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ARTICLE INFO ABSTRACT

Article History: Salvia species have lately gained significant interest as a result of their suitable utilization in various indus-
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been evaluated for phytochemical composition as well as in vitro pharmacological potential comparatively
for the first time. The phytochemical composition of S.hydrangea was investigated by LC-MS/MS, GC-FID, and
GC/MS. To reveal its biological activities, antioxidant, antimicrobial, and also acetylcholinesterase activities of
different solvent extracts such as water, n-hexane, chloroform, and methanol were determined. According to
GC-GC/MS analysis, the primary components of the oil were identified as camphor (46.0%), 1,8-cineole
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Key"_vordS: (7.5%), camphene (6.8%), limonene (6.5%), B-pinene (6.11%) and «-pinene (5.6%). Additionally, in the infusion
\S;:)ll"; ;l?i) (Tlr angea and methanol extract, rosmarinic acid and luteolin glycoside were detected as predominant phenolics by LC-
Antimicrobial MS/MS. In DPPH., CUPRAC, and FRAP test results of the samples indicated strong to moderate antioxidant
GC-GC/MS ability in all samples studied, additionally, among them, the infusion exhibited significant acetylcholine inhi-
Antioxidant activity bition properties comparable with galanthamine. With regard to antimicrobial activity, all of the tested
LC-MS/MS microorganisms had MIC values ranging from 15 to 2000 pg/mL. Based on these findings, S. hydrangea may

have promising properties for a variety of industrial applications in the pharmaceutical, food, and cosmetic
industries.
© 2022 SAAB. Published by Elsevier B.V. All rights reserved.

1. Introduction

Salvia is one of the largest and valuable genera in the family Lam-
iaceae, with over 1000 species found all over the world (Zare et al.,
2021). Its species are commonly known as ‘sage’ and used for a wide
variety of different purposes including treatment of cold, wounds,
digestive and menstrual problems, skin infections, enhancement of
the memory, flavoring foods, added to the formula of cosmetics and
perfumes for the preservation of products (Demirci et al., 2003;
Wu et al, 2012; Zengin et al., 2018; Poulios et al., 2020). Salvia species
have gradually gained value as a result of their therapeutic applica-
tions in both the industry and folk medicine (Asadi et al., 2010). Fur-
thermore, the economic significance is growing since some species
are cultivated for use in pharmaceutical, food, and cosmetic
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industries (Sharma et al., 2019). Thus, the species of this genus have
drawn the attention of researchers, and the number of studies
increased in recent decades (Sharifi-Rad et al, 2018;
Shojaeifard et al., 2021).

Several studies have been extensively conducted on their phar-
macological activities as well as phytochemical composition. From a
chemical viewpoint, Salvia species have been revealed to be abun-
dant in several types of secondary metabolites, including mono, di-
and triterpenes flavonoids, and phenolic acids (Sairafianpour et al.,
2003; Asadi et al., 2010; Farimani et al., 2012; Kahnamoei et al.,
2019). These species are important sources of essential oil and poly-
phenols (Bakkali et al., 2008). Investigations on the phenolic substan-
ces of the genus revealed the presence of carnosic acid, rosmarinic
acid, and derivatives of these acids as major components
(Toplan et al., 2017). The results of the investigations on the oil con-
tent of several Salvia species revealed a significant diversity including
predominant compounds and their percentages (Baser 2002). The
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major constituents of EOs have been identified as 1,8 cineole, /8
pinene, camphor, and thujone (SteSevic et al., 2014; Sharifi-Rad et al.,
2018; Ghavam et al., 2020). Previous reports indicated that the EOs
and various extracts of Salvia species possess remarkable antioxidant,
anti-inflammatory, antibacterial, antifungal, antitumoral, and neuro-
protective properties (Bahadori and Mirzaei, 2015; Lopresti 2017;
Xu et al.,, 2018; Poulios et al., 2020; Righi et al., 2021; Afonso et al.,
2021; Askari et al., 2021). The members of the genus exhibited a
broad variety of biological activity, which was linked to their unique
chemical composition particularly rich in phenolic content (Lu and
Foo, 2002; Wu et al., 2012). Due to the confirmation of its strong anti-
oxidant and antimicrobial facilities, sages are used as natural preser-
vatives to stabilize foods, cosmetics, and other products (Kosar et al.,
2008; Poulios et al., 2020).

The human body is subject to several kinds of oxidative stress,
resulting in many different degenerative illnesses, including skin dis-
eases, various forms of cancer, cardiovascular disease, and neurologi-
cal disorders (Bibi Sadeer et al., 2020). The past few decades have
seen the prevalence of various diseases such as Alzheimer's disease
(AD), Parkinson’s diseases, (PD), and cancer increasing all over the
world. These illnesses are seen as “global health” issues under this
perspective. Antioxidants are assumed to slow or prevent oxidation,
as well as the formation of oxidizing chain reactions, during the oxi-
dation period of the chemical cycle (Shahidi, 2000). Numerous stud-
ies have established that a deficiency of antioxidant molecules plays
a role in neurodegenerative diseases, and antioxidants may help pre-
vent or delay neuronal cell death in idiopathic neurodegenerative
disorders particularly Alzheimer's and Parkinson’s diseases (Esposito
et al., 2002; Lopresti 2017). However, the usage of synthetic antioxi-
dants is limited due to their carcinogenic effects (Shahidi and
Zhong, 2010). Hence, many studies have focused to discover natural
and alternative antioxidant agents that have fewer adverse effects.
Several studies have demonstrated that secondary metabolites of
plants, especially EOs and phenolic compounds have been proven to
decrease oxidative damage and prevent free radicals (Bursal et al.,
2019; Firuzi et al., 2010; Poulios et al., 2020).

