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Abstract

Background Medicinal plants have been used for centuries to treat various diseases. They are rich sources of bioactive
compounds with notable antioxidant and antimicrobial properties, making their chemical and biological evaluation highly
important.

Objective This study aimed to investigate the phytochemical contents, as well as antioxidant and antimicrobial activities of
extracts obtained from Minuartia hirsuta subsp. asiatica.

Methods Compounds were isolated with various chromatographic techniques. Phenolic profiles and fatty acid composi-
tions were determined by LC-MS/MS and GC-FID, respectively. Total phenolic content (TPC) and total flavonoid content
(TFC) were quantified using the Folin-Ciocalteu reagent and the aluminum chloride colorimetric method. Antioxidant and
antimicrobial activities were assessed using the DPPH and ABTS radical scavenging assay and the disc diffusion method.
Results Seven compounds were elucidated using NMR techniques. LC-MS/MS analysis identified 28 phenolic compounds
in dichloromethane (DCM) and methanol (MeOH) extracts, while GC-FID analysis revealed the fatty acid compositions of
the hexane extract. The MeOH and DCM extracts exhibited TPC values of 73.32 and 67.20 mg GAE/g and TFC values of
66.91 and 44.69 mg QE/g, respectively. Their radical scavenging activities were 72.83% and 68.72% relative to ascorbic
acid, 75.46% and 63.22% relative to trolox. However, none of the extracts demonstrated significant antibacterial activity.
Conclusion This study provides valuable insights into the phytochemical diversity and biological properties of M. hirsuta
subsp. asiatica. The extracts exhibited strong antioxidant activity and may serve as promising sources of natural antioxi-
dants. These findings contribute to the identification of potential therapeutic agents for human health and may guide future
studies toward the sustainable utilization of plant resources.
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Introduction agents [3, 4]. Currently, there is a growing demand for

natural alternatives, such as plant-based products, rather

The therapeutic properties of medicinal plants have been
recognized for centuries and they have been widely used in
the treatment of various diseases since ancient times [1]. In
recent years, advances in analytical techniques have enabled
significant progress in the identification of secondary
metabolites responsible for these therapeutic effects [2].
Natural compounds derived from plants have been and
will continue to be an important source of pharmaceutical
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than synthetic compounds. This demand arises from the
fact that plants contain a wide range of phytochemicals
with significant biological activities, including phenols,
flavonoids, alkaloids, glycosides, lignins and tannins [5, 6].
Among these secondary metabolites, phenolic compounds
are the most abundant, accounting for approximately 45%
of plant secondary metabolites. They are followed by
terpenoids and steroids (27%), alkaloids (18%), and other
compounds (10%) [7].

Species belonging to the Caryophyllaceae family are
widely used in traditional medicine and various industrial
applications [8]. Their biological activities include anti-
inflammatory, anticancer, antiviral, antifungal, antioxidant,
and antibacterial effects, which underpin their traditional
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medicinal use. Ethnopharmacological studies have dem-
onstrated that Caryophyllaceae species possess a broad
spectrum of bioactivities [9, 10]. Although many Caryo-
phyllaceae species are well known for their established
roles in traditional medicine, documented traditional uses
of Minuartia genus appear to be scarce [11, 12]. To the best
of current knowledge, no traditional medicinal applications
have been reported for M. hirsuta subsp. asiatica in ethno-
botanical references. The currently limited ethnopharmaco-
logical data available for this species suggest a gap in the
existing literature and highlight the need for comprehensive
phytochemical and biological investigations to better under-
stand its potential medicinal properties.

The Caryophyllaceae is one of the largest families,
comprising approximately 90 genera and 2.400 species,
predominantly distributed in the Northern Hemisphere. In
Tiirkiye, approximately 550 species have been recorded, of
which nearly 250 are endemic, representing about 6% of
the national flora [13, 14]. Minuartia is an important genus
within the Caryophyllaceae family and, in terms of species
richness, it is the third-largest genus in Tilirkiye, after Silene
L. and Dianthus L [15]. The genus comprises approximately
54 species, most of which are distributed in Mediterranean
Europe and extend eastward into south-central Asia. In
the flora of Tiirkiye, Minuartia is represented by 39 spe-
cies [16]. M. hirsuta subsp. asiatica is one of these species.
It is a perennial, densely hirsute herbaceous taxon of the
Caryophyllaceae, typically occurring in rocky and moun-
tainous habitats and characterized by narrow linear leaves
and small, white, pentamerous flowers [17, 18] Phytochem-
ical screening studies have revealed that Minuartia species
are rich in phenolic and flavonoid compounds with poten-
tial biological activities [19, 20]. The diverse biological
activities observed in plant extracts are closely associated
with their rich phytochemical composition [21]. Therefore,
establishing the relationship between phytochemical pro-
files and biological activity is essential for understanding
the therapeutic potential of plant species [22].

This study aims to elucidate the phytochemical com-
position and biological activities of hexane (Hex), dichlo-
romethane (DCM), and methanol (MeOH) extracts of M.
hirsuta subsp. asiatica. Although members of the Caryo-
phyllaceae family are recognized as important sources of
bioactive secondary metabolites, this species remains chem-
ically and pharmacologically unexplored. To the best of our
knowledge, no previous study has investigated its second-
ary metabolite composition or evaluated its antioxidant and
antibacterial activities. This absence of data underscores
a significant knowledge gap for the genus. Therefore, this
study represents the first comprehensive phytochemical
and biological investigation of M. hirsuta subsp. asiatica.
A systematic strategy was employed using solvents of
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increasing polarity (Hex, DCM, and MeOH) in combina-
tion with advanced analytical techniques to achieve broad
metabolite characterization. Compounds were isolated and
structurally elucidated from the MeOH extract, providing
the first chemical data for this species. Furthermore, pheno-
lic profiling of the DCM and MeOH extracts was performed
using LC-MS/MS, while the fatty acid composition of the
Hex extract was determined by GC-FID, enabling detailed
characterization of both polar and non-polar constituents.
By combining compound isolation, chemical profiling, and
biological activity evaluation, this study goes beyond pre-
liminary screening and establishes a structured chemical-
biological framework for M. hirsuta subsp. asiatica.

Materials and Methods
General Experimental Procedure

Phytochemical analyses were performed using an Agilent
1260 Infinity liquid chromatography system coupled with a
6420 Triple Quadrupole mass spectrometer (LC-MS/MS).
Fatty acid compositions were determined using an Agilent
6890 Gas Chromatography-Flame Ionization Detector (GC-
FID). Spectroscopic measurements were carried out using a
Thermo Scientific Evolution 201 UV-Visible and an Agilent
Cary 60 Spectrophotometer. Nuclear Magnetic Resonance
(NMR) spectra were recorded on an Agilent 600 MHz Pre-
mium Compact NMR spectrometer.

All chemicals, solvents and materials required for
LC-MS/MS, GC-FID, antioxidant and antimicrobial analy-
ses were purchased from Sigma-Aldrich and Merck. Sep-
hadex LH-20 (25-100 um, Sigma-Aldrich), Lichroprep
RP-18 (25-40 um, Merck) and Silica gel (60 A, 0.063—
0.200 mm, Merck) were used as packing materials for col-
umn chromatography.

Plant Material

Minuartia hirsuta subsp. asiatica (whole plant) was col-
lected from Bozdag/Odemis/Izmir, Tiirkiye (GPS coordi-
nates 38°33°26.38"N; 28°11°03.85"E). A voucher specimen
has been deposited in the Herbarium of Ege University
(EGE-HERB 43177).

Extraction and Isolation

The powdered and air-dried M. hirsuta subsp. asiatica plant
material (410.0 g) was extracted with Hex (1 x2.5 L), DCM
(2x2.5 L) and MeOH (3 x2.5 L). After filtration and evap-
oration, crude extracts of Hex (1.7 g), DCM (2.5 g), and
MeOH (27.0 g) were obtained. The MeOH extract (27.0 g)
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was dissolved in water (H,0-100.0 mL) and partitioned
with n-butanol (#»-BuOH). The n-BuOH phase (12.7 g) was
fractionated by vacuum liquid chromatography (VLC), on
a RP-18 (135.0 g) eluting with H,0O: MeOH (10:0-0:10) to
afford five fractions (Fr. 1-5).

