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Article History ABSTRACT

Seseli is an important genus of the Apiaceae family with many aromatic species. These
plants are widely used in traditional medicine, but there is little information about their
phytochemical compositions and biological activities. An ecotype of Seseli
transcaucasicum (Schischk.) Pimenov & Sdobnina, about which there is little
phytochemical information, grows in the Hezar-Masjed Mountains of northeastern Iran.
The aim of this study was to investigate the anticancer activity and antioxidant properties
of ethanolic and methanolic extracts from the leaves and seeds of this plant. Cytotoxic
activity against MCF7 and HSKMC was determined by the MTT method, and the
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Ke_ywords antioxidant properties of the extracts were evaluated by the DPPH and PFRAP methods.
Apiaceae The results showed that the methanolic extract of seeds had the greatest effect on
f/le'PTUSASsz:/“ inhibiting the growth of cancer cells at 48 and 72 hours, with 1Cs values of 54.35 and
DPPH 50.52 pg/ml, respectively. Moreover, the methanolic extract of the seeds had the greatest
FRAP effect on the degradation of DPPH free radicals with an 1Cso value of 44.64 pug/ml, and

this inhibitory effect was comparable to the effect of ascorbic acid. The antioxidant effect
of iron reduction of the different extracts was significantly lower than that of ascorbic
acid. However, among the extracts, the reducing power of the methanolic seed extract
was better than the others. Considering that the methanolic seed extract had the most
lethal effect on cancer cells, it seems that the extract that has stronger antioxidant power
also has stronger anticancer properties.
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INTRODUCTION

Cancer results from excessive and uncontrolled cell
growth that can occur in any body tissue. Breast
cancer is considered the most critical cancer in
women, and is treated with various methods such as
chemotherapy, radiotherapy, hormones, and surgery
[1]. Recently, natural products have attracted the
attention of many researchers due to their
importance in preventing and treating cancer.
Various medicinal plants  have  shown
anticarcinogenic and antiproliferative effects [1] and
some anticancer drugs are prepared based on
compounds from medicinal plants [2]. For this
reason, numerous studies have been conducted on
the effects of medicinal plants on this disease.
Medicinal plants still play an important role in the
treatment of various diseases in many countries,

especially in developing and underdeveloped
countries [3]. Medicinal plants contain antioxidant
compounds that can be used to prevent cancer,
aging, and other diseases caused by oxidants [4].
Indeed, free radicals and reactive oxygen species
(ROS) react with macromolecules such as lipids,
nucleic acids, pigments, and proteins, causing
membrane damage, lipid peroxidation, and enzyme
inactivation, thus affecting cell performance and
viability [5]. In contrast, plant secondary
metabolites, as a wide range of natural antioxidants,
reduce oxidative stress in cells and are therefore
very useful in the treatment of cancer [6].

Among plants, Apiaceae is one of the most
important plant families with 3780 species and 434
genera, which are very important for the food,
cosmetic, and pharmaceutical industries [7]. Many
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secondary metabolites such as terpenoids,
phenylpropanoids, coumarins, furanocoumarins,
sesquiterpene lactones, polyacetylenes (polyines),
and other acetate unit derived compounds such as
alkyl phthalides and toxic piperidine alkaloids are
found in this family [8]. Various studies have
demonstrated their antioxidant properties, as well as
antimicrobial, apoptotic, hepatoprotective, vaso-
relaxant, cyclooxygenase inhibitory, and antitumor
activities [9-11] and in traditional medicine, plants
of this family are used in the treatment of some
human diseases [11]. In Iran, one of the most
important diversity centers of this family, there are
121 genera and 360 species [12]. Due to the unique
climatic conditions in Iran, 122 endemic taxa of the
Apiaceae family have been listed in the Iranian flora
[13].

The genus Seseli belongs to the family Apiaceae and
consists of about 125 to 140 species. The species of
this genus are scattered in Europe, Africa, Asia, and
Oceania [14, 15]. The species belonging to this
genus are mainly rich in coumarins as well as
terpenoids, essential oils, etc. [16] and have
important medicinal activities with therapeutic
effects such as inflammation, swelling, rheumatism,
pain, and colds [14].

Seseli transcaucasicum (Schischk.) Pimenov &
Sdobnina is one of the most important plant species
of the genus Seseli, which is widely distributed from
tropical to temperate regions [17]. In lIran, this
species is found in northwestern Iran [18] and also
in northeastern Iran in Hazar-Masjed Mountains.
This species has medicinal properties and is used as
a spice in some regions. Sesquiterpene
hydrocarbons [19], monoterpene hydrocarbons [16],
and coumarins [19] have already been isolated from
this species.

