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Abstract: This study presents the first comprehensive evaluation of the phytochemical
profile and cell-free antioxidant and enzyme inhibitory activities of the endemic Campanula
kirikkaleensis Dénmez & Gliner. n-Hexane, chloroform, and 70% methanol extracts from
aerial parts and roots were investigated for their phytochemical composition and bioac-
tivities. GC-FID/MS analyses revealed phytol (14.2%) as the main volatile in aerial parts
and hexadecanoic acid (22.5%) in roots. MSD-SPME identified 3-ethyl-3,4-dihydro-2(1H)-
quinoxalinone as the major shared volatile (9.8% in aerial parts; 14.5% in roots). Linoleic
acid was the predominant fatty acid in both parts (26.4% in aerial parts; 22.3% in roots).
LC-HRMS highlighted rutin (525.29 mg/100g 4ry plant) in aerial parts and chlorogenic acid
(24.78 mg/100g 4ry plant) in roots as dominant phenolics. The 70% methanol aerial extract
showed the strongest antioxidant activity (DPPH ICsy: 0.14 + 0.02 mg/mL; CUPRAC:
375.1 + 12.2 mM Trolox), while the highest TEAC value was recorded in the chloroform root
extract (1.27 + 0.02 mM). The same methanol extract also demonstrated the most potent
o-amylase inhibition (ICsg: 0.537 + 0.042 mg/mL). ICP-OES analysis revealed calcium as
most abundant in aerial parts (24.9 mg/g) and potassium in roots and flowers (11.7 and 19.0
mg/g). These findings provide a detailed chemical and bioactivity profile of C. kirikkaleensis,
supporting its potential for future pharmacological investigations.
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1 Introduction

The utilization and recognition of medicinal plants vary
significantly across regions, shaped by ecological diversity,
cultural traditions, and local healthcare demands. Glob-
ally, phytotherapy remains an essential pillar of traditional
medicine, particularly in regions such as Asia, Africa, and
Latin America. Tiirkiye, owing to its remarkable biodiver-
sity and strategic biogeographical position, hosts over 9,000
plant taxa, more than 30% of which are endemic—placing
the country among the richest sources of medicinal flora
and ethnobotanical knowledge in the world (Senkul & Kaya,
2017; Pironon et al., 2024; Ambarli et al., 2016).
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The genus Campanula L., belonging to the Campanulaceae
family, is well-represented in Tiirkiye with 136 recognized
taxa, including recently described species. Notably, over half
of these taxa are endemic (Liveri et al.,, 2019; Ozcan &
Eminagaoglu, 2018). Ethnobotanical research suggests that
members of this cosmopolitan genus—distinguished by their
characteristic blue, bell-shaped flowers, have been tradition-
ally employed in the treatment of various ailments (Erdogan
et al., 2025; Bussmann et al,, 2016). Tsiftsoglou et al. (2023)
reported that C. pelviformis is a rich source of dietary min-
erals, while Mok et al. (2023) demonstrated the therapeutic
potential of C. takesimana in managing asthma, tonsillitis,
and atopic dermatitis through modulation of cytokine-
induced epidermal differentiation and lipid metabolism.

Several phytochemicals reported in Campanula species,
including flavonoids (e.g., luteolin, apigenin), phenolic acids
(e.g., caffeic acid, rosmarinic acid), and terpenoids, have
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demonstrated promising bioactivities in previous studies
(Erdogan et al.,, 2025). These compounds are well-known
for their potent antioxidant and anti-inflammatory effects,
which are highly relevant in preventing or mitigating
oxidative stress-related disorders such as cardiovascular
diseases, neurodegenerative conditions, diabetes mellitus,
and certain cancers. Moreover, the inhibition of enzymes
such as o-amylase is a well-recognized therapeutic tar-
get in the management of type 2 diabetes, suggesting that
enzyme-inhibitory plant constituents may offer potential
for antidiabetic drug development (Erdogan et al., 2025).
Therefore, identifying and characterizing the bioactive con-
stituents of C. kirikkaleensis may provide novel leads for
future biomedical applications.

Despite their extensive traditional use, comprehensive
phytochemical and biological evaluations remain limited for
many Campanula species, primarily due to their taxonomic
complexity and wide geographic distribution. Furthermore,
new species continue to be described. One such species is
Campanula kirikkaleensis, first identified by Dénmez and
Giliner (1993) (World Flora Online (WFQO), 2025). To date,
scientific knowledge about C. kirikkaleensis remains scarce.
Its selection was driven not only by its strict endemism to
Kirikkale Province but also by the documented ethnophar-
macological relevance of closely related Campanula species,
traditionally used for inflammatory, respiratory, and diges-
tive ailments. Investigating this underexplored taxon may
reveal novel bioactive compounds and support biodiversity
conservation efforts. This species is narrowly endemic to
Kirikkale Province, Tiirkiye, typically found at elevations
around 1,000 m above sea level (Urker, 2021).

Given the documented ethnopharmacological relevance
and known bioactivities of related Campanula species, this
study aims to comprehensively characterize the phytochem-
ical profile of C. kirikkaleensis and evaluate its antioxidant
and enzyme inhibitory properties through cell-free assays.
This integrated approach is intended to provide scientific
support for the pharmacognostic potential of this narrowly
endemic species.

To date, no comprehensive phytochemical or bioactivity-
oriented investigation has been reported for C. kirikkaleensis,
and the literature lacks data on its essential oil profile, volatile
composition (MSD-SPME), fatty acid composition, silylated
metabolites, LC-HRMS phenolic profile, and cell-free antiox-
idant and o-amylase inhibitory activities. Unlike earlier
studies focusing on other Campanula taxa, the present work
provides the first multi-platform chemical characterization of
this endemic species, integrating GC-FID/MS, MSD-SPME,
LC-HRMS, fatty acid profiling, and mineral-vitamin analysis
within a single framework. This holistic approach not only
reveals several previously unreported metabolites, including
the dominance of 3-ethyl-3,4-dihydro-2(1H)-quinoxalinone,
but also demonstrates the species’ distinct chemotaxonomic
features and notable biological potential. These aspects
clearly distinguish the current study from all formerly pub-
lished data on the genus.
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2 Materials and Methods

2.1 Plant Material Collection and Identification

Specimens of C. kirikkaleensis were collected in July 2022
from the vicinity of Sarmaga Village Road in Corum, Tiirkiye
(elevation: 900 m; latitude: 40.3833° N; longitude: 34.5325°
E), an area characterized by salt-rich (halophytic) and
gypsum-bearing steppe habitats. Botanical identification
was conducted by Dr. Omer Koray YAYLACI (Department
of Pharmaceutical Botany, Faculty of Pharmacy, Anadolu
University, Eskigehir, Tirkiye; https://avesis.anadolu.edu.
tr/okyaylaci), based on the original taxonomic description
provided by Dénmez and Giiner (1993). A taxonomically
verified specimen was deposited at the Herbarium of the
Faculty of Pharmacy, Anadolu University (ESSE No: 15898)
(Figures 1A-1C). The collected plant material was
shade-dried under cool, well-ventilated conditions and
subsequently separated into aerial parts and roots. Each part
was then cut into appropriate sizes for phytochemical and
cell-free activity evaluations.

