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Highlights   

 Extract and fractions of Salvia officinalis exhibited potent antioxidant activity.  

 This is the first report about S. officinalis in vitro hemolytic effect.  

 All extracts, mainly ethyl acetate fraction, showed low hemolytic effect. 
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Abstract  

This study aimed to assess an in vitro antioxidant and hemolytic activities of crude hydro-

methanolic extract, ethyl acetate and n-butanol fractions from leaves and stems of Salvia 

officinalis L. Extract and fractions prepared by maceration from S. officinalis were 

determined for their phytochemical composition and their contents in total phenolic and 

flavonoid. Antioxidant activity was evaluated by the methods of DPPH radical scavenging, 

ferric reducing antioxidant power and total antioxidant capacity. Hemolysis assay was carried 

out to evaluate the toxicity of the studied samples.  

Crude extract and fractions from S. officinalis contain different secondary metabolites and 

considerable contents of phenolic and flavonoids. They exhibit high antioxidant activity and 

low hemolytic effect. However, ethyl acetate fraction is characterized by the highest total 

phenolic (362.75 ± 0.07 µg GAE/mg DE) and flavonoid (263.27 ± 0.1 µg CE/mg DE) 

contents. Furthermore, this fraction shows the best antioxidant activity tested by DPPH, 

FRAP and TAC assays. The antiradical activity of ethyl acetate fraction against DPPH (IC50 

= 208.51 ± 5.77 μg/mL) is close to that of ascorbic acid (IC50 = 206.43 ± 4.16 μg/mL). It 

exhibits a powerful activity to reduce iron (EC50 = 250 ± 0.001 μg/mL) and the best total 

antioxidant capacity (817.33 ± 0.06 μg/mL). It reveals the lowest hemolysis rate of 3.77 ± 

0.02% with 200 mg/mL of fraction, after one hour of incubation.  

The obtained results suggest that crude extract, ethyl acetate and n-butanol fractions from 

Salvia officinalis L. are considered efficient natural antioxidants and safe for human 

erythrocytes. 

 

Keywords: Antioxidant; Hemolysis; Phenolic compounds; Salvia officinalis.  

 

Abbreviations 

GAE: gallic acid equivalents 

CE: catechin equivalents 

DE: dry extract 

DPPH: 1-diphenyl-2- picryl hydrazyl 

FRAP: ferric reducing antioxidant power 

IC50: inhibitory concentration of 50% of DPPH 

EC50: effective concentration to reduce 50% of iron 

TAC: total antioxidant capacity 

AAE: ascorbic acid equivalents 

WM: water-methanol extract 

EA: ethyl acetate fraction 

n-B: n-butanol fraction 

AA: ascorbic acid 
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1. Introduction 

Oxidative stress and reactive oxygen species are considered as primary causes and central 

factors for the emergence of serious health problems and chronic diseases including cancer, 

cardiovascular disease, anemia, hypertension, diabetes mellitus and other disorders (Martins 

et al., 2020). They are characterized by the oxidation of cell constituents including 

polyunsaturated lipids leading to the damage of tissues (Gessner et al., 2017).  

Consequently, natural substances with antioxidant properties are recommended. Phenolic 

compounds are widely distributed in plants with significant antioxidant capacity (Cheng et 

al., 2019). Therefore, the interest in phenolic‐rich plant extracts increases in scientific 

researchers. 

Salvia officinalis belongs to the most popular family of Lamiacea. It is highlighted in 

literature for its effective content in phenolic compounds and its therapeutic properties. Since 

earliest times, it is used as flavor, food condiment and mainly as herbal medicine to release 

pains (Rguez et al., 2019). Many authors reported the health benefits of this plant. It is used 

as antioxidant, diuretic (Korkmaz et al., 2016), spasmolytic (Jasicka-Mislak et al., 2018), 

antidiabetic (Farzaneh and Carvalho, 2015), anti-inflammatory (Giacometti et al., 2018), 

antidiarrhea (Elkhoudri et al., 2016), antiviral (Farzaneh and Carvalho, 2015) and anti-

carcinogenic (Kaliora et al., 2014). 

Membranes of erythrocytes are susceptible to oxidize. This is mainly due by their richness in 

polyunsaturated lipids (Phuse and Khan, 2018). Plant extracts can have either anti-hemolytic 

effect in protecting erythrocytes or hemolytic induction anemia. Therefore, test of hemolysis 

has a positive interest as a direct indication of toxicity for plant extracts (Burci et al., 2019).  

