
 E O R G I A N
 EDICAL

EWS

ЕЖЕМЕСЯЧНЫЙ  НАУЧНЫЙ  ЖУРНАЛ

Медицинские новости Грузии
cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

No 1 (322) Январь 2022ISSN 1512-0112

ТБИЛИСИ - NEW YORK

NO 7-8 (364-365)  Июль-Август 2025



GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting 

the science and art of medicine and the betterment of public health, published by the GMN Editorial 

Board and The International Academy of Sciences, Education, Industry and Arts (U.S.A.) since 

1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of 

experimental, theoretical and practical character; publishes original research, reviews, commentaries, 

editorials, essays, medical news, and correspondence in English and Russian. 

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The 

full text content is available through EBSCO databases.

GMN: Медицинские новости Грузии - ежемесячный рецензируе мый научный журнал, 

издаётся Редакционной коллегией и Международной академией наук, образования, искусств и 
естествознания (IASEIA) США с 1994 года на русском и английском языках в целях поддержки 

медицинской науки и улучшения здравоохранения. В журнале публикуются оригинальные 

научные статьи в области медицины, биологии и фармации, статьи обзорного характера, 

научные сообщения, новости медицины и здравоохранения. 

Журнал  индексируется в MEDLINE, отражён в базе данных SCOPUS,  PubMed  и  ВИНИТИ  РАН. 

Полнотекстовые статьи журнала доступны через БД EBSCO.

GMN: Georgian Medical News – saqarTvelos samedicino siaxleni – aris yovelTviuri 

samecniero samedicino recenzirebadi Jurnali, gamoicema 1994  wlidan, warmoadgens 

saredaqcio kolegiisa da aSS-is mecnierebis, ganaTlebis, industriis, xelovnebisa 

da bunebismetyvelebis saerTaSoriso akademiis erTobliv gamocemas. GMN-Si rusul 

da inglisur enebze qveyndeba eqsperimentuli, Teoriuli da praqtikuli xasiaTis 

originaluri samecniero statiebi medicinis, biologiisa da farmaciis sferoSi, 

mimoxilviTi xasiaTis statiebi. 

Jurnali indeqsirebulia MEDLINE-is saerTaSoriso sistemaSi , asaxulia 

SCOPUS-is, PubMed-is da ВИНИТИ РАН-is monacemTa bazebSi. statiebis sruli teqsti 

xelmisawvdomia EBSCO-s monacemTa bazebidan.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting 

the science and art of medicine and the betterment of public health, published by the GMN Editorial 

Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which 

are of experimental, theoretical and practical character; publishes original research, reviews, commen-

taries, editorials, essays, medical news, and correspondence in English and Russian. 

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full 

text content is available through EBSCO databases.

GEORGIAN MEDICAL NEWS

GMN: Медицинские новости Грузии - ежемесячный рецензируемый научный журнал, издаётся 

Редакционной коллегией с 1994 года на русском и английском языках в целях поддержки 

медицинской науки и улучшения здравоохранения. В журнале публикуются оригинальные 

научные статьи в области медицины, биологии и фармации, статьи обзорного характера, научные 

сообщения, новости медицины и здравоохранения. Журнал индексируется в MEDLINE, отражён 

в базе данных SCOPUS, PubMed и ВИНИТИ РАН. Полнотекстовые статьи журнала доступны 

через БД EBSCO.

Monthly Georgia-US joint scientific journal published both in electronic and paper 
formats of the Agency of Medical Information of the Georgian Association of Business Press.

Published since 1994. Distributed in NIS, EU and USA.

WEBSITE 
www.geomednews.com



К СВЕДЕНИЮ АВТОРОВ!

При направлении статьи в редакцию необходимо соблюдать следующие правила:

