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Phytochemical profile, antioxidant potential, and cytotoxic effect
of the ethanol extract of Micromeria fruticosa
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active potential. Considering that geographical origin and botanical differences significantly in-
fluence phytochemical composition and biological activity, the use of locally sourced commercial
samples provides valuable data for plant standardisation and comparative studies.

The total antioxidant activity of the extract was determined as 8.84+0.10, 4.96 £0.05, 34.64 +0.69,
and 18.27 £0.11 mg TE/g dry weight by DPPH, FRAP, CUPRAC, and ABTS assays, respec-
tively. The total phenolic content was 26.25 mg GAE/g dry weight, and LC-MS/MS analysis

ORCID IDs of the authors: revealed a high quinic acid content (93.395 mg/g). ICP-MS analysis showed high levels of essen-
P.A.D. 0000-0001-9832-553X tial minerals (Na, Mg, K, Ca, Fe, and Al), while toxic elements such as Cd, Te, and Tl were below
K.C.T. 0000-0002-3715-8739 the limit of detection, and Pb and Ba were present at very low concentrations. Additionally, the
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Overall, Tortum Valley—derived M. fruticosa represents a promising natural bioactive source, and
this study highlights the impact of local botanical and environmental variations on the biological
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Introduction

Medicinal plants are essential dietary components that in-
crease overall nutrient intake and support human health (Ma-
nessis et al., 2020). In recent years, increasing scepticism to-
wards synthetic drugs and artificial antioxidants has increased
the importance of herbal medicine, known as phytotherapy, in
both research and clinical settings (Bora et al., 2024). Due to
their rich content of phenolic acids, phenolic diterpenes, fla-
vonoids, essential oils, and other bioactive molecules, medici-
nal plants are recognised for their ability to combat cancer, in-
flammation, cardiovascular, and neurodegenerative diseases
(Beya et al., 2021). Moreover, these phenolic compounds ex-
hibit antiviral, anti-inflammatory, and antibacterial activities,
which contribute to their application in the cosmetic and food
industries (Perron et al., 2009). Given these benefits, evaluat-
ing the antioxidant potential and bioactive profiles of plant ex-
tracts and understanding their biological interactions are con-
sidered important research priorities (Panossian, 2023).

Among medicinal plants, the Lamiaceae family has special
importance. As one of the largest families among the dicoty-
ledons, it includes more than 240 genera and 8.986 species
(Kremer et al., 2012). Many Lamiaceae species are native to
the Mediterranean Basin, Southwest Asia, Madagascar, tropi-
cal Australia, China, Chile, and Mexico (Kogum, 2021). Mem-
bers of this family are typically aromatic and can be annual,
perennial, herbaceous, shrubby, or occasionally woody plants
(Raja, 2012). Lamiaceae plants are widely utilised in various
fields, including medicine, pharmacy, food, cosmetics, per-
fumery, spices, and ornamentals (Baydar, 2020). The genus
Micromeria is a notable group within the Lamiaceae family
and has been thoroughly examined in this study.

The genus Micromeria is represented by 14 species and 22
taxa, of which 12 species are native to specific regions (Arslan,
2012). Micromeria fruticosa (L.) Druce is a perennial plant
with medicinal value and is distributed in Lebanon, Israel, Jor-
dan, Syria, and Tiirkiye (Dudai et al., 2001). The above-
ground parts of the plant, including leaves, stems, and flowers,
are used fresh or dried (Giilliice et al., 2004). Due to its aro-
matic properties, M. fruticosa is widely consumed as herbal
tea, added to soups and dishes, or used in traditional medicine
(Algarni et al., 2022). Previous studies have reported that M.
fruticosa exhibits anaesthetic, antiseptic, antirheumatic, anti-
cancer, and central nervous system stimulant properties, as
well as treatments for heart ailments and colds (Al-Hamwi et
al., 2021; Shehab et al., 2022). In addition, analgesic, anticon-
vulsant, sedative, and insecticidal activities are associated with
this species (Vladimir-Knezevi¢ et al., 2015). These biological
activities are attributed to its rich phytochemical content (Abu-
Reidah et al., 2019).
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Although several studies have investigated the properties of
M. fruticosa, it is well established that regional differences in
climate, altitude, and soil characteristics can significantly in-
fluence the phytochemical profile, mineral composition, and
biological activities of medicinal plants. Tortum Valley, lo-
cated in Erzurum Province, is characterised by its distinctive
climatic conditions and high-altitude geography, which may
contribute to variations in secondary metabolite production.
Therefore, this study aimed to investigate the antioxidant ac-
tivity, total phenolic content, phenolic compound profile, and
mineral composition of commercially sourced dried M. fruti-
cosa samples from Tortum Valley, Erzurum, Tiirkiye. In addi-
tion, the cytotoxic effect of the ethanol extract on human lung
cancer cells was evaluated.

