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Abstract: Cota tinctoria is a medicinal plant which has been used for management of cancer in folk
medicine of various regions. The aim of present study is to investigate cytotoxic activity of different
concentrations of hydroalcoholic extract of C. tinctoria flowers on gastric (AGS) and liver (Hep-G2)
cancer cell lines as well as Human Natural GUM fibroblast (HUGU) cells. Cell mortality rates were
examined after 24, 48 and 72 h incubations using the MTT assay. IC 50 of extract on AGS cells after 24,
48 and 72h was 1.46, 1.29 and 1.14 µg/mL respectively. The extract demonstrated IC 50 of 5.15, 3.92 and
2.89 µg/mL on Hep-G2 cells after 24, 48 and 72 h respectively. No cytotoxic effect was detected on
HUGU (Human Natural GUM fibroblast) cells. C. tinctoria seems to have a promising potential to be
considered as a source for anticancer drug discovery. However, more experimental and clinical studies
are required.
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Resumen: Cota tinctoria es una planta medicinal que se ha utilizado para el tratamiento del cáncer en la
medicina popular de varias regiones. El objetivo del presente estudio es investigar la actividad citotóxica
de diferentes concentraciones de extracto hidroalcohólico de flores de C. tinctoria en líneas celulares de
cáncer gástrico (AGS) e hígado (Hep-G2), así como en células de fibroblasto GUM humano natural
(HUGU). Se examinaron las tasas de mortalidad celular después de incubaciones de 24, 48 y 72 h
utilizando el ensayo MTT. La CI50 del extracto en células AGS después de 24, 48 y 72 h fue de 1,46; 1,29
y 1,14 µg respectivamente. El extracto demostró una CI50 de 5,15, 3,92 y 2,89 µg/mL en células Hep-G2
después de 24, 48 y 72 h, respectivamente. No se detectó ningún efecto citotóxico en las células HUGU
(fibroblasto GUM humano natural). C. tinctoria parece tener un potencial prometedor para ser
considerada como una fuente de descubrimiento de fármacos contra el cáncer. Sin embargo, se requieren
más estudios experimentales y clínicos.
Palabras clave: Antitumoral; Cáncer gástrico; Cáncer de hígado; Cota tinctoria; Anthemis tinctoria.
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LIST OF ABBREVIATIONS
- Dimethyl sulfoxide (DMSO)
- Human gastric adenocarcinoma (AGS)
- Human Gum Fibroblast (HUGU)
- Human hepatocellular carcinoma (Hep-G2)
- (3-[4,5-dimethyethiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
- Phosphate buffered saline (PBS)
- The half maximal inhibitory concentration (IC50)
INTRODUCTION
Over the last decades, cancer has been the most
challenging disease to cure and remains the second
leading cause of death worldwide (Ozols et al.,
2008). A report released by the World Health
Organization (WHO), showed that estimated 12.7
million people were diagnosed with cancer globally
and about 7.6 million people died of it in 2088 (Zong
et al., 2012). As estimated in this report, more than
21 million new cancer cases and 13 million deaths
are expected by 2030. Although cancer accounts for
around 13% of all deaths in the world, more than
30% of cancer deaths can be prevented by modifying
or avoiding key risk factors (World Health
Organization, 2012). Chemotherapy as one of
therapeutic option for cancer until recently still has
the drawbacks of severe side effects and doselimiting toxicity (Camp-Sorrell, 2000). The
effectiveness of chemotherapy is often limited by
toxicity to other tissues in the body (Chabner et al.,
2005). Therefore, the identification of non-toxic
chemotherapeutic from herbal medicines remains to
be an attractive goal to advance cancer treatments
(Susanti et al., 2012). Herbal medicine represents
traditional medicines such as a variety of efficacious
plant extracts, which have been known to enhance
healing of various diseases for thousands of years
(Susanti et al., 2012). It has been recognized that
utilization of herbal medicine may become potential
treatments in the future (Fabricant & Farnsworth,
2001). This is evidenced by the practices of
traditional medicine that have been well accepted and
trusted by the public until these days (Hoareau & da
Silva, 1999). Ideally any anticancer drug should have
an acceptable therapeutic index, that is, the drug
should exert a cytotoxic effect on malignant cells
with minimal effect on normal cells (Echiburu-Chau
et al., 2014). Indeed, numerous anticancer drugs in
current use have been extracted from plants,
including vinblastine, an alkaloid extracted from
Catharanthus riseus that inhibits the assembly of the
mitotic spindle microtubules (Makarov et al., 2007),

