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A B S T R A C T   

Present scientific evidences about the biological activity and potential medical application of 
extracts derived from Marrubium friwaldskyanum Boiss. are limited. Therefore, our study was 
undertaken to define several main characteristics in this regard – in vitro cytotoxicity and anti-
tumor properties, antibacterial activity and immunomodulatory potential. Extracts were obtained 
from different aerial parts of Marrubium friwaldskyanum – stems, leaves and flowers. The in vitro 
cytotoxicity and antitumor activity of the samples were evaluated by tetrazolium salt reduction 
tests and Neutral red uptake assays using four human cell lines (a normal fibroblastic and three 
adenocarcinoma cell lines/A549, HeLa, HT-29/) and by experiments with HT-29 tumor spher-
oids. Antibacterial activity toward Gram-negative (Escherichia coli) and Gram-positive (Bacillus 
cereus) species was assessed based on estimation of minimal inhibitory and minimal bactericidal 
concentrations as well as longitudinal studies on bacterial viability. Ex vivo assays with normal 
leukocytes were performed to define potential immunomodulatory activity of the extracts. Our 
results demonstrated selective antitumor activity of the extracts directed against colon adeno-
carcinoma HT-29 cells and cervical adenocarcinoma HeLa cell line. Metabolic activity of A549 
lung adenocarcinoma cells was affected only by the sample derived from flowers. 
M. friwaldskyanum leaf and flower extracts showed the highest activity, which included reduction 
of HT-29 tumor spheroid growth and viability. The studied samples exhibited antibacterial ac-
tivity against both bacterial species tested. Treatment with M. friwaldskyanum extracts affected 
specific leukocyte populations (HLA+, CD19+, CD11b+, CD25+ cells). These results demonstrate 
for the first time complex biological effects of extracts derived from M. friwaldskyanum and their 
potential to serve as a source of valuable compounds for the pharmaceutical industry.   
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1. Introduction 

Certain species of the genus Marrubium (Lamiaceae) are well known for their diverse biological activity and benefits for human 
health. They are used in traditional medicine as analgesics, antipyretic, diuretic or sedative agents for treatment of various diseases 
(infections, asthma, cancer, liver diseases, diabetes, inflammatory conditions, hypertension, gastrointestinal problems etc.), [1–4]. 
Among them are M. vulgare, M. parviflorum, M. globosum, M. peregrinum, M. deserti and others [1,4–7]. Essential oils and extracts 
obtained from these herbs have shown rich composition of natural compounds including sesquiterpenes, phenolic acids, flavonoids, 
diterpenes and diterpenoids, iridoids and their glycosides, coumarins, and sterols [7–12] – content that supports the pharmacological 
potential of the respective plants [13]. However, there are a number of Marrubium species with limited distribution that have not been 
intensively studied. A typical example is Marrubium friwaldskyanum Boiss. – an endemic organism growing in two main regions in 
Bulgaria: the west and middle parts of Rhodopes Mountain and the Thracian Plain [14], at an altitude range of 200–1400 m [15]. This 
perennial herbaceous plant shows morphological similarities with M. vulgare [16,17], which is the most studied representative of the 
genus Marrubium [1], commonly used in folk medicine in different countries and a popular herbal supplement in USA (holding the 
second position in top 10 ranking of herbs sold by the US mainstream multi-outlet retail channels) [18]. Embryological studies have 
defined high reproductive capacity of M. friwaldskyanum and it has been suggested that cultivation of the plant on rich soils might lead 
to significant yields that are comparable to the production obtained by cultivation of M. vulgare [16]. Further experiments are needed 
to support this hypothesis, but it is clear that M. friwaldskyanum could be used as a source of biologically active compounds. Recent 
phytochemical investigations proved the presence of a number of important natural compounds in essential oils and extracts derived 
from M. friwaldskyanum including sesquiterpenes, flavonoids, triterpenoids and phenolic acids [16,19]. These findings point to a 
biomedical potential of the plant that has not been well characterized to date. Studies by Kozyra et al. indicated cytotoxic activity of a 
non-hydrolyzed methanolic fraction of M. friwaldskyanum extract against melanoma cell line [20]. Other reports on M. friwaldskyanum 
biological activities have not been reported. 

A significant number of specific compounds are present in M. friwaldskyanum extracts [16,19]. In addition, we found unique 
tissue-specific compounds for M. friwaldskyanum flower and leaf extracts [19]. They could exhibit diverse biological activities like 
antitumor, anti-inflammatory, immunomodulatory, antibacterial, antiparasitic and other beneficial properties. Although total extracts 
represent a complex mixture of bioactive compounds analyses of their activity reveal different aspects of the biomedical potential of 
particular plant. Part of such properties could be based on synergistic effects of different components of the extract that cannot be 
defined in purified samples. To date such evaluations of M. friwaldskyanum extracts have not been reported, which motivates the scope 
of the present study. Our metabolome analyses of samples obtained from particular aerial parts of the herb (flowers, leaves, stems) 
showed rich composition with pharmacological potential [19]. Therefore, this is a continuation of our previous work aimed to evaluate 
the biological activity of M. friwalskyanum leaf, flower and stem extracts in three main aspects – antitumor activity, antibacterial ability 
and immunomodulatory potential. Two classical in vitro cytotoxicity assays were used to analyze the inhibitory effects of the plant 
extracts against normal cells and different tumor cell types – a tetrazolium salt test measuring metabolic activity of viable cells and 
Neutral red uptake assay that determine cellular viability based on lysosomal activity. Thus, we were able to determine selective 
antitumor effects or general cytotoxicity with impact on specific cellular structures – mitochondria and lysosomes. The antitumor 
activity analyses proceeded with determination of the inhibitory potential on the multicellular level using 3D tumor spheroids. 
Following treatment with M. friwalskyanum extracts the spheroid size and viability were determined as main indicators of tumor cell 
aggregate suppression. Standard microbiological analyses were performed to define the minimum inhibitory concentration and the 
minimum bactericidal concentration of the samples toward Gram-negative and Gram-positive bacterial species. In addition, the po-
tential longitudinal inhibitory effects were studied in order to better characterize the antibacterial potential of M. friwalskyanum 
extracts. Finally, effects on main immunological markers were investigated performing ex vivo treatment of peripheral blood leuko-
cytes with the plant samples with determined antitumor effects. These experiments indicated the potential influence of 
M. friwalskyanum extracts on the immune system activity that could contribute to the organism defense against infections but also 
against tumor cells. Overall, the present report provides multilateral assessment of the biological properties of an endemic Marrubium 
species with good reproductive potential growing in Bulgaria. 

2. Materials and methods 

2.1. Plant material and preparation of extracts 

The endemic species M. friwaldskyanum Boiss. is included in the Red Book of Bulgaria [21] and according to Bulgarian legislation, 
its collection is under a special regime of regulation. In order to ensure a sufficient amount of plant material needed for the planned 
phytochemical and biological analyses, flowers, leaves and stems were collected during the summer of year 2020 and 2021 from 
natural M. friwaldskyanum populations located near Fortress Cepina, Western Rhodopes Mountain (42◦09′N; 24◦12′E/1136 m). Plants 
were identified by Prof. Plamen Stoyanov and example specimens were stored at the Herbarium of the Agricultural University (SOA), 
Plovdiv, Bulgaria under number 063316. The collected herb material was dried in a dark place at ambient temperature. The dried plant 
mass was mechanically grinded and powder containing particles with size lower than 400 μm was obtained. The samples were stored in 
tightly sealed vials at 16–18 ◦C in a dark room. The extraction of M. friwaldskyanum powder samples obtained from flowers, leaves and 
stems (10 g each) was performed as previously described [19]. GC–MS, UPLC-MS/MS and ICP-MS data related to the phytochemical 
content of M. friwaldskyanum extracts were reported [19]. The resulting polar extracts were filtered using Whatman No.1 paper filters 
(Merck KGaA, Darmstadt, Germany). After that, vacuum evaporation of methanol was performed at 37 ◦C using Savant apparatus 
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(SAVANT Instruments Inc., Farmingdale, NY, USA). All plant extracts were stored at 4 ◦C in a dark environment. Prior the evaluations 
of biological activity, 100 mg flower, leaf and stem extract were dissolved in 10 mL Dulbecco’s phosphate buffered saline (DPBS, Merck 
KGaA, Darmstadt, Germany) and used immediately. 