Materials and Methods

Material and Extraction

The dried form of the M. fruticosa plant was commercially
sourced from the Tortum Valley in Erzurum Province, Tii-
rkiye, in 2022. The method provided by Meng et al. (2011)
was modified and used for the extraction of the plant. Extrac-
tion was performed using 20 g of dry plant material and 200
mL of acidified solvent, 80% ethanol containing 1 M HCI, for
30 min, using an ultrasonic-assisted extraction method.

The extract was centrifuged at 8000 x g for 15 min. The resi-
due was re-extracted three times under the same conditions.
All supernatants were combined and stored at -20 °C until fur-
ther analysis. The ethanol extract of the plant was used for an-
tioxidant, phenolic compound, and cytotoxicity analyses,
while the dried and ground sample was used for mineral anal-
ysis.

Total Antioxidant Activity

The total antioxidant activity of the extract was assessed using
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging ca-
pacity, ferric reducing antioxidant power (FRAP), cupric re-
ducing antioxidant capacity (CUPRAC), and (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS methods.

DPPH radical scavenging activity was determined based on
the method of Kumaran and Karunakaran (2007), with slight
modifications. Briefly, 100 pL of the extract was mixed with
2000 pL of a 0.2 mM DPPH solution prepared in methanol.
The reaction mixture was incubated in the dark at room tem-
perature for 30 min, and the absorbance was measured at 517
nm using a spectrophotometer (Shimadzu UV-1800). A
Trolox calibration curve was used for quantification, and the
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antioxidant activity was expressed as Trolox equivalents (mg
TE/g dry weight).

To determine the extracts’ FRAP values, a working solution
was prepared by mixing acetate buffer, 2,4,6-tripyridyl-s-tria-
zine (TPTZ) (Sigma-Aldrich), and FeCl:-6H,O, and then
heated to 37 °C. A 150 pL portion of the extract was reacted
with 2850 uL of FRAP solution in the dark for 30 min. The
colored product was measured at a wavelength of 593 nm, and
the results were given as Trolox equivalents (mg TE/g dry
weight) (Upadhyay et al., 2010).

CUPRAC analysis involved mixing the extract with CuCly, ne-
ocuproine, and NHsAc (ammonium acetate) solutions, and
measuring absorbance at 450 nm, with results expressed as mg
TE/g dry weight (Apak et al., 2004).

In the ABTS method, the extract was mixed with a prepared
ABTS solution, and the reduction in absorbance over 6 min
was compared to a Trolox calibration curve, presenting results
as mg TE/g dry weight (Re et al., 1999).

Total Phenolic Content (TPC)

The total phenolic compound determination was performed
using the Folin—Ciocalteu spectrophotometric method accord-
ing to McDonald et al. (2001), with minor modifications.
Briefly, 5 mL of Folin—Ciocalteu reagent (diluted 1:10 with
nanopure water, v/v), 4 mL of aqueous sodium carbonate so-
lution (1 M), and 100 pL of diluted extract were mixed. The
reaction mixture was incubated in the dark for 60 min at room
temperature, and the absorbance was measured at 765 nm us-
ing a spectrophotometer (Shimadzu UV-1800). The results
were given as gallic acid (Fluka) equivalent (GAE) (mg
GAE/g dry weight plant).