 1. Статья должна быть представлена в двух экземплярах, на русском или английском язы-
ках, напечатанная через полтора интервала на одной стороне стандартного листа с шириной 
левого поля в три сантиметра.  Используемый компьютерный шрифт для текста на русском и 
английском языках - Times New Roman (Кириллица), для текста на грузинском языке следует 
использовать AcadNusx. Размер шрифта - 12. К рукописи, напечатанной на компьютере, должен 
быть приложен CD со статьей. 
 2. Размер статьи должен быть не менее десяти и не более двадцати страниц машинописи, 
включая указатель литературы и резюме на английском, русском и грузинском языках.
 3. В статье должны быть освещены актуальность данного материала, методы и результаты 
исследования и их обсуждение.
 При представлении в печать научных экспериментальных работ авторы должны указывать 
вид и количество экспериментальных животных, применявшиеся методы обезболивания и 
усыпления (в ходе острых опытов).
 4. К статье должны быть приложены краткое (на полстраницы) резюме на английском,  
русском и грузинском языках (включающее следующие разделы: цель исследования, материал и 
методы, результаты и заключение) и список ключевых слов (key words).
 5.  Таблицы необходимо представлять в печатной форме. Фотокопии не принимаются.  Все 
цифровые, итоговые и процентные данные в таблицах должны соответствовать таковым в 
тексте статьи. Таблицы и графики должны быть озаглавлены.
 6. Фотографии должны быть контрастными,  фотокопии с рентгенограмм - в позитивном 
изображении. Рисунки, чертежи и диаграммы следует озаглавить, пронумеровать и вставить в 
соответствующее место текста в tiff формате. 
 В подписях к микрофотографиям следует указывать степень увеличения через окуляр или 
объектив и метод окраски или импрегнации срезов.
 7. Фамилии отечественных авторов приводятся в оригинальной транскрипции.
 8. При оформлении и направлении  статей  в  журнал  МНГ просим авторов соблюдать 
правила, изложенные в «Единых   требованиях  к рукописям, представляемым в биомедицинские  
журналы», принятых Международным комитетом редакторов  медицинских   журналов - 
http://www.spinesurgery.ru/files/publish.pdf и http://www.nlm.nih.gov/bsd/uniform_requirements.html
В конце каждой оригинальной статьи приводится библиографический список. В список литера-
туры включаются все материалы, на которые имеются ссылки в тексте.  Список составляется в 
алфавитном порядке и нумеруется. Литературный источник приводится на языке оригинала. В 
списке литературы сначала приводятся работы, написанные знаками  грузинского алфавита, затем 
кириллицей и латиницей. Ссылки на цитируемые работы в тексте статьи даются в квадратных 
скобках в виде номера, соответствующего номеру данной работы в списке литературы. Большин-
ство цитированных источников должны быть за последние 5-7 лет.
 9. Для получения права на публикацию статья должна иметь от руководителя работы 
или учреждения визу и сопроводительное отношение, написанные или напечатанные на бланке 
и заверенные подписью и печатью.
 10. В конце статьи должны быть подписи всех авторов, полностью приведены их 
фамилии, имена и отчества, указаны служебный и домашний номера телефонов и адреса или 
иные координаты.  Количество авторов (соавторов) не должно превышать пяти человек.
 11. Редакция оставляет за собой право сокращать и исправлять статьи. Корректура авторам 
не высылается, вся работа и сверка проводится по авторскому оригиналу.
 12. Недопустимо направление в редакцию работ, представленных к печати в иных 
издательствах или опубликованных в других изданиях.

 При нарушении указанных правил статьи не рассматриваются.



REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
 1. Articles must be provided with a double copy, in English or Russian languages and typed or 
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, 
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to 
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled 
with Latin symbols.
 2. Size of the article, including index and resume in English, Russian and Georgian languages must 
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.
 3. Submitted material must include a coverage of a topical subject, research methods, results, 
and review.
 Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.
 4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the 
following sections: aim of study, material and methods, results and conclusions) and a list of key words. 
 5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied 
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the 
articles. Tables and graphs must be headed.
 6. Photographs are required to be contrasted and must be submitted with doubles. Please number 
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and 
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink 
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.
 Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In 
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power, 
method of coloring or impregnation of the microscopic sections (preparations).
 7. Please indicate last names, first and middle initials of the native authors, present names and initials 
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding 
number under which the author is listed in the reference materials.
 8.  Please follow guidance offered to authors by The International Committee of Medical Journal 
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html 
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end 
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers 
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The 
bibliographic description is given in the language of publication (citations in Georgian script are followed 
by Cyrillic and Latin).
 9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or 
typed on a special signed form, certified by a stamp or a seal.
 10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full 
names, office and home phone numbers and addresses or other non-office locations where the authors could be 
reached.  The number of the authors (co-authors) must not exceed the limit of 5 people.
 11. Editorial Staff reserves the rights to cut down in size and correct the articles.  Proof-sheets are 
not sent out to the authors. The entire editorial and collation work is performed according to the author’s 
original text.
 12. Sending in the works that have already been assigned to the press by other Editorial Staffs or 
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned 
Requirements are not Assigned to be Reviewed.



avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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STUDY OF THE CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY OF 
SUBCRITICAL CO₂ EXTRACT FROM EUPHORBIA HUMIFUSA WILLD

Gulfariza Gani, Ubaidilla Datkhayev, Kairat Zhakipbekov, Serzhan Mombekov, Murat Ashirov*, Nurgali Rakhymbayev*, 
Zhanerke Seitova.