2.2. Cell lines and culture maintenance 

To evaluate the cytotoxicity and possible antitumor properties of M. friwaldskyanum extracts in vitro assays were performed using 
four human cell lines: A549 (lung adenocarcinoma, ATCC CCL-185™), HeLa (cervical adenocarcinoma, ATCC CCL-2™), HT-29 
(colorectal adenocarcinoma, ATCC HTB-38), and HFFC (fetal foreskin fibroblasts provided by CLS Cell Lines Service GmbH, Eppel-
heim, Germany). These cell types were selected due to the general worldwide prevalence of lung, colorectal and cervical tumors. They 
are among the 10 most common and fatal cancer diseases as indicated by the International agency for research on cancer (https://gco. 
iarc.fr/en). HFFC cells served as a control of normal cells in the assays for antitumor activity. All cancer cell lines were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10 % fetal bovine serum (FBS) and antibiotics (100 μg/mL 
streptomycin,100 IU penicillin) (all purchased from Merck KGaA, Darmstadt, Germany), denoted as complete DMEM or supplemented 
DMEM. HFFC cells were grown in DMEM with higher FBS content (15 %) and the same concentration of antibiotics. Before performing 
the assays, all cell types were propagated in 75 cm2 culture flasks (TPP, Trasadingen, Switzerland) and trypsinized at 80 % confluency. 
The cells were kept in incubator maintaining appropriate culture conditions (37 ◦C, high humidity, gas phase composed of a mixture of 
5 % CO2/95 % atmospheric air). 

2.3. Assessment of antitumor activity in monolayer cell cultures 

Two classical in vitro cytotoxicity assays were performed to analyze the antitumor activity of M. friwaldskyanum extracts – a test that 
measures cellular metabolic activity based on the capability of functional cells to reduce 3-(4,5-dimethylthiazol-2-yl)-2,4-diphenyl 
tetrazolium bromide (MTT) (MTT assay) [22], and Neutral red (NR) uptake assay (NRU assay) that determines cell viability through 
assessment of NR quantity accumulated in the lysosomes of live cells [23]. For these experiments, cell suspensions with 1 × 105 

cells/mL concentration were prepared from all four cell lines and seeded on 96-well plates (TPP, Trasadingen, Switzerland) (100 
μL/well). The established cultures were grown under standard conditions for 24 h. After that, M. friwaldskyanum extracts in different 
concentrations (10, 100, 250 and 500 μg/mL) were added to the culture medium for a test-period of 24 and 72 h. To achieve this, 1 
mg/mL working solutions were prepared from the extract stock solutions by dilution in complete DMEM medium and then, a particular 
amount of test-sample was pipetted on the culture plates to obtain the appropriate test-concentration per well. 10 mg/mL extract stock 
solutions were prepared using DPBS. Thus, negative cellular effects induced by the solvent were avoided. The final volume of all 
assayed samples was 200 μL/well. All tests included a positive control - mitomycin C (MMC), analyzed in the same test-concentrations 
as the extract samples. Also, a control with untreated cells cultured in appropriate growth medium for the same test-period was assayed 
in all experiments. 

After the end of the two test-periods (24h and 72h), the effects of M. friwaldskyanum extracts on cellular metabolic activity and 
viability were analyzed. For MTT assays: MTT solution (Merck KGaA, Darmstadt, Germany) in a final concentration of 0.5 mg/mL was 
added to the growth medium of the cells. The cultures were incubated for 2 h at 37 ◦C, 5 % CO2 and high humidity in dark environment. 
The growth medium was then removed which was followed by washing with DPBS. The formazan accumulated in the cells after 
incubation with MTT-containing medium was solubilized using 100 μL/well dimethyl sulfoxide (DMSO, Merck KGaA, Darmstadt, 
Germany). The plates were then incubated at ambient temperature on a shaker for 15 min. Absorbance was measured at 570 nm using 
a SpectraMax i3x spectrophotometer (Molecular devices, San Jose, CA, USA). 

For the NRU assays NR solution (Merck KGaA, Darmstadt, Germany) was added to the cell culture medium to reach 0.005 mg/mL 
final concentration. After 2-h incubation at 37 ◦C, 5 % CO2 and high humidity the cells were washed with DPBS. 100 μL/well aqueous 
solution of ethanol and glacial acetic acid (50 %:1 %) was then added to the cells in order to extract the accumulated NR stain. The 
culture vessels were incubated for 15 min at room temperature with continuous mild shaking. After that, absorbance at 540 nm was 
analyzed using a SpectraMax i3x spectrophotometer (Molecular devices, San Jose, CA, USA). All samples were plated in triplicates for 
MTT and NRU in vitro cytotoxicity assays. The obtained data was used to determine percent inhibition of cell viability and/or metabolic 
activity based on absorbance results for treated cells and cells cultured under standard conditions without the addition of extract. The 
concentration of the test-sample that inhibited the viability/metabolic activity of 50 % of the cells (IC50) was calculated for the 72-h 
test-period. 

2.4. In vitro assays with tumor spheroids 

HT-29 cells were used to obtain tumor spheroids on 96-well round-bottom Corning® spheroid microplates (Corning Inc., Glendale, 
AZ, USA) with ultra-low attachment surface coating of the wells. For this aim, 5000 cells/well in 200 μL volume were seeded and after 
24h 3D spheroid formation was verified. Then, M. friwaldskyanum extracts were added in a final concentration of 250 μg/mL and the 
spheroids were cultured for 96 h. Spheroids grown for the same test period in complete DMEM were analyzed during the assays 
providing untreated control. Measurements of spheroids diameter after 24 and 96 h of culture after addition of test-sample were 
performed using inverted microscope Inverso (Medline Scientific, Chalgrove, Oxon, UK) equipped with high-resolution Si-3000 digital 
camera and specialized software (Medline Scientific, Chalgrove, Oxon, UK). Ten spheroids were measured for each sample. 

The viability of HT-29 cells comprising spheroids was evaluated by staining with 5-carboxyfluorescein diacetate, acetoxymethyl 
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ester (5-CFDA, AM) (Invitrogen, Molecular probes™, Eugene, OR, USA). This reagent is capable to pass the cell membrane and 
penetrate into the cytoplasm where active esterases convert it to a fluorescent form - 5-carboxyfluorescein. The fluorescent staining is 
characteristic for viable cells with unaffected esterase activity and intact membrane that retain the dye intracytoplasmically. 5-CFDA, 
AM in a final concentration of 2.7 μg/mL was added to spheroid cultures treated for 96h with M. friwaldskyanum extracts. The 
spheroids were incubated at 37 ◦C in the dark for 30 min. Then, the medium containing 5-CFDA, AM was replaced with DPBS and the 
staining of 3D multicellular structure was analyzed on a fluorescent microscope (Leica Microsystems, Wetzlar, Germany). 

2.5. Analyses of antibacterial properties 

The antibacterial activity of M. frivaldskyanum samples was estimated by experiments with Gram-negative and Gram-positive 
species – Escherichia coli (ATCC 25922) and Bacillus cereus (ATCC 11778), respectively. The bacteria were grown at 37 ◦C in Muel-
ler Hinton agar or broth medium (Merck KGaA, Germany). The minimum inhibitory concentration (MIC) of Marrubium extracts against 
B. cereus and E. coli was defined using the plate microdilution method described by Moyo & Mukanganyama [24]. For these experi-
ments, two-fold serial dilutions were prepared from all samples, as well as from an antibiotic control ceftriaxone (MIP Pharma GmbH, 
Blieskastel-Niederwurzbach, Germany) starting from a concentration of 2 mg/mL 100 μL of the sample with 2 mg/mL concentration 
and the diluted samples were pipetted into a 96-well plate. Then, 100 μL of bacterial suspension was added to all samples to a final 
concentration of 1 × 106 cfu/mL. As a result, the highest concentration of test-sample was 1 mg/mL. In all assays of this type, the 
following controls were used: 200 μL broth containing 100 μL M. friwaldskyanum extract and 100 μL growth medium; 200 μL broth that 
contained 100 μL culture medium and 100 μL bacteria. The culture dishes were incubated for 24 h at 37 ◦C, after which 5 mg/mL MTT 
solution (20 μL/well) was added to each well. In the presence of metabolically active cells in the studied sample, MTT (yellow 
tetrazolium salt) undergoes reduction that yields a formazan product with purple color. The plates were incubated for 1 h at 37 ◦C, 
after which absorbance was measured at 570 nm using a SpectraMax i3x spectrophotometer (Molecular devices, San Jose, CA, USA). 

