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ABSTRACT

Background: Carthamus tenuis is one of the medicinal plants that was used traditionally to
treat skin diseases, hemorrhoids, abortion, infertility. It also showed an immunosuppressive
role as well as antifungal, antibacterial, anti-inflammatory activity. Although this plant is
widespread, there are few studies about its medical applications. Objectives: This study
was done to explore the anticancer activity of this plant. Materials and Methods: The
aerial parts of the plant were dried, grinded and extracted with hexane, ethyl acetate, and
methanol. The extracts were applied in different concentrations to cell cultures of breast
(MCF-7), colon (HT-29), prostate (PC-3) and colorectal (CaCo-2) cell lines and fibroblast (MRC-
5) was used as a control. The anticancer activity was evaluated by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium (MTT) reduction assay that was measured by spectrophotometer.
Results: The results showed that methanol extract significantly (p<0.05) have the highest
inhibitory activity on MCF7 HT-29, PC-3, and CaCo-2 with IC50; (25.52 ug/ml), (17.37 pg/ml),
(25.77 pg/ml), (24.49 pg/ml), respectively. Followed by ethyl acetate extract that moderately
inhibit cell growth of PC-3 and CaCo-2 with IC50; (28.99 ug/ml) and (21.45 pg/ml), respectively.
n-hexane extract showed no significant inhibitory effect on all cell lines; IC50 (125.52 -152.34
ug/ml) when compared to Tamoxifen drug activity as a positive control. Conclusion: Results of
this study showed the anticancer activity of the plant extracts in four different kinds of cancers

that need further study.
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INTRODUCTION

Carthamus genus belongs to the family Asteraceae
which includes around 47 species, where 15 of
them can be found in the Middle East region and
Western Asia. Some of these species had been
studied extensively as an important source of an
active medicinal compounds.! Carthamus tenuis
(Boiss. & Blanche) Bornm. is one of the species
that belongs to this family and although this plant
is widespread, few studies took its medicinal uses
into consideration.? However, C. tenuis was used
traditionally to treat many disorders such as skin
diseases, hemorrhoids, abortion and infertility.>*
The plant showed in few studies an anti-bacterial,
antifungal, antioxidant and anti-inflammatory
activities.*¢ It was found that one of its compounds
showed an immunesuppresive activity.”

Oxidative stress is one of the factors that found to
induce different types of cancer, so in many studies,
the antioxidant activity for different kinds of plants
showed a strong impact on the progression of
cancer.® High levels of antioxidants in many plants
may inhibit the formation and / or spread of cancer.
Thus, as shown by Yang and co-authors, low levels
of antioxidants stimulate cell proliferation and
prevented by high levels.’

Phenolic compounds are generally strong
antioxidant.® C. tenuis Boiss. aerial parts were found
to contain many compounds with different cellular
activities. Majority of these compounds were

polyphenolic compounds that show a very strong
antioxidant activity.” Caffeic acid, quercetin and
luteolin were found to be of the major composition
of the total phenolic content in C. tenuis extract,
each one of them was found to have an anticancer
potential on different cancer cell lines.!!

The screening of plant extracts has been of great
interest to scientists in the search for new drugs for
effective treatment of several diseases.'>* Cancer is
one of the most dangerous diseases in humans and
presently there is considerable scientific discovery of
new anticancer agents from natural products.'* Plant
derived natural products have received considerable
attention in recent years, due to their diverse
pharmacological properties including cytotoxic and
cancer chemo preventive effects.'®

So, because the plant showed some medicinal and
biological activity and appeared in few researches,
the present work was conducted in order to study the
antiproliferative and anticancer activity of different
extracts of C. tenuis plant on different cancer cell lines
and to give an insight about the medical importance
of this plant.