Asfendiyarov Kazakh National Medical University, 94, Tole Bi str., Almaty, Kazakhstan.

Abstract.
Introduction: One of the priority areas of development in 

pharmacy is the study of local plants possessing antimicrobial 
activity. In this regard, determining the chemical composition 
of the CO₂ extract of Euphorbia humifusa Willd. with the aim of 
identifying new promising compounds with antimicrobial and 
antifungal activity is a pressing issue. 

Materials and methods: Using subcritical carbon dioxide 
extraction, 23 g of CO₂ extract of Euphorbia humifusa Willd. 
was obtained. To determine the potential use of Euphorbia 
humifusa Willd., we analysed the composition of the extract 
using GC-MS and the antimicrobial activity obtained by CO₂ 
extraction. 

Results: For the first time, a comprehensive study of the CO₂ 
extract from the aerial parts of Euphorbia humifusa Willd., 
collected during the flowering phase in the Bostandyk district 
of Almaty Region, was conducted. Using gas chromatography-
mass spectrometry (GC/MS) with Wiley 7th edition and 
NIST'02 libraries, 47 components were identified.

Conclusions: The obtained CO₂ extract of Euphorbia humifusa 
Willd. can be used in pharmaceutical technology as a substance.

Key words. Euphorbia humifusa Willd, GC-MS analysis, CO₂ 
extraction, antimicrobial activity.
Introduction.

In Kazakhstan, ensuring the population's access to affordable 
medical and pharmaceutical services is one of the most important 
areas of state policy, in accordance with the objectives of the 
National Medical Policy [1,2], which represents a complex 
integrative structure [3]. Implementing this policy requires 
a comprehensive approach that includes not only effective 
personnel management [4]—such as planning for seasonal 
workforce needs [5], developing communication skills [6], or 
forming pharmaceutical clusters [7]—but also the strategic 
development of the pharmaceutical industry itself as a high-
profit and rapidly growing economic sector, serving as a driver 
for the country's socio-economic development [8,9].

A key challenge in achieving these goals is the high 
dependence of Kazakhstan's pharmaceutical market on imported 
products. In this regard, a priority task is the development of 
the national pharmaceutical industry [10] by increasing the 
volume of domestic production. One of the most promising 
and strategically important directions in this context is the 
development and manufacture of medicines based on domestic 
plant materials.

Thus, the scientific assessment of the potential of local flora 
and the screening of Kazakhstan's biodiversity for the presence 
of biologically active compounds become practical tools for 
addressing national tasks. This line of work directly contributes 

to import substitution, the formation of economic independence 
and national security [11,12], as well as opens new opportunities 
for the development of evidence-based phytotherapy and the 
creation of effective medicines [13,14].

Currently, many promising plant species native to Kazakhstan 
are already in focus of scientific interest, such as Nicotiana 
Tabacum L. [15], Echinops Ritro [16], Portulaca Oleracea 
L. [17], Brassica Napus L. [18], Plantago Major L. [19], 
representatives of the Apiaceae family [20], Ferula Asafoetida 
L. [21,22] and others. Within this strategic direction and with 
the aim of further expanding the raw material base of the 
domestic pharmaceutical industry, this study focuses on the 
species Euphorbia humifusa Willd. This species was selected 
as the main object of scientific analysis due to its rich content 
of biologically active compounds and diverse pharmacological 
potential, making it a promising source for the development of 
new medicines.

The studied plant, Euphorbia humifusa Willd., belongs 
to the genus Euphorbia of the family Euphorbiaceae. The 
Euphorbiaceae family is very diverse in terms of range, 
distribution and morphology and consists of a variety of species 
that grow on the mainland as shrubs, weeds, trees or climbing 
vines. Euphorbia is one of the largest genera of flowering plants 
with more than 2,000 species [23]. One of the species of the 
genus Euphorbia is the annual herbaceous plant Euphorbia 
humifusa Willd. (Figure 1).

