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Abstract

This study aimed to evaluate the chemical composition and anticancer activity of Hamadan propolis essential oil and methanolic
extract on HCT116 cell line. The anticancer activity of propolis methanolic extract and essential oil was evaluated by using the MTT (3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) test on the colorectal HCT116 cell line. The essential oil of Hamadan
propolis was analyzed by gas chromatography-flame ionization detection (GC-FID) and gas chromatography-mass spectrometry
(GC-MS). The total flavonoid and phenolic content of methanolic extract were assessed using the aluminum chloride colorimetric
procedures and Folin-Ciocalteu (F-C) assay, respectively. The results of MTT assay confirmed the anticancer properties of Hamadan
propolis essential oil and methanolic extract on the HCT116 cell line. Moreover, 30 compounds were characterized from Hamadan
propolis essential oil, the main compounds of which included β-udesmol (25.7%), α-udesmol (20.4%), α-copaen-11-ol (13.7%), and
γ-udesmol (10.1%). In addition, the total flavonoid content and total phenolic content of the methanolic extract were 14.12 mg/g
and 32.01 mg/g dry weight, respectively. In summary, the most important constituents of Hamadan propolis essential oil were β-u
desmol, α-eudesmol, α-copaen, and γ-u desmol. Despite the cytotoxic effects of Hamadan propolis methanolic extract and essen-
tial oil on HCT116, further evaluation of anticancer effects of the most important constituents of propolis methanolic extract and
essential oil is recommended.
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1. Background

Colorectal cancer (CRC) is the fourth life-threatening
cancer in the world, which is caused by the uncontrol-
lable division and abnormal growth of the colorectal cells
(1-3). Like all other types of cancer, surgical resection,
chemotherapy, and radiotherapy are the main treatment
options in clinical practice (4, 5). Despite the current ther-
apies, there are still many limitations in the diagnosis and
treatment of CRC patients. Today, the interest in develop-
ing new cancer therapy approaches based on the combi-
nation of conventional and unconventional therapy meth-
ods has increased. One of the most effective strategies for
cancer prevention is ‘chemoprevention’ (6). According to
the World Health Organization (WHO) reports, about 60%
of drugs approved by the Food and Drug Administration
(FDA) in the 1990s had been derived from natural and plant
products (7). Accordingly, the discovery and development

of new materials in cancer therapy is essential.

Propolis is a natural material that is mainly collected
by honey bees from the bark and leaf buds of various plant
species to build and repair the hives (8, 9). It is composed
of vegetable balsam and resin, aromatic and essential oils,
pollen, wax, and other substances (10). Due to its toxicity,
propolis protects the hive against invading larvae, fungi,
and bacteria (11). Propolis is found in different geographic
regions such as temperate and tropical climates and has
long been used as a remedy in folk medicine (12). Previ-
ous studies have been reported that the chemical compo-
sitions of propolis are different in various geographic re-
gions due to the various plant sources (13, 14). In addition
to the beneficial properties of propolis for bees, this nat-
ural material has pharmacological values as well (13, 15).
Terpenoids and aromatic carboxylic acids are the domi-
nant components of propolis essential oil. Terpenoids of
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propolis have several pharmacological and biological ac-
tivities, such as antibacterial, antioxidant, antitumor, and
anti-inflammatory effects (16). Propolis flavonoids have
also exhibited an anticancer effect both in vivo and in vitro
(17). In addition to flavonoids, other anticancer contents of
propolis include terpenes and caffeic acid phenethyl ester
(18). Several studies have demonstrated that propolis plays
an effective anticancer activity for some types of cancers,
including prostate cancer (19), breast cancer (20), bladder
carcinoma, and hepatic carcinoma (21).

2. Objectives

Since propolis of various bee species, geographical re-
gions, and seasons have different chemical properties, in
this study, we investigated the effects of essential oil and
methanolic extract of Hamadan propolis on CRC cell line
and assessed its chemical composition.

3. Methods

3.1. Cell Line and Culture Conditions

Human colorectal adenocarcinoma cell line HCT116
was purchased from the Pasteur Institute (Tehran, Iran)
and cultured in high glucose DMEM medium supple-
mented with 10% (v/v) fetal bovine serum (FBS) and 1% an-
tibiotic (penicillin/streptomycin). HCT116 cells were incu-
bated at 37°C with 5% CO2 humid air.

3.2. Propolis Preparation

Propolis was collected in June 2017 from Hamadan City
in Iran and stored in the dark place at 4°C until used.

3.3. Preparation of the Essential Oil

The essential oil of Hamadan propolis was extracted
from 120 g propolis powder in three hours through the hy-
drodistillation method and by Clevenger-type device (22).
Finally, the collected essential oil was dehydrated by anhy-
drous sodium sulfate.

