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Background: The majority of Achillea species are the most important native economic
plants of Anatolia. They include highly bioactive compounds, so they have therapeutic
applications. Objective: In the present study, the aim was to investigate in vitro anti-oxidant,
cytotoxic and pro-apoptotic effects of Achillea teretifolia Willd extracts (Turkish name: Beyaz
civanpercemi). Materials and Methods: The anti-oxidant potential of the extracts was analyzed
by the free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and total phenolic content methods.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was used to detect
cytotoxicity of the extracts onhuman prostate cancer cell lines (DU145 and PC-3) and human
gingival fibroblast (HGF) cells. mRNA expression levels of pro-apoptotic (bax, caspase-3) and
anti-apoptotic (bc/-2) genes were measured by quantitative real-time polymerase chain reaction.
Results: The results showed that extracts exhibited a remarkable DPPH scavenging activity, and
total phenolic content of the methanol extract was higher than that of the water extract. As time
and concentration were increased, the methanol extract exhibited a more powerful cytotoxic
effect on prostate cancer cells. In prostate cancer cells, the levels of mMRNA expression of the
bax and caspase-3 genes were significantly up-regulated (P < 0.05), whereas the expression
of bcl-2 was down-regulated (P < 0.05). In HGF cells, there were no cytotoxic effect and
apoptosis induction triggered by the extracts. Conclusion: The methanol extract had more
powerful anti-oxidant, cytotoxic and pro-apoptotic effects than the water extract. The extracts
could be good anti-oxidant sources, and they might include anti-cancer compounds triggering the
cytotoxicity and the apoptosis on prostate cancer cells.
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INTRODUCTION

Achillea 1.. (civanpercemi; Turkish name) is a medicinal
plant genus which has been used since ancient times. It
possesses diversity all around the world. The majority of
the Achillea species are important native economic plants
of Anatolia. They have therapeutic applications due to
containing highly bioactive compounds.!" In Turkey, herbal
teas prepared from some Achillea species are used in folk
medicine for abdominal pain, diarrhea, and flatulence as
well as a diuretic and emmenagog, Several Achillea species

Address for correspondence:

Prof. Leyla Acik, Department of Biology,

Faculty of Science, University of Gazi, Besevler, Ankara, Turkey.
E-mail: leylaacik@gmail.com

S308

are also used as pharmaceuticals, cosmetic products,
fragrances, food sources and for plant protection in
agticulture.™ Some Achillea extracts exhibit pharmacologic
activities such as anti-oxidant,® antimicrobial,® wound
healing,” anthelmintic,” antidiabetic,” anti-inflammatory,®
antineoplastic,” antihypertensive, and antihypetlipidemic
properties.'"”! Some investigations about anti-oxidant
and cytotoxic effects of Achillea species have been
performed. The extracts or essential oils of Achillea
wilhelmsii C. Koch," _Achillea micrantha Willd.,'3 _Achillea
millefolinm L.V Achillea pannonica Scheele," and Achillea
fragrantissima (Forssk.) Sch. Bip."! are natural anti-oxidant
sources. A. millefolinm L.,V Achillea clavennae 1.,I'"
Achillea talagonica Bioss.,'"® A. wilhelmsii C. Koch,!
A. fragrantissima™ are important species with cytotoxic
effects. Their anti-oxidant potential and anticancer effects
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result from bioactive compounds including caffeic and

[16

p-coumaric acid,l"” achillinin A guaianolide,'” flavonol

centaureidin,'”! santoflavon,™ and saponin.!

The Achillea genus has 49 species (58 taxa) occurring in five
sections and 24 of them ate endemic in Turkey.”" Achillea
ketenoglni H. Duman, Achillea milliana H. Duman, Achillea
hamzaogli Arabact and Budak and Achillea sivasica Celik
and Akpulat are the last described as local endemics.**!
Achillea teretifolia Willd is confined to the Irano-Turanian
region and is a species endemic to Turkey.?! Although many
Achillea species are known to be used in folk remedies,
there is limited information about this endemic plant in
the literature.

The objective of the present study was to investigate the
in vitro anti-oxidant, cytotoxic, and pro-apoptotic effects
of A. teretifolia in order to reveal the pharmacological
properties of this plant. The water and methanol solvents
in different polarities were chosen to compare radical
scavenging potentials, phenolic contents, cytotoxic and
apoptotic effects of the plant extracts.

