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ABSTRACT
Aim: This study aimed to measure the effects of Scilla autumnalis 
extracts which might act as potential plant based chemotherapeu-
tic, on U87 glioblastoma cell line.

Material and Method: Cytotoxicity assays were performed by 
determining the cell viability of the samples with MTT (3 – (4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide). Gene 
expression levels of glucose transporter 1 (GLUT1), Glucose trans-
porter 3 (GLUT3), Glucose transporter 4 (GLUT4), Hexokinase 1 
(HK1) and Hexokinase 2 (HK2), multidrug resistance1 (MDR1), 
Cytochrome P450 Family 2 Subfamily E Member 1 (CYP2E1) and 
Pregnane X receptor (PXR) was analyzed in glioblastoma cells us-
ing quantitative real-time RT-PCR.

Results: According to the analysis, we observed a 10% increase in 
the expression of Glut1, however, we did not observe a difference 
in Glut3 expression. For Glut4, root ethanol extract decreased its 
expression by 13% but shoot extracts elevated the expression 
levels by only 5–6%. We determined the low expression levels 
of HK1 and HK2 in glioblastoma compared to the control group. 
S.autumnalis root extract led to a slight increase in MDR1 expres-
sion. We found that the expression level of CYP2E1 was 20% 
lower in glioblastoma cells treated with Scilla autumnalis root and 
shoots extracts compared to the control group. We determined 
downregulation in PXR expression.

Conclusion: This study may contribute significantly to the under-
standing of the cytotoxic effect of Scilla autumnalis. This approach 
may allow the possibility of Scilla autumnalis plant extract as a can-
didate drug for the treatment of glioblastoma.
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ÖZET
Amaç: Bu çalışmada U87 glioblastoma hücre hattı üzerinde bit-
kisel temelli kemoterapötik olarak davranma potansiyeli taşıyan 
Scilla autumnalis özütünün etkisinin ölçülmesi amaçlanmıştır.

Materyal ve Metot: Sitotoksisite deneyleri örneklerin canlılığının 
MTT (3 – (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide) yöntemiyle belirlenmesiyle saptanmıştır. Glioblastoma hüc-
reelerindeki Glukoz transporter 1 (GLUT1), Glukoz transporter 3 
(GLUT3), Glukoz transporter 4 (GLUT4), Heksokinaz 1 (HK1) and 
Heksokinaz 2 (HK2), Multidrug resistance1 (MDR1), Cytochrome 
P450 Family 2 Subfamily E Member 1 (CYP2E1) ve Pregnane X 
receptor (PXR) gen anlatım düzeyleri kantitatif RT-PCR kullanılarak 
analiz edilmiştir.

Bulgular: Elde edilen sonuçlara gore GLUT1 anlatımı %10 düze-
yinde artarken GLUT3 anlatımında bir değişiklik saptanmamıştır. 
Kök etanol özütü GLUT4 anlatımını %13 kadar azaltırken gövde 
özütü %5–6 civarında artırmıştır. Glioblastomadaki HF1 ve HK2 
anlatım düzeyleri control grubuna gore önemli ölçüde düşük ola-
rak bulunmmuştur. S.autumnalis kök özütü MDR1 anlatımında kü-
çükbir miktar artışa yol açmıştır. CYP2E1’nin anlatım düzeyinin S. 
autumnalis’in kök ve gövde özütü uygulanmış glioblastoma hücre-
lerinde kontrol grubuna göre %20 oranında düştüğü saptanmışken 
PXR anlatımının da azaldığı gözlemlenmiştir.

Sonuç: Bu çalışma S.autumnalis’in sitotoksik etkisinin anlaşılma-
sına önemli bir katkı sunabilir. Bu yaklaşım S.autumnalis bitki özü-
tünün glioblastoma tedavisinde aday ilaç olarak kullanılabileceğine 
işaret etmektedir.
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Introduction
Glioblastoma multiforme (GBM) is the most com-
mon malignant primary brain tumor in adults, which 
is also difficult to diagnose and treat. The treatment has 
not changed over the years1,2.90% of cases develop de 
novo (primary glioblastoma) from normal glial cells 
with multistep tumorigenesis. The remaining 10% 
glioma is secondary neoplasm cases that progress from 
low-grade tumors (diffuse or anaplastic astrocytomas) 
lasting 4–5 years3,4. The main developmental location 
of glioblastoma multiforme is the brain. The tumor is 
indistinguishable from normal tissue because it is char-
acterized by infiltrating growth1,5. It is localized in the 
hemispheres or subcutaneously in the brain stem and 
the cerebellum6,8. The result may sometimes be hydro-
cephaly, as a growing tumor causes increased intracra-
nial pressure9.

