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Abstract

Cinnamon is often known as plant of tropical medicine. Its bark is commonly used as a spice in cooking on the
daily basis around the world. It also has beneficial medicinal characteristics in the prevention or treatment of
different chronic diseases. It is beneficial in oxidative stress, controlling the blood glucose level, blood pressure,
blood lipids, and insulin sensitivity. It is used as powdered form, aqueous extract and essential oil. A number of
cinnamon constituents have been isolated and are considered responsible for positive health effects. In this
article, a brief review of several studies on cinnamon, its constituents and their potential medical uses are

critically explained.
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Introduction

Herbs may truly consider as a part of Nature's
pharmacy. Herbal remedies are generally gentler and
safer in their action and are a major source of many of
the drugs used in Eastern as well as Western folk
medicine (Vangalapati et al, 2012). Due to the
nutritional and pharmaceutical values, the plant
materials are being indigenously used as household
remedies of various health related issues in the
developing and developed countries (Khalid et al.,
2014). These plants have been analyzed for their
mineral, phenolic and nutritional profile (Rao and
Mgller, 2011). Cinnamon mainly include aroma and
cologne and can be used into varieties of perfumes,
food products, cosmetics, toiletries and disinfectants
used in hospitals (Huang et al., 2007; Urbaniak et al.,
2013). The spice is obtained from the brown bark,
which

Cinnamaldehyde and trans-cinnamaldehyde are the

forms  longitudinal  striated  quills.
most important components of Cinnamon present in
the essential oil while catechins and procyanidins
have been found in cinnamon bark (Yeh et al., 2013).
Trans-cinnamaldehyde obtained from the essential oil
of C. zeylanicum is an antityrosinase (Marongiu et al.,
2007; Chou et al, 2013). These procyanidins
extracted from cinnamon have antioxidant activities
(Peng et al., 2014). The Cinnamon plant is native to
Sri Lanka, Indonesia, South America, South Eastern
India, the West Indies and Sri Lanka produces nearly

90% world’s true cinnamon.

Cinnamon is also used as anti-inflammatory,
larvicidal of mosquito (Cheng et al., 2004),
insecticidal (Cheng et al., 2004), antitermitic (Tung et
al., 2010), nematicidal (Kong et al., 2007), anti-
mycotic (Dhulasavant et al., 2010; Bandara et al.,
2012), anticancer agent (Koppikar et al., 2010; Lu et
al., 2010) and used for decrease of perineal pain and
refining healing of episiotomy incision (Mohammadi
and Oshaghi,

antioxidant behavior and some medical uses of

2014).This review provides the

cinnamon for controlling the oxidative related diseases.

Historical Background and Traditional Uses
Cinnamon was used as spice for thousands of years. It

belongs to botanical Division of Mangnoliophyta,
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Class Magnoliopsid, Family Lauraceae and many of
them are spicy, aromatic, flavouring agent with
positive health effects (Lee and Balick, 2005;
Timotius et al., 2015). It is mentioned in the Bible,
Greek, Roman Theophrast, Herodot, Dioskurides,
Galenus and Plinius liturature. Dioskorides
delineated five cassia and seven cinnamon species
where the cinnamon species were rumoured as
possessing diuretic and digestive properties. In the 8t
century, cinnamon was introduced in Europe as a
delicacy spice. Arabian utilized it around 1275 where,
Johannes of Montevino confirmed the existence of
cinnamon trees in Ceylon in 1310 (Qin et al., 2010;
Najafi and Taherpour, 2014). It was also employed in
preserving fluids in Egypt. In Ayurvedic drugs, its
natural bark was employed as anti-diarrheal,
antiemetic, antiflatulent and common stimulant. The
other Portuguese seeing trees of cinnamon growing in
Sri Lanka (Ceylon) in the early sixteenth century and
thence import cinnamon ensued to Europe during the

sixteenth and seventeenth centuries.

The cultivation of cinnamon started around 1765 in
Netherlands. The British took over in 1796 and the
cinnamon cultivation and mercantilism became a
monopoly of the British Eastern-Indian Company.
Around 1833, when The Netherlands developed the
cultivation of cinnamon in Java and Sumatra, the
herb and the volatile oil were introduced into drugs as
a stimulant and cardiotonicum. The oil was prepared
for the first time by St Amando of Doornyk at the end
of the fifteenth century. It was also used traditionally
as tooth powder, treat toothache oral micro biota, and
breathe problems (Gupta et al., 2012a). In the present
time, Sri Lanka is the main regular exporter of
cinnamon leaf oils and its bark for food stuff and

pharmacological industrialists (Barceloux, 2009).

Cinnamon is also added to flavour chewing gums in
addition to its uses as a spice and flavour agent due to
its mouth inspirational effects and capability to get
rid of bad breath (Jakhetia et al., 2010). Cinnamon
can also rally the health of the colon plummeting the
danger of colon cancer (Wondrak et al., 2010) and

easing intestinal damage (Wang et al, 2015).
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Cinnamon is a coagulant and stops bleeding (Hossein
et al., 2013). Cinnamon also upsurges the blood
circulation towards the uterus and other advances

tissue regeneration (Minich and Msom, 2008).

Important compounds in Cinnamon

Different parts of Cinnamon including leaves, bark,
roots flowers, fruits stalk and buds showed variations
in composition. Cinnamon contains a vast variety of
compounds, cinnamic acid,

viscous including
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cinnamate, cinnamaldehyde and vital oils. The active
phyto-constituents are cinnamaldehyde and eugnols.
Singh and Mitra (2007) reported that the spiced taste
and scent are due to the occurrence of

cinnamaldehyde.

