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Many studies reported the cytotoxic effect of Salvia fruticosa Mill. (S. fruticosa) on different cancer

cell lines. This study aims to investigate the methanolic extract of S. fruticosa leaves in terms of its
polyphenolic content, antioxidant activity, antimicrobial activity against different microorganisms,
and cytotoxic activities on the U20S osteosarcoma cell line. Fourier Transform Infrared Spectroscopy
was performed to detect the major functional groups in the extract. The extract’s total carbohydrate
content was found to be 45.63 +3.33 mg glucose equivalent, the total phenolic content was

170.68 + 6.52 mg caffeic acid equivalent, and the total flavonoid content was 44.71 +5.67 mg rutin
equivalent per gram of the extract. Polyphenolic bioactive compounds of the extract were identified
and quantified using Liquid chromatography-electrospray ionization-tandem mass spectrometry,
demonstrating that naringenin is the most abundant polyphenolic compound, quantified at 3137.22 pg
of the standard per gram of the extract. The antioxidant activity was evaluated using the 2,2-diphenyl-
1-picrylhydrazyl free radical scavenging activity assay, revealing an IC,, of 25.17 £0.304 pg/mL,

which demonstrates the extract’s concentration-dependent activity. The extract also exhibited good
antimicrobial activity against gram-positive S. aureus and B. subtilis, and the fungus S. cerevisiae with
MIC values of 1.562 mg/mL, while the MIC for gram-negative E. coli was observed at 12.5 mg/mL. The
extract showed a significant reduction in U20S cell viability with an IC, of 77.58 + 3.47 pg/mL after

72 h of incubation, while it had no significant effect on the viability of human skin fibroblasts. These
findings suggest that the methanolic extract of S. fruticosa leaves shows potent antioxidant activity
due to its high content of polyphenolics; hence, the extract could be a potential treatment for different
microbial infections and osteosarcoma.

Keywords Salvia fruticosa, Antimicrobial, Cytotoxicity, Osteosarcoma, U20S, HSF, Phenolics, Flavonoids,
DPPH

Osteosarcoma is a tumor of mesenchymal origin (i.e., the tissue consists of stromal cells that can produce bone-
like tissues) characterized by uncontrolled production of immature osteoid tissue!2. Worldwide, osteosarcoma is
ranked the eighth highest childhood cancer at about 2.4% of tumors diagnosed, and is more predominant among
those aged 10-14 years®. During adolescence, osteosarcoma typically develops in the metaphysis of long bones
close to the growth plates, accounting for 10% of tumors. Adolescent osteosarcoma is commonly associated with
metastasis, especially lung metastasis>. Worldwide, 2-4 per million females and 3-5 per million males suffer
from osteosarcoma, and it affects African American and Indigenous African males?.

Poor osteosarcoma prognosis is indicated by metastasis development, particularly lung metastasis, and drug
resistance. Additionally, most patients do not exhibit significant lung metastases at the time of initial assessment,
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despite the presence of micro-metastases. The overall survival of osteosarcoma patients can be improved by
early identification of micro-metastases using newly developed sensitive diagnostic techniques®. So, it is highly
recommended to conduct more research to develop more effective treatment strategies”.

Greek sage, Salvia fruticosa Mill., syn. Salvia triloba L., is an aromatic small shrub from the mint family
(Lamiaceae). It is abundant in the Eastern Mediterranean region, particularly in the mountainous regions
in Lebanon, Palestine, Jordan, Egypt (Sinai), Syria, Cyprus, Tiirkiye, and Greece (Crete). Salvia fruticosa (S.
fruticosa) leaves are rich in essential oils, including 1,8-cineole (most abundant), a- and B-thujone, and camphor,
which are known for their antioxidant, antimicrobial, and anticancer activities. S. fruticosa leaves were used in
folk medicine to treat common cold, diarrhea, toothaches, snake bites, enteritis, and sore throat. Essential oil of
S. fruticosa possesses antimicrobial activity against a wide range of gram-positive and gram-negative bacteria.
Furthermore, many studies revealed its anticancer activity against neuroblastoma, melanoma, prostate, colon,
breast and ovarian cancers®~'4,

The primary objective of this study is to provide novel insights into the bioactive compounds, including
phenolics, flavonoids, and carbohydrates, present in S. fruticosa leaves. Specifically, this represents the first
comprehensive investigation into the phenolic and flavonoid content extracted from S. fruticosa leaves using
methanol and its targeted effects on both microorganisms and osteosarcoma cells. To achieve this, our study
involved a clear sequence of investigative steps: first, chemical characterization and phytochemical analyses
of the methanolic extract were conducted. Subsequently, we evaluated its biological activities, including its
antimicrobial effect on both gram-positive and gram-negative microorganisms, as well as its impact on U20S
osteosarcoma cell viability, morphology, and migration. Additionally, the cytotoxic effect of the extract on
human skin fibroblasts (HSF) was tested to assess its impact on normal human cells.

Methods

Plant material and extract preparation

S. fruticosa leaves were collected from Hebron city, Palestine, at the following geographical coordinates:
31°32’04.2"N 35°06°00.4"E in the Spring of 2022. Sample collection complies with relevant institutional, national,
and international guidelines and legislations. Since the plant is not listed in the endangered or protected plants,
no permission was needed for collection purposes. The plant morphological identification was performed by Dr.
Rami Arafeh at Palestine-Korea Biotechnology Center, Palestine Polytechnic University, Hebron by referring to
the flora of Palestine, Sinai, and Syria (see supplementary Fig. S1 online)'>. Additionally, molecular identification
was performed using a BLAST search and comparison of the DNA sequence of the internal transcribed spacers
(ITS) in the ribosomal DNA (rDNA) region (NCBI GenBank # PQ804261).

Leaves were washed with tap water, followed by distilled water, and then left to air-dry at room temperature
(25 £2 °C). The dried sample was ground into fine powder. Five grams of ground leaves were macerated in 70%
methanol (PIOCHEM, Giza, Egypt) and placed for 15 min at room temperature in the ultrasonicator (Branson
2510 sonicator, model 2510DTH, Hampton, NH, USA) to extract polyphenolic compounds!®. This was followed
by filtration using cheesecloth; then, the filtrate was left to air-dry until complete evaporation of methanol at
room temperature. After complete drying, approximately 4 g of the extract was collected in an Eppendorf tube
and stored at room temperature for chemical and phytochemical analyses. In contrast, for testing the biological
activity, the extract was dissolved in dimethyl sulfoxide (DMSO) (SIGMA - ALDRICH, Steinheim, Germany) to
prepare a 75 mg/mL stock solution and kept at -20 °C.

Characterization of the chemical structure of S. fruticosa methanolic extract

FTIR was conducted to identify the major functional groups in the methanolic extract of S. fruticosa. Briefly, we
combined a sample of the powdered S. fruticosa leaves with potassium bromide to form a 1.0 mm-sized pellet.
Then the analysis was performed using a Nicolet 380 Thermogravimetric Analysis/Fourier Transform Infrared
(TGA/FTIR) spectrometer over a range of wave numbers from 500 to 4000 cm™!%7.

Phytochemical analyses of S. fruticosa methanolic extract

Determination of total carbohydrate content (TCC)

The TCC in S. fruticosa extract was determined using the phenol-sulfuric acid method, with minor
modification'®. Briefly, the powdered . fruticosa extract was dissolved in distilled water at a concentration of
1 mg/mL then 1 mL of the dissolved extract was added to 5 vol% phenol (Loba Chemie, Mumbai, India) and 5
mL concentrated sulfuric acid (Penta, Prague, Czech Republic) and left for 30 min in a water bath for cooling.
At the end of the incubation period, a yellow-colored complex was formed and measured at 490 nm using
Amersham Biosciences Ultrospec 3100 Pro UV/Visible Spectrophotometer. TCC quantification was determined
in pg glucose equivalent/g based on Eq. (1), which was obtained from the standard glucose (PIOCHEM, Giza,
Egypt) curve shown in supplementary Fig. S2A online.

Absorbance = 0.0051 x Glucose (ug/mL) + 0.032 (1)

Determination of total phenolic content (TPC)

The TPC in S. fruticosa extract was determined by NAWAH Scientific (9 Al-Asmarat St, El Mokattam, Cairo,
Egypt) using Folin-Ciocalteu colorimetric assay'®. The powdered S. fruticosa extract was dissolved in 99.8 vol%
methanol (PIOCHEM, Giza, Egypt) at a concentration of 3.2 mg/mL. Then, 10 uL of the dissolved extract was
added to 100 pL of Folin-Ciocalteu reagent (Loba Chemie, Mumbai, India) (diluted 1: 10 vol.) in a 96-well
plate. Then, 80 uL of 1 M sodium carbonate (El Nasr Pharmaceutical Chemicals Co., Cairo, Egypt) was added
and incubated in the dark at room temperature for 20 min. A blue-colored complex resulted at the end of
the incubation period, which was measured at 630 nm using a microplate reader (FluoStar Omega, Otenberg,
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Germany). TPC was expressed in pg caffeic acid equivalent/g based on Eq. (2) that was obtained from the
standard caffeic acid (NAWAH Scientific, Cairo, Egypt) curve as shown in supplementary Fig. S2B online.

Absorbance = 0.0025 x Caffeic acid (ug/mL) — 0.0967 (2)

Determination of total flavonoid content (TFC)

The TFC in S. fruticosa extract was determined by NAWAH Scientific (9 Al-Asmarat St, El Mokattam, Cairo,
Egypt) using the aluminum chloride method, with minor modification®. The powdered extract was dissolved
in 99.8 vol% methanol (PIOCHEM, Giza, Egypt) at a concentration of 3.2 mg/mL then in a 96-well plate, 15 pL
of the dissolved extract was added to 175 pL of methanol followed by 30 pL of 1.25% aluminum chloride (Sigma
- Aldrich, Steinheim, Germany) and finally 30 pL of 0.125 M sodium acetate (Sigma - Aldrich, Steinheim,
Germany) were added and incubated for 5 min. At the end of the incubation period, a yellow-colored complex
was formed that was measured at 420 nm using a microplate reader (FluoStar Omega, Otenberg, Germany). TFC
was measured in pg rutin equivalent/g based on Eq. (3) that was obtained from the standard rutin (NAWAH
Scientific, Cairo, Egypt) curve as shown in supplementary Fig. S2C online.