As it is known, cancer, which caused approximately 8.2 
million deaths in 2012, is one of the most common dis-
eases10. The effect of various risk factors, including age, 
geographical region, and race, on cancer development, 
has been reported11. Although chemotherapy is the 
main treatment approach, resistance to chemothera-
peutic drugs has been observed in 30–80% of cancer 
patients in recent years. Therefore, plant-based sub-
stances have received great interest among researchers. 
Plant kingdom comprised approximately 250 000 plant 
species but nearly 10% of them have been studied for 
the treatment of different diseases. That’s why it is im-
portant to evaluate the potential of untested or endem-
ic plant species extracts or their purified compounds.
The Hyacinthaceae family has approximately 900 spe-
cies in about 70 genera in the world12. Scilla species 
are widely used in folk medicine in the treatment of 
different illnesses. As phytochemical compounds, the 
alkaloids, cardiac glycosides, ergosterol glycosides, tri-
terpenoids, triterpenoids glycosides, nortriterpenoids 
glycosides, stilbenes, and homoisoflavanoids was re-
ported13,14. These compounds are responsible for a large 
number of different biological activities such as anal-
gesic15,16, anti-tumoral12,17–20, anti-inflammatory16,21–24, 
anti-oxidative22, and antioxidant24–26.
Scilla autumnalis is found in the Mediterranean region 
from Portugal to Turkey and the Caucasus26. There are 
only a few data on the anti-tumoral activity of the Scilla 
species, however, there are no data on the anti-tumoral 
activity of Scilla autumnalis. In the present study, we 
assessed the anti-tumoral effects of Scilla autumnalis 
extracts on glioblastoma multiforme.

Materials and Methods

Preparation of Plant Extract
Scilla autumnalis was collected from Denizli, Turkey. 
The herbarium sample was separated from the collect-
ed plant samples and stored in the Herbarium of the 
University of Pamukkale, Denizli, Turkey (Voucher 
specimen number: RM1002). Systematic identifica-
tion of the collected plant species was made using ref-
erence books and identification keys.

The plant extraction was performed with method 
described by Mammadov et al.26 Firstly, the root (7) 
and shoot (8) parts of plants were dried in the shade 
and were powdered with grinder. 10 g plant sample 
was added into erlenmayer which contains 100 mL 
solvent[ethanol (G) or methanol (H)] and then 
shaked at 50° C for 6 h. The solvent extract was filtered 
and evaporated using rotary evaporator. The dry sol-
vent extract was solved with distilled water and was 
frozed at −80˚C. The frozed sample was lyophilized 
with lyophiphilizer. Obtained extracts were stored at 
–20° C until use.

U87 Glioblastoma Cell Line
U87 MG cells were used from the cell culture collec-
tion of Molecular Biology and Genetics Department, 
Istanbul University. The cells that were used in the 
experiments had a passage number between 6–9. 
Gliobalstoma cells were grown and subcultured in 
Dulbecco’s Modified Eagle Medium (DMEM) supple-
mented with Glucose (4.5 mg/mL), 10% Fetal Bovine 
Serum (FBS), 1% antibiotics and antimycotic (penicil-
lin, streptomycin and amphotericin B) and 1% non-
essential amino acids (NEAA) at 37ºC with 5% CO2 
in an incubator.

Cytotoxicity Assay
Cytotoxicity assays were performed by determining 
the cell viability of the samples with MTT (3 – (4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide) assay Briefly, U87MG cells (1.5x104 per well) 
were seeded in 96-well plates and incubated at 37˚C 
for 24 h. Different concentrations of 7G, 8G, 8H (1, 5, 
10, 25, 50, 100, 250, 500, 1000µg/mL) were tested on 
the cells for 24, 48 and 72 h. After treatments, the cells 
were incubated with MTT at a final concentration of 
0.5 mg/ml at 37˚C for 4 h, followed by the addition 
of DMSO (150 μl) to dissolve the formazan crystals. 
The absorbance of each well was measured at 570 nm 
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using a microplate reader (EON, BioTek Instruments 
Inc., Winooski, VT, USA). Half-maximal inhibitory 
concentrations (IC50) of the extracts were calculated by 
fitting the data to a sigmoidal dose-response curve us-
ing nonlinear regression analysis. All test samples were 
measured in triplicate.