However, there is no study on the effect of extracts
of L. transcaucasicum (Schischk.) Pimenov &
Sdobnina on breast cancer. Therefore, the aim of
this study was to investigate the anticancer and
antioxidant properties of ethanolic and methanolic
extracts of seed and leaf tissues of L.
transcaucasicum from the Hazar-Masjed
Mountains.

MATERIALS AND METHODS

Preparation of Alcoholic Extracts

The plant L. transcaucasicum was collected from
the mountains of Hezar-Masjed and subsequently
identified by Dr. Mirtadzadini. After drying, 30 g of

the seeds and leaves of this plant were ground into
powder. In this step, 80% ethanol and methanol
were used as solvents. The seed and leaf powder
was placed in a Soxhlet extractor, each containing
500 ml of methanol or ethanol, and kept for 8 hours.
This procedure was repeated three times. The
extracts of L. transcaucasicum were concentrated in
a rotary evaporator for 75 min (vacuum, 45 °C) and
then stored at 4 °C [20].

The MCF7 (Michigan Cancer Foundation-7)
and Fibroblast Cell (Human Skeletal Muscle
Cells (HSKMCQ)) Lines Culture

The MCF7 and fibroblast cell lines (HSKMC) were
obtained from the National Cell Bank of Iran
(Pasteur Institute, Iran, Tehran) and were cultured at
37 °C in a humidified atmosphere of 5% CO; in
RPMI1640 medium (Gibco, USA) supplemented
with penicillin, streptomycin (100 U/ml and 100
pg/ml, respectively) and 10% fetal bovine serum.

Viability Assay

The inhibitory effect of ethanolic and methanolic
extracts of L. transcaucasicum on MCF7 and
HSKMC was determined by MTT assay ((3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide assay) [20]. Cells were seeded at a density
of 2x10° cells/well in a 96-well plate. To evaluate
the growth inhibitory effect of L. transcaucasicum,
cells were treated with different concentrations (50,
100, 200, 300, 400, and 500 pg/ml) of ethanolic and
methanolic extracts and incubated for one to three
days at 37 °C in a humidified atmosphere containing
5% CO,. One, two, and three days after the
treatment, 20 ul of a 5 mg/ml MTT solution was
added to the cells and incubated for 4 hours at 37
°C. After this time, the medium was removed and
200 pl of DMSO was added to each well to dissolve
the formazan crystals. The absorbance of the
formazan dye was measured using an ELISA plate
reader at 490 and 630 nm and the optical density
(OD) was recorded. All the above steps were
performed three times. The following formula was
used to calculate the cell growth inhibition rate:

% Cytotoxicity = [1— ( Abs 490 nm test - Abs 630 nm test 11100
Abs 490 nm control - Abs 630 nm control

DPPH Radical Scavenging Activity

DPPH or 2,2-diphenyl-1-picrylhydrazyl is a stable
violet- colored compound. This free radical is
reduced in the presence of an antioxidant molecule,
producing a colorless solution [21].
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The DPPH assay was performed as follows: 1 mg of
the methanolic and ethanolic extract powder was
dissolved in 1 mL of absolute methanol
(concentration 1000 pg/mlL). Ascorbic acid was
used as a positive control and was prepared at a
concentration of 1000 pg/mL. For methanolic and
ethanolic extracts, concentrations of 50, 100, 200,
300, 400, and 500 pg/ml were prepared from the
above stocks. For ascorbic acid, similar
concentrations were prepared for the extracts.
0.004% DPPH methanolic solution was also
prepared. 100 pl of the prepared concentrations of
the extracts were transferred to a Falcon containing
2.5 ml of methanolic DPPH solution. The solution
was kept in the dark at room temperature for 30
min. The optical absorbance of the samples at a
wavelength of 517 nm was measured using a
spectrophotometer in comparison to the blank
sample. The blank sample here is a 0.004%
methanolic DPPH solution. The percentage of
DPPH inhibition was calculated for each sample
using the following equation, and the 1Cses were
determined for the extracts:

% Inhibition=

Absorbance blank

Potassium Ferricyanide
Antioxidant Power (PFRAP)
After the required concentrations of the extracts and
ascorbic acid (as a positive control) were prepared,
the antioxidant activity was measured by the
PFRAP method as follows [22]:

1 ml of the sample was poured into a test tube.
Then, 2.5 ml of 0.2 M phosphate buffer and 2.5 ml
of potassium ferricyanide [ksFe(CN)s] were added.
The resulting solution was placed in an incubator at
50 °C for 20 minutes. Then, 2.5 ml of 10%
trichloroacetic acid was added to the existing
solution to stop the reaction. The flask containing
the solution was centrifuged at 3000 rpm for 10 min.
From the supernatant solution, 2.5 ml was carefully
taken and added to the new falcon along with 2.5 ml
of distilled water and 0.5 ml of ferric chloride
[FeCLs] (0.1%). The optical absorbance of the
resulting solution was measured using a
spectrophotometer at a wavelength of 700 nm
compared to a blank sample. The absorbance values
were plotted against concentration. A higher

Reducing

Maleki et al.

absorbance of the reaction mixture indicates a
higher reduction capacity.

