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Ethyl acetate extracts of Tunisian Salvia aegyptiaca and S. verbenaca aerial parts and S. officinalis 

leaves were examined via bioanalytical profiling using high-performance thin-layer chromatography 

(HPTLC) combined with nine bioactivity assays, namely antibacterial ( Aliivibrio fischeri, Bacillus subtilis , 

and Rhodococcus fascians ), antifungal ( Bipolaris sorokiniana , and Fusarium avenaceum ), radical scavenging 

(DPPH 

•), and enzyme inhibitory ( α-glucosidase, acetylcholinesterase, and lipase) ones. The screening, us- 

ing toluene - ethyl acetate – methanol 6:3:0.5 ( V/V/V ) as a mobile phase, revealed five bioactive zones 

( a–e ) that were analyzed by HPTLC-electrospray ionization-mass spectrometry (ESI-MS). Zones b and c , 

observed exclusively in S. officinalis , were active in all assays except α-glucosidase, and only c inhib- 

ited F. avenaceum . Compounds in these zones were identified by HPLC-high resolution tandem MS (LC- 

HRMS/MS) as rosmanol/epi-rosmanol and methyl carnosate, respectively. In the bioactive zones a and e , 

corosolic/maslinic acid and ursolic/oleanolic acid isomer pairs were present, which could be identified in 

all three Salvia species after their HPTLC separation using pre-chromatographic derivatization with iodine 

and MS detection. The triterpenes inhibited B. subtilis and R. fascians bacteria and α-glucosidase enzyme. 

Linoleic and linolenic acids were detected in zone d , which showed strong lipase inhibition in all three 

sage species. 

© 2022 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

1

r

a

n

s

c

m

b

t

w

p

t

c

b

t

c

e

e

m

t

a  

T

r

u

a

S

h

0

. Introduction 

The association of high-performance thin-layer chromatog- 

aphy (HPTLC) with biological, biochemical, and microchemical 

ssays (effect-directed analysis, EDA) is an efficient tool for the 

on-target screening of natural bioactive compounds in complex 

amples [ 1 , 2 ]. HPTLC-EDA ensures several benefits such as un- 

omplicated sample preparation, the ability to quickly analyze 

any samples at the same time, and the targeted identification of 

iologically active substances [3] . 

Due to the presence of active substances in medicinal plants, 

heir bioactivity and therapeutic effects (treatment of diseases as 

ell as improvement of health and well-being) have been ex- 

loited around the world [4] . Thus, the discovery of substances 

hat affect living organisms has been ideally accompanied by the 
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haracterization of the individual chemical substance designated 

y HPTLC-EDA [5] . Furthermore, coupling HPTLC with mass spec- 

rometry (MS) has been established as an efficient tool for the 

haracterization process [5] . A TLC-MS interface was introduced to 

xtract the separated substance from a solid adsorbent using an 

luting solvent directed by a pump system and lead the eluate im- 

ediately into the MS [5] . 

Salvia aegyptiaca L., S. verbenaca L., and S. officinalis L. belong to 

he largest genera of medicinal and aromatic plants in the Lami- 

ceae family, including over 900 species in the world [ 6 , 7 ]. In

unisia, ten Salvia species are distributed spontaneously in arid 

egions [6] . Salvia plants have been deemed as a source of nat- 

ral antimicrobial, antioxidant, anti-inflammatory, neuroprotective, 

nd anticancer agents [8–11] . It has been confirmed that several 

alvia species (depending on their traditional uses) can ameliorate 

emory, quicken the senses, and treat dementia that affects mem- 

ry, thinking, and behavior (’head and brain’ function) as well as 

eal inflammations (angina, mouth, throat, bronchial asthma, and 
under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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oughs), depression, sweating, and disorders of the digestive and 

irculatory systems [ 7 , 12 ]. In addition, diterpenes (tanshinones, 

arnosic acid, and carnosol), triterpenes (ursolic acid and oleano- 

ic acid), polyphenol compounds including phenolic acids (caf- 

eic, rosmarinic, salvianolic, lithospermic, sagernic and yunnaneic 

cids as well as sagecoumarin), and flavonoids (luteolin, apigenin, 

ispidulin, kaempferol, and quercetin) have been considered as the 

ost active constituents of sages [ 7 , 13 ]. 

Due to their therapeutic properties and richness in a vast va- 

iety of chemical compounds, S. aegyptiaca [14–16] , S. verbenaca 

17] , and S. officinalis [18] have been used traditionally as herbal 

edicines. Yet, few studies were performed previously to bio- 

rofile polar or nonpolar extracts of Salvia species, such as S. mil- 

iorrhiza (roots) [ 19 , 20 ] or S. officinalis (leaf tincture or its botani-

al extract) [21–24] , while using HPTLC-(bio)assays to confirm their 

ioactivity. Rosmarinic acid, lithiospermic acid and salvianolic acid 

 were identified as acetylcholinesterase (AChE) inhibitors and an- 

ioxidants in S. miltiorrhiza roots [20] . Moreover, a recent study us- 

ng HPTLC hyphenations confirmed that tanshinones, triterpenoids, 

nd phenolic acids in ethanol-water and ethyl acetate extracts from 

erial parts of Tunisian S. aegyptiaca and S. verbenaca have an- 

ibacterial activities against Aliivibrio fischeri and Bacillus subtilis 

s well as AChE, butyrylcholinesterase (BChE), α-glucosidase, ß- 

lucosidase, ß-glucuronidase, tyrosinase inhibiting properties and 

ntioxidant effects [25] . Besides, a caffeic acid derivative, as well 

s oleanolic acid and/or ursolic acid, have been characterized in 

he ethyl acetate extract of S. verbenaca as BChE inhibitors and an- 

ibacterials against B. subtilis , respectively, by high-resolution mass 

pectrometry [25] . 

