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Abstract: This study was conducted to determine the in vitro antioxidant, antimicrobial, anticancer and apoptotic
assays of aqueous and organic extracts of edible Eremurus spectabilis (E. spectabilis) leaves and roots. The to-
tal phenolic contents of E. spectabilis extracts were evaluated by the Folin-Ciocalteu method. Aqueous, acetone
and ethanol extracts were evaluated for antioxidant potential by the DPPH radical scavenging and lipid peroxida-
tion assays. The antimicrobial activities of E. spectabilis extracts were investigated by the disk diffusion method.
Anticancer activities of the extracts were determined by the MTT colorimetric assay in the prostate cancer cell line
(PC-3). The WST-1 assay was used to test the extracts on the proliferation of the prostate cancer cell line, PC-3.
The radical and hydroxyl scavenging assays and total antioxidant capacity indicated that E. spectabilis possesses
potent antioxidant potential. Moreover, E. spectabilis extracts have the potential to inhibit the microbial growth of
L. monocytogenes, S. cerevisiae, S. aureus and E. coli. Acetone extract of leaves had the highest phenolic and fla-
vonoid content and antioxidant activity with 3703.25 ug ascorbic acid/g (dw). Up-regulation of Bax and caspase-3
and down-regulation of Bcl-2 mRNA in treated PC-3 with E. spectabilis indicated mitochondria-mediated apoptosis
of PC-3 cells in comparison with control. The results of this study show that E. spectabilis have antioxidant, antimi-
crobial and antiproliferative effects against prostate cancer cells.
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Introduction and Turkey [5]. They are used in folk medicine
to cure several diseases [6]. Eremurus specta-
bilis (E. spectabilis) (Bieb). Fedtsch is a wild veg-
etable, grows in spring and localized in the east
of Turkey. It has been used for many purposes
as food and food additives [7]. Its root has tra-
ditionally been used to cure jaundice, liver dis-
orders, stomach irritation, pimples, diabetes,
dermal infection, sticking and antihyperlipid-
emic [8]. Published reports on E. spectabilis
features are limited up to now to human health.

Prostate cancer is the second common form of
cancer and sixth leading cause of cancer
deaths in men around the world [1]. There were
14.1 million new cases and 8.2 million deaths
from cancer worldwide in 2012 [2]. This prob-
lem is further estimated to increase with over
75 million prevalent cases, 27 million incident
cases and 17 million cancer deaths expected
globally by 2030 [2]. Recently, phytochemicals
such as lycopene, a compound present in

tomato, have been found to significantly pre-
vent prostate cancer [3]. The genus Eremurus
(Liliaceae) comprising about 50 species are
widely distributed in the mountains of central
and western Asia [4] and the Middle East
including Afghanistan, Iran, Tajikistan, Lebanon

Therefore, this study was carried out to evalu-
ate the medicinal property of aqueous and
organic extracts (acetone and ethanol) of E.
spectabilis in terms of antioxidant, antimicrobi-
al activity as well as anticancer in the
literature.
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This study was also conducted to investigate
the effects of the proliferation of the prostate
cancer cell line (PC-3) and apoptotic potentials
of aqueous as well as organic extracts of E.
spectabilis.

Materials and methods
Material

Leaves and roots of E. spectabilis were collect-
ed from Bingol province (Turkey). The voucher
specimens of the species were air dried at
room temperature and deposited in the herbar-
ium of Bingol University (Bingol, Turkey). Dried
and powdered leaf and root materials (10 g)
were used in the preparation of extracts. For
extraction, 150 ml acetone was used in an
amber flask (500 ml). The extract was mixed by
a magnetic stirrer at 150 rpm for 2 h. The mix-
ture was left at room temperature for 24 h for
maceration. Then, the extract was filtered using
a blue band filter paper and Buchner funnels to
obtain particle free extract. The residue was re-
extracted twice with acetone and filtered. All
extraction solvents were evaporated under
reduced pressure. The same procedure was
applied for water and ethanol extraction. They
were stored in dark at 4°C until use. Total phe-
nolic content (TPC) of E. spectabilis extracts
was measured using the Folin-Ciocalteu meth-
od [9]. Total antioxidant capacity of the samples
was evaluated according to the phospho-
molybdenum method [10]. Antioxidant activi-
ties of the E. spectabilis extracts were estimat-
ed by measuring their scavenging capacity
against the DPPH radical [11]. Hydroxyl radical
scavenging was analyzed by using the Fenton
reaction [12]. The metal chelation of ferrous
ions by the extract was estimated by the meth-
od of Dinis et al. [13].

