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Abstract 

Background\Aim: Many Eryngium species have been used as remedies in traditional medicine. Genus Eryngium is abundant source of many medicinal plants. Eryngium amethystinum is a plant which has been traditionally used throughout Balkan peninsula and Southern Italy. 
Methods: Extraction with polar and non-polar solvents was performed on aerial parts and roots of Eryingium amethystinum. Antioxidative activity of aerial plants has been investigated by DPPH test. Modest antioxidative activity of aerial parts of Eryngium amethystinum has been shown. The main compounds of Eryngium amethystinum water extract were germacrene D, spathulenol and campestrol. The linkage between polarity of solvent for extraction and antimicrobial activity has been tested. 
Results: Extracts of the aerial parts presented as minimum inhibitory concentration ( MIC), expressed the activity in the range 0.009-18.00 mg/ mL, with the highest activity exhibited by ethyl acetate extract. All the extracts expressed the highest potential against Staphylococcus aureus and Gram – negative bacteria of Klebsiella pneumoniae. 
Conclusion: The obtained results suggest that Eryngium amethystinum can be considerable source of new antibacterial molecules and new antioxidant agents as well.
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1.   Introduction

     1.1. Historical perspective

Medicinal plants are natural sources of various medicines. Throughout history, the  mankind tried to cure broad spectrum of diseases with plethora of medicinal plants. The oldest surviving knowledge of medicinal plants originates from ancient civilisations such as China, Egypt and India.[1] The usage of medicinal plants arose from religious ceremonies, where plants were used as sources of connection between humans and primordial deities.
With the advancing of science, knowledge of medicinal plants became systematically arranged, due to pioneer works of Karl Linnaeus and other botanists. Latin binary nomenclature was set as standard, what made the systematization of plants possible.
Revolution of chemistry and physiology made an enormous impact on knowledge about medicinal plants. Combined efforts of scientists originating from various fields of science made our knowledge about medicinal plants broad.





1.2.  Taxonomy and nomenclature 

The plants of Eryngium genus are abundant source of many therapeutically useful agents, which have been known for centuries.[2] Genus Eryngium is widely spread throughout Europe, Asia and Africa, being one of largest genera of Apiaceae family. Ethnopharmacology of Mediterranean countries recognizes plants of genus Eryngium  as therapeutic plants. [3]

Eryngium amethystinum is a plant which belongs to family Apiaceae and genus Eryngium. It is widely distributed throughout Southern Italy and Balkan peninsula. Eryngium amethystinum is a plant whose presence is closely associated with karst environment, typical for central parts of Balkan peninsula and Southern Italy.[4]

Eryngium species are used in Italian and Turkish ethnopharmacology as medicinal plants. E. campestre is used in Turkey as antitussic.[5] The root of Eryngium amethystinum is used in Italian folk medicine as laxative and diuretic.[6]  Despite various form of usage of Eryngium plants in various form of traditional medicine remedies, informations about pharmacological activity of Eryngium amethystinum are still scarce. The deeper insight in mechanism of Eryngium amethystinum action is the main aim for this study.




2. Materials and methods

2.1. Plant material

[bookmark: _GoBack]Aerial parts and roots of Eryngium amethystinum were collected in October 2021 near the village of Gornje Ravno, Kupres Municipality, Bosnia and Herzegovina. Botanical examples and materials were examined with assistance of Department for Botany at Natural and Mathematical Sciences Faculty at the University of Banja Luka. Material for analysis was deposited at the Pharmacy Department of Faculty of Medicine, University of Banja Luka. (Picture 1). The roots and aerial plants were properly stored, protected from the sun, heat and moisture, at the temperature of 20 degrees Celsius.
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Picture 1 – Eryngium amethystinum. Source: www. gardenia.net.com
2.2. Antioxidative activity

Oxydative stress is one of the most present noxes in nature.[7] Reactive oxydative species can cause various damages on cellular and subcellular levels, such as destruction of cell wall, degradation of DNA (deoxyribonucleic acid) chains denaturation of proteins, etc.
In order to prevent such damage, many substances were included  in various tests which can examine their antioxidative potential. 
 Plants proved themselves as good sources of great number of antioxidative compounds. Such plant is Eryngium amethystinum, a plant from Apiaceae family, which is widely spread throughout karst regions of Balkan peninsula and Southern Italy.[8]

