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Abstract 

 

The goal of this study was to comparatively investigate the physicochemical and biological activities of nanoparticles 

(NPs) formed by the reduction of Salvia officinalis (S. officinalis) using iron (Fe), copper (Cu), silver (Ag) metal salts. 

Fe@NPs, Cu@NPs, Ag@NPs S. officinalis leaves were synthesized using silver nitrate (AgNO3), copper (II) sulfate (CuSO4), 

ferric chloride (FeCl2), (FeCl3). Physical-morphological properties of NPs were determined using instrumental analysis 

techniques FT-IR, UV-visible, SEM, TEM, EDX, XRD and Zeta potential analysis. The antibacterial activity of NPs was 

evaluated by the disk diffusion method. Total antioxidant, total flavonoid/phenolic capacity, DPPH scavenging activity, metal 

chelating activities of NPs were also examined. Cytotoxic activity of NPs on A549 lung cancer cell lines was determined in-

vitro by WST-1 assay. Fe@NPs 270-290, Cu@NPs 270-320, Ag@NPs 300-400 nm generated strong surface plasmon 

resonance in the range. According to SEM/TEM results show that Fe@NPs are round-cubic 49.3; Global 30.24 of Cu@NPs; 

showed that Ag@NPs had circular dimensions of 5,36 nm. Zeta potential values were determined as Fe@NPs -22.2, Cu@NPs 

25.5, Ag@NPs -24.6 mV. As a result of antimicrobial analysis, the highest effect was seen in Ag@NPs. Synergetic effects of 

the extract and metals were evaluated by determining the total antioxidant capacity and total flavonoid/phenolic content of S. 

officinalis and NPs. DPPH scanvenging activity, BHA (65.89%), S. officinalis, Fe@NPs, Cu@NPs, Ag@NPs; It was 

evaluated as 79.57%, 72.30%, 75.81%, 81.12%. Against the metal chelating feature of EDTA; S. officinalis was 42.92%, 

Fe@NPs, Cu@NPs, Ag@NPs were 16.75%, 18.02%, 15.13%. When the results of the anticancer analysis are evaluated; It 

was determined that Fe@NPs decreased cell viability by 90%, Cu@NPs by ~96% and Ag@NPs by 85%. This study reports 

the successful synthesis of Fe@NPs, Cu@NPs, Ag@NPs with S. officinalis leaf extract. The results show that Fe@NPs, 

Cu@NPs, Ag@NPs can be used in biomedical applications. 

 

Key words: Salvia officinalis, Green synthesis, Ag, Fe, Cu nanoparticles, Antibacterial activity, Antioxidant activity, 

Anticancer activity. 

 

Introduction 

 

Nanotechnology is the branch of science that allows 

making targeted changes by reducing substances to nano 

size (Turan et al., 2019). Nanoparticles are known as 

molecular structures with different surface properties in 1-

100 nm sizes, which can provide important developments 

in several sectors, mainly in ecology, agriculture, and 

medical sectors (Anjum et al., 2016; Thipe et al., 2022).  

The synthesis of nanoparticles attracts attention due to 

their physicochemical properties. Nanoparticles can be 

synthesized using various physical and chemical methods. 

Because chemical synthesis methods is toxic, dangerous, 

and expensive for the ecosystem, environmentally friendly 

(green synthesis) and economical production methods have 

been developed. For this, environmentally friendly synthesis 

of nanoparticles using biological materials such as plants and 

algae has attracted attention (Salem & Fouda, 2011; Zafar et 

al., 2019; Kanimozhi et al., 2022; Khan et al., 2024). The 

green synthesis method is basically based on the principle of 

synthesizing biomolecules such as amino acids, enzymes, 

proteins, carbohydrates, and secondary metabolites 

(phenolic substances, alkaloids, saponin, etc.) and metal ions 

as sealing agents that will prevent their growth and 

reduction. It has superior properties in many respects 

compared to those produced by chemical methods 

(Manikandan et al., 2017; Iqbal et al., 2023). 

Copper/copper oxide nanoparticles are highly effective 

nanoparticles due to their ease of access, high 

electrochemical stability, tunable morphology, easy surface 

functionalization, and non-toxicity, as well as magnetic 

properties, electrical, and optical. They are also more 

economical than precious metals such as gold and silver 

(Balaji & Ilangeswaran, 2022). Iron/iron oxide nanoparticles 

are mainly synthesized as FeO or iron oxide types by 

reduction of Fe(II) containing iron salts. Magnetic FeNPs 

have received great attention due to their strong catalyst 

properties, their use in dye removal, and their effectiveness 

in selective applications in industry (Roy et al., 2021). 

AgNPs are among the most studied nanomaterials in the 

literature owing to their antibacterial, anti-inflammatory, and 

antioxidant effects as well as many properties such as 

biosynthesis, and biomedical and antimicrobial applications 

(Zafar et al., 2019; Chakravarty et al., 2022). 

Salvia officinalis is in the class of medicinal plants of 

Mediterranean origin. S. officinalis species are known for 

some of their therapeutic effects, such as treating wounds 

and skin infections, as they contain flavonoids, phenolic 

acids, and terpenes, which are usually found in plants and 

have various therapeutic effects. S. officinalis stands out with 

its therapeutic effects including antioxidant, antibacterial 

and antiviral activities. It has been used in the treatment of 

various diseases such as heart diseases, colds, liver 

problems, nervous system disorders, tuberculosis, bleeding 

in different parts of the world (Ghaedi et al., 2015; Ehsani et 

al., 2021; Sabry et al., 2022; Ferreira et al., 2022). 

Different environmentally friendly nanoparticles of S. 

officinalis were synthesized and their biological activities 
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(i.e. anticancer and antioxidant) were studied (Ghaedi 

2015; Wang et al., 2015; Baharara et al., 2017; Albeladi et 

al., 2020; Abomuti et al., 2021; Ehsani et al., 2021). In this 

paper, the comparative properties of different metal 

nanoparticles under the same laboratory conditions were 

studied for the first time using the same S. officinalis 

aromatic medicinal plant extract. Fe, Cu and Ag 

nanoparticles were synthesized with the extract obtained 

from S. officinalis aromatic medicinal plant leaves. Three 

nanoparticles were synthesized from the same plant and the 

biological activities of the nanoparticles were evaluated 

comparatively for the first time in this study. 