Absorbance = 0.002 x Rutin (ug/mL) — 0.014 (3)

Liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS)

The profiling of phenolic and flavonoid compounds in the extract of S. fruticosa was performed by the National
Research Center (33 E1 Buhouth St, Dokki, Cairo, Egypt) using Liquid Chromatography coupled with Electrospray
Ionization Tandem Mass Spectrometry (LC-ESI-MS/MS). An ExionLC AC system was utilized for the
separation process, while detection was carried out using a SCIEX Triple Quad 5500 + MS/MS system equipped
with electrospray ionization (ESI)?. The separation was conducted on ZORBAX SB-C18 column (4.6 x 100 mm,
1.8 um). The mobile phase consisted of two eluents: A (0.1% formic acid in water) and B (acetonitrile, LC/MS
grade). The gradient elution was programmed as follows: 2% B from 0 to 1 min, transitioning from 2 to 60% B
between 1 and 21 min, maintaining 60% B from 21 to 25 min, and returning to 2% B from 25.01 to 28 min. The
flow rate was established at 0.8 mL/min, with an injection volume of 3 pL. For the Multiple Reaction Monitoring
(MRM) analysis of the selected polyphenols, both positive and negative ionization modes were employed in a
single run, with the following parameters: curtain gas set at 25 psi, ion spray voltage at 4500 V for positive mode
and —4500 V for negative mode, source temperature at 400 °C, ion source gases 1 and 2 at 55 psi, declustering
potential at 50, collision energy at 25, and a collision energy spread of 10. The obtained chromatograms for the
sample extract and standards are shown in supplementary Fig. S3 online, and the concentration of each phenolic
and flavonoid compound was measured using Eq. (4).

A
Concentration = T X Cit (4)
st

where A_= Area of sample, A = Area of standard, and C,,=standard concentration.

Examining the biological activities of S. fruticosa extract

Free radical scavenging test

The antioxidant activity of the extract was evaluated by NAWAH Scientific (9 Al-Asmarat St, E1 Mokattam,
Cairo, Egypt) using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity according to previous
literature using Trolox as a positive control®. Briefly, a serial dilution of S. fruticosa extract was prepared in
methanol (PIOCHEM, Giza, Egypt) to obtain concentrations of 5, 10, 20, 40, and 80 pg/mL. Then, 100 uL of
freshly prepared DPPH reagent (0.1 vol% in methanol) was added to 100 pL of each extract concentration in a
96-well plate and incubated in the dark at room temperature for 30 min. The resulting yellow color intensity was
measured at 540 nm using a microplate reader (FluoStar Omega, Otenberg, Germany) after blanking it with a
mixture of DPPH and methanol without extract?*?!. Absorbance values of the samples were evaluated against
Trolox as a control. The ability of the extract to scavenge DPPH free radical was calculated using the following
Eq. (5)2%

Ac.— Ag

DPPH scavenging effect (%) = ( 1

) % 100 (5)

where A, is the average absorbance of the control (DPPH + methanol without extract), and A is the average
absorbance of the extract.

The extract’s ability to scavenge 50% of the free radicals is known as IC, and this was calculated by plotting
logarithm extract concentrations against their scavenging activity percentage and applying a nonlinear regression
analysis using Eq. (6) (log (inhibitor) vs. normalized response —variable slope) on GraphPad Prism 9 software
after normalizing the data to a scale ranging from 0 to 100

v 100
- (1 + 10((109 I1C50—-X) = HillSlope))) (6)

where X =logarithmic concentration of the sample to be assessed (S. fruticosa extract and Trolox), Y = antioxidant
activity percentage.
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Statistically significant difference among the free radical scavenging effects of different extract concentrations
on DPPH was analyzed using one-way ANOVA followed by Tukeys multiple comparisons test at a 95%
confidence level®.

Antimicrobial test for S. fruticosa extract

S. fruticosa antimicrobial activity was evaluated using a micro dilution method as previously described in?®
with minor modifications?’ towards four microorganisms: three bacteria: gram-positive Staphylococcus aureus
(S. aureus) ATCC6538, gram-positive Bacillus subtilis (B. subtilis) ATCC35854, and gram-negative Escherichia
coli (E. coli) ATCC8739 and one fungus: Saccharomyces cerevisiae (S. cerevisiae) ATCC9763 obtained from the
American Type Culture Collection (ATCC, Virginia, USA). The minimum inhibitory concentration (MIC) of
each microorganism was determined using 96-well microdilution plates with a flat bottom. Briefly, the extract
was dissolved in 100% DMSO, followed by a serial dilution from 25 to 0.049 mg/mL using Mueller-Hinton
broth (MHB, Oxoid, United Kingdom) (for bacteria) and Sabouraud Dextrose broth (SDB, Himedia, Mumbai,
India) (for fungi). The tested microorganisms were isolated on Tryptone Soya agar (Himedia, Maharashtra,
India) (for bacteria) and Sabouraud Dextrose agar (Himedia, Mumbai, India) (for fungi) after incubation at
37 °C for 24 h. A suspension for each microorganism was adjusted with sterile saline to achieve a turbidity of 0.5
McFarland (approximately 103 CFU/mL). Each suspension was diluted with media (MHB and SDB) to achieve
a concentration of 5x 10> CFU/mL. A volume of 10 uL of each microbial suspension was inoculated with the
extract serial dilution and the final inoculum was 10* CFU/well. Two positive and one negative control were
applied. A serial dilution (from 50 to 0.098%) of DMSO was inoculated with the same concentration of each
microorganism (10* CFU/well) and used as a positive control to ensure that the extract achieved antimicrobial
activity, not the DMSO. The second positive control is MHB and SDB inoculated with only the tested
microorganisms, while both MHB and SDB were incubated and used as negative controls. The microdilution
plates for the four microorganisms were incubated at 37 °C for 24 h. The experiment was performed in triplicate,
and the MIC was recorded as the lowest concentration that inhibited microbial growth.

Cytotoxic effect of S. fruticosa extract
MTT cell viability assay  U20S cells (kindly provided as gifts from Dr. Andreas Kakarougkas’ Lab (Department
of Biology, The American University in Cairo, Egypt)) were cultured in Dulbecco’s Modified Eagle Medium
(DMEM, 1X) with stable glutamine and high glucose (SERANA, Pessin, Germany) supplemented with 10%
Fetal Bovine Serum (FBS) (SERANA, Pessin, Germany) and 5 vol% PEN-STREP (Lonza, Verviers, Belgium)
and incubated at 37 °C and 5% CO, in humidified Hera cell CO, incubator (Thermo-Fisher, USA). Regular cell
splitting was performed before reaching confluency by washing the cells with Phosphate-Buffered Saline (PBS,
1X) (CORNING, Manassas, USA) and detaching them using 0.05 vol% of 1X trypsin-EDTA (SERANA, Pessin,
Germany). We used an Olympus IX70 inverted microscope (Olympus, Tokyo, Japan) to visualize the cells?>%.
U20S cell viability after incubation with S. fruticosa methanolic extract was evaluated using the MTT assay*’.
Briefly, three experiments were conducted in which 5000 U20S cells were incubated in a 96-well plate for 24 h
at 37 °C in a CO, incubator. Then, the cells were incubated with serial dilutions of S. fruticosa extract (prepared
in DMEM complete medium) at concentrations of 150, 75, 37.5, 18.75, and 9.375 pg/mL for 24, 48, and 72 h.
Then, 100 uL of fresh medium containing 10 vol% MTT solution (5 mg/mL) (SERVA, Heidelberg, Germany)
was added to each well and incubated for 3 h. After the incubation period, the medium was replaced with 100 L
of DMSO and incubated in the dark at room temperature for 10 min to solubilize the formed formazan crystals,
which have a purple color whose intensity is directly proportional to the number of metabolically active cells.
The intensity was measured spectrophotometrically at 570 nm using a SPECTROstar nano microplate reader
(BMG LABTECH, Ortenberg, Germany) after blanking the device with DMSO. The viability of treated cells
was expressed as a percentage of the viability of untreated cells (negative control). The highest concentration of
the extract in the serial dilution (150 ug/mL) contained 0.2 vol% DMSO. Therefore, this percentage of DMSO
was prepared using DMEM complete medium and used as a control to test its effect on U20S cell viability. The
significance of the obtained viability percentage data was confirmed using two-way ANOVA analysis followed by
Tukey’s multiple comparisons test at a 95% confidence level in GraphPad Prism 9 software. Nonlinear regression
analysis on GraphPad Prism 9 software was performed to generate the dose-response curves for S. fruticosa
extract after the three investigated time intervals using cell viability percentages obtained from the MTT assay
plotted against logarithmic concentrations of S. fruticosa extract followed by applying Eq. (6) to calculate the
IC,, which is the treatment dose required to inhibit cell growth by 50%>".

Evaluating treatment cytotoxicity on HSF cells compared to U20S cells To ensure the safety of the extract on

normal cells, an MTT assay was conducted by the Central Laboratory in the Faculty of Science at Mansoura
University (60 El Gomhouria St, Mansoura 1, Dakahlia, Egypt) on the available normal cells of HSF (NAWAH
Scientific) to compare its results to U20S". Briefly, two experiments were conducted in which HSF and U20S
cells were seeded in 96-well plates at a density of 5,000 cells per well and incubated for 24 h using complete
DMEM media. Then, the medium was discarded and replaced with the obtained IC,, of S. fruticosa extract
and 4 pg/mL of cisplatin (as a reference), and the mixture was incubated at 37 °C in a CO, incubator for 72 h.
After that, the treatments were discarded, and 100 uL of DMEM complete media containing 10% MTT solution
(5 mg/mL) was added to each well and incubated for 3 h. After the incubation period, the media was replaced by
100 pL of DMSO and incubated in the dark at room temperature for 10 min, followed by measuring the optical
density at 570 nm using a SPECTROstar nano microplate reader (BMG LABTECH, Ortenberg, Germany) after
blanking the device with DMSO. The viability of treated cells was expressed as a percentage of the untreated
cells (negative control). The significance of the data was analyzed using two-way ANOVA followed by Tukey’s
multiple comparisons test at a 95% confidence level in GraphPad Prism 9 software!>*,
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Treated U20S cell morphology U20S cell morphology was observed under an Olympus IX70 inverted micro-
scope at 20X magnification after treatment with S. fruticosa extract for 72 h. The morphological changes were
assessed and compared with those of the untreated cells.