and paclitaxel, an alkaloid extracted from Txus
brevifolia whose activity stabilizes microtubules
during cell division (Cisternino et al., 2003). Several
other drugs extracted from plants have recently
proven useful as anticancer therapies, including
betolunic acid (Fulda., 2008), resveratrol (GarciaZepeda et al., 2013) and homoharringtotine (Zhou et
al., 1995), among others. Exploring natural products
as novel chemopreventive and chemotherapeutic
drugs in order target them to patients at high risk of
developing cancer and metastasis can result in better
prognosis (Rahimi et al., 2015). Mounting evidence
suggest that phytochemicals derived from medicinal
plants have demonstrated anticancer activity
mediated by induction of apoptosis, as well as
delaying metastasis (Da rocha et al., 2001;
Gordaliza., 2007; Azimi et al., 2015)
The genus cota J. Gay (Asteraceae,
Anthemideae) consists of 49 species (Including 63
taxa) worldwide. Cota J. Gay, which belongs to the
tribe Anthemideae (Asteraceae), is represented by 63
taxa in the world and is mainly distributed in Europe,
North Africa, and Central Asia. Cota was earlier
classified as a section in the genus Anthemis L.
Anthemis s.l. is divided into three sections, namely
sect. Anthemis (29 species), sect. Maruta (Cass.)
Griseb (six species) and sect. Cota (J. Gay) (15
species) (Oberprieler, 2001; Greuter et al., 2003; Lo
Presti et al., 2010; Ozbek et al., 2016). Cota
tinctoria, also known as golden marguerite, yellow
chamomile, is a species of perennial flowering plant
in the Asteraceae family (Franke, 2005).
The species of the Cota (synonym Anthemis)
genus are widely used in the pharmaceutic, cosmetic
and food industries. The uses of the flowers of this
genus are well-documented in antiseptics, as are
healing herbs, the main components being natural
flavonoids and essential oils. Its extracts are used to
allay pain and irritation, clean wounds and ulcers, aid
in prevention as well as therapy of irradiated skin
injuries, and the treatment of cystitis and dental
afflictions (Papaioannou et al., 2007). The plants of
genus Cota are among less investigated species. In
literatures, there is information that the flowers of the
genus cota were used as antiseptic and healing herbs
(Ozek et al., 2018).
Flavonoids and other phenolic compounds
are commonly known as plant secondry metabolites
that hold an aromatic ring bearing at least one
hydroxyle groups. (Kumar & Pandey, 2013; Ahmed
et al., 2016). These phytochemical substances are
presented in nutrients and herbal medicines, both
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flavonoids and many other phenolic components have
been reported on their effective antioxidants,
anticancer, antibacterial, cardioprotective agents,
anti-inflammation, immne system promoting and
interesting candidate for pharmaceutical and medical
application. (Kumar & Pandey, 2013; Chen et al.,
2015; Andereu et al., 2018; Meng et al., 2018)
However, herbal medicine has not been fully
accepted as cancer therapeutics due to lack of
experimental and clinical studies about their efficacy
and safety (Buchanan et al., 2005) In vitro study to
evaluate their efficacy and safety is necessary prior to
the further tests either in vivo study clinical trial.
The aim of this study is to evaluate the
cytotoxic activities of hydroalcoholic extract of C.
tinctoria against Human gastric adenocarcinoma
(AGS) and Human hepatocellular carcinoma (HepG2) cancer cell lines and Human Natural GUM
fibroblast (HUGU) cell line.
MATERIALS AND METHODS
Plant material
C. tinctoria was collected in June (2017) from North
Iran (Gachsar), GPS 36452018N, 5119128E. The
plant was confirmed by Dolatyari & talebi in Iranian
Biological Resource Center (IBRC) Herbarium and a
voucher specimen (IBRC NO.P1013000) deposited in
the (IBRC) Herbarium. The flowers were isolated and
dried in the shade, and stored at room temperature for
14 days.
Extract preparation
For preparation of C. tinctoria hydroalcoholic extract,
200 g of dried flowers were powdered and extracted
by maceration at room temperature (24 ± 3°C) using
600 mL ethanol (80%) as solvent for 72 h. The
extract was filtered and evaporated at reduced
pressure to yield residues of about 16.4 g on the basis
of dry plant material. The extract was stored at -18°C
for the experimental procedure.
Determination of total phenolic content
Total phenolic content of extract was determined
using folin-ciocalteu reagent )Memariani et al.,
2017). For this purpose, distilled water was added
extract (100 mg) up to 10 mL The mixture was
sonicated for 5 min and then filtered. Filtrate (1 mL)
was mixed with folin-ciocalteu reagent (1.5 mL)
which previously diluted 10-fold with distilled water,
and allowed to stand at room temperature for 5 min.
1.5 mL of bicarbonate solution (60 g/L) was added to
the mixture. After staining for 90 min at room

temperature, the absorbance was measured at 725 nm
using a UV-visible spectrophotometer (GBC, Cintra
40). The same procedure was repeated for the gallic
acid standard solution. The gallic acid solution was
prepared at concentrations of 50 to 200 µg/ml. To
achieve phenolic concentration, the gallic acid
calibration curve based on the detected absorbance
was construed (Figure No. 1). All tests were carried
out in triplicate and the results were expressed as
gallic acid equivalents (mg GAE/g dry weight).
Determination of total flavonoid content
Total flavonoid content of extract was determined by
the aluminum chloride colorimetric method
(Memariani et al., 2017). For this purpose, distilled
water was added to 200 mg extract up to 10 mL. The
mixture was sonicated for 5 min and then filtered.
Concisely, 1 mL of filtrate was added to 10 mL
volumetric flask containing 4 mL of double distilled
water. 0.3 mL NaNO2 (5%) was added to the flask
and 5 min later 0.3 mL AlCl3 (10%) was added. After
6 min, 2 mL NaOH (1 M) was added and the total
volume was made up to 10 mL and the flask contents
were thoroughly mixed. The absorbance level was
measured versus blank at 510 nm (GBC, Cintra 40).
The same procedure was performed for the quercetin
standard solution. The quercetin solution was
prepared at concentrations of 5 to 80 µg/ml and the
calibration line was construed (Figure No. 1). The
calibration curve was plotted using standard
quercetin. Total flavonoid contents were represented
as mg catechin equivalents (CE) per one gram dry
extract according to the catechin standard solutions.
Cell culture
AGS (Human gastric adenocarcinoma), Hep-G2
(Human hepatocellular carcinoma) and HUGU
(Human GUM fibroblast) cell lines were provided by
the Iranian Biological Resource Center (IBRC)
(Tehran, Iran).
Maintenance of human cell lines
For culturing AGS, Hep-G2 and HUGU, the culture
medium DMEM (Dulbecco’s Modified Eagle
Medium) containing 10% Fetal Bovine Serum (FBS)
and 2 mL glutamine was used. These were cultured
under standard incubation conditions (temperature
37°C, CO2 5%, humidity 95%). After three passages,
the cells were used for later processing, and cell
count and number of living cells were counted using
the hemocytometer with Trypan Blue (Cheryl et al.,
2004; Selenius et al., 2019).
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Figure No. 1
Calibration curves for gallic acid and quercetin standards to determine total phenol
and flavonoid contents of hydrogel respectively

