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The aim of this study was to investigate free radical-scavenging activity of Salvia officinalis L., Thymus 
vulgaris L., Urtica dioica L. extracts and mixture of extracts, and to evaluate the effect of these extracts 
on the ability of mitochondria to generate free radicals. The evaluation of the activity of extracts using 
2,2-diphenyl-1-picrylhydrazyl (DDPH), 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) radicals 
scavenging assays and tyrosine nitration inhibition (TNI) techniques showed that thyme extract had the 
strongest free-radical-scavenging activity. This extract was also found to contain the highest amount of 
phenols. Mixture of extracts showed slow and identical DPPH and ABTS radical-scavenging activity, 
with the strongest activity demonstrated during the first minute. Investigation of the ability of extracts 
to neutralize hydrogen peroxide showed that the lowest extract amount used (0.01 mg) neutralized 24 to 
50% and the highest amount (0.1 mg) – 72 to 88% of H2O2. In all cases, thyme extract, had the strongest 
antioxidant effect. Rat liver mitochondria incubated with 0.1 mg of extracts generated by 45 to 55% less 
radicals than control mitochondria did. Mitochondria incubated with 1 mg of extracts generated smaller 
amounts of ROS than incubated with 0.1 mg of extract – in case of thyme extract or even more – in case 
of stinging nettle or sage extracts. 
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INTRODUCTION 

 
Antioxidant effect of crude medicines has been widely 
investigated, and it has been evaluated using 
spectroscopy, chemiluminescence, enzymes, and other 
techniques (Medić-Sarić et al., 2009). Cation scavenging 
of 2,2-diphenyl-1-picrylhydrazyl (DPPH·) or 2,2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonate)  (ABTS) radicals and  
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peroxynitrite induced inhibition of tyrosine nitration (TNI) 
are the simplest but informative, and therefore most 
extensively used for plant samples  tests (Mavi et al., 
2004; Krishnaiah et al., 2010). According to some 
authors, antioxidant activity of plant extract is directly 
proportional to the concentration of phenolic compounds 
and flavonoids (Komes et al., 2010). Salvia officinalis L. 
(garden sage), Thymus vulgaris L. (common thyme), and 
Urtica dioica L. (stinging nettle) extracts were selected for 
experimental   testing    due   to   their   great   antioxidant 



 

 
 
 
 
potential (Krishnaiah et al., 2010; Gülçin et al., 2004; 
Tepe et al., 2007). The selection of these plants was 
based on the data from literature. It is known that stinging 
nettle extract exhibits stronger free radical scavenging 
properties compared with commonly used antioxidant α-
tocopherol (Gülçin et al., 2004). Common sage is a well 
known for its antioxidant properties that are due to its 
phenolic-rich composition.  

Extract from common sage is rich in phenolic acids 
such as rosmarinic acid, caffeic acid, ferulic acid, and 
these compounds possess high anti-radical properties 
(Krishnaiah et al., 2010). Antioxidant activity of common 
thyme and its extracts is dependent mainly on essential 
oil content and composition (Chizzola et al., 2008). 
However, there are no experimental data on the 
antioxidant activity of a mixture consisting of Salvia 
officinalis L., Thymus vulgaris L. and Urtica dioica L.  In 
the scientific literature it is indicated that multi-drug 
strategy is based on a long awareness that many 
diseases have a multi-causal etiology and a complex 
pathophysiology. Diseases can obviously be treated 
more effectively with well-chosen pharmaceutical 
combinations than with a single drug (Gajdziok et al., 
2010; Wagner et al., 2009). 