To define the minimum bactericidal concentration (MBC), 50 μL of the samples, determined as the MIC, were inoculated into two 
separate Petri dishes containing antibiotic-free nutrient agar. In addition, one or two samples corresponding to concentrations higher 
than the MIC and one sample with a concentration lower than the MIC were also tested. The established cultures were incubated for 24 
h at 37 ◦C. The concentration of the test sample at which growth of bacterial colonies was not detected was defined as MBC. 

Additional experiments were performed to evaluate the effects of M. friwaldskyanum extracts on bacterial viability over time. 3 mL 
cultures with concentration 1 × 106 cfu/mL were prepared and maintained for 36 h at 37 ◦C. For each bacterial species (E. coli or 
B. cereus) four samples were established: untreated control in unmodified broth, a culture treated with 400 μg/mL M. friwaldskyanum 
flower extract, bacteria grown in medium containing 400 μg/mL M. friwaldskyanum leaf extract, and culture maintained in medium 
supplemented with 400 μg/mL M. friwaldskyanum stem extract. All samples were examined in triplicates. Throughout this experiment, 
at 2, 12 and 24 h culture period, and at the end of the assay (36 h) 100 μL samples from the bacterial suspensions were obtained. To 
evaluate bacterial viability over time the samples were set on a 96-well culture plate (Costar, Corning Inc., New York, NY, USA). Then, 
MTT solution (Merck KGaA, Darmstadt, Germany) in 5 mg/mL concentration was added to each sample well and diluted tenfold in the 
broth. The plates were incubated for 1 h at 37 C. During this incubation period viable bacteria in the samples reduce the yellow-colored 
MTT to a purple-colored formazan product [23]. and then absorbance at 570 nm was determined by measurement on a spectro-
photometer SpectraMax i3x (Molecular devices, San Jose, CA, USA). 

2.6. Experiments with peripheral blood leukocytes 

Venous blood from 4 healthy volunteers (2 men and 2 women, 28–39 age) was obtained. The samples were collected in BD 
Vacutainer® K2EDTA tubes (Becton, Dickinson and Company (BD), NJ, USA) and standard hematological parameters were analyzed. 
Consequently, reference range values were determined for all examined parameters. All obtained samples were centrifuged at 1000×g 
for 15 min. After that the plasma was discarded. The cell pellets were gently resuspended in 0.84 % NH4Cl buffer and incubated at 
room temperature for 8–10 min in order to lyse erythrocytes in the samples. This was followed by washing with DPBS. The samples 
were washed twice. The resulting leukocyte fractions were pooled and centrifuged for 10 min at 1000×g. Then the cells were 
resuspended in supplemented DMEM and 1 × 106 cells/mL were seeded on a 12-well culture plate (TPP, Trasadingen, Switzerland). 
M. friwaldskyanum extracts in a final concentration of 200 μg/mL were added to the cultures which were grown under standard 
conditions for 24 h. Control leukocytes cultured in supplemented DMEM without plant extract was also set. All test-samples were 
assayed in triplicates. The experiment was approved by the Local Ethical Committee at “Paisii Hilendarski” University of Plovdiv, 
Bulgaria (protocol No. 5 from June 10, 2020) and performed in accordance to the Declaration of Helsinki Blood sampling was 
implemented in accordance to The Code of Ethics of the World Medical Association (Declaration of Helsinki) approved for experiments 
involving humans. All volunteers were informed about the purpose of the experiment and signed a written informed consent before 
blood sampling and initiation of the experimental procedure. 

2.7. Immunophenotyping 

The leukocyte cultures were kept at 37 ◦C in an incubator with humidified atmosphere containing 5 % CO2. After the 24-h test- 
period, cells from the control and treated cultures were harvested, centrifuged for 10 min at 1000×g and resuspended in buffer for 
flow cytometry (DPBS, containing 5 % FBS and 0.05 % NaN3). The cells were incubated with fluorochrome-labeled antibodies specific 
for the markers CD3, CD4, CD8, CD19, CD25, CD11b and HLA-DQ/DR/DP (BD Pharmingen™, BD Biosciences, USA), and incubated for 
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Fig. 1. Inhibition of cellular metabolic activity after treatment with M. friwaldskyanum extracts. The graphs show MTT assay data for A549 cells (A, 
B), HeLa cells (C, D), HT-29 cells (E, F) and normal HFFC fibroblasts (G, H). Positive control = Mitomycin C (MMC). The results represent ±
standard error of the mean (±SEM). All samples were analyzed in triplicates. Statistically significant differences between M. friwaldskyanum extracts 
and the positive control were analyzed. Significant p values (p < 0.05) were determined for all samples and all test-concentrations (10–500 μg/mL). 
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Fig. 2. Neutral red uptake assay results obtained after treatment for 24 and 72 h with M. friwaldskyanum flower, leaf and stem extracts. The charts 
show: A, B - A549 cells, C, D - HeLa cells, E, F - HT-29 cells and G, H - HFFC fibroblasts. Positive control = Mitomycin C (MMC). The results 
represent ± SEM. All samples were analyzed in triplicates. Statistically significant differences between M. friwaldskyanum extracts and the control 
were analyzed. Significant p values (p < 0.05) were determined for all samples and all test-concentrations (10–500 μg/mL). 
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Fig. 3. Effects of M. friwaldskyanum extracts on tumor spheroids. (A) Measurements of spheroid diameter after 24 and 96 h treatment with 
M. friwaldskyanum extracts. 10 spheroids per sample were analyzed. The results are present as ±SEM. Untreated spheroids (control) – fluorescent 
and bright field image (B); HT-29 spheroids treated with M. friwaldskyanum extracts for 96 h (C-E); fluorescent microscopy and bright field image of 
sample treated with flower extract (C); fluorescent and bright field image of spheroid treated with leaf extract (D); fluorescent microscopy and 
bright field image of sample treated with stem extract (E). The black bar correspond to 100 μm *, p < 0.05; **, p < 0.01. 
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20 min in dark environment. After that the cells were washed twice and analyzed on a Cytomics FC500 flow cytometer (Beckman 
Coulter Inc., Life Sciences, Indianapolis, IN, USA). Different leukocyte populations were compared between the control and extract- 
treated samples. The results were shown as mean percentages ± SD (n = 3). 

2.8. Statistical analyses 

Student’s t-test (StatView software, version 5.0) (SAS Institute Inc., Carry, NC, USA) was used to determine statistical significance 
of the obtained results. Analysis of variance (ANOVA) was applied to reveal differences between the controls and the test-groups. 
Values of p that were lower than 0.05 were considered statistically significant. 

3. Results 

3.1. Antitumor activity of M. friwaldskyanum 

The ability of M. friwaldskyanum extracts to inhibit the growth, activity and vitality of different tumor cell types was investigated in 
vitro. For this aim, MTT tests that estimate mitochondrial metabolic activity and NRU assays that determine cellular viability were 
performed. In addition, multicellular HT-29 tumor spheroids size and viability were analyzed following treatment with plant extracts. 

3.1.1. Selective inhibition of adenocarcinoma adherent cultures 
Responses of lung, cervical and colon adenocarcinoma cell lines (A549, HeLa and HT-29, respectively) against treatment for 24 and 

72 h with different concentrations of M. friwaldskyanum extracts were analyzed. The results were compared with data obtained with 
normal fibroblastic finite line (HFFC) to determine eventual antitumor properties of the three analyzed samples – flower, leaf and stem 
extracts. Fig. 1 represents results from MTT assays. They indicate time- and concentration-dependent inhibition of cellular metabolic 
activity induced by treatment with M. friwaldskyanum extracts (Fig. 1A,B,C,D,E,F). Intriguingly, normal fibroblasts metabolic activity 
was not affected by the plant samples present in different concentrations in the cell culture medium (Fig. 1G and H), which proves the 
antitumor properties of M. friwaldskyanum. The three tumor cell lines showed different modes of inhibition induced by the flower and 
leaf extract (Fig. 1A,B,C,D,E,F). Their effects increased after longer culture period in the presence of the test-samples (72 h). The 
sample derived from M. friwaldskyanum flowers caused the highest inhibition of A549 and HeLa cells (Fig. 1B and D) while the leaf and 
the flower extract induced similar level of inhibition in HT-29 cultures (Fig. 1F). Concentrations of flower extract that inhibit 50 % of 
cellular metabolic activity (IC50) for HeLa cells were determined and indicated on the respective graphs. 