This paper aimed to continue the previous study [25] , using the 

ame sage samples along with new Hungarian ones and expanded 

ioassays, as well as to clarify the presence of triterpenic acids. 

he comparison of bioprofiles of ethyl acetate extracts of Tunisian 

. aegyptiaca and S. verbenaca aerial parts, as well as S. officinalis 

eaves was performed by HPTLC-EDA using nine antimicrobial, an- 

ioxidant, and enzyme inhibitory assays. In addition, profiles of S. 

fficinalis from Tunisia were compared to those of Hungarian S. 

fficinalis samples. For this purpose, the three sage species were 

creened in one hand by previously used [25] HPTLC-based assays 

 Aliivibrio fischeri , and Bacillus subtilis bacterial strains, the DPPH 

•

ree radical, and acetylcholinesterase and α-glucosidase enzymes), 

nd for the first time by HPTLC combined with plant pathogenic 

hodococcus fascians bacterium, and Bipolaris sorokiniana and Fusar- 

um avenaceum fungal strains, as well as lipase enzyme (lipase in- 

ibitors reducing the efficiency of dietary fat absorption can be ef- 

ective anti-obesity agents). Additionally, HPTLC-ESI-MS and HPLC- 

RMS/MS were utilized for the identification of the most potent 

ompounds. 

. Materials and methods 

.1. Materials 

Ethyl acetate, toluene, methanol, acetone, sulfuric acid, ethanol, 

nd DMSO were obtained from Reanal (Budapest, Hungary) or Mo- 

ar Chemicals (Halásztelek, Hungary). Acetonitrile (LiChrosolv®, hy- 

ergrade for LC-MS) and formic acid (98–100% for LC-MS) were 

upplied by Merck (Darmstadt, Germany). Aluminium-chloride and 

anillin were from Reanal. Fast Blue B Salt, DPPH 

• (1,1-diphenyl- 

-picrylhydrazyl), primuline, linoleic acid, and linolenic acid were 

upplied by Sigma-Aldrich (Budapest, Hungary). Natural prod- 

ct (NP) (diphenylboryloxyethylamine, or diphenylboric acid β- 

thylamino ester) reagent and MTT (3-[4,5- Dimethylthiazol-2- 

l]-2,5-diphenyltetrazolium bromide), were purchased from Carl 

oth (Karlsruhe, Germany). 3-Indoxylacetate, α-naphthyl acetate, 

-naphthyl- α-D-glucopyranoside, oleanolic acid ( O ), ursolic acid 
2 
 U ), corosolic acid ( C ), maslinic acid ( M ), acarbose, and orlis-

at were provided by BioSynth (Bratislava, Slovakia). Lipase (from 

orcine pancreas), acetylcholinesterase (AChE, from Electrophorus 

lectricus ), bovine serum albumin, and aluminum foil-backed fine 

article silica gel 60 F 254 (HPTLC, 1.05548.0 0 01) layers were deliv- 

red by Merck. α-Glucosidase (from Saccharomyces cerevisiae ) was 

btained from NOACK Magyarország Kft. (Budapest, Hungary). 

The Gram-positive Bacillus subtilis bacterium F1276 was a gift 

y József Farkas (Central Food Research Institute, Budapest, Hun- 

ary), whereas the phytopathogen Rhodococcus fascians bacterium 

B.01608) was from NCAIM (National Collection of Agricultural and 

ndustrial Microorganisms, Budapest, Hungary). The Gram-negative 

liivibrio fischeri DSM 7151 bacterial strain was supplied by Leib- 

iz Institute DSMZ (German Collection of Microorganisms and Cell 

ultures, Berlin, Germany). Fusarium avenaceum (Fr.) Sacc., isolate 

MI 319947 was acquired from the CAB International (formerly 

MI) Culture Collection (Egham, UK), while the Bipolaris sorokini- 

na (Sacc.) Shoemaker isolate H-299 was collected from barley in 

ungary (NCBI GenBank accession No. MH697869). 

