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The purpose of the present work is to screen phenolic composition and evaluate the antioxidant and antimicro-
bial activities of themain extract and subextracts of Salvia heldreichiana, an endemic plant fromTurkey. The aerial
parts have been powdered and extracted with MeOH initially and then partitioned with chloroform (CHCl3),
ethyl acetate (EtOAc) for the generation of subextracts along with the remaining water (R-H2O). Total phenolic,
phenolic acid, flavonoid and proanthocyanidin contents present in the MeOH, CHCl3, EtOAc and R-H2O extracts
were measured. Presence of 22 phenolic metabolites were confirmed by utilizing LC–MS/MS in MRM scan
mode and then Rosmarinic acid (RA) contents of each extract were quantified by HPTLC-densitometry, since
the biological effects ofmanymedicinal plants, including Salvia sp. is attributed to RA content. Antioxidant capac-
ities of the aforementioned extracts were estimated using several procedures including free radical scavenging
and metal-associated activity and then disc diffusion method was employed to designate their antibacterial
and antifungal activities. The results obtained from the current study has revealed a positive correlation
between the phenolic composition and the antioxidant profile as well as the antimicrobial activities of the ex-
tracts. Among the tested extracts, EtOAc subextract showed the highest antioxidant and antimicrobial activities
consistent with the highest phenolic and RA content.

© 2019 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The genus Salvia belonging to the family Lamiaceae has been dis-
turbedwidely in several regions of theworld, especially in theMediter-
ranean region and Asia, withmore than 1000 species (Kalaycıoglu et al.,
2018). There are 100 species of Salvia in Turkey, 57 of which are en-
demic (Sen-Utsukarci et al., 2019). Although, studies related with the
chemistry of Salvia have been predominantly limited to diterpenoids,
especially tanshinones (Chang et al., 1990; Zhang et al., 1990; Lu and
Foo, 2002), a broad array of compounds such as phenolics, terpenics
and alkaloids were isolated from Salvia species (Ghorbani and
Esmaeilizadeh, 2017). Previous studies have indicated that monoter-
penes, triterpenoids and flavonoids are particularly found in aerial
organs, however phenolic acids and diterpenoids are found roots
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(Topcu, 2006). It has been shown that various Salvia species have anti-
oxidant (Er et al., 2013),memory-enhancing (Senol et al., 2010), antimi-
crobial (Akın et al., 2010; Erdogan et al., 2013a), cytotoxic (Erdogan
et al., 2013b), cardioprotective (Xu et al., 2018), anti-inflammatory, an-
ticancer, antimutagenic (Ghorbani and Esmaeilizadeh, 2017) and
antinociceptive effects, and demonstrate α-glucosidase enzyme inhibi-
tory activity (Kalaycıoglu et al., 2018). Indeed, many members of Salvia
genus have been utilized as analgesics, for promoting the removal of
blood stasis and blood circulation, and for regulating menstruation es-
pecially in Traditional Chinese Medicine (Lu and Foo, 2002; Xu et al.,
2018). Similarly, Salvia species have been employed for their antiseptic,
antibacterial, diuretic, hemostatic, spasmolytic, carminative andwound
healing properties in Turkish folk medicine (Baytop, 1999). One of the
endemic member of Salvia genus from Turkey is S. heldreichiana,
which has been studiedmainlywith respect to essential oil composition
(Basalma et al., 2007; Akın et al., 2010; Erdoğan, 2014), however, sec-
ondary metabolite composition of S. heldreichiana has not been studied
in details except Ulubelen et al. (1995) who have indicated the
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Table 2
Retention times,MRM transitions andoptimized fragmentor voltage (FV) and collision en-
ergy (CE) of phenolic compounds.

No Compound Molecular
Weight

Retention
Times

MRM
Transitions

FV CE

1 p-coumaric acid 164.16
g/mol

21.89 min 163 m/z →
119 m/z

90 V 10 V

2 Gallic acid 170.12
g/mol

7.99 min 169 m/z →
119 m/z

110 V 10 V

3 Caffeic acid 180.159
g/mol

17.88 min 179 m/z →
135 m/z

120 V 10 V

4 Ferulic acid 194.186
g/mol

22.04 min 193 m/z →
134 m/z

100 V 15 V

5 Apigenin 270.240
g/mol

33.82 min 269 m/z →
117 m/z

150 V 30 V

6 Naringenin 272.256
g/mol

30.82 min 271 m/z →
151 m/z

140 V 15 V

7 CAPE 284.311
g/mol

38.10 min 283 m/z →
179 m/z

160 V 10 V

8 Catechin 290.271
g/mol

13.96 min 289 m/z →
245 m/z

130 V 5 V

9 Epicatechin 290.271
g/mol

17.65 min 289 m/z →
245 m/z

150 V 10 V

10 Quercetin 302.238 30.53 min 301 m/z → 150 V 15 V
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existence of several diterpenoids such as isopimaric acid, wiedelactone
and wiedemannic acid.