2.2 Essential Oil Isolation by Hydrodistillation

The essential oils from C. kirikkaleensis were isolated by
hydrodistillation of the herb and the roots (separately) using
a Clevenger-type apparatus (IldamCam, Tiirkiye) for 3 hours.
For each distillation, 50 g of dried plant material was placed
in a 1000 mL round-bottom flask with 500 mL of distilled
water. Hydrodistillation was chosen as a classical and widely
accepted method for isolating volatile essential oils, allowing
comparison with other Campanula species in the litera-
ture (European Directorate for the Quality of Medicines &
HealthCare, 2023). The collected oils were stored in amber
glass vials at 4°C to prevent photodegradation. The essential
oil yield was calculated as % w/w based on the dry weight of
the plant.

2.3 Extraction of Volatile Compounds

Since the plant is very poor in essential oil, the volatile com-
pounds were investigated by Micro-Steam Distillation—-Solid
Phase Microextraction (MSD-SPME) technique in order
to directly capture the volatile compounds. MSD-SPME
was chosen as a highly sensitive, solvent-free technique
that enables efficient extraction and direct analysis of low-
abundance volatile compounds, providing complementary
information to conventional hydrodistillation and overcom-
ing its limitations in plant species with very low essential
oil content (Cetin, 2025). For each extraction, 0.5 g of the
aerial parts and roots separately were placed in 25 mL glass
flasks containing 3 mL of distilled water. The mixture was
gently heated, and distillation-extraction was carried out
simultaneously for 3 minutes using a polydimethylsilox-
ane/divinylbenzene (PDMS-DVB) fiber (Supelco, Merck
KGaA, Darmstadt, Germany). After completion of the
extraction process, the fiber was directly subjected to analysis
by Gas Chromatography-Mass Spectrometry GC-FID/MS
(Agilent 6890N; SEM Ltd, Istanbul, Tiirkiye) (Cetin, 2025).
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Figure 1. Campanula kirikkaleensis. (A) Natural habitat and overall appearance of Campanula kirikkaleensis in the wild; (B) Close-up view of
its characteristic blue, bell-shaped flowers; (C) Herbarium specimen of C. kirikkaleensis (ESSE No: 15898)

2.4 Solvent Extraction

The aerial parts and roots of C. kirikkaleensis were sepa-
rately extracted at room temperature by maceration using
three different solvents: n-hexane (C¢Hj4; Merck, Germany),
chloroform (CHCL; Sigma-Aldrich, St. Louis, MO, USA),
and 70% methanol (CH;OH; Darmstadt, Germany). For
each extraction, 10 g of plant material was mixed with 200
mL of solvent. Extractions were performed on a shaker at
110 rpm for 48 hours. After extraction, the mixtures were
filtered using pleated filter paper and the solvents were
evaporated under reduced pressure at 40°C using a rotary
evaporator (Heidolph Instruments, Germany). The extracts
obtained were stored under appropriate conditions to be
used in further studies. In addition to these independent
extractions, sequential solvent extraction was also carried
out for both aerial and root materials. After maceration
with n-hexane and filtration, the residual plant material was
dried under a gentle stream of nitrogen to remove remain-
ing traces of the solvent. The same plant material was then
successively macerated with chloroform and finally with 70%
methanol, following the same procedure described above.
Thus, sequential extraction was performed using solvents of
increasing polarity.

2.5 Silylation of Extracts

To determine the chemical composition of the extracts,
silylation was carried out prior to GC-FID/MS analysis
to derivatize polar, thermolabile, and non-volatile com-
pounds, rendering them volatile and thermally stable for
accurate GC analysis. Specifically, 2.0 mg of each extract
was mixed with 70 uL of pyridine and 70 uL of N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1%
trimethylchlorosilane (TMCS). The mixtures were heated in
a sand bath at 100°C for 1 hour to complete derivatization.

http://doi.org/10.25135/rnp.2509.3644
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2.6 Microextraction of Fixed Fatty Acids

Fixed fatty acids were extracted from 0.2 g of the root and
aerial parts using a commercial Fatty Acid Extraction Kit.
(Sigma-Aldrich, St. Louis, MO, USA). The plant materials
were homogenized in 3.0 mL of extraction solution with a
tissue homogenizer (15,000 rpm, 5 min). Transesterification
was subsequently performed under a nitrogen atmosphere.
For derivatization, 100 pL of boron trifluoride (BF;) reagent
and 300 pL of n-hexane were added to the homogenate,
followed by heating at 95°C for 1 hour in a sand bath. After
cooling, 1 mL of n-hexane and 1 mL of distilled water were
added, and the mixture was vortexed and then allowed to
stand for phase separation. Then, the hexane phase was
separated by using pasteur pipette. Prior to gas chromato-
graphic analysis, the samples were concentrated under a
gentle stream of nitrogen gas (Moller et al., 2019). This proto-
col was applied to extract and derivatize fixed fatty acids from
the aerial parts and roots, enabling accurate GC-FID/MS
analysis for comprehensive identification and quantification
of the plant’s fatty acid composition.

2.7 Mineral and Vitamin Analysis
In addition to the aerial and root parts, flowers were also
collected, dried, and analyzed for mineral content using
the same ICP-OES procedure described above. Plant sam-
ples were digested with concentrated nitric acid using
a microwave-assisted digestion system and subsequently
diluted with distilled water. Mineral content was quanti-
fied using Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) for simultaneous multi-element
detection, including Zn, Cd, Co, Ni, Fe, Mg, Ca, Cu, Na, and
K. Results were expressed as milligrams of element per gram
of dry plant material (mg/g) (Cetin, 2025).

In addition, the lipophilic vitamin profile—including vita-
min K;, vitamin E, vitamin E acetate, vitamin A palmitate,
and B-carotene—was determined using Ultra Performance
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Convergence Chromatography (UPC*; Waters Acquity, Mil-
ford, MA, USA) coupled with a Photodiode Array (PDA)
detector (European Directorate for the Quality of Medicines
& HealthCare, 2023). Prior to analysis, the samples were dis-
solved in methyl tert-butyl ether (MTBE). This approach was
employed to accurately quantify essential mineral elements
and lipophilic vitamins in the plant, providing a compre-
hensive nutritional and bioactive profile while ensuring high
sensitivity and reproducibility of the measurements.

2.8 Cell-Free Antioxidant and Enzyme Inhibition Assays

The antidiabetic and antioxidant potentials of C. kirikkaleen-
sis were evaluated through a series of cell-free bioassays.
Antidiabetic activity was assessed via inhibition of pancreatic
o-amylase, with absorbance measured at 630 nM using a
microplate reader (Zengin et al., 2014). Antioxidant activity
was determined using three spectrophotometric methods:

) The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay (Sigma-Aldrich, St. Louis, MO,
USA) (Krishnaiah et al., 2011);

(i) The cupric ion reducing antioxidant capacity
(CUPRAC) assay, which quantifies the reduction of
Cu?* to Cu* ions (Ozyiirek et al., 2011); and,

(iii)  The Trolox Equivalent Antioxidant Capacity (TEAC)
assay based on the scavenging of the ABTS*
radical cation (2,2’-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid)) (Re et al., 1999).

These assays were selected to provide a comprehensive,
cell-free evaluation of the antioxidant and enzyme inhibitory
properties of the extracts, enabling an accurate and con-
trolled assessment of their radical-scavenging and o-amylase
inhibitory activities without the confounding effects of cellu-
lar metabolism.

