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ABSTRACT 

Despite the significant advances in drug development we are witnessing the inability of health systems to combat 

both neurodegenerative diseases and cancers, especially glioblastoma. Hence, natural products are comprehen-

sively studied in order to provide novel therapeutic options. This study aimed to explore anti-neurodegenerative 

and anti-glioblastoma potential of extract of Phlomis fruticosa L. using in vitro model systems. It was found that 

the methanol extract of P. fruticosa was able to efficiently reduce activities of enzymes linked to neurodegenera-

tive disease including acetylcholinesterase, butyrylcholinesterase and tyrosinase. Furthermore, P. fruticosa ex-

tract has shown excellent antioxidant potential, as evidenced by six different methods. Analysis of cytotoxic ef-

fect of P. fruticosa extract on A172 glioblastoma cell line revealed that the concentration of the extract necessary 

for 50 % inhibition of A172 growth (IC50) was 710 μg/mL. The extract did not induce changes in proliferation 

and morphology of A172 glioblastoma cells. On the other side, production of ROS was increased in A172 cells 

treated with the extract. Observed cytotoxic effect of P. fruticosa extract might be based on increase in ROS 

generation upon treatment. Quantitative chemical analysis revealed the presence of twelve different polyphenols 

with the cis 3-O-caffeoylquinic acid being the most abundant. This study provided scientific evidence for further 

exploration of P. fruticosa as a promising natural anti-neurodegenerative therapeutic option.  
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INTRODUCTION 

Due to the uprising number of elderly 

population worldwide we are witnessing an 

increase in the number of neurodegenerative 

disease patients including those suffering 

from Alzheimer (AD) and Parkinson diseas-

es (van Bulck et al., 2019). Oxidative stress, 

marked by increased oxidative damage to li-

pids, proteins and DNA, is one of the factors 

implicated in the pathogenesis of neuro-

degenerative diseases. Proteins amyloid beta 

and α-synuclein are key factors in Alzheimer 

and Parkinson diseases, respectively, and 

they are proved to induce generation of reac-

tive oxygen species (ROS) by interacting 

with redox-active metal ions (Barnham et al., 

2004). Recent reviews highlighted the poten-

tial of different natural products to be used as 

part of neurodegenerative disease therapy (Li 

et al., 2019; Stojković et al., 2020a), some of 

them, led by polyphenols, due to their strong 

antioxidant properties (Devi et al., 2021; 

Matsuzaki and Ohizumi, 2021). Current 

therapeutic strategy for AD includes acetyl-

cholinesterase inhibitors such as donepezil, 

rivastigmine, and galantamine, drugs able to 

delay the disease progression by treating the 

symptoms not the disease (Moss, 2020). At 

the same time, inhibitors of butyrylcholines-

terase enzyme, which hydrolyzes acetylcho-

line in AD, are thoroughly being studied as 

indispensable parts of therapeutic strategies 

in AD (Li et al., 2017). This strategy is also 

known as cholinergic hypothesis. Tyrosinase 

is a key enzyme in the melanin synthesis 

pathway, with interference in melanin bio-

synthesis recorded in neurodegenerative dis-

eases (Bonesi et al., 2018), with natural 

products once again seen as an indispensable 

source of enzyme inhibitors and potential 

therapeutics (Zengin et al., 2019). 

The transcriptomic meta-analyses point-

ed that the significant number of genes were 

deregulated in the same direction in both AD 

and glioblastoma (GBM) and epidemiologi-

cal studies indicated that AD patients have 

higher risk of developing GBM (Sánchez-

Valle et al., 2017). Besides being the most 

common brain tumor, GBM is one of the 

deadliest human cancers with the poorest av-

erage survival - approximately 14-15 months 

from the diagnosis (Vilchez et al., 2021), and 

with 5 year survival incidence lower than 

7 % (Ostrom et al., 2020). The current GBM 

therapeutic strategy covers surgical resec-

tion, concurrent radiotherapy and chemo-

therapy with temozolomide. However, if tu-

mors progress despite the first-line therapy, 

therapeutic strategies are quite limited and 

exhausted (Birzu et al., 2020). It has been 

revealed that dietary polyphenols exert anti-

tumor activity due to cytotoxic mechanism 

based on ROS induction (Navaneetha-

Krishnan et al., 2019). This suggests that 

natural products, especially polyphenol-rich, 

should be intensely studied as a possible 

therapeutic alternative in treatment of GBM 

that has been previously addressed by Abbas 

et al. (2020) and Stojkovic et al. (2021a). 

Genus Phlomis L. (Lamiaceae) compris-

es a range of species used worldwide in tra-

ditional medicines due to their health benefi-

cial properties as reviewed previously by 

Limem-Ben Amor et al. (2009). Phlomis fru-

ticosa L. is medicinally used due to its anti-

tussive properties while its leaves are eaten 

as a paste sauce ingredient in Italy. Numer-

ous bioactive compounds have been previ-

ously detected in this species including poly-

phenols: chryseriol and its glycosides, hes-

peretin and naringenin (Limem-Ben Amor et 

al., 2009).  

This study aimed to explore the Phlomis 

fruticosa L. methanolic extract as a possible 

antioxidant, antineurodegenerative and anti-

glioblastoma agent and to reveal its phenolic 

constituents. 
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MATERIAL AND METHODS 

Collection and extraction of the plant  

material 

Phlomis fruticosa L. (Lamiaceae) aerial 

parts were collected during the flowering pe-

riod, near Bar (Montenegro) in 1998, as pre-

viously published (Ristic et al., 2000). The 

extract was prepared as described previously 

(Stojković et al., 2021b).  

 

Biological activities evaluation 

An antioxidant (DPPH and ABTS radical 

scavenging, reducing power (CUPRAC and 

FRAP), phosphomolybdenum and metal che-

lating (ferrozine method)) and enzyme inhib-

itory activities (cholinesterase (Elmann’s 

method), tyrosinase (dopachrome method)) 

were determined using the methods previ-

ously described by Uysal et al. (2017). 