The main objective of this work was to determine antioxidant activity of crude hydro-

methanolic extract and fractions from S. officinalis. This activity was evaluated with DPPH 

radical scavenging, FRAP and TAC assays. In vitro assay of hemolysis was assessed to 

identify extract and fractions toxicity towards human red blood cells. Besides, all extracts 

were investigated for their phytochemical composition and their total phenolic and flavonoid 

contents. 

 

2. Materials and Methods 

 

2.1. Plant material and extraction 

Leaves and stems from Salvia officinalis L. were collected from the city of Tlemcen − 

Algeria. Plant material was identified by the Laboratory of Botany, Ecology Department, 

Tlemcen University (Algeria).  

After drying in the shade, plant material was submitted to water-methanol (30:70 v/v) 

maceration at room temperature for 72 hours. Then, it was filtered and rotarily evaporated at 

50 °C till the evaporation of methanol. The remaining was submitted to liquid-liquid partition 

with ethyl acetate and n-butanol solvents. After the evaporation of the solvent in rotavapor at 

50 °C, crude extract and fractions were collected. 

 



J Nat Prod Res App 2021, 1 (2) : 17-30                              

20 
 

2.2. Chemicals 

All chemical reagents used in this study were purchased from Sigma-Aldrich Chemical. 

 

 

2.3. Phytochemical analysis 

 

2.3.1. Phytochemical composition 

S. officinalis hydro-methanolic extract and fractions of ethyl acetate and n-butanol were 

screened for their phytochemical constituents. This investigation was carried out according to 

the methods described by Harbone (1998) and Bruneton (1999). 

 

2.3.2. Determination of total phenolic content 

For the determination of total phenolic content in S. officinalis extract and fractions, Folin–

Ciocalteu assay was used (Li et al., 2007). We mixed 100 μL of each sample dilution extract 

(1 mg/mL) with 100 μL of Folin-Ciocalteu and 2 mL of Na2CO3 solution. After incubating 

the mixture in darkness for 30 min, we measured the absorbance at 700 nm. The calibration 

curve of gallic acid (50 - 400 µg/mL) was prepared as a standard. Results were expressed in 

gallic acid micrograms equivalent per milligram of dry extract (μg GAE/mg DE).  

 

2.3.3. Determination of flavonoid content 

Flavonoid content in extract and fractions from S. officinalis was estimated by the method of 

Zhishen et al. (1999). For 250 μL of sample dilution (1 mg/mL), 75 μL of sodium nitrite at 

15% and 1 mL of distilled water were added. Then, we added to the mixture volumes of 75 

μL of aluminum chloride at 10% and 1 mL of sodium hydroxide at 4%. After 15 min, the 

absorbance was measured at 510 nm. Catechin was prepared as the standard from 

concentrations 50 to 400 μg/mL.  Flavonoid content was calculated from calibration curve (y 

= 0.003 x; R
2
=0.997). Results were expressed in microgram catechin equivalents per 

milligram dry extract (μg CE/mg DE). 

 

2.4. Antioxidant activity  

 

2.4.1. Antiradical activity (DPPH assay)  

Antiradical activity of S. officinalis samples was assayed according to the method of Dandlen 

et al. (2010). 50 μL of each extract dilution (100 - 1000 μg/mL) was added to 1950 μL of 

methanolic solution of DPPH freshly prepared. For each concentration, a blank was prepared 

containing 50 μL of extract and 1950 μL of methanol. The control test was carried out by 

mixing 50 μL of methanol with 1950 μL of DPPH methanol solution. After incubation of 30 

min in the dark, absorbance was measured at 517 nm using spectrophotometer. Ascorbic acid 

(80 - 350 μg/mL) was used as a positive control following the same procedures. Antiradical 

activity was calculated using the following equation: Antiradical activity % = [(A control - A 

sample) /A control] x 100 (A: absorbance). The IC50 values were determined as 
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concentrations of samples producing 50% inhibition of DPPH radical.  These values were 

determined graphically from the DPPH inhibition percentage curve in terms of different 

concentrations of samples. 

 

2.4.2. Ferric reducing antioxidant power assay 

The FRAP assay was performed according to the protocol of Karagozler et al. (2008). 100 μL 

of each sample dilution (100 - 700 μg/mL) was mixed with 250 µL of phosphate buffer 

solution (0.2 M; pH 6.6) and 250 μL of potassium ferricyanide K3Fe (CN)6 at 1%. The 

mixture was incubated for 20 min. Then, 250 μL of trichloroacetic acid at 10% was added. 

