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Abstract: Papillary thyroid carcinoma (PTC) is one of the most common cancers of the endocrine system. Previous studies
have shown that the extract of hull-less pumpkin seed (HLPS) has a significant anti-cancer effect. The aim of this study was
to evaluate the effect of this plant extract on the proliferation of PTC cells. In this study, an extract of this plant was prepared
by soxhlet extraction method and analyzed by Gas Chromatography-Mass Spectrometry. The cytotoxicity of PTX and plant
extract was investigated using the methylthiazol tetrazolium (MTT) method. For careful investigation of morphological
alteration, we used hematoxylin and eosin and Giemsa stinging. Based on MTT assay test, the IC;, value of paclitaxel (PTX)
was significantly less than the hydro-alcoholic extract of HLPS at all of the incubation time. Our results of histological
staining showed that HLPS and PTX induced significant morphological alteration in the PTC cultured cell that consistent
with cell death. Comparing the groups treated by PTX or HLPS with control group showed significant differences. It seems
that HLPS extract has an apparent effect on treatment of PTC, at least in laboratory condition, albeit for realistic decision
about the effect of HLPS on PT'C, more molecular investigations are necessary.
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Introduction

The occurrence of thyroid cancer has increased 3-fold
high survival statistics when treated suitably. Based on the
predominantly follicular growth pattern, papillary thyroid
carcinomas (PTCs) include several subtypes. The present
treatments of PTC encompass surgery, hormone therapy
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over the past decades and the prevalence of different geneti-
cally profiles have altered over time [1]. Except medullary
thyroid carcinoma, all thyroid malignancies are derived
from thyroid follicular cells [2]. Among of all malignancies
of thyroid gland, 80% are PTCs [3].

Paclitaxel (PTX) is one of the chemotherapy drugs that
used to treat a number of cancer types. Aforementioned drug
was first isolated in 1971 from the Pacific yew and permitted
for medical usage 22 years later in 1993. Today PTX is on the
World Health Organization’s List of Essential Medicines [4].
Because of adverse side effects of chemotherapeutic drugs in
patients and invoke drug resistance, single targeted afore-
mentioned medications commonly lack efficacy. In the recent
years, traditional herbal drugs play a key role in treating some
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type of cancers, in a holistic and systematic manner [5, 6].
Understanding the fundamental basis of traditional herbal
medicine and its bioactive chemical ingredients may help us
to modernization of herbal medications and the discovery of
novel agents for cancer therapy management. Today, some
surveys point to the increasing usage of herbal medications
or their isolated constituents as complementary agents of
chemotherapeutic drugs in cancer subjects to alleviate clini-
cal symptoms or improve quality of life.

Various products of pumpkin are one of the aforemen-
tioned drugs that have been frequently used as useful food in
traditional medicine. Pumpkin is one member of the Cucubi-
taceae family. Telfairiaoccidentalis Hook, C. Pepo, Cucurbita
moschata, C. Maxima, C. Mixta, and C. Ficifolia are other
members of this family [7, 8]. So far, several experimental
and clinical studies showed anticancer activity of pumpkin
extract and various fractions of it against breast carcinoma,
prostate cancer, melanoma and leukemia [9-12]. Some sur-
veyed proposed the crucial role of Moschatin, an rRNA N-
glycosidase from pumpkin seeds, in blocking of protein
synthesis in the rabbit reticulocyte [13]. It was reported that
pumpkin extracts significantly reduced tumor weight in S-
180-bearing mice. A more recent investigation performed
by Richter et al. [14] emphasized the role of pumpkin seed in
breast cancer prevention and treatment.

Knowing the powerful antioxidant properties of hull less
seed of Pumpkin and its proven role in prevention of some
cancers, present survey aimed to analyze the therapeutic ef-
fects of hydro-alcoholic extract of hull-less pumpkin seed
(HLPS) on human PTC cell line by investigate consequence
morphological alterations and a comparison with PTX was
performed.

Materials and Methods

Extract preparation

Hull less seed pumpkin was purchased from VBG Com-
pany (Rasht, Iran). For preparation of extract, 50 gr of
grinded HLPS was soaked in 500 cc of ethanol (80%v/v) for 3
days. The prepared suspension was filtered by using filter pa-
per and concentrated by rotary vacuum evaporator at 40°C.
Some concentrations of the extracts (1, 20, 50, 100, 200, 800,
1,600, 2,400, 2,800, and 6,400 ug/ml) were prepared with
phosphate buffer (pH=7.4) and sterilization of prepared ex-
tracts was performed. The ethanolic extract of hull less seed
pumpkin was analyzed by Gas Chromatography-Mass Spec-
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trometry (GC-MS). In the present study, PTX was purchased
from Sigma-Aldrich Company (St. Louis, MO, USA).

