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Medicinal plants have been considered as an important source for the prevention and treatment of various diseases. 

The genus Arnica L. is a genus of Asteraceae family, many species of which are used in traditional medicine. Arnica 

chamissonis Less. and Arnica foliosa Nutt., which belong to plants of the genus Arnica L., are successfully grown in the 

culture. There is insufficient information in the literature on the biologically active substances of Arnica foliosa Nutt. 

The presence of sesquiterpene lactones in the leaves and inflorescences is indicated. The flowers contain polysaccha-

rides, monosaccharides, which mainly contain D-glucose and D-xylose, as well as phenolic compounds (quercetin, 

luteolin, kaempferol) and essential oils. 

The aim. The aim of our study was to identify and determine the quantitative content of fatty acids by gas chromatog-

raphy/mass spectrometry method (GC/MS) in Arnica foliosa Nutt. herb. 

Materials and methods. The determination of fatty acids composition of Arnica foliosa Nutt. was carried out by gas 

chromatograph Agilent 6890N with a mass detector 5973 inert (Agilent Technologies, USA). 

Results. The analysis of Arnica foliosa Nutt. herb showed a mixture of saturated (1.61 mg/g; 48.79 %) and unsaturated 

(1.69 mg/g; 51.21 % from total content acids) fatty acids. The main components of Arnica foliosa Nutt. herb were pal-

mitic (1.02 mg/g; 30.91 % from total content acids), linolenic (0.96 mg/g; 29.09 % from total content acids) and linole-

ic (0.67 mg/g; 20.30 % from total content acids) acids. This raw material is a source of essential fatty acids, such as 

omega-3 (linolenic acid) and omega-6 (linoleic acid). 

Conclusions. As a result of Arnica foliosa Nutt. research, the presence of fatty acids is established in its raw material. 

The dominant fatty acids in the studied raw material were palmitic, linolenic and linoleic acids, the content of which 

was 30.91 % (1.02 mg/g), 29.09 % (0.96 mg/g) and 20.30 % (0.67 mg/g) from total content acids, respectively. The 

result shows that Arnica foliosa Nutt. is the source of fatty acids, so the use of this plant raw material for new remedies 

is possible in the future 
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1. Introduction 

The search for interesting new plants with a long 

history of use, minor side effects and well tolerated by 

patients, regardless of age, is an important object of in-

terest in society [1, 2]. 25 % of herbal remedies in the 

modern pharmacopeia are plant-derived whereas many 

synthetic drugs are made by means of substances isolated 

from plant [3]. Medicinal plants have become considered 

an important source for the prevention and treatment of 

various diseases [4].  

The most typical plants for the treatment of dis-

eases are from family Asteraceae, which contains more 

than 23,000 species, widespread in different regions all 

over the world [5, 6]. The genus Arnica L. is from family 

Asteraceae, many species of which are used in traditional 

medicine [7]. The most common species of the genus are 

Arnica montana L., Arnica unalaschcensis Less., Arnica 

sachalinensis A. Gray, Arnica foliosa Nutt., Arnica Les-

singei Green, Arnica alpina Olip et Ladau, Arnica frigida 

L. and Arnica intermedia Turcz. The plants of the genus 

Arnica L. are most common in North America, less in 

Eurasia and North Africa [8]. Arnica chamissonis Less., 

which is found in the USA, Eastern Europe, the Far East, 

and Arnica foliosa Nutt., which originates from the 

steppe regions of North America, are successfully grown 

in the culture [8, 9].  

