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Abstract: In addition to its use as a food additive, sesame is also very popular in conventional drugs because
of its antifungal, anticancer, analgesic, antioxidant, and antiproliferative, vitamin B and E supplier, serum
cholesterol and blood pressure-lowering, wound healing potential. In this study, the cytotoxicity, wound
healing, and anticancer (antiproliferation) properties of the extract obtained from in vitro cultures of Sesamum
orientale L. cv. "Gokova" were investigated using in L929 fibroblast, MCF-7 breast, and A549 lung epithelial cell
lines. In our study, the cisplatin was also used as a control group to compare the anticancer efficacy of our plant
extract. The ICso values obtained from cell treatments were 922.73 ug.ml' (plant extract) and 33.09 ug.ml"
(cisplatin) for A549 pg.ml, 1837.07 pug.ml" (plant extract) and 19.27 ug.ml! (cisplatin) for MCF-7, and 154.70
pg.ml? (plant extract) for L929, respectively. The subcytotoxic doses of the treated plant extract provided the
healing of artificially created wounds on 1929 fibroblast cell cultures within 48 hours. For the evaluation of the
anticancer activity, it was also determined that transcriptomic analyzes of BCL-XL gene, which is negatively
correlated with apoptotic pathway, and Cas3 and Cas9 genes, which are positively correlated with apoptotic
pathway, showed a statistically significant increase in A549 and MCF-7 cell lines treated with plant extract or
cisplatin. In the light of the results obtained from the present study, it was seen that sesame plant extract may
have wound healing potential at decreasing doses and anticancer activity potential at increasing doses. The
present study can be a useful resource for the development of a drug with wound healing and/or
antiproliferative potential, with applications to be made in different cell lines in the future.

Keywords: Sesamum orientale L. cv. “Gokova”; L929 fibroblast cells; A549 lung epithelial cells; MCEF-
7 breast epithelial cells; cisplatin; BCL-XL gene; Cas3 and Cas9 genes

1. Introduction

There are about 40 different species of sesame plant belonging to the Pedaliaceae family and the
Sesamum genus. Sesame, which has been cultivated since ancient times, has many wild and cultivated
varieties [1]. In addition to its use as a food additive, it is also widely used in traditional medicine
due to its properties of demulcent, mildly laxative, emollient [2], antifungal [3], antioxidant [4],
analgesic [5], anticancer and antiproliferative [6], vitamin B and E supplier [7], serum cholesterol
(lipid) and blood pressure-lowering potential [8,9].

Many studies on biochemical and biological activities have been carried out on the seed and oil
of the sesame plant [7,10-12]. It is a very valuable agricultural crop, especially in its seeds with high
amino acid content, thanks to its protein content of up to 28% and oil content of up to 55% [13]. It has
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also been proven by studies that this seed o0il contains saturated fatty acids (14%), monounsaturated
fatty acids (39%) and, polyunsaturated fatty acids (46%) [1]. The most important bioactive
components of sesame are sesamin, which protects the liver from oxidative destruction, and
sesamolin, which is a kind of insecticide. These two components are the major lignans of sesame seed
oil [14]. Sesamin is also a noncompetitive inhibitor, which plays an important role on its anti-
inflammatory effect [15]. In addition to these two basic components, sesame contains two more
components as sesamol and tocopherol [16].

Although the use of other vertebrates, including humans, in many scientific studies in the field
of health brings convenience, as in every study, it also brings ethical problems. The most effective
solution for the ethical problems that may occur was the use of in vitro cell culture method [17,18].
Cell culture is the method of providing human body conditions to the cells under the appropriate
temperature, humidity and carbon dioxide environment in a medium containing various cell types
isolated from plants or mammals, and nutrients such as amino acids, vitamins, inorganic salts, serum
and glucose. By imitating human body conditions, cells are allowed to reproduce in an artificial
environment, and it helps to lay the foundations of many studies, from researching metabolomics,
transcriptomics, proteomics and other cellular processes at the level of basic sciences to drug
development and understanding drug action pathways, and gene therapy principles through cell
culture studies [19,20].