Cell culture studies

Human prostate cells (PC-3) were purchased
from American Type Culture Collection (ATCC,
USA). Intracellular reactive oxygen species
(ROS) were determined according to the study
of Shen et al. [14]. The fluorescence intensity
was monitored on a Perkin-Elmer spectrofluo-
rometer LS-55 by means of well plate reader
with excitation wavelength at 485 nm (band-
width 5 nm) and emission wavelength at 525
nm (bandwidth 5 nm). Lipid peroxidation of
PC-3 treated with the extracts was determined
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using the study of Gomez-Monterrey et al. [15].
Antimicrobial activity tests were performed
using the agar disc diffusion method described
in Radji et al. [16]. WST-1 cell proliferation assay
kit (Clontech, USA) was used for analyzing cell
proliferation and viability. Cells were grown in
T-25 flasks and harvested. Cells were counted
by using Thoma hemocytometer. 5x10° cells/
well in 100 pl medium were seeded in 96 well
plates. After 24 h, various concentrations of
the extracts of E. spectabilis were added to
wells in 100 pl medium. Cells were treated with
250 and 500 pg/ml concentrations of the
extracts. After 48 h, 5 ul of WST-1 reagent was
added to each well and after 4 h incubation;
absorbance was measured at 450 nm by
SpectraMax plus 384 Microplate Reader
(Molecular Devices, CA, USA).

Western blotting analysis

PC-3 cells were cultured and treated with 3 dif-
ferent phases from E. spectabilis leaves and
roots for 24 h. Total cell protein lysates were
performed according to standard protocol
using ice-cold RIPA buffer (50 mM Tris-HCI, pH
7.4, 150 mM NaCl, 1% Triton X-100, 0,1% SDS,
1 mM EDTA and 1 mM PMSF). Proteins were
separated on a 12% polyacrylamide mini-prote-
an TGX gel and moved onto 0.2 ym nitrocellu-
lose membrane (Bio-Rad, Hercules, CA, USA) by
Trans-Blot Turbo Transfer System. All mem-
branes were blocked with 5% (w/v) BSA in TBS-
Tween 20 (TBS-T; 0.05%) for 60 min. For analyz-
ing the effect of 3 different phases from E.
spectabilis leaves and roots on protein expres-
sion, membranes were incubated for 3 h at
room temperature with the primary polyclonal
or monoclonal antibodies for Bax (1:1000 dilu-
tion); Bcel-2 (1:100 dilution); caspase-9 (1:2000
dilution); caspase-3 (1 pg/ml); cytochrome c¢
(1:1000 dilution). Additionally, B-actin (1:2000
dilution; ab8227, Abcam, Cambridge, UK) was
chosen for loading control of protein expres-
sions. After three items of washing for 5 min in
TBS-T, the nitrocellulose membranes were incu-
bated with secondary antibodies (1:1,000 dilu-
tion; ab97069, Abcam, Cambridge, UK) and
(1:1,000 dilution; sc- 2005, Santa Cruz Bio-
technology, Heidelberg, Germany) for 90 min at
room temperature. After three items of washing
for 5 min in TBS-T, the immune-reactive bands
were developed with DAP western blotting sys-
tem. The signal quantity of proteins was mea-
sured by using the Gel Doc EZ Imaging System
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Table 1. Total phenolic and flavonoid content of different extracts of E. spectabilis

Eremurus spectabilis

Acetone Soluble

Ethanol Soluble Water Soluble

Total Phenolic Content, Leaves (ug gallic acid/g)
Total Phenolic Content, Root (ug gallic acid/g)
Total Flavonoid Content, Leaves (ug catechin/g)
Total Flavonoid Content, Root (ug catechin/g)

2042.60 + 76.15°  490.26 + 5.92° 161.29 + 4.80°
981.85 + 8.70°
3.01 £ 0.01°
0.42 £ 0.02°

707.09 + 22.43* 512.15 + 53.9°
1.08 + 0.05° 0.33 £ 0.05°
0.11 £ 0.06° 1.85 £ 0.01°

~Values followed by different letters are significantly different at P < 0.05 as determined by Tukey’s multiple comparison tests.

and analyzed using Image Lab software (Bio-
Rad, Berkeley, CA, USA). Relative expressions
of Bax, Bcl-2, cytochrome c¢, caspase-9, and
caspase-3 were standardized with the intensity
of referenced protein (B-actin, Abcam,
Cambridge, UK). The ratio was calculated with
the following formula; = intensity of target pro-
tein band/intensity of referenced (B-actin) pro-
tein band.

