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Abstract. The petroleum ether extract and dichloromethane extract of Artemisia 
scopiforme from Almaty, detailed chemical constituents of this herb has not been 
investigated yet, were systematically explored by GC-MS analysis. As a results totally 
88 compounds from petroleum ether extract were identified, the major contents are 
1,3-Benzenedicarboxylic acid, bis (2-ethylhexyl) ester (1.03%), 3,5-di-tert-Butyl-
4-hydroxyanisole (1.8%), 3-allyl-6-methoxyphenol (3.42%), of which scoparone 
(19.63%) and methyl eugenol (38.55%) are the most prominent and abundant 
compounds. The dichloromethane extract was characterized by a more complex and 
diverse chemical composition and contained 129 compounds, the main constituents are 
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9h-thioxanthen-9-one, 2-(1-methylethyl) (1.36%), eugenol (1.48%), n-hexadecanoic 
acid (1.29%), p-dimethylaminobenzylidene (4.09%), 3,6-acridinediamine, 
2,7-dimethyl- (4.72%). Additionally, the antimicrobial activities of ethanol extract of 
Artemisia scopiforme and Rotocan plant extract were screened comparatively. As a 
results, the tested sample of Artemisia scopiforme has bactericidal activity and inhibits 
the growth of ATCC strains of Escherichia coli (8739) and Pseudomonas aeruginosa 
(9027), both gram-negative bacterial at dilution 1:1. It is active against Gram-positive 
strains of Staphylococcus aureus ATCC 6538 and Enterococcus hirae ATCC 10541 in 
dilution 1:2, and against Candida albicans ATCC 10231 and Candida utilis, it inhibits 
growth in dilution 1:3. Rotocan plant extract exhibits antimicrobial activity against 
Pseudomonas aeruginosa ATCC 9027 and Candida albicans ATCC 10231 in dilutions 
1:1 and 1:4, respectively. It has no antimicrobial activity against Escherichia coli 
strains ATCC 8739, Staphylococcus aureus ATCC 6538, Enterococcus hirae ATCC 
10541, and Candida utilis.

Keywords: Artemisia scopiforme, antimicrobial activity, chemical constituents, 
ethanol extract, GC-MS
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Аннотация. Алматы өңірінен жиналған Artemisia scopiforme мұнай 
эфирі сығындысы мен дихлорметан сығындысының химиялық құрамын газ-
хроматография-масс-спектрометрия (ГХ-МС) әдісімен жүйелі түрде талдау 
жүргізілді, A. scopiforme өсімдіктің химиялық құрамы осыған дейін егжей-
тегжейлі толық зерттелмеген. Талдау нәтижесінде мұнай эфирі сығындысынан 
жалпы  88  қосылыс анықталды, олардың ішінде мөлшері көбірек негізгі 
қосылыстардан 1,3-бензолдикарбон қышқылының бис (2-этилгексил) эфирі 
(1,03%), 3,5-ди-трет-бутил-4-гидроксианизол (1,8%), 3-аллил-6-метоксифенол 
(3,42%), және  метилевгенол (38,55%) мен скопарон (19,63%) ең көп мөлшерде 
кездесетін құрамдастар ретінде анықталды. Дихлорометан сығындысы 
күрделі және әртүрлі химиялық құрамымен сипатталды және құрамында 
129 қосылыс анықталды, оның негізгі компоненттері: 9H-тиоксантен-9-он, 
2-(1-метилэтил) (1,36%), эвгенол (1,48%), н-гексадекан қышқылы (1,29%), 
п-диметиламинобензилиден (4,09%), 2,7-диметил-3,6-акридиндиамин (4,72%) 
болды. Сонымен қатар,  Artemisia scopiforme  этанол және Ротокан өсімдік 
сығындыларының антимикробтік белсенділігі салыстырмалы түрде бағаланды. 
Зерттеу нәтижесінде  Artemisia scopiforme  үлгісі бактерицидтік белсенділікке 
ие екені анықталды және грамтеріс бактериялардың  Escherichia coli (АТСС 
8739)  және  Pseudomonas aeruginosa (АТСС 9027)  ATCC штаммдарының 
өсуін 1:1 сұйылтқанда тежейді. Staphylococcus aureus ATCC 6538 және Enterococcus 
hirae ATCC 10541 грам — позитивті штаммдарына қарсы белсенділік 1:2 
қатынаста сұйылтуда, ал Candida albicans ATCC 10231 және Candida utilis үшін 
1:3 қатынаста сұйылтқанда байқалды. Ротокан өсімдік сығындысы  Pseudomonas 
aeruginosa ATCC 9027-ге қатысты  1:1  сұйылтқанда, ал  Candida albicans ATCC 
10231-ге қатысты 1:4 сұйылтқанда антимикробтік әсер көрсетті. Ол Escherichia 
coli ATCC 8739, Staphylococcus aureus ATCC 6538, Enterococcus hirae ATCC 
10541  және  Candida utilis  штаммдарына қатысты антимикробтік белсенділікке 
ие емес.

