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The Marrubium genus (horehound) has proved to be an abundant source

of biologically active compounds, but there is little knowledge about its

potential anticancer activity. Moreover, some Marrubium species have not

been the subject of study in this regard. In this study, we performed com-

parative analysis of phenolic acid (PhA) content and total phenolic content

in fractions obtained from methanolic extracts of Marrubium vulgare L.

(common horehound), Marrubium cylleneum Boiss. & Heldr. and Marru-

bium friwaldskyanum Boiss herbs. We examined the cytotoxicity of these

fractions against a human melanoma cancer cell line (A375) and normal

human skin fibroblasts (BJ) using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyl-tetrazolium bromide test, cell cycle analysis and real-time monitoring

of cell viability. We detected caffeic, p-coumaric, ferulic and gentisic acids

among the PhAs. Although the extracts obtained demonstrated low total

phenolic content and did not show significant antioxidative properties, the

nonhydrolyzed PhA fraction exhibited cytotoxic activity against a human

melanoma cancer cell line, without affecting normal fibroblasts. Both acidic

and alkaline hydrolysis abolished this activity, indicating that the esterified

forms of phenolic compounds caused the observed cytotoxic effects. Fur-

ther investigation of these compounds may facilitate the development of

novel drugs for cancer treatment.

Marrubium (Lamiaceae) is a genus of around 50 spe-

cies of flourishing plants native to Europe, Asia, North

Africa and South America that has been known in

folk medicine since ancient times. Marrubium vulgare

is the best known and characterized species. It has

been used to treat a number of diseases, including

digestive problems, cough and any infectious diseases.

At present, it seems to be underestimated; however,

recently, this plant has been considered as a source of

biologically active compounds for the formulation of

new medicinal products and substrates in the cosmetic

industry. A number of biological activities of M. vul-

gare have been described. It showed hypoglycemic [1],

analgesic [2,3], antiphlogistic [4], antihypertensive [5,6]

and antioxidant activities, [7,8] and much more [9]. In

the group of active compounds among Marrubium spe-

cies, diterpenoids, sterols and phenylpropanoids (in-

cluding caffeic acid derivatives and flavonoids) have
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AA, antioxidant activity; AAI, AA index; DPPH, 2,2-diphenyl-1-picrylhydrazyl; FA, free PhA; FB, PhAs after acidic hydrolysis; FC, PhAs after
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been reported [10–12]. Despite the wide range of

phytochemical components [10], most of the earlier

described activities attribute to diterpenoid lactone

marrubiin, which is present in high concentrations

[13]. Fewer reports concern cytotoxic effects of Marru-

bium genus extracts against cancer cells [14]. Diterpene

compounds exhibit anticancer activity [15]; however,

according to the the PubChem BioAssay database for

Marrubiin [16], marrubiin did not show any cytotoxic

effect against 66 tested cancer cell lines.

Plants are an invaluable source of compounds with

potential anticancer effects. Many of them are increas-

ingly being used in the treatment of cancer or are being

evaluated in clinical trials (e.g. vincristine, vinblastine,

doxorubicin, dacarbazine, bleomycin and cyclophos-

phamide) [17]. There is a belief that the antineoplastic

properties of different plant compounds are associated

with antioxidant activity (AA) that correlates with phe-

nolic content [18]. Phenolic acids belong to an important

group of phenolic compounds. This group includes sub-

stances that contain a phenolic ring and at least one

organic carboxylic functional group. Phenolic acids may

be present in plants as esters or glycosides conjugated

with other natural compounds such as flavonoids, alco-

hols, sterols and glucosides [19].

The mechanisms of antineoplastic action of phenolic

acids (PhAs) are not yet well described. It is suspected

that they involve free radicals scavenging and activa-

tion of metabolic enzymes. They are also supposed to

regulate gene expression and modulate cellular sig-

nalling pathways [20].

