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Summary
Introduction: Taraxacum officinale (TO), commonly known as dandelion, has demonstrated its effectiveness 
against many types of tumours, like hepatocellular and colon carcinomas, melanoma, leukaemia.

Objective: The aim of the study was to investigate the activity of dimethyl sulfoxide (DMSO) and ethanolic 
TO extracts against glioblastoma cells line U-251 MG.

Methods: Viability of U-251 MG glioblastoma cells was assessed by alamarBlue test. The antitumor activity 
of TO was compared with Doxorubicin.

Results: The highest inhibitory activity was established in TO leaf extracts made in DMSO (110.000 µg/l – 
6.15±1.69%), which was ten times higher than the action exhibited by Doxorubicin (105 µg/l – 59.52±5.92%). 
The lowest antitumor activity was exhibited by TO leaf extracts made in 20% ethanol (1.792 µg/l – 99.74±0%) 
and 50% ethanol (240 µg/l – 97.76±0.77%).

Conclusion: T. officinale exhibits antitumor activity against glioblastoma cells in vitro. The inhibitory action 
exercised by TO extracts depends on the type of extractant, plant’ parts used and type of tumors. 
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confirmed the samples purity. Then, the filtrates 
were dried and weighted (RADWAG PS210/C/2, 
PL) for dried mass content calculation, which in the 
study was reported per litre.

Cell culture and alamarBlue test

The viability of human glioblastoma cell line U-251 
MG (300385, Cell Lines Service, DE) was evaluated 
by alamarBlue test, which measures the activity of 
mitochondrial reductases and a series of cytoplasmic 
enzymes, like diaphorases, NAD(P)H: quinone 
oxidoreductase and flavin reductase [4]. In other 
words, this assay monitors the reducing environment 
of the living cell. The active ingredient is resazurin 
(7-hydroxy-10-oxidophenoxazin-10-ium-3-one), 
which allows evaluation of metabolic function and 
cellular health. The amount of reduced resazurin 
(resorufin) is directly proportional to the number of 
living cells. Hence, the living cell ability to provide 
alamarBlue reduction correlates with its reducing 
environment estate.
	 The tumour cells were cultured in 5% CO2 
incubator conditions (SANYO, JP). The DMEM 
medium (Merck, DE) was supplemented with 4.5 g/l 
glucose, 2 mM glutamine, 10% BSA (Invitrogen, USA). 
The number of live cells was assessed (OLYMPUS 
CK40, JP) by trypan blue 0.4% (GibcoTM, USA), using 
Thermo Fisher protocol [5]. Cells in the logarithmic 
growth phase were seeded in 96-well plates (5x103/100 
µl per well). After 3 hours of incubation at 37°C with 
5% CO2, 90 μl of supernatant, every well was replaced 
with the same amount of tested compounds, followed 
by 24 h incubation (SANYO, JP). Control cells were 
mixed with cell culture medium and extractant at 
the same concentration as above. The inclusion of 
extractant was considered to be necessary to avoid the 
question about its potential suppressive or antitumor 
activity. 
	 The 10 µl of 37°C warmed assay solution 
(ab112119, Abcam, USA) was added to every well. 
Then, we shook the plate (Shaker-Thermostat ST-
3L, LV) for 30 seconds and incubated the cells in 
an environment protected from light (5 hours, 37°C, 
5% CO2, Memmert lab incubator I, DE).
	 The optical absorbance was measured with the 
Synergy microplate reader (BioTek, USA) at 570 

INTRODUCTION

Glioblastoma is an aggressive type of tumour which 
accounts for 49% of all CNS malignant tumours. 
The treatment includes surgery with concurrent 
radiation and alkylating chemotherapy. However, 
most patients experience tumour progression with 
nearly 100% mortality and a median survival of less 
than 15 months [1]. 
	 Taraxacum officinale (TO) commonly known as 
dandelion, contains a large amount of phytochemicals 
distributed throughout the plant [2]. Every kind of 
chemical is endowed with potential health properties. 
While most components have been isolated and 
identified, the biological activity of the majority of 
them, alone or in combination remains unexplored. 
There is an evidence that TO components can 
selectively kill tumour cells [3]. This kind of data 
emphasizes the importance of traditional medicine 
and the discovery of a potential non-toxic, alternative 
antitumour therapy.
	 In the present study we wanted to establish 
the action of different TO extracts on U-251 MG 
glioblastoma cells. Our results indicate that TO is a 
promising source of biologically active components 
against glioblastoma.

