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Background: Acute promyelocytic leukemia (APL) is an acute leukemia diagnosed by translocation of 
chromosomes 15 and 17 [T (15,17)] and aggregation of neoplastic promyelocytes which are incapable 
of being converted into mature cells. Today, many tend to use medicinal herbs in studies and clinical 
applications for treatment of cancers. Cinnamon with scientific name “cinnamomumzelanicum” is a shrub 
of Laurales order, lauraceae family with cinnamomum genus. It is a medicinal shrub with anti-proliferation 
effect on tumor cells. This study was conducted to determine the effects of aqueous cinnamon extract on 
HL-60 cells as a model for APL.
Materials and Methods: In this in vitro experimental study, HL-60 cell line was cultured under the influence 
of cinnamon extract’s concentrations of 0.01, 0.1, 1, and 2 mg/ml in with intervals of 24, 48, and 72 h. 
Growth inhibition and toxic effects of cinnamon extract were evaluated through tetrazolium salt reduction. 
The effect of this herb on the cell cycle was studied by flow cytometry. The Hoechst stain was used to 
detect apoptotic cell nuclei.
Results: Cinnamon extract inhibited the growth of HL-60 cells as correlated with concentration and time. 
After 72 h of treating HL-60 cells with 0.01 mg/l cinnamon extract, the growth of cells was inhibited by 
90.1%. Cinnamon extract stopped the cell cycle in G1 phase and the Hoechst staining verified the apoptotic 
process in those cells.
Conclusion: Considering the inhibitory property of cinnamon extract, we recommend it as a single drug 
or besides other medications for treating promyelocytic leukemia.
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INTRODUCTION

Acute promyelocytic leukemia (APL) is a severe type 
of acute leukemia which is commonly caused by 
chromosomal translocation of retinoic acid receptor 
gene on chromosome 17 and promyelocytic leukemia 
gene on chromosome 15. This disorder leads to fusion 
of PML and RARα genes.[1,2] This type of leukemia 
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is distinguished by quick onset of symptoms, 
weak response to chemotherapy, disseminated 
intravascular coagulation disorder, and high mortality 
rate.[3,4] Among the treatment protocols for cancers 
are chemotherapy and radiotherapy.[5] As the drugs 
commonly used in chemotherapy have many side 
effects, they are usually immune suppressors[6,7] and 
cause problems for patients. An important step toward 
treatment of cancer will be taken if a suitable drug 
with toxic effect on cancer cells and nontoxic effect on 
other normal cells is discovered. One of the significant 
resources of such drugs may be the natural compounds 
especially in medicinal herbs which are identified 
through studying old textbooks and also screening 
these herbs.[8,9]

In this respect, the first step was to evaluate the toxic 
effect of herbal extracts on cancer cell lines. One of 
the prevalent strategies in cancer treatment is the 
prevention of DNA synthesis or mitosis through 
blocking the progress of cell cycle in malignant 
cells. There are different medicinal herbs with toxic 
effect that may stop the growth and proliferation of 
malignant and transformed cells.[10]

Cinnamon is a plant with scientif ic  name 
“cinnamomumzelanicum” and general name 
“cinnamon”. This evergreen shrub belongs to the 
lauraceae family endemic to Sri Lanka and Southeast 
regions of India.[11] Although cinnamon with its 
peppery taste is mostly used as spices for cooking in 
the kitchen, its therapeutic applications should not 
be ignored. This plant is one of the oldest medicinal 
herbs which have been used in traditional medicine 
as an important drug. Different parts of this plant 
including its bark have many therapeutic effects such 
as strengthening of the heart, stomach, intestines, 
improvement of kidney function, and increase in 
libido.[12]

The significance of this drug is mainly for its volatile 
oil. Its major compounds are cinnamaldehyde, eugenol, 
and safrole with insulin-like activity that can be 
effective in diabetic treatment.[13,14] Furthermore, 
these compounds have positive effect on reduction of 
triglyceride, cholesterol, and lipoprotein with blood 
low density.[15]

