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Abstract

Background: Parthenolide is major sesquiterpene lactones present in Tanacetum parthenium (L.) Sch.Bip.
(feverfew). This compound is known as herbal active principals with potential use in pharmaceutical and medicine.
In order to solubility improving, analogue of Parthenolide, aminopropyl theoxy silane -mesoporous silica of
Parthenolide, was synthesized as well. In this study, it was extracted from fresh flowers of feverfew and was purified
and identified by chromatography methods Cell death of breast cancer cell line MDA-MB-231 was assayed 24 hour
after administration of normal and nanoparticle Parthenolide by Methylthiazol Tetrazolium test and Annexin-V-
Flous kit and scanning electron microscopy. The results revealed that anti-growth effect of Parthenolide is
independent of exposure time and induced apoptosis in cancer cells yet this effect on fibroblast cells as normal ones
did not recognized which guarantees the use of this medicinal herb to treat cancers without promotion of other not
interested side effect.

Keywords: Cell viability; HPLC; mesoporous silica of PTL; parthenolide; MTT test

Abbreviation: APTES-MS-PFPTL: Purified feverfew flower ParThenoLide loaded on AminoPropyl
ThEoxySilane-Mesoporous Silica; FPTL: Feverfew Flower extract containing ParThenoLide; MTT: Methylthiazol
Tetrazolium; PFPTL: Purified feverfew Flower ParThenoLide; PTL: ParThenoLide

Introduction

Parthenolide (PTL) is the main extracts of
sesquiterpene lactone, a class of plant secondary
metabolites with over 4000 known structures,
isolated from Tanacetum parthenium (L.) Sch.Bip.
(feverfew) and is reported to be the main bioactive
compound with several functions in feverfew
inducing inhibition of proliferation and apoptosis in
various human cancer cells [1, 2]. Feverfew formerly
Chrysanthemum parthenium (L.) Pers. has been used

for medicinal purposes to treat dermatitis,
inflammation, migraine, menstrual, irregularities,
fever, rheumatoid arthritis and mouth ulcers since the
middle ages [1,3]. PTL has been predominately
investigated as an anticancer agent numerous cancer
types, both in vitro and in vivo. Specifically, PTL has
been tested against cervical cancer [4], glioblastoma
[5], breast cancer [6, 7] , leukemia [8-10], Panceratic
cancer [11], prostat cancer [12, 13], lung cancer [4],
melanomas [14,15] and colon cancer [16].
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PTL can sensitize resistant cancer cells to antitumor
agents [17], and act as a chemo-preventive agent in
an animal model of UVB-induced (ultraviolet
radiation B, 290-320 nm) skin cancer [18]. It is
assumed to be linked with either antitumor effect due
to making changes at the DNA replication level or
the suppression of T-cells from activation-induced
cell death [19]. Meanwhile data have showed that
PTL-induced apoptosis is associated with inhibition
of transcription factor nuclear factor-kappa B (NF-
kB) [20, 21]. Mitochondrial dysfunction and increase
of reactive oxygen [2, 6, 16, 22]. However the
detailed molecular mechanisms of anticancer effect
of PTL are largely unknown [23-25] and is expected
to be affected by the quantity of PTL and its exposure
time with cancer cells. Apoptotic induction has been
a new target mechanism for novel drug discovery.
Bax and p53 is well known to be an important
upstream effector molecule in the apoptotic pathway
as a potent inducer of apoptosis [25].
Breast cancer is the most common cancer worldwide

that affecting women with high prevalence in
developed countries so that over one million new
cases reported each year. A current approach for
breast carcinoma chemotherapy is use of
pharmaceutical agents with inducing death of breast
tumor property. So finding apoptotic inducer from
plant either frees or compound form is important.
It is reported that a concentration of 2.3 µg.ml-1 of
PTL had cytotoxic activity against the human
epidermoid carcinoma [19, 26].
It has been reported that some sesquiterpene lactones
can conjugate with intracellular thiols and induce
apoptosis[16]. Apoptosis, a programmed cell death
which is important in controlling cell number and
proliferation induces by two major pathways;
extrinsic and intrinsic pathways. Evading apoptosis is
one of the hallmark of cancer cells [27]. PTL induces
apoptosis through different mechanism of them
activation of reactive oxygen species (ROS) as a
mediated molecule to induce apoptosis via intrinsic
apoptotic signaling pathway [2, 28]. PTL contributes
the extrinsic apoptosis through inhibition of NF-kB,
STATs transcriptional activity, and resulting down-
regualtion of related genes[29]. PTL effects against
different cancer cell lines by altering experience
genes under NF-KB control, but PTL has poor water
solubility as well [1,30,31].