Түйін сөздер. Artemisia scopiforme, микробқа қарсы белсенділік, химиялық 
құрамдас бөліктер, этанол сығындысы, GC-MS
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Аннотация. Методом газовой хроматографии с масс-спектрометрическим 
детектированием (ГХ-МС) проведён систематический анализ химического 
состава экстрактов Artemisia scopiforme, полученных с использованием 
петролейного эфира и дихлорметана. Данный вид и его экстракты ранее изучались 
ограниченно, что определяет актуальность исследования их фитохимического 
состава и биологической активности. В результате ГХ-МС-анализа в петролейно-
эфирном экстракте идентифицировано 88 соединений. К основным компонентам 
отнесены бис(2-этилгексиловый) эфир 1,3-бензолдикарбоновой кислоты (1,03 
%), 3,5-ди-трет-бутил-4-гидроксианизол (1,8 %), 3-аллил-6-метоксифенол 
(3,42 %), метилэвгенол (38,55 %) и скопарон (19,63 %). Наибольшую долю в 
составе экстракта составляли метилэвгенол и скопарон. Дихлорметановый 
экстракт характеризовался более сложным и разнообразным химическим 
составом: в нём идентифицировано 129 соединений. Среди доминирующих 
компонентов выявлены 9H-тиоксантен-9-он, 2-(1-метилэтил)- (1,36 %), эвгенол 
(1,48 %), н-гексадекановая кислота (1,29 %), п-диметиламинобензилиден (4,09 
%) и 2,7-диметил-3,6-акридиндиамин (4,72 %). Дополнительно проведена 
сравнительная оценка антимикробной активности этанольного экстракта Artemisia 
scopiforme и растительного препарата «Ротокан». Установлено, что исследуемый 
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экстракт проявляет выраженную бактерицидную активность, подавляя рост 
Escherichia coli ATCC 8739 и Pseudomonas aeruginosa ATCC 9027 при разведении 
1:1. В отношении грамположительных бактерий Staphylococcus aureus ATCC 6538 
и Enterococcus hirae ATCC 10541 активность отмечена при разведении 1:2, тогда 
как в отношении Candida albicans ATCC 10231 и Candida utilis — при разведении 
1:3. Препарат «Ротокан» проявил ограниченную антимикробную активность 
и оказался менее эффективным по сравнению с исследуемым экстрактом. 
Полученные результаты свидетельствуют о перспективности дальнейшего 
изучения Artemisia scopiforme как источника биологически активных соединений 
с антимикробным потенциалом.