.2. Plant origin and sample preparation 

The same collected samples of Tunisian S. aegyptiaca (from 

ouhedma National Park, Matmata (Gabes), and Beni khedache 

Medenine)) and S. verbenaca (from Bouhedma National Park) 

erial parts according to a recently published article [25] , were 

sed also in this study (Table S1). Also, the leaf sample of Tunisian 

. officinalis was collected in December 2020 from Gabes by Dr. 

zzeddine Saadaoui (Regional Station of the National Research In- 

titute of Rural Engineering Water and Forests, INRGREF, Gabes, 

unisia). Another collected sample of S. officinalis leaves was pur- 

hased from a gardener in Menzel Elhabib (Gabes, Tunisia) be- 

ween December 2020 and February 2021 (Table S1). The leaves 

f two Tunisian S. officinalis were dried (at room temperature) 

n the shadow and fresh air for one month. The voucher speci- 

ens of Tunisian Salvia samples were preserved and deposited in 

he herbarium of the University of Gabes. Three samples of dry 

eaves of S. officinalis were purchased from a market in Budapest, 

ungary (Table S1). According to a previously published method 

25] , each sample was smashed and ultrasonicated in ethyl acetate 

1 g/10 mL) for 15 min after vortexing for 1 min. After centrifu- 

ation (756 × g for 15 min), the ethyl acetate extracts were cen- 

rifuged at 10,0 0 0 × g for 5 min. Then, the supernatant liquid of 

ach extract was directly transferred to a vial and stored at 4 °C 

ntil use for HPTLC application. 

.3. Standard solutions preparation 

The standard solutions of ursolic and oleanolic acids were pre- 

ared at a concentration of 0.2 mg/mL in ethanol, whereas those of 

orosolic, maslinic, linoleic, and linolenic acids were also prepared 

n ethanol but at a concentration of 0.5 mg/mL. 

.4. High-performance thin-layer chromatography 

HPTLC separation of ethyl acetate extract components of 

unisian or Hungarian Salvia samples was carried out using an 

mproved version of a former [25] method. Ethyl acetate extracts 

1.5–15 μL/band) and standard solutions (4–15 μL/band) were ap- 

lied at 8-mm distance from the bottom as 5 mm bands with 

 mm distances (the first application position was 19 mm) on 

he HPTLC layers using an Automatic TLC Sampler ATS3 (CAMAG, 

uttenz, Switzerland). The application volume of ethyl acetate ex- 

racts was adjusted according to the (bio)assay or derivatization 

rocess used. The chromatograms were developed with 9.5 mL 

oluene – ethyl acetate – methanol 6:3:0.5 ( V/V/V ) as a mobile 
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hase in an unsaturated 20 cm x 10 cm twin trough chamber (CA- 

AG) to a migration distance of 75 mm (from the lower edge 

f the plate). The chromatograms, bioautograms, and autograms 

ere documented at Vis or under a UV lamp (at 254 or 365 nm, 

AMAG) by a digital camera (Cybershot DSC-HX60, Sony, Neu- 

senburg, Germany) depending on the (bio)assay or derivatiza- 

ion used. The separation of triterpene isomers was performed us- 

ng previously published in situ pre-chromatographic derivatization 

26] . Briefly, 10 μL iodine solution (2% in chloroform) was applied 

o the band of the deposited sample, then the layer was covered 

ith a glass sheet for 10 min and dried for 1 min by a cold air

tream of a hair dryer. The development was carried out as de- 

cribed above. For isolation, 100 μL of ethyl acetate extract of S. 

fficinalis from Menzel Elhabib-Gabes, Tunisia ( O2 ) was applied as 

n 80-mm band and the same mobile phase was used for devel- 

pment. Then, each suitable zone, determined by vanillin sulfuric 

cid reagent using a 0.5 cm wide strip from the chromatogram, 

as scraped off into a syringe connected to a Nylon filter (0.22 μm, 

henomenex) and eluted with 260 μL water-methanol 1:4 ( V / V ). 

he eluates were analyzed by HPLC-HRMS/MS. 

.5. HPTLC-Effect-directed profiling 

.5.1. HPTLC-antimicrobial assays 

The preparation of B. subtilis F1276 [27] , R. fascians [28] , and A.

scheri [27] cell suspensions, as well as the antibacterial bioassays, 

ere performed as previously published. Briefly, the developed 

PTLC layer was dipped into the respective cell suspension. A. fis- 

heri bioautograms were directly documented (exposition times of 

0–80 s) using the iBright FL1500 Imaging System (Thermo Fisher 

cientific, Budapest, Hungary) to detect the bioactive compounds 

s dark zones against a bright bioluminescent background. B. sub- 

ilis and R. fascians bioautograms were incubated (2 h) in a humid 

hamber at 37 °C and 30 °C, respectively, immersed into an aque- 

us solution of MTT (1 mg/mL) and incubated again (30 min) to vi- 

ualize antibacterial zones as bright spots on a bluish background, 

here the blue color indicated the reduction of the yellow MTT by 

etabolically active, vital cells. 

The F. avenaceum and B. sorokiniana strains were used to per- 

orm the HPTLC-antifungal assays [ 29 , 30 ]. Briefly, the HPTLC chro- 

atograms were immersed into the appropriate mycelium suspen- 

ion and incubated for 48–72 h (vapor chamber, 21 °C) to detect 

ntifungal compounds as zones with a lack of visible white ( F. ave- 

aceum ) or dark gray ( B. sorokiniana ) fungal hyphae. 

