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					The genus Salvia is widely recognized for its diverse therapeutic properties; however, the  
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					algeriensis (Desf.), remain insufficiently investigated. This study aimed to provide  

					a

					comprehensive assessment of the phenolic composition and biological activities of hydro-  

					methanolic extracts obtained from the roots and stems of S. algeriensis (Desf.). Total phenolic  

					content (TPC) and flavonoid content (FC) were quantified, while phytochemical profiling was  

					conducted via liquid chromatography coupled with mass spectrometry (UHPLC-DAD-ESI-MSn).  

					Biological potential was evaluated using antioxidant assays (ABTS•+, TBARS, and H2O2),  

					cytotoxicity screening via the sulforhodamine B (SRB) assay against tumor cell lines, inhibition  

					of acid phosphatase activity in macrophages, protection against erythrocyte hemolysis, and an in  

					vivo anti-inflammatory model using carrageenan-induced paw edema in mice. Root extracts  

					exhibited high phenolic (114.01 ± 2.52 µg GAE/mg extract) and flavonoid (11.31 ± 0.66 µg  

					QE/mg extract) contents. A total of 20 phenolic compounds were identified in both extracts, with  

					rosmarinic acid and salvianolic acid K being the major constituents in the roots, while rosmarinic  

					acid was predominant in the stems. Additional key compounds included caffeic acid, salvianolic  

					acid B isomers, methyl rosmarinic acid, and luteolin-O-hexoside. Root extracts exhibited strong  

					lipid peroxidation inhibition (10.42 ± 3.36 µg/mL) and promising cytotoxic effects especially  

					against Caco-2, AGS, and HeLa cells. They also inhibited macrophage lysosomal enzyme activity,  

					protected erythrocyte membranes dose-dependently, and significantly reduced paw edema at 5  

					hours (pꢀ<ꢀ0.005). Overall, S. algeriensis shows considerable potential as antioxidants, anticancer,  

					anti-inflammatory and immunomodulatory agents.  
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					Consequently, there is growing interest in medicinal and aromatic  

					plants (MAPs) as promising alternative sources of antioxidant and  

					Introduction  

					An imbalance between the production of reactive oxygen  

					species (ROS) and the body's antioxidant defense mechanisms,  

					commonly referred to as oxidative stress, can lead to structural and  

					functional damage to key biomolecules, including lipids, nucleic acids,  

					and proteins. ROS, along with reactive nitrogen species (RNS), are  

					natural byproducts of cellular metabolism, particularly during  

					mitochondrial electron transport.1,2 When cellular ROS/RNS  

					overwhelm endogenous antioxidant defenses, irreversible oxidative  

					damage can trigger genetic and/or epigenetic changes, disrupting  

					oncogenes and tumor suppressor genes. This excess also recruits  

					activated immune cells, potentially leading to inflammation that  

					promotes a preneoplastic state and cancer.2  

					oxidative stress-modulating bioactive compounds. These plant-derived  

					compounds offer substantial potential for both drug discovery and the  

					mitigation of oxidative stress-related damage in cancer therapy.3  

					It is within this promising landscape of natural remedies that  

					the Salvia genus stands out, having emerged as a group of plants with  

					notable pharmacological potential. Comprising approximately 900  

					species worldwide, Salvia species exhibit potent antioxidant activities  

					primarily attributed to their rich content of phenolic compounds,  

					notably rosmarinic acid and various caffeic acid derivatives.4,5,6,7,8  

					Beyond free radical scavenging, these compounds also demonstrate  

					significant anticancer effects, including the inhibition of tumor growth  

					and selective cytotoxicity. Furthermore, certain Salvia species exert  

					immunomodulatory and anti-inflammatory actions, likely through their  

					influence on key inflammatory pathways and enzymes.9,10  
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					The present study specifically investigates Salvia algeriensis (Desf.), a  

					comparatively under-researched member of the Salvia genus, endemic  

					to North Africa, particularly Northwestern Algeria and Northeastern  

					Morocco. Traditionally used in Algerian folk medicine, this species is  

					now gaining scientific recognition for its pharmacological  

					potential.11 For instance, recent research by Bouarsa et al.11 identified a  

					rich profile of phenolic compounds, including rosmarinic acid, caffeic  

					acid, and quercetin in hydro-methanolic extracts of S. algeriensis roots,  

					flowers, and leaves, which demonstrated selective antimicrobial  
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					activity against Gram-positive bacteria and fungi. Similarly, Medjahed  

					et al.12 characterized the essential oils extracted from the leaves and  

					flowers of S. algeriensis, highlighting their potent antifungal activity  

					and complex phytochemical composition, which includes various  

					bioactive terpenoids. Despite these promising preliminary findings, a  

					significant gap persists not only in the comprehensive evaluation of S.  

					algeriensis's antioxidant, cytotoxic, and anti-inflammatory activities,  

					but also in the in-depth identification of its full spectrum of phenolic  

					compounds.  

					spectrophotometer (Optizen 2120, Mecasys Co. Ltd., Korea) was used  

					to read the absorbance at 765 nm. The total phenol content was  

					expressed as µg GAE (Gallic Acid Equivalent)/mg of dry extract.  

					Phenolic compounds  

					The phenolic profiles of Salvia algeriensis (Desf.) extracts were  

					characterized using UHPLC-DAD-ESI-MS/MS, following a method  

					adapted from Afonso et al.15 An Ultimate 3000 Dionex system (San  

					Jose, CA, USA) and a mass spectrometer (Thermo Scientific, San Jose,  

					CA, USA) were used. Separation was performed with a Hypersil Gold  

					C18 column (Thermo Scientific, San Jose, CA, USA) maintained at  

					30°C. A gradient elution with acetonitrile (solvent A) and 0.1% formic  

					acid (solvent B) was employed at a flow rate of 0.2 mL/min. UV-Vis  

					spectra (200-700 nm) were recorded at different wavelengths (280, 320,  

					and 340 nm). The analysis was carried out in negative-ion mode, with  

					an ESI voltage of 5.00ꢀkV, a capillary temperature of 275ꢀ°C, and a mass  

					range of m/z 100–2000. Nitrogen gas (purity > 99%) was used, and  

					CID-MS/MS and MSn experiments were performed using helium  

					collision gas. Phenolic compound identification was based on UV and  

					MS data, as well as comparisons with literature.  

					In this context, the present research represents the first comprehensive  

					investigation providing  

					a

					more complete understanding of the  

					phytochemical composition and potential bioactivities of S. algeriensis.  