After centrifugation, 500 μL of the supernatant was collected then diluted with 500 μL of 

distilled water. Then, 100 μL of FeCl3 at 0.1% was added. Absorbance was measured at 700 

nm against a blank. Ascorbic acid (25 - 400 μg/mL) was used as a reference antioxidant. EC50 

values of S. officinalis samples were determined as efficient concentrations reducing 50% of 

iron.  

 

2.4.3. Total antioxidant capacity (TAC) assay   

Total antioxidant capacity (TAC) was evaluated by phosphomolybdenum method proposed 

by Prieto et al. (1999). 200 μL of sample dilution was added to 2 mL of molybdate reagent 

solution. The tubes were incubated at 95 °C for 90 min and the absorbance was measured at 

695 nm. Standard calibration curve using ascorbic acid (50 - 500 μg/mL) was prepared in the 

same experimental conditions. Total antioxidant capacity values were expressed in 

microgram ascorbic acid equivalents per milligram of dry extract (μg AAE/mg DE). 

 

2.5.  Hemolytic assay 

The method of Henneberg et al. (2013) was adopted for in vitro hemolytic assay. Phosphate 

buffered saline solution (10 mM; pH 7.4) was used to wash human erythrocytes. Rates of 

hemolysis were tested for concentrations of 25, 50, 100 and 200 mg/mL from S. officinalis 

extract and fractions. 20 µL of each sample dilution was incubated with 1980 µL of 

erythrocytes solution for one hour at 37 °C. Absorbance of supernatant was measured at 540 

nm. Positive and negative controls were prepared in the same experimental procedures. 

Hemolysis rates were calculated according to the following equation: Hemolysis rate % = 

[(Asample - A negative control)/ Apositive control] x 100 (A: absorbance). 

 

2.6. Statistical analysis 

Experiments were conducted in triplicate and data were expressed as mean ± standard 

deviation. Graphs were plotted by Microsoft Office Excel 2007 software. Analysis of 

variance (one-way ANOVA) and Dunnett post-hoc test were performed to test the 

significance differences between IC50, EC50 and control mean values. Values of p < 0.05 were 

considered statistically significant using Graph Pad Prism 5 software (version 5.03, 2009). 

  

 



J Nat Prod Res App 2021, 1 (2) : 17-30                              

22 
 

3. Results  

3.1. Phytochemical composition, total phenolic and flavonoid contents  

Phytochemical composition of S. officinalis hydro-methanolic macerated extract and fractions 

indicated the presence of various families of secondary metabolites. Flavonoid, saponins, free 

quinones, tannins, terpenes and coumarins were the constituents found in the crude extract. 

However, fractions were lacked from some of these compounds (Table 1). 

Contents of total phenolic and flavonoid varied in S. officinalis samples ranging from 271.11 

± 0.02 to 362.75 ± 0.07 μg GAE/mg DE and 189.13 ± 0.01 to 263.27 ± 0.1 μg CE/mg DE, 

respectively. The highest contents of these compounds were exhibited by ethyl acetate 

fraction. Results were presented in Table 2. 

 

Table 1. Phytochemical screening of hydro-methanolic extract and its fractions from S. 

officinalis. 

Secondary  

Metabolites 

Hydro-methanolic 

extract 

Ethyl acetate 

fraction 

n-butanol fraction 

Flavonoids + + - 

Saponins + - - 

Free quinines + + + 

Anthraquinones - - - 

Tannins + + + 

Terpenes + - - 

Alkaloids - - - 
Coumarins + + - 

Reducing compounds  - + - 

+:presence/ -: absence  

 

Table 2. Total phenolic and flavonoid contents in hydro-methanolic extract and its fractions 

from S. officinalis. 

Extract/Fractions Total phenolic 

(μg GAE/mg DE ± SD; n=3) 

flavonoid  

(μg CE/mg DE ± SD; n=3) 

Hydro-methanolic extract 271.11 ± 0.02 230.36 ± 0.06 

Ethyl acetate fraction 362.75 ± 0.07 263.27 ± 0.1 

n-butanol fraction 295.75 ± 0.06 189.13 ± 0.01 

Values were expressed as mean ± SEM (n = 3). GAE: gallic acid equivalents, CE: catechin 

equivalents, DE: dry extract. 

