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Abstract: Iris taochia is an elegant endemic plant in Tiirkiye and it has limited distribution. In this study, cytotoxic effects of ethanolic
extracts from different parts and concentrations extracted from I. taochia collected from the surroundings of Tortum (Erzurum), on
A549 human lung adenocarcinoma cell line were investigated. Cytotoxicity of extracts were evaluated by MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide) method. Apopototic activity of ICso values of extracts were evaluated with Annexin V and
Caspase 3/7 assays. Ultrastructural changes of ICso doses treated cells were investigated by transmission electron microscopy. As a
result, it was determined that ethanol extract of I taochia showed significant cytotoxic activity on A549 cells after 24 hours the extract
a dose-dependent reduction in cell viability. ICso values of above and below ground parts ethanolic extracts were determined as 7
ug/ml and 20 pg/ml respectively. Specifically, apoptosis inducing effect was increased at 7 and 20 pg/ml concentrations by 24 hours.
We found that L. taochia ethanol extracts had antiproliferative and apoptotic effects on the human lung adenocarcinoma cells A549.
However, further studies at molecular level are required to support our findings and to elucidate chemoproteventive and
chemotherapeutic effects of I. taochia on lung cancer.
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1. Introduction with 50 taxa in Turkiye (Gliner et al., 2012). The species
Tiirkiye, with its different climatic and ecological of this genus, among flowering plants are mainly used as
ornamental plants due to their colorful, showy and
pleasant fragrant flowers (Kandemir and Yakupoglu,

conditions is one of the richest countries of the world in
terms of plant species. Many plant species consumed for

medical purposes are members of this rich flora (Bayram 2016). Iris taxa contains many biologically active
etal, 2010). A good number these plants are reported to substances as alkaloids, saponins, tannins, steroids,
have anticancer, antiulcer, antimicrobial, antioxidant and isoflavonoids, ~ flavanoids, ~ flavones, iridal  type
antifungal effects (Rigona et al., 2007; Conforti et al, triterpenoids and their glycosides, benzoquinones,

2009; Ertiirk et al, 2010; Bhalodia and Shukla, 2011;  flavones, c-glycosylxanthones,  glycosylflavones,
Hacibekiroglu and Kolak, 2011; Kandemir et al, 2022). phenolics, stilbene glycosides and cardiac glycosides

The resistance towards chemotherapotics that has (Wang et al, 2003; Nighat et al,, 2008; Ma et al, 2012;
Tantry et al, 2013; Kassak, 2014; Kukula-Koch et al,

2015). Isoflavonoids, flavanoids, quinones and xanthones
of these are common substances in Iris species (Orhan et
from plants has gained importance. al, 2003; Asghar et al, 2010; Kassak, 2012). While the
Iris L. genus has wide distribution in the Northern isoflavonoids  are found in the rhizomes, c-
glycosylxanthones, xanthone glycoides and flavonoid
aglycones are found in the leaves and flowers of Iris taxa

developed in recent years rapidly has caused a pursuit of
new active substances and the discovery of new and
more effective active pharmeochological ingredients

Hemisphere. In Tiirkiye, it is one of the richest genera in
terms of number of species. Iris genus is represented
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(Kassak, 2012). Iris taxa have been used as medicine (in
the treatment of cancer, inflammation, bacterial and viral
infections and venereal disease) (Wollenweber et al,
2003; Fang et al., 2008; Conforti et al., 2009; Sabrin et al.,
2012; Xie et al,, 2013; Bozyel et al, 2019; Yazgan et al,,
2022) and as economic plants (in perfumes and
cosmetics) since the very early years due to the
piscicidal, antineoplastic, antioxidant, antitumor,
antiplasmodial, antiulcer, molluscicidal, estrogenic,
hypolipidemic and anti-tuberculosis properties (Bonfils
etal, 2001; Wang et al., 2003; Orhan et al,, 2003; Rigano
et al, 2009; Fang et al., 2008; Conforti et al, 2009;
Huwaitat et al,, 2013) of isolated secondary metabolites.
Cancer, as a major health problem, is defined as
uncontrolled cell proliferation and spread. Depending on
the stages of cancerous cells, surgical interventions,
radiotherapy, chemotherapy, immunotherapy or
hormone replacement therapies are among the options.
In general, chemotherapeutic drugs affect apoptotic cell
death and have a cytotoxicity effect on cancerous cells
(Fang et al,, 2008; Yazgan et al,, 2022). For this reason,
finding anti-cancer agents that are more effective on
cancer cells as soon as possible increases its importance
day by day. On the other hand, appotosis is programmed
cell death, an important molecular mechanism that
removes abnormal and damaged cells. Studies have
reported that it is necessary to develop innovative
methods for cancer treatment and to recognize molecular
targets in apoptotic cell death pathways (Huang et al,
2012). In this regard, the use of herbal drugs for
therapeutic purposes is increasing day by day. It has
been reported that there are 160 plant taxa and 17 multi-
herbal formulas used in cancer treatment in Turkish
traditional medicine today (Bozyel et al.,, 2019).

