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ABSTRACT

Salvia hydrangea DC. ex Benth. (sage) is an important medicinal and aromatic plant characterized by its
rich phenolic composition and well-documented antioxidant, antimicrobial, and anti-inflammatory
properties. In this study, the phenolic profiles of Salvia hydrangea DC. ex Benth. samples collected from
Karagomak and Asma villages in Igdir Province, Tiirkiye, were determined using high-performance liquid
chromatography coupled with a diode-array detector (HPLC-DAD). The chemical differences between the
samples were evaluated through chemometric analyses, and the interactions of the major phenolic
compounds with DNA were investigated using molecular docking analysis. The results revealed that
rosmarinic acid was the predominant phenolic compound in both samples, while chlorogenic acid, catechin,
quercetin, chrysin, o-coumaric acid, and naringin were also identified. The Karagomak sample exhibited
significantly higher total phenolic content and rosmarinic acid concentration than the Asma sample.

Year 2026, Volume-8, Issue-5| icontechjournal.com


http://icontechjournal.com/index.php/iij
http://doi.org/10.5281/zenodo.20792211
https://orcid.org/0000-0002-0198-4668
mailto:mahmutyildiztekin@mu.edu.tr
https://orcid.org/0000-0002-0206-0117
mailto:musa.karadag@igdir.edu.tr
mailto:besir.dag@hotmail.com
mailto:besir.dag@hotmail.com

ICONTECH INTERNATIONAL JOURNAL OF SURVEYS,
ENGINEERING, TECHNOLOGY

Journal homepage: http://icontechjournal.com/index.php/iij Volume 8 (2026) Issue 5

Chemometric analyses successfully classified the samples according to their phenolic profiles,
demonstrating a clear influence of geographical origin on their chemical composition. Molecular docking
analysis showed that chrysin and rosmarinic acid exhibited binding free energies of —8.1 and —7.8 kcal/mol
toward DNA, respectively. Chrysin primarily interacted with DNA through minor-groove binding supported
by n—= stacking interactions, whereas rosmarinic acid displayed a strong binding mechanism stabilized by
multiple hydrogen bonds and van der Waals interactions. These findings demonstrate that geographical
origin is a determining factor influencing the phenolic composition of Salvia hydrangea DC. ex Benth. and
highlight that phenolic-rich sage extracts represent promising natural bioactive resources for cosmetic,
dermocosmetic, and healthcare applications.

Keywords: Salvia hydrangea DC. ex Benth. HPLC-DAD; Phenolic compounds; DNA interaction; Molecular
docking; Rosmarinic acid; Antioxidant activity; Plant extracts.

1. Introduction

Salvia hydrangea DC. ex Benth. (sage) is one of the most important medicinal and aromatic plants belonging
to the Lamiaceae family and has been widely used for centuries in traditional medicine and, more recently,
in the cosmetic, dermocosmetic, food, and pharmaceutical industries. The biological activities of this species
are primarily attributed to its rich content of phenolic acids, flavonoids, and other secondary metabolites. In
particular, numerous studies have demonstrated that phenolic compounds such as rosmarinic acid, chrysin,
caffeic acid derivatives, catechin, quercetin, naringenin, and related phytochemicals possess remarkable
antioxidant, antimicrobial, anti-inflammatory, neuroprotective, and anticancer properties. Consequently,
Salvia hydrangea DC. ex Benth. is recognized as an important natural source of bioactive compounds for
the development of functional products.

The phenolic composition of medicinal plants is significantly influenced by several factors, including
genotype, cultivation conditions, altitude, soil characteristics, climatic conditions, solar radiation, and other
environmental variables. Even within the same species, plants grown in different geographical regions may
exhibit substantial variations in both the concentration and distribution of phenolic constituents. Therefore,
comparative evaluation of phenolic profiles is of considerable importance for the quality control,
standardization, and biological assessment of plant-derived raw materials. High-performance liquid
chromatography coupled with a diode-array detector (HPLC-DAD) has become one of the most reliable
and widely applied analytical techniques for the qualitative and quantitative determination of phenolic
compounds. In addition, multivariate chemometric approaches, including principal component analysis
(PCA) and hierarchical cluster analysis (HCA), have emerged as powerful statistical tools for interpreting
complex chromatographic datasets and classifying plant samples according to their chemical fingerprints.

Characterization of the phenolic composition alone is insufficient to fully explain the biological activities
of plant-derived compounds. In recent years, investigating the molecular interactions between these
compounds and biological targets has become an essential component of natural product research. Among
potential biological targets, DNA represents one of the most important biomolecules because of its central
role in regulating cellular functions. The interaction of phenolic compounds with DNA may occur through
hydrogen bonding, n—=n stacking, van der Waals forces, and electrostatic interactions. These molecular
interactions contribute to understanding the mechanisms underlying the antioxidant, chemoprotective,
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antimutagenic, and anticancer activities of natural compounds. Natural products capable of exhibiting strong
yet selective interactions with DNA have attracted considerable attention owing to their potential roles in
preventing oxidative DNA damage, preserving genomic stability, and supporting the development of novel
therapeutic agents.

In this context, molecular docking has become a powerful computational approach for predicting the binding
affinity, binding sites, and interaction mechanisms of natural compounds with biological macromolecules
without requiring extensive experimental investigations. In particular, evaluating the molecular interactions
between the major phenolic compounds identified by HPLC—DAD and DNA provides valuable insights into
the potential biological activities of plant extracts. Consequently, integrating phytochemical characterization
with molecular modeling has become a widely accepted multidisciplinary strategy in contemporary natural
product research.