Statistical Analysis

MTT data and data from the measurement of
antioxidant activity of methanolic and ethanolic
extracts were analyzed using Excel and SAS
software. Duncan multiple range test was used to
compare the mean values. From the linear
regression equations of the dose-response curve, the
half-maximum inhibitory concentration (ICso) and
the concentration at which the scavenging activity
was 50% (ICso) were calculated.

RESULTS

MTTY Assays

Ethanolic Seed Extract

The results show that there is a significant
difference between the effect of different
concentrations of ethanolic seed extract at different
times on MCF7 and HSKMC cell lines. To
determine the differences between the different
treatments, the Duncan mean comparison test was
used. The results showed that the lethality of the

Absorbance blank — Absorbance sample extracts on the MCF7 and HSKMC cell lines
X

INCreased with the increase in the concentration of
the extract at each time point. With increasing time,
the lethality also increased, but with a lower
intensity compared with the concentration of the
extract (Figure 1A). The lethality of HSKMC cells
increased from a concentration of 300 pg/ml and
peaked at a concentration of 500 pg/ml. Of course,
the lethality of the extracts on MCF7 cells was
generally higher than on HSKMC cells at most
concentrations.

The 1Cso of the effect of seed ethanolic extract on
the MCF7 cell line was inversely related to
increasing time and its value decreased with
increasing time. This value in HSKMC cells also
decreased with increasing time, but the decrease in
IC50 in MCF7 cells was greater than that in
HSKMC cells (Table 1).
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Fig. 1 The mean comparison of interaction between
different times at different concentrations of ethanolic
seed (A), methanolic seed (B), ethanolic leaf (C), and
methanolic leaf (D) extracts (x-axis indicates different
concentrations of extracts at different times (1, 2 and 3
indicating cytotoxity after 24, 48 and 72 hours) and the y-
axis indicates the percentage of lethality in MCF7 and
HSKMC cell lines)

Methanolic Seed Extract

The results of the mean comparison of the
interaction of different concentrations of the
methanolic seed extract at different times on the
MCF7 cell lines showed that the lethality of this
extract increases sharply with the increase of the
concentration of the extract. Of course, the lethality
of the extracts also increases sharply with increasing
time (Figure 1B). The greatest effect of the extracts
on the lethality of the MCF7 cell line occurred at a
concentration of 400 and 500 pg/ml in 48 hours, at a
concentration of 400 pug/ml in 72 hours, and at a
concentration of 500 pg/ml in 24 hours. The highest
lethal effect of the methanolic extract on the
HSKMC cell line was also observed at
concentrations of 300, 400, and 500 pg/ml in 48
hours, at 400 pg/ml in 72 hours, and at 500 pg/ml in
24 hours. As the concentration of the extracts
increased, the lethality also increased. Time also had
an important effect on lethality (Figure 1B).

The ICso of the effect of the methanolic extract of
the seeds on the MCF7 cell line also decreased
dramatically with increasing time. Thus, this value
reached 54.35 and 50.52 pg/ml after 48 and 72
hours, respectively (Table 1). In the HSKMC cell
line, this value also decreased significantly with
increasing time (Table 1). However, the decrease
was greater in the MCF7 cell line than in HSKMC
(Table 1).

Ethanolic Leaf Extract

A mean comparison of the interaction of different
concentrations of ethanolic leaf extract at different
times on MCF7 and HSKMC cell lines using
Duncan's multiple range test showed that the effect
of 500 pg/ml concentration had a greater lethal
effect on MCF7 and HSKMC cell lines at 48 and 72
hours. However, MCF7 cells were more affected by
the extract (Figure 1C). The least effect was
observed at a concentration of 50 pg/ml of leaf
ethanolic extract and on MCF7 and HSKMC cell
lines at 24 hours (Figure 1C).

The 1Cso effect of leaf ethanolic extract on the
MCF7 cell line decreased with increasing time. In
the case of the HSKMC cell line, this process was
similar. However, the decrease in ICsy value was
much higher in the case of the MCF7 cell line
(Table 1).



