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I. INTRODUCTION 

Cervical carcinomas represent the fourth most common 

cancer type worldwide in women, and the third highest cause 

of cancer-associated mortality among females. It is an 

invasive and arises from the pre-existing squamous dysplasia 

and cervical adenocarcinoma [1]. Current therapeutic 

strategies of cervical carcinomas include surgery, 

chemotherapy and radiation therapy that can lead to damage 

of adjacent or distant normal tissues facilitating cancer cell 

invasion and metastasis [2]. The exploration of natural plant 

sources in the hope of finding efficient phytochemicals (Ph) 

that would help to suppress harmful proliferation and 

expansion of tumor cells seems to be a promising approach in 

antineoplastic therapy [3]. 

Phytochemicals from different organs of Tanacetum 

vulgare (PhTv) have been extensively studied in different 

laboratories [3]–[6]. In vitro cytotoxic effect of PhTv herbs 

has been assessed by Vasileva et al. [3] and Ivanescu et al. [4] 

while sesquiterpene lactones from T. vulgare flowers (PhTvF) 

by Rosselli et al. [5]. The viability of HeLa cells exposed to 

PhTv herbs was decreased in the next order: T. macrophyllum 

> T. corymbosum > T. vulgare [4] showing species-specific 

effect. When cytotoxic effects of Ph from T. vulgare herbs 

obtained by aqueous ethanol or chloroform and applied to 

human breast adenocarcinoma cells MCF-7 have been 

compared the higher cytotoxicity of the chloroform isolated 

PhTv was revealed [6]. However, to date, no study has been 

performed to reveal the cytotoxic effect of n-butanol 

fractionated Ph from T. vulgare flowers on human tumor 

cells. Therefore, the present study was undertaken to 
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Abstract— Using the light microscopy and MTT cytotoxicity assay 

the pronounced cytotoxic effect of n-butanol partitioned 

phytochemicals from Tanacetum vulgare L. flowers (PhTvF) on 

viability of human cervical adenocarcinoma HeLa cells has been 

elucidated. The treatment of HeLa cells with PhTvF for 48 h or 72 h led 

to changes in cell morphology that had an apoptotic character of cell 

death. The viability of PhTvF (0.2 mg/ml) exposed HeLa cell for 48 h 

and 72 h decreased up to 63% (p≤0.05) and to 48% (p=0.01), 

respectively. The PhTvF dissolved in 0.9% NaCl as vehicle solvent 

reviled IC50~0.1–0.2 mg/ml for HeLa cells. We have concluded that 

PhTvF exhibit tumor preventing properties in vitro and can be 

considered as the promising substances for development of a new 

preparation for antineoplastic therapies. The mechanism and possible 

leader compound of PhTvF cytotoxicity are now under investigation. 
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investigate the sensitivity of HeLa human tumor cells to 

n-butanol fractionated PhTvF. The light microscopy and 

MTT assay were used to achieve this purpose. 

II. MATERIALS AND METHODS 

A. Plant Material 

T. vulgare flowers were harvested during blooming period 

from VILARs’ experimental garden and air-dried for nine 

days at 28–30°C in a dark well-ventilated room. The dried 

plant material was ground using electric “Retsch Mixer Mill 

MM400” (Germany) and stored in air tight containers to 

protect from oxidation according to The World Health 

Organization guidelines (2009) on good agricultural and 

collection practices (GACP) for medicinal plants. 

B. Preparation of Ph from T. vulgare flowers 

The crude extract of PhTvF was obtained by 90% ethanol 

at 80°C for 1 h at ratio of plant material to solvent 1/10 and 

repeated three times. The total hydroalcoholic extract was 

next centrifuged at 14000 g for 5 min, filtered and 

concentrated below 40°C under vacuum using rotary 

evaporator “Heidolph Hei-VAP” (Germany). Then the 

aqueous phase was treated with dichloroethane and 

partitioned four times with n-butanol. The collected 

n-butanol fraction was concentrated, freeze-dried 

(“FreeZone” United States) and stored at 4°C protected from 

light and humidity. The n-butanol is no high polar solvent but 

allows obtaining almost all Ph from plant material [7]. 

