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This is a well-organized study in
which the authors investigated the
antimicrobial activity of water,
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EtAc extracts of T. turcica against
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1. Introduction

ABSTRACT

Objective: To investigate the in vitro antimicrobial potential of Thermopsis turcica Kit Tan, Vural &
Kiigiikodiik against periodontopathogenic bacteria, its antioxidant activity and cytotoxic effect on various
cancer cell lines.

Methods: In vitro antimicrobial activities of ethanol, methanol, ethyl acetate (EtAc), n—hexane and
water extracts of Thermopsis turcica herb against periodontopathogenic bacteria, Aggregatibacter
actinomycetemcomitans ATCC 29523 and Porphyromonas gingivalis ATCC 33277 were tested by agar well
diffusion, minimum inhibitory concentration (MIC) and minimal bactericidal concentration (MBC). Antioxidant
properties of the extracts were evaluated by 1,1-diphenyl-2—picryl-hydrazyl radical scavenging activity
and B-carotene bleaching methods. Amounts of phenolic contents of the extracts were also analysed by
using the Folin—Ciocalteu reagent. Additionally, cytotoxic activity of the extracts on androgen—insensitive
prostate cancer, androgen—sensitive prostate cancer, chronic myelogenous leukemia and acute promyelocytic
leukemia human cancer cell lines were determined by 3—@,5—-dimethylthiazol-2-yl)-2,5—-diphenyltetrazolium
bromide assay. Human gingival fibroblast cells were used as a control.

Results: Our data showed that EtAc extract had the highest antimicrobial effect on Aggregatibacter
actinomycetemcomitans (MIC: 1.562 mg/mL, MBC: 3.124 mg/mL) and Porphyromonas gingivalis (MIC: 0.781 mg/
mL, MBC: 1.562 mg/mL). In antioxidant assays, EtAc extract exhibited also the highest radical scavenging
activity [1C;,=(30.0£0.3) pg/mL] and the highest inhibition [(74.35+0.30)%] against lineloic acide oxidation. The
amount of phenolic content of it was also the highest [(162.5+1.2) pg/mg gallic acid]. In cytotoxic assay, only
ethanol [1C,=(80.00£1.21) ug/mL] and EtAc extract [IC;=(70.0£0.9) pg/mL] were toxic on acute promyelocytic
leukemia cells at 20-100 pg/mL (P<0.05). However, no toxic effect was observed on human gingival fibroblast
cells.

Conclusions: According to our findings, owing to its antioxidant and cytotoxic potential, EtAc extract might
include anticancer agents for acute promyelocytic leukemia.

KEYWORDS
Thermopsis turcica, Antimicrobial activity, Periodontopathogenic bacteria, Antioxidant effect,
Phenolic content, Cytotoxic effect, Human gingival fibroblast, Acute promyelocytic leukemia

Its floral diversity is resulted from locating in intersection

of three phytogeographic region (Mediterranean, Irano—

Turkey has significant diversity of plant and rich flora.

Turanian and Euro—Siberian), being a bridge between
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flora of Southern Europe and Southwest Asia, being an
origin and diversification center of numerous plant genus
and possessing high endemism rate of plant species,
probably concerning about ecological and phytogeographic
diversitylll. Medicinal plants play an important role in
amelioration of some diseseaes such as infectious disease
in Turkeyl23l. Their parts used as a drog (flower, leave, seed,
root, bark, ect.) ameliorate disease due to their effective
compoundsl4.5l. Their usage has increased on account of
their low adverse effects and healthful features all over the
worldisl.

Plants of the genus Thermopsis (Fabaceae) includes
poisonous and harmful species with low feeding value.
However, this genus has been used as a source of traditional
oriental medicines and considered to be medicinal plants
all over the worldi7-91. Tt belongs to Fabaceae family,
including 25 species. Thermopsis turcica (T. turcica) (Kit
Tan, Vural & Kiigiikodiik) is an unique endemic species
of this genus in Turkey. Tt spreads narrowly between Eber
Lake and Aksehir Lake in inner part of West Anatolia of
Turkeyl10.11]. It is known as Eber Sarist or Piyanl9l. Although
it is categorized as critically endangered by the Red Data
Bookl12], the investigation of its biological activities might
increase importance of T. turcica conservation in nature.

Thermopsis species have been constantly investigated in
several areas. Total flavonoid contents of some Thermopsts
species contain six flavonoid components: formononetin,
chrysoeriol, apigenin, luteolin, thermopsoside and
cynaroside. Thermopsis extracts could be considered
potential hypolipidemic and antisclerotic agentl13-16].
Thermopsis alterniflora contains alkaloids, flavanoids,
vitamin C, macro and microelements and its air—dried aerial
part is used as a medicinal raw for a cytisine preparation(!7].

