Turk ] Med Sci
2011;41 (1): 101-108

Original Article © TUBITAK
. . E-mail: medsci@tubitak.gov.tr
TUBITAK doi:10.3906/sag-0904-28

Urginea maritima (L.) Baker (Liliaceae) extract induces
more cytotoxicity than standard chemotherapeutics in
the A549 non-small cell lung cancer (NSCLC) cell line

Hakan BOZCUK!, Mustafa OZDOGAN!, Oktay AYKURT?, Fatih TOPCUOGLU?, Hasan OZTURK",
Deniz EKINCI!, Asuman KARADENIZ’, Aylin MUTLU", Durmus BURGUCU®

Aim: Urginea maritima (Um) is a plant native to especially Turkey and the Mediterranean area. In this study, we
investigated whether Um extract exerted cytotoxicity on cancer cells.

Materials and methods: We made various extracts of Um. These extracts in varying concentrations were added to an
A549 NSCLC cell culture, alone or with gemcitabine and/or cisplatin. Growth inhibition was tested by the MTT assay
and an Annexin V-FITC apoptosis detection kit

Results: The onion Um extract (1 ug/mL) was more cytotoxic than cisplatin (1 pg/mL), gemcitabine (1 nm/mL), and leaf
Um extract (1 ug/mL) with P < 0.001, P = 0.097, and P < 0.001, respectively. The efficacy of Um extract was further
improved by the addition of an antioxidant cocktail to an IC,, value of 0.02 ug/mL.

Conclusion: Um extract has been shown for the first time to be a strong candidate for drug development in solid tumors.
Our studies continue to further define the specific antitumor compound(s) in this extract.
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Urginea maritima (L.) Baker (Liliaceae) ekstresinin A549 kiigiik hiicreli
dis1 akciger kanseri hiicre hattinda olusturdugu,
standart kemoterapotiklerden daha yiiksek sitotoksisite

Amag: Urginea maritima (Um) esas olarak Turkiye ve Akdeniz bolgesine 6zgii bir bitkidir. Biz bu ¢alismada, Um
ekstresinin kanser hiicreleri iizerine sitotoksik etkisinin olup olmadigini arastirdik.

Yontem ve gereg: Cesitli Um ekstreleri yaptik. Bu ekstreler A549 Kiigiik Hiicreli Akciger Karsinomu (KHDAK) hiicre
kiiltiriine tek basina veya Gemsitabin ve/veya Sisplatin ile birlikte uygulandilar. Biiyiime baskilanmasina MTT yontemi
ile ve Annexin V-FITC apopitoz kiti ile bakildu.

Bulgular: (1 pg/mL) Um sogani ekstresi, (1 pg/mL) Sisplatin, (1 nm/mL) Gemsitabin ve (1 pg/mL) Um yaprak
ekstresinden daha sitotoksikdi (P < 0,001, P = 0,097, ve P < 0,001). Um ekstresinin etkinligi bir antioksidan kokteyl
ilavesi ile 0,02 pg/mL diizeyine daha da arttirildi.

Sonug: Um ekstresinin solid tiimorlerin tedavisi igin gelistirilebilecek bir ilag aday: oldugu literatiirde ilk kez gosterildi.
Caligmalarimiz bu ekstreden 6zgiin antitiimoral bilegiklerin tanimlanmasi yoniinde devam etmektedir.

Anahtar sozciikler: Urginea maritima, sitotoksisite, apopitoz, MTT, kiigiik hiicreli dig1 akciger karsinomu
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Urginea maritima (L.) Baker (Liliaceae) extract induces more cytotoxicity than standard chemotherapeutics in the A549 non-small

cell lung cancer (NSCLC) cell line

Introduction

Non-small cell lung cancer (NSCLC) is the leading
cause of cancer-related deaths worldwide (1). Despite
the advances in diagnosis and treatment of this
disease, over the last 30 years the prognosis remains
largely unchanged, and overall only 15% of patients
presenting with NSCLC are cured (2).