Research of herbarium specimens confirmed the wide 
distribution of Euphorbia humifusa Willd. in the flora of 
Kazakhstan. Analysis of the herbarium specimens showed the 
widespread distribution of Euphorbia humifusa Willd. in the 
territories of Almaty Region, Zhambyl Region, Mangistau 
Region, and Central Kazakhstan Region (Figure 2).

Scientific studies have revealed that the key components 
of Euphorbia humifusa Willd. are flavonoids, triterpenes, 
coumarins, sterols, tannins and phenolic acid derivatives [24].

A literature review demonstrated that various extracts and 
isolated compounds from Euphorbia humifusa Willd. possess 
a broad spectrum of pharmacological activities, such as 
antimicrobial activity [25], anti-vitiligo effects [26], anti-tumor 
effects [27], antidiabetic effect [28], anti-influenza activity [29] 
and hepatoprotective effects [30].

The aim of this study is to analyse the chemical components 
and evaluate the antimicrobial properties of CO₂ extract from 
Euphorbia humifusa Willd. with a view to using, it in the future 
to create medicinal products that demonstrate antimicrobial and 
antifungal efficacy.

To achieve the stated objective of the study, we have defined 
the following tasks:

1. Obtain a CO₂ extract from the plant Euphorbia humifusa 
Willd.
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2. Perform a comprehensive chemical analysis of the CO₂ 
extract of Euphorbia humifusa Willd. to identify the main 
bioactive compounds using gas chromatography-mass 
spectrometry (GC/MS) and to quantify the key components of 
the extract.

3. Evaluate the antimicrobial activity of the studied extract 
against Gram-positive bacteria (Staphylococcus aureus), Gram-
negative bacteria (Escherichia coli), and Fungal microorganism 
(Candida albicans).
Materials and Methods.
Plant raw material:

Euphorbia humifusa Willd. was collected in autumn (August-
September) 2024 in Almaty, Kazakhstan, in accordance with 
the requirements of Good Agricultural and Collection Practice 
(GACP). The plant material was identified at the Republican 
State Enterprise ‘Institute of Botany and Phytointroduction’ 
of the Committee for Forestry and Wildlife of the Ministry of 
Ecology, Geology and Natural Resources of the Republic of 
Kazakhstan (Reference registration number No. 01-05 / 490).

CO2 extraction procedure:
For our research, we chose subcritical CO2 extraction to obtain 

extract.
Traditional extraction methods have demonstrated limited 

efficiency, and the resulting extracts contained impurities 
and residues of organic solvents, which significantly reduced 
their potential for practical application [31]. As an alternative, 
subcritical CO₂ extraction technology was chosen, which 
complies with the principles of green chemistry and modern 
environmental requirements [32]. This method, being 
thermosensitive, ensures the gentle extraction of thermolabile 
and easily oxidisable biologically active components [33].

The extraction was carried out on a carbon dioxide extraction 
unit (CO₂-5L flow extraction system) at the production facility of 
"Zhanapharm" Company (a pharmaceutical enterprise, Almaty, 
Kazakhstan). The process was conducted in a subcritical mode 
in accordance with the requirements of the National Standard 
27658-1910 – LLP-02-2011. Liquefied carbon dioxide (GOST 
8050-85) was used as the extractant.

Figure 1. Picture of Euphorbia humifusa Willd.
А - Collected plant; B - Plant flowers; C - Plant stem.

Figure 2. Distribution area of Euphorbia humifusa Willd. within the Republic of Kazakhstan.
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Chemical detection of biologically active compounds:
After obtaining the CO₂ extract, its component composition 

was analysed using gas chromatography with mass spectrometric 
detection.

The chemical analysis of the component composition was 
performed at the Al-Farabi Kazakh National University 
in the Centre for Analytical, Colloid Chemistry and Rare 
Element Technology. The study was conducted using gas 
chromatography with mass spectrometric detection (GC-MS) 
using an Agilent 7890A/5975C chromatographic system [34].