C. Composition of n-butanol Fraction 

Ultra Performance Liquid Chromatography (UPLC) 

High-Resolution Mass Spectrometry (UPLC-MS) was 

performed using Agilent 1200 series High-Performance 

Liquid Chromatography (HPLC) gradient system (“Agilent 

Technology” United States) coupled to a photo diode array 

detector (PDA/DAD) and MicrOTOF-Q mass spectrometer 

Bruker (United States) equipped with an electrospray 

ionization (ESI) source (UPLC-PDA/EST-MS) has been 

performed in our previous work [8]. Extraction and 

UPLC-MS analyses were performed in triplicates on the two 

independent experiments. On the basis of UPLC-MS and UV 

analyses, seven Ph have been identified in n-butanol fraction 

from T. vulgare flowers (see Table I). 

 

Table I. The content of Ph identified in 100 mg of dried 

n-butanol fraction from T. vulgare flowers [8] 

No Compound 

(phenolic phytochemical) 

Content 

(mg) 

References 

1 3,5-Dicaffeoylquinic acids 42.77 [9] 

2 4,5-Dicaffeoylquinic acids 15.99 [9] 

3 Neochlorogenic acid 9.81 [9] 

4 Quercetin-3-glucoside 6.83 [9] 

5 Acacetin-7-rutinoside 6.26 [10] 

6 Myricetin-3-glucoside 4.18 [3] 

7 Acacetin-7-glucoside 3.97 [11] 

 

D. PhTvF Working Solutions 

One ml of 0.9% NaCl was added into each tube containing 

powdered PhTvF from 1.0 mg to 5.0 mg with the increment 

of 1.0 mg followed by shaking for 1 h at room temperature 

and vortexing for 5 min. Prepared PhTvF solutions were 

filtered through sterile syringe 0.45 µm filter (“Merck 

MillexTM-HA” Germany). Then 20 µl of each PhTvF 

solutions was added into 180 µl of culture medium in cell 

containing well of 96-well plate (“Costar-Corning” United 

States) leading to final PhTvF concentrations of 0.1 to 0.5 

mg/ml, respectively. 

E. Reference Compound 

We used doxorubicin hydrochloride (DOX) as the 

reference compound in the final concentration of 0.02 mg/ml 

(“Veropharm”, Russia) since it is widely used in tumor 

chemotherapy. It is strong inhibitor of plasma membrane 

electron transport chain and such essential enzymes as 

NADH-ferricyanide dehydrogenase and NADH-cytochrome 

c reductase [12]. DOX is able to penetrate cell membrane and 

intercalates into DNA strands that is followed by disruption 

of topoisomerase-II-mediated DNA repair [13], [14]. 

F. HeLa Cells Treatment with PhTvF 

Human epithelial adenocarcinoma HeLa cells were 

obtained from the Unique Scientific Installation 

“BioCollection” of N. K. Koltzovs’ Institute of 

Developmental Biology (Russia) then multiplicated and 

stored as cryopreserved biological cell material in the Unique 

Scientific Installation “BioCollection” at the VILAR 

Research Institute. 

HeLa cells were grown in DMEM medium with 4.5 g/l 

supplemented with L-glutamin (“PanEco” Russia), 10% heat 

inactivated fetal bovine serum (“Dia-M” Russia), penicillin 

(100 U/ml), streptomycin (100 μg/ml) (“PanEco” Russia) at 

37°C, 95% humidity and 5% CO2 (v/v) in CO2-incubator 

MINI-CELL NB203M (“N-Bioteck” South Korea). 

Logarithmically growing HeLa cells at the 75–80% 

confluence were washed by Versenes’ solution detached by 

0.05% trypsin-EDTA (“PanEco” Russia) and then seeded 

into a transparent/clear flat bottom 96-well plates (2.5 × 104 

cells/well) as well as on a glass coverslip [15]. The cell 

viability at the time of cell seeding was more than 95% as 

assessed by 0.2% trypan blue (“Dia-M” Russia) exclusion 

test. Then HeLa cells were left for 24 h at 37°C before cell 

treatment. After this pre-incubation period the medium was 

discarded and replaced with the fresh DMEM [16]. Then the 

cells were exposed to PhTvF, to reference compound and to 

vehicle control for 48 h and 72 h at 37°C, 95% humidity and 

5% CO2 (v/v). The ability of control and treated HeLa cells to 

reduce yellow tetrazolium salt (MTT-reagent, 

3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium 

bromide) was evaluated by MTT assay [17]. 