2.9 Gas Chromatography-Mass Spectrometry (GC-MS)
Analysis

GC-MS analysis was performed according to previously
described conditions (Ozek et al., 2006). An Agilent HP-
Innowax FSC capillary column (60 m x 0.25 mM, 0.25 uM
film thickness) was used with helium as the carrier gas at a
constant flow rate of 0.8 mL/min. The oven temperature was
initially held at 60°C for 10 minutes, then raised to 220°C at
a rate of 4°C/min, held for 10 minutes, and finally increased
to 240°C at 1°C/min. The injection was performed in split
mode with a split ratio of 40:1, and the injector temperature
was set at 250°C. Mass spectra were recorded in electron
impact (EI) mode at 70 eV over a mass range of 35-450 m/z.
Compound identification was performed by comparing the
obtained mass spectra with reference data from the Wiley
GC/MS Library (Wiley, New York, NY, USA) (Wiley Science
Solutions, 2024), Joulain et al. (2001), the Adams Library
(Adams, 2005), the Bager Library (Baser & Demirci, 2007),
and Ozek et al. (2007).

4

2.10 Gas Chromatography-Flame lonization Detection
(GC-FID) Analysis

GC-FID analysis was conducted using an Agilent 6890N
GC system. To ensure the same elution order as in the GC-
MS analysis, the effluent was split between the FID and MS
detectors, and a single injection was performed using the
same capillary column and identical analytical conditions.
The FID temperature was set at 300°C.

2.11 Analysis of Silylated Compounds

For the analysis of silylated derivatives prepared from n-
hexane, 70% methanol, and chloroform extracts, an Agilent
7890A GC system coupled with a 5975C Inert Mass Selective
Detector (MSD) equipped with a Triple-Axis detector was
employed. Chromatographic separation was achieved using
an HP-5 FSC capillary column (30 m x 0.25 mM, 0.25 uM
film thickness; Agilent, Walt & Jennings Scientific, Wilm-
ington, DE, USA). Helium was used as the carrier gas at
a constant flow rate of 0.8 mL/min. The oven temperature
was programmed to increase from 100°C to 320°C at a
rate of 3°C/min and was held at 320°C for 16.67 minutes.
The injector temperature was maintained at 250°C, while
the flame ionization detector (FID) temperature was set at
300°C. The injection was performed in splitless mode. 1.0
UL of each derivatized sample was directly injected into GC-
FID/MS systems. Mass spectra of the separated compounds
were recorded in electron impact (EI) mode at 70 eV, within
the mass range of 35-1050 m/z. Compound identification
was based on comparison of retention times and mass spec-
tral data with the Wiley GC/MS Library (Wiley, New York,
NY, USA). Additionally, the "Special Ozek Silyl Derivative
Library," developed from standard compound derivatives,
was used as a reference database. Quantitative analysis was
performed by calculating the relative percentage areas of the
peaks detected by the FID (Cetin, 2025; Razborsek et al.,
2008).

2.12 Analysis of Phenolic Compounds

Phenolic constituents in the extracts were analyzed using a
liquid chromatography coupled with high-resolution mass
spectrometry (LC-HRMS) system (Thermo ORBITRAP Q-
Exactive) equipped with an electrospray ionization (ESI)
source. Chromatographic separation was achieved on a Troy-
asil C;g HS column (150 x 3 mM, 3.5 uM) at a flow rate of
0.35 mL/min. The mobile phases consisted of water with 1%
formic acid (A) and methanol with 1% formic acid (B). The
gradient program initiated at 50% B, increased to 100% at 3
min, was held constant until 6 min, returned to 50% at 7 min,
and maintained this level until 15 min.

Mass spectra were acquired over an m/z range of 100-
900 under optimized ionization conditions. The ion source
parameters were as follows: sheath gas flow rate, 45; aux-
iliary gas flow rate, 10; spray voltage, 3.80 kV; capillary
temperature, 320°C; auxiliary gas heater temperature, 320°C;
and S-lens RF level, 50. The mass resolution was set to
70,000 at m/z 200. Compound identification was conducted
by comparison with entries in the ILMER spectral library
(Bezmialem Vakif University). Environmental conditions
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Table 1. Solvent-specific extraction efliciencies of C. kirikkaleensis aerial and root parts

Extract type Extract code Yield*, %
Aerial part essential oil Ap-EO 0.096
Root essential oil R-EO 0.031
n-Hexane extract of the aerial part Ap-HE 13
Chloroform extract of the aerial part Ap-CE 2.0
Methanol extract of the aerial Ap-ME 13.6
n-Hexane extract of the root R-HE 1.3
Chloroform extract of the root R-CE 33
Methanol extract of the root R-ME 175
Chloroform extract of the aerial part following n-hexane extraction Ap-HCE 0.7
Chloroform extract of the root following #n-hexane extraction R-HCE 0.8
70% methanol extract of the aerial following sequential #n-hexane and chloroform extraction =~ Ap-HCME 11.0
70% methanol extract of the root following sequential #-hexane and chloroform extraction R-HCME 14.5

Note: *Yields were calculated based on the air-dried weight of the plant material and expressed as % w/w.

during analysis were maintained at 22.0 + 5.0°C and 50 + 15%
relative humidity.

3 Results

Within the scope of this study, the phytochemical com-
position and cell-free antioxidant and enzyme inhibition
potential of C. kirikkaleensis were comprehensively eval-
uated. Maceration with n-hexane, chloroform, and 70%
methanol under continuous shaking (110 rpm) at room
temperature yielded extracts that were subsequently fil-
tered through pleated filter paper. Extraction efficiency was
expressed as the percentage of extract mass relative to the
dry weight of the plant material. The highest yields were
determined in the root methanol extract (R-ME; 17.5%
w/w), followed by the sequential root extract (R-HCME;
14.5% w/w), the aerial part methanol extract (Ap-ME; 13.6%
w/w), and the sequential aerial part hexane, chloroform and
methanol extract (Ap-HCME; 11.0% w/w).

The relatively high extraction efficiencies obtained from
the methanol extracts—particularly from the root—suggest a
higher concentration of polar phytoconstituents in this plant
part. A detailed summary of extraction yields is provided
in Table 1. A comprehensive set of supplementary tables
(S1-S4) provides detailed phytochemical compositions, chro-
matographic results, and compound-specific data supporting
the findings presented in this study.

3.1 Essential Oil Chemical Composition

The essential oil obtained from the aerial part of C.
kirikkaleensis contained 63 compounds, representing 96.5%
of the total oil content. The major constituents were phy-
tol (14.2%), pentacosane (12.8%), and heptacosane (9.2%).
In terms of chemical classification, the essential oil from
the aerial parts was predominantly composed of long-
chain hydrocarbons, along with notable contributions from
sesquiterpenes, aldehydes, fatty alcohols, norisoprenoids
(e.g., P-ionone derivatives), and oxygenated compounds
such as phytol, indicating a chemically rich and struc-
turally varied profile. In the root oil, 52 compounds were

http://doi.org/10.25135/rnp.2509.3644
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identified, accounting for 97.5% of the total composition.
The primary constituents were hexadecanoic acid (22.5%),
3-ethyl-3,4-dihydro-2(1H)-quinoxalinone (20.6%), and tria-
contane (8.0%). These results indicate that the root oil of C.
kirikkaleensis is rich in long-chain fatty acids, hydrocarbons,
and heterocyclic structures, reflecting its complex chemical
makeup. A complete list of all identified volatile constituents,
along with their relative abundances and retention indices, is
provided in Supplementary Table S1.