MATERIALS AND METHODS

Chemicals and reagents

Folin-Ciocalteu’s reagent and methanol (Merck)
were purchased from Merck Co. (Darmstadt,
Germany). 1,1-diphenyl-2-picrylhydrazyl (DPPH),
dimethyl sulfoxide (DMSO), gallic acid, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), and butylated hydroxytoluene (BHT) were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). The 90%
RPMI 1640 medium, 2 mM L-glutamine, fetal bovine
serum (FBS), penicillin-streptomycin, trypsin-EDTA
solution, and Dulbecco’s Modified Eagle Medium (DMEM)
were obtained from Gibco BRL (Grand Island, NY, USA).
All reagents were of analytical grade.

Collection of plant material

Achillea teretifolia was collected during flowering time (June
2011-2012) at an elevation of 1200 m from the steppe
and the rocky side of Hiseyin Gazi Mountain in Ankara
by Prof. Dr. Mecit Vural, Prof. Dr. Leyla Acik and
Assistant Prof. Dr. Elif Burcu Bali. The plant material was
identified by plant taxonomist Prof. Dr. Mecit Vural, in
the Department of Biology, University of Gazi, Ankara,
Turkey. Voucher specimens (A. zeretifolia [99A053]) were
stored in the Herbarium of “GAZI,” Faculty of Science.

Extraction of methanol and water extract
The whole plant (lowers, leaves, and stem) was dried
at room temperature during 1-week. The dried plant
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was powdered, and the methanol extract was obtained
by maceration of the powdered plant with absolute
methanol (1 L/200 g) for 2 weeks at room temperatute.
The solvent was refreshed for every 2 days. The extract
was filtered using Whatman filter paper number 1, and the
filtrate was then evaporated under reduced pressure and
dried using a rotary evaporator at 45°C. The water extract
was obtained by maceration of the powdered plant with
distilled water at room temperature overnight (1 L/50 g).
The resulting crude extract was filtered and lyophilized
down to dry powder. The dried extracts were stored in
labeled sterile screw-capped bottles at +4°C for further
testing. In anti-oxidant assays, ecach of the extracts was
prepared with dilutions from 1 mg/ml stock solutions
in methanol or water. In cytotoxic assays, stock of the
methanol extract was dissolved in 10% DMSO and diluted
in a cultured medium. The final concentration of DMSO
was 0.1%. The water extract was dissolved in a cultured
medium.

Anti-oxidant activity

1, 1-diphenyl-2-picryl-hydrazyl (DPPH) Assay

The free radical scavenging activity of A. feretifolia extracts
was determined by the DPPH method.”! Briefly, 1 ml
of 0.1 mM methanolic solution of DPPH was added
to a test tube with 1 ml of the extracts at different
concentrations (50-100—150-200—250 pg/ml). The
reaction mixture was shaken vigorously and incubated for
30 min at room temperature in the dark. Thirty minutes
later, the absorbance was measured at 517 nm against a
blank by a spectrophotometer. The inhibition of radical
scavenging activity in percent (1%) was calculated using
the following equation:

1% = (A, ~ D) JA_ . X 100

Where A__ is the absorbance value of the control
solution (containing all reagents except the test compound),
and AS?lmple is the absorbance of the test solution. A 50%
inhibition the half maximal inhibitory concentration (IC, )
value of the extract concentration was calculated from
the graph plotting inhibition percentage against extract
concentration. The assays were carried out in triplicate.
The synthetic BHT was used as a reference anti-oxidant
compound. The DPPH solution was kept in the dark and
used freshly in every experiment.

Total phenolic contents of the extracts

The total phenolic content of the extracts was determined
by using the Folin—Ciocalteu reagent using gallic acid
as a standard, with a slight modifications.” The extract
solutions (100 ul) were mixed with 200 ul of 50%
Folin—Ciocalteu reagent. The mixture was allowed to react
for 3 min, and 1 ml aqueous solution of 2% Na,CO, was
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added and shaken slightly. After 1 h of incubation at room
temperature, the absorbance of each mixture was measured
at 760 nm. The same procedure was also applied to the
standard solutions of the gallic acid. The total phenolic
content of the extracts was expressed in Ug gallic acid
equivalents per mg of the extracts.

