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Biocanin et al.: Effect of Some Medicinal Plants from Serbian Traditional Medicine
Medicinal plants contain various phytochemicals, some of which prevent or can be used in the treatment 
of many diseases, including cancer. Therefore, they have a significant role not only in the traditional 
ethno medicine, but also in the healthcare system of a large number of the world’s population. The aim 
of this study was to investigate and evaluate possible Antiproliferative potential of ethanoic extracts of 
Origanum vulgare, Centaurium erythraea, Salvia officinalis, Achillea millefolium, Hypericum perforatum 
and Chelidonium majus on human cervix adenocarcinoma (HeLa) and human myeloid leukemia (K562) 
cancer cell lines. The stock solutions of investigated extracts were prepared in ethanol at concentration 
of 1 mg/ml and diluted with complete nutrient medium Roswell Park Memorial Institute 1640. The 
medium was supplemented with 3 mm L-glutamine, 100 μg/ml streptomycin, 100 IU/ml penicillin, 10 % 
heat-inactivated fetal bovine serum, and 25 mM Hepes, adjusted to pH 7.2. Cell survival was determined 
by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide assay 72 h post-treatment. The 
half-maximal inhibitory concentration values were calculated using a dose-response growth curve. With 
regard to all investigated extracts, the HeLa cell line was more resistant than K562 cell line. Origanum 
vulgare and Salvia officinalis/Achillea millefolium extracts exhibited higher cytotoxicity towards K562 
cells (half-maximal inhibitory concentration 0.345 µg/ml and half-maximal inhibitory concentration 0.88 
µg/ml, respectively) compared to HeLa cells (half-maximal inhibitory concentration 0.795 µg/ml and 
half-maximal inhibitory concentration 0.975 µg/ml, respectively). The extracts of Centaurium erythraea, 
Hypericum perforatum and Chelidonium majus expressed no active Antiproliferative (cytotoxic) effects 
on HeLa and K562 cancer cell lines. The active Antiproliferative effects of Origanum and of Salvia/
Achillea extracts suggest that these extracts could be recommended as a good source of biologically 
active compounds with potential benefit effects.
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Some oncological diseases may significantly impact 
individuals, especially as they are experienced 
over life-long time-periods[1]. Chronic Myeloid 
Leukemia (CML) is a type of a cancer that starts 
in certain blood-forming cells of the bone marrow. 
The only risk factors for CML are radiation 
exposure, age and gender. Targeted therapy drugs 
are the main treatment for CML. However, there 
are other options: Interferon therapy, chemotherapy, 
radiation therapy, surgery or stem cell transplant[2]. 
Adenocarcinoma of the cervix starts in the glandular 
cells of the endocervix. It is a less common type 
of cervical cancer, but it may be more aggressive 

than other types of cervical cancer. Treatment can 
include radiation therapy and surgery[3]. In most 
cases, treatments lead to unpleasant side effects. This 
has encouraged researchers to focus on medicinal 
plants as natural products with fewer side effects and 
with the ability to induce apoptosis in cancer cells, 
but not in healthy cells[4,5]. Some of the plants that 
are the most commonly used in Serbian traditional 
medicine and in which people have great confidence 
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adherence, five different concentrations of the extract 
were added to the wells. Final concentrations were in 
the range from 5 to 80 µg/ml. Only nutrient medium 
was added to the cells in the control wells. The 
investigated extract was added to a suspension of 
leukemia K562 cells (5.000 cells per well) 2 h after 
cell seeding, in the final concentrations from 2.5 to 
40 µg/ml. Nutrient medium with the corresponding 
concentrations of compounds, but devoid of cells 
was used as a blank.
Cell survival was determined by the 
3-(4,5-Dimethylthiazol-2-yl)-2,5 Diphenyl 
Tetrazolium Bromide Assay (MTT) test 72 h after the 
investigated extract was added[11,12]. Briefly, 20 μl of 
MTT solution (5 mg/ml in phosphate-buffered saline) 
was added to each well. Samples were incubated 
for a further four hours at 37° under a humidified 
atmosphere with 5 % CO2. Then, 100 μl of 10 % 
Sodium Dodecyl Sulfate (SDS) was added to the 
wells. Absorbance was measured at 570 nm the next 
day. To achieve cell survival (%), absorbance at 570 
nm of a sample was divided by the absorbance of the 
control sample (the absorbance of cells grown only 
in nutrient medium), after subtraction of absorption 
of the blank. Concentrations of the extract which 
induced a 50 % decrease in malignant and normal 
cell survival (half-maximal inhibitory concentration 
(IC50) values) were calculated from a dose-response 
growth curve using Microsoft® Excel® 2019 software.
The cytotoxicity of five plant extracts was tested 
on selected cancer cell lines: Human cervix 
adenocarcinoma (HeLa) and human myeloid 
leukemia (K562). Concentrations of the ethanol 
extracts which induced IC50 are presented in Table 1.
The examined extracts possess high to moderate 
cytotoxicity on the investigated tumor cells. The 
highest cytotoxicity was found in K562 cells 
(IC50=0.345 µg/ml), and somewhat weaker towards 
HeLa cells (IC50=3.57 µg/ml) (fig. 1 and fig. 2).