As cinnamon old, it causes blackening in colour; increase
the viscous compounds (Singh et al., 2007). Important
chemical components of different parts of Cinnamon are

provided in the table 1(Vangalapati et al. (2012).

Table 1. Important chemical components of different parts of Cinammon.

Part of the plant

Compounds

Leaves

Cinnamaldehyde: 1-5%

Eugenol: 70-95%

Bark Cinnamaldehyde: 65-80%
Eugenol: 5-10%

Bark of Root Camphor: 60%
Fruit Caryophyllene (90-14%) and Cinnamyl acetate (42-54%)
Buds Oxygenated terpenoids: 9%
alpha-Bergamotene: 27.38%
Terpene hydrocarbons: 78%
alpha-copaene: 23.05%
Flowers trans-alpha-Bergamotene: 7.97%
(E)-Cinnamyl acetate: 41.98%
Caryophyllene oxide: 7.20%
Role as Antioxidant Cinnamon oil has been reported for potentially

Animal body is continuously exposed to different type
of the toxic substance that produces oxidative stress
(Asghar et al., 2016; Khan et al., 2016b). Oxidative
stress actually occurs due to the generation of the
reactive oxygen species and disturbance in the level
with body antioxidant system (Khan et al.,, 2016).
Antioxidants are essential for human body that
neutralizes the free reactive oxidant species (ROS).
Thus, antioxidants that are present in food materials
have an important role in human life as health-saving
agents. Antioxidants are also used as key additives in
fats, oils and in the food processing industry for the
prevention of food from spoilage (Khan et al., 2015;
Khan et al., 2015a). However, in the current time,
spices and medicinal plants are considered as sources
of beneficial antioxidants against a number of
different age-related diseases (Gunawardena et al.,
2002; Suhaj et al., 2006). Antioxidants are able to
react with free radicals and can respond to the
damage in metabolism disorders and syndromes

(Manosi et al., 2013; Gunawardena et al., 2015).

exhibiting superoxide dismutase- (SOD) activity as

specified by the hang-up of pyrogallol autoxidation.

Cinnamon also has different flavonoids and phenolic
compounds that have antioxidant character and free-
radical-scavenging capabilities (Rao and Gan, 2014).
It also assists as dietary sources of natural antioxidant
for refining human nutrition and health (Shobana

and Naidu, 2000).

Anti-Inflammatory properties

Chronic inflammation is an important element in a
number of age-related problems (Gunawardena et al.,
2015). Cinnamon and its essential oils have anti-
inflammatory activities (Tung et al., 2010; Kandhare
et al., 2013; Manosi et al., 2013). Some examples of
important flavonoid compounds isolated with anti-
inflammatory activities are hesperidin, gossypin,
hibifolin, hypolaetin, gnaphalin, oroxindin, and

quercetin (Chou et al., 2013).
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Cinnamaldehyde reported to inhibit nitric oxide
production which has been implicated in causing
inflammation. It also inhibits cyclooxygenase-2
catalyse prostaglandin E2 biosynthesis (Manosi et al.,
2013). Various components of C. ramulus displayed
anti-inflammatory activity. This is due to ability to
reduce the expression of nitric oxide production (iNOS),
nitric oxide (NO) and cyclooxygenase-2 (COX-2)
creation in the nervous system. In this manner, C.
ramulus might be used for the remedial or preclusion of
inflammation-mediated neurodegenerative diseases
(Kwon et al., 2009). In addition, the aqueous extract of
cinnamon is helpful in controlling the lipopolysaccharide
tempted tumour necrosis factor-a level in the serum
(Hong et al., 2012). In another study by Du et al.
(2014), the essential oil of C. longepaniculatum has anti-
inflammatory activity in dose dependent reduction of the
connective tissue injury, paw thickness and the
infiltration of inflammatory cell. The production of
PGE2, histamine and 5-HT in the exudates of edema
paw induced by carrageenan was also significantly
reduced by the essential oil. The ethanolic extract of
cinnamon (70%) has been effective on acute

inflammation in mice (Manosi et al., 2013).

Antimicrobial and antifungal properties

A number of studies indicate that cinnamon is a
natural antimicrobial agent. Cinnamon and its oils
reported for their antimicrobial activities in a number
of studies (Becerril et al., 2007; Gende et al., 2008;
Manosi et al., 2013). A combination of cinnamon and
clove oil shows antibacterial activity against Gram-
positive  organisms e.g.,  Bacillus cereus,
Staphylococcus aureus, Listeria monocytogenes and
Enterococcus faecalis as well as Gram-negative
organisms e.g., Pseudomonas  aeruginosa,
Escherichia coli, Salmonella choleraesuis Yersinia
enterocolitica (Goni et al., 2009). A recent study
indicated that the cinnamon extract show
antimicrobial activity against oral inhibiting micro
flora and its oil has a greater potential than further
plant extracts, e.g., Syzygium aromaticum and
Azadirachta indica (Parthasarathy and Thombare,
2013). According to Buru et al. (2014) the volatile oils

of bark from stem of C. porrectum C. altissimum, and
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C. impressicostatum showed a  significant
antibacterial activity against a varied number of
Gram-negative and Gram-positive bacteria. This
supports the traditional use of Cinnamomum species
for the treatment of wound infections. Fratini et al.
(2014) investigated the antimicrobial activities of C.

zeylanicum against six bacterial strains.

