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Abstract – Objective: Thyroid cancer is one of the most prevalent cancers of the endocrine sys-
tem. Allium jesdianum from the Liliaceae family is suggested as an herbal remedy for numerous hu-
man disorders. Due to the need to identify a new treatment strategy for thyroid cancer and due to 
the many therapeutic properties of Allium jesdianum, beneficial biologically active compounds, and 
the anti-cancer activity of these compounds, this study aimed to investigate the effect of this herb 
extract on thyroid cancer cells (B-CPAP and Thr.C1-PI 33).

Materials and Methods: The hydro-alcoholic extract of Allium jesdianum was prepared. The 
effects of the extract on the viability, apoptosis, and nitric oxide production of human thyroid 
cancer cell lines were investigated. Real-time PCR is used to analyze the apoptosis-related genes 
expression pattern. 

Results: MTT assay showed that the extract had cytotoxic activity against both cell lines. In addi-
tion, treatment of cells with various concentrations of the extract caused the release of lactate dehy-
drogenase and induction of apoptosis cell death. NO production was decreased by the treatments in 
a concentration- and time-dependent manner. The extract stimulated apoptosis cell death by decreas-
ing the expression of Bcl-2 and increasing the expression of Bax, p53, and Caspase 3.    

Conclusions: The extract possesses potent cytotoxic activity and anti-cancer properties which are 
possibly due to the principal bioactive phytochemical composites existing in this plant. These results can 
be used to develop new drugs for thyroid cancer treatment.
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INTRODUCTION

Cancer is the second leading cause of death be-
hind cardiovascular disease and its prevalence is 
increasing rapidly1. Thyroid cancer is the most 
common endocrine system cancer and occurs 
when cancerous tumors or nodules grow in the 
thyroid gland. It is estimated that the prevalence 

of thyroid cancer is 1%–5% in women and 2% in 
men, and it is the 7th most prevalent cancer in fe-
males and the 14th in males2. The standard treat-
ments for thyroid cancer are surgery, radioactive 
iodine, and chemotherapy. Nevertheless, patients 
with anaplastic thyroid cancer only have a median 
survival of 5 months, and less than 20% survive 
for 1 year after diagnosis3. 
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48 hr in the dark. Then, the solution was slow-
ly filtered with the help of a vacuum pump. The 
excess solvent was transferred to a rotary appara-
tus for extraction. The separation continued until 
a concentrated extract was obtained. The extract 
was dissolved in cell culture media before use7. 

Cell Line and culture

For this in vitro study, B-CPAP and Thr.C1-PI 33 
cancer cell lines were provided from the Pasteur 
Institute of Iran. The cells were cultured in RPMI 
(Roswell Park Memorial Institute)-1640 medi-
um (Gibco, Thermo Fisher Scientific, Waltham, 
MA, USA) accompanied with 10% fetal bovine 
serum (FBS) (Gibco), 2 mM L-glutamine, and 1% 
penicillin-streptomycin (Gibco) in tissue culture 
flasks. Two cell lines were incubated at 37°C in 
a humidified atmosphere with 5% CO2 and were 
sub-cultured twice a week. The study was ap-
proved by the Ethical Committee of Kermanshah 
University of Medical Sciences, Kermanshah, 
Iran (Code: IR.KUMS.REC.1399.575).

Viability Assay

Trypan blue dye exclusion and MTT staining 
were performed for viability assay. The cells were 
cultured in 96-well plates at a density of 1.5×104 
cells per well. After 24 hr, the media containing 
various concentrations of the extract (6.25, 12.5, 
25, 50, 100, 200, 400, and 800 µg/ml) were added 
to the wells. After 24, 48, and 72 hr, in trypan blue 
assay the cells were trypsinized and resuspended 
in phosphate-buffered saline (PBS) (Gibco). An 
equal amount of 0.4% trypan blue solution (in 
PBS) was added to the suspension. The number of 
live cells (unstained) per the total number of cells 
was estimated as the percentage of viability8.