are Achillea millefolium (A. millefolium), Hypericum 
perforatum (H. perforatum) and Salvia officinalis (S. 
officinalis). Serbia is classified as one of 158 world 
centres of biodiversity[6]. Medicinal plants synthesize 
terpenoids, simple phenols, phenolic acids, flavonoids 
and alkaloids as secondary metabolites[7]. Because of 
their antimicrobial, antioxidant, anticancer and anti-
inflammatory activities, in some parts of the world, 
more than 60 % of cancer patients use medicinal 
plants as therapy[8]. Flavonoids and alkaloids achieve 
antitumor effects by using different mechanisms, such 
as: Free radicals scavenging, inhibition of enzymes 
involved in reactive oxygen species formation, 
prevention of cellular and extracellular compounds 
oxidation and intranucleosomal Deoxyribonucleic 
Acid (DNA) fragmentation[9,10]. In this study, we 
investigated the potential Antiproliferative effects 
of ethanolic extracts of five different medicinal 
plants (Origanum vulgare (O. vulgare), Centaurium 
erythraea (C. erythraea), S. officinalis, A. 
millefolium, H. perforatum and Chelidonium majus 
(C. majus)) on cell lines derived from human cervix 
adenocarcinoma (HeLa) cells and human myeloid 
leukemia (K562) cells.
The stock solution of each extract was prepared 
in ethanol at a concentration of 1 mg/ml and then 
diluted with complete nutrient medium (Roswell 
Park Memorial Institute 1640 (RPMI-1640)) 
supplemented with 3 mM L-glutamine, 100 μg/
ml streptomycin, 100 IU/ml penicillin, 10 % heat-
inactivated Fetal Bovine Serum (FBS) and 25 mM 
Hepes, and adjusted to pH 7.2 by a bicarbonate 
solution. Human cervix adenocarcinoma HeLa cells 
were cultured as monolayers in nutrient medium, 
while human myeloid leukemia K562 cells were 
maintained as a suspension culture. The cells were 
grown at 37° in 5 % Carbon Dioxide (CO2) and a 
humidified air atmosphere.
HeLa cells (2.500 cells per well) were seeded into 
96-well microtiter plates and 20 h later, after cell 

Tincture
IC50 (µg/ml)  Av±SD

HeLa K562

O. vulgare 0.795±0.055 0.345±0.035

C. erythraea 3.57±0.43 2.71±0.13

S. officinalis/A. millefolium 0.975±0.035 0.88±0.06

H. perforatum 2.38±0.19 1.88±0.08

C. majus 3.02±0.10 1.74±0.10

TABLE 1: CONCENTRATIONS OF THE ETHANOL EXTRACTS WHICH INDUCED A 50 % DECREASE 
(IC50) IN MALIGNANT CELLS SURVIVAL
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Fig. 1: Survival of HeLa cells as determined by MTT test, after 72 h of continuous exposure to various concentrations of five plant 
extracts (1-O. vulgare, 2-C. erythraea, 3-S. officinalis/A. millefolium, 4-H. perforatum, 5-C. majus)
Note: (  ): 1; (  ): 2; (  ): 3; (  ): 4 and (  ): 5