Cytotoxic activity

Cell cultures

The human cell lines, including DU145 (androgen-
insensitive prostate cancer cells) and PC-3 (androgen-
sensitive prostate cancer cells), were obtained as a donation
from the Research Center of Gulhane Military Medical
Faculty, and gingival fibroblast cells were obtained from
20-year-impacted teeth of healthy volunteers after informed
consent and approval by the local ethics committee. The
prostate cancer and gingival fibroblast cell lines were
cultured in RPMI-1640 and DMEM, respectively. Each
medium was supplemented with 10% FBS, 100 units/ml
penicillin and 100 pg/ml streptomycin. All cells were
incubated at 37°C and in a humidified atmosphete of 95%
air and 5% CO.,,.

Cytotoxic effects of the extracts against human
prostate cancer and normal gingival fibroblast cells
The cytotoxic effects of the extracts were determined
by an MTT assay.”** In this assay, the cells were seeded
into 96-well plates (400 mm? cells/well) in 100 ul of the
medium and incubated at 37°C with 5% CO, for 24 h.
Then, the cells were treated with the extracts (ranging
from 20 to 100 pg/ml) or without the extracts (vehicle
control, 0.1% DMSO) and incubated 24 h and 48 h for
cach cell line. After the incubation, 20 Ul of MTT solution
was added into each well and incubated for 4 h at 37°C.
The supernatant was removed and replaced with 100 pl
of DMSO. The optical density of the wells was measured
with a microplate spectrophotometer reader (EIA Reader,
ELX800, Biotek Instruments, Burlington, VT). The stock
solution of the extracts was serially diluted with growth
medium. The aqueous extract was dissolved in media.
The same procedure was repeated for human gingival

fibroblast (HGF) cells.

RNA extraction and cDNA synthesis

For the detection of mRNA gene expression levels,
DU145, PC-3, and gingival fibroblast cells in 6-well plates
were precultured in the media containing 10% FBS for 12 h,
and incubated with 1C, value of Achillea extracts for 24 h.
Total RNA was isolated using a High Pure RNA Isolation
Kit (Roche Diagnostics GmbH, Mannheim, Germany),
according to the manufacturer’s recommendation. The
quality and quantity of the total RNA were assessed by
Nanodrop spectrophotometer (ND-1000, Thermo Fisher
Scientific Inc.,, MA, USA) and RNA was kept at —80°C
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for further analysis. cDNA was synthesized using a
Transcriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics) from aliquots of the total RNA (1 ug) and
the combination of anchored-oligo and random hexamer
primers.

Real-time polymerase chain reaction

Commercially available real-time ready assays®®! were
carried out using forward, reverse primers (8 pmol) for
Bax, Bel-2 and caspase-3 genes and fluorescently labeled
hydrolysis probes (4 pmol) from Universal Probe Library
(Roche Applied Science). The gene expression analysis
was performed with real-time polymerase chain reaction
(RT-PCR) reactions in a final volume of 20 pl using 15 ul
lightcycler 480 probes master and 5 Ul diluted sample. The
following thermal cycling conditions were applied on the
Lightcycler 480 Instrument: First DNA was denatured at
95°C for 10 min. Then, DNA was amplified at 60°C for
30 s. Finally, the signal detection occurred at 72°C for 1 s
and cooling at 40°C for 30 s. The Lightcycler completed
the cycles 45 times. The negative controls lacking template
RNA were included in each experiment. The human
GAPDH gene was used as a housckeeping reference gene
to normalize expression levels between the samples.

Statistical analysis

All the analyses were performed at least in triplicate.
The results were expressed as the mean + the standard
deviation. One-way analysis of the variance was used in
multiple group comparisons using the SPSS 11.0 software
package. Differences with a value of P < 0.05, P <0.01 and
P < 0.001 were considered statistically significant.