Iris taochia Woronow ex Grossh. belongs to subgenus Iris
of Iris genus. This subgenus is represented by 8 taxa in
Tirkiye Flora 4 of which (I juaonia Schott &Kotschy ex
Schott, [ taochia, I Markgraf and I
purpureobractea B. Mathew & T. Baytop) are endemic to

schachtii

Tiirkiye. I taochia, endemic Irano-Turanien element, is
distributed only in the North East Anatolia (Erzurum-
Tortum) in Tiirkiye. It is a rhizomatous and perennial
plant and its length is 18.5-30 cm (Figure 1). This species
has yellow and purple colored, sweet-smelling and
showy 2-5 flowers (Mathew, 1984; Kandemir, 2006). L
taochia is used as a decorative plant because of the above
mentioned characteristics and is called “Tortum suseni”
in Tirkiye. It contains iridals and essential oils in the
rhizomes. According to
Conservation of Nature (IUCN) endangered categories,
this taxa are in the VU (Vulnerable) category in Tirkiye
(Ekim et al., 2000).

Based on the fact that there has been no recorded study

International Union for

on this endemic species, here it is aimed to investigate
the impact of ethanolic I taochia extracts on human lung
adenocarcinoma (A549) cells mainly focusing on potent
cytotoxic, antiproliferative and apoptosis triggering
activities.

—
S

Figure 1. General appearance of Iris taochia. A= Plant,
a=Outer tepal, b=Inner tepal, c=Style,
e=Capsule, f=Seed (illustrated by N. Kandemir from the
living specimen flowered).

d=Stamen,

2. Materials and Methods

2.1. Preparation of Plant Materials

The samples of I taochia were collected from vicinity of
Tortum (Erzurum) during the flowering period in July
2018 (Figure 2). Taxonomic description of the species
was made according to Mathew (1984). The locality of
collected plant samples is given below; A8 Erzurum:
Between Tortum and Oltu (2 km from Tortum), rocky
areas, 1650 m. 20July 2018, Kandemir, 867. A8
Erzurum: Near Tortum, rocky areas, 1500 m., 20 July
2018, Kandemir, 869.
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Figure 2. The distribution areas of Iris taochia in Tiirkiye

2.2. Preparation of Ethanolic Extracts from Plant
Materials

The below-ground (rhizome and root) and above-ground
parts (scape, leaf, flower, fruit and seed) of plant samples
were cleaned, cut into pieces and dried on the benches at
shadow in

room temperature and in laboratory
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conditions. They were often stuffed to prevent molding.
Then, dried samples were grinded in the mill with sieve 2
mm and speed 500 rpm. Dried plant samples were stored
in cloth bags. Plant powder was extracted with ethanol
by maceration. Plant powder and ethanol (1:20 m/V)
were continuously stirred at room temperature in dark
for 72 hours (Trusheva et al,, 2007). Then, extracts were
filtered through 0.22 um pore size membrane filter and
stored at 4°C. Ethanol was evaporated in room
temperature for measuring crude weight of extracts.