Fraction 2 (575.0 mg) was applied to a silica gel column
(65.0 g), eluting with DCM: MeOH: H,O (80:20:2; 61:32:7)
to yield seven subfractions (Fr. 2.1-2.7). Subfractions 2.2
(127.0 mg), 2.5 (158.0 mg) and 2.6 (97.0 mg) were further
purified on a RP-18 column (7 g) using H,0O: MeOH (4:6,
2:8 and 6:4, respectively) to give compounds 29 (3.4 mg), 30
(2.6 mg), and 31 (7.4 mg). Fraction 3 (65.0 mg) yielded three
subfractions (Fr. 3.1-3.3) by a silica gel column (25.0 g),
with DCM: MeOH: H,O (90:10:1; 80:20:2). After purifica-
tion of subfraction 3.2 by RP-18 (H.0-MeOH, 40:60) to
afford compound 32 (8.6 mg). Fraction 4 (372.0 mg) was
fractionated on a silica gel column (125 g), with DCM:
MeOH: H,O (90:10:1; 70:30:3), which provided five sub-
fractions (Fr. 4.1-4.5); further separation of subfraction 4.4
obtained compounds 33 (3.7 mg) and 34 (5.2 mg). Fraction
5 (180.0 mg) was subjected to silica gel column chroma-
tography (40.0 g) with DCM-MeOH-H-0 (90:10:1 then
70:30:3) to yield three subfractions (Fr. 5.1-5.3), and subse-
quent RP-18 chromatography of subfraction 5.3 with H,0—
MeOH (6:4) afforded compound 35 (8.1 mg).

Fatty Acid Profiling by GC— FID Analysis

Fatty acid analysis was performed using an Agilent 6890
gas chromatography system equipped with a flame ioniza-
tion detector (GC-FID) and a Supelco 2560 capillary column
(100 m x 0.25 mm i.d., 0.20 pum film thickness). The injec-
tor and detector temperatures were set at 260 °C and 250
°C, respectively. The oven temperature program was as fol-
lows: initially held at 140 °C for 1 min, then increased to 240
°C and maintained for 5 min. Fatty acids were identified by
comparing their retention times with those of a 37-compo-
nent fatty acid methyl ester (FAME) standard mixture [23].

Phenolic Compounds Analysis via LC-MS/MS

Quantitative analysis of phenolic compounds was carried
out using an Agilent Technologies 1260 Infinity liquid chro-
matography system coupled with a 6420 Triple Quadrupole
mass spectrometer (LC-MS/MS) [24]. Electrospray ioniza-
tion (ESI) was operated in both positive and negative ion
modes under multiple reaction monitoring (MRM) condi-
tions. The mobile phase consisted of solvent A (0.1% v/v
formic acid in water) and solvent B (methanol). Chromato-
graphic separation and gradient elution were performed
according to a previously reported method [25].

Total Phenolic Content (TPC) and Total Flavonoid
Content (TFC) Determination

The TPC was determined using the Folin-Ciocalteu
method [26]. A standard calibration curve was prepared
using Gallic acid (GA) at concentrations of 1, 20, 40,
60, and 80 ppm in MeOH from a GA stock solution. GA
solution (1 mL) and plant extracts (MeOH, DCM, and
Hex; 1 mL each) were mixed with the Folin-Ciocalteu
reagent. After 6 min., 4 mL of 10% sodium carbonate
(Na,CO;) solution was added. Following incubation for
30 min at 25 °C, the absorbance was measured at 765 nm.
The TPC values of the Hex, DCM, and MeOH extracts
were expressed as milligrams of gallic acid equivalents
per gram of extract (mg GAE/g) [27]. All analyses were
performed in triplicate. The TFC was determined using
the aluminum chloride (AICl;) colorimetric assay [28].
M. hirsuta subsp. asiatica extracts (1 mL) and Quercetin
standard solutions (QE; 1, 20, 40, 60, and 80 ppm) were
transferred into test tubes. 4 mL H,O and 0.3 mL of 5%
sodium nitrite (NaNO,) solution were added to each tube
and mixed thoroughly. After 5 min, 0.3 mL of 10% AICl,4
and 2 mL of 1 M sodium hydroxide (NaOH) were added.
The final volume was adjusted to 10 mL with H,O. The
absorbance was measured at 510 nm. The TFC values of
the Hex, DCM, and MeOH extracts were expressed as
milligrams of quercetin equivalents per gram of extract
(mg QE/g) [29]. All analyses were performed in triplicate.

Determination of Antioxidant Activity

DPPH and ABTS free radicals have been widely used to
evaluate the radical scavenging ability of antioxidants.
Therefore, the radical scavenging potential of the extracts
was examined using two different test systems, namely
DPPH and ABTS [30]. The radical-scavenging activity
of the M. hirsuta subsp. asiatica extracts were evaluated
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
[31] and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) assay (ABTS) [32]. To measure the scavenging
ability of DPPH in the samples, DPPH solution and the
extracts were mixed, shaken, and allowed to stand for 30
min. The absorbance of the mixture was measured at 517
nm using a spectrophotometer. Ascorbic acid (AA) was
used as a positive control. To measure the scavenging
ability of ABTS in the samples, ABTS solution and the
extracts were mixed and allowed to react in the dark for 30
min. The ABTS" scavenging activity was determined by
measuring the decrease in absorbance at 734 nm. A stan-
dard curve was prepared using Trolox. All analyses were
performed in triplicate.
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Determination of Antimicrobial Activity

The antibacterial activity of the M. hirsuta subsp. asiatica
extracts were evaluated against the gram-negative Esch-
erichia coli ATCC 25,922 and the gram-positive Staphy-
lococcus aureus ATCC 25,923 using the disc diffusion
method. Bacterial strains were cultured in Muller-Hinton
Broth (MHB) at 37 °C for 16-24 h until a turbidity equiv-
alent to 0.5 McFarland standard was achieved. The plant
extracts were diluted to 50% with MHB, and 20 pL of a
microorganism culture solution was added to the micro-
plate. After application of the extract onto the agar plates,
the plates were allowed to stand for 15 min to facilitate dif-
fusion and were then incubated at 37 °C for 24 h. Ofloxa-
cin (OFX, 5.0 ug/disc) was used as the positive control. All
analyses were performed in triplicate [33-35].

Statistical Analysis

All experiments were performed in triplicate (z=3), and the
results were expressed as mean+standard deviation (SD).
Statistical analysis was conducted using one-way analy-
sis of variance (ANOVA) to evaluate differences among
the extracts. When significant differences were observed,
Tukey’s honestly significant difference (HSD) post hoc test
was applied for multiple comparisons. Differences were
considered statistically significant at p<0.05.

Results and Discussion
Fatty Acid Content by GC-FID

A total of 24 fatty acids were identified in the hexane extract
by GC-FID analysis (Table 1, Fig. S1). The fatty acid pro-
file indicated that M. hirsuta subsp. asiatica possesses a
diverse and abundant fatty acid composition. The total
saturated fatty acid content was 62.29%, whereas unsatu-
rated fatty acids accounted for 36.14% of the total fatty acid
content. The main saturated and unsaturated fatty acids in
the hexane extract were heneicosanoic acid (24.17%) and
cis-11,14-eicosadienoic acid (10.69%), respectively. These
compounds are lipid biomolecules widely present in living
organisms and are commonly utilized in food and cosmetic
products [36]. Previous studies on species belonging to the
Caryophyllaceae family have generally reported linoleic,
linolenic, palmitic, and (Z, Z)-9,12-octadecadienoic acids
as the predominant fatty acids [10, 37, 38]. In contrast, in
this study, heneicosanoic acid was identified as the major
saturated fatty acid, while cis-11,14-eicosadienoic acid was
the major unsaturated fatty acid. This differs from the com-
monly reported profiles in related species. Furthermore,
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Table 1 Fatty acid composition of M. hirsuta subsp. asiatica hexane
extract

Retention Compound name Abun-

time dance
1 5.908 capric a. (c10:0) 0,18
2 7.707 lauric a. (c12:0) 0,64
3 9.435 myristic a. (c14:0) 1,13
4 10.294 myristoleic a. (c14:1) 0,58
5 10.751 pentadecanoic a. (c15:0) 0,59
6 11.766 palmitic a. (c16:0) 9,47
7 12.987 palmitoleic a. (c16:1) 1,13
8 13.810 heptadecanoic a. (c17:0) 0,70
9 15.337 stearic a. (c18:0) 2,43
10 16.708 oleic a. (c18:1 cis) 5,97
11 18.605 linoleic a. (c18:2 cis) 6,22
12 20.059 arachidic a. (c20:0) 2,54
13 20.707 linolenic a. (c18:3n3) 0,91
14 21.983 cis-11-eicosenoic a. (c20:1) 2,81
15 22.938 heneicosanoic a. (c21:0) 24,17
16 22.967 cis-11,14- eicosadienoic (c20:2) 10,69
17 23.894 behenic a. (c22:0) 3,12
18 24.356 cis-8,11,14-eicosatrienoic a. (c20:3) 1,65
19 25.553 erucic a. (c22:1) 1,92
20 26.492 tricosanoic a. (¢23:0) 17,32
21 27.509 lignoceric a. (c24:0) 1,57
22 28.288 cis-5,8,11,14,17-eicosapentaenoic a. 0,31

(c20:5)
23 30.411 nervonic a. (c24:1) 1,26
24 31.195 cis-4,7,10,13,16,19-docosahexaenoic 2,69
a. (c22:6)

linolenic acid, which has been reported at relatively high
levels (e.g., 15.6%) in M. laricifolia [39], was not a major
component in the present study. These differences indicate
a distinct fatty acid composition for M. hirsuta subsp. asiat-
ica, suggesting significant interspecific variation within the
Caryophyllaceae family. Such variation may be attributed to
genetic factors, environmental conditions, or geographical
origin, all of which are known to influence lipid composi-
tion in plants [40, 41].

