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ABSTRACT. The aim of this study was to determine the cytatcamd proapoptotic
activity of methanol extracts fronTeucrium poliumL. and T. montanumL. on
immortalized cell lines of breast cancer (MDA-MB13nd colorectal carcinoma (SW-
480). The cytotoxic activity was determined using Mcell viability assay, where kg
value was used as a parameter for cytotoxicity. fjpe of cell death was explored by
fluorescence microscopy using acridine orange/etimd bromide method. For
determination apoptosis signal pathways expressfoRas receptor was monitored by
immunofluorescence, while caspases 8 and 9 actixayanalyzed, by colorimetric based
assays. The results indicate that both plant estiaduced decrease of MDA-MB-231
and SW-480 cell viability, good cytotoxicity (4¢values in range of 118.26 to 429.32
ung/ml, depends on type of cells and extracts, dsometreatment periods) and induced
apoptosis, as a dominant type of cells death (6-@fiédtal cells). Investigated treatments
led to increase in Fas receptor expression onthencase off. montanuntreatment on
MDA-MB-231 cells. Additionaly, apoptosis was actied and realized via external
pathway with the activation of internal apoptotithpvay mediated by caspases 8 i 9 in
MDA-MB-231 cells while apoptosis occurred by caspasiependent pathway in SW-
480 cells. In conclusion, the results showed that investigated methanol extract of
Teucrium species showed good cytotoxic and proapoptotitvies, T. montanum
expressed better activity, and the MDA-MB-231 celese more sensitive to treatments.

Keywords: apoptosis, cancer, cytotoxicity, plant extradtsucrium polium, Teucrium
montanum.

INTRODUCTION

Carcinogenesis is a complex process, where dtinedgransformation of normal cells
in tumor cells come to the accumulation of multigienetic changes (MNBERG, 2014).
Breast cancer is the most common malignant tumevamen. Research shows that women
with mutation in theBRCAlor BRCA2gene have 45-85% chance to be affected by tumor
(RoseNBERGet al. 2016). The risk of development of this type of eanincreases with age
(the largest in the period between 40 and 50 y¢B@ERANIC et al. 2006). On the other hand,
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colorectal cancer is the third most frequent in wapbut it is in the first place in men (M
and DAMNJANOVIC, 2013).

Traditional medicine relates to the use of pland their products for the treatment
and prevention of diseases AlRLO et al. 2004). Plants are organisms with the large
guantities of bioactive compounds, and since thikesa civilizations used as prevention for
many diseases, including tumors. When considertamtor substances, or drugs, 60% derive
from natural sources @VMAN et al 2003; RAGG and NEwMAN, 2005). Biologically active
compounds present in plants are phenolic compountigpsaccharides, phytosterols,
phytoestrogens, and polyunsaturated fatty acidsegéGet al 2001). The most common
phenols in plants are flavonoidsi§XeLDT et al 2001). Considering that species belonging to
the Teucrium genus (Lamiaceae) are very rich in phenolic compgesuand have strong
biological activity (FhSANI-RANJBAR et al. 2010; YiN et al. 2009) the determination of
antitumor effects of the plant speciésucrium poliumL. andT. montanurni. in breast and
colon cancer cell lines can greatly contribute he further development of anticancer
therapies. In our stady we used spediepoliumL. and T. montanunmlL. selected from
different localities, which greatly altered the iaity of the extracts due to their different
environmental conditions influencing thenTfSKkovic¢ et al.2011; SANKOVIC et al.2015).

Induction of apoptosis is increasingly valued asi@ogically significant anticancer
mechanism and is one of the major strategies inezaherapy (VBNG, 2011). Apoptosis is a
form of "active cell death"” because the cells imedl in this process actively, run by
themselves. Therefore, apoptosis is usually cgbledyrammed cell death (BERTS et al
2008; WEINBERG, 2014). As a mechanism that regulates cell numbapoptosis has an
important role in the process of carcinogenesiser&hare two activation pathways of
apoptosis: receptor (external) and mitochondriale(nal) apoptotic pathway. The external
pathway involves the binding of a ligand to receptdthis case was observed in the
expression of Fas receptor), which extend from ekiernal to the interior surface of the
membrane. Parts of these receptors, which areedddat the cytoplasm, are known as the
death domain. Afterword they associate with reaesptof signaling pathway inducing
apoptosis (WNG, 2011; QuyaNG et al. 2012). Key proteins involved in this process are
enzymes, known as caspases. They are located nytbglasm as inactive proteins that are
activated when it is needed. One caspase can @cttler caspases thereby enhancing the
stimulus for apoptosis which accelerates cell dg&tEINBERG, 2014). In this case, the
parameters that are monitored are associated wialspath that through the receptor leads
to initiation of apoptosis and his realization.

