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Abstract— Cinnamon has been used for centuries for 

ethnomedicinal purposes. It is a traditional spice widely 

used as a part of daily diet in majority of the tropical 

countries. This plant belonging to the lauraceae family, is 

one of the richest source of phenolic compounds such as 

cinnamaldehyde, cinnamic acid, ethyl cinnamate, catechin, 

epicatechin, β-caryophyllene, coumarin, eugenol, 

procyanidins and linalool etc. It endows great potential in 

the fields of culinary, pharmacy, and preservation by virtue 

of its aromatic, antioxidative and antimicrobial properties. 

The objective of this article is to entail mechanisms involved 

in the actions of cinnamon as a whole and its active 

components, in combating different health disorders. Web 

sites of Google Scholar, Pubmed and Medline were searched 

for articles written in English and published the in peer-

reviewed journals from 2003-2016 and sixty one research 

articles were extracted. This review might act as a baseline 

information reservoir for further exploration on cinnamon 

and its components to be used in modulating metabolic 

pathways involved in physiological malfunctions and health 

disorders in preclinical and clinical scenario with a societal 

impact. 
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I. INTRODUCTION 

Cinnamon is one of the most treasured spices from ancient 

times; even it had been mentioned in the Bible and 

considered more precious than gold. It is known that 

cinnamon was brought to Europe from Asia; as a cooking 

spice and medicine and was used as an embalming agent by 

the Egyptians since ancient times [1]. It was extensively 

used not only in cooking, essence, and preservation 

purposes but also enormously utilized in the ayurvedic 

medicines. Cinnamon has been mentioned as an important 

component for traditional Asian therapies and has been 

known to be applied in combination with other herbs. In one 

of the earliest books on Chinese botanical medicine dated 

around 2700 BC, cinnamon has been acknowledged, which 

reflects its reputation in China around that time period. Sri 

Lankan Cinnamon, previously known as Ceylon, is still 

regarded as the best grade, as true Cinnamon is native to Sri 

Lanka, In India and Sri Lanka Cinnamon is still used as a 

common cooking spice, not only for sweets, but also as an 

integral part of the spice mixture known as 'curry powder'. It 

is also frequently mixed with honey and taken with tea, 

though the British found it more to their taste to add rum 

and lemon to the brew. Cinnamon when used as an essential 

ingredient of 'Chai', the Indian spice tea, is traditionally 

considered to have aphrodisiac properties  

Cinnamon, a tropical evergreen tree growing up to 

20 - 30 feet tall, is endowed with aromatic bark and leaves. 

Principally cinnamon is propagated by seeds, as it is a much 

easier process to adopt than planting the cuttings and layers 

commercially. It requires sandy or siliconous soil with an 

admixture of humus. Its growth pattern also varies with the 

altitude, with a favorable range lying within 800-1000 

meters. An annual rainfall of 200-250cm in a sheltered 

condition is ideal for cultivation of cinnamon [2].  

Cinnamon, belonging to the large genus 

Cinnamomum in the lauraceae family, has approximately 

250 species, among them the well-known species are like 

Cinnamomum cassia (commonly known as Cassia or 

Chinese cinnamon), C. verum, (the variety from Sri Lanka, 

also known as Ceylon cinnamon), C. burmannii (Padang 

cassia or Korintje, native to Indonesia), the variety from 

Malabar (C. citriodorum), the Vietnamese cinnamon (C. 

loureiroi (local name Saigon cinnamon) and C. tamale 

(Indian cinnamon).   