MATERIALS AND METHODS

Plant material and extracts preparation

Taraxacum officinale F. H. Wigg leaves and roots 
were harvested before flowering in May 2017 from 
a natural habitat of Republic of Moldova (47 4’ 8” 
North, 28 40’ 47” East). The plants were desiccated in 
the laboratory at a room temperature for 2 weeks and 
pulverized. The extracts were prepared using ethanol 
(Luxfarmol, MD) of different concentrations (20, 50 
and 80%) and DMSO (0.1%, Merck, DE). The ratio 
of biomass-to-solvent (mg/ml) was 10:1. Extraction 
was carried out within 24 hours in recipients of 
100 ml. The extracts were filtered: firstly Whatman 
nr. 5, WHA1005090, followed by Whatman nr. 1, 
WHA10010155 (Merck, DE). Volumes of 1.5 ml of 
each extract were centrifuged (MPW 370, 5000 rpm, 
5 min). The absence of stratification/sedimentation 
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nm and 600 nm. The TO action was compared to 
Doxo (Doxorubicin, TR) solutions of different 
concentrations. The results were reported as percent 
of viable cells able to reduce alamarBlue after 
incubation with tested compounds. We implemented 
the following formula by taking Thermo Fisher’s 
recommendation in consideration [6]:

where
A – absorbance in case of test well,
A° – absorbance in case of untreated cells (positive 
control),
570 nm, 600 nm – wavelength.
Because of no morphological/microscopical 
confirmation of cells death, we did not use the term 
of cytotoxicity.

Ethical approval: This study was approved by 
the Research Ethics Committee of the Nicolae 
Testemitanu State University of Medicine and 
Pharmacy from Republic of Moldova.

Statistical analysis
All assays were performed in triplicate. The 
GraphPad Prism 8 Software (San Diego, USA) 
was used to calculate the IC50 (the half maximal 
inhibitory concentration). Viability of cells was 

described by the mean and standard deviation 
(M±SD). The Spearman (rs) assessment was used 
to determine the correlations between tested 
compounds concentration, ethanol percentage and 
cells viability. The results were compared by Mann-
Whitney U-test. The p-values equal or less than 0.05 
were considered statistically significant. 

	 Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS

All tested extracts could suppress cells viability (tab. 
1-3).

Doxorubicin activity

The greatest inhibition of tumour cells 
(59.52±5.92%) in cases of Doxo treatment was 
determined at the highest, stock concentration of 
105 µg/l (tab. 1). The  IC50 was equal to 83.05 µg/l. 
The tumour suppression rate of Doxo depended on 
its concentration (rs=–0.80, p=0.000).

TO leaf extracts activity

In case of TO leaf extract, the highest inhibition of 
glioblastoma cells was shown by DMSO extracts 

viability (%) =
A570nm – A600nm

A°570nm – A°600nm

x 100

Table 1.

	 Viability of U-251 MG glioblastoma cell line after Doxo, DMSO TO leaves and root extracts exposure

Doxo LDMSO RDMSO

C
Viability [%]

C
Viability [%]

C
Viability [%]

M±SD M±SD M±SD
100.000 59.52±5.92 110.000 6.15±1.69 145.000 16.42±6.36
20.000 62.98±1.38 22.000 57.72±9.02 29.000 34.64±1.15
4.000 61.45±7.58 4.400 83.31±2.6 5.800 66.84±9.88
800 63.37±9.96 880 85.52±0.51 1160 81.15±0.31
160 72.06±3.3 176 84.26±0.1 232 83.08±0.98
32 78.63±7.47 35.2 87.78±1.57 46.4 84.72±4.32
6.4 80.03±5.28 7.04 88.55±2.61 9.28 89.44±0.31
1.28 87.74±1.28 1.408 90.98±1.28 1.856 94.01±3.74
LogIC50 1.919 µg/l LogIC50 4.418 µg/l LogIC50 3.929 µg/l
IC50 83.05 µg/l IC50 26156 µg/l IC50 8499 µg/l
R2 0.77 0.97 0.95
rs –0.80 –0.95 –0.98
p 0.000 0.000 0.000