2.3. Evaluating the Cytotoxicity of the Extracts by
MTT Assay

Different concentrations (ranging from 1.56-100 pg/ml)
of the ethanolic extracts were prepared by dilution
method in 96-well plates with fresh prepared growth
medium. A549, human lung adenocarcinoma cells were
seeded 2x103 cells per well in the 96-well plate
containing the above given concentrations. Cells were
incubated for 24 hours at 37°C in a humidifed
atmosphere of 5% CO: in air. After the incubation period
20 pl of MTT solution (5 mg/ml) was added per well and
allowed to incubations in the same conditions for 2
hours. At the end of incubation period the growth media
were changed with 200 pl/well of dimethyl sulphoxide
and samples were kept at room temperature for 5
minutes. Samples were prepared in triplicates and
absorbances were read on an ELISA reader at a
wavelength of 570 nm (n = 3) (Mosmann, 1983). Then
ICso concentrations were determined from the obtained
viability percentages calculated with the following
equation 1 (Edmondson et al., 1988).

Cell proliferation= [OD sample] x 100 / [OD control] (1)
Where; OD is optical density

2.4. Annexin-V Analysis

The apoptosis triggering action of I taochia extract on
A549 cells was evaluated by Annexin-V FITC/propidium
iodide (PI) staining. For this manner, the cells were
incubated with the 1Cso value of plant extracts for 24
hours. At the end of incubation period, 100 ml of
untreated and treated cells were transferred to separate
tubes. 100 pl of Annexin-V reagent was added to each
tube and allowed to incubation in dark, for 20 minutes at
room temperature. After the incubation period, samples
were analyzed on Muse™ Cell Analyzer (Merck, Millipore,
Hayward, California, USA). All the samples were prepared
in triplicate according to the user manual of Muse®
Annexin-V and Dead Cell Assay Kit.

2.5. Caspase 3/7 Analysis

A549 cells treated with ICso value of plant extract for 24
hours and untreated A549 cells were prepared for
incubation by adding 5 pl Muse® Caspase 3/7 working
solution (1:8 in 1 X PBS) to 50 pl of the cells. After the
incubation period, 150 pul of 7-AAD working solution (2ul
of 7-AAD to 148 pl of 1X assay buffer) was added. At the
end of the incubation all samples were analyzed on

Muse™ Cell Analyzer (Merck, Millipore, Hayward,
California, USA). All the samples were prepared in
triplicate according to the user manual of Muse®
Caspase 3/7 Assay Kit.

2.6. Transmission Electron Microscopy for Analyzing
the Ultrastructural Changes

The test cells treated with ICso concentration of the I
24 hours
glutaraldehyde and post was fixed in osmium tetraoxide.
Following the fixation, the cells were dehydrated in
graded ethyl alcohol and embedded in Epon 812 epoxy.
Obtained blocks were sectioned on ultramicrotome. Thin

taochia extracts for were fixed in

sections were prepared by using a glass knife of a
maximum thickness of 100 nm and stained in lead citrate
and uranyl acetate. Stained samples were observed
under a TEM (FEI Tecnai BioTWIN, Limmen, The
Nederland) (Vejselova and Kutlu, 2015).

2.7. Statistical Analysis

Statistical comparison of the samples was carried out by
one-way analysis of variance for multiple comparisons
using Graphpad Prism 7.0 for Windows. The data was
expressed as means * SDs.

3. Results

3.1. MTT Assay Results

Cytotoxicity activity of I. taochia below and above ground
parts ethanolic extracts were carried out against A549
cell line at different concentrations to determine the ICso
(50% growth inhibition) by MTT assay. MTT assay of I
significant effect on A549 in
concentration range between 1,56 to 100 pg/ml
compared with control. ICso value of below ground parts
were detected to be 20 pug/ml for 24 hours (Figure 3).
ICso value of above ground parts were detected to be 7
pg/ml for 24 hours (Figure 4).

3.2. Annexin V Staining Results

To evaluate the apoptosis level, annexin-V antibody was
used. Annexin V staining results of untreated A549 cells
(Figure 5A) showed 90.40% live, 1.25% early apoptotic
and 1.30% late apoptotic cells. In A549 cells treated with
ICsp value of ethanolic extract of I. taochia above ground
parts for 24 hours (Figure 5B) percentage of live cells
were detected to be 86.10; whereas, 6.70% of these cells
were in early apoptotic and 1.75% in late apoptotic stage.
Live cell percentages in A549 cells treated with ICso value
of ethanolic extract of I taochia below ground parts
(Figure 5C) for 24 hours were 7.10 and 0.25 in early
apoptosis and 10.20 in late apoptosis.