 

Material and Method 
 

Materials: Salvia officinalis, CuSO4 (copper (II) 

sulfate/Sigma-aldrich, 99-100.5% purity), AgNO3 (silver 

nitrate/ Sigma-aldrich, 99 %purity), FeCl24H2O (iron 

chloride/MERCK, Assay ≥99.0 %), FeCl36H2O (Iron(III) 

chloride/ MERCK, 99.0-1002.0%), Folin-Ciocalteu Reagent 

(FCR/ Sigma-aldrich), Na2CO3 (Sodium carbonate/ Sigma-

aldrich, 99-100.5% purity), Gallic acid (MERCK, Assay 

≥99.0), NaNO2 (Sodium nitrite/ /MERCK, Assay: 99.0-

100.5 %), NaOH (Sodium hydroxide/ Sigma-aldrich, 98-

100.5% purity ), AICI3 (Aluminum chloride), quercetin 

(Sigma-aldrich, ≥95% purity), DPPH (2,2-diphenyl-1-

picrylhydrazil), ferrozine, FeCl2, Sulfuric acid (H2SO4), 

Ammonium molybdate( (NH4)6Mo7O24.4H2O), Nutrient 

broth, Muller hintone agar, Phosphate Buffer Solution (PBS), 

DMEM, Fetal Serum Bovine (FBS), Trypsin, penicillin-

streptomycin, DMSO (Dimethyl sulfoxide), WST-1 (4-[3-(4-

Iodophenyl)-2-(4-nitro-phenyl)-2H-5-tetrazolio]-1, 3-

benzene sulfonate). 

 

Extraction and preparation of plant material: Salvia 

officinalis was purchased commercially. Its leaves were 

ground into powder. 25 g was weighed and 250 mL (1/10) 

of distilled water (dH2O) was added. The prepared mixture 

was stirred at 40°C and 1200 rpm for 24 hours. The 

resulting extract was filtered through a 125 mm laboratory 

filter paper. S. officinalis leaf extract, which was filtered 

and particles, was used for nanoparticle synthesis 

(Kuppusamy et al., 2017). 

 

Green synthesis of nanoparticles: For the synthesis of 

Fe@NPs; 1.08 g FeCl24H2O and 0.54 g FeCl36H2O were 

added to 100 mL of dH2O, respectively, and dissolved at 

60°C. 10 mL of S. officinalis leaf extract was added to the 

solution and stirred magnetically for 24 hours. The change 

in color of the mixture from green to brown indicated that 

the nanoparticle was formed. 

For the synthesis of Cu@NPs; 2 g CuSO4 was weighed 

and added to 100 mL dH2O. Thawed at 40°C. 10 mL of S. 

officinalis extract was added. It was stirred at 1200 rpm at 

40°C for 24 hours. The change in color from green to dark 

brown indicated that nanoparticle synthesis had occurred. 

For Ag@NP synthesis; 2 g of AgNO3 was added into 

100 mL dH2O, dissolved at 40°C, and 10 mL of S. 

officinalis extract was added. It was stirred at 1200 rpm 

for 24 hours. The change in the color of the extract from 

light brown to dark brown indicated that nanoparticle 

synthesis had occurred. 

Fe, Cu, and Ag@NPs formed after these processes 

were taken to eppendorf tubes for washing. It was 

centrifuged at 14500 rpm for 5 minutes and the supernatant 

was poured, then washed 3 times with dH2O and 2 times 

with ethanol. It was left at 37°C (Kaya et al., 2018). 

 

Characterization of nanoparticles: Synthesized 

nanoparticles were characterised in terms of their 

morphological features such as size, shape, ionic charge, 

surface area using the following equipments: X-Ray 

Diffraction (XRD), Zeta sizer, Transmission Electron 

Microscopy (TEM), Scanning Electron Microscope 

(SEM)/EDx, Fourier Transforms Infrared Spectroscopy 

(FT-IR), Dynamic light scattering method (DLS), UV-

Visible. These techniques provide important information 

about commercial applications of nanoparticles (Salem & 

Fouda, 2011). 

Uv-vis spectral analysis is suitable for characterization 

and examination as nanoparticles have optical properties and 

are sensitive to agglomeration state, shape, concentration, and 

refractive index near the surface of nanoparticles. FT-IR 

spectroscopy is used to confirm the possible involvement of 

functional groups or biomolecules in the formation and 

stabilization of nanoparticles. This method produces an IR 

spectrum similar to a molecular fingerprint and is a powerful 

tool for identifying chemical bonds in a molecule. TEM is a 

sensitive technique that allows obtaining images at the atomic 

size and is used to control the morphological shape and size 

distribution of nanoparticles. Zetasizer, zeta potential, which 

is a measure of the net charge, is an indicator of the potential 

stability of the colloidal system. Nanoparticles repel each 

other if they have negative or positive potential and show high 

stability when the nanoparticle charge is nearly neutral. XRD 

is used to determine the size distribution of nanoparticles by 

measuring the dynamic fluctuations of light scattering 

intensity caused by Brownian motion. It is based on the 

principle of refracting X-rays in a characteristic order 

depending on the unique atomic arrangement of each crystal 

phase and is used to determine the crystal structure of 

nanoparticles (John et al., 2021). SEM is a type of electron 

microscope used to obtain images by scanning the sample 

surface with a focused beam of electrons (Sebeia et al., 2020). 

 

Antioxidant activity measurement tests: Antioxidant 

activity measurements of nanoparticles were carried out to 

compare plant extract and nanoparticles. Measurements were 

made at 1 mg/mL concentrations of nanoparticle and extract. 

To prepare the nanoparticles at desired concentrations of 1 

mg/mL, 10 µL of DMSO and distilled water were added and 

dissolved in a sonicator. Experiments were carried out in two 

parameters, plant extract and nanoparticle. 
 