MTT- based cytotoxic assay
Cytotoxicity studies were performed using the MTT
(3-[4,5-dimethyethiazole-2-yl]-2,5-diphenyltetrazolium bromide) assay (Mosmann et al., 1983).
After covering the flask bed with cells, the
cell layer sticking to the flask bottom was separated
using trypsin. After being transferred to sterile test
tubes, they were centrifuged at 1200 rpm for 5 min.
Cells were then suspended using a Pasteur pipette in
new culture medium. After counting, 200 µL of cells
(5×104 cell per mL media) were seeded in 96-well
plates and incubated at 37°C for 24 h (5% CO2
humidified). After the required time, the supernatant
was removed slowly and carefully. Hydroalcoholic
extracts of C. tinctoria were added to wells at
concentrations of 0.09, 0.19, 0.38, 0.75, 1.25, 2.5, 5,
10, and 20 µg/mL
Serum containing media without extract were
added to control wells. Plates were incubated for 24,
48, and 72 h. After the incubation period, plates were
removed from the incubator. The supernatant from
each well was completely removed by the sampler
and cells were washed with 100 µL PBS Phosphate
buffered saline before 80 µL of media and 20 µL
yellow MTT solution was added. The plates were
incubated at 37ºC for 3 h. After the required time,
first the supernatant was completely removed and
each well washed with 100 µL PBS, and 100 µL
DMSO was added to dissolve formazan crystal which
were quantified by reading the absorbance at 570 nm

on a microplate reader (Anthos Lab Tech
Instruments, Austria) and used as ameasure of cell
viability. Six wells were assayed for each condition,
and mean as standard deviations were determined
using Microsoft Exel. The IC50 values (concentration
inducing a 50% inhibition of cell growth) were
calculated from the equation of the logarithmic line
determined by fitting the best line to the curve
formed from the data by using Sigma plot 10.0. The
IC50 value was obtained from the equation y=50
(50% value). In all experiments, the final
concentration of DMSO did not exceed 1% (v/v), a
concentration that was nontoxic to the cells and cells
with no treatment and methotrexate (Sigma, USA)
treatment were used as a negative and positive
control, respectively.
In order to convert the amount of light
absorption into a percentage of live cells, the
following formula was used and live % of cells after
24, 48, and72 h was computed.
Biological ability % = OD Test (optical
absorption of extract/Optical absorption of
solvent)×100
Statistical analysis
Data were analyzed using SPSS software via the oneway ANOVA method and mean comparison was
done with the Tukey method. P-values less than 0.05
were considered to be statistically significant.
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Cell Morphological Analysis method
Cell morphology assessment confluent cultures of
AGS and Hep-G2 and HUGU cells were treated with
the hydroalcoholic extract of flowers of cota tinctoria
L. for 24, 48 and 72 h and photographed at the
refrence points with a phase-contrast microscope
(OLYMPUS CKX41, Olympus, London.UK) and the
photos were taken with digital camera (Canon CCD
2272×1702, Argentina).
RESULTS
Total phenolic and total flavonoid content
The total phenolic content of extract was 1168.42 ±
12.68 mg GAE/g respectively. The total flavonoid
content of each tablet was 582.15 ± 7.38 mg of CE/g

of dry extract respectively by reference to the related
standard curves.
Evaluation of cytotoxic activity
Results showed that in a 24 h incubation period,
viability in AGS and Hep-G2 cell lines was reduced
with increasing dose of hydroalcoholic extract of C.
tinctoria. The viability percentage in AGS cancer
cells was reduced from 86% in 0.09 µg/mL
concentration to 20.2% in 20 µg/mL. In Hep-G2
cancer cells viability was reduced from 99.9% in 0.09
µg/mL concentration to 25.8% in 20 µg/mL. These
changes were statistically significant (p≤0.05) (Figure
No. 2).

Figure No. 2
Cytotoxic activity of C. tictoria Hydroalcoholic extract against AGS, Hep-G2
and HUGU cell in different dosage after 24

In the 48 h incubation, dose-dependent
In the 72 h incubation, the reduction of
reduction of viability was observed. The percentage
viability percent was also observed in AGS cancer
of viability was decreased in AGS cancer cells from
cells from 79.7% in a concentration of 0.09 µg/mL to
82% in 0.09 µg/mL concentration to 19.8% in a
16.3% in 20 µg/mL and in Hep-G2 cancer cells it
concentration of 20 µg /mL. In Hep-G2 cancer cells
also decreased from 97.7% in 0.09 µg/mL
viability decreased from 98.8% in 0.09 µg/mL
concentration to 20.1% in 20 µg/mL. This was
concentration to 24.4% in concentration of 20 µg/mL.
statistically significant (p≤0.05) (Figure No. 4).
This was statistically significant (p≤0.05) (Figure No.
3).
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Figure No. 3
Cytotoxic activity of C. tictoria Hydroalcoholic extract against AGS, Hep-G2
and HUGU cell in different dosage after 48 h

Figure No. 4
Cytotoxic activity of C. tictoria Hydroalcoholic extract against AGS, Hep-G2
and HUGU cell in different dosage after 72 h
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The result of the MTT assay showed that
hydroalcoholic extract of C. tinctoria had little effect
on the HUGU cell line (Figures No. 2 & No. 4).
Cell morphological analysis
Findings for AGS cancer cell growth after 24, 48, and
72 h of treatment with hydroalcoholic extract of C.
tinctoria (concentrations: 0.09 µg/mL, 0.19 µg/mL,

0.38 µg/mL, 0.75 µg/mL, 1.25 µg/mL, 2.5 µg/mL, 5
µg/mL, 10 µg/mL and 20 µg/mL (Figures No. 2 &
No. 4). After exposure to a concentration of 20
µg/mL of extract, cells were distorted and their
morphology changed, showing toxicity effects of
hydroalcoholic extract of C. tinctoria on AGS cells
(Figure No. 5C & No. 5D).

A

B

C

D

Figure No. 5
Morphological changes of AGS cancer cells (A): AGS cancer cell in the control group without treatment
by hydroalcoholic extract of C. tinctoria (Negative control). (B): Positive control. (C): Morphological
changes of AGS cancer cells after 48 h treatment with hydroalcoholic extract of C. tinctoria at a
concentration of 20 µg/mL, (D): AGS cancer cells after 72 h treatment with hydroalcoholic extract of C.
tinctoria at a concentration of 20 µg/mL. Phase contrast analysis evidenced that the cells treated with the
sample at different concentration showing apoptotic bodies, cell shrinkage and reduced in number and
size.
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Hep-G2 cancer cell growth after 24, 48, and
72 h of treatment with hydroalcoholic extract of C.
tinctoria (concentrations: 0.09 µg/mL, 0.19 µg/mL,
0.38 µg/mL, 0.75 µg/mL, 1.25 µg/mL, 2.5 µg/mL, 5
µg/mL, 10 µg/mL, 20 µg/mL) (Figure No. 2-4) was
prevented in comparison to the control group (no

treatment with hydroalcoholic extract of C. tinctoria
(Figure No. 6A).
After exposure to a concentration of 20
µg/mL of extract, cells were distorted and their
morphology was changed, showing toxicity effect of
hydroalcoholic extract of C. tinctoria on Hep-G2
cells. (Figures No. 6C & No. 6D).