463

Maleki et al.

Table 1 ICso values of the ethanolic and methanolic extract of the seed and leaf at 24, 48 and 72 hours.

Extracts Times Mcf7 linear regression formula HSKMC linear regression formula
. 24 h 358.86 y=0.1086x+11.027 472.98 y=0.0934x+5.8228
Seed ethanolic _ _
extract 48 h 317.281 y=0.0993x+18.494 424.34 y=0.0817x+15.331
72h 249.21 y=0.097x+25.826 375.69 y=0.0918x+15.511
. 24 h 296.31 y=0.1329x+10.62 464.35 y=0.0562x+23.903
jifricTethano"c 48 h 54.35 y=0.0734x+46.01 100.28 y=0.0461x+45.377
72h 50.52 y=0.0833x+45.791 76.90 y=0.0731x+55.614
. 24 h 431.85 y=0.1079x+3.4031 574.45 y=0.0857x+0.7696
Leaf ethanolic _ _
extract 48 h 301.19 y=0.1093x+17.079 418.20 y=0.0845x+14.662
72h 178.86 y=0.1047x+31.273 378.05 y=0.0858x+17.563
. 24 h 341.79 y=0.1274x+6.4558 528.04 y=0.0932x+0.7862
';)f;;g:ethano"c 48 h 300.85  y=0.1156x+14.181 481.48 y=0.0841x+9.5073
72 h 259.13 y=0.1028x+23.361 429.43 y=0.0915x+10.707
A 120 The 1Cs value of the effect of methanolic leaf
i extract on the MCF7 and HSKMC cell lines showed
that it has an inverse relationship with time (Table
= e e 1), and with increasing time, its value decreases in
60 —B—Leaf methanolic both cell lines studied, although this decrease is
40 Ascorbic acid greater in the MCF7 cell line.
20 DPPH Method
0 | The results of the mean comparison of the effect of
50 100 200 300 400 500 different concentrations of ethanolic and methanolic
leaf and seed extracts on the inhibition of DPPH
B 100 free radicals showed that in all treatments, the

—4—Seed ethanolic
~—Seed methanolic

Ascorbic acid

50 100 200 300 400 500

Fig. 2 The effect of DPPH free radical inhibition by
different leaf (A) and seed (B) extracts; ascorbic acid was
considered as control (x-axis indicates different
concentrations of extracts and ascorbic acid (pug/ml) and
y-axis indicates DPPH inhibition percentage)

Methanolic Leaf Extract

Duncan's multiple range test was used to compare
the means of the interaction effects. The results
showed that the lethality of the extracts on MCF7
and HSKMC cell lines was concentration- and time-
dependent (Figures 1D). For both cell lines, the
highest lethality occurred after 24, 48, and 72 hours
and at a concentration of 500 pg/ml (Figure 1D).
Naturally, the lethality of the extracts was higher in
the MCF7 cell line.

inhibitory effect of the extracts increased with the
increase of the concentration of the extracts. Of
course, the inhibitory effect of ascorbic acid was
better than that of the extracts, especially at a
concentration of 50 to 200 pg/ml (Figures 2A and
2B). However, the inhibitory effect of the
methanolic extract of seeds was better than that of
the other extracts and comparable to the inhibitory
effect of ascorbic acid at a concentration of 300 to
500 pg/ml (Figures 2A and 2B). The ICs of the
ethanolic and methanolic extracts of seeds, ethanolic
and methanolic extracts of leaves, and ascorbic acid
were 310.5, 44. 64, 211.83, 111.44, and 34.47
ug/ml, respectively, with the lowest value for
ascorbic acid and methanolic extract of seeds.

Potassium Ferricyanide Reducing Power
(PFRAP) Method

The result of the mean comparison showed that
when the reducing power was measured, methanolic
and ethanolic extracts had the same function at
lower concentrations, but at higher concentrations,
the methanolic extract showed higher reducing
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power than the ethanolic extract in both leaf and
seed tissues (Figure 3A & 3B). Of course, ascorbic
acid showed a much stronger effect than all
methanolic and ethanolic extracts. Among the
extracts, the methanolic extract of seeds showed a
stronger reducing effect (Figure 3A & 3B).
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Fig. 3 Determining the antioxidant capacity of iron
reduction by different leaf (A) and seed (B) extracts;
ascorbic acid was considered as a control (the x-axis
indicates different concentrations of extracts and ascorbic
acid (pg/ml) and the y-axis indicates the absorbance
values (Higher absorbance of the reaction mixture
indicates a greater reducing power).