Emergence and progression of various chronic disorders has been
mainly attributed to oxidative stress. It has been suggested that oxidative
damage induced by reactive oxygen species (ROS) could be potentially
inhibited either by promoting the body's endogenous antioxidant de-
fense mechanisms or incorporation of antioxidant exogenously (Kasote
et al., 2015). Indeed, it has been shown that including antioxidant rich
foods to diet was critical in the treatment of several diseases such as can-
cer and cardiovascular diseases together with inflammatory diseases
(Krishnaiah et al., 2011). In addition to complex enzymatic systems (su-
peroxide dismutase, catalase, gluthatione peroxidase and gluthatione re-
ductase), plants contain non-enzymatic antioxidants (ascorbic acid,
carotenoids, etc.) and phenolic and polyphenolic secondary metabolites
such as phenolic acids, flavonoids and tannins which play a crucial role
in antioxidant defense mechanisms for destroying the hazardous effects
of free radicals (Chanda and Dave, 2009; Kasote et al., 2015).

Infectious diseases is one of the major causes of morbidity and mor-
tality worldwide. Currently, many infections with no or limited treat-
ment are usually induced by resistant microorganisms. Resistance to
microorganisms have been developed because antimicrobials are
accessed readily and used for various purposes, including food produc-
tion (Hayashi et al., 2013). Natural products from diverse sources
(microorganisms, marine organisms, plants etc.) have been used sub-
stantially in fighting with microbes for centuries. Indeed, about half of
the pharmaceuticals in broad spectrum of use are compounds derived
from natural products (Clark, 1996). According to theWorld Health Or-
ganization 25% of modern medicines are prepared from traditionally
utilized medicinal plants. However, modernization of traditional medi-
cines is required in this century. The aim of the medicinal plant studies
is not only to screen bioactive or marker components from the extracts
for new drug development, but also to standardize and quality control
of rawherbalmaterials in order to ensure their safety and efficacy. Qual-
ity control of herbal medicines are challenging because of the diverse
chemical structures of plant constituents (Liu, 2011), therefore, analyt-
ical tools powerful in separation, characterization and quantification are
required in plant metabolomics studies (Jorge et al., 2016). Various an-
alytical techniques such as high performance liquid chromatography
(HPLC), high performance thin layer chromatography (HPTLC), and
gas chromatography (GC) are utilized for the identification and quanti-
fication of plant metabolites.

HPTLC is an irreplaceable analytical tool used in the plant metabolo-
mics studies due to the advantages of generating visual (compound spe-
cific colored) data, low running cost, high versatility, high throughput,
flexibility, accuracy and reproducibility (Reich and Schibli, 2007).
Table 1
Spectrophotometric determination of phenolic profile of S. heldreichiana extract/
subextracts.

Analysis MeOH CHCl3 EtOAc R-H2O

Total phenolic contentA 313.60 ±
20.06ac

302.09 ±
24.17a

420.46 ±
4.6b

352.32 ±
4.76c

Total flavonoid contentB 15.15 ±
1.29a

14.87 ±
1.16a

53.60 ±
9.64b

17.81 ±
4.64a

Total phenolic acid
contentC

340.67 ±
2.36a

472.33 ±
9.43b

405.67 ±
7.07c

225.67 ±
7.70d

Total proanthocyanidin
contentD

4.08 ± 0.05a 11.92 ±
0.02b

0.55 ±
0.07c

0.16 ±
0.03d

a–e Different letters in the same row indicate significance (p b .05).
A Results were expressed as the mean of triplicates ± standard deviation (S.D.) and as

mg gallic acid equivalents (GAE) in 1 g sample.
B Results were expressed as the mean of triplicates ± standard deviation (S.D.) and as

mg quercetin equivalents (QE) in 1 g sample.
C Results were expressed as the mean of triplicates ± standard deviation (S.D.) and as

mg caffeic acid equivalents (CAE) in 1 g sample.
D Total proanthocyanidin content was expressed as mg epigallocathecin gallate equiv-

alents (EGCG-E) per g dried extract ± SD.
HPLC with ultraviolet (UV) and diode array dedector (DAD) are fre-
quently used in quantitation of secondary metabolites. Furthermore,
HPLC combined with mass selective detector, i.e. Mass Spectrometry
(MS) in LC–MS/MS configuration offers high sensitivity, accuracy and
selectivity in identification and quantification. Additionally, if themulti-
ple reaction monitoring (MRM) mode is applied, the sensitivity will be
even higher (Wang, 2015).

Efficient extraction of antioxidants from plants are crucial in explo-
ration of the plant based sources rich with potential antioxidants and
promotion of natural products use as pharmaceuticals and food addi-
tives (Xu et al., 2017). In this study, antioxidant and antimicrobial activ-
ities of total extract and subextracts of S. heldreichianaBoiss. ex Bentham
will be investigated. Then, the phenolic compounds in the extract and
subextracts will be identified by LC–MS/MS based on MRM and
rosmarinic acid (RA) will be quantified by HPTLC.