In the present study, the phenolic profiles of Salvia hydrangea DC. ex Benth. samples collected from the
Karagomak and Asma villages of Igdir Province, Tiirkiye, were determined using HPLC-DAD, and the
chemical variations associated with geographical origin were evaluated through chemometric analyses.
Furthermore, the interactions of chrysin and rosmarinic acid, identified as the major phenolic constituents
by HPLC-DAD, with DNA were investigated using molecular docking analysis. By combining
phytochemical profiling, chemometric evaluation, and computational molecular modeling, this study aims
not only to elucidate the influence of geographical origin on the phenolic composition of Salvia hydrangea
DC. ex Benth. but also to clarify the DNA-binding mechanisms of its major phenolic constituents at the
molecular level, thereby providing a comprehensive scientific basis for the potential cosmetic,
dermocosmetic, and healthcare applications of Salvia hydrangea DC. ex Benth. extracts.

2. Materials and Methods
2.1. Plant Material

The Salvia hydrangea DC. ex Benth. DC. ex Benth. samples used in this study were collected during the
vegetation period from the vicinity of Karacomak Village and Asma Village in [gdir Province, Tiirkiye. The
plant material was identified by Dr. Kenan Akbas based on diagnostic morphological characters. Voucher
specimens representing the Karacomak and Asma populations were deposited in the Herbarium of Mugla
Sitk1 Kogman University under the voucher numbers K.A. 1956-a and K.A. 1956-b, respectively. The
taxonomic nomenclature follows Plants of the World Online (POWO, 2026). A total of 20 samples were
collected, comprising 10 healthy plant specimens from each location. The samples were carefully selected
from healthy individuals, cleaned of foreign materials, and transported to the laboratory. A total of 20
samples were collected, comprising 10 healthy plant specimens from each location. The samples were
carefully selected from healthy individuals, cleaned of foreign materials, and transported to the laboratory.
Plant materials were naturally air-dried in a well-ventilated, shaded environment protected from direct
sunlight. After drying, the samples were ground into a fine powder using a laboratory mill to ensure sample
homogeneity. The powdered materials were stored under appropriate conditions, protected from light,
moisture, and elevated temperatures until analysis (Tekel et al., 2025).

Approximately 25 g of dried plant material from each sampling location was accurately weighed using an
analytical balance and homogenized with a mechanical homogenizer. A water/ethanol (v/v) solvent system
was employed for the extraction of phenolic compounds (Karadag, 2025). This solvent mixture was selected
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because of its high extraction efficiency for both polar and moderately polar phenolic constituents. Each
sample was extracted with 500 mL of solvent under continuous magnetic stirring at room temperature in the
dark for 30-60 min. The extraction under low-light conditions was performed to minimize oxidative
degradation of phenolic compounds. The resulting extracts were filtered through Whatman No. 1 filter paper
to obtain clear solutions. Each extract was individually coded and stored at 4 °C under light-protected
conditions prior to HPLC analysis. This standardized extraction procedure ensured the comparability of the
phenolic profiles obtained from both geographical locations.

2.2. Chemicals and Standard Compounds

Analytical-grade reference standards were used for the quantitative determination of phenolic compounds.
The standards included chlorogenic acid, (+)-catechin hydrate, caffeic acid, 4-hydroxybenzoic acid, vanillin,
p-coumaric acid, rutin, trans-ferulic acid, hydroxycinnamic acid, naringin, o-coumaric acid, rosmarinic acid,
salicylic acid, resveratrol, quercetin, trans-cinnamic acid, naringenin, and chrysin.

The mobile phase consisted of HPLC-grade acetonitrile (100% ACN) and ultrapure water containing 0.1%
phosphoric acid (de Souza et al., 2025). All solvents were filtered through membrane filters and degassed
using an ultrasonic bath before chromatographic analysis to ensure optimal chromatographic performance
and reproducibility.

2.3. HPLC-DAD Analysis

The phenolic composition of Salvia hydrangea DC. ex Benth. extracts obtained from Karagomak and Asma
villages was analyzed using a high-performance liquid chromatography system coupled with a diode-array
detector (HPLC-DAD). Chromatographic separation was carried out on a reversed-phase C18 column using
ultrapure water containing 0.1% phosphoric acid and HPLC-grade acetonitrile as the mobile phases.
Analyses were performed using a gradient elution program.

The chromatographic conditions were kept constant for all samples, with a flow rate of 0.8 mL min™', a
column temperature of 30 °C, and an injection volume of 10 pL. Detection was performed using a diode-
array detector at a wavelength of 300 nm (Wicht et al., 2022). Phenolic compounds were identified by
comparing their retention times with those of authentic reference standards, and quantitative determinations
were performed using the external standard calibration method. The principal phenolic compounds
identified included rosmarinic acid, chlorogenic acid, catechin hydrate, hydroxycinnamic acid, o-coumaric
acid, resveratrol, quercetin, trans-cinnamic acid, and naringenin.

The HPLC-DAD results revealed marked differences in the phenolic profiles of the Salvia hydrangea DC.
ex Benth. samples collected from Karacomak and Asma villages. A portion of the extracts was used for
phytochemical characterization, whereas the remaining extracts were incorporated as natural active
ingredients into an anti-aging serum formulation. The sage extract was formulated together with
niacinamide, sodium hyaluronate, panthenol, allantoin, and tocopherol to evaluate its potential applicability
in the development of dermocosmetic products (Chauhan et al., 2025).
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Figure 1. Schematic illustration of the preparation of Salvia hydrangea DC. ex Benth. extract, HPLC-DAD

analysis, and its potential application areas.

Figure 1. Schematic representation of the experimental workflow employed in this study. Salvia hydrangea
DC. ex Benth. samples were collected, air-dried, ground into a fine powder, and extracted using a
water/ethanol solvent system. The phenolic composition of the resulting extracts was characterized by
HPLC-DAD, leading to the identification of several phenolic compounds, with rosmarinic acid being the
predominant constituent. Based on the phytochemical characterization, the potential applications of the
extracts as natural bioactive ingredients in pharmaceutical, food, and particularly anti-aging dermocosmetic
formulations were evaluated.