Note: Doxo – Doxorubicin; LDMSO – DMSO extracts of TO leaves; RDMSO – DMSO extracts of TO roots, C – concentration of tested compounds [µg/l]
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of 1.1x105 µg/l (6.15±1.69%) (tab. 1). Diminishing 
the TO leaf extract concentration increased the 
cell  viability (rs=–0.95, p=0.000). The IC50 was 
26.156 µg/l.
	 Tumour cell survival was higher after exposure 
to TO leaf extracts prepared in 20% ethanol, even 
at the maximum concentration of 140.000 µg/l 
(54.95±8.43%) (tab. 2). The concentration of extracts 
correlated negatively with cell viability (rs=–0.91, 
p=0.000). The value of IC50 for TO leaf extracts 
prepared in 20% ethanol was 5169 µg/l.
	 In case of leaves extracts prepared with 50% 
ethanol, only 20% of tumour cells were suppressed 
(79.96±0%), even at the highest concentration of 
150.000 µg/l (tab. 2). A negative correlation was 
found between cell viability and the concentration 
of extract (rs=–0.77, p=0.000), as in the case of 20% 
ethanol extract. The IC50 value for TO leaf extract 
prepared in 50% ethanol was 3050 µg/l.
	 The leaf extract made with 80% ethanol 
significantly suppressed tumour cells (26.39± 
5.33%) at the highest concentration of 40.000 µg/l. 
The suppression was dose-dependent (rs=–0.91, 
p=0.000).
	 The concentration of ethanol used in the 
experiment with leaf extracts should be taken into 
consideration – its increase reduced the viability of 
tumour cells (rs=–0.28, p=0.03).

TO roots extracts activity

In the case of root extracts made with DMSO, 
the greatest suppression was determined to be 
at 145.000 µg/l (16.42±6.36%), IC50 of 8499 µg/l 
(tab. 1). Increasing root extract concentration led to 
a decrease of cell viability (rs=–0.98, p=0.000).
	 To root extracts made with ethanol of 20% 
suppressed about 35% of cells at the highest 
concentration of 95.000 µg/l (tab. 3). This was 
lower compared to a second dilution of 19.000 µg/l 
(58.34±0.04%). The correlation test revealed a negative 
association between the concentration 20% ethanol 
root extracts and glioblastoma viability (rs=–0.88, 
p=0.000). The IC50 value for 20% ethanol roots extracts 
was 28.07 µg/l.
	 In the case of roots extract prepared in 50% 
ethanol, the greatest inhibition of tumour cells was 
determined to be 60.000 µg/l (10.83±2.85%), and 
the effect was dose-dependent, as in the case of 20% 
ethanol root extracts (rs=–0.86, p=0.000). The IC50 
of TO root extracts prepared in 50% ethanol was 
17.132 µg/l.
	 The root extracts prepared in 80% ethanol 
exhibited a pronounced inhibition at 50.000 µg/l 
(37.6±1.82%). The correlation assay revealed a 
negative association between tumour viability 
and extracts concentration (rs=–0.95, p=0.000). 

Table 2.

	 Viability of U-251 MG glioblastoma cell line after ethanolic TO leaves extracts exposure

LEtOH20 LEtOH50 LEtOH80

C
Viability [%]

C
Viability [%]

C
Viability [%]

M±SD M±SD M±SD
140.000 54.95±8.43 150.000 79.96±0 40.000 26.39±5.33
280.00 76.48±4.93 30.000 88.02±2.3 8.000 75.19±2.08
5.600 85±1.46 6.000 84.83±1.85 1.600 78.71±2.42
1.120 85.08±2.78 1.200 88.69±5.33 320 81.15±2.77
224 82.59±1.67 240 97.76±0.77 64 80.29±0.98
44.8 86.94±0.39 48 95.11±1.29 12.8 84.91±4.93
8.96 94.9±2.82 96 97.67±0.94 2.56 85.17±1.89
1.792 99.74±0 1.92 96.71±0.93 0.512 85.97±0.65
LogIC50 3.713 µg/l LogIC50 3.484 µg/l LogIC50 4.062 µg/l
IC50 5169 µg/l IC50 3050 µg/l IC50 11547 µg/l
R2 0.74 0.79 0.95
rs –0.91 –0.77 –0.91
p 0.000 0.000 0.000

Note: LEtOH20, 50, 80 – TO leaves extracts on 20, 50 and 80% ethanol solutions; C – concentration of tested compounds [µg/l]
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The IC50 of root extracts prepared in 80% ethanol 
was 3792  µg/l. Alcohol concentration positively 
correlated with tumour cell viability in the case of 
root extracts (rs=0.24, p=0.05).