2. Materials and methods

2.1. Chemicals

All chemicals, and reference materials with analytical grade
were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
g/mol 151 m/z
11 Chlorogenic acid 354.311

g/mol
15.39 min 353 m/z →

191 m/z
100 V 10 V

12 Rosmarinic acid 360.318
g/mol

26.02 min 359 m/z →
161 m/z

100 V 10 V

13 Apigenin-7-O-glucoside 432.381
g/mol

26.04 min 431 m/z →
268 m/z

200 V 30 V

14 Vitexin 432.381
g/mol

22.56 min 431 m/z →
311 m/z

130 V 15 V

15 Quercitrin 448.38
g/mol

26.72 min 447 m/z →
301 m/z

160 V 15 V

16 Luteolin-7-O-glucoside 448.38
g/mol

23.91 min 447 m/z →
285 m/z

190 V 20 V

17 Isoorientin 448.380
g/mol

21.29 min 447 m/z →
327 m/z

170 V 15 V

18 Hyperoside 464.379
g/mol

24.61 min 463 m/z →
300 m/z

170 V 25 V

19 Rutin 610.521
g/mol

24.62 min 609 m/z →
151 m/z

210 V 25 V

20 Verbascoside 624.592
g/mol

24.26 min 623 m/z →
161 m/z

210 V 25 V

21 Leucoseptoside A 638.619
g/mol

24.22 min 637 m/z →
461 m/z

240 V 20 V

22 Martynoside 652.646
g/mol

27.13 min 651 m/z →
175 m/z

230 V 25 V



Table 3
Phenolic profiling of S. heldreichiana extract/subextracts (100 μg/mL) by ESI- LC–MS/MS.⁎,
⁎⁎

No Bileşik/Bitki S.held.
MeOH

S.held.
CHCl3

S.held.
EtOAc

S. held.
R-H2O

1 p-coumaric acid trace + + trace
2 Gallic acid − − trace −
3 Caffeic acid + + + +
4 Ferulic acid − trace trace
5 Apigenin + + + trace
6 Naringenin − − − −
7 CAPE + trace − −
8 Catechin − − − −
9 Epicatechin − − − −
10 Quercetin trace trace + −
11 Chlorogenic acid + trace + +
12 Rosmarinic acid + + + +
13 Apigenin-7-glucoside + + + +
14 Vitexin trace trace + trace
15 Quercitrin trace − + −
16 Luteolin-7-glucoside + trace + +
17 Isoorientin trace trace + trace
18 Hyperoside + trace + +
19 Rutin − − − −
20 Verbascoside − − − −
21 Leucoseptoside A − − − −
22 Martynoside − − trace −

⁎ Cut-off point 103 (intensity, cps).
⁎⁎ Peaks under cut off point were evaluated as trace.
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Standards used in optimization of LC–MS/MS parameterswere also pur-
chased from Sigma except isoorientin, verbascoside, leucoseptoside
A and martynoside which were previously isolated with a purity
grade of N95% (Kırmızıbekmez et al., 2004; Bardakci et al., 2015;
Kırmızıbekmez et al., 2018).
2.2. Plant material

Aerial parts of Salvia heldreichiana were collected from Konya
(Turkey) in July 2010 by Dr. Hilal Bardakcı, and identified by one of
the authors (Dr. Galip Akaydın). The voucher specimen is stored at
the Herbarium of the Faculty of Education, Hacettepe University,
Ankara (Akaydın 13,366). The shade-dried upper ground parts of
plant sample were kept at room temperature in air-tight containers
until further use.
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Fig. 1. HPLC chromatogram o
2.3. Extraction and solvent fractionation

The powdered plant materials (315 g) were extracted with MeOH
(4 L) and left to macerate at dark for four days, extracted at 45 °C for
four hours each day. Subsequently, the macerates were filtered using a
filter paper and pooled solventwas completely removed under reduced
pressure and lyophilized to give crude total MeOH extract (29 g, yield:
9.20%). This procedure was repeated twice. A small part of the extract
has been separated and the remaining part was dissolved in H2O
(300 mL) and partitioned with CHCl3 (3 × 300 mL) and EtOAc (3
× 300 mL), respectively. Each solvent and the R-H2O were separately
evaporated under reduced pressure and lyophilized. Eventually, sub-
extracts of CHCl3 (8.46 g, yield 33.80%), EtOAc (4.29 g, yield 17.12%),
R-H2O (9.46 g, yield 37.78%) were obtained, respectively.
2.4. Quantitative investigation of the phenolic content

2.4.1. Total phenolic content
The samples were investigated in terms of total phenolic content in

accordance with the method described earlier (Singleton and Rossi,
1965). The samples are initially diluted and then mixed with Na2CO3

(20%) and Folin Ciocalteu reagent in proper ratios. Then, the samples
are incubated at 45 °C and subsequently, the absorbances of the mix-
tures were read at 765 nm. The results were expressed as gallic acid
equivalents (GAE) per dried extract (DE).
2.4.2. Total flavonoid content
Total flavonoid content of the samples were measured spectropho-

tometrically as explained by Celep et al. (2012). Properly diluted ex-
tracts were added to the mixture of AlCl3 and sodium acetate, and
incubated at room temperature for 30min. The absorbances weremea-
sured at 415 nm. Totalflavonoid contentswere expressed asmgquerce-
tin equivalents (QE) per DE.
2.4.3. Total phenolic acid content
Total phenolic acid content of the extracts was determined at