Phenolic Component Profile (LC-MS/MS)

The phenolic composition of the ethanol extract from the plant
was analysed using UHPLC coupled with tandem mass spec-
trometry, following Yilmaz's (2020) protocol. Although the
analytical protocol was based on Yilmaz (2020), all measure-
ments and quantitative data were generated independently in
the present study. In addition, the TIC chromatogram was ob-
tained experimentally in the present study using a standard
mixture analysed under the same LC-MS/MS conditions de-
scribed by Yilmaz (2020). The analysis employed a reverse-
phase Agilent Poroshell 120 EC-C18 column (150 mm x 2.1
mm, 2.7 pm) at 40 °C. The mobile phase consisted of water
with 5 mM ammonium formate and 0.1% formic acid, along
with methanol with 5 mM ammonium formate and 0.1% for-
mic acid. The solvent flow rate was 0.5 mL/min, with an in-
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jection volume of 5 pL.. Tandem mass spectrometry was per-
formed using an ESI source in negative and positive ionisation
modes on a Shimadzu LCMS-8040 mass spectrometer. MRM
mode was utilised for phytochemical quantification. MS oper-
ating conditions included a drying gas (N;) flow rate of 15
L/min, a nebulising gas (N) flow rate of 3 L/min, a desolva-
tion line temperature of 250 °C, a heat block temperature of
400 °C, and an interface temperature of 350 °C.

Mineral Composition (ICP-MS)

The mineral composition of the plant sample was determined
using an ICP-MS system (Thermo XSERIES-2). Approxi-
mately 0.5 g of dried plant material was subjected to micro-
wave-assisted acid digestion in closed TFM (modified poly-
tetrafluoroethylene) vessels using a Milestone microwave di-
gestion system. Digestion was performed under controlled
conditions (200 °C, 45 bar, 2 x 15 min) using an 8 mL acid
mixture consisting of 6 mL of 65% HNOs and 2 mL of 30%
H20.. After digestion, the vessels were allowed to cool to
room temperature, and the digested solutions were quantita-
tively transferred and diluted with ultrapure water to a final
volume of 20 mL. The resulting solutions were then further
diluted with 2% HNOs according to the element group before
ICP-MS analysis. Results were reported in parts per million
(ppm). The limit of quantification (LOQ) and limit of detec-
tion (LOD) were calculated using the formulas LOQ = 10 x
Sy/s and LOD = 3.3 x Sy/s.

Cytotoxicity Analysis

M. fruticosa ethanol extract was lyophilised, and cytotoxicity
analysis was performed on A549 lung cancer cells. A549 cells,
cultured in Dulbecco’s Modified Eagle Medium (DMEM)
(10% fetal bovine serum (FBS), 1% penicillin—streptomycin,
and 1% L-glutamine) medium, were seeded at 1x10° cells/well
in triplicate with extract concentrations ranging from 500 to 3
pg/mL. Positive control wells received 10% dimethyl sulfox-
ide (DMSO). After a 48 h incubation at 37 °C with 5% COa,
cells were treated with 10% CVDK-8 solution and incubated
in the dark at 37 °C for up to 3 h. Cell viability was measured
at 450 nm using an Epoch 2 Microplate Spectrophotometer.
Changes in cell viability were calculated.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 27.0. The experimental results, including antioxidant
activity values (DPPH, FRAP, CUPRAC, and ABTS), total
phenolic content, and cytotoxicity data, were analysed by one-
way analysis of variance (One-Way ANOVA). When signifi-
cant differences were detected, Duncan’s multiple range test
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was applied to compare mean values. Statistical significance
was accepted at P <0.05.

Results and Discussion

Total Antioxidant Activity and Phenolic Contents of
M. fruticosa

Antioxidant activity can prevent the formation of free radicals
in living metabolism and create resistance against the harmful
effects of free radicals (Ali-Shtayeh et al., 2018). Therefore, in
this study, the total antioxidant activity of the ethanol extract
of M. fruticosa was determined using the DPPH, FRAP, CU-
PRAC, and ABTS tests (Table 1). The antioxidant properties
of the extract were determined to be 8.84 £0.10, 4.96 +£0.05,
34.64 +£0.69, and 18.27 £0.11 mg TE/g dry weight plant for
DPPH, FRAP, CUPRAC, and ABTS, respectively. These re-
sults indicate that M. fruticosa possesses potent antioxidant ac-
tivity. The present findings are consistent with similar studies
in the literature (Gilliice et al., 2004; Duysak & Kili¢ Baygu-
talp, 2023). The study conducted by Duysak and Kili¢ Baygu-
talp (2023) indicated that the results of the methanol extract
evaluated with various radical scavenging tests pointed to a
high antioxidant potential, suggesting that the plant could be
considered a natural antioxidant source.