Comparative analysis of the extracts

We determined that the greatest suppression of 
U-251 MG glioblastoma cell viability was with 
TO leaf extracts using DMSO. Ten extracts, with 
the most promising antitumour activity were 
(concentration – viability mean) as follows: LDMSO 
(110.000 µg/l – 6.15%) – REtOH50 (60.000 µg/l 
– 10.83%) – RDMSO (145.000 µg/l – 16.42%) 
– LEtOH80 (40.000  µg/l – 26.39%) – RDMSO 
(29.000  µg/l – 34.64%) – REtOH80 (50.000 µg/l 
– 37.6%) – LEtOH20 (140.000  µg/l – 54.95%) – 
FDMSO (22.000 µg/l – 57.72%) – REtOH20 (19.000 
µg/l – 58.34%) – DOXO (105 µg/l – 59.52%). The 
lowest antitumor activity was exhibited by TO leaf 
extracted with 20% ethanol (1.792 µg/l – 99.74%) 
and 50% ethanol (240 µg/l – 97.76%).
	 A comparative analysis of IC50 values led us 
to the conclusion that the lowest half inhibitory 
concentration was shown by the roots extracts 
made with ethanol of 20% (28.07 µg/l) and the 
highest – by the TO leaf extracts with DMSO 
(26.156 µg/l).

DISCUSSION

The aim of the research was to assess different 
risk factors and ways of treatment for nervous 
tissue tumours. Glioblastoma represents a grade 4 
tumour and is one of the most commonly diagnosed 
malignancies of the nervous system [7]. It accounts 
for about 54% of malignant cases in adults. Modern 
treatment is based on maximal surgical resection, 
with simultaneous radiation and alkylating 
chemotherapy. Although there have been advances 
in treatment, the 5-year relative survival remains 
low.
	 The chemotherapeutic potential of TO has been 
reviewed in many articles and found to be effective 
in leukaemia, breast, colon and prostate cancer as 
well as melanoma [3, 8]. There is numerous evidence 
that the antitumour effect of TO is made through 
the involvement of various intra- and extracellular 
mechanisms with a selective, targeted effect only on 
cancer cells. 
	 One such action, described by Ovadje et al. 
develops the idea that TO may exert its cytotoxic 
effects through mitochondria [9]. Moreover, 
authors concluded that TO may selectively target 
metabolic defects and reactive oxygen species in 
mitochondrion of tumour cells only. The existence 
of such pathways was purposed by Chatterjee et al. 

Table 3.

	 Viability of U-138 MG glioblastoma cell line after ethanolic TO roots extracts influence

REtOH20 REtOH50 REtOH80

C
Viability [%]

C
Viability [%]

C
Viability [%]

M±SD M±SD M±SD
95.000 65.32±2.34 60.000 16.61±1.1 50.000 37.6±1.82
19.000 58.34±0.04 12.000 70.55±2.83 10.000 61.59±3.83
3.800 60.76±0.17 2.400 74.34±1.35 2.000 68.84±3.92
760 64.97±0.14 480 77.95±2.98 400 74.23±2.47
512 68.09±0.38 96 75.38±3.24 80 76.89±1.42
30.4 68.1±0.33 19.2 76.67±6.48 16 83.75±6.1
6.08 73.78±2.82 3.84 86.41±1.46 3.2 79.33±1.65
1.216 86.66±0.09 0.768 97.29±0.91 0.64 86.03±0.19
LogIC50 1.448 µg/l LogIC50 4.234 µg/l LogIC50 3.579 µg/l
IC50 28.07 µg/l IC50 17132 µg/l IC50 3792 µg/l
R2 0.78 0.66 0.87
rs –0.88 –0.86 –0.95
p 0.000 0.000 0.000