490 nm spectrophotometrically, which is based on the interaction of
phenolic acids with sodium molybdate–sodium nitrite complex
(Mihailovic et al., 2016). The results were given as caffeic acid equiva-
lents (CAE) in 1 g DE.
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S. heldreichiana  CHCl3 subextract 

Standard mixture  

S. heldreichiana  EtOAc subextract  

S. heldreichiana  H2O subextract  

S. heldreichiana  MeOH extract  

Fig. 2. Overlapped chromatographic profiles of standard compounds and S. heldreichiana extract/subextracts.
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2.4.4. Determination of total proanthocyanidin content
Total proanthocyanidin content of each sample were estimated

by employing the method illustrated by Ariffin et al. (2011).
Accordingly, 1% vanillin HCl (9 M) in methanol were mixed with
1 mL of each extract and then incubated at 30 °C for 20 min. Sub-
sequently, the absorbance was taken at 500 nm, and the results
were expressed as mg epigallocatechingallate equivalents (EGCG-
E) per g DE.

2.5. Identification of phenolic compounds by LC/ESI-MS–MS

Phenolic compounds in S. heldreichiana extracts were identified by
Agilent 6420 triple quadrupole mass spectrometer equipped with
Fig. 3. Separation and Rf value of RA in S
electrospray ion source (ESI) and Agilent 1260 infinity series HPLC sys-
tem consisting of a vacuum degasser, a binary pump, an autosampler.
For the data analysis Agilent Mass Hunter software program was used.
5–10 μg/mL individual standard solutions of phenolic compounds are
prepared by dissolving pure standards inMeOH.Mixture standard solu-
tion of phenolic compounds was prepared from the combination of in-
dividual standard compounds. Both individual standard solutions and
mixture standard solutionwere used for optimization of instrument pa-
rameters and the confirmation of the identity of the peaks from the
extracts.

Standard solutions are directly injected to the ion source of the
mass spectrometer without using column for optimization of ion
source and tandem mass spectrometer parameters. The mass range
. heldreichiana extract/subextracts.



Fig. 4. Calibration curve for RA standard.
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was adjusted to 10–1200 m/z for mass scan (MS) in negative
ion mode for the generation of deprotonated ions of phenolic com-
pounds, [M-H]−. Optimized ion source parameters were as follows:
250 °C (N2 drying gas temperature), 11 l/min (drying gas flow),
40 psi (nebulizer) and 4000 V (capillary voltage).

Fragmentation of the precursor ions in product ion (MS/MS) and
multiple reaction monitoring (MRM) scan modes have been achieved
by collision-induced dissociation (CID) using N2 as the collision gas.
MS/MS scans of the observed deprotonated ions, [M-H]− were per-
formed for generation of themost intense fragment ions and the precur-
sor and product ion pairs i.e. MRM transitions, for each compound.
Then, collision energy (CE) and the fragmentor voltage (FV) of the
MRM transitions were optimized.

The combination Inertsil ODS column (Zorbax Eclipse 4.6 × 150mm
i.d., 3.5 μm particle size) from Agilent with gradient flow using mobile
phase A MeOH:H2O: FA(formic acid) (10:89:1, v/v/v) and mobile
phase BMeOH:H2O:FA (89:10:1, v/v/v)were used for separation of phe-
nolic compounds (Agalar et al., 2018). Flow rate was adjusted to
0.4 mL/min. The gradient started with 0% B and then changed to 10% B
within 5 min. and then increased to 100% B in 45 min. and kept there
for 5 min. The elution of all analytes was accomplished within 38 min.
and the total run time was 50 min. including column washing. The col-
umn is flushed with 10 mL MeOH and conditioned with the initial
Table 4
RA contents (w/w%) of different S. heldreichiana extract/subextracts (n = 3).⁎, ⁎⁎

Extract RA content (w/w%) CV%

MeOH extract 9.68 0.63
EtOAc subextract 23.68 1.26
CHCl3 subextract 2.32 3.43
R-H2O subextract 2.61 3.15

⁎ RA: Rosmarinic Acid.
⁎⁎ CV: Coefficient of Variation.
composition of the mobile phase for at least 5 min. after each run. Col-
umn temperature was not controlled, and room temperature was kept
constant. Injection volume was optimized as 10 μL, since higher vol-
umes caused peak distortions significantly.