Quantitative real-time PCR analysis

The expression levels of apoptotic genes were
analyzed by using a Bio-speedyTM real time
relative gene expression assay kit (Bioeksen,
Sariyer, Istanbul, Turkey) within Rotor-Gene Q
(Qiagen GmbH, Hilden, Germany). The total
RNA was isolated from cell culture by exerting
RNeasy Plus Mini Kit (Qiagen GmbH, Hilden,
Germany) before bio-speedyTM first chain
cDNA synthesis kit (Bioeksen, Istanbul, Turkey)
was used to reverse transcriptase mRNA to
cDNA. The quality of total RNA was previously
measured for cDNA conversion by nanodrop
(SpectraMax Plus 384 Microplate Reader,
Molecular Devices, CA, USA). The mRNA levels
of Bax, Bcl-2, cytochrome ¢, caspase-9 and
caspase-3 in addition to them B-actin as a ref-
erence housekeeping gene were assayed. The
quantitative data of RT-PCR were analyzed by a
comparative threshold (Ct) method and the fold
change of treated samples was calculated by
comparing with the control sample. B-Actin was
preferred as a housekeeping gene to normalize
expression of apoptosis-related genes. The Ct
values were used to define the mRNA levels in
PC-3 cells and controlled cells treated with a
various extract of E. spectabilis leaves and
roots in water, ethanol and acetone for 48 h.

Statistical analysis
Experimental results are presented as the

means + SD of data obtained from in triplicate
experiments. The statistically significant differ-
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ences between the means of the samples were
determined using one-way ANOVA (Analysis of
variance) by Tukey’s multiple comparison tests,
and the values were considered significantly
different at P values < 0.05. All the statistical
analyses were performed using GraphPad
Prism version 5.0 for Windows (GraphPad
Software, San Diego, CA, USA).

Results

Total phenolic and flavonoid content

The total phenolic content of the E. spectabilis
extracts was determined through a linear gallic
acid standard curve and expressed as mg
GAE/g dry weight of extracts. The highest total
phenolic content was detected in the acetone
fraction (2042.60 + 76.15 pg GAE/g), whereas
the lowest content was found in the water frac-
tion (161.29 + 4.80 ug GAE/g). The acetone
fractions of the leaf have approximately 4.2
and 12.7 times more phenolic contents than
ethanol and water fractions, respectively. The
phenolic contents of acetone fractions of root
have approximately 1.4 and 1.9 times higher
than ethanol and water fractions, respectively.
As shown in Table 1, the acetone fractions of
leaf contain approximately 2.8 and 9.1 times
higher total flavonoid contents (TFC) than etha-
nol and water fractions. In contrary to leaf
extracts, water fractions of root indicated the
highest values according to acetone and etha-
nol fractions of the root, and it provided approx-
imately 4.4 and 16.8 times higher total flavo-
noid contents than acetone and ethanol.

Assay of DPPH and hydroxyl radical scavenging
activities

The DPPH scavenging potential of the extracts
of E. spectabilis improved with an increasing
concentration of the extracts as shown in
Figure 1A. The percentage inhibition of DPPH
by leaf and root extracts was recorded in
increasing from 26.0758 to 81.7623% and
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Figure 1. DPPH (A), hydroxyl (B) radical scavenging and metal chelating activities (C) of leaf and root extracts of E.
spectabilis extracted with different solvents. Each of the bars given shows the means of triplicate replications with

standard deviations.

24.4302 to 34.5312%, respectively (Figure
1A). The % inhibition of DPPH of the leaf ace-
tone fraction (200 ug/ml) was the highest com-
pared with BHA, ascorbic acid and other frac-
tions (P < 0.05).

The scavenging activity of the leaf extract of E.
spectabilis against hydrogen peroxide is shown
in Figure 1B. The % inhibition of hydroxyl radical
scavenging activity of BHA, ascorbic acid, and
the leaf fractions at 12.5 pg/ml concentrations
was in the order of 25.8616, 53.3333,
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96.8553, 96.9182, 94.1509, respectively
(Figure 1B). Similarly, the % inhibition of root
fractions was 25.8616, 53.3333, 84.4025,
87.2956, 83.6478%, respectively. The average
values of leaf fractions displayed an approxi-
mately 3.7 fold higher % inhibition than BHA
and 1.8 fold higher % inhibitions than ascorbic
acid; whereas root fractions indicated an
approximately 3.3 fold higher % inhibition than
BHA and 1.6 fold higher % inhibition than ascor-
bic acid. In terms of leaf fractions, there were
significant differences (P < 0.0001) among

Int J Clin Exp Med 2017;10(3):4787-4797
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Figure 2. Total antioxidant capacity of leaf (A) leaf and root (B) exctracts, and the reactive oxygen species (ROS) (C)
and lipid peroxidation (D) of leaf and root extracts of E. spectabilis extracted with different solvents. Each of the bars
given shows the means of triplicate replications with standard deviations.