					Total phenolic and flavonoid contents were quantified using Folin-  

					Ciocalteu and AlCl₃ assays, coupled with UHPLC-DAD-ESI-MSn for  

					detailed compound identification, alongside assessing their antioxidant  

					(ABTS•+, TBARS, H2O2 assays), cytotoxic (against—colorectal  

					adenocarcinoma (Caco-2), cervical carcinoma (HeLa), gastric  

					adenocarcinoma (AGS), and breast adenocarcinoma (MCF-7), and lung  

					carcinoma (NCI-H460)—and Vero cell lines), immunomodulatory  

					(macrophage lysosomal enzyme assay), and anti-inflammatory  

					(erythrocyte membrane stabilization and carrageenan-induced paw  

					edema in mice) activities. The findings provide valuable insights into  

					the therapeutic potential of S. algeriensis, expanding current knowledge  

					of its bioactive properties.  

					Antioxidant activity  

					ABTS+ assay  

					The antioxidant activity of Salvia algeriensis (Desf.) was evaluated  

					using the ABTS•+ radical scavenging assay.15 ABTS•+ solution was  

					prepared by mixing 7ꢀmM ABTS reagent with 2.45ꢀmM potassium  

					persulfate, followed by incubation in the dark for 16 hours. The ABTS•+  

					solution was diluted with either distilled water or methanol to achieve  

					an absorbance between 0.700 and 0.800 at 734ꢀnm. Fifty microliters of  

					varying concentrations of samples (31.25-1000 µg/mL) were mixed  

					with 250ꢀµL of the diluted ABTS•+ solution and incubated for 20  

					minutes in the dark. An ELX800 microplate reader (Bio-Tek  

					Instruments, Inc.; Winooski, USA) was employed to measure  

					absorbance at 734 nm. The standard used was ascorbic acid, and the  

					IC50 value was determined using Equation 1:  

					Materials and Methods  

					Plant material and extraction  

					Specimens of Salvia algeriensis (Desf.) were collected during the  

					flowering stage in March 2023 from Sidi Khatab region (35°23'48"N,  

					0°7'16"E), Ghilizan Province of Algeria. A voucher specimen was  

					deposited in the laboratory of Botany, Faculty of Natural and Life  

					Sciences of Hassiba Ben Bouali University of Chlef, under the number  

					UCT-Sa-103-2023. After collection, the stems and roots were ground  

					into powder, subsequently macerated with 80% methanol (50 g in 500  

					mL of solvent) for 24 hours.13 Resulting extracts were individually  

					filtered, evaporated under reduced pressure at 40°C using Büchi rotary  

					evaporator (Flawil, Switzerland), and stored at 4°C until further  

					analysis.  

					ℎ

					(%) = [(  

					−

					)/  

					] ×  

					100  

					(Eq. 1)  

					ABS control: absorbance of control  

					ABS sample: absorbance of sample  

					Animals  

					Thiobarbituric Acid Reactive Substances (TBARS) assay  

					Male Swiss albino mice (20–25ꢀg) were maintained in the animal  

					facility under standardized conditions (temperature: 23ꢀ±ꢀ2ꢀ°C; relative  

					humidity: 65–80%; 12-hour light/dark cycle), with ad libitum access to  

					tap water and a standard rodent diet (ONAB, Algeria). To reduce inter-  

					individual variability, animals were fasted for 18 hours prior to the  

					experiments and received 5ꢀmL of distilled water via oral gavage. All  

					experimental procedures were conducted at the animal facility of  

					Hassiba Ben Bouali University of Chlef, in accordance with Algerian  

					Law No. 12-235/2012 and the guidelines of the Algerian Association of  

					Experimental Animal Sciences (AASEA). The study protocol was  

					reviewed and approved by the Institutional Ethics Committee under  

					approval number 86/IEC/UCT/2023.  

					Lipid peroxidation inhibition in porcine brain homogenates was  

					assessed by quantifying thiobarbituric acid reactive substances  

					(TBARS), following the method described by Barros et al.16  

					Specifically, the formation of malondialdehyde-thiobarbituric acid  

					(MDA-TBA) adducts, direct indicators of lipid peroxidation, was  

					spectrophotometrically measured. Absorbance at 532 nm was recorded  

					using an ELX800 microplate reader (Bio-Tek Instruments, Inc.;  

					Winooski, USA). Butylated hydroxytoluene (BHT) was used as a  

					positive control. The inhibitory activity of the extracts was evaluated  

					across a concentration range of 0.0078 to 0.5 mg/mL, and the results  

					were expressed as EC50, values representing the extract concentration  

					required to achieve a 50% reduction in lipid peroxidation, calculated  

					using Equation 1.  

					Flavonoid content (FC)  

					Quantification of total flavonoid content in S. algeriensis (Desf.)  

					extracts was performed using a colorimetric aluminum chloride assay.14  

					For both the quercetin calibration curve and the extract samples, 500 µL  

					aliquots were mixed with 2.8 mL, 0.1 mL, 1.5 mL, and 0.1 mL of  

					distilled water, 10% aluminum chloride, methanol, and 1 M potassium  

					acetate, respectively. After incubating for 30 minutes at ambient  

					temperature, absorbance was measured at 415 nm using a UV-Vis  

					spectrophotometer (Optizen 2120, Mecasys Co. Ltd., Korea). The  

					flavonoid content was expressed as µg QE (Quercetin Equivalent)/mg  

					of dry extract.  

					Hydrogen Peroxide (H2O2) radical scavenging assay  

					The ability of Salvia algeriensis extracts to scavenge hydrogen peroxide  

					was evaluated using a modified spectrophotometric assay.14 Briefly,  

					various concentrations of the extracts (0.0078 to 0.5 mg/mL) were  

					incubated with a 40 mM hydrogen peroxide solution prepared in  

					phosphate buffer (pH 7.4). After a 10-minute incubation, the residual  

					hydrogen peroxide was quantified by measuring absorbance at 230 nm  

					against a buffer blank using ELX800 microplate reader (Bio-Tek  

					Instruments, Inc.; Winooski, USA). The hydrogen peroxide scavenging  

					activity of the extracts was calculated using Equation 1.  