2.6. Quantification of rosmarinic acid by HPTLC

Rosmarinic acid contents were determined by using the previ-
ously validated method published by Bardakci-Altan et al. (2014).
The standard solution of RA (250 μg/mL) was prepared in MeOH.
Then, 15 mg of total extract and each fraction were dissolved in
10 mL MeOH. Each extract were filtered through a 0.45 μm syringe
filter. 5 μL of MeOH and EtOAc extracts, 15 μL of CHCl3 and R-H2O
extracts and 1–7 μL of standard RA were measured in triplicate.
The spots of the sample and standard solutions were marked as
bands with 8 mm length on silica gel glass HPTLC plates 60F254
with Camag Automatic TLC Sampler IV. A constant application
rate was applied. The spaces between the tracks were adjusted to
10 mm. Densitometric screening was performed by using Camag
TLC Scanner IV and VisionCATS software in absorbance mode at
330 nm. The slit dimension was kept at 5 × 0.2 mm, micro and
the scanning speed was set at 20 mm/s. RA contents were obtained
by comparing AUCs with the calibration curve of standard RA. The
coefficient of variation (CV%) was under 1.00 and the correlation
coefficient (R) of the calibration curve was 0.999. The mobile
phase was toluene:ethyl acetate:formic acid (5:4:1) (v/v%). Devel-
opments were carried out in Camag Automatic Developing Cham-
ber (ADC-2). Chamber was saturated for 20 min and the plate is
preconditioned for 5 min before the development. The humidity
was controlled by ADC-2 using MgCl2 (33% RH) for 10 min. The
presence of RA in extracts was assured by comparing the retention
factors (Rf) and overlaying UV spectra of each extract and
standard RA.
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2.7. Appraisal of antioxidant potential depending on free radical-
scavenging capacity

2.7.1. DPPH radical-scavenging activity
DPPH radical-scavenging activity test was performed according to

the method defined earlier (Celep et al., 2013). Each extract diluted
properly is individually mixed with 100 μM methanolic DPPH solution.
The mixture was stored at room temperature, away from light, and
the loss in absorption wasmeasured at 517 nm. Butylated hydroxytolu-
ene (BHT) was used as reference compound.

2.8. Appraisal of antioxidant potential depending on metal-linked activity

2.8.1. Cupric reducing antioxidant capacity (CUPRAC)
The methodmodified by Apak et al. (2004)was performed to inves-

tigate the CUPRAC activity of the extracts. Equivalent volumes of
neocuproine, CuSO4 and ammonium acetate buffer were mixed. Then,
the extracts are added to mixture and then kept at room temperature
for 1 h, and the absorbancewas taken at 450 nm. The results were expr-
essed as mg ascorbic acid equivalent per g DE.

2.8.2. Ferric reducing antioxidant power (FRAP)
FRAP is determined spectrophotometrically according to themethod

described by Benzie and Strain (1996). Correspondingly, diluted
extracts were mixed with FRAP solution to the final volume of 0.3 mL.
Following an incubation period of 30 min., the absorbance readings
were taken at 593 nm. BHT was used as reference. The results were
expressed as mM FeSO4 per g DE.

2.8.3. Determination of total antioxidant capacity by phosphomolybdenum
method

Total antioxidant capacity were determined by phosphomolyb-
denummethod previously described by Prieto et al. (1999). Diluted ex-
tracts were mixed with the reaction mixture composed of sulfuric acid,
ammoniummolybdate and sodiumphosphatemonobasic. After incuba-
tion at 95 °C for 90 min., the absorbance was read at 695 nm. Total an-
tioxidant capacity was expressed as mg ascorbic acid equivalent
per g DE.

2.9. Estimation of antimicrobial activity

2.9.1. Standard microbial cultures
Antibacterial activity has been assessed against strains of both

Gram-positive [Staphylococcus aureus (ATCC 6538)] and Gram-
negative bacteria [Pseudomonas aureginosa (ATCC 15442), Escherichia
coli (ATCC 11229)]. The antifungal activity against Candida albicans
(ATCC 10231) strain was also examined.

2.9.2. Disc diffusion method
Antimicrobial activities of samples were performed at 2000 μg/mL

concentration by disc diffusion method described by Atay-Balkan et al.
(2017). Standard discs of Ofloxacin 0.50 μg (antibacterial agent) and
Nystatin discs (100 units) (antifungal agent) were employed as positive
controls. The bacterial and fungal suspensions which fulfilled the tur-
bidity of the 0.50 McFarland standards were inoculated to Mueller-
Hinton Agar (bacteria) or Sebouraud %2 Dextrose Agar (fungal) with
sterile ecuvion sticks. Blank discs (6 mm in diameter) were impreg-
nated with 20 μl of the extracts and sub-extracts placed on the
inoculated plates. The diameter of inhibition zones were monitored fol-
lowing an incubation period of 18–24 h at 37 °C to determine the anti-
microbial activity of the extract/sub-extracts.