G. HeLa Cell Morphology Study 

Light microscopic observation of PhTvF-treated HeLa cells 

was done by inverted microscope P2-1 (“Lomo Biolam” 

Russia) and upright Eclipse 80i microscope (“Nikon” Japan) 

after cell fixing and staining with 0.1% methylene blue 

(“Dia-M” Russia) according to Hu et al. [18], [19].  

H. MTT Assay 

The MTT assay is an indicator of cell survival (viability) 

and/or cell growth (proliferation). It determines the presence 

of living metabolically active cells with functional active 

mitochondria and other redox enzymes and can be used 

successfully to detect cytotoxicity of plant derived Ph. The 

biochemistry of MTT assay is based on the bioreduction of a 

yellow MTT-reagent into a purple colored MTT-formazan by 
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intracellular available NAD- or NADP-dependent 

oxidoreductases / dehydrogenases in metabolically active 

living cells [20], [21]. At the end of the MTT assay the cells 

were lysed in DMSO and the sample optical density was 

recorded by microplate reader SPECTROstar Nano (“BMG 

LabTech” Germany). The cell viability was then calculated 

according to the next equation ([OD A540–OD A630 

experimental well] / [OD A540–OD A630 control well]) × 

100%. A decrease of OD in experimental well in comparison 

to control indicates a reduction in the rate of cell metabolic 

activity and viability [21], [22]. The further evidence of 

induced cell death may be inferred from the cell 

morphological changes assessed by microscopy [18]. 

I. Statistical analysis 

The Shapiro-Wilk test was applied to determine whether or 

not our data come into normal distribution. Statistical 

significance between the variances was determined using the 

Mann-Whitney and Kruskal-Wallis signed rank 

nonparametric tests. Multivariate statistical data R analysis 

(MVA) was also performed v4.2.2 R Core Team (2022). P 

values less than 0.05 indicate the existence of significant 

difference between the selected variances while those more 

than 0.05 are non-significant ones. 

III. RESULTS 

Influence of PhTvF on HeLa cell morphology 

The control untreated HeLa cells (Fig. 1A) were mostly in 

interphase stage with polygonal cell shape, showing typical 

features of normal living cells with lamellipodia extensions 

and clear visible nuclei containing nucleoli. The untreated 

HeLa cells also showed a high confluence of cells in the 

monolayer (Fig. 1A).  

PhTvF-treated HeLa cells after 48 h (0.1 or 0.5 mg/ml) and 

72 h (0.1 or 0.5 mg/ml) of exposure showed typical 

morphological features of compromised cells (Fig. 1B and 

1C). The most pronounced morphological changes were 

reduction in cell volume and cell rounding followed by cell 

shrinkage and detachment from the plate bottom (Fig. 1B). 

Morphological changes increased in dose and time dependent 

manner (Fig. 1C). All these morphological changes may be 

attributed to the cell death by apoptosis. The extensive cell 

shrinkage and detachment with a lot of cell debris were seen 

when DOX (0.02 mg/ml, 48 h) was added to HeLa cells. The 

same morphological changes were observed after treatment 

of HeLa cells by tamoxifen [23], by Ph from Clinacanthus 

nutans (Burm.f) L. leaves [24] or DOX [25]. 

 
Fig. 1. PhTvF induced changes in HeLa cell morphology 

after 48 h and 72 h incubations. A) control cells; B) PhTvF 

(0.1 mg/ml); C) PhTvF (0.5 mg/ml ); D) DOX (0.02 mg/ml). 

Magnification 20X. Scale bar – 133 µm. 