 

DPPH (1,1-diphenyl-2-picrylhydrazyl)  

radical scavenging assay 

The sample solution was added to 4 mL 

of 0.004 % methanol solution of DPPH. The 

sample absorbance was read at 517 nm after 

30 min incubation at room temperature (RT) 

in the dark. DPPH radical scavenging activi-

ty was expressed as milligrams of trolox 

equivalents per gram of the extract (mg TE/g 

extract). 

 

ABTS (2,2′-azino-bis(3-

ethylbenzothiazoline) 6-sulfonic acid) radi-

cal scavenging assay 

Briefly, ABTS+ was produced by react-

ing 7 mM ABTS solution with 2.45 mM po-

tassium persulfate and the mixture was al-

lowed to stand for 12–16 minutes in the dark 

at RT. Prior to beginning the assay, ABTS 

solution was diluted with methanol to an ab-

sorbance of 0.700 ± 0.02 at 734 nm. Sample 

solution was added to ABTS solution (2 mL) 

and mixed. The sample absorbance was read 

at 734 nm after 30 min incubation at RT. The 

ABTS radical scavenging activity was ex-

pressed as milligrams of trolox equivalents 

per gram of the extract (mg TE/g extract). 

 

CUPRAC (cupric ion reducing activity)  

activity assay 

For CUPRAC assay sample solution was 

added to the reaction mixture containing 10 

mM CuCl2 (1 mL), 7.5 mM neocuproine (1 

mL) and 1 M NH4Ac buffer pH 7.0 (1 mL). 

The blank was prepared by adding sample 

solution (0.5 mL) to the premixed reaction 

mixture (3 mL) that did not contain CuCl2. 

After 30 min of incubation at RT the sample 

and blank absorbances were read at 450 nm 

and the absorbance of the blank was sub-

tracted from that of the sample. CUPRAC 

activity was expressed as milligrams of 

trolox equivalents per gram of the extract 

(mg TE/g extract). 

 

FRAP (ferric reducing antioxidant power) 

activity assay 

The sample solution was added to FRAP 

reagent (2 mL) containing 0.3 M acetate 

buffer pH 3.6 and 10 mM 2,4,6-tris(2-

pyridyl)-S-triazine (TPTZ) in 40 mM HCl 

and 20 mM ferric chloride in the ratio of 

10:1:1 (v/v/v). Then, the sample absorbance 

was read at 593 nm after 30 min incubation 

at RT. FRAP activity was expressed as mil-

ligrams of trolox equivalents per gram of the 

extract (mg TE/g extract). 

 

Phosphomolybdenum method 

The sample solution was combined with 

3 mL of the reagent solution (0.6 M sulfuric 

acid, 28 mM sodium phosphate and 4 mM 

ammonium molybdate). After 90 min of in-

cubation at 95 °C the sample absorbance was 

read at 695 nm. The total antioxidant capaci-

ty was expressed as millimoles of trolox 

equivalents per gram of the extract (mmol 

TE/g extract). 

 

Metal chelating activity assay 

Briefly, the sample solution was added to 

0.05 mL of 2 mM FeCl2 solution and the re-

action was initiated by addition of 0.2 mL of 

5 mM ferrozine. Blank was prepared by add-

ing 2 mL of the sample solution to 0.05 mL 

of 2 mM FeCl2 solution and 0.2 mL water 

without ferrozine. Then, the sample and 
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blank absorbances were read at 562 nm after 

10 min incubation at RT. The absorbance of 

the blank was subtracted from that of the 

sample. The metal chelating activity was ex-

pressed as milligrams of EDTA (disodium 

edetate) equivalents per gram of the extract 

(mg EDTAE/g extract). 

 

Cholinesterase (ChE) inhibitory activity  

assay 

The sample solution was mixed in a 96-

well microplate with 125 µL DTNB (5,5-

dithio-bis(2-nitrobenzoic) acid (Sigma, St. 

Louis, MO, USA) and 25 μL AChE (acetyl-

cholinesterase (Electric ell acetylcholinester-

ase, Type-VI-S, EC 3.1.1.7, Sigma)) or 25 

μL BChE (butyrylcholinesterase (horse se-

rum butyrylcholinesterase, EC 3.1.1.8, Sig-

ma)) solution in Tris–HCl buffer pH 8.0 and 

incubated for 15 min at 25 °C. With the addi-

tion of 25 μL acetylthiocholine iodide 

(ATCI, Sigma) or 25 μL butyrylthiocholine 

chloride (BTCl, Sigma) the reaction was ini-

tiated. Blank was prepared by adding the 

sample solution to reaction reagents without 

adding the enzyme solution (AChE or 

BChE). The sample and blank absorbances 

were read at 405 nm after 10 min incubation 

at 25 °C. The absorbance of the blank was 

subtracted from that of the sample. The cho-

linesterase inhibitory activity was expressed 

as galanthamine equivalents per gram of the 

extract (mgGALAE/g extract). 

 

Tyrosinase inhibitory activity assay  

The sample solution was mixed in a 96-

well microplate with 40 μL tyrosinase solu-

tion (Sigma) and 100 μL phosphate buffer 

pH 6.8 and incubated for 15 min at 25 °C. 

With the addition of 40 μL L-DOPA (Sigma) 

the reaction was initiated. Blank was pre-

pared by adding the sample solution to the 

reaction reagents without adding the enzyme 

solution (tyrosinase). After 10 min incuba-

tion at 25 °C the sample and blank absorb-

ances were read at 492 nm. The absorbance 

of the blank was subtracted from that of the 

sample. The tyrosinase inhibitory activity 

was expressed as kojic acid equivalents per 

gram of the extract (mgKAE/g extract). 

 

DCF assay for oxidative stress 

Dichlorofluorescein (DCF) assay was 

performed as described by Popovic et al. 

(2019) with some modifications. Briefly, 

8x103 A172 cells were plated per well in 

dark 96-well plate. After 24 h, the cells were 

washed with 1×PBS and incubated with 50 

µM DCFH-DA in PBS at 37 °C for 30 min. 