M. friwaldskyanum extracts induced stronger effects on the level of lysosome functionality and cellular vitality, which was deter-
mined by the NR uptake assays (Fig. 2). We observed time-dependent and concentration-dependent responses by all cell types. A459 
(Fig. 2A and B) and HFFC cells (Fig. 2G and H) showed weak inhibition following treatment with 250 and 500 μg/mL extract. It is 
evident that NRU assays demonstrated inhibitory effects of the test-samples on normal fibroblasts. However, their level was markedly 
lower compared to the inhibition measured for HeLa (Fig. 2C and D) and HT-29 cells (Fig. 2E and F). These results point to selective 
antitumor properties directed to cervical and colon adenocarcinoma cells. Concordant with MTT assay data the flower and leaf extracts 
were most effective in reduction of cellular viability. In addition, the extract derived from M. friwaldskyanum stems demonstrated 
inhibitory activity after 72-h treatment that was highest against HT-29 cells. The colon adenocarcinoma cell line was the most sensitive 
to treatment with M. friwaldskyanum extracts. More than 50 % inhibition was detected after 72-h cultivation of HT-29 cells in medium 
containing flower, leaf and stem extracts (Fig. 2F). HeLa cells showed very similar IC50values calculated based on reduction of cellular 
vitality and lysosome functionality – 380.4 μg/mL for MTT test (Fig. 1D) and 386 μg/mL for NRU assays (Fig. 2D). Generally, the 
results from MTT and NRU assays for HT-29 cells indicated predominant lysosome-specific mechanism of cytotoxicity of 
M. friwaldskyanum extracts. 

3.1.2. Reduction of tumor spheroid growth and vitality 
In order to perform more detailed characterization of the antitumor potential of M. friwaldskyanum, the in vitro cytotoxicity assays 

with adherent cell cultures were followed by experiments with HT-29 tumor spheroids. Consequently, these studies could provide 
information about the inhibitory potential of the extracts on the multicellular level. For these experiments spheroid microplates with 
ultra-low attachment surface coating were used. The manufacturer of these vessels has shown that they could be used for generation of 
HT-29 and A549 3D tumor spheroids. However, A549 cells were not included in our analyses because they showed the least sensitivity 
to M. friwaldskyanum extract treatment during the MTT and NR uptake assays compared to HT-29 and HeLa cells. We have tested the 
spheroid microplates with HeLa but the cells formed loose aggregates that were not structured as compact spheroids. Therefore, we 
excluded the HeLa cell line from the spheroid analyses. For the experiments, HT-29 spheroids were cultured in medium containing 250 
μg/mL M. friwaldskyanum extract for 96 h. The test-concentration was selected based on the MTT and NRU data. We wanted to 
determine whether an extract concentration lower than the maximal that induce inhibition, but to a lower extent, could affect tumor 
spheroids. During the experiments tumor cell aggregates diameter was determined following 24-h and 96-h treatment with plant 
samples. Furthermore, the viability of the cells in the spheroids was examined at the end of the experiment (96 h treatment). The 
samples were stained with 5-carboxyfluorescein diacetate, acetoxymethyl ester (5-CFDA, AM) – a cell-permeable probe, which can be 
converted to a fluorescent form (5-carboxyfluorescein) by cellular esterases. All viable cells with intact membrane retain the formed 
fluorescent dye [25]. The results from these experiments showed inhibitory effects (Fig. 3) that were concordant with the data obtained 
with adherent adenocarcinoma cultures. Tumor spheroid size was significantly reduced by 96-h treatment with M. friwaldskyanum leaf 
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and flower extract (Fig. 3A). A tendency for decreased tumor spheroid size after treatment with stem extract was also evident. Staining 
with 5-CFDA, AM further strengthened these data. While control spheroids displayed intense fluorescence due to unaffected ability to 
convert 5-CFDA, AM and retain 5-carboxyfluorescein the cellular aggregates treated with M. friwaldskyanum extract demonstrated 
reduced fluorescence (Fig. 3B–E). Confirming previous results, strong reduction of fluorescent signal was observed for spheroids 
treated with flower and leaf extract (Fig. 3C and D). The extract derived from M. friwaldskyanum stems influenced tumor spheroid 
viability to a lower extent (Fig. 3E). The observed fluorescent staining was more intense than flower and leaf extract-treated spheroids 
(Fig. 3C and D). However, the intensity of the staining was weaker compared to the untreated control (Fig. 3B) demonstrating 
inhibitory effect for this sample as well. Altogether, tumor spheroid evaluations confirm the inhibitory potential of the studied samples 
and their ability to affect tumor cells on the multicellular level. 

3.2. Influence on bacterial growth and vitality 

The antibacterial properties of M. friwaldskyanum extracts were evaluated using one Gram-negative and one Gram-positive bac-
terial species – E. coli and B. cereus, respectively. After 24-h treatment with M. friwaldskyanum extracts the minimal inhibitory con-
centration (MIC) and the minimal bactericidal concentration (MBC) were determined (Table 1). Only the leaf extract showed lower 
than 1000 μg/mL MIC against B. cereus. The other samples, as well as all samples tested against E. coli showed MIC and MBC of 1000 
and > 1000 μg/mL, respectively. These data point to antibacterial potential of the extracts, but compared to control antibiotics, the 
activity of the extracts is significantly weaker. 

Our experience showed that the agar disc diffusion methodology is limited and not applicable to complex samples containing 
substances that cannot diffuse in solid medium. Thus, to further analyze and prove the antibacterial properties of M. friwaldskyanum we 
performed longitudinal evaluation of cellular viability in liquid culture (Fig. 4). Four cultures of every bacterial species were evaluated 
for a total period of 36 h – untreated control grown in standard medium without addition of M. friwaldskyanum sample, culture 
maintained in medium containing flower extract, bacteria grown in medium with leaf extract, and cells cultured in medium containing 
M. friwaldskyanum stem extract. All plant samples were added to the cultures in concentration of 400 μg/mL in order to test if lower 
than MIC concentration could longitudinally affect bacterial survival. The viability of bacterial cultures was defined based on their 
ability to metabolize MTT at four time-points – 2, 12, 24 and 36 h. These experiments demonstrated potential of all M. friwaldskyanum 
samples to reduce significantly the viability of both Gram-positive and Gram-negative bacterial types for different period of time 
(Fig. 4). In fact, E. coli appeared to be more sensitive to the plant extracts because the three treated cultures showed reduced viability at 
12-, 24-, 36-h’ time-points (Fig. 4A). These data demonstrate sustainable effect on bacterial metabolic activity for a long period of time. 
B. cereus viability was not significantly affected at the end of the experiment and only the leaf extract induced marked reduction at the 
24-h treatment (Fig. 4B). Notable reduction of B. cereus viability was detected 12 h after the start of the treatment, which proves the 
ability of M. friwaldskyanum extracts to suppress Gram-positive bacterial species development. However, these effects were temporary 
– significant reduction of bacterial viability was not detected after 36 h treatment suggesting the need for higher treatment concen-
trations. On the other hand, notable tendency although not significant for reduced viability was evident at 24 h and 36 h for the stem 
and leaf extract. Based on these experiments we were able to prove the antibacterial activity of M. friwaldskyanum and support future 
search for bactericidal compounds. 

3.3. M. friwaldskyanum extracts affect the levels of important immune cell populations 

To investigate the immunomodulating abilities of M. friwaldskyanum extracts, white blood cells derived from healthy individuals 
were incubated ex vivo with plant samples. Two extracts were chosen for these experiments – the flower sample that showed the highest 
antitumor potential and the stem sample that displayed the lowest level of toxicity against normal cells during the NRU assays and a 
different pattern of antitumor activity compared to the other two samples. Isolated leukocytes were seeded on cell culture plates and 
incubated for 24 h with 200 μg/mL M. friwaldskyanum stem or flower extracts, which was followed by immunophenotyping. The flow 
cytometry analyses results are present in Fig. 5 (A,B,C,D,E,F). Generally, the stem and the flower extract induced similar effects – the 
24-h treatment with both samples resulted in increased levels of CD19+ B-lymphocytes, CD11b-expressing cells and HLA+ leukocytes 
(Fig. 5B,D,F). A tendency for increased percentages of CD4+ T-lymphocytes is evident for treatment with either flower or stem extract 
(Fig. 5A). However, only white blood cells treated with flower extracts demonstrated significantly increased population of CD25+

lymphocytes (Fig. 5E). Interestingly, the total CD25-expressing lymphocyte fraction was elevated while there wasn’t a difference in 
CD4+CD25+ cells suggesting increase in the regulatory B-cell population. These results indicate versatile immunoregulatory properties 

Table 1 
Minimal inhibitory concentrations (MIC) and minimal bactericidal concentrations (MBC) (μg/mL) of 
M. friwaldskyanum extracts.  