Gene Expression Analysis Using Quantitative Real-time 
RT-PCR Analysis
Gene expression of GLUT1 (SLC2A1), GLUT3 
(SLC2A3), GLUT4 (SLC2A4), Hexokinase 1 (HK1) 
and Hexokinase 2 (HK2), MDR, CYP2E1, PXR was 
analyzed in glioblastoma cells. After 48 hours of treat-
ment with S. autumnalis root (ethanol) and shoot eth-
anol and methanol) extracts, total RNA was extracted 
with Human Blood RNA Purification Kit (GMBiolabs, 
Taichung City, Taiwan) according to the procedure 
recommended by the manufacturer. Conversion of 
total RNA to single-strand complementary DNA 
(cDNA) was done with High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems Inc., Foster 
City, CA, USA) with random primers. Real-time PCR 
was performed with GM SYBR qPCR Kit (without 
ROX) (GMBiolab, Taichung City, Taiwan) with the 
specified conditions as initial denaturation at 95˚C 
for 120 seconds (sec.), following 45 cycles at 95˚C for 
20 sec., at 55˚C for 30 sec., at 72˚C for 45 sec. Primer 
sequences and expected product lengths are given in 
Table 1. Expression of each target genes was normal-
ized to the expression of Glyceraldehyde-3-Phosphate 
Dehydrogenase (GAPDH).

Statistical Analysis

Statistical software Graph Pad Prism 6.0 (Graph Pad, 
San Diego, CA) was used for all statistical analyses. 
IC50 values were calculated with non-linear regression 
analysis.

Results
Cytotoxicity on glioblastoma cells. To evaluate the cy-
totoxic effects of extracts on U87MG cells and de-
termine IC50 value, the MTT cell viability test was 
performed after 24 h, 48 h, and 72 h. In the experi-
ments, the final DMSO concentration did not ex-
ceed 0.75% and this concentration does not affect 
cell viability. The results showed that all of the ex-
tracts (7G, 8G, and 8H) inhibit U87MG cell pro-
liferation in a dose-dependent manner. For further 
experiments 48 h incubation was chosen and IC50 
values were calculated as 79.04 µg/mL, 237.342 µg/
mL, 188.919 µg/mL respectively for 7G, 8G, and 
8H. The ethanolic root extract has the most inhibi-
tory effect on the U87 glioma cell line. The effect of 
different extracts on the survival of the U87 glioblas-
toma cell line was shown in Fig 1, Fig 2, and Fig 3. 
In our study, gene expression of GLUT1 (SLC2A1), 
GLUT3 (SLC2A3), GLUT4 (SLC2A4), Hexokinase 
1 (HK1) and Hexokinase 2 (HK2), MDR, CYP2E1, 
PXR was analyzed. The expression profile of the groups 
was shown in Fig 4.

Discussion
85–90% of primary central nervous system (CNS) 
tumors are brain tumors. Glioblastoma (GBM) ac-
counts for approximately half of all malignant adult 
brain tumors and is associated with the shortest 
survival27. After the resistance to chemotherapeu-
tics, natural product-based therapy has started to be 
used. This method has gained popularity as a poten-
tially less toxic treatment. Podophyllotoxin and its 
semi-synthetic derivatives, Teniposide, Etoposide, 
and Etopophos, have been extensively used to treat 
many cancers28. Plant-based products have long 
been involved in cancer treatment. Their effect in 
this treatment is used to influence cancer develop-
ment, progression, and metastasis. Some studies 
have demonstrated antitumor potential in the use of 
this plant-based therapy alone or combination with 
radiotherapy. During the 1960 s and 1985 s, the 
National Cancer Institute (NCI) conducted an an-
ti-cancer drug screening program. In this screening, 

Table 1. Primers used in quantitative real-time RT-PCR

Gene Forward Primer 5’->3’ Reverse Primer 5’->3’

HK1 TCAGATCGAGAGTGACCGATT CACACTGTCTTGACGAGGATAC

HK2 ACGAGAGTTTCCTGGTCTCA TCAAAGTCCCCTCTCCTCTG

GLUT1 GTTCATCGTGGCTGAACTCT ACAGTTGCTCCACATACTGG

GLUT3 CGCCTGATTATTGGCATCTT TCCAAACCAAAGACCTGAGC

GLUT4 CAGTATGTTGCGGAGGCTAT AGTTCTGTGCTGGGTTTCAC

CYP2E1 ATGTCTGCCTCGGAGTGA GGAAGAGGTTCCCGATGATG

MDR TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAGAAGCA

PXR GGCCACTGGCTATCACTTCAA GTTTCATGGCCCTCCTGAAA

HK1, hexokinase 1; HK2, hexokinase 2; GLUT1, glucose transporter 1; GLUT3, glucose transporter 
3; GLUT4, Glucose transporter 4; MDR1, multidrug resistance 1; CYP2E1, Cytochrome P450 
Family 2 Subfamily E Member 1; PXR, Pregnane X receptor.
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activity against eight cancer lines in vitro and in vivo 
experiments. Particularly, it was found to be more ef-
fective against Fibrosarcoma Tumor (HT1080) 19. The 
phenolic compounds isolated from Scilla autumnalis 
was showed a significant effect against human lung 
cancer (H1299) in vitro conditions26. Research stud-
ies have shown that Scilla species are associated with 
many types of cancer and have demonstrated their 
effectiveness.