Then, the cells were washed with 1×PBS and 

fresh medium alone or fresh medium with 

DMSO (vehicle control), the extract (IC50 

concentration) or 1 mM H2O2 were added on 

the cells. Immediately after administration, 

fluorescence was measured on the microplate 

reader Infinite 200 PRO. Readings were tak-

en every 5 min for 180 min with excitation at 

485 nm and emission at 530 nm. The area 

under the curve (AUC) was determined us-

ing following formula: AUC = [R1/2+sum 

(R2:Rn−1)+ Rn/2]×CT; R1 - the fluores-

cence reading at the initiation of the reaction, 

Rn - the fluorescence reading at the end of 

the measurement, CT - cycle time in 

minutes. The AUCs for the extract and 

1 mM H2O2 were presented as fold change of 

the AUC for treatment with DMSO (arbitrar-

ily set at 1). Treatments with medium only, 

DMSO and 1 mM H2O2 were done in 4 rep-

licates and treatment with the extract was 

done in 8 replicates. Results are presented as 

the mean ± SD of four independent experi-

ments, *p < 0.05.  

 

Investigation of the cytotoxic effect of  

P. fruticosa extract 

Cytotoxic effect of P. fruticosa extract on 

A172 glioblastoma cell line was analyzed by 

Crystal violet assay. The cells were grown in 

high-glucose Dulbecco's Modified Eagle 

Medium (DMEM) supplemented with 10 % 

fetal bovine serum (FBS), 2 mM L-

glutamine and 1 % penicillin and streptomy-

cin (Invitrogen) at 37 °C in 10 % CO2. In a 

96-well plate 4 × 103 cells were seeded per 

well. After 24 hours, fresh medium with dif-

ferent concentrations of the extract (500-
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1000 μg/ml) dissolved in dimethyl sulfoxide 

(DMSO) was added to the cells. After 48h of 

incubation of the cells with the extract, cells 

were washed twice with phosphate buffered 

saline (PBS) and stained for 15 min at RT 

with 0.5 % crystal violet staining solution. 

After removal of crystal violet the cells were 

washed in a stream of tap water and air-dried 

at RT. The absorbance of dye dissolved in 

methanol was measured at 590 nm in a mi-

croplate reader Infinite 200 PRO. Control 

A172 cells contained the same percentage of 

DMSO in medium as treatment with the 

highest concentration of the extract and the 

concentration of DMSO in the assay did not 

exceed 0.5 %. Four independent experiments 

were performed and the experiments were 

done in triplicate for each concentration of 

the extract. The results were expressed as 

IC50 value in μg/mL. 

 

Immunocytochemistry 

In a 12-well plate 2.5×104 A172 cells 

were seeded per well on coverslips. After 

24 h, the cells were treated with the IC50 

concentration of the extract or vehicle 

DMSO. After 48 h, the cells were fixed in 

4 % paraformaldehyde for 15 min at RT and 

washed 3 times for 20 minutes in 1xPBS. 

Cells were permeabilized 10 minutes in 

0.2 % Triton X-100 in PBS and blocked at 

RT for 1 h in 10 % normal goat serum/1 % 

bovine serum albumin (BSA) in PBS. Rabbit 

anti-Ki67 antibody (Abcam) and mouse anti-

tubulin antibody (Abcam) were diluted 1:250 

and 1:100, respectively, in PBS containing 

1 % BSA/0.1 % Triton X-100 and applied on 

the cells for 1h at RT (anti-Ki67 antibody) or 

overnight at 4 °C (mouse anti-tubulin anti-

body). After incubation with anti-Ki67 anti-

body, the cells were washed 3 times for 15 

minutes with 0.1 % Triton X-100 in PBS and 

afterwards incubated for 1 h with anti-rabbit 

secondary antibody conjugated with Alexa 

FluorH 488 (Invitrogen, diluted 1:500 in 1 % 

BSA/0.1 % Triton X-100 in PBS). Later, the 

cells were washed 3 times for 15 minutes 

with 0.1 % Triton X-100 in PBS and stained 

with 0.1 mg/mL diaminophenylindole 

(DAPI) (Sigma). Olympus BX51 fluorescent 

microscope with appropriate filters and Cy-

tovision software (Applied Imaging Corpora-

tion) was used for taking images. Three in-

dependent experiments were performed and 

the number of Ki67 positive cells was ex-

pressed as a percentage of total number of 

analyzed cells per treatment. 

After incubation with mouse anti-tubulin 

antibody, the cells were washed 3 times for 

15 minutes with 0.1 % Triton X-100 in PBS. 

Afterwards, the cells were incubated with 

biotinylated anti-mouse IgG antibody (Vec-

tor Laboratories, diluted 1:250 in 1 % 

BSA/0.1 % Triton X100 in PBS) for 1 hour 

at RT. After washing 3 times for 15 minutes 

with 0.1 % Triton X-100 in PBS, cells were 

incubated for 1h at RT with DyLight 594 

Streptavidin antibody diluted 1:500 in PBS 

(Vector Laboratories). Later, cells were 

washing 3 times for 15 minutes with 0.1 % 

Triton X-100 in PBS and nuclei were stained 

with 0.1 mg/mL DAPI. Leica TCS SP8 con-

focal microscope applying Leica Microsys-

tems LAS AF-TCS SP8 software (Leica Mi-

crosystems) was used for taking images. 

 

Chemical profiling 

The phenolic profile of the extract was 

determined by LC-DAD-ESI/MSn (Dionex 

Ultimate 3000 UPLC, Thermo Scientific, 

San Jose, CA, USA). Compounds were sepa-

rated and identified as previously described 

by Bessada et al. (2016). A double online de-

tection was performed using a DAD (280, 

330 and 370 nm as preferred wavelengths) 

and a mass spectrometer (MS). The MS de-

tection was performed in negative mode us-

ing a Linear Ion Trap LTQ XL mass spec-

trometer (Thermo Finnigan, San Jose, CA, 

USA) equipped with an ESI source. Phenolic 

compounds were identified based on their 

chromatographic behavior and UV-vis and 

mass spectra by comparison with standard 

compounds, when available, and data report-

ed in the literature giving a tentative identifi-

cation. Data acquisition was carried out with 

a Xcalibur® data system (Thermo Finnigan, 

San Jose, CA, USA). For quantitative analy-
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sis, a calibration curve for each available 

phenolic standard was constructed based on 

the UV-vis signal. For the identified phenol-

ic compounds for which a commercial stand-

ard was not available, the quantification was 

performed through the calibration curve of 

the most similar available standard. The re-

sults were expressed as mg/g of the extract. 