Urginea maritima (Um), sea onion or white squill,
is a native plant found in the Mediterranean area,
North Africa, and India. This plant is known to exert
diuretic and cardiotonic properties and has been used
as a cough syrup (3). Additionally, Um is toxic and is
known to cause human and animal poisoning (4,5) .
Actually, compounds from this drug are also known
to exhibit an insecticide effect (6). However, the
antitumoral effect of this drug remains largely
unexplored.

In the literature, we have not come across any data
on the antitumoral effect of Um in solid tumors. A
previous report showed that Um consisted of 33
chemical compounds, 10 of which were new (7).
However, the specific functions and medical uses of
these compounds are not totally clear at present.
Therefore, since new and effective systemic
treatments are eagerly awaited in the management in
NSCLC, we aimed to investigate in this study the
effect of Um in a NSCLC cell line, with the hope of
identifying a new candidate for drug discovery in the
management of NSCLC and other solid cancers.

Materials and methods
Extract preparation

For the purpose of extract preparation, only the
Um plants growing far away from roads in the
province of Antalya, Turkey, were utilized. Any
environmental exposure to pesticides was excluded as
only the plants from wild nature were used.

The multiple photographs and freshly picked
forms of plants were presented to local and distant
biologists and to the agriculture department before
the experiments started. The methanol and water
extracts were prepared as described in the literature,
in 1 to 2 ratio (weight/weight; 15 g plant/60 g solvent),
evaporated to dryness at 65 °C with a rotator
evaporator and stored at -20 °C, with no exposure to
light, until use (8). Separate extracts were prepared
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from the onion and leaf parts of the plant. Extracts
were diluted with PBS (phosphate buffer saline) to
obtain different concentrations of extracts in order to
be used in the experiments.

Cell line and treatment of cells

The A549 NSCLC cell line was used for the
cytotoxicity assays. Depending on the nature of the
experiment, various treatments were applied to the
cell line. At the first phase of the experiments, where
the aim was to assess the impact of extract with regard
to type of extract (derived from leaf versus onion), the
following treatments were used:

1. Gemcitabine 1 nm/mL

2. Cisplatin 1 ug/mL

3. Extract (onion or leaf) 1 pg/mL (low dose)

4. Extract (onion or leaf) 100 ug/mL (high dose)

5. Gemcitabine 1 nm/mL + Extract (onion or leaf)
1 pg/mL

6. Gemcitabine 1 nm/mL + Extract (onion or leaf)
100 ug/mL

7. Cisplatin 1 pg/mL + Extract (onion or leaf) 1
ug/mL

8. Cisplatin 1 pg/mL + Extract (onion or leaf) 100
ug/mL

9. Control (no treatment, PBS alone)

At the second phase of the experiments, where the
intention was to increase the activity of the extract,
the following treatments were applied:

1. Aged onion extract (extract kept for a month,
used as control), 1, 0.1, 0.01 ug/mL

2. N, modified onion extract, 1, 0.1, 0.01 ug/mL

3. Antioxidant cocktail modified onion extract, 1,
0.1,0.01 pg/mL

The concentrations of gemcitabine and cisplatin as
used in this study were chosen as it was previously
shown that these concentrations were close to the
IC50 value of these drugs in this cell line (9,10). The
concentrations employed for the extract varied
between 100 and 0.01 pg/mL.

MTT assay and cell culture

Growth inhibition of A549 cells by the treatments
above was tested by the MTT (3-(4,5-dimethylthiazol-
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2-yl)-2,5-diphenyl tetrasodium bromide) assay, as
described in the literature, and as used in our previous
work and in the literature (9,11,12). The MTT assay
was used to indicate the level of cytotoxicity under
some form of treatment with reference to control cells
(without any treatment). The level of absorbance as
assessed by spectrophotometry showed the amount of
relative cytotoxicity. Briefly, cancer cells were seeded
into 96-well microtiter plates at appropriate densities.
After successful seeding, cells were exposed to various
treatments as detailed above for 72 h. Tests were
repeated 8 times. At the end of treatment, 20 uL of 5
mg/mL MTT (Sigma, St. Louis, MO, USA) was added
to each well and the plates were incubated for 4 h at 37
°C. At the end, DMSO (150 pL) was added to each
well and the optical absorbance at 570 nm was read
on a plate reader. Cytotoxicity was defined as “100 x
(1 - [(absorbance of treated cells)/(absorbance of
control cells)]).