2.4. Identification and Quantitative Analysis of Phenolic Compounds

The phenolic constituents of Salvia hydrangea DC. ex Benth. extracts obtained from Karagomak and Asma
villages were identified by comparing the retention times of chromatographic peaks with those of authentic
reference standards. Quantitative analysis was performed using the external standard calibration method.

Both extracts contained rosmarinic acid, chlorogenic acid, catechin hydrate, hydroxycinnamic acid, o-
coumaric acid, resveratrol, quercetin, trans-cinnamic acid, and naringenin. In addition, vanillin, p-coumaric
acid, rutin, salicylic acid, and chrysin were detected exclusively in the Karagcomak sample. The analytical
results demonstrated that the Karagomak sample contained considerably higher concentrations of rosmarinic
acid and total phenolic compounds than the Asma sample, indicating that geographical origin exerts a
significant influence on the phenolic composition of S. hydrangea.
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2.5. Anti-Aging Serum Formulation

Based on the HPLC-DAD results, the Salvia hydrangea DC. ex Benth. extract obtained from the Karagomak
locality, which exhibited the highest phenolic content, was selected as the natural active ingredient for the
development of an anti-aging serum formulation. The formulation was designed to combine the high
antioxidant capacity of the sage extract with dermocosmetic active ingredients known to support skin barrier
function and improve skin hydration (Omidian et al., 2026).

The serum formulation incorporated Salvia hydrangea DC. ex Benth. extract together with niacinamide,
sodium hyaluronate, panthenol, allantoin, and tocopherol to enhance antioxidant protection, improve
moisture retention, promote skin regeneration, and reduce visible signs of skin aging. The formulation
strategy aimed to exploit the synergistic effects between the phenolic-rich plant extract and established
dermocosmetic ingredients, thereby supporting the development of a natural, multifunctional anti-aging
product with potential applications in cosmetic and skincare industries.

Table 1. Composition of the Anti-Aging Serum Formulation Containing Salvia hydrangea DC. ex
Benth. Extract

Phase Raw Material INCI Name Content (% Function
w/w)

A Deionized water Aqua 71.20 Vehicle (carrier)

A Glycerin Glycerin 5.00 Humectant

A Propanediol Propanediol 4.00 Humectant / solvent

A Xanthan gum Xanthan Gum 0.30 Gelling agent

B Karagomak sage Salvia hydrangea DC. ex Benth. 5.00 Natural antioxidant

extract Leaf Extract

B Niacinamide Niacinamide 5.00 Skin barrier support and skin tone
improvement

B Sodium hyaluronate ~ Sodium Hyaluronate 0.20 Intensive moisturizer

B Panthenol Panthenol 2.00 Skin barrier support

B Allantoin Allantoin 0.30 Soothing agent

B Vitamin E Tocopherol 0.50 Lipophilic antioxidant

B Ferulic acid* Ferulic Acid 0.30 Antioxidant synergist

C Preservative Phenoxyethanol (and) 0.80 Antimicrobial preservation

Ethylhexylglycerin
C Disodium EDTA Disodium EDTA 0.10 Chelating agent
C pH adjuster Sodium Hydroxide / Citric Acid q.s. Adjusted to pH 5.2-5.8

Table 1. Anti-Aging Serum Formulation

Ferulic acid may be incorporated into the formulation depending on the outcomes of formulation stability
studies.

Manufacturing Procedure of the Anti-Aging Serum
1. A homogeneous aqueous phase was prepared by dissolving glycerin and propanediol in deionized
water.

2. Xanthan gum was slowly dispersed into the mixture under continuous stirring to form the gel matrix.
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3. The formulation was cooled to 25-30 °C before the addition of heat-sensitive ingredients.

4. The Salvia hydrangea DC. ex Benth. extract obtained from the Karagomak locality, previously
identified by HPLC analysis as possessing the highest phenolic content, was incorporated into the
formulation.

5. Niacinamide, panthenol, allantoin, and sodium hyaluronate were subsequently added, and the
mixture was homogenized until a uniform serum was obtained.

6. Tocopherol, previously dissolved in a separate container, together with ferulic acid (when included),
was incorporated into the formulation under continuous stirring.

7. The preservative system and disodium EDTA were then added and mixed thoroughly to ensure
uniform distribution.

8. The pH of the final formulation was adjusted to 5.2—-5.8 using sodium hydroxide or citric acid as
required.

9. Finally, the serum was deaerated under vacuum to remove entrapped air bubbles and filled into UV-

g

protective glass dropper bottles or airless pump containers to ensure optimal product stability and
minimize oxidative degradation during storage.
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Figure 2. The manufacturing workflow includes the extraction of the plant material, characterization of its
phenolic profile by HPLC-DAD, preparation of the serum formulation, homogenization, quality control,
and final filling and packaging. This workflow summarizes the principal production stages involved in
developing a dermocosmetic formulation utilizing phenolic-rich Salvia hydrangea DC. ex Benth. extract as
a natural bioactive ingredient
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Scientific Evaluation of the Formulation

The Salvia hydrangea DC. ex Benth. extract incorporated into the formulation was selected as a natural
antioxidant source because HPLC—DAD analysis revealed a high concentration of rosmarinic acid together
with several other phenolic compounds (Christaki et al., 2022; Xie et al., 2023; Gomez, 2024).). The
combination of rosmarinic acid with niacinamide, sodium hyaluronate, panthenol, and tocopherol provides
a complementary strategy aimed at reducing oxidative stress, reinforcing the skin barrier, and maintaining
optimal skin hydration (Ngoc et al., 2023).