BHA, ascorbic acid and these antioxidants with
leaf fractions, but there were no significant dif-
ferences (P > 0.05) among leaf fractions when
they compared each other.

Assay of metal chelating activity

The potential of the plant extracts to reduce
metal chelating activities is an indication of
their antioxidant ability. The metal chelating
activity (%) of extracts was tested at 25, 50,
100 and 500 pg/mL concentration (Figure 1C).
The percentage inhibition of metal chelating
activities of leaf and root fractions of the E.
spectabilis increased from 8.8106 to 72.1786
and 2.5096 to 51.0932%, respectively (Figure
1C). Acetone extract showed the highest iron
chelating activity while water extract exhibited
lowest chelating activity. Also, all fractions of
leaf root and their different concentration lev-
els showed statistically significant differences
when compared with EDTA (P < 0.001).

Total antioxidant capacity

Antioxidant capacity of BHA, a-tocopherol, and
leaf fractions was 7139.4, 5541.43, 3703.25,
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1400.08, 1501.67 pg ascorbic acid/g (d.w.),
while the antioxidant capacity of root fraction
was 7139.4, 5541.43, 1758.02, 937.381,
2481.83 pg ascorbic acid/g (d.w.), respectively
(Figure 2A, 2B). Acetone fractions of leaf exhib-
ited approximately 2.6 and 2.5 fold higher val-
ues than ethanol and water fractions of the
leaf. Water fractions of root demonstrated 1.41
and 2.65 fold higher values than acetone and
ethanol fractions of the root. The findings show
the strong positive relationship between the
total flavonoid contents of leaf and root extracts
and total antioxidant capacity (r = 0.95 and
0.93).

Intracellular ROS activity and lipid peroxidation
effect of plant extracts

Intracellular reactive oxygen species (ROS)
assays were used to determine in vivo oxidative
stress in PC-3 treated with leaf and root frac-
tions of E. spectabilis. The data showed a sig-
nificant difference from the solvent extract
used. The plant had the highest inhibitory activ-
ity against ROS in PC-3 cells, with a value of
571.793 RFU in untreated cells, while acetone,

Int J Clin Exp Med 2017;10(3):4787-4797
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Table 2. Antimicrobial activities of leaves and root extracts of E. spectabilis performed with different

solvents against microbial test organism

) ) DMSO Ampicillin Acetone Extract Ethanol Extract  Water Extract
Microorganism o
Zone of inhibition (mm)
Leaves
B. subtilis 8.26 + 0.25 - - -
E. coli - 7.60 £ 0.36 8.20 + 0.20 8.10 £ 0.17 8.07 £ 0.06
L. monocytogenes 12.86 + 1.03 10.83 £ 1.04 6.33 + 0.58 8.17 £ 0.29
S. cerevisiae 6.16 + 0.15 8.07 £ 0.12 - -
S. aureus 6.06 + 0.06 9.13+0.23 - -
Root
B. subtilis 8.03 + 0.55 6.67 + 0.29 6.33+0.29 6.26 + 0.25
E. coli - 767 £0.61 6.57 £0.12 6.43 + 0.06
L. monocytogenes 6.97 + 0.06 -
S. cerevisiae 7.07 £ 0.40 -
S. aureus 7.30 £ 0.30 -

Values are mean + SD of three parallel measurements - = No zone of inhibition

ethanol and water leaf and root extracts were
550.987, 471.617, 614.697 and 623.087,
684.583, 696.443 RFU, respectively (Figure
2C). The scavenging of lipid peroxides by leaf
and root extracts of E. spectabilis is presented
in Figure 2D. The leaf extracts had the highest
inhibitory activity against lipid peroxidation in
PC-3 cells, with values of acetone, ethanol and
water extracts 23.9545, 46.8182, 24.9091
UM MDA/ml, while acetone, ethanol and water
extracts of root were active with 22.4318,
22.8409, 21.4545 yM MDA/ml values, res-
pectively.