3.4. Preparation of Methanolic Extract

To prepare the methanolic extract, 100 g of propo-
lis was extracted by methanol through the maceration
method (3 × 1 L, rt for 72 hours) (23). The extract was con-
centrated using the rotary evaporator systems to generate
a dark gummy solid.

3.5. MTT Assay

The antiproliferative effect of Hamadan propolis essen-
tial oil and the methanolic extract was evaluated using the
3-(4, 5-dimethyl -2-thiazolyl) -2, 5-diphenyl -2H-tetrazolium
bromide (MTT) assay. Briefly, HCT116 cells were seeded in
96-well plates (7000 cells/well). These cells were incubated
with different concentrations of Hamadan propolis essen-
tial oil (0, 4, 8, 16, 32, and 64µg/mL) and methanolic extract
(0, 70, 80.5, 92.5, 106.4, 122, 140, 161, 186, and 214 µg/mL).
After addition of MTT solution to each well and incuba-
tion for 3 hours, the mixture was discarded, and 100 µL
dimethyl sulfoxide (DMSO) was used to dissolve the for-
mazan crystals. The wavelength of 570 nm was used to
measure the optical density (OD). All results in MTT assays
were repeated three times, and IC50 (inhibitory concentra-
tion 50%) was calculated according to our previous study
(24).

3.6. Identification of Essential Oil Compounds

The composition of the Hamadan propolis essential
oil was characterized by retention indices (RI) and com-
paring their mass spectra with those of the related gas
chromatography-mass spectrometry (GC-MS) and GC li-
brary. GC analysis was performed using a Thermoquest gas
chromatograph with a detector of flame ionization (FID)
on DB-5 GC column (60 m, 0.25 mm, 0.25 µm). The 250°C
and 300°C temperatures were regulated respectively for
the injector and detector. The oven temperature was reg-
ulated from 60°C to 250°C at the rate of 5°C/min and ul-
timately held isothermally for 2 minutes. GC-MS analysis
was carried out the same as GC column by a gas chromato-
graph connected to a TRACE mass spectrometer. Moreover,
the carrier gas used was Helium, and Ionization voltage
was 70 ev. The 250°C and 200°C temperatures were regu-
lated respectively for the interface and ion source. Mass
range from 43 to 456 m/z was scanned (25).

3.7. Determination of Total Phenolic and Flavonoid Content

The total flavonoid and phenolic content of Hamadan
propolis methanolic extract were assessed using the
aluminum chloride colorimetric procedures and Folin-
Ciocalteu (F-C) assay (26, 27), respectively, according to the
protocol of Kerdar et al. (28).

4. Results

4.1. Anticancer Activity Effects of Hamadan Propolis

We investigated the effect of various concentrations
of Hamadan propolis essential oil (0, 4, 8, 16, 32, and 64
µg/mL) and methanolic extract (0, 70, 80.5, 92.5, 106.4, 122,
140, 161, 186, and 214µg/mL) on HCT116 cells viability by MTT
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assay. As illustrated in Figures 1 and 2, Hamadan propo-
lis essential oil and methanolic extract decreased the per-
centage of viable cells compared with the untreated cell in
a time- and concentration-dependent pattern. Hamadan
propolis essential oil and methanolic extract displayed sig-
nificant cytotoxicity at 8 and 80.5 µM, respectively (in 24
and 48 hours, P < 0.05). The 50% inhibition concentration
(IC50) values were 356.7 and 296.4 µg/mL after 24 and 48
hours for essential oil and 702.5 and 177.7 µg/mL after 24
and 48 hours for methanolic extract.

4.2. The Compounds of Hamadan Propolis Essential Oil

Hydrodistillation of Hamadan propolis provided a
light yellow color essential oil between yield and w/w. The
volatile compounds of propolis were identified. The per-
centage and retention index profiles are listed in Table
1. A total of 30 compounds were characterized, compris-
ing 95.7% of the volatile oil. The major compounds of
the essential oil were identified as β-u desmol (25.7%), α-
u desmol (20.4%), α-copaen-11-o1 (13.7%), and γ-u desmol
(10.1%) (Table 1 and Figure 3).

4.3. The Contents of Total Phenolic and Flavonoid

Evaluation of phenolic and flavonoid components of
methanolic extracts of Hamadan propolis indicated that
this extract consists of 32.01 mg/g dry weight total phenolic
and 14.12 mg/g dry weight total flavonoid content.

5. Discussion

Propolis and its derivatives have beneficial effects in
the treatment of cancer due to the strong antitumor prop-
erties (29). Propolis has previously been shown to be
constructive in reducing recurrent CRC, but Hamadan
methanolic extract and essential oil effects are unknown.
Various propolis species and their active compounds, such
as caffeic acid phenethyl ester (CAPE) and chrysin have
been used in modern and traditional medicine due to their
anticancer properties (30).