3.3. Caspase 3/7 Analysis Results

taochia showed

In apoptosis profile of untreated A549 cells (Figure 6A)
percentages of live cells detected to be 98.61%.
Apoptotic/dead cells were 1.20% in the same group and
0.14% of cells were apoptotic. Only 0.05% of the control
A549 cells were dead. In A549 cells treated with ICso
concentration of I taochia below ground parts ethanolic
extract for 24 hours (Figure 6B) the percentage of live
cells was 79.64%. The percentage of apoptotic/dead cells
in this group was 18.84%, 0.97% were apoptotic and
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0.55% were dead. In the A549 cells treated with ICso
concentration of I. taochia below ground parts ethanolic
extract (Figure 6C) for 24 hours’ percentage of live cells
was detected to be 28.59. Of these cells 1.48% were dead
and 69.21% apoptotic/dead and 0.72% apoptotic.

3.4. Ultrastructural Changes Detected by
Transmission Electron Microscopy

In order to determine whether the growth inhibition by
plant extracts were associated with apoptosis, we further
examined the morphological changes A549 cancer cell
lines under transmission electron microscope. The
control cells demostrated fusiform cell shape and cantact
cell membrane. While A549 cells that were treated with
the ICso value of I taochia above ground parts ethanolic
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extract for 24 hours were displaying a circular cell shape,
chromatin condensation, nuclear membrane
disintegration, holes on the cytoskeleton, swelling in the
endoplasmic reticulum tubes, loss of mitochondrial
cristae and swelling of mitochondria and ondulation in
nuclear membrane (Figures 74, B, C and D); ICso value of
L. taochia below ground parts ethanolic extract in the
same incubation time displayed in addititon to the
circular cell shape and chromatin condensation,
fragmentation of nucleus, blebbings on cell membrane,
disintegration of nuclear membrane and loss of
mitochondria were significantly determined at the

micrographs (Figures 7E and F).
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Figure 3. Viability percentages of A549 cells treated with ethanolic extract of Iris taochia below ground parts for 24

hours. ** P<0.01; *** P<0.05
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Figure 4. Viability percentages of A549 cells treated with ethanolic extract of Iris taochia above ground parts for 24

hours. ** P<0.01; *** P<0.05
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Figure 5. Percentages of apoptotic A549 cells treated with ICso values of Iris taochia extracts for 24 hours. A= Untreated
A549 cells, B= ICso values of Iris taochia above ground parts, C= ICso values of Iris taochia below ground parts.
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Figure 6. Apoptosis profiles of untreated A549 cells and A549 cells treated with ICso values of Iris taochia extracts for

24 hours. A= Untreated A549 cells, B= ICso values of Iris taochia above ground parts, C= ICso values of Iris taochia below

ground parts.

4. Discussion

Lung cancer has become one of the common diseases
worldwide that in terms of the cause of death of the
patients (Duan and Zhang, 2006). Chemotherapy is an
effective approach to cancer therapy including lung
cancer, but it is limited since the developing resistance
towards current chemotherapeutics like vinblastine and
paclitaxel has been reported frequently (Spitz et al,
2009; Hsieh et al,, 2010; Obradovic et al., 2013). This fact
indicates a need for novel chemotherapy agents that are
effective
application. Recently, plant-derived drugs have been

in low concentrations and short time
made and become a good alternative in cancer therapy
(Balunas and Kinghorn, 2005). Consequently, this
research is focused on the investigation of anticancer
activity of L taochia, which belongs to the largest genus in
the Iridaceae family, extracts on the A549, human lung
adenocarcinoma cell line.