L929 fibroblast cell cultures originating from the mouse C3H/An connective tissue have been
used in studies such as investigation of the in vitro oligo-hydroxyalkanoates effect on the growing,
the anti-inflammatory and antioxidant properties of the chondroitin sulfate, the cytochemical
properties of the fibroblast-preadipocyte relationships, and the acute activation of glucose uptake, in
addition to virus studies. The cells contained in this culture are also HPRT+ and APRT+[21-24]. A549
lung epithelial cell cultures, which have the ability to synthesize lecithin by using the cytidine
diphosphocholine pathway, have been used in studies such as inhibition of cancer cells,
antiproliferation and identification of its mechanisms, and investigation of the effects of insulin and
insulin-like growth factor on apoptosis and cell proliferation [25,26]. MCF-7 breast epithelial cell
cultures, which are capable of expressing the WNT7B oncogene, have been used in studies on the
inhibition of telomerase activity and the effect of estrogen in the apoptotic pathway, as well as in
studies on inhibition and antiproliferation of cell division and understanding these mechanisms [27-
29]. Although cisplatin is used alone, it is mostly used in combination with other cytostatic drugs.
Cisplatin destroys cells that can cause certain types of cancer such as testicular tumors, ovarian
tumors, lung tumors, etc. It can be used as a control group in cell culture studies to determine the
effectiveness of antiproliferation [30-33].

By examining the gene expressions in tissues and/or cells at the level of mRNA in terms of form
and quantity, transcriptomic analyzes provide great contributions to the understanding of the
importance of these genes for the organism, as well as learning the functions of genes [34,35]. In these
analyzes, on the other hand, is the simultaneous study of mRNA transcripts generated by
transcription from the cell genome. It aims to measure the expression level of a selected subset or all
of the genes, based on the amount of RNA present in a sample [36,37]. With these analyzes, it is
possible to identify genes related to disease and physiological processes, to reveal the structural-
functional interactions between genes, to reveal the roles of genes in development, to reveal their
expression profiles, and to compare different organisms on the genetic basis [38,39].

In this context, the current work purposed to investigate the wound healing and antiproliferative
properties of the plant extract of in vitro grown S. orientale L. cv. “Gdkova” using L929 fibroblast,
MCEF-7 breast and, A549 lung epithelial cell lines. Another aim of the study, in MCF-7 and A549 cell
lines treated with the plant extract or cisplatin, was to examine at the transcriptional level of CRISPR-
associated system 3 (CAS3) endonuclease [40], CRISPR-associated system 9 (CAS9) endonuclease
[41], and B-cell lymphoma XL (anti-apoptotic, BCL-XL) [42] genes expressions, which we think are
effective in metabolic processes such as cell growth and division, control of apoptotic pathways and
cellular cycle. This study is derived from a part of PhD student Sevil Yeniocak's doctoral thesis.
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2. Results

2.1. Wound healing properties of sesame plant extract

In order to determine the subcytotoxic doses of the applied plant extract in wound healing trials,
we primarily determined the cytotoxicity of the extract. The cytotoxic effects of in vitro grown S.
orientale L. cv. “Gokova” plant extract were performed by MTT assay using 1.929 fibroblast cell line.
According to the MTT test result, the ICs value of the plant extract was calculated as 154,70+7,16
pg.ml! (Figure 1).
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Figure 1. The effect of the in vitro grown S. orientale L. cv. “Gokova” plant extract applied at doses
below the ICso value on the viability of 1929 fibroblast cells.

The wound healing activity of the plant extract applied at subcytotoxic doses of ICs0 was
determined by in vitro scratch test performed by incubation of the plant extract for 24-48 hours
periods on L929 fibroblast cells. According to the results of the in vitro scratch test, it had a positive
effect on the healing of the wounds formed on L929 fibroblast cell cultures, after 48 hours in
decreasing subdoses of the plant extracts. In plant extract applications at reduced subdoses of I1Cso,
wound healing was quite evident at 48 hours after 25 pug.ml* plant extract treatments (Figure 2).
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Figure 2. Treatment of the in vitro grown S. orientale L. cv. “Gokova” plant extract wound healing

properties. Snapshots were taken immediately after introducing the artificial wound 0 h, 24 h and 48
h after the extract concentration treated were 0 (control), 25, 50, 100, and 150 pg.ml.

