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The plant Prunella vulgaris L. has long been used in traditional European and Asian medicine. Its extracts reveal 
immunoprotective, antitumor, antiinflammatory, and antiestrogenic features. We obtained aqueous and ethanol extracts 
from P. vulgaris L. leaves; carried out HPLC analysis; detected the total flavonoids content and the antiradical activity. The 
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Prunella vulgaris L. (heal-all) is a herbaceous plant 
belonging to the Prunella genus of the Lamiaceae 
family [1], which has been used in traditional 

medicine for thousands of years. Prunella vulgaris 
L. has immunomodulatory, antioxidant, antiviral 
and many other properties. The active components 
of Prunella vulgaris L. extracts include flavonoids, 
triterpenoids, sterols and their glycosides, coumarins, 
organic acids, phytoncides, oils, saccharides, etc. 
The most important phytocomponents are phenolic 
compounds such as rosmarinic, ursolic and caffeic 
acids, tannins, rutin and quercetin, betulinic acid 
D-camphor, delphinidin, hyperoside, beta-carotene, 
etc. The flavonoids contained in Prunella vulgaris L. 
possess an important phytotherapeutic capacity [2, 3]. 
Rosmarinic acid has antioxidant and antiinflammatory 
properties, which prevent the development of reactive 
oxygen species (ROS) and lipid peroxidation.

The etiology of many diseases implies oxidative 
stress [4, 5, 6, 7], whereas the condition required to 
maintain cellular homeostasis involves balance between 
the production of ROS (reactive oxygen species) or free 
radicals and their neutralization.

The enzymatic antioxidant system includes superoxide 
dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx) and glutathione reductase (GRx) [8, 9]. SOD – the 
first line of protection against free radicals – catalyzes the 
dismutation of the superoxide anion radical (O2

•-) into 
hydrogen peroxide (H2O2).

The purpose of this work was to determine the 
antiradical, hemolytic activity of Prunella vulgaris L. extracts, 
and to evaluate erythrocyte superoxide dismutase.

Material and Methods. The active components 
were extracted from dry crushed leaves (1 g per 30 ml 
of extractant) with ultrasound (75W, 15 min in Ultrasonic 
Homogenizer, Sonic-150W, MRC, Israel). After that, the 
extracts were incubated on a shaker for 24 hours (60–
70 rpm) and then centrifuged for 15 minutes at 3000 rpm 
on a Jouan GR412 centrifuge [10].

The total flavonoid content (TFC) was determined 
based on the flavonoids ability to chelate Al3+ atoms 
at 430 nm [11]. The antiradical activity of the studied 
extracts was based on the bleaching of the stable 
DPPH radical (Fluka) at 517 nm measured on a UV / Vis 
spectrophotometer (JENWAY 6405) [12].

The antiradical activity (ARA,  %) was calculated 
following the formula below, taking into account the value 
of the residual absorption (correction factor – CF)

ARA %=[(RAcontrol – RAsample) / (RAcontrol – CF)]·100.
The extract activity was determined by the IC50 

value, which indicated the amount of extract required to 
quench 50 % of DPPH radical in 1 ml of the solution, was 
determined based on dose-dependent ARA curves.

To determine the major components of the flavonoid 
class, a high-performance liquid chromatography 
(HPLC) method was employed using a Waters Alliance 
2695  chromatograph with a spectrophotometric and 
diode array detector, as well as MassLynx data processing 
software. Separation was done on a C-18 column 
(250×4  mm, particle size  – 4.5 nm) at an elution rate 
of 1 ml/min with the following gradient elution system: 
deionized water with 0.1 ml/l of 90  % orthophosphoric 
acid (solution A) – acetonitrile (solution B); 0–5 min linear 
solution A was adjusted from 10 % to 40 %, then to 50 % 
over the next 3 minutes and for the last 12 minutes, this 
ratio of solutions was maintained isocratically. Ethanol 
solutions of quercetin, rutin, apigenin, kaempferol at 
365 nm, naringenin – 290 nm, genistein – 261 nm (all by 
Sigma company) were used as standards.