Antimicrobial activity test

The antimicrobial impacts of extracts applied to
the discs against the microorganisms in respect
to zone diameter ranged from 6.26 + 0.25 to
10.83 £+ 1.04 mm. Ethanol and water extracts
of leaves showed significant lethal effects on
only B. subtilis IM 622 and E. coli ATCC 25922,
while acetone extract of leaves showed lethal
effects only against B. subtilis IM 622. Further-
more, the extracts of leaves indicated the
absence of the antimicrobial effects against L.
monocytogenes NCTC 5348, S. cerevisiae, and
S. aureus ATCC 29213. The acetone extract
from the root of E. spectabilis indicated a quite
good lethal effect against the E. coli ATCC
25922, L. monocytogenes NCTC 5348, S. cere-
visiae, and S. aureus ATCC 29213, whereas the
acetone extract from root could not indicate
antimicrobial effect against the B. subtilis IM
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622. Ethanol and water extracts of root could
indicate antimicrobial effect only against the E.
coli ATCC 25922 and L. monocytogenes NCTC
5348. On the contrary of the root extracts, the
extracts of leaves were observed that were
effective against the B.subtilis IM 622. The
acetone extract from root had the most power-
ful lethal effect against L. monocytogenes and
S. aureus with 10.83 £ 1.04 mm and 9.13 *
0.23 mm zone diameter, respectively (Table 2).

Effects of various extracts of E. spectabilis
on PC-3 cell proliferation, apoptosis and cyto-
chrome c, caspase-3 and -9 activities

The proliferation of PC-3 cells treated with E.
spectabilis aqueous and organic extracts of
leaves and roots was assessed using the MTT
test (Figure 3). In general, extracts of E. specta-
bilis decreased PC-3 cell proliferation at con-
centrations of 250 and 500 ug/ml when com-
pared to control cells (P < 0.001) (Figure 3A-F).
The proliferation level of PC-3 cells was dimin-
ished to 80% in comparison to the control, after
48 h of treatment, for most of the extracts test-
ed. After 48 h of treatment, the inhibitory effect
was stronger, and 250 and 500 pl volumes of
all preparations tested lowered the prolifera-
tion level. The relative level of Bcl-2, cytochrome
¢, caspase-9, and caspase-3 was highly incre-
ased by acetone, ethanol and water extraction
of E. spectabilis roots (Figure 4). The results
were pointed the high level of the mRNA ratio of
Bax/Bcl-2 significantly increased both with leaf

Int J Clin Exp Med 2017;10(3):4787-4797
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Figure 3. WST-1 results of various extracts of E. spectabilis on PC-3 cells. There was no agent in control (Control)
cells. The extracts were applied to cells at the concentrations of 250 and 500 pg/ml for 48 h. A: Results of acetone
extract of leaves, B: Ethanol extract of leaves, C: Water extract of leaves, D: Acetone extract of roots, E: Ethanol ex-
tract of roots, F: Water extract of roots of E. spectabilis. The data were shown as mean + SEM (n > 3). ***P < 0.001

control vs. 250 and 500.

(L-Acetone, L-EtOH and L-H,0) and root (R-
Acetone, R-EtOH) extracts except water extracts
of root indicated the cells undergoing apoptosis
in the experiment. The Bax protein expression
level of acetone and ethanol extractions has no
significant alteration with control. The relative
level of Bcl-2, cytochrome ¢, caspase-9, and
caspase-3 was also highly increased by the
extracts of the leaf. The high ratio of Bax/Bcl-2
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in mRNA level and activation of caspase-3 in
protein levels compel cells to apoptotic death.

Discussion
Phenolic compounds are extensively consid-
ered for their antioxidant, antimicrobial and

anti-cancer properties. In the present study,
antioxidant antimicrobial and anticancer activi-

Int J Clin Exp Med 2017;10(3):4787-4797
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ties refer to the ability of E. spectabilis to pre-
vent damage from reactive oxygen species