On the basis of the literature data and actuafitgntitumor therapy problem, the aim
of this study was to determine the cytotoxic anoapoptotic effects of methanol extracts of
plantsT. poliumL. andT. montanumnL. on immortalized cell lines of breast cancer (MD
MB-231) and colorectal carcinoma (SW-480).

MATERIALS AND METHODS

Chemicals

Dulbecco’s Modified Eagle Medium (DMEM) and PhosgghBuffered Saline (PBS)
were obtained from GIPCO, Invitrogen, USA. FetaviBe Serum (FBS) and Trypsin-EDTA
were from PAA (The cell culture company), Austitamethyl Sulfoxide (DMSOQO), Ethidium
bromide (EB), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphyltetrazolium bromide (MTT), Nitro
Blue Tetrazolium (NBT) and Bovine Serum Albumin @Swere obtained from SERVA,
Germany. Acridine Orange (AO) was obtained from o&ciorganics, New Jersey, USA.
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Polyvinyl alcohol mounting medium was obtained frélaca Analytical, Switzerland ans
formaldehyde from Merck, Germany. All other sohsemind chemicals were of analytical
grade.

Plant material

T. poliumwas collected in August 2014 on Stara planina rteonnn Eastern Serbia,
while T. montanumwas collected in July 2014 on Ganountain in Central Serbia. The
collected samples were air-dried in darkness anrtamperature.

Preparation of plant extracts

Prepared plant material (10 g) consisting of agréats ofT. poliumandT. montanum
were transferred to dark-colored flasks. The maltesias separately soaked in 200 ml of
methanol and stored at room temperatukéter 24 h, the extracts were filtered through
Whatman No. 1 filter paper and the residue waxtexeted with equal volume of solvents.
After 48 h, the process was repeated. Combinedrsatants were evaporated to dryness
under vacuum at 40 °C using Rotary evaporator. diftained extracts were kept in sterile
sample tubes and stored in a refrigerator at 4 °C.

Cdll preparation and culturing

Human breast cancer - MDA-MB-231 and human colamcea- SW-480 cell lines
were obtained from American Type Culture Collecti@ells were maintained in DMEM
supplemented with 10% FBS, with 100 units/ml pédlmcand 100 pg/ml streptomycin. Cells
were cultured in humidified atmosphere with 5% G 37 °C. Cells were grown in 75 €m
culture bottles supplied with 15 ml DMEM, and aftefew passages, cells were seeded for
different assays. All studies were done with catlg0 to 80% confluence.

Cell viability assay (MTT assay)

The cell viability was determined by MTT assayd®ian, 1983). The proliferation
test is based on the color reaction of mitochohdtgnydrogenase in living cells by MTT.
MDA-MB-231 and SW-480 cells were seeded in a 96-plalte (10 cells per well). After 24
h of incubation (5% C@at 37 °C), the cells were treated by 100 ul ofraebl extracts from
T. poliumandT. montanungl, 10, 50, 100, 250 and 5Q@/ml). The untreated cells served as
a control. The results of cell viability were detemed after 24 and 72 h from initial
treatment. At the end of the treatment period, Miifial concentration 5 mg/ml PBS) was
added to each well and incubated at 37 °C in 5% ©D2-4 h. The colored crystals of
produced formazan were dissolved in 1BMMSO. The absorbance was measured at 570
nm on Microplate Reader (ELISA RT-2100C). Cell geohtion was calculated as the ratio of
absorbance of treated group divided by the abscgbahcontrol group, multiplied by 100 to
give a percentage proliferation.

