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Târgu Mureș, Romania  
4Department of Analytical Chemistry and Drug Analysis, Faculty of Pharmacy, George Emil Palade 

University of Medicine, Pharmacy, Science and Technology of Târgu Mureș, Romania 
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Abstract: Prunella vulgaris L. grows in spontaneous flora of Romania in wet places, fields, meadows, 

unpopulated areas, both in the sun and in the shade. The plant is rich in phenolic acids (caffeic acid, 

rosmarinic acid), pentacyclic triterpenic compounds (ursolic, oleanolic, betulinic acid) and flavonoids 
(rutoside, quercetin). Prunella vulgaris L. has shown numerous pharmacological actions: antioxidant, anti-

allergic, antimicrobial, immunostimulatory activities. The aim of the study was to evaluate the 

phytochemical and pharmacological profile of the leaves and spike inflorescence of Prunella vulgaris L. 

collected from Romania. The polyphenol content in leaves was found to be 63.78 ± 2.01 mg GAE/g dry 
weight in the methanolic extract and 45.73 ± 13.87 mg GAE/g in the aqueous extract. In the spike 

inflorescence, total polyphenol content was 36.44 ± 6.73 mg GAE/g in the methanolic extract and 26.49 ± 

2.97 mg GAE/g in the aqueous extract. The results from the antioxidant assays (DPPH and ABTS) were not 
significantly different between the two herbal drugs. Further studies are needed in order to quantify the 

active compounds. 
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1. Introduction 

Prunella vulgaris L. (PV) is one of the 

herbs having a long history of traditional use in 

Chinese medicine (Pinkas, 1994). According to 

the empirical evidence, the infusion of Prunella 

vulgaris L. was used to treat diseases of the 

mouth, migraines, skin conditions (Zdařilová et 

al., 2009; Vostálová et al., 2010; Sârbu et al., 

2013). It has a monography in the latest edition 

of the European Pharmacopoeia (Eur. Ph. 8.0, 

2011). Prunellae spica represents an important 

source of active compounds: phenolic acids, 

flavonoids, pentacyclic triterpenic compounds, 
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sterols and polysaccharides (Morteza-Semnani 

et al., 2006; Mahboubi et al., 2015). According 

to the published reports, there is a direct 

correlation between the concentration of 

phenolic compounds in herbal drugs and their 

antioxidant activity (Shan et al., 2005). 

Medicinal properties attributed to Prunella sp. 

include anti-allergic, anti-inflammatory (Ryu et 

al., 2000), immunostimulatory (Han et al., 

2009; Hwang et al., 2013a), antihyperglycemic 

(Zheng et al., 2007), and antihypertensive (Fu 

et al., 2011). Ethanolic and aqueous extracts of 

the species induce apoptosis, thus having a link 

between antioxidant action and phenolic 

content (Hwang et al., 2013b). Also, the 

literature indicates that the extracts exhibit 

antiviral and antimicrobial actions (Komal et 

al., 2018; Li et al., 2019). Prunella vulgaris can 

be found in the wild flora of Romania, but there 

is a lack of information regarding the 

phytochemical profile of the herbal drug. Being 

a widespread species in Romania, the defined 

objectives of the present study are the analysis 

of the plant product by chromatographic 

methods and the evaluation of the antioxidant 

action. Because most of the natural treatments 

indicate the preparation of plants as an 

infusion, a study of the Prunella vulgaris 

species is required for a comparative analysis 

depending on the extraction yield to obtain an 

extract with the richest concentration in active 

principles. 

2. Materials and Methods 

Plant material 

Prunella vulgaris L. leaves and spike 

inflorescence were harvested from Mureș 

County, Romania. Harvesting was done at the 

end of the flowering period, when the fruit 

develops, in August. The herbal drug was dried 

in the shade and kept in laboratory conditions 

until analysis. Voucher specimens of all 

samples (PV-L-19, PV-SI-19) are deposited at 

the Department of Pharmacognosy and 

Phytotherapy, Faculty of Pharmacy, George 

Emil Palade University of Medicine, 

Pharmacy, Science, and Technology of Târgu 

Mureș, Romania. 

