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Abstract. – OBJECTIVE: To investigate the

possible anti-cancer properties of cinnamon extract on two human tumor cell lines, HeLa cells
and HL-60 cells.
MATERIALS AND METHODS: Two human tumor cell lines, HeLa cells and HL-60 cells, were
exposed to increased concentrations of an extract prepared from cinnamon. The cell proliferation and cell cycle distribution were evaluated using MTT assay and flow cytometry, respectively. The possible action mechanism was also
investigated by Western blot.
RESULTS: The results showed that cinnamon
extract strongly inhibited tumor cell proliferation in a dose-dependent manner and exhibited dramatic increases in the percentage of cells
in G2/M in parallel with exposure to increasing
concentration of cinnamon extract. The Western
blot results showed that cinnamon extract reduced the cyclin A, cyclin B1, ERK2, and p-ERK
proteins expression.
CONCLUSIONS: Our study suggested that
cinnamon extract inhibit the tumor cell survival by both down-regulated their target cell cycle regulation molecules and mitosis regulation
molecules.
Key Words:
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Introduction
Cancers are the most life-threatening health
problems in human being all the time and it is
a worldwide problem to complete cure cancers
patients1,2. Since cancer is the second reason
disease causing death in the world population,
the discovery of novel anti-cancer drugs has
been targeted3. Conventional cancer treatment
medicine program has chemotherapy, radiotherapy and hematopoietic stem cell transplantation.

However, chemotherapy and radiotherapy have
produced tremendous psychological and physical pain of patients during the treatment period
and there are certain risks in the hematopoietic
stem cells transplantation therapy4,5. In contrast,
because of relatively low adverse effects of
naturally originated agents in common belief,
these are the most desired. Cinnamon (Cinnamomum cassia) has been the focus of research
and approved to be a compound that generally
recognized as safe status by the Food and Drug
Administration (FDA) recently. Cinnamon bark
is the outer skin of an evergreen tall tree belonging to the family Lauraceae. Its extracts contain
several active components including essential
oils, mucus, tannin and carbohydrates6,7, which
have various biological activity such as anti-oxidant, anti-microbial, anti-inflammation, anti-diabetic and anti-tumor effect. Some of its active
components such as essential oils, tannin and
mucus, have been studied in detail. Previously,
the anti-tumor properties of the aqueous cinnamon extract in a human cervical cancer cell line
(SiHa) have been reported8-11. Due to differences
between the cell lines, these sorts of studies
must be extended. In this study, we further identified the anti-tumor effect of cinnamon extracts
on the growth of another two human cancer cell
lines (HeLa, HL-60) and investigated the possible molecular mechanism.