Arnica montana L. is an alpine perennial plant, 

distributed on mountain slopes in Europe, Siberia, Amer-

ica and North Asia [10]. Preparations made from its 

flowers are widely used as a herbal remedy for medical 

purposes [11, 12]. Arnica montana L. has long been used 

in pharmacy and cosmetics due to its anti-inflammatory, 

antioxidant, antibacterial, antiseptic and antifungal activi-

ties [13, 14]. The chemical constituents in Arnica com-

prise a complex of chemical compounds including flavo-

noids, phenolic acids [13], carotenoids, sesquiterpene 

lactones [15], diterpenes, essential oils [16], coumarins 

and lignans [10]. It contains large amounts of luteolin, 

apigenin, kaempferol and quercetin glycosides, sesquit-

erpene lactones such as isobutyryl, metacryl, methacry-

loyl and tygloyl [10, 11].  

There is not enough information in the literature 

about biologically active substances of Arnica foliosa 

Nutt. The presence of sesquiterpene lactones in its leaves 

and inflorescences is indicated [17]. Polysaccharides, 

monosaccharides are available in its flowers, the compo-
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sition of which is presented mainly with D-glucose and 

D-xylose, and also phenolic compounds (quercetin, lute-

olin, kaempferol) and essential oils [18].  

Having analyzed the available sources of litera-

ture on the current state of the studied plants of the genus 

Arnica, it should be noted that Arnica montana L. is the 

most studied and widely used in folk and scientific medi-

cine and homeopathy among the plants of the genus. 

Other species, in particular Arnica foliosa Nutt., which is 

cultivated in Ukraine, has not been studied in chemical 

and pharmacological aspects. 

Thus the aim of our study was to identify and de-

termine the quantitative content of fatty acids by gas 

chromatography/mass spectrometry method (GC/MS) in 

Arnica foliosa Nutt. herb. 

 

2. Planning (methodology) of research 

Considering the lack of information in the litera-

ture about the content of fatty acids of Arnica foliosa 

Nutt. their definition in this raw material is relevant. For 

the study of fatty acids contexture, the method of gas 

chromatographic mass spectrometry was selected, which 

is one of the best appropriate methods for the identifica-

tion of multicomponent mixtures of volatile substances. 

This method is based on a combination of two individual 

methods chromatography and mass spectrometry (the 

first separate the mixture into components; the second to 

identify the substance and quantitative content). The 

quantitative content of fatty acids was investigated by the 

internal standards method. The method of the internal 

standard has a preference, because when used it is not 

needed to determine the complete composition of the 

mixture and the results of the analysis do not depend on 

the size of the sample. 
 

3. Material and method 

3.1. Plant materials 

Arnica foliosa Nutt. herb was selected as the ob-

ject of study. Plant raw material was collected at the M. 

M. Gryshko National Botanical Garden of the National 

Academy of Sciences of Ukraine in summer 2019. The 

raw material was authenticated by prof. Svitlana 

Marchyshyn (TNMU, Ternopil, Ukraine). 
 

3.2. Chemicals and standards 

All solvents for metabolite extraction were pur-

chased as HPLC grade, including methanol, heptane and 

toluene from Sigma-Aldrich (St. Louis, MO). Fatty acids 

were identified by the reference standard mixture FAME 

(Supelco, Belle fonte, PA, USA). The internal standard 

nonadecanoic acid used for metabolite quantification was 

purchased from Sigma-Aldrich (St. Louis, MO). 
 

3.3. GC/MS determination of fatty acids 

GC/MS analysis of fatty acids was performed us-

ing gas chromatograph Agilent 6890N with mass detec-

tor 5973 inert (Agilent Technologies, USA). Samples 

were analyzed on a silica capillary column HP-5MS 

(apolar) length – 30 m, internal diameter – 0.25 mm, the 

diameter of sorbent grain – 0.25 μm [19]. First, the oven 

temperature was set at 60 °C for 4 minutes, then at a rate 

of 4 °C/min was raised to 250 °C and kept at this point 

for 6 min and maintained at a final temperature for  

7 min. 

Helium was used as the carrier gas at a constant 

flow rate of 1.0 ml/min. The sample with a volume of  

1 μl was injected in a splitless mode using 7683 series 

Agilent Technologies injector. Detection was performed 

in scan mode in the range (38–400 m/z). 

