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Phytochemical screening 
and biological evaluation of Greek 
sage (Salvia fruticosa Mill.) extracts
Marika Mróz  & Barbara Kusznierewicz *

This study explores the influence of extraction solvents on the composition and bioactivity of Salvia 
fruticosa extracts. Ultrasound-assisted extraction with water, ethanol and their mixtures in variable 
proportions was used to produce four different extracts. An untargeted UPLC/MS-based metabolomics 
was performed to discover metabolites profile variation between the extracts. In the analyzed 
samples, 2704 features had been detected, of which 95 were tentatively identified. The concentrations 
of the important metabolites, namely, caffeic acid, carnosic acid, carnosol, rosmarinic acid, salvianolic 
acid B and scutellarin, were determined, using UPLC-PDA methods. Rosmarinic acid was the dominant 
metabolite and antioxidant in all tested extracts, except the aqueous extract, in which scutellarin was 
the most abundant compound. The extracts and standards were examined for antioxidant activity 
and xanthine oxidase (XO) inhibitory activity. The most diverse in terms of chemical composition and 
rich in antioxidant compounds was 70% ethanolic extract and the strongest antioxidant was caffeic 
acid. All analyzed extracts showed the ability to inhibit XO activity, but the highest value was recorded 
for 30% ethanolic extract. Among tested standards, the most potent XO inhibitor was caffeic acid. 
The results suggest that the leaves of Greek sage are a source of natural XO inhibitors and may be an 
alternative to drugs produced by chemical synthesis.

Nowadays, the understanding of food extends far beyond its nutritional value. Apart from the taste sensations, 
the use of herbs is heading towards enrichment of the diet with bioactive compounds. In the field of functional 
food additives or dietary supplements the chemical composition is of great importance. In addition to the 
characteristics of the plant material, the key factor in obtaining extracts with specific desired properties is the 
processing conditions. The application of novel analytical approaches such as metabolomics makes it possible to 
compare extraction efficiency by tracking multiple phytochemicals related to the quality and health-promoting 
properties of extracts  simultaneously1.

Salvia fruticosa Mill. (syn. S. triloba L.f.) is a species of Mediterranean herb in Lamiaceae family. S. fruticosa 
has been used in many forms as a traditional medicine for different purposes depending on the region. In Leba-
non, it was typically used as a remedy for ulcer pain and in Turkey, for urinary system  ailments2. In the Mediter-
ranean region S. fruticosa is considered even more valuable than S. officinalis in medicinal applications, owing 
to the richness of its essential  oils3. The essential oils derived from Greek sage were proven to have antioxidant, 
antibacterial and anti-inflammatory activities and were used traditionally for treating skin  infections4,5. The anti-
inflammatory activity of Salvia species is also attributed to the presence of tanshinones, phenolics and flavonoids. 
Studies on S. miltiorrhiza indicated the anti-inflammatory activity of salvianolic acid B, tanshinone IIA and proto-
catechuic acid. In the case of S. lavandulifolia this activity was attributed to rosmarinic acid, genkwanin, luteolin, 
cirsimaritin, salvigenin, and also monoterpenes such as carvacrol and α-pinene6. In vivo studies on rats proved 
an antiobesity effect of S. triloba methanolic extracts through the inhibition of pancreatic triacylglycerol lipase 
and antineurodegenerative effect by improving biochemical and histopathological characteristics in Alzheimer’s 
disease-induced  rats7,8. Biological activities of herbal preparations depend greatly on their chemical composition. 
S. triloba essential oils are composed mainly of bicyclic oxygenated monoterpenes, e.g. 1,8-cineol, camphor and 
bicyclic hydrocarbon monoterpenes such as α- and β-pinene9, the infusions are abundant in polyphenols and 
flavonoids while alcoholic extracts are rich in di- and triterpenoids. Torun et al.10 studied the impact of water 
extraction at 60–80 °C on soluble solids, total phenolics and total flavonoids from S. fruticosa leaves harvested 
in the West Mediterranean Region of Turkey. In the available English-language literature, no detailed chemical 
composition of S. triloba infusion has been reported. According to studies on other Salvia species infusions, 
flavonoids content often exceed that of phenolic acids. The major constituents of the most popular sage species 
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– S. officinalis infusions are luteolin 7-O-glucuronide and rosmarinic  acid11. Methanolic sage extracts are rich 
in terpenoids, especially abietane diterpenes and triterpenes such as: carnosol, carnosic acid and ursolic acid. 
These compounds show strong antioxidant and anti-diabetic  properties12–14.

The aim of the study was to examine the effects of using four different non-toxic solvents for ultrasound 
assisted extraction (UAE) of S. fruticosa to obtain extracts with certain biological activities. Therefore, the extracts 
were studied by means of chemical composition to find the most plentiful with known bioactives and addition-
ally six compounds were selected representing the major constituents of studied S. fruticosa extracts to elucidate 
their correlation with antioxidant and xanthine oxidase inhibitory activity. Both biological activities were tested 
in vitro. Basic spectrophotometric methods of determining the antioxidant activity were supported by HPLC 
post-column derivatization with ABTS to provide a detailed analysis of the antioxidants present in studied S. 
fruticosa extracts. That allowed for indicating individual compounds with antioxidant properties present in the 
extracts. Owing to the complexity of herbal extracts, some components may interfere with typical spectropho-
tometric measurements of biological activity. Hence, to avoid such distortions, a new method of determining 
the xanthine oxidase (XO) inhibitory activity involving HPLC analysis is proposed in this study. Such detailed 
metabolomic studies play an important role in designing novel functional food or dietary supplements based on 
plant extracts, especially when targeting specific compounds. Although several review articles and reports on 
the chemical composition of S. fruticosa extracts are available, they usually concern the content and composi-
tion of phenolics. This study extends the current state of knowledge about the chemical composition of Greek 
sage, while providing important information on the bioactivity of selected compounds commonly found in the 
Lamiaceae family.

Results and discussion
Metabolomic profiling using LC-Q-Orbitrap HRMS
In general, metabolomic studies on Salvia species in negative ionization mode tend to be more efficient than 
these in positive  mode15. In this study, MS data analysis included the use of online and local databases provided 
by Compound Discoverer 2.1 software. Additionally, data collected from previous metabolomic studies on 
Salvia species were collected and merged into a mass list to be implemented as a local database. A total of 2704 
substance peaks had been detected in S. fruticosa extracts in negative ion mode analysis. After filtering out the 
minor signals (Area <  104), there were 98 metabolites of which 95 were tentatively identified as shown in Sup-
plementary Table S1.

Metabolite profiles of each extract were juxtaposed and presented in Fig. 1a. The dominant groups changed 
among different extracts. In those obtained with solvents containing mostly water  (SFH2O and SF30) the most 
abundant compounds were phenolic acids. The extraction efficiency of terpenoid compounds was consistent 
with increase of ethanol in used solvent owing to the non-polar nature of these compounds. Additionally, a heat 
map with the signal intensity of individual phytochemicals detected in four different S. fruticosa extracts is pre-
sented in Fig. 1b. The most numerous class of compounds detected in studied extracts was terpenoids with 35 
compounds, followed by flavonoids (24 compounds), phenolic acids and derivatives (19 compounds), saccharides 
(9 compounds) and other such as fatty acids, carboxylic acids and unidentified compounds.

In the case of two most polar extracts  (SFH2O and SF30) the phenolic acids were the most abundant classes 
in total peak area. This class was represented mainly by caffeic acid derivatives. The retention time (RT) of com-
pound 16 with precursor ion [M-H]¯ at m/z 179.03419 was in line with the RT of the caffeic acid standard. It 
also generated characteristic major fragment at m/z 135.04414, due to loss of carbon dioxide. The deprotonated 
form of caffeic acid was detected in compounds 40 and 41, which were identified as sagerinic acid ([M-H]¯ at 
m/z 719.16210) and rosmarinic acid ([M-H]¯ at m/z 359.0773). Rosmarinic acid identification was addition-
ally confirmed by comparison with the standard. The same ion or its loss had been observed for compounds 
20, 37, 39, 44, 53, 57 and 58, which supported by comparison with the literature and  MS2 fragmentation, were 
identified as salviaflaside ([M-H]¯ m/z 521.13012), salvianolic acid B ([M-H]¯ at m/z 717.14661), isosalvianolic 
acid B ([M-H]¯ at m/z 717.14667), salvianolic acid K ([M-H]¯ at m/z 555.11469), two salvianolic acid F isomers 
([M-H]¯ at m/z 313.07205) and salvianolic acid C ([M-H]¯ at m/z 491.09863).