Materials and Methods
Cell Lines
HeLa and HL-60 cell lines were obtained from
the American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
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were supplemented with 10% fetal bovine serum
(FBS) (HyClone Laboratories, South Logan, UT,
USA) with 2 mM L-glutamine, 100 U/mL penicillin (Sigma-Aldrich, St. Louis, MO, USA) and 100
μg/mL streptomycin (Sigma-Aldrich, St. Louis,
MO, USA). The cells grown in 75 cm2 flasks in a
humidified atmosphere with 5% CO2 at 37°C.
Preparation of Cinnamon Extract
Dried cinnamon bark was pulverized and extracted for six hours in absolute ethyl alcohol extractor and extracted twice. The extract solution
was mixture well and dried in depressurization
and heating condition. When the extract solution was a volume of 5 mL, the dry process was
stopped and added into 30 mL of ultrapure water.
The solution was mixed well and centrifugation
at low speed at 20 min. The supernatant was
filtered and concentrated with a rotary evaporator. The extract was then freeze dried resulting
in a powder extract. The powder extract was
dissolved with dimethyl sulfoxide (DMSO) at
appropriate concentrations. The obtained solution
was sterilized by passing through 0.22 μm filter
and stored at -20°C freezer.
Cellular Morphology by Microscope
The cells grown in DMEM complemented
with 10% fetal bovine serum in 75 cm2 flasks in
a humidified atmosphere with 5% CO2 at 37°C
incubator until confluency and propagated after
trypsinization. Direct microscopy observation
was used for finding any changes in morphological form of cells, detachment, shrinkage and
colony forming of cells at 0, 24, 48 and 72 h after
treatment of cinnamon extract by inverted microscope (Nikon, Tokyo, Japan).
MTT Assay
Cultured cells were grown in 96-well plates.
Apoptosis was measured using flow cytometry.
Cell viability was examined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, the cells were seeded
(1×104 cells/well in 100 μL) and cultured for 24 h.
Then, the medium was removed and the media
containing cinnamon extract at different concentrations were added. MTT was performed at 24,
48, 72, 96, 120 and 144 h. The absorbance at 450
nm was measured after incubation with 20 μL of
MTT for 4 h. The curve of cell proliferation was
then drawn and the proliferation efficiency was
examined. The experiments were repeated three
times independently.
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Cell Cycle Analysis
The effect on cell division by cinnamon extract was determined by assessing cellular DNA
content using propidium iodide (PI) staining.
Briefly, cells were treated with 1 mg/mL or
without of cinnamon extract and incubated at 48
h in the incubator and then each sample was harvested and fixed in 70% ethanol overnight. After
fixation, cells were centrifuged and washed with
PBS and treated with 0.5 μg/mL of DNase-free
RNase (Sigma-Aldrich, St. Louis, MO, USA)
for 20 min at room temperature and stained
with 100 μg/mL of PI in 0.1 M sodium citrate
buffer (pH 7.4) for 30 min at 4°C. The cell cycle
distribution was determined by flow cytometric
analysis (FACS).
Western Blotting
Proteins were extracted from whole cell lysates
and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, then transferred
to a polyvinylidene difluoride (PVDF) membrane
(Bio-Rad, Hercules, CA, USA). The anti-cyclin
B1, anti-cyclin A, anti-ERK2 and anti-p-ERK
(1:1000; Abcam, Cambridge, USA) were used.
The membranes were then incubated with secondary anti-bodies (1:5000; Abcam, Cambridge,
MA, USA). Next, the membrane was treated
with chemiluminescence reagents (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) as per the
manufacturer’s instructions and analyzed by Image J software.
Statistical Analysis
Data were expressed as mean ± SD. A twotailed student’s t-test was employed where p <
0.05 was considered to be statistically significant.
Each assay was repeated three times.

Results
The Cinnamon Extract Influences
the Cellular Morphology
The normal cells showed a flat polygonal shape
with good permeability. The cell morphology
was complete, clear nucleolus and well adherence
(Figure 1A). After cinnamon extract treatment,
the HeLa cellular morphology and the growth
pattern have changed and apparently time-effect
relationship. After treating 30, 120 and 180 min,
the volume of cells has been atrophying, however,
the adherence and growth have less influenced
(Figures 1B, 1C, 1D). After incubation with cin-
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Figure 1. The cellular morphology of HeLa cell with or without cinnamon extract treatment. A: the normal HeLa cell
morphology. B, C and D were the HeLa cellular morphology with cinnamon extract treatment after 30, 120 and 180 min,
respectively.

namon extract 48 h, the form of some cells was
long fusiform or circle, the adherence was poor,
and some cells have begun to appear apoptosis
(Figure 2). The HL-60 cell morphology, which
influenced by cinnamon extract were similar to
the HeLa cell.
Decreasing Cell Proliferation After
Cinnamon Extract Treatment
To confirm the effects of cinnamon treatment
on HeLa and HL-60 cell survival, proliferation
and cell viability were measured. In the presence of cinnamon extract, the rate of tumor
cell growth was significantly inhibited. Figure
3 illustrated the dose-dependent decreases in
percentage of cell number compared to the
non-treated control for each of the two cell lines
as the amount of cinnamon extract increased
from 0.1 to 1.0 mg/mL.

Cell Cycle Arrest After Cinnamon
Extract Treatment
We first tested whether cinnamon extract
induced cell cycle arrest in HeLa and HL-60
cell lines. The results showed that a decreasing pattern in the percentage of cells in G0/
G1 was observed for the two cell lines as the
amount of cinnamon extract was increased
from 0 to 0.8 mg/mL. Percentages in this
phase for the two cell lines ranged from 4245% for untreated controls to 12-18% for
the highest cinnamon extract concentration
tested. Treatment with cinnamon extract had
a more variable effect on the S phase distribution patterns among the two cell lines. All
two-cell lines exhibited dramatic increases
in the percentage of cells in G2/M in parallel
with exposure to increasing concentration of
cinnamon extract (Figures 4 and 5).
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Figure 2. The cellular morphology of HeLa cell after incubation 48 h with or without cinnamon extract treatment. A, C, E
were the cellular morphology of HeLa cell after incubation 48 h without cinnamon extract at ×10, ×40 and ×100 microscope,
respectively. B, D, F were the cellular morphology of HeLa cell after incubation 48 h with cinnamon extract at ×10, ×40 and
×100 microscope, respectively.