2.2. Anticancer properties of sesame plant extract

In the A549 lung epithelium cell line treated with the different concentration of the in vitro grown
S. orientale L. cv. “Gokova” plant extract, the cell viability inhibition percentage was variable,
manifesting a concentration related effect. While at the highest concentration of the treated extract
(4000 pg.ml?), the inhibition was 73.25 +5.03 %, at the lowest concentration of the treated extract (125
pg.ml?), it was 24.41 £1.99 % (Figure 3).

Additionally, in the MCF-7 mammary epithelium cell line treated with the different
concentration of the plant extract, the percentage of cell viability inhibition was 16.01 +9.23 % at 125
pg.ml?, and 66.14 +5.95 % at 4000 pug.ml" (Figure 3).

When the plant extract effect on both cell lines was compared in the treatment of similar
concentrations, it was observed that the extract caused a significant inhibition on the A549 cell line at
all treatment doses (especially at 1000 pug.ml* concentration) (Figure 3).

In order to compare the significance of the antiproliferative activity of the plant extract
treatment, cisplatin was treated at concentrations of 3.1 pug.ml! to 100 pug.ml? in both cell lines as
control group. In the A549 lung epithelium cell line treated with the different concentration of
cisplatin, the percentage of cell viability inhibition was ranged from 0.0+1.7 % (3.1 ug.ml?) to
84.96 +0.81 % (100 pg.ml?), ICso = 43 + 2.15. Furthermore, in the MCF-7 mammary epithelium cell line
treated with the different concentration of cisplatin, the percentage of cell viability inhibition was
ranged from 28.33 +3.49 % (3.1 pg.ml?) to 64.89+1.46 % (100 pg.ml?), ICso =12.5 + 1.79 (Figure 4).
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Figure 3. Dose-response graph of the in vitro grown S. orientale L. cv. “Gokova” plant extract for
viability inhibition of MCF-7 and A549 cell lines.
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Figure 4. Dose-response graph of cisplatin for viability inhibition of MCF-7 and A549 cell lines.
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2.3. Transcriptomic analyzes in treated cell lines

Graphs were created by calculating the mean of the Ct values (with standard errors and standard
deviations) obtained after Real-Time PCR carried out to specified the expression levels of BCL-XL,
Cas3 and Cas9 genes at the mRNA level in A549 and MCF-7 cell lines.

When the data for the A549 cell line were examined, an increase was monitored in the mRNA
expression level of the BCL-XL gene, which is negatively correlated with the apoptotic pathway, in
the extract and cisplatin groups, respectively, compared to the control group, whereas this rise was
not statistically remarkable. A statistically remarkable enhancement was observed in the mRNA
expression levels of Cas3 and Cas9 genes, which are positively correlated with the apoptotic pathway,
in the extract and cisplatin applied groups compared to the control group (Figure 5).
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Figure 5. Relative mRNA expression plot of BCL-XL, Cas3 and Cas9 genes in A549 cell line (Control:
No substance application; Extract: treated with 922.73 pg.ml! S. oriantale plant extract for 6 hours;
Cisplatin: Anti-cancer treated with chemotherapeutic drug at a concentration of 33 pg.ml! for 6
hours).

When the data for the MCF-7 cell line were analyzed, the BCL-XL gene, whose mRNA expression
level was suppressed in the apoptotic pathway, did not show a significant change in the cell lines
treated with extract when compared to the control group. However, it showed a statistically
considerable decrease in the cisplatin applied group. A significant increase was detected in the extract
and cisplatin applied groups compared to the control group in Cas3 and Cas9 genes, whose mRNA
expression level was induced in the apoptotic pathway. The fact that the treatment of breast cancer
cells (MCEF-7) with 922.73 ug.ml S. oriantale plant extract for 6 hours induced the expression of Cas9
gene more than cisplatin treatment, which is used as an anti-cancer drug and causes serious side
effects, is a very remarkable result in this study (Figure 6).
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Figure 6. Relative mRNA expression plot of BCL-XL, Cas3 and Cas9 genes in MCF-7 cell line (Control:
No substance applied; Extract: 1837.07 ug.ml S. oriantale plant extract treated for 6 hours; Cisplatin:
Anti - treated with a cancerous chemotherapeutic drug at a concentration of 42.38 pg.ml! for 6 hours).