RESULTS

Anti-oxidant effects of Achillea teretifolia extracts

The in vitro free radical scavenging effect of A. feretifolia
extracts is shown in Figure 1. The free radical scavenging
effect of the methanol extract (IC, :42.3 0.8 ug/ml) was
higher than that of the water extract (IC_:62.5 £ 0.5 ug/ml).
The DPPH scavenging ability of the extracts was lower than
that of synthetic anti-oxidant BHT (IC, :27.5 + 0.2 ug/ml).
The radical scavenging activity of test samples was in
the following order: BHT > the methanol extract > the
water extract. In addition to the DPPH effect, the total
phenolic content of the extracts was evaluated with the
Folin—Ciocalteu reagent. The phenolic content of the water
and methanol extracts was 34.45 = 1.74 ug GAE /mg extract
and 55.60 £ 1.25 ug GAE/mg extract, respectively. I vitro
anti-oxidant results indicated that the methanolic extract
including higher total phenolic compounds possessed a more
powerful free radical scavenging effect than the water extract.
Furthermore, there was a relationship between total phenolic
content and IC,_ values of DPPH scavenging effects of the
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extracts. According to the Pearson’s correlation test, there
was a negative correlation (99.2%) between the amount of
phenolics in the extracts and their IC_ values.

Achillea teretifolia extracts only exhibited the
cytotoxicity on DU145 and PC-3 cells

In DU145 cells, the methanol extract reduced the
cancer cell viability in a dose-dependent manner with
calculated IC,_ values of 0.40 * 0.05 mg/ml and
0.14 £ 0.04 mg/ml for 24 and 48 h, respectively. It also
inhibited the PC-3 cell proliferation in a dose-dependent
manner with calculated IC,  values of 0.35 £ 0.06 mg/ml
and 0.17 * 0.07 mg/ml, respectively [Figure 2]. There
was no statistical difference (P > 0.05) between the
inhibition of the methanol extract on DU145 and
PC-3 cell proliferation. The cytotoxic effect of the
methanol extract on PC-3 cells is shown in Figure 3a-c.

The water extract also exhibited the same cytotoxic
effect on DU145 (IC, : 1.30 * 0.05 mg/ml) and PC-3
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Figure 1: Dose-dependent scavenging activity of the extracts and the
standart butylated hydroxytoluene on1,1-diphenyl-2-picryl-hydrazyl
inhibition.

Figure 3: Morphological changes of PC-3 cells treated or not treated
with the methanol extract at different concentrations for 24 h under
inverted microscope. (a) Control (b) PC-3 cells treated with the
methanol extract at 0.05 mg/ml and (c) PC-3 cells treated with the
methanol extract at 0.45 mg/ml
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(IC,: 1.30 £ 0.03 mg/ml) cells over 24 h [Figure 4].
According to these results, the methanol extract possessed
a more powerful cytotoxic effect on DU145 and PC-3 cells
than the water extract. The extracts exhibited significant
dose (0.05-1.4 mg/ml) and time-dependent (24 and 48 h)
cytotoxicity on prostate cancer cell proliferation (P < 0.05),
but no cytotoxic effects on HGF cells [Figures 5 and 6.

The extracts trigger the apoptosis by suppressing

bcl-2 expression as well as activating caspase-3 and
bax genes in cancer cells, but not in normal cells

To detect apoptotic effects of the methanol and water
extracts, the expression levels of anti-apoptotic (be/-2)
and pro-apoptotic (bax and caspase-3) genes in prostate
cancer and HGF cells were compared using quantitative
RT-PCR. When exposing PC-3 and DU145 cells to
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Figure 2: The cytotoxicity of the methanol extract on the proliferation
of DU145 and PC-3 cells. The cells were treated with various
concentrations (0.05-0.45 mg/ml) of the extract in a culture medium
for 24 h and 48 h. Each value represents the mean + standard error
mean (n = 6). The superscripts show statistical differences obtained
separately at different concentrations and time compared to their
controls shown in figure as *P < 0.05, ¥P < 0.01, and &P < 0.001
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Figure 4: The cytotoxicity of the water extract on the proliferation
of DU145 and PC-3 cells. The cells were treated with various
concentrations (0.6—-1.4 mg/ml) of the extract in a culture medium
for 24 h and 48 h. Each value represents the mean + standard error
mean (n = 6). The superscripts show statistical differences obtained
separately at different concentrations and time compared to their
controls shown in figure as *P < 0.05, #P < 0.01, and P < 0.001
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the extracts, the mRNA expression levels of bax and
caspase-3 were significantly up-regulated (P < 0.01 or
P < 0.001), whereas the expression level of be-2 was
significantly down-regulated (P < 0.01 or P < 0.001)
as shown in Figures 7 and 8. These findings showed
that both of the extracts induced the apoptosis by
suppressing be/-2 expression and activating caspase-3
and bax genes in prostate cancer cells. In DU145 cells
exposed to the methanol extract, expression of caspase-3
and bax genes was significantly (P < 0.05) higher than
in PC-3 cells; otherwise, expression of the be/-2 gene in
DU145 cells was lower than in PC-3. Furthermore, the
methanol extract exhibited more powerful apoptosis
induction than the water extract. As shown in Figure 9,
there was no significant change in the expression levels
of bax, be/-2 and caspase-3 genes in HGF cells. Therefore,
apoptosis induction triggered by the extracts was not
observed.

