
Comparison of the content of selected polyphenolic compounds in model medicinal 

plants occurring in areas with varying degrees of heavy metal contamination  

 

Human activity associated with mining and processing of heavy metal 

ores brings massive negative effects through devastation of the natural 

environment. Heavy metals exert a direct impact on vegetation and may have a 

negative influence on plant growth and development. For instance, metal-induced 

stress triggers multidirectional metabolic disturbances leading to reduction in 

photosynthesis and biomass. In turn, many studies have demonstrated that 

exposure of plants to toxic element stress may induce secondary metabolism 

resulting in increased accumulation of biologically active metabolites. 

The aim of the experiments was to answer the question of the effects of 

increased content of toxic metals in the plant on the production of secondary 

metabolites from the polyphenol group. 

The investigations were carried out in the following stages:  

1. determination of the level of heavy metals, i.e. cadmium, lead, and zinc, in 

model plants: nettle (Urtica dioica L), St. John's wort (Hypericum perforatum 

L.), and yarrow (Achillea millefolium L.) collected from various localities, 

including areas subjected to anthropopressure, 

2.  determination of the polyphenol profile in extracts from the analysed plants  

3. development of a chromatographic methodology for separation of 

polyphenolic compounds in the examined plants, 

4. quantitative analysis of the dominant polyphenolic components, 

5. determination of the correlation between the content of toxic metals and the 

amount of polyphenols.  

High-performance liquid chromatography with mass spectrometry and 

UV-Vis spectrophotometric detection as well as inductively coupled plasma 

optical emission spectroscopy (ICP-OES) were used in the experiments. 

 

 

 



Summary 

1) The level of metals that are typical components of soils in post-mining 

areas, i.e. Ag, Cd, Cr, Cu, Pb, Fe, Mn, Ni, and Zn, was determined in the 

plant samples. The levels of all metals (except Ni) were found to be 

elevated. Particularly high levels of Cd, Pb, and Zn were detected in plants 

from the area of Piekary Śląskie – “Brzozowice-Kamień” (BK). 

 

2) Qualitative and quantitative analysis of metabolites from the polyphenol 

group was performed. Phenolic acids: neochorogenic, chlorogenic, 

cryptochlorogenic, feruloylquinic, caffeoyl malic, p-coumaroyl malate 

feruloyl malate and flavonoids: rutin , isoquercetrin, kaempferol 3-O-

glucoside were identified and quantified in nettle herb. Neochorogenic 

acid, chlorogenic acid, epicatechin, and flavonoids: rutin, hyperoside, 

isoquercetrin, quercitrin, quercetin as well as naphthodiantrons: 

pseudohypericin, hypericin, and hyperforin (a derivative of floroglucin) 

were detected and quantified in St. John's wort herb. The following acids: 

neochlorogenic, chlorogenic, cryptochlorogenic, feruloylquinic, p-

coumaroylquinic, 1,3- dicaffeoylquinic, 3,5- dicaffeoylquinic, 4,5- 

dicaffeoylquinic acids and flavonoids: luteolin, luteolin-7-glucoside 

apigenin, apigenin-7-glucoside were identified and determined in yarrow 

herb. 

 

3) The statistical analysis showed a considerable variation in the content of 

the metabolites, depending on the material harvesting site:  

a) In the case of the nettle, the contents of phenolic acids and flavonoids 

in most samples from and sites with a high degree of heavy metal 

contamination were significantly higher than in the reference samples. 

Only the concentration of feruloylquinic acid did not differ 

significantly between the analysed objects. In turn, the highest 

accumulation of feruloyl malate was detected in plants harvested from 

the heavy metal non-contaminated area. 



b) The accumulation of most of the analysed polyphenols as well as 

hyperforin, hypericin, and pseudohypericin in St. John's wort was 

enhanced in plants harvested from the areas subjected to 

anthropopressure. No differences were observed only for chlorogenic 

acid, and a decline in the amount of quercetin and isoquercetin was 

detected.  

c) Similarly, in the majority of yarrow herb samples originating from the 

contaminated areas, the content of phenolic acids was significantly 

increased; no statistically significant differences were noted only for 

single samples compared to the reference samples. The greatest 

stimulation of production of chlorogenic and dicaffeoylquinic acids 

was noted in the case of plants from the area of Piekary Śląskie - Dołki 

(DII and DIII). An increase in the concentration of luteolin-7-glucoside 

was observed in all samples from the contaminated areas, whereas the 

DI samples exhibited a significant increase in the content of apigenin-

7-glucoside. 

 

4. The calculated Pearson's linear correlation coefficients indicated 

significant correlations between the accumulation of heavy metals and 

the content of some secondary metabolites in the analysed plants. 

 

 