Biological activities and PhA content of many spe-

cies other than M. vulgare have not been well

described yet. Therefore, the aim of our research was

the comparison analysis of the composition of PhAs in

fractions obtained from 70% methanol extract of

M. vulgare L. and lesser known species Marru-

bium cylleneum Boiss. & Heldr. and Marrubium

friwaldskyanum Boiss, as well as the assessment of

their antioxidant and cytotoxic properties.

Materials and methods

The plant material

Flowering herbs of Marrubium genus (127.0 g) were col-

lected in July on a sunny day about 9:00 a.m. in the Medic-

inal Plant Garden of the Department of Pharmacognosy

and Medicinal Plant Unit (Voucher specimens: 05-07/2016;

Lublin, Poland). The herbs were dried at 45 °C, powdered
and sieved (sieves 0.315 and 0.074 mm). The procedure of

preparation follows the conditions of the Polish Pharma-

copoeia VI.

The extraction procedure

The extraction procedure was shown on Fig. 1. The plant

material (10 g) was placed in the stainless steel cell of Dio-

nex (Sunnyvale, CA, USA) ASE 100 with 70% methanol

99.8% pure p.a. basic (Polish Reagents, Lublin, Poland) at

boiling point 78 °C as solvent. The extraction conditions

were as follows: temperature, 85 °C; flush volume, 80%;

purge time, 100 s; number of cycles, 3; and cycle duration,

10 min. Then extracts were evaporated under lowered pres-

sure and analyzed following the instructions of Ibrahim

and Towers’s method [21]. The dry extract was dissolved in

30 mL of hot distilled water, then cooled in a refrigerator

for 24 h. Next, ballast substances were removed by quanti-

tative disc filters (Filtrak, Thermalbad Wiesenbad, Ger-

many) filtration. Next, filtrates were extracted with

5 9 30 mL of diethyl ether pure p.a. (Polish Reagents).

Obtained ether and aqueous extracts were subjected to PhA

analysis with the method described by Ibrahim and Towers

and Schmidtlein and Hermann [21,22]. As a result of these

procedures, three polyphenolic fractions, free PhAs (FA),

PhAs after acidic hydrolysis (FB) and PhAs after alkaline

hydrolysis (FC), were obtained for each tested Marrubium

genus. For HPLC analysis, fractions FA, FB and FC were

dissolved in 90% methanol, filtered with 0.45-lm polyte-

trafluoroethylene membrane filters (Cronus Syringe Filter,

PTFE, SMI-LabHut Ltd, Churcham, Gloucestershire, UK)

and transferred to 10-mL calibrated vials.

PhA content

The content of PhAs in flowering Marrubium sp. herbs was

specified by Arnov’s method (Specol Helios Beta, UniCam,

Birmingham, UK, k = 490 nm, Arnov’s reagent) and then

calculated. Three grams of the plant material was extracted

with 50 mL of 100% methanol on water bath (at a boiling

extractant temperature) for 30 min. Each extract was filtered,

and the plant material was re-extracted twice with a fresh por-

tion of solvent. The obtained methanolic extracts were evapo-

rated to dryness and dissolved in 20 mL of hot water. After

cooling, extracts were filtered and filled up with water. Five

milliliters of water, 1 mL of extract, 1 mL of hydrochloric

acid (18 g�L�1), 1 mL of Arnov’s reagent and 1 mL of sodium

hydroxide solution (40 g�L�1) were added to the studied

extracts and filled up with water. The absorbance was mea-

sured after 20 min. The contents of PhAs were calculated as

caffeic acid according to the formula: X = A 9 3.5087/m,

where A is the measured absorbance of the sample, and m is

the weight of the plant substance and was expressed as % of

caffeic acid (Sigma-Aldrich, St. Louis, MO, USA) [22,23]. All

tests were performed in triplicate.