DISCUSSION

Highly reactive phenolic compounds have an ideal
structural chemistry containing hydroxyl groups for free
radical scavenging activities.’"?? They act as anti-oxidants
by neutralizing excess free radicals and protecting the cells
against their toxic effects. The accumulation of free radicals
in the body also plays an important role in the pathogenesis
of cancer, autoimmune disorders, cataracts, rheumatoid
arthritis, and cardiovascular and neurodegenerative
diseases.’** Their effects in biological systems have
drawn attention from many areas. In the present study, the
DPPH free radical scavenging abilities of the water and
methanol extracts were tested. The scavenging ability of the
extracts was lower than those of BHT, which is appropriate
for some reports about Achillea species;?>*! however, the
extracts exhibited remarkable scavenging activity. These
results are in agreement with previous reports of this
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Figure 5: The cytotoxicity of the methanol extract on the proliferation
of human gingival fibroblast cells. The cells were treated with various
concentrations (0.05-0.45 mg/ml) of the extract in a culture medium
for 24 h and 48 h. Each value represents the mean + standard error
mean (n=6). Compared to the group treated with the methanol extract,
there was no statistical difference (P > 0.05) with untreated group for
24hand48h
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Figure 7: Relative mRNA levels of bax, bcl-2 and caspase-3 genes in
PC-3 cells treated or untreated with the methanol (1C,:0.40 + 0.05 mg/
ml) or the water extract (IC,,:1.30 + 0.03 mg/ml) for 24 h. The data are
expressed relative to values for untreated control cells and represent
the mean + standard deviation (n= 3, P < 0.01, and 4P < 0.001)
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Figure 6: The cytotoxicity of the water extract on the proliferation of
human gingival fibroblast cells. The cells were treated with various
concentrations (0.6—-1.4 mg/ml) of the extract in a culture medium
for 24 h and 48 h. Each value represents the mean + standard error
mean (n=6). Compared to the group treated with the methanol extract,
there was no statistical difference (P > 0.05) with untreated group for
24hand48h
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Figure 8: Relative mRNA levels of bax, bcl-2 and caspase-3 genes in
DU145 cells treated or untreated with the methanol ( IC,:0.40 + 0.05
mg/ml) or the water extract (IC,;:1.30 + 0.05 mg/ml) for 24 h. The data
are expressed relative to values for untreated control cells and represent
the mean + standard deviation (n =3, #P < 0.01, and P < 0.001)
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Figure 9: Relative mRNA levels of bax, bcl2 and caspase-3 genes
in gingival fibroblast cells treated or untreated with the methanol (the
half maximal inhibitory concentration [IC,]:0.40 = 0.05 mg/ml) or
the water extract (IC,: 1.30 = 0.05 mg/ml) for 24 h. The data are
expressed relative to values for untreated control cells and represent
the mean =+ standard deviation

species that there was a dose-dependent DPPH scavenging
activity.["*>"! Tt was reported that the inhibition effect
of DPPH scavenging on infusion prepared at 1 mg/ml
from A. teretifolia was 28.70 £ 0.55%;"* however, in our
study, it was 91.10 £ 0.48% in a treatment of 250 pug/ml
water extract. Our result demonstrated that the DPPH
inhibition effect of the water extract prepared without heat
treatment was significantly higher than the effect of an
infusion. Sultana ¢# @/’ reported that thermal processing
conditions may cause the loss of natural anti-oxidants
because heat treatment may accelerate their oxidation and
other degenerative reactions. Thus, these results are in
agreement with the findings of Sultana ez @/

