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ABSTRACT

This study was aimed to determine the composition of essential oil contained in Viola odorata
flowers and leaves. As well as assessing the cytotoxic effects of this oil on cancer cells and its
antioxidant properties. A GC-Mass analysis was conducted to reveal essential oil components
in flowers and leaves. For testing the antioxidant capacity of flowers and leaves oil, DPPH (1,1
Dyphenyl-2-picrylhydrazyl), resazurin dye, and hydroxyl were used. An in vitro study was
conducted using lung cancer (A549) and breast normal (MCF-10) cell lines with
concentrations of 25, 50, 100, 200, and 300 ul/ml of V. odorata L. essential oil. According to
the results, essential oils derived from flowers and leaves contain different components in
terms of quality and quantity. At a concentration of 300 pl/ml, the results showed that
flowers' essential oil was highly antioxidant (98.16 %, 92.47%, 94.00 %) when combined with
DPPH, resazurin dye, and hydroxyl, respectively. There was variation in cytotoxic effects on
cancer cells based on oil concentrations and sources (flowers and leaves). In conclusion, the
A549 cell line was significantly affected by flower oil than by leaves oil. The highest effect of
flower oil was observed at a concentration of 300 pl/ml.
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INTRODUCTION

There are a number of plant extracts that
contain useful components for
pharmacotherapy (23, 24). Viola odorata L.
(sweet violet), for example, contains
anticancer components including phenol,
cyclotide, and anthocyanins. It is a fragrant
member of the viola family that grows wild in
Europe as well as Asia. It is a tough little
herbaceous perennial. This flower has been
given a number of names, including sweet
violet and English violet (1-11).Studies on the
phytochemistry of different parts of V. odorata
revealed the presence of coumarins, caffeic
acid, methyl salicylate, flavonoids (Quercetin,
kaempferol), glycosides (Rutin) (12), as well
as terpenoids (stigma sterol) (13). V. odorata
has been used in medicine for a long time.
Among the many medicinal uses of V. odorata
are expectorants, antipyretics, antibacterial,
diuretics, and laxatives. The vapors are used to
treat asthma, coughing, and bronchitis(11, 14).
Coumarins are abundant in V. odorata (11). A
good deal of pharmacological ingredients can
be found in herbal medicine, which can be
used to treat cancer and tumors (15, 18) . The
active constituents of this plant include
cyclotides (16), volatile oils, violins,
odorutins, rutins, syanyns, bright pigments,
methyl salicylate glycosides, and anthocyanins
(17). Anthocyanins, phenols, and cyclotides
are some of the most important metabolites
with antioxidant and anticancer properties (1,
3, 32). It has traditionally been used to treat
anxiety, insomnia, hypertension, diuretic, and
laxative disorders (11, 21). Several studies
have demonstrated that the hydroalcoholic
extract of V. tricolor is effective against breast
and neuroblastoma tumors (19). The herb V.
odorata is known for its anti-inflammatory and
anti-rheumatic  properties, anti-hypertensive
and antioxidant characteristics, and anti-cancer
properties (9, 20) . It has been reported that the
alcoholic extract of V. odorata leaves has anti-
metastatic properties in traditional medicine.
Saponin, salicylic acid derivatives, glycosides
such as vioacercitin, alkaloids such as violins,
anthocyanidins, and cyclotides such as
cycloviolacin are the active components of V.
odorata. These compounds have also been
shown to have anti-cancer properties in
various  research  studies (20, 29).
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Traditionally, V. odorata has been considered
a medicinal herb, used to treat anxiety, lower
blood pressure, bronchitis, kidney and liver
disorders as well as relieve cancer pain. V.
odorata has also been reported to possess anti-
inflammatory, antipyretic, antioxidant, and
antibacterial  properties (22). In  cancer
treatment, fresh leaves of V. odorata have
been used both internally and externally.
Cancer of the throat or tongue can be treated
with decoctions, poultices, infusions, syrups
from petals, or liquid extracts. Further, some
Violaceae  compounds  (cyclotides and
flavonoids) showed significant anticancer and
antioxidant properties (1). In general, 15% of
patients with lung cancer are diagnosed with
small-cell lung cancer (SCLC). Smoking is the
leading cause of SCLC in almost all cases
(24). There is a rapid progression of SCLC and
a tendency for widespread metastasis(25).
Over the past several decades, platinum-based
chemotherapy regimens have been the
standard of care for patients with ES-SCLC.
The median survival for patients with ES-
SCLC rarely exceeds one year, despite a good
initial response to treatment. It is estimated
that only 10-20% of patients with ES-SCLC
will survive beyond two years after their initial
diagnosis(26). This study was aimed to
determine the essential oil composition of the
flowers and leaves of Viola odorata. This oil
was also evaluated for its antioxidant and
cytotoxic effects on cancer cells.
MATERIALS AND METHODS