A

B

C

D

Figure No. 6
Morphological changes of Hep-G2 cancer cells. (A): of Hep-G2 cancer cells in the control group without
treatment by hydroalcoholic extract of C. tinctoria (Negative control). (B): Positive control. (C):
Morphological changes of Hep-G2 cancer cells after 48h treatment with hydroalcoholic extract of C. tinctoria
at a concentration of 20 µg/mL, (D): Hep-G2 cancer cells after 72 h treatment with hydroalcoholic extract of
C. tinctoria at a concentration of 20 µg/mL. Phase contrast analysis evidenced that the cells treated with the
sample at different concentration showing apoptotic bodies, cell shrinkage and reduced in number and size
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IC50 values
IC50 (inhibitory concentration) of hydroalcoholic
extract on AGS cells after 24, 48 and 72 h was 1.187
µg/mL, 1.299 µg/mL and 1.152 µg/mL respectively
(Table No. 1 & Figure No. 7). The hydroalcoholic
extract demonstrated IC50 of 5.11 µg/mL, 3.902
µg/mL and 2.89 µg/mL on Hep-G2 cells after 24, 48

and 72 h respectively (Table No. 1 & Figure No. 8).
No significant cytotoxic effect was detected on
HUGU (Human Natural GUM fibroblast) cells,
suggesting that the cytotoxic effect of hydroalcoholic
extract was selective for cancer cells. (Figures No. 24).

IC50
Cancer cell line
AGS
Hep-G2

24 h

48 h

72 h

1.46 µg/mL
5.15 µg/mL

1.29 µg/mL
3.92 µg/mL

1.14 µg/mL
2.89 µg/mL

Table No. 1
IC50 values of hydroalcoholic extract of C. tinctoria on AGS, Hep-G2 cancer cells after 24, 48 and 72 h

Figure No. 7
IC50 values of hydroalcoholic extract of C. tinctoria on AGS cancer cells
after 24, 48 and 72h (Concentration µg/mL)
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Figure No. 8
IC50 values of hydroalcoholic extract of C. tinctoria on Hep-G2 cancer cells
after 24,48 and 72h (Concentration µg/mL)

DISCUSSION
Numerous edible plant-derived compound have been
linked to the chemoprevention and treatment of
cancer (Hsiao et al., 2007; Tolomeo et al., 2008;
Zhang et al., 2010; Jaiswal et al., 2012; Mignet et al.,
2012; Ying et al., 2012; Seguin et al., 2013). Despite
the extensive investigation carried out with
flavonoids in the past decades, there are still quite a
few
parameters
available,
characterizing
quantitatively the efficacy of polyphenolic
compounds on certain cancer type. The requirement
of anti-cancer drug candidates is that they should kill
the proliferating cancer cells without affecting the
normal cells (Shyam Kumar et al., 2017).
In this way, the IC50 values of medical plants
extracts measured using the cell derived from
malignant tissues and determination of total phenolic
and total flavonoid content are too scarce to reveal
any certain specificity patterns.
In the present study, the cytotoxic effect of
hydroalcoholic extract of Cota tinctoria (Anthemis
tinctoria) on AGS and Hep-G2 cancer cells and
natural fibroblast cells (HUGU Human GUM

fibroblast cell) was examined. The result of this study
showed that flower hydroalcoholic extract of C.
tinctoria has significantly effective on AGS and HepG2 cancer cells growth at the different concentration
and day and exhibited antiproliferative activity
against AGS and Hep-G2 cancer cells and induced
apoptotic cell death in AGS and Hep-G2 cancer cells
while it does not have any significant toxic effect on
natural fibroblast cells. Flavonoids have been
demonstrated to suppress proliferation of various
cancerous cells (Benavente-Garcia et al., 2008).
However, not all polyphenolic compounds share the
same antiproliferative activity (Forni et al., 2009) and
depending on their structure, flavonoids display
differences in the sensitivity and selective toward
tumor cells (Rodriguez et al., 2002; Nagao et al.,
2002; Morales & Haza, 2012). The sensitivities of
cancer cells against flavonoids can be different
depending on their derived tissues indicating that the
cytotoxicity induced by flavonoids might be related
to select cancer type (Kilani-Jaziri et al., 2012). Even
in the case of flavonoids with quite similar structures,
there are compound-specific effects which are
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relevant to modulate particular biochemical processes
so that the development of certain neoplasms could
be differentially influential pointing to the tissuespecific cytotoxic action (Zheng et al., 2002; Bonham
et al., 2005). The effectiveness of flavonoids may
vary also because of the different disease etiologies
(Chen et al., 2000). Various species of the genus
Anthemis have been used in the treatment of
gastrointestinal disorders, stomachache, hemorrhoids,
earaches, and deafness (Eser et al., 2017). Eser and
colleagues also reported that all parts of the plans
Anthemis tinctoria extracts exhibit better cytotoxic
activity than the standard cancer drug 5-Florouracil.
cytotoxic effects of hydroalcoholic extract of C.
tinctoria may be attributed to phenolic compounds
such as a new flavonoid glycoside: tinctoside, which
was isolated from the metanolic extract of the flowers
of Anthemis tictoria L. (Cota tinctoria) for the first
time (Masterova et al., 2005) and one new cyclitol
glucoside: conduritol F-1-O-(6ʹ-O-E-p-caffeoyl)-β-Dglucopyranoside, which has been isolated with four
flavonoids nicotiflorin, isoquercitrin, rutin, and
patulitrin and showed a strong scavenging effect in
the DPPH radical assay. In addition, these isolated
compounds also exhibited high inhibitory activity on
soybean lipoxygenase (Papaioannou et al., 2007).
Orlando et al. (2019), measured the total
phenol and flavonoid contents of EA, MeOH, and
aqueous extracts of ATP and ACT of Anthemis
tinctoria (C. tinctoria) and they reported that the
phenolic content of ATP and ACT ranged from 26.46
to 100.09 mg GAE/g and 21.31 to 47.61 mg GAE/g,
respectively. Highest phenolic content was observed
in the MeOH extract and MeOH extract were rich in
flavonoids. Whilst for ACT, MeOH extract contained
the highest amount of phenols, followed by EA
extract. Regarding the total flavonoid content, the
results showed that EA (ATP: 45.82 an ACT: 46.26
mg RE/g) and MeOH (ATP: 48.54 and ACT: 45.08
mg RE/g) extracts of both species were rich in
flavonoids. Based on their literature and comparison
with standards, 15 ﬂavonoid aglycones, twelve
glycosides, and one caﬀeoyl-O-ﬂavonoid were
identiﬁed in the studied extracts.
Quercetin is one of the natural component
from natural plant and induce cell apoptosis in many
human cancer cell lines (Shang et al., 2018) which is
reported in C. tinctoria (A. tinctoria L.) (Papaioannou
et al., 2007). Shang et al. (2018), investigated the
effect of quercetin on the apoptotic cell death and
associated gene expression in human gastric cancer
AGS cells and their result indicate that quercetin