Cinnamon is used against important body pathogens 
including escherichia coli, helicobacter pylori, and 
candida albicans due to its anti-fungal and anti 
bacterial properties.[16] Consumption of this spice 
inhibits the oxidation of organic matter in body and 
reduces free radicals due to its potent antioxidant 
effect.[17]

Studies have shown that cinnamon extract is effective 
in healing wounds made on Wistar rats.[18] Other 
therapeutic effects of this plant like treatment of 
nausea, diarrhea, and enhancement of cognitive power 
have been reported.[19,20]

Moreover, researchers have shown that aqueous 
cinnamon extract inhibits the proliferation of acute 
lymphoid leukemia cell line.[21]

The aim of the present study, was to evaluate the effect 
of aqueous cinnamon extract on viability reduction of 
cell lineages of APL.

MATERIALS AND METHODS

Preparation of aqueous cinnamon extract
The cinnamon bark was purchased from a well-known 
apothecary in Khorramabad, Iran. It was evaluated 
in terms of material and species by MsAhmadi, 
an expert in Jahad-e-Keshavarzi. The cinnamon 
bark was initially grinded into powder, and then 
was homogenized by a homogenizer. The extract 
was made by soaking the powder.[22] Solutions with 
concentrations of 0.01, 0.1, 1, and 2 mg/l were prepared 
in the medium (RPMI 1640) and were sterilized by 
using filters of millipore with size of 0.22 µm. They 
were kept in a refrigerator till being used in the study.

HL-60 human cell line was supplied from cell bank 
of Pasteur Institute of Iran. The cells were incubated 
in T25 flasks (NUNC Co. in Denmark) and culture 
medium of RPMI-1640 (Gibco Co. in Germany) 
containing 10% fetal calf serum (FCS), streptomycin 
antibiotics (100 µg/ml), and penicillin (100 IU/ml, 
CinnaGen, Iran) at 37°C in an incubator (Memmert, 
Germany) with 5% CO2 and 90% humidity of the 
atmosphere inside.

Incubation of cells by various concentrations of aqueous 
cinnamon extract
Aqueous cinnamon extract with concentrations of 0.01, 
0.1, 1, and 2 mg/ml was prepared in culture medium 
and incubated with HL-60 cells in temporal intervals 
of 24, 48, and 72 h. Cell-free culture medium was used 
as blank control and cell culture medium without drug 
was used as a control of living cells.

Evaluation of the toxic effect of aqueous cinnamon extract
The toxic effect of aqueous cinnamon extract 
on HL-60 cells was examined using tetrazolium 
salt (methyl thiazoltetrazolium-MTT) reduction test. 
Tetrazolium salt is reduced to formazan crystals due 
to living cell activity. In this respect, 10,000 cells were 
counted by Neubauer slide and then transferred to 
96-well plate. Different concentrations of aqueous 
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cinnamon extract were added to them after 24 h. After 
incubation of HL-60 cells by various concentrations of 
aqueous cinnamon extract at intervals of 24, 48, and 
72 h, 20 µl (5 mg/ml) of MTT solution was added to the 
plates which were incubated at 37°C and 5% CO2. After 
4 h of incubation at 37°C, MTT stain was absorbed by 
mitochondria of cells and changed into purple crystals. 
At this time, the surface liquid was removed and 200 µl 
of acidic isopropanol solution (Merck Co., Germany) 
was added to the related wells.

Then, the plates were placed on the shaker for 
30 min. After that, 180 µl of the solution in all wells 
was transferred to another plate and was read at 
wavelength of 570 nm by an ELISA reader. The 
percentage of growth inhibition was calculated by the 
following equation: [23]

Growth inhibition rate = 100 100− ×
ODTest

ODControl
.