Nevertheless, the synergistic effects of the active ingredients included in the formulation have been
evaluated solely on the basis of theoretical considerations and published literature. To validate the anti-
aging efficacy of the developed serum, comprehensive investigations—including physicochemical stability,
microbiological quality, safety assessment, skin compatibility testing, in vitro antioxidant assays, and
clinical efficacy studies—are required before any definitive claims regarding product performance can be
established.

2.6. Data Analysis

Chromatographic data were processed using the proprietary software associated with the HPLC system. For
each phenolic compound, the retention time, peak area, and concentration were determined. The phenolic
profiles obtained from Salvia hydrangea DC. ex Benth. samples collected in Karagomak and Asma villages
were comparatively evaluated to investigate the chemical differences associated with geographical origin.

The analytical findings were interpreted in light of the biological activities reported in the literature. Owing
to its superior phenolic composition and presumed antioxidant potential, the Karacomak extract was selected
as the natural active ingredient for incorporation into the anti-aging serum formulation.

The present study represents a comparative phytochemical characterization based on HPLC-DAD analysis.
Consequently, the evaluation of the serum formulation was primarily based on the phenolic composition of
the extracts and the biological activities reported for these compounds in the scientific literature. To
comprehensively validate the biological performance of the developed formulation, further studies
involving antioxidant capacity assays (DPPH, ABTS, FRAP, and ORAC), cell culture experiments, skin
permeation studies, physicochemical stability testing, safety assessments, and clinical efficacy evaluations
are required.

Furthermore, multivariate statistical techniques were employed to investigate and interpret the relationships
among multiple variables. All statistical analyses were performed using IBM SPSS Statistics 27 (IBM
Corp., Armonk, NY, USA).

2.7. Molecular Docking Studies

Molecular docking studies were performed to investigate the interaction mechanisms of chrysin and
rosmarinic acid, the major phenolic constituents of Salvia hydrangea DC. ex Benth. with DNA. Docking
calculations were carried out using AutoDock Vina v1.5.7 software (DOIL: 10.1002/jcc.21334; DOL:
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10.1002/jcc.21256). AutoDock Vina predicts the most favorable binding conformation of a ligand within
the receptor binding site using a scoring function based on the estimated binding free energy.

The three-dimensional structures of chrysin and rosmarinic acid were retrieved from the PubChem
database. The ligand structures were converted into PDB format using ChemDraw software, followed by
energy minimization. Subsequently, polar hydrogen atoms were added, Gasteiger partial charges were
assigned, and rotatable bonds were defined using AutoDock Tools. The prepared ligands were then saved
in PDBQT format for molecular docking calculations.

The crystal structure of DNA was obtained from the Protein Data Bank (PDB ID: 1BNA). Water
molecules, ions, and any co-crystallized ligands present in the crystal structure were removed prior to
docking. Hydrogen atoms were added to the DNA structure, Kollman charges were assigned, and the

receptor was prepared for docking using AutoDock Tools. The processed DNA structure was finally saved
in PDBQT format.

Docking simulations were performed using AutoDock Vina. The grid box was defined to completely
encompass the DNA binding region, allowing sufficient space for ligand flexibility within the DNA groove.
The exhaustiveness parameter was set to 8, and nine distinct binding poses were generated for each ligand.
The docking conformation exhibiting the lowest binding free energy was selected for further analysis.

Binding affinity was evaluated based on the binding free energy (AG, kcal/mol) calculated by AutoDock
Vina. More negative binding free energy values were interpreted as indicating stronger ligand—DNA
interactions.

3. Results
3.1. HPLC-DAD Phenolic Profile of Salvia hydrangea DC. ex Benth. Extracts

The phenolic compositions of Salvia hydrangea DC. ex Benth. samples collected from Karagomak and
Asma villages were analyzed using high-performance liquid chromatography coupled with a diode-array
detector (HPLC-DAD). A total of 18 phenolic reference standards were employed for compound
identification, and the phenolic constituents were identified by comparing the retention times of
chromatographic peaks with those of the corresponding authentic standards.

The HPLC-DAD results revealed pronounced differences in the phenolic profiles of the sage extracts
obtained from the two geographical locations. In both samples, rosmarinic acid was identified as the
predominant phenolic compound. The concentration of rosmarinic acid was 350.37 ng pL™ in the
Karacomak sample, whereas only 43.16 ng pL.™* was detected in the Asma sample. Likewise, the total
quantified phenolic content was substantially higher in the Karacomak extract (556.30 ng pL.™*) than in the
Asma extract (55.35 ng pL ™).

In addition to rosmarinic acid, the Karacomak sample contained relatively high concentrations of o-
coumaric acid, chlorogenic acid, catechin hydrate, quercetin, and naringenin. Although these
compounds were also detected in the Asma extract, their concentrations were considerably lower. The
observed differences in phenolic composition suggest that geographical origin, climatic conditions, soil
characteristics, and other environmental factors may substantially influence the biosynthesis and
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accumulation of phenolic metabolites in Salvia hydrangea DC. ex Benth. (Zakraoui et al., 2023; Martinez
et al., 2022; Brahmi et al., 2022).

Because of its markedly higher total phenolic content, particularly its exceptionally high rosmarinic acid
concentration, the Karagomak extract was selected as the natural active ingredient for the anti-aging serum
formulation developed in this study. These findings demonstrate that HPLC-DAD is a reliable and effective
analytical technique for the chemical characterization of medicinal plant materials and for selecting
phenolic-rich extracts with the greatest potential for cosmetic and pharmaceutical applications
(Akhtar et al., 2024).