When we investigated the inhibitory effect of S. au-
tumnalis extracts on the proliferation of U87 cells, we 
observed that 500 µg/ml of both root and shoot ex-
tracts decreased the survival of more than 50% in all 
tested conditions. However, root extract was more 
effectively such that even 100 µg/ml inhibited U87 
cells by 50%. This indicates the importance of analyz-
ing especially the root content and revealing effective 
compounds.

an important compound, Taxol (paclitaxel) isolated 
from the bark of Taxus brevifolia, used to treat many 
solid tumors, was identified29,30.

It has been investigated the toxicological properties of 
Scilla species in the various cancer cell lines: A 15-de-
oxoeucosterol oligosaccharide isolated from Scilla pe-
ruviana L. was found to be toxic to against cervical can-
cer (HeLa cells) 12. The four compounds isolated from 
Scilla luciliae was showed the cytotoxic activity against 
Human Oral Squamous Cell Carcinoma (HSC-2) 
cells31. The homoisoflavanones isolated from Scilla 
nervosa have been effective significantly against colon 
cancer (HT-29) and breast cancer (MDAMB-435) cell 
lines20. Scillascillin isolated from the fresh bulb of Scilla 
scilloides showed significantly active against human 
cancer cell lines MCF-7 (breast cancer) and DU-145 
(prostate cancer)32,33. The scilla scilloside E-1 isolated 
from Scilla scilloides were evaluated for their cytotoxic 

Figure 1. Effect of Scilla autumnalis root ethanolic (7G), shoot ethanolic (8G) and 
shoot methanolic (8H) extracts on the survival of U87 glioblastoma cells. Serially 
diluted (1-1000 μg/mL) extracts were added on U87 cells and incubated for 24 
hours. Cell viability was evaluated with MTT assay. Line graphs were obtained 
with GraphPad Prism 7.0.

Figure 3. Effect of Scilla autumnalis root ethanolic (7G), shoot ethanolic (8G) and 
shoot methanolic (8H) extracts on the survival of U87 glioblastoma cells. Serially 
diluted (1-1000 μg/mL) extracts were added on U87 cells and incubated for 72 
hours. Cell viability was evaluated with MTT assay. Line graphs were obtained 
with GraphPad Prism 7.0.

Figure 2. Effect of Scilla autumnalis root ethanolic (7G), shoot ethanolic (8G) and 
shoot methanolic (8H) extracts on the survival of U87 glioblastoma cells. Serially 
diluted (1-1000 μg/mL) extracts were added on U87 cells and incubated for 48 
hours. Cell viability was evaluated with MTT assay. Line graphs were obtained 
with GraphPad Prism 7.0.

