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ABSTRACT: Muscari species have been used as antirheumatic, stomachic, diuretic, expectorant and anti verruca in folk medicine.
The species have also been used as food for humans and animals in Turkey. In this study, the antioxidant and cytotoxic activities
of different extracts obtained from Muscari neglectum were studied. The antioxidant capacities of the extracts were evaluated with
DPPH free radical scavenging activity, metal chelating capacity and ABTS cation radical scavenging capacity assays. The cytotoxic
potentials of the extracts were determined by MTT and LDH assays on HeLa-cells (human cancer cell line) and NRK-52E-cells
(rat kidney cell line). The aqueous extracts from M. neglectum bulbs (IC_: 2.83+ 0.54 mg/mL) and herba (IC,: 8.52+ 1.3 mg/mL)
exhibited stronger DPPH free radical scavenging activity than other extracts, respectively. The ethanol extract from M. neglectum
bulbs showed the highest ABTS (27.88 %) cation radical scavenging activity. According to the metal chelating activity test results, the
aqueous extracts from M. neglectum herba and bulbs showed the strongest metal chelating activity (28.99% and 28.07%, respectively).
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1. INTRODUCTION

Muscari Mill. (Asparagaceae) is a genus of bulbous plants
and has a wide distribution in Mediterranean region, Europe,
Iran, Iraq and Afghanistan [1, 2]. In Turkey;, it is represented
by 37 species, 25 of which are endemic [2, 3]. Among them,
Muscari neglectum Guss. ex Ten. have been used in traditional
medicine as antirheumatic, stomachic, diuretic, expectorant
and anti verruca. The fruit of M. neglectum have been used
for curing of rheumatism disease [4, 5]. The leaves, flowers
and flower buds are edible as raw, boiled, grilled or pickled
[6, 7]. It has also been used as food for humans and animals,
dye, toys, ornamental plants in parks and gardens. The bulbs
of M. neglectum have pectoral stimulatory effects, anti-
inflammatory, anti-allergic and aphrodisiac effects [8].

The chemical composition of the M. neglectum is composed
of anthocyanins, flavonoids, homoisoflavanones, spirocyclic
nortriterpenoid glycosides, polyhydroxylated pyrrolizidine
alkaloids and essential oil [9, 10]. Homoisoflavonoid compounds
had been reported to exhibit antiinflammatory, estrogenic,
antiestrogenic, anticancer and angioprotective bioactivities [6].

The aim of this study was to investigate the antioxidant and
cytotoxic activities of the several extracts obtained from herba
and bulbs of M. neglectum collected from Kahramanmaras,

Turkey. The antioxidant capacities of the extracts were
evaluated with DPPH free radical scavenging activity, metal
chelating capacity and ABTS cation radical scavenging
capacity assays. The cytotoxic potentials of the extracts were
determined by MTT and LDH assays on HeLa-cells (human
cancer cell line) and NRK-52E-cells (rat kidney cell line).

2. RESULTS AND DISCUSSION

2.1. Antioxidant activity of M. neglectum extracts

The aqueous extracts from M. neglectum bulbs (IC_;: 2.83
+ 0.54 mg/mL) and herba (IC : 8.52+ 1.3 mg/mL)
exhibited stronger DPPH free radical scavenging activity
than other extracts. BHT and ascorbic acid were used
as positive controls. As shown in Table 1, the DPPH
free radical scavenging activities of the all extracts were
lower than those of BHA and ascorbic acid.

The effects on ABTS cation radical scavenging of
M. neglectum extracts were shown in Table 1. The
ethanol extract from M. neglectum bulbs showed the
highest ABTS (27.88 %) cation radical scavenging activity.
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Table 1. DPPH, ABTS radical scavenging and metal chelating
activity of different extracts from M. neglectum bulbs and herba

Extracts/ DPPH ABTS (%) ﬁ:t:llt;h(ﬁ/};t(‘?g
Standards (IC,;: mg/mL) (10 pg/mL) ug/m)
BH 9.6+ 1.1* 15.52* 0.47°
BDC 4,09+ 0.46" 24.50° 5.99
BE 4.53+0.49° 27.88¢ 9.50¢
BM 4,09+ 0.73%¢ 18.08¢ 9.36%¢
BA 2.83+ 0.54¢ 10.51¢ 28.07¢
HH 13.02+0.1° 14.05 13.05
HDC 23.48+ 1.48 11.988 2.08¢
HE 9.60+ 1.2" 10.45h¢ 931"
HM 22.49+0.71" 21.73 18.40
HA 8.52+ 1.3! 20.58 28.99
Ascorbicacid  0.09+ 0.006 - -

BHT 0.32+ 0.03% 54.38 -
EDTA - - 96.511

BH/HH: Bulb/Herba Hexane; BDC/HDC: Bulb/Herba Dichloromethane;
BE/HE: Bulb/Herba Ethanol; BM/HM: Bulb/Herba Methanol; BA/
HA: Bulb/Herba Aqueous extract. BHT: Butylhydroxytoluene. EDTA:
Ethylenediaminetetraacetic acid.