.5.2. HPTLC-enzyme inhibition assays 

The HPTLC- α-glucosidase [31] and HPTLC-AChE [32] inhibition 

ssays were achieved according to previously published meth- 

ds. Briefly, in the HPTLC- α-glucosidase assay, the developed chro- 

atogram was sprayed (airbrush, Revell, Bünde, Germany) with 

 substrate solution (2-naphthyl- α-D-glucopyranoside), then with 

he α-glucosidase solution, and incubated at 37 °C (20 min). Then, 

he autogram was sprayed with the chromogenic reagent (Fast 

lue Salt B) to reveal the bright zones that indicated the active 

ompounds against a violet background. The positive control was 

carbose. In the HPTLC-AChE assay, the developed layer was first 

ipped into the substrate (3-indoxyl acetate) solution, then sprayed 

ith the enzyme solution, and after incubation (for 20 min at 

7 °C and 100% humidity), the bioautogram was documented at UV 

65 nm. Dark zones against a blueish-greenish fluorescent back- 

round indicated the bioactive zones. The described HPTLC-lipase 

ssay [33] was modified. After development, the HPTLC chro- 

atogram was dipped into the substrate solution ( α-naphthyl ac- 

tate, 1 mg/mL in ethanol). The dried plate (cold air) was sprayed 

ith the enzyme solution (0.8 mg/mL lipase and 1 mg/mL bovine 

erum albumin in 0.1 M, pH 7.5 phosphate buffer). After incubation 
3 
or 15 min (vapor chamber, 37 °C), the bioautogram was sprayed 

ith Fast Blue Salt B solution (1 mg/mL, in water). The positive 

ontrol was orlistat. Documentation of the dried plate was per- 

ormed at white light illumination to reveal lipase-inhibiting com- 

ounds as clear zones on a violet background. 

.5.3. HPTLC-DPPH 

• assay 

The developed layer was immersed in a DPPH 

• solution (0.02% 

ethanol) to detect free radical scavengers as bright yellow zones 

n a purple background [27] . 

.6. HPTLC-derivatizations 

For chemical profiling, the developed chromatograms were im- 

ersed into different derivatization reagents as follows: (1) Alu- 

inum chloride: 50 mg AlCl 3 salt in 50 mL methanol, detection 

f fluorescent zones at UV 366 nm; (2) Primuline: 5 mg primuline 

n 100 mL of acetone-water 4:1 V/V , detection of lipophilic com- 

ounds as blue fluorescent zones at UV 366 nm; (3) Vanillin sulfu- 

ic acid: 200 mg vanillin in 50 mL ethanol and 1 mL concentrated 

 2 SO 4 , heated at 120 °C for 5 min, detection at white light or UV

66 nm to reveal various natural substances as colorful zones; (4) 

P: 0.5% methanolic NP solution, detection of phenolics as fluores- 

ent zones at UV 366 nm. 

.7. HPTLC-MS 

For the characterization of compounds in the bioactive HPTLC 

ones, marked with a soft pencil based on a parallel devel- 

ped HPTLC-chromatogram derivatized with vanillin sulfuric acid 

eagent, the online combination of a binary pump (LC-20AB, Shi- 

adzu, Kyoto, Japan), a TLC-MS Interface (with 4 and 2 mm oval 

lution head, CAMAG) and a single quadrupole electrospray ion- 

zation mass spectrometer (LCMS-2020, Shimadzu) were used. The 

lution of the marked zones was achieved using methanol (gradi- 

nt grade) with a flow rate of 0.2 mL min 

−1 . To record the full scan

ass spectra ( m/z 20 0–120 0) in the positive and negative ioniza- 

ion mode, N 2 was used as the nebulizer (flow rate, 1.5 L min 

−1 )

nd the drying gas (flow rate, 10 L min 

−1 ), the interface tempera- 

ure was 350 °C, the heat block temperature was 400 °C, the desol- 

ation line temperature was 250 °C, and the detector voltage was 

.5 kV. The software LabSolutions (5.42v, Shimadzu) was used to 

anage the system and acquire the data. 

.8. HPLC–ESI–qTOFMS 

For the exact mass determination of the bioactive Salvia of- 

cinalis compounds, an Agilent 1200 Series HPLC system was 

sed with an Agilent 6520A qTOFMS (Agilent Technologies, Santa 

lara, CA, USA) equipped with a dual ESI ion source operated 

n negative or positive ionization mode. HPLC separation was at- 

ained on a Zorbax Eclipse XDB-C18 Solvent Saver Plus (3.5 μm) 

eversed-phase column (75 × 3.0 mm i.d; Agilent Technologies, 

anta Clara, CA, USA). The mobile phase A consisted of wa- 

er/ACN/formic acid (95:5:0.1 V/V/V ) and the mobile phase B con- 

isted of ACN/water/formic acid (95:5:0.1, V/V/V ). The following 

radient program was applied: 0.0 min, 0% B; 10.0 min, 100% B; 

2.0 min, 100% B; 12.1 min, 0% B; 3.0 min, post-run. The solvent 

ow rate was 0.5 mL/min and the column temperature was set to 

5 °C. The injection volume was 10 μL. UV chromatograms were 

ecorded at 254.4 nm and the spectra were acquired in the range 

f 190–400 nm. Nitrogen was applied as drying gas at the temper- 

ture of 325 °C at 5 L/min, the nebulizer pressure was 40 psi. Full 

can mass spectra were recorded in the positive and negative ion 

odes in the range of m/z 25–1700. For collision-induced dissoci- 

tion (CID), the collision energy varied between 10 and 40 eV. As 
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Fig. 1. HPTLC chromatogram and bioautograms of the bioactive components ( a–e ) of the Tunisian Salvia aegyptiaca ( A2 ) and S. verbenaca ( V ) aerial parts and S. officinalis 