Phenolic Compounds by LC-MS/MS

The phenolic profiling of the DCM and MeOH extracts
were performed by LC-MS/MS using 31 reference stan-
dards. As a result, 28 phenolic compounds were detected
in both extracts based on the chromatograms (Fig. 1), and
their concentrations were quantified in mg/kg of extract, as
shown in Table 2; Fig. 2.

Based on the results, although the DCM and MeOH
extracts exhibit broadly similar overall profiles, they dif-
fer markedly in the specific compounds and their quanti-
ties. The analyses confirmed that both extracts contained
twelve phenolic acids, seven flavonoid aglycones, four fla-
vonoid glycosides, one flavanone glycoside, three organic
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Fig. 1 LC-MS/MS profile of dichloromethane (a) and methanol (b) extracts from M. hirsuta subsp. asiatica

acids, two caffeic acid esters and one phenolic aldehyde.
The DCM extract exhibited the highest contents of proto-
catechuic acid (2) (49.634 mg/kg) and syringic acid (11)
(21.736 mg/kg). In contrast, the MeOH extract showed
the highest concentrations of 3-hydroxybenzoic acid (6)
(93.757 mg/kg), 4-hydroxybenzoic acid (7) (93.370 mg/
kg), and protocatechuic acid (2) (67.686 mg/kg), indicat-
ing notable differences in the phenolic profiles of the two
extracts. Apigenin (28) and Luteolin 7-glucoside (17) were
detected exclusively in the MeOH extract. The LC-MS/MS
results are consistent with previous studies reporting the
analysis of phenolic compounds in plant extracts using sim-
ilar extraction methodologies [42]. Overall, phenolic com-
pounds were present in higher concentrations in the MeOH
extract compared to the DCM extract.

Comparison with the literature revealed that 43 phenolic
compounds were previously identified in the MeOH extract
of M. genculata using LC-MS/MS analysis. Several pheno-
lic compounds, including coumarin, salicylic acid, ferulic
acid, luteolin, rutin, hesperidin, and rosmarinic acid were
also detected in the present study and have been reported
in M. genculata extracts. Among them, coumarin and

luteolin-6-arabinose-8-glucose were identified as the major
phenolic constituents, whereas protocatechuic acid and
quercetin were present in the lowest amounts [19]. Accord-
ing to the LC-MS/MS results, the DCM and MeOH extracts
of M. hirsuta subsp. asiatica, particularly the MeOH
extract, are rich in valuable phenolic secondary metabolites,
mainly phenolic acid derivatives, flavonoid glycosides, and
flavones. In addition, these compounds, which have not pre-
viously been reported in the literature for this species, were
detected in this study. This is the first comprehensive study
on M. hirsuta subsp. asiatica.

Isolation and Identification of Secondary
Metabolites

This study represents the first investigation of the sec-
ondary metabolites of M. hirsuta subsp. asiatica, lead-
ing to the identification of seven previously reported
compounds, vitexin 2"-O-a-L-rhamnophyranoside (29),
Isovitexin 7-O-p-D-glucoside (30), isorhamnetin-7-O-f-
D-neohesperidoside (31), Biochanin A-7-O-4-D-glucoside
(32), 22-dihydrospinasterol-34-D-O-glucoside (33),
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Table 2 Phenolics compounds of M. hirsuta subsp. asiatica extracts by LC-MS/MS

Number Compound name Retention time ~ Mass-to-charge (m/z)  Molecular formula DCM extract MeOH extract
(mg/kg) (mg/kg)
1 3-hydroxytyrosol 10.4 153.0 CgH )05 0.763 0.488
2 Protocatechuic acid 10.8 152.9 C,H,O, 49.634 67.686
3 3,4-Dihydroxyphenylacetic acid  11.1 167.0 CgHgO, 1.454 0.542
4 (+)-Catechin 11.4 289.0 C,sH,40¢ 1.043 0.454
5 Chlorogenic acid 11.8 355.0 C,6H;509 1.964 34.510
6 3-Hydroxybenzoic acid 12.3 137.0 C,H¢O4 4.568 93.757
7 4-Hydroxybenzoic acid 12.3 136.9 C,HyO4 4.511 93.370
8 (-)-Epicatechin 12.5 291.0 C,sH, 404 1.467 1.633
9 Homovanillic acid 12.7 181.0 CoH,,04 6.324 3.348
10 Caffeic acid 12.8 179.0 CyHgO, 0.651 8.739
11 Syringic acid 12.9 196.9 CoH,,O5 21.736 14.176
12 Vanillin 13.2 151.0 CgHg0; 13.622 5.711
13 Sinapic acid 14.0 2229 C, H,05 0.359 0.576
14 p-Coumaric acid 13.9 162.9 CyHgO4 0.895 23.168
15 Taxifolin 13.9 303.0 C,sH;,0, 0.146 0.145
16 Ferulic acid 14.0 193.0 CoH;004 6.414 30.706
17 Luteolin 7-glucoside 14.3 447.1 C,H,,0y, not detected ~ 33.153
18 Hesperidin 14.4 611.1 C,6H 406 not detected 0.009
19 Rosmarinic acid 14.5 359.0 CsHO0g 0.416 47.866
20 Hyperoside 14.6 465.1 C,H,,0, 0.007 0.874
21 Oleuropein 14.9 539.2 C,5H3,0,5 0.679 0.674
22 Apigenin 7-glucoside 14.8 433.1 C,Hy019 0.000 3.015
23 2-Hydroxycinnamic acid 14.9 162.9 CoHgO 0.445 0.363
24 Resveratol 14.7 226.9 C,4H,0; 0.098 0.110
25 Eriodictyol 15.2 287.0 C,sH,0¢ 0.451 0.448
26 Quercetin 15.7 301.0 C,sH;,0, 0.129 0.090
27 Luteolin 15.9 287.0 C,sH;(O0¢ 0.402 2.900
28 Apigenin 16.3 271.0 Cy5H,005 not detected 1.781

spinasteryl-34-D-O-glucoside (34), gysogenin (35) (Fig. 3,
Fig. S2-S15, Tables S1-S4).

Among these metabolites, compounds 29 and 30 are api-
genin glycosides. Apigenin is the major flavone in the Caryo-
phyllaceae family and was reported in 28 species. Although
vitexin was isolated from various Caryophyllaceae spe-
cies, compound 29 was reported from Vaccaria pyramidata
[43]. Isovitexin, a C-glycosylated apigenin derivative, was
isolated from M. elegans and more than 70 plant species.
Compound 30 was reported in several Caryophyllaceae spe-
cies, including Gypsophila spp., Dianthus spp., Silene spp.
and Vaccaria spp. Another aglycone commonly found in the
Caryophyllaceae family is quercetin, one of the most impor-
tant flavonoids, which is widely distributed in plants and was
isolated from more than 20 species [44]. Compound 31 is
also a natural flavonol quercetin glycoside and was isolated
from Caryophyllaceae species [45]. In contrast, compound
32 was reported for the first time from Stellaria media in
Caryophyllaceae family [46]. Saponins such as gypsogenin,
gypsogenic acid, quillaic acid (oleanane type), and 22-dihy-
drospinasterol (sterol type) were isolated previously from
various Caryophyllaceae species [8, 47]. However, the
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isolation of these compounds from M. hirsuta subsp. asi-
atica is reported here for the first time.

Total Phenolic Content (TPC) and Total Flavonoid
Content (TFC)

The TPC of the M. hirsuta subsp. asiatica extracts were
determined using the Folin—Ciocalteu method, and
expressed as GA equivalents, as shown in Fig. 4. The
TPC values of Hex, DCM, and MeOH extracts were
calculated from the GA calibration curve with the equa-
tion y=0.0049x+0.1637, R*=0.9953. The TFC of the M.
hirsuta subsp. asiatica extracts were determined using
the aluminum chloride spectrophotometric method and
expressed as QE equivalents, as shown in Fig. 4. The stan-
dard calibration curve equation used for the calculation
was y=0.0033x+0.1992, R’= 0.9961. The results are pre-
sented in Table 3.