Urbaniak et al. (2013) determined that the cinnamon
bark oil has an antibacterial potential and can be used in
toiletries and disinfectants, cosmetics, applied in
hospital environment as an alternative antimicrobial
agent against Gram-negative and Gram-positive bacteria
belonging to Acinetobacter genera Staphylococcus and
Enterococcus, Enterobacter from different clinical
specimens. Abd El-Aziz et al. (2015) also found the
strong antimicrobial and antifungal potential of
cinnamon essential oil against fungal growth and

aflatoxin production in A. flavus and A. parasiticus.

Synergic role in Neurological Disorders

Cinnamophilin extracted from cinnamon reported to
protective against ischemic injury in brain rat treated
at 8omg/kg at the time breaks of 2, 4, and 6 hours
after treatment. It has a significant effect (34 to 43%)
on shortened brain infarction and further improves
the neurobehavioral (Lee et al, 2005).
Cinnamophilin intensely reduces the oxygen glucose
deficiency induced damage of neurons in
hippocampus rats (organotypic). Procyanidin type-A
trimmer isolated from water-soluble extract of
cinnamon showed reduction in cell bulge by
amendable the drive of intracellular calcium
(Panickar et al., 2012). It also significantly relieves
the oxygen glucose deprivation-induced damage on
uptake of glutamate possibly mediated through

effects on the mitochondria (Panickar et al., 2012).

Parkinson’s disease is second most important
neurodegenerative disorder after Alzheimer’s disease
with an incidence of 2% patients at age of 65 years
and older people (Bonifati et al., 2004). PARK7
defends cells from harm and additional injury by
oxidative stress and therefore this protein might be
used for an active therapeutic mediation of

Parkinson’s disease (Khasnavis and Pahan, 2012).
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Sodium benzoate, a cinnamon metabolite, has ability
of up regulating DJ* by controlling the metabolites of
mevalonate (Brahmachari et al., 2009; Khasnavis and
Pahan, 2012). Jana et al. (2013) found cinnamon and
sodium benzoate (its metabolite) regulate the
neurotropic neurotropic factors derived from brain
and neurotrophin-3 (NT-3) in the mouse CNS.
Aqueous extract of C. zeylanicum also reported to
reduce the aggregation and filament formation, most
important characteristics of Alzheimer’s disease.
(Peterson et al., 2009). This indicates the potential of

cinnamon for the Alzheimer’s disease treatment.

Synergetic role in cancer

Different kind of cancer is usually controlled through
the use of the chemical substances including the
nanoparticles e.g. the nano-ceria (Khan et al., 2015)
silver nanoparticles (Khan et al., 2015a). However, the
interest towards the natural substances is increasing
due to less deleterious effects (M. S. Khan et al., 2016).
The extract (aqueous) and the procyanidins fraction of
cinnamon can constrain vascular endothelial growth
activities of kinase. Therefore, there is a potential of
inhibiting the angiogenesis involved in cancer and
hence cinnamon can potentially be used for cancer

prevention (Lu et al., 2010).

According to a study by Kwon et al. (1997),
cinnamaldehydes from cinnamon has a potential as
inhibitor against angiogenesis disorder. Jeong et al.
(2003) stated that a chemical substance which can be
produced from 2-hydroxycinnamaldehyde derived
from cinnamaldehyde, called CB403, can prevent
tumour growth. Overall, many in-vivo and in-vitro
studies show that cinnamon can be used as an
anticancer agent due to the antitumor and growth
inhibitory potential of CB403. Fang et al. (2004)
stated the anticancer effect of trans-cinnamaldehyde
obtained from the source of C. osmophloeum, verdict
that trans-cinnamaldehyde presented potential effects
in restraining growth and produces the apoptosis. C.
zeylanicum aqueous extract can persuade apoptosis in
the human myelocytic leukaemia cell line (Assadollahi

etal., 2014);
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whereas the oils from C. cassia extracted prevent alpha
melanocyte stimulating hormone’s persuaded melanin
production, thereby overwhelming murine B16

melanoma oxidative stress (Chou etal., 2013).

Glycaemic control

Diabetes is a disorder of metabolism. Millions of
people around the globe are affecting day by day.
Therefore, new drugs or functional foods that contain
selective a-glucosidase inhibitors are required
(Kongstad et al., 2015). A substance “insulin-
potentiating factor” has been isolated from cinnamon.
The studies showed the anti-diabetic activities of
cinnamon bark in streptozotocin-induced diabetic rats.
Numerous studies have also discovered that cinnamon
extracts lower blood glucose as well as cholesterol

levels (Blevins et al., 2007; Crawford et al., 2009).

The studies showed that water soluble polyphenol
enhanced extracts of C. zeylanicum Gallic acid
equivalents of polyphenol content had better
antioxidant potential and significant decrease in
glucose and lipids and other biochemical parameters.
Furthermore, 'procynz-45' containing 45% GAE
polyphenols at a dose level of 125 mg twice per day for
30 days administered to fifteen volunteer humans
with elevated fasting blood glucose levels and were
not taking any medications, lowered blood glucose
levels and  ameliorated  oxidative  stress.
Cinnamaldehyde extracted from cinnamon has been
found to have insulinotropic effect in insulin
deficiency (El-Bassossy et al., 2013). Cinnamon
extract has also affect the insulin action in the brain
and brain activity during locomotion, which shows
that cinnamon, can mediate metabolic changes in the
periphery to decrease liver fat and improve glucose

homeostasis (Sartorius et al., 2014).