Ключевые слова. Artemisia scopiforme, антимикробная активность, 
химические компоненты, этанольный экстракт, ГХ-МС, метилэвгенол, скопарон

Introduction. Artemisia genus, also known as “Wormwood” , is a member of the 
Asteraceae family. There are more than 500 species in this genus distributing in North 
America, Africa, Asia, Australia and Mediterranean area. In 81 species of Artemisia, 
19 endemic growing in Kazakhstan (Nurlybekova et al., 2022; Kurmanbayeva, 2018). 
Plants of this species have been used as well-known medicinal herb in the traditional 
medicines. They have the treatments of influenza, liver diseases, nervous disorders, 
wounds, diarrhea, increasing appetite, bronchial asthma, rheumatism, dermatitis, 
malaria, tuberculosis, cardiovascular diseases, headaches and toothaches in Kazakh 
and other folk medicine (Jenis, 2020; Zibaee et al., 2010; Zant et al., 2014; Yang et 
al., 2017; Ha et al., 2014; Elfawal et al., 2012). Plants from the Artemisia family, like 
wormwood, have so many benefits, including protecting nerve cells (neuroprotective), 
reducing fever (antipyretic), stopping excessive bleeding (antihemorrhagic), relieving 
heart pain (antianginal), and preventing cell damage (antioxidant), healing stomach 
ulcers (antiulcer), fighting malaria, cancer, varuses, and blood clots (Sailike et al., 
2022; Akzhigitova et al., 2018; Abilova et al., 2019; Vallès et al., 2011; Ferreira et al., 
2013). These plants contain natural chemicals, or we can call them active compounds 
like essential oils, terpenes, esters, and flavonoids, in addition to phenolic compounds, 
lignans, sesquiterpenoids, coumarins, glycosides, caffeoylquinic acids, sterols, 
polyacetylenes, and others that give them medical properties (Abad et al., 2012; Koul 
et al., 2017).

Artemisia scopiforme is an endemic plant belongs to the genus Artemisia of the 
family Asteraceae. This is a rare species in Kazakhstan, which the Chu-Ili Mountains 
and Karatau deserts. It grows to a height of 20 to 50 cm in sandy and clay soils. 
Its stems are erect, occasionally branched, and characterized by grayish or greenish-
gray bark. The leaves are arranged alternately, pinnately dissected, and composed of 
small segments. The flowers are small, yellowish to greenish in color, and grouped in 
inflorescences. This plant has not been studied much yet.

For the aim of investigating the chemical constituents of this plant, our 
research group previously analyzed the hexane and chloroform extracts of 
Artemisia scopiforme by Gas Chromatography and Mass Spectroscopy (GC-



46

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

MS) technique, and discovered various bioactive compounds, they are methyl 
eugenol, butyl 4,7,10,13,16,19-docosahexaenoate, 4H-1,2,4-Triazole-3-thiol, 
4-(2-fluorophenyl)-5-(1-methylethyl), hexadecanoic acid, ethyl ester, hexasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl, p-Dimethylaminobenzylidene p-anisidine 
(Bopi et al., 2019).

In the present study, in order to further obtain more information of chemical 
constituents and biological investigations of Artemisia scopiforme which grown in 
Almaty region of Kazakhstan. The petroleum ether and dichloromethane extracts from 
this species were analysed by GC-MS and the antimicrobial activity of ethanol extract 
of Artemisia scopiforme were tested. 

Materials and methods. Plant material. We collected the leaves, stems, and 
other above-ground parts of Artemisia scopiforme plants from the Almaty region in 
Kazakhstan, and authenticated by Prof. Janar Jenis from the Medicinal Plants Research 
Center at Al-Farabi Kazakh National University. The plants Artemisia scopiforme were 
stored at room temperature, crushing the air-dried ground parts.

Extraction and partition of the crude extract. Dried 2 kg stems and leaves (aerial 
parts) of A. scopaeformis in the air, ground them into powder, and soaked/extracted 
them in 90% ethyl alcohol (1:1 using equal amounts of plant material and alcohol). 
This soaking/extracting process was repeated five times, with each round lasting 
seven days (one week) at room temperature. The dried ethanol crude extract of A. 
scopiforme was suspended in water and successively extracted with petroleum ether, 
dichloromethane, ethyl acetate and n-butanol, respectively. Petroleum ether extraction, 
dichloromethane extraction, ethyl acetate extraction and n-butanol extraction were 
obtained by rotational evaporation.