Although recent research examined the efficacy of
PTL in vivo pointing out its insufficient
bioavailability as PTL has poor solubility and high
reactivity with serum which limits its in vivo use
[31]. As an alternative approach to improve PTL
solubility, its analogues have been synthesized by
nanoparticle. Cyclopropyl analogue, PTL GSH and
PTL cysteine conjugates have higher IC50 (half
maximal inhibitory concentration) value compared
with free PTL [1].
In the present research, to corroborate the efficiency
of PTL on growth inhibition of MDA-MB-231 cell
line, we evaluated the impact of in vitro treatment of
both normal and aminopropyl theoxy silane -
mesoporous silica of PTL on MDA-MB-231 breast
cancer cell line which does not express oestrogene,
progestron and ER-2-neu receptors. The examined
breast cancer cell line is unresponsive to trastuzumab
and must be treated with several other therapies for
example surgery, radiation therapy and chemotherapy
[32].

Objectives

To extract and purify PTL originated fresh feverfew’s
flowers and to assess the potential anti-proliferation
of nanoparticle and normal PTL on breast cancer cell
line in vitro.

Material and Methods

Parthenolide (PTL) extraction and purification

Thanacetum parthenium (L.) Sch.Bip. plants were
collected from Hamadan province(34.7982 ºN,
48.5146 º E) , Iran and were identified and registered
by deposit number 006420 in herbarium of Tehran
university. Extraction of PTL was performed by
Majdi methods from flower, leave and stem [33].

3-2- PTL identification: HPLC and FT-IR

PTL presence was confirmed through HPLC analysis
comparing with PTL standard solution. PTL was
quantified by using standard curve. Since the higher
amount of extracted PTL was obtained from the
flower extract, we conducted the rest of the analysis
on feverfew flower extract containing PTL (FPTL).
HPLC analysis was performed for effectively
purification of PTL using Cecil 1100 series (Cecil
Inst., Ltd Cambridge, United Kingdom) equipped
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with a 1100 series pump and UV absorbance
detector,  a column oven (CTS-30 Yanglin, Korea)
and a Octadecylsilane (ODS), C18 column. The
mobile phase consisted of ultra-pure water and
acetonitrile with a flow rate of 1.5 ml.min-1 at room
temperature (25 ˚C). An authentic standard of PTL
(Sigma, USA) was prepared at four concentrations
(50-100-200-400 ppm) in methanol and was used to
make the calibration curve. Flower extract further
was purified by Colum chromatography with n-
Hexane/Benzane/Acetonitrile (30:21:15 v/v) as
mobile phase [32]. 15 fractions were obtained by this
method, and then purified fraction was diagnosed via
HPLC analysis. Both FPTL and purified PTL
feverfew flower extract (PFPTL) were dissolved in
ethanol.
Fourier Transformation-Infrared Spectroscopy (FT-
IR) spectra were recorded on FT-IR spectrophotom-
eter (BRUKER, Germany) using KBr discs. The PTL
(2 μl) was coated on the KBr discs to form thin liquid
films for infrared spectrometry analysis. The discs
were approximately 5 mm in diameter and 1 mm in
thickness. The instrument was operated under dry air
purge, and the scans were collected at scanning speed
of 2 mm.s-1 with resolution of 4 cm−1 over the region
of 4000–400 cm−1.