Evaluation of the cell cycle
The ce l l  cyc le  was  evaluated  us ing  f low 
cytometer (Partec, Germany). In this respect, one to 
two million cells were incubated with cinnamon extract 
concentrations of 0.01 and 2 mg/ml at intervals of 72 
and 24 h, respectively. The living cells without drug 
were used as a control sample. Having been collected 
and centrifuged at the speed of 800 rpm, the cells 
were washed with cold PBS (phosphate buffer saline) 
and fixed with 70% ethanol. In order to examine the 
cell cycle phases, the samples were mixed with 1 mg 
of propidium iodide (PI) dissolved in 1 ml of PBS and 
25 mg of RNaseA (dissolved in 1 ml of PBS) and were 
evaluated using a flow cytometer.[21] The percentage of 
cell population of G1, S, and G2 phases was determined 
by the software specific to the flow cytometer.

Study of the apoptosis
The Hoechst33342 stain was applied to distinguish 
the apoptotic cell nucleus. This stain is exclusively 
used in chromatin staining and displays the apoptotic 
cell nuclei with the help of a fluorescent microscope. In 
this respect, once 2 million of HL-60 cells were counted 
by Neubauer slide, they were incubated with aqueous 
cinnamon extract concentrations of 0.01 mg/ml and 
2 mg/ml for 24 and 72 h, respectively. The living cells 
without drug were used as a control sample. Then, 
25 µl of the incubated cell suspension along with 
the control sample was mixed with 1 µl of 10 µg/ml 
Hoechst stain. After that, 10 µlit of the mixture was 
poured on a clean slide and at least 200 cells were 
counted and examined under a fluorescent microscope 
with lens of 10×.

The collected data were entered into SPSS18 software 
and analyzed using descriptive statistical methods 
such as tables and bar charts with error bars. The 

inferential statistical tests of one-way ANOVA, 
repeated measures ANOVA, and Tukey test were 
used to analyzed the data. All the tests were done at 
significance level of 0.05.

RESULTS

The assessment of methyl thiazoltetrazolium
As shown in the Figure 1, following the incubation of 
various concentrations of aqueous cinnamon extract 
with cancer cells for 24 h, the highest cytotoxicity 
effect was observed at concentrations of 0.01 mg/
ml and 0.1 mg/ml. The rate of this cytotoxicity 
for the above concentrations was 74% and 71.4%, 
respectively.

The results also showed that after 48-hour incubation 
of various concentrations of aqueous cinnamon 
extract with HL-60 cells, the low concentrations, 
i.e. 0.01 mg/ml and 0.1 mg/ml, caused 85.5% and 72.9% 
of cell death, respectively.

The 72-h incubation of HL-60 cells with various 
concentrations of aqueous cinnamon extract also 
indicated the correlation of cytotoxicity with the 
concentration of cinnamon extract, as the percentage 
of dead cells increased when the concentration of 
the extract was reduced. The rate of cytotoxicity, 
within 72 h, for the concentrations of 0.01 mg/ml and 
0.1 mg/ml was 90.1% and 89.3%, respectively.

Cytotoxicity effect of aqueous cinnamon extract 
correlates to contact time and concentration of the 
extract. Moreover, equal concentrations at different 
intervals were compared with each other. There was a 
significant difference in the rate of cytotoxicity among 
different times (*P < 0.05 and ***P < 0.001).

Hoechst 33342 staining
The fastest way to detect apoptosis is the observation 

Figure 1: The results of analyzing variations in percentage of inhibiting 
proliferation of HL-60 cell line incubating with aqueous cinnamon 
extract concentrations of 0.01, 0.1, 1, and 2 mg/ml after 24, 48, and 
72 h (*P < 0.05 and ***P < 0.001)
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of variations in nucleus morphology of incubated 
cells using Hoechst staining. Hoechst staining is one 
of the most common methods for chromatin staining 
which is used in many studies. In the present study, 
apoptotic cells were observed with morphology of 
smaller body cell with scattered DNA fragments, 
sometimes peripheral. The healthy cells were observed 
to show large oval-shaped body with single nucleus 
looking littleblurred. The important point is that DNA 
fragments in apoptotic cells were stained and detected 
as blue fluorescent dye, while DNA of healthy cells 
were not stained and consequently they appeared and 
looked like spots under microscopes.

