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Introduction

Horehound (Marrubium vulgare, Lamiaceae) is a 
widely used species in traditional medicine of many 
cultures. However, further researches are necessary to 
clarify the correlation between high levels of phenolic 
compounds and benefits in the treatment of certain 

pathological conditions. Genus Marrubium includes 
about 30 species, mostly growing in the Mediterranean 
region, and less in central Europe, northern Africa and 
temperate region of Asia. Marrubium vulgare (M. vul-
gare) is a typical representative of the genus [1, 2].

Due to significant pharmacological effects, hore-
hound is also used in conventional medicine for the 
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Sažetak
Uvod. Očajnica (Marrubium vulgare Lamiaceae) široko je pri-
menjivana u tradicionalnoj medicini u prevenciji i terapiji ra-
zličitih oboljenja, a zbog visokog sadržaja fenolnih jedinjenja 
predstavlja i značajan izvor prirodnih antioksidanata. Cilj istra-
živanja bilo je ispitivanje in vitro antioksidativnog potencijala 
i antiholinesterazne aktivnosti očajnice, uz preliminarnu he-
mijsku karakterizaciju ekstrakta. Materijal i metode. Određen 
je sadržaj ukupnih fenola i flavonoida u vodenoalkoholnom 
ekstraktu Marrubium vulgare, in vitro, antioksidativni (neutra-
lizacija 2,2-difenil-1-pikrilhidrazil, hidroksil i nitrozo radikala, 
određivanje potencijala redukovanja Fe3+, inhibicija lipidne 
peroksidacije) i antiholinesterazni potencijal. Rezultati. Sadr-
žaj ukupnih fenola iznosio je 59,87 ± 7,31 mg ekvivalenta galne 
kiseline/g suvog ostatka, a flavonoida 14,47 ± 0,54 mg ekviva-
lenata kvancetina/g suvog ostatka u ispitivanom ekstraktu. 
Testirana vrednost redukcionog potencijala u redukovanja Fe3+ 
testu iznosila je 64,07 ± 2,68 mg ekvivalenata askorbinske 
kiseline/g suvog ostatka. Koncentracija pri kojoj je 50% slobod-
nih radikala inhibirano (IC50) za 2,2-difenil-1-pikrilhidrazil 
iznosila je 13,41 μg/mL, za nitrozo radikal 64,86 μg/mL, za 
hidroksilni radikal 63,99 μg/mL, dok je u procesu inhibicije 
lipidne peroksidacije IC50 vrednost iznosila 823,82 μg/mL. Kon-
centracija ispitivanog ekstrakta neophodna za inhibiciju 50% 
aktivnosti acetilholinesteraze iznosila je 2821,15 μg/mL. Za-
ključak. Očajnica predstavlja značajan prirodan izvor antiok-
sidantih supstancija. Značajan antioksidativni potencijal etano-
lnog ekstrakta je direktno povezan sa visokim sadržajem uku-
pnih fenola i flavonoida. Pored toga, etanolni ekstrakt Marru-
bium vulgare ispoljava i određenu antiholinesteraznu aktivnost.
Ključne reči: Marrubium; Lamiaceae; fenoli; antioksidanti; 
flavonoidi; spektrofotometrija; acetilholinesteraza; inhibitori 
holinesteraze; biomedicinska istraživanja
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preparation of bitter tonics, as an additional therapy 
for digestive disorders, loss of appetite and dyspepsia 
[3]. Secondary metabolites of M. vulgare exhibit the 
following potentials: antinociceptive [4], antihyperten-
sive [5], antiedematogenic [6], analgesic [7], antiin-
flammatory [8], antimicrobial [9] (Anti-Helicobacter 
pylori [10]), insecticidal [11] and citoprotective [12]. In 
addition, hypoglycemic and hypolipidemic effects have 
also been confirmed [13]. Aqueous and hydroalco-
holic extracts of the aerial plant parts have been re-
ported for treatment of cough and digestive and biliary 
disorders [14]. Recently, the potential role in the inhibi-
tion of cyclooxygenase-1 (COX1) and acetylcholineste-
rase (AChE) has been demonstrated [15].

