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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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 CO: 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 CO: extract of Fuphorbia 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 CO:
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 CO: extract of Euphorbia humifusa
Willd. can be used in pharmaceutical technology as a substance.

Key words. Fuphorbia humifusa Willd, GC-MS analysis, CO-
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
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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, Fuphorbia humifusa Willd., belongs
to the genus Euphorbia of the family Fuphorbiaceae. 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 Fuphorbia is the annual herbaceous plant Euphorbia
humifusa Willd. (Figure 1).

Research of herbarium specimens confirmed the wide
distribution of Fuphorbia 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 CO: 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 CO: extract from the plant Euphorbia humifusa
Willd.
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Figure 1. Picture of Euphorbia humifusa

A - Collected plant; B - Plant flowers; C - Plant stem.

Figure 2. Distribution area of Euphorbia humifusa Willd. within the Republic of Kazakhstan.

2. Perform a comprehensive chemical analysis of the CO-
extract of FEuphorbia 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).
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CO, extraction procedure:

For our research, we chose subcritical CO, 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 CO: 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.



Chemical detection of biologically active compounds:

After obtaining the CO: 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 pl,
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 um 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.
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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 CO, 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 CO: extract of Euphorbia humifusa Willd. must be stored
in adark, 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. CO, extract:

An analysis of the chemical composition of the Euphorbia
humifusa Willd. CO: 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 CO: extract of Fuphorbia 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, y-Sitosterol (8.25
%), B-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 CO, 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 CO, 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 CO, 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 CO, extract of Euphorbia humifusa Willd. against Staphylococcus aureus ATCC 6538-P, Escherichia
coli ATCC 8739 and Candida albicans ATCC 10231.
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Table 1. Results of GC-MS analysis of CO, extract of Euphorbia humifusa Willd.

Retention time, Probability of identification, Percentage content,
No. . Compounds o o
min % %
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
” 1124 ?S?—I)—Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, 9% 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 y-Tocopherol 72 0.09
31 28.82 1,30-Triacontanediol 67 0.11
32 29.98 a-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 40,14-Dimethyl-5a-ergosta-8,24(28)-dien-3p-ol 87 2.79
37 35.01 y-Sitosterol 90 8.25
38 35.33 Phytonadione 76 0.99
39 37.11 B-Amyrin 87 2.46
40 37.45 9,19-Cyclolanost-24-en-3-ol, (3f)- 90 1.88
6a,14a-Methanopicene, perhydro-1,2,4a,6b,9,9,12a-

4 37.74 heptamethyl- 10-€1ydroxs- § 78 1.55
42 38.07 Lanosterol 85 2.28
43 38.45 9,19-Cyclolanostan-3-ol, 24-methylene-, (3p)- 80 1.44
44 39.03 Lupeol 91 11.08
45 39.22 D:B-Friedo-B":A'-neogammacer-5-en-3-ol, (3p)- 81 2.13
46 40.29 Stigmasta-4,24(28)-dien-3-one, (24E)- 84 1.48
47 41.10 Lanosterol 80 1.28
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Table 2. Results of testing the antimicrobial activity of the Euphorbia humifusa Willd. CO: extract.

Test strains MIC values, mg/mL Result (growth inhibition)
Staphylococcus aureus ATCC 6538-P 1000 +
Escherichia coli ATCC 8739 1000 +
Candida albicans ATCC 10231 1000 +

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

Table 3. Antimicrobial activity zones of CO, extract of Euphorbia humifusa Willd.

Test strains

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

The data obtained show that the CO: 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 CO-
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 CO: 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-33-25-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,
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Zone of inhibition, mm
Average value

15.33 £1.15

14.0+0.5

11.67£0.58

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 f-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 CO: 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.



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, B-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 CO: 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,7Z)- (linolenic acid) 17.78
%; Hexadecanoic acid, 9.57 %), triterpenoids (Lupeol, 11.08
%), phytosterols (y-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, y-sitosterol) while controlling the content of key acids.

The practical significance of the results lies in demonstrating
the potential of CO: 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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