The RP-HPLC analysis

Compounds were separated on a 250 9 4.6-mm stainless

steel column Hypersil XDB- C18 (Agilent, Santa Clara, CA,
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USA), packed with 5 lm particles using a stepwise mobile

phase gradient prepared from 1% aqueous acetic acid (com-

ponent A) and methanol (component B; v/v). The gradient

was as follows: 0 min, 5% component B into A; 5 min 20%

component B into A; 20 min 35% component B into A;

35 min 55% component B into A; and 45 min 75% compo-

nent B into A. The mobile phase flow rate was 1 mL�min�1,

the sample injection volume was 10 lL and the elution was

performed at 25 °C. Liquid chromatography pumps,

autosampler, column oven and diode array detector were

monitored and controlled by HP CHEM STATION REV.10.0 soft-

ware (Agilent). Retention times were compared with stan-

dards using UV spectra (k = 254 nm for benzoic acid

derivatives: protocatechuic, p-hydroxybenzoic, vanillic and

syringic acids; 280 nm for gallic acid; 325 nm for cinnamic

acid derivatives: p-coumaric ferulic, caffeic and chlorogenic

acids) as a comparative parameter. Following PhAs, stan-

dards were used: p-hydroxybenzoic, m-hydroxybenzoic, pro-

tocatechuic, gallic, vanillic, syringic, trans-cinnamic, p-

coumaric, caffeic, ferulic, rosmarinic, chlorogenic, coumaric,

o-coumaric, isovanillic and gentisic acids (Sigma-Aldrich).

Determination of the total phenolic content in

the plant extracts

Total phenolic content (TPC) of the extract from Marru-

bium sp. was determined using Folin–Ciocalteu reagent

according to the method described previously [24]. One

hundred microliters of each extract (c = 3.52 mg�mL�1)

was combined with 100 lL Folin–Ciocalteu reagent

(Sigma-Aldrich) and 800 lL of 20% sodium carbonate

(Na2CO3) aqueous solution (0.075 g�mL�1). The mixture

was shaken immediately at room temperature, and 20 min

later the absorbance was measured at 760 nm. To prepare

the curve, we measured the absorbance of different concen-

trations of gallic acid (0.005, 0.01, 0.02, 0.04, 0.06, 0.08 and

0.10 µg�mL�1) following the procedure described earlier.

The TPC concentration was calculated as gallic acid equiv-

alent (GAE) per 1 mg of each extract using the following

equation obtained for the GAE calibration curve: sample

A = 0.0067 9 gallic acid (µg) + 0.0132, R2 = 0.9864. All

tests were performed in triplicate.

Evaluation of the AA

AA was determined spectrophotometrically in line with the

method of Brand-Williams et al. [25] using the methanolic

solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

(85.00 µg�mL�1). Dilutions of Marrubium extracts were

made to obtain the concentrations of 0.125, 0.188, 0.250,

0.375, 0.500, 0.625, 0.750, 0.875, 1.000, 1.125 and 1.258 mg

of referred plant substance per 1 mL. The diluted extracts

were mixed with 3.9 mL of DPPH methanolic solution.

The mixture was shaken and left to stand for 30 min in the

dark at room temperature. Next, the absorbance was mea-

sured spectrophotometrically at 517 nm. The inhibitory

concentration (IC50) is defined as the quantity of antioxi-

dant that inhibits DPPH radical formation by 50%. To

Extraction with 70% methanol

Methanolic extract

Concentration under lowered pressure

Dry extract dissolved in hot distilled water and cooled in a refrigerator 24 h

Aqueous solution 

Concentrated and extracted 
5 x 20 mL of 5% NaHCO3

Ether extract

Filtered aqueous solution extracted with diethyl ether

Carbonate extract

Acidified to pH 3 with 18% HCl
Extracted with 5 x 25 mL of diethyl 
ether
Dried with anhydrous Na2SO4

Acidic hydrolysis

acidified with 18% solution of HCl,

heated at 1000C for 1 h 

extracted diethyl ether, 

dried and evaporated

Alkaline hydrolysis

NaBH4 heated at 1000C, 10% Ba(OH)2

at pH 12 added, heated for 15 min.