3.2 Volatile Compound Profiles Obtained by MSD-SPME
Analysis

Based on the results of MSD-SPME analysis, a total of 59
volatile compounds were identified in the aerial parts of
C. kirikkaleensis. The major constituents were 3-ethyl-3,4-
dihydro-2(1H)-quinoxalinone (9.8%), hexadecanoic acid
(7.8%), and (E)-B-ionone (5.5%). In the root extracts, 57
compounds were detected, with the principal constituents
being 3-ethyl-3,4-dihydro-2(1H)-quinoxalinone (14.5%),
hexanol (10.7%), (E,E)-2,4-decadienal (10.1%), and
(E,Z)-2,4-decadienal (7.1%). Notably, 3-ethyl-3,4-dihydro-
2(1H)-quinoxalinone was the most abundant volatile
compound in both plant parts.

All volatile constituents occurring at >3% are sum-
marized in Table 2. The complete list of all identified
volatile compounds—including both major and minor
constituents—along with their retention indices and relative
abundances, is provided in Supplementary Table S2.

3.3 Phytochemical Profile of Silylated Derivatives

The compounds identified in the silylated (TMS) deriva-
tives of C. kirikkaleensis aerial part and root extracts, as
determined by GC-FID/MS analyses, are summarized in
Supplementary Tables S3-S4. The analyses revealed dis-
tinct phytochemical profiles between the two plant parts
and among different solvent fractions. In the aerial part
extracts, octacosanoic acid and B-sitosterol were predomi-
nant in both the hexane (16.8% and 12.0%, respectively) and
chloroform (20.0% and 11.3%, respectively) fractions. The
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Table 2. Major volatile constituents of C. kirikkaleensis identified by MSD-SPME analysis

RRI Compound Aerial part % Root %
1093 Hexanal - 43
1360 Hexanol 0.2 10.7
1399 Nonanal 0.9 35
1523 (E,Z)-3,5-Octadien-2-one - 4.7
1779 (E,Z)-2,4-Decadienal - 71
1827 (E,E)-2,4-Decadienal 1.5 10.1
1868 (E)-Geranyl acetone 4.8 1.6
1958 (E)-B-Ionone 5.5 -
2037 3-Ethyl-3,4-dihydro-2(1H)-quinoxalinone * 9.8 14.5
2131 Hexahydrofarnesyl acetone 4.7 0.3
2178  3,4-Dimethyl-5-pentylidene-2(5H)-furanone 5.2 -
2239 Carvacrol 4.6 0.6
2343 2-Ethylhexyl salicylate - 7.0
2629 MW:276, BP:121 5.5 -
2670 Tetradecanoic acid 3.8 -
2935 Hexadecanoic acid (=Palmitic acid) 7.8 11

Note: RRI: Relative Retention Index was calculated for the polar column with n-alkanes
(C7-C40); %: Calculated from the FID chromatogram; #: Identified based on spectral
similarity with the Wiley-NIST library; MW: Molecular weight; BP: Base peak.

70% methanol extract of the aerial part was characterized by
high levels of sucrose (20.8%) and quinic acid (4.9%). In the
combined hexane and chloroform extracts, methyl-butyl-o.-
D-mannopyranoside (26.3%) and octacosanoic acid (18.0%)
were the major constituents, while the sequential hexane,
chloroform, and methanol extract was dominated by sucrose
(46.3%) and myo-inositol (11.7%).

Similarly, the root extracts displayed distinct profiles. In
the hexane extract, I-octacosanol (12.6%) and B-sitosterol
(10.5%) were predominant, whereas the chloroform extract
contained octacosanoic acid (18.9%) and 1l-octacosanol
(15.6%) as major constituents. The 70% methanol extract of
the root was notably rich in sucrose (52.9%). In the com-
bined hexane and chloroform root extract, octacosanoic acid
(16.6%) and hexacosanoic acid (14.0%) were most abundant,
while the sequential hexane-chloroform-methanol extract
contained high levels of 5-hydroxymethylfurfural (9.7%) and
trimethyl((4-methylcyclohexyl)methoxy)silane (7.9%).

3.4 Fatty Acid Composition and Omega-Series Distribu-
tion in C. kirikkaleensis

The fixed fatty acid content of C. kirikkaleensis was ana-
lyzed through fatty acid methyl esters (FAMEs), using gas
chromatography-mass spectrometry (GC-MS) for quali-
tative identification and gas chromatography with flame
ionization detection (GC-FID) for quantification. In the
aerial part extract, 11 fatty acids were identified, with linoleic
acid (26.4%), palmitic acid (174%), and a-linolenic acid
(13.0%) as the predominant constituents. Similarly, the root
extract contained 11 fatty acids, among which linoleic acid
(22.3%), hexacosanoic acid (21.6%), and nonadecanoic acid
(14.8%) were the most abundant. The FAME profiles of
both plant parts are detailed in Table 3. Additionally, the
unsaturated fatty acids were classified by their omega (®)

6

series, revealing a predominance of -6 and -3 fatty acids,
both of which are essential for maintaining cellular function,
membrane fluidity, and overall metabolic health.

3.5 Mineral Profile and Vitamin Screening of C.
kirikkaleensis

Results of the mineral and vitamin analyses of C. kirikkaleen-
sis aerial and root parts revealed distinct outcomes. The
fat-soluble vitamin profile was assessed using Ultra Per-
formance Convergence Chromatography (UPC?), targeting
vitamins K;, E, E acetate, A palmitate, and -carotene. How-
ever, none of these vitamins were detected in the aerial part
or root samples under the applied analytical conditions. Min-
eral composition was determined using Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES). The most
abundant elements were calcium (24.9 mg/g) in the aerial
part, potassium (11.7 mg/g) in the roots, and potassium (19.0
mg/g) in the flowers.

3.6 Evaluation of Antioxidant and Enzyme Inhibitory
Activities

The cell-free antioxidant and enzyme inhibitory activities
of C. kirikkaleensis extracts were evaluated using assays,
including free radical scavenging (DPPH, TEAC/ABTS',
and CUPRAC) and pancreatic o-amylase inhibition tests, to
assess their antioxidant and antidiabetic potential. A compar-
ative summary of the antioxidant and o-amylase inhibitory
effects of the extracts is provided in Figure 2.