Our MTT assay findings (Figures 3 and 4) showed that
ethanolic extract of I taochia below ground parts
remarkably decreased the viability of the A549 cells in
concentration-dependent manner in short term
application of 24 hours. The determined ICso value of the

extract was to be 20 pg/ml. Viability percentages

determined from the A549 cells treated with ethanolic
extract of I taochia above ground parts (Figure 3)
significantly decreased with the increase of the
concentration of the applied extract in the same
incubation period. The ICso value for this extract was
detected to be 7 pg/ml. These values can be interpreted
as effective in the inhibition of the proliferation of A549
cells at low doses and in short-time application, both for
the extracts from above and below and ground parts of I
taochia. Similarly, in a research the anticancer activity of
an Iridaceae family member Romulea tempskyana extract
on hepatoma G2 and H1299 cell lines is showed. In 24
hours of application of ICso value of the extract for G2
cells was reported as 94.79 ug/ml, whereas; it was 76.15
pg/ml for H1299 cells in the same time of incubation
(Ozkan and Erdogan, 2012). Additionally, growth of
25.2% of the treated large lung carcinoma cells was
reported to be inhibitted in 48 hours’ application of Iris
pseudopumila Tineo extracts obtained from the flowers of
the species at the highest concentration, 100 pg/ml.
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Figure 7. Ultrastructure of the untreated A549 cells. A (6000x)= [] fusiform cell shape, Iﬁ compact cell membrane.
A549 cells treated with the ICso value of Iris taochia above ground parts ethanolic extract for 24 hours, B (6000x)= []
circular cell shape, |_—_> chromatin condensation, =7 nuclear membrane disintegration,ﬂ( holes on the cytoskeleton, C
(11,500x%)= swelling in the endoplasmic reticulum tubes, 7 loss of mitochondrial cristae and swelling of mitochondria,
D (8200x)= chromatin condensation, = loss of mitochondrial integrity, =.7 ondulation in nuclear membrane. A549
cells exposed to ICso concentration of Iris taochia below ground parts ethanolic extract for 24 hours,
E (6000x)= O circular cell shape, =% chromatin condensation,™.” fragmentation of nucleus, F (8200x)= =} blebbings
on cell membrane,ﬁf‘( chromatin condensation, =_7 disintegration of nuclear membrane, < loss of mitochondria.

The percentage of inhibited cells at I pseudopumila
extract obtained from the rhizomes of the species was
detected to be 31.5 (Conforti et al,, 2009). Our results
were found to be very low when compared to the above

mentioned findings. This might be attributed to the
difference of the used plant species, consequently, the
content of the extracts as well as the type of the exposed
cell lines. In previous pharmacological studies it was
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reported that pharmacological activity of Iris species is
mainly attributed to their flavonoids ingredients (Fang et
al, 2008). Consequently, this might be occured in the
antiproliferative action of the I taochia extracts in our
study but this fact needs to be further investigated to be
confirmed. Additionally, since the active ingredients of
many drugs used in cancer treatment today are obtained
from medicinal plants, anticancer activities of medicinal
plants should be screened for further use (Bozyel et al.,
2019). On the other hand, when the anticancer
properties of medicinal plants were examined, it was
determined that the active substances in medicinal plants
were effective on different types of cancer such as
prostate, colon, stomach breast and
(Padmaharish and Lakshmi, 2017).

Apoptosis is one of the main regulatory pathways in
proliferation and death of cells. This programmed cell
death occurs as a response to initiating intracellular
and/or extracellular signals. Characteristic physiological
changes of apoptosis were well described of which

leukemia

externalization of phosphatidylserine to the cell surface
can be showed by annexin-V that is a calcium-dependent
phospholipid-binding protein that binds the externalized
phosphatidylserine during apoptosis. Also it may refer to
the membrane disintegration in early apoptotic cells
(Kerr et al., 1972; Wyllie et al., 1980; Wyllie, 1993; Majno
and Joris, 1995; Rudin and Thompson, 1997). The
induction of apoptosis in cancer cells has been a common
investigation issue, recently (Ghobrial et al., 2005). As it
is shown in our annexin V staining results, in A549 cells
treated with ICso value of ethanolic extract of I taochia
above ground parts for 24 hours (Figure 5B); the
percentage of live total apoptotic cells (8.45%) was low
when compared to that of ethanolic extract of I taochia
below ground parts (10.45%) (Figure 5C). Extract of
these species below ground parts can be considered as
more effective in activation of apoptotic cell death but the
difference between the action of extracts is very slight.
Yazgan et al. (2022) examined how I taochia extracts
affect apoptotic activity on MCF7 cells and research
results showed that MeOH extract of Iris taochia on MCF7
cells could be a regulator of cell death proteins, growth
factors and cell repair mechanisms.