Inhibition of cell proliferation was measured 
also by the reduction of 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
to formazan. The media were removed from each 
well (the collected media was maintained for lactate 
dehydrogenase (LDH) and NO assays) and MTT 
reagent (Sigma-Aldrich, St. Louis, MO, USA) was 
added to the medium in each well and incubated 
for 4 hr at 37°C. Then, reduced formazan crystals 
were solubilized in DMSO and the optical density 
(OD) values were measured at 540 nm on a micro-
plate reader. The percentage of cell viability was 
calculated according to the following formula9:

Cell viability (%) =
[OD570, 630 (sample)/OD570, 630 (control)]×100

It has been estimated that 30-40% of all cancers 
can be prevented by following a healthy lifestyle 
and diet. Obesity, nutrient sparse foods, low fiber 
intake, consumption of red meat, and imbalance of 
omega 3 and omega 6 fats all contribute to excess 
cancer risk. Higher intakes of fruit and vegetables 
were associated with a lower risk of several types 
of cancer. Allium and cruciferous vegetables are 
especially beneficial, with broccoli sprouts being 
the densest source of sulforophane. Protective ele-
ments in a cancer prevention diet include selenium, 
folic acid, vitamin B-12, vitamin D, chlorophyll, 
and antioxidants such as the carotenoids (α-caro-
tene, β-carotene, lycopene, lutein, cryptoxanthin). 
Ascorbic acid has limited benefits orally but could 
be very beneficial intravenously4. Allium vegeta-
bles have been used as folk medicine since ancient 
times. Population studies and clinical research 
have shown that regular consumption of a variety 
of examples has several beneficial health effects. 
Allium vegetables are rich in flavanols and orga-
nosulfur compounds, which have exhibited tumor 
inhibitory properties in laboratory studies. Some 
components of allium vegetables are reported to 
block several stages of carcinogenesis, although 
the underlying mechanisms of action are generally 
unclear. Such plants have been employed for cen-
turies for their pungency and flavoring value, and 
medicinal properties. The scientific community is 
increasingly becoming interested in the pharma-
cologic properties of Allium vegetables and their 
chemical constituents, particularly concerning 
their ability to prevent cancer5. 

Allium jesdianum grows at altitudes of 1800-
2600 meters in the Zagros mountains (a long 
mountain range in Iran, northern Iraq, and south-
eastern Turkey). Native peoples of the region use its 
aerial parts to treat abdominal pain, rheumatism, 
and kidney stones. Recent studies have also prov-
en its analgesic effects. The steroids in onions also 
showed cytotoxic and cytostatic effects against 
malignant tumor cells6. This research aimed to 
study the anti-cancer features of Allium jesdianum 
hydroalcoholic extract on thyroid cancer cells.

MATERIALS AND METHODS

Herb extract preparation

Allium jesdianum was purchased from a local 
market and its impurities were removed. After 
approval by a botanist, its leaves and stems were 
dried in the shade for 5 days and powdered. 100 g 
of plant powder was added to 70% ethanol (Merk, 
Readington, NJ, USA) (ratio 1 to 4). The resulting 
solution was put in a warm water bath at 35°C for 
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was added, and the cells were immediately analyzed 
by a flow cytometer. Data from 10000 cells were 
collected and analyzed by the DML program. 

The amount of DNA fragmentation induced 
by extract after 24 hr treatment was quantified 
by diphenylamine assay as described by Cohen 
and Duke11. The absorbance of samples was 
measured at 600 nm by a spectrophotometer. The 
percentage of DNA fragmentation was estimated 
using the subsequent formula:

Percentage of DNA fragmentation = [OD660 
(A) /OD660 (B) − OD660 (A)] × 100

Real-time PCR

The mRNA sequences of apoptosis-related and 
housekeeping genes were extracted from the NCBI 
site at https://www.ncbi.nlm.nih.gov/. Then, prim-
er design was done using Oligo 7 software. After 
BLAST primers mentioned on the NCBI site and 
study of physicochemical properties of primers 
using online oligo analysis software at (https://
www.eurofinsgenomics.eu/en/dna-rna-oligonu-
cleotides/oligo-tools/oligo -analysis-tool /) pairs 
of primers were selected and purchased from Cin-
naGen (CinnaGen Co. Tehran, Iran). Total RNA 
was extracted using TRIzol and chloroform and 
its quality was measured by a nanodrop device. 
Finally, Real-time PCR was performed using 
SYBR Premix Ex Taq Technology (TaKaRa Bio 
Inc., Otsu, Shiga, Japan) on the Applied Biosyste-
ms StepOne Real-time PCR System. Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was 
served as an internal control and the fold change 
in the relative expression of each target mRNA 
was calculated based on the comparative Ct (2-ΔΔct) 
method. The primer sequences were as follow:
 • Bax Forward: 5´-CCTGTGCACCAAGGTG-