3.6.1 Results of Antioxidant Activity Assays

The antioxidant potential of C. kirikkaleensis extracts was
assessed using three cell-free in vitro methods. DPPH, TEAC
(ABTS‘+), and CUPRAC. Each method reflects a different
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Table 3. Fatty Acid Methyl Ester (FAME) composition of C. kirikkaleensis ana-

lyzed by GC-FID/MS

No RRI Compound Aerial part % Root %

1 2016 Methyl myristate (14:0) 0.7 11.3
2 2223 Methyl palmitate (16:0) 17.4 -
3 2330  Methyl heptadecanoate (17:0) - 1.0
4 2436 Methyl stearate (18:0) 2.1 1.9
5 2468 Methyl oleate (18:1) ®-9 7.5 4.1
6 2509 Methyl linoleate (18:2) m-6 26.4 22.3
7 2542 Methyl nonadecanoate (19:0) 11.8 14.8
8 2572 Methyl linolenate (19:3) ®-3 13.0 6.0
9 2642 Methyl arachidate (20:0) 0.8 2.0
10 2843 Methyl behenate (22:0) 1.8 73
11 3050 Methyl lignocerate (24:0) 73 7.6
12 3280  Methyl hexacosanoate (26:0) 1.1 21.6

Total 99.9 99.9

Total ®-3 13.0 6.0

Total ®-6 26.4 22.3

Total ®-9 75 4.1

Total unsaturated fatty acids 46.9 324

Note: RRI: Relative Retention Index was calculated for the polar column with

n-alkanes (C;-Cy).
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15 4y 1,27
1
0,61 0,64
0,5 0 24 0 26
0
0 & & ®
: < &
W w w Q. <~ Q&x" ch_’iio
CUPRAC Antioxidant Capacity (TE,
mM; Trolox Equivalent)
500
400 375,1
300 237,6
200 130 4 122,3
79 5
100
all . -
0 R N A
y.Q y& V,Q’ ‘2‘ Q/ @ &VO (?zc&
v

DPPH Radical Scavenging Activity

(Icso,mg/mL)
6
4,04
4
1,4
2 W06 7 oot o
, il -
o > T ¢
v":go VQC vv‘f\ TS & as&e%
& ¥
a-Amylase Inhibitory Activity (ICs,
mg/mL)
3 2,64 2,56
25 [T I
2
1,34 1,29
15 T
1 0,64 0,54
T = 0,22
05 (I
0 o T T
&S S S
R o

Figure 2. Antioxidant and o.-Amylase inhibitory activities of C. kirikkaleensis extracts

mechanism of antioxidant action, such as radical scaveng-
ing or electron transfer capacity. In the DPPH assay, which
measures the ability to neutralize free radicals via hydro-

gen atom donation, the 70% methanol extract of the aerial

http://doi.org/10.25135/rnp.2509.3644
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part exhibited the highest activity with an ICso value of
0.14 + 0.02 mg/mL, indicating strong radical scavenging
capacity. Gallic acid was used as the reference antioxidant.
The TEAC assay, based on the scavenging of the ABTS"
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Figure 3. Dose-response inhibition curves of pancreatic o-amylase by (A) acarbose (standard), (B) 70% methanol extract of C. herba, and

(C) chloroform extract of herba

radical cation, revealed the chloroform extract of the root to
be the most effective, showing a Trolox equivalent antiox-
idant capacity of 1.27 + 0.02 mM. This value was derived
from a Trolox calibration curve with excellent linearity
(r* = 0.9951), confirming the reliability of the measure-
ments. In the CUPRAC assay, which evaluates the ability
of antioxidants to reduce Cu** to Cu’ in the presence of
neocuproine, the strongest response was again observed in
the 70% methanol extract of the aerial part. This sample
exhibited a copper-reducing capacity of 375.1 + 12.2 mM
TE, as determined from a standard curve with an excellent
correlation (r* = 0.9999). All measurements were performed
in triplicate and expressed as means + SD. A summary of the
antioxidant activity results is provided in Figure 2.

3.6.2 a-Amylase Inhibitory Activity for Antidiabetic Evalu-
ation

Based on the ICsy value of the standard inhibitor
acarbose (0.22 £ 0.01 mg/mL), the strongest ci-amylase
inhibitory activity among the C. kirikkaleensis extracts was
observed in the 70% methanol extract of the aerial part
(0.54 + 0.04 mg/mL), followed by the aerial part chloroform
extract (0.64 + 0.05 mg/mL) (Figures 3A-3C). In contrast,
the root extracts exhibited weaker inhibition, with ICs,
values averaging around 1.2 mg/mL (Figure 3). The dose-
response inhibition curves of the remaining extracts are
provided in the Supplementary Materials (Figures S1-S4)
for reference.

3.7 Phenolic Compounds

In the 70% aqueous methanol extracts of C. kirikkaleensis,
rutin (525.29 mg/100 g 4ry weight) Was identified as the major
phenolic compound in the aerial part, while chlorogenic acid
(24.78 mg/100 g dry weight) predominated in the root. Detailed
results are presented in Table 4. These findings reveal distinct
phenolic distributions between plant parts and suggest that
the rutin- and chlorogenic acid-rich fractions may contribute
to the antioxidant properties observed in the cell-free assays.

8

4 Discussion

To the best of our knowledge, this is the first study to investi-
gate the phytochemical composition and cell-free antioxidant
and enzyme inhibitory properties of C. kirikkaleensis Don-
mez & Giiner, an endemic species for which no prior data
on chemical constituents or bioactivity have been reported
in the literature. The present study comprehensively pro-
filed the phytochemical constituents and cell-free antioxidant
and enzyme inhibitory properties of C. kirikkaleensis. Based
on the hypothesis that this endemic species harbors bio-
logically active compounds similar to related Campanula
taxa, our findings provide clear evidence of its pharma-
cognostic potential, highlighting the relevance of its unique
phytochemical composition and bioactivity for further ther-
apeutic exploration.

In the essential oil composition, phytol (14.2%), pen-
tacosane (12.8%), and heptacosane (9.2%) were identified
as the major components of the aerial part, while the
root oil was rich in hexadecanoic acid (22.5%), quinoxali-
none (20.6%), and triacontane (8.0%). MSD-SPME analysis
revealed 3-ethyl-3,4-dihydro-2(1H)-quinoxalinone to be the
most abundant volatile in both aerial and root parts, reaching
14.5% in the root. The silylated extracts of the aerial part
predominantly contained octacosanoic acid, [B-sitosterol,
sucrose, and quinic acid, while the root fractions fea-
tured l-octacosanol, octacosanoic acid, hexacosanoic acid,
and high levels of sucrose (up to 52.9%). In terms of
fatty acid content, linoleic acid was the most abundant
in both aerial part (26.4%) and root (22.3%), followed by
palmitic acid, a-linolenic acid, and nonadecanoic acid. No
fat-soluble vitamins were detected, whereas calcium (24.9
mg/g) was the most concentrated mineral in the aerial
part and potassium in both root (11.7 mg/g) and flower
(19.0 mg/g) parts. Among the phenolic compounds, rutin
(525.29 mg/100 g dryweight) Was dominant in the aerial
part and chlorogenic acid (24.78 mg/100 g dry weight) in
the root. Regarding cell-free antioxidant activity, the 70%
methanol extract of the aerial part exhibited the highest
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Table 4. Phenolic profiles of Campanula kirikkaleensis extracts determined by LC-HRMS

No Analytes RT? m/z° RU (%) Quantitative results (mg analyte/100g 4y plant)
Ap-ME R-ME
1 Chlorogenic acid 8.35 353.0860 3.58 104.10 24.78
2 Fumaric acid 7.72 115.0031 2.88 12.08 4.37
3 Caffeic acid 8.69 179.0341 3.74 7.93 3.19
4 Luteolin-7-rutinoside ~ 919  593.1482 3.06 78.81 0.15
5 Vanilic acid 9.09 167.0341 3.49 40.43 9.98
6 p-Coumaric acid 8.42  163.0392 3.31 26.69 9.44
7 Rutin 8.94  609.1430 3.07 525.29 4.08
8 Syringic acid 9.64 197.0446 3.71 21.31 11.42
9 Hyperoside 8.69 179.0341 3.46 69.92 N.D.
10 Quercitrin 9.02 463.0858 3.78 19.11 N.D.
11 Scutellarein 10.37  285.0390 2.84 2.47 N.D.
12 Quercetin 9.83  301.0338 2.95 2.97 N.D.
13 Salicylic acid 10.22  137.0237 1.89 1.20 0.71

Note: RT®: Retention time, 71/z: mass-to-charge ratio of the detected ion., Ap-ME: Aerial part %70 methanol extract, R-ME:
Root %70 methanol extract, RU: Relative Uncertainty, N.D.: Not detected.

activity in DPPH (ICsp: 0.14 + 0.02 mg/mL) and CUPRAC
(375.1 + 12.2 mM TE) assays, while the chloroform extract of
the root showed the highest TEAC activity (1.27 + 0.02 mM
TE). The same methanol extract of the aerial part also
demonstrated the strongest oi-amylase inhibitory effect (ICs:
0.537 + 0.042 mg/mL).