Production of cinnamon annually amounts to 

27,500–35,000 tons, worldwide. Out of total global 

cinnamon production that of C. verum annually amounts to 

7,500–10,000 tons, the remaining being produced by other 

species. 80–90% of the world's supply of C. verum is 

produced in Sri Lanka, but that is the only species grown 

there; C. verum is also commercially cultivated 

in Seychelles and Madagascar. Average production of the 

other species is 20,000–25,000 tons globally, two-third of 

which is produced by Indonesia, with significant production 

in China. India and Vietnam produce cinnamon in a minor 

scale. Some of the active components present in cinnamon 

are – cinnamaldehyde, cinnamic acid, ethyl cinnamate, 

catechin, epicatechin, β-caryophyllene, coumarin, eugenol, 

procyanidins and linalool etc. The essential oil of cinnamon 

yields the aroma, in which cinnamaldehyde is the key 

contributor, consisting about 90% of the essential oil from 

the bark. Apart from this aromatic property, the essential oil 

of cinnamon is the indispensable factor imparting the 

antimicrobial activities, making it imperative for 

preservation purposes. The anti-microbial action of 

cinnamon is the principle mechanism involved in the 

preservation of food and so it can be well considered as a 

good food preservative agent. In addition to its antibacterial 

agent.  Numerous phenolic compounds present in cinnamon 

impart several health benefits by virtue of their 

antioxidative, antidiabetic, cardio-protective, anti-

inflammatory and many more properties. In India it is 

widely used as a traditional preventive measure at the first 

sign of cold. The essential oil component of Cinnamon has 

anti-coagulant properties, and has been known to be used for 

blood thinning and improving circulation and even to treat 

heart palpitations. Use of cinnamon has been mentioned in 

case of different kinds of pains, including menstrual cramps 

and joint aches. Herbalists in Europe advised its use for 

indigestion, dyspepsia, loss of appetite and diarrhoea [3]. In 

the 19th century cinnamon was used as a tonic, carminative, 

stimulant, astringent, stomachic by American Eclectic 

physicians and also as a flavor enhancer of other medicines 
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[4]. Hence, nowadays, multitudinous research work is being 

carried out to explore the mechanism of action of those 

bioactive components ameliorating health disorders. This 

review compiles the effects of cinnamon and its active 

components on the metabolic processes and pathobiological 

conditions.  
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Fig. 1: Chemical structures of different active components 

present in Cinnamon. (a) Cinnamaldehyde, (b) Cinnamic 

acid, (c) Ethyl cinnamate, (d) Catechin, (e) Epicatechin, (f) 

β-Caryophyllene, (g) Coumarin, (h) Eugenol, (i) Linalool, 

(j) Procyanidin B2. 

II. CINNAMON AND DIABETES 

Thorough investigations have been carried out to elicit the 

antidiabetic potential of cinnamon. Cinnamon exerted a 

potential antidiabetic activity in mouse 3T3-L1 adipocytes 

by upregulating insulin receptor ß (IRß) and glucose 

transporter 4 (GLUT4) levels when treated with water 

soluble cinnamon extract (CE) and cinnamon polyphenols 

(CP). However, a decrease in IR-ß protein and IR mRNA 

levels, have been observed with CE administration at a 

higher concentration which also exhibited a biphasic pattern 

on GLUT4 mRNA levels in the adipocytes [5]. 

Incorporation of cinnamon bark extract (CBEt) 

(2ml/day/rat) significantly improved glucose tolerance and 

insulin sensitivity by marked upregulation of hexokinase 

activity and content of glycogen in liver and skeletal muscle 

of HFD (high fructose diet) fed rats. It also attenuated the 

fructose induced elevated activities of glucose-6-

phosphatase, glucose-6-phosphate dehydrogenase and 

fructose-1, 6-bisphosphatase [6]. Naphthalenemethyl ester 

of 3, 4-dihydroxyhydrocinnamic acid (DHH105), a 

hydroxycinnamic acid derivative exerted significant 

antidiabetic activities by marked increase in glucose 

transport via elevated translocation of GLUT4 from 

microsomal membrane to plasma membrane through 

increased exocytosis and decreased endocytosis of GLUT4 

containing vesicles. A significant increase in glycogen 

synthesis (in vitro), IR-ß and IRS-1 phosphorylation (both in 

vivo & in vitro), activation of PI-3-Kinase 

(Phosphatidylinositol-3-kinase) and Akt-PKB (in vitro) have 

also been observed [7]. In contrast, no significant 

enhancement of these factors (IR-β, IRS-1 and PI-3-kinase) 