There are limited investigations about T. turcica
in literature. Studies of 7. turcica concern with its
antimicrobial activity, morphology and anatomy,
mutagenic potential, determination of its propagation
by using conventional and in vitro techniques and also
investigation of its free radical scavenging activity, total
phenolic content, total antioxidant status, and total oxidant
status(8.9,18-20],

The aim of this study was to investigate the antimicrobial
activity of water, ethanol, methanol, n—hexane and ethyl
acetate (EtAc) extracts of T. turcica against Aggregatibacter
actinomycetemcomitans (A. actinomycetemcomitans)
and Porphyromonas gingivalis (P. gingivalis) as oral
microaerophilic and anaerobic bacterial strains and
evaluate the antioxidant potential and cytotoxic effects
against human cancer [androgen—insensitive prostate
cancer cells (DU145), androgen—sensitive prostate cancer

cells (pc-3), promyelocytic leukemia (K-562), acute
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leukemia (HL60)] and human gingival fibroblast (HGF) cells.

[}

. Materials and methods

NS}

1. Chemicals

Chloroform, Folin—Ciocalteu’s phenol reagent, ethanol,
methanol and n—hexane were purchased from Merck
(Darmstadt, Germany). 3—[4,5-Dimethylthiazole-2-
yl]-2,5-diphenyltetrazoliumbromide (MTT), Tween
40, dimethylsulphoxide (DMSO0), ethyl acetate (EtAc),
ethylenediaminetetraacetic acid, p—carotene, 2,2—diphenyl—
1-picrylhydrazyl (DPPH), 3—(2—pyridyl)-5,6—bis@—phenyl-
sulphonic acid)—1,2,4—triazine (ferrozine), gallic acid, 2,6—
di—tert-butyl-4—methylphenol (BHT) and linoleic acid were
purchased from Sigma—Aldrich GmbH (Steinheim, Germany).
Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum were purchased from Gibco BRL (Gaithersburg, MD,
USA). All other chemicals were analytical grade and obtained

from either Sigma or Merck.
2.2. Plant material

T. turcica was collected from Afyon: Sultandagi, Derecine,
Kavakli koyti, Képriiliiéz, 965 m, near Aksehir Lake in
Turkey during the flowering period in May 2011, 38°29"56”
N, 31°18'49” E, Mecit Vural 10392 & Osman Tugay. Plant

material was deposited at the herbarium of Gazi.
2.3. Preparation of Thermopsis extracts

The collected plants were dried at room temperature for
4-7 d. The dried plants (30 g) were ground into powder and
extracted three times with 450 mL of ethanol, methanol, EtAc
or water at ambient temperature for 24 h. The extracts were
filtrated and concentrated to dryness with rotary evaporator
at 40 °C. The dried extracts were stored in the dark at 4 °C

until used.
2.4. Antimicrobial activity

2.4.1. Bacterial strains

A total of two microbial strains were used in the study. A.
actinomycetemcomitans (ATCC 29523) and P. gingivalis (ATCC
33277) which were taken from microbiology laboratory of Gazi
University, Faculty of Dentistry were used in the study. The
strains were kept in Gazi University, Faculty of Dentistry,
Medical Microbiology laboratory and cryopreserved at —86
°C. For experiments bacteria were inoculated onto Colombia

agar (Merck, Germany) plates supplemented with hemine (5
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pg/ml), menadione (1 pg/mL) and 5% horse blood. Incubation
was performed at 37 °C, under anaerobic conditions, for
5-7 d in an automated anaerobic chamber (Electrotek,
UK) with an atmosphere of 90% N,, 5% CO, and 5% H,. After
harvesting the bacteria, bacterial suspensions were prepared
in the sterilized test tubes containing Colombia broth
supplemented with hemine (5 pg/mL), menadione (1 pg/ml)
and the inoculum were adjusted according to the turbidity of
0.5 McFarland standard. The density of bacterial suspensions
was determined by using an Elisa reader (BioTek, USA)

spectrophotometrically.

2.4.2. Disc diffussion method

The growth media was prepared by using the Colombia
broth (Merck, Germany) supplemented with hemine (5 pg/
mL), menadione (1 pg/mL) and 100 pL. amounts of bacterial
suspension were spreaded onto them. Standard susceptibility
discs without any additive chemicals (Bioanalyse, Turkey)
were prepared by embedding them into the plants extract
solutions. Then, they were put onto the plates and incubated
as mentioned before according to the guidelines of Clinical
Laboratory Standards Institute. After incubation the
inhibition zones of the discs of extracts were measured with

and total mean numbers were calculated for extracts.