2.9.3. Minimum inhibitory concentration
Minimum inhibitory concentration was determined by serial tube

dilution technique given by Atay-Balkan et al. (2017). Ten screw cap
test tubes were taken and serially labeled from 1 to 7 for extracts and
the rest three was labeled as TM for medium, TMI for medium & inocu-
lumand TMS formedium&DMSO, respectively. Nutrient brothmedium
(1mL) were taken in all test tubes and the MeOH extract (2000 μg/mL)
was added to the no 1 labeled tube only and the tubewas shaken gently
for proper mixing of the content. The content (1mL) form the first tube
was added to the no. 2marked tube and repeated up to the no.7marked
tubes, after proper mixing 1 mL content form the 7 marked tube was
discarded. 10 μL of the bacterial and fungal suspensions that achieved
the turbidity of the 0.50 McFarland standards were added to the tubes
labeled 1–7 and TMI. 1 mL of DMSO was added to TMS labeled tube,
after shaking 1 mL of the mixture was discarded from the tube. TM la-
beled tube contained only 1 mL of medium. All the test tubes were sub-
jected to incubation at 37 °C for 18–24 h.

2.10. Statistics

The data were recorded asmean± standard deviation (SD) ormean
± standard error of themean (SEM) of triplicate and duplicate (antimi-
crobial tests) experiments. These results were statistically evaluated by
ANOVA test. The multiple comparisons were achieved by Tukey–
Kramer post hoc test. Statistically significant difference was defined as
p b .05.

3. Results

3.1. Quantitative evaluation of phenolic profile of S. heldreichiana extracts/
subextracts

Total phenolic, total phenolic acid, flavonoid, and proanthocyanidin
contents of S. heldreichiana extracts/subextracts were demonstrated in
Table 1. The highest phenolic content was found in EtOAc subextract
(420.46 ± 4.6 mg GAE/1 g extract) followed by R-H2O subextract
(352.32 ± 4.76 mg GAE/1 g extract), MeOH extract (313.60 ±
20.06 mg GAE/1 g extract), and CHCl3 subextract (302.09 ± 24.17 mg
GAE/1 g extract). Total flavonoid content of the extracts were similar,
highest for EtOAc subextract (53.60±9.64mgQE/1 g extract), followed
by remaining R-H2O subextract (17.81 ± 9.64 mg QE/1 g extract),
MeOH extract (15.15 ± 1.29 mg QE/1 g extract), and CHCl3 subextract
(14.87 ± 1.16 mg QE/1 g extract). CHCl3 subextract displayed the
highest total proanthocyanidin content (11.92 ± 0.02 mg EGCG-E/1 g
extract) followed by MeOH extract (4.08 ± 0.05 mg EGCG-E/1 g
extract). Eventually, CHCl3 extract exhibited richest phenolic acid com-
position (472.33 ± 9.43 mg CAE/1 g DE) followed by EtOAc, MeOH and
R-H2O extracts.

3.2. Identification of phenolic compounds by LC/ESI-MS–MS

Compounds were identified based on both MRM transitions and re-
tention times. Isobaric compounds (compounds with identical m/z)
have been distinguished by either difference in their retention times
or product ions or both. Catechin and epicatechin eluted at significantly
different retention times (14 and 17 min., respectively). Apigenin-7-O-
glucoside and vitexin with m/z 431 were identified based on their re-
tention times at 26 and 22 min., and MRM transitions of 431
→ 268 m/z and 431 → 311 m/z, respectively. Luteolin-7-O-glucoside,
isoorientin and quercitrin with m/z 447 eluted at 21, 22 and 26 min.
with MRM transitions of 447 → 285 m/z and 447 → 327 m/z and 447
→ 301 m/z, respectively. As a result, combination of retention time
and MRM transitions characteristic to each compound facilitated their
accurate identification from plant material (Table 2). LC–MS/MS results
and chromatograms of standard compounds are shown in Table 3 and
Fig. 1, respectively. Commonly, p-coumaric acid, caffeic acid,
chlorogenic acid, rosmarinic acid, apigenin, apigenin-7-O-glucoside,
vitexin, isoorientin, luteolin-7-O-glucoside and hyperoside were de-
tected in whole S. heldreichiana extracts and subextracts (Fig. 2).



Fig. 5. Overlapped UV spectra of RA standard and S. heldreichiana extract/subextracts at 330 nm.
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3.3. Rosmarinic acid content of extracts

Rosmarinic acid, which is an ester of caffeic acid and 3,4-
dihydroxyphenyllactic acid, is one of the major component of Salvia
species. By using HPTLC, RA in plant extracts were calculated. The Rf

value for RAwas calculated as 0.290 (Fig. 3). Quantification was affored
by using the calibration curve of RA with 0.53 CV% and 0.999 R (Fig. 4).
The quantification data were shown in Table 4. The RA contents of ex-
tracts were calculated as 9.68%, 23.68%, 2.61%, 2.32% with the CV values
0.63%, 1.26%, 3.15% and 3.43% in MeOH, EtOAc, R-H2O and CHCl3
extracts, respectively. The overlaid chromatogram and UV spectra of
compounds and RA was given in Fig. 5. Results obtained by HPTLC are
consistent with the findings result of LC–MS/MSMRMmethod and bio-
activity studies.
Table 5
In vitro antioxidant activity of S. heldreichiana extract/subextracts.