The use of multiple antioxidant tests is important because each
method relies on different reaction mechanisms and targets
different classes of antioxidant compounds. The relatively
higher antioxidant capacity obtained with the CUPRAC test
can be attributed to its ability to detect both hydrophilic and
lipophilic antioxidants, as well as its operation under condi-
tions close to neutral pH, which is more suitable for evaluating
the reducing capacity of phenolic compounds. Furthermore, it
has been reported that CUPRAC is more sensitive to a wider
range of phenolic and flavonoid compounds compared to the
DPPH and FRAP assays; this may explain the higher values
observed in this study (Alpinar et al., 2009; Knez et al., 2025).

The TPC of the present plant extract was determined as 26.25
+0.40 mg GAE/g dry weight (Table 1). This value is higher
than the results reported by Abu-Gharbiech et al. (2016)
(3.92+0.06 mg GAE/g). However, there are studies in the lit-
erature where higher results were obtained than in the present
study. Giiltekin and Oztiirk (2020) determined the total phe-
nolic matter content of the methanol extract of the plant as 36.6
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mg GAE/g. In another study, the phenolic content of the etha-
nol extract of the plant was reported as 39.87 mg GAE/g (Al-
Hamwi et al., 2015). It is thought that environmental factors,
plant growth conditions, extraction methods and conditions,
and sample preparation techniques may be effective in these
differences observed in TPC values (Rodriguez-Carrasco et
al., 2018).

Phenolic Component Profile of M. fruticosa

The phenolic component profile of the ethanol extract of M.
fruticosa is shown in Table 2, and the chromatogram image is
shown in Figure 2. Figure 1 shows the TIC (Total lon Chro-
matogram) chromatogram of standard phenolic compounds.
Especially, a high content of quinic acid (93.395 mg/g extract)
was detected in the extract. Quinic acid is an organic acid
found in many medicinal plants. In addition, antibacterial, an-
tioxidant, antiviral, antidiabetic, anticancer, and analgesic ef-
fects were determined (Benali et al., 2022).In addition to qui-
nic acid, various organic acids (fumaric acid, salicylic acid),
phenolic acids (protocatechuic acid, gentisic acid, chlorogenic
acid, vanillic acid, caffeic acid, p-coumaric acid), phenylpro-
panoids (coumarin), flavonoids (cynaroside, rutin, isocercit-
rin, astragalin, nicotiflorin, quercetin), flavones (genistin, cos-
mosiin, luteolin, kaempferol, apigenin, chrysin, acacetin), fla-
vanones (naringenin, hesperidin) and phenolic aldehyde (pro-
tocatechuic aldehyde). These identified compounds attract at-
tention with their antioxidant, antifungal, anti-inflammatory,
and anticancer effects (Isla et al., 2021; Singh et al., 2021; Han
et al., 2023). Only one study in the literature has detailed the
phenolic compound profile of the ethanol extract of M. fruti-
cosa. In this study, ethanol, hexane, and water extracts of M.
fruticosa collected from Palestine were obtained and analysed
for phenolic component profile by GC-MS. In the study, men-
thone, oleamide, pulegone, and menthol were identified as im-
portant bioactive compounds (Al-Nuri et al., 2022). In addi-
tion, studies were carried out to determine the phenolic com-
ponent profile of the methanol extract of the plant (Abu-
Reidah et al., 2019; Taskin et al., 2021). Abu-Reidah et al.
(2019) detected 215 phenolic and other compounds in the plant
extract, while Taskin et al. (2021) reported that the plant is rich
in phenolic acid flavonoids.
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Table 1. Total antioxidant activity and phenolic content of ethanol extract of M. fruticosa

FRAP

CUPRAC TPC

mg TE/g dry weight

Extract of M. Fruticosa

8.84 £0.10 4.96 +£0.05

mg GAE/g dry weight

34.64 £0.69  18.27 £0.11 26.25 £0.40

Values are expressed as mean =+ standard deviation (SD). DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging capac-
ity, FRAP (ferric reducing antioxidant power), CUPRAC (cupric reducing antioxidant capacity), ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid), TPC (total phenolic content), mg TE/g dry weight (milligrams of Trolox equivalents
per gram of dry weight), mg GAE/g dry weight (milligrams of gallic acid equivalents per gram of dry weight).