Investigation of the antioxidant activity of plants or 
extracts using several techniques enables one to 
evaluate their ability to neutralize various reactive forms 
of compounds that are characteristic of the normal 
condition of an aerobic cell. Mitochondria are known to be 
a very important source of intracellular reactive oxygen 
species (ROS). Mitochondrial respiration chain is 
composed of large enzymatic complexes located within 
the phospholipid bilayer of the internal membrane. Two of 
these complexes (I and III) are responsible for the major 
part of the generated superoxide radicals. Transformation 
of the latter into hydrogen peroxide and hydroxyl radicals 
is an important process that may result in cellular 
structure damage (Duchen, 2004). Heat, trauma, 
infections, other negative environmental factors, and also 
transition of the cell from the aerobic into the anaerobic 
state increase ROS concentration in the cells to the level 
that results in toxicity of these compounds: free radicals 
may react with membrane lipids, proteins, and nucleic 
acids, initiating auto-catalytic reactions, and severe 
oxidative stress causes cell death (apoptosis or 
necrosis). ROS play an important role in the pathogen-
nesis in a number of diseases such as, inflammatory or 
degenerative diseases, ischemia/reperfusion, atheroscle-
rosis, cataract, cancer and aging of the organism 
(Drummond et al., 2011). For this reason, the protection 
of the organism from oxidative stress is a highly relevant 
issue.  

Thus, the aim of this study was to investigate the ability 
of garden sage, common thyme and stinging nettle 
extracts, and a mixture of extracts to scavenge free 
radicals, and to evaluate the effect of these extracts on 
the  ability  of  mitochondria,  the  main  source of ROS in 

Kaledaite et al.          6091 
 
 
 
cells, to generate free radicals. 
 
 
MATERIALS AND METHODS 
 

Dry extract from T. vulgaris L. leaves (Naturex, France); dry extract 
from S. officinalis L. (Shaanxi Jiahe Phytochem, China); dry extract 
from U. dioica L. leaves (Naturex, France). 
 
 
Preparation of plant extracts mixture and Trolox solution  

 
A mixture of plant extracts consisted from 6 parts of thyme extracts, 
2 parts of sage extract and 2 parts of stinging nettle extract. A 
certain amount of nettle, sage, thyme extracts and the mixture of 
extracts were dissolved in water (10 mg/ml). Solutions were filtered 
through the membrane filter with pore size 0.45 µm.  

The standard solutions of Trolox were made for evaluation of 
Trolox equvivalent antioxidant activity (TEAC) by the DPPH, ABTS 
and peroxynitrite scavenging tests. A certain amount of Trolox was 
diluted in ethanol and the concentration was from 0 to 500 µmol/L.   
 
 
Determination of the content of phenolic compounds  
 
All spectrophotometric measurements were performed using the 
Unicam Heλios α 9423 spectrophotometer. The appropriately 
diluted plant extract was oxidized with 0.2 N Folin reagent (Folin-
Ciocalteu reagent) and subsequently neutralized with sodium 
carbonate solution (75 g/L). After 2 h, the suspension was 
centrifuged (5000x g, 10 min), and absorption level was measured 
at 760 nm wavelength. The content of phenolic compounds was 
determined according to the calibration curve of gallic acid. The 
results were expressed as gallic acid equivalent (GAE) per 1 g of 
the extract. The number of experiments was n = 5. 
 
 
Isolation of rat liver mitochondria  
 
The liver was washed with 0.9% KCl solution (0°C). The tissue was 
comminuted and homogenized using a mechanical homogenizer 
(glass/Teflon), using 10 mL/g of tissue homogenization medium (70 
mM sucrose, 210 mM mannitol, 10 mM HEPES, 1 mM EGTA, and 5 
mg/mL bovine serum albumin, pH 7.4; 2°C). The homogenate was 
centrifuged at 750x g for 5 min., the supernatant was filtered 
through a double gauze filter, and then repeatedly centrifuged at 
10,000x g for 10 min. Mitochondrial sediments were suspended in 
the medium (70 mM sucrose, 210 mM mannitol, and 10 mM 
HEPES, pH 7.4; 2°C), and centrifuged again at 10,000xg for 10 
min. Mitochondrial sediments were suspended again, and the 
resulting mitochondrial suspension was stored in ice.    
 
 
Evaluation of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging 

 
One of methods to evaluate antioxidant activity was DPPH assay 
(Molyneux, 2004). The solution of 75 µM DPPH in ethanol was 
prepared daily before the measurement. 2.0 mL of DPPH solution 
were mixed with 50 µl of plant extract solution (0.8 mg/mL) in a 1 
cm3-thick disposable cuvette. The absorption of remaining DPPH 
was determined after 30 min. at 517 nm. Antioxidant activity of 
extracts was expressed as Trolox equivalent antioxidant capacity 
(TEAC) (mmol/100 g of extract). TEAC of extracts was determined 
according to the calibration curve of Trolox. Antioxidant activity of 
mixture  was  evaluated  by  measuring  the  percentage  of   DPPH 
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Table 1. The content of phenolic compounds determined in the studied extracts. 
  