Chromatographic analysis conditions: sample volume 0.5 μl, 
sample injection temperature 260°C, no split flow. Separation 
was performed using a DB-17ms capillary column 30 m long, 
with an internal diameter of 0.25 mm and a film thickness of 
0.25 µm at a constant carrier gas (helium) flow rate of 1 ml/
min. The chromatography temperature was programmed from 
60°C with a heating rate of 20°C/min to 120°C, then with a 
heating rate of 10°C/min to 270°C (holding time 10 min) and 
with a heating rate of 5°C/min to 300°C (holding time 10 min). 
The analysis time was 44 minutes. Detection was performed in 
SCAN m/z 34-750 mode. Agilent MSD ChemStation software 
(version 1701EA) was used to control the gas chromatography 
system and to record and process the results and data obtained. 
Data processing included determining retention times, peak 
areas, and processing spectral information obtained using a 
mass spectrometric detector. The Wiley 7th edition and NIST'02 
libraries (total number of spectra in the libraries – over 550,000) 
were used to decipher the obtained mass spectra.
Antimicrobial activity determination:

The antimicrobial activity of the extract was tested by the 
microbiological laboratory of the Scientific Centre for Anti-
Infective Drugs JSC, Almaty, Kazakhstan, accredited by 
the accreditation system of the Republic of Kazakhstan for 
compliance with the requirements of GOST ISO/IEC 17025-
2019 ‘General requirements for the competence of testing 
and calibration laboratories (IK)’ (No. KZ. T.02.1395 dated 2 
October 2018).

The following culture media were selected: Mueller-Hinton 
broth M 391 (Himedia, India), Mueller-Hinton agar M 173 
(Himedia, India), sodium chloride (Mikhailovsky Chemical 
Reagents Plant, Russia), 96% ethanol (Talgar Alcohol, 
Kazakhstan), and purified water.

As test strains, microorganisms obtained from the Republican 
Collection of Microorganisms (RCM, Astana, Kazakhstan) and 
the American Type Culture Collection (ATCC, USA) were 
used: the Gram-positive bacterium Staphylococcus aureus 
ATCC 6538-P (ATCC, Kazakhstan); the Gram-negative 
bacterium Escherichia coli ATCC 8739 (ATCC, USA) and the 
fungus Candida albicans ATCC 10231 (ATCC, USA).

The assessment of the antimicrobial activity of the extract 
was conducted in accordance with the internal methodological 
guidelines MI-LM-02 "Determination of the Bactericidal 
Action of Antimicrobial Agents by the Method of Double 
Serial Dilutions" (Methodological Instructions of Microbiology 
Laboratories) [35]. The study employed the method of double 
serial dilutions in liquid nutrient medium and the disk-diffusion 
method. 

The diameters of the inhibition zones were measured using a 
caliper with an accuracy of 0.5 mm. The data are presented as 
mean value ± standard deviation (SD).

All methodologies complied with the standards of the Clinical 
and Laboratory Standards Institute (CLSI, USA) [36].
Results.
Preparation of plant raw materials Euphorbia humifusa 
Willd. for extraction:

The plant material was dried at room temperature (25±5°C) 
in a ventilated room at the «Institute of Botany and 
Phytointroduction». After drying, the raw material was ground 
to a size of 1–3 mm using an IKA M20 laboratory mill.
Technological parameters of CO₂ extraction and storage of 
the finished Euphorbia humifusa Willd. Extract:

The extraction of the aerial parts of Euphorbia humifusa 
Willd. with carbon dioxide was carried out under the following 
conditions: the extraction temperature was +18+23°C, the 
operating pressure was maintained at 57-65 atmospheres, and 
the process duration was 8 hours. The extract yield reached 23 
grams.

The CO₂ extract of Euphorbia humifusa Willd. must be stored 
in a dark, cool place in an airtight glass container at a temperature 
not exceeding +25°C, protected from direct sunlight. The shelf 
life under these conditions is two years.
Biologically active compounds of the Euphorbia humifusa 
Willd. CO₂ extract:

An analysis of the chemical composition of the Euphorbia 
humifusa Willd. CO₂ extract using gas chromatography-mass 
spectrometry (GC-MS) revealed 47 chemical compounds. 
The chromatogram and the list of identified compounds are 
presented in Figure 3 and Table 1.

GC-MS analysis of the CO₂ extract of Euphorbia humifusa 
Willd. revealed the presence of fatty acids and their derivatives, 
terpenes and isoprenoids, steroids and triterpene compounds, 
tocopherols and vitamins, hydrocarbons (alkanes and alkenes), 
lactones, and other organic components. The following 
compounds were identified during the study: among fatty acids 
and their derivatives, Hexadecanoic acid (9.57 %), Octadecanoic 
acid (3.99 %), 9,12-Octadecadienoic acid (5.55 %) and 
9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (linolenic acid) (17.78 
%); in the group of hydrocarbons, Tetratriacontane (6.45 %) was 
identified; Among steroids and triterpenoids, γ-Sitosterol (8.25 
%), β-Amyrin (2.46 %), Lupeol (11.08 %) and Lanosterol (2.28 
%) were identified; in the group of terpenes and isoprenoids, 
Phytol (4.26 %) was identified.
Results of antimicrobial activity of CO2 extract of Euphorbia 
humifusa Willd.

