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ABSTRACT  
The radical scavenging activity of ethanolic extracts from five Salvia species including S. hypoleuca Benth., S. 
reuterana Boiss., S. verticillata L., S. virgata Jacq. and S. officinalis L. (as the reference plant with well 
documented free radical scavenging and antioxidant properties) was evaluated in vitro with the 
spectrophotometric method based on the reduction of the stable DPPH free radical. All the extracts showed 
radical scavenging activity, especially S. verticillata [IC50 = 23.53 (20.56-26.93) µg ml-1] and S. virgata [IC50 = 
27.01 (24.08-30.29) µg ml-1] were found to be the most active species. Furthermore, the extracts were 
investigated regarding their total flavonoid content (TFC) by AlCl3 reagent. The extracts S. hypoleuca (TFC = 
53.16 ± 1.95 µg mg-1) and S. reuterana (TFC = 46.97 ± 4.43 µg mg-1) had the highest content of flavonoid. 
However, a favourable correlation was not found between the radical scavenging potency and the total 
flavonoid content. This study suggests that S. verticillata and S. virgata are the possible sources of natural 
radical scavengers. 
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INTRODUCTION 
 
The large generation of free radicals, particularly reactive 
oxygen species and their high activity plays an important 
role in the progression of a great number of pathological 
disturbances like inflammation, atherosclerosis, stroke, 
heart disease, diabetes mellitus, multiple sclerosis, cancer, 
Parkinson’s disease, Alzheimer’s disease, etc (Mensor et 
al., 2001; Parejo et al., 2002; Hou et al., 2003; Orhan et 
al., 2003; Tepe et al., 2005; Ozgen et al., 2006). 
Therefore, the great interest has been recently focused on 
the natural foods, medicinal plants and phytocostituents 
due to their well-known abilities to scavenge free radicals 
(i.e. antioxidant power) (Hou et al., 2003; Galvez et al., 
2005; Kukic et al., 2006).  
 
Plants constitute an important source of active natural 
products which differ widely in terms of structures, 
biological properties and mechanisms of actions. Various 
phytochemical components, especially polyphenols (such 
as flavonoids, phyenyl propanoids, phenolic acids, 
tannins, etc) are known to be responsible for the free 
radical scavenging and antioxidant activities of plants. 
Polyphenols possess many biological effects. These 
effects are mainly attributed to their antioxidant activities 
in scavenging free radicals, inhibition of peroxidantion 
and chelating transition metals. In generally, polyphenols  

all share the same chemical patterns, one or more 
phenolic groups for which they react as hydrogen donors 
and in that way neutralize free radicals (Heinonen et al., 
1998; Parejo et al., 2002; Lee et al., 2003; Miliauskas et 
al., 2004; Atoui et al., 2005; Capecka et al., 2005; Galvez 
et al., 2005; Melo et al., 2005). 
 
In recent years, the extracts of many plants have been 
screened for their antioxidant activities. Among these, 
sage (Salvia officinalis L.) is well-known for their 
antioxidant properties and most of its active components 
have been identified. It has been established that the 
antioxidant effects are mainly due to the phenolic 
compounds of the plant (Bandoniene et al., 2002; Miura 
et al., 2002; Tepe et al., 2006). However, these studies 
concerning the other Salvia species are very limited (Tepe 
et al., 2006; Tepe et al., 2007). 
  
In generally, the genus Salvia (Lamiaceae) includes about 
700 species spread throughout the world. In the Flora of 
Iran, the genus is represented by nearly 58 specie 
(Mozaffarian, 1996). Many Salvia species are commonly 
used in the food, drug, cosmetic and perfumery industries. 
They are well known among people and widely used as 
flavorings or fragrances and for the medicinal purposes in 
the several regions of the world (Miliauskas et al., 2004; 
Tepe et al. 2006). The Infusion and decoction of the aerial 
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parts of the genus have been used as tonic, carminative, 
digestive, antispasmodic and anti-inflammatory in Iranian 
traditional medicine.  
 
In this study (i) the radical scavenging activity of four 
Salvia species from Iran (S. hypoleuca Benth., S. 
reuterana Boiss., S. verticillata L. and S. virgata Jacq.) 
was evaluated against the stable DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical and the activity of the plants was 
compared with S. officinalis L. (ii) the total flavonoid 
content of each species was determined by AlCl3 and then 
(iii) the possible composition-activity relationship was 
investigated.  A literature survey did not show any 
reference to a previous work on the free radical 
scavenging and/or antioxidant properties S. hypoleuca, S. 
reuterana, S. virgata.  
 