Cinnamon Extract Inhibits the
Regulate Proteins Expression
Cyclins (cyclin A and B1) and extracellular
signal regulated kinase (ERK) play a central
role in the cell cycle and mitosis progression and
5350

may also affect response to cinnamon extract.
Hence, we determined the cell cycle arrest activity of cinnamon extract is linked with changes
in the levels of cyclin A, cyclin B1, ERK2 and
p-EKR proteins. Interestingly, cinnamon extract
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Discussion

Figure 3. Dose-dependent growth inhibition induced by
cinnamon extract after 48 h in the HeLa and HL-60 cell
lines. The results were showed by the percent decrease in
cell number normalized to untreated control (100%). Data
was showed as means ± SD, n=3.

decreased the amount of cyclin A, cyclin B1,
ERK2 and p-EKR proteins in total cell lysates
in a time-dependent manner (Figure 6). These
results suggest that cinnamon extract inhibit the
tumor cell survival by both down-regulated their
target cell cycle regulation molecules and mitosis
regulation molecules.

Cancer is the largest cause of mortality in
the world at present. The use of natural agents
with chemoprevention effects is one the promising strategies to combat cancer12. After decade’s
studies, the natural plant used for anti-cancer
therapy has improved remarkably. The herbal
medicine could be used for adjuvant chemotherapy, which have ideal efficacy for colorectal
cancer, pancreatic cancer, breast cancer, cervical
cancer, stomach cancer and liver cancer13-16. The
anticancer herbal medicine has the advantages of
obvious efficacy, small side effects, specific to
cancer cells and decrease the suffering of cancer
patients without surgical operation12. Researchers
from United States have isolated the active component from Ganoderma lucidum, which could
promote CAD enzyme activation so that destroy
the DNA double helix and restrain division in the
cancer cells17. Further studies suggested that the
extract of Ganoderma lucidum contained about
20 kinds of triterpenoids and about 10 of these
triterpenoids had anticancer activity18. Since cinnamon is used as a spice for food preparation and
folklore medicine as well as in modern pharmacy,

Figure 4. Effect of increasing concentration of cinnamon extract on the percentage of DNA distributed in the three phases
of the cell cycle in HeLa cells. It is a significant difference from the non-treated control value within the phase after cinnamon
extract treatment with 0.6 and 0.8 mg/mL, *p < 0.05.
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Figure 5. Effect of increasing concentration of cinnamon extract on the percentage of DNA distributed in the three phases of
the cell cycle in HL-60 cells. It is a significant difference from the non-treated control value within the phase after cinnamon
extract treatment with from 0.2 to 0.8 mg/mL, *p < 0.05.

it has been reputed to be useful in the cure of
numerous diseases. Several recent studies have
found the cinnamon extract contains anticancer
activity. Cinnamon extract was shown to inhibit
hematologic cancer cell proliferation in vitro,
melanoma tumor growth in mice and VEGF
expression in melanoma19, 20. Much attention has
been paid to the influence of cinnamon on insulin
action, which may provide benefits for diabetic
patients. More recently, a water-based cinnamon
extract was found to inhibit Tau aggregation and
filament formation associated with Alzheimer’s
disease21. In the present study, we have demonstrated the alcohol-soluble fraction reduced cellular growth in a dose-dependent manner in both
HeLa and HL-60 cell lines. Sensitivity of growth
to the extract was similar among the cell lines.
Analysis of DNA distribution across cell cycle
phases demonstrated a differential effect on the
regulation of progression by the cinnamon extract
compounds. The HL-60 cells displayed increasingly greater percentages of cells at G2/M with
increasing cinnamon extract compared to HeLa
cell lines. Cyclin A and B1 are considered potential candidate biomarkers in cancer22. Cyclin
B1 has been shown to be the rate-limiting acti5352