The results of apoptotic cell count showed that the 
number of apoptotic cells in incubated samples 
increased remarkably compared to that of control 
samples. Based on the prepared slides, HL-60 cell line 
incubated with 0.01 mg/ml aqueous cinnamon extract 
within 72 h showed the highest rate of apoptosis. The 

number of apoptotic cells in incubation of HL-60 cell 
line with 2 mg/ml aqueous cinnamon extract within 
24 h showed a significant increase as compared to that 
of control samples.

Comparison of the Figures 2a, b, and c showed that 
the number of apoptotic cells in Figures 2b and c 
was significantly increased than as compared to that 
of control samples. In Figures 2a and b, apoptotic 
cells increased considerably compared to those cells 
incubated with 2 mg/ml aqueous cinnamon extract 
shown in Figure 2 and 3.

The analysis of cell cycle (SubG1 phase)
DNA content of a cell often provides some information 
about cell cycle. Therefore, measurement of DNA may 
be valuable in cell biology. In particular, measurement 
of DNA can offer some information on the function 
of cytotoxic drugs. There are different methods for 
measuring DNA and all of them use dyes which 
exclusively bind to the nucleic acids and their level of 
fluorescence increases at the time of binding. However, 

Figure 2a: The control samples of HL-60 cell line which were not 
incubated at all. As seen in the figure, no apoptotic cell is observed 
under magnification of ×10

Figure 2b: Fluorescent microscope image of HL-60 cells incubated 
with 2 mg/ml aqueous cinnamon extract for 24 h, then, stained with 
Hoechst dye. The apoptotic cells are clearly distinguished under 
magnification of ×10

Figure 2c: Fluorescent microscope image of HL-60 cells incubated 
with 0.01 mg/ml aqueous cinnamon extract for 72 h, then, stained with 
Hoechst dye. The number of apoptotic nuclei in this slide obviously 
increased compared to that of control samples under magnification 
of ×10

Figure 3a: Analysis of cell cycle distribution method and DNA content 
in each phases of G2/M, S, G1, and SubG1 in HL-60 cell line (control 
sample)
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measurement of DNA content of a cell indicates a 
statistical manifestation of the cell cycle.

The charts established through flow cytometry 
presents four parameters as follows: M1 which shows 
the rate of apoptosis; M2 which shows the number of 
cells in G0-G1 phase; M3 which indicates the number 
of cells in S phase; and M4 which represents the 
number of cells in G2-M phase.

Comparison of three Figures 3a, b, and c showed 
the number of cells in SubG1 phase in the control 
sample as 4.06 which increased to 32/14 in HL-60 cells 
incubated with 2 mg/ml cinnamon extract for 24 h 
and then increased to 88.11 in cells incubated with 
0.01 mg/ml cinnamon extract for 72 h. This increase 
showed the number of cells which existed in the final 
phase of apoptosis.

Moreover, the number of cells in G0-G1 phase in 
samples incubated with cinnamon extract was 
reduced significantly compared with that of control 
sample. This reduction in the sample incubated 
with 0.01 mg/ml cinnamon extract for 72 h was also 
higher than that of other samples. The number of 
cells in G0-G1 phase in control sample was 62.96 
which decreased to 33.29 in the experimental sample 
incubated with 2 mg/ml cinnamon extract for 24 h and 
then decreased to 9.87 in the experimental sample 
incubated with 0.01 mg/ml cinnamon extract for 72 h. 
This great reduction showed that the cells stopped in 
the SubG1 phase instead of entering G0-G1 phase of 
the cell cycle; therefore, they did not enter the cell 
cycle and became apoptotic.

