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Mutagenic and antimicrobial evaluation of methanol
extract from Allium kharputense Freyn Et. Sint
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ABSTRACT
Aim: Allium kharputense Freyn Et. Sint (Liliaceae) is a wild species and grows naturally in eastern Turkey, Iraq, and Iran. This plant is
widely used in traditional medicine in the world and to the best of our knowledge its antimicrobial and mutagenic activities had never been
investigated before. For this, we firstly reported antimicrobial and mutagenic properties of the methanol extract (MtE) from Allium
kharputense.
Methods:In the present study, antimicrobial and mutagenic activity of methanol extract (MtE) from Allium kharputense wasinvestigated
with microdilution method and Umu-test Salmonella typhimurium TA1535/pSK1002, respectively.
Results: We reported that MtE of A. kharputense is quite active on Bacillus subtilis and Candida neoformans with the MIC (Minimum
Inhibition Concentration) concentrations of 62.5 mg/ml and 7.8 mg/ml, respectively. Furthermore, we determined that the concentration of
31.2 mg/ml of methanol extract (MtE) of the plant has the mutagenic potencial with metabolic activation S9 mix.
Keywords:Allium kharputense, Umu-test, Microbroth, Mutagenic, Antimicrobial.
ÖZET
Amaç:Allium kharputense Freyn Et. Sint (Liliaceae) Doğu Türkiye, Irak ve İran’da doğal olarak büyüyen yabani bir türdür. Bu bitki,
dünyada geleneksel tıpta yaygın olarak kullanılmakta ve bildiğimiz kadarıyla bitkinin antimikrobiyal ve mutajenik aktivitesi daha önce
araştırılmamıştır. Bunun için, Allium kharputense metanolik ekstraktının antimikrobiyal ve mutajenik özelliklerini ilk kez araştırdık.
Yöntemler: Bu çalışmada, Allium kharputense metanolik ekstraktınınantimikrobiyal ve mutajenik aktivitesi sırasıyla, mikrodilüsyon ve
Umu-test Salmonella typhimurium TA1535/pSK1002 testleriyle araştırıldı.
Bulgular: A. kharputense metanolik ekstraktının, Bacillus subtilis ve Candida neoformans üzerinde, sırasıyla MIC (Minimal İnhibisyon
Konsantrasyon); 62.5 mg/ml ve 7.8 mg/ml konsantrasyonlarında oldukça etkili olduğunu ortaya çıkardık. Ayrıca, bitkinin 31.2 mg/ml
konsantrasyonundaki metanolik ekstraktının (MtE), S9 metabolik aktivasyon varlığında, mutajenik potansiyele sahip olduğunu belirledik.
Anahtar kelimeler:Allium kharputense; Umu-test; Mikrobroth; Mutajenik; Antimikrobiyal.
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INTRODUCTION
Allium species, (Liliaceae), have been used
worldwide for centuries [1-3]. Containing powerful
cysteine sulphoxides and other numerous phenolic
compounds biological activity of Allium species have
been investigated by various researchers and it is
shown that this genus has a variety of
pharmacological effects such as antitumor [4,5],
antifungal [6], antioxidant [7], antimicrobial,
antibacterial [8,9], tumor cell growth inhibitory effect
and chemopreventive activity [10].
Several compounds such as cysteine sulfoxides
[11], fatty acid [12], phenolic constituents [7], and
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essential oil [13] have been investigated and identified
from the genus Allium. Especially, A. vineale, A.
cepa, A. sativum, A. tripedale, A. siculum are very
important species in traditional medicine and as a
daily nutrient [2,8,11].
The biological activity of plant extracts has
formed
the
basis
of
pharmaceuticals,
ethnopharmacology and natural therapies. The species
of either wild or cultivated Allium have long been
known for their antimicrobial activity against Grampositive, Gram-negative and fungi for years.
Thispowerful antimicrobial effect is believed to be
due to their thiosulfinates enzymatically generated
from S-alk(en)yl-Lcysteine sulfoxides [14].
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Allium kharputense is a wild species and grow
naturally in Eastern Turkey [15], and Iran [16]. To the
best of our knowledge, its antimicrobial and
mutagenic activity have never been researched before.
In the present study, Umu-test and Broth
microdilution technique were chosen for a detailed
investigation of MtE of A. kharputensefor
mutagenicity and antimicrobial effect, respectively.
Umu-test system is a method to detect gene
mutations, damages in DNA or genes caused by a
external agent, using the expression of one of the SOS
genes. SOS is a global response in bacteria against to
genotoxic agent and an error-prone repair system in
which the cell cycle is arrested and mutagenesis
induces. Salmonella typhimurium TA1535/pSK1002
carries the plasmid pSK1002 in which the umuC’
gene is fused inframe to the lacZ’gene which is the
structural gene for β-galactosidase. Therefore, when
SOS response is activated by the genotoxic chemical,
the activity of β-galactosidase is induced and easily
measured with a chromogenic substrate by
hydrolyzing this colorless compound to a colored one
[17]. It has been determined mutagenic and genotoxic
agent, using the expression of the SOS genes has
some advantages because of its simplicity, precision
and rapidity. Furthermore, Umu-test has a good
correlation to those of the Ames test in which the