Previous investigations of the chemical compo-
sition of M. vulgare leaves revealed the presence of 
flavonoids like apigenin and luteolin and their 7-O-
glucosides, quercetin and its 3-O-glucoside and 
3-O-rhamnoside. Also, recently ladanein (5,6-dihy-
droxy-7-4’-dimethoxyflavone) was isolated, with 
possible therapeutic effects in the treatment of some 
leukemia forms [16]. Significant chemical constitu-
ents of horehound are diterpenes marrubiin and 
marrubenol, with confirmed vasodilatory effects.

Reactive oxygen species (ROS) are produced by the 
physiological processes in all aerobic organisms. Var-
ious factors such are environmental factors, poisoning, 
increased physical activity, biotransformation of xeno-
biotics or inflammation processes, can lead to imbal-
ance between production of ROS and antioxidative 
defense of the organism resulting in wide spectra of 
pathophysiological conditions [17, 18]. Furthermore, 
β-amyloid peptides, one of pathohistological markers 
of patients suffering from Alzheimer’s disease (AD), 
induce inflammatory processes and formation of free 
radicals. Antioxidants represent free radical scavengers 
and they can prevent or decrease the intensity of in-
flammatory processes. Drugs used in the treatment of 
AD, by inhibition of acetylcholinesterase (AChE), in-
crease the level of acetylcholine (ACh), reducing the 
symptoms of AD, but hardly exhibit any antioxidant 
potential and therefore do not interfere with the inflam-
matory processes. Currently applied synthetic drugs 
used in the treatment of cognitive impairment and 

memory loss show severe side effects, which impli-
cates an increasing of interest in finding better 
AChE inhibitors from natural sources which could 
additionally, by several mechanisms, target differ-
ent pathophysiological processes [19, 20]. 

Plants are known resources of phenolic com-
pounds, terpenoids and vitamins. Recently, flavo-
noids have begun attracting attention of scientists 
because of their potential healing effects in diseases 
caused by free radical processes. Flavonoids, like 
many other polyphenols, are efficient free radical 
scavengers due to high reactivity and activity as hy-
drogen or electron donors [21].

The investigation of biological potentials of aque-
ous-alcoholic extracts of horehound included a hypoth-
esis that active compounds possess significant anti-
oxidative potentials and ability to inhibit the AChE.

The aim of the research was in vitro evaluation of 
antioxidant potentials (neutralization of 2,2-diphenyl-
1-picrylhydrazyl (DPPH), hydroxyl (OH) and nitroso 
(NO) radicals, determination of reducing ability of fer-
ric reducing potential (FRAP), and inhibition of lipid 
peroxidation) followed by preliminary chemical char-
acterization of the horehound extract through quanti-
fication of the content of total phenolics and flavonoids. 
Also, the in vitro anticholinesterase potential of M. 
vulgare extract was evaluated.

Material and Methods

The chemicals used in this research: ethanol (p. 
a.) – Zorka Pharma (Serbia), DPPH radical, S-
acetylthiocholine iodide, sulphanilamide (SA), N-(1-
naphthyl)-ethylenediamine dihydrochloride (NEDA) 
– Alpha Aesar (Germany); Folin-Ciocalteu (FC) rea-
gent – Merck (Germany); sodium bicarbonate, 
iron(II)-sulphate, acetic acid and methanol (pro aa-
nalysis) – POCH (Poland); gallic acid, aluminium 
chloride, 2-deoxy-D-ribose, 2-thiobarbituric acid – 
Sigma Aldrich (USA); hydrogen peroxide – Lach-Ner 
(Czech Republic); quercetin – Extrasynthese 
(France); 5,5’-dithiobis-(2-nitrobenzoic acid) – J. T. 
Baker (USA); commercial solution of acetylcho-
linesterase – Roche (Switzerland); sodium nitroprus-
side (SNP) – Centrohem (Serbia) and distilled water.

The aerial parts of the horehound (M. vulgare, La-
miaceae) were collected at the full blossom stage in 
southeastern part of Republic of Srpska (locality: 
Korićka jama; Global Positioning System coordinates: 
43.055518, 18.503914), in June 2015. The sample was 
identified at the Department of Biology and Ecology, 
Faculty of Natural Sciences, University of Novi Sad. 
The voucher specimen of M. vulgare was confirmed 
and deposited in the BUNS Herbarium (Herbarium of 
the Department of Biology and Ecology, Faculty of 
Natural Sciences and Mathematics, University of Novi 
Sad; Voucher No. 2-1510). The plant material was stored 
at room temperature, at the Laboratory of Pharmacog-
nosy, Department of Pharmacy, Faculty of Medicine, 
University of Novi Sad until starting the experiments.