Cardiovascular and related Diseases

Heart diseases are common around the world with
huge number of causalities (Khan et al., 2016). Large
number of studies has stated the defensive effects of
cinnamaldehyde on the cardiac system (Hwa et al.,
2012). A study by Song et al. (2013) studied the
possible effects of two compounds, cinnamic aldehyde

and cinnamic acid,
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isolated from C. cassia against ischemia (Song et al.,

2013). Cinnamophilin have the potential of
thromboxane synthase inhibition and helpful in
disorders such as platelet aggregation and cancers

(MA et al., 2006; El-Bassossy et al., 2013).

Toxicity of Cinnamon

Cinnamon no doubt has positive health effects against
many chronic diseases but its uses with other
medications and overdose can cause serious negative
effects. It should be taken carefully and one should
know the species and the components present in that
particular species. According to U S department of
health the recommended dose of cinnamon is six
grams per day for about six weeks. High dose of
cinnamon can damage liver due to presence of
Coumarin (5%) that is dangerous to human body. In
pregnant woman, cinnamon can induce premature
labour pain and uterine contraction. Cinnamon can
cause allergy especially in children, the symptoms of
allergy may be running of nose, soreness of eyes,
watery eyes and shortness of breath. Cinnamon oil
causes skin irritation especially in young ones and
cinnamon powder produces allergy to the touching
hands. Cinnamon acts as an antibiotic so while taking
other antibiotic, the use of cinnamon should be
high level disturb

metabolism (Civitello, 2011). Frequent and over use

stopped as of antibiotics
of cinnamon also produces body heat like alcohol,
black pepper, lobster and coffee. Like cinnamon oil
that burns the skin directly where it is applied, the
candy and gum that contain cinnamon can also

irritate the tissues inside the mouth.

Conclusion

This review concluded that Cinnamon can be effectively
used in prevention and treatment of chronic diseases. It
is also effective in controlling of the oxidative stress,
blood glucose level, blood pressure, blood lipids, and
insulin sensitivity. A number of cinnamon constituents
have been isolated to date that are considered
responsible for positive health effects. A daily used in
feeding can reduce the chance of oxidative stress related

disease.
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It is further revealed that, the compounds isolated are of
medical importance and can be used in the future
medicine of plant origin.

References

Abd El-Aziz AR, Mahmoud MA, Al-Othman
MR, Al-Gahtani MF. 2015. Use of Selected
Essential Oils to Control Aflatoxin Contaminated
Stored Cashew and Detection of Aflatoxin
Biosynthesis Gene. The Scientific World Journal
2015, 1-13.

http://dx.doi. org/10.1155/2015/958192.

Asghar MS, Quershi NA, Jabeen F, Shakeel M,
Khan MS. 2016. Genotoxicity and oxidative stress
analysis in the Catla catla treated with ZnO NPs. Journal
of Biodiversity and Environmental Sciences 8(4), 91-104.

Assadollahi V, Gholami M, Zendedel A. 2014. C.
zeylanicum aqueous extract induced apoptosis in the
human myelocytic leukemia cell line (THP-1).
Bratislavske lekarske listy 116(2), 132-135.
http:// dx.doi.org/10.4149/bll_2015_026.

Bandara T, Uluwaduge I, Jansz E. 2012.
Bioactivity of cinnamon with special emphasis on
diabetes mellitus: a review. International Journal of
Food Sciences and Nutrition 63(3), 380-386.
http://dx.doi.org/10.3109/09637486.2011.627849.

Barceloux DG. 2009. Cinnamon (Cinnamomum
55(6),  327-335.
http://dx.doi.org/10.1016/j.disamonth.2009.03.003.

species).  Disease-a-month

Becerril R, Go6mez-Lus R, Goni P, Lopez P, Nerin
C. 2007. Combination of analytical and microbiological
techniques to study the antimicrobial activity of a new
active food packaging containing cinnamon or oregano
against E. coli and S. aureus. Analytical and
bioanalytical 388(5-6),
http://dx.doi.org/10.1007/s00216-007-1332-X.

chemistry 1003-1011.

Blevins SM, Leyva MJ, Brown J, Wright J,
Scofield RH, Aston CE. 2007. Effect of cinnamon
on glucose and lipid levels in Non—insulin-dependent
type 2 diabetes. Diabetes care 30(9), 2236-2237.
http://dx.doi.org/10.2337/dco7-0098.

94 | Asghar et al.


http://dx.doi.org/10.1016/j.disamonth.2009.03.003
http://dx.doi.org/10.1007/s00216-007-1332-x
http://dx.doi.org/10.2337/dc07-0098

Int. J. Biosci.

Bonifati V, Oostra BA, Heutink P. 2004. Linking
DJ-1 to neurodegeneration offers novel insights for
understanding the pathogenesis of Parkinson’s disease.
Journal of molecular medicine 82(3), 163-174.

http://dx.doi.org/10.1007/s00109-003-0512-1.

Brahmachari S, Jana A, Pahan K. 2009. Sodium
benzoate, a metabolite of cinnamon and a food
additive,
inflammatory responses. The Journal of Immunology
183(9), 5917-5927.

http://dx.doi.org/10.4049/ jimmunol.0803336.

reduces microglial and astroglial

Buru AS, Pichika MR, Neela V, Mohandas K. 2014.
In vitro antibacterial effects of Cinnamomum extracts on
common bacteria found in wound infections with
emphasis on methicillin-resistant Staphylococcus aureus.
Journal of ethnopharmacology 153(3), 587-595.
http://dx.doi.org/10.1016/j.jep.2014.02.044.