4794

(ROS) and the ability to prevent propagation of
these species. The in vitro antiproliferative
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activities of extracted E. spectabilis fractions
were determined by MTT assay on PC-3 cells.
We demonstrated that acetone extract of E.
spectabilis leaves and root showed the highest
total phenolic content (2042.60 + 76.15 mg
GAE/g; 981.87 + 8.70 mg GAE/g). The totally
highest TPCs in leaves were quite expected and
could be explained by the elevated biosynthe-
sis of polyphenols due to light exposure in
these organs. Phenolic compounds are known
to serve as a filtration mechanism against UV-B
radiation. Aqueous-acetone and aqueous-etha-
nol extracts showed higher TPCs than the water
extracts suggesting that E. spectabilis con-
tained mainly non-polar phenolic compounds.
In a previous study, phenolic compounds are
reported to be associated with antioxidant
activity, anticancer effects, and other biological
functions and may prevent the development of
disease [17]. Karaman et al. [7] investigated
the total phenolic compound of methanol, etha-
nol and aqueous extracts of E. spectabilis
leaves and root and found that the methanol
extract contains the highest total phenolic con-
tent (31.92 + 0.48 mg GAE/g).

Hydroxyl radical, DPPH, considered as a good
kinetic model for peroxyl radicals, metal chelat-
ing activity, total antioxidant capacity, intracel-
lular ROS activity and lipid peroxidation assays
are widely used to determine the antioxidant
capacity of plant extracts due to their simplicity,
stability, and reproducibility [18, 19]. In the
present study, these assays provided compa-
rable results for the antioxidant capacity mea-
sured in E. spectabilis extract and its fractions.
In a previous study, E. spectabilis extract exhib-
ited strong antioxidant activities against vari-
ous oxidative systems in vitro. In the present
study, E. spectabilis extract and its fractions
that contained higher stronger radical scaveng-
ing effects (Figures 1 and 2). The correlations
between the antioxidant assays, and phenolic
content indicating that the four assays provid-
ed comparable values when they were used to
estimate the antioxidant capacity of E. specta-
bilis extract. Similar to our results, Karaman et
al. [7] also reported that the best antiradical
activity determined by DPPH method was
observed in ethanol extract of E. spectabilis
(ICy,, 35.14 pg/ml). Many studies have shown a
good positive linear correlation between anti-
oxidant capacity and the total phenolic content
of spices, medicinal herbs, and other dietary
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plants. Moreover, these results have also sug-
gested that phenolic compounds are responsi-
ble for their antioxidant capacity [17, 19].

Lipid peroxidation is the oxidative destruction
of polyunsaturated fatty acids, mainly of the
effect of several reactive oxygen species. This
reaction begins with removing one hydrogen
atom from the polyunsaturated fatty acids
found in membrane structure initiating a self-
propagating chain reaction. The destruction of
membrane lipids and the end-products of such
lipid peroxidation reactions are especially dan-
gerous for mitochondria, energy and protein
synthesis and the viability of cells, even tis-
sues. Although flavonoids and phenolic acids
are known as potential antioxidants presence
in consumed foods, recent studies showed that
exogenous antioxidants including polyphenols
have also pro-oxidant effects at high doses.
The type, dosage, and matrix of exogenous anti-
oxidants may be determining factors impacting
the balance between beneficial or deleterious
effects of these natural compounds. In this
study lipid peroxidation, leaf and root fractions
applied to PC-3 cells caused a varied increase
the approximately from 1.02 fold to 2.22 fold
when they compared with control. Furthermore,
the ethanol fraction of leaf caused the highest
increases of lipid peroxidation in PC-3 cells,
with 2.22 fold the rate of increase, when com-
pared with the others.

In the current study, in order to evaluate the
cytotoxic effects of acetone, ethanol and water
extracts of leaves and roots of E. spectabilis
samples, we performed a preliminary cytotoxic-
ity study with PC-3 cells exposed to various
sample concentrations (250 and 500 pg/ml).
The E. spectabilis acetone, ethanol and water
extract (at 250 and 500 pg/mL), inhibited cell
proliferation (Figure 3). The inhibition of cell
proliferation in PC3-cells supplemented with E.
spectabilis supports the hypothesis that this
phenolic compounds might have a role in the
preventing the proliferative in the PC-3 cells by
its anticancer effect. There are no previous
studies related to investigating the effects of E.
spectabilis supplementation on the PC-3 cells
proliferation to compare with this study.
However, several studies done in cancer cells
reported that phenolic compounds have similar
effects [19].
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It was reported that water extract from E. spec-
tabilis young leaves had not any antibacterial
activity against E. coli ATCC 25922, and they
also reported that the water extract from E.
spectabilis young leaves had a good antibacte-
rial activity against S. aureus ATCC 6538.
However, in the present study, the water
extracts from leaves and root of E. spectabilis
indicated a good antibacterial activity against
E. coli ATCC 25922 with 6.43 + 0.06 mm zone
diameter as the water extracts from leaves and
8.07 + 0.06 mm zone diameter as the water
extracts from the root, respectively.