MATERIALS AND METHODS 
 
Chemicals 
All of the chemicals used in this work were purchased 
from Merck (Germany), with the exception of DPPH, 
which was purchased from Sigma (USA). The chemicals 
were analytical grade. 
 
Plant material  
Aerial flowering parts of the plants (S. hypoleuca, S. 
officinalis, S. reuterana, S. verticillata and S. virgata) 
were collected from natural populations in Tehran 
province in summer 2004. Voucher specimens were 
deposited in the Herbarium of Pharmacognosy 
Department, Shaheed Beheshti Medical University, 
Tehran, Iran. 
 
Preparation of extracts and solutions  
Plant materials were air dried at room temperature and 
finely grounded. Each sample (100 g) was macerated with 
ethanol 90% (500 ml) three times. Solvent was 
evaporated under reduced pressure at approximately 40 °
C. The dried extracts were dissolved in ethanol 90% to a 
final concentration of 1000 µg ml-1 (sample stock 
solution), then the different concentrations of each sample 
(500, 250, 100, 50, 25, 10, 5 µg ml-1) were prepared.  
 
Antiradical activity test  
The antiradical activity of the extracts was estimated 
according to the procedure described by Nickavar et al. 
(2006). Briefly, a 0.3mM solution of DPPH radical 
solution in ethanol 90% was prepared and then 1 ml of 
this solution was mixed with 2.5 ml of different 
concentrations of each extract (sample). After 30 min 
incubation in dark and at room temperature, absorbance 
(A) was measured at 518 nm in a SHIMADZU 
Multispect-1501 spectrophotometer. The percentage of 
the radical scavenging activity (RSA) was calculated by 
the following equation: 
 

RSA% = [Acontrol – (Asample – Ablank)] / Acontrol × 100 
 
Ethanol 90% (1 ml) plus each sample solution (2.5 ml) 
was used as a blank. DPPH solution (1 ml) plus ethanol 
90% (2.5 ml) was used as a negative control. Rutin 
solution (at the concentrations of 100, 50, 25, 10, 5, 2.5 
µg ml-1) was used as a positive control.  
 
The IC50 value for each sample, defined as the 
concentration of the test sample leading to 50% reduction 
of the initial DPPH concentration, was calculated from 
the non linear regression curve of Log concentration of 
the test extract (µg ml-1) against the mean percentage of 
the radical scavenging activity.   
 
Amount of total flavonoid content  
The determination of the total flavonoid content (TFC) 
was carried out as described by Nickavar et al. (2006). 
Briefly, 2.5 ml of each extract solution was mixed with 
2.5 ml AlCl3 reagent in ethanol 90% and allowed to stand 
for 40 min at room temperature. After that, the 
absorbance of the mixture at 415 nm was measured with a 
SHIMADZU Multispect-1501 spectrophotometer. 
Ethanol 90% (2.5 ml) plus sample solution (2.5 ml) was 
used as a blank. Rutin was used as a reference compound. 
The TFC for each extarct [as µg rutin equivalents (RE) / 
mg of extract] was determined on the basis of the linear 
calibration curve of rutin (absorbance versus rutin 
concentration).  
 
Statistical analysis  
All of the experiments were carried out in triplicate. The 
IC50 (µg ml-1) values were presented by their respective 
95% confidence limits.  The TFCs (µg mg-1) were shown 
as mean ± SEM.  One-way analysis of variance 
(ANOVA) followed by Tuckey’s post test was used to 
assess significant differences (p < 0.05) between extracts. 
All of the statistical analyses were accomplished using the 
computer software GraphPad Prism 3.02 for Windows 
(GraphPad Software, USA). 
 