Values are mean of triplicate determination (n = 3) + standard deviation
Different superscript letters in each column exhibit significant differences
in mean values at P< 0.05 according to Tukey’s Multiple Comparison test.

According to the results obtained from the metal chelating
activity test, the aqueous extract from M. neglectum herba
showed the strongest metal chelating (28.99%) activity. Also,
this extract exhibited a very close result to aqueous extracts
from M. neglectum bulbs (28.07%).

In the present study, we used three different antioxidant
assays and the results of all three assays showed that the
aqueous and ethanol extracts from M. neglectum bulbs had
the highest DPPH and ABTS radical scavenging
activity, respectively. Also, the aqueous extracts of
M. neglectum herba and bulbs had the strongest metal
chelating activity.

2.2. Cytotoxic Activity of M. neglectum extracts

The cytotoxic activity results of M. mneglectum extracts
were shown in Table 2 and Table 3. Some of the extracts
induced cell cytotoxicity in a concentration-dependent
manner in HeLa cell line (Figure 1-8). The result showed that
the BE, BM, HDC and HM extracts of the M.
neglectum exhibited high cytotoxic activity against HeLa cell
line. These extracts should not be used as cytotoxic agent
because they are more toxic to NRK-52 cell lines even at low
concentrations. According to results, aqueous and hexane
extracts obtained from bulbs and herba didn't show

Table 2. Cytotoxic activities of M. neglectum bulb extracts

MTT LDH
Extracts HeLa Cells NRK-52 Cells HeLa Cells NRK-52 Cells
Conc (mg/mL) % Death Conc (mg/mL) % Death Conc (mg/mL) % Death Conc (mg/mL) % Death
BH nd nd nd nd nd nd nd nd
BDC 0.10 50 0.04 50 0.18 50 0.03 60
BE 0.04 50 0.06 50 0.20 32 0.03 90
BM 0.05 50 0.03 67 0.07 50 0.03 72
BA nd nd nd nd nd nd nd nd
BH: Bulb Hexane; BDC: Bulb Dichloromethane; BE: Bulb Ethanol; BM: Bulb Methanol; BA: Bulb Aqueous extract. (nd: non determined).
Table 3. Cytotoxic activities of M. neglectum herba extracts
MTT LDH
Extracts HeLa Cells NRK-52 Cells HeLa Cells NRK-52 Cells
Conc (mg/mL) % Death Conc (mg/mL) % Death Conc (mg/mL) % Death Conc (mg/mL) % Death
HH nd nd nd nd nd nd nd nd
HDC 0.03 50 0.03 50 0.20 30 0.03 67
HE nd nd nd nd nd nd nd nd
HM 0.05 50 0.03 64 0.07 50 0.03 74
HA nd nd nd nd nd nd nd nd

HH: Herba Hexane; HDC: Herba Dichloromethane; HE: Herba Ethanol; HM: Herba Methanol; HA: Herba Aqueous extract. (nd: non determined).
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Figure 1. Cytotoxic activities of M. neglectum bulb extracts
by MTT Assay in Hela cells.
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Figure 2. Cytotoxic activities of M. neglectum bulb extracts
by MTT Assay in NRK-52E cells.
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Figure 3. Cytotoxic activities of M. neglectum bulb extracts
by LDH Assay in Hela cells.
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Figure 4. Cytotoxic activities of M. neglectum bulb extracts
by LDH Assay in NRK-52E cells.
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Figure 5. Cytotoxic activities of M. neglectum herba extracts

MTT Assay in Hela cells.
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Figure 6. Cytotoxic activities of M. neglectum herba extracts
LDH Assay in Hela cells.
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Figure 7. Cytotoxic activities of M. neglectum herba extracts
MTT Assay in NRK-52E cells.
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Figure 8. Cytotoxic activities of M. neglectum herba extracts
LDH Assay in NRK-52E cells.

any cytotoxicity against both cell lines. There was no correlation
between antioxidant and cytotoxic activity.

3. CONCLUSION

It is concluded that the report represents the first study on
biological activities of M. neglectum growing in Turkey.
Further phytochemical and biological studies are needed to
determine the active constituents of M. neglectum.

4. MATERIAL AND METHODS

4.1. Plant Material

The aerial parts and bulbs of Muscari neglectum were collected
from Kahramanmaras in April, 2015 and dried at room

temperature. Specimens were identified and vouchers were
deposited in the Herbarium of Istanbul University, Faculty of
Pharmacy (ISTE) under code number of ISTE 100115.

4.2. Preparation of Extracts

Dried and powdered aerial parts and bulbs (5g) of M.
neglectum were macerated with ethanol (100 mL) and water
(100 mL) at room temperature, separately. The extracts were
filtered and dried under reduced pressure at a temperature
below 30 °C. Dried and powdered bulbs and aerial parts of
M. neglectum were exhausted with hexane, dichloromethane
and methanol by using Soxhlet, respectively. The extracts
were dried under reduced pressure.