In the case of the two most non-polar extracts (SF70, SF100) the contribution of terpenoids was the highest, 
while in the remaining extracts this class accounted for about a quarter of the sum of the peak area of the identi-
fied compounds. This class was represented mainly by diterpenoids, which were the most varied non-polar class 
of compounds identified in studied extracts. They were mostly abietane-type diterpenoids, for which fragmenta-
tion through negative ionization oftentimes included the removal of  CO2 (-44 Da), CO (-28 Da),  H2O (-18 Da), 
·CH3 (15 Da). Compounds 59 ([M-H]¯ at m/z 345.17075) and 64 ([M-H]¯ at m/z 345.17100) both displayed ions 
attributable to the loss of carbon dioxide molecule (m/z 301.18097) and water molecule (m/z 283.17038 and m/z 
283.17041), and were identified as rosmanol and epiisorosmanol. Compound 69 ([M-H]¯ at m/z 329.17580) was 
identified as carnosol based on its typical fragmentation pattern, starting with the loss of carbon dioxide (m/z 
285.16604)12,15 and followed by the elimination of a methyl radical (m/z 270.16211). The same fragmentation 
pattern occurred in compound 80, identified as 12-metoxy carnosic acid ([M-H]¯ at m/z 345.20721) with frag-
ments of 301.21689 and 286.19385. Compound 78, with a pseudomolecular ion at m/z 331.19153 [M-H]¯ was 
identified as carnosic acid owing to the presence of fragments corresponding to the loss of carbon dioxide and 
subsequent loss of an isopropyl radical (m/z 287.20175 and 244.14687). Compound 70 showed a precursor ion 
at [M-H]¯ at m/z 343.15524, which generated characteristic fragments m/z 315.16028 and m/z 299.160504 via 
the loss of ethylene and carbon dioxide, respectively. That allows us to identify compound 70 as rosmadial. Two 
pentacyclic triterpenoids were also detected in the tested extracts: compound 96 and 97, which were tentatively 
identified as betulinic acid and ursolic acid, respectively, with quasimolecular ions at ([M-H]¯ at m/z 455.35340). 
The presence of these triterpenoids was also reported in S. fruticosa by Jash et al.16.
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In the extracts studied, especially those with a high water content  (SFH2O, SF30), a significant share of oli-
gosaccharides and sugar acids in the total peak area of the identified compounds was also noted. Compounds 1, 
2 and 3 were identified tentatively as stachyose, raffinose and sucrose, as they are often major transport sugars 
in the Salvia  species31. Compounds 4–8 were classified as sugar acids. The fragmentation pattern of compound 
6 ([M-H]¯ at m/z 135.02875) was identical to that of l-threonic acid. Compound 8 ([M-H]¯ at m/z 149.0081) 
generated fragments m/z 72.99171, 59.01249 and 87.00734 that can be observed in negative ionization mode 
for l-( +)-tartaric acid.

Another major class of phytochemicals detected in S. fruticosa extracts was flavonoids. Most of the identified 
compounds belonging to this class have been assigned to flavones. Compound 24 was unambiguously identi-
fied as scutellarin by comparing the retention times, UV spectra and MS/MS fragmentation patterns with those 
of the commercial standard. Compounds 46 and 55 showed nearly the same precursor ions [M-H]¯ at m/z 
299.0563 and 299.0562. Compound 46 produced most abundant fragments at m/z 284.03253 and 136.98682, 

Figure 1.  Total ion chromatograms obtained by LC-Q-Orbitrap in negative mode (black) combined with 
chromatograms registered by UV–Vis detector at 270 nm (orange) (a), set with heat map representing the mean 
MS peak area value of the identified compounds in four different S. fruticosa extracts:  SFH2O–water extract; 
SF30–30% ethanol extract; SF70–70% ethanol extract; SF100–ethanol extract (b). For the identity of peaks, see 
Supplementary Table S1.
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similarly compound 55. These data correspond with the fragmentation pattern of hispidulin or diosmetin. Since 
there was a difference in retention time, both compounds could be present in S. fruticosa extracts. Compound 
49 showed a precursor ion at [M-H]¯ at m/z 285.04065 that formed specific product ions at m/z 133.02834, 
151.00261, 175.03903, in line with these reported for luteolin by Velamuri et al.17. Compound 52 ([M-H]¯ at 
m/z 327.21786) was identified as salvigenin (pectolinarigenin-7-methyl ether) as this flavone has been reported 
previously in S. fruticosa. Compound 54 yielded the base peak [M-H]¯ at m/z 269.04578. Precursor ion and 
product ions at m/z 117.03332 and 151.00264 confirmed that this compound is apigenin. Compound 56 gave 
the precursor ion [M-H]¯ at m/z 329.0668, indicating that its molecular formula was  C17H14O7. It produced 
prominent fragment ions at m/z 299.01981 attributable to the loss of two methyl groups, and 271.02472, owing 
to the further elimination of carbon monoxide. Therefore, this peak was identified as jaceosidin. Compound 60 
was identified as cisimaritin based on a precursor ion [M-H]¯ at m/z 313.07190 and the diagnostic product ions 
at m/z 298.04694 and 283.02478, indicating the loss of two methyl radicals and 255.02974 from the elimination 
of carbon monoxide. Compound 62 ([M-H]¯ at m/z 283.06137) corresponds to an apigenin derivate considering 
the fragment at m/z 268.03772 and 117.03318. Characteristic fragment ion at m/z 240.04193 formed by the loss 
of carbon monoxide led to compound 62 being identified as genkwanin. Fragmentation patterns of apigenin, 
hispidulin, cirsimaritin and genkwanin were consistent with those reported by Koutsoulas et al.12. Compound 
50 was the only type of flavonol aglycon detected in studied extracts. With the precursor ion [M-H]¯ at m/z 
315.0513 and main MS/MS fragment at m/z 300.02756 resulting from the loss of methyl group this compound 
was identified as isorhamnetin. Compound 30 with a pseudomolecular ion [M-H]¯ at m/z 609.18329 did not 
show any fragmentation, but since it was previously reported in S. fruticosa18,19, it was tentatively identified as 
flavanone—hesperidin. Flavonoid glycosides found in this study were mainly glucosides with characteristic 
fragment of 162 Da, glucuronides (176 Da) and rutinosides (308 Da). Luteolin glucoside (compound 22 with 
[M-H]¯ at m/z 447.09344) is present in most publications concerning the chemical composition of S. fruticosa 
 extracts12,18–21. Compound 26 showed a precursor ion [M-H]¯ at m/z 491.0836 and was identified as isorhamnetin 
glucuronide, reported earlier in S. fruticosa only by Gürbüz et al.22. Compound 27 ([M-H]¯ at m/z 577.15668), 
identified as apigenin-rutinoside was also found in Greek sage by Cvetkovikj et al.21.

The presence of fatty acids was also observed in S. fruticosa extracts. Compounds 63 and 73 were identified 
tentatively as two polyunsaturated fatty acids. Compound 63 was assigned as dihydroxyoctadecadienoic acid 
 (C18H31O4¯). Compound 73 produced precursor ion [M-H]¯ at m/z 295.22803 and characteristic fragments at 
m/z 277.21738 ([M-H-H2O]− and 195.13837 [M-(CHO-(CH2)4-CH3)-H]¯, indicating the position of the hydroxyl 
group at 13 carbon atom. Thus, it was identified as 13-hydroxy-9,11-octadecadienoic acid. Also, in S. fruticosa 
extracts the presence of the glucoside of tuberonic acid (m/z 387.16644) (compound 14) which is a growth 
hormone was observed.