Proapoptotic signals trigger apoptotic cell death by
activating specific cysteine proteases so called caspases.
Some of these enzymes are initiators of intracellular
event cascade and the others act further to direct cellular
breakdown through cleavage of structural proteins. The
latter group of caspases are caspase-3 and caspase-7
(Riedl and Shi, 2004; Benetti and Roizman, 2007).
Activation of these caspases is a hallmark of apoptosis. In
this study, activation of these caspases are measured in
untreated A549 cells and cells treated with the I taochia
extracts. In untreated A549 cells (Figure 6A) percentages
of live cells were detected to be 98.61%. That means
caspases are not activated. In A549 cells treated with ICso
concentration of I taochia above ground parts extract for
24 hours (Figure 6B) the percentage of total apoptotic

cells was 19.81%. In the A549 cells treated with ICso
concentration of below ground parts extract of the plant
(Figure 4C) 69.93% were apoptotic. Activation of
caspases 3/7 was determined more than that of above
ground parts extract applied cells. This may be as a result
of the differences in the ingredients of the extracts.

Physiological changes that occur during apoptotic cell
death can be used in evaluating the type of cell death.
Many of these changes can be showed by transmission
electron microscopic evaluation that is taken as ‘gold
standard’ in determined the ultrastructural changes of
cells. Cleavage and degradation of specific cellular
proteins, fragmentation of nuclear chromatin, and loss of
membrane integrity as well as the integrity of organels
mainly mitochondria can be observed (Kerr et al,, 1972).
In a research by Ozkan and Erdogan (2013), the effects of
the natural agents’ eugenol, eucalyptol, terpinen-4-ol, and
camphor on cell membrane and DNA damage were
investigated in human lung cancer cell lines and they
were reported to damage cell membrane and the DNA.
Similarly, in our study the natural ethanolic extracts of L
taochia ground parts and above parts were investigated
to understand their effect on the A549 cell ultrastructure
in respect of finding the type of cell death. Ultrastructural
changes determined on the A549 cell treated with the
ICso concentration of I taochia above ground parts
extract for 24 hours were found to be circular cell shape,
chromatin condensation,
disintegration, holes on the cytoskeleton, swelling in the
endoplasmic reticulum tubes, loss of mitochondrial
cristae and swelling of mitochondria and on dilation in
nuclear membrane (Figures 7B, C and D). All TEM
findings can be considered as significant signs of
apoptosis. Especially loss of mitochondrial cristae and

nuclear membrane

nuclear membrane disintegration indicate apoptotic cell
death that further mechanism needs to be cleared with
additional experiments. Comparatively, in A549 cells
exposed to ICso value of I taochia below ground parts
extract for the same incubation time in addititon to the
circular cell shape and chromatin condensation,
fragmentation of nucleus, blebbings on cell membrane,
disintegration of nuclear membrane and loss of
mitochondria were significantly determined at the
micrographs (Figure. 7E and F). Blebbing of the cell
membrane and fragmentation of the nuclei are direct
indicators of programmed cell death. This might be
resulted from the higher ICso concentration determined
than that of above ground parts extract for 24 hours. This
finding is supported with our annexin V findings.

Taken all together, our results suggest that I taochia
ethanolic extracts both that from the above ground parts
and below ground parts of the plant exibit their
cytotoxicity as well as anticancer and apoptosis
triggering activity at lower concentrations on the
investigated human lung adenocarcinoma cells. These
findings might be encouraging for sequential
investigations in this field. Further research is required
to unravel the deeper molecular mechanisms of action of
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the above investigated extracts including with
identification of the active compounds and their separate
molecular targets for their effective usage in drug

development processes for cancer therapy.

5. Conclusion

In conclusion, our
considered as I taochia ethanolic extracts are both
obtained from the above and below ground parts of the
plant showed growth-inhibiting, cytotoxic and apoptotic
effects in the A549 human lung adenocarcinoma cell line.

experimental results can be
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