MATERIAL AND METHODS

Plant material

The plant was collected from the north area of Jordan
from the village called (Izmal) at Al- Koura District/
Irbid Governorate, and was taxonomically identified
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and authenticated at National Virtual Herbarium by Dr Dawud Al-
Eisawi under the specimen ID# NVH20150025.'¢%

Chemicals

All chemicals used were purchased through local companies for
scientific supplies. Absolute Methanol, Ethyl acetate, n-hexane, MTT
(3-(4,5-dimethylthiazol-2yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium) solution, penicillin and streptomycin
antibiotics from (Sigma-Aldrich, St. Louis, MO, USA). DMEM
(Dulbecco’s modified Eagles Medium), RPIM-1640 (Roswell Park
Memorial Institute Medium), and fetal bovine serum (FBS) from
(Gibco BRL, Grand Island, NY, USA). dimethyl sulfoxide (DMSO),
Trypsin and EDTA from (Promega Corp., WI, USA).

Plant extract preparation

Plant extract was prepared according to Do et al., 2014 with some
minor modifications."” The plant aerial parts were air dried, grounded,
and 500 grams of the grind was soaked in 1000 ml of different solvents
for 1 week at 60°C for each. The solvents that were used in this study
are (Methanol, n-hexane, ethyl acetate). The extracts were then filtered
using filter paper and evaporated under vacuum for solvents removal
by using rotary evaporator (model Lare-A20) at 50°C and were stored
at -20°C for further use.

A stock concentration of each extract was prepared by dissolving 5mg
in 50 ul DMSO and was then diluted with culture medium (RPMI-
1640) to be used for cell proliferation assessment.

Cell lines preparations

Colon cancer cell line (HT29), Prostate cancer cell line (PC-3), breast
cancer cell line (MCF-7), colorectal cell line (CaCo-2) used in this study
were cultured in the RPMI-1640 medium with 10% fetal bovine serum.
Fibroblast cell line (MRC-5) was kept in DMEM supplemented with 10%
FBS as a normal cell line control. Penicillin and streptomycin antibiotics
were added to all formal culture media, and cell lines were cultured at
37°C in 5% CO2 incubator. When cells became 80% confluent, RPMI-
1640 media without FBS was added and they were harvested using
(0.025% trypsin and 0.02% EDTA) by centrifugation. Then cells were
taken and seeded in 96 well culture plate at a concentration of (1x10*
cells/ well) in RPMI-1640 media for extract application.

Assessment of cell proliferation

Cell proliferation was determined by (MTT) assay according to
Mosmann, 1983." Different concentrations for each plant extract (20,
40, 80, 160, 320 pg/ml) were prepared using RPMI-1640 medium and
added to each cell line in microtiter plate wells (cancerous and normal
cell lines). Plates then were incubated at 37°C with 5% CO, for 72h.

The blank of the test was cells with no treatment as negative control and
Tamoxifen drug (20pg/ml) was used as a positive control treatment.
After incubation for 72h at 37°C in CO, incubator, MTT was added
at concentration (0.5 mg/ml) incubated for 4 hours at 37°C. The
optical density for each well was measured spectrophotometrically at
wavelength 570 nm using ELISA reader. Values were set as the mean +
SE of three assays for each treatment and the significance of differences
was set at value of p < 0.05 compared to the nontreated cells.

Cell viability in MTT assays was calculated as a percentage of treated to
untreated cells (control value) by the following equation:

% Cell Viability = OD of treated cells / OD of untreated cells (control)
x100%

The growth inhibitory effect of the extracts was used to express the
anticancer activity of the plant and it was calculated by the following
equation:
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Growth Inhibition % = 100 - % Cell Viability

The growth inhibitory concentration (IC50) will be used to express
the anticancer activity of the samples. IC50 for the tested extracts was
calculated using the equation of trend line equation of a scatter plot in
MS- Excel.

Statistics

Data were analyzed using SPSS 12.0 software for Windows. The
experimental data were expressed as mean + SD, the significance of
difference among the various treated groups and control groups was
analyzed and the level of significance was set at p < 0.05.