Quantitative analysis of major phytochemicals
A quantification of the main phenolic compounds in various extracts of S. fruticosa of the dry weight of plant 
material (mg/g DW) is presented in Table 1. The content of caffeic acid, scutellarin, salvianolic acid B, rosmarinic 
acid, carnosic acid and carnosol was calculated based on calibration curves of authentic standards, while the 
content of other compounds was estimated in relation to the most similar available standard.

Overall, the most abundant compound in sage extracts is rosmarinic acid, which is a phenolic acid and a 
dimer of caffeic acid. The highest concentration of rosmarinic acid among all tested samples was found in SF70 
(31.56 ± 1.88 mg/g DW), which is like the concentration of rosmarinic acid in S. fruticosa collected from Croatia 
(29.10 ± 0.21 mg/g DW), reported by Mervić et al.23. Even higher content (60.73 mg/g DW) was reported in 
methanolic extract from Greek variety of sage studied by Sarrou et al.19, but in this study the use of pure alcohol 
as a solvent did not result in the highest yield of rosmarinic acid. Rosmarinic acid concentration in the infusion 
 (SFH2O) was much lower (4.96 ± 0.65 mg/g DW) than in other extracts which is not consistent with the findings 
of a similar comparison made for the Turkish variety of S. fruticosa by  Tekin18. Caffeic acid was also detected 
in all studied extracts at similar concentrations (0.13–0.15 mg/g DW), which were ten times lower than those 
reported by Mervić et al.23. However, few salvianolic acids, which belong to major caffeic acid-derived trimers in 
sage plants, were present in greater amounts. The highest concentration of salvianolic acid B was obtained in SF70 
and SF30 extracts (6.86 ± 0.93 mg/g DW and 6.52 ± 0.48 mg/g DW). Salvianolic acid K was the most abundant 
in ST30 extract with a concentration of 6.25 ± 1.0 mg/g DW. According to data presented by Cvetkovikj et al.21, 
the maximum concentration of salvianolic acid K among several studied Greek populations of S. fruticosa was 
7.20 mg/g DW.

The most abundant terpenoid compounds in S. fruticosa are carnosic acid and carnosol, which both 
belong to the family of abietane  diterpenoids12. The highest content of carnosic acid was observed in SF100 
(14.82 ± 1.66 mg/g DW), followed by SF70 (13.88 ± 2.52 mg/g DW) which is not statistically different. These 
results are in line with the content measured in methanolic extract by Kallimanis et al.24 which was 12.5 ± 1.6 mg/g 
DW. The amount of carnosol in SF70 extract was 7.88 ± 1.33 mg/g DW and it was consistent with this reported 
by Sarrou et al.19. Salviol, the third most abundant terpenoid in studied extracts, is a meroterpenoid derived 
from abietane diterpenoid—ferruginol and is common in other Greek species of sage, e.g. S. pomifera25. This 
compound has not yet been reported in S. fruticosa; however it was present in most of studied extracts with the 
highest content: 7.37 ± 0.71 mg/g DW in SF70.

The third group of bioactives detected in S. fruticosa extracts were flavonoids. Scutellarin is one of the com-
mon flavonoids found in  sage26. It was the most abundant flavonoid in the studied extracts with a similar yield: 
7.77 ± 0.48 mg/g DW, 8.92 ± 1.56 mg/g DW and 7.35 ± 0.9 mg/g DW in  SFH2O, SF30 and SF70 extracts, respec-
tively. The concentrations of luteolin rutinoside and luteolin glucoside were similar in all studied extracts and 
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ranged from 1.03 to 1.98 mg/g DW, which is not in line with data reported by Tekin et al.18, where the concentra-
tions of these compounds in sage infusions were two to three times higher than in ethanol extracts.

Phenolic acids, flavonoids and terpenoids are typical bioactive compounds in S. fruticosa. As shown in Table 1, 
the extraction yield was highly affected by ethanol content in the solvent. The extraction with 70% ethanol 
provided the highest total yield of bioactives, in contrast to extraction with only water. The difference is clearly 
visible in the yield of phenolic acids and terpenoids, which in SF70 was three times higher and seven times 
higher, respectively. The maximum extraction yield of flavonoids was obtained with 30% ethanol, but it was only 
slightly higher than that obtained with 70% ethanol. Considering all groups of studied bioactives, 70% ethanol 
is concluded to be the best solvent among those tested for extraction of bioactive compounds from S. fruticosa.

Antioxidant activity
The presence of compounds exhibiting antioxidant activity in the plant material has become an important aspect 
defining its health-promoting properties. In the case of various species of sage, their high antioxidant activity is 
caused mainly by phenolic compounds. In the presented studies, the total antioxidant activity was determined 
for S. fruticosa extracts prepared with extractants of different polarity. In addition, the antioxidant activity was 
determined for selected phenolic compounds typical for sage and belonging to various classes of secondary 
metabolites such as phenolic acids, flavones and diterpenoids.

The presented study compared the results of the three most popular spectrophotometric tests using ABTS, 
DPPH and Folin–Ciocalteu (F–C) reagents. ABTS and DPPH assays are used widely to determine free radical 
scavenging activity of extracts, as are pure compounds. For S. fruticosa extracts, the calculated antioxidant activity 
describes the number of ABTS or DPPH molecules reduced by antioxidants derived from 1 g of dried material 
after 10 min of reaction. These values were calculated in the linear range of the method and expressed as the 
slope of the line describing the relationship between the number of reduced millimoles of oxidants and various 
amounts of tested samples – as grams of dry matter in reaction mixtures (Fig. 2b).

The study also includes the method with the Folin–Ciocalteu reagent. It consists in the transfer of electrons 
in an alkaline environment from compounds with active hydroxyl groups to phosphomolybdic phosphotung-
stic acid complexes. The reducing capacity in this case was expressed as the number of millimoles of gallic acid 
equivalents, that formed blue complex and were derived from 1 g of dry matter of the plant. The same approach 

Table 1.  Content of major phenolic compounds (mg/g DW) determined in four different S. fruticosa extracts 
 (SFH2O–water extract; SF30–30% ethanol extract; SF70–70% ethanol extract; SF100–ethanol) by HPLC–
PDA. Concentration was calculated: 1based on authentic standards; 2as luteolin equivalent; 3as scutellarin 
equivalent; 4as quercetin equivalent; 5as salvianolic acid B equivalent; 6as carnosol equivalent; 7as carnosic 
acid equivalent; LOQ limit of quantification. The data are expressed as mean values of three independent 
experiments ± standard deviation. Values within a same line followed by the same letter are not significantly 
different (P > 0.05) (Tukey test). For identity of peaks, see Supplementary Table S1.

Peak No. Name

Content (mg/g DW)