Study samples. The studied samples were ethanol extract of Artemisia scopiforme 
and Rotocan plant extract. The ethanol extract of Artemisia scopiforme is dark brown, 
with a specific odor. Rotocan plant extract was used to compare the activity (Figure 1).

 rtemisia scopaeformis. Rotocan
Figure 1 — Samples under study

Test strains of microorganisms. The following reference strains recommended 
for evaluating the antimicrobial activity of various agents were used as test 
strains [17-19]:
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1) Escherichia coli ATCC 8739 – a reference strain for the determination of 
antimicrobial activity obtained from the American Type Culture Collection (ATCC), 
USA;

2) Pseudomonas aeruginosa ATCC 9027 – a reference strain for the determination 
of antimicrobial activity obtained from the American Type Culture Collection (ATCC), 
USA;

3) Staphylococcus aureus ATCC 6538-P – a standard strain used for antibiotic 
testing. Source: Republic Collection of Microorganisms (Astana, PKZ);

4) Enterococcus hirae ATCC 10541 – a reference strain for antimicrobial studies. 
Obtained from the American Type Culture Collection (ATCC), USA;

5) Candida albicans ATCC 10231 – a standard fungal strain used to test antifungal 
treatments. The test culture was obtained from the American Type Culture Collection 
(ATCC), USA;

6) Candida utilis – Test culture for testing fungicidal activity. Clinical isolate strain.
Gas Chromatography-Mass Spectrometry (GC-MS) determination. We analyzed 

the Petroleum ether (PE) and Dichloromethane (DCM) parts of the extract of A. 
scopiforme using advanced chemical analysis (GC-MS system 7890A/5975C). The 
system was operated with Agilent software that:

- Controls the instrument;
- Records the data;
- Helps analyze the results.
For identification of compounds:
- Measured how long each component took to pass through the system (retention 

time);
- Calculated the amount of each component (peak area);
- Compared the chemical fingerprints (mass spectra) against two major reference 

databases (Wiley 7th and NIST’02) containing over 550000 chemical profiles.
Nutrient media and reagents. Mueller-Hinton agar (Himedia, India); Mueller-

Hinton broth (Himedia, India); sodium chloride, x.h., (Mikhailovsky plant of chemical 
reagents, Russia); ethanol (“Talgar Spirt”, Kazakhstan); purified water.

Results. The antimicrobial activities of the ethanol extract of Artemisia scopaeformis 
and the Rotocan plant extract were comparatively evaluated. The results demonstrated 
that the Artemisia scopaeformis extract exhibited pronounced bactericidal activity, 
inhibiting the growth of the Gram-negative bacteria Escherichia coli ATCC 8739 and 
Pseudomonas aeruginosa ATCC 9027 at a dilution of 1:1. The extract was also active 
against the Gram-positive strains Staphylococcus aureus ATCC 6538 and Enterococcus 
hirae ATCC 10541 at a dilution of 1:2, while growth inhibition of Candida albicans 
ATCC 10231 and Candida utilis was observed at a dilution of 1:3. The Rotocan plant 
extract demonstrated antimicrobial activity against Pseudomonas aeruginosa ATCC 
9027 and Candida albicans ATCC 10231 at dilutions of 1:1 and 1:4, respectively 
(Figure 2-3).

The petroleum ether (PE) and dichloromethane (DCM) parts of the extract of A. 
scopiforme analysed by Gas Chromatography-Mass Spectrometry (GC-MS). According 
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to our expected results, totally 88 compounds from the PE part (Figure 4) and 129 
compounds from the DCM part (Figure 5) were identified. 