Mineral Content of M. fruticosa

The mineral content in plants is thought to have a synergistic
effect with other compounds, which makes the elemental con-
tent of the plant important (Kremer et al., 2012). In addition,
mineral content plays an important role in traditional medicine
to increase immune function and prevent diseases (Zeiner et
al., 2015). In this context, macro, micro, and toxic element
concentrations determined by ICP-MS in dried M. fruticosa
plants are presented in Table 3. As seen in Table 3, the plant
is very rich in mineral content. Especially, the amounts of Na,
Mg, K, Ca, Fe, and Al were determined at high levels com-
pared to other minerals. In addition, the amounts of Zn, Cu,
and Mn, which are essential antioxidant minerals, are also
quite high. Li, V, Cr, Co, Ni, Ga, Se, Rb, Sr, Mo, Ba, and Pb
were also detected in the plant. P, Cd, Te, and TI elements
were detected below the LOD value. The maximum permissi-
ble limits for the toxic elements Cd and Pb set by the World
Health Organisation (WHO) as permissible limits in plant ma-
terials are 0.3 and 10 mg/kg, respectively. The present plant
does not exceed these values and can therefore be considered
safe in this respect (WHO, 2007). In a study focusing on the
mineral content of Micromeria pseudocroatica, similar results
to the present study were obtained, and it was determined that
Na, K, Ca, Mg, Al, and Fe contents were higher compared to
other elements (Kremer et al., 2012). Al-Nuri et al. (2022) de-
termined the mineral content of aqueous extracts obtained
from different botanical parts (leaves, stems, flowers, roots) of
M. fruticosa. In the study, higher mineral content was found in
the aqueous extract of leaves compared to other parts. In addi-
tion, higher concentrations of Al, Ba, Fe, Mn, Sr, and Zn min-
erals were detected.

Cytotoxic Activity of M. fruticosa

Cancer, which is identified as the cause of more than one in
six deaths worldwide, involves treatment methods that inevi-
tably lead to complications and side effects (MacDonald,
2009). For this reason, medicinal plants are considered suita-
ble for treating many diseases, including cancer, due to their
low side effects and therapeutic properties (Kogum, 2021).
Considering that more than 60% of anti-cancer chemothera-
peutic drugs are derived from natural sources such as plants,
research in this field is of great importance (Al-Hamwi et al.,
2021). In this study, the cytotoxic effect of the ethanol extract
of M. fruticosa on A549 lung cancer cells was investigated,
and the results showed a significant decrease in cell viability
as the concentration increased. Furthermore, the concentration
had a statistically highly significant (P<0.01) effect on cell vi-
ability (Figure 3). Although these in vitro cytotoxicity assays
do not fully replicate the complex biological responses occur-
ring in the human organism, they provide a useful model for
simulating cellular oxidative stress and evaluating preliminary
anticancer potential. These findings are consistent with studies
in the literature. For example, a study conducted by Al-Hamwi
et al. (2021) reported that extracts of M. fruticosa obtained
with different solvents exhibited potent cytotoxic effects on
various cancer cell lines (particularly A549 and the human
breast cancer cell line MCF-7). The study found that methanol
and ethanol extracts, in particular, reduced cell viability in a
dose-dependent manner and induced apoptotic cell death. Sim-
ilarly, Gezici et al. (2022) also investigated the anti-cancer po-
tential of M. fruticosa extracts. They reported that the plant
exhibited significant anti-proliferative effects, particularly in
lung and breast cancer cells. The results obtained in this study
are thought to be associated with the high phenolic and flavo-
noid content of the extract, compounds that are known to ex-
hibit cell cycle-inhibiting and oxidative stress-modulating ef-
fects.
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Table 2. Quantitative screening of phenolic compounds of ethanolic extract of M. fruticosa by LC-MS/MS