Fig. 2: Survival of K562 cells as determined by MTT test, after 72 h of continuous exposure to various concentrations of five plant 
extracts (1-O. vulgare, 2-C. erythraea, 3-S. officinalis/A. millefolium, 4-H. perforatum, 5-C. majus)
Note: (  ): 1; (  ): 2; (  ): 3; (  ): 4 and (  ): 5
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scavenage the radical cation, none of them showed 
Antiproliferative activity towards a variety of 
cancerous cell lines (IC50>200 μg/ml)[20]. With regard 
to C. erythraea extract, the HeLa cell line was the 
most resistant (IC50 3.57 μg/ml) in this study. At a 
concentration of around 2.71 μg/ml, the extract 
inhibited K562 cell survival by 50 %. So far, there is 
no data on the Antiproliferative effect of S. officinalis. 
Although photometric determination showed higher 
percent of phenols in S. officinalis than in Echinacea 
angustifolia (E. angustifolia)  (12.5 % vs. 9.07 %), 
S. officinalis extract manifested a slightly weaker 
cytotoxic activity (IC50 122.22 μg/ml) on cell lines 
derived from human cervix adenocarcinoma (HeLa) 
cells compared to E. angustifolia (IC50 43.52 μg/ml) 
and Mellisa officinalis (IC50 70.41 μg/ml). That could 
mean, that some other chemical constituents may be 
important for Antiproliferative effects[21]. However, 
some authors noted that variability between phenolic 
and flavonoid amounts depends on the plant extracts 
and the used solvents[20]. Spectrophotometrically and 
chromatographically characterization of different 
A. millefolium extracts corroborated the presence 
of various polyphenols, among which phenolic 
acids (chlorogenic acid, isomers of dicaffeoylquinic 
acids), flavonoids (luteolin, apigenin) and their 
corresponding glucosides dominated[22]. Some 
authors revealed the capacity of A. millefolium 
aqueous extract to selectivelly inhibit PC-3 human 
prostate cancer cells in a time and concentration 
dependent fashion[23]. Also, hydroalcoholic extract 
of some other Achillea species, at concentration of 
25 μg/ml, expressed cytotoxicity towards the MCF-
7 and MDA-Mb-468 human breast adenocarcinoma 
cell lines[24]. However, Kongul et al.[25] were the 
only who showed the antitumor potential of A. 
millefolium aqueous extract (IC50 30.67 mg/ml) on 
MCF7 human breast cancer cell line. In the present 
investigation, treatment of HeLa and K562 cell lines 
with the mixture of S. officinalis and A. millefolium 
extracts, resulted in a similar sensitivity of both 
cell lines (IC50 0.975 μg/ml and IC50 0.88 μg/
ml, respectively) and in a active Antiproliferative 
effect. Hypericum contains various polyphenols: 
Flavonoids (quercetin), phenolic acids (chlorogenic 
acid), various naphtodianthrones (hypericin, 
pseudohypericin) and phloroglucinols (hyperforin). 
Hypericin, pseudohypericin and hyperforin are 
considered to be biologically active compounds[26,27]. 
Previous investigations found crude extracts (100 
μg/ml) of Hypericum caprifoliatum, Gymnanthemum 