The petroleum ether (PE) and dichloromethane (DCM) parts of the extract of A. scopiforme 
analysed by Gas Chromatography-Mass Spectrometry (GC-MS). According to our expected results, 
totally 88 compounds from the PE part (Figure 4) and 129 compounds from the DCM part (Figure 5) 
were identified.  
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Figure 2 – Results of testing the antimicrobial activity of Artemisia scopiforme 
A – Escherichia coli ATCC 8739; B – Pseudomonas aeruginosa ATCC 9027; 
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The petroleum ether (PE) and dichloromethane (DCM) parts of the extract of A. scopiforme 
analysed by Gas Chromatography-Mass Spectrometry (GC-MS). According to our expected results, 
totally 88 compounds from the PE part (Figure 4) and 129 compounds from the DCM part (Figure 5) 
were identified.  
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Figure 3 — Rotocan antimicrobial activity test results 
A – Escherichia coli ATCC 8739; B – Pseudomonas aeruginosa ATCC 9027; 

C – Staphylococcus aureus ATCC 6538-P; D – Enterococcus hirae ATCC 10541; 
E – Candida albicans ATCC 10231; F - Candida utilis. 
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Figure 3 — Rotocan antimicrobial activity test results 
A – Escherichia coli ATCC 8739; B – Pseudomonas aeruginosa ATCC 9027; 

C – Staphylococcus aureus ATCC 6538-P; D – Enterococcus hirae ATCC 10541; 
E – Candida albicans ATCC 10231; F - Candida utilis. 
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Figure 3 — Rotocan antimicrobial activity test results

A – Escherichia coli ATCC 8739; B – Pseudomonas aeruginosa ATCC 9027;
C – Staphylococcus aureus ATCC 6538-P; D – Enterococcus hirae ATCC 10541;

E – Candida albicans ATCC 10231; F - Candida utilis.
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Discussion.  Determination of antimicrobial activity. Microorganism suspension 
preparation: The direct suspension method was employed. Using a sterile bacteriological 
loop, 24-hour colonies grown on solid medium were collected and transferred into 
a test tube containing 10 ml of sterile sodium chloride solution. The mixture was 
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thoroughly homogenized to obtain a uniform turbid suspension. For concentration 
standardization, optical density was measured using a densitometer (per SOP-EQ-029), 
and cell concentration was adjusted to 0.5 McFarland units (~1.5×108 CFU/ml). After 
that working suspension was prepared by 100-fold dilution with saline (~1.5×106 CFU/
ml).

Antimicrobial activity testing, inoculation: 150 µl Mueller-Hinton broth was 
dispensed into designated wells of a 96-well plate. The next part is serial dilution: 
150 µl test sample was added to the first well, after thorough mixing, 150 µl was 
transferred to the second well. This created a two-fold dilution series (each subsequent 
well contained half the concentration).

Table 1 — Ratio of extract to Mueller-Hinton solution
№ 1 2 3 4 5 6 7 8 9 10 11 12
Ratio 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 1:2048

After dilution of the suspension, 20 µl of bacterial suspension was added to each 
well. To check the purity and viability of the test strains, control wells were prepared, 
where Mueller-Hinton broth and bacterial suspension were added (Table 1).

The plate thus prepared was incubated in MB-INC-01 thermostat at 37±1.0 degrees 
and the plate with Candida utilis culture was placed in MB-INC-02 at 22±1.0 degrees 
for 18-24 hours. The next day the obtained suspension was seeded on solid agar in Petri 
dishes labeled according to twofold dilutions of bacteriological suspensions. 

The nutrient medium and cultures were seeded in a separate dish for purity 
determination.

We recorded whether bacteria grew or did not grow in each marked section of the 
agar plate. The outcomes were recorded based on the presence of visible microbial 
colonies in specific areas of the solid growth medium. Data were collected by observing 
which squares showed bacterial growth and which remained clear.