Fluorescence microscopic analysis of cell death

Acridine orange/ethidium bromide (AO/EB) double isitag assay was used for
determination of type of cell deathA8IC et al, 2006). Acridine orange is taken up by both
viable and nonviable cells and emits green fluaese if interrelated into double stranded
nucleic acid (DNA) or red fluorescence if bound dingle stranded nucleic acid (RNA).
Ethidium bromide is taken up only by nonviable selind emits red fluorescence by
intercalation into DNA. There are four types oflselccording to the fluorescence emission
and the morphological aspect of chromatin condensat the stained nuclei. (1) Viable cells
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have uniform bright green nuclei with organizedusture. (2) Early apoptotic cells (which
still have intact membranes but have started terg@DNA cleavage) have green nuclei, but
perinuclear chromatin condensation is visible aghbrgreen patches or fragments. (3) Late
apoptotic cells have orange to red nuclei with emsgd or fragmented chromatin. (4)
Necrotic cells have uniformly orange to red nuel&h condensed structure. MDA-MB-231
and SW480 cells were seeded in a 96-well platé ¢&ls per well) and after 24 h treated by
100 pl of methanol extracts froim poliumandT. montanun{50 pg/ml). The untreated cells
served as a control. After 24 and 72 h of inculmagieriods, 20 ul of dye mixture (10 pl AO
and 10 pl EB in distilled water) were added insalimples and immediately examined and
viewed under Nikon inverted fluorescent microsc@peEclipse) at 400x magnification. A
minimum of 300 cells were counted in each sample.

I mmunofluorescence staining for determination of Fas receptors protein expression

Fas receptor protein expression on MDA-MB-231 ald-480 cells was detected by
immunofluorescence (Higuctet al 2001). Cells were cultured in 6-well plates omasgl
coverslips (Thermo Scientific), ¥ 10* cells/well. When cells were at 70 to 80% confluenc
the media was aspirated and the cells were trdaye® ml of methanol extracts frof.
polium and T. montanun{50 ug/ml). After 24 h, the medium was aspirated andsoekre
washed with phosphate-buffered saline (PBS) (pHl Néxt, the cells were fixed with 4%
formaldehyde in PBS for 20 min at 37 °C. After ftinaation, the cells were washed three
times with PBS and then permeabilized with meth#i8 °C) for 2 min, washed with PBS 3
times and non-specific binding sites were blockethg 1% BSA for 20 min. These fixed
cells were stained with 20g/ml anti-Fas specific primary antibody (RD Systgrios 1 h at
37 °C. Sample coverslips were then washed twiceirrsubated with a secondary antimouse
antibody conjugated with Cy3 (Thermo Scientificlat:200 dilution in PBS. DAPI was used
to stain the cell nuclei (blue) at 1:1000 dilutioSample coverslips were then washed twice
and mounted on glass slide by polyvinyl alcohol ntong medium. The cells were visualized
using Nikon inverted fluorescent microscope (Tiget) at 600x magnification. This is a
visual method and the results are presented assapative pictures.

Caspase 8 and 9 activities assays

The Caspase 8 and 9 colorimetric assays (RD Systeere performed according to
the manufacturer’'s protocol. MDA-MB-231 and SW-4&€lls were seeded in 6-well plates
(2x10@ cells per well). After 24 h cells were treated dynl of methanol extracts from.
polium and T. montanun(50 ug/ml). Non-treated cells served as a control. Téks avere
pelleted down, resuspended in @®f cell lysis buffer (supplied with the kit), andcubated
on ice for 10 min. After centrifuging at 10 000 Xfay one min, the supernatants (cytosolic
extract) were transferred to fresh tubes and kapte. The caspase 8 and caspase 9 assays
were performed according to the supplied kit prolec 50 ul of 2x reaction buffer
(containing 10 mM DTT) was added to each sample &aptl of IETD-pNA substrate for
caspase 8 or LEHD-pNA substrate for caspase 9jrmudbated at 37 °C for 1-2 h. The level
of caspase enzymatic activity in the cell lysates @izectly proportional to the color reaction.

Statistical analysis

The data are expressed as mean + standard errQr Bsdogical activity was
examined in three individual experiments, perfornmedriplicate for each dose. Statistical
significance was determined using the Studetitsst or the one-way ANOVA test for
multiple comparisons. A p value < 0.05 was congdesignificant. The magnitude of
correlation between variables was done using a SE3%ago, IL) statistical software
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package (SPSS for Windows, ver. 17, 2008). Thg W@lues were calculated from the dose
curves by a computer program (CalcuSyn).