3. Discussion

3.1. The plant extract in decreasing subcytotoxic doses is effective on wound healing

Almost all medicinal plants have always played important role as pharmacologically for every
country in the world. These plants are influenced to cure different illnesses and deactivate possible
epidemics, to add flavor to meals and to conserve foods [43,44]. These plants are considered valuable
sources of conventional drugs and the most synthetic drugs are produced from them. Bioactive
components produced by these plants are largely responsible for the different metabolic patways of
plant species used throughout the world [45,46].

studying the influences of medicinal plant species on health is important for the invention or
creation of novel drugs. In this context, in the current study, the wound healing and anticancer
properties of sesame plant, whose seeds and oil are an important plant in traditional medicine, were
investigated. The subcytotoxic doses (ICso, 154,70+7,16 pg.ml?) of the treated in vitro grown S. orientale
L. cv. “Gokova” plant extract provided the healing of artificially created wounds on L929 fibroblast
cell cultures within 48 hours (Figure 2). Wound is defined as the deterioration of the anatomical and
functional integrity of healthy tissues [47]. Wound healing is the systematic, biochemical and cellular
cases induced by trauma, resulting in the production of new tissue. The main principle of wound
healing is to decrease the damage of tissues, to ensure sufficient tissue oxygenation and perfusion, as
well as appropriate nutrition and moistening of the tissue [48,49]. In 2019 Bolla et al. investigated the
wound healing characteristics of the methanolic extract of Aristolochia saccate on L929 cell line. In this
study, they determined 93.52% wound closure 48 hours after the plant extract treatment [50]. In the
same year, Alsawalha et al. used the L929 fibroblast cell line to study the wound healing potential of
Dioscorea villosa extract. In this study, they found that 125 pg.ml! of plant extract induced 88.58% cell
migration in L929 fibroblast cell [51]. Similarly, in 2022, Danna et al. used the L929 fibroblast cell line
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to determine the wound healing potential of Peucedanum ostruthium leaf and rhizome extracts. In this
study, L929 fibroblast cells represented parallel wound closure stimulation with both extracts (ICso,
801 for leaf extrct; ICso, 385 for rhizome extract) [52]. As in our study, these studies in the literature
have shown that these plants used in traditional medicine may have wound healing potential and
these results also support our study.

3.2. The plant extract in increasing doses is effective on antiproliferation

Although there are many synthetic drugs designed from raw materials obtained from plant
extracts, the diversity of diseases that people are exposed to and the different responses of people to
diseases increase the importance of drug studies. It is estimated that acceptable therapy is available
for only one-third of known human diseases. For this reason, it is important for future studies to
reveal the biological characteristics of species of medical importance [53,54]. The use of herbal
products in cancer treatment can prevent health problems that may occur relatively. Therefore,
studies on the chemical components of various plant sources used as anticancer agents have
increased in recent years [55]. For example, curcumin from soybeans, polyphenols from green tea,
resveratrol from grapes, lycopene from tomatoes, and crocetin from saffron are compounds that are
effective in cancer treatment [56-58].

In the current study, the anticancer properties of in vitro grown S. orientale L. cv. “Gokova” plant
extract were also investigated using MCF-7 mammary epithelium and A549 lung epithelium cell
lines. The antiproliferative effect of the extract was also increased with increasing doses for both lines.
In the MCEF-7 cell line, cell division inhibition was determined as ~66.14% for the highest dose of plant
extract applied. In 2020, Nivethitha et al. investigated the anticancer properties of S. indicum plant
extract in MCF-7 cell line, similar to our study. In the study, they found that the anticancer activity of
the plant extract (ICso, 148.76 pig.ml ') was quite good [59]. Siao et al. investigated the anti-proliferation
properties and action mechanism of S. indicum seeds, in a study they conducted in 2015 and they
used MCE-7 cell lines as in our work. Their results showed that the cell viability inhibition the dose-
dependently (10 and 50 uM sesamin decreased the cell viability by 18 and 30% respectively) increased
[60]. All these studies and the results obtained from some other studies in the literature are in line
with the results obtained from our study [61,62].