AD is a degenerative neurological disorder characterized by cogni-
tive and behavioral abnormalities that have emerged as a serious
public health concern, particularly in the industrialized world
(Senol et al., 2010). Acetylcholinesterase enzyme catalyzes the break-
down of acetylcholine, and its absence may result in neurodegenera-
tive diseases such as AD (Akkol et al., 2012; Tundis et al., 2015). As a
result, the developed methods for inhibiting this enzyme have
emerged as a novel strategy for screening plant-based materials
(Orhan et al., 2008). Researchers have focused their efforts on the
enzyme-inhibiting properties of different plants and also identifying
the responsible components in order to cure or prevent AD. Plenty of
investigations showed promising anticholinesterase effects in differ-
ent Salvia species studied (Orhan et al., 2012; Senol et al., 2010).

Another significant health problem is the increased antibiotic
resistance all over the world (Gibbons 2005). Only a few new antimi-
crobial medications have been introduced over the years, and devel-
oping new drugs to combat resistant bacteria has become a top
priority nowadays (Kwapong et al., 2019). There have been several
studies to prove that plant extracts and also their secondary metabo-
lites are effective against bacterial and fungal infections. Among
them, Salvia species are quite popular throughout the world and
many of them have been used for centuries to treat infections and to
protect against microbial contamination due to their antimicrobial
facilities (Al-Bakri et al., 2010; Firuzi et al., 2013; Delamare et al.,
2007; Gvaham et al., 2020; Askari et al., 2021).

The genus Salvia is represented by approximately 100 species in
Turkey, almost half of which are endemic (Guner et al., 2012). In the
Anatolian traditional medicine, Salvia species have long been used
against wounds, pharyngitis, stomatitis, stomachache, headache,
common cold, memory problems, and galactorrhoea (Giirdal and
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Kiltur, 2013). There are several Salvia species that are frequently uti-
lized in Anatolia, the most consumed species is S. triloba L. which is
commercially available in many herbal stores (Baytop 1999). In Agr1,
in the eastern part of Turkey, an infusion of Salvia hydrangea has
been used by local people for the treatment of several diseases as
herbal tea. As far as we know, despite a few studies which have been
published on the essential oil composition of S. hydrangea, there is no
comprehensive study on the biological activities of different extracts
as well as the phenolic composition of the plant (Kotan et al., 2008;
Kahnamoei et al., 2019; Ghavam et al., 2020; Zare et al., 2021). The
goal of the present study is to evaluate the phytochemical composi-
tion of S. hydrangea with in vitro biological potential.

2. Material and methods
2.1. Plant material

The aerial parts of S. hydrangea were collected in Agri
(Dogubeyazit), 2017, in the easternmost region of Turkey, during the
flowering stage. Plant materials are stored at the Herbarium of the
Pharmacy Faculty of Istanbul University (ISTE Number: 116568). The
aerial parts were dried at room temperature and kept in a dark place.

2.2. Preparation of extracts

The essential oil (EO) was extracted from aerial parts of the plant
by hydrodistillation for 3 h with a Clevenger-type apparatus. The
essential oil was kept at +4 °C in an amber-colored vial until analysis.

The aerial parts of S. hydrangea were powdered using a mill and
then extracted with different solvents in the order of n-hexane, chlo-
roform, and methanol using a Soxhlet apparatus. Thereafter, extracts
were filtered through a Whatman paper and evaporated to dryness
under reduced pressure at a temperature below 40 °C. Additionally,
an infusion extract of the plant was also prepared via the maceration
procedure. 10 g of air-dried S. hydrangea was macerated by shaking
using 100 mL hot water twice and then lyophilized and stored at
—20 °C until analysis.

2.3. Chemical analyses of essential oil

An Agilent 6890 N GC system was used in the GC analysis. The EO
of S. hydrangea was examined by capillary Gas Chromatography (GC-
FID) and Gas Chromatography-Mass Chromatography (GC/MS) simul-
taneously using an Agilent GC—MSD system. The GC/MS analysis was
performed with an Agilent 5975 GC/MSD system (Agilent Technolo-
gies Inc., Santa Clara, CA). To obtain the same elution order with GC/
MS, the simultaneous injection was accomplished by using the same
column and operational parameters. In the analysis, the Innowax FSC
column (HP, U.S.A.) (60 m x 0.25 mm; film thickness 0.25 m (microli-
ter) was used, and the FID temperature was set at 300 °C. Helium at a
flow rate of 0.8 mL/min was used as carrier gas. The temperature of
the GC oven was maintained at 60 °C for 10 min and increased to
220 °C at a rate of 4 °C/min, and kept constant at 220 °C for 10 min
and then programmed to 240 °C at a rate of 1 °C/min. The split ratio
was adjusted 40:1. The injector temperature was at 250 °C. Mass
spectra was taken at 70 eV. Mass range was from m/z 35—450.