RESULTS

Cytotoxic effects

Results presented in Figures 1 and 2 showeatro effects of the investigated plants
methanol extracts on MDA-MB-231 and SW-480 celsbilities, determined by MTT assay.
T. poliumand T. montanunsignificantly decreased MDA-MB-231 cell viabilitynahe dose-
and time-dependent way (Figure 1). On the othedhase showed that methanol extracts on
SW-480 cells viabilities had stronger effects agtérhours (Figure 2). According to the given
data, the cytotoxic effects are calculated and esqed by Ig values, concentration which
inhibits 50% of cell growth (Table 1). Criteria faignificant cytotoxic activity of plant
extract, according American National Cancer In#itus 1Go values lower than 30 pg/ml
(SUFFINESS and REzzuTo, 1990). According to this criteria, investigatethrs extracts
showed good, but no significant cytotoxic actividowever, from aspect of the use of plants
as a supplement in antitumor therapy, thesg V@lues present a significant result. Altogether
these results indicate more potent cytotoxic effe€f. montanumand more sensitive MDA-
MB-231 cells to treatments.
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Figure 1.Cytotoxic activity of the methanol extracts frdmpoliumandT. montanum
on MDA-MB-231 cell lines.
Results are expressed as means + SE for threecindept determinations.
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Figure 2. Cytotoxic activity of the methanol extsafromT. poliumandT. montanum
on SW-480 cell line.
Results are expressed as means + SE for threecindept determinations.
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Table 1. Cytotoxic activity of. poliumandT. montanumexpressed as igvalues (ug/ml)
on MDA-MB-231 and SW-480 cell lines.

Cell line Treatments 24 h 72 h

MDA-MB-231 T. polium 429.37+0.51 118.26+1.31
T. montanum 199.32+0.83 174.39+1.12

SW-480 T. polium 242.93+1.24 292.13+0.59

T. montanum 135.79+1.04 372.69+2.34
Results are expressed as means + SE for threeendept determinations.

Proapoptotic effects

The treatments by. poliumandT. montanuntaused some morphological changes of
investigated cell lines, characteristic for apoodike a condensation and chromatin
fragmentation, reduction of cell size, membraneblilag, formation of apoptotic bodies
(Figure 3). There are some necrotic cells in thattnents, which are observed as red colored
formations. Tables 2 and 3 present the percentageable cells, cells in early and late
apoptosis and necrotic MDA-MB-231 and SW-480 cellshe investigated treatments, after
24 and 72 h. The investigated treatments mainhpseadwpoptosis, while necrosis occurred
less. We showed dose-dependent MDA-MB-231 cellldgaedominantly by early apoptosis
after 24 h, as well as late apoptosis and necapgisarance after 72 h (especially in treatment
by T. montanun There are similar effects on SW-480 cells, wdlhger number of late

apoptotic and necrotic cells. The effects were nppomounced after 72 h and in the treatment
by T. montanum.

A

Figure 3. Typical morphological changes (VC—viat#dl; EA-early apoptosis; LA-late apoptosis; N-
necrosis) of MDA-MB-231 (A) and SW-480 (B) cellgluced byT. poliumandT. montanunextracts,
stained with AO/EBThe images were taken using fluorescence micrgsabg00x.
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Table 2. Different values of viable, apoptotic andnotic MDA-MB-231 cells as percentage of total
cell number measured by AO/EB fluorescence stajraftgr treatment by. poliumandT. montanum
extracts. The percentages of cells were measurad@42 h after treatments.

Concentracion

(ug/ml) VC EA LA N
24 h
Control 0 97.05+0.25  2.95%0.25 / /
T. polium 50 93.4+0.40 6.45+0.25 / /
' 250 89.4+0.80 10.6+0.8* / /

T. 50 89.95+0.45  8.2+1.10* / 0.85+0.35*
montanum 250 87.65+1.45 11.35+0.75%* / 1+0.70*
72 h

Control 0 97.3+0.50 2.7+£0.50 / /
T. polium 50 93.9+0.80 6.1+0.80* / /

' 250 88.00+0.50* 11.25+0.55* 0.35+0.15 0.4+0.10*
T. 50 93.75+0.05 6.25+0.05* / /
montanum 250 87.15+1.15* 7.7+0.4* 4.55+0.55* 0.6+0.2*

Results are expressed as means + SE for threecindept determinations.
*P < .05 compared to untreated controls.

Table 3. Different values of viable, apoptotic andnatic SW-480 cells as percentage of total cell
number measured by AO/EB fluorescence stainingr &i¢atment byf. poliumandT. montanum
extracts. The percentages of cells were measured@Z42 h after treatments.