RESULTS

Regarding to the antiproliferative activities of Carthamus tenuis three
extracts (methanol, ethyl acetate and n-hexane) presented a dose-
dependent response in all cancerous cell lines as shown in figures 1-4.
The cytotoxicity of C. tenuis extracts against human cancer cell lines
indicated that the extracts showed different growth inhibitory activity
on breast MCF-7, colon HT-29, prostate PC-3, and colorectal CaCo-2
compared to the normal cell line fibroblast (MRC-5).

Results showed that the inhibitory effect on cell growth for methanol
and ethyl acetate extracts is high, while it was low for n-hexane extract
compared to Tamoxifen as a positive control drug. These resulted effects
for the three extracts were significant when compared to the extract’s
negative effect on fibroblast cell line (Figure 5).

Figure 1 shows the cytotoxicity results with extract numbers
corresponding to those in Table 1. Cisplatin caused 48.5 + 241,
78.0 + 0.61 and 72.0 + 1.47, 82.0 £1.31 (SD, n=4) at 10 and 100 uM
inhibition for MCF-7 and HT29 respectively. In the MCF-7 cell line,
Sapium had comparable activity to the positive control Cisplatin for
all the concentrations tested. Figure 1 shows the cytotoxicity results
with extract numbers corresponding to those in Table 1. Cisplatin
caused 48.5 + 2.41, 78.0 + 0.61 and 72.0 £ 1.47, 82.0 +1.31 (SD, n=4)
at 10 and 100 puM inhibition for MCF-7 and HT29 respectively. In
the MCEF-7 cell line, Sapium had comparable activity to the positive
control Cisplatin for all the concentrations tested. Figure 1 shows the
cytotoxicity results with extract numbers corresponding to those in
Table 1. Cisplatin caused 48.5 + 2.41, 78.0 £ 0.61 and 72.0 £ 1.47, 82.0
+1.31 (SD, n=4) at 10 and 100 uM inhibition for MCF-7 and HT29
respectively. In the MCEF-7 cell line, Sapium had comparable activity
to the positive control Cisplatin for all the concentrations tested. Figure
1 shows the cytotoxicity results with extract numbers corresponding
to those in Table 1. Cisplatin caused 48.5 + 2.41, 78.0 + 0.61 and 72.0
+1.47,82.0

+1.31 (SD, n=4) at 10 and 100 uM inhibition for MCF-7 and HT29
respectively. In the MCEF-7 cell line, Sapium

had comparable activity to the positive control Cisplatin for all the
concentrations tested.

For MCEF-7 cell line, C. tenuis extracts caused (64%), (65%), (33%)
inhibition activity at 40 pg/ml and (88 %), (83%), (66%) inhibition

Table 1:1C50 values of methanol, ethyl acetate, n-hexane, and Tamoxifen
on the four tested cell lines.

. 1C50 (pg/ml)
Cell line 5
Methanol Ethyl acetate  n-Hexane Tamoxifen
MCEF-7 25.52 35.02 152.34 14.65
HT-29 17.37 31.32 125.52 6.27
PC-3 25.77 28.99 135.18 16.36
CaCo-2 24.49 21.45 126.6 13.51
MCR-5 771.06 754.3 828.37 32.51
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activity at 160 ug/ml for methanol, ethyl acetate, and n-hexane extracts,
respectively, as shown in Figure 1.

For HT-29 cell line, C. tenuis extracts caused (55 %), (49%), (36%)
inhibition activity at 40 pg/ml and ( 83%), (80%), (68%) inhibition
activity at 160 pg/ml for methanol, ethyl acetate, and n-hexane extracts,
respectively, as shown in Figure 2.

For PC-3 cell line, C. tenuis extracts caused (51%), (47%), (41%)
inhibition activity at 40 pg/ml and (84 %), (81%), (55%) inhibition
activity at 160 pg/ml for methanol, ethyl acetate, and n-hexane extracts,
respectively, as shown in Figure 3.