have been indicated with cinnamon treatment (30 and 

300mg/kg BW doses for 3 weeks) in vivo, except skeletal 

muscle where a marked elevation of IR-β, IRS-1 and 

IRS/PI-3-kinase association have been observed. A marked 

increase in glucose infusion rate (GIR) (3mU/kg/min and 

30mU/kg/min insulin infusion) has also been reported [8]. 

Cinnamon (Cinnamomum cassiae) barks extract (200mg/kg 

of B.W) exhibited potential antidiabetic activity by 

remarkably reducing the elevated blood glucose, and 

enhancing serum insulin level in C57B1Ksj db/db mice. It 

also raised PPAR alpha and PPAR gamma mRNA levels, 

associated with stimulated insulin activity [9].  However, no 

significant improvement in glycemic control has been 

reported with cinnamon (1g/day) treatment in adolescents 

with type1 diabetes [10]. But cinnamon (Cinnamomum 

zeylanicum) aqueous bark extract (200mg/kg for 15 days) 

remarkably upregulated the expression of pancreatic insulin 

II and hepatic level of glucokinase and glucose-6-phosphate 

dehydrogenase along with a downregulation of 

gluconeogenic enzymes (Glucose-6-phosphatase and 

phosphoenolpyruvate carboxykinase) expression  in 

streptozotocin (STZ) induced type1 diabetes mellitus rats. 

However, no significant alteration in the expression of 

hepatic β-actin has been observed with this treatment [11]. 

Cinnamic aldehyde significantly attenuated renal damage in 

STZ induced Nrf2+/+ C57BL/6 diabetic mice but not in Nrf2-

/- C57BL/6 diabetic mice through activation of NFE2-related 

factor 2 (Nrf2) pathway, ameliorating metabolic disorder, 

decreasing transforming growth factor-β1 (TGF-β1), ECM 

deposition and p21 expression and abrogated mesangial 

ROS generation. It also counteracted the hyperglycemia 

induced suppresion of mesangial cell growth and 

hypertrophy in vitro [12]. In high fat high fructose diet 

(HF/HFr) fed insulin resistant male Wistar rats 

administration of cinnamon (20g/kg of diet) remarkably 

altered insulin sensitivity by enhancing IR, IRS-1,2, GLUT-

1,2,4 and glycogen synthase 1 and counteracting glycogen 

synthase-3-β over expression [13]. Three months of 

treatment with cinnamon (1, 2, and 4g/day) remarkably 

reduced blood glucose and glycated haemoglobin (HbA1c) 

level in type II diabetes mellitus patients [14],[15]. 

However, another study observed no significant decrease in 

HbA1c level although fasting plasma glucose level reduced 

markedly with administration of aqueous cinnamon extract 

(3g of cinnamon/day) [16]. 

III. ANTI-INFLAMMATORY ACTION 

The anti-inflammatory potential of cinnamon has been 

strongly indicated in numerous research works. Remarkable 

reduction of expression of the inflammatory genes (Bcl-2, 

COX-2, and IL-1β) has been observed with eugenol 

treatment in combination with gemcitabine 

(Chemotherapeutic agent), exhibiting a strong synergistic 

action in HeLa cells. Thus, it exerted anticancer activities by 

downregulating inflammation and upregulating apoptosis 

[17]. Significant anti-inflammatory effects have been 

observed with the incorporation of cinnamon polyphenol 

extract (CPE) (100µg/ml) through modulation of the 

expression of tristetraprolin (TTP), vascular endothelial 

growth factor (VEGFA & VEGFB), in mouse adipocytes (in 

vitro). It markedly upregulated TTP expression (ZFP36L1), 

however, no alteration in the expression of TTP homolog 

ZFP36L2, even a decrease in ZFP36L3 expression on a 

longer treatment have been observed. Furthermore, 

significant downregulation of VEGF mRNA levels, 

enhancement of granulocyte macrophage colony stimulating 

factor (GM-CSF), IL-6 and COX-II have also been reported 
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with this treatment [18]. Interestingly, in contrast, in a 

previous work by the very same investigator reported that 

CPE induced the expression of VEGFA mRNA in mouse 

macrophages (RAW 264.7) treated for 240 mins [19]. 