 

Preparation of PV extracts 

Aqueous extract (PV-AQ): 5g of dried 

and crushed plant product (leaf (L) or spike 

inflorescence (SI)) were extracted with 50 mL 

of distilled water for one hour at 60 °C on an 

ultrasonic water bath followed by filtration. 

Methanolic Extract (PV-Me): 5g of dried 

and crushed plant product (leaf - L or spike 

inflorescence - SI) were extracted with 50 mL 

methanolic solution (70:30 v/v, methanol: 

water) for one hour at 60 °C on an ultrasonic 

water bath followed by filtration. 

 

Thin-layer chromatography (TLC) 

The solutions (30 µL of the methanolic 

extract from spike inflorescence) were spotted 

on TLC silicagel plates (ALUGRAM Xtra SIL 

G Macherey- Nagel Düren, 10 x 20) as 1 cm 

bands, using a Hamilton syringe. Plates were 

developed in an ascending mode in a saturated 

chamber using ethyl acetate-methanol-water 

(40:5.4:4, v/v/v) as a mobile phase. Rosmarinic 

acid, caffeic acid, betulinic acid, quercetin, 

rutozide were used as standards. Following 

development, the plates were dried and spayed 

with diphenylboroyloxymethylamine and PEG 

400 5% solution in MeOH for fluorescence 

intensification and stabilization. The 

chromatograms were observed in UV/Vis 

before and after pulverization. An UV lamp 

254/365nm Vilber Lourmat was used for 

compounds identification at 365 nm. 

 

Total polyphenol content (TPC) 

The total polyphenol content was 

determined spectrophotometrically using Folin 

Ciocalteu reagent (Singleton et al., 1999). A 

standard curve for gallic acid was prepared 

with five points ranged between 0.002-0.02 
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mg/mL (R2 = 0.9865). The results were 

expressed as mg of gallic acid equivalents/ 1 g 

of the dried herbal drug. 

 

DPPH radical scavenging activity 

Free radical scavenging activity was 

performed using DPPH method. To 2,5 mL 

methanol solution of DPPH 0,1 mM, different 

volumes of samples (50 µL, 100 µL, 200 µL, 

300 µL, 400 µL, 500 µL) were added. The 

absorbance was measured at 517 nm (using a 

UV-VIS spectrophotometer) after 30 minutes. 

The % inhibition was calculated using the 

following formula: 

% inhibition = [(A control - A sample) / (A 

control)]*100 

The IC50  (the concentration of the sample 

that scavenge 50% of DPPH free radical) 

values were determined. Ascorbic acid was 

used as positive control (Shen et al., 2010; 

Fazal et al., 2016; Nayak et al., 2018). 

 

ABTS radical scavenging activity 

The ABTS•+ radical cation was generated 

by reacting 10 mg ABTS and 2.45 mM 

potassium persulfate, followed by incubation at 

room temperature, in the dark for 12 hours. The 

ABTS•+ solution was diluted with ethanol. To 

2.5 mL ABTS•+ solution, different extract 

volumes (10 µL, 60 µL, 90 µL , 150 µL , 300 

µL )were added and the absorbance was 

measured after 6 minutes at 734 nm (using a 

UV-VIS spectrophotometer). The controls 

contained the extraction solvent instead of the 

test sample. The % inhibition was calculated 

using the following formula: % inhibition = [(A 

control - A sample) / (A control)]*100, where 

A0 is the absorbance of the control and A1 is 

the absorbance of the test samples. 

Results were expressed as IC50 (µg/mL). 

Ascorbic acid was used as positive control 

(Zheleva-Dimitrova et al., 2010; Chew et al., 

2011). 

 

Data analysis 

Statistical analysis was performed using 

Graph Pad Prism 8. All measurements were 

made in triplicate, and the results were 

expressed as mean ± SD. Analysis of variance 

(ANOVA) was performed, followed by 

Tukey’s multiple comparison Test at p < 0.05. 

