80.45
              


              
                	‘Primrose Beauty’

                	53.96±1.55

                	0.39±0.02

                	137.66
              


              
                	‘Princess/Pink Queen’

                	33.46±1.81

                	0.340±0.011

                	98.42
              


              
                	Rhizomes and Roots
              


              
                	‘Goldfinger’

                	19.98±0.89

                	0.67±0.03

                	29.82
              


              
                	‘Primrose Beauty’

                	34.72±1.13

                	1.11±0.05

                	31.28
              


              
                	‘Princess/Pink Queen’

                	15.24±0.83

                	0.31±0.01

                	49.16
              

            
          


        


        
          Table 4 The total ash of raw material of the Dasiphora fruticosa varieties.


          
            
              
                	D. fruticosa Variety

                	Total Ash, %, Mean ± SD (n=5)
              

            

            
              
                	Shoots
              


              
                	‘Goldfinger’

                	3.52 ± 0.14
              


              
                	‘Primrose Beauty’

                	4.83 ± 0.24
              


              
                	‘Princess/Pink Queen’

                	4.75 ± 0.22
              


              
                	Rhizomes and Roots
              


              
                	‘Goldfinger’

                	2.66 ± 0.14
              


              
                	‘Primrose Beauty’

                	2.89 ± 0.12
              


              
                	‘Princess/Pink Queen’

                	2.09 ± 0.10
              

            
          


        


        Since an excessive accumulation of Sr in bone tissue occurs only with a lack of body Ca, we believe it is important to use in pharmaceutical production only herbal medicinal materials meeting requirements to the ratio between the concentrations of Ca and Sr (hygienic full-value requirement). Considering relatively high concentrations of Sr in the D. fruticosa RMs, we studied the conformity of all RMs with hygienic full-value requirements and established that shoots of the studied D. fruticosa varieties conform with those requirements (Table 3).


        The highest content of total ash was in D. fruticosa var. ‘Primrose Beauty’ shoots (4.83 ± 0.24%); the lowest – in D. fruticosa var. ‘Princess /Pink Queen’ rhizomes and roots (2.09 ± 0.10%), (Table 4).

      

    


    
      

      4. DISCUSSION


      The results obtained (Table 2) are generally consistent with the data on the composition and content of macro- and microelements in D. fruticosa from natural areas. E. V. Andysheva et al. [11] and E.P. Khramova et al. [12] studied the elemental composition of leaves and shoots of wild-growing D. fruticosa by the method of X-ray fluorescence analysis using synchrotron radiation. According to their findings, only K and Ca represented macroelements. However, in our study, Na, Mg and Р were additionally identified and quantified in leafy shoots, giving a more detailed macroelement pattern of D. fruticosa aboveground organs. We also first characterized the composition of macroelements in D. fruticosa roots and rhizomes. The content of K in aboveground organs of wild-grown D. fruticosa and cultivated varieties was comparable, but Ca concentration was 2-fold higher in RMs of wild-grown D. fruticosa.


      As relating to microelements, previous studies [11, 12] revealed the presence of 19 microelements in leaves and shoots of wild-growing D. fruticosa. Here we report only 9 microelements in leafy shoots of D. fruticosa varieties. Both in the above ground organs of wild-grown and cultivated D. fruticosa plants, the following microelements were identified and quantified: Fe, Mn, Mo, Cu, Ni, Sr, and Zn.


      Concentrations of Ni, Cu, Zn, Sr, and Mo in all the studied RM samples were less than 0.01%. However, the content of Fe in leafy shoots of cultivated varieties exceeded that in leaves and shoots of wild-growing D. fruticosa by 2.2-2.7 times; as well as Mn concentration was 2-fold higher in leafy shoots of cultivated varieties.


      The following heavy metals were absent in the studied RMs or were beyond the device’s determination capabilities: Pb (<0.003), Co (<0.003), Cd (<0.001), As (<0.001), and Hg (<0.001). Previously we studied the content of toxic elements in the branches of Salix spp. and found that fortunately, Cd and Pb (both <0.003 mg/kg), Cd, As, and Hg (all <0.001 mg/kg) were absent or not within the range of determination by the method of emission spectrometry. According to The Commission of the European Communities (2006), the maximum allowed concentrations for Cd and Pb are 0.05 and 0.2 mg/kg/bw for vegetables, berries, and fruits, which are much more than detected in Salix species and D. fruticosa varieties by us [15].