Synthesis of Parthenolide analogue; Aminopropyl
Theoxy Silane -Mesoporous Silica of Parthenolide
(APTES-MS-PFPTL)

The amount of 500 g silica nano-particles was
dissolved in ethanol (50 ml) and was treated with
ultrasonic waves for 15 min. After adjusting pH at
3.5-4, aminopropyl Theoxy Silane (500 mg) was
added and the reaction continued for 3 h while stirred
at 28 g and further 5 min at 5000 g. This solution,
called APTES-MS, was left overnight at 20 °C.
Consequently, 10 mg of PFPTL were separately
dissolved in ethanol and then added to 10 ml of
APTES-MS and were centrifuged at 1000 g for 5
min. The pellet was washed out with ethanol and
supernatant was collected which included APTES-
MS-PFPTL. To evaluate the real state of APTES-
MS-PFPTL, the absorbance of solutions was read at
214 nm.
The analysis to evaluate anti-growth activity of A
PTES-MS-PFPTL at different concentration of
PFPTL (0.5, 1, 1.5, 2, 2.5, 5, 10 µM) was assessed on
MDA-MB-231 cell line.

Cell Line Anti-growth Activity Assay

MDA-MB-231 cells were maintained in DMEM
medium with 100 U.ml-1 of penicillin, 100 μg.ml-1 of
streptomycin, and 10% fetal bovine serum (FBS).
During the analysis to evaluate anti-growth activity
of PTL on cell line, the cells were maintained in a hu-
midified, 5% CO2 incubator at 37̊ C in the presence
of different concentration of FPTL (60, 125, 175,
250, 300, 600, 1250 and 2500 µg.ml-1) and PFPTL
(0.5, 1, 1.5, 2, 2.5, 5, 10 and 20 µM).
Methylthiazol Tetrazolium (MTT) assay was used to
investigate anti-growth effects of both FPTL and
PFPTL on MDA-MB-231 breast cancer cell line. The
absorbance of treated and control cells were read by
ELISA plate reader at 590-630 nm.

Analysis of Cell Death with Annexin-V-Flous kit

Cells were treated with FPTL and PFPTL extracts at
the indicated concentration (half maximal inhibitory
concentration, IC50) for 24h. The detection of
apoptotic or necrotic cells was carried out by dual
staining with FITC conjugated to Annexin and PI
(Roch Diagnostics, Mannheim, Germany).

Statistical Analysis

Statistical analysis was performed using the SPSS
(Statistical Package for Social Sciences) software. T-
test was used for finding significant differences.
Differences with P values < 0.001 were considered as
significant.

Result

Parthenolide Purification and Identification

Fifteen fractions were collected by column
chromatography and finally one fraction as pure
fraction was separated. The percentage of PTL peak
area was calculated 7% of total peak area (Fig.1 A).

4-2- Synthesis analogue of PTL with nanoparticle

Mesoporus silica nano-particles of aminopropyl
theoxysilane (APTES-MS) and its combination with
extracted PTL have prepared (APTES-MS-PFPTL).
The schematic of aminopropyl theoxysilane-
mesoporous silica preparation and the chemical
structure of PTL are shown in chemical structure 1A
and 1B.
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Fig. 1 HPLC chromatogram of A) FPTL B) PFPTL. The arrow shows the peak of PTL

Chemical structure 1 A) Preparation of APTES-MS B) the chemical structure of PTL
Fig. 2 demonstrates the absorbance of PTL, APTES-MS-PFPTL and APTES-MS at 214 nm with FT-IR at frequency regions
4000-400 cm-1.
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The details of distinguished peaks representative for different chemical groups or bonds related to the wavelengths
are summarized in the Table 1. As shown in Fig. 3 the Nano-structure of APTES-MS visualized by SEM. The
efficiency of PTL loading on APTES was 95%.

Table 1. Different chemical groups or bonds related to the wavelengths, for A) APTES-MS, B) APTES-MS-PFPTL, C) PFPTL