Prevention of cellular injury (ionizing radiation induced) in 

rats by inhibiting inflammation through the deactivation of 

NF-kB, concomitant to downregulate iNOS and TNF-α with 

the administration of cinnamon extract have been observed 

[20]. Similar outcomes have been detected in 

lipopolysaccharide stimulated BV2 microglia (in vitro) 

treated with cinnamon extract (50µg/ml). It remarkably 

reduced the generation of nitric oxide (NO), IL-1β, IL-6and 

TNF-α [21]. An in vivo study also reported the similar 

results observed in the aqueous cinnamon extract treated 

primary enterocytes of chow-fed rats [22].  

IV. CINNAMON VS. HYPERLIPIDEMIA 

The beneficial effects of the phenolic compounds present in 

cinnamon on lipid metabolism have been strongly elucidated 

by earlier investigators. Cinnamon bark extract (Cinnamomi 

cassiae) exerted significant antihyperlipidemic action in 

C57BL/Ksj db/db mice through upregulation of peroxisome 

proliferator activated receptor alpha (PPAR-α). It markedly 

decreased the level of triglyceride, free fatty acid, and 

cholesterol and enhanced the high density lipoprotein level 

concomitant to ameliorate the accumulation of lipid in liver 

and abdomen [9]. Similarly, cinnamaldehyde markedly 

prevented hyperlipidemia through inhibition of lipogenesis 

and further differentiation of adipocytes by significantly 

decreasing the transcription of peroxisome proliferator 

activated receptor gamma (PPAR-) and enhancing the 

AMP activated protein kinase (AMPK) activity in mouse 

embryo fibroblast 3T3-L1 cells in a concentration dependent 

manner. Remarkable reduction of cellular glycerol-3-

phosphate dehydrogenase (GPDH) activity and decreased 

no. of epididymal fat cells have been observed with the 

administration of cinnamaldehyde (20mg/kg & 40mg/kg). 

Furthermore, it significantly suppressed the gene 

expressions of PPAR-γ, CCAAT/enhancer binding protein α 

(C/EBPα), sterol regulatory element binding protein-1 

(SREBP1), FAS, stearoyl-coA desaturase-1 (SCD-1), 

adipocyte protein-2 (aP2), lipoprotein lipase (LPL), and 

glycerol-3-phosphate acyltransferases (GPAT) in a dose 

dependent fashion [23]. Incorporation of cinnamon bark 

extract (CBEt) (60 days) significantly improved the lipid 

profile of high fructose diet (HFD) induced adult male 

albino Wistar rats. CBEt (2ml/day/rat) markedly prevented 

the HFD induced increase in cholesterol, free fatty acid, 

phospholipid and triglyceride level [6]. Similar results have 

been observed in non-alcoholic fatty liver disease (NAFLD) 

patients, treated with cinnamon capsules (1500mg/day) for 

12 weeks. Furthermore, it remarkably reduced the level of 

hepatic enzymes; alanine aminotransferase (ALT), aspertate 

aminotransferase (AST) and also decreased gamma 

glutamine transpeptidase (GGT), and low density 

lipoprotein (LDL), however no significant alteration in the 

serum HDL level have been observed [24].  An in vivo 

study and a clinical trial reported similar outcomes with 

aqueous cinnamon extract (ACE) supplementation, though a 

reduction in the HDL level and elevation in the level of 

triacylglycerol have been observed in both the ACE and 

placebo group [25], [15]. Administration of water soluble 

cinnamon extract reduced the body fat (0.7%) and systolic 

blood pressure (3.8%) in patients with prediabetes and 

metabolic syndrome [26]. 