Campanula species are known to produce extracts in vary-
ing yields depending on plant part and solvent polarity
(Marah et al, 2024). In the present study, extract yields
exceeding 10% were obtained from both the 70% methanol
and the sequential #n-hexane-chloroform-methanol extracts
of the aerial part and root of C. kirikkaleensis. These yields
were sufficient to enable detailed phytochemical profiling and
cell-free biological activity assessments. The observed differ-
ences in extract yields among Campanula species, including
the relatively higher yield of C. kirikkaleensis compared to
C. baskilensis and C. glomerata, and its lower yield than C.
takesimana (Marah et al., 2024; Sarikurkcu et al., 2017; Kim
et al,, 2012), may be influenced by several factors. These
include intrinsic variations in phytochemical density, dif-
ferences in plant tissue architecture, and the phenological
stage at the time of harvest. Additionally, solvent polarity,
extraction duration, and methodology—such as maceration
versus Soxhlet or ultrasonic extraction—can significantly
impact extract recovery. The specific plant part used (aerial
part vs. root), environmental conditions, and genetic vari-
ability among species are also known to play crucial roles in
determining overall extractive efficiency.

Essential oils (EO), valued for their pleasant aroma and
high content of bioactive constituents, have gained grow-
ing interest not only in traditional applications such as
perfumery and flavoring, but also in modern medical
and therapeutic contexts. Their demonstrated antimicro-
bial, antioxidant, anti-inflammatory, and analgesic properties
have supported their incorporation into a wide range of
pharmaceutical, cosmetic, and food preservation products

http://doi.org/10.25135/rnp.2509.3644
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(Ramsey et al., 2020; Pezantes-Orellana et al., 2024). The
chemical complexity of essential oils derived via hydrodis-
tillation is strongly influenced by the distillation parameters,
plant matrix characteristics, and the sensitivity of the analyt-
ical techniques employed—particularly gas chromatography
coupled with mass spectrometry (GC-MS) or flame joniza-
tion detection (GC-FID) (De Groot & Schmidt, 2016a; Gibbs,
2019). In the present study, although the EO yields of both
the aerial part (0.096%) and root (0.031%) of C. kirikkaleensis
remained below 1%, as is typical for many Campanula species
(Tosun et al.,, 2011; Salajeghe et al., 2015), a total of 85 EO
compounds were identified across both parts (Supplemen-
tary Table S1), reflecting a remarkable degree of chemical
richness despite the relatively low yield. Phytol, which was
identified as the major constituent in the aerial part extract,
and hexadecanoic acid, the most abundant compound in
the root oil, are of particular interest due to their strong
anti-inflammatory activity, as well as their roles in vitamin
synthesis, anti-aging applications, and skin-protective for-
mulations (Islam et al., 2018; Aparna et al., 2012). Future
studies involving a greater number of samples and alternative
extraction techniques may lead to the identification of addi-
tional essential oil components and a more comprehensive
chemical profile (De Groot & Schmidt, 2016b).

The analysis of volatile constituents, similar to essential
oils, represents a key approach for elucidating the therapeutic
relevance and biological functions of medicinal plants
(Mathe et al., 2024; Aziz et al., 2022). Unlike previous studies
on other Campanula species, the volatile constituent profile
of C. kirikkaleensis was investigated using the MSD-SPME
technique, which allows for solvent-free extraction and
enhanced sensitivity to low-abundance volatiles directly
from plant matrices (Korkmaz et al., 2020; Ozek et al., 2025).
A comprehensive volatile profiling of C. kirikkaleensis yielded
a total of 94 compounds, including 22 shared between the
aerial and root parts, each exhibiting distinct abundance
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profiles, along with one unidentified constituent (Table S2).
Among these, 3-ethyl-3,4-dihydro-2(1H)-quinoxalinone,
a quinoxaline derivative, emerged as the major volatile
compound and is recognized for its antimicrobial, anti-
inflammatory, and anticancer properties (Ramli et al,
2014; Ahmed et al., 2022). 2-Ethylhexyl salicylate, present
at 7% in the root extract, is commonly utilized as a UVB
filter in commercial sunscreen formulations (Pniewska &
Kalinowska-Lis, 2024). Furthermore, hexanol, a volatile
alcohol frequently found in essential oils, has demonstrated
antimicrobial activity in food systems (Kyoui et al., 2023).
Notably, 2,4-decadienal, identified at 10.1% in the root
extract, has been shown to suppress gastric emptying
rate and reduce energy intake (Kashima et al, 2021),
suggesting that it may have potential relevance in the
context of obesity-related research. In previous studies,
the volatile constituents of C. glomerata subsp. hispida
essential oil were analyzed using GC-FID/MS, and the major
components were identified as hexadecanoic acid (24.51%),
docosane (15.9%), isocitronellene (12.6%), heneicosane
(4.6%), hexahydrofarnesyl acetone (3.2%), 9-tricosene
(1.6%), octadecanol (1.4%), caryophyllene oxide (1.3%),
o-funebrene (1.2%), and B-thujaplicinol (1.1%) (Sinek et al.,
2012). Similarly, in C. olympica, the main volatile compounds
were reported as 2E,6Z-farnesol (14.8%), 3,3-dimethyl-
2-[5-methoxy-3-methyl-2-pentylidene]-1-cyclohexanone
(12.1%), dehydroaromadendrane (11.6%), tetracosane (9.0%),
pentacosane (7.9%), epoxy alloaromadendrene (5.9%), and
cyclohexadecanolide (5.8%) (Tosun et al, 2011). For C.
kermanica, the major volatile constituents were reported
as caryophyllene oxide (23.3%), bornyl acetate (17.5%),
o-menth-8-ene (11.6%), borneol (10.2%), and 1,8-cineole
(10.0%) (Salajeghe et al., 2015). Compared to C. glomerata
subsp. hispida, where hexadecanoic acid (24.51%) and
long-chain alkanes such as docosane and heneicosane
dominate the essential oil composition (Sinek et al., 2012),
C. kirikkaleensis exhibited a partially overlapping fatty
acid profile in its root oil (hexadecanoic acid as the major
compound) but a distinctly different aerial part profile
dominated by phytol, a diterpene alcohol with diverse
bioactivities. Unlike C. olympica, which is characterized
by sesquiterpenoid alcohols such as 2E,6Z-farnesol and
macrocyclic lactones (Tosun et al., 2011), C. kirikkaleensis
contained a quinoxaline derivative—3-ethyl-3,4-dihydro-
2(1H)-quinoxalinone—as the major volatile, a compound
not previously reported within the genus, suggesting that
it may represent a potential chemotaxonomic marker.
Similarly, C. kermanica showed monoterpene-rich profiles
(borneol, bornyl acetate, and 1,8-cineole) (Salajeghe et al.,
2015), which differ clearly from C. kirikkaleensis. Collectively,
these interspecific differences likely reflect a combination of
species-specific biosynthetic capacities, microhabitat-driven
metabolic adaptation, and methodological disparities in
extraction and analysis.