The Iragi National Herbarium authenticated
the flowers and leaves collected from fields in
Baghdad, Iraqg, in May 2022. A series of steps
were taken to clean, dry, grind, and store them
at 4°C. The chemical materials and solvents
used in this study were purchased from Merck
(Darmstadt, Germany) or Sigma-Aldrich (St.
Louis, USA). A Clevenger apparatus was used
to isolate essential oils from 50gm of flowers
or leaves. The oil obtained was stored in a dark
bottle for further use.

Qualitative and quantitative analysis

In order to determine the quality and quantity
of essential oil components, GC-MS analysis
was performed on GC-MS QP-2010
(Shimadzu Instruments, Japan). InertCap Pure
Wax capillary column was used (30 m x 0.25
mm x 0.25 pum film thickness) with helium as
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carrier gas at a flow rate of X ml/min. The
source was operated in positive ionization
mode (electron impact energy: 70eV) and the
detection was performed in full-scan mode.
The inlet and the transfer line temperatures
were maintained at X°C, while the ion source
was kept at X°C. Samples were injected in
split or splitless mode (2:1) and separated
using a temperature gradient program as
follows: X°C for Xmin, to X°C at X°C/min and
then maintained at X°C for Xmins; then to X°C
at X°C/min and maintained at X°C for further
X mins. GC-MS spectra were evaluated by
Postrun software and searched in the National
Institute of Standards and Technology (NIST)
MS Search V2.0 browsers.

Antioxidant  Activity: 1,1 Dyphenyl-2
picrylhydrazyl (DPPH), resazurin dye, and
hydroxyl were used to quantify the scavenging
ability of free radicals in the essential oil of V.
odorata flowers and leaves. In equal volumes
of DPPH, resazurin dye, and hydroxyl, oil
concentrations of 25, 50, 100, 200, and 300
pl/ml were mixed with DPPH, resazurin dye
and hydroxyl. After 15 minutes, the
absorbance was measured at a wavelength of
600 nm by a spectrophotometer against a
blank solution containing only DW (17, 18). In
this study, ascorbic acid was used as a
standard (positive control). In order to
calculate the scavenging activity, the following
formula was used:

Scavenging activity % =

A600 of control—A600 of sample x 100

A600 control . . .
Cytotoxic activity :Cell lines used in this

study were provided by the Iraqi Centre for
Cancer and Medical Genetics Research
(ICCMGR). The work was conducted using
two types of cell lines: lung cancer (A549
cells) and breast cancer (MCF-10 cells) as
normal cellular lines. Approximately 500
pl/ml of essential oil from V. adorata flowers
were dissolved in 500 pl/ml of solution (media
and dimethyl sulfoxide). During the log phase
of growth, cell cultures were exposed to a
range of essential oil concentrations in
microtitration plates (96 wells) and their
effects were evaluated following recovery.
Cell lines were exposed for 72 hours in a
microtitration plate under completely sterile
conditions. Each cell line was tested with
different concentrations of essential oil 25, 50,
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100, 200, and 300 pl/ml, with three replicates
for each concentration(27).
Statistical analysis
Statistical Analysis System - SAS (2012) was
used to analyze the effects of different factors
on study parameters. In this study, the least
significant difference (LSD) test was used to
determine whether there was a significant
difference between means(28).
RESULTS AND DISSCUSION
Essential oil components qualitative and
guantitative analysis :Based on GC-Mass
analysis, the essential oils derived from
V.odorata flowers and leaves contain different
components in terms of quality and quantity,
as shows in Tables (1) and (2). There were (21
compounds) identified by the analysis,
accounting for (25.64 %) of the oil, with
dipropylene glycol and (24.90 %) squalene
being the two main components of the flowers.
Eighteen compounds were identified in the
leaves, with cyclohexasiloxane and
dipropylene glycol constituting (56.03%) and
(11.22%) respectively. In addition, figures (1)
and (2) depict the different components of the
essential oils extracted from V.odorata flowers
as well as the leaves.
Table 1. Essential oil components
concentrations’ of \VV.odorata flowers