DISCUSSION

Natural products play an important role in the
discovery of new drugs. More than half of newly
approved drugs are of natural origin or have been
developed based on natural product structures,
although 40% of new drugs are synthetic
compounds that mimic natural compounds [23].
Several clinical antitumor agents are also derived
from plants, including paclitaxel, vincristine, and
camptothecin [24]. The identification of medicinal
plants with significant cytotoxic potential use for the
development of cancer therapeutics has become
increasingly important in the last decade, and
research in this area is growing [25].

To date, there has been no study on the effect of L.
transcaucasicum extract on cancer cell lines such as
MCF7. However, there are limited studies on the
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effect of extracts of other plants belonging to the
Apiaceae family. The cytotoxic activity of Seseli
petraeum essential oil showed potent cytotoxicity
against treated MCF7 cells (IC5=390.38 pg/mL)
[26]. The essential oil of Seseli tortuosum also had
cytotoxic  properties on human cells at
concentrations greater than 0.64 pl/mL [27]. The
hexane extract of the root of Seseli petraeum M.
Bieb. inhibited the growth of A549 cancer cells at
the 24" hour with an ICs value of 3.432 mg/mL
[28].

In our study, the cytotoxic effect of ethanolic and
methanolic extracts of seeds and leaves of L.
transcaucasicum was evaluated based on the
minimum concentration of the extract that reduces
the viability of cancer cells by at least 50% (ICso).
Four categories of extracts: highly active (ICso < 20
pg/ml), moderately active (20<ICso<100 pg/ml),
less active (100<ICso<1000 pg/ml), and inactive
(ICs0>1000 pg/ml) was considered [29-31]. For a
pure compound or drug, an ICsy value of less than 4
pg/ml is considered effective [32, 33].

In our study, the ICso analysis showed that only the
methanolic extract of the seed had a moderate effect
on cancer cells at 48 and 72 hours, and the ICsp
values were 54.35 and 50.52 pg/ml, respectively,
and the rest of the extracts had a weak effect on the
MCEF7 cell line and their 1Cs ranged from 178.86 to
431.85 pg/ml. In general, the methanolic extract of
seeds showed the highest toxicity to the MCF7 cell
line in 72 hours, and the ethanolic extract of leaves
showed the least toxicity in 24 hours. In this study,
the MCF7 cell line was found to respond very
differently to ethanolic and methanolic extracts of
seeds and leaves. It was already known that the
differences in cell line, plant extract, solvent used
and plant source contribute to the differences in the
effect of plant cytotoxicity [34]. However, the
results of our research have shown that in addition
to the plant source and the type of extract, the type
of tissue from which the extract is taken, the
concentration of the extract, and also the duration of
treatment can be very effective in determining the
extent of toxicity. Similar to our results, Kavaz and
Faraj (2023) showed that the application of
increasing concentrations of Juniperus sabina and
Ferula communis leaves methanolic extracts (10,
20, 50 and 150 pg/ml vs. control) showed a
significant decrease in the cellular viability of breast
cancer lines dependent on concentration. This may
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be due to increased bioactive compounds in the
extract as the concentration increases [35].

Antioxidant properties can be very useful in
preventing the harmful effects of free radicals in
diseases such as cancer. DPPH radical scavenging is
a recognized method for screening the antioxidant
activities of plant extracts [36]. It is believed that the
effect of extracts on DPPH is due to their ability to
donate hydrogen [37]. Many researchers have used
this method to study the antioxidant properties of
various plants. The methanolic extract of Tabebuia
pallida leaves had similar radical scavenging
activity  compared to standard  butylated
hydroxytoluene (BHT) [36]. Onder et al., (2020)
indicated that the ethyl acetate extract of S.
peucedanoides  (ICs=0.49 mg/mL) and L.
transcaucasicum (I1Cso=0.75 mg/mL) (Turkish Seseli
species) had the strongest radical scavenging
capacity in the DPPH assay. However, the
methanolic extracts of S. resinosum, S. gummifeum
subsp. gummiferum, and S. peucedanoides had the
highest scavenging activity (1Cs,=0.086, 1C5,=0.088,
and 1Cs,=0.091 mg/ml, respectively) [14]. 1Cs, of L.
transcaucasicum was 0.187 mg/ml. Also, by
comparing three Seseli taxa, Mateji¢ et al., (2012)
showed that the extract of S. libanotis ssp. libanotis