The literature on silylated compounds in extracts of the
genus Campanula remains limited. Among sample prepa-
ration techniques for GC- FID/MS, silylation remains a
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key step in enabling the analysis of non-volatile, ther-
molabile, and polar compounds, thus providing deeper
insight into the plant’s metabolic composition and poten-
tial biological functions (Proestos & Komaitis, 2013). In
our analysis, various silylated derivatives were successfully
identified from the extracts of C. kirikkaleensis, reflecting
the chemical diversity of its polar and semi-polar con-
stituents. Sequential extraction using n-hexane, chloroform,
and 70% methanol was employed prior to silylation to
fractionate metabolites according to their polarity. This
approach allowed the systematic separation of non-polar,
moderately polar, and polar compounds, thereby minimizing
matrix complexity and facilitating the comprehensive GC-
FID/MS profiling of sugars, sugar alcohols, organic acids, and
sterols that might otherwise remain undetected in single-
step extractions. Octacosanoic acid and B-sitosterol, the
predominant constituents obtained from the hexane and
chloroform extracts of C. kirikkaleensis, have been reported
to possess not only antitumor and antimicrobial proper-
ties but also anti-inflammatory, hypocholesterolemic, and
hepatoprotective activities (Benramdane et al., 2022; Liu
et al.,, 2023; Wang et al,, 2023; Zhang et al., 2024). Other
key constituents identified in C. kirikkaleensis extracts
included 1-octacosanol, which has been reported to exhibit
anti-fatigue, anti-hypoxic, antioxidant, anti-inflammatory,
antitumor, cholesterol-lowering, and insecticidal activities
(Marrero Delange & Gonzalez Bravo, 2001; Zavala et al,
2020; Zhou et al., 2022). Quinic acid was also identified
and is associated with antioxidant, antidiabetic, anticancer,
antimicrobial, antiviral, anti-aging, cytoprotective, antinoci-
ceptive, and analgesic effects (Benali et al., 2022). Sucrose
has been reported to inhibit bacterial growth (Nithish et al.,
2021). Additionally, myo-inositol is recognized for its role in
mitigating insulin resistance, depression, anxiety, polycystic
ovary syndrome, and various metabolic and reproductive
disorders (Dinicola et al., 2021). Additionally, the uniden-
tified compound detected in our volatile profiling suggests
that unexplored phytoconstituents may still be present in C.
kirikkaleensis, indicating potential avenues for future studies
employing complementary analytical techniques.

The fatty acid composition of C. kirikkaleensis revealed
a diverse and abundant profile, particularly rich in essen-
tial polyunsaturated fatty acids such as linoleic (®-6) and
o-linolenic acid (®-3), along with considerable levels of
saturated and long-chain fatty acids, indicating its nutri-
tional and pharmacological value (Table 3). Considering the
therapeutic relevance of certain fatty acids—such as their
anti-inflammatory, cardioprotective, and lipid-regulating
properties—the presence and compositional richness of fatty
acids in C. kirikkaleensis may indicate its potential as a sup-
plementary source of medicinally valuable lipids (Djuricic &
Calder, 2021; Mercola & D’Adamo, 2023). On the other hand,
hexacosanoic acid (cerotic acid), which was detected in con-
siderable amounts in the root extract, may serve as a valuable
candidate for further investigations into certain cancer types
and metabolic disorders (Kaufmann et al., 2023). The lipid
composition of C. medium has been previously investigated
in the literature. A total of 11 fatty acids were identified,
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with linoleic acid (C18:2) detected at the highest proportion,
followed by oleic acid (C18:1). These two fatty acids accounted
for approximately 83.1% of the total fatty acid methyl esters
(FAME). Palmitic acid (C16:0) was identified as the pre-
dominant saturated fatty acid, constituting 10.8% of the total
FAME, followed by stearic acid (C18:0). Long-chain fatty
acids, such as lignoceric acid (C24:0) and eicosapentaenoic
acid (EPA, C20:5), were found in trace amounts (Assiri et al.,
2014). The presence of common fatty acids such as linoleic,
palmitic, and stearic acids in both C. kirikkaleensis and C.
medium highlights the shared fatty acid profile between these
two species.

Studies on vitamins in Campanula species have reported
the presence of carotenoids in the flowers of C. alliariifolia,
C. rapunculoides, C. latifolia, and C. persicifolia. Additionally,
ascorbic acid has been detected in the flowers of C. alliariifo-
lia, C. carpatica, C. latifolia, C. persicifolia, C. rapunculoides,
C. sarmatica, and C. trachelium (Fomina & Kukushkina,
2021). On the other hand, despite its diverse lipid compo-
sition, C. kirikkaleensis was found to lack detectable levels
of fat-soluble vitamins—a distinction from other Campanula
species (Fomina & Kukushkina, 2021). This absence might
be attributed to species-specific metabolic characteristics,
environmental factors influencing biosynthesis, or possible
degradation during sample processing. Further comparative
analyses are warranted to elucidate whether this feature is
unique to C. kirikkaleensis or reflects a broader chemotaxo-
nomic trait within the genus.

Furthermore, elemental analysis of the edible parts of C.
pelviformis revealed the presence of aluminum (Al), boron
(B), barium (Ba), beryllium (Be), calcium (Ca), cadmium
(Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe),
potassium (K), magnesium (Mg), manganese (Mn), sodium
(Na), nickel (Ni), phosphorus (P), lead (Pb), silicon (Si),
and zinc (Zn) (Tsiftsoglou et al, 2023). The absence of
fat-soluble vitamins in C. kirikkaleensis, unlike some other
Campanula species, may reflect species-specific metabolic
traits and environmental influences, whereas the presence of
common elements such as calcium and potassium suggests
conserved physiological roles across these taxa. Calcium,
though found in small concentrations in body fluids, func-
tions as an intracellular signal and is vital for the normal
operation of the heart, muscles, and nervous system, with the
majority (~99%) deposited in bones and teeth as hydroxya-
patite. Potassium is essential for sustaining proper mineral
balance within the body (Tsiftsoglou et al., 2023).

The ability of medicinal plants to mitigate oxidative stress
is a well-recognized indicator of their therapeutic poten-
tial (Syraji et al., 2024). In this context, C. kirikkaleensis
demonstrated consistent antioxidant activity across multiple
cell-free assays. The 70% methanol extract of the aerial part
exhibited notable radical scavenging (DPPH) and electron-
donating (CUPRAC) capacities, reflecting the presence of
polar antioxidant constituents. Similarly, the chloroform
extract of the root showed marked activity in the TEAC
assay, highlighting the contribution of moderately polar com-
pounds. These results point to the chemical diversity of
C. kirikkaleensis and the relevance of solvent polarity in

http://doi.org/10.25135/rnp.2509.3644
Rec. Nat. Prod. 2026, 20(2):e25093644

extracting its bioactive components. The antioxidant profile
of C. kirikkaleensis also aligns with previous reports from
related Campanula species (Jaradat & Abualhasan, 2015),
indicating a potentially shared phytochemical defense mech-
anism within the genus. Considering the role of oxidative
stress in various chronic diseases, including cardiovascular,
metabolic, and neurodegenerative disorders, the observed
antioxidant effects support the potential therapeutic value of
this endemic species (Dumanovic et al., 2021).