 

3.2. Antioxidant activity 

3.2.1. DPPH radical scavenging activity 

The radical scavenging ability of hydro-methanolic extract, ethyl acetate and n-butanol 

fractions were calculated as inhibition percentage of DPPH in terms of different 

concentrations of samples (Figure1). This activity was concentration dependent. Ascorbic 

acid was used as the reference antioxidant. It exhibited the highest antiradical activity. 

However, ethyl acetate fraction showed approximately similar antiradical activity, compared 

to control. 
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Figure1. Percentage inhibition of DPPH activity of hydro-methanolic extract, fractions and 

ascorbic acid. WM: hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-butanol 

fraction; AA: ascorbic acid 

 

Results were expressed in IC50 values as the amount of sample needed to reduce 50% of the 

DPPH radical obtained by logarithmic regression from the percentage antiradical activity 

values (Figure 2). All samples were found to present antiradical activities with different IC50 

values. Hence, the highest activity was recorded for ethyl acetate fraction (IC50 = 208.51 ± 

5.77 µg/mL). Statistical analysis did not mention significant difference (p > 0.05) between 

the activity of this fraction and that of the ascorbic acid (IC50 = 206.43 ± 4.16 µg/mL). 
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Figure 2. IC50 values of hydro-methanolic extract and fractions of ethyl acetate and n-butanol 

of S.officinalis obtained by DPPH assay in comparison with IC50 of ascorbic acid.  WM: 

hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-Butanol fraction; AA:  ascorbic 

acid; Values were represented as mean ± SEM (n = 3); ***: p ˂ 0.001, ns: p > 0.05 versus 

control. 
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    3.2.2. Ferric Reducing Antioxidant Power (FRAP) 

The reductive capacity of S. officinalis hydro-methanolic extract and its fractions was 

presented by linear curves of absorbance at 700 nm according to different concentrations of 

samples (Figure 3). Results were expressed as concentration of samples corresponding to an 

absorbance of 0.5. Results of EC50 values were presented in Figure 4. 

 

 

Figure 3. Reductive capacity of iron of ascorbic acid, hydro-methanolic extract, ethyl acetate 

and n-butanol fractions. WM: hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-

Butanol fraction; AA: ascorbic acid. 
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Figure 4. EC50 values of hydro-methanolic extract and fractions of ethyl acetate and n-

butanol of S.officinalis obtained by FRAP assay in comparison with ascorbic acid.  WM: 

hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-Butanol fraction; AA:  ascorbic 

acid; Values were represented as mean ± SEM (n = 3); ***: p ˂ 0.001 versus control. 
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According to results, all samples of S. officinalis possessed the capacity to reduce iron. 

However their reducing activity remained lower than that of ascorbic acid (EC50 = 208.33 ± 

0.001 µg/mL). Ethyl acetate fraction revealed the most effective reducing activity (EC50 = 

250 ± 0.001 µg/mL) as compared with that of hydro-methanolic extract (EC50 = 357.14 ± 

0.02 µg/mL) and n-butanol fraction (EC50 = 312.5 ± 0.06 µg/mL). 

 

     3.2.3. Total Antioxidant Capacity (TAC)            

Total antioxidant capacity of S. officinalis samples was evaluated by the reduction of 

molybdate method. The equation of calibration curve of ascorbic acid was used to calculate 

the values of total antioxidant capacity (y = 0.0019x; R
2
 = 0.9973).  

Results of this assay (Figure 5) showed that all studied samples of S. officinalis reduced 

molybdate. Indeed, ethyl acetate fraction had the highest total antioxidant capacity (817.83 ± 

0.06 μg AAE/mg DE) whereas the crude extract showed the lowest one (238.1 ± 0.01 μg 

AAE/mg DE). 
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Figure 5. TAC values of hydro-methanolic extract and fractions of ethyl acetate and n-

butanol of S. officinalis. WM: hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-

Butanol fraction 

 

3.3. Hemolytic effect 

Hemolysis rates were assayed with four concentrations from S. officinalis samples: 25, 50, 

100 and 200 mg/mL, after 60 min of incubation at 37 °C. Results were shown in Figure 6. 

 



J Nat Prod Res App 2021, 1 (2) : 17-30                              

26 
 

25 50 10
0

20
0 25 50 10

0
20

0 25 50 10
0

20
0

0

5

10

15

20

 WM extract                         EA fraction                                     n-B fraction

Concetrations of samples mg/mL

H
e
m

o
ly

s
is

 r
a
te

s
 %

 
Figure 6. Hemolysis rates of hydro-methanolic extract and its fractions from S. officinalis. 