Cheng S-S, Liu J-Y, Tsai K-H, Chen W-J, Chang
S-T. 2004. Chemical composition and mosquito
larvicidal activity of essential oils from leaves of different
Cinnamomum osmophloeum provenances. Journal of
agricultural and food chemistry 52(14), 4395-4400.
http://dx.doi.org/10.1021/jf0497152.

Chou ST, Chang WL, Chang CT, Hsu SL, Lin YC,
Shih Y. 2013. Cinnamomum cassia essential oil
inhibits o-MSH-induced melanin production and
oxidative stress in murine B16 melanoma cells.
International journal of molecular sciences 14(9),
19186-19201.
http://dx.doi.org/10.3390/ijms140919186.

Civitello L. 2011. Cuisine and culture: A history of
food and people: John Wiley & Sons.

Crawford TN, Alfaro I, Kerrison JB, Jablon
EP. 2009. Diabetic retinopathy and angiogenesis.
Current diabetes reviews 5(1), 8-13.

Dhulasavant V, Shinde S, Pawar M, Naikwade
activity  of

Cinnamomum tamala Nees. on high cholesterol diet

N. 2010.  Antihyperlipidemic

induced hyperlipidemia. International Journal of

PharmTech Research 2(4), 2517-2521.

2017

Du Y-H, Feng R-Z, Li Q, Wei Q, Yin Z-Q, Zhou L-
J, Tao C, Jia R-Y. 2014. Anti-inflammatory activity of
leaf essential oil from Cinnamomum longepaniculatum
(Gamble) N. Chao. International journal of clinical and
experimental medicine 7(12), 5612.

El-Bassossy HM, Abo-Warda SM, Fahmy A. 2013.
Chrysin and Luteolin Attenuate Diabetes-Induced
Impairment in Endothelial-Dependent Relaxation:
Effect on Lipid Profile, AGEs and NO Generation.
Phytotherapy 27(11), 1678-1684.
http://dx.doi.org/10.1002/ptr.4917.

Research

Fang S-H, Rao YK, Tzeng Y-M. 2004. Cytotoxic
effect of trans-cinnamaldehyde from Cinnamomum
osmophloeum leaves on Human cancer cell lines.
International Journal of Applied Science and

Engineering 2(2), 136-147.

Fratini F, Casella S, Leonardi M, Pisseri F,
Ebani VV, Pistelli L, Pistelli L.

Antibacterial activity of essential oils, their blends

2014.

and mixtures of their main constituents against some
strains supporting livestock mastitis. Fitoterapia 96,
1-7.

http://dx.doi.org/10.1016/j.fitote.2014.04.003.

Gende LB, Floris I, Fritz R, Eguaras MJ. 2008.
Antimicrobial activity of cinnamon (Cinnamomum
zeylanicum) essential oil and its main components
against Paenibacillus larvae from Argentine. Bulletin

of insectology 61(1), 1.

Goni P, Lopez P, Sanchez C, Gomez-Lus R,
Becerril R, Nerin C. 2009. Antimicrobial activity in
the vapour phase of a combination of cinnamon and
clove essential oils. Food chemistry 116(4), 982-989.
http://dx.doi.org/10.1016/j.foodchem.2009.03.058.

Gunawardena D, Karunaweera N, Lee S, van
Der Kooy F, Harman DG, Raju R, Bennett L,
Gyengesi E, Sucher NJ, Miinch G. 2015. Anti-
inflammatory activity of cinnamon (C. zeylanicum
and C. of E-

cinnamaldehyde and o-methoxy cinnamaldehyde as

cassia) extracts—identification
the most potent bioactive compounds. Food &
function 6(3), 910-919.

http://dx.doi.org/10.1039/ c4foo0680a.

95 | Asghar et al.


http://dx.doi.org/10.1007/s00109-003-0512-1
http://dx.doi.org/10.4049/%20jimmunol.0803336
http://dx.doi.org/10.1016/j.jep.2014.02.044
http://dx.doi.org/10.1021/jf0497152
http://dx.doi.org/10.3390/ijms140919186
http://dx.doi.org/10.1002/ptr.4917
http://dx.doi.org/10.1016/j.fitote.2014.04.003
http://dx.doi.org/10.1016/j.foodchem.2009.03.058
http://dx.doi.org/10.1039/%20c4fo00680a

Int. J. Biosci.

Gunawardena K, Murray DK, Swope RE,
Meikle AW. 2002. Inhibition of nuclear factor kB
induces apoptosis following treatment with tumor
necrosis factor a and an antioxidant in human
prostate cancer cells. Cancer detection and prevention
26(3), 229-237.
http://dx.doi.org/10.1016/s0361-090x(02)00061-2.

Gupta C, Kumari A, Garg AP.

Comparative study of cinnamon oil and clove oil in

2012a.

some oral microbiota. Acta Bio Medica Atenei

Parmensis 82(3), 197-199.

Hong J-W, Yang G-E, Kim YB, Eom SH, Lew J-
H, Kang H. 2012. Anti-inflammatory activity of
cinnamon water extract in vivo and in vitro LPS-
induced models. BMC complementary and alternative
medicine 12(1), 237.
http://dx.doi.org/10.1186/1472-6882-12-237.

Hossein N, Zahra Z, Abolfazl M, Mahdi S, Ali
K. 2013. Effect of Cinnamon zeylanicum essence and
distillate on the clotting time. Journal of Medicinal

Plants Research 7(19), 1339-1343.