					Total phenolic content (TPC)  

					Cytotoxic potential  

					Total phenolic content of S. algeriensis was determined using the Folin-  

					Ciocalteu reagent method.14 A 0.5 mL aliquot of the diluted extract was  

					mixed with 5 mL Folin-Ciocalteu reagent (10%) and 4 mL of aqueous  

					sodium carbonate (1 M). Following a 15-minute incubation, a UV-Vis  

					The cytotoxic potential of extracts Salvia algeriensis (Desf.) was  

					assessed using the sulforhodamine B (SRB) assay.17 Human tumor cell  

					lines, including HeLa, AGS, Caco-2, MCF-7, and NCI-H460, as well  

					as the non-tumor cell line Vero, were used. Cells were cultured in  
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					appropriate media (RPMI-1640 supplemented with 10% FBS,  

					penicillin, streptomycin, and glutamine for tumor cells; DMEM  

					supplemented with 10% FBS, antibiotics, and glutamine for Vero).  

					Cells were then seeded in 96-well plates at densities of 10,000 cells/well  

					for tumor cells and 19,000 cells/well for Vero. Extracts (ranging from  

					6.25 to 400 µg/mL) were incubated with the cells at 37°C. Following  

					incubation, cells were fixed with trichloroacetic acid (TCA), stained  

					with SRB, and absorbance was measured at 540 nm using an ELX800  

					microplate reader (BioTek Instruments, Inc., Winooski, USA). The GI50  

					values (concentration of extract required to inhibit cell growth by 50%)  

					were determined, with ellipticine used as a positive control.  

					minutes of treatment administration, the left hind paw’s subplantar  

					region received a subcutaneous injection of 0.05 mL of 1% carrageenan  

					(in 0.9% NaCl) to induce edema, while the untreated right hind paw  

					served as the control. Paw volume was measured using a digital caliper  

					five hours after carrageenan injection. The percentage inhibition was  

					calculated using the following Equation 4:  

					ℎ

					(%) =  

					−

					(

					)

					(

					)

					(

					ℎ

					−

					−

					ℎ

					)

					× 100  

					(Eq.  

					(

					)

					−

					ℎ

					4)  

					V left: mean edema volume of the left mice paw  

					V right: mean edema volume of the right mice paw.  

					Cellular lysosomal activity  

					Statistical analysis  

					Lysosomal enzyme activity of Salvia algeriensis (Desf) extracts,  

					indicated by acid phosphatase (AP) activity, was assessed in peritoneal  

					macrophages following a slightly modified protocol based on the  

					method described by Nasr-Bouzaiene et al.18 Peritoneal macrophages  

					were harvested from mice via peritoneal lavage with sterile PBS  

					following cervical dislocation. The recovered fluid was centrifuged, and  

					the resulting cell pellet was resuspended in 1 mL of RPMIc. Cell  

					viability was assessed using trypan blue, and 2×105 cells/100 μL were  

					seeded into 96-well plates and incubated at 37°C and 5% CO2 for 24  

					hours. Subsequently, 100 μL of the test sample was added to the cells,  

					with 100 μL of complete RPMI medium serving as a negative control.  

					After a further 48-hour incubation, the adherent cells were lysed with  

					1% Triton X-100 (20 µL), followed by the addition of 10 µL of 100 mM  

					p-nitrophenyl phosphate (acid phosphatase substrate) and 50 µL of  

					citrate buffer. This mixture was incubated at 37°C with 5% CO2 in a  

					humidified atmosphere for 30 minutes, after which the reaction was  

					stopped by adding 150 μL of borate buffer to each well. Acid  

					phosphatase activity was determined by measuring absorbance at 405  

					nm using an ELX800 Biotek microplate, and the percentage inhibition  

					of lysosomal activity was calculated using Equation 2:  

					Statistical analysis was conducted using IBM SPSS Statistics version  

					21. Data are presented as the mean ± standard deviation. One-way  

					analysis of variance (ANOVA) was used, and subsequent multiple  

					comparisons were performed with Tukey's and Duncan's post-hoc tests.  

					Results with a p-value less than 0.05 were interpreted as statistically  

					significant.  

					Results and Discussion  

					Yield percentages of the hydro-methanolic extracts  

					Extraction of Salvia algeriensis (Desf.) roots and stems using a hydro-  

					methanolic solvent system (80:20, v/v) yielded significantly higher  

					extractive values for stems (18.28%) compared to roots (11.61%)  

					(Table 1). This notable variation underscores the heterogeneous  

					distribution of bioactive constituents across different plant organs. The  

					extraction process represents a critical initial step in phytochemical  

					investigations, with the choice of solvent exerting a major influence on  

					the efficiency and selectivity of compound recovery. The addition of  

					water to organic solvents like methanol and ethanol enhances extraction  

					by enabling the simultaneous recovery of both polar and non-polar  

					compounds due to their high efficiency, low toxicity, and adjustable  

					polarity.21 The crude extract yields obtained in this study are consistent  

					with existing literature. Specifically, hydro-methanolic extracts from  

					the aerial parts and roots of Salvia ceratophylla yielded approximately  

					14.26% and 12.04% respectively.22 Hydro-ethanolic extracts from the  

					aerial parts of S. mirzayanii and S. macrosiphon showed yields of  

					around 22.0% and 16.8%, respectively.23  

					(%) = 100 × (  

					−

					)/  

					.

					(Eq. 2)  

					OD sample: optical density of sample  

					OD control: optical density of control  

					Membrane stabilizing effect  

					The erythrocyte membrane stabilization assay assesses a substance's  

					ability to protect red blood cells from lysis under stress according to the  

					method described by Fujiati et al.19 In this procedure, blood samples  

					from healthy mice, stored at 4 °C for 24 hours, were used to prepare a  

					40% (v/v) erythrocyte stock suspension in phosphate-buffered saline  

					(PBS; 10 mM, pH 7.4) after repeated washing with sterile saline (0.9%  

					w/v NaCl). An aliquot of this suspension (50 µL) was added to a  

					hypotonic buffer containing varying concentrations (500, 250, 125,  

					62.5, and 31.2 µg/mL) of Salvia algeriensis extracts. Following a 10-  

					minute incubation at room temperature, samples underwent  

					centrifugation (at 5000 rpm for 5 minutes). Absorbance at 540ꢀnm was  

					measured using an ELX800 microplate reader (BioTek Instruments,  

					Inc., Winooski, USA). The percentage inhibition of hemolysis was  

					calculated using Equation 3, as follows:  

					Total phenolic content (TPC) and flavonoid content (FC)  

					Salvia algeriensis (Desf.) extracts revealed a differential distribution of  

					polyphenols and flavonoids (Table 1). Roots exhibited significantly  

					higher polyphenol concentration (114.01 ± 2.52 µg GAE/mg extract),  

					followed by stems (62.01 ± 5.85 µg GAE/mg extract) (p < 0.0001).  