Studied extract Total polyphenol content (GAE mg/g)
a 

Salvia officinalis L. 24.6±0.4*# 
Thymus vulgaris L. 96.0±0.9 
Urtica dioica L. 59.6±0.7* 
Mixture of extracts 55.64±0.4 

 
a data expressed as gallic acid equivalent (GAE) mg per 1 g of extract. * p<0.05 vs. Thymus vulgaris L. extract; # p<0.05 vs. 
Urtica dioica L. extract; values are means (n=5) ± SE (standard error). 

 
 
 
radical neutralized by antioxidant compounds in the tested sample. 
The same procedure was applied to measure it, except the 
absorption was measured at certain times (1, 5, 15 min etc. till 6 h). 
Simultaneously, the absorption level of the control sample was 
measured. The DPPH radical scavenging activity was calculated by 
the formula: 

 

                                                (1) 

 
Where Q is inhibition of DPPH, As is absorbance of mixture and Ab 
is absorbance of control.  The number of experiments was n = 5. 
 
 
Evaluation of 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) 
(ABTS) radical scavenging 

 
Other method to evaluate antioxidant activity was ABTS radical 
cation decolorization assay (Re et al, 1999). ABTS was dissolved in 
water to the concentration 15 mmol/l and a certain amount of 
potassium persulfate was dissolved in water to the concentration 5 
mmol/L. These two solutions were mixed and kept in a dark at room 
temperature for 16 h in order to produce ABTS radical. This solution 
was diluted with water to reach the absorbance of 0.800 (±0.03) at 
734 nm. 2.0 ml of ABTS solution was mixed with 20 µl of extract 
solution, which concentration was 0.8 mg/mL in 1 cm3-thick cuvette. 
The absorption of sample was measured after 6 min at 734 nm. 
Results were expressed as TEAC according to the Trolox 
calibration curve.  

Antioxidant activity of mixture from extracts was evaluated by 
measuring the percentage of ABTS radical bleaching. The same 
procedure was applied as described therein; just the absorption 
was measured at time intervals (1, 5, 15 min etc. till 6 h). 
Simultaneously, the absorption level of the control sample was 
measured. The ABTS radical scavenging activity was calculated by 
the formula in Equation (1). The number of experiments was n = 5. 
 
 
Evaluation of the inhibition of tyrosine nitration (TNI) 

 
For the investigation, high-performance liquid chromatography 
(HPLC) system HP 1100 (Agilent Technologies) with diode array 
detector (HP 8453, Agilent Technologies) was used. 250 µl of 2 mM 
tyrosine solution in 0.15 M phosphate buffer (pH 7.4) was prepared, 
and mixed with 250 µl of a mixture.  42 µl of this solution in the 
injector of the autosampler was mixed with 8 µl of 2.5 mM 
peroxynitrite solution in 0.05 M sodium hydroxide, and then was 
injected into HPLC column Supelcosil ABZ Plus 250 × 4.6 mm, 5 
µm. The mobile phase consisted of 90% 40 mM formic acid and 
10% methylcyanide, flow velocity – 1 ml/min. Chromatograms were 
recorded  at  356  nm  wavelength.  The  activity  of  a  mixture  was 

calculated on the basis of 3-nitrotyrosine peak, compared to the 
control. The result was expressed as percents of inhibited radical. 
The number of experiments was n = 3. 

 
 
Fluorimetric evaluation of antioxidant activity of extracts  

 
For investigation of antioxidant activity by fluorimetric analysis 
different amounts of plants extracts (10 mg of extracts were 
dissolved in 1 ml of water) were added. The incubation of 
mitochondria was performed using the following procedure: 
mitochondria (1 mg of protein), a certain amount of extracts 
solutions (10, 40, 70 or 100 µl), and mitochondrial media up to 200 
µL were placed in Eppendorf test-tubes. The content of the test-
tubes was shaken and stored in ice for 10 min. Following that, the 
test tubes were centrifuged, the medium was decanted, and the 
mitochondria were suspended in another portion of the medium and 
stored in ice until the testing.   