2.4.3. Agar well diffusion method

After the wells with a diameter of 5 mm were prepared on
the chosen agar medium plates, 100 ul. amounts of bacterial
suspension were spreaded onto them. Then, 10 uL of plant
extracts and their solvents were added into these wells
separetely. Plates were incubated as mentioned before. After
the incubation, the inhibition zones were measured and the

total mean numbers were calculated for the extracts.

2.4.4. Determination of the mintimum inhibitory concentration
(MIC)

Firstly, 100 pL amounts of plant extracts were added in to
the first wells of the U-bottom—polistiren microplates and
serially diluted in the range of 100-0.39 mg/mL. Then, 100 uL
of bacterial suspensions were put onto them except negative
control well. Polistiren microplates were incubated for 48
h in anaerobic cabin and after the incubation time, wells
which contained minimum concentration of the extracts
where no visible growth can be seen were expressed as MIC,
i.e. the minimum concentration which completely inhibited
bacterial growth. All experiments were performed in

duplicates.

2.4.5. Determination of the minimum bactericidal
concentration (MBC)

After determining the MIC, 10 pL. amounts of solutions were
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taken from all of the wells where no visible growth was seen
and put onto the same agar media plates and incubated
as mentioned before. Then, the minimum concentration in
which no grown colonies can be seen on the agar plates were
expressed as MBC. After the colonies were counted, they
were defined as CFU/mL.

2.5. Antioxidant activity

2.5.1. DPPH radical scavenging assay

The free radical scavenging activity of Thermopsis extracts
was determined by the DPPH method21]. Briefly, 0.1 mmol/
L solution of DPPH in methanol was added on to Thermopsis
extracts solutions at different concentrations. The reaction
mixture was incubated for 30 min at room temperature in
the dark. After 30 min, the absorbance was measured at 517
nm against a blank by a spectrophotometer. The inhibition
of radical scavenging activity in percent (I%) was calculated
using the following equation:
19%=[(Acontror=Asampte/ A controt X100

Where A, is the absorbance value of the control
reaction (containing all reagents except the test compound)
and A,

of the extract concentration was calculated from the graph

is the absorbance of the test compound. IC,, value

plotting inhibition percentage against extract concentration.
BHT was used as positive control and a methanolic solution
of the radical DPPH was prepared daily and protected from
light.

2.5.2. Beta—carotene bleaching assay

The antioxidant activity of Thermopsis extracts was
determined according to p—carotene bleaching assayl22l.
A stock solution of p—carotene-linoleic acid mixture was
prepared as follows: 0.5 mg B—carotene was dissolved in 1
mL of chloroform (high performance liquid chromatography
grade). About 25 pL linoleic acid and 200 mg Tween 40
were added into this mixture. Chloroform was completely
evaporated using a vacuum evaporator. Then, 100 mL
distilled water saturated with oxygen (100 mL/min for 30 min)
was added with a vigorous shaking. A total of 2500 pL of this
reaction mixture were dispensed into test tubes and 350 uL
portions of the extracts, prepared at 2 g/mL concentrations
were added and the emulsion system was incubated for
up to 48 h at room temperature. The same procedure was
repeated with synthetic antioxidant, BHT, as positive control,
and a blank. After this incubation period, absorbances of the
mixtures were measured at 490 nm. Antioxidative capacities

of the extracts were compared with those of BHT and blank.

2.5.3. Total phenolic contents of the extracts

Total phenolic contents of Thermopsis extracts were
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determined by using the Folin—Ciocalteu reagent according
to the method of Singleton and Rossi using gallic acid
as standard, with a slight modifications[23l. The extract
solutions (100 pL) were mixed with 200 pL of 50% Folin—
Ciocalteu reagent. The mixture was allowed to react for 3
min and 1 mL aqueous solution of 29 Na,CO, was added and
shaked slightly. At the end of incubation for 1 h at room
temperature, absorbance of each mixture was measured
at 760 nm. The same procedure was also applied to the
standard solutions of gallic acid. Total phenol contents
were expressed pg gallic acid equivalents per mg of the

extracts.
2.6. Cytotoxicity analysts

2.6.1. Cell culture and culture condition

The human cell lines including DU145, PC-3, K—562 and
HL60 cells were obtained as a donation from GATA Research
Center, and gingival fibroblast cells were obtained 20 years
impacted tooth of healthy volunteers after inform concent
and approval by the local ethics committee. All cancer
cell lines and gingival fibroblast cells were cultured in
RPMI-1640 and DMEM, respectively. Each medium was
supplemented with 109 fetal bovine serum, 100 units/
mL penicilin and 100 ug/mL streptomycin. All cells were
incubated at 37 °C with a humidified atmosphere of 959 air
and 5% CO.,.

