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ABSTRACT

Cinnamon is one of the most popular and oldest spices. Several recent studies have found that cinnamon also has anticancer activity. The present work 
has reported the antineoplastic potential of the spice cinnamon in cancer. Collectively, these data suggest that cinnamon could be proposed as a potent 
anticancer drug. The bibliographic investigation was carried out during January 2004-December 2014 by analyzing journals and peer-reviewed 
papers from the last decades. Peer-reviewed articles were indexed by Scopus, PubMed, and Google scholar. Only relevant studies published in English 
were considered. There were 24 articles that reported the cytotoxic activity of cinnamon on all culture cell lines. About 8 species of Cinnamomum have 
been isolated with their active compounds for cancer cell lines. Based on the reviews of those articles, we conclude that cinnamon has the potential 
to be further developed as an anticancer agent. In further development, however, not only the research for investigating the anticancer activities, but 
also research for investigating the safety of cinnamon to the normal cell need to be performed.
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INTRODUCTION

Cancer is the second leading cause of death in the United States and 
The United Kingdom [1]. According to the World Health Organization, 
more than 1 million cases occur each year and more than half are in 
developing countries [2]. Cancer (a malignant tumor) occurs when the 
tumor tissue destructively invades healthy surrounding tissue or when 
dislodged tumor cells form secondary tumors (metastases) in other 
organs [3].

Cytotoxic substances that particularly affect proliferating or dividing 
cells are cytostatics. There are side effects of cytostatic therapy, i.e. loss 
of hair, gastrointestinal disturbances, nausea-vomiting, lowered 
resistance to infection, and bone marrow depression. Several modes of 
action of cytotoxic drugs lead to damage in the mitotic spindle, inhibit 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) synthesis, 
transfer alkyl residues into a covalent bond with DNA alkylating, and 
interact with topoisomerase enzyme [3].

Attention toward new alternative was invited by the failure of 
conventional chemotherapy to reduce mortality. Approaches that 
would reduce morbidity, as well as side effects, were conferred by 
conventional chemotherapy. As a source of effective anticancer agents, 
plants play a significant role. About 60% of currently used anti-
cancer drugs are derived from natural sources such as plants, marine 
organisms, and micro-organisms [4-6]. Several studies have been 
conducted on herbs that possess anticancer properties and have been 
used as potent anticancer drugs (Table 1).

Cinnamon is one of the most popular and oldest spices. The bark and 
leaves of cinnamon are often added to food preparations to improve 
taste and aroma. In addition, this herb has been found to possess 
potent anti-oxidant, antimicrobial, and antipyretic properties, and has 
been used in traditional Chinese medicine. Several recent studies have 
found that cinnamon also contains anticancer activity. However, for 
the development of cinnamon as the traditional medicine for cancer 
treatment, further studies are necessary such as elucidation of working 
mechanisms and characterization of active compounds directly linked 
with anti-tumor activity.

The present work has addressed the antineoplastic potential of the 
spice cinnamon in cancer. Collectively, these data suggest that cinnamon 
could be proposed as a potent anticancer drug [8].

CYTOTOXIC ACTIVITY OF CINNAMOMUM SP.

In this review, a bibliographic investigation was carried out during 
January 2004-December 2014 by analyzing journals and peer-reviewed 
papers from the last decades. Peer-reviewed articles were indexed by 
the databases of Scopus, PubMed, and Google Scholar. Only relevant 
studies published in English were considered. The botanical correct 
names were mentioned after verification from published literature and 
Database International Plant Names Index, 2008.

The criteria followed for selection of data in this review consider in 
vivo and in vitro cytotoxic activity of all Cinnamomum species. Plants, 
their parts/extracts, and compound isolated from Cinnamomum had 
a cytotoxic effect. Furthermore, detailed information on the research 
status of 18 Cinnamomum species has been discussed. The following 
keywords were used to search for the literature in the databases: 
Cinnamomum cytotoxic and Cinnamomum anticancer. The cytotoxic 
activity of Cinnamomum sp. is shown in Table 2.