Concentration
(ng/ml) VC EA LA N
24 h
Control 0 97.90+0.1 2.15%0.15 / /
T. polium 50 94.05+0.35 5.95+0.35 / /
' 250 91.35+0.05 7.85+0.45* 0.65+0.55* 0.1
T montanum 50 92.05+0.65 4.85+0.85 2.8+0.1* 0.3+0.1*
' 250 92.20+0.3  7.6%0.2* 0.2+0.1* /
72 h
Control 0 95.95+0.45 4.05+0.45* / /
T. polium 50 92.50+0.9 7.30+0.9* 0.2 /
' 250 89.9+0.4 9.45+0.85*0.65+0.45* /
T montanum 50 87.75+0.45 11.4+0.4* 0.5+0.2 0.35+0.15
' 250 89.35+0.25 9.4+0.5* 1.05+0.25* 0.2*

Results are expressed as means + SE for three independent determinations.
*P < .05 compared to untreated controls.

Protein expression of Fas receptors, as indicdtextrnal proapoptotic pathway, on
MDA-MB-231 and SW-480 control and treated cells presented on Figure 4. Treatments
by plant extracts, especially. montanumsignificantly increased Fas receptor expression on
MDA-MB-231 in comparison with control cells (Figu#A). Fas receptor expression was
more evident on SW-480 control cells than on MDA-81. Treatments by plant extracts
showed not so pronounced effects on SW-480 tremiéslin comparison with control (Figure
4B).
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Control T. polium T. montanum

Control T. polium T. montanum

Figure 4.Fas receptors expression on MDA-MB-231 (A) and S89-@) control cells and cells
treated byT. poliumandT. montanunextracts. Cells were incubated with treatment2fbh.
The images were taken using fluorescence microsabf@Ox.
Nuclei were stained blue, Fas receptors were stagcd

Treatments by plant extracts caused increased saspactivity, an initiator caspase
of external apoptotic pathway, in MDA-MB-231 celtampared to control cells (Figure 5A).
This finding is in accordance with the indicatedotgxic and proapoptotic activity, especially
in treatment byf. montanuminvestigated treatment caused statistically sigaift decreasing
of caspase 8 activity in SW-480 cells, comparedatatrol cells (Figure 5B). This findings is
in accordance with Fas receptor expression and tieambnclusion that apoptosis was not
induced by external apoptotic pathway in thesescell
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Control T. podisom Casrtyol T. poliss T. migwatisvtion

Figure 5. Caspase 8 activity in MDA-MB-231 (A) aBW/-480 (B) control cells and cells treatedThy
poliumandT. montanunextracts. Cells were incubated with treatment#bh.
Results are expressed as means + SE for threeendept determinations.
*P < .05 compared to untreated controls.
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Caspase 9 is one of initiator caspase in intenp@p®otic pathway. Activity of caspase
9 was increased in MDA-MB-231 cells after treatnsebly plant extracts (Figure 6A).
Contrary, activity of caspase 9 was decreased ir48W cells after treatments by plant
extracts (Figure 6B). These findings suggest thatgss of apoptosis in SW-480 cells is not
induced by activity and involvement of these enzyme
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Figure 6. Caspase 9 activity in MDA-MB-231 (A) aBw/-480 (B) control cells and cells treatedTby
poliumandT. montanunextracts. Cells were incubated with treatment2#bh. Results are expressed
as means + SE for three independent determinatiBrs..05 compared to untreated controls.

DISCUSSION

Plants of the genu3eucrium contain phenol compounds with strong biological
activity. As medicinal plants they are used in tigatment of conjunctivitis, abscesses, gout,
respiratory diseases, gastrointestinal diseasesramy others (BANKovIC et al 2011). In
this study cytotoxic and proapoptotic activity afot species from genuieucrium(T. polium
and T. montanum and mechanisms of induced cell death were inyatstd. Our results
showed that investigated plants showed good cyiotaxd proapoptotic activity on MDA-
MB-231 and SW-480 cell lines. These plant extratiswed different effects on breast and
colon cancer cells. According to our results SW-48ls are more resistant than MDA-MB-
231 cells. Similar studies have shown differentitssregarding the SW-480 cell line, such as
research on species of the same gefhushamaedrysshowing a significant cytotoxic effect
on this cell line ($ANKOVIC et al.2011).