The constituents of EO were identified by comparison of their
mass spectra with those in the Adams Library, Baser Library of Essen-
tial oil Constituents, Wiley GC/MS Library, and MassFinder Library
confirmed by comparing their retention indices. The essential oil
sample was analyzed three times.

2.4. Determination of phenolics using LC-MS/MS

Phenolic compounds were determined with a Shimadzu HPLC
20A system attached to an Applied Biosystems Q-Trap 3200 LC-MS/
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MS system. Mass spectrum analyses were performed in the negative
ionization mode at a mass range of 150—800 amu. 250 x 4.6 mm,
5 um, ODS analytical column was chosen at 40 °C for the chro-
matographic analysis. UV Chromatograms were taken at 280 and
320 nm. CH30H:H,0:CH,0, (10:89:1, v/v/v) (solvent A) and CH30H :
H,0 : CH,0, (89:10:1, v/v/v) (solvent B) were used for the gradient
analysis at flow rate 1 ml/min. The composition of B was increased
from 15% to 100% in 40 min.

2.5. Total phenolic contents of the samples

The Folin—Ciocalteu reagent (FCR) method was used to determine
the total phenolic content of four different extracts from the aerial
parts of the plant. Briefly, 5 uL extract (5 mg/mL- 0.5 mg/mL) was
taken and 225 uL of water was added to the tube. Then 5 uL of Folin-
Ciocalteu reagent (diluted 1/3 with distilled water) and 15 L of 2%
sodium carbonate solution were added to the combination. After-
ward, the combination was allowed to rest at room temperature for
two hours before the absorbance at 760 nm was recorded against the
standard reference. The total phenolic content of the extracts was
expressed as mg gallic acid equivalents (GAE)/g extract (Ozsoy et al.,
2008).

2.6. Antioxidant activity of the samples

The antioxidant capacity and free radical scavenging activity of
extracts were measured by CUPRAC, DPPH., and FRAP assays.

The antioxidant capacity of the samples was determined using the
CUPRAC method. A plate was combined with 1 mL of Cu (II)
(1.10—-2 M), neocuproine ethanolic solution (7.3.10—3 M), and 1 M
NH4Ac buffer solution. Extracts 1 mL and 0.1 mL pure EtOH were
added to the initial mixture to make the final volume: 4.1 mL. After
ten seconds of vortexing, the absorbance of the solution was mea-
sured at 450 nm against a reagent blank. Samples of CUPRAC meas-
urements have been demonstrated as equivalents for Trolox (mM
Trolox/mg extract) (Apak et al., 2004).

The DPPH- method was used to test the capacity of free radical
scavenging in four distinct extracts. To summarize, 240 uL of DPPH-
solution (0.1 mM) was mixed with 10 uL of extracts prepared at vari-
ous concentrations (5 mg/mL-0.5 mg/mL). Then, the mixture was
kept for a further 30 min at room temperature before its usage. The
absorbance of the combination was determined in comparison to a
standard using a microplate reader set at 517 nm. The experiment
was replicated three times and the outcomes were given as ascorbic
acid equivalent (mg AAE/g extract) (Wei et al., 2010).

The FRAP method has been studied for evaluating the ability of
ferric reducing of different extracts (5 mg/mL-0.5 mg/mL). In brief,
the FRAP reagent (3.8 mL) was mixed with samples (0.2 mL) and
4 min later, the absorbance of the mixture was measured against the
reference at 593 nm. The standard curve was prepared using FeSO,4
and FRAP values of the samples were expressed as an mM Fe?*/mg
extract (Benzie and Strain, 1996).

2.7. Anticholinesterase activity of the samples

The inhibition of cholinesterase enzymes of the samples was
determined using a 96-well microplate reader previously described
by Ellman et al. (1961), with some changes. Firstly, 50 mM Tris—HCI
buffer (pH 8.0) was used to prepare all reagent solutions (daily).
Shortly, the AChE solution and each sample were mixed in 20 I con-
centration with 40 ul of Tris—HCI buffer. This mixed solution has
been stood at 25 °C for 10 min. Then, the reaction was started adding
20 ul of ATCI (50 mM) into the combination and the total solution
was incubated for 5 min. at room temperature. After all, 20 mM
DTNB (100 wl, containing 1 M NaCl and 0.2 M MgCl,-6H,0) was
added to the combination and its absorbance was read at 412 nm
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against the reference. Each experiment was conducted in triplicate.
As a reference compound, galanthamine was used (Ellman et al.,
1961).

2.8. Antimicrobial activities of the samples

Anticandidal and antibacterial tests were performed according to
partly modified CLSI M27-A2 and M7-A7 reference protocols.
Amphotericin-B and Ketoconazole (Sigma-Aldrich) were used as
standard antifungal agents while Chloramphenicol and Ampicillin
(Sigma-Aldrich) were used as antibacterial. Candida albicans ATCC
10231, Candida tropicalis NRRL Y-12968, Candida albicans ATCC
90028, Candida tropicalis ATCC 750, Candida utilis NRRL Y-900, Can-
dida parapsilosis ATCC 22019, Candida krusei ATCC 6258 were used as
test strains for anticandidal assay. Escherichia coli NRRL B-3008,
Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC
7853, Salmonella typhimurium ATCC 13311, Serratia marcescens NRRL
B-2544, Klebsiella pneumoniae NCTC 9633 were used as test microor-
ganisms in antibacterial activity method.