Considering that about 15 % of all new cases of 
leukemia are CML, some predictions estimate that 
about one person in 526 will get CML in their life 
time in the United States[2]. In 2022, an estimated 
660 000 women were diagnosed with cervical cancer 
worldwide and about 350 000 women died from 
the disease[13]. In a questionnaries, conducted by 
Marković et al.[14] the informants from South-eastern 
Serbia have reported (4.13 %) to prepare medicinal 
plants in a form of alcohol extracts. For example, H. 
perforatum and A. millefolium are frequently used for 
treating digestive and reproductive group of ailments. 
C. majus is used to treat cancerous, while C. erythraea 
is used to treat endocrine diseases. S. officinalis is 
used to treat infectious group of ailments. Due to the 
presence of some compounds such as flavonoid and 
phenolic acid derivatives, Origano species have been 
related to the ability to inhibit the proliferation of 
some cancer cells[15]. Among three oregano species, 
the highest content of total phenols was found in 
Lippia graveolens (L. graveolens), followed by 
Luigi palmieri (L. palmieri) and Hedeoma patens 
which presented the lowest content. L. graveolens 
significantly inhibited the proliferation of breast 
cancer cell lines (Michigan Cancer Foundation-7 
(MCF-7) and Metastatic Breast Cancer-231 (MDA-
MB-231)). A remarkable decrease in cell proliferation 
was observed on the MDA-MB-231 cells at 24 h of 
treatment with 150 μg/ml of the extract in comparison 
with MCF-7 cells, where the inhibitory effect was 
observed up to 72 h of treatment. Quercetin-3-
O-hexoside was the only compound identified in 
this Oregano species, compared to the other two 
analysed[16]. Similarlly, quercetin and baicalein, 
found in polyphenol-rich extracts of L. graveolens, 
inhibited the growth of breast cancer cells[17]. 
Carvacrol as monoterpenoid phenol was found at 
high percentage (90.4 %) in O. vulgare essential oil, 
which water extract displayed outstanding activity 
against hepatocellular carcinoma (IC50 27.2 μg/ml) 
and human breast adenocarcinoma (IC50 10.8 μg/ml) 
cell lines[18]. Results of this study showed that K562 
cell line proved to be more sensitive to the effect of 
O. vulgare extract compared to the HeLa cell line 
(IC50 0.345 μg/ml vs. IC50 0.795 μg/ml, respectively). 
This extract expressed active Antiproliferative effect. 
Phenolic acids (rosmarinic and p-coumaric) were the 
predominant compounds detected in all samples of 
different C. erythraea extracts[19]. Although extracts 
of Centaurium erythraea (C. erythraea) presented a 
high ferric reductive capacity and high capacities to 
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myrianthum and to a lesser extent Hypocalymma 
connatum to be the most active on HT-29 human 
colon carcinoma cells and H-460 nonsmall cell lung 
carcinoma[28]. Recent investigation demonstrated 
antiproliferative effect of H. perforatum extract 
against PC-3 human prostate cancer cells in a 
concentration and time dependent manner (IC50 
0.60 mg/ml)[23]. In contrast, H. perforatum extract 
did not show Antiproliferative effect against HeLa 
cells (IC50>200 μg/ml). That could be explained by 
the use of different Hypericum species and different 
human cancer lines[29]. Similarly to the mentioned 
study, this work demonstrated the absence of active 
antiproliferatve effect of H. perforatum extract on 
HeLa and K562 cell lines (IC50 2.38 μg/ml and IC50 
1.88 μg/ml, respectively). Apart polyphenols, C. 
majus contains a vast array of alkaloids (chelidonine, 
homochelidonine, chelerytrine, sanguinarine, 
berberine, coptizine, protopine) which induce 
cytotoxic effect in a wide range of cancer cell lines 
such as: prostate, breast, lung, liver and colon[30-32]. 
With regard to chelilutine, another alkaloid found 
in C. majus, human promyelocytic leukemia HL-
60 cell line was least resistant (IC50 0.16 μg/
ml), while human ovarian carcinoma A-2780 and 
human cervix adenocarcinoma HeLa cell lines 
exhibited sensitivities of IC50=0.45 and 0.84 μg/ml, 
respectively[10]. In this work, compared to K562 cells 
(IC50 1.74 μg/ml), the IC50 value of C. majus extract 
on HeLa cells is about two times higher and amounts 
3.02 μg/ml. The differences in obtained results might 
be due to different protocols, cell culture conditions 
or difference in the composition of alkaloids[30]. In 
this study, the most sensitive cell line was K562. The 
moderate antiproliferative effect of most investigated 
extracts on HeLa and K562 cell lines is perhaps a 
consequence of using a low concentrations of active 
compounds, inadequate solvent or because the plants 
were collected in the autumn.
The active antiproliferative effects of Origanum 
and of Salvia/Achillea extracts found in this study 
suggest that these extracts could be recommended as 
adjunctive treatment of human cervix adenocarcinoma 
and human myeloid leukemia.
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