CCGGAACT-3´
 • Reverse: 5´-CCACCCTGGTCTTGGATC-

CAGCCC-3´
 • Bcl-2 Forward: 5´-TTGTGGCCTTCTTT-

GAGTTCGGTG-3´
 • Reverse: 5´-GGTGCCGGTTCAGGTACT-

CAGTCA-3´
 • p53 Forward: 5´-TAACAGTTCCTGCATGG-

GCGGC-3´
 • Reverse: 5´-AGGACAGGCACAAACACG-

CACC-3´
 • Caspase 3 Forward: 5´-CAAACTTTTTCA-

GAGGGGATCG-3´
 • Reverse: 5´-GCATACTGTTTCAGCATGG-

CAC-3´
 • GAPDH Forward: 5´-TCCCTGAGCTGAAC-

GGGAAG-3´
 • Reverse: 5́ -GGAGGAGTGGGTGTCGCTGT-3́

The half-maximal inhibitory concentration 
(IC50) values of extract were obtained by nonlin-
ear regression using GraphPad Prism version 8.0 
software (La Jolla, CA, USA).

Lactate dehydrogenase leakage assay

LDH is a stable cytosolic enzyme that can be de-
tected in the cell culture medium when the plasma 
membrane is broken. To evaluate the cytotoxicity of 
the extract on cancer cells, LDH activity in the me-
dium was detected by a colorimetric LDH test kit 
(Abcam, Cambridge, MA, USA). Briefly, cells were 
treated as previously described. After 24, 48, and 72 
hr incubation, the culture medium was collected and 
centrifuged at 250 ×g for 10 min. Then, 100 μL of the 
supernatant was added to a 96-well plate that con-
tained 100 μL of the reaction mixture and incubated 
for 30 min in dark. HCl of 1 N was used to stop the 
reaction and the OD was measured at a wavelength 
of 450 nm with a microplate reader. LDH levels in 
the media were quantified and compared to control 
values consistent with the kit instructions.

Nitric oxide assay

Griess assay was performed to evaluate the extract 
effect on NO generation levels in cells. After treat-
ment for 24, 48, and 72 hr 400 µL of the culture media 
were deproteinized by zinc sulfate and centrifuged at 
10000 g for 10 min at 4 ºC. 100 µL of samples were 
combined with 100 μL vanadium (III) chloride solu-
tion, 50 μL 2% sulfanilamide, and 50 µL of 0.1% 
N-(1-naphthyl) ethylenediamine dihydrochloride, 
respectively. Samples were incubated for 30 min at 
37°C. The OD was measured at 540 nm by a micro-
plate reader. A sodium nitrite standard curve was 
used to determine the NO concentrations10.

Apoptosis assays

Flow cytometry was employed to examine the ef-
ficacy of the extract to induce apoptosis by causing 
an inversion of the phosphatidylserine phospholipid 
present at the inner plasma membrane to the outer 
layer of the phospholipid bilayer. Shortly, the cells 
were treated with plant extract at IC50 concentration. 
After 24 hr, they were harvested and centrifuged at 
1500 rpm. The cells were resuspended in 1x bind-
ing buffer (0.1 M Hepes, 0.1 M NaOH pH 7.4, 1.4 M 
NaCl, 25 mM CaCl2) at a concentration of 1 × 106 
cells/mL and stained with 5 µL of Annexin V-FITC 
and 10 µL of propidium iodide (Sigma-Aldrich). Af-
ter 15 min in the dark, 200 µL of 1 × binding buffer 
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Effect on NO Production 

NO production in thyroid cancer cell lines was de-
creased after 24, 48, and 72 hr treatment with extract 
in a dose- and time-dependent manner (Figure 3).

Apoptosis Induction Effect 

The obtained results showed a significant increase 
in the percentage of both early and late apopto-
sis in a dose-dependent manner in both cell lines 
(Figure 4).

Percentage of DNA fragmentation occurring in 
thyroid cancer cells after 24 hr treatment was cal-
culated using a spectroscopy method. The apoptosis 
cell death was increased by the extract in a concen-
tration-dependent manner for both cell lines. Here 
again Thr.C1-PI 33 cell line was more sensitive to 
apoptosis induction effect of extract (Figure 5).

Statistical analysis

All tests were done in triplicate and repeated in-
dependently at least three times. The data are dis-
played as mean ± standard deviation (SD). Statisti-
cal evaluation was done using one-way analysis of 
variance (ANOVA) with SPSS version 16.0 (SPSS 
Inc., Chicago, IL, USA) software, and differences 
were considered not significant when p > 0.05.