On the other hand, in the A549 lung epithelium cell line, cell division inhibition percentage was
determined as ~73.25% for the highest dose of plant extract applied. In a 2017 study by Watanabe et
al., it was proven that sesamol indicated anticancer properties against A549 cell lines at 50 uM
concentration and 6 hours of treatment. The study showed that this effect of sesamin makes it a
potential anticancer agent because lignan has the ability to prevent DNA damage. It has also been
reported that sesamin's ability to decrease COX-2 gene expression in the A549 cell line inactivates the
inflammatory response that reduces restenosis due to inhibition of the PI3K-Akt pathway [63,64]. All
these results are also in matching with the results obtained in our work.

3.3. CRISPR-associated system 9 and 3 positively correlated with apoptotic pathway

The development and cell differentiation is a biological process regulated and controlled by
genes. When this regulation is disrupted as a result of genetic change, the end point is the emergence
of malignant appearance. For this reason, it may be useful to look at gene expression levels that are
thought to be effective in metabolic processes in order to understand cancer and the mechanisms that
cause cancer [40,41,65]. In this context, in our study, the expressions of CRISPR-associated system 3
(CAS3) endonuclease, CRISPR-associated system 9 (CAS9) endonuclease, and B-cell lymphoma XL
(BCL-XL, anti-apoptotic) genes, which are responsible for the apoptotic pathway, were investigated
before and after in vitro grown S. orientale L. cv. “Gokova” plant extract treatment in MCF-7 breast
cancer and A549 lung epithelium cell lines.

Han et al. in 1999, investigated the antiproliferative properties of curcumin in BKS-2 immature
B lymphoma cell line. They found that the curcumin decreased the BCL-XL expression as well as the
tumor suppressor gene p53 in B cells [66]. In addition to inhibiting apoptosis, BCL-XL has also been
reported to be a key regulator of tumor progression, cell migration and other important cellular
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functions [67]. In the current study, the anti-apoptotic BCL-XL expression is suppressed when the cell
receives apoptosis signal. Therefore, the expression level is expected to decrease in the extract and
cisplatin administered groups compared to the control group [68]. According to the results obtained,
it is thought that the BCL-XL gene, whose expression was not suppressed after the extract and
cisplatin application, is not related to the apoptotic pathway in A549 cancer cells. The expected effect
was observed in MCF-7 cells treated with cisplatin. There was no significant effect of “Gokova”
sesame plant extract on the BCL-XL gene.

In our study, it was also determined that the Cas3 and Cas9 expression levels, which are known
to be positively correlated with the apoptotic pathway, were significantly increased in the extract and
cisplatin applied groups compared to the control group. This showed that both cisplatin and plant
extract could be associated with cell death by suppressing A549 lung epithelium cell proliferation
and inducing apoptosis. It can be said by looking at Cas3 mRNA expression levels that cisplatin used
in chemotherapy promotes lung cancer cells to apoptosis at a higher rate compared to the study
material, “Gokova” sesame plant extract. However, the high toxic effect of cisplatin [69] is known
through studies, and the serious side effects caused by this situation show that the extract obtained
from “Gokova” sesame plant extract can be used instead of cisplatin. When Cas9 mRNA expression
levels on MCF-7 cells were examined, it was observed that the plant extract induced apoptosis more
than cisplatin. This shows that “Gokova” sesame plant extract can also be preferred instead of
cisplatin, which is already known to have high toxic properties. A study by Ozkan et al. in 2021
confirmed that small extracellular vesicles of Allium sativum induce caspase-mediated apoptosis and
inhibit the proliferation of cancer cells. In this work, the A549 cell line was used and a significant
increase in some proapoptotic genes for cancer cells was also noted in parallel with Cas3 gene
expression levels. After the extract application, Cas9 gene expression increased 2.5 times [70]. These
results are also in agreement with the results obtained from the present work.