induced cell morphological changes and reduced total
viability via apoptotic cell death in AGS cells.
Several studies have shown that quercetin
controls cancer cell growth through the regulation of
specific signaling pathways, such as decreasing
oncogene expression, inducing malignant cell
apoptosis and inhibiting angiogenesis (Yuan et al.,
2012; Pratheeshkumar et al., 2012) Zhou and
colleagues in 2017 showed that quercetin can
significantly inhibited the proliferation of HepG2
cells and inducing apoptosis, possibly through the
participation of cyclin D1 regulation. In another study
Zhao et al. (2014), was found that quercetin could
induce apoptosis in human liver cancer HepG2 cells
with overexpression of FANS. This apoptosis was
accompanied by the reduction of intracellular FANS
activity and could be rescued by 25 or 50 µM
exogenous palmitic acid, the final product of FASNcatalyzed synthesis. These results suggested that the
apoptosis induced by quercetin was via the inhibition
of FANS. These findings suggested that quercetin
may be useful for preventing human liver cancer.
Rutin is one of the flavonoids that reported in
C. tinctoria (A. tinctoria L.) (Papaioannou et al.,
2007) with many biological activities including
antiallergic, anti-inflammatory, and anti-prolifretive
and anti-carcinogenic properties (Shyam Kumar et
al.,2017) Rutin exert its anticancer effect by inducing
apoptosis by arresting the G0/G1 phase in the cell
cycle. This cell cycle arrest can be attributed by
acting upon Bcl-2 family protein which regulates all
major types of cell death. Shyam kumar et al. (2017),
showed that rutin along with Ascorbic acid (Vitamin
c) and (Vitami K) shows cytotoxic activity on HepG2 cancer cell line. Also Sghaier et al. (2016),
repored that rutin inhibits proliferation, attenuates
superoxide production and decrease adhesion and
migration of human cancerous cells and the viability
of cancerous cell was inhibited by rutin.
Patuletin was isolated from the metanolic
extract of of the flowers of Anthemis tinctoria L. (C.
tinctoria) (Masterova et al 2005). Report results
clearly show that quercetin, quercetagetin and
patuletin all have good cytotoxic activity against
different cancer cell lines, and that they achieve cell
elimination through the ordered cell-death process
called apoptosis. In addition, their results indicate
that these compounds induce the intrinsic apoptotic
pathway. In addition to demonstrating the proapoptotic action exerted by quercetin, quercetagetin
and patuletin inside tumor cells, we were also able to
determine that these compounds show a selective
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effect on non-tumor cells, since when normal
lymphocytes were treated with the doses applied to
the cancer cell lines After treatment with quercetin,
quercetagetin or patuletin, the morphology of the
cells was clearly altered, as they showed shrinkage,
evidenced by the loss of the polyhedral form.
Compact nuclei and apoptotic bodies were also
visible (Alvarado-Sansininea et al., 2018).
Quercetin and rutin and apigenin are known
major flavonoids in Asteraceae family ِ)Dagnon et al.,
2013), and have been shown to strongly inhibit the
growth of cells and trigger apoptosis of human cancer
cells (Shyam Kumar et al., 2017; Zhou et al., 2017).
Studies show a significant difference at three
treatment times (24, 48 and 72 h) the higher the
concentration and duration of the effect of the
hydroalcoholic extract, the greater its cytotoxic effect
on AGS and Hep-G2 cancer cells. However, findings
indicate that hydroalcoholic extract of C. tinctoria
was highly cytotoxic on AGS cancer cells than on
Hep-G2 cancer cells, while it does not have severe
toxicity on HUGU Natural Human Gum fibroblast
cells (Table No. 1). HUGU cells were significantly
less sensitive to hydroalcoholic extract of C.
tinctoria.
Also Bardaweel et al. (2014), and colleagues
investigated on Antioxidant, antimicrobial and
antiproliferative activities of Anthemis palestina
essential oil and the results obtained indicate potent
cytotoxic activities, especially against Hela cell line,
BJAB cell line and Caco-2 cell line and high

potential of Anthemis palestina essential oil as
bioactive oil, for nutraceutical and medical
applications, possessing Antioxidant, antimicrobial
and antiproliferative activities (Bardaweel et al.,
2014).
CONCLUSION
These results suggest that by increasing incubation
time, the extract showed better cytotoxic activity.
Moreover, the extract demonstrated more cytotoxic
activity on AGS cells compared to Hep-G2 cells. In
conclusion, C. tinctoria seems to have a good
potential to be considered as a source for anticancer
drug discovery fermentation of C. tinctoria could be
applied to develop natural antioxidant and anticancer
products. The result is an early step in examining and
identifying anticancer compounds. Studies have
already shown that plant compounds and their
derivatives can be an effective weapon and be
considered as part of the standard protocols for
cancer treatment and prevention. Due to the wide
variety of plants that exist, researchers face a long
path of continued research in this field.
ACKNOWLEDGEMENTS
The authors acknowledge the insightful comments
from Dr Majd's reviewers who have meticulously
read the research report and provided invaluable
advice to improve the quality of the report, and also
thank the Islamic Azad University laboratory.