 

RESULTS AND DISCUSSION 

Enzyme inhibitory capacity of P. fruticosa 

Extract of P. fruticosa has exhibited anti-

cholinesterase activity towards both AChE 

(3.45 mgGALAE/g extract) and BChE (3.34 

mgGALAE/g extract) (Table 1). A previous 

study of Phlomis kurdica essential oil (250 

µg/mL) indicated that it could moderately 

inhibit both AChE and BChE (Karadağ et 

al., 2020). On the other hand essential oils of 

P. armeniaca, P. nissolii, and P. pungens 

var. pungens were active against AChE with 

0.667, 1.090 and 1.233 mg GALAE/g oil, re-

spectively and to a lesser extent against 

BChE with 1.881, 3.032 and 2.521 mg 

GALAE/g oil, respectively (Sarikurkcu et 

al., 2016). Different extracts of P. armeniaca 

have been able to inhibit AChE (0.534- 

2.065 mg GALAEs/g extract) and BChE 

(1.436- 4.579 mg GALAEs/g extract) 

(Sarikurkcu et al., 2015) as well as extract of 

P. nissolii (AChE, 0.471- 2.075 mg GA-

LAEs/g extract, BChE 2.112- 3.247 mg 

GALAEs/g extract) and P. pungens var. 

pungens (AChE 0.483- 2.209 mg GALAEs/g 

extract, BChE 2.017-5.681 mg GALAEs/g 

extract) (Sarikurkcu et al., 2014). 

The extract exhibited significant tyrosi-

nase inhibitory activity (133.16 mgKAE/g 

extract). Earlier studies highlighted the abil-

ity of different Phlomis species to interfere 

with the activity of tyrosinase: P. caucasica 

methanolic extract (IC50 1.316 mg/mL, 

(Sarkhail et al., 2017)); P. armeniaca essen-

tial oil (66.723 mg KAE/g oil, (Sarikurkcu et 

al., 2016)); P. armeniaca extracts (9.88- 

15.97 mg KAEs/g extract, (Sarikurkcu et al., 

2015)); P. nissolii essential oil (63.301 mg 

KAE/g oil, (Sarikurkcu et al., 2016)); P. nis-

solii extracts (1.996- 14.210 mg KAEs/g ex-

tract, (Sarikurkcu et al., 2014)); P. pungens 

var. pungens essential oil (86.303 mg KAE/g 

oil, (Sarikurkcu et al., 2016)) and P. pungens 

var. pungens extracts (7.841- 29.560 mg 

KAEs/g extract, (Sarikurkcu et al., 2014)).  

To the best of our knowledge this is the 

first study of enzyme (AChE, BChE and ty-

rosinase) inhibitory activity of P. fruticosa 

methanolic extract. It has mainly shown sim-

ilar anticholinesterase activity compared to 

previously tested Phlomis species but higher 

tyrosinase inhibitory potential (Sarikurkcu et 

al., 2014, 2015, 2016). 

 

Antioxidant capacity of P. fruticosa  

Antioxidant properties of the P. fruticosa 

methanolic extract were examined by six dif-

ferent assays and obtained results revealed 

that the extract has strong antioxidant prop-

erties (Table 2). 

Radical scavenging potential in DPPH 

assay was 39.3 mg TE/g extract, while for 

ABTS was 54.62 mg TE/g extract. Antiradi-

cal activity of different P. fruticosa extracts 

(aqueous, hydroalcoholic and alcoholic) 

were shown previously by DPPH assay 

(Ferrante et al., 2019). 

The total antioxidant capacity determined 

by phosphomolybdenum method was 1.22 

mmol TE/g extract. The reducing powers de-

termined by CUPRAC and FRAP assays in-

dicated activity of the extract in 123.44 mg 

TE/g extract and 71.17 mg TE/g extract, re-

spectively. A previous study of P. armeniaca 

methanolic extract (Sarikurkcu et al., 2015) 

has determined its activity in CUPRAC as-

say at 127.60 mg TEs/g extract and FRAP 

assay at 87.08 mg TEs/g extract which is 

slightly higher compared to the detected an-

tioxidant capacity of the P. fruticosa meth-

anolic extract (Table 2). 
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Table 1: Enzyme inhibitory properties of Phlomis fruticosa methanolic extract (mean±SD) 

Samples AChE Inhibiton  
(mgGALAE/g extract) 

BChE Inhibiton  
(mgGALAE/g extract) 

Tyrosinase inhibiton 
(mgKAE/g extract) 

P. fruticosa 3.45±0.27 3.34±0.29 133.16±0.88 

GALAE: Galatamine equivalent; KAE: Kojic acid equivalent; AChE: acetylcholinesterase; BChE: butyr-
ylcholinesterase 
 
 
Table 2: Antioxidant properties of Phlomis fruticosa methanolic extract (mean±SD) 

Sam-

ples 

Phosphomo-

lybdenum 

(mmol TE/g ex-

tract) 

DPPH  

(mg TE/g  

extract) 

ABTS  

(mg TE/g 

extract) 

CUPRAC (mg 

TE/g extract) 

FRAP  

(mg TE/g 

extract) 

Metal 

cheatling 

activity (mg 

EDTAE/g 

extract) 

P. fru-

ticosa 

1.22±0.04 39.30±0.87 54.62±0.79 123.44±1.35 71.17±0.69 13.16±1.95 

DPPH: 1,1-diphenyl-2-picrylhydrazyl; ABTS: 2,2′-azino-bis(3-ethylbenzothiazoline) 6-sulfonic acid; 
CUPRAC: cupric ion reducing activity; FRAP: ferric reducing antioxidant power; TE: Trolox equivalent; 
EDTAE: EDTA equivalent 
 