The extract was prepared by maceration with 70% 
ethanol during 24 hours, according to the instructions 

Abbreviations
DPPH – 2,2-diphenyl-1-picrylhydrazyl
OH – hydroxyl
NO – nitroso
FRAP – ferric reducing potential
M. vulgare – Marrubium vulgare
AChE – acetylcholinesterase
ROS – reactive oxygen species
AD – Alzheimer’s disease
FC – Folin-Ciocalteu
GAE – gallic acid equivalents
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MDA – malondialdehyde
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TBA – thiobarbituric acid
d.e. – dry extract
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for the preparation of commercially available extracts 
of horehound available on the market [22] and recom-
mendations proscribed by the European Pharmaco-
poeia (6th edition) [23]. The ethanol extract was fil-
tered, and then evaporated to dryness to determine the 
content of dry extract (extraction yield 20.88%). For 
further experiments, 20% of aqueous solution of the 
extract was prepared and preserved at -20°C until the 
experiments were performed.

The total phenolics content (TPC) was determined 
by previously mentioned FC spectrophotometric meth-
od [24]. Phenolics in reaction with FC reagent (mixture 
of phospho-molybdic and phospho-wolframic acid) 
form a blue-colored compound, with a maximum of 
absorbance at 760 nm. The content of total phenolics 
was expressed based on previously designed calibration 
curve of standard solution of gallic acid as mg of gallic 
acid equivalents (GAE) per g of dry extract (d.e.) (mg 
GAE/g d.e.).

The content of total flavonoids was quantified by a 
previously mentioned spectrophotometric method [24]. 
The result was expressed as mg of quercetin equiva-
lents (QE) per g of dry extract (mg QE/g d.e.). 

Determination of DPPH•, OH• and NO• 
neutralization
The ability of investigated extract to neutralize 

DPPH, OH and NO radicals was examined using the 
previously described spectrophotometric methods [25, 
26]. Different concentrations of investigated extract 
were added in solution of purple colored stable DPPH• 
and change of color was monitored spectrophotometri-
cally at 515 nm. Neutralization of OH radicals, which 
were generated in a Fenton reaction, was also moni-
tored spectrophotometrically, based on the degradation 
of 2-deoxy-D-ribose to malondialdehyde (MDA), 
whereby MDA forms a compound with thiobarbituric 
acid. The ability of the extract to inhibit generated NO 
radicals was examined by the use of Griess reagent.

All the measurements were carried out in three 
replications, while the free radical scavenging capac-
ity (RSC) of different extract concentrations was cal-
culated by the following equation (1): 

– (1) RSC (%) = (1 - A/A0) 100%; A was the absorb-
ance of working solutions, and A0 the absorbance of 
blank solutions. Based on RSC value, IC50 values (the 
extract concentration providing 50% inhibition of 
DPPH•, NO• and OH•) were determined by applying 
regression analysis.

Determination of lipid peroxidation inhibition
The extent of lipid peroxidation was determined by 

thiobarbituric acid (TBA) assay [25] measuring the ab-
sorbance of compound produced in the reaction be-
tween TBA and MDA, as the final product of lipid 
peroxidation. Liposome “PRO-LIPO S” emulsion was 
used as a model-system of biological membranes. All 
the measurements were carried out in three replications, 
while the percentage of lipid peroxidation inhibition 
was calculated by the following equation (2):

– (2) I (%) = 100 - 100 ´ (A/A0); A0 was the absorb-
ance of the control mixture, and A was the absorbance 
of the test mixture.

Determination of ferric-reducing 
antioxidant power assay
Determination of reducing potential as an indicator 

of antioxidative potential of the investigated extract 
was based on the spectrophotometric method of Ben-
zie et al. Antioxidants at low pH values reduce 
iron(III)-2,4,6-tripyridyl-s-triazine complex to the 
iron(II)-2,4,6-tripyridyl-s-triazine complex [27]. All 
of the experiments were performed in triplicate. 
Ascorbic acid was used as a standard substance in this 
method, and results were expressed as mg of ascorbic 
acid equivalents (AsAE) per g of d.e. (mg AsAE/g d.e.).