The aim of this study was to evaluate the antimicrobial activity 
of CO2 extract of Euphorbia humifusa Willd. The testing was 
carried out using double serial dilutions in broth and agar 
diffusion against Gram-positive (Staphylococcus aureus ATCC 
6538-P) and Gram-negative (Escherichia coli ATCC 8739) 
microorganisms and yeast-like fungi (Candida albicans ATCC 
10231). The results of the study are presented in Table 2 and 
Figure 4.
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Figure 3. Chromatogram of CO2 extract of Euphorbia humifusa Willd.

Staphylococcus aureus ATCC 6538-P Escherichia coli ATCC 8739 Candida albicans ATCC 10231

Figure 4. Results of antimicrobial activity of CO2 extract of Euphorbia humifusa Willd.

Staphylococcus aureus ATCC 6538-P Escherichia coli ATCC 8739 Candida albicans ATCC 10231

Figure 5. Results of antimicrobial activity of CO2 extract of Euphorbia humifusa Willd. against Staphylococcus aureus ATCC 6538-P, Escherichia 
coli ATCC 8739 and Candida albicans ATCC 10231.
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No. Retention time, 
min Compounds Probability of identification, 

%
Percentage content, 
%

1 9.22 Dodecanoic acid 88 0.08
2 9.27 3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 83 0.05
3 9.77 Vanillin 80 0.11
4 10.42 Caryophyllene oxide 73 0.03
5 10.96 Fumaric acid, ethyl 2-methylallyl ester 74 0.12
6 11.14 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 87 0.46

7 11.24 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, 
(R)- 90 0.40

8 11.38 Tetradecanoic acid 90 0.31
9 11.89 2-Pentadecanone, 6,10,14-trimethyl- 93 0.52
10 12.40 Pentadecanoic acid 82 0.11
11 13.53 Hexadecanoic acid 94 9.57
12 13.67 Oleic Acid 80 0.36
13 14.36 Heptadecanoic acid 79 0.39
14 14.60 Phytol 91 4.26
15 15.38 Octadecanoic acid 82 3.99
16 15.59 9,12-Octadecadienoic acid (Z,Z)- 92 5.55
17 15.67 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)- 96 1.57
18 15.93 9,12,15-Octadecatrienoic acid, (Z,Z,Z) 93 17.78
19 16.84 Pentacosane 89 0.37
20 17.46 4,8,12,16-Tetramethylheptadecan-4-olide 84 0.32
21 18.39 Heptacosane 91 1.08
22 19.49 17-Pentatriacontene 75 0.19
23 20.25 Nonacosane 83 2.77
24 21.26 Squalene 92 0.23
25 21.40 Triacontane 90 0.30
26 22.97 Tetratriacontane 90 6.45
27 24.11 1-Pentatriacontanol 77 0.20
28 25.37 Dotriacontane 85 0.09
29 26.07 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 78 0.59
30 28.50 γ-Tocopherol 72 0.09
31 28.82 1,30-Triacontanediol 67 0.11
32 29.98 α-Tocopherolquinone 75 1.40
33 30.46 Vitamin E 91 0.46
34 33.36 Campesterol 86 1.16
35 33.86 Stigmasterol 82 0.89
36 34.68 4α,14-Dimethyl-5α-ergosta-8,24(28)-dien-3β-ol 87 2.79
37 35.01 γ-Sitosterol 90 8.25
38 35.33 Phytonadione 76 0.99
39 37.11 β-Amyrin 87 2.46
40 37.45 9,19-Cyclolanost-24-en-3-ol, (3β)- 90 1.88

41 37.74 6a,14a-Methanopicene, perhydro-1,2,4a,6b,9,9,12a-
heptamethyl-10-hydroxy- 78 1.55