					Similarly, flavonoid content, expressed as µg QE/mg extract, was  

					significantly higher in roots (11.31 ± 0.66) compared to stems (3.85 ±  

					0.07) (p < 0.0001).  

					Similar total phenolic content (TPC) variations between aerial parts and  

					roots have been reported in other Salvia species. For instance, some  

					studies show higher TPC in the aerial parts of S. przewalskii compared  

					to their roots,24 the opposite was noted in S. officinalis.25 Our analysis  

					revealed a comparable TPC in the aerial parts of S. algeriensis to S.  

					bulleyana,26 but lower than that of S. nemorosa (294.9 mg GAE/g  

					extract).27  

					The flavonoid content reported in this study aligns with previous  

					findings. For example, Khiya et al.28 reported total flavonoid content  

					ranging from 1.92 to 9.1 mg QE/g extract in Salvia officinalis collected  

					from two different regions in Morocco, while Krimat et al.29 observed  

					4.68 mg QE/g extract in the hydro-methanol extract of Salvia chudaei.  

					These results, along with findings from other Salvia species, support the  

					notion that the variations in extract yield and composition may be  

					attributed to factors such as habitat, phenological stage, extraction  

					method, and solvent type.30  

					2 −  

					1

					1

					ℎ

					ℎ

					(%) = 100 × 1 −  

					−

					(Eq. 3)  

					ABS1: absorbance of test sample incubated in an isotonic solution;  

					ABS2: absorbance of test sample incubated in a hypotonic solution;  

					ABSc: absorbance of control sample in a hypotonic solution.  

					Carrageenan-induced paw edema in mice  

					The anti-inflammatory effects of Salvia extracts were investigated  

					through the carrageenan-induced paw edema assay conducted in mice,  

					following a protocol described by Hosni et al.20 Mice were divided into  

					six groups (n = 3): a negative control receiving distilled water (15  

					mL/kg, orally), a positive control receiving sodium diclofenac (10  

					mg/kg, orally), and three experimental groups receiving different doses  

					of the Salvia extracts (250, 500, and 1000 mg/kg, orally). After 60  
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					Table 1: Yields, total phenolic, and flavonoid contents of hydro-methanolic extracts of Salvia algeriensis (Desf.) root and stem.  

					Extract  

					Root  

					Yield (%)  

					TPC (µg GAE/mg extract)  

					FC (µg QE/mg extract)  

					11.605b  

					114.01±2.52a  

					11.31 ± 0.66a  

					Stem  

					18.28a  

					62.01±5.85b  

					3.85 ± 0.07b  

					TPC—total phenolic content; FC—flavonoid content. GAE—gallic acid equivalent. QE—quercetin equivalent. Note : values are means ±  

					standard deviation (n = 3). Values within the same column with different letters (a-b) are statistically significant according to Tukey’s post hoc  

					test (p < 0.0001).  

					Phenolic compounds  

					(compound 5), and flavan-3-ol (compound 3), alongside 13 phenolic  

					acids (compounds 1, 2, 4, 6, 7, 11, 12, 13, 14, 15, 16, 18, 19). HPLC  

					chromatograms (280 nm) and detailed spectral data are presented in  

					Figure 1 and Table 2.  

					The phytochemical analysis of Salvia algeriensis (Desf.) extracts  

					revealed the presence of 20 distinct phenolic compounds. These  

					included six flavonoids: flavones (compounds 8, 9, 10, 17), a flavanol  

					Table 2: Tentative identification of phytochemicals in Salvia algeriensis (Desf.) root and stem extracts.  

					tR (min) Tentative identification Root  

					[M-H]- (m/z) MS 2 fragments  

					Peak  

					Stem  

					1

					3.8  

					197 179, 135, 123, 72 Danshensu  

					+

					+

					2

					6.86  

					8.2  

					137  

					289  

					493  

					463  

					179  

					387  

					593  

					623  

					447  

					717  

					717  

					359  

					555  

					359  

					373  

					717  

					285  

					535  

					315  

					93, 108  

					p-hydroxybenzoic acid  

					Catechin  

					+

					-

					-

					3

					245  

					+

					-

					4

					8.2  

					135, 185, 295, 313, 461  

					301, 257, 179  

					135  

					Salvianolic acid A  

					+

					+

					+

					+

					+

					-

					5

					8.5  

					Quercetin-C-hexoside  

					Caffeic acid  

					+

					+

					-

					6

					9.1  

					7

					9.8  

					207, 163, 369  

					353, 503, 473  

					461, 447, 285  

					285, 357, 327, 297  

					519, 475, 537, 339  

					519, 475, 537, 339  

					179, 197, 135  

					313, 357  

					p-coumaric acid hexoside  

					Apigenin-C-glucoside  

					Luteolin-O-hexuronide-O-hexoside  

					Luteolin-O-hexoside  

					8

					10.7  

					11.10  

					12.4  

					13.1  

					13.6  

					14.01  

					-

					9

					+

					+

					+

					-

					10  

					11  

					12  

					13  

					-

					Salvianolic acid B isomer I  

					Salvianolic acid B isomer II  

					Rosmarinic acid isomer I  

					Salvianolic acid K  

					+

					+

					+

					+

					+

					-

					+

					-

					14  

					15  

					16  

					17  

					18  

					19  

					14.7  

					15.7  

					16.16  

					16.4  

					20.9  

					21.87  

					179, 197, 135  

					179, 135, 161, 197  

					519, 475, 537, 339  

					267, 241, 199, 175, 150  

					359, 373, 179  

					153, 197, 135, 109  

					Rosmarinic acid isomer II  

					Methyl rosmarinic acid  

					Salvianolic acid B isomer III  

					Luteolin  

					+

					+

					-

					+

					-

					+

					+

					-

					Methyl rosmarinic acid-hexoside  

					Protocatechuic acid hexoside  

					-

					+

					tR retention time (minute); (+) detected; (-) not detected  
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					Figure 1: HPLC chromatograms of root (a) and stem (b) extracts (280 nm).  

					Hydroxycinnamic acids were identified as the predominant class of  

					its main fragment at m/z 623. Upon fragmentation, it produced  

					characteristic ions at m/z 285, corresponding to the aglycone luteolin,  

					m/z 461, indicating the loss of a hexose moiety (162 amu), and m/z 447,  

					attributable to the loss of a hexuronide moiety (176 amu). Luteolin-O-  

					hexoside (compound 10, [M-H]- at m/z 447 → 357, 327, 297, 285).  

					Another flavone glycoside, apigenin-C-glucoside, was identified only  

					in root extracts (compound 8, [M-H]- at m/z 593), its MS profile  

					revealed characteristic fragments at m/z 353, 503, and 473.  