For CaCo-2 cell line, C. tenuis extracts caused (52 %), (59%), (36%)
inhibition activity at 40 pg/ml and (80 %), (86%), (61%) inhibition
activity at 160 ug/ml for methanol, ethyl acetate, and n-hexane extracts,
respectively, as shown in Figure 4.

For MCR-5 cell line, C. tenuis extracts caused (15 %), (11%), (5%)

inhibition activity at 40 pg/ml and (22%), (25%), (20%) inhibition
activity at 160 ug/ml for methanol, ethyl acetate, and n-hexane extracts,
respectively, as shown in Figure 5.

In Figure 5, The three extracts along with Tamoxifen as a positive
control were applied to MCR-5 cell line and used as negative control
for cytotoxicity measurements. The results show the low percent of cell
growth inhibition of the cells for all extracts compared to the growth
inhibition percent shown by Tamoxifen as positive control.

As shown in Table 1, the highest inhibition on cell proliferation was
observed with methanolic extracts that showed IC50 values between
(17.37- 25.77 pg/ml) on all cancer cell lines, followed by ethyl acetate
extracts that showed a moderate inhibition activity with IC50 values
between (21.45- 35.02 pg/ml). For n-hexane extract, it showed a very
low antiproliferative activity where its IC50 was between (125.52
-152.34 pg/ml) compared to its effect on MCR-5 normal cell line IC50
(828.37pg/ml).
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Figure 1: Anticancer activity of different C. tenuis extracts applied to MCF-7 cell line (0 Methanol, o Ethyl acetate, A n-Hexane)
and * Tamoxifen as a positive control drug. Data are expressed as mean + SD (n =3, P < 0.05. No significant differences were found
between the extracts compared to non- treated cells).

2DMSO and culture media in each experiment was used as control and resulted in 0 % inhibition.
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Figure 2: Anticancer activity of different C. tenuis extracts applied to HT-29 cell line (¢ Methanol, o Ethyl acetate, A n-Hexane) and
* Tamoxifen as a positive control drug. Data are expressed as mean + SD (n =3, P < 0.05. No significant differences were found
between the extracts compared to non- treated cells).

DMSO and culture media in each experiment was used as control and resulted in 0 % inhibition.
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Figure 3: Anticancer activity of different C. tenuis extracts applied to PC-3 cell line (0 Methanol, o Ethyl
acetate, A n-Hexane) and * Tamoxifen as a positive control drug. Data are expressed as mean + SD (n =3, P <

0.05. No significant differences were found between the extracts compared to non- treated cells).

2DMSO and culture media in each experiment was used as control and resulted in 0 % inhibition.

120

100

00
o

60

40

20

Cell Growth Inhibition (%)?

—&— Methanol
—i— Ethyl acetae
n-Hexane

Tamoxifen

20 40 80 160 360
Concentration ( pug/ml)

Figure 4: Anticancer activity of different C. tenuis extracts applied to CaCo-2 cell line (0 Methanol, o Ethyl
acetate, A n-Hexane) and * Tamoxifen as a positive control drug. Data are expressed as mean + SD (n =3,
P < 0.05. No significant differences were found between the extracts compared to non- treated cells).

2DMSO and culture media in each experiment was used as control and resulted in 0 % inhibition.
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Figure 5: Anticancer activity of different C. tenuis extracts applied to MCR-5 cell line (0 Methanol, o Ethyl
acetate, A n-Hexane) and * Tamoxifen as a positive control drug. Data are expressed as mean + SD (n =3,
P < 0.05. No significant differences were found between the extracts compared to non- treated cells).

2DMSO and culture media in each experiment was used as control and resulted in 0 % inhibition.
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DISCUSSION

Carthamus tenuis studies were limited although of its biological and
medicinal activities and its use in traditional medicine to treat some
disorders. So, this study was done to explore the anticancer activity of
this plant extract on different cancer cell lines in vitro.