revertant colonies are counted. [18, 19].
MATERIALS AND METHODS
Plant material
Allium kharputense were collected in April from
Sırnak, Turkey, and the botanical identification of the
plant has been done according to Davis’s book [20].
Methanol Extraction (MtE)
Samples (10g) were extracted with 200 ml of
methanol in a Soxhlet apparatus. Then, they were
filtered and reduced to approximately 10 ml at 40 ºC
by using rotary evaporator.
Antimicrobial activity
Minimal Inhibitory Concentration (MIC) of MtE
of A. kharputense was determined by broth
microdilutiontechnique and interpreted according to
the guidelines set by Clinical and Laboratory
Standards Institute (CLSI) [21]. The antimicrobial
effects of extract were assessed on several pathogens,
namely
Escherichia
coli
(ATCC
25293),
Enterococcus feacalis (ATCC 29212), Bacillus
subtilis (ATCC 6633), Salmonella thyphimurium,
Staphylococcus aureus (ATCC 25925), Klebsiella
pneumoniae (10031), Candida albicans (clinic strain),
Candida neoformans, Candida parapsilosis (ATCC
22019). The bacteria inoculum was prepared in 4 mlTriptic Soy Broth medium and incubated at 37 oC,
overnight. The yeast culture was grown in Sabouraud
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Dextrose Broth medium at 28 oC for 24 h before being
used. Then, the culture suspensions were adjusted to
0.5 McFarland Standard Turbidity (~ 10 4 for bacteria
and ~ 103) for yeast colony forming unit (CFU) per
milliliter [22].
Ampisiline and fluconazole antibiotics were used
as positive reference standards for bacteria and fungal
strains, respectively. Two-fold serial dilutions of A.
kharputense MtE were added to the wells of a 96-well
microtiter plate. Then, the cell suspensions (100 µl)
were added to the wells. For the negative control, the
suspensions without microorganisms were used. The
plates were incubated at 37 ºC for 24 hours and the
growth (turbidity) was measured at 600 nm.
Umu-test
For mutagenicity evaluation, using theumu test kit,
Salmonella typhimurium TA1535/pSK1002, was
bought from (DSMZ, Germany). Lyophilized
Salmonella typhimurium TA1535/pSK1002 was
thawed with 2 ml of TGA medium (1 % trypton, 0.5
% NaCl, 0.2 % glucose) and incubated at 37 °C for 3
h. Then, the bacteria suspension was adjusted the
absorbance of 0.25–0.3 at a wave length of 600 nm.
A 10 ml portion of the A. kharputense MtE was
poured into each well of a 96-well microplate. At
least six concentrations were tested for A. kharputense
MtE. Three replicate wells were prepared for each
concentration of the extract. The mutagenicity test of
A. kharputense MtE was performed with and without
metabolic activation (S9) which is a mixture of the
microsome fraction of a rat liver with coenzymes such
as reduced nicotinamide adenine dinucleotide
phosphate and reduced nicotinamide adenine
dinucleotide. Two positive control reagents were
used: 2-aminoanthracene (2AA) for the test with
metabolic activation and furylfuramide (AF-2) for the
test without metabolic activation. The concentrations
of 2AA tested were 0.05 mg.ml−1, 0.1 mg.ml−1, 0.5
mg.ml−1, 1 mg.ml−1, 5 mg.ml−1, and 10 mg.ml−1.
Those of AF-2 were 0.5 ng.ml-1, 1 ng.ml-1, 5 ng.ml-1,
10 ng.ml-1, 15, and 100 ng.ml-1. The 10 ml portion of
2AA or AF-2 solutions was added into the positive
control well. Negative control wells were also
prepared on each microplate by pouring the 10 ml
portion of %10 methanol. For the mutagenic
evaluation without S9, A 100 μL portion of the
bacteria suspension was added into each well of a 96well microplate into which a 10 μL portion of A.
kharputense MtE solution had already been poured.
For the mutagenic evaluation with S9, a 0.5 ml
portion of S-9 mix solution was mixed to the
remainder (5 ml) of the bacteria suspension and a
100-ml portion of this suspension was added to each
well into which the 10 μL portion of A. kharputense
MtE solution had already been poured. Then, All of
the plates were incubated at 37°C for 2 h. After
incubation, a 100-ml portion of O-Nitrophenil-β-Dgalactopyranoside solution was added to each well.
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The bacteria suspension with substrat was incubated
for 1 h at 37°C. After last incubation, a 100 ml portion
of DMSO was added to each well to stop the
enzymatic reaction. Then, the absorbance at 620 nm
was measured by a spectrophotometer for
microplates. The relative activity of the βgalactosidase, which indicates the mutagenicity of A.
kharputense MtE at that concentration, was calculated
by subtracting the absorbance of the negative control
well from that of the sample well ([18].
SPSS 22 software and one-way ANOVA followed
by Tukey’s multiple comparison test were used. The
only value p ≤ 0.05 was considered at Table 1 and 2.
Table 1.Antimicrobial activity of Allium kharputense
against Gram positive, Gram negative and yeast. Minimal
inhibitory concentrations (MIC) of methanol extraction was
determined as the essential concentration that gave no
visible growth after over night incubation. Amp: ampicillin,
Flu: Fluconazole. Values were expressed as Mean ± SD, n =
9*; compared between groups. P ≤ 0.05.
Microorganisms