THE MECHANISM OF ACTION OF THE ACTIVE COMPOUNDS 
CINNAMON AS A POTENT ANTICANCER DRUG

Cinnamomum zeylanicum, also known as Ceylon cinnamon (the source 
of its Latin name, zeylanicum) or “true cinnamon,” is a tropical evergreen 
tree, an indigenous plant in Sri Lanka and grows wildly in Madagascar, 
India, and Indo-China [33]. The cytotoxic activity of the essential 
oil from C. zeylanicum was evaluated in H-ras active-rat fibroblasts 
(5RP7) and normal rat fibroblasts (F2408) by 2,5-diphenyltetrazolium 
bromide assay [25]. Some constituents of the oil that may interfere 
with ras transformation were indicated by the cytotoxic activity [34]. 
Isoprenylation of proteins was inhibited by many monoterpenes from 
essential oils of Cinnamomum oil such as limonene and geraniol and 
20-benzyloxycinnamaldehyde [35-39].

Cinnamomum burmannii Blume (Lauraceae), a tree-like shrub that is 
native to Southeast Asia and Indonesia, is used for medicine and making 
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Table 1: Herbs that have been used as potent anticancer drugs [7]

Herbs Active compound Herbs Active compound
Allamanda cathartica Allamandin Penstemon deutus Penstimide
Ipomoea batatas 4‑ipomeanol Elephantopus elatus Elephantopin
Helenium automnale Helenalin Vernonia hymenolepis Vernolepin
Acronychia baueri Acronycine Taxus brevifolia Taxol
Podophyllum peltatum α dan β‑Peltatin Podophyllum peltatum Podophyllotoxin
Vinca rosea Vincristine vinblastine Cephalotaxus harringtonia Harringtonine, homoharringtonine
Jatropha gossypifolia Jatrophone Daphne mezereum Mezerein
Taxodium distichum Taxodione Tripterygium wilfordii Tripdiolide, triptolide
Brucea antidysenterica Bruceantin Simarouba glauca Glaucarubinone
Holacantha emoryi Holacanthone Marah oreganus Cucurbitacin E
Acer negundo Acer saponin P Parquetina nigrescens Strophantidin
Acronychia baueri Acronycine Crotalaria spectabilis Monocrotaline
Maytenus buchananii Maytanacine Heliotropium indicum Indicine‑N‑oxide
Catharanthus lanceus Leurosine Cyclea peltata Tetrandin
Ochrosia elliptica Ellipticine Stereospermum suaveolens Lapachol
Ochrosia moculata 9‑methoxyellipticin Jacaranda caucana Jacaranone
Camptotheca acuminata Camptothecin Thalictrum dasycarpum Thalicarpin
Colchicum automnale Colchicine Acnistus arborescens Withaferin
Steganotaenia araliacea Steganacin Bersama abyssinica Hellebrigenin asetat
Bouvardia ternifolia Bouvardin Parquetina nigrescens Strophantidin
Combretum caffrum Combretastatin A‑4 Podophyllum peltatum α dan β‑ Peltatin

Number Cinnamomum 
Species

Part used Type of extract Methods Result References

1 Cinnamomum 
burmannii Blume

Stem bark Methanol 
extract and main 
constituent, TCA

Human NPC (NPC/HK1 
and C666‑1) cell lines

IC50 on HK1, extract 108.32±3.43 μg/ml, 
TCA=2.94±0.17
IC50 on C666‑1, extract=224.32±3.17 μg/ml
TCA=6.30±0.74 μg/ml

[9]

2 Cinnamomum 
cassia Nees Ex 
Blume

Bark The aqueous extract Human cervical 
carcinoma (SiHa) cell 
lines

Concentration of 80 μg/ml decreased 
the kinetics growth of cancer up to 
2‑fold compared to that observed in the 
untreated control cells

[10]

3 Cinnamomum 
cassia Nees Ex 
Blume

Bark Ethanolic 
extract and main 
constituent TCA

Human colorectal 
carcinoma (HCT 116 
and HT 29) cell lines

the cinnamon‑derived food factor CA is a 
potent activator of the Nrf2‑orchestrated 
antioxidant response in cultured human 
epithelial colon cells

[11]

4 Cinnamomum 
cassia Nees Ex 
Blume

Bark Aqueous extract Tumor cell line 
lymphoma, melanoma 
and cervix mouse 
melanoma model

Cinnamon extract 0.5 mg/ml inhibits 
tumor cell growth in vitro
Cinnamon extract 400 μg/g mouse weight 
has potent anti‑tumor activity in vivo
Anti‑tumor effects of cinnamon extracts is 
mediated by induction of tumor apoptosis 
through the inhibition of NFκB and the 
AP1 levels

[12]

5 Cinnamomum 
cassia, Nees Ex 
Blume

Bark Cinnamaldehyde Hepatoma Hep G2 cells 
line

IC50 cinnamaldehyde=9.76±0.67 μM. Its 
apoptotic mechanism in Hep G2 cells 
could be mediated through the tumor 
protein (p53) induction and CD95, APO‑1 
signaling pathways