 

Metal chelating activity of the P. fruti-

cosa extract was determined at 13.16 mg 

EDTAE/g extract. Literature data revealed 

that the methanolic extract of P. armeniaca 

has exhibited chelating effect at 20.40 mg 

EDTAEs/g extract (Sarikurkcu et al., 2015), 

P. nissolii at 17.01 mg EDTAEs/g extract, 

while P. pungens var. pungens extract at 

21.08 mg EDTAEs/g extract (Sarikurkcu et 

al., 2014) suggesting the lower activity of the 

P. fruticosa extract. 

 

Anti-glioblastoma activity of P. fruticosa  

By Crystal violet assay we determined 

concentration of the methanolic extract re-

quired for 50 % inhibition of the A172 

growth (IC50 710.83±63.36 μg/mL). Applica-

tion of the extract has no effect on cell mor-

phology examined by staining with the cyto-

skeletal protein tubulin (Figure 1a, b), nor 

cell proliferation, as determined by analysis 

of the Ki67 protein expression (Figure 1c, d). 

A previous study (Stojković et al., 2020b) 

has determined weak to prominent cytotoxic 

potential of the P. fruticosa extract towards 

different cancer cells (MCF7, SiHa, HepG2) 

accompanied by lack of cytotoxicity towards 

human primary cells HGF-1 (IC50 > 800 

μg/mL). These data indicated that the P. fru-

ticosa extract has weak cytotoxic potential.  

Results obtained by dichlorofluorescein 

assay shown that A172 cells exposed to IC50 

concentration of the P. fruticosa extract 

demonstrated an increase in the ROS produc-

tion (Figure 2). These data suggest that the 

observed cytotoxic effect of the P. fruticosa 

extract on A172 cells might be, to some ex-

tent, based on the increase in ROS produc-

tion leading to cancer cell death. 

 

Chemical constituents 

Our previous investigation revealed de-

tailed chemical profile of the P. fruticosa 

methanolic extract by using UHPLC-LTQ-

Orbitrap/MS analysis and 44 different phe-

nolic constituents were detected (Stojković 

et al., 2020b). The individual phenolic com-

pound profiles of several Phlomis species 

have been previously studied and reported in 

the review article by Limem-Ben Amor et al. 

(2009) that overviews and complies the phy-

tochemical profile and some biological activ-

ities of the Phlomis species. Marin et al. 

(2007) analyzed flavonoids in P. fruticosa from 
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Figure 1: Morphology of A172 cells analyzed by fluorescence staining of cytoskeletal protein tubulin 
after treatment with a) P. fruticosa extract, b) DMSO – vehicle control; and the expression of Ki67 pro-
tein after application of c) P. fruticosa extract, d) DMSO – vehicle control 

 

 

Figure 2: Effect of the P. fruticosa extract on ROS production in A172 cells. Relative ROS production 
was calculated compared to DMSO treated-A172 cells which were set as 1. *p < 0.05 
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Montenegro, while Ersöz et al. (2002) fo-

cused on the description of iridoid com-

pounds and phenylpropanoid glycosides 

from Phlomis grandiflora var. fimbrilligera 

and P. fruticosa. In the present study, a de-

tailed description of the phenolic compounds 

found in the methanolic extract of P. fruti-

cosa was performed by HPLC-DAD/ESI-

MSn, and the chromatographic data obtained 

regarding retention time, UV-Vis spectra, 

molecular ion, fragmentation pattern, as also 

the tentative identification and quantification 

(mg/g extract) are presented in Table 3. 

Twelve phenolic compounds were found 

including four phenolic acids (chlorogenic 

acid derivatives), five phenylpropanoid gly-

cosides, and three flavonoids (C-glycosy-

lated apigenin and O-glycosylated luteolin 

derivatives). Due to the sensitivity of Or-

bitrap technology more compounds were 

found in the P. fruticosa methanolic extract 

in our previous analysis (Stojković et al., 

2020b), indicating their presence only in 

trace amounts, since we were not able to de-

tect all of them in the current HPLC-

DAD/ESI-MSn analysis. 
 

 

Table 3: Retention time (Rt), wavelengths of maximum absorption (λmax), mass spectral data, tentative 
identification, and quantification (mg/g extract) of the phenolic compounds present in the extracts of P. 
fruticosa.  

Peak Rt (min) λmax 
(nm) 

[M-H]- 
(m/z) 

MS2 (m/z) Tentative identification Quantification  
(mg/g extract) 

1 7.15 325 353 191(100),179(8),161(5),1
35 (5) 

cis 3-O-
Caffeoylquinic acid  

4.2±0.1 

2 8.37 325 353 191(100),179(7),161(5),1
35 (5) 

trans 3-O-
Caffeoylquinic acid  

0.71±0.03 

3 9.99 332 593 473(100),383(17),353(25) Apigenin-6,8-C-
dihexoside 

0.32±0.01 

4 10.74 325 353 191(100),179(20),173(5),
161(5),135(5) 

5-O-Caffeoylquinic 
acid  

0.76±0.01 

5 11.73 320 337 191(100),173(5),163(15),
155(5),119(5) 

5-O-p-
Coumarouylquinic 

acid 

0.344±0.002 

6 13.95 332 563 443(100),431(10),311(5),
269(5) 

Apigenin-C-
hexoside-C-
pentoside 

0.156±0.003 

7 15.16 330 755 593(12),461(87),447(100)
,315(5) 

Forsythoside B 0.52±0.01 

8 16.67 329 623 461(100),315(8) Verbascoside isómer 
1 

0.48±0.01 

9 18.1 329 623 461(100),315(7) Isoverbascoside tr 

10 18.65 333 769 593(100),461(12),447(5),
315(5) 