WM: hydro-methanolic extract; EA: ethyl acetate fraction; n-B: n-butanol fraction; Values 

were performed as means ± SEM (n = 3). 

 

Results revealed that hemolysis rates were dose dependent. We noticed that these rates 

increased slightly with concentrations of ethyl acetate fraction: 0.51 ± 0.06% (25 mg/mL), 

0.55 ± 0.01% (50 mg/mL), 3.7 ± 0.04% (100 mg/mL) and 3.77 ± 0.02% (200 mg/mL). Thus, 

ethyl acetate fraction exhibited the least hemolytic effect, compared to hydro-methanolic 

extract and n-butanol fractions. 

 

4. Discussion 

The chemical composition of S. officinalis confirmed its richness in pharmaceutical 

compounds. This composition depends on the plant geographic origin and the harvest season 

(Duletić-Laušević et al., 2019). The quantity and the quality of phenolic constituents in plants 

are affected by the climatic changes, the plant stage of development and the plant parts used 

in extraction (Kumar et al., 2017). Moreover, the solvent and the method used for the 

extraction of these compounds determine their quantity (Venkatesan et al., 2019).   

In terms of quantity and quality, S. officinalis is characterized by the abundance of effective 

phenolic compounds (Duletić-Laušević et al., 2019). In previous studies, Jasicka-Misiak et al. 

(2018) obtained 93.8 ± 3.1 and 63.9 ± 2.9 mg GAE/g extract of total phenolic in two types of 

S. officinalis methanolic extracts. Garcia et al. (2016) found amounts of 1.88 ± 0.01 and 1.61 

± 0.95 mg GAE/mg of total phenolic in hydroalcoholic and aqueous extracts from Brazilian 

plants. 

According to literature data, phenolic compounds of S. officinalis are excellent antioxidants. 

This plant is a source of phenolic acids and flavonoid which have potent antioxidant 

properties by the mechanism of donating hydrogen (Andrei et al., 2018). In their study on 
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different species of Salvia from Romania, Andrei et al. (2018) found that S. officinalis 

exhibited the highest antioxidant capacity.  

In the current study, ethyl acetate was found to be the most efficient solvent in extracting 

total phenolics and flavonoid. Ethyl acetate fraction showed a powerful antioxidant activity 

revealed by DPPH, FRAP and TAC assays. Its antioxidant effect was suggested to be 

correlated to its high phenolic content. Saba et al. (2019) revealed the potential reducing 

power and chelating ability of S. officinalis leaves ethanolic extract which were correlated 

with its high content in phenolic compounds.  

In vitro hemolysis assay was used to indicate the effectiveness of S. officinalis samples as 

natural antioxidant free from adverse effects of toxicity. This assay is a very practical and 

useful method to test plant extract toxicity (Burci et al., 2019). Membranes of erythrocytes 

contain high level of polyunsaturated fatty acids, which explain their fragility towards 

oxidation (Phuse and Khan, 2018). 

Plant extract content in saponins may explain its toxicity (Zheng et al., 2019). It was the case 

of hydro-methanolic extract which exhibited the highest hemolysis rate, compared to ethyl 

acetate and n-butanol fractions. However, the least hemolytic effect of ethyl acetate fraction 

might be justified by its highest content of phenolic compounds related to its potent 

antioxidant activity. S. officinalis infusions are considered safe except its excessive 

consumption that may lead to the appearance of some side effects (Yashaswini et al., 2019). 

 

5. Conclusion 

Quantitative analysis revealed the richness of S. officinalis hydro-methanolic extract, ethyl 

acetate and n-butanol fractions in total phenolics and flavonoid. The highest contents of these 

compounds were exhibited by ethyl acetate fraction. This fraction showed the most 

interesting results in antioxidant assays and hemolysis rates. Its antiradical activity against 

DPPH was comparative to that of ascorbic acid. It revealed the highest reduction of iron and 

potent total antioxidant capacity. Additionally, extract and fractions from S. officinalis 

exhibited low hemolytic activity. This study may lead to new antioxidants drugs formulations 

safe in consumption and prevent possible anemia. Further studies should be carried out to 

extract and purify S. officinalis phenolic compounds involved in the prevention from 

oxidative stress damages.  
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