					Salvia species are characterized by a rich profile of hydroxycinnamic  

					acids, a finding consistently reported across diverse sage species.  

					Notably, rosmarinic acid emerges as the predominant polyphenol.26  

					Sage tea infusions contain diverse phenolic compounds, with  

					hydroxycinnamic acid derivatives and flavone glycosides being the  

					most prevalent. The dominant individual compounds found were  

					rosmarinic acid (1.22–19.6 mg/g), salvianolic acid K (0.68–5.64 mg/g),  

					and luteolin-7-O-glucoside (3.79–16.6 mg/g).34 Salvia officinalis,  

					Salvia fruticosa, and Salvia pomifera showed flavone glycosides of  

					luteolin and apigenin as the most frequently occurring compounds  

					within the tested samples. Rosmarinic acid, salvianolic acid K, and  

					luteolin 7-O-rutinoside were also frequently detected. Rosmarinic acid  

					exhibited the highest variability and content, ranging from 0.86 to 22.37  

					mg/g dry weight.35  

					The phenolic compound distribution observed in Salvia algeriensis is  

					consistent with patterns reported in S. bulleyana.26 Although Salvia  

					species are known to contain various hydroxybenzoic acids, these  

					compounds are typically present in considerably lower concentrations  

					compared to hydroxycinnamic acids.34,36 In contrast, flavones are  

					prominent across the Salvia genus, with apigenin and luteolin  

					representing the most abundant flavonoids. These are frequently found  

					in the form of mono-glycosylated derivatives, contributing to the plant’s  

					pharmacological activities.37,38  

					compounds. Rosmarinic acid (compounds 13 and 14, [M-H]- at m/z 359  

					→ 179, 197, 135) and methyl rosmarinic acid (compound 15, [M-H]- at  

					m/z 373 → 179, 135, 161, 197) were detected in both root and stem  

					extracts, consistent with previous reports.31 Rosmarinic acid exhibited  

					the highest relative peak area in stems extract, indicating its relative  

					abundance. Methyl rosmarinic acid-hexoside (compound 18, [M-H]- at  

					m/z 535 → 359, 373) was specifically detected in the stem extract.  

					Salvianolic acid A (compound 4, [M-H]- at m/z 493) was identified in  

					the roots extract, characterized by fragment ions at m/z 295 and 313,  

					consistent with published data.32 Compounds 11, 12, and 16, exhibiting  

					[M-H]- ions at m/z 717, were tentatively assigned as salvianolic acid B  

					isomers, present in both root and stem extracts. Fragmentation patterns  

					showed neutral losses of danshensu (198 Da) and caffeic acid (180 Da),  

					yielding fragment ions at m/z 519 and 339, respectively. Salvianolic  

					acid K (compound 13, [M-H]- at m/z 555), identified by fragment ions  

					at m/z 357 and 313, was observed with high peak intensity. Rosmarinic  

					acid and salvianolic acid K were determined to be the most abundant  

					compounds in the root extracts.  

					Caffeic acid (compound 6, [M-H]- at m/z 179) and p-coumaric acid  

					hexoside (compound 7, [M-H]- at m/z 387) were identified in root  

					extracts. The latter's MS/MS spectrum exhibited diagnostic fragment  

					ions at m/z 369, 207, and 163, consistent with sequential losses of 18  

					Da (H2O), 162 Da (hexose), and 44 Da (CO2), respectively.33  

					Root extract also contained protocatechuic acid hexoside (compound  

					19, [M-H]- at m/z 315), characterized by fragment ions at m/z 153 and  

					109, corresponding to hexose (162 amu) and CO2 (44 amu). p-  

					Hydroxybenzoic acid ([M-H]- at m/z 137) was identified through  

					fragment ions at m/z 93 and 108. Danshensu (compound 1, m/z 197, 3.8  

					min) was tentatively identified in both extracts, fragmenting to m/z 179,  

					135, 123, and 72.  

					Flavonoids were notably present in the tested samples. A distinct  

					flavanol aglycone was identified in the stem extract at peak 3, ([M-H]-  

					at m/z 289 → 245), the generated fragment was attributed to the loss of  

					CO2 (44 amu) indicative of the aglycone catechin.  

					Flavonol was detected as compound 5 in both extracts. it exhibited a  

					mass spectrometry profile with a molecular ion peak at m/z 463. Further  

					fragmentation led to product ion at m/z 301, attributed to the neutral loss  

					of a hexose moiety (162 amu), and m/z 257, indicative of the loss of  

					CO2 (44 amu). Additionally, characteristic fragment ions at m/z 179 and  

					m/z 151 were observed, consistent with the fragmentation patterns of  

					quercetin aglycone. Compound 5 was identified as a quercetin-C-  

					hexoside.  

					Antioxidant activity  

					The antioxidant potential of Salvia algeriensis (Desf.) hydro-  

					methanolic extracts from roots and stems was assessed using ABTS•+,  

					H2O2 radical scavenging, and TBARS inhibition assays, with results  

					summarized in Table 3. The root extract demonstrated superior  

					antioxidant activity in all assays, significantly outperforming the stem  

					extract (p < 0.005). Notably, in the TBARS assay, the root extract  

					exhibited the lowest IC50, in the order of 10.42 ± 3.36 µg/mL , while its  

					ABTS•+ radical scavenging activity (EC50: 17.3 ± 0.8 µg/mL) remained  

					significantly higher than that of the stem extract (p < 0.005) though it  

					did not exceed the activity of vitamin C (p < 0.05). Similarly, the root  

					extract exhibited lower IC50 for H2O2 radical scavenging (107.19 ±  

					14.89 µg/mL) compared to the stem extract (375.23 ± 44.51 µg/mL) (p  

					< 0.00005).  