2.6.2. Cytotoxic effect of the extracts against human cancer
cell lines and normal gingival fibroblasts

Cytotoxic effects of the extracs were determined by MTT
assayl24.25]. In this assay, cells were seeded into a 96—
well plates 400 mm® cells/well) in 100 pL of 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 (vehicle control, 0.1% DMS0) extracts and incubated
each cell lines for 24 h and 48 h. After incubation, 20 pL
MTT solution was added into each well and incubated 4 h at
37 °C. The supernatant was removed and replaced with 100
uL of DMSO. The optical density of 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
precedure was repeated for gingival fibroblast cells, but
only the highest two concentrations (80 and 100 pg/mL) of

the extracts were performed.

2.6.3. Statistical analysts
The extraction experiments were conducted in duplicate,

and all the analyses were done in triplicate. The results
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were expressed as the mean+SD. One—way analysis of
variance (ANOVA) was used in multiple group comparisons
by using the SPSS 11.0 software package. Differences and
values of P<0.05, P<0.01 and P<0.001 were considered

statistically significant.

3. Results

3.1. Antimicrobial activities of Thermopsis extracts on

pertodontopathogenic bacteria

In the present study, the average yields of ethanol,
methanol, EtAc, n—hexane and water extracts of T. turcica
were 9.149 (w/w); 18.76% (w/w); 9.709% (w/w); 0.50% (w/w) and
25.909% (w/w), respectively. Antimicrobial activity of the
extracts and the antibiotics (standards) were carried out by
agar well difussion method. Antimicrobial activity of the
extracts was found at 25-100 mg/mL concentration range.
The inhibition zones of the bacteria were in the range of
(11.320.5) mm to (27.5%0.7) mm (Table 1). EtAc extract was
found as the most effective extract in each concentration (25,
50 and 100 mg/ml) against A. actinomycetemcomitans and P.
gingivalis. Ethanol extract had an antimicrobial activity at
50 and 100 mg/mL concentrations against only P. gingivalis,
whereas at the same concentrations, methanol had an
antimicrobial effect on both A. actinomycetemcomitans
and P. gingivalis. Water and n-hexane extracts had no
antimicrobial effect. Antimicrobial effect of the extracts

increased according to concentrations.

Table 1
Antimicrobial activity of Thermopsis extracts on periodonto—pathogenic
bacteria.

Aa P; Aa P; Aa P,
Extracts (mg/mL) £ £ £

25 50 50 100 100

EtAc 12.020.0 12.6+0.57 23.5%0.7" 20.0+0.0" 27.5%0.7" 21.5%2.1"
Water = = = = = =
Methanol - - 10.620.5" 11.620.8" 13.520.7" 14.021.2"
Ethanol - - - 11.320.5" - 12.540.5"

n—Hexane = = = = = =

Values represent as mean+SD for triplicate experiments. Values in the same
column with different superscripts are significantly different (P<0.05). Aa: A.

actinomycetemcomitans, Pg: P. gingivalis.

Ampicillin (Oxoid, 10 pg), clindamycin (Oxoid, 2 pg),
tetracycline (Oxoid, 30 pg) antibiotic discs were used as
standards for positive control. About 50% DMSO (solvent of
the extracts) was used as a negative control by agar well
diffusion method. The sensitivity of studied bacteria against
ampicillin, clindamycin and tetracycline was given in Table
2. A. actinomycetemcomitans and P. gingivalis were the
most sensitive to ampicillin [(55.0£0.6) mm] and clindamycin
[(74.6£0.5) mm], respectively. They were more resistance to

tetracycline than ampicillin and clindamycin. Compared



Elif Burcu Bali et al./Asian Pac J Trop Biomed 2014; 4(7): 505-514

with the extracts, standard antibiotics were more effective
on the bacteria. It was also detected MIC and MBC values of

EtAc, methanol and ethanol extracts (Table 3).
Table 2

Antimicrobial activity of standart antibiotics on periodontopathogenic

bacteria.
. Antibiotics
Bacteria - — X .
Ampicillin Clindamycin Tetracycline
Aa 55.00.6" 49.5+0.7" 45.0£1.2°
Pg 45.0+0.9" 74.6£0.5" 36.0+0.8"

Values represent as mean+SD for triplicate experiments. Values in the same
column with different superscripts are significantly different (P<0.05). Aa: A.

actinomycetemcomitans, Pg: P. gingivalis.