Table 2. Comparison of Phenolic Compounds Identified by HPLC-DAD in Salvia hydrangea DC. ex
Benth. Extracts Obtained from Karagcomak and Asma Villages

Phenolic Compound Retention Time (min) Karacomak (ng pL™*) Asma (ng pL™")

Chlorogenic acid 6.114 8.38 1.13
Catechin hydrate 6.531 5.70 0.84
Caffeic acid 8.6% ND 0.42
4-Hydroxybenzoic acid  10.5* ND 0.07
Vanillin 16.325 0.24 ND
p-Coumaric acid 17.131 1.38 ND
Rutin 19.745 8.35 ND
Hydroxycinnamic acid ~ 23.041 0.79 1.87
Naringin 27.459 25.55 ND
o-Coumaric acid 28.887 42.10 0.65
Rosmarinic acid 29.882 350.37 43.16
Salicylic acid 31.617 19.66 ND
Resveratrol 32.553 0.05 1.02
Quercetin 34.957 2.53 1.03
trans-Cinnamic acid 35.623 2.30 3.80
Naringenin 36.211 2.80 1.35
Chrysin 39.522 86.10 ND

ND: Not detected or below the limit of quantification.

Retention times for caffeic acid and 4-hydroxybenzoic acid were not reported for the Asma sample and are
approximate values based on the corresponding reference standards. The comparative HPLC-DAD analyses
revealed marked differences in the phenolic compositions of Salvia hydrangea DC. ex Benth. extracts
obtained from Karacomak and Asma villages. In both samples, rosmarinic acid was identified as the
predominant phenolic constituent. The concentration of rosmarinic acid reached 350.37 ng pL™" in the
Karagomak extract, whereas it was only 43.16 ng pL.™" in the Asma extract. Similarly, the total quantified
phenolic content was substantially higher in the Karagomak sample (556.30 ng pL™") than in the Asma
sample (55.35 ng pLL™"). In addition to its exceptionally high rosmarinic acid content, the Karagomak extract
contained relatively high levels of chrysin, o-coumaric acid, naringin, and salicylic acid, while rutin,
chlorogenic acid, and catechin hydrate were detected at moderate concentrations. In contrast, the Asma
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extract generally exhibited lower concentrations of phenolic compounds, with hydroxycinnamic acid,
trans-cinnamic acid, naringenin, quercetin, and resveratrol being identified as the principal constituents.
Furthermore, caffeic acid and 4-hydroxybenzoic acid were detected exclusively in the Asma sample. These
findings indicate that the observed variations in phenolic composition are strongly influenced by
geographical origin and environmental conditions (Medda et al., 2022; Ghasemi & Isayeva, 2023). Owing
to its substantially higher rosmarinic acid concentration and total phenolic content, the Karagomak extract
was considered to possess superior antioxidant potential and was therefore selected as the natural active
ingredient for the anti-aging serum formulation.

3.2. HPLC-DAD Chromatograms

Figure 3 presents the comparative HPLC-DAD chromatograms of Salvia hydrangea DC. ex Benth. extracts
collected from Karagomak and Asma villages. In both chromatograms, the dominant chromatographic peak
observed at approximately 29.88 min corresponded to rosmarinic acid, confirming that it is the major
phenolic constituent in both samples. However, both the peak height and peak area of rosmarinic acid were
considerably greater in the Karagomak extract than in the Asma extract.

The chromatogram of the Karagomak sample also displayed prominent peaks corresponding to chrysin, o-
coumaric acid, naringin, salicylic acid, and rutin, indicating their relatively high abundance in this
extract. In contrast, the Asma chromatogram exhibited detectable peaks for hydroxycinnamic acid, trans-
cinnamic acid, quercetin, naringenin, and resveratrol, together with low-intensity peaks corresponding
to caffeic acid and 4-hydroxybenzoic acid. Nevertheless, the peak intensities of these compounds were
consistently lower than those observed in the Karagomak sample.

Overall, the chromatographic profiles demonstrated that the Salvia hydrangea DC. ex Benth. samples
collected from the two geographical locations exhibited qualitatively similar but quantitatively distinct
phenolic compositions. In particular, the markedly higher rosmarinic acid concentration and total phenolic
content observed in the Karagomak extract supported its selection as the natural bioactive ingredient for the
development of the anti-aging serum formulation (Myesha et al., 2025; Gupta & Jain, 2024).
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Figure 3. HPLC-DAD chromatograms of Salvia hydrangea DC. ex Benth. extracts obtained from
Karagomak (Zor Village) (A) and Asma Village (B).

3.3. Molecular Docking Analysis of Chrysin and Rosmarinic Acid with DNA

Salvia hydrangea DC. ex Benth. is a medicinal plant particularly rich in phenolic acids and flavonoids, and
a substantial proportion of the biological activities of its secondary metabolites has been attributed to their
interactions with nucleic acids. Previous studies have suggested that DNA is one of the principal molecular
targets through which phenolic compounds exert antioxidant, chemoprotective, and anticancer effects. In
the present study, the molecular interactions of chrysin and rosmarinic acid, two of the major phenolic
constituents of S. Aydrangea, with DNA were investigated by molecular docking in order to elucidate their
binding mechanisms at the molecular level.

The docking calculations yielded binding free energies of —8.1 kcal mol™ for chrysin and —7.8 kcal mol™
for rosmarinic acid. Although both compounds exhibited high binding affinities toward DNA, the slightly
lower binding energy of chrysin indicates the formation of a somewhat more stable ligand—DNA complex.
Since both binding energies are lower than the generally accepted threshold of —7.0 kcal mol™, the results
suggest that both ligands are capable of establishing strong molecular interactions with DNA. The docking
simulations further demonstrated that both compounds preferentially bind within the DNA groove rather
than forming classical intercalative complexes (Figures 4 and 5). The stability of these complexes appears
to arise not only from hydrogen bonding but also from the synergistic contribution of n—n stacking
interactions, van der Waals contacts, and electrostatic interactions between the ligands and DNA bases.

Because of its planar flavone skeleton, chrysin possesses structural features that favor strong aromatic
interactions with DNA base pairs. Examination of the docking model showed that the molecule adopts an
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orientation extending along the DNA minor groove, with its aromatic rings positioned approximately
parallel to adjacent base pairs (Figure 4). This geometry facilitates efficient m—r stacking interactions,
which contribute substantially to the favorable binding free energy.