The purpose of this study was to determine the essen-
tial oil and methanolic extract effects of Hamadan propolis
upon the growth and proliferation of the HCT116 colon can-
cer cell line. Hence, we first prepared propolis essential oil
and methanolic extract from Hamadan plant species. Next,
the HCT116 colon cancer cell line was treated with diverse
concentrations of propolis essential oil and methanolic ex-
tract, and their cytotoxicity was evaluated using MTT assay.
Finally, the chemical compositions and total phenolic and
flavonoid content of Hamadan propolis were analyzed.

The major identified compounds of the essential oil in-
cluded β-u desmol (25.7%), α-u desmol (20.4%), α-copaen-
11-o1 (13.7%), and γ-u desmol (10.1%) (Table 1 and Figure

3). The chemical compound of propolis analyzed in the
present study was different from that collected in Brazil;
the main composition of Brazilian propolis essential oil
included prenylated acetophenones spathulenol, benzyl
benzoate, and (2Z, bE)-farnesol (31). Also, from the 26 iden-
tified constituents of the other study in Brazilian propo-
lis, β-caryophyllene, β-farnesene, and acetophenone were
found to be the major components (15). Results of an-
other study indicated that 17 compounds make up 91.0% of
compounds present in the oil, and the main components
were the β-caryophyllene, diene, selina-3,7, and (E) neroli-
dol (32). These results showed that these compounds are
different in different geographical regions, even inside a
country.

One of the most important constituents of Hamadan
propolis was β-u desmol. This is in line with some pre-
vious studies from Hungary, France, Bulgaria, Brazil, and
Northern Italy, which reported various healing properties
such as antibacterial properties (33-36). Also, we identified
other constituents such as α-eudesmol, α-copaen, and γ-
u desmol in Hamadan propolis essential oil. In a survey
by Vassya Bankova et al., α-eudesmol with 6.9% was identi-
fied as an important compound in Brazilian propolis (37).
Similarly, in the studies by Oliveira et al. (15) and de Al-
buquerque et al. (32) on Brazilian propolis, α-copaen was
identified with 3.03% and 4%, respectively.

Hamadan propolis methanolic extract consists of 32.01
mg/g dry weight total phenolic and 14.12 mg/g dry weight
total flavonoid content. The methanolic extract of propolis
was able to markedly affect the viability of the HCT116 cell
line. The effect of anticancer activity of Hamadan propo-
lis on HCT116 is thought to be due to their phenolic and
flavonoid content. Studies have indicated that polypheno-
lic compounds derived from natural products have various
beneficial properties, such as antitumor and antioxidant
effects (38, 39). One of the phenolic compounds, which is
also known as the active constituent in honeybee propo-
lis, is CAPE. The anticancer properties of this compound
have been confirmed in several studies (40-42). Consistent
with previous studies, our in vitro results exhibited that
the operation of methanolic extract of Hamadan propolis
led to cellular morphological changes, especially antipro-
liferative and cytotoxic effects in the CRC cell lines, which
can be mainly due to the presence of high phenolic mate-
rials such as CAPE.

Since the treatments based on the essential oil of
propolis have not been reported previously, we assumed
that it can be effective in interfering with the growth, pro-
liferation, and differentiation in cancer cells due to its tox-
icity. The HCT116 cells were treated with different con-
centrations of propolis essential oil. The essential oil de-
creased HCT116 cells viability in a time- and concentration-
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Figure 1. Effects of the propolis essential oil on (HCT-116) Cell Viability. Propolis essential oil doses equal to or greater than 8µg/mL led to a significant decrease in cell viability
after 24 and 48 hours (*, P-value < 0.05).
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Figure 2. Effects of the methanolic extract of hamadan propolis on (HCT-116) Cell Viability. Doses equal to or greater than 80.5µg/mL of methanolic extract led to a significant
decrease in cell viability after 24 and 48 hours (*, P-value < 0.05).

dependent pattern after 24 and 48 hours of treatment.