N ] Name of compound | %
1 Ankilostin 1.97
2 Diacetone alcohol 1.77
3 Dipropylene glycol 25.64
4 Dimethoxypropane 6.28
5 Dihydromyrcenol 2.54
6 Phenethyl alcohol 1.40
7 Benzyl benzoate 5.81
8 Terpineol 0.75
9 Borneol, acetate 44
10 Butylcyclohexyl acetate 4.42
12 Verdyl acetate 452
13 benzyl acetate 1.46
14 Cinnamaldehyde 1.97
15 Methyl 11-octadecenoate 2.55
16 Ethyl 9-octadecenoate 8.32
17 Oleic Acid 0.47
18 Squalene 24.90
19 Malonic acid 1.32
20 Vitamin E 0.78
21 Ergosterol 1.28

Chromatogram Flowers Violet C:\GCMSsolution\Sample\Flowers Violet QGD

TIC*1.00

100

200 300 350

Figure 1. GC-mass analysis of essential oil
of V.adorata flowers
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Table 2. Essential oil components
concentrations’ of VV.odorata leaves

N | Name of compound | %

1 Ankilostin 6.26
2 Diacetone alcohol 4.84
3 Dipropylene glycol 11.22
4 Phenylethyl alcohol 0.36
5 terpineol 0.25
6 Borneol acetate 0.46
7 Butylcyclohexyl acetate 1.38
8 Verdyl acetate 1.75
9 benzyl acetate 0.58
10 Hexadecamethyl-cyclooctasioxane 2.03
12 Benzyle benzoate 1.42
13 cyclohexasiloxane 56.03
14 Palmatic acid 1.31
15 Ethyl 9-octadecenoate 2.38
16 Oleic Acid 0.32
17 Methyl 11-octadecenoate 1.45
18 Squalene 6.35

Chromatogram P Violet 2 C:\GCMSsolution'Sample'P Violet 2.0GD

“ = ‘a.'ﬁ—;—r?‘xj‘?‘i !
100 200 300 370
min

Figure 2. GC-mass analysis of essential oil
of V.adorata leaves

In a similar study in Kashan, central Iran,
essential oils were extracted by hydro
distillation-solvent extraction and analyzed
using GC-MS. Twenty-five compounds were
identified, including butyl-2-
ethylhexylphthalate and 5,6,7,7a-tetrahydro-
4,4, 7a-trimethyl-2(4H)-benzofuranon. In
another study, it was found that V. odorata L.
essential oil contains high levels of
monoterpenes and sesquiterpenes. An analysis
of the chemical composition of V. odorata L.
essential oil revealed that 63 components were
identified by GC-MS. These components
represent (83.05) percent of the total oil. (30).
In addition, a review article of species of the
genus Viola identified chemical constituents
(as salicylic acid methyl ester), as well as(
aodoratine, 2,2,6,6-tetramethyl-4-
piperidinone), (violacin A), (vitripeptide A),
(vodopeptide M and N), (2-nitroproprionic
acid), (mucilage)(vitamin C), (cyclotides), and
(anthocyanins). The highest number of isolated
compounds were identified in V. odorata,
while the lowest number was identified in V.

TIC*1.00

thianschanica. The predominant isolated
compounds in the various species were
(sesquiterpenes and aliphatic) compounds, but
not in the species of V. thianschanica. It is
likely that these constituents are a result of the
different location and/or time at which the
plants were collected(31).
Antioxidant activity in vitro
An assessment of antioxidant activity was
conducted, and the results were expressed as a
percentage of inhibition. We then compared
the antioxidant activity of the extract with that
of ascorbic acid, which was used as a standard.
As shown in (Table 3,4,5) flowers oil exhibits
antioxidative activity at 300 pl /ml. By using
DPPH, resazurin dye, and hydroxyl separately,
this oil demonstrated high antioxidant activity
(98.16 %, 92.47%, 94.00 %) respectively.
Similar results were observed by (24). The
researchers found that the survival rate of
astrocytes from human GBM tumors
decreased  when  treated  with  the
hydroalcoholic extract of V. odorata (10 - 500
pg/mL) over time and in a dose-dependent
manner.