					Both flavone aglycones and flavone glycosides were present in stem  

					extracts. Luteolin was recorded as compound 17 at m/z 285, a molecular  

					deprotonated ion characteristic of the aglycone luteolin. Compound 9  

					was tentatively identified as a luteolin-O-hexuronide-O-hexoside due to  
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					Overall, the root extract was approximately six times more effective  

					than the stem extract in lipid peroxidation inhibition (TBARS), and  

					three times more active in ABTS•+ radical scavenging, highlighting its  

					potent antioxidant properties.  

					exhibited strong antioxidant activity, with only a slight variation in  

					TBARS inhibition (66.7% vs. 57.1% at 100 µg/mL).39  

					When compared to Salvia officinalis, S. algeriensis extracts  

					demonstrated a greater ability to inhibit lipid peroxidation, as indicated  

					by their lower TBARS EC50 values (10.42 ± 3.36 µg/mL vs. 132 ± 5.07  

					to 235 ± 6.43 µg/mL in S. officinalis). This is particularly noteworthy  

					given S. officinalis' well-established antioxidant potential, attributed to  

					its rich phenolic composition, including hydrocinnamic acids,  

					rosmarinic acid, luteolin-7-O-glucuronide, and salvianolic acid K  

					isomers.40  

					Previous studies on Salvia rosmarinus indicate comparable hydrogen  

					peroxide scavenging activity to our findings.41 Salvia rosmarinus  

					extracts showed IC50 values ranging from 37.36 to 385.21 µg/mL,  

					suggesting a consistent trend of hydrogen peroxide neutralization  

					within the Salvia genus.  

					These findings align with previous studies on Salvia bulleyana,26 where  

					root extracts exhibited greater lipid peroxidation inhibition than shoots,  

					achieving 26% and 41% inhibition at 50 µg and 100 µg, respectively,  

					compared to 16% and 36% for shoot extracts. The higher antioxidant  

					activity in S. bulleyana roots was attributed to salvianolic acid K and  

					rosmarinic acid, both of which were also predominant in our S.  

					algeriensis extracts, further supporting this trend of root-dominant  

					antioxidant activity.  

					Similarly, Salvia viridis shoot extracts displayed ABTS•+ radical  

					scavenging activity (IC50 = 16.81- 47.99 µg/mL) comparable to S.  

					algeriensis but with a lower TBARS inhibition potential. The  

					flavonoid-rich hydroethanolic and infusion extracts of S. viridis  

					These comparisons further highlight the promising antioxidant potential  

					of S. algeriensis (Desf.), particularly in lipid peroxidation inhibition.  

					Table 3: Antioxidant activity of hydro-methanolic extracts of root and stem of Salvia algeriensis (Desf.).  

					Assay  

					Root  

					Stem  

					Standard  

					ABTS•+ IC50 (µg/mL)  

					17.3 ± 0.8b  

					57.6± 2.3a  

					3.50±0.25c  

					TBARS EC50 (µg/mL)  

					H2O2 IC50 (µg/mL)  

					10.42±3.36b  

					67.85±9.55a  

					20.13±1.93b  

					84.32±0.46a  

					107.19±14.89a  

					375.23±44.51b  

					ABTS•+—2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; TBARS—thiobarbituric acid reactive substances; H2O2—hydrogen peroxide.  

					Ascorbic acid was used as a reference compound in ABTS•+and H2O2 assays, and BHT in TBARS assay. Values are means ± standard deviation (n =  

					3). Values within the same row with different letters (a-b) are statistically significant by Tukey’s post hoc test (p < 0.005).  

					Cytotoxic potential  

					0.01; MCF-7: 1.02 ± 0.02; HeLa: 1.01 ± 0.03; Caco-2: 1.21 ±  

					0.02; AGS: 1.23 ± 0.03; Vero: 1.41 ± 0.06.  

					The antiproliferative potential of Salvia algeriensis (Desf.) root and  

					stem extracts was evaluated using the sulforhodamine B (SRB) assay,  

					revealing a selective cytotoxic effect primarily associated with the roots  

					extract (Figure 2).  

					The root extract demonstrated inhibitory effects on the proliferation of  

					human tumor cell lines, including breast (MCF-7), cervical (HeLa),  

					lung (NCI-H460), colorectal (Caco-2), and gastric (AGS) carcinoma  

					cells. The extent of inhibition was quantified by GI50 values, which  

					ranged from 131.21 ± 11.97 µg/mL to 201.35 ± 11.25 µg/mL across the  

					tested cell lines. Notably, colorectal (Caco-2) and cervical (HeLa)  

					carcinoma cell lines exhibited significantly the highest sensitivity, as  

					indicated by significantly lower GI50 values of 131.21 ± 11.97 µg/mL  

					and 145.87 ± 8.34 µg/mL, respectively (p < 0.05). This suggests a  

					comparatively greater inhibitory effect of the root extract on the growth  

					of these specific tumor cell types (p < 0.05). The root extract exhibited  

					selective cytotoxicity, showing a preferential inhibitory effect on cancer  

					cells relative to normal Vero cells (GI50 = 284.44 ± 11.99 µg/mL),  

					indicating a potential therapeutic window. Conversely, the stem extract  

					exhibited limited antiproliferative activity, with GI50 values exceeding  

					400 µg/mL for all tested cell lines, with the exception of Caco-2, which  

					showed moderate activity.  

					Studies consistently demonstrate the anticancer potential  

					of Salvia species.42,43,44 The present analysis of Salvia root extract  

					revealed the presence of several key compounds. These specific  

					compounds are widely recognized in scientific literature for their  

					bioactivity, making it highly probable that they contribute to the  

					observed effects. This finding further supports the broader  

					understanding that plant secondary metabolites are increasingly  

					recognized for their vital role in cancer management, demonstrating  

					therapeutic potential in both human and animal contexts.45  

					Figure 2: Anti-proliferative activity of hydro-methanolic  

					extracts of root and stem of Salvia algeriensis (Desf.) against  

					human tumor cell lines and non-tumor cells. Note: values  

					expressed as mean ± standard deviation (n = 2). According to  

					Duncan's post hoc test, different letters indicate significant  

					differences (p < 0.05) between cell lines. GI50: the  

					In Salvia aethiopis, rosmarinic acid and salvianolic acids (notably C  

					and K) were identified as major constituents. These are attributed as  

					primary candidates for proliferation inhibition in tumor cell  

					lines: hepatocellular carcinoma (HepG2, GI50  

					=

					353.8  

					±

					21.8  

					concentration required for 50% growth reduction, expressed in  

					µg/mL. NCI-H460: lung carcinoma, MCF-7: breast  

					adenocarcinoma, HeLa: cervical carcinoma, Caco-2: colorectal  

					adenocarcinoma, AGS: gastric adenocarcinoma, and Vero:  

					African green monkey kidney. *: GI50 > 400 µg/mL. Ellipticine  

					was used as standard, GI50 values in µg/mL -NCI-H460: 1.01 ±  

					μg/mL), lung adenocarcinoma (A549, GI50 = 683.4 ± 7.5 μg/mL),  

					and prostate adenocarcinoma (PC-3, GI50 = 720.1 ± 15.2 μg/mL).44  

					Critically, salvianolic acid K (the dominant constituent in our root  

					extract) correlates with potent antiproliferative activity in both Thymus  

					zygis and this study. Salvianolic acids including (K, and I) and  

					rosmarinic acid in Thymus zygis extracts have significantly induced  

					apoptosis in colorectal adenocarcinoma (Caco-2; GI50 = 85.01 ± 15.10  
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					µg/mL) and hepatocellular carcinoma (HepG2; GI50 = 82.19 ± 2.46  

					µg/mL) after 48 h of exposure.46  

					values expressed as mean ± standard deviation (n = 3).  