Figure 4.  Gene expression of Hexokinase 1 (HK1) and Hexokinase 2 (HK2), Glu-
cose transporter 1 (GLUT1), Glucose transporter 3 (GLUT3), Glucose transporter 
4 (GLUT4), multidrug resistance 1 (MDR1), Cytochrome P450 Family 2 Subfamily 
E Member 1 (CYP2E1) and Pregnane X receptor (PXR). Scilla autumnalis root 
ethanolic (7G), shoot ethanolic (8G) and shoot methanolic (8H) extracts.
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previous study; it has been determined as slightly 
induced with Scilla nervosa aqueous extract of 
CYP3A4 activity46. In our study, we found that the 
expression level of CYP2E1 was 20% lower in glio-
blastoma cells treated with Scilla autumnalis root 
and shoots extracts compared to the control group. 
Because CYP2E1 metabolizes the aforementioned 
molecules and pro-carcinogens such as nitrosamines 
and azo compounds47 and metabolism of these 
molecules produce toxic intermediates and reactive 
oxygen species that cause various pathological condi-
tions48, elevated expression of CYP2E1 may also be 
responsible for cancer progression. A study, suggest 
a possible link between CYP2E1 activity and breast 
cancer through ethanol metabolism49. On the other 
hand, it was shown in another study that CYP2E1 is 
upregulated in the nontumor tissue and downregu-
lated in tumor tissue in hepatocellular carcinoma50. 
Thus, a natural therapeutic target must be evaluated 
in each cancer cell type.
P-glycoprotein (P-gp), a 170-kDa protein encoded 
by the multiple drug resistance human (MDR1) 
gene, which is a member of the ABC superfamily of 
energy-dependent transport systems. P-gp displays 
broad specificity, accepting many structurally, func-
tionally, and mechanistically unrelated compounds 
and its role in limiting drug penetration across bio-
logical barriers is well established51. An enhancement 
of ABC transporter expression represents one of the 
major MDR mechanisms that protect cancer cells 
from different drugs. Nardinocchi et al. observed 
that the downregulation of HIF-1alfa was associ-
ated with a decrease in MDR1 transcript levels51. In 
this study, we observed that especially S. autumnalis 
root extract led to a slight increase in MDR1 expres-
sion. Although it can be considered as a drawback 
for the outcome of chemotherapy, the root extract 
itself is more toxic to glioblastoma cells than shoot 
extracts even lower doses. So it seems that the total 
effect of the extract on glioblastoma overshades this 
slight increase.
Pregnane X receptor (PXR) are known major nuclear 
transcription factors in regulating drug efflux transport-
ers and also plays a role in cell proliferation, apoptosis, 
carcinogenesis and cancer treatments52. PXR can alter 
the outcome of chemotherapy in different cancers by 
regulating especially drug metabolism, drug transport, 
proliferation, and apoptosis. But it seems that the PXR 
expression may be context-specific in these cancers. For 
example, it was reported that, in human prostate cancer, 

Enhanced glycolysis is one of the most important 
cancer metabolic hallmarks34,35. In neurons, glucose 
uptake is facilitated by a family of glucose transport-
ers (GLUTs) with the glucose transporter 1 (GLUT1) 
and 3 isoforms are believed to be responsible for the 
majority of glucose uptake within the brain36. As early 
as 1992, differential expression of glucose transport-
ers has been noted in various grades of glioma, with an 
observed upregulation of GLUT1, the most prevalent 
type of GLUT37. There was contention as to whether 
GLUT1 was overexpressed37 or underexpressed38 in 
GBM, but it is now believed that there are areas of 
which both increase and decrease in GLUT1 expres-
sion was observed in GBM tissue39. The most signifi-
cant overexpression of the glucose transporters was ob-
served in the intermediate zone of the tumor40. In this 
study, we observed a 10% increase in the expression 
of Glut1 following the treatment of Scilla autunmalis, 
however, we did not observe the differences in glucose 
transporter 3 (GLUT3) expression. In another study, 
it was observed in biopsied glioblastoma that while ex-
pression of GLUT1 and GLUT3 was not significantly 
changed, glucose transporter 4 (GLUT4) expression 
was relatively low41. In our study, following Scilla au-
tunmalis extract treatment for 48 hours, we observed 
a 10% increase in the expression of Glut1, however, we 
did not observe a difference in Glut 3 expression. As 
for Glut4, root ethanol extract decreased its expression 
by 13% but shoot extracts elevated the expression levels 
by only 5–6%. In various studies, different extracts or 
even purified phytochemicals showed variable effects 
on GLUT gene expression depending on the cancer 
type. For example, Resveratrol, a trihydroxystilbene, 
inhibited GLUT1 and thereby the glucose uptake in 
human leukemic cell lines42. Similarly, Rubusoside (a 
steviol glycoside), curcumin (flavanoid) and plumba-
gin (naphthoquinone) have also been shown to have 
a down-regulating activity on GLUT1 expression43,44. 
On the other hand, daidzein (isoflavone) and epigallo-
catechin gallate (catechin) cause elevated GLUT1 ex-
pression in breast cancer. Thus, differential expression 
of GLUT genes may result from combined effects of 
the phytochemical content of the root.

The Cytochrome P450 enzyme family contains sev-
eral subcategories (CYP1, CYP2, and CYP3) which 
are responsible for the breakdown of foreign com-
pounds in mammals. Cytochrome P450 Family 2 
Subfamily E Member 1 (CYP2E1) can also activate 
toxic compounds and procarcinogens found in to-
bacco smoke and nitrosamine compounds45. In the 
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All these results suggest that despite the other effects 
of S. autumnalis plant extract, the cytotoxic effect on 
glioblastoma is mediated by reducing the level of HK1 
and HK2 expressions. S. autumnalis plant extract 
may be a candidate, especially for glioblastoma treat-
ment drugs. Mechanism of action, chemical properties 
for the usage in glioblastoma and the effect of the ex-
tract on glioblastoma could be the further issues to be 
considered.
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