SFH2O SF30 SF70 SF100

16 Caffeic  acid1 0.15 ± 0.01 0.15 ± 0.01 0.14 ± 0.01 0.13 ± 0.01

18 Hydroxyluteolin  glucuronide2 1.86 ± 0.04 2.26 ± 0.25 2.61 ± 0.72 1.56 ± 0.6

19 Przewalskinic acid  A5 2.38 ± 0.46a 1.45 ± 0.02b 1.47 ± 0.01b 1.45 ± 0.01b

21 Luteolin  rutinoside2 1.65 ± 0.23a 1.81 ± 0.07a 1.7 ± 0.24a 1.03 ± 0.17b

22 Luteolin  glucoside2 1.79 ± 0.04 1.98 ± 0.12 1.98 ± 0.39 1.69 ± 0.25

24 Scutellarin1 7.77 ± 0.48a 8.92 ± 1.56a 7.35 ± 0.9a 3.66 ± 0.36b

25 Isorhamnetin  hexoside4 1.7 ± 0.03 1.71 ± 0.09 1.65 ± 0.25 1.46 ± 0.16

26 Isorhamnetin  glucuronide4 1.99 ± 0.34 2.21 ± 0.17 2.03 ± 0.56 1.6 ± 0.37

37 Salvianolic acid  B1 4.25 ± 0.65b 6.52 ± 0.48a 6.86 ± 0.93a 3.9 ± 0.63b

41 Rosmarinic  acid1 4.96 ± 0.65d 25.27 ± 3.1b 31.56 ± 1.88a 12.85 ± 1.92c

44 Salvianolic acid  K5 2.7 ± 0.53b 6.25 ±  1a 4.79 ± 0.7a 2.74 ± 0.83b

46 Diosmetin2 1.59 ± 0.04 1.58 ± 0.04 1.61 ± 0.04 1.53 ± 0.06

59 Rosmanol6  < LOQ 1.18 ± 0.1b 2.1 ± 0.25a 1.91 ± 0.1a

60 Cirsimaritin3  < LOQ 1.48 ± 0.01 1.53 ± 0.03 1.5 ± 0.02

61 Epirosmanol6 2.49 ± 0.06b 2.47 ± 0.14b 3.91 ± 0.59a 2.48 ± 0.28b

64 Epiisorosmanol6  < LOQ 3.65 ± 0.27b 6.43 ± 0.64a 5.65 ± 0.72a

69 Carnosol1  < LOQ 2.19 ± 0.15c 7.88 ± 1.33a 5.03 ± 0.44b

78 Carnosic  acid1 1.9 ± 0.15b 2.13 ± 0.63b 13.88 ± 2.52a 14.82 ± 1.66a

80 Metoxy-carnosic  acid7  < LOQ  < LOQ 4.12 ± 0.57 4.24 ± 0.76

89 Salviol7 1.77 ± 0.14b  < LOQ 7.37 ± 0.71a 6.42 ± 0.66a

Total phenolic acids 14.44 ± 2.3b 39.64 ± 4.61a 44.82 ± 3.53a 21.07 ± 3.4b

Total flavonoids 18.35 ± 1.2ab 21.95 ± 1.2a 20.46 ± 3.13a 14.03 ± 1.99b

Total terpenoids 6.16 ± 0.35b 11.62 ± 1.29b 45.69 ± 6.61a 40.55 ± 4.62a
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was used for the selected pure substances present in sage, such as: caffeic acid, carnosic acid, carnosol, salvia-
nolic acid B, scutellarin, rosmarinic acid and additionally for the reference antioxidant—trolox (Fig. 2a). Such 
a method of determining and calculating the antioxidant activity of plant material and pure substances was 
described previously by Kusznierewicz et al.27 and Baranowska et al.28, respectively. The resulting slope values 
were plotted on separate axes for each test conducted for standards and samples (Fig. 2c). Each of the tested 
phenolic standard exhibited antioxidant activity, increasing inorder as follows: scutellarin < carnosol < carnosic 
acid < salvianolic acid B < rosmarinic acid < caffeic acid. Three of them – salvianolic acid B, rosmarinic acid and 
caffeic acid – were more efficient than trolox, a compound used commonly as reference in antioxidant activity 
determination assays. The antioxidant activity of all studied extracts of S. fruticosa was dose dependent in ABTS 
assay as well as in the DPPH test. Therefore, as the amount of extract added to the reaction mixture increases, 
so does the reducing power towards these radicals. The lowest total antioxidant activity was observed for the 
SF100 extract, followed by almost two times higher for  SFH2O, and nearly four times higher for SF30 and SF70. 
The results of the F–C test followed the same trend as ABTS and DPPH with a Pearson correlation of 0.99, which 
indicates that the antioxidant activity of extracts depend greatly on the content of phenolics, as demonstrated 
by Lantzouraki et al.29.

Based on the contents of 6 phytochemicals selected for testing in the extracts (Table 1) and the antioxidant 
activities determined for them and for the extracts (Fig. 2a,c), we can determine the estimated contribution of 
these compounds to the total antioxidant activity of individual extracts. In the case of  SFH2O, SF30 and SF70 
extracts, 6 selected compounds, depending on the test, theoretically covered 21–30%, 45–63% and 64–86% of the 
determined total antioxidant activity, respectively. These results suggest the possible presence of other additional 
antioxidants in these extracts and/or their synergistic effects. Only in the case of the SF100 extract did the sum 
of the activities of the 6 standard compounds exceed the determined total activity of this extract ranging from 20 
to 49%, depending on the test used. Such an observation may be the result of possible antagonistic interactions 
between the phytochemicals present in this kind of extract.

More detailed information on the types of antioxidants present in the tested S. fruticosa extracts was provided 
by using HPLC post-column derivatization with the ABTS reagent. The antioxidant profiles obtained by this 
method, as well as the contribution of different classes of antioxidants in the total antioxidant activity, are shown 

Figure 2.  The antioxidant activity of standards (caffeic acid, scutellarin, salvianolic acid B, rosmarinic acid, 
carnosic acid, carnosol and trolox) and S. fruticosa extracts:  SFH2O–water extract; SF30–30% ethanol extract; 
SF70–70% ethanol extract; SF100–ethanol extract, tested in vitro with ABTS, DPPH and F–C reagents presented 
as plots showing the dependency curves of reagent reduced by tested standards (a) or extracts (b) and expressed 
as slopes of the curves equal to the milomoles of reagent reduced by 1 g of tested sample (c) set with the 
antioxidant profiles of extracts, registered at 734 nm after post-column derivatization with ABTS, with the main 
classes of antioxidants on the pie charts (d). For the identity of peaks, see Supplementary Table S1.
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in Fig. 2d. In addition to the 6 standard antioxidants tested earlier, the S. fruticosa extracts also contained other 
antioxidants such as przewalskinic acid A, salviaflaside, luteolin rutinoside, luteolin glucoside, isorhamnetin 
glucuronide, coumaroyl caffeoylglycoside, salvianolic acid K and salvianolic acid F. Profiles characterized by 
the largest number and size of negative peaks indicating the reduction and discoloration of ABTS radicals were 
observed for the SF70 and SF30 extracts. Despite the similarity of the antioxidant profiles of these two samples 
the intensity of common signals was higher for SF70 and additional activity originating from diterpenoids was 
also noticed. Only in the profiles of SF70 and SF100 extracts were negative peaks originating from diterpenoids 
observed, with their share in the total antiradical activity at 15 and 34%, respectively. The main antioxidant in all 
the extracts containing ethanol was rosmarinic acid – the most abundant phenolic acid and one of the strong-
est antioxidants among studied standards. The same result was also reported for S. officinalis and S. hispanica 
 extracts30,31.

In aqueous extract  (SFH2O) the antioxidant activity originated mainly from two compounds: przewalskinic 
acid A and scutellarin, as rosmarinic acid extraction with water alone was less effective.

Xanthine oxidase inhibitory activity
The enzyme xanthine oxidase (XO) catalyzes the oxidation of hypoxanthine and xanthine to uric acid, an excess of 
which in the blood causes gout to develop. During XO reoxidation, molecular oxygen acts as an electron acceptor, 
producing a superoxide radical and hydrogen peroxide. Consequently, XO is considered an important biologi-
cal source of superoxide radicals which, together with other reactive oxygen species, contribute to the body’s 
oxidative stress and is involved in many pathological processes such as inflammation, atherosclerosis, cancer, 
ageing, etc.32. A recent therapeutic approach to hyperuricemia treatment is to inhibit the XO enzyme. Various 
drugs containing XO inhibitors (allopurinol, febuxostat) have been developed, the use of which is unfortunately 
associated with certain side effects. For this reason, there is a constant search for natural XO inhibitors that could 
provide an alternative to these synthetic compounds. There are some reports in the literature about the ability 
of several species of Salvia (S. plebeia, S. miltiorrhiza, S. verbenaca) to inhibit  XO33–35, therefore, the possible 
occurrence of this activity was also tested in the studied S. fruticosa extracts. In addition, XO inhibitory activity 
was also determinedin selected phenolic compounds typical for sage such as: caffeic acid, carnosic acid, carno-
sol, salvianolic acid B, scutellarin, rosmarinic acid and additionally, for reference, the XO inhibitor allopurinol.

The transformation of xanthine (substrate) to uric acid (product) by XO with or without the presence of tested 
samples was monitored with the use of HPLC-PAD at 285 nm (Fig. 3a). The enzyme activity was calculated as 
the percentage of the uric acid peak area formed in the presence of the tested sample compared to the control 
without the addition of the sample (Fig. 3b). The inhibition of the XO enzyme was expressed as an  IC50 value, 
meaning the mass of standard or dry weight of sample (μg) capable of reducing enzyme activity to 50% (Fig. 3b,c).

