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Abstract

Plant extracts contain useful components that could be considered in pharmacotherapy. Due to containing anticancer components
such as phenol, cyclotide, and anthocyanins, Viola odorata (sweet violet) is one of the most important components used in can-
cer therapy. The current study aimed at examining antitumor activity and related mechanisms to V. odorata on primary culture
of human glioblastoma multiforme (GBM). It was observed that survival rate of the obtained astrocytes from human GBM tumor
decreased with V. odorata hydroalcoholic extract (10 - 500 p1g/mL) in a dose- and time-dependent manner and DNA fragmentation
happened in concentrations above 100 pg/mL of this extract. Further observations revealed that induced apoptosis activates mito-
chondrial death pathway, release cytochorome C, and activates caspase-3. The current study findings revealed the effect mechanism
of V. odorata extract and suggested its potential application in cancer therapy.
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1. Background (7, 8). Herbal medicine is known as a plentiful source of
pharmacological ingredients to treat cancer and tumors
(8). Nowadays, various plant species are used in new drug
synthesis (9). One of the most famous plants is Viola odor-
ata from Violaceae family known as sweet violet. This plant
contains active components such as cyclotide content (10),
volatile oil, violin, odorutin, rutin, syanyn, bright pigment,
methyl salicylate glycosides, and anthocyanins (11). Phe-
nol, cyclotide, and anthocyanins are the most important
metabolites with antioxidant and anticancer property (12,
13). Traditionally, V. odorata is used in anxiety, insomnia, hy-
pertension, diuretic, and laxative disorders (14). This wide
range of Violaceae family properties gained much atten-
tion to examine its effect on tumor cells. Previous studies
show that the hydroalcoholic extract of V. tricolor has a po-
tent antitumor activity against breast (15) and neuroblas-
toma tumors (16). The current study aimed at investigat-
ing the hydroalcoholic activity of extract on the cultured

Glioblastoma multiforme (GBM) is a primary cancer-
ous tumor in the human central nervous system (CNS),
which arises from astrocytes (1). GBM is known as the most
aggressive tumor of astrocytoma with metastasis by prolif-
eration and migration along blood vessels and white mat-
ter tractsin the brain (2). The study results show that adults
are more prone to brain tumor than children. Despite ad-
vances in the current therapeutic procedures including
surgery, radiotherapy, and chemotherapy, the median sur-
vival time is reported 12 to 15 months for patients (3). Differ-
ent properties including genetic diversity, extensive neo-
vascularization, and metastasis lead to the increase of re-
sistance in tumor cells. These properties are the main
causes of unsuccessfulness to treat patients with GBM (4).
Cancer cell resistance can breakdown through activation
of apoptotic cascade using various stimulators such as im-
munotherapy (5), hyperthermia (6), and herbal medicine
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human GBM.

2. Methods

2.1. Isolation and Culture of Astrocyte

Resected GBM specimen obtained from patients that
signed written consent letter were used in the current
study. Pathological result of tumor specimen was con-
firmed by a pathologist. The isolation and culture of as-
trocyte from GBM were performed according to the previ-
ously described protocol of Hashemi et al. (17, 18). Sam-
ples were transferred to Hank balanced salt solution (HBSS,
Gibco/Invitrogen) with 10% - 15% antibiotic/anti-mycotic
(Gibco/Invitrogen). Small pieces of tissue were incubated
10 minutes with trypsin-EDTA 0.05% at37°C, then complete
medium (the Dulbecco’s modification of Eagle medium
(DMEM)[F12 medium supplemented with 10% fetal bovine
serum (FBS) were used to inhibit trypsin activity. The
cells were collected from medium by centrifuging for five
minutes at 1000 rpm. Collected cells were cultured in
DMEM/F12 medium containing 1% antibiotic/anti-mycotic
and FBS 2%, which increased gradually up to 10% during
two weeks. The S100-beta was used as an astrocytic marker
by immunocytochemistry.