Analysis MeOH CHCl3 EtOAc R-H2O

DPPH
scavenging
activityA

606.56 ± 1.74a 2310 ± 42.10b 593.70 ± 2.78a 609.44 ± 1.17a

FRAPB 3.54 ± 0.13a 0.52 ± 0.02b 6.48 ± 0.44c 4.12 ± 0.40a

CUPRACC 501.44 ± 4.44a 170.8 ± 8.78b 830.3 ± 2.62c 531.58 ± 1.41d

Total
antioxidant
capacityC

78.73 ± 4.46a 87.68 ± 1.16b 98.73 ± 0.74c 70.84 ± 0.10d

P.S. 1) EC50 value of the reference compound “BHT” inDPPH scavenging activity is found to
be 350± 10 μg/mL. 2) FRAP activity of the reference compound “BHT” is found to be 4.24
± 0.48 mM FeSO4 eq. in 1 g sample.
a–e Different letters in the same row indicate significance (p b .05).

A Results were expressed as the mean of triplicates ± standard deviation (S.D.) and
DPPH activity was expressed as EC50 in μg/mL equivalents.

B Results were expressed as the mean of triplicates ± standard deviation (S.D.) and as
Mm FeSO4 equivalents in 1 g sample.

C Results were expressed as the mean of triplicates ± standard deviation (S.D.) and as
mg ascorbic acid equivalents (AAE) in 1 g sample.
3.4. Estimation of antioxidant capacity

Antioxidant spectra of the extracts were evaluated by DPPH radical
and metal-chelating assays in addition to antioxidant capacity assay.
The results are summarized in Table 5. DPPH scavenging, FRAP, and
CUPRAC activities were highest for EtOAc subextract followed by R-
H2O subextract, MeOH extract and CHCl3 subextract. In terms of total
antioxidant capacity, EtOAc showed the highest activity similar to
other assays, followed by CHCl3, MeOH and R-H2O.
3.5. Estimation of antimicrobial potential

The antibacterial activity of the crudeMeOH extract and subextracts
were evaluated by the disc diffusion method, in addition to the mini-
mum inhibitory concentrations calculated. According to the results
shown in Tables 6 and 7, the most promising activity was seen against
E. coli (ATCC 11229) with 13 mm inhibition zone by EtOAc and R-H2O
subextracts, followed by crude MeOH extract and CHCl3 subextract
with the inhibition zones 11 and 9 mm, respectively. MeOH and R-
H2O extracts inhibited S. aureus equally with 12 mm inhibition zone,
followed by EtOAc andCHCl3with the inhibition zones 10 and 8mm, re-
spectively. Similar inhibitions were observed against P. aeruginosa by
EtOAc, MeOH and R-H2O, which were followed by CHCl3. Eventually,
the antifungal activities of the extract/subextracts were tested against
Table 6
Antibacterial and antifungal activities of S. heldreichiana extract/subextracts (the activity is
expressed as diameter of inhibition zone, mm).⁎

Microorganisms MeOH
(2000
μg/mL)

CHCl3
(2000
μg/mL)

EtOAc
(2000
μg/mL)

R-H2O
(2000
μg/mL)

Ofloxacin
(5 μg)

Nystatin
(100
units)

S. aureus 12 8 10 12 31 –
P. aureginosa 12 11 12 12 28 –
E. coli 11 9 13 13 32 –
C. albicans 12 12 15 15 – 30

⁎ These values were the mean values of two replicates ± standard deviation.



Table 7
Antibacterial and antifungal activities of S. heldreichiana extract/subextracts (MIC values).

Extracts MIC (μg/mL)

S. aureus P. aureginosa E. coli C. albicans

MeOH 500 500 1000 500
CHCl3 2000 500 2000 500
EtOAC 1000 500 500 250
R-H2O 500 500 500 250
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C. albicans using Nystatin as a standard drug. The highest antifungal ac-
tivity against C. albicans was observed in EtOc and R-H2O subextracts
with 15 mm inhibition zones. Since data obtained were promising, se-
rial dilution method was also employed for the determination of MIC
values for whole strains. The determined MIC values were 500 μg/mL
for crude MeOH extract and EtOAc, CHCl3, R-H2O subextracts for P.
aeruginosa and 250 μg/mL for EtOAc and R-H2O subextracts for C.
albicans.

4. Discussion

Nature is an important andprecious sourceof primary andsecondary
metabolites, which have potential in treatment of acute and chronic dis-
eases. Utilization of the plants could be considered as economical way of
producing antioxidants, antimicrobials, anti-inflammatory and chemo-
preventive agents. Primarily, phenolic compounds and then phenolic
acids,flavonoids and phenylpropanoids are themost important second-
arymetabolites becauseof exhibiting significant antioxidant effects both
in vivo and in vitro (Kasote et al., 2015). Besides, epidemiological data
stated the importance of consumingan antioxidant-richdiet andantiox-
idant supplements in decreasing the risk of several chronic diseases, es-
pecially cardiovascular diseases (Rice-Evans, 2001). In addition to these
benefits, the importance of natural sources in terms of their antimicro-
bial activity is also evident that approximately, two or three new antibi-
otics arisen fromnatural sources are introduced each year (Clark, 1996).
Furthermore, among 109 new antibacterial drugs approved between
1981 and 2006, 69% of which originated from natural products. Simi-
larly, 21% of antifungal drugs were natural derivatives or compounds
simulating natural products (Savoaia, 2012). Majority of antimicrobial
phytochemicals in plants contain a phenolic ring or phenolic ring with
additional –OH groups are considered as the functional group responsi-
ble for their inhibitory actionandantioxidant activity.Moreover, toxicity
to microorganisms increases as the number of –OH groups in the struc-
ture of natural compound increases. Therefore, hydroxylated phenolic
compounds, flavonoids are found to be effective againstmanymicrobial
pathogens (Lai and Roy, 2004).