Also, our in-vitro results exhibited that the operation

of the Hamadan propolis methanolic extract led to cel-
lular morphological changes, especially antiproliferative
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Table 1. Chemical Composition of Hamadan Propolis Essential Oilsa

Number RT Area, % RIA RIB Compound Method of Identification

1 7.52 0.1 1104 1100 n-Nonanal RI, MS

2 10.05 0.4 1207 1201 n-Decanal RI, MS

3 15.21 0.1 1408 1408 Dodecanal RI, MS

4 15.54 0.1 1421 1417 (E)-Caryophyllene RI, MS

5 17.07 0.1 1484 1479 ar-Curcumene RI, MS

6 17.32 0.5 1494 1491 10,11-epoxy-Calamenene RI, MS

7 17.4 0.1 1497 1492 cis-β-Guaiene RI, MS

8 17.51 0.1 1502 1500 α-Muurrolene RI, MS

9 17.8 0.8 1514 1514 Butylated hydroxytuloene RI, MS

10 18.06 0.3 1525 1522 δ-Cadinene RI, MS

11 18.47 13.7 1543 1539 α-Copaen-11-ol RI, MS

12 18.72 0.2 1554 1548 Elemol RI, MS

13 19.02 7.0 1567 1561 (E)-Nerolidol RI, MS

14 19.41 0.5 1583 1577 Spathulenol RI, MS

15 19.82 0.9 1601 1600 Guaiol RI, MS

16 20.1 0.6 1613 1608 β-Atlantol RI, MS

17 20.23 0.5 1619 1618 1,10-di-epi-Cubenol RI, MS

18 20.62 3.7 1637 1629 Eremoligenol RI, MS

19 20.66 10.1 1639 1630 γ-Eudesmol RI, MS

20 20.84 3.5 1647 1640 Hinesol RI, MS

21 21.11 25.7 1659 1649 β-Eudesmol RI, MS

22 21.21 20.4 1663 1652 α-Eudesmol RI, MS

23 21.57 0.3 1679 1666 14-hydroxy-(Z)-Caryophyllene RI, MS

24 21.77 1.2 1688 1685 α-Bisabolol RI, MS

25 21.9 0.4 1694 1685 Germacra-4(15),5,10(14)-trien-1α-ol RI, MS

26 26.14 0.2 1897 1900 n-Nonadecane RI, MS

27 29.95 0.2 2101 2100 Heneicosane RI, MS

28 33.47 0.3 2299 2300 Tricosane RI, MS

29 36.74 0.7 2500 Pentacosane MS

30 38.27 3.4 2800 Octacosane MS

aRIA = retention indices calculated from the homologous series C6-30; RIB = retention indices according to RI references.

and cytotoxic effects in the HCT116 cell line. Consistent with
this study, Kustiawan et al. (43) showed cytotoxic activity
of Indonesia-Trigona incisa ethanolic extract of propolis
(EEP) against the SW620 CRC cell lines with 8% of survival
at 20 µg/mL of drug. Also, Salim et al. reported cytotoxic
activity of EEP against PC3 cell line of prostate cancer in a
dose-dependent manner (19). Kubina et al. (44) in Poland
demonstrated that ethanol extract of propolis had anti-
neoplastic effects with the stimulation of the apoptosis
process in different carcinoma cells, including the HCT116

colon cancer cell line and ME45 malignant melanoma cell
line. Drigla et al. (45) evaluated the effect of propolis aque-
ous extract on breast cancer cell lines. Their results indi-
cated that propolis extract has antitumor effects on both
cell lines.

In another study, Oliveira et al. (15) exhibited antibac-
terial effects of essential oil of propolis against Escherichia
coli (E. coli), Streptococcus pyogenes (S. pyogenes), Staphylo-
coccus aureus (S. aureus), and Staphylococcus epidermidis (S.
epidermidis). The results of Li et al. (37) showed the thera-

Jentashapir J Cell Mol Biol. 2021; 12(2):e115348. 5



Dastan D et al.

RT: 0.00 - 39.96
100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

R
el

at
iv

e 
A

b
u

n
d

an
ce

Time (min)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

2.81 5.28 7.52 9.98
10.05

11.45 14.95 15.21
17.32 17.62

20.66

18.47

21.11

21.21

21.49

21.89 25.06 26.14 27.48 29.95 33.01
33.47 33.94

36.74

38.27

19.02

Figure 3. GC-Mass chromatogram of Hamadan propolis essential oil

peutic effects of essential oil from Brazilian green propolis
on anxiety (as neurodegenerative diseases) by improving
the antioxidation capability on brain tissue and affecting
the hypothalamic-pituitary-adrenal (HPA) axis.

Although few studies have been performed on the an-
titumor properties of propolis, it is thought to have anti-
tumor properties. In this regard, Abikim et al. (46) demon-
strated the inhibitory activity of Chinese propolis essential
oils against the proliferation of CRC cells through promot-
ing cell apoptosis and cycle arrest.

5.1. Conclusions
The most important constituents of Hamadan propo-

lis essential oil were β-u desmol, α-eudesmol, α-copaen,
andγ-u desmol. The results of the current study suggested
that the essential oil and methanolic extract of Hamadan
propolis have anticancer activity on HCT116. Finally, we sug-
gest further evaluation of the cytotoxic effects of the most
important constituents of propolis essential oil and major
compounds of propolis methanolic extract.
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