2.2. Immunocytochemistry

Astrocyte cells (5 x 10* per well) were seeded in a
24-well culture plate; 24 hours later, wells were washed
with phosphate-buffered saline (PBS). The cells were fixed
with 4% paraformaldehyde for 20 minutes and washed
three times with PBS. Cell membranes were permeabilized
with 0.2% Triton X-100 for 15 minutes. Blocking was per-
formed with 10% bovine serum albumin (BSA) for one
hour after washing the cells with PBS. Then, the cells were
incubated with primary antibody anti-S100-beta (Sigma-
Aldrich, 1:100) overnight at 4°C. Following three times
washing with PBS, secondary antibody (fluorescein isoth-
iocyanate conjugated goat anti-rabbit, Abcam; 1:200) was
used for two hours at room temperature in darkness. Fi-
nally, inverted fluorescence microscopy (Olympus AX-70;
Tokyo, Japan) was applied for detection.

2.3. Collection of V. odorata and Preparation of the Hydroalco-
holic Extract

V. odorata with herbarium number 12855 was prepared
in the Department of Herbarium and Pharmacognosy,
School of Pharmacy, Mashhad University of Medical Sci-
ences, Mashhad, Iran. In the Soxhlet apparatus, leaves
and flowers were pulverized using water and alcohol; then
the powder of violet (100 g) was mixed in 800 mL of 70%
ethanol for 48 hours. The extract was filtered through a

0.106-mm membrane and dried by rotary in a water bath
and the yield was dissolved in dimethyl sulfoxide (DMSO).
The yield of the dried extract from starting materials was
18%.

2.4. MTT Test

Astrocytes were seeded in a 96-well plate (5 x 10° cells
per well). After 24 hours, the cells were treated with
different concentrations of V. odorata hydroalcoholic ex-
tract (10 - 500 pg/mL) for 24, 48, and 72 hours, then the
medium containing hydroalcoholic extract was removed
and the cells were washed with PBS. The MTT solution,
3-(4, 5-dimethylthiazol-2-yl}-2, 5-diphenyltetrazolium bro-
mide, in DMEM/F12 medium (100 p:L each well; 0.5 mg/mL)
was added in darkness. After incubation at 37°C for four
hours, MTT solution was removed and formazan crystals
dissolved in100 ;L DMSO were added. The absorbance rate
was measured at 570 nm with a microplate reader.

2.5. Quantification of Apoptotic Cells by TUNEL

Seeded astrocytes (5 x 10° cells per well in a 96-well
microplate) were treated with various concentrations of
hydroalcoholic extract of V. odorata (10 - 500 pg/mL) for
48 hours to identify apoptotic cells, in situ cell death de-
tection kit (TUNEL) (Roche, Mannheim, Germany). Fol-
lowing 10 minutes of fixation using 4% paraformaldehyde
and two minutes of permeabilization with Triton X-100,
the cells were incubated with TUNEL reaction mixture for
one hour. For positive and negative apoptosis control,
cells were treated with ethanol 5% and label solution, re-
spectively. Fluorescent microscope (Olympus AX-70; Tokyo,
Japan) was employed for TUNEL-positive cell counting in
eight randomly selected fields from each culture.

2.6. Real-Time Quantitative Reverse Transcription PCR

Apoptosis was approved by the detection of BAX, Bcl2,
and caspase3 mRNA changes. Astrocyte cells (1 x 10° per
well) were seeded in a 24-well culture plate and the cells
were treated with V. odorata hydroalcoholic extract (10 -
500 pg/mlL) for 48 hours. TriPure Isolation Reagent kit
(Roche, Germany) was employed to isolate total RNA from
astrocyte. First-strand cDNA synthesized 1 ;1 of each RNA
sample and incubated for five minutes at 85°C and 15 min-
utes at 37°C by the reverse transcriptase (Takara, Japan)
with Random Hexamer, Oligo DT, and RNase inhibitor.
RT-PCR was conducted using SYBR Premix Ex Taq II (Tli
RNaseH Plus) (Takara, Japan) according to the manufac-
turer’s instructions through the qRT-PCR detection system
(Applied Biosystem, one step, RT- RCP Germany). The
primer sequences were as follows: f BAX forward primer
(F) 5-CAA ACT GGT GCT CAA GGC-3’ and reverse primer
(R) 5-CAC AAA GAT GGT CAC GGT C-3’. Bcl-2 (F) 5-GTA CIT
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AAA AAA TAC AAC ATC ACA G-3’ and (R) 5™-CTT GAT TCT GGT
GTT TCC C-3’; caspase 3 (F) 5-CCGGGTCCTTCAAGGGATTC-3’
and (R) 5-GGTACTTGGTTGCTCAGGTITC-3’, housekeep-
ing hypoxanthine phosphoribosyltransferaser (HPRTI)
(F) 5- CCTIGGCGTCGTGATTAGTGA-3’ and (R) 5- AA-
GACGTTCAGTCC TGTCCAT-3. All qRT-PCR assays were
performed in triplicate. Gene expression levels were
calculated according to the 22 Ct method.