Table 3
MICs and MBCs of Thermopsis extracts against periodontopathogenic bacteria.
. Aa Pg

Extracts (mg/mL)

MIC MBC MIC MBC
EtAc 1.562 3.124 0.781 1.562
Methanol 50.000  100.000 12.500 25.000
Ethanol NS NS 50.000 100.000

Aa: A. actinomycetemcomitans, Pg: P. gingivalis; NS: not studied.

As a result of MIC and MBC, EtAc extract had the highest
antimicrobial effect on A. actinomycetemcomitans (MIC: 1.562
mg/mL, MBC: 3.124 mg/mL) and P. gingivalis (MIC: 0.781 mg/
mL, MBC: 1.562 mg/mL). After EtAc, methanol extract had
lower antimicrobial effect on A. actinomycetemcomitans
(MIC: 50.000 mg/mL, MBC: 100.000 mg/mL) and P. gingivalis
(MIC: 12.500 mg/mL, MBC: 25.000 mg/mL). The ethanol
extract had the lowest antimicrobial activity against only P.
gingivalis, which had 50.000 mg/mL MIC and 100.000 mg/ml
MBC values. The inhibition zone of Thermopsis extracts with
agar well diffusion method, showed a significant correlation
with MIC and MBC values (P<0.001).

3.2. DPPH assay

Antioxidant activity of the extracts was tested by the
DPPH radical scavenging. Polyphenols, such as BHT are
known to be effective antioxidantsl26]. In the present
study, synthetic antioxidant BHT was used as a standard
with which antioxidant activities of the extracts were
compared. Free radical scavenging properties of T.
turcica extracts in different concentrations were shown in
Figure 1. n—Hexane and water extracts had poor radical
scavenging activities. However, EtAc, methanol, ethanol
extracts showed significant antioxidant activities. For each
concentration (50—-250 pg/ml), these extracts had radical
scavenging effects (Figure 1). DPPH radical scavenging
properties of the extracts are presented in Table 4. Lower
IC,, value demonstrates higher antioxidant activity. The
EtAc extract [IC5,=(30.0£0.3) ug/mL] exhibited higher DPPH
scavenging activity than the methanol [1C;=(52.5+0.1)
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pg/mL] and the ethanol extracts [1C;=(71.3£0.6) pg/mL].
Also, DPPH scavenging activities of the EtAc, methanol
and ethanol extracts were lower than the standard BHT
[IC4=(27.5£0.2) ug/mL]. But antioxidant activity of the
EtAc extract was similar to that of BHT. DPPH radical
scavenging activity of test samples was in the order
BHT>EtAc>methanol>ethanol.

Table 4

Antioxidant activities of T. turcica extracts.

B—carotene Total phenol

Extracts DPPH IC, (ng/mL) .
bleaching (RAA) (%) contents (ug/mg)

EtAc 30.00£0.30" 74.58+0.30" 162.50%1.20"
Methanol 52.500.10" 69.18+0.50" 80.84+2.20"
Ethanol 71.30%0.60° 60.81%1.20° 44.96£0.90°
Water = 16.85+0.90" 21.04+0.70"
n—Hexane - 33.7242.50° 9.63%1.20°
BHT (standard) 27.5020.20° 100.0020.60" 277.24+10.00"

Results are mean=SD of triplicate measurements. RAA: relative antioxidative

activity.

Absorbance (517 nm)
o
(=]

0 50 100 150 200 250

Concentration (ug/mL)
——FEthanol -«Methanol -—+EtAc —Water  ——n—Hexan ——BHT

Figure 1. DPPH radical scavenging activity of Thermopsts extracts.
Results are mean+SD of triplicate measurements.

3.3. Beta—carotene bleaching assay

Beta—carotene bleaching assay is based on the
mechanism of occurence free radical growing out of the
hydroperoxides formed from lineloic acid. In this assay,
B-carotene underwent rapid discoloration in the absence
of antioxidant. The lineloic acid was a free radical which
attacked the highly unsaturated p—carotene molecules.
Since this oxidation brought about breaking of double bands
of B—carotene, the compounds lost its characteristic orange
colour, which could be measured spectrophotometrically.
The presence of various extracts blocked the streching
of B—carotene bleaching by neutralising the free radicals
occured in the systeml27]. The relative antioxidative activities
(RAAs) of the extracts were evaluated from the equation,
RAA=A_,1/ Ay, Where Ay, is the absorbance of the control