Alyssonoside 0.244±0.001 

11 19.03 334 623 461(100),315(20) Verbascoside isómer 
2 

0.082±0.001 

12 24.72 343 461 285(100) Luteolin-O-
glucuronide 

0.26±0.01 

   Total phenolic acids 6.06±0.04 

   Total phenylpropanoid glycosides 1.33±0.02 

   Total flavonoids 0.75±0.01 

   Total phenolic compounds 8.16±0.05 

tr – trace amounts. Standard calibration curves: apigenin-6-C-glucoside (y = 107025x + 61531, R² = 0.9989, LOD = 0.19 
µg/mL and LOQ = 0.63 µg/mL, peaks 3 and 6); caffeic acid (y = 388345x + 406369, R2 = 0.999, LOD = 0.78 µg/mL and LOQ 
= 1.97 µg/mL, peaks 7, 8, 9, 10, and 11); chlorogenic acid (y = 168823x – 161172, R² = 0.9999, LOD = 0.20 µg/mL and LOQ 
= 0.68 µg/mL, peaks 1, 2, 4, and 5); p-coumaric acid (y = 301950x + 6966.7, R² = 0.9999, LOD = 0.68 µg/mL and LOQ = 
1.61 µg/mL, peak 5); quercetin-3-O-rutinoside (y = 13343x + 76751, R² = 0.9998, LOD = 0.21 µg/mL; LOQ = 0.71 µg/mL, 
peak 12).  
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Regarding phenolic acids group, peak 4 

([M-H]- at m/z 353) was assigned as 5-O-

caffeoylquinic acid (chlorogenic acid) by 

comparison of its UV spectra and retention 

time with the available standard compound. 

For the tentative identification of peaks 1 

and 2, that presented the same pseudomolec-

ular ion [M-H]- at m/z 353 and similar frag-

mentation pattern as peak 4, the hierarchal 

key developed by Clifford et al. (2003) for 

the identification of chlorogenic acid deriva-

tives was used, and peaks 1 and 2 has been 

assigned as cis and trans form of 3-O-

caffeoylquinic acid. Chlorogenic acid deriva-

tives, especially caffeoylquinic acids were 

previously described in several species of 

Phlomis (Limem-Ben Amor et al., 2009). Fi-

nally, peak 5 ([M-H]- at m/z 337), presented 

a similar fragmentation pattern as peaks 1, 2, 

and 4, but the linkage to the quinic moiety is 

with a p-coumaroyl acid group, has been ten-

tative identified as 5-O-p-coumarouylquinic 

acid, as previously described by Clifford et 

al. (2006). 

The phenylpropanoid glycoside group 

was the most numerically abundant com-

pound, gathering peaks 7 ([M-H]- at m/z 

755), 8 ([M-H] - at m/z 623), and 10 ([M-H] - 

at m/z 769). These compounds have been 

previously identified in Phlomis grandiflora 

var. fimbrilligera and P. fruticosa by Ersöz 

et al. (2002), and following this description 

they are tentatively identified as forsythoside 

B, verbascoside isómer 1, and alyssonoside, 

respectively. Peak 9 presented the same 

chromatographic behavior as peak 8 (verbas-

coside), with a pseudomolecular ion [M-H] - 

at m/z 623 and the same MS2 fragments at 

m/z 461 and 315. Kirmizibekmez et al. 

(2004) also found two peaks with a close re-

tention time and with the same chromato-

graphic behavior in Phlomis brunneogaleata 

and based on this peak 9 was tentatively 

identified as isoverbascoside. Peak 11, also 

presenting the same chromatographic re-

sponse as peak 8 and 9, was tentatively iden-

tified as an isomer of verbascoside. This type 

of identification has been previously de-

scribed by other authors (Li et al., 2014).  

Finally, for the group of flavonoids two 

C-glycosylated apigenin derivatives were 

found in the studied sample, peaks 3 ([M-H]- 

at m/z 593) and 6 ([M-H]- at m/z 563). Peak 

3 was tentatively assigned as apigenin-6,8-C-

dihexoside, presenting a base peak at m/z 

473 [(M−H)−120]−, m/z 353 [(M−H) − (120 

+ 120)]− and m/z 383 [(M−H) − (90 + 120)]−, 

indicating the presence of apigenin aglycone 

linked to two hexose moieties; this fragmen-

tation pattern is typical of di-C-glycosyl fla-

vones (Tahir et al., 2012). Peak 6, was tenta-

tively assigned as apigenin-C-hexoside-O-

pentoside, also presenting a typical fragmen-

tation pattern of C-glycosyl derivatives; 

however the type of sugar and linkage is dif-

ferent than that of peak 3. This differentia-

tion followed the information previously de-

scribed by Tahir et al. (2012) and Ferreres et 

al. (2018). The only one luteolin was found 

in the sample (Peak 12, [M-H]- at m/z 461) 

tentatively assigned as luteolin-O-

glucuronide, revealing an unique MS2 frag-

ment at m/z 285 (luteolin aglycone), corre-

sponding to the loss of the glucuronyl moiety 

(loss of -176 u).  

Regarding the quantification of the de-

tected phenolic compounds, although phe-

nylpropanoid glycosides were the most nu-

merous, that do not correspond to a higher 

concentration of these compounds. In fact, 

phenolic acids group presented the highest 

concentration (6.06±0.02 mg/g extract), 

mainly due to the presence of peak 1 (cis 3-

O-caffeoylquinic acid, 4.2±0.1 mg/g extract). 

 

CONCLUSIONS 

The presented study highlighted the P. 

fruticosa methanolic extract as a promising 

bio-therapeutic. The extract reduces activi-

ties of enzymes associated with neurodegen-

erative diseases exhibiting in vitro antineu-

rodegenerative activity. The extract also dis-

played antioxidant activity and induced ROS 

production in glioblastoma cell line. Chemi-

cal analysis revealed wide pallet of polyphe-

nols, with cis-3-O-caffeoylquinic acid as the 

most abundant representative. Biological 

properties of the P. fruticosa extract present-
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ed in this study could be at least partly at-

tributed to the presence of cis 3-O-

caffeoylquinic acid as the most dominant 

compound. Caffeoylquinic acids have been 

found in many plant species which are com-

ponents in the daily diet and exhibit a wide 

spectrum of biological activities, including 

antioxidant, immunomodulatory, antihyper-

tensive, analgesic, anti-inflammatory, hepa-

to- and neuroprotective, anti-hyperglycemic, 

anticancer, antiviral and antimicrobial activi-

ties (Skała et al., 2020). Obtained in vitro da-

ta provides solid support for future prospec-

tive in vivo studies in order to reveal full ca-

pacity of this natural polyphenol-rich bioac-

tive agent. 