According to the literature, the MeOH extract of the
M. genculata has been reported to exhibit total phenolic
and total flavonoid contents of 52.80 and 34.50, respec-
tively [19]. In comparison with previously reported data,
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Fig. 2 Compounds occurring in dichloromethane and methanol extracts of M. hirsuta subsp. asiatica

the phenolic content of Minuartia species in present study
appears to be at an average level among closely related
species. Moreover, both TPC and TFC values of M. hir-
suta subsp. asiatica are consistent with those reported for
other medicinally important plant species [48—52]. The

results demonstrated that the MeOH extract exhibited the
highest TPC, 73.32 mg GAE/g extract, and TFC, 66.91
mg QE/g extract, followed by the DCM extract, which
showed TPC and TFC values of 67.20 mg GAE/g extract
and 44.69 mg QE/g extract, respectively.
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Table 3 Total Phenolic and Flavonoid Content and Antioxidant Activity Capacity of M. hirsuta subsp. asiatica Extracts

Extracts Total phenolic content Total flavonoid content % of inhibition (DPPH) mM AAE/mL % of inhibition (ABTS") mM TE/mL
(mg GA/g) (mg QE/g)

Hex 3.64+0.26* 1.25+0.14%

DCM  67.20+0.54° 44.69+0.38° 68.72+0.41° 14.59£0.16°  63.22+0.33 14.66+0.15°

MeOH 73.32+0.41°¢ 66.91+£0.25¢ 72.83+0.39¢ 39.90+0.29° 75.46+0.32° 37.57+0.29¢

.... Not determined

Antioxidant Activity of Minuartia hirsuta subsp.
asiatica

The radical scavenging activities of the M. hirsuta subsp.
asiatica extracts were evaluated using the DPPH assay, with
ascorbic acid (AA) and ABTS" assay with trolox as the ref-
erence standards (Fig. 5). The antioxidant activities of the
extracts are presented in Table 3. The radical scavenging
capacity was calculated using the equation derived from the
AA calibration curve y = -0.0032x+0.3687, R? = 0.994 and
TE calibration curve y = -0.0034x+0.4416, R?=0.9871.

@ Springer

Values are expressed as mean=standard deviation (n=3).
Different superscript letters (a, b, ¢) within the same row
indicate significant differences between extracts (p<0.05)
according to one-way ANOVA followed by Tukey’s HSD
test.

At a concentration of 500 pg/mL, the MeOH and DCM
extracts exhibited antioxidant activities with DPPH scav-
enging activities of 72.83% and 68.72%, and ABTS radical
scavenging rates of 75.46% and 63.22%, respectively. All
M. hirsuta subsp. asiatica extracts, except for Hex extract,
showed high inhibition percentages in the DPPH and ABTS
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Fig.5 Calibration curves of ascorbic acid and trolox by DPPH and ABTS™ assay. (A) DPPH radical scavenging activity; (B) ABTS" radical scav-

enging activity

assay. Comparable results have been reported in the liter-
ature for M. genculata, where the MeOH extract demon-
strated a DPPH scavenging activity of 72.24% [19]. In a
study evaluating the DPPH scavenging abilities of 34 dif-
ferent plant extracts, inhibition values ranged from 6.32% to
87.98%, with Caryophyllaceae flowers exhibiting an aver-
age scavenging rate of 37.82% [53]. Similar results have
been observed for ABTS radical scavenging activity. In one
study, ABTS inhibition values of 32 plant species ranged
from 0.45% to 140%, with Herniaria glabra (Caryophylla-
ceae) exhibiting 48.1% inhibition [54]. Differences in total
phenolic and flavonoid content among the studied species
explain the difference in ABTS values. Furthermore, the
wide range of ABTS activities among Caryophyllaceae spe-
cies reflects both phytochemical diversity and differences
in extraction methods and solvent polarity [55, 56]. Com-
pared to the literature data, the present DPPH and ABTS
results (0-72.83% and 0-75.46%, respectively) indicate
that M. hirsuta subsp. asiatica extracts possess a relatively
high antioxidant capacity. Accordingly, M. hirsuta subsp.
asiatica can be considered a promising source of natural
antioxidants, highlighting the potential of Minuartia species
as valuable antioxidant resources.

The slightly higher inhibition observed for the MeOH
extract may be attributed to its higher phenolic and
flavonoid contents compared to the DCM and Hex extracts,
which enhance hydrogen atom transfer mechanisms [57].
These findings are consistent with reports indicating
that samples exhibiting strong antioxidant activity
generally contain higher relative abundances of bioactive
metabolites [58].

Flavonoids, which constitute an important class of poly-
phenolic compounds identified in M. hirsuta subsp. asi-
atica, are known to exhibit antioxidant properties due to
the presence of specific functional groups and intra-ring
molecular structures that can interact with and influence
the oxidation state of other compounds. In particular, the
number and position of hydroxyl groups play a crucial role

in determining antioxidant capacity. It has been reported
that an increased number of hydroxyl groups enhances anti-
oxidant activity, whereas structural modifications such as
glycosylation or methylation may significantly reduce this
activity [59-61]. Among the identified compounds, vitexin,
an apigenin flavone glycoside, has been widely reported to
exhibit significant antioxidant activity, including protective
effects against reactive oxygen species, lipid peroxidation,
and oxidative damage in various pathological conditions
[62]. Similarly, isovitexin derivatives are known to regulate
signaling pathways associated with antioxidant and anti-
inflammatory responses. Isovitexin glycosides have been
extensively studied for their potent antioxidant activity, par-
ticularly due to their ability to protect essential biomolecules
such as DNA, lipids, and proteins from oxidative damage
[63]. Moreover, isorhamnetin glycosides are biologically
important flavonols with well-documented antioxidant and
anti-inflammatory properties, along with other pharmaco-
logical activities [64]. Likewise, biochanin glycosides have
been reported as a potential compound in combating dis-
eases associated with oxidative stress [65].

Furthermore, phenolic acids identified in the study,
including hydroxybenzoic acids (such as 3-hydroxyben-
zoic acid, 4-hydroxybenzoic acid, protocatechuic acid, and
vanillic acid) and hydroxycinnamic acids (such as caffeic
acid, ferulic acid, sinapic acid, and p-coumaric acid), are
widely recognized for their antioxidant, anti-inflammatory,
and metabolic properties. These compounds contribute to
antioxidant activity through mechanisms such as radical
scavenging and protection against oxidative damage [66].
Protocatechuic acid, in addition to its remarkable antioxidant
activity, has been extensively studied and exhibits biological
properties such as antibacterial, anti-inflammatory, antimu-
tagenic, antidiabetic, anti-aging, and analgesic effects [67].
Syringic acid is also an antioxidant and exhibits antibacte-
rial and hepatoprotective effects [68]. In addition, hydroxy-
benzoic acids have been shown to exhibit various biological
activities, including antibacterial, estrogenic, antisickling,

@ Springer
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Fig. 6 Antibacterial activity of Minuartia extracts in (I) hexane, (II) dichloromethane, and (III) methanol against bacterial pathogens (a) Esch-

erichia coli (b) Staphylococcus aureus

antifungal, and antimutagenic effects [69]. Many of these
compounds are well-known for their antioxidant properties,
which likely contribute to the radical scavenging activity
observed in both DPPH and ABTS assays, providing a link
between the phytochemical composition and the measured
antioxidant potential of the extracts.

Overall, the observed antioxidant activity in this study
can be attributed to the presence of these phenolic con-
stituents and their structural characteristics, which enable
them to interact with reactive species and reduce oxidative
stress. Furthermore, recent studies have demonstrated that
extraction solvents and processing conditions significantly
influence phenolic composition and antioxidant potential in
plant materials, supporting the differences observed among
the solvent extracts of M. hirsuta subsp. asiatica [70].

Antimicrobial Activity of Minuartia hirsuta subsp.
asiatica

The antibacterial activity of the M. hirsuta subsp. asiatica
extracts were evaluated using the disc diffusion method
against ololi and S. aureus. None of the M. hirsuta subsp.
asiatica extracts exhibited detectable antibacterial activity
against the tested bacterial strains, as shown in Fig. 6.
Plants are recognized as potential sources of antimicro-
bial agents due to their ability to produce a wide range of
bioactive secondary metabolites. The identification of plant-
derived compounds with antimicrobial properties is there-
fore of considerable interest for the development of novel
therapeutic agents [71]. Previous studies have reported

@ Springer

antibacterial activity in certain Minuartia species; for
instance, the ethyl acetate fraction of M. genculata exhibited
moderate antibacterial activity against S. aureus and E. coli,
whereas the essential oil of M. meyeri showed antibacterial
activity against S. aureus but not against E. coli [19, 20]. In
the present study, M. hirsuta subsp. asiatica extracts did not
exhibit antibacterial activity against the selected bacterial
strains under the applied experimental conditions.