Samples B. cereus MIC (MBC) 
μg/mL 

E. coli MIC (MBC) 
μg/mL 

M. friwaldskyanum (flower) 1000 (>1000) 1000 (>1000) 
M. friwaldskyanum (leaf) 500 (>1000) 1000 (>1000) 
M. friwaldskyanum (stem) 1000 (>1000) >1000 (>1000) 

Antibiotic control (ceftrianxone): B. cereus – 7.5 [15] μg/mL; E. coli – 7.5 [26] μg/mL. 
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of M. friwaldskyanum and ability to modulate different lymphocyte populations and antigen-presenting cells. 

4. Discussion 

Plants are indispensable source of natural compounds with various pharmacological properties and important benefits for human 
health [13]. The use of herbs as remedies dates from antiquity and continues to be the major goal of traditional medicine [27,28]. 
Moreover, many contemporary drugs with critical medical importance are based on natural products with plant origin [29,30]. An-
alyses of plant bioactive compounds, design and synthesis of similar to herbal natural substances or modified derivative structures are 
fundamental for the next-generation innovative drug discovery approaches [13]. Therefore, it is not surprising that the search for new 
species with pharmacological significance is growing. The aim is to identify new drug candidates and/or to find a better plant source of 
biologically active compounds allowing cultivation and industrial production. In this regard, endemic plants have been shown to 
generate unique secondary metabolites and could be producers of still unidentified chemical constituents with pharmacological po-
tential [14]. However, apart from determining specific phytochemical profile the restricted distribution limits extensive studies of 
endemic species. The prospect for cultivation of endemics with good reproductive potential makes them important object for future 
biological and pharmacological research. All these facts motivate the object of the present study – the Bulgarian endemic Marrubium 
friwaldskyanum. Phytochemical studies have indicated this species as producer of a number of biologically active natural compounds 
[16,19] but its biomedical potential has not been clarified. Particularly, the plant material used in the present study were previously 
subjected to metabolome analyses that demonstrated significant levels of diverse bioactive compounds [19]. Another reason for these 
studies is the reported good reproductive capacity of M. friwaldskyanum [16] that opens the way for introduction into cultivation and 
industrial use of the plant. 

Extracts obtained from M. friwaldskyanum flowers, leaves and stems were used in the current study. These samples represent 
complex combination of different chemical constituents [19]. Such research material is not preferred by modern pharmacology which 
relies on identification of specific compounds with biomedical potential. However, a major benefit of plant extracts is the ability to 
induce better therapeutic effects due to unique synergistic and simultaneous activity of several compounds which individually could 
not exert medical properties [13]. In addition, herbal extract synergistic potential can lead to improvement of the effectiveness of 
standard medicines like antibiotics, chemotherapeutic agents etc., based on the combined action of the plant sample and the drug [26]. 
In fact, many medicinal plant extracts are currently used as prescription drugs in many developed countries [31]. Considering the 
complex nature of cancer diseases, infectious and degenerative disorders, it is not surprising that effective medicines cannot be 

Fig. 4. Longitudinal evaluations of bacterial viability following treatment with M. friwaldskyanum extract. Results for E. coli (A); data for B. cereus 
cultures (B). The charts represent mean results (±SEM) of triplicate samples. 
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provided by single compound-based drug discovery. Research on plant extracts allows scientists to determine a potential therapeutic 
effect, which is then followed by identification of specific molecular mechanism. All these facts motivate the use of extracts as research 
object in this study, which demonstrates a multilateral biomedical potential of M. friwaldskyanum including antitumor, antibacterial 
and immunomodulating properties. All three analyzed extracts showed antitumor activity but the flower and the leaf sample 
demonstrated the highest ability to inhibit tumor cell metabolism and vitality that were confirmed on the multicellular level using 
HT-29 spheroids. These results are not surprising considering the metabolome profiling of M. friwaldskyanum [19]. Generally, the 
aerial parts of the plant contained significant levels of phenolic acids, flavonoids and their glucosides. Isorhamnetin, apigenin and rutin 
derivatives, quercetin, kaempherol, flavonoid glycosides (forsythoside, calceolarioside, leucosceptosid and their derivatives) were 
present in different proportions in the stems, leaves and flowers of the herb. However, unique metabolite content was demonstrated for 
the flowers and leaves of M. friwaldskyanum. Luteoloside was specifically detected in the flowers of M. friwaldskyanum [19]. This 
flavonoid possess diverse biological activities including strong antitumor potential [32].The better properties of the extract obtained 
from flowers could be also attributed to the reported higher levels of chlorogenic acid, apigenin, kaempherol and quercetin – com-
pounds that are well known for their antitumor properties [33–36]. Specifically abundant in M. friwaldskyanum leaves were iso-
rhamnetin–3-O-rutinoside and isorhamnetin–3-O-glucoside [19]. Based on the proven antitumor activity of isorhamnetin [37] it could 

Fig. 5. Changes in main leukocyte populations following treatment with 200 μg/mL M. friwaldskyanum extracts. (A) Level of CD4+ lymphocytes in 
the test-samples; (B) CD19+ lymphocytes subsets; (C) CD8+ lymphocyte levels; (D) Percentages of cells expressing HLA-DQ/DR/DP; (E) CD25+

lymphocyte numbers; (F) Levels of CD11b-expressing leukocytes. Data are presented as the mean ± SEM of triplicates. The statistical significance of 
differences between control and treated leukocytes is shown as * p ≤ 0.05, **p ≤ 0.01 and ***p ≤ 0.001. 
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be suggested that these glucosides could contribute the more prominent effect of the leaf extract in comparison with the sample from 
stem. The defined antitumor effects were selective and directed against cervical and colon adenocarcinoma cells. Lung adenocarci-
nomic A549 cells were the least affected tumor cells but the observed inhibition was superior compared to normal fibroblasts. These 
data supplement previous findings regarding inhibitory potential of M. friwaldskyanum polyphenolic fraction against melanoma cells 
[20]. Furthermore, the present report shows pioneer findings with tumor spheroids that strengthen the data from adherent cultures 
and demonstrate ability of M. friwaldskyanum to inhibit the viability and growth of multicellular tumor aggregates. 

M. friwaldskyanum extracts exhibited antibacterial activity against one Gram-negative and one Gram-positive species. The deter-
mined MIC and MBC values were similar to the ones measured for other Marrubium herbs – M. peregrinum, M. incanum, M. candi-
dissimum, M. thessalum, M. rotundifolium [12,38]. Regarding the E. coli strain tested in the present study, M. peregrinum methanol 
extract demonstrated markedly weaker activity [39]. All three M. friwaldskyanum extracts demonstrated ability to significantly reduce 
E. coli viability for up to 36 h. These data support the antibacterial potential of the samples but also suggest ability to supplement drug 
treatment and even act synergistically to fight antibiotic resistance which is a major healthcare problem nowadays. Further in-
vestigations are needed to confirm this hypothesis particularly for M. friwaldskyanum samples. The potential for such synergistic action 
of plant extracts and antibiotics have recently been demonstrated [26]. 

The present study can be defined as pioneering because it reports for the first time selective antitumor activity of M. friwaldskyanum 
extracts and their antibacterial properties. Another important part of our investigations includes results for immunomodulatory po-
tential of the studied samples. These type of studies have not been reported to date for Marrubium species. There are published data on 
the immunomodulatory potential of isolated labdane diterpenes from M. cylleneum and M. velutinum based on different methods 
(measurements of lymphocyte proliferation, natural killer (NK) cell or lymphokine-activated killer (LAK) cytotoxicity) [40]. 
Anti-inflammatory and immunomodulatory properties of M. friwaldskyanum can be suggested based on the presence of a number of 
bioactive compounds in the aerial parts of the plant [19]. Particularly, a marker substance for M. friwaldskyanum flowers is taur-
ochenodeoxycholic acid [19] which possess characteristic anti-inflammatory and immunomodulatory properties [41]. Furthermore, 
the metabolic fingerprint of M. friwaldskyanum stems includes marked levels of other compounds with immunologic activity – alys-
sonoside [42] and salidroside [43]. In our studies, ex vivo treatment of white blood cells with M. friwaldskyanum flower and stem 
extracts led to notable increase in the levels of CD25, CD11b, CD19 and HLA-positive populations, which indicates modulation of both 
lymphoid and myeloid lineage-derived immune cells. The elevated levels of CD19+ B-lymphocytes and HLA-expressing cells suggest an 
effect on antigen-presentation ability. Intriguingly, the total CD25+-lymphocyte population was increased in the sample treated with 
M. friwaldskyanum flower extract. This result was not due to increase in the groups of activated or regulatory T-lymphocytes because 
we did not observe higher levels of CD4+CD25+ T cells. We speculate that this specific result is based on elevated CD25 expression by 
CD19+ B cells and hence, an increase in the regulatory B cell population that is responsible for modulation of T-cell responses [44,45]. 
This would point to regulatory B cell-specific mechanism of M. friwaldskyanum flower extract, but additional experiments are needed to 
confirm this assumption. 