Cell culture

The PTC cell line was purchased from the Iran-Pasteur
Institute (Tehran, Iran). Papillary thyroid carcinoma cells
were cultured in Dulbecco’s modified Eagle medium
(DMEM, Sigma-Aldrich) supplemented with 1% penicil-
lin-streptomycin (Sigma-Aldrich) and 10% fetal bovine
serum (FBS, Sigma-Aldrich), incubated at 37°C and in hu-
midified atmosphere containing 5% CO,. PTC cells were
passaged for appropriate proliferation. The PTC cells were
digested with 0.25% trypsin solution and 0.02% EDTA, and
propagated when the cell density reached 80%.

Methylthiazol tetrazolium assay

For determine the cytotoxic effect of PTX and HLPS
hydro-alcoholic extract on cultured PTC cell line, methylthi-
azol tetrazolium (MTT) assay was performed 24, 48, and 72
hours after incubation of cells with different concentrations
of PTX or HLPS. PTC cultured cells were seeded in 96-well
plates with a concentration of 5x10” cells per a well and then
incubated for 24 hours at 37°C and in a humidified atmo-
sphere containing 5% CO,. Non-adherent cells were removed
and then cells were treated with different concentrations of
either PTX (ranging from 0/00001 to 6,000 pg/ml) and or
HLPS (ranging from 1-6,400 pg/ml) followed by further
incubation for 24, 48, and 72 hours in the aforementioned
situation. After each mentioned incubation time, cells were
washed twice with PBS, and 90 ul of fresh medium and 10
ul of MTT (Sigma, Germany) solution (5 mg/ml in PBS) was
added to each well, followed by incubation for an additional
4 hours. The supernatants were removed and 100 pl isopro-
panol alcohol was added to each well. After complete dis-
solution of formazan crystals, the optical density of the solu-
tion was measured by a microplate spectrophotometer at 490
nm using a reference wavelength of 630 nm. The percentage
of cell viability was determined based on following equation:
(OD treated group/OD control group)x100. Experiments
were performed three times in triplicate. Nonlinear regres-
sion (curve fit) was used to determine the half maximal in-
hibitory concentration (IC;,) and its 95% confidence interval.
IC,, value was determined by use of GraphPad Prism soft-
ware (version 5, GraphPad Software, USA).
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Hematoxylin and eosin staining

An additional test for evaluating cell morphology after be-
ing treated by either PTX or HLPS extract was H&E staining.
For H&E staining, PTC cells were seeded in 96-well plates at
a density of 5x10° cells per a well and incubated for 24 hours
and then treated with different concentrations of either PTX
(0/00001-6,000 pg/ml) or herbal extract (1-6,400 pg/ml) for
24, 48, and 72 hours. PTC cells were fixed by paraformalde-
hyde 4% and stained with hematoxylin and eosin dye (Bio-
synthesis Biotechnology Co., Ltd., Beijing, China) followed
by the manufacturer’s instructions. After staining process,
the stained cells were detected under optical microscope
(Changfang Optical Instruments, Shanghai, China).

Giemsa staining

Giemsa staining was performed to investigate the mor-
phology of cells. For this purpose, PTC cultured cells were
seeded in 96-well plates at a density of 5x10° cells per well
and incubated for 24 hours. Cells were then treated with
different concentrations of PTX (0/00001-6,000 ug/ml) or
HLPS extract (1-6,400 pg/ml) for 24, 48, and 72 hours. PTC
cells were fixed and stained by Giemsa dye (Sigma-Aldrich)
protocol albeit with minor modification. The stained cells
were observed under microscope (Changfang Optical In-
struments).

Statistical analysis
The obtained data are expressed as the meantstandard
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error and as absolute values. Continuous data with a nor-
mal distribution were analyzed using a t-test and one-way
ANOVA followed by Tukey’s test. Statistical analyses were
performed using SPSS Statistics for Windows, Version 15.0
(SPSS Inc., Chicago, IL, USA). A P<0.05 was accepted as sta-
tistically significant.

Results

GC-MS analysis

The results pertaining to GC-MS analysis of the ethanolic
extract of hull less seed pumpkinlead to the identification of
a number of compounds. These compounds were identified
through mass spectrometry attached with GC. The chro-
matogram of hull less seed pumpkin extract is shown in Fig. 1.