Scratch wound healing assay A scratch wound healing assay was performed to evaluate U20S cell migration
ability after treatment with S. fruticosa extract®. Briefly, U20S cells were seeded at a density of 100,000 cells per
well in a 24-well plate and incubated until reaching 80% confluency. Then, the media were replaced with 100 pL
of PBS. A scratch was made in the cell monolayer using a 200 pL sterile tip. Then, 300 uL of PBS were added to
wash all the cell debris followed by adding the prepared treatment of S. fruticosa extract using DMEM complete
media and incubation at 37 °C in a CO, incubator until almost complete closure of wounds in the untreated wells
(negative control) which, in our study, was achieved after 48 h. During the incubation period, images were taken
at 0, 12, 24, and 48 h of incubation with the treatments using an Olympus IX70 inverted microscope at 20X mag-
nification. The wound area was measured using Image] 1.51j8 software, and the wound confluency percentage
was calculated according to Eq. (7). The significance of the obtained data was analyzed using two-way ANOVA,

followed by Tukey’s multiple comparisons test at a 95% confidence level in GraphPad Prism 9 software.

Wound area at zero time — Wound area at X h

Wound confluency % = ( ) x100 (7)

Wound area at zero time
where X is the time point (interval).

Statistical analysis All the above experiments were conducted in triplicate, and data are presented as
mean *standard deviation (SD) unless otherwise specified. All statistical analyses were performed using Graph-
Pad Prism 9.0 (GraphPad Software, CA, USA) as well as Microsoft Excel. A dose-response curve was generated
after transforming and normalizing the obtained data using GraphPad Prism 9. Image] software was used to
measure the wound area in the wound healing assay, and GraphPad Prism 9 was used to analyze the data. One-
way or two-way ANOVA, followed by Dunnett’s or Tukey’s multiple comparisons tests, was used to determine
the significant differences among different means. P values less than 0.05 were considered significant (**p <0.01,
6 <0.0001).

Results

Extraction yield and chemical characteristics of S. fruticosa extract

An average yield of 0.144 +0.008 g/g of the dry leaves was obtained from the ultrasonic extraction of S. fruticosa
leaves in 70% methanol and the obtained FTIR spectrum of the extract is presented in Fig. 1.

Phytochemical properties of S. fruticosa extract

Total carbohydrate, phenolic, and flavonoid content

TCCin S. fruticosa extract was estimated to be 45.63 +3.33 mg glucose equivalent/g of the extract. In, TPC and
TFC were estimated to be 170.68 +6.52 mg caffeic acid equivalent and 44.71 +5.67 mg rutin equivalent/g of the
extract, respectively (see supplementary Fig. S2 online).

Polyphenolics and flavonoids in S. fruticosa extract

Sixteen polyphenolic compounds were detected and measured in S. fruticosa methanolic extract using LC-
ESI-MS/MS analysis. S. fruticosa extract consisted of nine phenolic compounds: chlorogenic acid, gallic acid,
caffeic acid, kaempferol, ferulic acid, methyl gallate, coumaric acid, syringic acid, and 3.4-Dihydroxybenzoic
acid in 0.12 to 1900.97 ug/g of the extract, whereas it contained seven flavonoids: rutin, hesperidin, quercetin,
apigenin, luteolin, naringenin, and vanillin in 0.33 to 3137.22 pg/g of the extract. The retention times, areas, and
fragmentation chromatograms for both the extract (sample) and standards are presented in supplementary Fig.
S3 and Tables S1 and S2 online.

Biological activities of S. fruticosa extract

Antioxidant activity

As shown in Fig. 2a, the extract exhibits concentration-dependent free radical scavenging activity, ranging from
7.19 to 84.23% at concentrations of 5 to 80 pug/mL, respectively. Trolox also shows a concentration-dependent free
radical scavenging activity ranging from 3.79 to 82.59% but at a lower concentration range (1.25 to 12.5 ug/mL),
as shown in Fig. 2b. The IC, of the extract and Trolox were determined using the extract dose-response curve,
as shown in Fig. 2cand d. S. fruticosa extract showed an antioxidant capacity with an IC,  of 25.17+0.304 pug/mL
of DPPH compared to Trolox (IC, = 6.352 pg/mL). Tukey’s multiple comparisons test results for the antioxidant
activity of S. fruticosa extract and Trolox at various concentrations are summarized in supplementary Table S3
online.

Antimicrobial activity

The results of the MIC assay (Table 1) indicate that the extract exhibits effective antimicrobial activity, with the
best MIC values observed against S. aureus, B. subtilis, and S. cerevisiae at 1.562 mg/mL, compared to the MIC
value for E. coli, which was 12.5 mg/mL.

U20S cell viability after incubation with S. fruticosa extract and 0.2 vol% DMSO
As shown in Fig. 3a, S. fruticosa extract decreased U20S cell viability in a dose- and time-dependent manner.
A higher S. fruticosa extract concentration of 150 ug/mL decreased U20S viability by 32%, 50%, and 96% after
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Fig. 1. FTIR spectrum of Salvia fruticosa extract.

24, 48, and 72 h, respectively, with p<0.0001. Additionally, 75 pg/mL of S. fruticosa extract had no significant
effect on U20S cell viability after 24 h of incubation, but decreased cell viability by 20% (p=0.0033) and 42%
(p<0.0001) after 48 and 72 h, respectively. On the other hand, lower S. fruticosa extract concentrations showed
no significant difference in cell viability between treated and untreated cells over the three investigated time
intervals. A dose-response curve for the extract was generated using MTT data, as shown in Fig. 3b. IC,;
values obtained after 24, 48, and 72 h had standard error of residual plots (Sy.x) values of 26.04, 22.88, and 7.92,
respectively. The IC,; had coefficient of determination (R?) values of 0.6241, 0.6991, and 0.9581, respectively,
and all Hillslope values were lower than one. The lowest recorded IC,, value was 77.58 ug/mL after 72 h of
incubation, followed by 80.85 ug/mL after 48 h of incubation and 87.75 pg/mL after 24 h of incubation with S.
fruticosa extract. The IC, obtained after 72 h of incubation had the lowest value, with the lowest Sy.x and the best
R? value (near 1), as summarized in supplementary Table $4 online.

To ensure that the cytotoxicity induced by different concentrations of S. fruticosa was due to its extract and
not the DMSO used for its dissolving, we conducted an MTT assay to evaluate the effect of 0.2 vol% DMSO,
which constituted the highest concentration of S. fruticosa extract (150 pug/mL), on cell viability after 24, 48, and
72 h of incubation with U20S. As presented in Fig. 3¢, a 0.2 vol% DMSO concentration had no significant effect
on U20S cell viability after incubation at the three time points.

Cytotoxicity of S. fruticosa extract on HSF cells compared to U20S cells

In our study, we used HSF as a model for normal cells on which we could test the cytotoxicity of S. fruticosa
extract IC, compared to U20S cells to evaluate the possible side effects that may be caused by the extract on
normal cells using the MTT assay and cisplatin as a reference!>*’. As shown in Fig. 4, cisplatin significantly
decreased the viability of U20S and HSF cells by approximately 27+4.08% and 32+4.08%, respectively. In
contrast, the extract decreased U20S cell viability by nearly 19% but had no significant effect on HSF viability.
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Fig. 2. Antioxidant activity of Salvia fruticosa extract using DPPH free radical scavenging activity assay.
Antioxidant activity of S. fruticosa extract (a) and Trolox as a positive control (b). Dose-response curves against
DPPH free radical for S. fruticosa extract (c) and Trolox (d). Data are representative of three experiments,

and significance analysis was done using one-way ANOVA followed by Tukey’s multiple comparisons test, at

a 95% confidence level on GraphPad Prism 9 (****p <0.0001) (see supplementary Table S3 online). Data from
dose-response curves represent the results of three experiments, and analysis was performed using nonlinear
regression analysis in GraphPad Prism 9. IC values are shown as mean + SD.
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Concentrations (mg/mL) |25 | 12.5 | 6.25 | 3.125 | 1.562 | 0.781 | 0.391 | 0.195 | 0.098 | 0.049

S. aureus ATCC6538 - - - - - + + + + +

B. subtilis ATCC35854 + + + + +

E. coli ATCC8739 - |- + + + + + + + +
Microorganisms

S. cerevisiae ATCC9763 + + + + +

-ve C

+ve C +

Table 1. Antimicrobial activity of Salvia fruticosa extract using minimum inhibitory concentration assay
by microdilution method. The experiment was done in triplicate. -ve C=negative control (broth only), +ve
C=positive control (broth with microorganism), (-) =no growth, (+) = growth.

a
P < 0.0001 b
o 1504 P =0.0033
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Fig. 3. Effect of Salvia fruticosa extract and 0.2 vol% DMSO on U20S cell viability after 24, 48, and 72 h of
incubation using MTT assay. (a) U20S cell viability after incubation with S. fruticosa extract. The extract
decreased viability in a dose and time-dependent manner. The highest decrease in cell viability (by 96%) was
achieved after incubation with 150 ug/mL of the extract for 72 h. (b)S. fruticosa extract dose-response curves.
The obtained dose-response curves had a negative slope, indicating a decrease in cell viability with increasing
extract concentration. The obtained IC, values were 87.75+4.02 ug/mL (R* = 0.6241), 80.85+10.65 ug/

mL (R*>=0.6991), and 77.58 +3.47 pg/mL (R* = 0.9581) after 24, 48, and 72 h, respectively. (c) U20S cell
viability after incubation with 0.2 vol% DMSO, which constituted the highest concentration of the extract. No
significant change in cell viability was observed over the three time points. All U20S viability comparisons
were made between the treated and untreated cells; data are representative of three experiments and
significance analysis was done using two-way ANOVA followed by Tukey’s multiple comparisons test, except
for the 0.2 vol% DMSO viability data analysis which was done using one-way ANOVA followed by Dunnett’s
multiple comparisons test, at a 95% confidence level on GraphPad Prism 9 (**p<0.01, ***p <0.0001, ns=no
significance). Data from dose-response curves represent the results of three experiments, and analysis was
performed using nonlinear regression analysis in GraphPad Prism 9. IC,  values are shown as mean + SD.
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Fig. 4. Effect of Salvia fruticosa extract on the viability of HSF compared to U20S cells after 72 h of
incubation. The extract decreased U20S cell viability by approximately 19% while it had no significant effect
on HSE On the other hand, 4 pg/mL of cisplatin showed a significant decrease in both U20S and HSF by
32+4.08% and 27 +4.08%, respectively. Comparisons were made between the treated and untreated cells;
data are representative of three independent experiments, and significance analysis was done using two-
way ANOVA followed by Tukey’s multiple comparisons test at a 95% confidence level on GraphPad Prism 9
(**p<0.01, ¥***p<0.0001, ns =no significance).