in the DPPH assay [38]. In the DPPH assay, the best
properties were observed with the solvents ether,
acetone, and methanol. Methanol leaf and fruit
extracts of Seseli rigidum (SCsp = 159.20 and
116.96 mg/ml, respectively) showed the best
activity [39]. The strongest antioxidant properties of
Seseli rigidum Waldst. Et Kit. using the DPPH assay
were exhibited by the aqueous (46.15 pg/ml) and
methanolic (98.95 pg/ml) extracts [40]. In another
study, the Highest radical scavenging activity using
DPPH assay was observed in the Euphrasiae stricta
(IC50 = 38.972 Ig/mL), Euphorbia platyphyllos L.
(ICs0 = 40.817 lg/mL), and Epimedium brevicomum
Maxim (IC50 = 46.265 lg/mL). Compared to
ethanolic and methanolic extracts, the ascorbic acid
scavenging activity was better (ICsp = 37.337
Ig/mL) [41]. In our study, the inhibitory effect of the
extracts increased with increasing concentration,
with the lowest I1Cs assigned to ascorbic acid (34.47
pg/ml) and methanolic extract of seeds (44.64
ug/ml). Based on the DPPH test, it seems that L.
transcaucasicum collected from the Hezar-Masjed

Maleki et al.

Mountains has a high antioxidant capacity and can
be considered a strong source of antioxidants.

In the PFRAP test, potassium ferrocyanide, formed
by the reaction of antioxidant compounds with
potassium ferricyanide, reacts with ferric chloride,
and the resulting complex can be measured
spectrophotometrically at 700 nm. According to the
literature review, there is no study on the
antioxidant properties of Seseli species based on the
PFRAP assay. The PFRAP activity of an extract
depends on the ability of its antioxidants to reduce
free radicals by donating an electron. The
antioxidant activity of Rhizoma imperatae using the
PFRAP assay increased with increasing extract
concentration, which was dose-dependent and
comparable to ascorbic acid [42].

Ethyl methyl ketone extract shows higher activity
than methanolic extract using PFRAP assay in
Litsea quinqueflora (Dennst.) Suresh [43]. The
reducing power of Euclea schimperi leaf extracts in
different concentrations of stock solutions for each
solvent (methanol and chloroform) increased with
increasing concentration. The reducing power of the
methanolic extract was significantly higher than that
of chloroform [44]. In our study, the antioxidant
properties of methanolic and ethanolic extracts of L.
transcaucasicum leaves and seeds were dose-
dependent. High concentrations had higher
antioxidant properties. Of the extracts, the
methanolic extract of seeds exhibited higher
reducing power. It seems that depending on the
plant species, plant tissue, the solvent used, and
concentration of the extracts, the reducing power of
the extracts in the PFRAP assay may be very
different.

In this study, the methanolic extract of the seed had
the greatest effect on inhibiting DPPH free radicals,
with an ICsp of 44.64 ug/ml, and at a concentration
of 300 pg/ml, this inhibitory effect was comparable
to that of ascorbic acid. Although the reducing effect
of the methanolic extract in the PFRAP assay was
not comparable to that of ascorbic acid, it was
relatively better than that of the ethanolic extract.
Considering that the methanolic extract of the seed
had the most lethal effect on cancer cells, it seems
that the extract that has a stronger antioxidant power
also has a stronger anticancer effect.



Journal of Medicinal Plants and By-products (2024) 2: 459-467 466

ACKNOWLEDGEMENTS

The authors would like to acknowledge the financial
support of institute of science and high technology
and environmental sciences, Graduate University of
Advanced Technology, Kerman, Iran, under grant
number of 98.2214.

REFERENCES

1. Abrahim N.N., Kanthimathi M., Abdul-Aziz A. Piper
betle shows antioxidant activities, inhibits MCF-7 cell
proliferation and increases activities of catalase and
superoxide dismutase. BMC Complement Altern Med.
2012; 12:1-11.

. Cragg G.M., Newman D.J. Plants as a source of anti-
cancer agents. J Ethnopharmacol. 2005; 100:72-9.

3. Al-Mansoub M.A., Asif M., Revadigar V., Hammad M.A.,
Chear N.J-Y., Hamdan M.R., et al. Chemical
composition, antiproliferative and antioxidant attributes
of ethanolic extract of resinous sediment from Etlingera
elatior (Jack.) inflorescence. Braz J Pharm Sci. 2021; 57.

4. Bjelakovic G., Nikolova D., Simonetti R.G., Gluud C.
Antioxidant  supplements for prevention of
gastrointestinal cancers: a systematic review and meta-
analysis. Lancet. 2004; 364:1219-28.

5. Maleki M., Ghorbanpour M., Kariman K. Physiological
and antioxidative responses of medicinal plants exposed
to heavy metals stress. Plant Gene. 2017; 11:247-54.