0.5 g (accurately mass) of the raw material was 

refluxed with a 3.3 ml mixture containing (metha-

nol:toluene:sulfuric acid (44:20:2 v/v)) and 1.7 ml of 

internal standard solution (nonadecanoic acid in heptane 

solution). The sample was maintained in the ultrasonic 

water bath at 80 °C for 2 h. The resulting mixture was 

allowed to cool and centrifuged for 10 min at 5000 rpm. 

Then 0.5 ml of the upper heptane phase with containing 

methyl esters of fatty acids was selected. 

The compositions of the product obtained were 

identified by comparison of their mass-spectrums with 

data obtained from National Institute Standard and Tech-

nology (NIST, 2008) database. The quantitative content 

of fatty acids was done using internal standard of non-

adecanoic acid in heptane solution added to the sample. 

The amount of fatty acids in mg/g was calculated 

according to the following equation: 

 
1000

,
Sx Minst

X
Sinst m

 



 

 
where Sx is a peak area of each fatty acid, 

Minst is a mass of the internal standard, 

Sinst is a peak area of the internal standard, 

m is a mass of a plant material [20–22]. 

 

3.4. Statistical analysis 

Statistical processing and data analysis were per-

formed using Statistica v 10.0 program package for Mi-

crosoft Office for Windows. The level of significance 

was set at ⃰ p<0.05 for all statistical analyses. 

 

4. Results 

In total, nine fatty acids were determined in the 

Arnica foliosa Nutt. herb, including palmitic, stearic, 

nonadecanoic, arachidic, behenic, lignoceric, 9-lauroleic, 

linoleic and linolenic acids by means of the GC/MS 

method (Fig. 1, Table 1). 

The quantitative content of fatty acids is presented 

in Table 1.  

The quantitative content of saturated and unsatu-

rated fatty acids is almost the same. As shown in Table 1, 

Arnica foliosa Nutt. herb contains a mixture of fatty 

saturated (1.61 mg/g; 48.79 % from total content acids) 

and unsaturated (1.69 mg/g; 51.21 % from total content 

acids) acids.  
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Fig. 1. GC/MS chromatogram of fatty acids in Arnica foliosa Nutt. herb 

 
Table 1 

The results of fatty acids determination in Arnica foliosa Nutt. herb. 

No. 
Retention 

time 

Common name of fatty 

acid (IUPAC) 

Chemical 

nomenclature 

Quantitative content of methyl esters of 

fatty acids 

mg/g % of the total 

Saturated acids 

1 15.18 Palmitic (hexadecanoic) С 16:0 1.02±0.04 30.91 

2 19.76 Stearic (octadecanoic) С 18:0 0.12±0.01 3.64 

3 21.95 Nonadecanoic С 19:0 internal standard 

4 24.07 Arachidic (eicosanoic) С 20:0 0.24±0.02 7.27 

5 28.06 Behenic (docosanoic) С 22:0 0.14±0.01 4.24 

6 32.30 Lignoceric (tetracosanoic) С 24:0 0.09±0.01 2.73 

Monounsaturated acids (ω-9) 

7 15.07 
9-lauroleic ((E)-dodec-9-

enoic acid) 
С 12:1 0.06±0.01 1.82 

Polyunsaturated acids (ω-3 and ω-6) 

8 19.05 
Linoleic (octadecadienic, 

ω-6) 
С 18:2 0.67±0.01 20.30 

9 19.21 
Linolenic (octadecatrienic, 

ω-3) 
С 18:3 0.96±0.02 29.09 

The amount of saturated fatty acids 1.61 48.79 

The amount of unsaturated fatty acids 1.69 51.21 

Total 3.3 100 

 
5. Discussion 

The biological role of saturated fatty acids is that 

they are a source of energy for the human body. They are 

involved in the transfer and absorption of vitamins and 

trace elements, hormone synthesis and construction of 

cell membranes. Unsaturated fatty acids also play an 

important role in the body‘s vital functions. 