U20S cell morphology after incubation with S. fruticosa extract

As shown in Fig. 5a, a noticeable number of dead cells resulted after incubation with the extract. The cells
lost their epithelial morphology and floated in the medium compared to the untreated cells (labeled by the
black arrows). After washing cells with PBS to remove dead cells and debris (labeled by the yellow arrows),
other images were taken to examine cell morphology as shown in Fig. 5b. The surviving cells were elongated,
compared to the untreated cells due to the large space between cells caused by the induction of cell death by the
extract, making the living cells stretch to reach each other. Additionally, the treatment altered the morphological
characteristics of U20S cells compared to those of the untreated cells. Treated cells with the extract showed
morphological changes where cells shrank (with a spherical shape) and exhibited chromatin condensation with
a characteristic necklace shape (labeled by the blue arrows) and blebbing (labeled by the purple arrows) instead
of being elliptical with wider center and tapering ends as the untreated cells*>*,

Effect of S. fruticosa extract on U20S cell migration

The percentage of wound closure or confluency was determined after 12, 24, and 48 h of incubation with the
treatments until almost complete closure of wounds in the untreated wells (negative control). After 12 and
24 h of incubation, S. fruticosa extract showed no significant difference in the percentage of wound confluency
compared to the control (untreated cells). After 48 h of incubation, the extract showed a significant difference
in the percentage of wound confluency (57 £8.39%) compared to the control’s wound closure percentage, which
was 93 +8.39% as shown in Fig. 6.

Discussion

The main aim of this study is to extract bioactive compounds including polyphenols from S. fruticosa leaves and
test their antimicrobial effect on two gram-positive (S. aureus ATCC6538 and B. subtilis ATCC35854), one gram-
negative bacteria (E. coli ATCC8739), and one fungus (S. cerevisiae ATCC9763) as well as their cytotoxic effect
on U208 cells, as a model for bone cancer. Modern ultrasonic extraction using 70% methanol was performed
on ground S. fruticosa leaves with an average yield of 0.144 +0.008 g/g of the dry leaves, followed by chemical
characterization of the extract using FTIR. The obtained FTIR spectrum of S. fruticosa extract (Fig. 1) showed
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Fig. 5. Effect of Salvia fruticosa extract on U20S osteosarcoma cell morphology. (a) Untreated and treated
U20S cells before washing with PBS. Untreated U20S cells showed elliptical morphology and 100%
confluency (labeled by the black arrows). Treated cells with the extract IC, showed several dead cells and cell
debris (labeled by the yellow arrows). (b) U20S cell morphology after washing with PBS to remove dead cells
and cell debris. Untreated U20S cells showed an elliptical shape and 100% confluency (labeled by the black
arrows). U20S cells that were treated with the extract IC, showed cell shrinkage & chromatin condensation
(labeled by the blue arrow) and blebbing (labeled by the purple arrows). Images were captured using an
inverted microscope with a 20X magnification lens.

bands at wavelengths 3431.5,2923.3, 2363.3, and 1625.6 that correspond to O-H stretching in alcohol, water, and
polyphenols, aliphatic stretching (-CH,-) in fats, O = C=O stretching in carbon dioxide, and C=0O stretching in
amide 1, respectively. Additional bands also appear at 1385 and 1267.3 cm™! which correspond to the respective
bending modes of vibration of CH, and CH, in fatty acids, proteins, and phosphate-bearing compounds, along
with bands at 1163.5 and 1074.3 cm™! arising from the stretching vibration of ~-C-O-C glycoside ring bond,
C-O stretching in COOH, and O-H bending in carbohydrates and polysaccharides®>3.

Numerous studies have demonstrated the anticancer effects of polysaccharides on various cell lines. They
have been reported to induce apoptosis, DNA damage, disruption of mitochondrial membrane, and cell cycle
arrest to kill cancer cells and prevent metastasis®”~**. Additionally, polysaccharides were tested against a wide
range of microorganisms for their antimicrobial activities, including increasing cell membrane permeability,
inhibiting microorganism attachment to the host, or blocking membrane transport of nutrients essential for
energy production?=*%. Therefore, the phenol-sulfuric acid method was conducted to determine TCC in S.
fruticosa extract, which was estimated to be 45.63 £ 3.33 mg glucose equivalent/g of the extract.

Sage is considered a rich source of phenolics that have been proven to have antimicrobial and anticancer
activities TPCin S. fruticosa extract was measured using folin-ciocalteu assay and detected spectrophotometrically
with an estimated value of 170.68 + 6.52 mg caffeic acid equivalent/g of the extract. The measured percentage of
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Fig. 6. Effect of Salvia fruticosa extract on U20S osteosarcoma cell migration and wound closure over 12, 24,
and 48 h of incubation. (a) Comparisons between treated and untreated cells revealed no significant difference
in the wound closure between 12 and 24 h of incubation while the extract inhibited cell migration, with almost
complete wound closure in untreated cells after 48 h. These results were supported by the statistical analysis

in (b) where the extracts IC, concentration showed no significant decrease in wound closure percentage
compared to the control (untreated cells) at the 12- and 24-hour time points. However, a significant decrease of
nearly 43 +8.39% in wound closure was observed after 48 h. This suggests the extract’s potential to inhibit cell
metastasis. Images were captured using an inverted microscope with a 20X magnification lens. Data represents
three independent experiments, and significance analysis was performed using two-way ANOVA followed

by Tukey’s multiple comparisons test at a 95% confidence level in GraphPad Prism 9 (**p <0.01, ns=no
significance).

total phenolic content in S. fruticosa, compared to that previously reported in Salvia species, is summarized in
Table 2. According to our results, S. fruticosa is considered the second highest Salvia extract rich in phenolics
with 17.07 £0.65%, after S. africana (35.06 £ 1.49%), compared to other 31 Salvia species with reported phenolic
content percentages ranging from 0.7 to 35.06%°%-%%. This suggests that S. fruticosa extract may possess
antimicrobial and anticancer properties, derived from its high content of phenolics, which have been previously
reported to inhibit microbial growth and cancer progression.

Flavonoids have been reported to exhibit antimicrobial activity by suppressing nucleic acid synthesis, the
functionality of the cytoplasmic membrane, and energy metabolism, in addition to their strong anticancer effects
arising from their antioxidant, cell cycle-arresting, and induction of apoptosis and autophagy activities. They
also inhibit cell proliferation and metastasis®*~’°. Therefore, we investigated the content of total flavonoids in
S. fruticosa extract spectrophotometrically using the aluminum chloride method, and the estimated flavonoids
were 44.71 £5.67 mg rutin equivalent/g of the extract. The percentage of total flavonoid content in S. fruticosa
compared to the previously reported data in other 25 Salvia species is shown in Table 2. S. fruticosa contained
4.47 +£0.57% of total flavonoids, which is lower than the highest reported flavonoid content in S. hierosolymitana
by approximately 47.6% and ranked 6th in the highest content of flavonoids (after S. hierosolymitana, S. eigii, S.
viridis, S. reuteriana, and S. hypoleuca) compared to other species with reported flavonoid content percentages
ranging from 0.12 to 52.06%°°759-6371 This indicates that S. fruticosa methanolic extract could also have good
antimicrobial and anticancer properties due to its flavonoid content.
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Salvia species Total Phenolic content (%) | Total flavonoid content (%) {pgl)mL DPPH)
S. fruticosa(current study) | 17.07 +0.65% 4.47+0.57% 25.17+0.304
S. tomentosa Miller 4.93+0.2% 3.89+0.17% 30+0.00

S. fruticosa 7.05+0.13% 0.31+0.009% NA

S. glutinosa 3.77+0.07% 3.18+0.024% 80.42+0.95
S. nemorosa 6.48+£0.01% 0.88+0.004% 40.22+1.13
S. officinalis 8.04+0.10% 0.37+0.002% 29.69+1.32
S. pratensis 6.49+0.01% 0.90+0.007% NA

S. sclarea 3.55+0.04% 0.75+0.002% 190.74+5.7
S. verticillate 12.44+0.01% 0.39+0.003% 10+£0.00

S. eigii 2.50+0.31% 52.06+0.62% 248+1.28

S. hierosolymitana 2.73£0.09% 77.08+0.53% 184+12.2

S. viridis 1.85+0.03% 31.14+0.44% 234+493

S. Africana 35.06+1.49% NA 6.6+0.7

S. Mexicana 15.89+3.8% NA 10+1.1

S. xanthocheila 1.25+0.12% 0.22+0.02% 457.00+41.62
S. limbate 1.3+£0.07% 3.01+0.252% 557.40+12.73
S. aegyptiaca 1.38+0.02% NA 330.4+11.06
S. aethiopis 1.41+0.09% NA 237.37+8.05
S. syriaca 1.81+£0.04% 4.05+0.08% 315.1+£5.71
S. Eremophila 1.89+0.10% NA 114.57+11.5
S. santolinifolia 2.02£0.09% NA 117.34+4.07
S. hypoleuca 2.03+£0.05% 5.316+0.195% 197.23+£6.86
S. atropatana 2.57£0.004% 0.7+0.04% 89.47+5.97
S. scabiosifolia 5.942+0.71% 0.33+0.04% NA

S. ringens 4.85+0.57% 0.12+0.06% NA

S. nutans 3.05+£0.24% 0.205+0.04% NA

S. ahendica 0.7£0.04% 0.32+0.03% 16.2+0.3

S. hydrangea 2.19£0.01% 1.15+£0.01% 53%0.1

S. chloroleuca 1.11+0.15% 0.66+0.1% 16.7+1.0

S. ceratophylla 3.27+0.17% 2.7+£0.1% 5.5+0.1

S. macrosiphon 1.64£0.01% 0.24+0.09% 14.7£0.1

S. reuteriana 7.19£0.065% 8.25+£0.22% 86.76+0.3

Table 2. Comparison of total phenolics, total flavonoids, and antioxidant activity (represented by DPPH IC,)
of Salvia fruticosa (current study) to previously reported Salvia species. Three independent experiments were
conducted, and results are presented as mean + SD, NA = Not Tested®6-371,