The antibacterial efficacy of plant extracts largely
depends on their phytochemical composition, particularly
the presence of bioactive secondary metabolites such as
phenolics, terpenoids, and alkaloids [72, 73]. Therefore,
the absence or low concentration of these compounds may
account for the observed inactivity. In addition, extraction
methods and solvent polarity play a critical role in deter-
mining the chemical profile and biological activity of plant
extracts, as different solvents selectively extract different
classes of compounds. Accordingly, extracts obtained
from the same plant using different solvents may exhibit
markedly different biological activities [74—76]. Over-
all, the absence of antibacterial activity can be explained
by both the phytochemical profile of the species and the
experimental conditions employed.

Conclusion

In this study, the phytochemical properties of M. hir-
suta subsp. asiatica were investigated for the first time
through isolating and identifying seven previously reported
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compounds (29-35) from the methanol extract. These iso-
lated compounds exhibit diverse structural classes, including
two flavones (29 and 30), one flavonol (31), one isoflavone
(32), two sterols (33 and 34), and one triterpene (35). Fur-
thermore, LC-MS/MS analysis revealed the presence of 28
phenolic compounds in the DCM and MeOH extracts, while
GC-FID analysis confirmed the presence of fatty acids in
the hexane extract.

Among the extracts, the DCM and MeOH extracts of M.
hirsuta subsp. asiatica, which exhibited significant total
phenolic and total flavonoid contents, demonstrated moder-
ate to strong antioxidant activity. In contrast, none of the
extracts showed antibacterial activity against the tested
microorganisms. The higher antioxidant activity observed
in the MeOH and DCM extracts, compared to the hexane
extract, can be attributed to the greater abundance and
diversity of phenolic compounds in medium-polar and polar
extracts, which are known to play a crucial role in antioxi-
dant capacity.

Overall results obtained from TPC and TFC assays,
DPPH and ABTS radical scavenging activities and
LC-MS/MS analysis provide a comprehensive evaluation
of the relationship between the phytochemical compo-
sition of M. hirsuta subsp. asiatica and its antioxidant
potential. These findings indicate that M. hirsuta subsp.
asiatica possesses a significant antioxidant property and
may serve as a valuable source of natural antioxidants.
Moreover, this study may contribute to the discovery of
novel therapeutic agents for human health and will sup-
port future research aimed at improving the understand-
ing of plant biochemistry and the sustainable utilization
of plant resources.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12247-026-10854-x.

Acknowledgements The author would like to acknowledge Prof. Dr.
Ozgen Alankus and Prof. Dr. Tamer Karayildirim for their support and
the access to Organic Chemistry Laboratory facilities at the Depart-
ment of Chemistry, Ege University and MATAL (Ege University) for
bioactivity results.

Author Contributions R.N.U. conducted the research project and
wrote the manuscript.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK). This work was sup-
ported by Ege University Scientific Research Projects [BAP-32306].

Data Availability All experimental data and analyses of the study are
included in this manuscript.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party mate-
rial in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ramawat KG, Mérillon J-M. An Introduction to specialized
metabolites from plants, their biological and ecological roles,
and biotechnological interventions to improve the production. In:
Mérillon J-M, Ramawat KG, editors. Plant Specialized Metabo-
lites. Cham: Springer Nature Switzerland; 2023; 1-21. https://doi
.org/10.1007/978-3-031-30037-0_52-1

2. Aumeeruddy-Elalfi Z, Lall N, Fibrich B, Van Blom A, Hose-
nally M, Mahomoodally MF. Selected essential oils inhibit key
physiological enzymes and possess intracellular and extracel-
lular antimelanogenic properties in vitro. J Food Drug Anal.
2018;26:232-43. https://doi.org/10.1016/j.jfda.2017.03.002.

3. Salmeron-Manzano E, Garrido-Cardenas JA, Manzano-Agugli-
aro F. Worldwide Research Trends on Medicinal Plants. JERPH.
2020;17:3376. https://doi.org/10.3390/ijerph17103376.

4. Mamadalieva R, Xujayev V, Sharopov FS, Wink M. UHPLC-MS
characterisation of principal triterpene glycosides and biological
activities of different solvent extracts of Allochrusa gypsophiloi-
des (Caryophyllaceae). Nat Prod Res. 2024;38:3818-22. https://d
0i.org/10.1080/14786419.2023.2260068.

5. Phuyal N, Jha PK, Raturi PP, Rajbhandary S. Total phenolic,
flavonoid contents, and antioxidant activities of fruit, seed, and
bark extracts of Zanthoxylum armatum DC. Sci World J. 2020;
2020:1-7. https://doi.org/10.1155/2020/8780704

6. Berestovoy MA, Pavlenko OS, Goldenkova-Pavlova IV. Plant
Fatty Acid Desaturases: Role in the Life of Plants and Biotechno-
logical Potential. Biol Bull Rev. 2020;10:127-39. https://doi.org/
10.1134/S2079086420020024.

7.  Cadena-Iiiiguez J, Santiago-Osorio E, Sanchez-Flores N, Salazar-
Aguilar S, Soto-Hernandez RM, Riviello-Flores MDLL, et al.
The Cancer-Protective Potential of Protocatechuic Acid: A Nar-
rative Review. Molecules. 2024;29:1439. https://doi.org/10.3390
/molecules29071439.

8. Bottger S, Melzig MF. Triterpenoid saponins of the Caryophyl-
laceae and Illecebraceae family. Phytochem Lett. 2011;4:59-68.
https://doi.org/10.1016/j.phytol.2010.08.003.

9. Alamgir ANM. Therapeutic Use of Medicinal Plants and Their
Extracts: 1. Cham: Springer Int Publ. 2017. https://doi.org/10.100
7/978-3-319-63862-1.

10. Kadir Erdogan M, Halil Gecibesler I, Yapar Y, Gundogdu R, Kirici
M, Behcet L, et al. Fatty acid composition, enzyme inhibitory
effect, antioxidant and anticancer activity of extract from Sapo-
naria prostrata WILLD. subsp. anatolica HEDGE. Bioorg Chem.
2021;113:105032. https://doi.org/10.1016/j.bioorg.2021.105032.

11. Funk VA, Robinson H, Dillon MO. The families and genera
of vascular plants, vol. 8, Asterales. Springer, Berlin. 2007;
175-180.

@ Springer


https://doi.org/10.1007/s12247-026-10854-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-3-031-30037-0_52-1
https://doi.org/10.1007/978-3-031-30037-0_52-1
https://doi.org/10.1016/j.jfda.2017.03.002
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.1080/14786419.2023.2260068
https://doi.org/10.1080/14786419.2023.2260068
https://doi.org/10.1155/2020/8780704
https://doi.org/10.1134/S2079086420020024
https://doi.org/10.1134/S2079086420020024
https://doi.org/10.3390/molecules29071439
https://doi.org/10.3390/molecules29071439
https://doi.org/10.1016/j.phytol.2010.08.003
https://doi.org/10.1007/978-3-319-63862-1
https://doi.org/10.1007/978-3-319-63862-1
https://doi.org/10.1016/j.bioorg.2021.105032

628

Page 12 of 14

Journal of Pharmaceutical Innovation (2026) 21:628

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Chandra S, Rawat DS. Medicinal plants of the family Caryophyl-
laceae: a review of ethno-medicinal uses and pharmacological
properties. Integr Med Res. 2015;4:123-31. https://doi.org/10.1
016/j.imr.2015.06.004.

Hamzaoglu E, Kog M. Tiirkiye Florasi I¢in Yeni Dianthus (Caryo-
phyllaceae) Kayitlari. KSU J Agric Nat. 2019;22:381-8. https://d
oi.org/10.18016/ksutarimdoga.vi.509956.

Giines F. Tiirkiye Bitkileri Listesi (Damarli Bitkiler). 2012. pp.
466-70.

Biiker E, Kayabas Avsar A, Yildirim E, Casoni D, Cobzac SCA,
Cimpoiu C. Unveiling the Potential of Three Endemic Gyp-
sophila L. (Caryophyllaceae) Taxa as Promising Carbonic Anhy-
drase Inhibitors—Bio-Metabolic Profiles and In Vitro Evaluation
of Enzyme Inhibition and Antioxidant Capacity. Antioxidants.
2025;14:219. https://doi.org/10.3390/antiox 14020219.