Different from the standard protocol, EO and extracts of S. hydran-
gea were diluted between the concentrations of 2 mg/mL to
0.004 mg/mL where the standard antifungals were diluted following
CLSI methods (CLSI (NCCLS) M27-A2 2002; CLSI (NCCLS) M7-A7
2006). Stored yeast strains were refreshed onto Potato Dextrose Agar
(PDA, Fluka) while bacteria were inoculated onto Mueller Hinton
Agar (MHA, Fluka) for checking purity. All tests were achieved by
using sterile 96 U-shaped multi-well plates (Brand). Antimicrobial
test results were screened after the incubation period at 3542 °C,
16—20 h. The MIC (minimal inhibitory concertation) is defined as the
lowest concentration in which an optically clear well is observed.
Furthermore, according to the M27-A2 method, recommended MIC
limits of two quality control strains [C. krusei (ATCC® 6258) and C.
parapsilosis (ATCC® 22,019)] against Amphotericin-B and Ketocona-
zole were considered for the precision and accuracy of the assay.

2.9. Statistical analysis

Results were expressed as mean = standard deviations (SD) of 3
parallel and independent analyses. After performing ANOVA tests,
significant differences between means were identified by performing
a Tukey Multiple Comparison test.

3. Results and discussion
3.1. Fraction yields and total phenolic content

Using the hydrodistillation method, the essential oil of S. hydran-
gea was obtained in 1.7% yield from its aerial parts as a yellow oil
with a characteristic fragrance. The fraction yields of S. hyrangea
obtained by using nonpolar to polar ranged solvents are as follows:
n-hexane extract (0.379 g), chloroform extract (0.097 g), methanol
extract (1.63 g), and the infusion (1.44 g), by expressing extractable
compounds as (EC)/gram of dry weight (DW).

3.2. Determination of phytochemical composition

The EO composition of S. hydrangea was characterized by GC-FID
and GC/MS analyses, in triplicate. A total of 66 constituents, repre-
senting 98.8% of the total components in the EO of S. hydrangea have
been described. The retention indices and percentage composition of
substances are presented in Table 1.

The major compounds of EO of S. hydrangea were camphor
(46.0%) followed by 1,8-cineole (7.5%), camphene (6.8%), limonene
(6.5%), a-pinene (5.6%), and B-pinene (6.1%). None of the remaining
components were detected in concentration higher than 10%. Sabi-
nene (1.0%), terpinen-4-ol (1.1%), a-humulene (1.9%), and trans-
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Table 1
The essential oil composition of the aerial parts from S. hydrangea.

RRI Compounds % Identification Metod
1014  Tricyclene 0.3 MS
1032 «a-Pinene 5.6 tg, MS
1035  «-Thujene 0.2 MS
1076 Camphene 6.8 tg, MS
1118 B-Pinene 6.1 tr, MS
1132 Sabinene 1.0 tr, MS
1138  Thuja-2,4 (10)-diene 0.1 MS
1174 Myrcene 0.6 tr, MS
1188 «o-Terpinene 0.1 tg, MS
1203 Limonene 6.5 tr, MS
1213 1,8-Cineole 7.5 tr, MS
1246  (Z)-B-Ocimene 03 tr, MS
1255 Y-Terpinene 03 tg, MS
1266  (E)-B-Ocimene 0.1 tg, MS
1267 3-Octanone 0.1 tg, MS
1280  p-Cymene 04 tg, MS
1290  Terpinolene 0.3 tr, MS
1468  trans-1,2-Limonene epoxide tr MS
1473  Camphenilone tr MS
1474  trans-Sabinene hydrate tr tg, MS
1479  S-Elemene 0.2 MS
1497  «a-Copaene 0.1 MS
1499  w-Campholene aldehyde 0.3 MS
1532 Camphor 46.0 tg, MS
1547  Dihydroachillene tr MS
1550  cis-«-Bergamotene tr MS
1553 Linalool 0.3 tr, MS
1556 cis-Sabinene hydrate tr tr, MS
1586  Pinocarvone 04 MS
1590  Bornyl acetate 0.2 tr, MS
1600  B-Elemene tr MS
1601 Nopinone tr MS
1610  Calarene 0.3 tg, MS
1611 Terpinen-4-ol 1.1 tg, MS
1612  B-Caryophyllene tr tg, MS
1648  Myrtenal 0.6 MS
1664 trans-Pinocarveol 0.6 tg, MS
1671 (2)-B-Farnesene 0.3 MS
1687 a-Humulene 19 tg, MS
1690  trans-Verbenol 0.6 MS
1707  «-Terpinyl acetate 0.5 tr, MS
1719 Borneol 03 tg, MS
1726  Germacrene D 0.5 MS
1727 Verbenone 0.3 tg, MS
1741 «a-Bisabolene 04 tg, MS
1751 Bicyclogermacrene 0.5 tg, MS
1754  B-Curcumene 0.3 MS
1755 Carvone 0.8 tr, MS
1765 Geranyl acetate 0.5 tg, MS
1773  §-Cadinene tr tg, MS
1783  B-Sesquiphellandrene tr MS
1786 ar-Curcumene 0.2 MS
1797  Myrtenol 0.5 MS
1845  (E) —Anethole 09 MS
1849  trans-Carveol 0.5 tr, MS
1864  p-Cymen-8-ol 0.2 tr, MS
2000  trans-Sesquisabinene hydrate 1.3 MS
2008  Caryophyllene oxide tr tg, MS
2012 Maaliol 0.6 MS
2071 Humulene epoxide-II 0.7 MS
2144  Spathulenol 0.4 tr, MS
2161  B-Bisabolol 0.8 MS
2162  waAcorenol tr MS
2232 «a-Bisabolol 0.2 tg, MS
2255  B-Eudesmol 0.3 MS
2260  Alismol 0.4 MS