As the previous analyses indicated that S. fruticosa extract is rich in phenolics and flavonoids, we identified
the major compounds from the two classes that are present in the extract using LC-ESI-MS/MS technique. As
shown in Table 3, S. fruticosa extract constitutes eight phenolic compounds: chlorogenic acid, gallic acid, caffeic
acid, kaempferol, ferulic acid, methyl gallate, coumaric acid, and 3.4-Dihydroxybenzoic acid while it comprises
seven flavonoids: rutin, hesperidin, quercetin, apigenin, luteolin, naringenin, and vanillin in a concentration
range from 0.12 to 3137.22 ug/g. According to previous studies, the detected phenolics and flavonoids were
reported to be potential antimicrobial and anticancer agents’>~!!1,

The concentrations of specific phenolics and flavonoids detected in S. fruticosa extract compared to extracts
from other Salvia species are also reported in Table 3. Naringenin is the most abundant polyphenolic compound
present in S. fruticosa methanolic extract, with a concentration of 3137.22 pg/g. It has also been reported in
four other Salvia species, including S. verticillata, S. viridis, S. eigii, and S. hierosolymitana, in the range of
36.25-418.59 pg/g. Chlorogenic acid was also detected in S. fruticosa extract at 1900.97 ug/g, ranking it third
among Salvia species rich in chlorogenic acid, after S. viridis and S. officinalis, with reported chlorogenic acid
concentrations ranging from 159 to 6619.93 ug/g in eleven Salvia species. Caffeic acid and luteolin were also
reported to have respective concentrations of 654.91 and 532.34 ug/g of S. fruticosa extract, rendering S. fruticosa
the second Salvia rich in caffeic acid and luteolin after S. tementosa Miller. As for 3,4-dihydroxybenzoic acid,
it was detected at 179.23 ug/g of the S. fruticosa extract. However, this has not been reported in other Salvia
species. Apigenin was also quantified in S. fruticosa extract at 170.80 pg/g, compared to the previously reported
concentrations in six Salvia species, which ranged from 13.48 to 208 pg/g. Other phenolics and flavonoids,
namely p-coumaric, syringic, ferulic acids, quercetin, gallic acid, and rutin were measured at 40.14, 34.22, 21.43,
2.59, 2.24, and 0.33 ug/g of S. fruticosa extract, respectively and these are the lowest reported concentrations
for these compounds in Salvia species. Hesperidin was detected at 6.45 ug/g of S. fruticosa extract, while its
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S. fruticosa S. S. b
Salvia Species (current study) | fruticosa officinalis | lavandulifolia | S.sclarea
S. aureus ATCC6538 1.562 0.2-3.42 2.87-12.5 | 2.31 3.42
B. subtilis ATCC35854 | 1.562 NA NA NA NA
Microorganisms
E. coli ATCC8739 12.5 0.0024-0.625 | NA NA NA
S. cerevisiae ATCC9763 | 1.562 NA NA NA NA

Table 4. Comparison of the antimicrobial activity of Salvia fruticosa extract of the current study to other
reported Salvia species using the minimum inhibitory concentration assay. MIC values are expressed in mg/
mL, NA =Not tested! 23128,

concentration in five Salvia species ranged from 0.0005 to 1002 pg/g. Vanillin and methyl gallate were quantified
at 13.23 and 0.12 pg/g of S. fruticosa extract, respectively, but were not reported in other Salvia species. On
the other hand, ellagic acid, cinnamic acid, catechin, daidzein, and myricetin were not detected in S. fruticosa
methanolic extract®6!62112-114,

As the correlation between total phenolic and flavonoid content and antioxidant activity is not yet
confirmed, a DPPH free radical scavenging activity assay was performed to determine the antioxidant activity
of the extract®>**!15, Since a lower IC, value indicates a higher ability of the extract to scavenge free radicals
and consequently potent antioxidant activity, our extract showed a good antioxidant capacity with an IC,;
of 25.17+0.304 pug/mL of DPPH (Fig. 2). Thus, S. fruticosa extract ranked the 9th most potent antioxidant—
after S. hydrangea, S. ceratophylla, S. africana, S. verticillate, S. mexicana, S. macrosiphon, S. ahendica, S.
chloroleuca—among the determined IC,  of 26 Salvia species, ranging from 5.3 to 557.4 ug/mL as summarized in
Table 2°6-60:116-119 Thyis indicates that the extract can scavenge free radicals due to its electron- and/or hydrogen
atom-donating ability and consequently could have the ability to inhibit the initiation and/or progression of
free radical-mediated chain reaction and thus inhibit cancer progression through preventing DNA damage,
decreasing of free radical-mediated chain reaction and thus inhibiting cancer mutagenesis and reducing
abnormal cell division progression through preventing DNA damage, decreasing mutagenesis and reducing
abnormal cell division!20-122,

As the extract is a rich source of carbohydrates, phenolics, and flavonoids that have been demonstrated
to exhibit good antimicrobial activity, the antimicrobial activity of the methanolic extract of S. fruticosa was
examined against microorganisms causing foodborne diseases and human infections, including S. aureus, B.
subtilis, E. coli, and S. cerevisiae. S. aureus and E. coli are known for their multidrug resistance and association
with nosocomial infections®®. So, the need to find better antimicrobial alternatives is urgent. MIC by the
microdilution method was performed to evaluate the antimicrobial activity of S. fruticosa extract. The MIC
values were 1.562 mg/mL for S. aureus, B. subtilis, and S. cerevisiae, and 12.5 mg/mL for E. coli. Previous studies
were conducted to evaluate the antimicrobial activities of different species of Salvia on similar strains of S. aureus
and E. coli, and a comparison between the results of the current study and the previous ones is summarized in
Table 41237128 The methanolic extract exhibited good antimicrobial activity against S. aureus (MIC=1.562 mg/
mL) within the reported antimicrobial range of S. fruticosa evaluated in previous studies (MIC 0.2-3.42 mg/
mL). The methanolic extract also exhibited better antimicrobial activity against S. aureus compared to other
extracts of S. officinalis, S. lavandulifolia, and S. sclarea (MIC ranging from 2.31 to 12.5 mg/mL). Additionally, S.
fruticosa water and ethanolic extracts were also reported to exhibit higher antimicrobial activity against E. coli
with MICs ranging from 0.0024 to 0.625 mg/mL relative to S. fruticosa methanolic extract in the current study
(MIC=12.5 mg/mL)!?3-128 These findings suggest the potential antimicrobial activity of the methanolic extract
of S. fruticosa against gram-positive, gram-negative bacteria, and fungi, likely due to its substantial content of
carbohydrates, phenolics, and flavonoids.

Being rich in polyphenolic compounds, which exhibit potent antioxidant activity and can potentially act as
anticancer agents. S. fruticosa methanolic extract was investigated for its cytotoxicity on U20S osteosarcoma cells
using the MTT assay. The extract inhibited U20S cell proliferation with an IC,, of 87.75+4.02, 80.85+10.65,
and 77.58 £3.47 ug/mL after 24, 48, and 72 h of incubation, respectively, as shown in Fig. 3 and supplementary
Table S3 online. To ensure that the cytotoxicity was due to the extract itself and not due to DMSO that was
used to dissolve the extract, another MTT assay was performed on 0.2 vol% DMSO constituting the highest
concentration of the extract and there was no significant effect on U20S viability as illustrated in Fig. 3c. In a
previous study, it was reported that the acetone extract of S. fruticosa leaves decreased U20S cell viability but
with a lower IC (30.21+1.18 ug/mL) than the methanolic extract after 48 h of incubation which indicates that
the acetone extract of S. fruticosa had a higher cytotoxicity effect on U20S cells than the methanolic extract!.

In our study, we aimed to investigate the cytotoxic effect of the extract compared to cisplatin (as a reference)
on normal human cells versus cancerous ones, with the goal of evaluating potential side effects. So, we used HSF
as a model for normal cells'®. Fortunately, the extract exhibited no significant effect on HSF, while decreasing
U20S viability by approximately 19% compared to 4 pg/mL of cisplatin, which inhibited both U20S and HSF
by 32+£4.08% and 27 +4.08%, respectively, as shown in Fig. 4. indicating the potential use of the extract as a
treatment for osteosarcoma without affecting normal body cells.

Additionally, we assessed the effect of S. fruticosa extract on U20S cell morphology using a 20X magnification
lens of the inverted microscope. The extract showed a change in U20S cell morphology from being elliptical
with a wider center and tapering ends to becoming shrunk and exhibiting chromatin condensation with a
characteristic necklace shape and blebbing as illustrated in Fig. 5°*-4.
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Finally, in our study, we evaluated the effect of the extract on U20S cell migration, an indicator of metastasis,
by performing a scratch wound healing assay. After 48 h of incubation, the S. fruticosa extract showed a
significant difference in the percentage of wound confluency, 57 +8.39% compared to the control at 93 +8.39%,
indicating that the treatment may affect the genetic markers involved in cell proliferation, migration, and
possibly metastasis, as shown in Fig. 6.

While this study provides valuable insights into the bioactive compounds and therapeutic potential of
S. fruticosa methanolic extract, it is important to acknowledge certain limitations. Primarily, the current
investigation is based on in vitro experiments, which, although crucial for initial screening and mechanistic
understanding, may not fully capture the complex biological interactions occurring in vivo. Therefore, the
observed antimicrobial and cytotoxic effects require further validation using animal models to evaluate efficacy,
pharmacokinetics, and potential toxicity in a living system. Additionally, the scratch wound healing assay was
performed without prior cell starvation, meaning the results reflect a combined effect of both cell proliferation
and migration. Future research should aim to isolate and characterize the individual bioactive compounds
responsible for the observed activities, moving beyond the crude extract to identify specific lead compounds
for drug development. Moreover, a deeper investigation into the molecular mechanisms underlying the extract’s
effects on osteosarcoma cells, such as its influence on signaling pathways, cell cycle progression, and apoptosis,
would enhance our understanding. Finally, developing formulations more suitable for in vivo applications would
be a critical step toward translating these promising in vitro findings into clinical relevance.

Conclusion

S. fruticosa leaves are rich sources of phenolic and flavonoid compounds, which have been previously reported
to possess strong antimicrobial and anticancer effects. The methanolic extract exhibited good antimicrobial
activity against both gram-positive and gram-negative bacteria, as well as fungi. It also demonstrated a powerful
free radical scavenging activity. It showed inhibition of U20S osteosarcoma cell migration while having no
significant effect on normal HSF cells which indicated that the methanolic extract of S. fruticosa leaves could
be a future potential treatment of different microbial infections in addition to osteosarcoma because of its high
cytotoxicity and potential inhibition of U20S cell metastasis while maintaining safety on normal cells.