					According to Tukey's post hoc test, significant differences are  

					indicated as follows: *(p < 0.05), ** (p < 0.005), *** (p <  

					0.0005) between samples. The inhibition is expressed as a  

					percentage (%).  

					Salvianolic acid B demonstrates multi-targeted anticancer activity and  

					induces dose-dependent apoptosis with low toxicity in breast  

					adenocarcinoma (MCF-7) cells; suppresses viability, migration,  

					invasion, and epithelial-mesenchymal transition (EMT) in gastric  

					adenocarcinoma (AGS and cisplatin-resistant AGS/DDP) models; and  

					attenuates non-small cell lung cancer (NSCLC) metastasis via PKM2-  

					independent metabolic reprogramming.47  

					However, acknowledging the observed toxicity in Vero cells, despite  

					the higher GI50, underscores the critical need for comprehensive safety  

					assessments on diverse healthy cell types to establish the roots extract's  

					suitability for therapeutic use. This ensures a thorough evaluation of  

					potential adverse effects and informs the development of safe and  

					effective therapeutic strategies.  

					This dose-dependent inhibition suggests that the extracts contain  

					bioactive constituents capable of modulating lysosomal function, a key  

					component of macrophage-mediated immune responses. Nasr-  

					Bouzaiene et al.18 previously reported that flavonoids can suppress  

					lysosomal enzyme activity in macrophages, supporting their potential  

					anti-inflammatory role. Furthermore, their study highlighted the  

					immunomodulatory effects of specific flavonoids such as apigenin-7-  

					glucoside, genkwanin, and naringenin which were shown to enhance  

					lymphocyte proliferation and natural killer (NK) cell activity.  

					The significantly higher inhibitory potency of the root extract points  

					towards a differential distribution and concentration of bioactive  

					constituents, likely including flavonoids, within the Salvia algeriensis.  

					The established link between the presence of hydroxyl groups in  

					phytochemicals (such as flavonoids like apigenin and quercetin  

					derivatives potentially enriched in the root extract) and the modulation  

					of immune functions, particularly phagocytic activity and lysosomal  

					enzyme activity,18 provides a logical explanation for the observed  

					differences between the root and stem extracts.  

					Cellular lysosomal activity  

					The present study assessed the effect of Salvia algeriensis (Desf.) root  

					and stem extracts on macrophage lysosomal enzyme activity (Figure 3).  

					The results revealed that both extracts exhibited a dose-dependent  

					inhibition of the lysosomal enzyme (acid phosphatase). Notably, at the  

					same concentration (10 µg/mL), the percentage of inhibition by the root  

					extract was approximately four times greater than that of the stem  

					extract (p  

					<

					0.005). Specifically, the root extract achieved  

					approximately 50% inhibition (55.87 ± 12.47%) at this concentration,  

					demonstrating its significantly higher inhibitory potency compared to  

					the stem extract (22.61 ± 0.85%).  

					These findings align with the broader understanding of polyphenols as  

					immunomodulatory agents that can regulate diverse immune  

					components and pathways,48 suggesting that the Salvia algeriensis  

					(Desf.) extracts, particularly the root, may exert their effects through  

					similar mechanisms.  

					Membrane stabilizing effect  

					The potential of root and stem extracts from Salvia algeriensis (Desf.)  

					to protect erythrocyte cell membranes against hemolysis induced by  

					hypotonic stress was investigated. The findings clearly indicated that  

					the root extract possessed a more potent inhibitory effect on hemolysis  

					compared to the stem extract (p <0.05), except at the concentration of  

					250 µg/mL, where the difference was not statistically significant (p >  

					0.05) (Table 4). Specifically, the root extract achieved a substantial  

					hemolysis inhibition of 81.28% at the concentration 500 µg/mL.  

					Notably, this protective capacity was comparable to that of  

					acetylsalicylic acid, which exhibited inhibition of 80.43% at the same  

					concentration. In contrast, the stem extract displayed a markedly lower  

					efficacy in preventing hemolysis, showing a reduction from 67.77% at  

					the highest concentration (500 µg/mL) to a considerably lower 19.45%  

					at the lowest concentration (31.25 µg/mL).  

					Figure 3: Inhibition of lysosomal activity by hydro-methanolic  

					extracts of root and stem of Salvia algeriensis (Desf). Note:  

					Table 4: Membrane stabilizing effect of hydro-methanolic extracts of root and stem of Salvia algeriensis (Desf).  

					31.25  

					(µg/mL)  

					62.5  

					(µg/mL)  

					125  

					(µg/mL)  

					250  

					(µg/mL)  

					500  

					(µg/mL)  

					Extract  

					73.35±3.42a  

					81.28±2.82a  

					Root  

					41.46±8.38a  

					60.85±2.49a  

					70.01±2.45a  

					Stem  

					19.45±1.48b  

					31.98±4.46b  

					48.95±4.68b  

					55.68±5.05a  

					67.77±4.15b  

					Standard  

					-

					-

					80.43±0.13a  

					-

					-

					Acetylsalicylic acid was used as standard at 500 µg/mL. Note: values are means ± standard deviation (n = 3). Values within the same column  

					with different letters (a-b) are statistically significant according to Tukey’s post hoc test (p < 0.05).  

					The observed disparity in the protective effects, with root extracts  

					exhibiting a superior rate of hemolysis inhibition, can likely be  

					attributed to their higher abundance of flavonoid compounds. This  

					finding is further supported by existing literature, which consistently  

					demonstrates flavonoids have both in vivo and in vitro, a significant  

					stabilizing effect on lysosomal membranes. Furthermore, phenolics  

					possess the capacity to bind cations, thereby contributing to the  

					stabilization of erythrocyte membranes and other crucial biological  

					macromolecules.49  
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					Our extracts exhibited a parallel trend of lysosomal enzyme inhibition  

					in macrophages, as well as lipid peroxidation (TBARS) inhibition, and  

					H2O2 radical scavenging. A recognized mechanism by which anti-  

					inflammatory agents exert their effects involves the suppression of  

					lysosomal enzyme release through the stabilization of lysosomal  

					membranes and the suppression of oxidative stress. Given the structural  

					similarities between red blood cell (RBC) membranes and lysosomal  

					membranes, the inhibition of hypotonic and hyperthermic RBC  

					membrane lysis is employed as a simplified and reproducible in vitro  

					model to investigate the potential anti-inflammatory mechanisms of the  

					extracts.50  

					considerably lower inhibition compared to both diclofenac and the root  

					extract, with a maximum inhibition of 34.45 ± 0.88% at 1000 mg/kg.  