42 38.07 Lanosterol 85 2.28
43 38.45 9,19-Cyclolanostan-3-ol, 24-methylene-, (3β)- 80 1.44
44 39.03 Lupeol 91 11.08
45 39.22 D:B-Friedo-B':A'-neogammacer-5-en-3-ol, (3β)- 81 2.13
46 40.29 Stigmasta-4,24(28)-dien-3-one, (24E)- 84 1.48
47 41.10 Lanosterol 80 1.28

Table 1. Results of GC-MS analysis of CO2 extract of Euphorbia humifusa Willd.
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The data obtained show that the CO₂ extract of Euphorbia 
humifusa Willd. has the same antimicrobial and antifungal 
activity, with a MIC value of 1000 mg/mL against all test 
strains: Staphylococcus aureus ATCC 6538-P, Escherichia coli 
ATCC 8739 and Candida albicans ATCC 10231. 

The results of testing the antimicrobial activity of the test 
sample using the agar diffusion method are presented in Figure 
5 and Table 3.

The results of the study of the antimicrobial activity of the CO₂ 
extract of Euphorbia humifusa Willd., presented in Table 3 and 
Figure 5, demonstrate the following indicators:

1.	 Against Staphylococcus aureus ATCC 6538-P an 
inhibition zone of 15.33 ± 1.15 mm was recorded.

2.	 Against Escherichia coli an inhibition zone of 14.0 ± 
0.5 mm was observed.

3.	 Antifungal activity against Candida albicans ATCC 
10231 is demonstrated by an inhibition zone of 11.67 ± 0.58 
mm.
Discussion.

Our results confirm that the composition of biologically 
active substances in Euphorbia humifusa Willd. extract varies 
significantly depending on ecological growth conditions, the 
phenological phase at the time of raw material collection and 
technological extraction parameters. This variability directly 
affects the severity of the antimicrobial effect, highlighting the 
need to standardise both the raw materials and the extraction 
processes to ensure consistent pharmacological action. Our 
data on antimicrobial activity are consistent with reports from 
several authors [25,37-39].

Previous studies have shown that triterpenoids play a key 
role in the formation of antimicrobial properties and are 
among the main secondary metabolites of the species [40]. 
As part of our ongoing search for natural compounds with 
antimicrobial activity in the CO₂ extract of E. humifusa's 
aerial parts, we isolated nine triterpenoid compounds. This 
correlates well with the data of Jianbo Lin et al. [23], who 
identified two active triterpenoid components in the methanol 
fraction of petroleum ether – cycloart-23E-en-3β-25-diol and 
24-methylene cycloartanone — with pronounced antimicrobial 
activity, as well as with the results of Xia R. F. et al. [41], who 
demonstrated the antimicrobial effect of isolated triterpenoids 
against several of clinically significant strains (Staphylococcus 
aureus, S. epidermidis, Bacillus cereus, Listeria monocytogenes, 

Escherichia coli, Enterobacter sakazakii). Reports by Li Z. J. 
et al. [42] on the antifungal activity of ellagic acid (EA) from 
E. humifusa against Candida and Trichophyton rubrum strains, 
both in vitro and in vivo, expand the range of potential targets 
for extracts of this species. Additionally, fractionated extracts 
(petroleum ether, chloroform, ethyl acetate, butanol, and residual 
methanol) demonstrated activity against Staphylococcus aureus, 
Escherichia coli and Candida albicans [43], confirming the 
contribution of several chemical classes to the cumulative effect.

Our extract was found to contain Lupeol (11.08%) and β-amyrin 
(2.46%), which have been previously described as possessing 
antimicrobial activity [44]. A significant proportion of the 
components were also fatty acids, including Hexadecanoic acid 
(9.57 %) and 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (linolenic 
acid) (17.78 %). Such acids are known to disrupt the integrity of 
microbial cell membranes, causing a pronounced antimicrobial 
effect [45]. The biological effect we observed is likely the result 
of the combined action of triterpenoids and lipophilic acids, 
including possible synergism. 