mg/ml

Amp/Flu

Escherichia coli g(-)

>125 ± 0.002

0,48

Klebsiella pneumoniaeg (-)

>125 ± 0.001

0,48

Salmonella thyphimuriumg (-)

>125 ± 0.001

0,48

Enterococcus feacalisg (+)

>125 ± 0.012

0,48

Staphylococcus aureusg (+)

>125 ± 0.005

0,48

Bacillus subtilis g (+)

62,5 ± 0.003

1,9

Candida albicans

>125 ± 0.013

0,48

Candida neoformans

7,8 ± 0.001

0,48

Candida parapsilosis

>125 ± 0.002

0,48

RESULTS
The antimicrobal activity and mutagenic activity
of methanol extract from A. kharputense have been
shown in Table 1, Table 2 and Figure 1. The plant
showed maximum antibacterial activity with 62.5
mg/ml against Bacillus subtilis G (+) strain among the
test bacteria used. Slightly, no antibacterial effect was
observed against Escherichia coli, Enterococcus
feacalis, Salmonella thyphimurium, Staphylococcus
aureus and Klebsiella pneumonia (Table 1) in the
range of 125 mg/ml and 3.9 mg/ml. The plant
inhibited Candida neoformans at 7.8mg/ml MIC. It
did not inhibit the growth of Candida albicans (clinic
strain),Candida parapsilosis (Table 1) in the range of
125 mg/ml and 3.9 mg/ml.
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Results of the mutagenic property of different
concentrations of MtE from A. kharputense are
presented in Table 2. We reported that any
mutagenicity was not determined in the SOS response
of S. typhimurium TA1535/pSK1002 induced with
MtE of A. kharputense in the experiment without S9.
However, MtE of A. kharputense has mutagenic effect
in the presence S9 at 31,25 mg/ml. When incubated
with S9, MtE of A. kharputense was more effective
than the one without S9 cultures. Because, absorbance
value of relative β-galactosidase activity of MtE of A.
Kharputense (31,25 mg/ml) was 1.019 and this value
was two times greater than the absorbance of negative
control (0.461). Our study demonstrated that MtE of
A. kharputense induced moderate mutagenic activity
on S. typhimurium TA1535/pSK1002.

Figure 1. The relative activity of the β-galactosidase. The
activity was calculated by substrating the absorbance of
negative control well from that of sample well. Data are
representative of three experiments performed in triplicate.