We assessed E. spectabilis acetone, ethanol
and water extracts affected the expression of
genes associated with apoptotic cell death,
including the pro-apoptotic Bax, the anti-apop-
totic Bcl-2, and caspases in PC-3 cells. A family
of apoptosis regulator Bcl-2 known as evolu-
tionarily related proteins govern mitochondrial
outer membrane permeabilization and mainte-
nance of homeostasis within tissues both
require a tightly regulated cell death pathway
and can be either positive and negative regula-
tor. Bax is believed to interact with, and induce
the opening of the mitochondrial voltage-
dependent anion channel. The Bax/Bcl-2 ratio
appears more important than the individual
Bax or Bcl-2 level in determining a cell’s vulner-
ability to apoptosis; high Bax/Bcl-2 ratios lead
to greater apoptotic activity. This results in the
release of cytochrome ¢ and other pro-apoptot-
ic factors from the mitochondria, often referred
to as mitochondrial outer membrane permeabi-
lization, leading to activation of initiator cas-
pases (caspase-2, caspase-8 and caspase-9)
required for activation of executioner caspase
(caspase-3, caspase-6 and caspase-7). Among
them, caspase-3 is a frequently activated apop-
totic cysteine protease catalyzing the specific
cleavage of many key cellular proteins. In the
current study, to reveal the effect of E. specta-
bilis extract on the expression of Bcl-2, Bax,
caspases, RT-PCR and Western blot were per-
formed. Results from the present study demon-
strated the high level of the mRNA ratio of Bax/
Bcl-2 significantly increased both with leaf
(L-Acetone, L-EtOH and L-H,0) and root (R-
Acetone, R-EtOH) extracts except water extracts
of root indicated the cells undergoing apoptosis
in the experiment. Moreover, aquatic extraction
of leaves (L-H,0) was more effective to overex-
press apoptotic genes more than 3 fold chang-
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es such as cytochrome ¢ and caspase-3 in
spite of no apoptotic activity of water-soluble
molecules of roots (R-H,0). The western blot
analysis indicates that the relative level of Bcl-
2, cytochrome c, caspase-9, and caspase-3
were highly increased by acetone, ethanol and
water extraction of E. spectabilis roots. Protein
expression level of pro-apoptotic Bax, apoptot-
ic cytochrome c, caspase-9 and caspase-3
were more expressed with ethanol extraction
according to acetone and water extractions.
The Bax protein expression level of acetone
and ethanol extractions has no significant alter-
ation with control. The relative level of Bcl-2,
cytochrome c, caspase-9, and caspase-3 was
also highly increased by all three extracts of the
leaf. The high ratio of Bax/Bcl-2 in mRNA level
and activation of caspase-3 in protein level
commit cells to apoptotic death. A literature
review revealed that there are no previous
reports about the apoptotic cell death of E.
spectabilis to compare these results.

Taken together, our results revealed that the E.
spectabilis exhibits considerable antioxidant
and antimicrobial in in vitro model and can be
used as alternative medicine to prevent or treat
oxidative stress. The antioxidant ability could
be attributed to the phenolic compounds, espe-
cially flavonoids which possess antioxidant
action. In addition, the treatment of PC-3 cells
with E. spectabilis extract inhibited the growth
of cancer cells by induction of apoptosis.

Acknowledgements

This research was supported by Bingol
University BUBAP Unit (BAP-51-168-2013). This
study was also supported in part by Turkish
Academy of Science (Kazim Sahin).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Kazim Sahin,
Department of Animal Nutrition, Faculty of Veterinary
Science, Firat University, Elazig 23119, Turkey. Tel:
+904242370000 Ext. 3938; Fax: +9042423881-
73; E-mail: nsahinkm@yahoo.com

References
[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E

and Forman D. Global cancer statistics. CA A
Cancer J Clin 2011; 61: 69-90.

Int J Clin Exp Med 2017;10(3):4787-4797


mailto:nsahinkm@yahoo.com

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

4797

Eremurus spectabilis in prostate cancer

Ferlay J, Soerjomataram |, Dikshit R, Eser S,
Mathers C, Rebelo M, Parkin DM, Forman D
and Bray F. Cancer incidence and mortality
worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer 2015;
136: E359-E386.