DISCUSSIONS

Nowadays, a lot of efforts have been made to deal with 
cancers using herbal drugs extracted from plants 

or other natural resources. Among such efforts are 
the study of anti-cancer effect of herbal flavonoids 
and native medicinal herbs on the growth of cancer 
cells.[24,25] One of the reasons of much attention 
to herbal compounds, may be due to the fact that 
humans have been eating these materials for many 
years and are sure about their safety. Nature is a rich 
source of useful compounds whose effects have not 
been known yet. However, there have been known 
compounds such as atropine, digoxin, ergotamine, 
hyoscine, and many others that are among successful 
drugs.[26]

Among types of cancer, leukemias and lymphomas 
with global prevalence of 3-5% in individuals are of 
special importance.[27] Extensive studies are being 
conducted to find anti-cancer drugs with fewer 
side effects. These studies largely use cell lines of 
leukemia and lymphoma.[28] The drugs commonly 
used in chemotherapy have many side effects, they 
are also immune suppressor.[29,30] An important step 
for treatment of cancer will be taken if a suitable drug 
with toxic effect on cancer cells and non-toxic effect on 
normal cells is discovered. Natural compounds found 
in medicinal herbs are significant resources of such 
drugs which are identified by studying old textbooks 
and also by screening these herbs.[24,25]

As shown by the results of the present study, the 
aqueous cinnamon extract inhibits proliferation of 
HL-60 cell line that indicates the antiproliferative 
effect of this extract. This plant has been proved to 
have a large amount of antioxidant. It is noteworthy 
that in some diseases like Parkinson, cardiovascular 
diseases, and cancers, too many free radicals are 
produced and application of cinnamon extract is 
recommended for treatment of these diseases by the 
researchers due to its rich antioxidant content.[17]

The results of this study showed that the 0.01 mg/ml 
aqueous cinnamon extract in a 24-h culture could 
remove 74.6% of cancer cells. This cytotoxicity 
percentage was reduced when the amount of extract 
increased at 2 mg/ml concentration of the extract, the 
above percentage decreased to 50.7%. Incubation of 
cancer cells with 0.01 mg/ml aqueous cinnamon extract 

Figure 3b: Evaluating the effect of 2 mg/ml aqueous cinnamon extract 
and 24 h of incubation on distribution and progression of cell cycle in 
HL-60 cell line

Figure 3c: Evaluating the effect of 0.01 mg/ml aqueous cinnamon 
extract on distribution and progression of cell cycle in HL-60 cell line



Assadollahi, et al.: Effect of aqueous cinnamon extract on apoptosis

6  Advanced Biomedical Research | April - June 2013 | Vol 2 | Issue 2

after 48 h caused 85.5% of cell death. Within 72 h of 
incubation, minimum and maximum concentration 
of 0.01 mg/ml and 2 mg/ml caused 90.1% and 73.2% 
of cell death, respectively.

It was shown that the cinnamon extract inhibited 
the growth of HL-60 cells as it correlated with 
concentration and time and this process is associated 
with apoptotic induction and cessation of cycle in 
G1 phase. Schoene et al. studied three cell lines of 
leukemia and found that aqueous cinnamon extract 
induced growth inhibition in the form of apoptosis in 
cell lines of U937, Wurzburg, and Jurkat, depending 
on the concentration of cinnamon extract. Moreover, 
Hyeon Ka, et al. indicated that cinnamaldehyde 
extracted from cinnamon induced apoptosis in HL-60 
cell line. Therefore, the results of this study on the 
apoptotic induction largely conform to the results 
obtained from other cell lines.

These study give us the opportunity to find compounds 
which exclusively target cancer cells. The results 
suggest further studies on the effects of aqueous 
cinnamon extract on normal cell lines, then in animal 
models, and finally in humans through clinical trials 
in order to identify exact effect of this extract. In this 
respect, the effects of the aqueous cinnamon extract 
in human may be proved and special drugs can be 
formulated through further studies and by detecting 
effective anticancer compounds of cinnamon extract.
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