Antioxidative activity of Eryngium amethystinum was examined in accordance with DPPH (2,2-dyphenil-picrylhridrazyl) – assay protocol. This method was chosen since radical scavenging is the main mechanism of antioxidant activity. Air – dried roots and aerial parts were used as material. 5 g of pulverised aerial parts and 50 ml of 70-percent methanol were used for preparation of methanolic herbal extract. 5 g of pulverised root and 50 ml of 70-percent methanol was used for preparation of methanolic root extract. Methanol was purchased from LachNer, Zagreb, Croatia. Extracts were stored at temperature of 20 degrees Celsius, to remove methanolic solvent. 

Methanolic extracts of roots and herba were examined for their antioxidative activity. The series of methanolic solutions of herba and roots extract are prepared. 10,25,50,75,100 microliters of stock solution (5 mg of extract/ 1 ml of methanol) of herba and root were dissolved in 2 ml of methanol. Ascorbinic (-) acid served as positive control and the same series of methanolic solutions of it were prepared in ascending concentrations. All the measurements were set using Shimadzu, UV–visible PC 1650 spectrophotometer. 0.5 mM of DPPH was added in every solution of extract and ascorbic acid. After 30 minutes of storage in dark place, absorbance was measured on 517 nm. 


2.3. Antimicrobial activity

In order to examine antimicrobial activity, methanolic extract of root was prepared on rotational vacuum evaporator. Ethyl – acetate and water extracts were prepared as well, using the same technique.

Four Gram-positive and four Gram-negative bacterial strains were used to test the antibacterial activity of Eryngium amethystinum root extract: Staphylococcus aureus American Type Culture Collection 6538 (ATCC 6538), S. epidermidis (ATCC 12228), Streptococcus pyogenes (ATCC 19615), Enterococcus faecalis (ATCC 19433); Escherichia coli (ATCC 8739), Pseudomonas aeruginosa (ATCC 9027), Proteus mirabilis (ATCC 12453), Klebsiella pneumoniae (ATCC 10031).

Antimicrobial activity was examined using the broth-microdilution method. Bacterial cultures were used to make cell suspensions of 0.50 McFarland turbidity. The period of inoculation period lasted for 24 h and it was followed by incubation at 37 degrees Celsius. Streptomycin and nystatin were used as the positive control. Visual reading of the bacterial growth was performed after adding aqueous solution of triphenyltetrazolium chloride in concentration of 0.50%. The lowest concentration of the test compound that inhibited growth was represented by a red-colored medium in the wells and considered the minimal inhibitory concentration (MIC). All experiments were performed for three times.


3. Results 

3.1. Antioxidative activity

Free radical scavenging capacities of the tested extracts were measured by DPPH (2,2-diphenyl-1-picryl –hidrazyl) assay. (Table 1) The highest activity with IC50 of 2.0 mg/mL was recorded in the water extract of E. amethystinum. (Graph No.1.). Vitamin C was 0.1 mg/mL, which was determined in parallel experiment. Generally, the highest antioxidant activities of DPPH-assay were recorded for the aqueos and methanolic extracts obtained from root of Eryngium amethystinum, what is in accordance with the previous works.



Graphic No.1 – Correlation between volume of E.amethystinum solution and absorbance

Table 1. Absorbances of stock solution (methanolic extract of E. amethystinum root)

	Volume of stock solution in microliters
	Value of absorbance

	10
	1,147

	25
	0,878

	50
	0,737

	75
	0,640

	100
	0,594

	control
	1,009



All absorbances were measured on Shimadzu – UV visible spectrophotometer 


3.2. Antimicrobial activity

The extracts of E. amethystinum expressed an activity in the range between 0.31–20.00 mg/mL, while the extract obtained from ethyl-acetate had the highest antimicrobial effect. S. pyogenes proved itself as the most resistant species, which was not inhibited even by the most potent, ethyl-acetate extract. The water extract exhibited a relatively weak activity, acting as an inhibitory agent only at the highest concentrations. Methanolic and acetone extracts showed the same activities, with the acetate extract’s being slightly higher. The strain most sensitive to the extracts of E. amethystinum was Klebsiella. pneumoniae. The results of the extract activity indicated a high potential, while the ethyl-acetate and acetone extracts demonstrated the highest effect. This may be explained by the content of flavonoids and phenolic compounds.