Ko¢ M, Hamzaoglu E, Aksoy A. Contributions to the genus
Minuartia (Caryophyllaceae) in Turkey. Tirler ve Habitatlar.
2020;1(1):14-20.

Davis PH. Flora of Turkey and the East Aegean Islands volume
two aquila books (Cameron Treleaven) ABAC. 1967. https://ww
w.abebooks.com/first-edition/Flora-Turkey-East-Aegean-Island
s-Volume/3505407199/bd

Bittrich V. Caryophyllaceae. In: Kubitzki K, Rohwer JG, Bittrich
V, editors. Flowering Plants - Dicotyledons: Magnoliid, Hamame-
lid and Caryophyllid Families. Berlin, Heidelberg: Springer; 1993.
pp- 206-36. https://doi.org/10.1007/978-3-662-02899-5 21.

Aya Allah O, Marwa Samy A, Atef AE-H. Phytoconstituents and
biological investigation of Minuartia genculata Graebn. IIGHC.
2019;8. https://doi.org/10.24214/1JGHC/HC/8/4/35374.

Yayli N, Giileg C, Ugiincii O, Yasar A, Ulker S, Coskungelebi K,
et al. Composition and Antimicrobial Activities of Volatile Com-
ponents of Minuartia meyeri. Turk J Chem. 2006;30:71-6.
Hosseinzadeh S, Jafarikukhdan A, Hosseini A, Armand R. The
Application of Medicinal Plants in Traditional and Modern Medi-
cine: A Review of Thymus vulgaris. IJCM. 2015;06:635-42.
https://doi.org/10.4236/ijcm.2015.69084.

Ghasemzadeh A, Ghasemzadeh N. Flavonoids and phenolic
acids: Role and biochemical activity in plants and human. J Med
Plants Res. 2011;5. https://doi.org/10.5897/JMPR11.1404.
Yemis F, Alp H, Ay E, Tepe M, Ay K. Phenolic Compounds, Fatty
Acid Contents, and Antibacterial Properties of Ozonated and Non-
Ozonated Tobacco Seed Oils. Ozone: Sci Eng. 2024;46:592—607.
https://doi.org/10.1080/01919512.2024.2400123.

Cittan M, Celik A. Development and Validation of an Analyti-
cal Methodology Based on Liquid Chromatography—Electrospray
Tandem Mass Spectrometry for the Simultaneous Determination
of Phenolic Compounds in Olive Leaf Extract. J Chromatogr Sci.
2018;56:336—43. https://doi.org/10.1093/chromsci/bmy003.

Erol E, Erol KF, Yanikoglu RS, Taskin C, Kizilarslan Hancer
C, Topcu G. Quantitative Determination of the Cytotoxic Com-
pounds in Different Organs of Arctium minus (Hill) Bernh. by LC-
HRESIMS Using Respond Survey Methodology. ACS Omega.
2024;9:41890-903. https://doi.org/10.1021/acsomega.4c06644.
Hossain MAA, Hossain MS, Fatema K, Siddique BA, Sikder H,
Sarker MS, et al. An Evaluation on Antioxidant Activity, Total
Phenolic and Total Flavaonoid Contents of Extracts from Adina
cordifolia (Roxb). AJPS. 2015;06:633-9. https://doi.org/10.4236/
ajps.2015.65068.

Brighente IMC, Dias M, Verdi LG, Pizzolatti MG. Antioxidant
Activity and Total Phenolic Content of Some Brazilian Species.
Pharm Biol. 2007;45:156-61. https://doi.org/10.1080/138802006
01113131.

Hernandez Zarate MS, Abraham Juarez M, del R, Cer6n Garcia
A, Ozuna Lopez C, Gutiérrez Chavez AJ, Segoviano Garfias J,
de JN, et al. Flavonoids, phenolic content, and antioxidant activ-
ity of propolis from various areas of Guanajuato, Mexico. Food

Springer

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sci Technol Sociedade Brasileira de Ciéncia e Tecnologia de Ali-
ment. 2018;38:210-5. https://doi.org/10.1590/fst.29916.

Syed Salleh SNA, Mohd Hanapiah NA, Ahmad H, Wan Johari
WL, Osman NH, Mamat MR. Determination of Total pheno-
lics, flavonoids, and antioxidant activity and GC-MS analysis
of Malaysian stingless bee propolis water extracts. Hanssen SA,
editor. Scientifica. 2021; 2021:1-11. https://doi.org/10.1155/20
21/3789351

Zhao G-R, Xiang Z-J, Ye T-X, Yuan Y-J, Guo Z-X. Antioxidant
activities of Salvia miltiorrhiza and Panax notoginseng. Food
Chem. 2006;99:767-74. https://doi.org/10.1016/j.foodchem.200
5.09.002.

Kedare SB, Singh RP. Genesis and development of DPPH method
of antioxidant assay. J Food Sci Technol. 2011;48. https://doi.org
/10.1007/s13197-011-0251-1. :412 — 22.

Thaipong K, Boonprakob U, Crosby K, Cisneros-Zevallos L,
Hawkins Byrne D. Comparison of ABTS, DPPH, FRAP, and
ORAC assays for estimating antioxidant activity from guava fruit
extracts. J] Food Compos Anal. 2006;19:669-75. https://doi.org/1
0.1016/j.jfca.2006.01.003.

Yildirim H, Guler E, Yavuz M, Ozturk N, Kose Yaman P, Subasi
E, et al. Ruthenium (II) complexes of thiosemicarbazone: Synthe-
sis, biosensor applications and evaluation as antimicrobial agents.
Mater Sci Eng C. 2014;44:1-8. https://doi.org/10.1016/j.msec.20
14.08.007.

Un RN. LC-MS/MS Analysis and Biological Activities of Metha-
nol Extract from Sagina apetala Ard. Cbu J Sci. 2023;19:231-5.
https://doi.org/10.18466/cbayarfbe.1264511.

Andrews JM, for the BSAC Working Party on Susceptibility Test-
ing. BSAC standardized disc susceptibility testing method (ver-
sion 8). J Antimicrob Chemother. 2009;64:454—89. https://doi.or
2/10.1093/jac/dkp244.

Makhutova ON, Sushchik NN, Gladyshev MI. Fatty Acid—mark-
ers as foodweb tracers in Inland Waters. In: Mehner T, Tockner K,
editors. Encyclopedia of Inland Waters (Second Edition). Oxford:
Elsevier; 2022. 713 -26. https://doi.org/10.1016/B978-0-12-8191
66-8.00094-3

Servi H, Eren KeskiN B, CeliK S, Budak U, Kababiyik B. Essen-
tial Oil and Fatty Acid Composition of Endemic Gypsophila lar-
icina Schreb. from Turkey. tjps. 2019;16:220-6. https://doi.org/1
0.4274/tjps.galenos.2018.49140.

Ustiiner H, Nasircilar AG, Servi H, Mavis ME, Cagatay NU,
Goktiirk RS. Chemical composition of endemic and endangered
Gypsophila pilulifera produced by in vitro micropropagation
method. Ind Crop Prod. 2023;195:116489. https://doi.org/10.10
16/j.indcrop.2023.116489.

Guil-Guerrero JL, Lopez-Martinez JC, Navarro-Juarez R, Garcia-
Maroto F, Campra-Madrid P. y-Linolenic acid from caryophyl-
laceae seed oil. J Americ Oil Chem Soc. 2004. https://doi.org/10.
1007/s11746-004-958-8. 81:659—-61.

Upchurch RG. Fatty acid unsaturation, mobilization, and regula-
tion in the response of plants to stress. Biotechnol Lett. 2008.
https://doi.org/10.1007/s10529-008-9639-z. 30:967 — 77.

Zhang Y-M, Rock CO. Membrane lipid homeostasis in bacteria.
Nat Rev Microbiol Nat Publishing Group. 2008. https://doi.org/1
0.1038/nrmicro1839. 6:222 — 33.