Each fluorimetric well was filled in with the following: (1) a set 
amount of hydrogen peroxide and the studied amount of the 
extract, or (2) isolated rat liver mitochondria (0.25 mg/ml protein) 
incubated with extracts, pyruvate + malate (6 mM both), and 
antimycin A (1 µM). Subsequently, the following substances were 
added: horseradish peroxidase (1 U/ml), Amplex Red (10 µM), and 
measurement medium (up to 200 µl). The measurements were 
performed for 10 min at the temperature of 37°C. The samples 
were continuously stirred during measurements. The intensity of 
fluorescence in the wells was measured (at 544 nm excitation and 
590 nm emission wavelengths) immediately after adding the 
ingredients and at 5 and 10 min thereafter. The number of 
experiments was n = 3. 

 
 
Statistical data analysis  

 
Data are presented as Means ± S.E.M. Statistical analysis was 
performed by one-way analysis of variance (ANOVA), followed by 
Dunnett’s post test using the software package Statistica 1999, v. 
5.5 (StatSoft Inc.). A value of p <0.05 was taken as the level of 
significance. 
 
 
RESULTS 
 
Phenolic compound content in the tested extracts, 
calculated as equivalent to gallic acid, ranged from 24.6 ± 
0.4 to 96.0 ± 0.9 mg/g (Table 1). The highest amount of 
phenolic compounds was detected in thyme extract that 
is, by 1.67-fold more than in stinging nettle extract, and 
by  4.04-fold  more,  compared to sage extract. Mixture of  
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Figure 1. Free radical-scavenging activity of Thymus vulgaris L., Salvia officinalis L., Urtica dioica L. extracts (A) and of mixture of 
extracts (B). ∗ p<0.05 vs. Thymus vulgaris L. extract, # p<0.05 vs. Urtica dioica L. extract. 

 
 
 
extracts contained 55.64 ± 0.4 mg/g of phenolic 
compounds. The evaluation of the antioxidant activity of 
extracts was first performed by applying DPPH and ABTS 
radical-scavenging assays. Free radical-scavenging 
activity of extracts was expressed as TEAC.   

 Figure 1A indicates that thyme extract had the 
strongest free radical-scavenging effect (TEACDPPH was 
51.16 mmol/100 g, TEACABTS was 57.74 mmol/100 g), 
stinging nettle was fivefold weaker antioxidant comparing 
results of DPPH assay and 3.4-fold weaker free radical-
scavenger comparing TEAC of ABTS assay than thyme. 
Common sage exhibited weak free radical scavenging 
properties (TEACDPPH was 1.24 mmol/100 g, TEACABTS 

was 2.08 mmol/100 g). 
In order to determine antioxidant activity of mixture 

from extracts the DPPH and ABTS assays were used, 
just results were expressed as percents of radical 
inhibition. We were interested in kinetic behavior of 
mixture of extracts, for this reason bleaching of radicals 
was measured for six hours (Figure 1B). During first five 
minutes, mixture demonstrated fast antioxidant activity; 
DPPH was bleached almost 14% compared with control 
(water). Later mixture of extracts ensures slow but 
tantamount antioxidant activity, and during five hours a 
mixture inhibited more than one third of DPPH radical 
compared with control. Results of ABTS assay were 
similar, but not the same. Mixture exhibited slow and 
tantamount radical-scavenging activity but inhibition was 
weaker compared with DPPH method. During first five 
minutes mixture inhibited 5% weaker effect than in the 
DPPH case, during all experiment decolorization of ABTS 
cation  radical  was  22%.  The  third  technique  that was 

applied to determine the free radical-scavenging activity 
of the tested extracts was inhibition of peroxynitrite 
induced tyrosine nitration. The inhibition of tyrosine 
nitration of mixture (0.2 mg/mL) was 65.3±1.1%. Trolox 
equivalent antioxidant activity of this sample was 
72.6±1.9%.  