Monoterpene hydrocarbons 28.7

Oxygenated monoterpenes 59.8

Sesquiterpene hydrocarbons 43

Oxygenated sesquiterpenes 4.7

Others 13

Identified compound 66

Total% 98.8

RRI; Relative retention indices calculated against n-alkanes.%; calculated
from the FID chromatograms. tr: trace (<0.1 %); IM: Identification Method;
tR, identification based on comparison with co-injected with standards on a
HP Innowax column; MS, identified on the basis of the computer matching
of the mass spectra with those of the in-house Baser Library of Essential Oil
Constituents, Adams, MassFinder, and Wiley libraries.
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sesquisabinene hydrate (1.3%) were also identified in lower percen-
tages in the oil. The EO had a high concentration of oxygenated
monoterpenes (59.8%).

Plenty of studies demonstrated variations in the EO of composi-
tion of several Salvia species. Baser reported a wide range of chemical
variety among essential oils derived from Salvia species in Turkey
(Baser, 2002). The oils of Salvia species were categorized according to
their primary components. There are three major categories of com-
mercial oils that have been identified: the 1,8-Cineole/Camphor
(CiCa) group, the thujone group, and the pinene group (Baser, 2002).
The EO of S. hydrangea can be classified in Camphor/1,8-Cineole
(CaCi) group. Additionally, several studies have demonstrated that
genetic and environmental variables have a significant impact on the
production of essential oil from Salvia species (Barazandeh, 2004;
Baser, 2002; Ghavam et al., 2020).

There are a few studies on the EO composition of S. hydrangea
growing in Turkey. Kotan et al. have examined the EO composition of
the S. hydrangea collected from Igdir (Kotan et al., 2008), and found
camphor (54.2%) and a-humulene (4.0%) as main constituents. The
main constituents of the EO of S. hydrangea, collected from Kars,
were identified as 1,8-cineole (7.4%), camphene (9.4%), and camphor
(46.9%). Both locations are quite near each other and in the eastern
part of Turkey. Our results were found to be comparable with those
studies except for the percentage amounts of the constituents. The
essential oil composition of S. hydrangea from several locations
around Iran (Isfahan region) has been previously recorded and S-car-
yophyllene (33.4%) and caryophyllene oxide (25.4%) were found to
be predominant compounds. In another study from the Daran region
of Iran, the essential oil compositions of leaf and flower parts of S.
hydrangea were investigated with their antimicrobial activities. The
major compounds found in the leaf EO were spathulenol (16.07%),
1,8-cineole (13.96%), trans-caryophyllene (9.58%), B-pinene (8.91%),
and B-eudesmol (5.33%) and those found in flower EO were caryo-
phyllene oxide (35.47%), 1,8-cineole (9.54%), trans-caryophyllene
(6.36%), B-eudesmol (4.11%), caryophyllenol-II (3.46%), and camphor
(3.33%). Gvaham et al., classified the EO of S. hydrangea comparing
the previous reports as naphthalene, 1,8-cineole, camphor, and «-ter-
pineol are the major bioactive found in plants over 2000 m, whereas
1,8-cineole, camphor, B-pinene, naphthalene, and o-amorphene are
found in plants above 1100 m (Gvaham, et al., 2020). Our investiga-
tion established a qualitative and quantitative difference from the
previously studied S. hydrangea in terms of essential oil composition.
Many previous studies have approved that the chemical composition
of Salvia species varied depending on the collecting period, the place
of collection, distilled parts, genetic diversity, and also changes in bio-
synthetic pathways (Temel et al., 2016).

The phenolic contents of the infusion and methanolic extract
obtained from the aerial parts of S. hydrangea were determined by
LC—MS/MS. The detailed phenolic contents are demonstrated with
retention time, UV .« spectra, and all MS data for each compound in
Table 2. The chromatograms of the infusion and methanol extract are
presented in Figs. 1 and 2, respectively.