2.7. Mitochondrial Preparation

Isolation of mitochondria from astrocytes was per-
formed by differential centrifugation (19, 20). Homoge-
nized cells were centrifuged at 600 g for 10 minutes at
4°C.The upper layer of fluid was removed and centrifuged
at 7000 g for 10 minutes at 4°C. The mitochondrial pellet
was suspended in the isolation medium and centrifuged
at 7000 g for 10 minutes at 4°C. Finally, protein concentra-
tion was determined via bicinchoninic acid (BCA) assay as
described by Smith et al. (21).

2.7.1. Assessment of Mitochondrial ROS Level

The mitochondrial ROS generation was quantified us-
ing dichloro-dihydro-fluorescein diacetate (DCFH-DA) as
fluorescent dye. A non-fluorescent agent, DCFH, was made
by cellular esterase through de-acetylation of the dye. Then
DCFH was oxidized by ROS into DCF, a highly potent flu-
orescent compound, since ROS formation correlated di-
rectly with the fluorescence intensity. At first, the mito-
chondrial extracts were suspended in a respiration buffer
with pH 7.4 containing sucrose (0.32 mM), sodium succi-
nate (5 mM), egtazic acid (EGTA) (50 uM), MgCl, (0.5 mM),
Tris (10 mM), MOPS (20 mM), and KH,PO, (0.1 mM) (20).
Then, DCFH-DA (10 M) was added to the above mixture
and incubated for 10 minutes. A fluorescence spectropho-
tometer with excitation at 488 and emission at 540 nm was
applied to estimate DCF production.

2.7.2. Assessment of the Mitochondrial Membrane Potential

The cationic fluorescence dye rhodamine 123 easily ab-
sorbed and accumulated in the mitochondrial membrane.
The MMP buffer contained sucrose (220 mM), sodium suc-
cinate (5 mM), EGTA (50 1zM), MgCl, (2 mM), KH,PO (5 mM),
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid) (10 mM), D-mannitol (68 mM), rotenone (2 M), and
KCI (10 mM) used to prepare mitochondrial fractions sus-
pension. The suspension was treated for 60 minutes with
rhodamine 123 (10 zM). A fluorescence spectrophotometer
with excitation at 490 and emission at 520 nm was applied
to estimate the intensity (22).
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2.7.3. Assessment of Mitochondrial Swelling

The swelling buffer contained sucrose (70 mM), succi-
nate (5 mM), Tris-phosphate (2 mM), HEPES (3 mM), manni-
tol (230 mM), and rotenone (1 ©M) added to the mitochon-
drial fractions. The intensity of absorbance was read us-
ing an ELISA reader (Biotek 5, USA) at 540 nm. The mito-
chondrial swelling rate was reversely proportional to ab-
sorbance intensity.

2.7.4. Cytochrome C Release Assay

At first, the 96-well microplate was precoated with a
75-uL cytochrome C specific monoclonal antibody conju-
gated with horseradish peroxidase (HOURP). The astrocyte
mitochondria, control and standard were added to each
well and mixed gently with antibody. After two hours in-
cubation, each well was aspirated and washed four times
to remove any residual liquid. Then, the substrate solu-
tion (hydrogen peroxide plus tetramethylbenzidine; 100
pL)was added into the wells and incubated for 30 minutes.
Finally, stop solution (100 L) was applied to each well and
the absorbance was read at 450 nm.

2.8. Statistical Analysis

All data were shown as mean =+ standard error of the
mean (SEM). Test results were obtained from three inde-
pendent experiments. The statistical analysis of data was
performed with SPSS version 20.0 using independent sam-
plest test followed by Turkey test. P values < 0.05 were con-
sidered statistically significant.