Determination of total antioxidant activity: The 

phosphomolybdenum method was used to determine the 

total antioxidant capacity. Evaluations were made according 

to Prieto & Pineda (1999). Equivalently ascorbic acid was 

used. 0.6 M H2SO4, 28 mM NaH2PO4 buffer and 4 mM 

ammonium molybdate (NH4)6Mo7O24.4H2O) solution were 

prepared. To prepare 0.6 M H2SO4 solution, 3.3 mL of 

H2SO4 was dissolved in dH2O. To prepare 4 mM ammonium 

molybdate solution; 0.48 g ((NH4)6Mo7O24.4H2O) dissolved 

in distilled water, for 28 mM NaH2PO4 solution; 0.34 g of 
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NaH2PO4 was weighed and dissolved in dH2O. The prepared 

solutions were combined in a bottle and dH2O was added to 

make the volume 100 mL. For each sample, 25 µL of the 

extract solution and 250 µL of the reagent were taken and 

mixed. The samples were kept in a water bath at 95°C for 90 

minutes, transferred to a 96-well plate, and their absorbance 

was measured at 695 nm on the ELISA device. 
 

Determination of phenolic content: Total phenolic 

content was determined according to the Folin-Ciocalteu 

Reagent (FCR) method with some modifications. For FCR, 

50 mL of FCR was taken, with a total volume of 100 mL, 

and it was covered with dH2O. Na2CO3 solution was 

prepared by dissolving 1 g of Na2CO3 in 50 mL of distilled 

water. 100 µL of plant extract and nanoparticle solutions 

were taken and transferred to a 96-well plate. 100 µL of 

Folin-Ciocalteu solution was added, and incubated for 5 

minutes, and 100 µL of sodium carbonate (20g/100 mL) 

was added. The total volume was completed to 300 µL. 

After incubation in the dark for 90 min at 25°C, gallic acid 

was read at 760 nm according to the standard graph, and 

the total phenolic content was given as gallic acid 

equivalent (mg GAE/g) (Hajji et al., 2010). 
 

Determination of flavonoid content: The total flavonoid 

content was determined using the method of Estevinho et 

al., (2008). For the NaNO2 solution, 7.5 g of NaNO2 was 

dissolved in dH2O and the total volume was made up to 50 

mL. NaOH solution; 2 g of NaOH was dissolved in dH2O 

and the top was completed to a volume of 50 mL. AlCl3 

solution; 5 g AlCl3 was dissolved in dH2O, the volume was 

completed to 50 mL Standard quercetin solution; 5 mg of 

quercetin was dissolved in 5 mL of methanol. For the 

samples, 10 µL of extract solution was taken and 

transferred to 96 plates, 40 µL of distilled water and 6 µL 

of sodium nitrate (150 g/L) solution were added to them 

and left for 6 minutes after vortexing. After this process, 3 

µL of aluminum chloride (2.5 g / 25 mL) was added, mixed 

gently and incubated for 5 minutes to equilibrate. Then, 40 

µL of sodium hydroxide (4 g/100 mL) solution and 100 µL 

dH2O were added, the amount was determined by 

vortexing and reading against quercetin as a standard in the 

spectrophotometer at 415 and 510 nm. 
 

DPPH scanvenging: In order to eliminate the radical 
effect of DPPH, measurements were made by following the 
method developed by various researchers such as Hatano 
et al., (1988). In order to deactivate the radical, the extract 
obtained from S. officinalis was mixed with DPPH, and 
spectrophotometric reading was performed. The amount of 
activity was calculated according to the color removal 
status of the DPPH obtained as a result of the reading. 0.1 
mM DPPH: 2 mg DPPH was dissolved in 100 mL 
Methanol. 50 µL of extract solution was taken for the 
samples and transferred to 96-well plates. Then, 200 µL of 
DPPH was added and vortexed. It was incubated for 60 
minutes in the dark and measured at 517 nm. The 
calculation was made using the given formula: 
 

% DPPH scanvenging (%) = [((AC- AE)/ AC) x 100] 
 

* AC: Absorbance of control sample 

*AE: Absorbance of the example sample 

Metal chelating activity: Metal chelating activity was 

determined using the method of Dinis & Almeida (1994) 

with minor modifications. Madeira 5 mM ferrozine 

solution: 0.0492 g ferrozine was dissolved in 40 mL 

methanol. 2 mM FeCl2 solution: 0.0160 g FeCl2.4H2O was 

dissolved in 40 mL methanol. For each sample in turn, 50 

µL of the extract solution was taken, and transferred to 96 

plates, 160 µL of dH2O and 5 µL of FeCl2 (2 mM) were 

added and mixed by vortexing. After 30 seconds, 20 µL of 

ferrozine (5 mM) was added and mixed. Following this, the 

absorbance of the Fe+2-Ferrozine mixture, which was kept 

at room temperature for 10 minutes, was measured at 562 

nm, and the iron chelating activity of the extract was 

calculated using the formula given below. Metal chelating 

activity is expressed in EDTA equivalent (µg/mL).  

 

Inhibition (%) = [((AC- AE)/ AC) x 100] 
 

* AC: Absorbance of control sample 

*AE: Absorbance of the example sample 

 

Determination of antimicrobial activity: Nutrient Broth 

and Muller Hinton media were weighed in the amount 

specified in the manual and sterilized after filling with 

distilled water and thawing well in a magnetic stirrer. 9 mL 

of Nutrient Broth medium was added into glass tubes and 

with the help of disposable specials, stock bacteria were 

taken from the stock bacteria kept at +4oC and inoculated 

into liquid medium. The medium then was incubated at 37°C 

for 24 hours. The next day, the appropriate bacterial 

concentration was calculated considering the Mc Farland 0.5 

standard. (0.08-0.13 abs). 90 µL of Gram-positive (Bacillus 

subtilis IM622, Staphylococcus aureus ATCC 29213) and 

Gram-negative bacteria (Salmonella typhimurium NRRLE 

4413, Escherichia coli (ATCC 25922), yeast 

(Saccharomyces cerevisiae ATCC 76521) were spread on 

Muller Hinton Agar. 20 mg/ml sample was aseptically 

impregnated into 6 mm discs in petri dishes. The 

antimicrobial activity of Fe, Cu, AgNps prepared with S. 

officinalis extract and the plant's own extract was determined 

with streptomycin, which was also used as a positive control. 