(BHT) and A is the absorbance of the extracts. The

sample

calculated RAAs of the extracts are shown in Table 4. The

inhibition values of linoleic acid oxidation were evaluated
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as (74.35%0.30)%, (69.57+0.50)%, (60.81£1.20)%, (33.722.50)%
and (16.78+0.90)% for EtAc, methanol, ethanol, n—hexane
and water extracts, respectively. BHT had the highest
inhibition value [(100.00£0.60)%]. Among the extracts, EtAc
extract had the most effective in this method like in the
other antioxidant activity methods. A relationship between
the DPPH scavenging ability and p—carotene bleaching
extent was found for EtAc, methanol and ethanol extracts.
In both assays, the ordering of the antioxidant activities for
the extracts solved in different solvents and BHT was the
same (BHT>EtAc>methanol>ethanol) and the EtAc extract
exhibited higher antioxidative capacity than the other
extracts. Like DPPH assay, in this method, n—hexane and

water extracts had weak antioxidant activity.
3.4. Total phenolic content

The amount of total phenolics in Thermopsis extracts
were detected spectrometrically according to the Folin—
Ciocalteu method and calculated as gallic acid equivalents.
The standard curve equation is, ¥ (absorbance)=0.008 5x (ng
gallic acid)—-0.0209, R°=0.9999. The absorbance value was
inserted in equation above and the total amount of phenolic
compound was calculated by the same equation. In Table 4,
the total phenolic contents of EtAc, methanol, ethanol, water
and n—hexane were (162.5+1.2) ug/mg, (80.84+2.20) pg/mg,
(44.9620.90) pg/mg, (21.04+0.70) pg/mg and (9.63%1.20) pg/mg,
respectively. As a standard, the total phenolic content of BHT
was (277.24£10.06) pg/mg. The results demonstrated that after
BHT, EtAc, methanol and ethanol extract contained high
amount of phenolic compounds, respectively. Although, the
n—hexane and water extracts had lower phenolic content. As
a result of antioxidant activity assays, the EtAc, methanol
and ethanol extract were found to be effective antioxidants
in different in vitro assays including DPPH radical scavenging
and B—carotene bleaching. The EtAc extract included the
highest phenolic content and also possessed the highest
DPPH scavenging and p—carotene—bleaching effect.

3.5. Cytotoxic effects of Thermopsis extracts on human cancer

and normal cell lines

The cytotoxic effects of Thermopsis extracts were analysed
on DU145, PC-3, K—562, HL60 human cancer cell lines and
also HGF cell lines. The cytotoxic effects of them were
evidenced by MTT assay. Since n—hexane extract had low
antioxidant effect and phenolic content, it wasn’t studied
for cytotoxic experiment. The cytotoxicity of the extracts on

HL60 cells for 24 and 48 h was shown in Figures 2 and 3.
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Figure 2. Cytotoxic effect of Thermopsis extracts at concentrations (20, 40, 60,
80 and 100 pg/mL) on HL60 cells for 24 h.
Each value represents the meanSD of six wells. P<0.05, “P<0.01, " P<0.001

versus control.
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Figure 3. Cytotoxic effect of Thermopsis extracts at concentrations (20, 40, 60,
80 and 100 pg/mL) on HL60 cells for 48 h.
Each value represents the meanSD of six wells. P<0.05, “P<0.01, " P<0.001

versus control.

Although water extracts had no cytotoxic effect for 24 and
48 h, EtAc and ethanol extract had a powerful cytotoxic
effect on HL60 cells. IC,, values of the EtAc extract was
(70.0%0.9) pg/mL and (50.0%3.6) pg/mL for 24 and 48 h,
respectively. On the other hand, the ethanol extract had a
cytotoxic effect [1C,=(80.0+1.2) pg/mL] for 48 h. It was also
found that methanol extract had low cytotoxic effect within
24 h. For 48 h, there was no toxicity on HL60 cells. Figures
4 and 5 are shown cytotoxic effect of the extracts on K562
cells for 24 and 48 h. In Figure 4, it was demonstrated that
only ethanol extract had cytotoxic effect at 80 and 100 pg/mL
concentrations (P<0.001) within 24 h. The other extracts were

no toxic on K562.
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Figure 4. Cytotoxic effect of Thermopsis extracts at concentrations (20, 40,
60, 80 and 100 pg/mL) on K562 cells for 24 h.

Each value represents the mean+SD of six wells. "P<0.05, " P<0.01, " P<0.001
versus control.
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For 48 h, it was observed that both EtAc and ethanol exiracts
were toxic on K562 at 80 and 100 pg/mlL concentrations (P<0.001)
(Figure 5). Methanol and water extracts had no cytotoxic effect
on K562 cells. The cytotoxic activity of EtAc and ethanol extracts
on HL60 cells were higher than K562 cells.
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Figure 5. Cytotoxic effect of Thermopsis extracts at concentrations (20, 40,
60, 80 and 100 pg/mL) on K562 cells for 48 h.