Notably, treatment with M. friwaldskyanum flower and stem extracts enhanced the numbers of HLA+ and CD11b+ leucocytes. HLA 
molecules play a major role in antigen presentation and immune responses. Recently, it has been shown that increased HLA expression 
contributes to improved antitumor immunity and was associated with better outcome for patients with melanoma [46]. CD11b is an 
integrin and C-type lectin receptor expressed on the surface of many leucocytes (monocytes, neutrophils, macrophages, natural killer 
cells) and involved in regulation of cell adhesion and migration during inflammatory responses. As a C-type lectin receptor CD11b 
recognizes and initiate innate immune responses against pathogen-associated molecules. In addition, it was found that CD11b is 
responsible for macrophage polarization to proinflammatory type involved in innate antitumor immunity and suppression of tumor 
growth [47]. This integrin molecule is also involved in interactions with specific carbohydrates that increase the effectiveness of 
antitumor immunotherapy and/or induce antitumor T cell immune responses [48,49]. Thus, increased by M. friwaldskyanum treatment 
expression of CD11b and HLA molecules could contribute to improved innate and adaptive immunity status and antitumor responses. 

5. Conclusions 

The present report demonstrates for the first time versatile biological activities of M. friwaldskyanum extracts derived from flowers, 
leaves and stems. The antitumor, antibacterial and multilateral immunomodulatory properties could be utilized in future for gener-
ation of improved pharmacological products. 

Ethical statement 

The experiments were performed in accordance to the guidelines of the Declaration of Helsinki. The study gained approval by the 
Local Ethical Committee at “Paisii Hilendarski” University of Plovdiv, Bulgaria (protocol No. 5 from June 10, 2020). The procedure for 
collection of blood samples was performed in accordance with The Code of Ethics of the World Medical Association for experiments 
involving humans. All four volunteers were informed about the purpose of the experiments and signed a written consent before blood 
sampling and the start of the study. 

Funding 

This research did not receive any specific funding. 

D. Gyuzeleva et al.                                                                                                                                                                                                    



Heliyon 10 (2024) e32599

13

Consent for publication 

All authors agree to publish. 

Data availability statement 

Data are contained within the article or available from the corresponding author upon request. 

CRediT authorship contribution statement 

Donika Gyuzeleva: Writing – original draft, Validation, Resources, Methodology, Investigation, Formal analysis. Tsvetelina 
Batsalova: Writing – original draft, Validation, Software, Resources, Methodology, Investigation, Formal analysis, Conceptualization. 
Balik Dzhambazov: Writing – review & editing, Writing – original draft, Validation, Supervision, Software, Resources, Methodology, 
Investigation, Formal analysis, Conceptualization. Ivanka Teneva: Writing – review & editing, Validation, Methodology, Investiga-
tion, Formal analysis, Data curation. Tsvetelina Mladenova: Validation, Methodology, Investigation, Formal analysis. Rumen 
Mladenov: Writing – review & editing, Validation, Methodology, Investigation, Formal analysis, Data curation. Plamen Stoyanov: 
Validation, Resources, Methodology, Investigation, Formal analysis, Data curation. Krasimir Todorov: Validation, Methodology, 
Investigation, Formal analysis, Data curation. Dzhemal Moten: Validation, Software, Methodology, Investigation, Formal analysis. 
Desislava Apostolova: Validation, Methodology, Investigation, Formal analysis. Anelia Bivolarska: Writing – review & editing, 
Validation, Supervision, Resources, Investigation, Formal analysis, Conceptualization. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

References 

[1] M. Acimovic, K. Jeremic, N. Salaj, N. Gavaric, B. Kiprovski, V. Sikora, et al., Marrubium vulgare L.: a phytochemical and pharmacological overview, Molecules 
25 (12) (2020), https://doi.org/10.3390/molecules25122898. PubMed PMID: 32599693; PubMed Central PMCID: PMC7355696. 

[2] C. Meyre-Silva, V. Cechinel-Filho, A review of the chemical and pharmacological aspects of the genus marrubium, Curr. Pharmaceut. Des. 16 (31) (2010) 
3503–3518, https://doi.org/10.2174/138161210793563392. PubMed PMID: 20942795. 

[3] F. Tetik, S. Civelek, U. Cakilcioglu, Traditional uses of some medicinal plants in Malatya (Turkey), J. Ethnopharmacol. 146 (1) (2013) 331–346, https://doi.org/ 
10.1016/j.jep.2012.12.054. PubMed PMID: 23333750. 

[4] V. Hammiche, K. Maiza, Traditional medicine in central sahara: pharmacopoeia of Tassili N’ajjer, J. Ethnopharmacol. 105 (3) (2006) 358–367, https://doi.org/ 
10.1016/j.jep.2005.11.028. PubMed PMID: 16414225. 

[5] Medicinal Plants Act, Promulgated. Sect. 29 (2000). 
[6] H. Laouer, B. Yabrir, A. Djeridane, M. Yousfi, N. Beldovini, M. Lamamra, Composition, antioxidant and antimicrobial activities of the essential oil of Marrubium 

deserti, Nat. Prod. Commun. 4 (8) (2009) 1133–1138. PubMed PMID: 19768999. 
[7] D. Rigano, A. Grassia, M. Bruno, S. Rosselli, F. Piozzi, C. Formisano, et al., Labdane Diterpenoids from Marrubium globosum ssp. libanoticum, J. Nat. Prod. 69 

(5) (2006) 836–838, https://doi.org/10.1021/np0505420. PubMed PMID: 16724854. 
[8] T. Hennebelle, S. Sahpaz, A. Skaltsounis, F. Bailleul, Phenolic compounds and diterpenoids from Marrubium peregrinum, Biochem. Systemat. Ecol. 35 (9) 

(2007) 624–626, https://doi.org/10.1016/j.bse.2007.02.006. 
[9] M. Acimovic, J. Stankovic Jeremic, A. Miljkovic, M. Rat, B. Loncar, Screening of volatile compounds, traditional and modern phytotherapy approaches of 

selected non-aromatic medicinal plants (Lamiaceae, Lamioideae) from Rtanj mountain, Eastern Serbia, Molecules 28 (12) (2023), https://doi.org/10.3390/ 
molecules28124611. PubMed PMID: 37375165; PubMed Central PMCID: PMC10300908. 

[10] A. Al-Snafi, H. Al-Saedy, T. Talab, W. Majid, G. Batiha, J. Abolfazl, The bioactive ingredients and therapeutic effects of Marrubium vulgare - a review, 
International Journal of Biological and Pharmaceutical Sciences Archive 1 (2) (2021) 9–21, https://doi.org/10.30574/ijbpsa.2021.1.2.0301. 

[11] F. Piozzi, M. Bruno, S. Rosselli, A. Maggio, The diterpenoids of the genus marrubium (Lamiaceae), Nat. Prod. Commun. 1 (7) (2006) 585–592. 
[12] M. Kozyra, A. Biernasiuk, R. Antonik, A. Malm, G. Zgorka, The phytochemical and antimicrobial examination of phenolic acids contained in extracts from four 

marrubium species, Acta Poloniae Pharmaceutica - Drug Research 75 (4) (2018) 937–950, https://doi.org/10.32383/appdr/80431. 
[13] N.E. Thomford, D.A. Senthebane, A. Rowe, D. Munro, P. Seele, A. Maroyi, et al., Natural products for drug discovery in the 21st century: innovations for novel 

drug discovery, Int. J. Mol. Sci. 19 (6) (2018), https://doi.org/10.3390/ijms19061578. PubMed PMID: 29799486; PubMed Central PMCID: PMC6032166. 
[14] D.T. Petkova, D.S. Mihaylova, The endemic plants - a valuable resource with vast potential in Bulgaria: a brief overview Agricultural Science and Technology 13 

(3) (2021) 219–233, https://doi.org/10.15547/ast.2021.03.035. 
[15] B. Assyov, A. Petrova, D. Dimitrov, R. Vassilev, Conspectus of the Bulgarian Vascular Flora: Distribution Maps and Floristic Elements, Bulgarian Biodiversity 

Foundation, 2006, p. 454. Third revised and enlarged edition. 
[16] V.D. Zheljazkov, I.B. Semerdjieva, J.F. Stevens, W. Wu, C.L. Cantrell, E. Yankova-Tsvetkova, et al., Phytochemical investigation and reproductive capacity of the 

Bulgarian endemic plant species marrubium friwaldskyanum Boiss, Lamiaceae). Plants 11 (1) (2021), https://doi.org/10.3390/plants11010114. PubMed PMID: 
35009117; PubMed Central PMCID: PMC8747201. 