Table 3. Antioxidant activity % against
DPPH free radical of essential oil of flower

of V.odorata plant.

Concentr Mean = SE LSD
ation Flowe Leaf oil Ascorbic value
(mg/ml) r oil acid
25 79.16 5057+ 75.06 £0.03 0.288
+0.12 0.07 D b kel
E a E c
50 85.52 6420+ 81.26+0.63 1.271
+0.02 0.06 C a *x
D a D b
100 9297 78.10+ 86.31+0.06 0.182
+0.05 0.04 B a wox
C a C a
200 95.09 82.71+ 95.56+0.04 0.151
+0.01 0.06 A a kel
B a B b
300 98.16 9091+ 95.73+0.03 0.262
+0.08 0.09 A b kel
A a A ¢
LSD 0.220 0.220 0.901 **
value *x *x
** (P<0.01).

Means having with the different big letters in same
column and small litters in same row differed
significantly
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Table 4. Antioxidant activity % against
Hydroxyl free radical of essential oil of
flower of V.odorata plant

Concentrat Mean + SE LSD value
ion (mg/ml) Flower oil Ascorbic
acid
25 46.67 £1.764 74.03 + 5.922 **
D b 1.323
D a
50 65.43 + 2.067 80.20 + 6.025 **
C b 1.432
C a
100 73.67 £1.202 84.36 + 5.869 **
B b 1.403
BC a
200 84.77 + 1.534 90.06 + 5.021 **
A b 1.510
AB a
300 92.47+1.444 92.00 + 3.261 NS
A a 1.528
A a
LSD value 6.027 ** 5.955 **
Means with different big letters in the same row and
small letters in the same column are significantly
different. ** (P<0.01).

Table 5. Antioxidant activity % against
Resazurin free radical of essential oil of
flower of V.odorata plant.

Concentr Mean £+ SE LSD value
ation Flower oil Ascorbic
(mg/ml) acid
25 52.33£2.828 74.03 £ 6.442 **
D b 1.323
C a
50 67.67 £2.333 80.20 £ 6.075 **
C b 1.432
BC a
100 79.00 £ 2.517 84.36 + 5.315 NS
B a 1.403
AB a
200 90.67 £1.202 90.06 2.084 NS
A a 1.510
A a
300 94.00 + 1.528 92.00 + 3.016 NS
A a 1.528
A a
LSD 7.692 ** 6.871 **
value

Means with different big letters in the same row and

small letters in the same column are significantly
different. ** (P<0.01)
Our finding is compatible with a study

published by Aslam and colleagues in 2020
described the significant radical scavenging
activity of ethanol extract (EC50 160 pg
mL—1) and ferric reducing ability (16.9 eq
equivalent mol Fe2+/g sample) (8). The
natural plant compounds stimulate antioxidant
activity, decrease the production of pro-
inflammatory cytokines, lower the amount of
nitrite produced in the body, reduce harmful
oxidants, alleviate nerve pain, reduce harmful
oxidants, decrease nitrite production, and
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activate neuroprotective mechanisms within
the nervous system, among many others.
Numerous studies have demonstrated that V.
odorata L. leaf extract and some of its
molecular components are capable of
protecting against toxic insults. Indirectly, this
occurs through antioxidant properties or
directly through neuroprotective mechanisms
(33). This genus contains several plant species
with pharmacologically significant
pharmacological activities, including
neuroprotection, immunomodulation,
anticancer, antihypertensive, antidyslipidemic,
analgesic,  antipyretic,  diuretic,  anti-
inflammatory, antihelmintic, and antioxidant
properties (31).

Cytotoxic activity: During our in vitro
experiment, we used lung cancer (A549) and
normal breast (MCF-10) cell lines with
concentrations of (25, 50, 100, 200, and 300)
pl/ml of V. odorata L. leaf and flower essential
oils. The results indicated that the cytotoxic
effects of oils on cancer cells vary according to
the concentration of the oil and the source of
the oil (flowers and leaves). Both Table 6 and
Figure 4 demonstrate the cytotoxic activity of
essential oil of flowers on A549 and MCF10
cell lines (88.57 % and 13.10 %), respectively.
There was a significant difference between the
effects of flower oil and leaves oil on the A549
cell line, and the highest effect of flower oil
was observed at a concentration of 300 pl/ml.
Table 6. Cytotoxic activity % of essential oil

of flower on A549 and MCF10 cell lines.