96% H2SO4 to pH 1.5

Filtrate extracted with diethyl ether, 

dried with anhydrous Na2SO4 and then 
evaporated.

Flowering herbs of Marrubium sp. [10.0 g]

Aqueous extraxt

Fraction (FA)

Fraction (FB)
Fraction (FC)

Fig. 1. The extraction procedure of three

polyphenolic fractions: FA, FB and FC of

the tested Marrubium genus.
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compare the scavenging properties of investigated extracts,

we used the IC50 value for gallic acid (0.352 mg�mL�1), caf-

feic acid (0.341 mg�mL�1), rutin (1.215 mg�mL�1) and Tro-

lox (0.825 mg�mL�1). Triplicate measurements were made

and the radical scavenging activity was counted using the

formula: % Inhibition = [(Ab � Aa)/Ab] 9 100, where Ab

is the absorption of a blank sample, and Aa is the absorption

of the testing extract solution. The results are presented as

mean � standard deviation (SD). The lack of normalization

of DPPH results restricts the comparison of the antioxidant

strength of pure compounds and plant extracts. According

to Scherer and Godoy [26], we calculated the AA index

(AAI) considering the mass of both DPPH and tested com-

pounds in the chemical reaction as follows: AAI = concen-

tration of DPPH (µg�mL�1)/IC50 (µg�mL�1). In line with

Scherer and Godoy, AAI values less than 0.5 attest to low

AA, values of 0.5–1.0 attest to moderate activity, values of

1.0–2.0 attest to a strong activity and values greater than 2.0

attest to very strong AA [26].

The cell culture

The research was conducted on the human melanoma cell

line (A375; ATCC, Manassas, VA, USA) and skin fibrob-

last cell line (BJ; ATCC). The cells were cultured with

RPMI-1640 and Eagle’s minimal essential medium, respec-

tively (PAA Laboratories, Pasching, Austria), supple-

mented with 10% FBS (Life Technologies, Carlsbad,

CA, USA) in standard conditions: 37 °C and 5% CO2.

The cytotoxicity analysis

The cytotoxicity of tested extracts was measured using the

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-

mide (MTT) Cell Proliferation Assay Kit (Life Technolo-

gies). FA, FB and FC fractions obtained from M. vulgare,

M. friwaldskyanum and M. cylleneum were added to the

cell cultures in the following final concentrations: 200, 100,

50, 25 and 12.5 µg�mL�1. Further measurement was per-

formed as previously described [27]. One percent Triton X-

100 was used as a positive control for the MTT assay. IC50

values were calculated by regression analysis in MS Excel

(Microsoft Corp., Redmond, WA, USA).

The real-time monitoring of cell viability

The xCELLigence DP analyzer (Acea Biosciences, San

Diego, CA, USA) was used to monitor the real-time cell

viability. The analyzer uses electrical impedance as the

readout. Its level depends on the size, shape and number of

cells and their adhesion to the plate. A375 cells were trea-

ted with FA fractions of three tested Marrubium sp. in their

log phase (12 h) in final concentrations of 200, 100 and

50 µg�mL�1. The assessment was carried out for the follow-

ing 24 h in quadruplicates.

The cell cycle analysis

After 24 h of incubation, the tested cells were collected and

analyzed according to the manufacturer’s protocol. The test

involves staining with 40,6-diamidino-2-phenylindole, which

binds to double-stranded DNA of cells. To analyze the

DNA content of each cell cycle stage, we used the

NucleoCounter NC-3000 (ChemoMetec, Allerod, Den-

mark). One percent Triton X-100 was used as a positive

control.

Statistical analysis

The obtained data were given as mean � SD and analyzed

by STATISTICA 12 software (StatSoft, Krakow, Poland). The

statistical significance was evaluated by Student’s t-test;

*P ≤ 0.05, **P ≤ 0.01 and ***P ≤ 0.001 were considered

statistically significant.