vator of mitotic G1 to S phase transition23. While
over expression of cyclin A which regulates the
S-G2-M phase transition of the cell cycle correlates closely with clinic-pathologic parameters
and prognosis in patients with cancers24. The canonical RAS-RAF-MEK-ERK mitogen-activated
protein kinase signaling pathway coordinates cell
growth, differentiation, survival and migration in
healthy tissues25. In this work, we further demonstrated the anti-tumor effects of cinnamon extract
are also linked with the inhibition proliferation in
a cancer specific manner. The results showed that
cinnamon extract decreased the amount of cyclin
A, cyclin B1, ERK2 and p-EKR proteins in total
cell lysates in a time-dependent manner, which
suggested that cinnamon extract inhibit the tumor
cell survival by both down-regulated their target
cell cycle regulation molecules and mitosis regulation molecules. Although cinnamon extracts
inhibited proliferation in various cancer cell lines
such as HeLa and HL-60, in vivo animal studies
are necessary to test whether cinnamon extracts
have also anti-tumor effects in other types of
cancers. In summary, anti-tumor effects of cinnamon extract appear to be mediated by multiple
mechanisms.
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Conclusions
Cinnamon extract potently inhibited various
tumor cell growths in vitro studies. Anti-cancer
effect of cinnamon extract is mediated by both
down-regulated their target cell cycle regulation molecules and mitosis regulation molecules.
Hence, cinnamon extract could lead to development of potent anti-tumor agent or complementary and alternative medicines for the treatment of
diverse cancers.

10)

11)

12)

Conflict of Interest

The Authors declare that they have no conflict of interests.
13)

References
1) De Felice F, Musio D, M agnante AL, Bulzonetti N,
Tombolini V. Excess of weight: is it a modifiable
predictive and prognostic factor in locally advanced rectal cancer? Eur Rev Med Pharmacol
Sci 2017; 21: 4606-4612.
2) Serafini M, Stanzione A, Foddai S, A nton R, Delmulle
L. The European role on traditional herbal medicinal products and traditional plant food supplements. J Clin Gastroenterol 2012; 46 Suppl:
S93-94.
3) Gruenwald J, Freder J, A rmbruester N. Cinnamon
and health. Crit Rev Food Sci Nutr 2010; 50: 822834.
4) L auriola MM, De Bitonto A, Sena P. Allergic contact
dermatitis due to cinnamon oil in galenic vaginal
suppositories. Acta Derm Venereol Mar 2010; 90:
187-188.
5) Ping H, Zhang G, Ren G. Antidiabetic effects of
cinnamon oil in diabetic KK-Ay mice. Food Chem
Toxicol 2010; 48: 2344-2349.
6) K im SH, Choung SY. Antihyperglycemic and antihyperlipidemic action of Cinnamomi Cassiae (Cinnamon bark) extract in C57BL/Ks db/db mice.
Arch Pharm Res 2010; 33: 325-333.
7) Hill LE, Taylor TM, Gomes C. Antimicrobial efficacy of poly (DL-lactide-co-glycolide) (PLGA)
nanoparticles with entrapped cinnamon bark extract against Listeria monocytogenes and Salmonella typhimurium. J Food Sci 2013; 78: N626632.
8) Tung YT, Yen PL, L in CY, Chang ST. Anti-inflammatory activities of essential oils and their constituents from different provenances of indigenous
cinnamon (Cinnamomum osmophloeum) leaves.
Pharm Biol Oct 2010; 48: 1130-1136.
9) Vafa M, Mohammadi F, Shidfar F, Sormaghi MS,
Heidari I, Golestan B, A miri F. Effects of cinnamon
consumption on glycemic status, lipid profile and

14)

15)

16)

17)

18)

19)

20)