The last technique applied to determine the antioxidant 
activity of the studied extracts was the evaluation of the 
neutralization of hydrogen peroxide in the presence of 
horseradish peroxidase and Amplex Red. In this series of 
experiments the ability of various amounts (0.01 to 0.1 
mg) of extracts to neutralize hydrogen peroxide was 
investigated. Testing results showed that the lowest used 
amount of extracts (0.01 mg) neutralized 24 to 50% of 
H2O2, while the highest amount (0.1 mg) neutralized 72 to 
88% of the compound (Figure 2).  

Subsequently, the effect of various amounts of the 
studied extracts (0.1 to 1 mg) on the ability of rat liver 
mitochondria to generate ROS was investigated. 
Evaluation of ROS generation by mitochondria incubated 
with 0.1 mg of extracts (Figure 3) showed that in all cases 
mitochondria affected by extracts generated by ~48 to 
57% less radicals, compared to control mitochondria. 
When mitochondria were incubated with highest amounts 
of thyme extract, ROS generation decreased with 
increasing amount of the extract, and dropped by 72%, 
when 1 mg of the extract was used (Figure 3). In case of 
stinging nettle extract, the highest effect was observed 
when 0.4 mg of the extract was used, and further 
increase of the concentration resulted in reduction of its 
effect. The highest inhibitory effect on ROS generation 
exhibited  by  garden   sage   extract   was   observed   at
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Figure 2. The ability of Thymus vulgaris L., Salvia officinalis L., Urtica dioica L. extracts at various concentrations to 
neutralize H2O2.  

∗ p<0.05 vs. control. 

 
 
 
the lowest studied amount (0.1 mg) of this extract, higher 
concentrations resulted in reduced effect, and the highest 
studied concentration demonstrated strong ROS 
generation-stimulating effect.  
 
 
DISCUSSION 
 
The DPPH technique was applied in order to determine 
how effectively the tested extracts inactivated free 
radicals that subsequently transformed into DPPH-H type 
compounds. When applying the DPPH and ABTS 
technique, common thyme extract was found to have the 
strongest free radical-scavenging effect (Figure 1A). This 
is probably due to the high amount of phenolic 
compounds in the thyme extract, compared to garden 
sage or stinging nettle extracts (Table 1). Literature 
indicates that phenolic compounds have not only 
antioxidant, but also antiseptic and antimicrobial activity; 
information that is relevant in designing a new 
pharmaceutical composition of three medicinal herbs 
(Mavi et al., 2004). 

U. dioica L. demonstrated weaker antioxidant 
properties than T. vulgaris L. Dadé et al. (2009) 
investigated antioxidant activity of U. dioica L. and 
determined that TEACDPPH is 3 mmol/100 g of stinging 
nettle herb and TEACABTS is 19 mmol/100 g. These 
findings  differ  from  our  results,  which  may  be  due  to 

different preparation of extract solution. Dadé et al. 
(2009) used infusions or decoctions prepared by common 
method in which teas are consumed, whereas in our 
experiment water solution of ethanolic dry stinging nettle 
extract was used.       

Surprisingly, and in contrast with some sources of 
literature (Brewer, 2011; Suhaj, 2006), garden sage 
extract exhibited weak DPPH and ABTS radical-
scavenging properties (Figure 1A). Likewise, it was found 
to contain statistically significant lower amount of 
phenolic compounds (Table 1). Tepe et al. (2007) 
investigated six species of sage (S. caespitosa, S. 
hypargeia, S. euphratica, S. sclarea, S. candidissima, 
and S. aethiopis) and found that the free radical-
scavenging effect depended not on the amount of 
phenolic compounds, but on the ortho- and para- position 
of the hydroxyl group, which increases the polarity of the 
compound and increases its radical-scavenging capacity.  
Aruoma et al. (1992) found that in sage, orthodihydroxyl 
groups can be detected in the aromatic ring of carnosol 
and carnosic acid, which are characterized by strong 
antioxidant properties. Thus, weak antioxidant effect of 
sage extract suggests that the extract had few phenolic 
compounds with hydroxyl groups in ortho- and para- 
positions. Low amount of phenolic compounds in sage 
extract as well as weak radical-scavenging properties 
may induce the loss of some compounds in extract e.g. 
rosmarinic  acid, which has low long-term stability (Kim et 
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Figure 3. The effect of incubation with 0.1-1.0 mg of different extracts on the ability of isolated rat 
liver mitochondria to generate ROS (%). ∗ p < 0.05 vs. Thymus vulgaris L. extract.   