[13]

6 Cinnamomum 
cassia, Nees Ex 
Blume

Cinnamaldehyde,
Cinnamic acid,
Cinnamyl alcohol

Human liver cancer 
(Hep G2) cells line

The best activity is CA with IC50=9.76 μM [13]

7 Cinnamomum 
esmophicum

Leaves Essential oil Human lymphoblast 
lung (U937), human 
leukemia (K562), 
Human liver cancer 
(Hep‑1) cells line

Have cytotoxic effect [14]

8 Cinnamomum 
subavenium Miq

Leaves Subamolide D and E, 
Secusubamolide A.

Human colon 
adenocarcinoma 
(SW 480) cell lines

Subamolide D and E caused DNA damage 
in a dose‑ and time‑dependent manner

[15]

9 Cinnamomum 
subavenium Mig

Stem Main constituent 
submolide B

Human SCC12, 
Epidermoid carcinoma 
(A431), BCC‑1, Human 
melanoma  (A375) cell 
lines

IC50 on A3675=17,59 μg/ml, 
A431=13,30  μg/ml, BCC‑1  ≥20 μg/ml, 
SCC2=9,12 μg/ml

[16]

Table 2: Cytotoxic activity of Cinnamomum sp

(Contd...)
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Number Cinnamomum 
Species

Part used Type of extract Methods Result References

10 Cinnamomum 
tenuifolium Sugim

Stems Butanolides 
(tenuifolide A, 
isotenuifolide A 
and tenuifolide B), 
secotenuifolide A 
tenuifolin

Human prostate cancer 
cell (DU145) cell lines

Secotenuifolide A induced
Noticeable reduction of mitochondrial 
transmembrane potential;
Significant increase in the ratio 
of cytochrome c concentration 
(cytosol/mitochondria) and
Subsequent activation of caspase‑9/
caspase‑3

[17]

11 Cinnamomum 
zeylanicum Blume

Leaves Essential oil Human cancer cells line Have cytotoxic effect [18]

12 Cinnamomum 
zeylanicum Blume

Bark Essential oil Human cancer cells line Have cytotoxic effect [19]
[20]
[21]

13 Cinnamomum 
zeylanicum Blume

Aqueous Promyelocytic 
leukemia (HL‑60) 
cells line

Have cytotoxic effect [22]

14 Cinnamomum 
zeylanicum Blume

Ethanolic Human cancer cells line Have cytotoxic effect [23]

15 Cinnamomum 
zeylanicum Blume

Ethanolic Leukemia cells line Have cytotoxic effect [24]

16 Cinnamomum 
zeylanicum Blume

Bark Essential oil Rat embryonic 
fibroblast cells (5RP7) 
cell lines

IC50 5RP7=15 μg/ml [25]

17 Cinnamomum 
zeylanicum Blume

Graund Aqueous extract VEGFR‑2 tyrosine 
kinase activity

cinnamon extract was a potent inhibitor 
of VEGFR‑2 kinase activity, with an IC50 of 
30 ng/ml, and showed inhibition of kinase 
activity with an IC50 of 1 lM that could 
potentially be useful in cancer prevention 
and/or treatment

[26]

18 Cinnamomum 
zeylanicum Blume

Bark Petroleum ether and 
chloroform extract

Human oral 
cancer (KB) cells line 
and mouse lymphocytic 
leukemia (L1210) cells

ED50 PE KB cells=60 L1210 cells 
24 pg/ml,
KB=58
L1210 cells=20 pg/ml

[27]

19 Cinnamomum 
zeylanicum Blume

Bark Aqueous Various cell lines IC50=0.16 mg/mL [8]

20 Cinnamomum 
kotoense Kaneh 
and Sasaki

Leaves Kotomolide A (1), 
isokotomolide A (2), 
and kotomolide 
B (3), and a new 
secobutanolide, 
secokotomolide 
A (4)

Human 
epithelioid cervix 
carcinoma (HeLa) 
cell lines

secokotomolide A induced (a) noticeable 
reduction of mitochondrial 
transmembrane potential 
(DeltaPsi (m)), (b) activation of caspase 
3/7, and (c) up‑regulation of the p53 
expression. These results suggest that an 
increase of Hydrogen peroxidase (H2O2) 
and/or peroxide by compound 4 is the 
initial apoptotic event

[28]