Kucuk O, Sarkar FH, Sakr W, Djuric Z, Pollak
MN, Khachik F, Li YW, Banerjee M, Grignon D
and Bertram JS. Phase Il randomized clinical
trial of lycopene supplementation before radi-
cal prostatectomy. Cancer Epidemiol Biomark-
ers Prev 2001; 10: 861-868.

Hu C, Kong Q, Yang D and Pan Y. Isolation and
structural characterization of a novel galacto-
mannan from Eremurus anisopterus (Ker. et
Kir) Regel roots. Carbohydr Polym 2011; 84:
402-406.

Tosun M, Ercisli S, Ozer H, Turan M, Polat T,
Ozturk E, Padem H and Kilicgun H. Chemical
composition and antioxidant activity of foxtail
lily (Eremurus spectabilis). Acta Sci Pol
Hortorum Cultus 2012; 11: 145-153.

Gaggeri R, Rossi D, Azzolina O, Ahmed KM,
Avanzini A, Mantelli M, Gozzini D, Paolillo M
and Collina S. Anti-inflammatory properties of
ethanolic root extract of Eremurus persicus
(Jaub and Spach) Boiss, a Kurdish herbal rem-
edy. J Med Plant Res 2013; 7: 1730-1735.
Karaman K, Polat B, Ozturk |, Sagdic O and
Ozdemir C. Volatile compounds and bioactivity
of Eremurus spectabilis (Ciris), a Turkish wild
edible vegetable. J Med Food 2011; 14: 1238-
1243.

Amiri MS and Joharchi MR. Ethnobotanical in-
vestigation of traditional medicinal plants com-
mercialized in the markets of Mashhad, Iran.
Avicenna J Phytomed 2013; 3: 254-271.
Singleton V and Rossi JA. Colorimetry of total
phenolics with phosphomolybdic-phospho-
tungstic acid reagents. Am J Enol Vitic 1965;
16: 144-158.

Prieto P, Pineda M and Aguilar M. Spectro-
photometric quantitation of antioxidant capac-
ity through the formation of a phosphomolyb-
denum complex: specific application to the
determination of vitamin E. Anal Biochem
1999; 269: 337-341.

(11]

[12]

(13]

[16]

(17]

(18]

(19]

Hatano T, Kagawa H, Yasuhara T, Okuda T. Two
new flavonoids and other constituents in lico-
rice root. Their relative astringency and radical
scavenging effects. Chem Pharm Bull (Tokyo)
1988; 36: 2090-2097.

Wenli Y, Yaping Z and Bo S. The radical scav-
enging activities of radix puerariae isoflavo-
noids: a chemiluminescence study. Food Chem
2004; 86: 525-529.

Dinis TC, Madeira VM and Almeida LM. Action
of phenolic derivatives (acetaminophen, salic-
ylate, and 5-aminosalicylate) as inhibitors of
membrane lipid peroxidation and as peroxyl
radical scavengers. Arch Biochem Biophys
1994; 315: 161-169.

Shen HM, Shi CY, Shen Y and Ong CN. Detection
of elevated reactive oxygen species level in cul-
tured rat hepatocytes treated with aflatoxin B1.
Free Radic Biol Med 1996; 21: 139-146.
Gomez-Monterrey |, Campiglia P, Scognamiglio
I, Vanacore D, Dicitore A, Lombardi A, Caraglia
M, Novellino E and Stiuso P. DTNQ-Pro, a mi-
metic dipeptide, sensitizes human colon can-
cer cells to 5-fluorouracil treatment. J Amino
Acids 2013; 2013: 509056.

Radji M, Agustama RA, Elya Band Tjampakasari
CR. Antimicrobial activity of green tea extract
against isolates of methicillin-resistant Sta-
phylococcus aureus and multi-drug resistant
Pseudomonas aeruginosa. Asian Pac J Trop
Biomed 2013; 3: 663-667.

Liu H, Qiu N, Ding H and Yao R. Polyphenols
contents and antioxidant capacity of 68
Chinese herbals suitable for medical or food
uses. Food Res Int 2008; 41: 363-370.

Reddy CVK, Sreeramulu D and Raghunath M.
Antioxidant activity of fresh and dry fruits com-
monly consumed in India. Food Res Int 2010;
43: 285-288.

Hwang YJ, Lee EJ, Kim HR and Hwang KA. In
vitro antioxidant and anticancer effects of sol-
vent fractions from Prunella vulgaris var. lilaci-
na. BMC Complement Altern Med 2013; 13:
310-319.

IntJ Clin Exp Med 2017;10(3):4787-4797