Each value represents the mean+SD of six wells. "P<0.05, "P<0.01, " P<0.001
versus control.

The extracts were also tested on DU145 and PC-3 cell lines
at the same concentrations and time. However, the extracts
exerted no cytotoxic effects on prostate cancer cell lines (data
was not shown). The results indicated that the cytotoxicity of
EtAc and ethanol extracts was influenced by the concentration
(20, 40, 60, 80 and 100 pg/mlL) and time (24 and 48 h). Unlike
water, ethanol and methanol extract, EtAc exhibited remarkable
cytotoxic effect on HL60 cells. Two highest concentrations of the
extracts were also tested on HGF as a control for 24 and 48 h. Our
findings showed that there was no toxic effect on HGF cells at
80 and 100 pg/mlL, concentrations for 24 and 48 h (Figures 6 and
7). Among all of the cancer cells, only HL60 cells was the most
susceptible to EtAc extract.

111

Control Ethanol Methanol EtAc Water
Thermopsis extracts
" 80 pg/mL 100 pg/mL
Figure 6. Cytotoxic effect of Thermopsis extracts at concentrations (20, 40,

60, 80 and 100 pg/mL) on HGF cells for 24 h.
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4. Discussion

Several advances in understanding and potentially
treating human diseases can take root from investigations
of the toxic principles derived from poisonous plants(28l.
Although some studies have been practiced to T. turcica,
there are a few study about this poisonous plant. Tt was
reported that leaf, rhizome stem and callus extracts of 7.
turcica have strong antimicrobial compounds, including
alkaloids as main metabolites, against human pathogenic
microorganisms (Candida albicans, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, methicillin resistant Staphylococcus
aureus, Salmonella enteriditis, Salmonella sp., Klebsiella
pneumoniae, Proteus vulgaris) at 100 ug/mL concentration
by disc diffusion method(191. In our study, though no
antimicrobial activity was detected by disc diffusion method,
antimicrobial activity of methanol, ethanol and EtAc extracts
of this plant was detected by using agar well diffusion
method. Among them, EtAc extract had more powerful
antimicrobial effect than ethanol and methanol extracts
against A. actinomycetemcomitans and P. gingivalis. These
bacteria are useful indicators of increased risk of gingival
attachment loss and bring about active diseases such as
chronic periodontitis, atherosclerosis, and atherosclerotic
cardiovascular diseasel29-311. According to antimicrobial
results, ethanol, methanol and EtAc extracts of T. turcica
had different antimicrobial effects against these pathogens,
and these effects may result from their phytochemical
possessions including also phenolic compounds.

Phenolic compounds (e.g. phenolic acids, flavonoids,
quinones, coumarins, lignans, stilbenes, tannins) possess
a wide range of pharmacological properties such as
antiinflammatory, antiviral, antimicrobial, antioxidant,
anticancer, cardioprotective and vasodilatory effects32-
35]. The flavonoids are almost ubiquitous in plants and
they are powerful chain—breaking antioxidants acting as
metal chelators and free radical scavengers(36l. Nitrogen
compounds (alkaloids), vitamins, terpenoids (including
carotenoids), and some other endogenous metabolites in
plants also play important roles in antioxidant activityl32l.
Aksoy et al. reported that acetone and methanol extracts
of T. turcica had radical scavenging effects at all
concentrations (50, 100, 200 pg/mL) and they found that the
radical scavenging effect of BHT was higher than acetone and
methanol extract like in our antioxidant results(20l. While
acetone extract was higher radical scavenging effect than
methanol extract in their results. In contrast, in our study,

EtAc extract exhibited stronger radical scavenging effect
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than methanol and ethanol extract.

Several antioxidant compounds have different polarities,
therefore different solvents are frequently used for the
isolation of antioxidants. Antioxidant activity of the extracts
are drastically dependent on the type of solvents(37l.
According to our antioxidant results, the extract which was
solved in EtAc had the most powerful antioxidant activity
in DPPH free radical scavenging and p—carotene—bleaching
methods. Besides, it included the highest phenolic
compounds. There was a significant correlation between
the content of phenolic compounds, the DPPH free radical
scavenging and p—carotene—bleaching effect(20.33.38-40].