Montevecchi G, Setti L, Olmi L, Buti M, Laviano L, Antonelli
A, et al. Determination of Free Soluble Phenolic Compounds
in Grains of Ancient Wheat Varieties (Triticum sp. pl.) by Lig-
uid Chromatography—Tandem Mass Spectrometry. J Agric Food
Chem. 2019;67:201-12. https://doi.org/10.1021/acs.jafc.8b05629.
Said RB, Hamed Al, Masullo M, Al-Ayed AS, Moustafa MFM,
Mabhalel UA, et al. Flavone C-glycosides from Vaccaria pyrami-
data: Structure elucidation by spectroscopy and theoretical calcu-
lations. Phytochem Lett. 2019;29:119-24. https://doi.org/10.101
6/j.phytol.2018.11.015.


https://doi.org/10.1016/j.imr.2015.06.004
https://doi.org/10.1016/j.imr.2015.06.004
https://doi.org/10.18016/ksutarimdoga.vi.509956
https://doi.org/10.18016/ksutarimdoga.vi.509956
https://doi.org/10.3390/antiox14020219
https://www.abebooks.com/first-edition/Flora-Turkey-East-Aegean-Islands-Volume/3505407199/bd
https://www.abebooks.com/first-edition/Flora-Turkey-East-Aegean-Islands-Volume/3505407199/bd
https://www.abebooks.com/first-edition/Flora-Turkey-East-Aegean-Islands-Volume/3505407199/bd
https://doi.org/10.1007/978-3-662-02899-5_21
https://doi.org/10.24214/IJGHC/HC/8/4/35374
https://doi.org/10.4236/ijcm.2015.69084
https://doi.org/10.5897/JMPR11.1404
https://doi.org/10.1080/01919512.2024.2400123
https://doi.org/10.1093/chromsci/bmy003
https://doi.org/10.1021/acsomega.4c06644
https://doi.org/10.4236/ajps.2015.65068
https://doi.org/10.4236/ajps.2015.65068
https://doi.org/10.1080/13880200601113131
https://doi.org/10.1080/13880200601113131
https://doi.org/10.1590/fst.29916
https://doi.org/10.1155/2021/3789351
https://doi.org/10.1155/2021/3789351
https://doi.org/10.1016/j.foodchem.2005.09.002
https://doi.org/10.1016/j.foodchem.2005.09.002
https://doi.org/10.1007/s13197-011-0251-1
https://doi.org/10.1007/s13197-011-0251-1
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1016/j.msec.2014.08.007
https://doi.org/10.1016/j.msec.2014.08.007
https://doi.org/10.18466/cbayarfbe.1264511
https://doi.org/10.1093/jac/dkp244
https://doi.org/10.1093/jac/dkp244
https://doi.org/10.1016/B978-0-12-819166-8.00094-3
https://doi.org/10.1016/B978-0-12-819166-8.00094-3
https://doi.org/10.4274/tjps.galenos.2018.49140
https://doi.org/10.4274/tjps.galenos.2018.49140
https://doi.org/10.1016/j.indcrop.2023.116489
https://doi.org/10.1016/j.indcrop.2023.116489
https://doi.org/10.1007/s11746-004-958-8
https://doi.org/10.1007/s11746-004-958-8
https://doi.org/10.1007/s10529-008-9639-z
https://doi.org/10.1038/nrmicro1839
https://doi.org/10.1038/nrmicro1839
https://doi.org/10.1021/acs.jafc.8b05629
https://doi.org/10.1016/j.phytol.2018.11.015
https://doi.org/10.1016/j.phytol.2018.11.015

Journal of Pharmaceutical Innovation

(2026) 21:628

Page 13 0of 14 628

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

S8.

Jakimiuk K, Wink M, Tomczyk M. Flavonoids of the Caryophyl-
laceae. Phytochem Rev. 2022;21:179-218. https://doi.org/10.100
7/s11101-021-09755-3.

Abdel-Kader MS, Algasoumi SI, Al-Taweel AM. Hepatoprotec-
tive Constituents from Cleome droserifolia. Chem Pharm Bull.
2009;57:620—4. https://doi.org/10.1248/cpb.57.620.

Singh R, Chaudhary M, Chauhan ES. Stellaria media Linn.: A
comprehensive review highlights the nutritional, phytochem-
istry, and pharmacological activities. J Herbmed Pharmacol.
2022;11:330-8. https://doi.org/10.34172/jhp.2022.38.

Un RN, Masullo M, Karayildirim T, Nalbantsoy A, Alankus O,
Piacente S. Triterpene glycosides from Silene odontopetala. Phy-
tochemistry. 2020;176:112404. https://doi.org/10.1016/j.phytoch
em.2020.112404.

Uysal 1. Total phenolic and flavonoid contents and antioxidant,
antimicrobial and antiproliferative activities of Polycarpon tetra-
phyllum. Kuwait J Sci Elsevier BV. 2023;50:322-5. https://doi.or
2/10.1016/j.kjs.2023.02.022.

Ozay C, Alkac BC, Temel A, Pehlivan M. Investigation of the bio-
activities of Saponaria mesogitana methanolic extract along with
its phytochemical composition: Scientific paper. J Serb Chem
Soc. 2025;90:277-90. https://doi.org/10.2298/JSC2405260880.
Wang M, Shen Q, Pang J, Mao Y, Li X, Tao Y, et al. Study on
chemical constituents and antioxidant activities of Dianthus
caryophyllus L. Front Plant Sci Front. 2024;15. https://doi.org/10
.3389/1pls.2024.1438967.

Ibrahim TA, Hegazy MM, Maatooq GT, El-Hela AA. Ultra-
performance liquid chromatography coupled with quadrupole
high-resolution time-of-flight mass spectrometry for metabolite
profiling and biological activity of Stellaria pallida (Dumort) Piré.
Med Chem Res. 2023;32:975-89. https://doi.org/10.1007/s0004
4-023-03055-5.

Altay A, Degirmenci S, Korkmaz M, Cankaya M, Koksal E. In
vitro evaluation of antioxidant and anti-proliferative activities of
Gypsophila sphaerocephala (Caryophyllaceae) extracts together
with their phenolic profiles. Food Measure. 2018;12:2936-45.
https://doi.org/10.1007/s11694-018-9909-y.

Zhang X-K, Cao G-H, Bi Y, Liu X-H, Yin H-M, Zuo J-F, et al.
Comprehensive analysis of 34 edible flowers by the determina-
tion of nutritional composition and antioxidant capacity planted
in Yunnan Province China. Molecules publisher. 2023;28. https://
doi.org/10.3390/molecules28135260.

Wojdylo A, OszmianskiJ, Czemerys R. Antioxidant activity of phe-
nolic compounds in 32 selected herbs. Food Chem. 2001;105:940—
9. https://doi.org/10.1016/j.foodchem.2007.04.038.

Ustuner H, Nasircilar AG, Servi H, Demir U, Sen A, Gundogdu
B, et al. Determination of total phenolic content and antidiabetic,
antioxidant and antiproliferative activities of Gypsophila pilulifera
extracts grown by in vitro culture. Biocatal Agricultural Biotech.
2024;56:103014. https://doi.org/10.1016/j.bcab.2023.103014.
Kolodziejczyk-Czepas J, Pecio S, Pecio L, Citnana M, Oleszek
W. Determination of phenolic profiles of Herniaria polygama and
Herniaria incana fractions and their in vitro antioxidant and anti-
inflammatory effects. Phytochemistry. 2021;190:1-21. https://doi
.org/10.1016/j.phytochem.2021.112861.

Ferreira ICFR, Baptista P, Vilas-Boas M, Barros L. Free-radical
scavenging capacity and reducing power of wild edible mush-
rooms from northeast Portugal: Individual cap and stipe activity.
Food Chem. 2007;100:1511-6. https://doi.org/10.1016/j.foodche
m.2005.11.043.

Ribeiro Da Silva Lima L, Barros Santos MC, Gomes P, Fernan-
dez-Ochoa PW, Simdes Larraz Ferreira A. Overview of the
Metabolite Composition and Antioxidant Capacity of Seven
Major and Minor Cereal Crops and Their Milling Fractions. J
Agric Food Chem. 2024;72:19197-218. https://doi.org/10.1021
/acs.jafc.4c01312.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Platzer M, Kiese S, Herfellner T, Schweiggert-Weisz U, Eisner
P. How does the phenol structure influence the results of the
folin-ciocalteu assay? Antioxidants. Multidisciplinary Digital
Publishing Institute; 2021. p. 10. https://doi.org/10.3390/antio
x10050811.

Dowling S, Regan F, Hughes H. The characterisation of structural
and antioxidant properties of isoflavone metal chelates. J Inorg
Biochem. 2010;104:1091-8. https://doi.org/10.1016/j.jinorgbio.2
010.06.007.

Khlebnikov Al, Schepetkin IA, Domina NG, Kirpotina LN, Quinn
MT. Improved quantitative structure—activity relationship models
to predict antioxidant activity of flavonoids in chemical, enzy-
matic, and cellular systems. Bioorg Med Chem. 2007;15:1749—
70. https://doi.org/10.1016/j.bmc.2006.11.037.

Babaei F, Moafizad A, Darvishvand Z, Mirzababaei M, Hos-
seinzadeh H, Nassiri-Asl M. Review of the effects of vitexin in
oxidative stress-related diseases. Food Sci Nutr. 2020;8:2569-80.
https://doi.org/10.1002/fsn3.1567.