The known XO inhibitor allopurinol was used as a reference, with an  IC50 value of 0.15 μg (5.5 µM). All the 
studied standards showed the XO inhibitory activity with an  IC50 ranging from 0.1 to 3.15 μg (2.8–43.8 µM). XO 
inhibitory activity increased in order as follows: rosmarinic acid < carnosic acid < scutellarin < salvianolic acid 

Figure 3.  The examples of HPLC chromatograms at 285 nm of post-reaction mixtures containing (from 
top): xanthine; xanthine and xanthine oxidase (XO); xanthine, XO and inhibitor (a), which were the basis for 
preparing the plots representing the curves of XO activity in the presence of tested standards (caffeic acid, 
scutellarin, salvianolic acid B, rosmarinic acid, carnosic acid, carnosol and allopurinol) or S. fruticosa extracts 
 (SFH2O–water extract; SF30–30% ethanol extract; SF70–70% ethanol extract; SF100 – ethanol extract) (b), 
which were used to determine the parameter  IC50, meaning the micrograms of tested sample needed to reduce 
XO activity to 50% (c).



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:22309  | https://doi.org/10.1038/s41598-023-49695-w

www.nature.com/scientificreports/

B < carnosol < caffeic acid. Caffeic acid showed the lowest  IC50 value (0.1 μg; 2.8 µM), indicating the strongest 
XO inhibitory activity among the tested compounds. It was even stronger than allopurinol, which is inconsist-
ent with the data presented by Wan et al.36 and Flemmig et al.37, where the  IC50 of caffeic acid was almost 8 or 2 
times lower than that of allopurinol, respectively. These differences may result from the origin of the XO selected 
for the tests. In the cited studies, an oxidase from bovine milk was used, while for this study a microbial oxidase 
was selected. In this study, rosmarinic acid had the lowest to inhibit XO (3.2 μg; 43.8 µM), but Ghallab et al.38 
reported that synergistic combination of allopurinol and rosmarinic acid can lower the dosage of synthetic drugs 
needed. XO was inhibited by all studied S. fruticosa extracts, although over 1000 times less effectively than by 
allopurinol, in line with data reported for other Salvia species. Scutellarin and other flavones have been described 
previously as strong inhibitors of  XO39. Despite only a slight difference of total flavonoids content between SF30 
and SF70 extract, and the contents of other anti-inflammatory compounds being more favorable for the SF70 
extract, SF30 had the strongest ability to inhibit the XO activity. The  IC50 value for SF30 was 50 μg and based on 
this parameter, the potential anti-inflammatory activity of SF70, SF100 and  SFH2O extracts was determined as 
3, 4 and 5 times weaker, respectively.

Conclusions
In this study, four extracts of S. fruticosa were characterized and compared in terms of chemical composition 
and bioactivity. The proposed UPLC-MS/MS analysis led to the identification of 95 compounds in total. This 
study presents the precise composition of S. fruticosa extract obtained with boiling water, which is a traditional 
form of sage preparation, that presents the benefits of alternative extraction methods. The greatest diversity and 
abundance of secondary metabolites was obtained in an extract prepared with 70% ethanol. Considering all the 
obtained results, it can be concluded that the extraction of S. fruticosa with the aid of combined ethanol and 
water provides the best results in terms of tested bioactivities. Additionally, testing several standards in parallel 
with the analysis of extracts allowed not only quantitative analysis, but also helped to indicate the role of these 
compounds in bioactivities shown by the extracts. Caffeic acid, scutellarin, salvianolic acid B, rosmarinic acid, 
carnosic acid and carnosol are present in many other plant species, so these data can be useful in a wide range 
of research topics concerning medicinal plants. All the tested extracts exhibited antioxidant activity in a dose-
dependent manner and the strongest was the extract prepared with 70% ethanol (SF70). On the other hand, it 
was the 30% ethanolic extract (SF30) that showed the strongest anti-inflammatory effect by inhibiting XO. The 
proposed method of determining the anti-inflammatory activity by HPLC allowed us to examine both individual 
compounds and complicated mixtures such as herbal extracts. The target peak of uric acid was well separated 
from the components of the extracts. Stopping the reaction with HCl allowed us to perform the batch HPLC 
analysis on many samples, without the risk of unwanted changes owing to the measurement delay.

Materials and methods
Plant material
The plant material comprised dried Greek sage leaves, known as Salvia fruticosa Mill. 1768 or Salvia triloba L.f. 
1782. It was acquired from an ecological producer (GRECO Bio Products). According to supplier’s information, 
the plant material was air-dried traditionally, without exposure to sunlight.

Chemicals and reagents
The reagents of analytical, HPLC or MS grade acetonitrile, ethanol, methanol, formic acid, hydrochloric acid, 
sodium hydroxide and reagents for antioxidant activity determination, including 2,2′-azinobis (3-ethylbenzo-
thiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin–Ciocalteu’s 
phenol reagent (FC), trolox and gallic acid, as well as the reagents for anti-inflammatory activity determina-
tion – allopurinol, uric acid, xanthine and microbial XO 10 U/mg – were purchased from Sigma Aldrich (St. 
Louis, MO, USA). The phosphate buffer was prepared with  Na2HPO4 ×  2H2O and  NaH2PO4 ×  2H2O (Chempur, 
Poland). Standards of caffeic acid, carnosol, salvianolic acid B, scutellarin, luteolin, quercetin, rosmarinic acid 
and carnosic acid were purchased from Extrasynthese (France).

Methods
All the methods were carried out in accordance with relevant Institutional guidelines and regulations.

Standard solutions preparation
Stock standard solutions at a concentration of 1 mg/mL were prepared using the appropriate solvent. Methanol 
was used to dissolve carnosic acid, rosmarinic acid, carnosol, scutellarin and caffeic acid, and methanol/water 
(70:30, v/v) was used to dissolve salvianolic acid B. Working standard solutions were prepared in triplicate by 
diluting the stock solution of each standard in a range of concentrations appropriate to the linear response of 
each method.

Sample preparation
UAE was performed with the aid of ethanol and water in various proportions for a comparative study. The 
extractants used for this study were: water  (SFH2O), ethanol/water (30:70, v/v) (SF30), ethanol/water (70:30, 
v/v) (SF70) or ethanol (SF100). The 100 mg of ground plant material was extracted with 2 mL of extractant. 
The extraction was assisted by ultrasound (10 min, 30 °C). Then the samples were centrifuged at 13,000 rpm 
for 5 min and supernatants were collected. The extracts were stored at − 20 °C until use. Each extraction was 
conducted in triplicate.
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Metabolomic profiling using LC‑Q‑Orbitrap HRMS
The Ultimate 3000 UHPLC system (Thermo Scientific Dionex), equipped with a quaternary.

pump, column compartments, autosampler and a PDA detector controlled by Chromeleon 7.2.8 software 
(Thermo Fisher Scientific,Waltham, MA, USA, and Dionex Softron GmbH Part of Thermo Fisher Scientific, 
Bremen, Germany), coupled with a high-resolution Thermo.

Q-Exactive™ Focus quadrupole-Orbitrap mass spectrometer (Thermo, Bremen, Germany) were employed 
for analysis. Chromatography separations were performed using a Kinetex® column (150 × 4.6 mm, 5 µm, Phe-
nomenex). A linear gradient was obtained with 0.1% formic acid in water (solvent A) and 0.1% formic acid in 
acetonitrile (solvent B), with a flow rate of 0.8 mL/min. Composition of solvents changed from 15% of solvent 
B to 40% in 25 min, then increased linearly to 100% up to 30 min and kept at this level up to 35 min of analysis. 
The injection volume was 2 μL.