4.3. Antioxidant Activity

4.3.1. DPPH. Free radical scavenging assay

The stable radical DPPH was used to measure the free
radical scavenging activity according to literature [11]. The
DPPH solution (3.9 mL) was added to the different extracts
of plant and standards (BHT and ascorbic acid) (0.1 mL).
After incubating at 25 °C for 30 min, the absorbance of
the samples was read at 517 nm against the blank using a
spectrophotometer.

4.3.2. ABTS.+cation scavenging assay

The ABTS™ cation scavenging activity of the extracts
and synthetic antioxidant substances were determined
in accordance with the literature [12]. ABTS* (3.96 mL)
solution was added plant extracts (0.4 mL). After incubating
at 25 °C for 6 min, absorbance of the mixture was recorded at
734 nm against a blank.

4.3.3. Metal chelating power assay

The activity of the extracts to chelate iron (II) was evaluated
according to the literature [13]. The extracts and standard
(EDTA) (200uL) were added to 50 uL of FeCl, (2 mM)
solution. The reaction was initiated by the addition 200 pL
of ferrozine (5 mM), left standing at ambient temperature for
five minutes. Then, ethanol was added to this mixture until
a final volume of 4 mL was achieved. After incubating at 25
°C for 10 min, absorbance of the mixture was recorded at 562
nm against a blank.
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4.4. Cytotoxic Activity

4.4.1. Cell culture and Exposure

Rat kidney epithelial cell line (NRK-52E) (CRL-1571™) and
Human cervix adenocarcinoma cell line (Hela) (CCL-2™)
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA). NRK-52E cells were cultured in
Dulbeccos modified Eagles medium-F12 containing 5.5
mmol/L D-glucose supplemented with 10% FBS and 100
U/mL penicillin-streptomycin. Hela cells were cultured in
low glucose Dulbecco’s modified Eagles medium (1 mmol/L
D-glucose) supplemented with 10% FBS and 100 U/mL
penicillin-streptomycin. The cells were incubated at 5%
C02, 90% humidity and 37 °C.

Cells were seeded in 96-well plates at 10° - 10* cells /well,
after 24 h incubation the culture medium was removed, and
new cell culture medium with various concentrations of the
extracts were added and incubated for 24 h. The exposure
concentrations were determined as 0.0125 - 0.2 mg/ml
for each extracts. The cytotoxic potential of extracts was
investigated using MTT [14] and LDH [15] assays.

In every test, negative (untreated, culture medium), solvent
(1% DMSO) controls and positive (1% triton X-100) were
used. For each extract, four concentrations were tested in
triplicates and each test was repeated three times.

4.4.2. MTT Assay

MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide, is a water soluble yellow pigment reduced by
the mitochondrial succinate dehydrogenase enzyme to
insoluble purple formazan product. Mitochondrial succinate
dehydrogenase is only active in viable cells, thus, colour
changes by the activity of the enzyme can be used as a
cytotoxicity endpoint. Following the exposure for 24h, MTT
solution (20 uL) (5 mg/mL in PBS) was added to each well
and the plates were incubated for farther 2 h. After that,
the supernatant containing MTT was removed, and 100
tL DMSO was added to each well, the resulting formazan
crystals were solubilized in by shaking for 5 min at 150 rpm
and the optical density (OD) of every well was read at 590
nm (against the reference wavelength of 670 nm) using a
microplate spectrophotometer system (Epoch, Germany).
The inhibition of enzyme activity in cells was calculated as
compared to the solvent control. The results were expressed
as the maximal cell death (%) - related concentration [14].

4.4.3. LDH assay

Lactate dehdyrogenase (LDH) is a stable cytoplasmic
enzyme present in all cells, and rapidly released into the
cell culture supernatant upon membrane damage or cell
lysis. In this study the LDH activity in culture supernatants
was measured spectrophotometricaly at 490 nm according

to the kits instructions (Roche Cytotoxicity Detection Kit
- Mannheim, Germany). Briefly, the exposed cells were
centrifuged for 3 minutes at 1000 rpm. 100 pL supernatant
was mixed with freshly prepared reaction mixture (prepared
by mixing two separate solutions diaphorase/NAD+ mixture
and iodotetrazolium chloride/sodium lactate mixture) in
new plates and incubated at room temperature away from
light for 30 min. After that, a stop solution was added to the
mixtures and the absorbance was measured at 490 nm. The
results were compared with the absorbance values of the
triton X-100 %1 (positive control) which give the maximum
cell death. The results were expressed as the maximal cell
death (%) - related concentration [15].

4.5. Statistical analysis

The significance of differences between the control and
experimental groups was calculated by one-way ANOVA
Dunnett t-test using SPSS version 17.0 for Windows (SPSS
Inc., Chicago, IL) and expressed as meantstandard deviation
(SD) and standard error (SE). p values of less than 0.05 were
selected as the levels of significance.
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