4. Discussion

Contemporary usage of antibiotics as antimicrobial agents is under serious threat. With the increasing antimicrobial resistance towards antibiotics, there is a lack of potential therapeutic agents. 
In order to overcome such problem, scientists started to pay more attention to medicinal plants as potential sources of therapeutic agents. Eryngium amethystinum is a rich source of potential leading molecules which can be used in further analyses.[9]
 Spathulenol was the main compound in E. campestre and E. palmatum oils obtained from the aerial parts, whereas germacrene D was a dominant constituent in the oil obtained from the aerial parts of E. amethystinum. The main compounds of the root oils were nonanoic acid, 2,3,4-trimethylbenzaldehyde and octanoic acid for E. campestre, E. amethystinum and E. palmatum, respectively. Ether oils from the aerial parts of three Eryngium species from Turkey were analysed. Among the 13 compounds identified in E. campestre oil, a-pinene (5.01%) had the highest values. Flamini et al. identified a-pinene, 2,3,6-trimethylbenzaldehyde and germacrene D as the main compounds of essential oils obtained from the leaves, inflorescences and fruit of E. amethystinum from Italy[10]. The EO from the aerial parts of E. palmatum from Serbia predominately contained sesquicineole (21.30%), caryophyllene oxide (16.00%), spathulenol (6.60%) and sabinene (4.40%). [11] Comparison with the previous studies referenced in literature indicated similar essential oils compositions to the samples analyzed in our study. Numerous studies emphasized the influence of biotic and abiotic factors as potential causes of variation.[12]

Free radical scavenging capacities of the tested extracts were measured by DPPH assay. This method was chosen since radical scavenging is the main mechanism of antioxidant activity in food.[13] The highest activity with IC50 of 1.7 mg/mL was recorded in the water extract of E. amethystinum .IC50 value of the synthetic antioxidants BHA and Vitamin C was 0.1 mg/mL, which was determined in parallel experiments. Moderate activity of water extract was observed, compared to ethyl acetate extract from E. amethystinum. The highest antioxidant activity was recorded in the water and methanolic extracts obtained from all Eryngium species, which is in accordance with the previous results. The evaluation of the radical scavenging and antioxidant activity of E. campestre ethanol: s water extract (7:3, V/V) from Kosovo expressed a higher radical-scavenging activity against DPPH-radical in the ethanol extract of the root (IC50 = 0.7 mg/mL) than in the aerial parts of the plant (IC50 = 1.1 mg/mL) [14].
 
The tested essential oil from Eryngium amethystinum species proved significantly efficient, with emphasized inhibitory action against two Gram-negative strains (K. pneumoniae and P. mirabilis) and one Gram-positive bacteria strain (S. aureus) in all tested concentrations. The tested essential oil from Eryngium amethystinum was inactive against S. pyogenes. The oil isolated from the aerial parts exhibited a higher activity than those obtained from the underground (root) parts, where the main compounds from the aerial parts were spathulenol and germacrene D. Individual components of the essential oil such as spathulenol demonstrated a potent antibacterial activity as presented in previous studies [15]. It was proven that germacrene D also had high antibacterial and antifungal activities [16]. 


5. Conclusion

Eryngium amethystinum is a plant which offers a lot of opportunities to researchers, according to its numerous chemical compositions. Preliminary works on it showed potential antioxidative and antimicrobial activity. The antioxydative  activity with IC50 of 2.0 mg/mL was recorded in the water extract of E. amethystinum. This level of activity is in accordance with statement which claim there is high antioxidative in water extract of Eryngium amethystinum.
Eryngiun amethystinum can be good basis for therapy of Klebsiella pneumoniae, due to low MIC of ethyl-acetate extract. All of aforemetnioned is a good background  for deeper insight of Eryngium amethystinum and its potential usage in medicine.
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