Two-dimensional interaction analysis revealed that chrysin forms hydrogen bonds primarily with
DG(B:14), DC(B:15), and DG(B:16). The high hydrogen-bonding capability of guanine residues appears
to play a major role in stabilizing the ligand—-DNA complex. In addition, the two phenolic hydroxyl groups
of chrysin function as hydrogen-bond donors, whereas the extended conjugated m-electron system of the
flavone nucleus enhances aromatic stacking with neighboring DNA bases.

Overall, the docking model indicates that chrysin does not fully intercalate between DNA base pairs.
Instead, it preferentially occupies the minor groove, where binding is reinforced through aromatic n—n
interactions between its planar rings and the DNA bases (Figure 4). This hybrid binding mode is consistent
with previously reported interaction mechanisms for flavonoids and DNA. The rigidity and planarity of the
flavone scaffold likely explain the relatively high binding affinity exhibited by chrysin.

Unlike chrysin, rosmarinic acid is a larger and more conformationally flexible molecule containing two
aromatic rings, multiple phenolic hydroxyl groups, an ester linkage, and carbonyl functionalities. These
structural characteristics enable the molecule to establish a broader interaction surface within the DNA
groove. The docking model demonstrated that rosmarinic acid adopts an elongated conformation extending
along the groove of the DNA double helix (Figure 5). Numerous hydrogen bonds are formed between the
hydroxyl and carbonyl groups of rosmarinic acid and DNA bases, while the aromatic rings simultaneously
participate in t-mediated interactions.

Two-dimensional interaction analysis identified hydrogen bonds involving several nucleotides, particularly
DG(B:22), DC(A:3), and DA(A:5). In addition, extensive van der Waals contacts and n-donor hydrogen-
bond interactions contributed significantly to stabilization of the ligand—DNA complex.

Although several unfavorable donor-donor interactions were observed for rosmarinic acid during
docking, these electrostatically unfavorable contributions were largely compensated by the extensive
hydrogen-bonding network and aromatic interactions. Consequently, the overall binding free energy
remained highly favorable (—7.8 kcal mol™). Similar to chrysin, rosmarinic acid primarily exhibited a
minor-groove binding mode (Figure 5). However, owing to the presence of two aromatic rings, limited n—
7 interactions with DNA bases also occurred. Furthermore, the conformational flexibility provided by the
ester bridge enables the molecule to adapt efficiently to the geometry of the DNA groove, thereby enhancing
complex stability.

Although the binding energies of the two ligands are very similar, their interaction mechanisms differ
considerably. Binding of chrysin is dominated by the strong m—mn stacking interactions associated with its
rigid, planar flavone skeleton, whereas the interaction of rosmarinic acid relies predominantly on a
multidentate interaction network involving multiple hydrogen bonds, van der Waals contacts, and
aromatic interactions. The slightly lower binding free energy observed for chrysin (—8.1 kcal mol™) can be
attributed to the greater ability of its planar aromatic structure to approach and stack efficiently with DNA
base pairs. In contrast, despite forming a larger number of hydrogen bonds, the greater molecular size and
conformational flexibility of rosmarinic acid partially reduce the effectiveness of aromatic stacking.
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Nevertheless, both compounds ultimately establish ligand—-DNA complexes of comparable stability through
distinct molecular strategies.

These findings suggest that the biological activities of Salvia hydrangea DC. ex Benth. may arise not from
a single phenolic constituent but rather from the complementary DNA-binding mechanisms of structurally
diverse phenolic compounds. Whereas chrysin provides high-affinity binding primarily through aromatic
stacking interactions, rosmarinic acid achieves stable DNA binding through extensive hydrogen bonding
and a broad intermolecular contact surface. Consequently, the coexistence of these two compounds may
generate a synergistic molecular profile that enhances the overall DNA-binding capacity of Salvia
hydrangea DC. ex Benth. extracts.

In conclusion, molecular docking analyses demonstrated that chrysin and rosmarinic acid, two major
phenolic constituents of Salvia hydrangea DC. ex Benth. , are capable of forming strong and stable
complexes with DNA. Chrysin exhibited a high-affinity binding mode largely supported by aromatic a—m
stacking, whereas rosmarinic acid displayed a minor-groove binding mechanism stabilized by multiple
hydrogen bonds, m-donor interactions, and extensive van der Waals contacts. These findings provide
molecular-level evidence supporting the DNA-binding potential of both compounds and contribute to
understanding the mechanisms underlying the antioxidant, chemoprotective, and potential anticancer
activities of S. hydrangea. Furthermore, validation of these computational results through complementary
experimental techniques—including UV—Visible absorption spectroscopy, fluorescence spectroscopy,
viscosity measurements, and electrochemical DNA-binding assays—would provide valuable experimental
confirmation of the proposed binding mechanisms and further strengthen the scientific significance of the
present study.
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Figure 4. Molecular docking analysis of chrysin with DNA.

(A) Three-dimensional molecular surface representation of the DNA binding site occupied by chrysin. (B)
The most favorable binding conformation of chrysin within the DNA groove. (C) Two-dimensional ligand—

DNA interaction diagram generated using BIOVIA Discovery Studio. Green dashed lines indicate
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conventional hydrogen bonds. The predicted binding free energy (AG) of the chrysin—DNA complex was
—8.1 kcal mol™.

Interactions

I:l oy I:I Pi-Donor Hydragen Bond
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Figure 5. Molecular docking analysis of rosmarinic acid with DNA.