( O2 ) leaf extracts, and two Hungarian S. officinalis ( O3 and O4 ) leaf extracts, using Fusarium avenaceum (A), Bipolaris sorokiniana (B), Aliivibrio fischeri (C), Bacillus subtilis (D), 

Rhodococcus fascians (E), and vanillin sulfuric acid reagent (F), developed with toluene - ethyl acetate – methanol (6:3:0.5, V/V/V ). Sources of the samples are listed in Table 

S1. 
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r  
ollision gas, high-purity nitrogen was used. The fragmentor volt- 

ge was set to 110 V and the capillary voltage was 3500 V. Prod- 

ct ion mass spectra were recorded in the negative ion mode in 

he range of m/z 50–600. Reference masses of m/z 112.985587 and 

033.988109 were used to calibrate the mass axis during analy- 

is. Mass spectra were processed using the MassHunter Qualitative 

nalysis 10.0 software (Agilent). 

. Results and discussion 

.1. Bioactive substance fingerprints by HPTLC-EDA 

For comparison, nine Salvia samples were investigated: three 

. aegyptiaca , a S. verbenaca , two S. officinalis from Tunisia, and 

hree S. officinalis from Hungary (Table S1). It was found in our 

revious work for the S. aegyptiaca and S. verbenaca samples [25] , 

thanolic extracts provided chemical profiles similar to ethyl ac- 

tate extracts in the region of bioactive semi-polar compounds, 

ut were richer in polar matrix components (not shown). Thus, 

n the present study, ethyl acetate was used as an extraction sol- 

ent. The components of the three different Salvia species were 

eparated with toluene - ethyl acetate - methanol 6:3:0.5 ( V/V/V ) 

s a mobile phase on normal phase HPTLC plates for screening 

he activity of individual compounds against Gram-positive ( B. sub- 

ilis and R. fascians ) and Gram-negative ( A. fischeri ) bacteria, fun- 

al strains ( F. avenaceum and B. sorokiniana ), DPPH 

•, as well as

cetylcholinesterase, α-glucosidase, and lipase enzymes. Compared 

o the previously used HPTLC method [25] , the improved mobile 

hase without acid was found to allow the separation of the bioac- 

ive substances of the three Salvia species, especially under the 

one e ( Figs. 1 and S1) and it enabled skippings the neutralization 

f the chromatogram to make faster the whole procedure. 

In the first steps of the multi-imaging discovery of the 

hemical- and bio-profiles of the species, ethyl acetate extracts of 

ll 9 samples were involved (Figs. S1 and S2). We applied the ethyl 

cetate extracts of all the samples to do derivatization with vanillin 

ulfuric acid reagent (Fig. S1D and E), an antioxidative test (Fig. 

1C), and antibacterial profiling against A. fischeri and B. subtilis 

acteria (Fig. S2A and B). The results revealed similar HPTLC fin- 

erprints of the samples from the same species ( A1 –A3 and O1 - 

5 , respectively) independently of chemical derivatization (with 

anillin sulfuric acid reagent, Fig. S1D and E), A. fischeri and B. sub- 

ilis bioassays (Fig. S2A and B), and the DPPH 

• radical scavenging 

est (Fig. S1C). Therefore, for further investigations 5 samples ( A2 , 

 , O2 from Tunisia, and O3 and O4 from Hungary) were selected, 

s representatives of the three different Salvia species and their ge- 

graphic origins.S. officinalis 
4

In HPTLC-EDA (bio)autograms ( Figs. 1 and 2 ), five bioactive 

ones ( a - e ) appeared. Zone a , detected in all samples, showed

 very weak activity against B. subtilis ( Fig. 1 D) and R. fascians 

 Fig. 1 E) bacteria, and it was observed as a lipase inhibitor with 

ow intensity ( Fig. 2 D). However, this zone was inactive in other 

ssays. The low detectability could be rooted in the low abundance 

f the bioactive compound in the zone or its weak bio-efficiency. 

Zones b and c were found exclusively in S. officinalis extracts 

nd exhibited a characteristic antifungal effect against B. sorokini- 

na ( Fig. 1 B) and an antibacterial effect against A. fischeri, B. sub- 

ilis , and R. fascians ( Fig. 1 C–E); whereas only zone c inhibited F.

venaceum ( Fig. 1 A) . Further, both zones showed strong antioxidant 

ctivity ( Fig. 2 A) and inhibited AChE ( Fig. 2 C) and lipase ( Fig. 2 D)

nzymes. 

Zones d and e were observed in all extracts. Zone d displayed 

eak activity against R. fascians ( Fig. 1 E) and strong lipase inhibi- 

ion ( Fig. 2 D). 

The intensely visible zone e exhibited a characteristic antibac- 

erial effect against B. subtilis and R. fascians bacteria ( Fig. 1 D and

), whereas low α-glucosidase inhibitory activities ( Fig. 2 B). 