 

Conflict of interest  

The authors declare no conflict of inter-

est. 

 

Acknowledgments 

This work has been supported by the 

Ministry of Education, Science and Techno-

logical Development of the Republic of Ser-

bia (451-03-9/2021-14/200007 and 451-03-

68/2022-14/200042). The authors are grate-

ful to the Foundation for Science and Tech-

nology (FCT, Portugal) and FEDER under 

Program PT2020 for financial support to 

CIMO (UIDB/00690/2020); national funding 

by FCT, P.I., through the institutional scien-

tific employment program-contract for M.I. 

Dias and L. Barros; to FEDER-Interreg Es-

paña-Portugal program for financial support 

through the project 0377_Iberphenol_6_E 

and TRANSCoLAB 

0612_TRANS_CO_LAB_2_P. 

 

REFERENCES 

Abbas MN, Kausar S, Cui H. Therapeutic potential of 

natural products in glioblastoma treatment: targeting 

key glioblastoma signaling pathways and epigenetic 

alterations. Clin Transl Oncol. 2020;22:963–77.  

Barnham KJ, Masters CL, Bush AI. Neuro-

degenerative diseases and oxidatives stress. Nat Rev 

Drug Discov. 2004;3:205-14. 

Bessada SMF, Barreira JCM, Barros L, Ferreira 

ICFR, Oliveira MBPP. Phenolic profile and 

antioxidant activity of Coleostephus myconis (L.) 

Rchb.f.: An underexploited and highly disseminated 

species. Ind Crops Prod. 2016;89:45–51.  

Birzu C, French P, Caccese M, Cerretti G, Idbaih A, 

Zagonel V, et al. Recurrent glioblastoma: from mo-

lecular landscape to new treatment perspectives. Can-

cers (Basel). 2020;13(1):47. 

Bonesi M, Xiao J, Tundis R, Aiello F, Sicari V, 

Loizzo MR. Advances in the tyrosinase inhibitors 

from plant source. Curr Med Chem. 2018;26:3279–

99.  

Clifford MN, Johnston KL, Knight S, Kuhnert N. 

Hierarchical scheme for LC-MSn identification of 

chlorogenic acids. J Agric Food Chem. 2003;51: 

2900–11.  

Clifford MN, Zheng W, Kuhnert N. Profiling the 

chlorogenic acids of aster by HPLC–MSn. Phytochem 

Anal. 2006;17:384–93.  

Devi S, Kumar V, Singh SK, Dubey AK, Kim J-J. 

Flavonoids: potential candidates for the treatment of 

neurodegenerative disorders. Biomedicines. 2021;9: 

99.  

Ersöz T, Saracoğlu I, Harput Ü, Çaliş I. Iridoid and 

phenylpropanoid glycosides from Phlomis grandiflora 

var. fimbrilligera and Phlomis fruticosa. Turkish J 

Chem. 2002;26:171–7.  

Ferrante C, Recinella L, Ronci M, Orlando G, Di 

Simone S, Brunetti L, et al. Protective effects induced 

by alcoholic Phlomis fruticosa and Phlomis herba-

venti extracts in isolated rat colon: Focus on 

antioxidant, anti-inflammatory, and antimicrobial 

activities in vitro. Phyther Res. 2019;33:2387–400.  

Ferreres F, Gomes NGM, Valentão P, Pereira DM, 

Gil-Izquierdo A, Araújo L, et al. Leaves and stem 

bark from Allophylus africanus P. Beauv.: An 

approach to anti-inflammatory properties and charac-

terization of their flavonoid profile. Food Chem 

Toxicol. 2018;118: 430–8.  

Karadağ AE, Demirci B, Kültür Ş, Demirci F, Başer 

KHC. Antimicrobial, anticholinesterase evaluation 

and chemical characterization of essential oil Phlomis 

kurdica Rech. fil. Growing in Turkey. J Essent Oil 

Res. 2020;32:242–6.  



EXCLI Journal 2022;21:387-399 – ISSN 1611-2156 

Received: November 03, 2021, accepted: February 09, 2022, published: February 14, 2022 

 

 

 

398 

Kirmizibekmez H, Çalis I, Perozzo R, Brun R, 

Dönmez AA, Linden A, et al. Inhibiting activities of 

the secondary metabolites of Phlomis brunneogaleata 

against parasitic protozoa and plasmodial enoyl-ACP 

reductase, a crucial enzyme in fatty acid biosynthesis. 

Planta Med. 2004;70:711–7.  

Li C, Liu Y, Abdulla R, Aisa HA, Suo Y. 

Determination of phenylethanoid glycosides in lagotis 

brevituba maxim. by high-performance liquid 

chromatography-electrospray ionization tandem mass 

spectrometry. Anal Lett. 2014;47:1862–73.  

Li Q, Yang H, Chen Y, Sun H. Recent progress in the 

identification of selective butyrylcholinesterase 

inhibitors for Alzheimer’s disease. Eur J Med Chem. 

2017;132:294–309.  

Li J, Long X, Hu J, Bi J, Zhou T, Guo X, et al. 

Multiple pathways for natural product treatment of 

Parkinson’s disease: A mini review. Phytomedicine. 

2019;60: 152954.  

Limem-Ben Amor I, Boubaker J, Ben Sgaier M, 

Skandrani I, Bhouri W, Neffati A, et al. Phyto-

chemistry and biological activities of Phlomis species. 

J Ethnopharmacol. 2009;125:183–202.  

Marin PD, Veitch NC, Grayer RJ, Kite GC, Soković 

M, Janaćković P. Flavonoids from Phlomis fruticosa 

(Lamiaceae) growing in Montenegro. Biochem Syst 

Ecol. 2007;35:462–6.  

Matsuzaki K, Ohizumi Y. Beneficial effects of citrus-

derived polymethoxylated flavones for central 

nervous system disorders. Nutrients. 2021;13:1-22.  