 

In-vitro Anticancer Activity: 10% (50 mL) FBS and 1% (5 

mL) penicillin-streptomycin were added to a 500 mL 

DMEM medium. It was kept at +4 C until it was used. A549 

cancer cell lines, which were kept stocked, were used. 

Dissolved cells in the karyotype were taken into 15 ml falcon 

tubes and after adding 4 ml of DMEM medium, they were 

centrifuged at 4500 rpm for 4 minutes, and the supernatant 

was discarded. 4 mL of medium was re-added to the cells 

and pipetage was performed. After this procedure, the cells 

were transferred to 25 flasks, multiplied in a 37oC and 5% 

CO2 incubator, and then used in the study. 

 

Cell viability test: 2 mg of S. officinalis extract was 

weighed, DMEM was added at a concentration of 1 

mg/mL. Experiments were carried out at different 

concentrations (1000, 500, 250, 125, 62.5 µg/mL). S. 

officinalis Fe, Cu, Ag@NPs were dissolved with 10 µL of 

DMSO and their concentration was adjusted to 2 mg/mL. 

A549 cancer line was taken from the stock cells and it was 

dissolved at 37oC. The cells were then centrifuged at 4500 
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rpm for 4 min. The pellet portion was taken and 4 mL of 

DMEM medium was added to it. The pellet portion was 

transferred to a 25-gauge flask. The samples were kept in 

the incubator for 2 days. Afterward, the cells were counted 

with a thoma slide, inoculated on 96-well plates (10.000 

cells per well) and after the cells were kept in the incubator 

for 2 days again, S. officinalis extract, Fe, Cu, and 

Ag@NPs were concentrated in different concentrations 

(1000, 500, 250, 125, 62.5 µg/mL) was applied. Plates 

were taken and examined under an inverted microscope, 

and the medium was applied to the cells as a control. 10 µL 

of WST-1 substance was added to each well. Cells were 

incubated for 4 hours. Then, absorbance values at 450-630 

nm were taken and recorded in the ELISA reader device. 

 

Results 

 

Characterization of nanoparticles: Nanoparticles were 

synthesized using S. officinalis extract. The bioreduction of 

Fe, Cu and Ag@NPs to zerovalent metallic nanoparticles was 

monitored using field scanning UV-visible absorption 

spectrometry at 180-1100 nm wavelengths for Fe, Cu and 

Ag@NPs. Ag@NPs were found to form bands in the 300-400 

nm range. It was observed that Fe@NPs formed bands at 270-

290 nm and Cu@NPs formed bands in the range of 270-320 

nm. Ag@NPs were found to form bands in the 300-400 nm 

range. The strong surface plasmon resonance property 

confirmed the presence of nanoparticles (Fig. 1A, 1B, 1C). 

Characteristic peaks were recorded in XRD analyzes 

performed at 2θ scale. Fe@NPs; The indices 

corresponding to the peaks in Fig. 2A at 18°, 32°, 37°, 50°, 

58°, 62° and 71° are respectively; (110), (400), (440), 

(200), (220) and (311). For Cu@NPs; The indices 

corresponding to these peaks in Fig. 2B at 27°, 32°, 38°, 

44°, 46°, 54°, 57°, 64°, 77° and 81°, respectively; (110), 

(220), (311), (222), (400), (422), (511), (440) and (620). 

Ag@NPs; Fig. 2C indices corresponding to the peaks in A 

at 38°, 44°, 64°, 77° and 81°, respectively; (111), (200), 

(220), (311), (222). 

FT-IR analysis was performed to determine the 

functional groups of nanoparticles. In the FT-IR analysis 

of Fe@NPs, peaks of 961, 1047, 1143, 1255, 1318, 1381, 

1404, 1587, 2972, 3369 cm-1 values were recorded Fig. 

3A. Values recorded for Cu@NPs; 501, 5180, 5705, 812, 

900, 1047, 1137, 1191, 1175, 1259, 1520, 1367, 1468, 

1519, 1584, 1799, 2156, 2924, 3258 cm-1. Fig. 3B. For 

Ag@NPs, 566, 576, 845, 1010, 1154, 1316, 1415, 1474, 

1508, 1537, 1603, 1713 1774, 2333, 2918 cm-1 values 

were recorded Fig. 3C. 

Elements in the structure of nanoparticles were 

determined using the EDX method. The peaks of Fe, O and 

C elements were recorded in the structure of Fe@NPs Fig. 

4A The peaks of the elements Cu, C and O in the structure 

of Cu@NPs were recorded Fig. 4B The peaks of the 

elements Ag and C were recorded in the structure of 

Ag@NPs Fig. 4C. 
 

 
 

Fig. 1. Uv-vis field scanning of NPs, A: Fe@NPs, B: Cu@NPs, C:Ag@NPs. 

 

 
 

 

Fig. 2. XRD spectrum graph of NPs, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 
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Fig. 3. FT-IR spectroscopy graph of NPs, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 
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Fig. 4. EDX analysis of NPs, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 

 

 
 

Fig. 5. Sem images of NPs, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 

 

When the data obtained from the SEM images were 

evaluated, it was observed that the morphology of 

Fe@NPs showed round and cubic high agglomerate 

tendency and closed-packed nanoparticles. SEM image of 

Fe@NPs is given in Fig. 5A. When the SEM image of 

Cu@NPs is examined in Fig. 5B, more agglomerated 

structures are observed, but when carefully examined, 

spherical nanoparticles attract attention. When SEM 

images of Ag@NPs were evaluated in Fig. 5C, circular 

structure and agglomerated structure such as Fe and 

Cu@NPs were observed. This agglomerated structure in 

NPs is thought to be due to the high surface charge and 

magnetization or the plant extract used as a capping/ 

reducing agent (Koteeswari et al., 2022). 

Micrographs and size distribution histogram graphs 

obtained from TEM results of green synthesis Fe@NPs, 

Cu@NPs and Ag@NPs are given in (Fig. 6A, 6B, 6C). 