As a consequence of the analysis, luteolin glycoside, rosmarinic
acid, caffeoyl glucose, danshensu, coumaric acid, mediaresinol, dio-
smetin rutinoside, apigenin glycoside, luteolin acetyglycoside, and
apigenin acetylglycoside, were identified by comparison of the reten-
tion times and mass spectra of references. The major compounds
were detected in the methanol extract as rosmarinic acid while luteo-
lin glycoside was the predominant phenolic constituent in the infu-
sion. Both samples contained mediaresinol, luteolin glycoside,
rosmarinic acid. However, caffeoyl glucose, danshensu, diosmetin
rutinoside, and apigenin glycoside were only observed in the metha-
nol extract. On the other hand, coumaric acid, luteolin acetylglyco-
side, and apigenin acetylglycoside were found in the infusion of S.
hydrangea. Additionally, the flavonoids identified in both samples are
in glycosidic form. It is well-known that the glycoside link in the
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Table 2

The phenolic compositions of infusion and methanol extract obtained from S. hydrangea.
RT [M-H]- MS? Compound Extract  Ref.
29 341 179,161,143 Caffeoyl glycoside M Chenetal. (2011)
51 197 179,135,123 Danshensu M Dong et al. (2013)
6,2 163 119 Coumaric acid I Xie et al. (2014)
6,7 387 207,163 Mediaresinol LM Hossain et al. (2010)
100 447 285 Luteolin glycoside LM Cvetkovikj et al. (2013)
11,2 607 299,284 Smilar to Diosmetin rutinoside M Roowi and Crozier (2011), Al-Qudah et al. (2014)
11,7 431 268,241,171 Apigenin glycoside M Cvetkovikj et al. (2013)
12,2 489 285 Luteolin acetylglycoside I Lin and Harnly (2010)
129 359 197,179, 161,135 Rosmarinic acid LM Kontogianni et al. (2013)
139 473 269 Apigenin acetylglycoside I Kontogianni et al. (2013)

*R¢: Retention time; I: infusion, M: methanol extract.
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Fig. 1. LC chromatogram of infusion from aerial parts of S. hydrangea.

structure increases the solubility of flavonoids, hence it is reasonable
to detect these flavonoids in the infusion of S. hydrangea.

The total phenolic content of samples was measured spectropho-
tometrically, using the Folin—Ciocalteau method, as reported previ-
ously (Ozsoy et al., 2008). The total phenolic contents of each sample
are demonstrated in Table 3. According to the results, the infusion
and methanol extract of S. hydrangea contained almost similar
amount of phenolics with the highest values among the investigated
extracts.

Previous studies have described phenolic compositions of the
many different Salvia species. These reports indicated that Salvia spe-
cies are rich in phenolics and also show variability in terms of the
phenolic groups. Among these substances, rosmarinic acid is a chief
component when comparing many Salvia species. The phenolic com-
pounds isolated from several sages have demonstrated remarkable
pharmacological activity and also potential as great resources for dif-
ferent industrial purposes (Li et al., 2015).

3.3. Antioxidant activity
To examine the antioxidant capacity of the samples, it is preferred

to employ more than one assay to explain the action of different
pathways and to provide a more comprehensive evaluation of their
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antioxidant properties. In the current study, the antioxidant potential
of S. hydrangea was evaluated using three complementary biochemi-
cal methods, namely DPPH. free radical scavenging, FRAP, and
CUPRAC activity methods. The results are demonstrated in Table 3.

An antioxidant relationship can be described by the action of free
radical scavenging (DPPHe), which is one of the numerous methods
used to determine antioxidant activity (Maltas et al., 2010). In order
to assess the free radical scavenging effects of different solvent
extracts, DPPHe radical assay, the most frequently used method was
applied. Among the samples studied, methanol (60.6 + 0.8 mg AAE/g
extract) and infusion (49.9 + 2.97 mg AAE/g extract) extracts showed
the strongest free radical scavenging activity in the DPPH- test com-
pared to other extracts. The DPPH- method is very important in inter-
preting the role of hydrophilic antioxidants (Buyuktuncel, 2013).
Therefore, it is thought that infusion and methanol extracts, which
have polar compounds compared to other extracts, exhibit strong
free radical scavenging activity. The weakest effects were observed in
the chloroform extracts.

The reducing power potential of the extracts obtained from the
aerial parts of S. hydrangea have been carried out using CUPRAC and
FRAP methods. The CUPRAC test was used to reveal the cupric reduc-
ing antioxidant capacity of the infusion, n-hexane, chloroform, and
methanol extracts. In the current investigation, the infusion,
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Fig. 2. LC chromatogram of methanol extract from aerial parts of S. hydrangea.

Table 3
Antioxidant activity of samples from S. hydrangea.

Samples Phenolics (mg GAE/g extract) DPPHe (mg AaE/g extract)  CUPRAC(mMtrolox/mg extract) ~ FRAP assay (mM Fe?*/mg extract)
n-Hexane 41+20 477 +£25 0.094 + 0.004 0.214 +0.047

Chloroform 12+ 0.6 332422 0.101 4+ 0.001 0.109 + 0.007

Methanol 122 +£1.1 60.6 0.8 0.104 £+ 0.001 0.025 + 0.001

Infusion 121+09 499 +2.97 0.108 + 0.002 0.050 + 0.001

BHT 1.1+£0.12

BHA 1.622 £0.12

Values are mean of triplicate determination (n = 3) =+ standard deviation; a P <0.05 compared with the positive control, bP <0.01 compared with posi-

tive control, cP <0.001 compared with positive control.

chloroform, and methanol extracts had almost equal cupric reducing
properties. The highest copper (II) reducing antioxidant capacity was
detected in the infusion while the lowest effects were observed in
the n-hexane extract. On the other hand, n-hexane extract exhibited
the strongest reducing power ability in FRAP assay compared to the
other studied samples. Unfortunately, none of the investigated sam-
ples were found to be as powerful as the reference compounds. The
CUPRAC and FRAP methods are very suitable for the determination of
hydrophilic and lipophilic antioxidants. The FRAP method is non-spe-
cific and any compound with a redox potential of less than 0.70 V,
which does not show antioxidant properties in vivo, can reduce iron.
In addition, thiol antioxidants such as glutathione cannot be mea-
sured by the FRAP method. The CUPRAC method is fast enough to oxi-
dize thiol-type antioxidants (Buytiktuncel, 2013). In this study, it is
thought that the different CUPRAC and FRAP activity results of the
extracts are due to these advantages and disadvantages of the meth-
ods.