RESULTS

Anti-proliferative and cytotoxic effects 

The effect of the extract on cell viability and pro-
liferation was assessed on cell lines (B-CPAP and 
Thr.C1-PI 33) using the MTT and trypan blue assays 
(Figure 1 A and B). After 24, 48, and 72 hr, the IC50 
values were calculated (Table 1). The cytotoxic po-
tential of the extract on both cell lines was in a dose- 
and time-dependent manner and the Thr.C1-PI 33 
cells were more sensitive to the extract as exhibited 
by IC50 values. The cytotoxic effect of the extract 
was also estimated by the LDH test. The LDH ac-
tivity in the cell culture medium increased with the 
increasing dose of the extract (Figure 2). Therefore, 
Allium jesdianum cytotoxic effect is achieved with 
plasma membrane injury.

Fig. 1. The effects of Allium jesdianum extract on thyroid cancer cells. Cell proliferation was determined using A. The MTT 
assay, and B. Trypan blue staining. The data are expressed as the percentage of control cells as the means ± SD. *; p<0.05, **; 
p<0.01, and ***; p<0.01compared with control.

TABLE 1. IC50 values after 24, 48 and 72 hr of treatment 
with Allium jesdianum extract.

 24 hr 48 hr 72 hr

Thr.C1-PI 33 606.83 339.26 29
B-CPAP  1137.23 345.86 38.49
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vegetables and their constituents. Epidemiologi-
cal studies have shown that a higher intake of al-
lium products is associated with a reduced risk of 
several types of cancers. These findings are well 
correlated with laboratory researches. Organo-
sulfur compounds present in Allium vegetables 
are considered to be responsible for the beneficial 
effects of these herbs. Several mechanisms have 
been proposed to explain the cancer-preventive 
effects of Allium vegetables and related organo-
sulfur compounds. These include inhibition of 
mutagenesis, modulation of enzyme activities, in-
hibition of DNA adducts formation, free-radical 
scavenging, and effects on cell proliferation and 
tumor growth5. 

The current study aimed to assess the effects of 
Allium jesdianum extract on thyroid cancer cells 
which revealed that it significantly inhibited cell 
growth in a dose- and time-dependent manner. 
The IC50 values of the extract were also deter-
mined and shown that it decreased in a time-de-
pendent manner for both cancer cells. Although 
there is a significant difference among different 

Effect on Apoptotic-related Genes

The results of real-time PCR showed that af-
ter 24 hr, the expression levels of Bax, p53, and 
Caspase-3 were increased significantly in treated 
cancer cell lines in comparison to control cells 
(p<0.05). In return, the expression of Bcl-2 was 
decreased significantly in treated cancer cell lines 
in comparison to control cells (p<0.05) (Figure 6). 

DISCUSSION

The Allium genus comprises about 500 species. 
Commonly used allium vegetables include garlic, 
onion, leeks, chives, scallions which are applied 
all across the world in foods. Some allium veg-
etables have been used in the traditional medi-
cal system to treat cardiovascular diseases. They 
have anti-microbial, anti-thrombotic, anti-tumor, 
hypolipidaemic, antiarthritic, and hypoglycemic 
properties. Recently, extensive research has fo-
cused on the anti-carcinogenic potential of allium 

Fig. 2. The effects of Allium jesdianum extract on thyroid cancer cells. Cytotoxicity was determined using LDH activity assay. 
The data are expressed as the percentage of control cells as the means ± SD. *; p<0.05, **; p<0.01, and ***; p<0.01 compared 
with control.

Fig. 3. The effects of Allium jesdianum extract on Nitric oxide production by thyroid cancer cells. The data are expressed as 
the percentage of control cells as the means ± SD. *; p<0.05, **; p<0.01, and ***; p<0.01compared with control.
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showed a major role in the regulation of apopto-
sis of cancer cells. After the application of Allium 
jesdianum, an approximately threefold, fourfold, 
and fivefold increase was seen in Bax, p53, and 
Caspase 3; however, the Bcl-2 anti-apoptotic gene 
was decreased threefold in both cell lines when 
compared to the control group (p < 0.05). So, it 
significantly changed transcriptional expression 
patterns of some apoptosis-related genes. These 
results were in agreement with the findings of the 
apoptosis tests.