Huang T-C, Fu H-Y, Ho C-T, Tan D, Huang Y-
T, Pan M-H. 2007. Induction of apoptosis by
cinnamaldehyde from indigenous cinnamon
Cinnamomum osmophloeum Kaneh through reactive
oxygen species production, glutathione depletion, and
caspase activation in human leukemia K562 cells.

Food chemistry 103(2), 434-443.

Hwa JS, Jin YC, Lee YS, Ko YS, Kim YM, Shi
LY, Kim HJ, Lee JH, Ngoc TM, Bae KH. 2012.
2-methoxycinnamaldehyde from  Cinnamomum

cassia reduces rat myocardial ischemia and
reperfusion injury in vivo due to HO-1 induction.
Journal of ethnopharmacology 139(2), 605-615.

http://dx.doi.org/10.1016/j.jep.2011.12.001.

Jakhetia V, Patel R, Khatri P, Pahuja N, Garg
S, Pandey A, Sharma S. 2010. Cinnamon: a
Journal of advanced

pharmacological review.

scientific research 1(2), 19-23.

2017

Jana A, Modi KK, Roy A, Anderson JA, van
Breemen RB, Pahan K. 2013. Up-regulation of

neurotrophic factors by cinnamon and its metabolite

sodium benzoate: therapeutic implications for
neurodegenerative disorders. Journal of
Neuroimmune Pharmacology 8(3), 739-755.

http://dx.doi.org/10.1007/511481-013-9447-7.

Jeong H-W, Han DC, Son K-H, Han MY, Lim
J-S, Ha J-H, Lee CW, Kim HM, Kim H-C,
Kwon B-M. 2003. Antitumor effect of the
cinnamaldehyde derivative CB403 through the arrest
of cell cycle progression in the G 2/M phase.
Biochemical

Pharmacology 65(8), 1343-1350.

http://dx.doi.org/10.1016/s0006-2952(03)00038-8.

Kandhare AD, Bodhankar SL, Singh V, Mohan
V, Thakurdesai PA. 2013. Anti-asthmatic effects of
type-A procyanidine polyphenols from Cinnamon bark
in ovalbumin-induced airway hyperresponsiveness in
laboratory animals. Biomedicine & Aging Pathology
3(1), 23-30.

http://dx.doi.org/10.1016/j.biomag. 2013.01.003.

Khalid N, Ahmed 1, Latif MSZ, Rafique T,
Fawad SA. 2014. Comparison of antimicrobial
activity, phytochemical profile and minerals
composition of garlic Allium sativum and Allium
tuberosum. Journal of the Korean Society for Applied
Biological Chemistry 57(3), 311-317

http://dx.doi. org/10.1007/s13765-014-4021-4.

Khan FU, Rahool, Nangyal B, Nangyal H, Khan
MS. 2016. Changes in cardiac troponin level in
Myocardial infracted patients and its relation with age.
International Journal of Biosciences 9(2), 97-103.

http://dx.doi.org/10.12692/ijb/9.2.96-103.

Khan MS, Jabeen F, Asghar MS, Qureshi NA,
Shakeel M, Noureen A, Shabbir S. 2015. Role of
nao-ceria in the amelioration of oxidative stress: current
and future applications in medicine. International
Journal of Biosciences (IJB) 6(8), 89-109.
http://dx.doi.org/10.12692/ijb/6.8.89-109.

96 | Asghar et al.


http://dx.doi.org/10.1016/s0361-090x(02)00061-2
http://dx.doi.org/10.1186/1472-6882-12-237
http://dx.doi.org/10.1016/j.jep.2011.12.001
http://dx.doi.org/10.1007/s11481-013-9447-7
http://dx.doi.org/10.1016/s0006-2952(03)00038-8
http://dx.doi.org/10.1016/j.biomag.%202013.01.003
http://dx.doi.org/10.12692/ijb/9.2.96-103
http://dx.doi.org/10.12692/ijb/6.8.89-109

Int. J. Biosci.

Khan MS, Jabeen F, Qureshi NA, Asghar MS,
Shakeel M, Noureen A. 2015a. Toxicity of silver
nanoparticles in fish: a critical review. Journal of

Biodiversity and Environmental Sciences 6(5), 211-227.

Khan MS, Quershi NA, Jabeen F, Asghar MS,
Shakeel M. 2016. Analysis of minerals profile,
phenolic compounds and potential of Garlic (Allium
sativum) as antioxidant scavenging the free radicals.
International Journal of Biosciences 8(4), 72-82.
http://dx.doi.org/10.12692/ijb/8.4.72-82.

Khan MS, Qureshi NA, Jabeen F, Asghar MS,
Shakeel M, Fakhar -e -Alam M. 2016b. Eco-
Friendly Synthesis of Silver Nanoparticles Through
Economical Methods and Assessment of Toxicity
Through Oxidative Stress Analysis in the Labeo
Rohita. Biological trace element research, 1-13.

http://dx.doi.org/10.1007/s12011-016-0838-5.

Khan MU, Qurashi NA, Khan MS, Jabeen F,
Umar A, Yaqoob J, Wajid M. 2016. Generation of
reactive oxygen species and their impact on the health
related parameters: A critical review. International
Journal  of 9(1), 303-323.
http://dx.doi.org/10.12692/ijb/9.1.303-323.

Biosciences

Khasnavis S, Pahan K. 2012. Sodium benzoate, a
metabolite of cinnamon and a food additive,
Parkinson disease

upregulates neuroprotective

protein DJ-1 in astrocytes and neurons. Journal of
7(2),  424-435.
http://dx.doi.org/10.1007/511481-011-9286-3.