Various antioxidants are found in aromatic and medicinal plants.
Among them, flavonoids and phenolic acids possess strong antioxi-
dant properties as confirmed by the literature. Due to the hydrogen-
donating characteristic of these compounds, a broad range of antioxi-
dant effects was observed depending on a variety of their chemical
structure. Numerous studies revealed that a large number of phenolic
chemical components in Salvia species was most likely responsible
for the plant's considerable antioxidant effect (Kosar et al.,, 2011;
Firuzi et al., 2013; Al-Qudah et al., 2014; Bahadori and Mirzaei, 2015;
Zengin et al., 2018). Rosmarinic acid is the most prevalent phenolic

804

acid found in Salvia species, and several studies have demonstrated
its high antioxidant potential (Petersen and Simmonds, 2003). Fur-
thermore, the current investigation demonstrates that the existence
of rosmarinic acid in the infusion and methanolic extract of S. hydran-
gea has a significant potential for antioxidant effect comparing the
other extracts. However, the relevance of strong antioxidant effect is
not only due to the existence of rosmarinic acid but also the occur-
rence of synergistic effect with other phenolic substances.

3.4. Anticholinesterase activity

Water, n-hexane, chloroform, and methanol extracts were
screened for their acetylcholinesterase enzyme inhibition potential
compared to galantamine, as a reference compound. The results of
anticholinesterase activities are given in Table 4. According to the
applied Ellman method, the infusion showed excellent cholinesterase
inhibitor effects (92.8254-0.582 wg/mL) which was almost equal to
standard (94.52+0.14 pg/mL). Furthermore, methanol extract
(89.4604-3.257 g/mL) also showed notable inhibition effects on ace-
tylcholinesterase enzyme. Notwithstanding, the chloroform extract
exhibit poor effects to inhibit the enzyme while no anticholinesterase
activity was measured in the n-hexane extract.

In a recent study, Senol et al. (2010) investigated the anticholines-
terase and antioxidant potential of 55 taxa of Turkish sages including
the S. hydrangea. The dichloromethane, ethyl acetate, and methanol
extracts were prepared from aerial parts and were scanned for their
enzyme inhibitor potential. Unfourtanetly, only dichloromethane
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Table 4
Anticholinesterase
S. hydrangea.

activity of the extracts from

Samples Enzyme inhibition (%) (500 jg/mL)
n-Hexane -

Chloroform 32.88940.940

Methanol 89.460+3.257

Infusion 92.825+0.582

Galanthamine  94.52+0.14

Values are mean of triplicate determination (n = 3)
+standard deviation; * P <0.05 compared with the posi-
tive control, P <0.01 compared with positive control.

and ethyl acetate extracts of S. fruticosa, and ethyl acetate extract of S.
pomifera exhibited moderate inhibition. Nevertheless, none of the
methanol extracts showed any anticholinesterase effects. In another
study, several extracts such as dichloromethane, methanol, and water
from S. euphratica Montbret and Aucher ex Bentham var. leiocalycina
(Rech. fil.) Hedge, S. verticillata subsp. amasica Freyn. & Bornm. and S.
blepharochlaena Hedge and Hub. were evaluated for their anticholin-
esterase activity as well as antioxidant capacity. Among the studied
samples, water extracts were found to be rich in phenolics and also
possessed strong antioxidant properties. The dichloromethane
extracts of three Salvia species investigated showed the highest
effects (Zengin et al., 2018). Extraction methods/solvents are known
to be an important factor in the extraction of compounds from
medicinal plants (Zhang et al., 2018). In this study conducted by Zen-
gin et al., dichloromethane, methanol and water extracts were pre-
pared separately by maceration method. In another study, each plant
was extracted with dichloromethane, ethyl acetate followed by
methanol, using the maceration method, respectively. In our study,
unlike other studies, sequential extraction was performed with the
Soxhlet method and the compounds were classified according to
their polarity. The reason why the findings obtained in our study are
different from previous studies suggests that it is due to the extrac-
tion method/solvents of plants.

Many studies have revealed that phenolic compounds have
varying antioxidant, antimicrobial, and antitumor bioactivities
according to their functional groups (Asadi et al, 2010;
Senol et al, al,,2010; Orhan et al., 2012). These functional groups
determine/contribute their antioxidant properties and protect

Table 5
Antibacterial effects of S. hydrangea extracts (MIC, mg/mL).
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cellular biomolecules against oxidative damage, reducing the risk
of degenerative disease due to oxidative stress (Zeb et al., 2014;
Bibi Sadeer et al., 2020). In Anatolian folk medicine, Salvia species
have been used to enhance cognitive ability (Baytop, 1999). Thus,
the members of the genus have been investigated by several
researchers particularly for in vitro anticholinesterase capability
of the responsible component/s (Perry et al., 1996; Senol et al.,
2010). According to previous reports, the remarkable inhibitory
effects can be attributed to a wide range of different chemical
components, particularly phenolic substances.