Assessment of apoptosis

According to the manufacturer’s guidelines, an
Annexin V-FITC apoptosis detection kit (Biovision
Inc, Mountain View, CA, USA) was used to detect
necrotic, early, and late apoptotic activity after 72 h of
incubation. After various treatments, cells (1 x 10°)
were collected and resuspended in binding buffer, and
Annexin V-FITC and propidium iodide were added
to each sample and incubated in the dark for 5 min.
Annexin V-FITC binding was determined by flow
cytometry (Ex = 488 nm; Em = 530 nm) using an
FITC signal detector (FL1) and propidium staining by
the phycoerythrin emission signal detector (FL2).

Extract modification

In an attempt to augment the cytotoxicity by the
onion extract, 2 modifications were made. The first
one was the addition of N, gas to the extract with the
aim of impeding the oxidative damage to compounds
of the extract. The second modification consisted of
the addition of an antioxidant cocktail made up of 3
compounds: mannitol (250 parts), sodium ascorbate
(25 parts), and ascorbic acid (1 part), with reference to
weight. These antioxidants have previously been used
to stabilize similar extracts or solutions (13).

Statistical analysis

The magnitude of cytotoxicity with regard to
different kinds of treatment, in relation to type of

extract (onion or leaf), was compared in a general
linear model, utilizing the Bonferroni procedure as a
post hoc test. In addition, to investigate the effect of
modifications on the efficacy of onion extract, the
cytotoxicity induced was again compared in a
multivariate model to test together the effects of type
of modification, concentration of the extract, and
their interaction term on the magnitude of
cytotoxicity. Additionally, paired t testing was
conducted to test the change in cytotoxicity in time. A
P value < 0.05 was considered significant. SPSS 15.0.0
(SPSS Inc., Chicago, IL, USA, release 15.0.0) was used
for the statistical analysis.

Results

The effect of treatment and type of extract on
cytotoxicity

Various treatments yielded cytotoxicity results that
were roughly between 40% and 80%. Extract from
onion in low and high concentrations in particular
yielded cytotoxicity levels above 80%. See Table 1 and
Figure 1 for details.

When only type of extract was considered, extract
derived from onion caused higher cytotoxicity over
that from leaf with a difference of 8.5%, 78.7% versus
70.2% (P < 0.001). Likewise, when only type of
treatment was considered (regardless of type of
extract), extract in low dose was as effective as
gemcitabine, and more effective than cisplatin, but
less effective than extract in high dose, with P values
of 1.000, <0.001, and <0.001, and cytotoxicity
differences of 2.9%, 26.0%, and -7.6%, respectively.
Data are not separately shown for univariate analyses.

When various treatments and type of extract (i.e.
part of Um plant where extract is derived from) were
considered in a multivariate model, type of treatment
(F =107.0, P < 0.001), type of extract (F=108.3, P <
0.001), and type of treatment with respect to type
extract (F = 4.6, P < 0.001) were all found to
significantly affect the degree of cytotoxicity. Details
are given in Table 2.

We also tested whether any type of extraction
process (water or methanol extraction) can be better
in terms of cytotoxicity. We found that methanol
extraction was clearly more effective than water
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cell lung cancer (NSCLC) cell line

Table 1. Descriptive statistics of cytotoxicity with respect to treatment and type of extract.