No Analytes RT M.I. (m/z) F.1. (m/z) mg analyte /g extract
1 Quinic acid 3.0 190.8 93.0 93.395
2 Fumaric acid 3.9 115.2 40.9 0.157
3 Aconitic acid 4.0 172.8 129.0 N.D.
4 Gallic acid 4.4 168.8 79.0 N.D.
5 Epigallocatechin 6.7 304.8 219.0 N.D.
6 Protocatechuic acid 6.8 152.8 108.0 0.28
7 Catechin 7.4 288.8 203.1 N.D.
8 Gentisic acid 8.3 152.8 109.0 0.264
9 Chlorogenic acid 8.4 353.0 85.0 2.255
10 Protocatechuic aldehyde 8.5 137.2 92.0 0.313
11 Tannic acid 9.2 182.8 78.0 N.D.
12 Epigallocatechin gallate 9.4 457.0 305.1 N.D.
13 1,5-dicaffeoylquinic acid 9.8 515.0 191.0 N.D.
14 4-OH Benzoic acid 10.5 137,2 65.0 N.D.
15 Epicatechin 11.6 289.0 203.0 N.D.
16 Vanillic acid 11.8 166.8 108.0 0.233
17 Caffeic acid 12.1 179.0 134.0 0.206
18 Syringic acid 12.6 196.8 166.9 N.D.
19 Vanillin 13.9 153.1 125.0 N.D.
20 Syringic aldehyde 14.6 181.0 151.1 N.D.
21 Daidzin 15.2 417.1 199.0 N.D.
22 Epicatechin gallate 15.5 441.0 289.0 N.D.
23 Piceid 17.2 391.0 135/106.9 N.D.
24 p-Coumaric acid 17.8 163.0 93.0 0.084
25 Ferulic acid-D3-ISh 18.8 196.2 152.1 N.A.
26 Ferulic acid 18.8 192.8 149.0 N.D.
27 Sinapic acid 18.9 222.8 193.0 N.D.
28 Coumarin 20.9 146.9 103.1 0.006
29 Salicylic acid 21.8 137.2 65.0 0.025
30 Cynaroside 23.7 447.0 284.0 0.112
31 Miquelianin 24.1 477.0 150.9 N.D.
32 Rutin-D3-ISh 25.5 612.2 304.1 N.A.
33 Rutin 25.6 608.9 301.0 1.38
34 Isoquercitrin 25.6 463.0 271.0 0.956
35 Hesperidin 25.8 611.2 449.0 2.535
36 0-Coumaric acid 26.1 162.8 93.0 N.D.
37 Genistin 26.3 431.0 239.0 1.55
38 Rosmarinic acid 26.6 359.0 197.0 N.D.
39 Ellagic acid 27.6 301.0 284.0 N.D.
40 Cosmosiin 28.2 431.0 269.0 1.274
41 Quercitrin 29.8 447.0 301.0 N.D.
42 Astragalin 304 447.0 255.0 3.939
43 Nicotiflorin 30.6 592.9 255.0/284.0 1.203
44 Fisetin 30.6 285.0 163.0 N.D.
45 Daidzein 34.0 253.0 223.0 N.D.
46 Quercetin-D3-ISh 35.6 304.0 275.9 N.A.
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47 Quercetin 35.7 301.0 272.9 0,006
48 Naringenin 359 270.9 119.0 0,182
49 Hesperetin 36.7 301.0 136.0/286.0 N.D.
50 Luteolin 36.7 284.8 151.0/175.0 0,046
51 Genistein 36.9 269.0 135.0 N.D.
52 Kaempferol 37.9 285.0 239.0 0,022
53 Apigenin 38.2 268.8 151.0/149.0 0,1

54 Amentoflavone 39.7 537.0 417.0 N.D.
55 Chrysin 40.5 252.8 145.0/119.0 0,004
56 Acacetin 40.7 283.0 239.0 0,9

N.A.: Not applicable; N.D.: Not detected; R.T.: Retention time; M.I. (m/z): Molecular ions of the standard analytes (m/z ratio);
F.I. (m/z): Fragment ions
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Figure 1. TIC (Total Ion Chromatogram) chromatogram of standard phenolic compounds (1: Quinic acid, 2: Fumaric acid, 3:
Aconitic acid, 4: Gallic acid, 5: Epigallocatechin, 6: Protocatechuic acid, 7: Catechin, 8: Gentisic acid, 9: Chlorogenic acid,
10: Protocatechuic aldehyde, 11: Tannic acid, 12: Epigallocatechin gallate, 13: 1,5-dicaffeoylquinic acid, 14: 4-OH Benzoic
acid, 15: Epicatechin, 16: Vanilic acid, 17: Caffeic acid, 18: Syringic acid, 19: Vanillin, 20: Syringic aldehyde, 21: Daidzin,

22: Epicatechin gallate, 23: Piceid, 24: p-Coumaric acid, 25: Ferulic acid D3, 26: Ferulic acid, 27: Sinapic acid, 28: Coumarin,