Inhibition of acetylcholinesterase activity
The anticholinesterase activity of the extract was 

evaluated spectrophotometrically by modified Ellman’s 
method with S-acetylthiocholine iodide as a substrate 
[28]. All the measurements were carried out in three 
replications, while the percentage of AChE inhibition 
was calculated by the following equation (3):

– (3) I (%) = 100 - (As/Ac) 100; As was the ab-
sorbance of reaction mixture containing extract, 
and Ac was the absorbance of control mixture. 

All data were processed using the Microsoft Ex-
cel, v. 2010 software package.

Results

Determination of total phenolics and 
flavonoids content 
The amount of total phenolic content in the extract 

of M. vulgare was 59.87 ± 7.31 mg GAE/g d.e., while 
the total flavonoid content was 14.47 ± 0.54 mg QE/g 
d.e. (Table 1), which indicates high levels of these 
classes of secondary metabolites occurring in the ex-
amined species.

Table 1. Content of total phenols and flavonoids in the extract of M. vulgare
Tabela 1. Sadržaj ukupnih fenola i flavonoida prisutnih u ekstraktu Marrubium vulgare

Phenols/Fenoli Flavonoids/Flavonoidi
A1 0,6301 0,1398
A2 0,6595 0,1340
A3 0,7679 0,1285
Asr 0,6858 0,1341
Content/Sadržaj 59,87 ± 7,31 mg GAE/g s.e. 14,47 ± 0,54 mg QE/g s.e
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Determination of antioxidative potential
Based on the obtained values for neutralization of 

DPPH, OH and NO radical, as well as inhibition of the 
lipid peroxidation process, which negatively correlated 
with the applied concentrations of the extracts (Graph 
1 a, b, c and d), IC50 values were calculated. The strong-
est antioxidant potential was recorded in DPPH-test 
system (IC50=13.41 μg/mL), while higher IC50 values 
were noticed in OH- and NO-test systems (IC50=63.99 
μg/mL and IC50=64.86 μg/mL, respectively). Further-

more, the potential of the examined extract to inhibit 
lipid peroxidation process was relatively modest 
(IC50=823.82 μg/mL), which was surprising, consider-
ing the strong reduction potential demonstrated in 
FRAP assay (64.07 ± 2.68 mg AsAE/g d.e.).

Inhibition of acetylcholinesterase activity
The potential of water–alcoholic extract of M. 

vulgare to inhibit AChE is important in pathophys-
iology of AD. The concentration of the extract re-
quired for the inhibition of 50% AChE activity (IC50 
value) was 2821,15 μg/mL (Graph 2).

Discussion

The results of previous studies regarding chem-
ical characterization of M. vulgare vary signifi-
cantly depending on the geographical origin of the 
plant material and the analytical parameters of the 
conducted analyses (type of extraction, solvent se-
lection, duration of extraction) [29, 30].

Previous studies showed that the methanolic ex-
tract of horehound leaves contained slightly less 
amounts of total phenolics and flavonoids (40.57 ± 1.91 
mg GAE/g d.e. and 10.25 ± 0.08 mg QE/g d.e., respec-
tively) than the obtained results of our study [8]. On the 

Graph 1 a, b, c and d. Dependence of the degree of inhibition: a) DPPH radicals, b) OH radicals, c) NO radicals, d) 
lipid peroxidation of the examined concentration of M. vulgare extract
Grafikon 1 a, b, c i d. Grafikon zavisnosti stepena inhibicije: a) 2,2-difenil-1-pikrilhidrazil radikala, b) hidroksi 
radikala, c) azot-monoksid radikala, d) lipidne peroksidacije od koncentracije ispitivanog ekstrakta M. vulgare.

A

C D

Graph 2. The inhibition of AChE activity of of the ex-
amined extract concentration 
Grafikon 2. Grafikon zavisnosti inhibicije aktivnosti acetil-
holinesteraze od koncentracija ispitivanog ekstrakta

B
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