21)

body composition in type 2 diabetic patients. Int J
Prev Med 2012; 3: 531-536.
Davis DD, Diaz-Cruz ES, L andini S, K im YW, Brueg gemeier RW. Evaluation of synthetic isoflavones on
cell proliferation, estrogen receptor binding affinity, and apoptosis in human breast cancer cells. J
Steroid Biochem Mol Biol 2008; 108: 23-31.
Koppikar SJ, Choudhari AS, Suryavanshi SA, Kumari S,
Chattopadhyay S, K aul-Ghanekar R. Aqueous cinnamon extract (ACE-c) from the bark of Cinnamomum cassia causes apoptosis in human cervical
cancer cell line (SiHa) through loss of mitochondrial membrane potential. BMC Cancer 2010; 10:
210.
Bandara T, Uluwaduge I, Jansz ER. Bioactivity of cinnamon with special emphasis on diabetes mellitus: a review. Int J Food Sci Nutr 2012; 63: 380386.
Z amani -Z adeh M, Soleimanian -Z ad S, Sheikh -Zeinod din M. Biocontrol of gray mold disease on strawberry fruit by integration of Lactobacillus plantarum A7 with ajwain and cinnamon essential oils.
J Food Sci 2013; 78: M1582-1588.
Sienkiewicz M, Glowacka A, Kowalczyk E, Wiktorowska -O wczarek A, Jozwiak-Bebenista M, Lysakowska M.
The biological activities of cinnamon, geranium
and lavender essential oils. Molecules 2014; 19:
20929-20940.
Wickenberg J, L indstedt S, Nilsson J, Hlebowicz J.
Cassia cinnamon does not change the insulin
sensitivity or the liver enzymes in subjects with
impaired glucose tolerance. Nutr J 2014; 13: 96.
L ee SC, Xu WX, L in LY, Yang JJ, L iu CT. Chemical composition and hypoglycemic and pancreas-protective effect of leaf essential oil from indigenous cinnamon (Cinnamomum osmophloeum
Kanehira). J Agric Food Chem 2013; 61: 49054913.
K hasnavis S, Pahan K. Sodium benzoate, a metabolite of cinnamon and a food additive, upregulates
neuroprotective Parkinson disease protein DJ-1
in astrocytes and neurons. J Neuroimmune Pharmacol 2012; 7: 424-435.
Sleha R, Mosio P, Vydrzalova M, Jantovska A, Bostikova V, M azurova J. In vitro antimicrobial activities of cinnamon bark oil, anethole, carvacrol,
eugenol and guaiazulene against Mycoplasma
hominis clinical isolates. Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub 2014; 158:
208-211.
Schoene NW, K elly MA, Polansky MM, A nderson
RA. Water-soluble polymeric polyphenols from
cinnamon inhibit proliferation and alter cell cycle distribution patterns of hematologic tumor cell
lines. Cancer Lett 2005; 230: 134-140.
Kwon HK, Jeon WK, Hwang JS, et al. Cinnamon
extract suppresses tumor progression by modulating angiogenesis and the effector function of
CD8+ T cells. Cancer Lett 2009; 278: 174-182.
Hong JW, Yang GE, K im YB, Eom SH, L ew JH, K ang
H. Anti-inflammatory activity of cinnamon water

5353

G.-Y. Xie, J.Ma, L. Guan, X.-M. Liu, A. Wang, C.-H. Hu
extract in vivo and in vitro LPS-induced models.
BMC Complement Altern Med 2012; 12: 237.
22) Miranda SP, Traiman P, C andido EB, L ages EL, Freitas GF, L amaita RM, Vidigal PV, da Silva Filho AL.
Expression of p53, Ki-67, and CD31 proteins
in endometrial polyps of postmenopausal women treated with tamoxifen. Int J Gynecol Cancer
2010; 20: 1525-1530.
23) M L ed, A librandi A, Ciancimino L, A zzerboni A, Chio falo B, Triolo O. Endometrial pathology in breast
cancer patients: effect of different treatments on

5354

ultrasonographic, hysteroscopic and histological
findings. Oncol Lett 2013; 5: 1305-1310.
24) Horree N, van Diest PJ, van der Groep P, Sie-Go DM,
Heintz AP. Progressive derailment of cell cycle
regulators in endometrial carcinogenesis. J Clin
Pathol 2008; 61: 36-42.
25) Metwally AM, Refaat LA, Shaaban H, Megm S, Emara
M, Tohamy AA, Sinna EA, K haled H. Role of cyclins
A and E in endometrial carcinogenesis in breast
cancer patients under tamoxifen treatment. J
Egypt Natl Canc Inst 2013; 25: 193-198.