Treatment Type of Extract Mean (%) Std. Deviation (%) N (Test Repetitions)
Gemcitabine Onion* 74.5 9.6 8
(1 nm/mL) Leaf* 66.2 4.8 8
Total 70.3 8.5 16
Cisplatin Onion* 50.1 8.9 8
(1 yug/mL) Leaf* 443 5.2 8
Total 47.2 7.7 16
extract-low onion 82.6 2.9 8
(1 pug/mL) Leaf 63.9 2.6 8
Total 73.2 10 16
extract-high onion 84.2 2.7 8
(100 pg/mL) Leaf 77.3 3.3 8
Total 80.8 4.6 16
gem-+extract-low onion 82.4 2.8 8
(1 nm/mL + 1 ug/mL) Leaf 74.8 2.7 8
Total 78.6 4.8 16
gem-+extract-high onion 84.6 4.7 8
(1 nm/mL + 100 pg/mL) Leaf 79.8 1.3 8
Total 82.2 4.2 16
cisplatin+extract-low onion 84.8 2.1 8
(1 pg/mL + 1 pg/mL) Leaf 72.2 2.8 8
Total 78.5 7 16
cisplatin+extract-high onion 86.3 1.8 8
(1 pg/mL + 100 pug/mL) Leaf 83.1 5.6 8
Total 84.7 4.4 16

*: Cytotoxicity for gemcitabine only and cisplatin only treated cells represent pooled values derived from experiments where one

specific type of extract is used.

extraction (details not given). Therefore, after the
initial set of experiments, we always worked with
methanol extracts. Therefore, our results as presented
in this paper are derived from experiments where only
methanol extraction was used.

Cytotoxicity with treatment when onion extract
was separately used

After the demonstration that onion extract was
more effective, a subgroup analysis was made for the
tests where only onion extract with methanol
extraction was used.

Type of treatment in this subgroup again
influenced the amount of cytotoxicity (F = 41.5, P <
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0.001). Cytotoxicity with the low dose extract was
more than with cisplatin, and perhaps gemcitabine (P
< 0.001, and 0.097, respectively). Refer to Table 3 for
multiple comparisons with respect to treatment for
this subgroup. Cytotoxicity by onion extract can again
be viewed graphically in Figure 1.

Activity of extract in time

Activity of the low dose onion extract (1 ug/mL)
was found to diminish slightly after a month

Modifications in extract composition and
cytotoxicity

To counteract the decline in activity of the extract
over time, 2 modifications were made. The first was
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Figure 1. Cytotoxicity with respect to treatment and type of
extract.
Cytotoxicity as measured by MTT by various
treatments and with respect to the type of extract used.
Gem: Gemcitabine (1 nm/mL), Cisp: Cisplatin (1
pg/mL), Ext-low: Extract (1 ug/mL), Ext-high: Extract
(100 pug/mL).

the addition of N, gas, and the second was the
inclusion of an antioxidant cocktail in the extract. For
the aged only, aged with N,, and aged with antioxidant
cocktail type of extracts, the cytotoxicity values were
74.9%, 82.4%, and 76.8% at the 1 pg/mL level of
extract; 29.6%, 58.3%, and 72.5% at the 0.1 ug/mL
level of extract; and 12.7%, 25.3%, and 45.0% at the
0.01 ug/mL level of extract. Therefore, the activity was
particularly enhanced with the addition of the
antioxidant cocktail. Refer to Figure 2 for a
diagrammatic representation of cytotoxicity caused
by various concentrations of different modifications.
Specifically, IC,, values for the aged only, aged with

N2, and the aged with antioxidant cocktail extracts
were around 0.22, 0.05, and 0.02 pug/mL, respectively.

The multivariate model confirms that type of
modification, as well as the concentration, and the
type of modification with respect to concentration,
significantly determined the level of cytotoxicity (all
with P < 0.001). See Table 4 for details.