Specific components in the composition of plantaots can contribute to a variety of
effects on cells, and run specified mechanismsgytitaxicity (STANKOVIC et al 2010; 2011).

In accordance to that, the difference in the effdxttween the different species of the same
genusTeucrium,in this case can be caused by many ecologicabrigcor depend on the
chemical composition of the extracts, which arenarily related to the presence of acids,
phenols and flavonoids. High levels of specifiosfinoids, as well as their relationship, may
alter the cytotoxicity of plants. The difference time phenolic composition of these plants
could be the reason for their different effectth@lgh belong to the same genusaigovi¢

et al 2011). The most common flavonoidn poliumis quercetin. Beside the antioxidative,
quercetin also exhibits prooxidant effect and caluce apoptosis in response to the increased
concentration of superoxide in tumor cellgg8KoviI¢ et al 2011; RINA et al 2013; 4z1¢

et al 2013). T. montanummostly contains rutin phenol which greatly conitds to the
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biological effect. The study on plaAflium flavum which exhibits significant cytotoxicity,
showed high prevalence of ruting&sLERret al. 2003; MLUTINOVI C et al. 2015).

Investigated extracts predominantly induced apopt@s a type of cell death in booth
cell lines. Generally, plants and different natupabducts isolated from plants induced
apoptosis of cancer cells in vitro conditions, which presents preferred type of irdlicell
death in cancer therapg(RrCIC et al 2012a;CURCIC et al. 2012b). Based on our results,
except to better cytotoxicity;. montanunshows stronger proapoptotic effect. The percentage
of viable cells is lower when compared to contnodl an treatment t@. poliumextract. For
the process of apoptosis and regulation of vargigisaling pathways redox regulation could
take a significant role. Changes in the productidrreactive oxygen species (ROS) and
reactive nitrogen species (RNS) can modify sigmajiathways in the cell (€LAND and
COTTER, 2005). The results of research of plantspoliumandT. montanunon the redox
status on MDA-MB-231 and SW-480 cells show sigifit prooxidant effects, or increase
the level of superoxide anion radicalsT¢SanovIC et al 2015). The high @ level
(superoxide anion radical) could be a significaatise of the cytotoxic and proapoptotic
effect of tested plants.

For determination of apoptotic pathways, which activated in treatment witf.
polium and T. montanumwe monitored protein expression of Fas receptat showed
significant increase in MDA-MB-231 cells (Figure Z)o determine the mechanism by which
the apoptosis occurred we were examined caspase 8 as signaling molecules. Activity of
caspase 8 (the initiator caspase on external pgghnereased as compared to untreated cells.
Caspase 9 is also the initiator caspase on intpathivay which starts from the mitochondria.
Activity of caspase 9 could be connected with ttievdy of caspase 8, because the activation
of external pathway can activate internal pathwdjoc, 2011; QuyANG et al. 2012;
WEINBERG, 2014). In our study, we observed significant @ase of caspase 9 activity in
treatment withT. montanunextract, in comparison td. polium(Figure 6), and also more
significant effect on all monitored parameters odgpoptotic signaling pathways, which is
consistent with a stronger cytotoxic and proapaptadtivity in the MDA-MB-231 cells.

SW-480 cells exhibited different behavior. The tneant even reduces the expression
and activity of these signaling molecules of exé¢and internal apoptotic pathways in these
cells. Expression of the Fas receptor in the coi®W-480 cells suggests that they were also
be able to express this receptor and activate apisptvithout any treatment YRN et al
2006). Phenolic compounds, which are present intplanay affect the activity of many cell
receptors and enzymes BELTON et al 2000), so the results could be related to the
chemical composition of the extract. Some literaata indicate that SW-480 cells belong to
type of the cells that may enter into apoptosisthaati could be completely independent of the
mitochondria, although in many other types of céfis is not the case @WOREN and E-
DEeIRY, 2002). Since the SW-480 cells reduced the lel/ehspase 8 and caspase 9 activity,
this indicates a potential caspase-independenttapisp

CONCLUSION

Finally, we concluded that examined species of tplamduce apoptosis in different
ways, and this behavior is prominent in MDA-MB-28&4ll line. When compared two tested
plant speciesT. montanunshows a better cytotoxic activity than polium Investigated
plants could be considered as potential sourceatfral bioactive substances in antitumor
therapy.
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