.2. Characterization of bioactive triterpenoids 

Bioactive zones a and e were detectable as violet spots after 

erivatization with the vanillin sulfuric acid reagent with low and 

igh intensities, respectively ( Fig. 2 H). Performing an HPTLC-ESI- 

S analysis, compounds in these zones gave characteristic mass 

ignals in negative ionization mode at m/z 471 [M-H] − and m/z 

55 [M-H] −, respectively. Based on these data, triterpenoids were 

xpected as the presented compounds, notably corosolic acid ( C ) 

nd/or maslinic acid ( M ) in zone a, as well as ursolic acid ( U )

nd/or oleanolic acid ( O ) in zone e . The chemical structures of the

wo isomer pairs are very similar, differing only in the position of 

ne methyl group ( Fig. 3 ), thus their separation can be achieved 

y reversed-phase chromatography or after pre-chromatographic 

erivatization [26] . Applying individual standards ( U , O , C , and M )

nd the developed HPTLC method, the co-elution of the isomers 

as observed at the hR F of a and e , respectively ( Fig. 4 ). Further-

ore, all four could be responsible for the α-glucosidase ( Fig. 4 B) 

nd anti- Bacillus [26] effect. To clarify whether the predicted triter- 

enes are present in the extracts, their separation was imple- 

ented by pre-chromatographic derivatization with iodine and the 

ame mobile phase as described above ( Fig. 4 D). It was obvious 

hat U and O are ingredients of the representatives of all three 

alvia species ( A2 , V , and O2 ). An HPTLC-ESI-MS analysis of the

hromatographic spots in the track of the samples at the R F of the 

espective triterpenes ( Fig. 5 ) and thus at the R of C and M proved
F 
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Fig. 2. HPTLC profiles of bioactive components ( a - e ) of Salvia extracts ( A2 , V , and O2 - O4 , assignments as in Fig. 1 and Table S1), developed with toluene - ethyl acetate 

– methanol (6:3:0.5, V/V/V ) after DPPH 

• radical scavenging test (A), and α-glucosidase (B), acetylcholinesterase (C), and lipase (D) enzyme inhibition assays, as well as 

derivatization with primuline (E), natural product (F), aluminium-chloride (G) and vanillin sulfuric acid (H) reagents, detected at white light illumination (A, B, D, and H), or 

at UV 365 nm (C, and E-G). 1 and 2 are linoleic and linolenic acids, respectively. 

Fig. 3. Chemical structures of the identified bioactive compounds of Tunisian Salvia species 
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U  
he presence of both C and M in the three species ( Fig. 5 C and D).

alvia extracts were rich in U and O , but C and M had low abun-

ance, therefore, the latter two, despite their effectiveness, could 

ot reach the minimal effective concentration in the samples in 

ll assays (e.g. Fig. 4 B). Based on literature data, U and O triter- 

enes have been described in Salvia species. They were previously 

solated e.g. from ethanolic extract of S. cerino-pruinosa aerial and 

oot parts [34] , methanolic extracts of S. pomifera and S. fruticosa 

erial parts [35] , methanolic extract of cultivated S. officinalis aerial 

art [36] , and aerial parts of S. aegyptiaca [37] . More recently, the

resence of U and/or O (they were not separated by HPTLC) in 

he ethyl acetate extract of the S. verbenaca aerial part was re- 

orted [25] . In addition, the identification of M and C in several 

alvia species, such as M in S. lachnostachys leaves [38] , S. multi- 

aulis aerial parts [39] , and flowers of S. miltiorrhiza [40] , as well

s C in leaf extract of S. officinalis [41] , aerial parts of S. mellifera

42] and S. plebeia [43] , flowers of S. miltiorrhiza [40] , and S. chi-

ensis [44] have been published. Terpenoids, including U and O , 

re potential AChE inhibitors and thus possible agents in the ther- 
5 
py of Alzheimer’s disease [45] . However, in our HPTLC-AChE as- 

ay, none of the four identified triterpenes showed activity. The α- 

lucosidase inhibition of U , O , C , and M has been reported [46] ,

nd with it the promise to cure diabetes. The strong inhibition ef- 

ect of U and O on this enzyme has been confirmed, using the 

ethanolic extract of S. africana-lutea [47] and 14 Turkish Salvia 

pecies as sources against diabetes [48] . An anti-obesity property 

49] and a hypoglycemic effect of O (by stimulating serum insulin, 

nhibition of gluconeogenesis, and lowering accelerated blood glu- 

ose in parallel with reduction of body weight after its administra- 

ion to diabetic mice) [50] have been demonstrated. Also, the anti- 

iabetic effect of C on animals and humans has been described 

51] . The antibacterial activity of U and O from the acetone ex- 

ract of S. officinalis leaves has been reported against Gram-positive 

acteria, along with their inefficiency against Gram-negative ones 

52] . U in Salvia extracts has been characterized owing to its strong 

ntibacterial activity (about 175 times more active) against Gram- 

ositive bacteria compared to O [53] . The anti- Bacillus activity of 

 , O , C , and M has been shown by an HPTLC-based assay after
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Fig. 4. HPTLC autograms after acetylcholinesterase (A) and α-glucosidase (B) enzyme inhibition assays as well as HPTLC chromatograms after derivatization with vanillin 

sulfuric acid (C and D) of Tunisian Salvia extracts ( A2 , V , and O2 , assignments as in Fig. 1 and Table S1), and the individual standard ursolic ( U ), oleanolic ( O ), corosolic ( C ), 

and maslinic ( M ) acids, developed with toluene - ethyl acetate – methanol (6:3:0.5, V/V/V ), and detected at UV 365 nm (A) or white light illumination (B-D). Separation of 

the isomeric triterpene pairs was achieved using pre-chromatographic derivatization with iodine (D). 