[17] D. Gyuzeleva, P. Stoyanov, A. Bivolarska, R. Mladneov, T. Mladenova, V. Petkov, et al., Anatomical investigation of marrubium friwaldskyanum Boiss. And 
marrubium peregrinum L. (Lamiaceae) from Bulgaria, Ecol. Balk. 14 (1) (2022) 87–101. 

[18] G. Hassen, G. Belete, K.G. Carrera, R.O. Iriowen, H. Araya, T. Alemu, et al., Clinical implications of herbal supplements in conventional medical practice: a US 
perspective, Cureus 14 (7) (2022) e26893, https://doi.org/10.7759/cureus.26893. PubMed PMID: 35978741; PubMed Central PMCID: PMC9375827. 

[19] D. Gyuzeleva, M. Benina, V. Ivanova, E. Vatov, S. Alseekh, T. Mladenova, et al., Metabolome profiling of marrubium peregrinum L. And marrubium 
friwaldskyanum Boiss reveals their potential as sources of plant-based pharmaceuticals, Int. J. Mol. Sci. 24 (23) (2023), https://doi.org/10.3390/ 
ijms242317035. PubMed PMID: 38069358; PubMed Central PMCID: PMC10707198. 

[20] M. Kozyra, A. Korga, M. Ostrowska, E. Humeniuk, G. Adamczuk, R. Gieroba, et al., Cytotoxic activity of methanolic fractions of different Marrubium spp. against 
melanoma cells is independent of antioxidant activity and total phenolic content, FEBS open bio 10 (1) (2020) 86–95, https://doi.org/10.1002/2211- 
5463.12755. PubMed PMID: 31691511; PubMed Central PMCID: PMC6943230. 

D. Gyuzeleva et al.                                                                                                                                                                                                    

https://doi.org/10.3390/molecules25122898
https://doi.org/10.2174/138161210793563392
https://doi.org/10.1016/j.jep.2012.12.054
https://doi.org/10.1016/j.jep.2012.12.054
https://doi.org/10.1016/j.jep.2005.11.028
https://doi.org/10.1016/j.jep.2005.11.028
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref5
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref6
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref6
https://doi.org/10.1021/np0505420
https://doi.org/10.1016/j.bse.2007.02.006
https://doi.org/10.3390/molecules28124611
https://doi.org/10.3390/molecules28124611
https://doi.org/10.30574/ijbpsa.2021.1.2.0301
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref11
https://doi.org/10.32383/appdr/80431
https://doi.org/10.3390/ijms19061578
https://doi.org/10.15547/ast.2021.03.035
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref15
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref15
https://doi.org/10.3390/plants11010114
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref17
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref17
https://doi.org/10.7759/cureus.26893
https://doi.org/10.3390/ijms242317035
https://doi.org/10.3390/ijms242317035
https://doi.org/10.1002/2211-5463.12755
https://doi.org/10.1002/2211-5463.12755


Heliyon 10 (2024) e32599

14

[21] T. Meshinev, Marrubium friwaldskyanum, in: D. Peev, V. Vladimirov, A. Petrova, M. Anchev, D. Temniskova, C. Denchev, et al. (Eds.), Red Book in Bulgaria, 
BAS & MOSW, Sofia, 2015. 

[22] T. Mladenova, T. Batsalova, B. Dzhambazov, R. Mladenov, I. Teneva, P. Stoyanov, et al., Antitumor and Immunomodulatory Properties of the Bulgarian Endemic 
Plant Betonica bulgarica Degen et Neic, Lamiaceae). Plants 11 (13) (2022), https://doi.org/10.3390/plants11131689. PubMed PMID: 35807641; PubMed 
Central PMCID: PMC9268963. 

[23] G. Repetto, A. del Peso, J.L. Zurita, Neutral red uptake assay for the estimation of cell viability/cytotoxicity, Nat. Protoc. 3 (7) (2008) 1125–1131, https://doi. 
org/10.1038/nprot.2008.75. PubMed PMID: 18600217. 

[24] B. Moyo, S. Mukanganyama, Antibacterial effects of cissus welwitschii and triumfetta welwitschii extracts against Escherichia coli and Bacillus cereus, 
International journal of bacteriology 2015 (2015) 162028, https://doi.org/10.1155/2015/162028. PubMed PMID: 26904744; PubMed Central PMCID: 
PMC4745422. 

[25] M.J. Rodrigues da Cunha, B.L. Souza Freitas, N.M. Nasser Fava, L.P. Sabogal-Paz, CFDA-AM staining to assess the metabolic activity of Giardia duodenalis cysts 
inactivated by chlorine, boiling and ultraviolet irradiation, J. Water Health 20 (8) (2022) 1188–1196, https://doi.org/10.2166/wh.2022.092. PubMed PMID: 
36044188. 

[26] D.M. Silva, P.A.D. Costa, A.O.B. Ribon, G.A. Purgato, D.M. Gaspar, M.A.N. Diaz, Plant extracts display synergism with different classes of antibiotics, An. Acad. 
Bras. Cienc. 91 (2) (2019) e20180117, https://doi.org/10.1590/0001-3765201920180117. PubMed PMID: 31090789. 

[27] M. Leonti, R. Verpoorte, Traditional Mediterranean and European herbal medicines, J. Ethnopharmacol. 199 (2017) 161–167, https://doi.org/10.1016/j. 
jep.2017.01.052. PubMed PMID: 28179113. 

[28] L.K. Caesar, N.B. Cech, Synergy and antagonism in natural product extracts: when 1 + 1 does not equal 2, Nat. Prod. Rep. 36 (6) (2019) 869–888, https://doi. 
org/10.1039/c9np00011a. PubMed PMID: 31187844; PubMed Central PMCID: PMC6820002. 

[29] E. Patridge, P. Gareiss, M.S. Kinch, D. Hoyer, An analysis of FDA-approved drugs: natural products and their derivatives, Drug Discov. Today 21 (2) (2016) 
204–207, https://doi.org/10.1016/j.drudis.2015.01.009. PubMed PMID: 25617672. 

[30] F.S. Li, J.K. Weng, Demystifying traditional herbal medicine with modern approach, Nat. Plants 3 (2017) 17109, https://doi.org/10.1038/nplants.2017.109. 
PubMed PMID: 28758992. 

[31] M. Ruhsam, P.M. Hollingsworth, Authentication of Eleutherococcus and Rhodiola herbal supplement products in the United Kingdom, J. Pharmaceut. Biomed. 
Anal. 149 (2018) 403–409, https://doi.org/10.1016/j.jpba.2017.11.025. PubMed PMID: 29154110. 

[32] Y. He, M. Luo, S. Lei, Z. Zeng, T. Chen, Y. Wu, et al., Luteoloside induces G0/G1 phase arrest of neuroblastoma cells by targeting p38 MAPK, Molecules 28 (4) 
(2023), https://doi.org/10.3390/molecules28041748. PubMed PMID: 36838737; PubMed Central PMCID: PMC9966487. 

[33] L. Fossatelli, Z. Maroccia, C. Fiorentini, M. Bonucci, Resources for human health from the plant kingdom: the potential role of the flavonoid apigenin in cancer 
counteraction, Int. J. Mol. Sci. 25 (1) (2023), https://doi.org/10.3390/ijms25010251. PubMed PMID: 38203418; PubMed Central PMCID: PMC10778966. 

[34] M. Imran, B. Salehi, J. Sharifi-Rad, T. Aslam Gondal, F. Saeed, A. Imran, et al., Kaempferol: a key emphasis to its anticancer potential, Molecules 24 (12) (2019), 
https://doi.org/10.3390/molecules24122277. PubMed PMID: 31248102; PubMed Central PMCID: PMC6631472. 

[35] S.M. Tang, X.T. Deng, J. Zhou, Q.P. Li, X.X. Ge, L. Miao, Pharmacological basis and new insights of quercetin action in respect to its anti-cancer effects, 
Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie 121 (2020) 109604, https://doi.org/10.1016/j.biopha.2019.109604. PubMed PMID: 
31733570. 