29: Salicylic acid, 30: Cynaroside, 31: Miquelianin, 32: Rutin, 33: Rutin D3, 34: isoquercitrin, 35: Hesperidin, 36: o-Coumaric
acid, 37: Genistin, 38: Rosmarinic acid, 39: Ellagic acid, 40: Cosmosiin, 41: Quercitrin, 42: Astragalin, 43: Nicotiflorin, 44:

Fisetin, 45: Daidzein, 46: Quercetin D3, 47: Quercetin, 48: Naringenin, 49: Hesperetin, 50: Luteolin, 51: Genistein, 52:

Kaempferol, 53: Apigenin, 54: Amentoflavone, 55: Chrysin, 56: Acacetin) analyzed by the developed LC-MS/MS method
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Figure 2. TIC (Total Ion Chromatogram) chromatogram of ethanol extract of M. fruticosa analysed by the developed

LC-MS/MS method

Table 3. Concentration of macro and micro elements of the M. fruticosa plant

Element Concent (ppm) £+ SD RSD(%) LOD LOQ
Na 90.95+£12.25 13.46 24.60 74.56
Mg 51.83+1.30 2.51 6.89 20.88

P <LOD - 3.20 9.70
K 195.10+£20.62 10.57 94.48 286.30
Ca 689.20+8.07 1.17 11.49 34.83
Mn 1.92+0.04 2.11 1.07 3.24
Fe 35.74£2.59 7.24 10.73 32.51
7n 1.74+0.05 2.63 2.36 7.14
Al 16.51+£0.54 3.24 0.85 2.58
Cu 0.59+£30.70 5.20 0.001 0.003
Li 0.01+0.61 4.29 0.0004 0.0013
\Y 0.04+2.14 5.06 0.0008 0.0024
Cr 0.03+1.99 5.77 0.0007 0.0021
Co 0.01+0.66 5.22 0.0005 0.0016
Ni 0.18+4.72 2.63 0.0007 0.0022
Ga 0.02+0.80 4.13 0.0005 0.0014
Se 0.01+0.90 9.10 0.0006 0.0019
Rb 0.14+4.10 2.95 0.0009 0.0029
Sr 1.12+15.56 1.39 0.001 0.0029
Mo 0.03+1.30 4.27 0.0015 0.0044
Cd <LOD - 0.0006 0.0012
Te <LOD - 0.0012 0.0037
Ba 0.68+13.64 2.02 0.0010 0.0031
Tl <LOD - 0.0002 0.0006
Pb 0.01+0.20 1.43 0.0003 0.0009

RSD: Relative standard deviation; LOD/LOQ: Limit of detection/limit of quantitation
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Figure 3. Effect of M. fruticosa ethanol extract on the viability of A549 lung cancer cells. Cell
viability was measured relative to the control after treatment with different concentrations of the
extract (3-500 pg/mL). Data are presented as mean + SD. * ‘Means marked with different letters

in the same column are statistically different from each other (P <0.05), **P <0.01, *P <0.05.

Conclusion

This research highlights the potent antioxidant properties of
M. fruticosa and underscores the importance of local plant re-
sources in terms of biodiversity, ecological specificity, and po-
tential health benefits. The phenolic compounds and mineral
composition identified in samples obtained from the Tortum
Valley significantly contribute to the observed antioxidant ac-
tivity, indicating that M. fruticosa could be considered a valu-
able natural health supplement. Considering that phytochemi-
cal composition and biological activity can vary considerably
depending on geographical origin and environmental condi-
tions, the current findings provide important region-specific
data supporting plant standardisation and comparative phyto-
chemical evaluations. Furthermore, studies on locally sourced
medicinal plants facilitate the integration of traditional
knowledge with modern pharmacological approaches, thereby
facilitating the development of new therapeutic strategies and
promoting the sustainable use of natural resources. Therefore,
understanding the antioxidant potential of M. fruticosa from a
defined geographical origin is critically important for both
therapeutic applications and biodiversity conservation.

In conclusion, it has been demonstrated that M. fruticosa, na-
tive to the Tortum Valley, is not only a potent source of anti-

oxidants but also a promising plant containing natural com-
pounds with potential anticancer activity. These findings high-
light the need for a comprehensive evaluation of the region's
unique pharmacological properties and for further in vivo
studies to elucidate the mechanisms of action of its bioactive
components.
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