Data availability

Data is provided within the manuscript or supplementary information files.

Received: 17 September 2024; Accepted: 11 August 2025
Published online: 23 October 2025

References

1. Moore, D. D. & Luu, H. H. Osteosarcoma. In Orthopaedic Oncology: Primary and Metastatic Tumors of the Skeletal System (eds.
Peabody, T. D. & Attar, S.) 65-92 (Springer International Publishing,2014). https://doi.org/10.1007/978-3-319-07323-1_4.

2. Zhao, X., Wu, Q,, Gong, X, Liu, J. & Ma, Y. Osteosarcoma: a review of current and future therapeutic approaches. Biomed. Eng.
20,24 (2021).

. Sadykova, L. R. et al. Epidemiology and risk factors of osteosarcoma. Cancer Invest. 38, 259-269 (2020).

4. Bielack, S. S. et al. Prognostic factors in High-Grade osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated

on neoadjuvant cooperative osteosarcoma study group protocols. J. Clin. Oncol. 20, 776-790 (2002).

5. Entz-Werle, N. et al. Genetic alterations in primary osteosarcoma from 54 children and adolescents by targeted allelotyping. Br.
J. Cancer. 88, 1925-1931 (2003).

. Gill, J. & Gorlick, R. Advancing therapy for osteosarcoma. Nat. Rev. Clin. Oncol. 18, 609-624 (2021).

. Niforou, K. M. et al. The proteome profile of the human osteosarcoma U20S cell line. Cancer Genomics Proteom. 5, 63-78 (2008).

. Thorn, C. E et al. Doxorubicin pathways: pharmacodynamics and adverse effects. Pharmacogenet Genomics. 21, 440-446 (2011).

. Stefanaki, A. & van Andel, T. Chapter 3 - Mediterranean aromatic herbs and their culinary use. In Aromatic Herbs in Food (ed.

Galanakis, C. M.) 93-121 (Academic Press, 2021). https://doi.org/10.1016/B978-0-12-822716-9.00003-2.

10. Xavier, C. P. R,, Lima, C. F, Fernandes-Ferreira, M. & Pereira-Wilson, C. Salvia fruticosa, salvia officinalis, and Rosmarinic acid
induce apoptosis and inhibit proliferation of human colorectal cell lines: the role in MAPK/ERK pathway. Nutr. Cancer. 61,
564-571 (2009).

11. Kyriakou, S. et al. Chemical and biological characterization of the anticancer potency of Salvia fruticosa in a model of human
malignant melanoma. Plants 10, 2472 (2021).

12. Tundis, R. et al. Assessment of antioxidant, antitumor and pro-apoptotic effects of salvia fruticosa mill. Subsp. Thomasii (Lacaita)
brullo, guglielmo, Pavone & Terrasi (Lamiaceae. Food Chem. Toxicol. Int. ]. Publ Br. Ind. Biol. Res. Assoc. 106, 155-164 (2017).

13. Ezema, C. A, Ezeorba, T. P. C., Aguchem, R. N. & Okagu, I. U. Therapeutic benefits of Salvia species: a focus on cancer and viral
infection. Heliyon 8, 08763 (2022).

14. Ververis, A. et al. Chemical profiling and antioxidant and anti-amyloid capacities of salvia fruticosa extracts from Greece. Plants
12, 3191 (2023).

15. Saleh, N. A. M. et al. Evaluating the potential anticancer properties of salvia triloba in Human-Osteosarcoma U20S cell line and
ovarian adenocarcinoma SKOV3 cell line. Appl. Sci. 12, 11545 (2022).

16. Babbar, N., Oberoi, H. S., Sandhu, S. K. & Bhargav, V. K. Influence of different solvents in extraction of phenolic compounds from
vegetable residues and their evaluation as natural sources of antioxidants. J. Food Sci. Technol. 51, 2568-2575 (2014).

17. Essa, H. L., Abdelfattah, M. S., Marzouk, A. S., Guirguis, H. A. & El-Sayed, M. M. H. Nano-Formulations of copper species coated
with sulfated polysaccharide extracts and assessment of their phytotoxicity on wheat (Triticum aestivum L.) seedlings in seed
germination, foliar and soil applications. Appl. Sci. 10, 6302 (2020).

18. Masuko, T. et al. Carbohydrate analysis by a phenol-sulfuric acid method in microplate format. Anal. Biochem. 339, 69-72 (2005).

19. Skotti, E., Anastasaki, E., Kanellou, G., Polissiou, M. & Tarantilis, P. A. Total phenolic content, antioxidant activity and toxicity of
aqueous extracts from selected Greek medicinal and aromatic plants. Ind. Crops Prod. 53, 46-54 (2014).

20. Kiranmai, M., Kumar, C. & Ibrahim, M. Comparison of total flavanoid content of Azadirachta indica root bark extracts prepared
by different methods of extraction (2011).

w

O o N

Scientific Reports|  (2025) 15:37015 | https://doi.org/10.1038/s41598-025-15727-w nature portfolio


https://doi.org/10.1007/978-3-319-07323-1_4
https://doi.org/10.1016/B978-0-12-822716-9.00003-2
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.
39.

40.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

de Oliveira Silva, R., de Castro, R. C., Milhome, M. A. L. & Do nascimento, R. F. Liquid chromatography-electrospray
ionization-tandem mass spectrometry method for determination of Twenty multi-class pesticide residues in cashew. LWT - Food
Sci. Technol. 59, 21-25 (2014).

Essa, H. L., Guirguis, H. A, El-Sayed, M. M. H., Rifaat, D. & Abdelfattah, M. S. Ultrasonically-extracted marine polysaccharides
as potential green antioxidant alternatives. Proceedings 67, 23 (2020).

Oroian, M., Escriche, I. & Antioxidants Characterization, natural sources, extraction and analysis. Food Res. Int. Ott. Ont. 74,
10-36 (2015).

El-Sayed, M., Fleita, D., Rifaat, D. & Essa, H. Chapter 9 - Assessment of the state-of the-art developments in the extraction of
antioxidants from marine algal species. In Ingredients Extraction by Physicochemical Methods in Food (eds. Grumezescu, A. M. &
Holban, A. M.) 367-397 (Academic Press, 2018). https://doi.org/10.1016/B978-0-12-811521-3.00009-0.

Sharma, O. P. & Bhat, T. K. DPPH antioxidant assay revisited. Food Chem. 113, 1202-1205 (2009).

Gopcevi¢, K. et al. Bioactivity and phenolics profile of aqueous and Ethyl acetate Extracts of satureja kitaibelii wierzb. Ex heuff.
Obtained by ultrasound-assisted Extraction. Sci. Rep. 12, 21221 (2022).

Kavaz, D. & Faraj, R. E. Investigation of composition, antioxidant, antimicrobial and cytotoxic characteristics from Juniperus
Sabina and ferula communis extracts. Sci. Rep. 13, 7193 (2023).

Momtazi, A. A. et al. Phytochemical analysis and cytotoxicity evaluation of Kelussia odoratissima Mozaff. J. Acupunct. Meridian
Stud. 10, 180-186 (2017).

Jiang, Z. et al. A study on screening of osteosarcoma U20S cell inhibiting active components from Nidus vespae. Afr. J. Tradit
Complement. Altern. Med. 10, 464-468 (2013).

Ghasemi, M., Turnbull, T., Sebastian, S. & Kempson, I. The MTT assay: utility, limitations, pitfalls, and interpretation in bulk and
Single-Cell analysis. Int. J. Mol. Sci. 22, 12827 (2021).

Esmaeilbeig, M., Kouhpayeh, S. A. & Amirghofran, Z. An investigation of the growth inhibitory capacity of several medicinal
plants from Iran on tumor cell lines. Iran. J. Cancer Prev. 8, 4032 (2015).

Martinotti, S. & Ranzato, E. Scratch wound healing assay. Methods Mol. Biol. Clifton. NJ2109, 225-229 (2020).

. Kasiram, M. Z. et al. Tannic acid enhances cisplatin effect on cell proliferation and apoptosis of human osteosarcoma cell line

(U20S). Pharmacol. Rep. PR74, 175-188 (2022).

Bustillo, S. et al. Cytotoxicity and morphological analysis of cell death induced by Bothrops venoms from the Northeast of
Argentina. J. Venom. Anim. Toxins Trop. Dis. 15, 28-42 (2009).

Tulukcu, E., Cebi, N. & Sagdic, O. Chemical fingerprinting of seeds of some salvia species in Turkey by using GC-MS and FTIR.
Foods Basel Switz. 8, 118 (2019).

Bacsik, Z. et al. Mechanisms and kinetics for sorption of CO2 on bicontinuous mesoporous silica modified with n-propylamine.
Langmuir ACS J. Surf. Colloids. 27, 11118-11128 (2011).

Khan, T., Date, A., Chawda, H. & Patel, K. Polysaccharides as potential anticancer agents-A review of their progress. Carbohydr.
Polym. 210, 412-428 (2019).

Jin, H., Li, M., Tian, E, Yu, E & Zhao, W. An overview of antitumour activity of polysaccharides. Molecules 27, 8083 (2022).
Yang, S., Li, D., Liu, W. & Chen, X. Polysaccharides from marine biological resources and their anticancer activity on breast
cancer. RSC Med. Chem. 14, 1049-1059 (2023).

Guo, R. et al. Polysaccharides as potential Anti-tumor biomacromolecules —a review. Front. Nutr. 9, 838179 (2022).

. Zhou, Y., Chen, X,, Chen, T. & Chen, X. A review of the antibacterial activity and mechanisms of plant polysaccharides. Trends

Food Sci. Technol. 123, 264-280 (2022).

Xia, G. X. et al. Antimicrobial properties and application of polysaccharides and their derivatives. Chin. J. Polym. Sci. 39, 133-146
(2021).

Jiang, H. et al. Antibacterial, antibiofilm, and antioxidant activity of polysaccharides obtained from fresh sarcotesta of Ginkgo
biloba: bioactive polysaccharide that can be exploited as a novel biocontrol agent. Evid.-Based Complement. Altern. Med. ECAM
2021, 5518403 (2021).

Liang, L. et al. Research progress on the polysaccharide extraction and antibacterial activity. Ann. Microbiol. 74, 17 (2024).
Maheshwari, N. & Sharma, M. C. Anticancer properties of some selected plant phenolic compounds: future leads for therapeutic
development. J. Herb. Med. 42, 100801 (2023).