Results

The TPC in plant extracts

The PhA content differed among tested species. Espe-

cially rich in PhAs were aerial parts of M. vulgare

(0.65%), whereas M. friwaldskyanum (0.32%) and

M. cylleneum (0.22%) were characterized by lower

content of phenolic compounds (Table 1). In this arti-

cle, we also analyzed the content of PhAs in fractions

FA, FB and FC using the RP-HPLC method. We

identified gentisic, caffeic, p-coumaric and ferulic acids

(Fig. 2). Gentisic acid was present only in fraction FB.

The results are presented in Table 2. The composition

of identified PhA content was similar. We identified

ferulic, p-coumaric and caffeic acids in nonhydrolyzed

PhAs fraction (FA). After acidic hydrolysis (FB), gen-

tisic acid occurred, which was absent after alkaline

hydrolysis (FC). The mean amount of TPC in

methanolic extracts of M. vulgare, M. friwaldskyanum

and M. cylleneum was as follows: TPC 19.00, 18.22

and 18.09 mg GAE�g�1, respectively (see Table 1).

Table 1. The total content of PhAs in tested extracts was

determined spectrophotometrically (k = 490 nm) and given as

mean absorbance (A) � SD. The content of PhA was expressed as

% of caffeic acid. The TPC values were given as GAEs (mg of

GAE�g�1 of extract).

Marrubium species A PhA (%)

TPC

(mg GAE�g�1)

M. vulgare 0.560 � 0.031 0.65 19.00

M. friwaldskyanum 0.187 � 0.023 0.32 18.22

M. cylleneum 0.271 � 0.011 0.22 18.09
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DPPH radical scavenging activity

IC50 values were presented as a concentration that

halved the amount of DPPH radicals (µg�mL�1). The

largest capability for neutralizing DPPH radicals was

noticed for M. vulgare and M. friwaldskyanum at 570

and 590 lg�mL�1 (Table 3), respectively. Lower activ-

ity was noted for M. cylleneum extract, 760 lg�mL�1.

Table 3 shows the obtained IC50 values and results of

the AAI for extracts and pure compounds. In terms of

assumed classification, studied gallic acid had the high-

est value of AAI, followed by caffeic acid, Trolox and

rutin, because they are proven antioxidants. The

M. vulgare, M. cylleneum and M. friwaldskyanum

extracts obtained with methanol solvent had a very

low AAI (0.149, 0.112 and 0.144, respectively), sug-

gesting weak AA.

The cytotoxicity analyses

The MTT test results revealed slight toxicity of FA

fraction of M. cylleneum and M. friwaldskyanum on

normal cells (viability lowered to 68.2 � 11.5% and

77.5 � 8.16%). The remaining extracts showed no sig-

nificant cytotoxic activity (Fig. 3A–C). In the case of

cancer cells, the MTT test results revealed that only

the FA fraction of all tested species had cytotoxic

activity against the A375 cell line. In all tested species,

the FA fraction significantly decreased cell viability

(Fig. 3D–F). In the case of M. vulgare and M. friwald-

skyanum, this activity was similar (IC50 = 74.16 and

75.49 µg�mL�1, respectively), and the M. cylleneum

FA fraction had weaker cytotoxic activity (IC50 =
142.03 µg�mL�1). The cell cycle analysis confirmed

these observations. Changes in histograms looked simi-

lar for the extracts of all three species; with increase in

the extract concentration in culture (50–200 µg�mL�1),

an increase in the peak corresponding to the sub-G1

phase (apoptotic cells) was observed, along with a

decrease in the G1 phase peak. Furthermore, it has

been shown that all extracts in concentration of

25 µg�mL�1 caused cell cycle arrest in the G1 phase:

the population of cells in G1 phase increased from

64% to 81%, 83% and 80% for M. vulgare, M. cyl-

leneum and M. friwaldskyanum, respectively, without

important changes in the G2/M phase (Fig. 4A–C).
The real-time monitoring partially confirmed the ear-

lier observation. Obtained growth curves showed that

only extracts with a concentration of 200 µg�mL�1 had

ferulic acid

p-coumaric acid

caffeic acid

gentisic acid

Fig. 2. The structures of identified gentisic, caffeic, p-coumaric and

ferulic acids using HPLC analysis.