Concentration Cell line LSD
(kg/ml) 549/Lung MCF10/breast ~ Vvalue
cancerA cell
25 13.67 2.167 £0.4410 3.167
+1.525 D b ol
E a
50 29.43 4.267 £0.3712 4.075
+2.890 CD b *x
D a
100 53.00 7.300 £0.9074 4,182
+2.309 BC b *x
C a
200 78.27 10.50 +£0.8660 4.244
+1899 AB b *x
B a
300 88.57 13.10 £1.222 5.902
+2.413 A b *x
A a
LSD value 6.034 ** 3.913 **
Means with different big letters in the same row and
small letters in the same column are significantly
different. ** (P<0.01).
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Further,  (Figure  3) illustrates the
morphological changes in A549 cells and
MCF-10 cells following treatment with 300
pl/ml essential oil of V.odorata plant flowers
after 72 hours at a magnification power of
400x compared to control untreated cells.

A549 cells

Control cells

Figure 3. Morphological changes in A549
cells and in MCF-10 cells after treated with
300 ul/ml essential oil of V.odorata plant
flowers in comparison with control
untreated cell lines after 72 hours.
Magnification power 400x.

This result agrees with (33) who found that V.
odorata extract caused apoptosis in MCF7,
SKBR3 and their derived mammospheres, but
did not affect MCF10A. Further, this extract
exhibited anti-migratory, anti-invasion, and
anti-colony formation activity in MCF7,
SKBR3, and their associated mammospheres,
which ~ was  significantly  higher in
mammospheres induced by MCF7 and
SKBR3. The extract also reduced the size and
volume of tumors induced by MCF7, SKBR3,
and their derived mammospheres in chicken
embryos. Another study showed that (50.98-
nm) V. odorata Essential Oil Nanoemulsion
(VEO-NE) significantly reduced viability and
induced apoptosis in A2780 ovarian cancer
cells (34). Furthermore, an investigation
demonstrating the anticancer activity of some
medicinal plants identified V.odorata as one of
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the therapeutic plants with anticancer
properties(35). According to several studies, V.
odorata essential oil has antioxidant,
antimicrobial, antiproliferative, and anticancer
properties, including breast cancer, human
glioblastoma, and others(34-36). V.odorata
comprises more than 500 species throughout
the world, making it the largest genus of the
Violaceae family. A thorough review of the
literature revealed that Viola species are
valuable nutritional and medicinal plants used
in the  ethnomedical  treatment  of
noncommunicable diseases (NCDs) such as
diabetes, asthma, lung disease, and fatigue.
Furthermore, several plants in this genus have
been scientifically validated as having
medicinal properties.

The beneficial properties of these agents
include neuroprotective,immunomodulatory,
anticancer, antihypertensive, antidyslipidemic,
diuretic, anti-inflammatory, antihelminthic,
and antioxidant properties. Over the past few
decades, a number of natural products have
been isolated and identified, including
flavonoids, terpenoids and phenylpropanoids.
These compounds have a wide range of
potential therapeutic applications, and may be
a promising source of new drugs(31)

The flowers and leaves of the Viola plant are
used in alternative medicine to treat respiratory
ailments such as congestion, coughing, and
sore throats. Decoctions made from the root
(dry herb) are used as laxatives. It has been
used for centuries for the treatment of
headaches, body pains, and sedation, and more
recent research has detected the presence of a
glycoside of salicylic acid (natural aspirin) in
the plant(30).

As a conclusion: the extract of V. odorata has
been shown to possess anti-cancer properties
in A549 cells. The anti-cancer activity of this
extract was significantly greater in A549 cell
lines than in MCF-10 cell lines. There is
evidence that V. odorata extract primarily
targets cancerous cells, not normal cells. It acts
in a cell-dependent manner. According to the
results of this study, V. odorata extract has a
potential role in cancer therapy due to its
mechanism of action.
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