Neuroimmune Pharmacology

Kong B, Wang J, Xiong YL. 2007. Antimicrobial
activity of several herb and spice extracts in culture
medium and in vacuum-packaged pork. Journal of
Food Protection® 70(3), 641-647.
http://dx.doi.org/10.4315/0362-028x-70.3.641.

Kongstad KT, Ozdemir C, Barzak A, Wubshet
SG, Staerk D. 2015. Combined use of high-resolution
a-glucosidase inhibition profiling and HPLC-HRMS-
SPE-NMR for investigation of antidiabetic principles
in crude plant extracts. Journal of agricultural and
food chemistry 63(8), 2257-2263.

http://dx.doi.org/ 10.1021/jf506297Kk.

2017

Koppikar SJ, Choudhari AS, Suryavanshi SA,
Kumari S, Chattopadhyay S, Kaul-Ghanekar R.
2010. 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 10(1), 210.

http://dx.doi.org/10.1186/1471-2407-10-210.

Kwon B-M, Lee S-H, Cho Y-K, Bok S-H, So S-
H, Youn M-R, Chang S-I. 1997. Synthesis and
biological  activity of cinnamaldehydes as
angiogenesis inhibitors. Bioorganic & Medicinal
Chemistry Letters 7(19), 2473-2476.

http://dx.doi. org/10.1016/s0960-894x(97)10008-7.

Kwon H-K, Jeon WK, Hwang J-S, Lee C-G, So
J-S, Park J-A, Ko BS, Im S-H. 2009. Cinnamon
extract suppresses tumor progression by modulating
angiogenesis and the effector function of CD8+ T
cells. Cancer letters 278(2), 174-182.

http://dx.doi. org/10.1016//j.canlet.2009.01.015.

Lee R, Balick MJ. 2005. Sweet wood cinnamon and
its importance as a spice and medicine. Explore: The
Journal of Science and Healing 1(1), 61-64.
http://dx.doi.org/10.1016/j.explore.2004.10.011.

Lee SH, Lee SY, Son DJ, Lee H, Yoo HS, Song
S, Oh KW, Han DC, Kwon BM, Hong JT. 2005.
Inhibitory effect of 2’-hydroxycinnamaldehyde on
nitric oxide production through inhibition of NF-xB
in RAW 264.7 cells.

Pharmacology 69(5), 791-799.
http://dx.doi.org/10. 1016/j.bcp.2004.11.013.

activation Biochemical

Lu J, Zhang K, Nam S, Anderson RA, Jove R,
Wen W. 2010. Novel angiogenesis inhibitory activity in
cinnamon extract blocks VEGFR2 kinase and
downstream signaling. Carcinogenesis 31(3), 481-488.

http://dx.doi.org/10.1093/carcin/bgp292.

MA J-H, NIE J-H, XING J-H. 2006. Optimization
for extraction process of cortex phellodendri [J].

Journal of Xinjiang Medical University 4, 003.

97 | Asghar et al.


http://dx.doi.org/10.12692/ijb/8.4.72-82
http://dx.doi.org/10.1007/s12011-016-0838-5
http://dx.doi.org/10.12692/ijb/9.1.303-323
http://dx.doi.org/10.1007/s11481-011-9286-3
http://dx.doi.org/10.4315/0362-028x-70.3.641
http://dx.doi.org/%2010.1021/jf506297k
http://dx.doi.org/10.1186/1471-2407-10-210
http://dx.doi.org/10.1016/j.explore.2004.10.011
http://dx.doi.org/10.%201016/j.bcp.2004.11.013
http://dx.doi.org/10.1093/carcin/bgp292

Int. J. Biosci.

Manosi S, Mandal S, Mallick B, Hazra J. 2013.
Ethnobotany,

aspect of Cinnamomum Zeylanicum. int. Res.

Phytochemical and pharmacological

International Research Journal of Pharmacy 4, 58-63.
http://dx.doi.org/10.7897/2230-8407.04409.

Marongiu B, Piras A, Porcedda S, Tuveri E,
Sanjust E, Meli M, Sollai F, Zucca P, Rescigno
A. 2007. Supercritical CO2 extract of Cinnamomum
zeylanicum: chemical  characterization  and
antityrosinase activity. Journal of agricultural and
55(24),

http://dx.doi.org/10.1021/jf071938f.

food chemistry 10022-10027.

Minich S, Msom L. 2008. Chinese Herbal Medicine
in Women’s Health. Women’s Health.

Mohammadi A, Oshaghi EA. 2014. Effect of garlic
on lipid profile and expression of LXR alpha in
intestine and liver of hypercholesterolemic mice.

Journal of Diabetes Metabolic Disorder 13(1), 20.

Najafi S, Taherpour K. 2014. Effects of Dietary
Ofjicinale),
Synbiotic and

Cinnamon
Antibiotic

Ginger (Zingiber
(Cinnamomum),
Supplementation on Performance of Broilers. Journal

of Animal Science Advances 4(1), 658-667.

Panickar K, Polansky M, Graves D, Urban J,
Anderson R. 2012. A procyanidin type A trimer from
cinnamon extract attenuates glial cell swelling and the
reduction in glutamate uptake following ischemia-like
87-98.
http://dx.doi.org/10.1016/j.neuroscience.2011.11.051.

injury in vitro. Neuroscience =202,

Parthasarathy H, Thombare S. 2013. Evaluation
of antimicrobial activity of Azadirachta indica,
Syzygium aromaticum and Cinnamomum zeyalnicum
Asian  Journal of

against oral microflora.

Experimental Sciences 27(2), 13-16.