Chen, X., Lan, W. & Xie, J. Natural phenolic compounds: antimicrobial properties, antimicrobial mechanisms, and potential
utilization in the preservation of aquatic products. Food Chem. 440, 138198 (2024).

Také, M. et al. Plant phenolics and Phenolic-Enriched extracts as antimicrobial agents against Food-Contaminating
microorganisms. Antioxidants 9, 165 (2020).

Ecevit, K., Barros, A. A, Silva, ]. M. & Reis, R. L. Preventing microbial infections with natural phenolic compounds. Future
Pharmacol. 2, 460-498 (2022).

Miklasinska-Majdanik, M., Kepa, M., Wojtyczka, R. D., Idzik, D. & Wasik, T. J. Phenolic compounds diminish antibiotic resistance
of Staphylococcus aureus clinical strains. Int. J. Environ. Res. Public. 15, 2321 (2018).

Bouarab-Chibane, L. et al. Antibacterial properties of polyphenols: characterization and QSAR (Quantitative Structure-Activity
Relationship) models. Front. Microbiol. 10, 1452 (2019).

Lobiuc, A. et al. Future antimicrobials: natural and functionalized phenolics. Molecules 28, 1114 (2023).

Abotaleb, M., Liskova, A., Kubatka, P. & Biisselberg, D. Therapeutic potential of plant phenolic acids in the treatment of cancer.
Biomolecules 10, 221 (2020).

Bakrim, S. et al. Dietary phenolic compounds as anticancer natural drugs: recent update on molecular mechanisms and clinical
trials. Foods 11, 3323 (2022).

Anantharaju, P. G., Gowda, P. C., Vimalambike, M. G. & Madhunapantula, S. V. An overview on the role of dietary phenolics for
the treatment of cancers. Nutr. J. 15, 99 (2016).

Mumtaz, M. Z., Kausar, E, Hassan, M., Javaid, S. & Malik, A. Anticancer activities of phenolic compounds from Moringa Oleifera
leaves: in vitro and in Silico mechanistic study. Beni-Suef Univ. J. Basic. Appl. Sci. 10, 12 (2021).

Al-Jaber, H. L, Shakya, A. K. & Elagbar, Z. A. HPLC profiling of selected phenolic acids and flavonoids in Salvia eigii, Salvia
hierosolymitana and Salvia viridis growing wild in Jordan and their in vitro antioxidant activity. Peer] 8, €9769 (2020).

Afonso, A. E et al. Phytochemical composition and bioactive effects of salvia africana, salvia officinalis ‘icterina’ and salvia
Mexicana aqueous extracts. Molecules 24, 4327 (2019).

Firuzi, O. et al. Antioxidant and antimicrobial activities and phenolic contents of eleven salvia species from Iran. Iran. J. Pharm.
Res. IJPR12, 801-810 (2013).

Loizzo, M. R. et al. In vitro antioxidant and antiproliferative activities of nine salvia species. Nat. Prod. Res. 28, 2278-2285 (2014).
Iravani, M. et al. Comparison of cytotoxic and antioxidant activities and phenol content of four salvia L. species from Iran. J. Med.
Plants19, 59-68 (2020).

DINGER, C. et al. Phenolic composition and antioxidant activity of salvia tomentosa miller: effects of cultivation, harvesting year,
and storage. Turk. J. Agric. For. .37, 561-567 (2013).

Mervi¢, M. et al. Comparative antioxidant, Anti-Acetylcholinesterase and Anti-a-Glucosidase activities of mediterranean salvia
species. Plants 11, 625 (2022).

Nikolova, M. Screening of radical scavenging activity and polyphenol content of Bulgarian plant species. Pharmacogn Res. 3,
256-259 (2011).

Scientific Reports|  (2025) 15:37015

| https://doi.org/10.1038/541598-025-15727-w nature portfolio


https://doi.org/10.1016/B978-0-12-811521-3.00009-0
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

99.

100.

101.

102.
103.

104.

105.

106.

107.

. Shamsudin, N. F et al. Antibacterial effects of flavonoids and their structure-activity relationship study: a comparative

interpretation. Molecules 27, 1149 (2022).

. Cushnie, T. P. T. & Lamb, A. J. Antimicrobial activity of flavonoids. Int. J. Antimicrob. Agents26, 343-356 (2005).
. Yuan, G. et al. Antibacterial activity and mechanism of plant flavonoids to gram-positive bacteria predicted from their

lipophilicities. Sci. Rep. 11, 10471 (2021).

. Kopustinskiene, D. M., Jakstas, V., Savickas, A. & Bernatoniene, J. Flavonoids as anticancer agents. Nutrients 12, 457 (2020).
. Zhang, H. W. et al. Flavonoids inhibit cell proliferation and induce apoptosis and autophagy through downregulation of PI3Ky

mediated PI3K/AKT/mTOR/p70S6K/ULK signaling pathway in human breast cancer cells. Sci. Rep. 8, 11255 (2018).

de Luna, . C. F, Ferreira, W. A. S., Casseb, S. M. M. & de Oliveira, E. H. C. Anticancer potential of flavonoids: an overview with
an Emphasis on tangeretin. Pharmaceuticals 16, 1229 (2023).

Tuli, H. S. et al. Natural flavonoids exhibit potent anticancer activity by targeting MicroRNAs in cancer: A signature step hinting
towards clinical perfection. Transl Oncol. 27, 101596 (2023).

Nickavar, B., Kamalinejad, M. & Izadpanah, H. In vitro free radical scavenging activity of five salvia species. Pak J. Pharm. Sci. 20,
291-294 (2007).

Lou, Z., Wang, H., Zhu, S., Ma, C. & Wang, Z. Antibacterial activity and mechanism of action of chlorogenic acid. J. Food Sci. 76,
M398-403 (2011).

Chen, K. et al. Antibacterial and antibiofilm activities of chlorogenic acid against yersinia Enterocolitica. Front Microbiol 13, 1452
(2022).

Tian, Q. et al. Bactericidal activity of Gallic acid against multi-drug resistance Escherichia coli. Microb. Pathog. 173, 105824 (2022).
Rajamanickam, K., Yang, J. & Sakharkar, M. K. Gallic acid potentiates the antimicrobial activity of tulathromycin against two key
bovine respiratory disease (BRD) Causing-Pathogens. Front. Pharmacol. 9, 1486 (2019).

Kepa, M. et al. Antimicrobial potential of caffeic acid against Staphylococcus aureus clinical strains. BioMed Res. Int. 2018,
7413504 (2018).

Periferakis, A. et al. Kaempferol: antimicrobial properties, sources, clinical, and traditional applications. Int. J. Mol. Sci. 23, 15054
(2022).

del Valle, P. et al. Antimicrobial activity of Kaempferol and Resveratrol in binary combinations with Parabens or propyl gallate
against Enterococcus faecalis. Food Control. 61,213-220 (2016).

Borges, A., Ferreira, C., Saavedra, M. J. & Simdes, M. Antibacterial activity and mode of action of ferulic and Gallic acids against
pathogenic bacteria. Microb. Drug Resist. Larchmt. N19, 256-265 (2013).

Pernin, A., Bosc, V., Maillard, M. N. & Dubois-Brissonnet, E. Ferulic acid and Eugenol have different abilities to maintain their
inhibitory activity against Listeria monocytogenes in emulsified systems. Front. Microbiol. 10, 1452 (2019).

Choi, J. G. et al. Antibacterial activity of Methyl gallate isolated from Galla Rhois or carvacrol combined with Nalidixic acid
against Nalidixic acid resistant bacteria. Mol. Basel Switz. 14, 1773-1780 (2009).

Flores-Maldonado, O., Davila-Avina, J., Gonzélez, G. M., Becerril-Garcia, M. A. & Rios-Lopez, A. L. Antibacterial activity of
Gallic acid and Methyl gallate against emerging non-fermenting bacilli. Folia Microbiol. (Praha). https://doi.org/10.1007/s1222
3-024-01182-z (2024).

Lou, Z. -Coumaric acid kills bacteria through dual damage mechanisms. Food Control. 25, 550-554 (2012).

Li, J. et al. Deciphering the antibacterial activity and mechanism of p-coumaric acid against Alicyclobacillus Acidoterrestris and
its application in Apple juice. Int. J. Food Microbiol. 378, 109822 (2022).

Kalinowska, M. et al. Plant-derived and dietary hydroxybenzoic acids—a comprehensive study of structural, anti-/pro-oxidant,
lipophilic, antimicrobial, and cytotoxic activity in MDA-MB-231 and MCF-7 cell lines. Nutrients 13, 3107 (2021).

Arima, H., Ashida, H. & Danno, G. Rutin-enhanced antibacterial activities of flavonoids against Bacillus cereus and Salmonella
enteritidis. Biosci. Biotechnol. Biochem. 66, 1009-1014 (2002).

Ganeshpurkar, A. & Saluja, A. K. The Pharmacological potential of Rutin. Saudi Pharm. J. 25, 149-164 (2017).

Nasim, I. & M.Shamly & Antimicrobial property and cytotoxicity of hesperidin incorporated dentin adhesive - an invitro study.
J. Popul. Ther. Clin. Pharmacol. 30, 108-114 (2023).

Choi, S. S., Lee, S. H. & Lee, K. A. A comparative study of hesperetin, hesperidin and hesperidin glucoside: antioxidant, Anti-
Inflammatory, and antibacterial activities in vitro. Antioxid. Basel Switz. 11, 1618 (2022).

Veiko, A. G. et al. Antimicrobial activity of quercetin, naringenin and catechin: flavonoids inhibit Staphylococcus aureus-Induced
hemolysis and modify membranes of bacteria and erythrocytes. Molecules 28, 1252 (2023).

Nguyen, T., A, L. & Bhattacharya, D. Antimicrobial activity of quercetin: an approach to its mechanistic principle. Molecules 27,
2494 (2022).

Wang, M., Firrman, J., Liu, L. & Yam, K. A review on flavonoid apigenin: dietary intake, ADME, antimicrobial effects, and
interactions with human gut microbiota. BioMed Res. Int. 2019, 7010467 (2019)

Kim, S., Woo, E. R. & Lee, D. G. Apigenin promotes antibacterial activity via regulation of nitric oxide and superoxide anion
production. J. Basic. Microbiol. 60, 862-872 (2020).

Qian, W. et al. Antimicrobial mechanism of Luteolin against Staphylococcus aureus and Listeria monocytogenes and its antibiofilm
properties. Microb. Pathog. 142, 104056 (2020).