3.5. Antibacterial and antifungal screening of the samples

To compare samples, different solvent extracts prepared from
aerial parts of S. hydrangea were evaluated using the broth microdilu-
tion method on a panel of six pathogenic bacteria, and seven yeasts
using the CLSI guidelines. The antibacterial and anticandidal effects
of the samples are given in Tables 5 and 6, respectively. In compari-
son with reference substances, the samples demonstrated strong to
modest antimicrobial activity against the tested pathogenic bacteria
and the yeasts.

The EO and methanol extract of S. hydrangea obtained from
the aerial parts of the plant exhibited considerable inhibitor
effects with 125 (ug/mL) MIC values against S. aureus. This Gram-
positive bacteria was detected as the most susceptible strain
against the samples. Among the samples studied, only the essen-
tial oil was effective on E. coli at a dose of 500 ug/mL, while
none of the other samples were found active against these resis-
tant bacteria panels. P. aeruginosa was the most resistant bacterial
strain against the screened samples, none of the extracts showed
inhibitory properties.

As to the anticandidal activity, n-hexane and chloroform extracts
expressed remarkable inhibitor potential particularly, against C. tro-
picalis, C. utilis, and C. krusei ranging from 15 pg/mL to 62 pg/mL MIC
values. Additionally, C. utilis was the most susceptible yeast strain to
n-hexane extract with 15 pg/mL MIC values. The EO of S. hydrangea
showed moderate to low anticandidal effects between the concentra-
tions of 125 pg/mL to 500 wg/mL against all the studied Candida
yeasts. Infusion and methanol extract of S. hydrangea exhibited anti-
fungal properties with the same concentrations range against only
four investigated Candida strains.

Bacteria panel Strain no n-Hexane  Chloroform  Methanol Infusion  EO St-1(pug/mL)  St-2 (ug/mL)
E. coli NRRLB-3008  >2 >2 >2 >2 0.5 2 1
Staphylococcus aureus ATCC 6538 0.5 0.25 0.125 1 0.125 0.1 0.5
Pseudomonas aeruginosa ~ ATCC 27853 >2 >2 >2 >2 >2 64 32
S. typhimurium ATCC 13311 0.5 1 0.25 >2 1 1 1
Serratia marcescens NRRL B-2544 0.5 1 0.5 >2 1 32 8
Klebsiella pneumoniae NCTC 9633 >2 >2 0.5 1 0.5 0.5 2
St-1: ampicillin; St-2: chloramphenicol.
Table 6
Anticandidal effects of S. hydrangea extracts (MIC, mg/mL).
Candida panel Strain no n-Hexane  Chloroform  Methanol Infusion  EO St-3 (ug/mL)  Std-4 (ug/mL)
Candida albicans ATCC 10231 0.25 0.25 >2 >2 0.25 0.25 0.06
Candida albicans ATCC 90028 0,5 0.25 >2 >2 0.25 0.5 0.03
Candida tropicalis NRRLY-12968  0.125 0.25 >2 >2 0.5 0.25 0.03
Candida tropicalis ATCC 750 0.062 0.062 0.25 0.5 0125 0.25 0.03
Candida utilis NRRL Y-900 0.015 0.031 0.125 0.5 0.125 0.06 0.06
Candida parapsilosis ~ ATCC 22019 0.125 0.125 0.25 0.5 0.125 025 0.03
Candida krusei ATCC 6258 0.062 0.125 0.25 0.5 0.125 05 0.06

St-3: amphotericin-B; St-4: ketoconazole.
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4. Conclusion

Natural products have always provided a significant contribution
to the development of modern medicine, and still continue to play a
crucial role in the discovery of new medications today. As the oxida-
tive stress is an important milestone in neurodegenerative disease
pathogenesis, sages have been shown to be beneficial for therapeutic
purposes due to their notably antioxidant properties as well as strong
inhibitor effects on cholinesterase enzymes. S. hydrangea may be of
interest to the pharmaceutical industries and the current study has
highlighted the biological potential as well as phytochemical charac-
terization. In the present work, the main compound in the EO of S.
hydrangea was determined as camphor. Furthermore, the infusion
and methanol extract of S. hydrangea were shown to have luteolin
glycoside and rosmarinic acid as major phenolic components, respec-
tively. The remarkable biological effects of S. hydrangea might be
attributed to the presence of these compounds and also their syner-
gistic effects with other secondary metabolites. Moreover, the infu-
sion of S. hydrangea showed promising anticholinesterase action for
addressing neurological issues and seems worthy of more research. A
connection between the potential for biological activity and the phy-
tochemical composition of the samples is crucial to help to identify
the molecules that are responsible for the effects. Our findings
revealed the need for more detailed future studies to identify differ-
ent bioactivity of the samples as well as to prove their bioavailability
and mechanisms.
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