 
 
 
al., 2010), during manufacturing or storage too.  Mixture 
of these extracts showed initial faster antioxidant activity 
following by slow kinetic behavior. Antioxidants can be 
divided in two groups: “fast-acting” antioxidants (ascorbic 
acid) or “slow-acting” antioxidants to which complex 
antioxidants as phenolic compounds can be assigned 
(Schauss et al., 2006). In our case, a mixture of extract 
was rich in phenolic compounds therefore its action was 
characteristic rather as the “slow” antioxidant. 

TNI was used to determine how effectively studied 
preparations scavenged radicals forming during nitration 
of tyrosine by peroxynitrite (ONOO-). Peroxynitrite is a 
potent oxidant that forms during a reaction of superoxide 
with nitrogen monoxide (Beckman et al., 1993; Squadrito 
et al., 1995; Beckman, 1996). In the presence of 
physiological disorders of the organism, peroxynitrite 
rapidly reacts with carbon dioxide, resulting in the 
formation of nitrogen dioxide and carbon oxide radical 
anions (Uppu et al., 1996; Lymar et al., 1995), which 
during nitration reactions may bind to tyrosine 
(Ramezanian et al., 1996; Van der Vliet, 1995). Mixture of 
extracts was effective scavenger of peroxynitrite.  

All these tests showed that sage, nettle and thyme 
extracts also their mixture can be scavengers of different 
free radicals. The last technique was fluorimetric analysis 
of extracts. In all cases of neutralization of hydrogen 
peroxide, the strongest effect was observed in thyme 
extract – which had the highest content of phenolic 
compounds.  Even   though   the   content    of    phenolic 

compounds in stinging nettle extract was a half of that in 
thyme extract, and sage extract contained by fourfold 
less phenolic compounds, compared to thyme extract, 
they also effectively neutralized hydrogen peroxide.  

 We did not find any studies in literature that would 
analyze the effect of these extracts to the ability of 
mitochondria to generate ROS, and thus our study is new 
in this field. However, it has been proven that the majority 
of natural biologically active substances at low 
concentrations act as antioxidants (Medić-Sarić et al., 
2009), while at higher concentrations they may have a 
pro-oxidant effect. In our study, low concentrations of 
stinging nettle and sage extracts resulted in stronger 
inhibition of ROS generation in mitochondria, compared 
to 1 mg, and thus we concluded that active substances in 
small amounts of these extracts acted as antioxidants, 
while at higher concentrations their effect was pro-
oxidant. Active substances in thyme extract effectively 
inhibited ROS generation in mitochondria at all studied 
concentrations.  
 
 
Conclusions 
 
The tested plant extracts and mixture demonstrated 
effective antioxidant characteristics. For this reason, 
preparations produced from these extracts may be used 
as effective prevention and valuable additional treatment 
for  diseases  caused  by  oxidative  stress. The strongest 

Extract (mg) 
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effectiveness in scavenging DPPH and ABTS radicals 
was observed in thyme extract. Probably there is direct 
correlation between the amount of phenolic compounds 
in the preparation and its antioxidant activity.  Mixture 
from sage, stinging nettle, and thyme extracts can 
provide slow but constant free radical-scavenging activity.   

Low concentrations of all studied extracts (0.1 mg) in 
rat liver mitochondria had an antioxidant effect, while 10-
fold higher concentrations of garden sage and stinging 
nettle extracts may have a pro-oxidant effect on the 
mitochondria. In case of thyme extract, the increase of its 
concentration led to higher antioxidant effect. Further 
studies would be required to investigate the effect of 
extracts and their active compounds on the mitochondrial 
respiratory chain components and their functions.  
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