The HESI parameters in negative ion acquisition mode were as follows: sheath gas flow rate, 35 arb; auxiliary 
gas flow rate, 15 arb; sweep gas flow rate, 3 arb; spray voltage, 2.5 kV; capillary temperature, 350 °C; S-lens RF 
level, 50; and heater temperature, 300 °C. The full MS scan was set as follows: resolution, 70,000 FWHM; AGC 
target,  2e5; max inject time, 100 ms; and scan range, 120–1200 m/z. The data-dependent  MS2 parameters were 
as follows: resolution, 17,500 FWHM; isolation window, 3.0 m/z; collision energy, 30 eV; AGC target,  2e5; max 
inject time, 100 ms. The external mass calibration and the quadrupole calibration were carried out daily. For the 
calibration, a mixture containing n-butylamine, caffeine, Met-Arg-Phe-Ala (MRFA), and Ultramark 1621 was 
used. All samples were run in triplicate followed by injecting the blank  H2O/EtOH (1:1, v/v). Data were analyzed 
using Compound Discoverer 2.1 software.

For quantitative determination of major phytochemicals – caffeic acid, carnosic acid, carnosol, luteolin, 
quercetin, rosmarinic acid, salvianolic acid B and scutellarin – the calibration curves were generated on peak 
areas obtained with chromatographic analysis of the serial dilutions of authentic standards.

Antioxidant profiling by post‑column derivatization with ABTS
Antioxidant profiles were obtained for S. fruticosa extracts using an HPLC-PAD system (1200 series, Agilent 
Technologies, Wilmington, DE, USA) coupled with a Pinnacle PCX Derivatization Instrument (Pickering Labo-
ratories Inc., Mountain View, California, USA.) and a UV–Vis detector (Agilent Technologies, Wilmington, 
DE, USA). The chromatographic column and conditions of chromatographic separation were the same as in the 
case of LC-HRMS analysis. The post-column derivatization with ABTS reagent was carried out according to the 
methodology reported by Kusznierewicz et al.40,41 with slight modification. Stream of eluate leaving the column 
was mixed with a stream of methanolic ABTS solution (0.2 mL/min) and directed to the reaction loop (1 mL, 
130 °C). The reduction of the ABTS radical by extract components was monitored at 734 nm. The contribution 
of the separated analyte to the total antioxidant activity of extracts was estimated on the assumption that 100% 
is represented by the sum of the negative peak areas integrated in chromatograms obtained after derivatization 
with ABTS.

Total antioxidant activity determination
The antioxidant activity of – caffeic acid, carnosic acid, carnosol, rosmarinic acid, salvianolic acid B, scutellarin 
and S. fruticosa extracts – was determined by spectrophotometric tests using ABTS, DPPH and Folin–Ciocalteu 
(F–C) reagents. The procedure and calculations were based on method described by Kusznierewicz et al.27. For 
tests with radicals, the data were used to generate a plot of linear dependence between the different content of 
tested standards or S. fruticosa samples calculated as gram of dry weight present in the reaction mixtures and 
the number of scavenged millimoles of ABTS or DPPH radical. The slopes of the obtained straight lines were 
then used for expressing the total antioxidant activity as the mean of ABTS or DPPH millimoles, reduced by 
1 g of tested sample. For the F–C test the results were calculated using the calibration curve of gallic acid. The 
antioxidant activity of the tested samples was expressed as a slope of the line that represents the relationship 
between the mass of standards or plant material [g] and amount of gallic acid equivalents [mmol] present in 
reaction mixtures after 60 min.

Xanthine oxidase inhibitory activity
The ability of – caffeic acid, carnosic acid, carnosol, rosmarinic acid, salvianolic acid B and scutellarin, as well 
as S. fruticosa extracts – to inhibit XO was determined. The stock solutions of xanthine (substrate) and uric 
acid (product) (1.5 mM) were prepared in an NaOH aqueous solution (1 M). The working solutions of these 
compounds (150 μM) were prepared by dilution of stock solutions with a phosphate buffer (10 mM, pH 7.7). 
An enzyme solution with an activity of approximately 0.5 U/mL was prepared in the same phosphate buffer. 
The same buffer was also used to dilute stock solutions of phytochemical standards and S. fruticosa extracts. 
The diluted samples with different concentrations of standard or plant extract (85 µL) were mixed with an XO 
solution (30 µL) and preincubated for 15 min at 25 °C, followed by the addition of 60 µL of a 150 µM xanthine 
solution (substrate). The mixtures were incubated for 60 min at 25 °C, then 25 µL of HCl solution (1 M) was 
added to stop the enzymatic reaction.

The samples were analyzed using an HPLC-PAD system (1200 series, Agilent Technologies, Wilmington, DE, 
USA) equipped with a Kinetex® column (150 × 4.6 mm, 5 µm, Phenomenex). A two-component mobile phase 
was used, in which component A was water acidified with formic acid (1%) and component B was methanol. The 
mobile phase was pumped at flow rate of 1 mL/min according to the gradient elution program: 0 min – 100% 
A, 8 min – 18% B, 12 min – 80% B, 18 min – 100% B and finally, the initial conditions were held for 5 min as a 
re-equilibration step. The injection volume was 30 μL. The inhibition of the XO enzyme was expressed as an  IC50 
value, meaning the mass of standard or dry weight of the sample (μg) that could reduce enzyme activity to 50%. 
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Enzyme activity was calculated as the percentage of the uric acid peak area (RT 3.1 min) that was formed in the 
presence of extracts compared to the control sample without the addition of extracts.

Statistical analysis
All data were analyzed using Microsoft Excel and GraphPad Prism 8 software. Each experiment was carried 
out in triplicate (n = 3) and data were presented as mean ± standard deviation (SD). The n values representing 
antioxidant activity were calculated using linear regression analysis. The degree of association between the two 
variables was determined by calculating Pearson’s correlation coefficient. The differences between the results 
were determined by the ordinary one-way ANOVA and post hoc Tukey’s multiple comparisons test. All values 
where P < 0.05 were considered statistically significant.

Data availability
The datasets analyzed during the current study are available from the corresponding author on reasonable 
request.

Received: 27 June 2023; Accepted: 11 December 2023

References
 1. Mróz, M., Malinowska-Pańczyk, E., Bartoszek, A. & Kusznierewicz, B. Comparative study on assisted solvent extraction techniques 

for the extraction of biologically active compounds from Sideritis raeseri and Sideritis scardica. Molecules 28, 4207. https:// doi. org/ 
10. 3390/ molec ules2 81042 07 (2023).

 2. Saab, A. M. et al. Phytochemical analysis and potential natural compounds against SARS-CoV-2/COVID-19 in essential oils 
derived from medicinal plants originating from Lebanon. An information note. Plant Biosyst. 154(4), 855–864. https:// doi. org/ 
10. 1080/ 11263 504. 2021. 19326 29 (2021).

 3. Topçu, G., Yücer, R. & Şenol, H. Bioactive constituents of anatolian Salvia species. In Salvia Biotechnology (eds Georgiev, V. & 
Pavlov, A.) 31–132 (Springer International Publishing, 2017). https:// doi. org/ 10. 1007/ 978-3- 319- 73900-7_2.

 4. Risaliti, L. et al. Liposomes loaded with Salvia triloba and Rosmarinus officinalis essential oils: In vitro assessment of antioxidant, 
antiinflammatory and antibacterial activities. J. Drug Deliv. Sci. Technol. 51, 493–498. https:// doi. org/ 10. 1016/j. jddst. 2019. 03. 034 
(2019).

 5. Karadağ, A. E. et al. Antimicrobial activities of mouthwashes obtained from various combinations of Elettaria cardamomum 
Maton., Lavandula angustifolia Mill. and Salvia triloba L. essential oils. Nat. Vol. Essent. Oil 7(1), 9–17. https:// doi. org/ 10. 37929/ 
nveo. 685474 (2020).

 6. Bonesi, M. et al. Anti-inflammatory and antioxidant agents from Salvia genus (Lamiaceae): an assessment of the current state of 
knowledge. Anti‑Inflamm. Anti‑Allergy Agents Med. Chem. 16(2), 70–86. https:// doi. org/ 10. 2174/ 18715 23016 66617 05021 21419 
(2017).