4. Materials and Methods

4.1. Plant Material and In vitro Culture establishment

The S. orientale cv. “Gokova” seeds grown in the collection gardens (Figure 7A, B) were derived
from Mugla Metropolitan Municipality, Agricultural Services Unit, Local Seed Bank (the cooperation
protocol no: 10452259-030.02-1240). For in vitro culture initiation, surface sterilization of seeds was
used by modifying the methods previously developed by Kaya et al. and Ozudogru et al. [71,72]. In
the method, the seeds were washed with EtOH (70%) for 5 minutes, H02 (10%) for 10 minutes,
sodium hypochlorite (NaOCl, Domestos®, 20% and 10%) twice for 5 minutes, then rinsed thoroughly
with sterile distilled water until detergent residues were removed. The “Gokova” sesame seeds,
which became free of contaminants after sterilization, were carried on MS [73] supplemented with 1
mg.l1 kinetin, 20 g.1' sucrose, and 7 g.I'' agar (pH 5.8) at standard culture conditions [23 + 2 °C, 16/8
hours light cycle (50 umol.m2.s! white cool fluorescent light)] [74]. In vitro germinated S. orientale cv.
“Gokova” micro-shoots were subcultured at 4-week periods and mass propagated to obtain the plant
material required for the cell extracts (Figure 7C).
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Figure 7. The development of S. orientale cv. “Gokova” in the collection garden and in vitro nutrient
medium (A) The image of the sesame plant growing in the collection garden during the flowering
period; (B) The image of the sesame plant growing in the collection garden during the capsule
formation period; (C) The image of micro-shoots of in vitro grown sesame plant.

4.2. Extraction protocol of In vitro Grown Sesame Micro-shoots

The in vitro grown micro-shoots of S. orientale cv. “Gokova” were left to dry in a fan drying etuv
at 35 °C for overnight. Dried plant materials were milled in a grinder with the help of liquid nitrogen.
The ground plant was suspended with 99% ethyl alcohol (Merck KGaA, Darmstadt, Germany) as 10
times and subjected to ultrasonic extraction by vortexing. In the extraction process, after each 30-
minute cycle, the suspension was precipitated at 4000 rpm for 4 minutes via thermoregulated
centrifuge and the supernatant was filtered with the help of filter paper and transferred to the beaker.
This process was repeated twice. The obtained extract was collected in an Erlenmeyer flask and a
fume hood was used to remove the alcohol from the environment. Thus, crude extract was obtained
for use in cell lines. The extract stock solution was prepared with Dimethyl sulfoxide (DMSO) at a
concentration of 200 mg.ml. Test concentrations to be used in the investigation of in vitro cytotoxic
effects, wound healing and antiprolative effects on cancer cell lines were prepared by diluting with
Dulbecco’s Minimal Essential Medium (DMEM) from this stock [75].

4.3. Cell lines and passage of cell lines

L929 fibroblast (ATCC® CCL-1), A549 lung epithelium (ATCC® CCL-185) and MCF-7 mammary
epithelial (ATCC® HTB-22) used as cell lines in the current work were commercially available. The
cell lines were amplified in DMEM medium supplemented with 1% antibiotic (penicillin-
streptomycin) solution and 10% fetal bovine serum (FBS) at 37 °C in a 5% CO:z incubator [76].

Each cell line was grown as a monolayer culture in T 25 flasks at 37°C in an oven with 5% CO2
under 98% humidity, and the flask contained medium was poured when the cells reached
approximately 80% density. Cellular debris and serum were removed by washing the surface with
sterile D-PBS. In order to separate the monolayer cells from the surface, trypsin EDTA was applied
in an amount to cover the cell surface and incubated for about five minutes. The detachment of cells
from the surface was followed under an inverted microscope. In order to inhibit the efficacy of trypsin
on cell lines with impaired adher-ence, DMEM containing at least five times the trypsin volume was
added. The cells in the flask were pipetted, the cell suspension was taken into a sterile 15 ml falcon
and centrifuged at 1200 rpm for 4 minutes. After centrifugal precipitation, the supernatant was
removed and the pellet was dissolved in fresh medium (1 ml), inoculated into T 75 flasks and left for
incubation [75,76].
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4.4. Cytotoxicity Analysis by MTT Method