LC–MS/MS is used for identification and detection of a few dozens of
phenolic compounds simultaneously. Alternatively, HPLC with UV or
DAD detector are used mostly. However, different compounds may po-
tentially have identical retention time and absorptionwavelength (Gray
et al., 2010). It has been proven that LC–MS/MS provides screening of
plant metabolites with higher sensitivity and selectivity from complex
mixtures compared to LC-DAD or LC-UV (Wu et al., 2012). In addition
to screening a few authentic metabolites from plants (Wu et al.,
2012), the use of LC–MS/MS for simultaneous screening of large number
of drugs has been very popular and dates back to beginning of 2000's
(Gergov et al., 2003) and retain its popularity today (Odoardi et al.,
2015) in the field of clinical toxicological and forensic studies (Yao
et al., 2008). HPTLC technique also offers several advantages in plant
metabolomics studies, because it is faster, easier, and more flexible.
Most importantly, many samples that can be analyzed simultaneously
by HPTLC rapidly and accurately (Reich and Schibli, 2007). Therefore,
LC–MS/MS inMRMmode is utilized for the identification or fingerprint-
ing analysis of extracts, and HPTLC is applied for the quantitation in this
study. The separation capability of an analytical method is critical in
quantification. Especially, if the sample is composed of too many
components, while baseline separation of all substances required for ac-
curate quantification but it is not necessary in fingerprinting analysis.
HPTLC with scanning densitometry, especially fluorescence detection
offers an advantage of precise determination and quantification of
chemical markers. Hence, HPTLC for the routine or conventional analy-
sis of many herbal medicines industrially has gained increased popular-
ity (Reich and Schibli, 2007). According to literature, many noteworthy
members of Salvia genus used in folk medicines and for culinary pur-
poses owing to their prosperous phenolic composition. Especially, in
Turkey Salvia species are constant members of cuisines and medicine
cabinets. In this study, main and subextracts of an endemic member S.
heldreichianawas examined in terms of its phenolic composition, anti-
oxidant and antimicrobial activity.

It has been demonstrated that apigenin–luteolin type flavones are
highly encountered in Turkish Salvia species according to a review
by Ulubelen and Topçu (1998). Similarly, our LC–MS/MS results have
shown that apigenin, apigenin-7-O-glucoside and luteolin-7-O-
glucoside were identified in all the extracts. Moreover, LC–MS/MS
data have indicated that EtOAc subextract containsp-coumaric acid, gal-
lic acid, caffeic acid, ferulic acid, apigenin, quercetin, chlorogenic acid,
rosmarinic acid, apigenin-7-O-glucoside, vitexin, quercitrin, luteolin-7-
O-glucoside, isoorientin, hyperoside and martynoside as phenolic me-
tabolites. Indeed, these findings by LC–MS/MS is confirmed by the sig-
nificantly higher GAE total phenolic content (420.46 ± 46) of EtOAc
subextract compared to other extracts. In addition, according to the re-
sults HPTLC analysis, RA content of EtOAc subextract is 23.68%, which is
considerably higher amounts than the other extracts.

Essential oil composition (Basalma et al., 2007; Akın et al., 2010;
Erdoğan, 2014), and the isolation of few diterpenoids (Ulubelen et al.,
1995) from S. heldreichiana has been reported in literature. Previously,
DPPH radical scavenging and FRAP activity tests of CH2Cl2, EtOAc and
MeOH extracts from S. heldreichiana has also been documented. It has
been foundout that EtOAc extract demonstrated highestDPPH scaveng-
ing activity, whereas CH2Cl2 extract showed the highest activity in FRAP
(Senol et al., 2010).

According to our study, EtOAc subextract displayed the highest
DPPH radical scavenging, FRAP, CUPRAC and total antioxidant capacity
among the crude extract and subextracts. EtOAc subextract was also
found to possess the highest total phenolic and total flavonoid contents.
Furthermore, P. aeruginosa, E. coli and C. albicans strains were inhibited
by EtOAc subextract more compare to other extracts.

Consequently, EtOAc subextract of S. heldreichiana showed the
highest bioactivity among the tested extracts. The results of antioxidant
and antimicrobial activity tests were consistent with the results of both
LC–MS/MS and HPTLC. LC–MS/MS data indicated that EtOAc subextract
is rich in phenolic composition and similarly, EtOAc subextract contains
the highest RA content in comparison to other extracts according to
HPTLC data.
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