21 Cinnamomum 
tamala T.Nees 
and Ebrem

Leaves Ethanol extract Artemia salina (Brine 
shrimp)

LC50=40 μg/ml [29]

22 Cinnamomum 
verum J.Presl

fresh and dry 
barks

Acetone and 
methanolic extracts

Breast cancer cell 
line (MCF7) cell lines

Acetone extract show LD50=19,74 μg/ml 
methanolic extract=14,98 μg/ml

[30]

23 Cinnamomum 
verum J.Presl and 
Cinnamomum 
tamala T.Nees 
and Ebrem

Cinnamomum 
verum 
(bark) and 
Cinnamomum 
tamala 
(Indian bay 
leaf)

Methanol extract Prostatic SCC (PC‑3) 
cell line, Human 
glioblastoma 
multiforme 
tumor (T98G) cell lines

The bark methanol extract Cinnamomum 
verum showed potential activity greater 
than Cinnamomum tamala. Cinnamomum 
verum against prostrate (PC‑3) and 
glioblastoma (T98G) cancer cell lines with 
90% and 78% growth inhibition at 100 
μg/ml concentration respectively

[31]

24 Cinnamomum 
osmophloeum 
Kaneh

bark and 
roots

(E) feruloyl ester Human liver cancer 
(Hep G2 and Hep3B): 
human oral squamous 
cell carcinoma 
(Ca9‑22) cells

IC50 values=7.87 μg/mL (Hep G2), 
4.31 μg/mL (Hep3B), and 
2.51 μg/mL (Ca9‑22)

[32]

TCA: Trans‑cinnamaldehyde, CA: Cinnamic aldehyde, Nrf: Nuclear‑related factor, NFκB: Nuclear factor kappa B, AP1: Activator protein 1, APO‑1: Apoptosis antigen‑1, 
CD: Cluster of differentiation, BCC: Basal cell carcinoma, SCC: Squamous cell carcinoma, VEGFR‑2: Vascular endothelial growth factor receptor‑2, ED50: Effective 
dose 50, NPC: Nasopharyngeal carcinoma

Table 2: (Continued)
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spices for the flavor industry [40,41]. Trans-cinnamaldehyde (TCA) has 
been identified as one of the bioactive compounds in C. burmannii [42]. 
In addition, studies have demonstrated that TCA inhibits cell 
proliferation and induces cell apoptosis (Fig.  1) [13,43-45]. The anti-
neoplastic potential of the methanol extract of the C. burmannii stem 
and its constituent, TCA, showed the cytotoxicity on HK1 and C666-1 
nasopharyngeal carcinoma (NPC) cell lines [46].

Cinnamomum cassia Presl is widely cultivated in China. The dried 
stem bark of C. cassia, i.e.,  cassia bark, is not only important as a 
food spice, but is also considered to have medicinal properties and 
contains large amounts of bioactive compounds including essential 
oils (cinnamic aldehyde and cinnamyl aldehyde), tannin, mucus, and 
carbohydrates [47].

An antitumor effect of cinnamon was previously suggested 
in  vitro  [47,48] without in vivo evidence or a working mechanism. 
Elucidation of its mechanism of action will be important for its use 
as a traditional medicine [49]. In anticancer study, CA was active 
against human liver, lung, and leukemia cancer cells [19-21]. CA has 
been shown to possess antitumor activity through inhibiting cell 
proliferation and inducing cell apoptosis [43,50,51]. Its inhibitory effect 
on cell cycle progression was demonstrated through its ability to induce 
S-phase arrest in human PLC/PRF/5 cells [43]. The effect of CA on Hep 
G2 cell apoptosis was concluded on the CD95 (APO-1/CD95) signal 
transduction and p53 pathways. Several studies have shown that the 
B-cell lymphoma 2 (Bcl-2) family of proteins is the central of apoptotic 
regulation [52,53].

Cinnamomum subavenium Miq. (Lauraceae) is a medium-sized 
evergreen tree distributed in Burma, Cambodia, Central and Southern 
parts of China, Indonesia, Malaysia, and Taiwan [54]. Subamolide 
B is a butanolide isolated from C. subavenium Miq. Subamolide A, an 
isomer of subamolide B, has been reported to induce apoptosis in 
human colon adenocarcinoma cell line SW480 and human urothelial 
carcinoma cell line NTUB1 in addition to acting as an inhibitor of 

human tyrosinase [54-58]. Furthermore, an in vitro antimelanoma 
activity has been assigned to subamolide E, another butanolide isolated 
from C. subavenium [58,59].