There are different extraction processes prepared with
different solvents such as water, methanol, ethanol or
acetone.” In this study, methanol and water solvents
were chosen for extraction due to their good solubility
and availability. The anti-oxidant activity of the extracts
including these polar solvents was compared. There was
a significant positive correlation between DPPH radical
scavenging activity and phenolic content, showing that the
presence of phenolic compounds in the extracts contribute
significantly to their anti-oxidant potential. These results
are also in agreement with previous reports about Achillea
species which  found that DPPH scavenging activity is
related to phenolic content.P*4!+

Achillea species have been widely used as a folk medicine
for treatment of different cancers and warts.*’! Previous
reports have demonstrated that several Achillea species
and their isolated compounds exhibit cytotoxic activity on
numerous human cell lines, including nonsmall-cell lung
cancer (A549, RERF-LC-kj and QG-90), cervix epithelial
carcinoma (Hela), myelogenous leukemia (K562),
breast adenocarcinoma (MCF-7, MDA-MB-231,
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MDA-MB-468) glioblastoma multiform (T98G), squamous
carcinoma (A431), prostatic adenocarcinoma (PC-3),
Caucasian gastric adenocarcinoma (AGS), colorectal
adenocarcinoma (SW742), lung carcinoma (SKLCO),
melanoma (A375, Fem-X), and liver hepatoma (PLC/PRF/5)
cell lines.1173447 T was reported that A. ferefifolia species
exhibited antineoplastic potential and promising antitumoral
activity against MDA-MB-231 and MDA-MB-468 cell
lines.”! In the present study, prostate cancer cells were
tested to detect the cytotoxic and apoptotic effects of the
extracts of A. feretifolia.

The cytotoxicity results indicated that the methanol extract
had a moderate cytotoxic effect on prostate cancer cells like
in the literature.*! The methanol extract possessing higher
phenolic content than the water extract also showed more
effective cytotoxic activity on cancer cells in the same period.
There are some reports which demonstrate the relationships
between cytotoxicity and anti-oxidant activity.**! The results
of the present study support these previous results.

Be/-2 (anti-apoptotic) and Bax (pro-apoptotic) are
members of the Be/~2 family of genes and both control
the activation of caspases.”” Caspases, a subclass of cysteine
proteases, are a family of proteins that are central effectors
of apoptosis and their activation is also a hallmark of
apoptosis. As a member of the caspases family, caspase-3
is known as the crucial executioner caspase.”>¥ In the
present study, the mRNA expression levels of bax and
caspase-3 were significantly up-regulated (P < 0.05) after
exposure of DU145 and PC-3 cells to the methanol
and water extracts, whereas the expression of be/-2 was

down-regulated (P < 0.05).

In mammalian cells, overexpression of Bax leads to
caspase activation and apoptosis.” As demonstrated in the
literature, overexpression of Baxalso results in apoptosis
as evidenced by caspase activation in prostate cancer cells.
In the present study, mRNA expression of bax and caspase-3
genes in prostate cancer cells treated with the extracts was
significantly (P < 0.05) increased. In contrast, there was no
bax and caspase-3 gene activation in HGF cells treated with
the extracts compared to a control.

Therefore, the apoptotic induction did not occur in normal
cells after exposure to the extracts. This is a good result
showing that the extracts do not contain compounds
inducing or suppressing apoptosis in HGF cells.

Bel-21s expressed at high levels in advanced prostate cancer
which can prevent more upstream molecules from inducing
apoptosis.® In the present study, the expression of bc/-2in
prostate cancer cells, especially DU145 cells treated with the
methanol extract, was down-regulated by Achillea extract
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treatment, whereas in HGF cells, its expression was not
significantly suppressed by this treatment. These results
indicate that the extracts, especially the methanol extract
with high phenolic content, may include effective anticancer
compounds inducing cytotoxicity and apoptosis in only
cancer cells. Therefore, these compounds may suppress
the proliferation of prostate cancer cells by causing the
down-regulation of be/-2 expression, and up-regulation of
caspase-3 and bax expression.

CONCLUSION

This is the first report demonstrating the potential
anti-oxidant, cytotoxic and pro-apoptotic effects of
A. teretifolia extracts on DU145 and PC-3 cancer cells.
Although further investigations about the extracts in animal
models with prostate cancer are needed for additional
understanding of 7z vivo activity, our 7z vitro results show
that the extracts, especially methanol extract, could be
anti-oxidant sources and might include anti-cancer agents
for the treatment of prostate cancer.
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