According to the results of the GC mass, 9 12-octadecadi-
enoic acid ethyl esters (Oleic Acid): 16.21%, Stigmasta-7,25-
dien-3-ol (3B,50): 15.48% and 9-octadecenoic acid ethyl ester
(Linoleic acid): 10.04% were the most common compounds
in the extract of hull less seed pumpkin.

HLPS extract and PTX showed cytotoxic effect on PTC
cell line

The MTT assay was performed to determine the cytotoxic
effects of different concentrations of PTX or pumpkin hydro-
alcoholic extract on PTC cells. The results of MTT test showed
that HLPS and PTX inhibit the proliferation of PTC cells in
laboratory condition. The inhibition of PTC cell proliferation
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Fig. 1. Chromatogram of hull less seed pumpkin extract. Most common compounds in the extract is 9,12-octadecadienoic acid ethyl esters (Oleic

Acid): 16.21%.
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Fig. 2. The MTT assay results of treated cells by hydro-alcoholic extract of HLPS for 24 (A), 48 (B), and 72 (C) hours. In the dose of 1, 20,
50, 100, and 200 pg/ml the inhibition of PTC cell proliferation was 5% to 15% and in the dose of 800 pg/ml was nearly 30%. HLPS, hull-less

pumpkin seed; MTT, methylthiazol tetrazolium; PTC, paclitaxel.
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Fig. 3. The MTT assay results of PTX treated cells. The results show that this drug in the dose of 0.001, 0.0001, and 0.00001 ug/ml after
24 (A) and 48 (B) hours don’t inhibit cell proliferation. Also, in the dose of 0.01 and 0.1 pg/ml, PTX don’t effects on PTC cell proliferation
significantly (£>0.05). in the dose of 0.1 pug/ml after 72 hours (C) the inhibition of cell proliferation was nearly 30%. MTT, methylthiazol

tetrazolium; PTC, papillary thyroid carcinoma; PTX, paclitaxel.

in the dose of 1, 20, 50, 100, and 200 pg/ml of HLPS hydro-
alcoholic extract was 5% to 15% and in the dose of 800 pg/ml
was nearly 30%. By doubling of HLPS dose (1,600 pg/ml), the
inhibition of cell proliferation also doubled (nearly 30%). The
dose of 2,400, 2,800, and 6,400 of HLPS induced cell prolifera-
tion arrest between 70% to 90% (P<0.05). The Fig. 1 present
the results of various doses of HLPS extract on percentage of
cell viability in 24, 48, and 72 hours of drug treatment (Fig. 2).

The results of MTT assay in the treated group with PTX
showed that this drug in the dose of 0.001, 0.0001, and
0.00001 pg/ml after 24 and 48 hours don’t inhibit cell prolif-
eration. Also, in the dose of 0.01 and 0.1 ug/ml, PTX don’t af-
fects on PTC cell proliferation significantly (P>0.05). As the
incubation time has increased, cell growth also increased, so
that, in the dose of 0.1 ug/ml after 72 hours the inhibition of
cell proliferation was nearly 30%. After 72 hours, in the dose
of 1,2, 5, 20, and 50 ug/ml of PTX, cell proliferation was be-
tween 60% to 90% (P<0.05) (Fig. 3).

Table 1. The results of IC;, values of PTX and HLPS extract on PTC cultured

cells

Compound 24 hr 48 hr 72 hr
HLPS (ug/ml) 1,312+23.76 1,379+307.42 1,782+80.52
PTX (ug/ml) 1,160+4.65 6.831+0.81 0.670+0.17

Values are presented as IC;)=SD. The present result showed that the IC;, value
of paclitaxel was significantly less than extract of hull less seed pumpkin at all
of the incubation times. PTX, paclitaxel; HLPS, hull-less pumpkin seed; PTC,

papillary thyroid carcinoma.

Based on the results of MTT assay, amount of IC;, (half
maximal inhibitory concentration) value of hydro-alcoholic
extract of HLPS and PTX was calculated. The lower IC;,
represents the higher potency of a compound to inhibit the
growth of cells and to cause toxicity and cell death. Our re-
sult showed that the IC,, value of PTX was significantly less
than the IC;, value of hydro-alcoholic extract of HLPS at
all of the incubation time (P<0.05). Table 1 summarizes the
results of IC,, values of PTX and HLPS extract on PTC cul-
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tured cells.

PTC cells of control group (without any intervention)
presented the typical morphology of cancerous cells

The cultured PTC cells that don’t treat with HLPS or PTX
showed some features such as: multidimensional appearance
accompanied by stretched process, alteration in size and
shape of nucleus and enlarged nucleolus. Aforementioned
characteristics were consistent with the typical cancerous
cells. Moreover, the plasma membrane of the cells was com-
pletely normal without any wrinkling.