 7. Arabiyat, S. et al. Antilipolytic and hypotriglyceridemic effects of dietary Salvia triloba Lf (Lamiaceae) in experimental rats. Trop. 
J. Pharm. Res. 15(4), 723–728. https:// doi. org/ 10. 4314/ tjpr. v15i4.8 (2016).

 8. Mahdy, K. et al. Effect of some medicinal plant extracts on the oxidative stress status in Alzheimer’s disease induced in rats. Eur. 
Rev. Med. Pharmacol. Sci. 16, 31–42 (2012).

 9. Al-Kalaldeh, J. Z., Abu-Dahab, R. & Afifi, F. U. Volatile oil composition and antiproliferative activity of Laurus nobilis, Origanum 
syriacum, Origanum vulgare, and Salvia triloba against human breast adenocarcinoma cells. Nutr. Res. 30(4), 271–278. https:// doi. 
org/ 10. 1016/j. nutres. 2010. 04. 001 (2010).

 10. Torun, M., Dincer, C., Topuz, A., Sahin-Nadeem, H. & Ozdemir, F. Aqueous extraction kinetics of soluble solids, phenolics and 
flavonoids from sage (Salvia fruticosa Miller) leaves. J. Food Sci. Technol. 52(5), 2797–2805. https:// doi. org/ 10. 1007/ s13197- 014- 
1308-8 (2015).

 11. Martins, N. et al. Evaluation of bioactive properties and phenolic compounds in different extracts prepared from Salvia officinalis 
L. Food Chem. 170, 378–385. https:// doi. org/ 10. 1016/j. foodc hem. 2014. 08. 096 (2015).

 12. Koutsoulas, A., Čarnecká, M., Slanina, J., Tóth, J. & Slaninová, I. Characterization of phenolic compounds and antiproliferative 
effects of Salvia pomifera and Salvia fruticosa extracts. Molecules 24(16), 2921. https:// doi. org/ 10. 3390/ molec ules2 41629 21 (2019).

 13. Etsassala, N. G. E. R. et al. Alpha-glucosidase and alpha-amylase inhibitory activities of novel abietane diterpenes from Salvia 
africana‑lutea. Antioxidants 8(10), 421. https:// doi. org/ 10. 3390/ antio x8100 421 (2019).

 14. Ahmad, F., Subaie, A. M. A., Shaik, R. A., Mohamed, J. M. & Mohammad, A. S. Phytochemical and pharmacological screening for 
antidiabetic activity of Salvia aegyptiaca L. ethanolic leaves extract. J. Pharm. Res. Int. 32(12), 122–131. https:// doi. org/ 10. 9734/ 
jpri/ 2020/ v32i1 230569 (2020).

 15. Lim Ah Tock, M. J. et al. Exploring the phytochemical variation of non-volatile metabolites within three South African Salvia 
species using UPLC-MS fingerprinting and chemometric analysis. Fitoterapia 152, 104940. https:// doi. org/ 10. 1016/j. fitote. 2021. 
104940 (2021).

 16. Jash, S. K., Gorai, D. & Roy, R. Salvia genus and triterpenoids. Int. J. Pharm. Sci. Res. 7(12), 4710–4732. https:// doi. org/ 10. 13040/ 
IJPSR. 0975- 8232. 7(12). 4710- 32 (2016).

 17. Velamuri, R., Sharma, Y., Fagan, J. & Schaefer, J. Application of UHPLC-ESI-QTOF-MS in phytochemical profiling of sage (Salvia 
officinalis) and rosemary (Rosmarinus officinalis). Planta Med. Int. Open 7(4), 133–144. https:// doi. org/ 10. 1055/a- 1272- 2903 (2020).

 18. Tekin, M. Bodrum ve Marmara Adası’nda yetişen Salvia fruticosa (Syn. Salvia triloba) bitkisinin polar ekstrelerinin kimyasal 
kompozisyonu ve biyoaktivitelerinin karşılaştırılması, Master Thesis. https:// opena ccess. bezmi alem. edu. tr/ server/ api/ core/ bitst 
reams/ 48cab 08c- 8730- 46a6- b5a9- 27fce 1749c db/ conte nt (2021).

 19. Sarrou, E., Martens, S. & Chatzopoulou, P. Metabolite profiling and antioxidative activity of sage (Salvia fruticosa Mill.) under the 
influence of genotype and harvesting period. Ind. Crops Prod. 94, 240–250. https:// doi. org/ 10. 1016/j. indcr op. 2016. 08. 022 (2016).

 20. Lu, Y. & Foo, L. Y. Polyphenolics of Salvia—A review. Phytochemistry 59(2), 117–140. https:// doi. org/ 10. 1016/ s0031- 9422(01) 
00415-0 (2002).

 21. Cvetkovikj, I. et al. Polyphenolic profile of wild growing populations of Salvia fruticosa Mill. from Balkan Peninsula. Maced. Pharm. 
Bull. 62(suppl), 507–508 (2016).

 22. Gürbüz, P. et al. In vitro biological activity of Salvia fruticosa Mill. infusion against amyloid β-peptide-induced toxicity and inhibi-
tion of GSK-3β, CK-1δ, and BACE-1 enzymes relevant to Alzheimer’s disease. Saudi Pharm. J. 29(3), 236–243. https:// doi. org/ 10. 
1016/j. jsps. 2021. 01. 007 (2021).

 23. Mervić, M. et al. Comparative antioxidant, anti-acetylcholinesterase and anti-α-glucosidase activities of Mediterranean Salvia 
species. Plants 11(5), 625. https:// doi. org/ 10. 3390/ plant s1105 0625 (2022).

https://doi.org/10.3390/molecules28104207
https://doi.org/10.3390/molecules28104207
https://doi.org/10.1080/11263504.2021.1932629
https://doi.org/10.1080/11263504.2021.1932629
https://doi.org/10.1007/978-3-319-73900-7_2
https://doi.org/10.1016/j.jddst.2019.03.034
https://doi.org/10.37929/nveo.685474
https://doi.org/10.37929/nveo.685474
https://doi.org/10.2174/1871523016666170502121419
https://doi.org/10.4314/tjpr.v15i4.8
https://doi.org/10.1016/j.nutres.2010.04.001
https://doi.org/10.1016/j.nutres.2010.04.001
https://doi.org/10.1007/s13197-014-1308-8
https://doi.org/10.1007/s13197-014-1308-8
https://doi.org/10.1016/j.foodchem.2014.08.096
https://doi.org/10.3390/molecules24162921
https://doi.org/10.3390/antiox8100421
https://doi.org/10.9734/jpri/2020/v32i1230569
https://doi.org/10.9734/jpri/2020/v32i1230569
https://doi.org/10.1016/j.fitote.2021.104940
https://doi.org/10.1016/j.fitote.2021.104940
https://doi.org/10.13040/IJPSR.0975-8232.7(12).4710-32
https://doi.org/10.13040/IJPSR.0975-8232.7(12).4710-32
https://doi.org/10.1055/a-1272-2903
https://openaccess.bezmialem.edu.tr/server/api/core/bitstreams/48cab08c-8730-46a6-b5a9-27fce1749cdb/content
https://openaccess.bezmialem.edu.tr/server/api/core/bitstreams/48cab08c-8730-46a6-b5a9-27fce1749cdb/content
https://doi.org/10.1016/j.indcrop.2016.08.022
https://doi.org/10.1016/s0031-9422(01)00415-0
https://doi.org/10.1016/s0031-9422(01)00415-0
https://doi.org/10.1016/j.jsps.2021.01.007
https://doi.org/10.1016/j.jsps.2021.01.007
https://doi.org/10.3390/plants11050625


11

Vol.:(0123456789)

Scientific Reports |        (2023) 13:22309  | https://doi.org/10.1038/s41598-023-49695-w

www.nature.com/scientificreports/

 24. Kallimanis, P. et al. Quantitative and qualitative evaluation of 60 Labiatae species, growing in Greece, regarding the content of 
selected abietane-type diterpenes using 1H-qNMR. Planta Med. 87(15), 1274. https:// doi. org/ 10. 1055/s- 0041- 17368 60 (2021).