REFERENCES
Ahmed SI, Hayat MQ, Tahir M, Mansoor Q, Ismail M, Keck K, Bates RB. 2016. Pharmacologically active
flavonoids from the anticancer, antioxidant and antimicrobial extracts of Cassia angustifolia Vahl. BMC
Complement Altern Med 16: 460. https://doi.org/10.1186/s12906-016-1443-z
Alvarado-Sansininea J, Sánchez-Sánchez L, López-Muñoz H, Escobar L, Flores-Guzmán F, Tavera-Hernández R,
Jiménez-Estrada M. 2018. Quercetagetin and patuletin: antiproliferative, necrotic and apoptotic activity in
tumor cell lines. Molecules 23: 2579. https://doi.org/10.3390/molecules23102579
Andreu L, Nuncio-Jáuregui N, Carbonell-Barrachina ÁA, Legua P, Hernández F. 2018. Antioxidant properties and
chemical characterization of Spanish Opuntia ficus-indica Mill. cladodes and fruits. J Sci Food Agric 98:
1566 - 1573. https://doi.org/10.1002/jsfa.8628
Azimi H, Khakshur AA, Abdollahi M. 2015. Potential new pharmacological agents derived from medicinal plants
for the treatment of pancreatic cancer. Pancreas 44: 11 - 15.
https://doi.org/10.1097/mpa.0000000000000175
Bardaweel S, Tawaha KH, Hudaib M. 2014. Antioxidant, antimicrobial and antiproliferative activities of Anthemis
palestina essential oil. BMC Complement Altern Med 14: 297.
https://doi.org/10.1186/1472-6882-14-297
Benavente‐Garcia O, Castillo J. 2008. Update on uses and properties of citrus flavonoids: New findings in
anticancer, cardiovascular, and anti‐inflammatory activity. J Agric Food Chem 56: 6185 ‐ 6205.
https://doi.org/10.1021/jf8006568
Bonham M, Posakony J, Coleman I, Montgomery B, Simon J, Nelson PS. 2005. Characterization of chemical
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 119

Shamloo et al.

Cota tinctoria cytotoxicity

constituents in Scutellaria baicalensis with antiandrogenic and growth‐inhibitory activities toward prostate
carcinoma. Clin Cancer Res 11: 3905 ‐ 3914. https://doi.org/10.1158/1078-0432.ccr-04-1974
Buchanan DR, White JD, O’Mara AM, Kalaghan JW, Smith WB, Minasian LM. 2005. Research-design issues in
cancer-symptom management trials using complementary and alternative medicine: lesson from the
National Cancer Institute Community Clinical Oncology Program experience. J Clin Oncol 23: 6682 6689. https://doi.org/10.1200/jco.2005.10.728
Camp-Sorrell D. 2000. Chemotherapy: toxicity management. In: Yarbro CH, Frogge MH, Goodman M,
Groenwald SL (Eds) Cancer nursing: principles and practice, Jones and Bartlett Publishers, Sudbury,
Burlington, USA.
Chabner B, Longo DL. 2005. Cancer chemotherapy and biotherapy: principles and practice, Lippincott
Williams & Wilkins, Philadelphia. USA.
Chen CH, Huang LL, Huang CC, Lin CC, Lee Y, Lu FJ.2000. Baicalein, a novel apoptotic agent for hepatoma cell
lines: A potential medicine for hepatoma. Nutr Cancer .38: 287 ‐ 295.
https://doi.org/10.1207/s15327914nc382_19
Chen X, Dang TT, Facchini PJ. 2015. Noscapine comes of age. Phytochemistry 111: 7 - 13.
https://doi.org/10.1016/j.phytochem.2014.09.008
Cisternino S, Bourasset F, Archimbaud Y, Semiond D, Sanderink G, Scherrmann JM. 2003. Nonlinear
accumulation in the brain of the new taxoid TXD258 following saturation of P-glycoprotein at the bloodbrain barrier in mice and rats. Br J Pharmacol 138: 1367 - 1375. https://doi.org/10.1038/sj.bjp.0705150
Dagnon S, Ivanov L, Bojilov D, Docheva M, Statkova S. 2013. Evaluation of the main polyphenolic compounds in
aromatic plants of Asteraceae and Solanaceae families of Bulgarian origin. J Pharm Phytochem 6: 6 - 84.
Da Rocha AB, Lopes RM, Schwartsmann G. 2001. Natural products in anticancer therapy. Curr Opin Pharmacol
1: 364 - 369.
Echiburu-Chau C, Alfaro-Lira S, Brown N, Salas C, Cuellar M, Santander J, Ogalde JP, Rothhammer F. 2014. The
selective cytotoxicity elicited by phytochemical extract from Senecio graveolens (Asteraceae) on breast
cancer cells is enhanced by hypoxia. Int J Oncol 44: 1357 - 1364. https://doi.org/10.3892/ijo.2014.2302
Eser F, Sahin Yaglioglu A, Dolarslan M, Aktas E, Onal A. 2017. Dyeing, fastness, and cytotoxic properties, and
phenolic constituents of Anthemis tinctoria var. tinctoria (Asteraceae). J Text Inst 108: 1489 - 1495.
https://doi.org/10.1080/00405000.2016.1257348
Fabricant DS, Farnsworth NR. 2001. The value of plants used in traditional medicine for drug discovery. Environ
Health Perspect 109: 69 - 75. https://doi.org/10.1289/ehp.01109s169
Franke R. 2005. Plant sources. Chamomile: Ind Profiles 1: 39 - 42.
Forni C, Braglia R, Lentini A, Nuccetelli M, Provenzano B, Tabolacci C. 2009. Role of transglutaminase 2 in
quercetin‐induced differentiation of B16‐F10 murine melanoma cells. Amino Acids 36: 731 ‐ 738.
https://doi.org/10.1007/s00726-008-0158-y
Fulda S. 2008. Betulinic acid for cancer treatment and prevention. Int J Mol Sci 9: 1096 - 1107.
Garcia-Zepeda SP, Garcia-Villa E, Diaz-Chavez J, Hernandez Pando R, Gariglio P. 2013. Resveratrol induces cell
death in cervical cancer cells through apoptosis and autophagy. Eur J Cancer Prev 22: 577 - 584.
https://doi.org/10.1097/cej.0b013e328360345f
Gordaliza M. 2007. Natural products as leads to anticancer drugs. Clin Transl Oncol 9: 767 - 776.
https://doi.org/10.1007/s12094-007-0138-9
Greuter W, Oberprieler CH, Vogt R. 2003. The EuroMed treatment of Anthemideae (Compositae)-generic concepts
and required new names. Willdenowia 33: 40 - 41. https://doi.org/10.3372/wi.33.33103
Helgason CD, Miller CL. 2004. Basic cell culture protocols. Methods in Molecular Biology, Humana Press,
Totowa, USA.
Hoareau L, Da Silva EJ. 1999. Medicinal plants: a re-emrging health aid. Electron J Biotechnol 2: 56 - 70.
Hsiao YC, Hsieh YS, Kuo WH, Chiou HL, Yang SF, Chiang WL.2007. The tumor‐growth inhibitory activity of
flavanone and 2`‐OH flavanone in vitro and in vivo through induction of cell cycle arrest and suppression of
cyclins and CDKs. J Biomed Sci 14: 107 ‐ 119. https://doi.org/10.1007/s11373-006-9117-3
Jaiswal JV, Wadegaonkar PA, Hajare SW. 2012. The bioflavonoid galangin suppresses the growth of ehrlich
ascites carcinoma in Swiss Albino mice: A molecular insight. Appl Biochem Biotechnol 167: 1325 ‐ 1339.
https://doi.org/10.1007/s12010-012-9646-3
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 120