In vitro cytotoxic effects of S. orientale cv. “Gokova” plant extract were determined by 3-4,5-
dimethyl-thiazolyl-2,5-diphenyltetrazolium bromide (MTT) test [77]. The L929 fibroblast cells was
used for MTT. The cell lines were grown as monolayer culture on a T 75 flask at 37 °C in an oven with
5% CO:2 under 98% humidity and the medium was removed when the cells reached approximately
80% density. The flask surface was treated with Dulbecco's phosphate-buffered saline (D-PBS) and
trypsin was added and incubated for 5 minutes. The cells separated from the surface by the effect of
trypsin were suspended with serum-containing DMEM, placed in a sterile 15 ml falcon and
centrifuged at 1200 rpm for 4 minutes. After centrifugal precipitation, the supernatant was
transferred and the pellet was dissolved in fresh medium (1 ml), and the obtained cell suspension
was counted on a thoma slide with Trypan Blue dye. The 3T3 cell suspension was inoculated into 96-
well microplates with 200 pl of 1 x 104 cells in each well and incubated for 24 hours at 37 °C, 5% CO,
and 98% humidity.

After incubation, the culture medium in the plates was emptied and changed with 200 ul of
different concentrations of the plant extract in DMEM, and only 200 pl of medium was added to the
cell control well. After 24 hours of incubation of the active substance applied plates, the wells were
emptied completely and 100 ul of D-PBS was added to each well twice and washed. After washing,
100 pL of fresh medium and 10 uL of MTT were transferred to 1/10 wells and incubated for 3 hours
at 37 °C in an oven with 5% CO: under 98% humidity.

After this treatment, the wells were emptied and 100 pl of DMSO was added, incubated in a
shaker for 25 minutes at room temperature and absorbance was taken at 540 nm. The cell viability in
the control well was accepted as 100% and the viability percentage was calculated in the other wells.
The inhibitory concentration 50 (ICso, the concentration in which 50% of the cells die) values were
calculated statistically in the exel program [77].

The percentage of viable cells was determined by the following formula:

Viability (%) =[100 x (Sampleabs)/ (Controlass)]

Sampleabs: Absorbance of S. orientale cv. “Gokova” applied wells
Controlass: Absorbance of the control well

4.5. In vitro Scratch Test

Wound healing activity of S. orientale cv. “Gokova” plant extract was determined by in vitro
scratch test. L929 cells taken from the flask and counted were inoculated as 75 x 104 cells in a 60 mm
cell culture dish. A wound was created with a 10 ul micropipette tip on the surface of the cells, which
filled nearly 100% of the surface of the cell culture dish in which they were attached for approximately
24-48 hours. While creating the wound, the pipette tip was drawn on the cell culture dish from one
end to the other at a constant speed in one go, and the cell lines were cleaned once with D-PBS and
the ruptured cells were removed. The cell lines were treated with 2.5 ml of convenient medium [1%
antibiotic solution with high glucose ratio and DMEM containing 10% Fetal Bovine Serum (FBS)]
containing sub-cytotoxic doses of extract at different concentrations. As the control group, complete
medium and solvent with extract solution were prepared at the same concentrations as the sample
and transferred to petri dishes. Then, wound line was visualized with phase contrast microscope at
0, 4, 24, and 48 hours, compared with the control group, and wound healing activity was determined
[78].

4.6. Determination of the Antiproliferative Effect of Plant Extract in A549 Lung and MCF-7 Mammary Cell
Lines by MTT Method

The cells were grown in 1% antibiotic (penicillin-streptomycin) solution with a high glucose ratio
and DMEM containing 10% FBS at 37 °C in 5% CO:. Then, the cell lines were transferred to 96 plates
with 1.104 cells in each well and incubated for 24 hours at 37 °C in 5% COz. After this step, the
mixtures containing fresh medium containing different doses of the active substance were poured
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into the wells and incubated again for 24 hours under the same conditions. A row for each
concentration was determined on the plates, and the wells in the plates, which were worked with 8
replicates of the same concentration of active substance and 4 repetitions of solvent, were completely
emptied after 24 hours of incubation, and 100 ul of D-PBS was added to each well and washed. After
washing, 100 pl of fresh medium and 10 pl of MTT were added and incubated for 3 hours at 37 °C in
an oven with 5% CO:z under 98% humidity. After the incubation, the wells were emptied and 100 ul
of DMSO was added, incubated in a shaker for 25 minutes at room temperature and absorbance was
taken at 540 nm. The cell viability (the formula has been identified in section 4.4.) in the cell control
well was accepted as 100%, and % inhibition was calculated according to the viability values in other
wells. The inhibitory concentration 50 (ICso, the concentration in which 50% of the cells die) values
were calculated statistically in the EXCEL program [79].