times (24-72 hr) for each cancer cell line, the IC50 
values for Thr.C1-PI 33 were notably less than the 
values for B-CPAP cells. This can suggest that 
Thr.C1-PI 33 cells were more sensitive to the same 
dose of the extract compared to B-CPAP cells. 
It appears that inhibitory effects of the extract 
on different cell lines were following the same 
trends but represented various intensities. Fur-
ther, this research showed that Allium jesdianum 
extract induced apoptosis in thyroid cells. This 
study confirmed that Allium jesdianum extract 

Fig. 4. Apoptosis rates 
by flow cytometry of (A) 
B-CPAP and (B) Thr.C1-
PI 33 thyroid cancer cells, 
treated with Allium jesdia-
num extract for 24 hr. Neg-
ative control cells received 
no treatment. Bar charts rep-
resent the percentage of in-
tact, necrotic, early, and late 
apoptosis cells. The data are 
expressed as the percentage 
of control cells as the means 
± SD. *; p<0.05, **; p<0.01, 
and ***; p<0.01compared 
with control.



7

ANTI-THYROID CANCER EFFECT OF ALLIUM JESDIANUM

been described in different in vivo and in vitro 
studies. NO is an endogenous suppressor of apop-
tosis. It can induce cytoprotective stress proteins, 
inhibit cGMP-dependent apoptotic signal trans-
duction, suppress Caspase activity, and inhibit cy-
tochrome c release. NO also suppresses Caspase 
activation and apoptotic morphology in neurons. 
However, there has not been any study on the role 
of NO in thyroid cell apoptosis13. Our data indicat-
ed that Allium jesdianum extract decreased NO 
level and may eliminate the anti-apoptotic effect 
of NO in thyroid cells.

Previous studies on Allium jesdianum have 
shown that methanolic extract had cytotoxic ef-
fects against HeLa and K562 cells. In addition, 
these cytotoxic activities were stronger than 
cyclophosphamide. The extract also inhibits 
COX activity. This inhibitory effect is more pro-
nounced in COX-1 than in COX-2. Therefore, it 
can be thought that this plant has some anti-can-
cer effects by inhibiting inflammation5.

Many types of research conducted on the im-
pact of medicinal herbs on thyroid malignancy. 

p53 is a tumor suppressor protein, involved in 
apoptosis cell death. It enhances the expression of 
Bax and decreases the expression of Bcl-2 genes. 
The proportion of pro-apoptotic Bax to anti-apop-
totic Bcl-2 protein regulates the intrinsic pathway 
of apoptosis. Increased Bax /Bcl-2 proportion 
up-regulates Caspase 3 expression and causes 
apoptosis cell death11. 

NO is involved in several physiological and 
pathological processes and plays a dual and crit-
ical role in tumor biology. This research indicat-
ed that Allium jesdianum extract significantly 
decreased NO generation by thyroid cells. NO is 
a signaling molecule with multiple regulatory ef-
fects. So, modulation of NO production in cancer 
cells can probably be a good procedure to achieve 
anti-cancer effects. Earlier studies have shown 
that NO concentration can modify the prolifer-
ation, vascularization, invasion, chemo-and ra-
diotherapy sensitivity, and immune reactivity of 
cancer cells12.

Also, NO is a dual role in apoptosis. The 
pro-apoptotic and anti-apoptotic roles of NO have 

Fig. 5. The effects of Allium jesdianum extract on apoptosis cell death in thyroid cancer cells. The data are expressed as the 
percentage of control cells as the means ± SD. *; p<0.05, **; p<0.01, and ***; p<0.01compared with control.

Fig. 6. The effects of Allium jesdianum extract on apoptotic-related genes expression in thyroid cancer cells. the cells were 
treated with 200 µg/ml extract for 24 h. The data are expressed as the percentage of control cells as the means ± SD. *; p<0.05, 
**; p<0.01, and ***; p<0.01 compared with control.
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The works of the literature suggest that herbs have 
significant impacts on thyroid cancer cells, and it 
is hoped that new therapies for various thyroid 
cancers be discovered by conducting more studies 
on the impact of various herbs and herbal extracts 
on thyroid cancer cells14.

CONCLUSIONS

The hydroalcoholic extract of Allium jesdianum 
could be beneficial for further development of 
new chemotherapeutic agents. The present data 
showed a new possible approach in the thyroid 
cancer therapy. Future in vivo studies and clinical 
investigations are suggested.
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