Shamloo et al.

Cota tinctoria cytotoxicity

Kilani‐Jaziri S, Frachet V, Bhouri W, Ghedira K, Chekir‐Ghedira L, Ronot X. 2012. Flavones inhibit the
proliferation of human tumor cancer cell lines by inducing apoptosis. Drug Chem Toxicol 35: 1 ‐ 10.
https://doi.org/10.3109/01480545.2011.564180
Shyam Kumar BS, Badmanabham R, Mishra B. 2017. Cytotoxic, anticancer studies of rutin, ascorbic acid,
menindione combination on cell lines. J Exp Sci 8: 30 - 33. https://doi.org/10.25081/jes.2017.v8.3433
Kumar S, Pandey AK. 2013. Chemistry and biological activities of flavonoids: An overview. Sci World J 162750.
Lo Presti RM, Oppolzer S, Oberprieler CH. 2010. A molecular phylogeny and a revised classification of the
Mediterranean genus Anthemis s.l. (Compositae, Anthemideae) based on three molecular markers and
micromorphological characters. Taxon 59: 1441 - 1456. https://doi.org/10.1002/tax.595010
Makarov AA, Tsvetkov PO, Villard C. 2007. Vinflunine, a novel microtubule inhibitor, suppresses calmodulin
interaction with the microtubule-associated protein STOP. Biochemistry 46: 14899 - 14906.
https://doi.org/10.1021/bi701803s
Masterova l, Grancia D, Grancaiova Z, Pour M, Ubik K. 2005. A new flavonoid: tinctoside from Anthemis tinctoria
L. Pharmazie 60: 956 - 967. https://doi.org/10.1002/chin.200616204
Memariani Z, Hajimahmoodi M, Minaee B, Khodagholi F, Yans A, Rahimi R, Amin G, Moghaddam G, Toliyat T,
Sharifzadeh M. 2017. Protective effect of a polyherbal traditional formula consisting of Rosa damascena
Mill., Glycyrrhiza glabra L. and Nardostachys jatamansi DC., against ethanol-induced gastric ulcer. Iran J
Pharm Res 16: 694 - 707.
Meng XH, Liu C, Fan R, Zhu LF, Yang SX, Zhu HT, Wang D, Yang CR, Zhang YJ. 2018. Antioxidative flavan-3ol dimers from the leaves of Camellia fangchengensis. J Agric Food Chem 66: 247 - 254.
https://doi.org/10.1021/acs.jafc.7b04572
Mignet N, Seguin J, Ramos Romano M, Brulle L, Touil YS, Scherman D. 2012. Development of a liposomal
formulation ofthe natural flavonoid fisetin. Int J Pharm 423: 69 ‐ 76.
https://doi.org/10.1016/j.ijpharm.2011.04.066
Morales P, Haza AI. 2012. Selective apoptotic effects of piceatannol and myricetin in human cancer cells. J Appl
Toxicol 32: 986 ‐ 993. https://doi.org/10.1002/jat.1725
Mosmann T. 1983 Rapid colorimetric assay for cellular growth and survival: application to proliferation and
cytotocity assays. J Immunol Methods 652: 55 - 63. https://doi.org/10.1016/0022-1759(83)90303-4
Nagao T, Abe F, Kinjo J, Okabe H. 2002. Antiproliferative constituents in plants Flavones from the leaves of
Lantana montevidensis Briq. and consideration of structure‐activity relationship. Biol Pharm Bull 25: 875
‐ 879. https://doi.org/10.1248/bpb.25.875
Oberprieler, C. H. 2001. Phylogenetic relationships in Anthemis L. (Compositae, Anthemideae) based on nrDNA
ITS sequence variation. Taxon 50: 745 - 762. https://doi.org/10.2307/1223705
Orlando G, Zengin G, Ferrante C, Ronci M, Recinella L, Senkardes I, Gevrenova R, Zheleva-Dimitrova D,
Chiavaroli A, Leone S, Di Simone D, Brunetti L, Picot-Allain PM, Fawzi Mahomoodally M, Ibrahime
Sinan K, Menghini L. 2019. Comprehensive chemical proﬁling and multidirectional biological
investigation of two wild Anthemis species (Anthemis tinctoria var. Pallida and A. cretica subsp.
tenuiloba): Focus on neuroprotective eﬀects. Molecules 24: 2582.
https://doi.org/10.3390/molecules24142582
Ozbek M, Ozbek U, Baser B, Cabi E, Vural M. 2016. Pollen morphology of the genus cota J. Gay (Asteraceae) in
Turkey. Bot Lett 163: 435 - 448. https://doi.org/10.1080/23818107.2016.1225266
Ozek G, Ozbek MU, Arslan M. 2018. Lipid and essential oil constituents of Cota hamzaoglui (Asteraceae). J Turk
Chem Soc Sect A Chem 5: 1361 - 1370. https://doi.org/10.18596/jotcsa.476387
Ozols RF, Herbst RS, Colson YL, Gralow J, Bonner J, Curran WJ, Eisenberg BL, Ganz PA, Kramer BS, Kris MG,
Markman M, Mayer RJ, Raghavan D, Reaman GH, Sawaya R, Schilsky RL, Schuchter LM, Sweetenham
JM, Vahdat LT, Winn RJ. 2008. Clinical cancer advances 2006: major researchadvances in cancer
treatment, prevention, and screening – a report fromthe American Society of Clinical Oncology. J Clin
Oncol 25: 146 - 162. https://doi.org/10.1200/jco.2006.09.7030
Papaioannou P, Lazari D, Karioti A, Soleles C, Heilmann J, Hadijipavlou-Litina D, Skaltsa H. 2007. Phenolic
Compounds with Antioxidant Activity from Cota tinctoria (Anthemis tinctoria) L. (Asteracea). Z
Naturforsch C 62: 326 - 330. https://doi.org/10.1515/znc-2007-5-603
Pratheeshkumar P, Budhraja A, Son YO, Wang X, Zhang Z, Ding S. 2012. Quercetin inhibits angiogenesis
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 121