RESULTS AND DISCUSSION 
 
Antioxidant tests could be based on the evaluation of lipid 
peroxidation or on the measurement of free radical 
scavenging potency (hydrogen-donating ability). The 
radical scavengers donate hydrogen to free radicals, 
leading to non toxic species and therefore to inhibition of 
the propagation phase of lipid oxidation. The use of 
DPPH radical provides an easy, rapid and convenient 
method to evaluate the antioxidants and radical 
scavengers (Soler-Rivas et al., 2000; Kansci et al., 2003; 
Argolo et al., 2004; Roginsky and Lissi, 2005). Therefore, 
in this study, the selected Salvia extracts were screened 
for their possible antioxidant and radical scavenging 
activity by DPPH technique and their IC50 values were 
calculated for further comparisons. All of the extracts 
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exhibited concentration dependent radical scavenging 
activity (fig. 1) and the IC50 values ranged from 23.53 – 
125.1 µg ml-1 (Table 1). When the values were compared 
for five extracts analyzed, the most effective RSA was 
shown by S. verticillata [23.53 (20.56 – 26.93) µg ml-1] 
while the least effective was the extract of S. reuterana 
[125.1 (129.6-142.7) µg ml-1]. Anyway, S. verticillata and 
S. virgata, S. virgata and S. officinalis, S. officinalis and 
S. hypoleuca showed the similar activity with no 
significant differences between them (p > 0.05).  
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Fig. 1: Radical scavenging activity of the studied Salvia 
species extracts using DPPH. Each point represents the 
mean of three experiments and the vertical bars represent 
the SEM. 
 
Phenolic compounds, especially flavonoids, constitute 
one of the most divers and widespread group of natural 
compounds. These compounds possess a broad spectrum 
of biological activities including antioxidant and radical 
scavenging properties (Parejo et al., 2002; Galvez et al., 
2005; Melo et al., 2005), therefore the TFC in the extracts 
was determined (Table 1). The TFC, in rutin equivalent, 
varied from 8.54 ± 0.99 to 53.16 ± 1.95 µg RE mg-1 of 
extract. The highest amount of the total flavonoid was 

found in the extract of S. hypoleuca (53.16 ± 1.95 µg mg-

1), while S. virgata (8.54 ± 0.99 µg mg-1) contained 
remarkably lower amount of these compounds. Any way, 
S. verticillata and S. virgata, S. officinalis and S. virgata, 
S. officinalis and S. verticillata, S. hypoleuca and S. 
reuterana exhibited the similar flavonoid content with no 
significant differences between them (p > 0.05).  
 
After these analyses, the relationship between the 
antioxidant potency and TFC was studied. However, 
among the analyzed extracts of Salvia, a favorable 
correlation between the two parameters was not observed. 
This lack of relationship is in agreement with other 
literature (Heinonen et al., 1998). It is known that only 
flavonoids with a certain structure and particularly 
hydroxyl position in the molecule can act as proton-
donating and show radical scavenging activity (Mensor et 
al., 2001; Hou et al., 2003). Furthermore, the extracts are 
very complex mixtures of many different compounds with 
distinct activities (Mensor et al., 2001; Hou et al., 2003; 
Galvez et al., 2005). 
 
CONCLUSSION 
 
This study indicate that some Salvia species (S. 
hypoleuca, S. virgata, S. verticillata) have a similar 
activity to or even higher than Salvia officinalis which is 
one of the most effective plants in terms of antioxidant 
properties  and can serve as natural sources to develop  
the free radical scavengers and antioxidant agents. 
However, the components responsible for the radical 
scavenging activities of the extracts are known. 
Therefore, further research is needed for the isolation and 
identification of the active components in the extracts. 
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Table 1: IC50 values of DPPH scavenging activity and total flavonoid content (TFC) of the studied Salvia extracts. 
 

Sample IC50 (µg ml-1)1,3 TFC (µg mg-1)2,3 
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S. officinalis 
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30.67 (27.88-33.73)a,b 
125.1 (129.6-142.7)c 
23.53 (20.56-26.93)d 
27.01 (24.08-30.29)b,d 

53.16 ± 1.95a 
17.24 ± 1.31b,c 
46.97 ± 4.43a 
10.81 ± 1.98b,d 
8.54 ± 0.99c,d 

 
*Note: The IC50 value of the positive control, rutin, was measured as 6.69 (6.48-6.91) µg ml-1. 
1The IC50  values are presented with their respective 95% confidence limits. 
2The TFC values are mean ± SEM of three determinations. 
3Letters (a-d) devote homogenous subsets at p < 0.05 (one way ANOVA followed by Tuckey's post test). 
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