Mechanism of cytotoxicity

Flow cytometric analysis using Annexin V
revealed that the major mechanism of cytotoxicity
was via the augmentation of apoptosis. Um leaf
extract in low (1 pug/mL) and high (100 pg/mL)
concentrations demonstrated apoptosis in 80% and
87.8% of cells, whereas Um onion extract in low (1
pg/mL) and high (100 pug/mL) concentrations caused
apoptosis in 82.6% and 93.4%.
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Figure 2. Cytotoxicity with extract modifications.
Assessment by MTT of the effect of different
concentrations of extract with various extract
modifications.

Table 2. The effect on the cytotoxicity of treatment and type of extract.

Dependent variable: cytotoxicity

Source Type III sum of squares df Mean Square F P value
Corrected Model 18993.4(a) 15 1266.2 59.3 <0.001
Intercept 709106 1 709106 33232.8 <0.001
Treatment 15988.1 7 2284 107 <0.001
Type of extract 2311.7 1 2311.7 108.3 <0.001
Treatment x Type of extract 693.7 7 99.1 4.6 <0.001

(a) R Squared = 0.89 (Adjusted R Squared = 0.87)
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Table 3. Comparisons of cytotoxicity by each treatment when only onion extract is used.

Dependent Variable Cytotoxicity (%)

Bonferroni

Multiple Comparisons

95% Confidence Interval

Mean Std. Sig.
(1) Treatment (J) Treatment Difference (I-]) Error Lower Bound Upper Bound
cisplatin 24.3804* 2.6569 .000 15.6643 33.0964
extract-low -8.1102 2.6569 .097 -16.8262 0.6059
extract-high -9.7465* 2.6569 .015 -18.4626 -1.0305
gemcitabine gem-+extract-low -7.9839 2.6569 111 -16.6999 0.7321
gem-+extract-high -10.0903* 2.6569 .010 -18.8063 -1.3743
cisplatin+extract-low -10.3715* 2.6569 .007 -19.0876 -1.6555
cisplatin+extract-high -11.8472* 2.6569 .001 -20.5632 -3.1312
gemcitabine -24.3804* 2.6569 .000 -33.0964 -15.6643
extract-low -32.4905* 2.6569 .000 -41.2066 -23.7745
extract-high -34.1269* 2.6569 .000 -42.8429 -25.4109
cisplatin gem-+extract-low -32.3643* 2.6569 .000 -41.0803 -23.6482
gem-+extract-high -34.4706* 2.6569 .000 -43.1867 -25.7546
cisplatin+extract-low -34.7519* 2.6569 .000 -43.4679 -26.0359
cisplatin+extract- high -36.2276* 2.6569 .000 -44.9436 -27.5116
gemcitabine 8.1102 2.6569 .097 -0.6059 16.8262
cisplatin 32.4905* 2.6569 .000 23.7745 41.2066
extract-high -1.6364 2.6569 1.000 -10.3524 7.0797
extract-low gem-+extract-low 0.1263 2.6569 1.000 -8.5898 8.8423
gem-+extract-high -1.9801 2.6569 1.000 -10.6961 6.7359
cisplatin+extract-low -2.2614 2.6569 1.000 -10.9774 6.4547
cisplatin+extract- high -3.7371 2.6569 1.000 -12.4531 4.9790
gemcitabine 9.7465* 2.6569 015 1.0305 18.4626
cisplatin 34.1269* 2.6569 .000 25.4109 42.8429
extract-low 1.6364 2.6569 1.000 -7.0797 10.3524
extract-high gem-+extract-low 1.7626 2.6569 1.000 -6.9534 10.4787
gem-+extract-high -0.3438 2.6569 1.000 -9.0598 8.3723
cisplatin+extract-low -0.625 2.6569 1.000 -9.3410 8.0910
cisplatin+extract- high -2.1007 2.6569 1.000 -10.8167 6.6153
gemcitabine 7.9839 2.6569 111 -0.7321 16.6999
cisplatin 32.3643* 2.6569 .000 23.6482 41.0803
extract-low -0.1263 2.6569 1.000 -8.8423 8.5898
gem-+extract-low extract-high -1.7626 2.6569 1.000 -10.4787 6.9534
gem-+extract-high -2.1064 2.6569 1.000 -10.8224 6.6096
cisplatin+extract-low -2.3876 2.6569 1.000 -11.1037 6.3284
cisplatin+extract- high -3.8633 2.6569 1.000 -12.5793 4.8527
gemcitabine 10.0903* 2.6569 .010 1.3743 18.8063
cisplatin 34.4706* 2.6569 .000 25.7546 43.1867
extract-low 1.9801 2.6569 1.000 -6.7359 10.6961
gem-+extract-high extract-high 0.3438 2.6569 1.000 -8.3723 9.0598
gem-+extract-low 2.1064 2.6569 1.000 -6.6096 10.8224
cisplatin+extract-low -0.2813 2.6569 1.000 -8.9973 8.4348
cisplatin+extract-high -1.7569 2.6569 1.000 -10.4730 6.9591
gemcitabine 10.3715* 2.6569 .007 1.6555 19.0876
cisplatin 34.7519* 2.6569 .000 26.0359 43.4679
extract-low 2.2614 2.6569 1.000 -6.4547 10.9774
cisplatin+extract-low extract-hjgh 0.6250 2.6569 1.000 -8.0910 9.3410
gem-+extract-bw 2.3876 2.6569 1.000 -6.3284 11.1037
gem-+extract-high 0.2813 2.6569 1.000 -8.4348 8.9973
cisplatin+extract-high -1.4757 2.6569 1.000 -10.1917 7.2403
gemcitabine 11.8472* 2.6569 .001 3.1312 20.5632
cisplatin 36.2276* 2.6569 .000 27.5116 44.9436
extract-low 3.7371 2.6569 1.000 -4.9790 12.4531
cisplatin+extract-high  extract-hjgh 2.1007 2.6569 1.000 -6.6153 10.8167
gem-+extract-low 3.8633 2.6569 1.000 -4.8527 12.5793
gem-+extract-high 1.7569 2.6569 1.000 -6.9591 10.4730
cisplatin+extract-low 1.4757 2.6569 1.000 -7.2403 10.1917
*. The mean difference is significant at the 0.05 level, ~ Sig.: P value
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Table 4. The effect on the cytotoxicity of extract modification and concentration.