Kantharaj V, Yoon Y-E, Lee K-A, Choe H, Chohra H, Seo WD, et
al. Saponarin, a Di-glycosyl Flavone from Barley (Hordeum vul-
gare L.): An Effective Compound for Plant Defense and Thera-
peutic Application. ACS Omega. 2023;8:22285-95. https://doi.or
2/10.1021/acsomega.3c00267.

Wang H, Chen L, Yang B, Du J, Chen L, Li Y, et al. Structures,
sources, identification/quantification methods, health benefits,
bioaccessibility, and products of isorhamnetin glycosides as phy-
tonutrients. Nutrients. 2023;15. Multidisciplinary Digital Pub-
lishing Institute. https://doi.org/10.3390/nul5081947.

Zgobrka G, Maciejewska-Turska M, Makuch-Kocka A, Plech T. In
Vitro evaluation of the antioxidant activity and chemopreventive
potential in human breast cancer cell lines of the standardized
extract obtained from the aerial parts of zigzag clover (Trifo-
lium medium L.). Pharmaceuticals (Basel). Basel, Switzerland;
2022;15:699. https://doi.org/10.3390/ph15060699
Lopez-Herrador S, Corral-Sarasa J, Gonzalez-Garcia P, Morillas-
Morota Y, Olivieri E, Jiménez-Sanchez L, et al. Natural hydroxy-
benzoic and hydroxycinnamic acids derivatives: mechanisms of
action and therapeutic applications. Antioxidants. Multidisci-
plinary Digital Publishing Institute; 2025. p. 14. https://doi.org/
10.3390/antiox14060711.

Cadena-Iiiiguez J, Santiago-Osorio E, Sanchez-Flores N, Salazar-
Aguilar S, Soto-Hernandez RM, de la Riviello-Flores M. The
cancer-protective potential of protocatechuic acid: a narrative
review. Molecules. 2024;29. https://doi.org/10.3390/molecules2
9071439.

Zhao Z, Yang Q, Sun Y, Ruan X. Unveiling the antioxidant and
anti-inflammatory potential of syringic acid: mechanistic insights
and pathway interactions. Front Pharmacol Front. 2025;16. https:/
/doi.org/10.3389/fphar.2025.1615294.

Garg P, Awasthi S, Horne D, Salgia R, Singhal SS. The innate
effects of plant secondary metabolites in preclusion of gyneco-
logic cancers: Inflammatory response and therapeutic action. Bio-
chim Biophys Acta Rev Cancer. 2023;1878:188929. https://doi.or
2/10.1016/j.bbcan.2023.188929.

Del Burgo-Gutiérrez C, Cid C, Ludwig IA, De Pefia M-P. LC-MS/
MS Analysis Elucidates the Different Effects of Industrial and
Culinary Processing on Total and Individual (Poly)phenolic
Compounds of Piquillo Pepper (Capsicum annuum cv. Piquillo).
J Agric Food Chem. 2023;71:6050—60. https://doi.org/10.1021/ac
s.jafc.2c07829.

Bouarab Chibane L, Degraeve P, Ferhout H, Bouajila J, Oulahal
N. Plant antimicrobial polyphenols as potential natural food pre-
servatives. J Sci Food Agric. 2019;99:1457-74. https://doi.org/10
.1002/jsfa.9357.

Cowan MM. Plant Products as Antimicrobial Agents. Clin Micro-
biol Rev. 1999;12:564-82. https://doi.org/10.1128/cmr.12.4.564.

@ Springer


https://doi.org/10.1007/s11101-021-09755-3
https://doi.org/10.1007/s11101-021-09755-3
https://doi.org/10.1248/cpb.57.620
https://doi.org/10.34172/jhp.2022.38
https://doi.org/10.1016/j.phytochem.2020.112404
https://doi.org/10.1016/j.phytochem.2020.112404
https://doi.org/10.1016/j.kjs.2023.02.022
https://doi.org/10.1016/j.kjs.2023.02.022
https://doi.org/10.2298/JSC240526088O
https://doi.org/10.3389/fpls.2024.1438967
https://doi.org/10.3389/fpls.2024.1438967
https://doi.org/10.1007/s00044-023-03055-5
https://doi.org/10.1007/s00044-023-03055-5
https://doi.org/10.1007/s11694-018-9909-y
https://doi.org/10.3390/molecules28135260
https://doi.org/10.3390/molecules28135260
https://doi.org/10.1016/j.foodchem.2007.04.038
https://doi.org/10.1016/j.bcab.2023.103014
https://doi.org/10.1016/j.phytochem.2021.112861
https://doi.org/10.1016/j.phytochem.2021.112861
https://doi.org/10.1016/j.foodchem.2005.11.043
https://doi.org/10.1016/j.foodchem.2005.11.043
https://doi.org/10.1021/acs.jafc.4c01312
https://doi.org/10.1021/acs.jafc.4c01312
https://doi.org/10.3390/antiox10050811
https://doi.org/10.3390/antiox10050811
https://doi.org/10.1016/j.jinorgbio.2010.06.007
https://doi.org/10.1016/j.jinorgbio.2010.06.007
https://doi.org/10.1016/j.bmc.2006.11.037
https://doi.org/10.1002/fsn3.1567
https://doi.org/10.1021/acsomega.3c00267
https://doi.org/10.1021/acsomega.3c00267
https://doi.org/10.3390/nu15081947
https://doi.org/10.3390/ph15060699
https://doi.org/10.3390/antiox14060711
https://doi.org/10.3390/antiox14060711
https://doi.org/10.3390/molecules29071439
https://doi.org/10.3390/molecules29071439
https://doi.org/10.3389/fphar.2025.1615294
https://doi.org/10.3389/fphar.2025.1615294
https://doi.org/10.1016/j.bbcan.2023.188929
https://doi.org/10.1016/j.bbcan.2023.188929
https://doi.org/10.1021/acs.jafc.2c07829
https://doi.org/10.1021/acs.jafc.2c07829
https://doi.org/10.1002/jsfa.9357
https://doi.org/10.1002/jsfa.9357
https://doi.org/10.1128/cmr.12.4.564

628

Page 14 of 14

Journal of Pharmaceutical Innovation (2026) 21:628

73.

74.

75.

Huang W, Wang Y, Tian W, Cui X, Tu P, Li J, et al. Biosynthe-
sis Investigations of Terpenoid, Alkaloid, and Flavonoid Antimi-
crobial Agents Derived from Medicinal Plants. Antibiot (Basel).
2022;11:1380. https://doi.org/10.3390/antibiotics11101380.
Afolayan NSN, Okoh A. Assessment techniques of antimicrobial
properties of natural compounds of plant origin: Current Methods
and Future Trends. Afr J Biotechnol. 2008;7:1797-806. https://do
i.org/10.4314/ajb.v7i12.58804.

Lee J-E, Jayakody J, Kim J-I, Jeong J-W, Choi K-M, Kim T-S, et
al. The Influence of Solvent Choice on the Extraction of Bioactive

@ Springer

76.

Compounds from Asteraceae: A Comparative Review. Foods.
2024;13:3151. https://doi.org/10.3390/foods13193151.

Sun S, YuY, JoY, Han JH, Xue Y, Cho M, et al. Impact of extrac-
tion techniques on phytochemical composition and bioactivity of
natural product mixtures. Front Pharmacol. 2025;16:1615338.
https://doi.org/10.3389/fphar.2025.1615338.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.3390/antibiotics11101380
https://doi.org/10.4314/ajb.v7i12.58804
https://doi.org/10.4314/ajb.v7i12.58804
https://doi.org/10.3390/foods13193151
https://doi.org/10.3389/fphar.2025.1615338

	﻿Phytochemical Analysis of ﻿Minuartia hirsuta﻿ subsp. ﻿asiatica﻿ and Evaluation of their Antioxidant and Antimicrobial Potentials
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿General Experimental Procedure
	﻿Plant Material
	﻿Extraction and Isolation
	﻿Fatty Acid Profiling by GC − FID Analysis
	﻿Phenolic Compounds Analysis via LC-MS/MS
	﻿Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) Determination
	﻿Determination of Antioxidant Activity
	﻿Determination of Antimicrobial Activity
	﻿Statistical Analysis

	﻿Results and Discussion
	﻿Fatty Acid Content by GC − FID
	﻿Phenolic Compounds by LC-MS/MS
	﻿Isolation and Identification of Secondary Metabolites
	﻿Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)
	﻿Antioxidant Activity of ﻿Minuartia hirsuta﻿ subsp. ﻿asiatica﻿
	﻿Antimicrobial Activity of ﻿Minuartia hirsuta﻿ subsp. ﻿asiatica﻿

	﻿Conclusion
	﻿References