 

When exposition time was extended the more severe changes 

in HeLa cells morphology were already observed at the 

lowest PhTvF concentration (0.1 mg/ml, 72 h). The same 

changes were seen when PhTvF exposed HeLa cells were 

stained with methylene blue (Fig. 2). A lost of plasma 

membrane protrusions, cell rounding with condensation of 

cytoplasm and occupation of almost all cell interior by dark 

blue stained nucleus with undistinguishable nucleoli were 

observed after exposition of HeLa cell to 0.1 mg/ml of PhTvF 

(Fig. 2B) or 0.5 mg/ml (Fig. 2C) for 48 h. The changes in the 

cytoplasm / nucleus ratio with huge dense dark stained 

nucleus have been observed during the pyknosis stage that is 

the first stage of apoptotic cell death [26], [27]. DOX (0.02 

mg/ml) caused extensive cell shrinkage and broken followed 

by detachment from the coverslip surfaces (Fig. 2 D). Note 
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that the chemical stress-induced changes in cell morphology 

such as volume reduction and cell shrinkage have been 

viewed as the most striking signs of compromised cell in 

which an intracellular physiological self-destruction 

pathways are already activated [28], [29]. 

PhTvF cytotoxicity for HeLa tumor cells 

After treatment of HeLa cells with 0.1, 0.2, 0.3, 0.4 and 0.5 

mg/ml of PhTvF for 48 h their MTT-detected viability 

decreased to 51%, 63%, 54%, 59% and 53% (p≤0.05) (Fig. 

3). When the same concentrations were applied to HeLa cells 

for 72 h the cell viability was decreased to 45%, 48%, 55%, 

61% (p=0.01) and 67% (p>0.05). The decrease in cell 

viability by 20% has already been considered as significant 

when anticancer potential of Ph is studied [30]. 

Unfortunately, we did not obtain well concentration 

dependent results in PhTvF induced decrease of HeLa cell 

viability that could be attributed mostly to the suboptimal 

PhTvF concentrations and 0.9% NaCl which was used as the 

vehicle. When HeLa cells were exposed to DOX for 48 h or 

72 h the dramatic decrease of cell viability by 70% was 

detected. 

 
Fig. 2. The representative light microscopy images of control 

HeLa cell morphology (A) and it changes after cell exposure 

to PhTvF (0.1 mg/ml) (B) and PhTvF (0.5 mg/ml) (C) or 

DOX (D) for 48 h and stained by methylene blue The cell 

rounding and shrinkage as well as cell volume reduction and 

disappearance of cell to cell contacts can be well observed. 

Magnification –10X. Scale bar – 80 µm. 

 

We assessed also the influence of PhTvF on MTT 

reduction without cells. The well correlation between 

increase in OD values and strengthening of PhTvF 

concentrations was observed. This finding is in good 

agreement with results of Talorete et al. [20], Chasemi et al. 

[31] and Karakas et al. [32]. Taking these results into account 

we replaced the incubation medium before MTT addition for 

fresh one. 

IV. DISCUSSION 

The present pilot study clearly demonstrates high cytotoxic 

potential of n-butanol partitioned phytochemicals from T. 

vulgare flowers on viability of HeLa tumor cells. The 

deleterious effects of PhTvF on the viability of HeLa cells 

were seen well at the level of cell morphology as well as at 

the biochemical level as decrease in cell metabolic activity. 

Administration of PhTvF to HeLa cells led to cell volume 

reduction, lost of cell to cell contacts, cell rounding and 

shrinkage followed by cells detachment from the plate 

bottom (Fig. 1 and 2). At the same time we detected time 

dependent decrease in MTT bioreduction by HeLa cells 

exposed to PhTvF for 48 h and 72 h (Fig. 3 and 4) that is in 

accordance with the changes in cell morphology. To date, no 

study has been done to reveal the influence of n-butanol 

partitioned PhTvF on viability of tumor cells. Moreover, the 

PhTvF triggered mechanism that orchestrates the changes in 

HeLa cells morphology and metabolic activity needs further 

investigations. However, it seems reasonable to assume that 

cytoskeletal proteins represent appropriate targets for 

signaling PhTvF initiated pathways for cell death [33]. 
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Fig. 3. The decrease in enzymatic MTT bioreduction to 