Zeta potential provides information about the surface 

charge of nanoparticles and any coating or material on the 

surface (Parmar & Sanyal, 2022). The electrical charge of 

the green synthesis Fe@NPs, Cu@NPs and Ag@NPs was 

recorded by zeta potential analysis. Fig. 7A, 7B, 7C. It was 

determined as -22.2 mV for Zeta Fe@NPs, -25.5 mV for 

Cu@NPs and -24.6 mV for Ag@NPs. 

A A 

B 

C 
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Fig. 6. TEM micrographs of NPs-size distribution histogram, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 

 

 
 

Fig. 7. Zeta potential graph of NPsA: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 

Antimicrobial activities of nanoparticles: In the present 

study, disc diffusion method was used for antimicrobial 

activity measurement. S. officinalis extract and dissolved 

nanoparticles were impregnated with 6 mm discs at 20 

mg/mL under aseptic conditions. The antibacterial activity 

of S. officinalis extract and iron, copper, silver nanoparticles 

were tested using streptomycin as a positive control against 

gram-positive and gram-negative bacteria and yeast 

samples. When the antimicrobial activities of S. officinalis 

extracts were compared, it was seen that the high 

antimicrobial effect in S. aureus was also shown in other 

bacterial species, but this effect was relatively less (Fig. 8; 

Table 1). Copper nanoparticles showed the highest effect in 

E. coli iron nanoparticles, on the other hand, showed a higher 

effect on S. aureus compared to other bacteria and yeast. 

Silver nanoparticles showed high antimicrobial activity in 

both gram-negative and gram-positive bacteria (Table 1). 
 

Anticancer analysis: A549 lung cancer cell line was used 
to investigate the anticancer activity of S. officinalis extract 
and Fe, Cu, Ag@NPs, and their effects on cell viability 
were determined In vitro by WST-1 assay (Fig. 9A, 9B, 
9C). When S. officinalis extract and nanoparticles applied 
to A549 cancer line cells at different concentrations (1000, 
500, 250, 125, 62.5 µg/mL) for 24 hours compared to 
control cells, it was observed that S. officinalis extract 
significantly reduced cell viability at 125 and 62.5 µg/mL 
concentrations. Cu@NPs were found to reduce cell 
viability by approximately 96% at a concentration of 62.5 
µg/mL and to have an effect of 55% at 125 µg/mL. It has 
been noted that Fe@NPs reduce cell viability by 90% and 
250 at 500 µg/mL and 95% at concentrations at 125 µg/mL. 
Although Ag@NPs reduced cell viability at all doses, it 
was determined that the highest efficiency was 
approximately 95% at 125 and 62.5 µg/mL, and at 250 
µg/mL it reduced cell viability by approximately 85%. It 
was determined that cell viability decreased significantly 
and showed high anticancer effect at 125 and 62.5 µg/mL 
concentrations in all groups. Although a cytotoxic effect 
was noted at other doses administered, it was not found to 
be of high significance when compared to the control. 
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Total antioxidant capacity: In order to determine the total 

antioxidant capacity, the results are given as ascorbic acid 

equivalent (AA µg/g) using the phosphomolybdenum 

method. The antioxidant values for S. officinalis were 

determined as 3591.09 (µg/g), 3564.73 (µg/g) for 

Ag@NPs, 1026.55 (µg/g) for Fe@NPs and 2551.09 (µg/g) 

for Cu@NPs (Fig. 10). 

 

Determination of total phenolic/Flavonoid content: S. 

officinalis total phenolic content; It was calculated as 

217.266 (μg/g), Fe@NPs as 150.477, Cu@NPs as 149.193 

(μg/g) and Ag@NPs as 182.954 (μg/g) (Fig. 11). Total 

flavonoid content of S. Officinalis extract; It was calculated 

as 36892, Fe@NPs as 26792, Cu@NPs as 23232 (μg/g), 

and Ag@NPs as 26832 (Fig. 12). 

 

Determination of DPPH radical remov: As a result of 

spectrophotometric analyzes performed to measure radical 

activity, the DPPH removal activity of BHA, a synthetic 

antioxidant, was calculated as 65.89%. Calculated values for 

S. officinalis, Fe, Cu and Ag@NPs are; It was 79.57%, 

72.30%, 75.81%, 81.12% (Fig. 13). The metal chelating 

capacity was evaluated based on the metal chelating property 

of EDTA. The metal chelating activity of S. officinalis extract 

was determined as 42.92%, while Fe, Ag, Cu@NPs were 

determined as 16.75%, 18.02%, 15.13% (Fig. 14). 

 
Table 1. Disc diffusion test results (inhibition zone diameters). 

Microorganism 
International 

microorganism code 

Salvia 

officinalis 
Fe@NPs Cu@NPs Ag@NPs 

Streptomycin 

inhibition zone (mm) 

Staphylococcus aureus (gram+) ATCC 6538P 13 10 2 10 17 

Bacillus subtilis (gram+) ATCC 6633 6 1 1 8 23 

Escherichia coli (gram-) ATCC 25922 8 1 5 5 23 

Salmonella typhimurium (gram-) CCM 5445 8 - - 7 15 

Saccharomyces cerevisiae ATCC 9763 4 1 - - 16 

 

 
 

Fig. 8. Antimicrobial Activities A: S. aureus B: E. coli C: B. subtilis D: S. typhimurium E: S. cerevisiae. 

 

 
 

Fig. 9. Effects of NPs on A549 cell line, A: Fe@NPs, B: Cu@NPs, C: Ag@NPs. 
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Fig. 10. Total antioxidant capacities. 

 

 
 

Fig. 11. Total phenolic substance content. 

 

 
 

Fig. 12. Total flavonoid substance content. 

 
 

Fig. 13. % DPPH radical clearance graph of NPs. 

 

 
 

Fig. 14. % Metal chelation graph of NPs. 