The results of the study showed that the major 

components of Arnica foliosa Nutt. herb were palmitic 

(1.02 mg/g; 30.91 % from total content acids), linolenic 

(0.96 mg/g; 29.09 % from total content acids) and linole-

ic (0.67 mg/g; 20.30 % from total content acids) acids. 

This raw material is a source of essential fatty acids, 

such as omega-3 (linolenic acid) and omega-6 (linoleic 

acid), which must be in the diet, as the body needs 

them, but cannot synthesize. Linolenic and linoleic 

acids are the starting point for the synthesis of other 

unsaturated fatty acids. 

Linoleic acid is the most consumed polyunsatu-

rated fatty acid found in human nutrition [23]. This poly-
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unsaturated acid provides normalization of hormonal 

balance and metabolic processes, production of bile acids 

in liver, production of prostaglandins and, also, improves 

the work of peptic enzymes [21]. Linoleic acid functions 

as a structural component to support a membrane liquidi-

ty level of epidermis transdermal water barrier [23]. 

Linoleic acid is converted in the body to γ-linolenic acid, 

which is the most active, and is converted to prostaglan-

din E1, which increases immunity. Prostaglandins pro-

vide suppress inflammatory processes, reduce the likeli-

hood of cardiovascular disease, normalize the nervous 

system, regulate insulin levels, brain function and metab-

olism. α-Linolenic acid is also polyunsaturated fatty acid 

found mostly in plant food. Linolenic acid performs a 

number of vital functions, such as producing prostaglan-

dins, normalizing blood cholesterol levels and blood 

pressure [21]. Furthermore, in the body human cardio-

protective and other health effects of this acid have been 

characteristic to its precursor role in converting to 

eicosapentaenoic acid [24]. 

The fatty acids profile plays an important role in 

chemical properties, so it is useful information for further 

research. 

Study limitations. Some of the acids compounds 

were not identified during the study. Also, for the statis-

tical importance of the study, it would be expedient to 

investigate, even wild samples of Arnica foliosa Nutt. 

from various regions of Ukraine. 

Prospects for further research. The obtained re-

sults might be used in the standardization and quality 

assurance of new remedies containing Arnica foliosa 

Nutt. herb. 

 

6. Conclusion 

As a result of Arnica foliosa Nutt. research, the 

presence of fatty acids is established in its raw material. 

The qualitative composition and quantitative content of 

fatty acids were studied by GC/MS method. Nine fatty 

acids were determined in Arnica foliosa Nutt. herb. The 

content of unsaturated fatty acids was 51.21 % (of the 

total amount of all detected fatty acids), and of saturated 

– 48.79 %. The dominant fatty acids in the studied raw 

material were palmitic, linolenic and linoleic acids, the 

content of which was 30.91 % (1.02 mg/g), 29.09 % 

(0.96 mg/g) and 20.30 % (0.67 mg/g) from total content 

acids, respectively. The result shows that Arnica foliosa 

Nutt. is the source of fatty acids, so its raw material can 

be used as a source for new remedies in the future. 

 

Conflict of interests 

The authors declare that they have no conflicts of 

interest. 

 
References 

1. Slobodianiuk, L., Budniak, L., Marchyshyn, S., Sinichenko, A., Demydiak, O. (2021). Determination of Amino Acids of 

Cultivated Species of the Genus Primula L. Biointerface Research in Applied Chemistry, 11 (2), 8969–8977. doi: 

http://doi.org/10.33263/briac112.89698977  

2. Stoiko, L., Kurylo, K. (2018). Development of optimal technology of alcohol extract centaurium erythraea rafn. herb. Ar-

chives of the Balkan Medical Union, 53 (4), 523–528. doi: http://doi.org/10.31688/abmu.2018.53.4.06  

3. Hassan, N., Wali, H., Faiz-Ul-Hassan, Shuaib, M., Nisar, M., Din, M. U. et. al. (2018). Ethnobotanical study of medicinal 

plants used for primary health care in Shergarh, District Mardan, Pakistan. Biointerface Research in Applied Chemistry, 8 (5), 3575–

3582. 