      In D. fruticosa aboveground organs, we first reported Si and Al, the presence of which may result from environmental and cultivation conditions.


      Microelements in D. fruticosa roots and rhizomes were first studied.


      The translocation factors of potentially toxic elements Mo, Cu, Ni, and Sr (Table 2) indicate a capture of these elements in the root system (TF˂1), as well as the presence of the barrier mechanisms that prevent the accumulation of these elements in shoots of the studied D. fruticosa varieties [24, 25]. All the studied varieties were capable of capturing Mo and Cu; roots and rhizomes of D. fruticosa var. ‘Goldfinger’ and D. fruticosa var. ‘Primrose Beauty’ captured Sr; only D. fruticosa var. ‘Primrose Beauty’ roots and rhizomes were capable of capturing Ni.


      Whereas Al, Si, and K were actively transported to the shoots. The maximum TF values of Al were established for D. fruticosa var. ‘Goldfinger’ and D. fruticosa var. ‘Princess/Pink Queen’ (5.16 and 3.07, respectively); D. fruticosa var. ‘Primrose Beauty’ is characterized by the highest TF of Si (3.49) and Mn (2.76).


      Potentially toxic elements Fe, Al, Mn, Mo, Cu, Sr, Ni, and Zn were present in the RMs of the studied D. fruticosa varieties. Only in D. fruticosa var. ‘Goldfinger’ rhizomes and roots Cu content slightly exceeded the MPC (1.62 MPC); however, in all RMs, Zn content significantly exceeded the MPC [26]. For instance, in the shoots of three varieties, Zn content was 8.6-12.2-folds higher than the MPC; in rhizomes and roots, the MPC for Zn was exceeded by 4.8-11.5 times.


      Due to the absence of the regulatory requirements for the content of Sr in RM, we considered it would be reasonable to determine the hygienic full-value of the studied plant objects (Table 3). Hygienic full-value is the ratio between the concentrations of Ca and Sr; the minimum permissible value is “80” [18]. Hygienic full-value is an important parameter of feed and food crop quality, but we considered it would be reasonable to determine this parameter for studied RMs. We found that only shoots of the studied D. fruticosa varieties meet the requirements for hygienic full-value ([Ca]/[Sr]˃80).


      Considering the absence of the relevant information on the permissible levels of Fe, Al, Ni, Mn, and Mo in plants and substances of herbal origin, as well as taking into account the significant excess of Zn MPC in RMs, in the future, we propose to control the safety of the developed herbal drug preparations taking into account the maximum permissible daily doses of microelements [27, 28], as well as to determine the compliance of the herbal drug preparations with the requirements of ICH Q3D (R1) [29] and to monitor their hygienic full-value.


      D. fruticosa varieties are not pretentious to cultivation conditions, are resistant against environmental factors, and potentially have barrier mechanisms preventing translocation of potentially toxic elements to aboveground parts of D. fruticosa varieties. The results obtained emphasize the need for the increase in the number of the subject D. fruticosa varieties, as well as the need for the comprehensive study of the features of macro- and microelements accumulation in order to justify the prospects for the use of D. fruticosa varieties as phytoremediants [30-33].

    


    
      

      CONCLUSION


      The elemental composition of the shoots and rhizomes and roots of Dasiphora fruticosa (L.) Rybd. varieties cultivated in Ukraine, namely ‘Goldfinger’, ‘Primrose Beauty’ and ‘Princess/Pink Queen’ was first studied. For three D. fruticosa varieties, translocation factors of macro- and microelements were calculated. The barrier functions of the root system of D. fruticosa varieties in relation to potentially toxic elements Mo and Cu (all varieties), Ni (D. fruticosa var. ‘Goldfinger’ and D. fruticosa var. ‘Primrose Beauty’) and Sr (D. fruticosa var. ‘Primrose Beauty’) were shown, justifying a need for the study of possible barrier mechanisms. The obtained data on the elemental composition and hygienic full-value of raw materials will be used in the development, as well as during the control of the safety of medicinal products from the studied raw materials.
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