Peng L, He X, Zhang P, Zhang J, Li Y, Zhang J,
Ma Y, Ding Y, Wu Z, Chai Z. 2014. Comparative
Pulmonary Toxicity of Two Ceria Nanoparticles with
the Same Primary Size. International journal of

molecular sciences 15(4), 6072-6085.

2017

Peterson DW, George RC, Scaramozzino F,
LaPointe NE, Anderson RA, Graves DJ, Lew J.
2009. Cinnamon extract inhibits tau aggregation
associated with Alzheimer's disease in vitro. Journal
of Alzheimer's Disease 17(3), 585.

Qin B, Polansky M, Anderson R.
Cinnamon extract regulates plasma levels of adipose-

2010.

derived factors and expression of multiple genes
related to carbohydrate metabolism and lipogenesis
in adipose tissue of fructose-fed rats. Hormone and
metabolic research= Hormon-und Stoff
wechselforschung= Hormones et metabolisme 42(3),
187-193.

http://dx.doi.org/10.1055/s-0029-1242746.

Rao PV, Gan SH. 2014. Cinnamon: a multifaceted
medicinal plant. Evidence-Based Complementary and

Alternative Medicine 2014.

Rao R, Mgller IM. 2011. Pattern of occurrence and
occupancy of carbonylation sites in proteins.
Proteomics 11(21), 4166-4173.

http://dx.doi.org/ 10.1002/pmic.201100223.

Sartorius T, Peter A, Schulz N, Drescher A,
Bergheim I, Machann J, Schick F, Siegel-Axel D,
Schurmann A, Weigert C. 2014. Cinnamon extract
improves insulin sensitivity in the brain and lowers liver
fat in mouse models of obesity. PloS one 9(3).

http://dx.doi.org/10.1371/journal.pone.0092358.

Shobana S, Naidu KA. 2000. Antioxidant activity of
selected Indian spices. Prostaglandins, Leukotrienes and
Essential Fatty Acids 62(2), 107-110.
http://dx.doi.org/10.1054/plef.1999.0128.

Singh TS, Mitra S. 2007. Fluorescence behavior of
intramolecular charge transfer state in trans-ethyl p-
(dimethylamino) cinamate. Journal of Luminescence
127(2), 508-514.

http://dx.doi.org/10.1016/j.jlumin. 2007.03.001.

Song F, Li H, Sun J, Wang S. 2013. Protective
effects of cinnamic acid and cinnamic aldehyde on
isoproterenol-induced acute myocardial ischemia in
rats. Journal of Ethnopharmacology 150(1), 125-130.
http://dx.doi.org/10.1016/j.jep.2013.08.019.

98 | Asghar et al.


http://dx.doi.org/10.7897/2230-8407.04409
http://dx.doi.org/10.1021/jf071938f
http://dx.doi.org/10.1016/j.neuroscience.2011.11.051
http://dx.doi.org/10.1055/s-0029-1242746
http://dx.doi.org/%2010.1002/pmic.201100223
http://dx.doi.org/10.1371/journal.pone.0092358
http://dx.doi.org/10.1054/plef.1999.0128
http://dx.doi.org/10.1016/j.jlumin.%202007.03.001
http://dx.doi.org/10.1016/j.jep.2013.08.019

Int. J. Biosci.

Suhaj M, Racova J, Polovka M, Brezova V.
2006. Effect of y-irradiation on antioxidant activity of
black pepper (Piper nigrum L.). Food chemistry
97(4), 696-704.

http://dx.doi.org/10.1016/j. foodchem.2005.05.048.

Timotius KH, Sari IN, Santoso AW. 2015. Major
Bioactive Compounds of Pilis Plant Materials: A GC-
MS Analysis.

http://dx.doi.org/10.5530/pc.2015.3.4.

Tung Y-T, Yen P-L, Lin C-Y, Chang S-T. 2010.
Anti-inflammatory activities of essential oils and their
constituents from different provenances of
indigenous cinnamon (Cinnamomum osmophloeum)
leaves. Pharmaceutical biology 48(10), 1130-1136.

http://dx.doi.org/10.3109/13880200903527728.

Urbaniak A, Glowacka A, Kowalczyk E,
Lysakowska M, Sienkiewicz M. 2013. The
antibacterial activity of cinnamon oil on the selected
gram-positive and gram-negative bacteria. Medycyna
doswiadczalna i mikrobiologia 66(2), 131-141.

2017

Vangalapati M, Satya S, Prakash S,
Avanigadda S. 2012. A review on pharmacological
activities and clinical effects of Cinnamon species.
Research Journal of pharmaceutical, biological and

chemical sciences 3(1), 653-663.

Wang HP, Yang J, Qin LQ, Yang XJ. 2015. Effect
of Garlic on Blood Pressure: A Meta-Analysis. The
Journal of Clinical Hypertension 17(3), 223-231.
http://dx.doi.org/10.1111/jch.12473.

Yeh H-F, Luo C-Y, Lin C-Y, Cheng S-S, Hsu Y-
R, Chang S-T. 2013. Methods for thermal stability
enhancement of leaf essential oils and their main
cinnamon

constituents from indigenous

(Cinnamomum Journal of

agricultural and food chemistry 61(26), 6293-6298.

osmophloeum).

99 | Asghar et al.


http://dx.doi.org/10.1016/j.%20foodchem.2005.05.048
http://dx.doi.org/10.5530/pc.2015.3.4
http://dx.doi.org/10.3109/13880200903527728
http://dx.doi.org/10.1111/jch.12473