6. Li W.Y., Chan S\W., Guo D.J., Yu PH.F. Correlation
between antioxidative power and anticancer activity in
herbs from traditional Chinese medicine formulae with
anticancer therapeutic effect. Pharm Biol. 2007; 45:541-
6.

7. Sayed-Ahmad B., Talou T., Saad Z., Hijazi A., Merah O.
The Apiaceae: Ethnomedicinal family as source for
industrial uses. Ind Crops Prod. 2017; 109:661-71.

8. Chizzola R. Essential oil composition of wild growing
Apiaceae from Europe and the Mediterranean. Nat Prod
Commun. 2010; 5:1934578X1000500925.

. Stizgeg¢-Selguk S., Dikpinar T. Phytochemical evaluation
of the Ferulago genus and the pharmacological activities
of its coumarin constituents. J Herb Med. 2021;
25:100415.

10. Hasheminya S.M., Dehghannya J. Chemical composition,
antioxidant, antibacterial, and antifungal properties of
essential oil from wild Heracleum rawianum. ISBAB.
2021; 31:101913.

11. Zengin G., Sinan K.l., Ak G., Mahomoodally M.F.,
Paksoy M.Y., Picot-Allain C., et al. Chemical profile,
antioxidant, antimicrobial, enzyme inhibitory, and
cytotoxicity of seven Apiaceae species from Turkey: A
comparative study. Ind Crops Prod. 2020; 153:112572.

12. Amiri M.S., Joharchi M.R. Ethnobotanical knowledge of
Apiaceae family in Iran: A review. AJP. 2016; 6:621.

13. Mozaffarian V. Umbelliferae. In: Flora of Iran. Research
Institute of Forests and Rangelands, Tehran. 2007:596.

N

©

14. Onder A., Cinar A.S., Sarialtin S.Y ., izgi M.N., Coban T.
Evaluation of the antioxidant potency of Seseli L. species
(Apiaceae). Turk J Pharm Sci. 2020; 17:197.

15. Judd W.S., Campbell C.S., Kellogg E.A., PF S. Plant
Systematics: A Phylogenetic Approach. Publishers
Sunderland, Massachusetts, USA. 1999.

16. Borovkov A., Petov G. Composition of the essential oils
of Libanotis transcaucasica. V. Chem Nat Compd. 1967;
3:196-7.

17. Shahabipour S., Firuzi O., Asadollahi M., Miri M.,
Javidnia K. Essential oil composition and cytotoxic
activity of Libanotis transcaucasica schischk from lIran.
Nat Prod Chem Res. 2013; 1:1-2.

18. Rechinger K. Apiaceae. Flora Iranica Graz: Akademische
Druck-u Verlagsanstalt. 1982.

19. Prokopenko A. Libanotin: A new furocoumarin from
Libanotis transcaucasica Schischk. Chem Nat Compd.
1965; 1:165-8.

20. Haghighi S.R., Asadi M.H., Akrami H., Baghizadeh A.
Anti-carcinogenic and anti-angiogenic properties of the
extracts of Acorus calamus on gastric cancer cells. AJP.
2017; 7:145.

21. Garcia E.J., Oldoni T.L.C., Alencar S.M.d., Reis A,
Loguercio A.D., Grande RHM. Antioxidant activity by
DPPH assay of potential solutions to be applied on
bleached teeth. Braz Dent J. 2012; 23:22-7.

22. Ferreira 1.C., Baptista P., Vilas-Boas M., Barros L. Free-
radical scavenging capacity and reducing power of wild
edible mushrooms from northeast Portugal: Individual
cap and stipe activity. Food Chem. 2007; 100:1511-6.

23. Newman D.J., Cragg G.M. Natural products as sources of
new drugs over the last 25 years. J natural products.
2007; 70:461-77.

24. Pezzuto J.M. Plant-derived anticancer
Biochemical pharmacology. 1997; 53:121-33.

25. Al-Kalaldeh J.Z., Abu-Dahab R., Afifi F.U. Volatile oil
composition and antiproliferative activity of Laurus
nobilis, Origanum syriacum, Origanum vulgare, and
Salvia triloba against human breast adenocarcinoma
cells. Nutrition Research. 2010; 30:271-8.

26. Onder A., Cinar A., Bakar Ates F., Noguera-Artiaga L.,
Antonio Carbonell-Barrachina A. Chemical composition
and cytotoxic potency of essential oil from Seseli
petraeum M. Bieb.(Apiaceae). JResPharm. 2021; 25.

27. Gongalves M.J., Tavares A.C., Cavaleiro C., Cruz M.T.,
Lopes M.C., Canhoto J., et al. Composition, antifungal
activity and cytotoxicity of the essential oils of Seseli
tortuosum L. and Seseli montanum subsp. peixotoanum
(Samp.) M. Lainz from Portugal. Ind Crops Prod. 2012;
39:204-9.