 

Discussion 

 

Characterization of nanoparticles: Aqueous extract of S. 

officinalis is very rich in terms of flavonoid (rosmarinic acid, 

carnasol, rutin, etc.) content. Flavonoids in plant extracts can 

interact with metal ions of metal nanoparticles via 

bioreduction via the hydroxyl group (OH) (Sathishkumar et 

al., 2018; Albeladi et al., 2020). S. officinalis can be used as 

a reducing and stabilizing/coating agent in the biosynthesis 

of metal/metal oxide nanoparticles (Albeladi et al., 2020). In 

the present study, Fe, Cu and Ag@NPs were synthesized 

with S. officinalis and characterized using molecular 

techniques such as UV-vis, XRD, FT-IR, SEM, TEM. 

According to the UV-vis results, Fe@NPs showed an 

absorbance band at wavelengths of 270-290 nm and this 

result is consistent with previous studies. Velsankar et al., 

(2022), the absorbance band at 289 nm shows the surface 

plasmon resonance (SPR) band of iron oxide nanoparticles 

and confirms that this synthesized nanoparticle is iron oxide. 

Jamzad & Bidkorpeh (2020) reported that iron oxide 

nanoparticles synthesized with Laurus nobilis leaf extract 

show SPR bands at 285 nm. It was also reported by 

Karpagavinayagam & Vedhi (2019), that iron oxide 

nanoparticles synthesized with Avicennia marina flower 

extract exhibit SPR bands at 295-301 nm. Ag@NPs showed 

absorbance band at 280-300 wavelengths. Previous studies 

with biosynthetic AgNPs have also recorded SPR bands at 

different wavelengths ranging between 380 to 470 nm (Ali 

et al., 2022; Al-Mashud et al., 2022; Alshameri et al., 2022; 

Ganaie et al., 2022; Vankudoth et al., 2022). In the current 

study, band formation in the range of 270-320 nm was 

observed for Cu@NPs and this range is consistent with 

previous studies. Kolahalam et al., (2022), synthesized CuO 

nanoparticles from plant extracts of Ocimum sanctum and 

Saussurea lappa and reported that two absorption points 

were formed at approximately 270 and 500 nm. They stated 

that the absorption point at 270 nm is due to CuO 

nanoparticles and the other absorption point at 500 nm is due 

to components such as phenolics and flavonoids. In another 

study in which the characterization of biosynthetic Cu@NPs 

was performed, wavelengths in a wide band range of 200-

800 nm were recorded. High wavelengths of Cu@NPs show 

that NPs have been successfully synthesized (Koteeswari et 

al., 2022). When the 2θ scale XRD analyzes of nanoparticles 
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were evaluated; Fe@NPs; It has been recorded that it gives 

characteristic peaks at 18°, 32°, 37°, 50°, 58°, 62° and 71°, 

and the indices corresponding to these peaks are 

respectively; (110), (400), (440), (200), (220) and (311). 

Panikar et al., (2022), performed XRD analyzes of 

biosynthetic Fe@NPs and reported characteristic peaks at 

25°, 34°, 37°, 42°, 52°, 56°, 64°, 66° and 73°. Ag@NPs; 

Characteristic peaks were recorded at 38°, 44°, 64°, 77° and 

81° and the indices corresponding to the peaks, respectively; 

(111), (200), (220), (311) and (222). Al-Mashud et al., 

(2022), reported that the XRD analysis results of AgNPs 

synthesized from Cinnamomum tamala aqueous leaf extract 

showed four strong diffraction peaks at angles of 38°, 44.1°, 

64.42° and 77.46°. For Cu@NPs; Peaks were recorded at 

27°, 32°, 38°, 44°, 46°, 54°, 64°, 77° and 81°. The indices 

corresponding to these peaks, respectively; (220), (311), 

(222), (400), (422), (511), (440) and (620). Kolahalam et al., 

(2022),  XRD peaks of CuO NPs obtained from Ocimum 

sanctum and Saussurea lappa plant extract are 32.39°, 

35.40°, 38.50°, 46.19°, 48.67°, 53.46°, 58.16°, 61.48°, 

65.66° , 66.06°, 67.97°, 72.17° reported that it corresponds 

to the peaks. The presence of the substance used as the 

coating agent of nanoparticles can be determined by FT-IR. 

It was recorded in the wavelength range of 400-4000 cm-1, 

which enables the synthesis of Fe@NPs and also some 

functional groups of S. officinalis extract. In FT-IR analysis 

of Fe@NPs, 961, 1047, 1143, 1255, 1318, 1381, 1404, 1587, 

2972 cm-1 It was seen that cm-1 showed peaks of 3369 cm-

1. 3369 cm-1–OH stretch, 1587 cm-1H-O-H bond, 1255 and 

1143 cm-1plant material and 1381 cm-1, 1404 cm-1, 1587 cm-

1, 2972 cm-1 alkane groups and 961 cm-1 Indicates the Fe–O 

stretch. The presence of different molecules and functional 

groups indicates the formation and stabilization of the 

synthesized Fe@NPs (Devatha et al., 2018; 

Karpagavinayagam et al., 2019; Duman et al., 2021). For 

Ag@NPs, 566, 576, 845, 1010, 1154, 1316, 1415, 1474, 

1508, 1537, 1603, 1713, 1774, 2333, 2918 cm-1 values were 

recorded. Two peaks thought to be compatible with the CH 

extensions of CH2 functional groups (2333 cm-1 and 2918 

cm-1), which were displaced after silver biosorption in the 

region in the 2918 cm-1 range, appeared, indicating the 

participation of methylene groups in the process (Yang et al., 

2017). Two peaks appeared in the region between 2800 cm-

1 and 3000 cm-1 were consistent with CH extensions of CH2 

functional groups (2925 cm-1 and 2855 cm-1), which 

underwent a slight displacement after silver biosorption; 

participation of methylene groups in the process (Yang et al., 

2017). In the amide region (1500-1800 cm-1), amide I (1603 

cm-1) containing C=O stretching of peptide bonds (1508, 

1537, 1603, 1713  and 1774 cm-1) and amide II (1537 cm-1) 

undergo shifts after biosorption. In particular, it shows the 

presence of peak carbonyl groups corresponding to mobile 

amide II at 1508 cm-1 (Kadukova, 2016; El-Sayed & El-

Sayed, 2020). Values recorded for Cu@NPs; 501, 5180, 

5705, 812, 900, 1047, 1137, 1191, 1175, 1259, 1520, 1367, 

1468, 1519, 1584, 1799, 2156, 2924, 3258 cm-1. According 

to these peaks, the OH groups are due to the aromatic 

stretching vibration of 3258 cm-1 and C=C, and the peaks 

between 1575 cm-1 and 1047 cm-1 are due to the stretching of 

C=C aromatic rings and C-OH vibrations from phenolics 

and flavonoids (Nasrollahzadeh et al., 2014). 