Erythrocytes were obtained from the blood of healthy 
people as well as the blood of patients affected with periodic 
disease. The optical density of the erythrocyte suspension 
was adjusted to 0.7 optical units (6.2×106 cells/ml) [9]. The 
erythrocyte resistance was evaluated by changing the optical 
absorption of the erythrocyte suspension at 680 nm for 
10–15 minutes, the readings being taken every 30 seconds, 
on the Specord M400 spectrograph (Carlzeiss, Germany). 
The effect of Prunella vulgaris L. extracts (standardized by 

effect of different extracts of Prunella vulgaris L. on the activity of superoxide dismutase of healthy donors’ erythrocytes was 
studied. It was shown that the major component of ethanol extracts is rosmarinic acid. 50 % ethanol extract of P. vulgaris 
features high antiradical, antioxidant (SOD) and low hemolytic activity.

Keywords: Prunella vulgaris L. extracts, total flavonoid content, HPLC analysis; antiradical activity, erythrocytolysis, SOD

Растение Prunella vulgaris L. издавна используется в европейской, азиатской традиционной медицине. Его экс-
тракты проявляют иммунопротекторные, противооухолевые, противовоспалительные, антиэстрогенные свойства. 
Были получены водные и этанольные экстракты листьев P. vulgaris L., проведен ВЭЖХ-анализ, определено общее 
содержание флавоноидов и антирадикальная активность. Исследовано действие разных экстрактов Prunella vulgaris 
L. на активность супероксиддисмутазы эритроцитов здоровых доноров. Показано, что мажорным компонентом эта-
нольных экстрактов является розмариновая кислота. 50 % этанольный экстракт P. vulgaris обладает высокой анти-
радикальной, антиоксидантной (СОД) и низкой гемолитической активностью. 

Ключевые слова: экстракты Prunella vulgaris L., содержание флавоноидов, антирадикальная активность, гемолиз 
эритроцитов, СОД
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RA	 –	Rosmarinic Acid
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rosmarinic acid) on erythrocyte resistance, was determined 
by the following formula:

Р=Aх/(A0 – Ah)·100 %,
where Aх is the optical density (OD) of the sample after 
irradiation for х time; A0 – OD of unhemolyzed erythrocyte 
suspension; Ah – OD of the sample after full lysis, which 
does not reach the zero value because of hemichrome 
development.

The SOD activity was determined by the ability 
of the enzyme to inhibit adrenaline autooxidation 
detected by the adrenaline oxidation product 
with absorption at around 347 nm. The optical 
density of the solutions was recorded on 
a SF 26 spectrophotometer (Germany) at 
room temperature. SOD was obtained from 
erythrocytes hemolysate, and the activity was 
determined [13] subject to the formula 

          % inhibition          SOD activity (CU)=
 (100 % – inhibition %),

where the inhibition % (act. unit)=[1–(ΔD 
sample/ΔD control)]·100 %.

The statistical analysis was carried out using 
the Microsoft Office Excel (p˂0.05).

Results and Discussion. A TFC analysis 
revealed that in most P. vulgaris extracts the 
indicator is quite high. The maximum TFC was 
found in 25  % of the P. vulgaris ethanol extract 
(24.75±0.7494 μg/g); it was lower in 50 % of the 
ethanol extract. Relatively low TFC was found in 96 % of 
ethanol, aqueous and 70 % of ethanol P. vulgaris extracts 
(Table). A HPLC analysis of extracts showed that the major 
component of ethanol extracts is rosmarinic acid (RA) 
(Fig. 1). The top high content of RA was identified in 50 % 
ethanol extract, which was 1.6 times as high as in the 96 % 
extract, and 1.1 times as high as in the 70 % extract. From 
the ARA point of view, the 70 % extract was the most active, 
while the least active was the 96 % ethanol extract.