3. Results and discussions 

Qualitative TLC analysis was performed in 

order to identify the main polyphenolic 

compounds found in the Prunella 

inflorescence. TLC is widely used in quality 

control of natural products and food 

supplements, as the procedure is a rapid, cheap 

and straightforward method. TLC of sample 

and reference compounds were analyzed before 

and after spraying, in daylight, and at UV365 

nm. Before revelation, two yellow spots were 

observed, corresponding to the 2 flavonoids 

used as standard compounds: rutozide (Rf = 

0.9) and quercetin (Rf = 0.26). After revelation 

with NEU reagent, in daylight, yellow-green 

spots corresponding to rosmarinic acid were 

observed, yellow-colored spots corresponding 

to rutozide and caffeic acid. In UV light (Fig. 

1), polyphenolic compounds with specific 

fluorescence are observed. In Prunellae spica 

extracts, rosmarinic acid (Rf = 0.28) with 

greenish-blue fluorescence was identified on 

the basis of the retention factor, in comparison 

with the reference compounds used. Analyzing 

the chromatographic plate, we can observe that 

rosmarinic acid is the major compound 

considering the intensity of the spot. The 

presence of an orange spot was also observed, 

indicating the presence of a flavonozide. Due to 

the fact that caffeic acid and betulinic acid had 

the same retention factor using this mobile 

phase, it is not possible to determine which of 

these compounds are present in the extract.  
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RA CA BA Rut Q PVE 

Fig. 1. Chromatograms of Prunella vulgaris inflorescence extract after spraying with NEU / 

PEG reagent, in UV 365 nm. From left to right: rosmarinic acid, caffeic acid, betulinic acid, 

rutozide, quercetin, Prunella vulgaris extracts 

 

Although the TLC analysis offers only 

qualitative information, we can conclude that 

the main polyphenolic compound found in 

Prunella vulgaris flowers is rosmarinic acid. 

The results are consistent with the reported data 

(Shekarchi et al., 2012; Wagner et al., 2016).  

The methanol extract of Prunellae spica 

are characterized in the upper Rf range by 

rosmarinic acid - RA (Rf=0.28), caffeic acid - 

CA (Rf=0.8), betulinic acid - BA (Rf=0.8), 

rutozide - Rut (Rf=0.26), quercetin - Q 

(Rf=0.9) (Fig. 1). 

Polyphenols are plant secondary 

metabolites, considered to be a valuable class 

of natural compounds with a highly satisfactory 

therapeutic effect.  

Many researches aiming to characterize the 

spike of Prunella vulgaris have been published 

in recent years in China and other countries, 

however, the herbal drug collected from 

Romania is poorly characterized (Collins et al., 

2009; Liu et al., 2017).  

Our results are very similar to the results 

obtained by Aybastier et al. (2011) with the 

plant collected from Turkey. Although most 

researches were focused on the extracts 

obtained from PV spike, the TPC was 

significant higher in the extracts obtained from 

the leaves. The moment of harvesting is 

probably responsible for the lower quantity of 

polyphenols in the spike. It is known that the 

content of secondary metabolites (rosmarinic 

acid, caffeic acid) in herbal drugs varies 

considerably through the plant development 

and subsequently their antioxidant action 

depends on the moment of harvest (Chen et al., 

2019). We have chosen to collect the herbal 

drug at the end of the flowering period, when 

the fruit develops, because Prunella vulgaris 

fruits contain mainly oleanolic and usolic acids 

(Du and Chen, 2009). These pentacyclic 

triterpenic acids are known to have great 

pharmacological actions like anti-diabetic, anti-

hyperlipidemic, antiinflamatory and 

hepatoprotective effects (Kashyap et al., 2016; 

Ayeleso et al., 2017; Ding et al., 2018). The 

extraction solvent plays an important role 

regarding the final concentrations of active 

principles in the obtained extracts. As an 

extraction solvent, methanol is often used 

because it assures high extraction yields than 

other polar solvents. 
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Table 1. TPC and antioxidant activity 