The results showed that methanolic extract showed a significant high
inhibition activity on all cancer cell lines used in this study followed by
ethyl acetate extract and then n-hexane extract. The American National
Cancer Institute (NCI) guidelines set the limit of activity for crude
extracts at 50% inhibition (IC50) of proliferation of less than 30 ug/mL
after the exposure time of 72 hours."” The results of the present study
showed potent cytotoxic effects on MCF-7, HT-29, PC-3, and CaCo-2
cells with C. tenuis extracts. The IC50 value was found for methanolic
extract (25.52, 17.37, 25.77, 24.49 pg/ml) and ethyl acetate extract
(28.99, 21.45 pg/ml) at different cell lines to be lower than that specified
by NCI, USA for categorization of plant extract as anticancer agent.

Ethyl acetate extract significantly (P <0.05) showed a high inhibitory
activity on PC-3 and CaCo-2 cell lines but a moderate inhibition
activity on MCF-7 and HT-29 cell lines. These findings indicate that
C. tenuis extracts (methanol and ethyl acetate) contain compounds
that may confer antiproliferative activity. Although n-hexane extract
showed a very low anticancer activity compared to the other polar
extracts (methanol and ethyl acetate), its effect on cells was significant
when compared with its effect on normal cell line (MCR-5). This
indicates that further purification and isolation should be done for the
components of this extract that have the active antiproliferative effect
on cancerous cells.

The growth inhibition potency for C. fenuis extracts may due to its
phytochemical composition that had been studied by El-Hela et. al.*
They found that the total phenolic content in C. tenuis was 65.8 mg
gallic acid equivalent (GAE) /g dry weight in methanolic extract in
which different compounds have been identified and isolated. These
compounds were; Caffeic-0-9- acid, quercetin, luteolin, 3'-methoxy
luteolin, proline, and choline."

In Abarca-Vargas et al. study the maximum total phenolic content
amount and highest antioxidant potential were obtained when
extraction was made by methanol."” In other study, a linear correlation
was found between antioxidant activity and total phenolic content
for aqueous and methanolic extracts.”’ This may explain the higher
anticancer activity in methanolic extract compared to ethyl acetate and
n-hexane extracts used in this study.

Caffeic acid was reported to have antiproliferative activity against
different cancer cell lines such as breast cancer, hepatocarcinoma, and
cervical cancer.”?* The anticancer properties of caffeic acid was found
to be associated with its antioxidant and pro-oxidant capacity mediated
oxidative DNA damage and its downstream signaling induces apoptotic
cancer cell death. In other hand, quercetin has also antioxidant
properties, where it has anticancer properties by arresting the cell
cycle and induce apoptosis.”® Quercetin showed anticancer activity on
different kinds of cancer; breast, prostate, liver, bladder and colon.?**
Beside all these documented results, luteolin has been found to have a
variety of beneficial properties including those as an anti-inflammatory
and anticancer agent by modulating cellular signaling pathways.*"*

The presence of these active compounds in C. fenuis that have a wide
antiproliferative effects and strong antioxidant activity, may explain its
anticancer potential on different cell lines used in this study.

CONCLUSION

In conclusion, the present study provides a preliminary results about
the cytotoxicity of C. tenuis extracts against different human cancer cell
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lines indicating further research is to be carried out to fractionate and
purify the plant extract, in order to find out the molecules responsible
for the antiproliferation activity observed.
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IC50 (ug/ml)
Cell line Methanol Ethyl n-Hexane | Tamoxifen
acetate
MCF-7 25.52 35.02 15234 14.65
HT-29 17.37 3132 12552 6.27
PC-3 25797 2899 13518 16.36
CaCo-2 24.49 21.45 126.6 13.51
MCR-3 771.06 7343 82837 3251
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