HLPS hydro-alcoholic extract in the dose of 1, 20, 50, 100,
and 200 pg/ml don’t induce any morphological changes in
PTC cells. HLPS in the dose of 800 pg/ml induced signifi-
cant alteration in the morphology of PTC cells.

H&E and Giemsa staining showed morphological
alterations in PTC cultured cells after treatment with
different dose of HLPS and PTX

In the present study, for careful investigation of morpho-
logical alteration, we used H&E and Giemsa stinging. The
results of Giemsa and H&E staining showed that morpholog-
ical changes such as nuclear shrinkage, chromatin condensa-

Fig. 4. H&E staining of PTC cells. Control group without any
treatment (A). PTC cells under treatment with HLPS with the dose
of 800 ug/ml (B), and 1,600 pg/ml (C). PTC cells under treatment
with PTX with the dose of 1 ug/ml (D); Chromatin condensation was
occurred after cell treatment with different doses of PTX or HLPS
hydro-alcoholic extract. The arrow heads indicate normal cells and
the arrows indicate chromatin condensation and cell death. HLPS,
hull-less pumpkin seed; PTC, papillary thyroid carcinoma; PTX,
paclitaxel. Scale bar=10 um.
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tion and cytoplasmic membrane blabbing were occurred af-
ter cell treatment with different dose of PTX or HLPS hydro-
alcoholic extract, representing formation of apoptotic bodies
in treated cell population, as compared to control (untreated
PTC cells) which is shown no morphological changes.

HLPS in the dose of 100 and 200 pg/ml don’t induce any
morphological alterations in PTC cells nut; in the dose of
800 pg/ml prompted significant changes in the morphology
of PTC cultured cells. The number of cancerous cells (typi-
cal PTC cells) in the dose of 1,600, 2,400, and 2,800 pg/ml
decreased sharply and the number of dead and floating cells
increased significantly. This microscopic observation indi-
cates that by increasing the HLPS dose and treatment dura-
tion, PTC cells complete apoptosis.

PTX in different dose induced morphological alteration
in cultured PTC cells. This drug in the dose of 0.001, 0.0001,
and 0.00001 ug/ml after 24 and 48 hours don’t induce cell
death but after 72 hours some significant alterations were
showed that consistent with apoptosis progression. In the
dose of 0.01, 0.1, 1, 2, 5, 20, and 50 pg/ml, the number of
dead cells increased. Fig. 4 and Fig. 5 represent some PTC
morphological changes after treatment with HLPS and PTX.

Also, in Fig. 6 percentages of dead PTC cells treated by ex-
tract and PTX at the 24, 48, and 72 hrs have been compared.

Fig. 5. Giemsa staining; untreated PTC cells (A), PTC cells treated by
HLPS extract (800 pg/ml) (B), and 1,600 pg/ml (C) after 24 hours.
PTC cells treated with PTX (1 pg/ml), after 24 hourrs (D). Nuclear
fragmentation and cell death were occurred after cell treatment with
different doses of PTX or HLPS hydro-alcoholic extract (arrows).
HLPS, hull-less pumpkin seed; PTC, papillary thyroid carcinoma;
PTX, paclitaxel. Scale bar=10 pm.
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Discussion

In the present study, we investigate the anti-cancer ef-
fects of HLPS on PTC cell line in laboratory conditions.
Some previous studies indicated the antioxidant activity of
pumpkin and various fractions that obtained from it [7].
Pumpkin seeds are a rich source of alpha- tocopherol, as a
powerful antioxidant, and it seems that plays a crucial role
in prevention of some disease [15, 16]. It has been proven
that Cellular Oxidant Stress (COS) plays an important role
in pathogenesis of cancers. Based on mitochondrial model
of cancer, some specific mutations in the nuclear and non-
nuclear (mitochondrial) genes that encoding components of
the electron transport chain can lead to increase in COS gen-
eration [17-20]. Some previous studies declared that cancer
cells normally produce more COS than do normal cells [17].
Some types of the cells have higher metabolic functions than
do other cells and these variances could easily translate into
higher rates of mitochondrial stress oxidative factors forma-
tion. Epithelial cells of thyroid gland produce amounts of re-
active oxygen species (ROS) which are necessary for T3 and
T4 hormones synthesis [21, 22]. Nevertheless, when these
cells create excessive ROS caused toxic effects on thyroid
cells. Wang and co-workers [23] recommended that any in-
creasing in oxidant parameters is associated with occurrence
of thyroid cancer. In an investigation that performed by
Muzza et al. [24] has been shown that the intracellular H,O,
(as oxidant parameters) is significantly higher in PTCs than
in normal thyroid tissues [24]. Tabur et al. [25] surveyed the
role of 8-OHdG and oxidative stress in PTC. They proposed
that impaired antioxidant status plays a crucial role in PTC

pathogenesis. Given the key role of ROS in the pathogenesis
of PTC and proven antioxidant activity of pumpkin seeds,
it seems selection of pumpkin seed in the present study is a
precious choice.