Fig. 5. HPTLC-ESI-MS detection (via extracted ion chronograms at m/z 471 or m/z 455) of ursolic acid ( U , A), oleanolic acid ( O , B) corosolic acid ( C , C), and maslinic acid ( M , 

D) in Tunisian Salvia aegyptiaca ( A2 ), S. verbenaca ( V ), and S. officinalis ( O2 ) ethyl acetate extracts separated with toluene - ethyl acetate – methanol, (6:3:0.5, ( V/V/V ) after 

pre-chromatographic derivatization with iodine, using elution-head based interface and negative ionization mode. 

6 
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Table 1 

Assignment of LC-HRMS/MS signals of isolated compounds in zones b and c of the ethyl acetate extract of the S. officinalis leaves collected from 

Menzel Elhabib-Gabes, Tunisia ( O2 ). 

Zone Modes Observed m/z Theoretical m/z Molecular formula Mass error (ppm) Assignment identified compounds 

b ESI-MS 345.17050 345.16965 C 20 H 25 O 5 
− 2.48 [M-H] − Rosmanol/Epi- 

rosmanol ESI-MS 691.34892 691.34767 C 40 H 51 O 10 
− 1.80 [2M-H] −

ESI + MS 347.18530 347.18530 C 20 H 27 O 5 
+ 0.01 [M + H] + 

ESI + MS 369.16682 369.16725 C 20 H 26 O 5 Na + 1.16 [M + Na] + 

ESI + MS 301.17972 301.17982 C 19 H 25 O 3 
+ 0.34 [M-CO 2 H] + 

ESI + MS 715.34486 715.34527 C 40 H 52 O 10 Na + 0.57 [2M + Na] + 

MS2[345] 301.18062 301.17982 C 19 H 25 O 3 
− 2.65 [M-CO 2 H] −

MS2[345] 283.17031 283.16926 C 19 H 23 O 2 
− 3.72 [M-CO 2 H-H 2 O] −

c ESI-MS 345.20801 345.20604 C 21 H 29 O 4 
− 5.73 [M-H] − Methyl 

carnosate ESI-MS 713.40577 713.40239 C 42 H 58 O 8 Na − 4.74 [2M-2H + Na] −

ESI-MS 1081.60153 1081.59874 C 63 H 87 O 12 Na 2 
− 2.57 [3M-3H + Na 2 ] 

−

ESI + MS 347.22096 347.22169 C 21 H 31 O 4 
+ 2.09 [M + H] + 

ESI + MS 369.20326 369.20363 C 21 H 30 O 4 Na + 1.01 [M + Na] + 

ESI + MS 301.22001 301.21621 C 20 H 29 O 2 
+ 12.67 [M-CO 2 H] + 

ESI + MS 715.42985 715.41804 C 42 H 60 O 8 Na + 16.52 [2M + Na] + 

MS2[345] 301.21653 301.21621 C 20 H 29 O 2 
− 1.08 [M-CO 2 H] −

MS2[345] 286.19292 286.19273 C 19 H 26 O 2 
− 0.66 [M-CO 2 H-CH 3 ] 

−

Fig. 6. HPLC-ESI-HRMS spectra in positive (A and B) and negative (C and D) ionization modes, of zones b (A and C) and c (B and D) of the Tunisian S. officinalis ( O2 ) ethyl 

acetate extract developed with toluene - ethyl acetate – methanol, (6:3:0.5, ( V/V/V ), and HRMS/MS spectra of the deprotonated molecules (E and F, respectively). 

t
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3

t

t

he separation of the four triterpenoids using pre-chromatographic 

erivatization with iodine [26] . The α-glucosidase and B. subtilis 

nhibition of the HPTLC zone of U / O has already been confirmed 

n ethyl acetate extracts of Tunisian S. verbenaca and S. aegyptiaca 

erial parts as well [25] . 
7 
.3. Identification of the main lipase inhibitors 

The mass spectrometric evaluation of zone d by HPTLC-MS in 

he negative ionization mode resulted in the detection of charac- 

eristic mass signals at m/z 279, and m/z 277, which were assigned 
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he deprotonated molecules [M-H] − of compounds that were ten- 

atively identified as linoleic and linolenic acids, respectively. The 

hromatographic behavior, the detectability with primuline (suit- 

ble for lipophilic compounds) and vanillin sulfuric acid reagents, 

nd lipase inhibitory effects of zone d were the same as those 

f linoleic and linolenic acids, which confirmed the identification 

 Figs. 2 and 3 ). 

According to the literature, fatty acids like linoleic and linolenic 

cids have been identified in the petroleum ether extract of S. bi- 

olor aerial part [54] , and linoleic acid in the dichloromethane ex- 

ract of S. officinalis leaves [55] . The lipase inhibitory activity of the 

ethanolic extract from S. officinalis leaves [56] , as well as that of 

inoleic acid, has been previously demonstrated [57] . 