Elements in the structure of Fe, Cu and Ag@NPs were 

determined by the EDX method (Fig. 4A, 4B, 4C). 

Accordingly, the high Fe peak as seen in Fig. 4A confirms 

the formation of nanoparticles. The amount of oxygen in 

the structure of Fe@NPs indicates the presence of iron 

oxides. The combinations of Fe, C, and O seen in elemental 

analysis indicate the presence of nanoparticles as well as 

binding with S. officinalis. In addition, the presence of Fe 

and O confirms the high purity of Fe@NPs (Singh et al., 

2020; Duman et al., 2021). The combination of Cu, C and 

O was observed in the elemental analysis of Cu@NPs. 

Sharp peaks with Cu and Os confirm the formation of 

Cu@NPs (Fig. 4B). The presence of oxygen with copper 

indicates that copper sulfate is reduced to copper oxide 

(Shubhashree et al., 2022). When EDX analyzes of 

Ag@NPs are evaluated, the presence of Ag and Cs can be 

observed (Fig. 4C). The formation of nanoparticles was 

confirmed by the peak of Ag at 8.035 keV (Vankudoth et 

al., 2022). When TEM micrographs of nanoparticles (Fig. 

6A, 6B, 6C) were examined, it was observed that Ag@NPs 

are spherical in shape and 5.36 ± 1.09 nm in size. The 

structure of biosynthesized Ag@NPs can be clearly seen 

from the TEM images. The sizes of Ag@NPs are similar 

to previous studies (Hamedi & Shojaosadati, 2019; Al-

Mashud et al., 2022; Ganaie et al., 2022). From the TEM 

images of Cu@NPs synthesized Ag@NPs, it was 

determined that the nanoparticles were in cubic shape and 

their dimensions were 30.24 ± 7.87 nm. The reason why 

nanoparticles were seen in larger sizes is considered as 

aggregation (Ilbasmis-Tamer et al., 2022). When the TEM 

images of Fe@NPs were examined, it was found that they 

had a circular structure and their dimensions were 49.31 ± 

9.13 nm. Fe@NPs that are aggregates can be seen in larger 

sizes (Velsankar et al., 2022). The zeta potential analysis 

results of nanoparticles have determined the electrical 

charge of AgNPs as -24.6 mV. According to this value, 

Ag@NPs show a moderate stability (Raj et al., 2017). The 

zeta potentials of Cu@NPs were -25.5 mV, indicating the 

stability of Cu@NPs due to the increase in electrostatic 

repulsion forces (Ilbasmis-Tamer et al., 2022). The zeta 

potential of Fe@NPs was -22.2 mV. This value indicates 

the moderate stability of the nanoparticles. The reason for 

recording negative values proves that organic compounds 

adhere to the surface of NPs (Akbaba et al., 2017; Singh et 

al., 2020; Duman et al., 2021). 
 

Antimicrobial analysis: Although different test methods 

and test microorganisms have been used in antimicrobial 

activity studies, the reliability and suitability of the Disk 

Diffusion method have been emphasized in many studies 

(Onbaşili et al., 2011). The antimicrobial effect of S. 

officinalis was noted in the present study. S. officinalis 

extract showed a high effect on S. aureus and could be 

considered significant in other groups. Plants such as S. 

officinalis have the ability to inactivate microbial adhesion 

because they have secondary metabolites. Therefore, these 

plants can be used as a static agent against pathogenic 

bacteria and fungal agents (Ghaedi et al., 2015). Although 

Cu@NPs showed an activity in all tested bacteria, they 

showed the highest effect in E. coli, which showed 

pathogenic properties. Our results are in agreement with the 

literature. It has been stated in studies that Cu@NPs can 
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replace gold and silver nanoparticles in many fields such as 

use, antimicrobial activity, antiviral, herbal production and 

many other fields (Husen & Siddiqi 2014; Ameh & Sayes, 

2019; Chaerun et al., 2022). Iron nanoparticles, on the other 

hand, showed a higher effect on S. aureus compared to other 

bacteria and yeast. Silver nanoparticles showed high activity 

in both gram-negative and gram-positive bacteria. When 

metal/metaloxide NPs, which are seen as antimicrobial 

nano-agents, are evaluated, Ag@NPs draw attention due to 

their high antimicrobial properties and effectiveness against 

bacteria, viruses and fungi. Although the mechanism of 

action of the antibacterial activity of Ag@NPs on gram-

negative (E. coli) and gram-positive bacteria (S. aereus) 

cannot be clearly stated, the researchers have previosly 

explained the antibacterial activity of Ag@NPs by 

associating their adhesion to the bacterial surface and 

destabilizing the bacterial cell wall (Tang & Zheng 2018; 

Crisan et al., 2021; Calabrese et al., 2022). 