4. Mohammed, A. H. (2019). Importance of Medicinal Plants. Research in Pharmacy and Health Sciences, 5 (2), 124–125. 

doi: http://doi.org/10.32463/rphs.2019.v05i02.01  

5. Slobodianiuk, L., Budniak, L., Marchyshyn, S., Basaraba, R. (2019). Determination of amino acids and sugars content in antenna-

ria dioica gaertn. International Journal of Applied Pharmaceutics, 11 (5), 39–43. doi: http://doi.org/10.22159/ijap.2019v11i5.33909  

6. Bessada, S. M. F., Barreira, J. C. M., Oliveira, M. B. P. P. (2015). Asteraceae species with most prominent bioactivity and 

their potential applications: A review. Industrial Crops and Products, 76, 604–615. doi: http://doi.org/10.1016/j.indcrop.2015.07.073  

7. Ekenäs, C., Rosén, J., Wagner, S., Merfort, I., Backlund, A., Andreasen, K. (2009). Secondary chemistry and ribosomal 

DNA data congruencies inArnica(Asteraceae). Cladistics, 25 (1), 78–92. doi: http://doi.org/10.1111/j.1096-0031.2008.00244.x  

8. Chevallier, A. (1996). Encyclopedia of Medicinal Plants. New York: Publishin, 170. 

9. Melnikova, T. M. (2005). Osobennosti vegetativnogo razmnozheniia arniki Shamisso. Novye i netraditsionnye rasteniia i 

perspektivy ikh ispolzovaniia. Puschino, 3, 369–371. 

10. Kriplani, P., Guarve, K., Baghael, U. S. (2017). Arnica montana L. – a plant of healing: review. Journal of Pharmacy and 

Pharmacology, 69 (8), 925–945. doi: http://doi.org/10.1111/jphp.12724  

11. Surmacz-Magdziak, A., Sugier, D. (2012). In vitro propagation of Arnica montana L.: an endangered herbal species of 

great importance to medicine. Acta Scientiarum Polonorum Hortorum Cultus, 11 (2), 127–140. 

12. Kalliantas, D., Kallianta, M., Kordatos, K., Karagianni, S. (2020). The nanostructure character of Arnica montana as ultra 

high diluted succussed solution medicinal product. Recent advances and prospects. Journal of Nanomedicine, 3 (1), 1021. 

13. Ganzera, M., Egger, C., Zidorn, C., Stuppner, H. (2008). Quantitative analysis of flavonoids and phenolic acids in Arnica 

montana L. by micellar electrokinetic capillary chromatography. Analytica Chimica Acta, 614 (2), 196–200. doi: 

http://doi.org/10.1016/j.aca.2008.03.023  

14. Petrova, M., Zayova, E., Yankova, E., Baldzhiev, G. (2011). Plant regeneration from callus culture of Arnica montana. 

Romanian Biotechnological Letters, 16 (1), 92–97. 

15. Staneva, J., Denkova, P., Todorova, M., Evstatieva, L. (2011). Quantitative analysis of sesquiterpene lactones in extract 

of Arnica montana L. by 1H NMR spectroscopy. Journal of Pharmaceutical and Biomedical Analysis, 54 (1), 94–99. doi: 

http://doi.org/10.1016/j.jpba.2010.08.018  

16. Sugier, D., Sugier, P., Jakubowicz-Gil, J., Winiarczyk, K., Kowalski, R. (2019). Essential Oil from Arnica Montana L. Achenes: 

Chemical Characteristics and Anticancer Activity. Molecules, 24 (22), 4158. doi: http://doi.org/10.3390/molecules24224158  

17. Willuhn, G., Kresken, J., Merfort J. (1983). Arnikablüten: Identitäts – und Reinheitsprüfung, Dünnschichtchroma-

tographie der Sesquiterpenlactone und Flavonoide. Deutsche Apotheker-Zeitung, 123 (49), 2431–2434. 