Methodological aspects also proved critical for interpreting 
the activity. In the serial dilution test, the extract exhibited 
a bacteriostatic effect only in its undiluted form inhibitory 
concentration (MIC) of 1000 mg/mL, whereas no activity was 
observed at 500 mg/mL. It is important to directly note the key 
methodological limitation identified in our study: significant 
antimicrobial activity of the extract was observed only at 
very high concentrations (MIC = 1000 mg/mL). We interpret 
the sharp loss of effect upon dilution not as an absence of 
potentially active compounds, but rather as a direct indication of 
their extremely low solubility, stability, or bioavailability in the 
aqueous environment of the test system used. This fundamental 
limitation of the current experimental model implies that 
revealing the full therapeutic potential of the extract requires 
further research. On the other hand, the disk-diffusion method 
revealed significant antimicrobial activity for the CO₂ extract, 
which may reflect locally high concentrations near the agar 
surface and/or other specific diffusion patterns of lipophilic 
molecules in a solid phase. A comparison of our data with reports 
on ethanolic extracts [25,46] and fractions of varying polarity 
[47] suggests that optimizing the composition (enrichment 
with active triterpenoid fractions) and the physicochemical 
parameters of the carrier formulation could enhance its in vitro 
efficacy and reproducibility.

Test strains MIC values, mg/mL Result (growth inhibition)
Staphylococcus aureus ATCC 6538-P 1 000 +
Escherichia coli ATCC 8739 1 000 +
Candida albicans ATCC 10231 1 000 +

Table 2. Results of testing the antimicrobial activity of the Euphorbia humifusa Willd. CO₂ extract.

*MIC values are expressed in mg/mL. The initial extract concentration was 1000 mg/mL.

Test strains Zone of inhibition, mm
Average value

Staphylococcus aureus ATCC 6538-P 15.33 ± 1.15
Escherichia coli ATCC 8739 14.0 ± 0.5
Candida albicans ATCC 10231 11.67 ± 0.58

Table 3. Antimicrobial activity zones of CO2 extract of Euphorbia humifusa Willd.
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The practical significance of the obtained results lies in 
substantiating the rationale for the targeted standardization 
of E. humifusa extracts based on triterpenoid markers (e.g., 
lupeol, β-amyrin, cycloartane derivatives) while controlling the 
content of fatty acids. To overcome the limitation associated 
with the requirement for high concentrations in broth tests, 
further purification and fractionation of the extract, as well as 
the development of pharmaceutical formulations enhancing 
the solubility and bioavailability of lipophilic components 
(including solubilization approaches), appear promising. At 
the next stage, it would be advisable to determine quantitative 
activity parameters (MIC/MBC, MFC), investigate potential 
synergy between the isolated triterpenoids and fatty acids, and 
evaluate the activity against an expanded panel of clinically 
significant bacterial and fungal pathogens.

Overall, our results are consistent with existing literature data 
[23,25,37-46] and confirm the potential of E. humifusa as a 
source of antimicrobial compounds. The variable phytochemical 
profile remains a key factor determining the severity of the effect 
and requires attention to raw material standards and extraction 
technology, which is important for subsequent translation into 
applied developments.
Conclusion.

For the first time, a subcritical CO₂ extract (yield 23 g) was 
obtained from the aerial parts of Euphorbia humifusa Willd. 
harvested in the Almaty Region, using gentle extraction 
parameters (18-23°C, 57-65 atm, 8 h). This approach ensures the 
extraction of thermolabile lipophilic metabolites and guarantees 
a reproducible and scalable process.

According to GC-MS data, 47 compounds were 
identified, with fatty acids and their derivatives (including 
9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (linolenic acid) 17.78 
%; Hexadecanoic acid, 9.57 %), triterpenoids (Lupeol, 11.08 
%), phytosterols (γ-sitosterol, 8.25 %), and isoprenoids (Phytol, 
4.26 %) being the dominant components, collectively forming 
the characteristic lipophilic profile of the extract.

Antimicrobial testing confirmed the extract's activity against 
clinically relevant test strains: inhibition zones measured 15.33 
± 1.15 mm (Staphylococcus aureus ATCC 6538-P), 14.0 ± 
0.5 mm (Escherichia coli ATCC 8739) and 11.67 ± 0.58 mm 
(Candida albicans ATCC 10231) in the disk-diffusion test; 
in serial dilution tests, an antimicrobial/antifungal effect was 
observed only at the minimum inhibitory concentration (MIC) 
of 1000 mg/mL.

The combination of data indicates that the biological activity 
is due to the combined contribution of triterpenoids and fatty 
acids, and the obtained metabolite profile can serve as a basis 
for standardizing the extract using marker compounds (e.g., 
Lupeol, γ-sitosterol) while controlling the content of key acids.

The practical significance of the results lies in demonstrating 
the potential of CO₂ extract of E. humifusa as a pharmaceutical 
substance for the development of plant-derived antimicrobial 
agents and in defining the key technological parameters for its 
production.
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