Table 3. IC50 of the DPPH radicals (µg�mL�1;

cDPPH = 85.00 µg�mL�1) and AAI of tested extracts and reference

pure substances.

Extract/pure solution IC50 AAI

Methanol extract from M. vulgare 570.00 0.149

Methanol extract from M. cylleneum 760.00 0.112

Methanol extract from M. friwaldskyanum 590.00 0.144

Caffeic acid 4.55 18.681

Gallic acid 3.95 21.519

Rutin 14.5 5.862

Trolox 10.5 8.095

Table 2. Identified PhAs in fractions FA, FB and FC of methanol extracts of tested Marrubium sp. using the RP-HPLC method.

PhA

M. vulgare M. cylleneum M. friwaldskyanum

FA FB FC FA FB FC FA FB FC

Gentisic � + � � + � � + �
Caffeic + + + + + + + + +

p-Coumaric + + + + + + + + +

Ferulic + + + + + + + + +
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a strong cytotoxic effect. However, all tested Marru-

bium sp. inhibited cell growth at 100 and 50 µg�mL�1

concentrations (Fig. 5A–C).

Discussion

Today’s medicine benefits from plants of the Marru-

bium genus. The content of some species and their bio-

logical activities are already well known, such as

M. vulgare, which is used in digestive and respiratory

systems diseases. There are few reports concerning the

cytotoxic effect of Marrubium genus extracts on cancer

cells [11,14,28], and this activity is attributed to differ-

ent groups of compounds. Antineoplastic properties of

different plants may be associated with the content of

phenolic compounds including PhAs [18]. No report

addresses whether PhAs or their conjugates originated

from Marrubium genus plants as compounds con-

tributing to the cytotoxic activity.

Generally, crude extracts include a lot of con-

stituents, which may express antioxidant and cytotoxic

activities. For this reason, simple fractionation of Mar-

rubium sp. extracts was carried out to separate

phenolic compounds and find out the most potent

fraction. Methanol brings the phenolic compounds out

from plant matter with the best efficiency [29]. The

focus of our research was PhAs incorporated in

methanolic extracts of Marrubium plants, as well as

their antioxidant and cytotoxic activity against cancer

and normal cells.

The fractions of FAs of M. vulgare, M. cylleneum

and M. friwaldskyanum were compared. The quality

content of the composition of the studied extracts

turned out to be allied. We identified ferulic, p-couma-

ric, caffeic and gentisic acids. M. vulgare showed the

highest content in terms of quantity of PhAs. Analysis

of hydrolyzed fractions demonstrated that there must

have been a conjugated form of gentisic acid in nonhy-

drolyzed fraction A that absolved during acidic

hydrolysis, and free gentisic acid occurred in fraction

B. To our knowledge, gentisic acid conjugates, as

active ingredients, had not been published yet.

The Marrubium genus is regarded as essentially rich

in phenolic compounds, among other phytochemicals.

However, obtained extracts demonstrated low TPC

and did not show significant antioxidative properties

Fig. 3. The cytotoxic activity of M. vulgare (A), M. cylleneum (B) and M. friwaldskyanum (C) FA, FB and FC fractions on human skin

fibroblast cell line and M. vulgare (D), M. cylleneum (E) and M. friwaldskyanum (F) FA, FB and FC fractions on human melanoma cancer cell

viability, measured after 24 h using MTT assay. One percent Triton X-100 was used as a positive control. Data are presented as the

mean � SD of experiment triplicates. The statistical significance of differences between control and treated culture was evaluated by