Guo, Y. et al. The antibacterial activity and mechanism of action of Luteolin against Trueperella pyogenes. Infect. Drug Resist. 13,
1697-1711 (2020).

Cai, J. et al. Naringenin: a Flavanone with anti-inflammatory and anti-infective properties. Biomed. Pharmacother. 164, 114990
(2023).

Chen, P. et al. Antibacterial mechanism of vanillin against Escherichia coli O157: H7. Heliyon 9, €19280 (2023).

. Kanimozhi, G. & Prasad, N. R. Chapter 73 - Anticancer effect of caffeic acid on human cervical cancer cells. In Coffee in Health

and Disease Prevention (ed Preedy, V. R.) 655-661 (Academic, 2015). https://doi.org/10.1016/B978-0-12-409517-5.00073-5.
Liu, Y. et al. Chlorogenic acid decreases malignant characteristics of hepatocellular carcinoma cells by inhibiting DNMT1
expression. Front. Pharmacol. 11, 1452 (2020).

Satari, A. et al. A flavonoid as an effective sensitizer for anticancer therapy; insights into multifaceted mechanisms and applicability
for combination therapy. Evid. Based Complement. Alternat. Med. 2021, 9913179 (2021).

Aggarwal, V. et al. Molecular mechanisms of action of hesperidin in cancer: recent trends and advancements. Exp. Biol. Med. 245,
486-497 (2020).

Rauf, A. et al. Anticancer potential of quercetin: a comprehensive review. Phytother Res. 32, 2109-2130 (2018).

Yan, X., Qi, M., Li, P, Zhan, Y. & Shao, H. Apigenin in cancer therapy: anti-cancer effects and mechanisms of action. Cell. Biosci.
7,50 (2017).

Imran, M. et al. Corrigendum to Luteolin, a flavonoid, as an anticancer agent: a review. Biomed. Pharmacother. 116, 109084
(2019).

Mihanfar, A. et al. In vitro and in vivo anticancer effects of syringic acid on colorectal cancer: possible mechanistic view. Chem.
Biol. Interact. 337, 109337 (2021).

Subramanian, A. P. et al. Gallic acid: prospects and molecular mechanisms of its anticancer activity. RSC Adv. 5, 35608-35621
(2015).

Tehami, W,, Nani, A., Khan, N. A. & Hichami, A. New insights Into the anticancer effects of p-coumaric acid: focus on colorectal
cancer. Dose-Response 21, 15593258221150704 (2023).

Scientific Reports|  (2025) 15:37015

| https://doi.org/10.1038/541598-025-15727-w nature portfolio


https://doi.org/10.1007/s12223-024-01182-z
https://doi.org/10.1007/s12223-024-01182-z
https://doi.org/10.1016/B978-0-12-409517-5.00073-5
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

108. Gao, J. et al. The anticancer effects of ferulic acid is associated with induction of cell cycle arrest and autophagy in cervical cancer
cells. Cancer Cell. Int. 18, 102 (2018).

109. Imran, M. et al. Kaempferol: A key emphasis to its anticancer potential. Mol. Basel Switz. 24, 2277 (2019).

110. Bezerra, D. P, Soares, A. K. N. & de Sousa, D. P. Overview of the role of Vanillin on redox status and cancer development. Oxid.
Med. Cell. Longev. 2016, 9734816 (2016).

111. Stabrauskiene, J., Kopustinskiene, D. M., Lazauskas, R. & Bernatoniene, J. Naringin and naringenin: their mechanisms of action
and the potential anticancer activities. Biomedicines 10, 1686 (2022).

112. Dincer, C. etal. A comparative study on phenolic composition, antioxidant activity and essential oil content of wild and cultivated
Sage (Salvia fruticosa Miller) as influenced by storage. Ind. Crops Prod. 39, 170-176 (2012).

113. Hamrouni-Sellami, I. et al. Total phenolics, flavonoids, and antioxidant activity of Sage (Salvia officinalis L.) plants as affected by
different drying methods. Food Bioprocess. Technol. 6, 806-817 (2013).

114. Erbil, N. & Digrak, M. Total phenolic and flavonoid contents, antimicrobial and antioxidant properties of salvia verticillata L. Var.
Amasiaca and salvia microstegia Boiss & Bal from Turkish flora. ] Microbiol. Antimicrob AGENTS1, 526 (2015).

115. Aryal, S. et al. Total phenolic content, flavonoid content and antioxidant potential of wild vegetables from Western Nepal. Plants
Basel Switz. 8, 96 (2019).

116. Alimpi¢, A., Oaldje, M., Matevski, V., Marin, P. D. & Duleti¢-Lausevi¢, S. Antioxidant activity and total phenolic and flavonoid
contents of salvia amplexicaulis lam. Extracts. Arch. Biol. Sci. 66, 307-316 (2014).

117. Mocan, A. et al. Chemical constituents and biologic activities of sage species: a comparison between Salvia officinalis L., S.
glutinosa L. and S. transsylvanica (Schur ex Griseb. & Schenk) Schur. Antioxidants 9, 480 (2020).

118. Tabei, S. & Alizadeh, A. Phytochemical constituents and antimicrobial activity of salvia Nemorosa L. of Iran. Bangladesh ]. Bot.
47, 847-854 (2018).

119. BOUFADI, M., MOULAI-HACENE, K. E. D. D. A. R. L. S,, CHAA, S. & E & Chemical composition, antioxidant and Anti-
Inflammatory properties of salvia officinalis extract from Algeria. Pharmacogn J. 13, 506-515 (2021).

120. Shigenaga, M. K. & Ames, B. N. Oxidants and mitogenesis as causes of mutation and cancer: the influence of diet. Basic. Life Sci.
61, 419-436 (1993).

121. Al-Dabbagh, B. et al. Antioxidant and anticancer activities of trigonella foenum-graecum, Cassia acutifolia and rhazya stricta.
BMC Complement. Altern. Med. 18, 240 (2018).

122. Verheijen, M. et al. DMSO induces drastic changes in human cellular processes and epigenetic landscape in vitro. Sci. Rep. 9, 4641
(2019).

123. de Oliveira, J. R. et al. Antimicrobial activity of noncytotoxic concentrations of salvia officinalis extract against bacterial and
fungal species from the oral cavity. Gen. Dent. 67, 22-26 (2019).

124. Longaray Delamare, A. P., Moschen-Pistorello, I. T., Artico, L., Atti-Serafini, L. & Echeverrigaray, S. Antibacterial activity of the
essential oils of Salvia officinalis L. and Salvia triloba L. cultivated in South Brazil. Food Chem. 100, 603-608 (2007).

125. Pierozan, M. K. et al. Chemical characterization and antimicrobial activity of essential oils of salvia L. species. Food Sci. Technol.
29, 764-770 (2009).

126. Giweli, A. et al. The chemical composition, antimicrobial and antioxidant activities of the essential oil of salvia fruticosa growing
wild in Libya. Arch. Biol. Sci. 65, 321-329 (2013).

127. Dawra, M. et al. Chemical characterization and antioxidant, antibacterial, antiacetylcholinesterase and antiproliferation
properties of salvia fruticosa miller extracts. Molecules 28, 2429 (2023).

128. Sulaiman, A. et al. Evaluation of the antibacterial effect of salvia officinalis essential oil and its synergistic effect with meropenem.
Lett. Appl. NanoBioSci. 12, 44 (2022).

Acknowledgements
This study was supported by the American University in Cairo Internal Faculty Research Grant awarded to A.A.
and the Graduate Student Research Grant awarded to B.H.A.

Author contributions

Study conception: A.A. Study design: A.A., B.H.A., M.M.H.E,, and R.A. Data collection: B.H.A. Data analysis:
B.H.A,H.LEE, M.M.H.E., and A.A. Manuscript writing: B.H.A. Manuscript review and editing: M.M.H.E,,R.A,,
and A.A.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-15727-w.

Correspondence and requests for materials should be addressed to M.M.H.E.-S. or A.A.
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.

Scientific Reports |

(2025) 15:37015 | https://doi.org/10.1038/s41598-025-15727-w nature portfolio


https://doi.org/10.1038/s41598-025-15727-w
https://doi.org/10.1038/s41598-025-15727-w
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, 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 you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. 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://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:37015 | https://doi.org/10.1038/s41598-025-15727-w nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Bioactive compounds and therapeutic potential of ﻿Salvia fruticosa﻿ Mill. leaves against microorganisms and osteosarcoma
	﻿Methods
	﻿Plant material and extract preparation
	﻿Characterization of the chemical structure of ﻿S. fruticosa﻿ methanolic extract
	﻿Phytochemical analyses of ﻿S. fruticosa﻿ methanolic extract
	﻿Determination of total carbohydrate content (TCC)
	﻿Determination of total phenolic content (TPC)
	﻿Determination of total flavonoid content (TFC)
	﻿Liquid chromatography–electrospray ionization–tandem mass spectrometry (LC-ESI-MS/MS)


	﻿Examining the biological activities of ﻿S. fruticosa﻿ extract
	﻿Free radical scavenging test
	﻿Antimicrobial test for ﻿S. fruticosa﻿ extract
	﻿Cytotoxic effect of ﻿S. fruticosa﻿ extract
	﻿MTT cell viability assay
	﻿Evaluating treatment cytotoxicity on HSF cells compared to U2OS cells
	﻿Treated U2OS cell morphology
	﻿Scratch wound healing assay
	﻿Statistical analysis


	﻿Results
	﻿Extraction yield and chemical characteristics of ﻿S. fruticosa﻿ extract
	﻿Phytochemical properties of ﻿S. fruticosa﻿ extract
	﻿Total carbohydrate, phenolic, and flavonoid content
	﻿Polyphenolics and flavonoids in ﻿S. fruticosa﻿ extract


	﻿Biological activities of ﻿S. fruticosa﻿ extract
	﻿Antioxidant activity
	﻿Antimicrobial activity
	﻿U2OS cell viability after incubation with ﻿S. fruticosa﻿ extract and 0.2 vol% DMSO
	﻿Cytotoxicity of ﻿S. fruticosa﻿ extract on HSF cells compared to U2OS cells
	﻿U2OS cell morphology after incubation with ﻿S. fruticosa﻿ extract
	﻿Effect of ﻿S. fruticosa﻿ extract on U2OS cell migration

	﻿Discussion
	﻿Conclusion
	﻿References