Vattem et al. reported that both total phenolics and
antioxidant capacity correlated well with the increase in
antimicrobial activity of their extracts against patogen
bacteria. Their results indicated that a partial hydrophobic
phytochemical extract with a good antioxidant capacity
could have a high antimicrobial activity33l. Our results
showed that the extract of EtAc which was an hydrophobic
organic solvent had the most powerful antimicrobial and
also antioxidant capacity. Our antimicrobial results were
also in agreement with the literatures that exhibited a
good correlation between antimicrobial and antioxidant
activityl41.42].

In cytotoxic assay, ethanol and EtAc extracts exhibited
cytotoxic effects on HL60 and K—562 cells. EtAc extract had
more powerful cytotoxic effect than ethanol extract on HL60
cells indicated that the compounds in EtAc extract included
toxic phytochemicals. Tt was also the unique extract that
possessed the highest cytotoxic effect against HL60 cells.
There are some reports which contributes to the relationship
of cytotoxicity with antioxidant activityl32.40.42.43], Therefore,
antioxidant potential of the EtAc extract may contribute to
its cytotoxic activity. But it was unexpected that methanol
extract, which had more powerful antioxidant effect than
ethanol extract, didn’t exhibit any cytotoxic effect on all of
the cancer cell lines (K—562, HL60, DU145 and PC—3).

For K—562 cells, ethanol extract was more effective than
EtAc extract. However, both of the extracts exhibited weak
cytotoxic activities within 24 and 48 h. On the other hand,
water extract had also no cytotoxic effect on all of the
cancer cell lines indicated that the compounds present in
these extracts are non—toxic. All of the extracts had also
non—toxic chemicals against HGF cells.

The genus Thermopsis are rich in flavonoids and alkaloids,
such as N-formycytisine, thermopsine, N-methylcytisine,
anagyrine, cytosine, and anagyrinel44.45]. Sener et al.
reported that different tissues of T. turcica contained high

anagyrine with some lupine alkaloids, coumarins, steroids,

Elif Burcu Bali et al./Asian Pac J Trop Biomed 2014; 4(7): 505-514

flavonoids and cardioactive glycosidesl46l. These phenolic
compounds and alkaloids could be responsible for the
observed cytotoxic activity of the EtAc and ethanol extract.
T. turcica is an endemic species under the threat of
extinction. Therefore, we think that it is important to
investigate its biological activity. The cytotoxic activity
of Thermopsis extracts have not been reported up to now.
Although additional research is needed to investigate the
cytotoxicity of T. turcica, these in vitro study shows that its
EtAc extract could be significant source of antioxidants and

also might include anticancer agents.
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Comments

Background

Medicinal plants have played a key role in the worldwide
maintenance of health. That's why it appears useful to
obtain a scientific basis for the possible use of herbal drugs
in the treatment of diseases such as cancer, infectious
diseases and those associated with oxidative damage.
Natural products of higher plants are an important source
of therapeutic agents; therefore, many research groups are
currently screening the different biological activities of the

plants.

Research frontiers

The study investigated the antimicrobial activity of
water, ethanol, methanol, n—hexan and EtAc extracts of T.
turcica against periodonto—pathogenic bacterial strains and
evaluated the antioxidant potential and cytotoxic effects
against human cancer and HGF cells.

Related reports
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It was reported that leaf, rhizome stem and callus
extracts of T. turcica have strong antimicrobial compounds,
including alkaloids as main metabolites, against human
pathogenic microorganisms. Vattem et al. (2004) reported
that both total phenolics and antioxidant capacity correlated
well with the increase in antimicrobial activity of their
extracts against patogen bacteria. The antimicrobial results
of this study were also in agreement with the literatures
that exhibited a good correlation between antimicrobial and

antioxidant activity.

Innovations and breakthroughs

The cytotoxic activity of Thermopsis extracts have not
been reported up to now. This study suggests that ethanol
and EtAc extracts of T. turcica exhibited cytotoxic effects
on HL60 and K—562 cells. EtAc extract had more powerful
cytotoxic effect than ethanol extract on HL60 cells indicated
that the compounds in EtAc extract included toxic

phytochemicals.

Applications

The results of the present study provided evidence for
the antioxidant, anticancer and antimicrobial activities of
the studied plant extracts, and bring supportive data for
future investigations that will lead to their use in cancer,

antioxidant and antimicrobial therapy.

Peer review

This is a well-organized study in which the authors
investigated the antimicrobial activity of water, ethanol,
methanol, n—hexan and EtAc extracts of T. turcica
against A. actinomycetemcomitans and P. gingivalis as
oral microaerophilic and anaerobic bacterial strains and
evaluated the antioxidant potential and cytotoxic effects
against human cancer (DU145, PC—3, K—562, HL60) and HGF
cells. Tt has very good scope to further continue this work

with more advanced tools to prove such plant potentials.
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