 
Anticancer analysis: Anticancer studies were performed 
in A549 lung cancer line cells. It was observed that S. 
officinalis aqueous extract significantly reduced cell 
viability at concentrations of 1000, 500 and 250 µg/mL. 
Natural products of plant origin are of interest as a potential 
source of anticancer agents. S. officinalis species and other 
plants are used in the treatment of many cancer and tumor 
diseases among the public (Lichota & Gwozdzinski, 2018; 
Adewole, 2020). S. officinalis has cytotoxic properties 
against cancer cells, it also contains severaal chemicals 
with antimicrobial, antioxidant and anti-inflammatory 
activities (Eghbaliferiz, et al., 2018; Najar et al., 2021; 
Karami et al., 2021; Yu et al., 2021). It has been noted that 
Fe, Cu and Ag@NPs significantly reduced cell viability by 
showing high anticancer activity at other doses and 
especially at concentrations of 1000, 500 and 250 µg/mL. 
It is known that transition metals such as Cu, Ag, Au attract 
attention as antibacterial and anticancer (Liu & Gust, 2016; 
Jakob et al., 2021). Nanomedicine plays an important role 
in realizing more effective and alternative treatment 
strategies for cancer (Barabadi et al., 2017; Yoonus et al., 
2020). Nanoparticles produced by biological synthesis 
method are promising in cancer treatment because they are 
environmentally friendly, biocompatible and low cost. It 
has been reported that copper ions released by CuO NPs 
arrest the cell cycle in lung A549 cancer line cells. It 
induces DNA damage and pulls down the cell nuclear 
antigen (Hanagata et al., 2011; Preethi et al., 2022). FeO 
NPs are being studied more and more as an alternative 
anticancer application to reduce cytotoxicity and side 
effects of chemotherapy (Yusefi et al., 2020). 
 

Antioxidant analysis: When antioxidant studies were 

evaluated, the total phenolic content of S. officinalis was 

calculated as 217.266 (µg/g), Fe@NPs 150.477, Cu@NPs 

149.193 (µg/g) and Ag@NPs 182.954 (µg/g). The values 

of total flavonoid content were calculated as S. officinalis 

extract 36892, Ag@NPs 26832, Fe@NPs 26792 and 

Cu@NPs 23232 (µg/g). The strong antioxidant properties 

of S. officinalis species have also been reported in other 

studies. It has been reported that S. officinalis plant has 

biological properties such as antioxidant, antitumor and 

antibacterial due to its richness in phenolic and volatile 

compounds. The reason why plants are rich in these 

compounds is interpreted as the substitution of natural 

plant defense mechanisms and a possible ecological 

intensification of agriculture (Stagos et al., 2012; Garcia et 

al., 2016; Bahadori et al., 2018; Khiya et al., 2019). Khiya 

et al., (2019), at the end of his study with S. officinalis; 

states that polyphenols, catechics, and flavonoids are 

intensely present in S. officinalis. It reports that it is rich in 

phenolic content (1.044 ± 0.004 mg GAE/g extract) and 

flavonoids (0.037 ± 0.003 mg EQ/g extract). The DPPH 

radical is stable because the spare electron is delocalized 

on the molecule and prevents dimer formation. The dark 

purple color disappears when DPPH is reduced to its non-

radical form by antioxidants. The model system of DPPH 

radicals is widely used to investigate the scavenging 

behavior of various natural compounds. When the DPPH 

radical is scavenged, the color of the reaction mixture 

changes from purple to yellow with decreasing absorbance 

at 517 nm (Thakar et al., 2021). Calculated values for S. 

officinalis, Cu, Fe and Ag@NPs in the present study; 

79.57%, 75.81%, 72.30%, 81.12%. Biosynthesis Ag@NPs 

showed the highest DPPH removal. This shows that it can 

have a synergistic effect when combined with S. officinalis. 

Thakar et al. (2021), stated in their study that CuONPs 

synthesized with the leaf extract of Cissus vitiginea plant 

have higher antioxidant activity than the plant extract and 

are closer to ascorbic acid, which is used as a standard. 

Dose-dependent CuONPs showed significant inhibition of 

DPPH activity compared to Cissus vitiginea leaf extract. 

Kanchana et al. (2022), reported that biosynthesized 

Ag@NPs are good radical scavengers. He states that 

Ag@NPs act as hydrogen or electron donor in the 

conversion of the DPPH radical to its reduced form. 

Ag@NPs act against up to 80.44 DPPH free radicals at 100 

μg/mL (Saratale et al., 2018; Saratale et al., 2019; 

Kanchana et al., 2022. Abdullah et al., (2020), reported 

that the total antioxidant activities of biosynthesis Fe2O3 

and Fe3O4 NPs are high. He recorded the highest and 

lowest values of the different nanoparticle concentrations 

as 180 mg EAG/g NPs (0.01 M NPs) and 77 mg EAG/g 

NPs (0.03 M), respectively, and this is the relationship 

between concentration and antioxidant activity. evaluated 

that the degree of inhibition of both DPPH and total 

antioxidant activity at low concentrations is much higher 

than at high concentration. Zakariya et al., (2022), reported 

that biosynthesis Fe@NPs showed strong antioxidant 

activity. Compared with ascorbic acid, the IC50 values of 

12.2 μg/mL of Fe@NPs indicate that they exhibit a high 

potential against the DPPH radical and can be used as 

antimicrobial, anticancer agents in the future. The metal 

chelating capacity was evaluated against the metal 

chelating property of EDTA. The metal chelating activity 

of EDTA was calculated as 97.66%. On the other hand, S. 

officinalis extract was determined as 42.92% and Ag, Fe, 

Cu@NPs were determined as 15.13%, 16.75%, 18.02%. 

 

Conclusion 
 

The extract obtained from the S. officinalis plant was 

used as a reducing and coating agent and environmentally 

friendly Fe, Cu, and Ag@NPs were synthesized, their 

characterization was determined using molecular such as 

UV-vis, FT-IR, XRD, SEM, EDX, TEM and Zeta 
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potential. The results prove that the nanoparticles were 

successfully synthesized. Antimicrobial, anticancer and 

antioxidant tests of synthesized NPs were performed. 

Nanoparticles in antioxidant analysis; total antioxidant 

capacities, DPPH radical scavenging efficiency, metal 

chelating effect, phenolic and flavonoid capacities were 

evaluated and antioxidant capacities were found to be high. 

A549 lung cancer line cells were used in cell culture studies 

of nanoparticles and the effect of nanoparticles on these 

cells was investigated. As a result of the research, it was 

determined that S. officinalis extract and biosynthesis 

nanoparticles, which showed activity at all concentrations, 

showed higher efficiency at lower concentrations. The 

results show that biosynthesis nanoparticles can efficiently 

provide efficacy in many fields. In addition, considering 

that the studies conducted are In vitro, it shows that these 

studies should also be evaluated as In vivo. 
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