Subamolide B activates the cell death pathways which were mediated 
by type II transmembrane protein (FasL/Fas), mitochondria, and 
endoplasmic reticulum stress. These cell death pathways lead to 
the activation of caspase-8, caspase-9, caspase-4, and caspase-3 
(Fig. 2) [58].

Cinnamomum kotoense is a small evergreen tree, endemic to Lanyu 
Island of Taiwan and recently has been cultivated as an ornamental 
plant. The extracts of C. kotoense effects on anti-proliferation activity 
on human peripheral blood mononuclear cells [59] and antitumor 
activity against HeLa cell [28]. Isoobtusilactone A was isolated from 
the C. kotoense leaves that was able to exhibit cytotoxic and genotoxic 
effects on a variety of cell types, including human laryngeal carcinoma 
Hep-2, Chinese hamster ovarian cell CHO-K1, rat hepatoma tissue 
culture [60], and mouse lymphoid leukemia P-388 [61].

Cinnamomum tenuifolium Sugimoto form. nervosum (Meissn.) 
Hara. (Lauraceae) is a medium-sized evergreen tree endemic to the 
Lanyu Island of Taiwan, all plant parts being conspicuously free of 
cinnamon odor. A  methanol extraction of the stems of C. tenuifolium 
afforded tenuifolide A, isotenuifolide A [17], tenuifolide B [62], and 
secotenuifolide A [57].

Cinnamomum tamala is a moderate-sized evergreen tree attaining a 
height of 8 m, and a girth of 150 cm. C. tamala is found in tropical and 
sub-tropical Himalayas, Khasi and Jaintia hills, and in Eastern Bengal, 
India.

Cinnamomum verum J. Presl is an evergreen tree, 10-15 m tall, belonging 
to the family Lauraceae and is native to Sri Lanka and South India. CA, 
one of the components in the bark has been found to possess significant 
antitumor, cytotoxic effect [12].

Cinnamomum osmophloeum Kaneh is an endemic tree of Taiwan. It 
grows in the natural hardwood forest elevations between 400 and 
1500 dpi. CA, a major bioactive compound isolated from the leaves of 
C. osmophloeum Kaneh [63,64], has been known to trigger apoptosis 
through mitochondrial permeability transition in human promyelocytic 
leukemia HL-60 cells [65] by activating the proapoptotic Bcl-2 family 
proteins [43].

CONCLUSION

Review of literatures indicates that Cinnamomum showed various 
cytotoxic activities in cancer cell line, namely basal cell carcinoma, 
breast cancer (MCF7) cell lines, epidermoid carcinoma (A431), human 
cancer promyelocytic leukemia (HL-60), human cervical carcinoma 
(SiHa), human colorectal carcinoma (HCT 116, HT 29, and SW 480), 
human epithelioid cervix carcinoma (HeLa), human glioblastoma 
multiform tumor (T98G), human leukemia (K562) and leukemia rat 
embryonic fibroblast (5RP7), human liver cancer (Hep-1), human 
lymphoblast lung (U937), human melanoma (A375) cell lines, human 
NPC (NPC/HK1 and C666-1), human oral cancer (KB) lymphocytic 
leukemia (L1210) cells, human oral squamous cell carcinoma (SCC) 
(Ca9-22 and SCC12), human prostate cancer cell (DU145 and PC-3), 
tumor cell line lymphoma melanoma, and cervix hepatoma Hep G2 cells 
line (Hep G2 and Hep3B) cell lines.

Literature indicates that when screening various plant extracts, herbs, 
and other compounds as cytotoxic activity, there were kotomolide A (1), 
isokotomolide A (2), and kotomolide B (3), and a new secobutanolide, 
secokotomolide A from C. subavenium. Tenuifolide A, isotenuifolide 
A [17], tenuifolide B [63], and secotenuifolide A from C. tenuifolium. 
Isoobtusilactone A was isolated from the C.  kotoense. TCA has been 
identified as one of the bioactive compounds in C. burmannii.

CD95

Cin Bcl-XL

PFTα PFTα

DNA Damage

PFTα

p53
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Bax

PARP clevage

Apoptosis
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 Figure 1 : A proposed model for the cytotoxic mechanisms of 
action of Cinnamaldehyde [13]
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Based on the review of researches which have been reported by 
distinguish researchers before, we concluded that cinnamon has the 
potential to be developed as anticancer, however further researches are 
needed to confirm the activity as well as the safety of this plants. Some 
investigations on the anticancer effect of this plant are in progress in 
our labs.
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