DISCUSSION
In the present study, the MtE of A. kharputense
was screneed its antimicrobial activity and genotoxic
properties in different concentrations. It was shown
that A. kharputense have specific activities to some
microorganisms. Bacillus subtilis (MIC:62.5 mg/ml)
and Candida neoformans (MIC:7.8 mg/ml) were
found to be more susceptible to A. Kharputense.
Dziri and coworkers reported that MtE of A. roseum
var. odoratissimum leaves, flowers, stalks and bullbs
have strong antimicrobial effect on Bacillus subtilis
according to disk difusion method [7]. Santas and
coworkers reported that methanol extract of Allium
cepa had antimicrobial activity on Bacillus subtilis
because
of
the
onion’s
quercetin
and
kaempferolcompounds [23]. They also indicated that
methanolic leaf extract, an interspesific hybrid of A.
cepa and A. sativum had high antimicrobial activity to
fungi [24].
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Table 2.The average absorbance (Avg. Abs) value of β-galactosidase at 600 nm. Conc: Concentration. Values
were expressed as Mean±SD (standard deviation), n=6*; compared between groups. P ≤ 0.05. S9(+): fraction
with metabolic activation S9(+): fraction without metabolic activation.
Conc. (mg/ml)

Avg. Abs.

Avg. Abs.

S9 +

Sd

S9 -

Sd

125

0.556

± 0.089

0.076

± 0.005

62.5

0.747

± 0.040

0.077

± 0.002

31.2

1.019

± 0.071

0.077

± 0.001

15.6

0.704

± 0.144

0.086

± 0.005

7.8

0.687

± 0.198

0.078

± 0.004

3.9

0.559

± 0.259

0.086

± 0.004

Negative Control

0.461

± 0.136

0.079

± 0.005

According to Table 1, the MtE of A. kharputense
has lower antimicrobial avtivity than some Allium
species in the literature. The differences of
antimicrobial activities may be due to different
antimicrobial procedure and ecological factor of
plants. It is common knowledge that Allium species
has different kinds and levels of sulfoxides distinctive
to each species [14].
Recently, the Umu-test has been performed to
evaluate the mutagenic and antimutagenic effects of
several plant extracts by measuring the induction of
the bacterial SOS response in Salmonella
typhimurium TA1535/pSK1002 [25-27]. As shown in
Table 2, mutagenicity of MtE of A. kharputense was
performed at six concentrations (125 mg/ml, 62.5
mg/ml, 31.2 mg/ml, 15.6 mg/ml, 7.8 mg/ml, 3.9
mg/ml). Relative β-galactosidase activity was
increased with the increase of extract concentration.
After the point of maximum relative β-galactosidase
activity level (31.2 mg/ml), this activity decreased
with the increase of A. kharputense extract
concentration. This concentration point is mutagen for
S.typhimurium TA1535/pSK1002. Mutagenic strength
at 31.2 mg/ml is presented in Figure 1. When the
concentration of extract is at the strength of 31.2
mg/ml, MtE of A. kharputense is estimated to be
mutagenic in the presence of S9 for human body. The
starting range of β-galactosidase curve was
approximately zero, and the enzyme activity increased
with the increase of concentration of plant extract.
After maximum level of β-galactosidase enzyme, βgalactosidase activity decreased because the
proliferation of bacterial cells was inhibited by the
mutagen agent. When the cells are exposed with a lot
of DNA lesions, the cells tend to die, whereas those
with fewer lesions can survive, exhibiting revise
cellular functions or nature. Sometimes, such cells
may be a reason for developmental abnormalities in
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human body. Therefore, mutagenicity has been
known to be correlated with to carcinogenicity
positively for years. It is determined that some herbs
can be efficient in preventing mutagenic effect, so for
this activity, they need to be metabolised by S9 to
produce antimutagenic activity [19]. Some Allium
species like Allium sativum [28] and Allium cepa
[29]have
antimutagenic
activity
and
have
demonstrated their chemopreventive activity because
of organosulfur compounds derived from Allium [30].
In our study, antimicrobial and mutagenic activity
of methanol extract of plant have been investigated at
the same concentration. We demonstrated that low
antimicrobial activity of an extract have a highly
mutagenic potential with the S9 fraction in human
body.
CONCLUSION
Data which obtained in antimicrobial and
mutagenic activity (with S9 fraction) in this study
exhibit the importance of MtE of Allium kharputence
as a possible medical plant in the development of
specific effected products.
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