Present study showed a significantly higher number of
apoptotic bodies in PTC groups that treated with HLPS or
PTX compared with the control group. The understanding
of apoptosis has provided the fundamental basis for cancer
therapies that can induce tumor cell death or sensitize them
to chemotherapy radiation therapy. Apoptosis is an impor-
tant process for development, cellular differentiation, and
physiological and non-physiological death [26]. This process
is characterized by a complex series of structural and func-
tional changes such as swelling of the cell membrane, cell
shrinkage, nuclear condensation and genomic fragmentation
[27]. In the recent approach of cancer therapy, some agents
target the apoptosis pathway and induce cancerous cell
death. Generally, apoptotic cells are detected using a TUNEL
assay. Due to the high cost, did not allow the use of TUNEL
assay in this study. Therefore we used H&E and Giemsa
stinging for detection of morphological changes including
cell shrinkage, membrane blebbing, chromatin condensa-
tion, and nuclear fragmentation. In the present investigation,
HLPS extract and PTX induced formation of apoptotic bod-
ies in treated cell population, as compared to control group
(untreated PTC cells). Our results are in agreement with the
results of the study done by Shen et al. [28]. Their results sug-
gested that polysaccharides, which obtained from pumpkin
induced apoptosis process and may have potential as a can-
cer chemotherapeutic agent for the prevention and treatment
of hepatocellular carcinoma [28].
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In the present study, the IC, value of PTX was signifi-
cantly less than the IC,, value of hydro-alcoholicextract of
HLPS at all of the incubation time. In pharmacological stud-
ies, the IC,, is a measure of the effectiveness of a material in
inhibiting a particular biological or biochemical function
[29, 30]. The IC;, value of a drug or herbal product can be
calculated by creating a dose-response curve and examining
the effect of various doses of antagonist on reversing agonist
activity. Aforementioned value can be measured for a given
antagonist by calculating the concentration needed to inhibit
half of the maximum biological response of the agonist.
Moreover, these values can be used to compare the effec-
tiveness of the two antagonists. There is a positive relation
between calculated IC,, values and conditions under which
they are measured. In the cell culture and tissue engineering,
lower IC,, represents the higher influence of a compound
to inhibit the growth of cells and to cause toxicity and cell
death, but the issue is open to discussion.

Present project is the first survey that investigates the
effects of HLPS on PTC. In previous studies, therapeutic
effects of this plant on breast, blood and prostate cancer
has been proven. Richter and co-workers [14] examined the
Phytoestrogen Extracts of Pumpkin Seeds on breast cancer.
Their findings highlighted a potential role of aforementioned
extract in breast cancer prevention and treatment. In another
study, Xie [9] surveyed the effects of extracted protein from
pumpkin on melanoma, their study showed the inhibitory
effects of these proteins on aforementioned cancer prolif-
eration. Moreover, the inhibitory action of pumpkin is also
proven on leukemia and prostate cancer.

PTX, a routine chemotherapy drug, was found to prevent
the de-polymerization of microtubules, a necessary process
of cell division. De-polymerization of Microtubules blocks
cells in G2 and M phases of the cell cycle and the result is cell
death. Aforementioned effect on cells undertaking mitosis
likely explains the selectivity of PTX for proliferating cells
over quiescent cells [31, 32]. Because of some adverse side ef-
fects of the PTX in patients and invoke drug resistance. The
most common side effects of PTX include: anemia, stomach
pain, nausea and vomiting and etc. Based on above reasons
single targeted aforementioned medications commonly lack
efficacy.

In conclusion, as previously mentioned, HLPS hydro-
alcoholic extract induce cell death in PTC cell lines. Present
results could highpoint a potential role of HLPS in PTC pre-
vention or/and treatment. Moreover, it seems accompanying
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of PTX consumption with HLPS have better therapeutic ef-
fects. Albeit for realistic decision about the effect of HLPS on
PTC, more molecular investigations are necessary.
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