18. Hladysh, T., Saska, I., Demydiak, O. (2016). Fenolni spoluky arniky lystianoi. Kh Mizhnarodnyi medychnyi konhres stu-

dentiv i molodykh uchenykh. Ternopil, 222. 



Scientific Journal «ScienceRise: Pharmaceutical Science»                                                                              №6(28) 2020 

 

 
18 

19. Husak, L., Dakhym, I., Marchyshyn, S., Nakonechna, S. (2018). Determination of sugars and fructans content in Stachys 

sieboldii. International Journal of Green Pharmacy, 12, 70–74. doi: http://doi.org/10.22377/ijgp.v12i01.1527  

20. Atolani, O., Adeniyi, O., Kayode, O., Adeosun, C. (2015). Direct Preparation of Fatty Acid methyl Esters and Determina-

tion of in vitro Antioxidant Potential of Lipid from Fresh Sebal causarium Seed. Journal of Applied Pharmaceutical Science, 5, 24–

28. doi: http://doi.org/10.7324/japs.2015.50305  

21. Stoiko, L. I., Gusak, L. V., Marchishin, S. M., Demidiak, O. L. (2015). Issledovanie zhirnokislotnogo sostava travy 

zolototysiachnika obyknovennogo i travy chistetsa Zibolda. Meditsina i obrazovanie v Sibiri, 6, 1–9. 

22. Iosypenko, O. O., Kyslychenko, V. S., Omelchenko, Z. I., Burlaka, I. S. (2019). Fatty acid composition of vegetable mar-

rows and zucchini leaves. Pharmacia, 66 (4), 201–207. doi: http://doi.org/10.3897/pharmacia.66.e37893  

23. Whelan, J., Fritsche, K. (2013). Linoleic Acid. Advances in Nutrition, 4 (3), 311–312. doi: http://doi.org/10.3945/an.113.003772  

24. Rajaram, S. (2014). Health benefits of plant-derived α-linolenic acid. The American Journal of Clinical Nutrition, 100 

(suppl_1), 443S–448S. doi: http://doi.org/10.3945/ajcn.113.071514 

 

Received date 17.11.2020 

Accepted date 21.12.2020 

Published date 30.12.2020 

 

 

Liliia Budniak, PhD, Assistant Professor, Department of Pharmacy Management, Economics and Technology, 

І. Horbachevsky Ternopil National Medical University of Ministry of Health of Ukraine, Voli ave., 1, Ternopil, 

Ukraine, 46001 

Е-mail: stoyko_li@tdmu.edu.ua 

 

Liudmyla Slobodianiuk, PhD, Assistant Professor, Department of Pharmacognosy and Medical Botany, І. 

Horbachevsky Ternopil National Medical University of Ministry of Health of Ukraine, Voli ave., 1, Ternopil, 

Ukraine, 46001 

Е-mail: lydahusak29@gmail.com  

 

Svitlana Marchyshyn, Doctor of Pharmaceutical Sciences, Professor, Department of Pharmacognosy and Med-

ical Botany, І. Horbachevsky Ternopil National Medical University of Ministry of Health of Ukraine, Voli ave., 

1, Ternopil, Ukraine, 46001 

Е-mail: svitlanafarm@ukr.net 

 

Olha Demydiak, PhD, Associate Professor, Department of Pharmacognosy and Medical Botany, І. Horbachev-

sky Ternopil National Medical University, Maidan Voli, 1, Ternopil, Ukraine, 46001 

Е-mail: demydyak@tdmu.edu.ua  

  