3. Results

3.1. Identification of Isolated Astrocytes from Human GBM

Astrocytes were observed with two different mor-
phologies: Fibroblastic (slender, elongated, and spindle-
shaped) and epithelioid (large, with plentiful cytoplasm
and interconnecting processes). Immunocytochemistry
assessment showed that the cultured cells expressed astro-
cytes marker of S100-beta protein (Figure 1).

3.2. Tumoricidal Effect of V. odorata Hydroalcoholic Extract

The effect of V. odorata hydroalcoholic extract on cell
survival of astrocyte was assessed by MTT assay. Cell sur-
vival significantly reduced in a dose- and time-dependent
manner. Exposure of astrocytes to 10 - 500 pg/mL of the
extract reduced cell survival. Based on the current study
observations, a 48-hours treatment was selected as the op-
timal time for subsequent experiments (Figure 2).
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Figure 1. Morphological and S100-beta antigen observation of primary astrocyte derived from human glioblastoma multiform. A, Presentation of primary astrocyte derived
from human glioblastoma after a10-day culture. Scale bar: 50 sm; B, expression of S100-beta antigen was observed in the astrocytes thorough immunocytochemistry staining.
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Figure 2. Tumoricidal effect of Viola odorata hydroalcoholic extract on astrocyte. Astrocytes were treated in various concentrations (10 - 500 pg/mL) for 24, 48, and 72 hours.
The survival rate of abstracts declined proportional to the concentration of V. odorata hydroalcoholic extract and exposure time. *P < 0.05, **P < 0.01, P < 0.05, {{P < 0.01, {{{P

< 0.001, $P < 0.05, $$P < 0.01, $$$P < 0.001.

3.3. Levels of Induced Apoptosis in Astrocytes by V. odorata Hy-
droalcoholic Extract

Apoptosis was assessed in astrocytes with different
concentrations of the extract (100 - 500 ug/mL). The cur-
rent study observations showed that induction of apop-
tosis was dose-dependent. Apoptotic astrocytes observed
brightly by TUNEL staining indicated fragmentation of nu-

clear DNA by fluorescent microscopy. As shown in Figure
2, the current study compared astrocytes treated with dif-
ferent concentrations (10 - 500 ug/mL) of hydroalcoholic
extract with those of the control group (astrocyte without
treatment). Apoptotic index was highly significant with
doses above 100 pg/mL (Figure 3A and 3B).

Arch Neurosci. 2019; 6(1):e81233.
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Figure 3. Presentation of apoptotic astrocytes by TUNEL assay. A, Apoptotic cells were labeled with TUNEL staining and cell nuclear was green. (a) Positive control and (b)
apoptotic cells treated with Viola odorata hydroalcoholic extract, (scale bar 40 pm). B, Quantitative analysis of apoptotic index showed the treated astrocytes with various
concentrations of V. odorata hydroalcoholic extract (10 - 500 pg/mL). *P < 0.05, **P < 0.01, **P < 0.001.

3.4. Effect of V.odorata Hydroalcoholic Extract on Mitochondrial
Parameters

In order to find whether oxidative stress had a role in
apoptosis induction, mitochondrial preparation was per-
formed on treated and non-treated groups. It was identi-
fied that ROS production was significantly higher in mito-
chondria isolated from extract-treated groups and it was
more prominent in concentrations above 100 pg/mL com-
pared with those of the control group (Figure 4A).

It was further investigated whether ROS production
accompanied by the mitochondrial permeability distur-

Arch Neurosci. 2019; 6(1):e81233.

bance. As an index of mitochondrial membrane perme-
ability, it was revealed that absorbance reduction of iso-
lated mitochondria was enhanced by the extract (Figure
4B).

Mitochondrial membrane potential (A) is highly
sensitive to functional changes of mitochondria. For this
reason, mitochondrial inner membrane condition was
evaluated via fluorescence dye of rhodamine 123. Incuba-
tion of astrocytes with V. odorata extract (10 - 500 pg/mL)
for 48 hours led to significant increase in the percentage
of mitochondrial membrane potential collapse (¥DWm)in
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Figure 4. Effects of Viola odorata hydroalcoholic extract on astrocyte mitochondrial factors. A, ROS formation; B, progressive mitochondrial swelling; C, mitochondrial mem-
brane potential collapse; D, cytochourome C release from astrocyte mitochondria to cytosol *P < 0.05, **P < 0.01.

a dose-dependent manner in groups treated with > 100
pg/mL (Figure 4C).