Note: REtOH20, 50, 80 – TO roots extracts on 20, 50 and 80% ethanol solutions; C – concentration of tested compounds [µg/l]
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who described TO action on G361 melanoma cells 
[8]. They determined that early (24 h) depolarization 
of mitochondria correlates with apoptosis in the 
tumour cells after 48 h of treatment. The conclusion 
was that TO action is not only receptor-mediated 
cell death, but a consequence of direct mitochondria 
targeting and possible cross involvement of the 
extrinsic and intrinsic pathways. 
	 From the functional stand-point, mitochondria 
are considered as the source of ATP, also playing 
a major role in signalling, cell differentiation and 
growth, cell cycle, apoptosis, and in the production of 
reactive oxygen species [10]. Most of these functions 
are performed by mitochondrial dehydrogenases, 
and measuring their activity is a common method 
for monitoring the cell viability. There are many 
methods that can be used to estimate the number 
of viable cells, each with its own advantages. In the 
present study, we used alamarBlue test, which has 
the major advantages of being relatively inexpensive, 
having a homogeneous format, and being more 
sensitive than tetrazolium assays.
	 In one of our previous research studies, we 
described the action of TO extracts on viability of 
another glial cell line (U-138 MG) assessed by MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) test [11]. In that study, we reported that TO 
root extracts prepared in 80% ethanol had a greater 
inhibitory action on cells viability than Doxo at 105 µg/l. 
York et al. proposed that MTT is reduced not only by 
dehydrogenases but also by glutathione S-transferase 
(GST), so the MTT test may not always be a reliable cell 
viability assay method in cells treated with compounds 
that affect GST activity. Additionally, in another recent 
study we described the significant antioxidant activity 
of TO extracts manifested by changes in activity and 
content of GSSG, GSH, GPOx, GR and GST [12].
	 Therefore, we decided to use another assessment 
test of cell viability – the alamarBlue test which is 
superior to MTT assay, according to some researchers 
[13]. The alamarBlue test used in the present study is 
based on resazurin reduction to resorufin by electron 
acceptance from the mitochondrial respiratory 
chain in living cells. This test confirmed our earlier 
data regarding the influence of TO extracts on the 
viability of glioblastoma cells. Comparison of the 
results of these two studies reveals some differences. 
In the case of U-138 MG cells, the roots extracted 
with 80% ethanol (50.000 μg/l – 8.49±1.04%) had 
the greatest inhibitory effect on cell viability, while 
the same extract had approximately 5 times lower 
(50.000 µg/l – 37.6±1.82%) effect on U-251 MG 
cells. Viability level, close to previous results was 
determined after LDMSO action (110.000 µg/l – 

6.15). Nevertheless, we must emphasize that the 
new data support the conclusion made in previous 
articles that the ultimate effect of TO extracts on 
cancer cells depends on the type of extractant, plant 
part and tumour type.

Limitations

This study has some limitations. We did not conduct 
research to determine the composition of extracts, as 
well as the ratio of different substances in individual 
extracts, thus we cannot make any conclusion 
regarding the specific compound that is responsible 
for the TO extracts effect on glioblastoma cell 
viability. Another limitation is that we compared the 
activity of TO on a different cell type (U-251 MG 
rather than U-138 MG) using a different assessment 
(alamarBlue rather than MTT). Since both tests 
target mitochondria, we can only speculate that the 
cytotoxic effect of TO on tumour cells may be based 
on interference with specific processes in these 
organelles. Another limitation for both studies is the 
absence of the comparative analysis of TO action 
on tumour versus normal cells. Although it is not 
clear which components of TO are active against 
glioblastoma, our research confirms the potential of 
TO as a chemotherapeutic agent.

CONCLUSIONS

Taraxacum officinale exhibit antitumour activity 
on glioblastoma cells. The inhibitory action 
exercised by TO extracts depends on the type of 
extractant, plant part and tumour type. The most 
promising antitumour activity against U-251 MG 
cells was exhibited by leaf and root extracts made 
in DMSO and ethanol of high concentration. 
Further investigations are required to establish 
the composition of the TO extracts, as well as the 
most efficient compounds combination for tumour 
treatment.
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