					The acute carrageenan-induced paw edema model in mice, a standard  

					assay for evaluating anti-inflammatory natural products, exhibits  

					biphasic edema development: an early phase mediated by histamine and  

					serotonin, and  

					a

					delayed phase involving bradykinin and  

					prostaglandins.13 The anti-inflammatory effects associated with Salvia  

					species, largely attributed to their rich phenolic and terpenoid content,  

					are supported by several studies. For example, Salvia fruticosa aerial  

					part and root extracts demonstrated significant in vivo anti-  

					inflammatory activity, reducing paw edema in mice at 200 mg/kg after  

					4 hours, with 50% inhibition from the aerial parts and 44% from the  

					root extract.51 Chia seed extract dose-dependently inhibited  

					carrageenan-induced paw edema, peaking at 91.05 ± 0.75% after 3  

					The observed correlation between erythrocyte membrane stabilization,  

					antioxidant activity, and lysosomal enzyme inhibition suggests a  

					plausible link between the bioactive components in Salvia algeriensis  

					(Desf.) root extracts and their potential anti-inflammatory activity.  

					hours. Its  

					anti-inflammatory  

					effect  

					was  

					comparable  

					to  

					dexamethasone.52  

					The anti-inflammatory activity observed in our study after 2 hours,  

					potentially resulting from the modulation of key inflammatory  

					mediators,13 could be attributed to the abundance of salvianolic acids,  

					rosmarinic acid, and apigenin/luteolin derivatives in root and stem  

					extracts. The high levels of salvianolic acid K and rosmarinic acid  

					detected in root extracts are comparable to those found in Thymus  

					algeriensis. In this related species, these same compounds are  

					associated with anti-inflammatory effects, possibly via inhibition of the  

					NF-κB pathway.53,54  

					Given that plant extracts are mixtures of numerous constituents,  

					synergistic effects among additional unidentified bioactive compounds  

					may also contribute significantly to the observed anti-inflammatory  

					response.  

					Carrageenan-induced edema in mice  

					The hydro-methanolic extracts of the root and stem of Salvia algeriensis  

					(Desf.) revealed remarkable anti-inflammatory effects with a clear  

					dose-dependent increase in efficacy over time in carrageenan-induced  

					paw edema model in mice. The root extracts displayed a notably  

					superior anti-inflammatory profile compared to the stem extracts (Table  

					5). Lower concentrations (250 and 500 mg/kg) initially showed only  

					minimal significant inhibition compared to diclofenac (p < 0.05). At  

					1000 mg/kg, the root extracts showed a significant reduction in edema  

					from the third hour onwards. However, at 5 hours, the concentration  

					1000 mg/kg of the root extracts demonstrated maximum anti-  

					inflammatory activity compared to the standard (p < 0.005), with a peak  

					inhibition reaching 69.98 ± 2.19%. In contrast, the stem extracts showed  

					Table 5: Anti-inflammatory effect of hydro-methanolic extracts of stem and root of Salvia algeriensis (Desf). in a carrageenan-induced  

					paw edema model in mice.  

					Root (mg/kg)  

					250  

					7.81±5.27*  

					Stem (mg/kg)  

					250  

					9.03±1.02*  

					Standard  

					(10mg/kg)  

					22.85±7.03  

					T(h)  

					500  

					6.54±4.02*  

					1000  

					10.35±6.13  

					500  

					6.64±0.16*  

					1000  

					8.20±4.06*  

					1

					2

					3

					4

					5

					35.25±5.38  

					41.58±3.79  

					42.01±0.99  

					43.14±1.92  

					21.95±6.32*  

					38.11±2.02  

					45.30±4.06  

					47.49±6.90  

					26.68±6.06  

					41.76±2.32  

					41.63±2.03  

					56.46±12.47  

					39.19±0.84  

					24.14±1.31  

					24.01±0.39  

					26.94±4.78  

					55.83±3.34***  

					26.51±1.13***  

					28.94±2.40**  

					28.90±0.89***  

					32.52±1.73  

					29.65±3.23**  

					30.16±0.99**  

					34.45±0.88  

					62.78±3.17**** 27.81±3.94***  

					69.98±2.19** 31.66±1.44  

					Values expressed as mean ± standard deviation (n = 3). According to Tukey's post hoc test, significant differences compared to the standard group are  

					indicated as follow: *(p < 0.05), ** (p < 0.005), *** (p < 0.0005), **** (p < 0.00005). The inhibition is expressed as a percentage (%).  

					novel compounds with enhanced therapeutic potential, and optimize  

					extraction methods to improve efficacy and standardization.  

					Conflicts of interest  

					Conclusion  

					Medicinal plants are increasingly recognized as a promising source of  

					natural bioactive compounds for alternative therapeutic applications.  

					The comprehensive phytochemical analysis of Salvia algeriensis  

					(Desf.) root and stem extracts revealed a rich and complex composition,  

					primarily characterized by phenolic acids, notably rosmarinic and  

					salvianolic acids, in addition to diverse flavonoid derivatives. In the root  

					extract, rosmarinic acid and salvianolic acid K showed high peak  

					intensities, while rosmarinic acid was the most abundant compound in  

					the stem extract. Both extracts demonstrated significant bioactivity,  

					including notable antioxidant capacity. Importantly, the root extract  

					exhibited promising cytotoxic activity against a range of human cancer  

					cell lines, with particular efficacy against colorectal and cervical  

					carcinoma. Furthermore, the root extract demonstrated the ability to  

					scavenge free radicals, stabilize red blood cell membranes, inhibit  

					lysosomal enzymes, and reduce carrageenan-induced paw edema in  

					mice. These observed therapeutic effects are likely mediated by the  

					identified bioactive compounds within S. algeriensis (Desf.). However,  

					further validation is essential, requiring both mechanistic studies and  

					comprehensive in vivo safety assessments, particularly regarding the  

					root extract’s cytotoxicity in normal human cells. Future investigations  

					should aim to identify specific molecular targets and pathways, isolate  
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