Student’s t-test and presented as *P ≤ 0.05, **P ≤ 0.01 and ***P ≤ 0.001.
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Fig. 4. Cell cycle analysis of human

melanoma cancer cells during treatment

with (A) M. vulgare, (B) M. cylleneum or

(C) Marrubium friwaldskyanum FA

fractions at concentrations of 200, 100, 50

or 25 µg�mL�1.
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that are believed to be crucial for a plant’s therapeutic

features. The antioxidant properties of PhAs are asso-

ciated with phenolic hydroxyl groups connected with

ring structures [30]. Interestingly, antioxidative proper-

ties of M. vulgare were associated with hepatoprotec-

tive [31] and anticancer activity [32].

Current data on the relationship between the

polyphenol content of plants with their AA are contra-

dictory. Such a high correlation between the two has

been observed [33], whereas other authors have found

no such correlation or only a very weak one [30]. The

results of our research showed that the AA of

methanolic extracts was low, and the TPC was consid-

ered low. It is surprising in light of foregoing reports

dealing with the Marrubium genus. The proper clarifi-

cation of observed discrepancies may be found in the

research of Bouterfas et al., in which M. vulgare plants

derived from three geographical regions of Algeria

were studied [34]. During extraction, researchers used

solvents at various polarities. TPC and flavonoids

levels ranged between 40.7 and 160 mg GAE�g�1

and 27.4 and 66.3 mg catechin equivalents�g�1,

respectively, depending on the origin of the plant.

Therefore, substantial differences were observed.

Moreover, the lowest value in the study by Bouterfas

et al. [34] was more than twice as high as the TPC

value obtained in our research for all studied Marru-

bium spp. Based on the IC50 of Bouterfas et al. [34],

which ranged from 33.7 to 774 lg�mL�1, our extracts

may be classified as ones with the poorest antioxida-

tive properties. Regardless of weak antioxidative

potential, tested nonhydrolyzed extracts demonstrated

similar cytotoxic activity on the human melanoma can-

cer cell line and was weak on normal cells. Moreover,

in our research, we have shown that lower concentra-

tions of the tested extracts caused the cell cycle arrest

in the G1 phase in a dose-dependent manner. These

results indicate that the constituents of the extracts

may cause DNA damage or in some other way they

are blocking the transition to phase.

Hydrolyzed extracts did not show any antiprolifera-

tive activities. Therefore, cytotoxic properties may be

put down to PhAs conjugated with other natural com-

pounds. The majority of PhAs are linked through ester,

Fig. 5. The real-time monitoring graph of

cell viability after treatment with 50, 100

and 200 µg�mL�1 of fraction A from

methanol extract of M. vulgare (A),

M. cylleneum (B) and M. friwaldskyanum

(C).
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ether or acetal bonds either to structural components

of the plant (e.g. cellulose, proteins or lignin) or to

larger polyphenols, or smaller organic molecules (e.g.

glucose) [35,36]. The importance of these compounds

for the activity of plant extracts is underestimated.

Conclusions

Studied fractions of FAs demonstrated similar content

in three Marrubium sp. Regardless of low TPC value

and weak antioxidative activities, cytotoxic properties

of nonhydrolyzed PhA fraction on the human mela-

noma cancer cell line were demonstrated, whereas no

activity against normal cells was observed. Both acidic

and alkaline hydrolyses abolished this activity. Because

of the large amount of possible combinations of acid

connections, one should take extensive studies up to

determine the active compounds contained in the

tested extracts. In general, studies dealing with

antiproliferative properties of Marrubium genus plants

report whole groups of compounds, diterpenes, flavo-

noids and phenylpropanoids, as the active components

of extracts. There is a lack of experiments showing

properties of a single compound or synergy of particu-

lar compounds, as well as their mechanism of action,

what comes across as essential in the implementation

of Marrubium genus plant extracts into cancer treat-

ment. In our studies, we showed that the cytotoxic

effect may be caused by esterified forms of PhAs,

which should be investigated in further studies.
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