[36] A. Zeng, X. Liang, S. Zhu, C. Liu, S. Wang, Q. Zhang, et al., Chlorogenic acid induces apoptosis, inhibits metastasis and improves antitumor immunity in breast 
cancer via the NF-kappaB signaling pathway, Oncol. Rep. 45 (2) (2021) 717–727, https://doi.org/10.3892/or.2020.7891. PubMed PMID: 33416150; PubMed 
Central PMCID: PMC7757108. 

[37] G. Gong, Y.Y. Guan, Z.L. Zhang, K. Rahman, S.J. Wang, S. Zhou, et al., Isorhamnetin: a review of pharmacological effects, Biomedicine & pharmacotherapy =
Biomedecine & pharmacotherapie 128 (2020) 110301, https://doi.org/10.1016/j.biopha.2020.110301. PubMed PMID: 32502837. 

[38] F. Aydin Kose, I. Ozturk, S. Cin, S. Baykan, Investigation of the antioxidant, antimicrobial, and cytotoxic activities of endemic marrubium rotundifolium Boiss, 
European Journal of Therapeutics 28 (1) (2022) 45–51, https://doi.org/10.54614/eurjther.2022.0113. 

[39] I. Radojevic, M. Stankovic, O. Stefanovic, L. Comic, M. Topuzovic, S. Vasic, et al., Exploring antimicrobial activity of horehound, Marrubium peregrinum L. 
extracts, Kragujevac J Sci. 35 (2013) 99–106. 

[40] A. Karioti, M. Skopeliti, O. Tsitsilonis, J. Heilmann, H. Skaltsa, Cytotoxicity and immunomodulating characteristics of labdane diterpenes from Marrubium 
cylleneum and Marrubium velutinum, Phytochemistry 68 (11) (2007) 1587–1594, https://doi.org/10.1016/j.phytochem.2007.03.027. PubMed PMID: 
17475293. 

[41] L. Bao, D. Hao, X. Wang, X. He, W. Mao, P. Li, Transcriptome investigation of anti-inflammation and immuno-regulation mechanism of taurochenodeoxycholic 
acid, BMC pharmacology & toxicology 22 (1) (2021) 23, https://doi.org/10.1186/s40360-021-00491-0. PubMed PMID: 33926569; PubMed Central PMCID: 
PMC8086280. 

[42] A. Wu, Z. Yang, Y. Huang, H. Yuan, C. Lin, T. Wang, et al., Natural phenylethanoid glycosides isolated from Callicarpa kwangtungensis suppressed 
lipopolysaccharide-mediated inflammatory response via activating Keap1/Nrf2/HO-1 pathway in RAW 264.7 macrophages cell, J. Ethnopharmacol. 258 (2020) 
112857, https://doi.org/10.1016/j.jep.2020.112857. PubMed PMID: 32298752. 

[43] D. Song, M. Zhao, L. Feng, P. Wang, Y. Li, W. Li, Salidroside attenuates acute lung injury via inhibition of inflammatory cytokine production, Biomedicine & 
pharmacotherapy = Biomedecine & pharmacotherapie 142 (2021) 111949, https://doi.org/10.1016/j.biopha.2021.111949. PubMed PMID: 34325302. 

[44] A. Kessel, T. Haj, R. Peri, A. Snir, D. Melamed, E. Sabo, et al., Human CD19(+)CD25(high) B regulatory cells suppress proliferation of CD4(+) T cells and 
enhance Foxp3 and CTLA-4 expression in T-regulatory cells, Autoimmun. Rev. 11 (9) (2012) 670–677, https://doi.org/10.1016/j.autrev.2011.11.018. PubMed 
PMID: 22155204. 

[45] Z. Vadasz, E. Toubi, The many faces of B regulatory cells, Isr. Med. Assoc. J. : Isr. Med. Assoc. J. 16 (10) (2014) 631–633. PubMed PMID: 25438452. 
[46] Y.Y. Chen, W.A. Chang, E.S. Lin, Y.J. Chen, P.L. Kuo, Expressions of HLA class II genes in cutaneous melanoma were associated with clinical outcome: 

bioinformatics approaches and systematic analysis of public microarray and RNA-seq datasets, Diagnostics 9 (2) (2019), https://doi.org/10.3390/ 
diagnostics9020059. PubMed PMID: 31212865; PubMed Central PMCID: PMC6628136. 

[47] M.C. Schmid, S.Q. Khan, M.M. Kaneda, P. Pathria, R. Shepard, T.L. Louis, et al., Integrin CD11b activation drives anti-tumor innate immunity, Nat. Commun. 9 
(1) (2018) 5379, https://doi.org/10.1038/s41467-018-07387-4. PubMed PMID: 30568188; PubMed Central PMCID: PMC6300665 developing LA1 for 
therapeutic indications. The remaining authors declare no competing interests. 

[48] R.Z. Panni, J.M. Herndon, C. Zuo, S. Hegde, G.D. Hogg, B.L. Knolhoff, et al., Agonism of CD11b reprograms innate immunity to sensitize pancreatic cancer to 
immunotherapies, Sci. Transl. Med. 11 (499) (2019), https://doi.org/10.1126/scitranslmed.aau9240. PubMed PMID: 31270275; PubMed Central PMCID: 
PMC7197026. 

[49] V. Roche, V. Sandoval, C. Wolford, Z. Senders, J.A. Kim, S.P. Ribeiro, et al., Carbohydrate ligand engagement with CD11b enhances differentiation of tumor- 
associated myeloid cells for immunotherapy of solid cancers, Journal for immunotherapy of cancer 11 (6) (2023), https://doi.org/10.1136/jitc-2022-006205. 
PubMed PMID: 37399354; PubMed Central PMCID: PMC10314662. 

D. Gyuzeleva et al.                                                                                                                                                                                                    

http://refhub.elsevier.com/S2405-8440(24)08630-4/sref21
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref21
https://doi.org/10.3390/plants11131689
https://doi.org/10.1038/nprot.2008.75
https://doi.org/10.1038/nprot.2008.75
https://doi.org/10.1155/2015/162028
https://doi.org/10.2166/wh.2022.092
https://doi.org/10.1590/0001-3765201920180117
https://doi.org/10.1016/j.jep.2017.01.052
https://doi.org/10.1016/j.jep.2017.01.052
https://doi.org/10.1039/c9np00011a
https://doi.org/10.1039/c9np00011a
https://doi.org/10.1016/j.drudis.2015.01.009
https://doi.org/10.1038/nplants.2017.109
https://doi.org/10.1016/j.jpba.2017.11.025
https://doi.org/10.3390/molecules28041748
https://doi.org/10.3390/ijms25010251
https://doi.org/10.3390/molecules24122277
https://doi.org/10.1016/j.biopha.2019.109604
https://doi.org/10.3892/or.2020.7891
https://doi.org/10.1016/j.biopha.2020.110301
https://doi.org/10.54614/eurjther.2022.0113
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref39
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref39
https://doi.org/10.1016/j.phytochem.2007.03.027
https://doi.org/10.1186/s40360-021-00491-0
https://doi.org/10.1016/j.jep.2020.112857
https://doi.org/10.1016/j.biopha.2021.111949
https://doi.org/10.1016/j.autrev.2011.11.018
http://refhub.elsevier.com/S2405-8440(24)08630-4/sref45
https://doi.org/10.3390/diagnostics9020059
https://doi.org/10.3390/diagnostics9020059
https://doi.org/10.1038/s41467-018-07387-4
https://doi.org/10.1126/scitranslmed.aau9240
https://doi.org/10.1136/jitc-2022-006205

	Assessment of the biological activity of Marrubium friwaldskyanum Boiss. (Lamiaceae)
	1 Introduction
	2 Materials and methods
	2.1 Plant material and preparation of extracts
	2.2 Cell lines and culture maintenance
	2.3 Assessment of antitumor activity in monolayer cell cultures
	2.4 In vitro assays with tumor spheroids
	2.5 Analyses of antibacterial properties
	2.6 Experiments with peripheral blood leukocytes
	2.7 Immunophenotyping
	2.8 Statistical analyses

	3 Results
	3.1 Antitumor activity of M. friwaldskyanum
	3.1.1 Selective inhibition of adenocarcinoma adherent cultures
	3.1.2 Reduction of tumor spheroid growth and vitality

	3.2 Influence on bacterial growth and vitality
	3.3 M. friwaldskyanum extracts affect the levels of important immune cell populations

	4 Discussion
	5 Conclusions
	Ethical statement
	Funding
	Consent for publication
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