Moss DE. Improving anti-neurodegenerative benefits 

of acetylcholinesterase inhibitors in Alzheimer's dis-

ease: are irreversible inhibitors the future? Int J Mol 

Sci. 2020;21(10):3438.  

NavaneethaKrishnan S, Rosales JL, Lee KY. ROS-

Mediated Cancer Cell Killing through Dietary Phyto-

chemicals. Oxid Med Cell Longev. 2019;2019: 

9051542. 

Ostrom QT, Truitt G, Gittleman H, Brat DJ, Kruchko 

C, Wilson R, et al. Relative survival after diagnosis 

with a primary brain or other central nervous system 

tumor in the National Program of Cancer Registries, 

2004 to 2014. Neuro-Oncology Pract. 2020;7:306–12.  

Popović J, Klajn A, Paunesku T, Ma Q, Chen S, Lai 

B, et al. Neuroprotective role of selected antioxidant 

agents in preventing cisplatin-induced damage of 

human neurons in vitro. Cell Mol Neurobiol. 2019; 

39:619-36.  

Ristíc MD, Duletić-Lausević S, Knezević-Vukcević J, 

Marin PD, Simić D, et al. Antimicrobial activity of 

essential oils and ethanol extract of Phlomis fruticosa 

L. (Lamiaceae). Phytother Res. 2000;14:267-71.  

Sánchez-Valle J, Tejero H, Ibáñez K, Portero JL, 

Krallinger M, Al-Shahrour F, et al. A molecular 

hypothesis to explain direct and inverse co-

morbidities between Alzheimer’s disease, gliobla-

stoma and lung cancer. Sci Rep. 2017;77(1):4474.  

Sarikurkcu C, Uren MC, Tepe B, Cengiz M, Kocak 

MS. Phenolic content, enzyme inhibitory and 

antioxidative activity potentials of Phlomis nissolii 

and P. pungens var. pungens. Ind Crops Prod. 

2014;62: 333–40.  

Sarikurkcu C, Uren MC, Tepe B, Cengiz M, Kocak 

MS. Phlomis armeniaca: Phenolic compounds, 

enzyme inhibitory and antioxidant activities. Ind 

Crops Prod. 2015;78:95–101.  

Sarikurkcu C, Uren MC, Kocak MS, Cengiz M, Tepe 

B. Chemical composition, antioxidant, and enzyme 

inhibitory activities of the essential oils of three 

Phlomis species as well as their fatty acid 

compositions. Food Sci Biotechnol. 2016;25:687–93.  

Sarkhail P, Salimi M, Sarkheil P, Heidarnezhad F, 

Saeidnia S. Evaluation of anti-melanogenic and 

cytotoxic activities of Phlomis caucasica on human 

melanoma SKMEL-3 cells. Int J Cancer Manag. 

2017;10(3):e4633. 

Skała E, Makowczyńska J, Wieczfinska J, Kowalczyk 

T, Sitarek P. Caffeoylquinic acids with potential 

biological activity from plant in vitro cultures as 

alternative sources of valuable natural products. Curr 

Pharm Des. 2020;26:2817–42.  

Stojković D, Drakulić D, Gašić U, Zengin G, 

Stevanović M, Rajčević N, et al. Ononis spinosa L., 

an edible and medicinal plant: UHPLC-LTQ-

Orbitrap/ MS chemical profiling and biological 

activities of the herbal extract. Food Funct. 2020a; 

11:7138–51.  

Stojković D, Gašić U, Drakulić D, Zengin G, 

Stevanović M, Rajčević N, et al. Chemical profiling, 

antimicrobial, anti-enzymatic, and cytotoxic 

properties of Phlomis fruticosa L. J Pharm Biomed 

Anal. 2020b; 195:113884.  

Stojković D, Drakulić D, Schwirtlich M, Rajčević N, 

Stevanović M, Soković MD, et al., Extract of herba 

anthrisci cerefolii: chemical profiling and insights into 

its anti-glioblastoma and antimicrobial mechanism of 

actions. Pharmaceuticals. 2021a;14:55.  



EXCLI Journal 2022;21:387-399 – ISSN 1611-2156 

Received: November 03, 2021, accepted: February 09, 2022, published: February 14, 2022 

 

 

 

399 

Stojković D, Gašić U, Drakulić D, Zengin G, 

Stevanović M, Rajčević N, et al. Chemical profiling, 

antimicrobial, anti-enzymatic, and cytotoxic 

properties of Phlomis fruticosa L. J Pharm Biomed 

Anal. 2021b; 195:113884.  

Tahir NI, Shaari K, Abas F, Parveez GKA, Ishak Z, 

Ramli US. Characterization of apigenin and luteolin 

derivatives from oil palm (Elaeis guineensis Jacq.) 

Leaf using LC-ESI-MS/MS. J Agric Food Chem. 

2012; 60:11201–10.  

Uysal S, Zengin G, Locatelli M, Bahadori MB, 

Mocan A, Bellagamba G, et al. Cytotoxic and enzyme 

inhibitory potential of two potentilla species (P. 

speciosa L. and P. reptans Willd.) and their chemical 

composition. Front Pharmacol. 2017;8:290. 

Van Bulck M, Sierra-Magro A, Alarcon-Gil J, Perez-

Castillo A, Morales-Garcia JA. Novel approaches for 

the treatment of Alzheimer's and Parkinson's disease. 

Int J Mol Sci. 2019;20(3):719.  

Vilchez ML, Rodríguez LB, Palacios RE, Prucca CG, 

Caverzán MD, Caputto BL, et al. Isolation and initial 

characterization of human glioblastoma cells resistant 

to photodynamic therapy. Photodiagnosis Photodyn 

Ther. 2021;33:102097.  

Zengin G, Paksoy MY, Aumeeruddy MZ, Glamocilja 

J, Sokovic M, Diuzheva A, et al. New insights into 

the chemical profiling, cytotoxicity and bioactivity of 

four Bunium species. Food Res Int. 2019;123:414–24.  

 