Gas Chromatography-Mass Spectrometry (GC-MS) determination.  To determine 
the chemical compositions of petroleum ether and dichloromethane fractions of A. 
scopiforme by GC-MS, with 1 mL of each parts were injected for analysis. Methyl eugenol 
(38.55%), the most abundant constituent identified from PE extract of A. scopiforme, 
has been reported to have anesthetic, antinociceptive, anti-epileptic, hypothermic and 
myorelaxant effects. It also used to treat toothache and different disorders (Wang et al., 
2015). Scoparone (19.63%) is a second major constituent analyzed from petroleum 
ether extract of A. scopiforme, which exhibits anti-inflammatory, anti-allergic, 
antioxidant, immunosuppressive, vasodilation, lipid lowering and anti-tumor activities 
(Choi et al., 2009). n-Hexadecanoic acid (1.29%), also found from dichloromethane 
extract of A. scopiforme, is a saturated fatty acid. According to the previous studies, 
fatty acids has a variety of biological activities such as antibacterial, antimicrobial 
and antifungal properties (Vasudevan et al., 2012). Eugenol (1.48%) is a member of 
phenols. It is used to treat toothache and pulpitis in dentistry, also used as a flavoring 
agent in cosmetics and food products. Eugenol illustrated have anti-inflammatory, 
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neuroprotective, antipyretic, anti-oxidant, antifungal and analgesic properties (Yukio 
et al., 2003).

Compounds with a percentage content greater than 1% are considered as the main 
compounds. Their retention time, molecular formula, molecular weight as well as 
percentage content are listed in Table 2 and Table 3 respectively.

  Table 2 — Main compounds identified in Petroleum ether extract of A. scopiforme by GC-MS
№ tR 

(min)
Compounds Molecular 

Formula
MW Structure Content, 

%

1 8.12 3-Allyl-6-methoxyphenol C10H12O2 164 3.42

2 9.44 Methyl eugenol C11H14O2 178 38.55

3 32.01 Scoparone C11H10O4 206 19.63

4
33.14 3,5-di-tert-Butyl-4-

hydroxyanisole
C10H12O2 236 1.8

5
44.51 1,3-Benzenedicarboxylic 

acid, bis(2-ethylhexyl) 
ester

C24H38O4 390 1.03

  Table 3 — Main compounds identified in Dichloromethane extract of A. scopiforme by GC-MS
№ tR

(min)
Compounds name Molecular 

Formula
MW Structure Content, 

%

1 8.12 Eugenol C10H12O2 164 1.48

2 1.62 n-Hexadecanoic acid C16H32O2 256 1.29

3 37.51 p-Dimethylaminobenzylidene
p-anisidine

C16H18N2O 254 4.09
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4 38.58 9H-Thioxanthen-9-one, 
2-(1-methylethyl)

C16H14OS 254 1.36

5 41.96
3,6-Acridinediamine,2,7-

dimethyl C15H15N3 237 4.72

Conclusion. In summary, the petroleum (PE) ether extract and dichloromethane 
(DCM) extracts of Artemisia scopiforme, collected from Kazakhstan’s Almaty region, 
were analyzed using gas chromatography-mass spectrometry (GC-MS). According 
to the analysis results, 88 identifiable compounds were found in the petroleum 
extract, and 129 distinct constituents were found in the dichloromethane extract of 
A. scopiforme. And ethanol extract of Artemisia scopiforme was revealed to have 
antimicrobial activity against two standard gram-negative pathogens, Escherichia 
coli ATCC 8739 and Pseudomonas aeruginosa ATCC 9027 at dilution 1:1, gram-
positive strains of Staphylococcus aureus ATCC 6538 and Enterococcus hirae ATCC 
10541 in dilution 1:2, Candida albicans ATCC 10231 and Candida utilis in dilution 
1:3. For comparison, Rotocan plant extract displayed antimicrobial activity against 
Pseudomonas aeruginosa ATCC 9027 in dilutions 1:1 and Candida albicans ATCC 
10231 1:4, respectively. Based on the research results, it can be provided that chemical 
composition of Artemisia scopiforme is a rich source of bioactive complexes with good 
prospects and beneficial effects in the future. 
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