 25. Trikka, F. A. et al. Combined metabolome and transcriptome profiling provides new insights into diterpene biosynthesis in S. 
pomifera glandular trichomes. BMC Genom. 16, 935. https:// doi. org/ 10. 1186/ s12864- 015- 2147-3 (2015).

 26. Sharma, Y., Velamuri, R., Fagan, J. & Schaefer, J. UHPLC-ESI-QTOF-Mass spectrometric assessment of the polyphenolic content of 
Salvia officinalis to evaluate the efficiency of traditional herbal extraction procedures. Rev. Bras. Farmacogn. 30, 701–708. https:// 
doi. org/ 10. 1007/ s43450- 020- 00106-5 (2020).

 27. Kusznierewicz, B., Mróz, M., Koss-Mikołajczyk, I. & Namieśnik, J. Comparative evaluation of different methods for determining 
phytochemicals and antioxidant activity in products containing betalains—Verification of beetroot samples. Food Chem. 362, 
130132. https:// doi. org/ 10. 1016/j. foodc hem. 2021. 130132 (2021).

 28. Baranowska, M. et al. The relationship between standard reduction potentials of catechins and biological activities involved in 
redox control. Redox Biol. 17, 355–366. https:// doi. org/ 10. 1016/j. redox. 2018. 05. 005 (2018).

 29. Lantzouraki, D. Z. et al. Antioxidant profiles of Vitis vinifera L. and Salvia triloba L. leaves using high-energy extraction method-
ologies. J. AOAC Int. 103(2), 413–421. https:// doi. org/ 10. 5740/ jaoac int. 19- 0261 (2020).

 30. Kozics, K. et al. Effects of Salvia officinalis and Thymus vulgaris on oxidant-induced DNA damage and antioxidant status in HepG2 
cells. Food Chem. 141(3), 2198–2206. https:// doi. org/ 10. 1016/j. foodc hem. 2013. 04. 089 (2013).

 31. Motyka, S., Kusznierewicz, B., Ekiert, H., Korona-Głowniak, I. & Szopa, A. Comparative analysis of metabolic variations, anti-
oxidant profiles and antimicrobial activity of Salvia hispanica (Chia) seed, sprout, leaf, flower, root and herb extracts. Molecules 
28(6), 2728. https:// doi. org/ 10. 3390/ molec ules2 80627 28 (2023).

 32. Cos, P. et al. Structure−activity relationship and classification of flavonoids as inhibitors of xanthine oxidase and superoxide 
scavengers. J. Nat. Prod. 61(1), 71–76. https:// doi. org/ 10. 1021/ np970 237h (1998).

 33. Kim, J. K. et al. Salvia plebeia extract inhibits xanthine oxidase activity in vitro and reduces serum uric acid in an animal model 
of hyperuricemia. Planta Med. 83(17), 1335–1341. https:// doi. org/ 10. 1055/s- 0043- 111012 (2017).

 34. Tang, H., Yang, L., Li, W., Li, J. & Chen, J. Exploring the interaction between Salvia miltiorrhiza and xanthine oxidase: Insights 
from computational analysis and experimental studies combined with enzyme channel blocking. RSC Adv. 6, 113527–113537. 
https:// doi. org/ 10. 1039/ C6RA2 4396G (2016).

 35. Belkhiri, F., Baghiani, A., Zerroug, M. M. & Arrar, L. Investigation of antihemolytic, xanthine oxidase inhibition, antioxidant and 
antimicrobial properties of Salvia verbenaca L. aerial part extracts. Afr. J. Tradit. Complement. Altern. Med. 14(2), 273–281. https:// 
doi. org/ 10. 21010/ ajtcam. v14i2. 29 (2017).

 36. Wan, Y. et al. Molecular mechanism underlying the ability of caffeic acid to decrease uric acid levels in hyperuricemia rats. J. Funct. 
Foods 57, 150–156. https:// doi. org/ 10. 1016/j. jff. 2019. 03. 038 (2019).

 37. Flemmig, J., Kuchta, K., Arnhold, J. & Rauwald, H. W. Olea Europaea leaf (Ph.Eur.) extract as well as several of its isolated phenolics 
inhibit the gout-related enzyme xanthine oxidase. Phytomedicine 18(7), 561–566. https:// doi. org/ 10. 1016/j. phymed. 2010. 10. 021 
(2011).

 38. Ghallab, D. S. et al. Integrated in silico - in vitro strategy for the discovery of potential xanthine oxidase inhibitors from Egyptian 
propolis and their synergistic effect with allopurinol and febuxostat. RSC Adv. 12(5), 2843–2872. https:// doi. org/ 10. 1039/ D1RA0 
8011C (2022).

 39. Pereira, O. R., Catarino, M. D., Afonso, A. F., Silva, A. M. S. & Cardoso, S. M. Salvia elegans, Salvia greggii and Salvia officinalis 
decoctions: antioxidant activities and inhibition of carbohydrate and lipid metabolic enzymes. Molecules 23(12), 3169. https:// doi. 
org/ 10. 3390/ molec ules2 31231 69 (2018).

 40. Kusznierewicz, B., Piasek, A., Bartoszek, A. & Namiesnik, J. The optimisation of analytical parameters for routine profiling of 
antioxidants in complex mixtures by HPLC coupled post-column derivatisation. Phytochem. Anal. 22(5), 392–402. https:// doi. 
org/ 10. 1002/ pca. 1294 (2011).

 41. Kusznierewicz, B., Piasek, A., Bartoszek, A. & Namiesnik, J. Application of a commercially available derivatization instrument 
and commonly used reagents to HPLC on-line determination of antioxidants. J. Food Compos. Anal. 24(7), 1073–1080. https:// 
doi. org/ 10. 1016/j. jfca. 2011. 01. 010 (2011).

Author contributions
Conceptualization, B.K.; Investigation, M.M., B.K; Methodology, M.M., B.K.; Visualization, M.M., B.K.; Formal 
analysis, M.M., B.K.; Writing—original draft M.M., B.K.; Writing—Review & Editing, B.K.; Supervision, B.K.; 
Resources, B.K. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 49695-w.

Correspondence and requests for materials should be addressed to B.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1055/s-0041-1736860
https://doi.org/10.1186/s12864-015-2147-3
https://doi.org/10.1007/s43450-020-00106-5
https://doi.org/10.1007/s43450-020-00106-5
https://doi.org/10.1016/j.foodchem.2021.130132
https://doi.org/10.1016/j.redox.2018.05.005
https://doi.org/10.5740/jaoacint.19-0261
https://doi.org/10.1016/j.foodchem.2013.04.089
https://doi.org/10.3390/molecules28062728
https://doi.org/10.1021/np970237h
https://doi.org/10.1055/s-0043-111012
https://doi.org/10.1039/C6RA24396G
https://doi.org/10.21010/ajtcam.v14i2.29
https://doi.org/10.21010/ajtcam.v14i2.29
https://doi.org/10.1016/j.jff.2019.03.038
https://doi.org/10.1016/j.phymed.2010.10.021
https://doi.org/10.1039/D1RA08011C
https://doi.org/10.1039/D1RA08011C
https://doi.org/10.3390/molecules23123169
https://doi.org/10.3390/molecules23123169
https://doi.org/10.1002/pca.1294
https://doi.org/10.1002/pca.1294
https://doi.org/10.1016/j.jfca.2011.01.010
https://doi.org/10.1016/j.jfca.2011.01.010
https://doi.org/10.1038/s41598-023-49695-w
https://doi.org/10.1038/s41598-023-49695-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Phytochemical screening and biological evaluation of Greek sage (Salvia fruticosa Mill.) extracts
	Results and discussion
	Metabolomic profiling using LC-Q-Orbitrap HRMS
	Quantitative analysis of major phytochemicals
	Antioxidant activity
	Xanthine oxidase inhibitory activity

	Conclusions
	Materials and methods
	Plant material
	Chemicals and reagents
	Methods
	Standard solutions preparation
	Sample preparation
	Metabolomic profiling using LC-Q-Orbitrap HRMS
	Antioxidant profiling by post-column derivatization with ABTS
	Total antioxidant activity determination
	Xanthine oxidase inhibitory activity

	Statistical analysis

	References