Shamloo et al.

Cota tinctoria cytotoxicity

mediated human prostate tumor growth by targeting VEGFR- 2 regulatedAKT/mTOR/ P70S6K signaling
pathways. Plos One 7: e47516. https://doi.org/10.1371/journal.pone.0047516
Rahimi R, Taheripanah T, Rezaeizadeh H. 2015. An evidence based approach to traditional herbal remedies for
the management of cancer. In: Saeidnia S (Ed) New approaches to natural anticancer drugs, Springer
Nature, Cham, Switzerland.
Rodriguez J, Yanez J, Vicente V, Alcaraz M, Benavente-García O, Castillo J, Lorente J, Lozano JA. 2002. Effects
of several flavonoids on the growth of B16F10 and SK-MEL-1 melanoma cell lines: Relationship between
structure and activity. Melanoma Res 12: 99-107.
Seguin J, Brullé L, Boyer R, Lu YM, Ramos Romano M, Touil YS. 2013. Liposomal encapsulation of the natural
flavonoid fisetin improves bioavailability and antitumor efficacy. Int J Pharm 444: 146 ‐ 154.
https://doi.org/10.1016/j.ijpharm.2013.01.050
Selenius LA, Lundgren MW, Jawad R, Danielsson O, Bjornstedt M. 2019. The cell culture medium affects growth,
phenotype expression and the response to selenium cytotoxicity in A549 and HepG2 cells. J Antioxidant
8: 130 - 144. https://doi.org/10.3390/antiox8050130
Sghaier M, Pagano A, Mousslim M, Ammari Y, Kovacic H, Luis J. 2016. Rutin inhibits proliferation, attenuates
superoxide production and decrease adhesion and migration of human cancerous cells. Biomed Pharm 84:
1972 - 1978. https://doi.org/10.1016/j.biopha.2016.11.001
Shang H, Lu HF, lee CH, Chiang H, Chu YF, Chen A, Lin J, Chung JG. 2018. Quercetin induced cell apoptosis and
altered gene expression in AGS human gastric cancer cells. Inviron Toxicol 2018: 1- 14.
https://doi.org/10.1002/tox.22623
Susanti S, Iwasaki H, Itokazu Y. 2012. Tumor specific cytotoxicity of arctigenin isolated from herbal plant Arctium
lappa L. J Nat Med 66: 614 - 621.
Tolomeo M, Grimaudo S, Di Cristina A, Pipitone RM, Dusonchet L, Meli M. 2008. Galangin increases the
cytotoxic activity of imatinibmesylate in imatinib‐sensitive and imatinib‐resistant Bcr‐Abl expressing
leukemia cells. Cancer Lett 265: 289 ‐ 297. https://doi.org/10.1016/j.canlet.2008.02.025
World Health Organization Cancer. 2012. http://www.who.int/mediacentre/factsheets/fs297/en
Yuan Z, Long C, Junming T, Qihuan L, Youshun Z, Chan Z. 2012. Quercetin-induced apoptosis of HL-60 cells by
reducing PI3K/Akt. Mol Biol Rep 39: 7785 - 7793. https://doi.org/10.1007/s11033-012-1621-0
Ying TH, Yang SF, Tsai SJ, Hsieh SC, Huang YC, Bau DT. 2012. Fisetin induces apoptosis in human cervical
cancer HeLa cells through ERK1/2‐mediated activation of caspase‐8‐/caspase‐3‐dependent pathway. Arch
Toxicol 86: 263 - 273. https://doi.org/10.1007/s00204-011-0754-6
Zhang HT, Luo H, Wu J, Lan LB, Fan DH, Zhu KD. 2010. Galangin induces apoptosis of hepatocellular carcinoma
cells via the mitochondrial pathway. World J Gastroenterol 16: 3377 ‐ 3384.
https://doi.org/10.3748/wjg.v16.i27.3377
Zhao P, Mao JM, Zhang SY, Zhou ZQ, Tan Y, Zhang Y. 2014. Quercetin induces HepG2 cell apoptosis by
inhibiting fatty acid biosynthesis. Oncol Lett 8: 765 - 769. https://doi.org/10.3892/ol.2014.2159
Zheng Q, Hirose Y, Yoshimi N, Murakami A, Koshimizu K, Ohigashi H. 2002. Further investigation of the
modifying effect of various chemopreventive agents on apoptosis and cell proliferation in human colon
cancer cells. J Cancer Res Clin Oncol 128: 539 ‐ 546. https://doi.org/10.1007/s00432-002-0373-y
Zhou DC, Zittoun R, Marie JP. 1995. Homoharringtonine: an effective new natural product in cancer
chemotherapy. Bull Cancer 82: 987 - 995.
Zhou J, Fang L, Liao J, Li L, Yao W, Xiong Z, Zhou X. 2017. Investigation of the anti-cancer effect of quercetin on
HepG2 cells vivo. Plos One 12: e0172838. https://doi.org/10.1371/journal.pone.0172838
Zong A, Cao H, Wang F. 2012. Anticancer polysaccharidesfrom natural resources: A review of recent research.
Carbohydr Polymer 90: 1395 - 1410. https://doi.org/10.1016/j.carbpol.2012.07.026

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 122