In the DPPH assay, both the root and aerial part methanol
extracts exhibited stronger radical scavenging activity com-
pared to the ethanol extract of C. lyrata leaves collected
during the consumable period (ICsp: 1.07 + 0.01 mg/mL)
(Taskin & Bitis, 2016). Although the aerial part n-butanol
extract of C. alata showed an ICsy of 25.77 + 0.2 pg/mL,
this value cannot be directly compared with the ICs, values
reported in the present study, which are expressed in mg/mL.
Therefore, only a qualitative comparison is possible. (Touafek
etal., 2011). Although C. lyrata leaves were reported to exhibit
1.83 + 0.006 mM Trolox/mg extract, this value is not directly
comparable to the TEAC values reported in the present study
due to differences in unit normalization. (Tagkin & Bitis,
2016). The methanol (375.1 + 12.2 mM TE) and chloroform
(237.6 + 3.1 mM TE) extracts of C. kirikkaleensis exhibited
strong CUPRAC activity. Although the ethanolic extract of C.
glomerata showed 99.89 + 3.06 mg TE/g extract, these values
are not directly comparable due to differences in reporting
units. (Sarikurkcu et al,, 2017). These results highlight that
the antioxidant potential of C. kirikkaleensis varies depending
on the type of extract and the analytical method employed,
and suggest that specific fractions of the plant may offer
valuable antioxidant properties for further pharmacological
exploration.

The potential medicinal relevance and antioxidant effects
of C. kirikkaleensis may be attributed to its diverse phe-
nolic constituents. Phenolic compounds are increasingly
recognized for their multifaceted roles in human health,
owing to their antioxidant, anti-inflammatory, and disease-
modulating properties that intersect with key pathways in
chronic disease prevention and cellular defense (Lin et al,,
2016; Luthar et al., 2020). Rutin—also known as vitamin
P or rutoside—was detected at over 100-fold higher con-
centrations in the aerial part compared to the root of C.
kirikkaleensis. The predominance of rutin in the aerial parts
may reflect an adaptive strategy to protect photosyntheti-
cally active tissues against UV-induced oxidative stress, as
rutin is known for its potent radical scavenging and metal-
chelating properties (Suzuki et al., 2015). This flavonoid is
recognized for its diverse pharmacological effects, includ-
ing antithrombotic, antihypertensive, anti-inﬂammatory,
antibacterial, antifungal, antimicrobial, and anticarcinogenic
activities (Salki¢ et al., 2023). In contrast, the dominance
of chlorogenic acid in the roots may be associated with
defense against soil-borne pathogens and regulation of root
metabolism (Niggeweg et al., 2004), while this compound
has also demonstrated protective effects against cardiovas-
cular disease and diabetes, primarily through its capacity
to regulate inflammatory mediator release and exert potent
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anti-inflammatory actions (Huang et al., 2023). Similarly,
syringic acid, vanillic acid, and p-coumaric acid—also iden-
tified in C. kirikkaleensis—have been reported to exhibit
comparable antioxidant and anti-inflammatory activities,
further contributing to the therapeutic potential of this plant
(Shimsa et al., 2023; Osorio-Paz et al., 2023; Chen et al., 2024).
This correlation between the phenolic profile and assay out-
comes indicates that the strong radical scavenging, reducing
power, and enzyme inhibition observed in the methanolic
aerial part extract are likely associated with its high rutin con-
tent, whereas the notable TEAC activity in the root extracts
may be linked to the presence of chlorogenic acid and related
phenolics. In previous studies, chlorogenic acid, hesperidin,
and hyperoside were identified as the major components in
the methanol extract of the aerial parts of C. macrostachya
(Sarikurkcu et al., 2021). Moreover, chlorogenic acid was
detected in the aerial parts of C. persicifolia at a concentration
of 54.30 mg/100 g of dry plant material (Mogosanu et al.,
2019). In comparison with these findings, the aerial part
extract of C. kirikkaleensis appears to contain a relatively
higher amount of chlorogenic acid, indicating its potential as
a valuable source of phenolic compounds.

Given that diabetes mellitus (DM) remains one of the
most pressing global health challenges, evaluating the antidi-
abetic potential of medicinal plants has become a critical
step in identifying novel therapeutic candidates (Telagari &
Hullatti, 2015; Kashtoh & Baek, 2023). Based on the ICs, val-
ues, C. kirikkaleensis—particularly its 70% methanol extract
of the aerial part—exhibited notable o-amylase inhibitory
activity (0.54 + 0.04 mg/mL), suggesting a moderate antidi-
abetic potential comparable to that of standard acarbose
(0.22 + 0.01 mg/mL). This highlights C. kirikkaleensis as a
promising natural source of enzyme inhibitors relevant to
glycemic control strategies (Méril-Mamert et al., 2022). In
comparison with other Campanula species, C. baskilensis
extracts exhibited stronger oi-amylase inhibition, with ICsg
values lower than that of acarbose (Marah, 2021). Although
C. glomerata extract exhibited 0.54 + 0.01 mmol acarbose
equivalents/g extract (Sarikurkcu et al., 2017), this metric
differs from ICs, values expressed in mg/mL; therefore, the
two results cannot be directly compared. These findings
suggest that although C. kirikkaleensis extracts exhibit o-
amylase inhibitory activity, their potency is lower than that
of C. baskilensis but similar to C. glomerata, indicating a
moderate antidiabetic potential that merits further phyto-
chemical investigation.

5 Limitations

This study has several limitations. First, all biological eval-
uations were conducted using cell-free in-vitro assays, and
thus the in-vivo relevance of the findings remains to be
validated. Second, the study focused on selected solvent
fractions and a limited set of reference standards, which
may not fully capture the complete metabolic or therapeutic
potential of the species. Additionally, environmental factors
such as harvest season and geography, which may influ-
ence phytochemical profiles, were not evaluated. Finally, the
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non-detection of certain compounds—such as fat-soluble
vitamins—may reflect methodological sensitivity limitations
rather than true absence.

6 Conclusions

This study represents the first comprehensive phytochem-
ical profiling and cell-free bioactivity assessment of C.
kirikkaleensis, an endemic species of Tiirkiye. The investiga-
tion encompassed essential oils, volatile constituents, fixed
fatty acids, and phenolic profiles, alongside evaluations of
antioxidant and antidiabetic activities. Notably, the aerial
part oil was rich in phytol and long-chain hydrocarbons,
while the root oil exhibited high levels of hexadecanoic acid
and quinoxaline derivatives. Among the phenolics, rutin and
chlorogenic acid were the dominant constituents, potentially
contributing to the plant’s strong cell-free antioxidant prop-
erties. Furthermore, o-amylase inhibition assays revealed
promising antidiabetic potential, particularly in the 70%
methanol extract of the aerial part. Overall, the findings
highlight the pharmacological potential of C. kirikkaleensis
and underscore the need for further studies—especially in
vivo and mechanistic investigations—to validate and expand
its therapeutic relevance.
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of TMS derivatives of C. kirikkaleensis aerial part different
extracts, Table S4: GC-FID/MS analysis of TMS derivatives
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