A

Wavelength group

1000-1100 C—O

3500 OH

B

Wavelength group

1000-1100 C—O Epoxy group

1300-1500 Flexural vibration of CH2, CH3

1715 C=O

3000 Stretching vibrations of CH2, CH3

3500 NH Functional group

C

Wavelength Group

1000-1100 C—O Epoxy group

1300-1500 Flexural vibration of CH2, CH3

1715 C=O

3000 Stretching vibrations of CH2, CH3 and =CH2

3500 OH

500 nm

Fig. 3 APTES-MS nanoparticle visualized by scanning electron microscopy (SEM)
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Fig. 4 Cell viability (%) assigned by MTT assay of A) FPTL, exposed on MDA-MB-231 cancer cell line for 24 h, B) FPTL
exposure on fibroblast cells, C) PFPTL, exposed on MDA-MB-231 cancer cell line for 24 h, D) PFPTL exposed on MDA-MB-
231 cancer cell line for 48 h, E) equivalent concentration of ethanol as vehicle, F) APTES-MS-PFPTL, and extracted PTL
exposed on MDA-MB-231 cancer cell line for 24 h. Dash lines shows IC50 threshold

Microscopic Identification of Cells Treated with
FPTL

The morphological changes occurred due to FPTL
treatment on cell line MDA-MB-231 at 600 µg.ml-1

for 24 h has investigated through optical microscope

(Fig. 5). Indeed, the effect of 600 µg.ml-1 FPTL for
24 h on the studied cell line was followed by
scanning electron microscopy (SEM) (Fig. 6).
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A B

Fig. 5 Cell morphology of MDA-MB231 treated with 600 µg.ml-1 FPTL, for 24h. Optical microscopy, 100X.  A) Treated cells,
B) control.

A B

Fig. 6 Morphological changes of MDA-MB-231 treated with 600 µg.ml-1 FPTL visualized by scanning electron microscopy
(SEM). A) control, B) treated cells

Discussion

PTL was extracted from different parts (flower,
leave, and stem) of feverfew. However, the
significant amount of PTL was only obtained from
feverfew’s flowers with methanol and formic acid.
The column chromatography purified extract
analyzed by HPLC provided PTL peak equivalent to
33 mg.100g-1 in feverfew’s flower (Fig. 1B).
As shown in Table the same functional groups were
distinguished for both APTES-MS-PFPTL and
PFPTL including wavelengths 1000-1100, 1300-
1500, 1715, 3000 representing C=O epoxy group,
flexural vibration of CH2 and CH3, C=O and
stretching vibration of CH2 and CH3, respectively.
The only wavelength (3500) with different functional
group (OH) refers to nanoparticle construction which
confirmed accordingly FT-IR of APTES-MS.

The results of proliferation inhibitory rate analysis
(figure 4A-D) confirmed that the higher
concentration of the extracted PTL, the more
potential in cell growth suppression. Although the
time of exposure has proved to not be a crucial
parameter rate as IC50 remained constant for both 24
h and 48 h exposure time, Considering 600 µg.ml-1

and 1.5µM of the extract as IC50 for FPTL and
PFPTL, respectively. Researchers reported that PTL
displayed potent anticancer effects and induced cell
death but in a concentration less than other report [1].
According figure 4B even though at the most
concentrated FPTL (2500 µg.ml-1) induced inhibition
in proliferation, the cell viability (%) was higher than
IC50 for FPTL, which confirms the non-toxicity effect
of PTL on normal cells. However figure 4F provides
data on the inhibition of APTES-MS-PFPTL on
MDA-MB-231 cancer cell line proliferation
compared with PFPTL. Studies suggest that some
analogue of PTL such as DMAPT can be a candidate

7.5 µm 5 µm

Firoozeh
Typewritten text
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for triple-negative breast cancers (TNBCs) therapy
[32]. Here loading PTL on APTES-MS nanoparticle
improved water solubility but couldn’t induce cell
death with apoptosis. Improving the cytotoxic
activity of PTL on breast cancer need to another
strategy such as its combination with other compound
[6, 32].
The cell morphology of MDA-MB-231 treated with
600 µg.ml-1 of FPTL confirmed apoptosis mode of
cell death according to microscopic inspection (figure
5). Other studied demonstrated that 25 µM PTL
could stimulate ROS generation cell death by
necrosis and autophagy [32]. Other showed that the
PTL activates both apoptosis pathway and AMPK-
autophagy survival pathway through the generation
of ROS [1]. Although, the positive impact of PTL (in
the forms of purified or mesoporous nanoparticle)
originated feverfew has proven in this study, its
suggested to follow up the same treatment in vivo as
the bioavailability of such macro molecules obeys
several physicochemical rules which are not
simulatable in the in vitro analysis.
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