Instability of the mitochondrial membrane led to the
increase of cytochrome C release. The mitochondrial cy-
tochrome C release was involved in triggering the cell
death signaling cascade. The current study results indi-
cated that the rate of cytochrome C release had positive
correlation with the concentration of the extract (Figure
4D).

3.5. Level of Gene Expression of Apoptotic Markers in Astrocytes

Since cytochrome C release triggers apoptosis cascade,
expression of pro-apoptotic genes were examined. The ob-
tained results showed that V. odorata hydroalcoholic ex-
tract(10-500 pg/mlL)significantly increased pro-apoptotic
Bax mRNA. While the level of anti-apoptotic Bcl-2 mRNA de-
clined; suggesting that apoptosis induced via mitochon-
drial damages (intrinsic apoptotic pathway) (Figure 5A)
and activation of caspase-3 in the treated cells (Figure 5B).

4. Discussion

Glioblastoma is a fast-growing astrocytoma that forms
star-shaped glial cells (astrocytes). In the current study,

GBM derived astrocytes were obtained from patients un-
dergoing the surgery. The purity of cells was assessed by
the of S100-beta antigen (23). In the current study, total
crude V. odorata hydroalcoholic extract was employed as
a herbal medicine instead of specific components. Au-
thors believe that the existence of all components may
help the kinetic of the herbal drugs. The current study
data showed that survival of primary astrocytes was de-
rived from GBM inhibited by V. odorata. This effect was ob-
served with hydroalcoholic extract of V. odorata at > 100
pg/mL (100 - 500 pg/mL); while concentrations less than
100 pg/mL (0 - 50 ug/mL) did not have a suppression role
(24). Inducing or exacerbation of apoptosis is a useful
technique to develop new therapies against cancer cells
such as the use of cytotoxic factors in chemotherapy, radi-
ation therapy, and, recently, herbal medicine (25). Apop-
tosis leads to DNA fragmentation (26). Two main path-
ways induced apoptosis in the cell; extrinsic pathway thor-
ough activation of cell death receptor and intrinsic path-
way via mitochondrial. Stimulants that change permeabil-
ity of the mitochondrial membrane can trigger apoptosis
by simplifying cytochourome C release. Following the re-
lease of cytochrome C, caspase 9/3 signaling is activated
(27, 28). The current study observations also revealed that

Arch Neurosci. 2019; 6(1):e81233.
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Figure 5. Effects of Viola odorata hydroalcoholic extract on astrocyte on apoptotic markers; qPCR analysis of caspase 3, Bax, and Bcl-2 mRNA expression in the astrocytes treated
with various concentrations of V. odorata hydroalcoholic extract (10 - 500 pg/mL). Quantitative analysis of relative levels was revealed in A, Bax/Bcl-2 ratio and B, caspase-3. *P

< 0.05and *P< 0.01.

changes in membrane potential of mitochondria induced
by V. odorata extract was accompanied by the release of cy-
tochourome C. Hydroalcoholic extract of V. odorata by in-
creasing Bax expression increases the permeability of mi-
tochondria membrane and ROS production, which is in
line with the functional role of Bax. Besides, high levels
of Bax expression leads to opening the mitochondrial per-
meability transition (MPT) pore, facilitating release of cy-
tochrome Cinto cytosol, and swelling of mitochondria (29,
30). Itwas also observed that the expression of caspase 3 in-
creased in GBM-derived cells treated with hydroalcoholic
extract of V. odorata; suggesting that caspase 3 was acti-
vated as one of the enzymes of the primary executioner of
apoptosis (31).

4.1. Conclusion

In conclusion, results of the current study showed that
the total extraction of V. odorata can induce apoptosis in
GBM-derived astrocytes by activation of intrinsic cell death
pathway. Further studies using animal model of brain tu-
mor should be conducted to assess the effect of this extract
on GBM.
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