Sample TPC (mg GAE/g DW) 
DPPH 

IC50 (µg/mL) 

ABTS  

IC50. (µg/mL) 

PV – L - MeOH 63.78 ± 2.01a 35.31 ± 0.68 1.29 ± 0.12 

PV – L - AQ 45.73 ± 13.87ab 61.35 ± 0.99 2.23 ± 0.11 

PV – SI - MeOH 36.44 ± 6.73b 53.89 ± 4.93 1.53 ± 0.11 

PV – SI - AQ 26.49 ± 2.97b 56.64 ± 2.81 2.32 ± 0.15 

DW – dry weight of the herbal drug; all tests were performed in triplicate; different letters in columns 

mean statistically significant differences 

 

For an optimal extraction of polyphenolic 

compounds, studies have revealed that the 

percentage of methanol should be varied 

between 50% and 80% (Gupta, 2010). 

Our findings (Table 1) are in line with 

data from earlier studies. TPC values measured 

for Prunella vulgaris extracts varied has been 

reported to be between 8.05 – 63.75 mg GAE / 

g dry plant (Aybastier et al., 2011; Singh et al., 

2015; Chen et al., 2019; Shanaida et al., 2018). 

TPC was expressed in mg GAE/g DW, all of 

the determinations being made three times. 

Dosing total polyphenols at an early stage of 

the study is important because there are 

numerous studies that compare the antioxidant 

action to biological activity (Mahboubi et al., 

2015). Although the concentration of 

polyphenolic compounds is higher in the 

methanolic extracts, our study revealed that 

there are no significant differences (at p<0.05) 

between methanolic and aqueous extracts from 

the same herbal drug. The main criteria 

underlying solvent selection are its yield and 

toxicity. In a study carried out in Iran, the TPC 

from the dried parts of Prunella vulgaris L. 

species were determined. The results showed 

that the herbal drug harvested from Iran 

contains 2 times higher concentrations of total 

polyphenols (115-156 mg GAE/g) than the 

product used in the present study (Mahboubi et 

al., 2015). 

The pedo-climateric influence over the 

phytochemical profile of plants is well 

documented in the scientific literature. 

According to Sárosi et al. (2015) the herbal 

products obtained from Prunella vulgaris that 

grows in sunny exposure contain higher 

quantities of polyphenolic compounds than the 

plants that grow in shade. 

The DPPH assay is based on the reduction 

of DPPH radical, resulting a discoloration of 

the violet solution. This is a simple and quick 

method to determine the antioxidant action by 

means of a suitable dilution of hydroalcoholic 

extracts of Prunella vulgaris species) (Sochor 

et al., 2010; Lee et al., 2015). 

The ABTS radical scavenging assay is 

based on the formation of ABTS radical 

resulting in a blue solution and the subsequent 

reduction of the cation by the antioxidant 

compounds, resulting a discoloration of the 

solution. Feng et al. (2010) demonstrated the 

antioxidant action of different hydroalcoholic 

extracts from Prunella vulgaris. Positive 

correlations between the total polyphenol 

content and antioxidant activity were reported 

in their work. We can assume that rosmarinic 

acid found in high quantities is the main 

compound responsible for the antioxidant 

action (Cao et al., 2005). The results obtained 

in the two radical scavenging assays suggest 

the scientific basis for its folkloric use in some 

pathologic conditions. 

 

Conclusions 

On the basis of our results, we can 

conclude that both herbal drugs obtained from 

Prunella vulgaris are an important source of 

polyphenolic compounds with antioxidant 
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potential and thus we can continue further 

researches regarding on the therapeutic 

potential of this species. Giving the obtained 

results, we suggest that aqueous extracts may 

be further used in preclinical studies in order to 

prevent the toxicity of methanol. Further 

detailed phytochemical screenings are needed 

in order to observe the influence of 

Transylvanian specific pedo-climateric 

conditions. 
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