Dependent variable: cytotoxicity

Source Type III sum of squares df Mean Square F P value
Corrected Model 4.3 (a) 8 0.5 62.3 <0.001
Intercept 20.3 1 20.3 2372.3 <0.001
Concentration 3.1 2 1.5 178.2 <0.001
Extract modification 0.8 2 0.4 47.5 <0.001
Concentration x Extract modification 0.4 4 0.1 11.8 <0.001

(a) R squared = 0.89 (Adjusted R squared = 0.87)

Discussion

This work clearly shows that the plain onion Um
extract is more cytotoxic in a NSCLC cell line than
cisplatin, and perhaps gemcitabine, the most active
drugs in NSCLC (14,15). Furthermore, the activity
may be greatly enhanced by the addition of an
antioxidant cocktail. The IC,, value of the modified,
onion Um extract (patent pending), 0.02 pg/mL, is
among the lowest reported so far in NSCLC in vitro
studies.

The addition of Um extract to classical
chemotherapeutic agents, gemcitabine and cisplatin,
also  increased the efficacy of  these
chemotherapeutics. Thus, these findings together
indicate that this extract, or compounds isolated from
it, deserve testing in NSCLC and also in other cancers,
either on its own, or in conjunction with other
chemotherapy drugs.

The next step will be the testing of modified, onion
Um extract in animal NSCLC models. If confirmed
to be effective, then early clinical studies can follow.
As NSCLC is common and the outcome is dismal,
even a small benefit from any drug may translate into
a huge potential benefit for the population, and, in
this regard, natural plant resources will continue to be
important as potential candidates for drug
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