(A) Three-dimensional molecular surface representation of the DNA binding pocket occupied by rosmarinic
acid. (B) Lowest-energy binding conformation of rosmarinic acid within the DNA groove. (C) Two-
dimensional ligand—DNA interaction diagram generated using BIOVIA Discovery Studio. The diagram
illustrates conventional hydrogen bonds, n-donor hydrogen bonds, n—n T-shaped interactions, van der Waals
interactions, and unfavorable donor—donor interactions. The predicted binding free energy (AG) of the
rosmarinic acid-DNA complex was —7.8 keal mol™.

3.4. Statistical Evaluation of Salvia hydrangea DC. ex Benth. DC. ex Benth. Samples
The descriptive statistical analysis of Salvia hydrangea DC. ex Benth. samples is presented in Table 3.

Table 3. Descriptive Statistics of Phenolic Compounds Identified in Salvia hydrangea DC. ex Benth.
Samples

Parameter Unit Minimum Maximum Mean SD
Chlorogenic acid ng uL™! 0.86 8.93 4.76 3.73
Catechin hydrate ng pulL! 0.61 6.38 3.27 2.51
Caffeic acid ng puL™! ND 0.60 0.21 0.23
4-Hydroxybenzoic acid ng pulL! ND 0.11 0.04 0.04
Vanillin ng uL™! ND 0.30 0.12 0.13
p-Coumaric acid ng uL™! ND 1.64 0.69 0.72
Rutin ng uL™! ND 8.84 4.18 4.29
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Parameter Unit Minimum Maximum Mean SD
Hydroxycinnamic acid ng uL™! 0.62 2.31 1.33 0.58
Naringin ng uL™* ND 27.80 12.78 13.16
o-Coumaric acid ng uL™! 0.41 44.58 21.38 21.30
Rosmarinic acid ng puL™! 39.84 359.54 196.77 157.67
Salicylic acid ng pL! ND 21.15 9.83 10.11
Resveratrol ng uL™! 0.03 1.45 0.54 0.51
Quercetin ng pL! 0.81 2.89 1.78 0.80
trans-Cinnamic acid ng uL™! 1.88 4.74 3.05 0.84
Naringenin ng uL™! 1.02 3.19 2.08 0.78
Chrysin ng pL! ND 91.02 43.05 44.22

Abbreviations: SD, standard deviation; ND, not detected or below the limit of detection/quantification.

To determine whether Salvia hydrangea DC. ex Benth. DC. ex Benth. samples collected from the two
different locations exhibited significant differences, a one-way analysis of variance (one-way ANOVA)
was performed on the dataset (Table 4). According to the results of the one-way ANOVA, all evaluated
parameters showed p values < 0.05, indicating that there were statistically significant differences
between the samples collected from the two locations at the 95% confidence level. These findings
demonstrate that geographical origin had a significant effect on the phenolic composition of S. hydrangea,
confirming that the phytochemical profiles of the Karagomak and Asma populations differed quantitatively.
The observed variations are likely associated with differences in environmental factors such as soil
characteristics, altitude, climatic conditions, and local ecological parameters, all of which are known to
influence the biosynthesis and accumulation of phenolic metabolites in medicinal plants.

Table 4. One-Way ANOVA Results Comparing Phenolic Compounds Between Sampling Locations

Parameter Location df F Significance (p-value)
Chlorogenic acid 1 1 2693.36 <0.001
Catechin hydrate 1 1 1087.79 <0.001
Caffeic acid 1 1 188.55 <0.001
4-Hydroxybenzoic acid 1 1 73.50 <0.001
Vanillin 1 1 320.00 <0.001
p-Coumaric acid 1 1 435.02 <0.001
Rutin 1 1 4810.66 <0.001
Hydroxycinnamic acid 1 1 180.68 <0.001
Naringin 1 1 2389.41 <0.001
o-Coumaric acid 1 1 4952.32 <0.001
Rosmarinic acid 1 1 18846.24 <0.001
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Salicylic acid

Resveratrol

Quercetin

trans-Cinnamic acid

Naringenin

Chrysin

Volume 8 (2026) Issue 5

Location df F Significance (p-value)
1 1 3380.73 <0.001
1 1 267.98 <0.001
1 1 263.88 <0.001
1 1 92.55 <0.001
1 1 159.36 <0.001
1 1 7767.68 <0.001

The differences between the two sampling locations became even more evident following hierarchical
cluster analysis (HCA) (Figure 6). Salvia hydrangea DC. ex Benth. samples collected from Karagcomak
and Asma villages were clearly separated into two distinct clusters, indicating that each geographical
location possesses a characteristic phenolic fingerprint. This clustering pattern is consistent with the HPLC—
DAD and one-way ANOVA results, further confirming that geographical origin exerts a significant
influence on the phenolic composition of S. hydrangea. The clear separation of the samples demonstrates
the effectiveness of chemometric analysis for distinguishing plant materials according to their chemical
profiles and highlights its potential application in the quality control, authentication, and geographical origin
discrimination of medicinal and aromatic plants.
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Figure 6. Hierarchical Cluster Analysis (HCA) of Salvia hydrangea DC. ex Benth. Samples
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4. Discussion

In the present study, the phenolic compositions of Salvia hydrangea DC. ex Benth. samples collected from
Karagomak and Asma villages were comparatively evaluated using HPLC-DAD. The results demonstrated
that extracts obtained from both locations were rich in phenolic acids and flavonoids; however, considerable
quantitative differences were observed in the concentrations of individual phenolic compounds. In both
samples, rosmarinic acid was identified as the predominant phenolic constituent. Nevertheless, the
Karagomak extract contained substantially higher concentrations of both rosmarinic acid and total phenolic
compounds than the Asma extract. These findings suggest that geographical location, climatic conditions,
soil characteristics, and other environmental factors play a significant role in shaping the phenolic
composition of Salvia hydrangea DC. ex Benth. (Hoceini et al., 2025; Sevindik et al., 2025).