(% inhibition) = 100 - (% viability)

4.7. Molecular Analyzes - Determination of Gene Expressions at Transcriptomic Levels

The RNA was extracted from A549 and MCEF-7 cell lines using Thermo Scientific™ Gene]ET
RNA Purification Kit (Cat. No. K0732). The quality and the quantity of the isolated RNAs were
determined by spectrophotometer. DNA contamination was eliminated using the Thermo
Scientific™ DNase I Solution (1 unit/ul), RNase-free (Cat. No. 89836) Kit. For cDNA synthesis, the
total RN As were reverse transcribed using the OneScript® Plus cDNA Synthesis Kit (Cat. No. G236)
and the oligo-dT primers contained in this kit. Amplification of reverse transcribed RNAs was
determined by Real-Time PCR using the Ampliqon RealQ Plus 2 x Master Mix Green Kit (Cat. No.
A323402) and in the presence of primers for the three genes of interest. The related genes and the
sequences of the forward and reverse primers of these genes are given in Table 1. The thermal cycle
used in the reaction is 30 seconds of denaturation at 95 °C, followed by 30 seconds of annealing at 55-
58 °C and 30 seconds of extension at 72 °C. Real-Time PCR was analyzed by repeating six times. All
groups were interpreted by normalizing the expression of beta-actin gene, a housekeeping gene, and
using the 2-AACt (2”\(-delta delta Ct)) method. A graph was created by calculating the mean of the
obtained values (with standard deviation and standard errors) [80].

The signification of expression levels of the five target genes obtained after gqRT-PCR compared
to the control group was statistically analyzed by T-Test method. Among the data obtained as a result
of the T-Test, those with p < 0.05 were considered statistically significant.

Table 1. Primers and sequences designed for use in Real-Time PCR [81].

Gene Name Primer Sequens
F: 5 TCCTCCTGAGCGCAAGTACTC 3’

practin R: 5 CTGCTTGCTGATCCACATCTG 3’
Coc F: 5 GCAGCAAACCTCAGGGAAAC 3’
R: 5 TGTCGGCATACTGTTTCAGCA 3’
Caso F: 5 GGCTGTCTACGGCACAGATGGA 3
R: 5 CTGGCTCGGGGTTACTGCCAG 3
BCLXL F: 5 GCTAGCAGACTTTGGACTAGCCAG 3’

R: 5 AGCTCGGTACCACAGGGTCA 3’

5. Conclusions

The current work aimed to investigate the wound healing and anticancer properties of the in
vitro grown S. orientale L. cv. “Gokova” plant extract using L929 fibroblast, A549 lung epithelial, and
MCE-7 breast epithelial cell lines. Wounds, especially chronic ones, affect many patients and reduce
their quality of life. In this context, it can be said that the plant extract can be effective on wound
healing at doses treated with L292 fibroblast cells in our study. On the other hand, in A549 lung
epithelial and MCEF-7 cell lines treated with the plant extract was to investigate for its anticancer
properties and it was also determined that the extract inhibited cell viability at increasing doses. After
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animal experiments and clinical applications to be carried out in the future, this plant extract may
have the potential to be used in wound healing and/or anticancer drugs. In our study, the expressions
of CRISPR-related system 3 (CAS3) endonuclease, CRISPR-related system 9 (CAS9) endonuclease and
B-cell lymphoma XL (anti-apoptotic, BCL-XL) genes in A549 and MCF-7 cell lines treated with plant
extract and cisplatin were also evaluated. The significant increase in these gene expressions indicated
that the applied extracts were effective in metabolic processes such as cell growth and division,
control of apoptotic pathways and cellular cycle and it can be also said that the applied plant extract
has much less toxic compared to cisplatin and it has good anticancer properties. In conclusion, in the
light of the data obtained from this study, the in vitro grown S. orientale L. cv. “Gokova” plant extract
can be tested in other cancer cell lines such as colon, liver, cervical, prostate, blood and skin cancer
cell lines, in the future. This plant extract also has the potential to make useful contributions to the
development of anticancer drugs with animal experiments and clinical applications to be made in the
future.
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