.4. Identification of main bioactive compounds of S. officinalis 

The preliminary HPTLC-MS analysis of zones b and c showed 

he same mass signals at m/z 345 [M-H] − and m/z 369 [M + Na] + .
o identify these compounds, they were isolated from O2 and char- 

cterized by HPLC-HRMS/MS. Their accurate mass spectra were 

ecorded in the positive and negative ionization modes ( + ure 

, Table 1 ). For zone b , the mass signals in positive ionization

 Fig. 6 A) at m/z 347.1853 [M + H] + , m/z 301.1797 [M-COOH] + , m/z

69.1668 [M + Na] + , and m/z 715.3449 [2M + Na] + , whereas in neg-

tive ionization at m/z 345.1705 [M-H] −, m/z 691.3489 [2M-H] −

ESI-, Fig. 6 C) were assigned to rosmanol (C 20 H 26 O 5 , a diterpene).

he fragmentation patterns of the deprotonated molecules with 

/z 301.1806 [M-CO 2 H] − and m/z 283.1703 [M-CO 2 H-H 2 O] − (ESI- 

S2, Fig. 6 E) were in harmony with the literature data [58] , thus

onfirming the identity of rosmanol or its isomer epi-rosmanol. 

or zone c , the mass signals in positive ionization at m/z 301.2200 

M-CO 2 H] + , m/z 347.2210 [M + H] + , m/z 369.2033 [M + Na] + , and

/z 715.4298 [2M + Na] + ( Fig. 6 B), in negative ionization at m/z

45.2080 [M-H] −, m/z 713.4058 [2M-2H + Na] −, m/z 1081.6015 [3M- 

H + Na 2 ] 
− (ESI-, Fig. 6 D), and the fragments of the deprotonated

on at m/z 301.2165 [M-CO 2 H] − and m/z 286.1929 [M-CO 2 H-CH 3 ] 
−

ESI- MS2, Fig. 6 F) were assigned, according to literature data [59] , 

o methyl carnosate (C 21 H 30 O 4 , diterpene). Comparing the HPTLC- 

S and the HPLC-HRMS/MS results, the identity of the compounds 

as not modified throughout the isolation step. Both rosmanol and 

ethyl carnosate, in zones b and c respectively, were detectable 

y the HPTLC-vanillin sulfuric acid derivatization ( Figs. 2 H and S2) 

n all S. officinalis ethyl acetate extracts as yellow zones and this 

as confirmative of the presence of terpenoids. In addition, zone 

 (and not zone b ) was detectable as a yellow zone after derivati-

ation with natural product reagent ( Fig. 2 F), however, it was not 

bserved after derivatization with aluminum-chloride ( Fig. 2 G), in- 

icating that phenolics, but not flavonoids, were found in S. offici- 

alis extracts. 

There are several studies reported to support the bioactivity of 

he two identified diterpenes. Rosmanol and epi-rosmanol have 

een detected in S. officinalis leaves [60] , in the methanolic ex- 

ract of S. fruticosa and S. pomifera dried aerial parts [35] as major 

henolic diterpene components, and in S. chamelaeagnea methano- 

ic extract as a strong antioxidant [61] . Furthermore, rosmanol and 

pi-rosmanol exhibited anti-protozoal, cytotoxic [62] , and antibac- 

erial [ 63 , 64 ] effects as well. According to literature data, methyl

arnosate has been determined as a major phenolic diterpene in 

erial parts of S. officinalis [ 65 , 66 ], Tunisian S. aegyptiaca [ 67 , 68 ],

nd S. verbenaca [69] ; however, in the latter ones we could not 

etect it. Its strong antioxidant activity [70] as well as the antibac- 

erial effect against Bacillus cereus [66] have been published. More- 

ver, the antioxidative activity of the phenolic diterpenes of S. of- 

cinalis has been proven [71] , and due to its high antioxidant ca- 

acity and antibacterial activity, the S. officinalis extract was used 

s a natural preservative in meat [72] . Additionally, the antibacte- 
8 
ial activity against methicillin-sensitive and -resistant Staphylococ- 

us aureus and Enterococcus faecalis [73] , and the cytotoxic effect 

74] of methyl carnosate have been published. 

. Conclusion 

The bioprofiles of ethyl acetate extracts from three Salvia 

pecies ( S. aegyptiaca, S. verbenaca , and S. officinalis ) were stud- 

ed by HPTLC-EDA using Gram-positive B. subtilis and R. fas- 

ians , Gram-negative A. fischeri bacterial strains, F. avenaceum and 

. sorokiniana fungal strains, DPPH 

• stable radical, and acetyl- 

holinesterase, lipase, and α-glucosidase enzymes. This nine- 

imensional, comprehensive bioprofile revealed four antibacterial 

riterpenic acids (corosolic, maslinic, ursolic, and oleanolic acid) 

nd two fatty acids (linoleic and linolenic acid) with anti-lipase 

ctivity, which were identified by HPTLC-UV/Vis/FLD-MS anal- 

sis using standards. Furthermore, multi-potent phenolic diter- 

enes (rosmanol/epi-rosmanol and methyl carnosate) were tenta- 

ively identified after isolation by HPLC-HRMS/MS. This HPTLC- 

ased screening system, comprising antibacterial, antifungal, an- 

ioxidant, and enzyme-inhibitory assays, was found to be a pow- 

rful, straightforward platform for high-throughput fishing of com- 

ounds against infectious or enzyme-related diseases, so very use- 

ul in drug discovery. 
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