Table 
Total flavonoid content, RA, antiradical (IC50)  

and SOD activity of P. vulgaris extracts

Samples RAcontent 
(mg/g) TFC (µg/g) IC50 

SOD activity 
(%)

Aqueous 
extract – 12.68±0.02472 7±0.05 50.7±1.1

25 % etha-
nol extract – 24.75±0.7494 10.5±0.04 52.4±1.2

50 % etha-
nol extract 1.063±0.03 16.37±0.0826 0.36±0.002 18.7±0.9

70 % etha-
nol extract 0.982±0.01 12.28±0.31752 0.45±0.02 80.4±1.6

96 % etha-
nol extract 0.669±0.02 13.13±0.0192 0.65±0.01 22.2±0.6

Significant difference, p<0.05.

The results showed that the stable DPPH radical-
neutralizing activity of all the extracts was of dose-
dependent nature. However, there is no correlation 
observed between the TFC and the ARA of extracts, 
which may be due to the different qualitative composition 
of their flavonoids or to the presence of other compounds 
groups with antioxidant properties.

The hemolytic effect of extracts on erythrocytes was 
investigated straight after the addition of 0.1 ml of extract 
to 1 ml of the erythrocyte suspension in dark conditions, 
in the light without/with incubation. At dark incubation 
(60 min) the P. vulgaris extracts revealed no hemolytic 
activity. After 60 min incubation, the 50  % and 70  % of 
the P. vulgaris ethanol extracts led to partial hemolysis. 
The aqueous extract of P. vulgaris after 24 hours basically 
showed no hemolysis. The 25 % extract had insignificant 

hemolytic activity (erythrocyte resistance  – 81  %), and 
the 70  % and 96  % P. vulgaris ethanol extracts after 
24 hours resulted in complete hemolysis. In the light, the 
erythrocyte resistance remained 100  % for P. vulgaris 
aqueous extracts, whereas all the ethanol extracts resulted 
in destroyed red blood cells at different points (Fig. 2). 
The outcomes of the experiment suggest that P. vulgaris 
contains photosensitizers that get extracted with ethanol.

Fig. 1. HPLC analysis of Prunella vulgaris L. ethanol extracts

Fig. 2. Photohemolysis induced by P. vulgaris extracts

The results of the determining the erythrocytes SOD 
in the presence of P. vulgaris extracts showed that the 
inhibitory activity was higher in the 50 % ethanol extract 
(18  %), then in the 96  % extract (22  %), whereas the 
aqueous and the 25  % ethanol extract had it equal. An 
interesting thing was observed in the SOD activity in the 
presence of 70 % extracts (80.14 %, compared to control 
samples  – 14.4  % higher inhibitory activity, yet much 
lower than in the 50 % and 96 % extracts (Fig. 3).
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Fig. 3. Erythrocyte SOD activity in the presence  
of P. vulgaris extracts
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With incubation for one hour, the endo- and 
exogenous systems of ROS neutralization revealed 
an almost similar low inhibitory activity, which may 
depend on the neutralization reactions through the 
incubation.

Conclusions. Therefore, the highest ARA was 
observed in the 50 % P. vulgaris ethanol extract, where 
the content of RA was maximal. The TFC in this extract 
is lower, which is indicative of the major contribution that 
RA – and not flavonoids – has in ARA. The high ARA level 

in the 25  % extract is manifested not through RA only, 
yet also through other active components. Low dark-
period hemolytic activity was observed in the aqueous, 
in the 25 %, as well as in the 50 % extracts of P. vulgaris 
leaves. The 50  % and 96  % ethanol extracts have high 
SOD activity.

The outcomes obtained from the experiments 
described above could be used to summarize that high 
antiradical, antioxidant (SOD), and low hemolytic activity 
resides in the 50 % extract of P. vulgaris.
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