In addition to its elevated rosmarinic acid content, the Karagomak extract exhibited relatively high
concentrations of chrysin, o-coumaric acid, naringin, and salicylic acid. In contrast, the Asma extract
contained comparatively lower levels of hydroxycinnamic acid, trans-cinnamic acid, resveratrol, and
quercetin. These phenolic compounds have been extensively reported to possess antioxidant, anti-
inflammatory, and protective biological properties, making them promising candidates for cosmetic and
dermocosmetic applications (Merig, 2023; Budzianowska et al., 2025; Vitalone et al., 2025).

One of the major strengths of the present study is the direct translation of phytochemical characterization
into product development. Based on the HPLC-DAD results, the Karagomak extract, which exhibited the
highest phenolic content, was selected as the natural active ingredient for the development of an anti-aging
serum. The formulation combined Salvia hydrangea DC. ex Benth. extract with niacinamide, sodium
hyaluronate, panthenol, allantoin, and tocopherol, thereby integrating a phenolic-rich botanical extract
with well-established dermocosmetic active ingredients (Karadag, 2025). This formulation strategy is
intended to exploit the complementary antioxidant, moisturizing, and skin barrier-supporting properties of
the individual components, providing a scientifically supported basis for the development of multifunctional
skincare products.

Furthermore, the molecular docking analyses conducted in this study provided mechanistic evidence
supporting the biological potential of the major phenolic constituents identified by HPLC-DAD. Both
chrysin and rosmarinic acid exhibited favorable binding affinities toward DNA, suggesting that these
compounds may contribute to the antioxidant and chemoprotective properties of Salvia hydrangea DC. ex
Benth. through stable molecular interactions with nucleic acids. Although the docking results offer valuable
molecular insights, these computational predictions should be validated through complementary
experimental approaches, including spectroscopic DNA-binding assays, cell-based studies, and in vivo
investigations.

Overall, significant differences in phenolic composition were identified between Salvia hydrangea DC. ex
Benth. samples collected from Karagomak and Asma villages. In particular, the substantially higher
rosmarinic acid concentration and total phenolic content observed in the Karacomak extract indicate that
this material possesses greater potential for dermocosmetic product development. Nevertheless, before its
commercial or therapeutic application can be fully justified, the formulation should be further evaluated
through physicochemical stability studies, microbiological quality assessments, safety testing, skin
compatibility investigations, and well-designed clinical efficacy trials (Karadag, 2025; Aklan, 2025). These
additional studies will provide comprehensive evidence supporting the efficacy, safety, and practical
applicability of Salvia hydrangea-based dermocosmetic formulations.
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5. Conclusions

In this study, the phenolic compositions of Salvia hydrangea DC. ex Benth. samples collected from the
Karagomak and Asma villages of Igdir Province, Tiirkiye, were comprehensively characterized using
HPLC-DAD. Geographical variations in their chemical composition were evaluated through chemometric
analyses, while the interactions of the major phenolic constituents with DNA were investigated using a
molecular docking approach. The results demonstrated that, although both samples were rich in phenolic
compounds, their phenolic compositions and the concentrations of individual constituents varied
considerably depending on geographical origin. Rosmarinic acid was identified as the predominant
phenolic compound in both extracts; however, the Karagcomak sample contained substantially higher levels
of rosmarinic acid, chrysin, o-coumaric acid, and naringin. Chemometric analyses further confirmed
these findings by successfully discriminating the samples according to their phenolic fingerprints, clearly
demonstrating the influence of geographical origin on the phytochemical composition of S. hydrangea.

Molecular docking analyses revealed that chrysin and rosmarinic acid, identified as the major phenolic
constituents by HPLC-DAD, exhibited strong binding affinities toward DNA. The calculated binding free
energies of —8.1 keal mol™ for chrysin and —7.8 kcal mol™ for rosmarinic acid indicate that both compounds
are capable of forming stable ligand—-DNA complexes. The docking simulations demonstrated that chrysin
primarily interacts with DNA through a minor-groove binding mechanism reinforced by aromatic n—n
stacking interactions, whereas rosmarinic acid establishes a stable DNA complex through an extensive
network of multiple hydrogen bonds, m-mediated interactions, and widespread van der Waals
contacts. These findings provide molecular-level evidence supporting the biological activities of these
phenolic compounds and are consistent with previous reports describing their antioxidant, chemoprotective,
and potential therapeutic properties.

The combination of a quantitatively rich phenolic profile and the strong DNA-binding potential observed at
the molecular level suggests that the Karagomak extract may possess superior biological activity compared
with the Asma extract. Accordingly, the selection of the Karagomak extract as the natural active ingredient
for the anti-aging serum formulation was based not only on its elevated phenolic content but also on the
favorable molecular interactions exhibited by its major phenolic constituents.

Overall, this study demonstrates that the phenolic profile of Salvia hydrangea is significantly influenced by
geographical origin, that HPLC-DAD combined with chemometric analysis provides an effective strategy
for identifying these phytochemical differences, and that molecular docking offers valuable
complementary molecular evidence regarding the biological potential of major phenolic constituents. The
integration of phytochemical profiling, multivariate statistical analysis, and molecular modeling provides a
comprehensive scientific framework for evaluating the potential applications of Salvia hydrangea DC. ex
Benth. extracts in cosmetic, dermocosmetic, and healthcare products.

Nevertheless, the molecular docking results presented herein should be considered predictive and require
experimental validation. Future studies should include in vitro DNA-binding assays, cell culture
experiments, and in vivo biological evaluations to confirm the proposed molecular mechanisms and to
establish the biological relevance of the computational findings. Such an integrated multidisciplinary
approach highlights that geographical variation in phytochemical composition should be considered not
only for the quality control and standardization of medicinal plants but also for the rational development
and evaluation of natural products intended for functional, cosmetic, and biomedical applications.
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