28. Cinar A.S., Bakar-Ates F., Onder A. Seseli petraeum M.
Bieb.(Apiaceae) Significantly inhibited cellular growth of
A549 lung cancer cells through GO/G1 cell cycle arrest.
Anais da Academia Brasileira de Ciencias. 2020; 92.

29. Nordin M.L., Abdul Kadir A., Zakaria Z.A., Abdullah R.,
Abdullah M.N.H. In vitro investigation of cytotoxic and

agents.



467

antioxidative activities of Ardisia crispa against breast
cancer cell lines, MCF-7 and MDA-MB-231. BMC
complementary and alternative medicine. 2018; 18:1-10.

30. Baharum Z., Akim A.M., Taufig-Yap Y.H., Hamid R.A.,
Kasran R. In vitro antioxidant and antiproliferative
activities of methanolic plant part extracts of Theobroma
cacao. Molecules. 2014; 19:18317-31.

31. Atjanasuppat K., Wongkham W., Meepowpan P.,
Kittakoop P., Sobhon P., Bartlett A., et al. In vitro
screening for anthelmintic and antitumour activity of
ethnomedicinal plants from Thailand. J
ethnopharmacology. 2009; 123:475-82.

32. Boik J. Natural compounds in cancer therapy. Oregon
Medical Press Princeton, MN, USA, 2001.

33. Lee C., Houghton P. Cytotoxicity of plants from
Malaysia and Thailand used traditionally to treat cancer. J
ethnopharmacology. 2005; 100:237-43.

34. Al-Barazanjy R.K., Dizaye K., Al-Asadye A.A.
Cytotoxic and cytogenetic effects of Salvia officinalis on
different tumor cell lines. Middle East J Internal
Medicine. 2013; 63:1-11.

35. Kavaz D., Faraj R.E. Investigation of composition,
antioxidant, antimicrobial and cytotoxic characteristics
from Juniperus sabina and Ferula communis extracts.
Scientific Reports. 2023; 13:7193.

36. Rahman M., Islam M., Biswas M., Khurshid Alam A. In
vitro antioxidant and free radical scavenging activity of
different parts of Tabebuia pallida growing in
Bangladesh. BMC research notes. 2015; 8:1-9.

37. Baumann J. Prostaglandin synthetase inhibiting O_2-
radical scavenging properties of some flavonoids and

Maleki et al.

related phenolic compounds. Naunyn-Schmiedebergs
Arch Pharmacol. 1979; 308:27-32.

38. Mateji¢ J., Dzami¢ A., Mihajilov-Krstev T., Randelovié¢
V., Krivosej Z., Marin P. Total phenolic content,
flavonoid concentration, antioxidant and antimicrobial
activity of methanol extracts from three Seseli L. taxa.
Open Life Sci. 2012; 7:1116-22.

39. Stankov-Jovanovi¢ V., Ili¢ M., Miti¢ V., Mihajilov-
Krstev T., Simonovi¢ S., Mandi¢ S.N., et al. Secondary
metabolites of Seseli rigidum: Chemical composition plus
antioxidant, antimicrobial and cholinesterase inhibition
activity. J Pharm Biomed Anal. 2015; 111:78-90.

40. Jakovljevi¢ D., Vasi¢ S., Stankovi¢ M., Comié¢ L.,
Topuzovic M. In vitro biological activity of secondary
metabolites from Seseli rigidum Waldst. et Kit.
(Apiaceae). Acta Biol Hung. 2015; 66:395-405.

41. Jafri S.A.A., Khalid Z.M., Khan M.R., Ashraf S., Ahmad
N., Karami A.M., et al. Evaluation of some essential
traditional medicinal plants for their potential free
scavenging and antioxidant properties. J King Saud
University-Science. 2023:102562.

42. Zhou X.R, Wang J.h., Jiang B., Shang J., Zhao C.Q. A
study of extraction process and in vitro antioxidant
activity of total phenols from Rhizoma Imperatae. Afr J
Tradit Complement Altern Med. 2013; 10:175-8.

43. Jose S.M., Anilkumar M. In vitro antioxidant activity of
Litsea quinqueflora (Dennst.) Suresh. J Pharmacogn
Phytochem. 2018; 7:3217-21.

44. Mekonnen A., Atlabachew M., Kassie B. Investigation of
antioxidant and antimicrobial activities of Euclea
schimperi leaf extracts. Chem biol technol agric. 2018;
5:1-12.