MTT-formazan that primary mirrors the rate of glycolytic 

NADH and NAD(P)H production in HeLa cells exposed to 

PhTvF for 48 h. p ≤ 0.05 

 

Whether the cytotoxic effect on HeLa cells is dependent on 

all or primary ones compounds in PhTvF mixture it is not 

clear at present. However, the current literature data on the 

biological activity of phytochemicals [34]–[38] that are 

detected in our n-butanol fraction tend us to assume that 

viewed PhTvF cytotoxicity is provided by a combined action 

of all n-butanol patitioned Ph on HeLa cells (Table I). Thus, 

quercetin-3-O-β-D-glucoside possess in vitro strong 

anti-tumor activity on HeLa cells, with IC50=0.02 mg/ml 

[34]. Myricetin that is different from quercetin by one extra 

OH-group binds to epidermal growth factor receptor (EGFR) 

and suppresses the viability of human lung adenocarcinoma 

A549 cells [35]. The cell cycle arrest at G0/1 phase by 

neochlorogenic acid in human oral cavity carcinoma cells: 

A253, HSC4, CAL27 and SCC4 but not in human normal 

oral keratinocytes (HOK) was shown [36]. Using MTT assay 

a potent suppressive effect of acacetin (5.7-dihydroxy- 

4'-methoxyflavone) on proliferation of human oral squamous 

carcinoma HSC-3 cells was also revealed [37]. The human 

colorectal adenocarcinoma Caco-2 cells were sensitive to 

3.5-dicaffeoylquinic acid in vitro while other cells such as 
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esophageal adenocarcinoma OE-33 cells, lung A549 and 

urinary bladder T24 carcinoma cells were less sensitive. 

Moreover, 3.5-dicaffeoylquinic acid caused low cytotoxic 

effect on fibroblast-like CCD-18Co cells from normal human 

colon tissues [38]. These data support our suggestion on 

complex cytotoxicity of all n-butanol partitioned compounds 

from T. vulgare flowers on HeLa tumor cells in vitro. 

Although we have observed in our experimental conditions 

an IC50 value of ~0.1 mg/ml PhTvFs’ for HeLa cells it needs 

further investigation using DMSO as the vehicle solvent as 

well as the lowest working concentrations of PhTvF. 

Great progress has been made in recent years to elucidate 

molecular mechanisms underlying the cytotoxic effect of Ph 

for human tumor and non-tumor cells in vitro. Among the 

first targets of phenolic phytochemicals are the cell surface 

proteins in addition to phospholipid bilayer and plasma 

membrane redox system [14], [37], [39]–[42]. 
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Fig. 4. The further decrease in enzymatic MTT bioreduction 

to MTT-formazan in HeLa cells exposed to PhTvF for 72 h. p 

= 0.01 

 

It has been found that flavonoids, namely quercetin, 

myricetin, kaempferol, apigenin, and luteolin, which are 

lipid-soluble and weakly acidic, can freely diffuse across the 

cell membrane and specifically accumulate inside K562 

leukemic cells [43]. Condensed tannin known as flavonoid 

(–)-epigallocatechin gallate is also able to penetrate cell 

membranes and accumulate in the nucleus of human 

intestinal and hepatic cells [44], [45]. The structure of 

quercetin allows for hydrophobic-nature-type intercalation of 

its most hydrophobic segment into the interior of the DNA 

helix [46]. Flavonoids can alter the conformation of DNA 

and inhibit DNA amplification, they show impressive 

induction of cell cycle arrest, and they may promote 

apoptosis in human hepatocellular carcinoma HepG2, breast 

MCF-7, and A549 cancer cells [47], [48]. Apigenin and 

kaempferol directly suppress the interaction between 

estrogen-related receptor γ (ERRγ) and its coactivator 

peroxisome proliferators-activated receptor γ coactivator-1α 

(PGC-1α). In contrast, luteolin suppresses PGC-1α activity 

through promoting the degradation of PGC-1α, leading to 

suppression of ERRγ activity in HeLa cells [49], [50].  
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