V. CINNAMON & OBESITY 

Beside the antidiabetic, antiinflammatory, antioxidative 

potency of cinnamon, the potential antiobesity activity has 

recently been indicated by a few researchers. Administration 

of cinnamon extract (200mg/kg, 400mg/kg) for 6 weeks 

remarkably decreased the body weight and the body fat 

mass of high fat diet induced obese diabetic mice in a 

concentration dependent manner [25]. Cinnamaldehyde 

exerted its antiobesity effect through downregulating the 

ghrelin secretion and activating transient receptor potential-

ankyrin receptor 1 (TRPA1) both in vivo and in vitro. 

Furthermore, administration of cinnamaldehyde 

significantly decreased the cumulative food intake, and the 

rate of gastric emptying. In high fat diet induced obese mice 

the chronic incorporation of cinnamaldehyde markedly 

decreased the cumulative body weight gain (from 24th day of 

treatment) and the expression of the enzyme acyl co-A 

synthetase 4.  Although TRPA1 is known to be expressed in 

sensory neurons recently it has been shown to be expressed 

in the GI tract, as well as in many different epithelial cells in 

intestine and also in lungs. TRPA1 expressed in the gut 

region has been considered as a sensor molecule of ECL 

(Enterochromaffin cells) for the regulation of GI functions 

through serotonin release [27].  

VI. AGE (ADAVANCED GLYCATION-END PRODUCTS) 

DEVELOPMENT AND CINNAMON 

Advanced glycation end-products (AGEs) are considered to 

be one of the factors in aging and development of many 

degenerative diseases, such as diabetes, atherosclerosis, and 

Alzheimer’s disease and their pathogenic complications, 

thus making it an important risk factor for which naturally 

occurring components having no side effects have to be 

found out. Apart from the antioxidative, antidiabetic and 

antiangiogenic and more well-known properties; the 

potential role of cinnamon in preventing the formation of 

advanced glycation end products have been worked out by 

many researchers. Cinnamon bark extract significantly 

inhibited the formation of AGEs in BSA (Bovine serum 

albumin) - glucose model through marked antiglycation 

activities [28]. Further study by the same investigator Peng 

et al. reported that proanthocyanidins (catechin, epicatechin 

and procyanidin B2) present in cinnamon bark significantly 

prevented the production of pentosidine, N-carboxyemethyl 

lysine (CML) and suppressed methylglyoxal (MGO) 

stimulated cross links in creatine kinase (CK) by virtue of 

their potent antioxidative and carbonyl scavenger abilities 

[29].  Similar results have observed in a BSA-fructose 

system with the incorporation of cinnamic acid (an active 

component of cinnamon) (1mM). It markedly suppressed 

AGE production by significantly reducing the generation of 

fructosamine, CML [amadori products], and protein 

carbonyl formation. The phenolic compounds present in 

cinnamon bark extract, specifically, procyanidin B2, 

catechin and epicatechin remarkably sequestered the 

reactive carbonyl species such as methylglyoxal (MGO) 

concomitant to hinder the formation of AGEs [30]. Another 
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research work reported that, water extract of cinnamon 

significantly inhibited the fructose mediated glycation of the 

eye lens soluble proteins in a concentration dependent 

manner by preventing the generation of protein carbonyl, 

hence, reduced the glyco-oxidative damage, preventing the 

formation of AGEs [31]. Similarly, aqueous extract of 

cinnamon exerted potential antiglycation activities by 

significantly suppressing the apolipoprotein A-I glycation 

both in vivo and in vitro [32]. 

VII. EFFECTS ON OXIDATIVE STRESS 

Antioxidative potential of the phenolic compounds present 

in cinnamon has been thoroughly worked by host of earlier 

researchers. An in vivo study reported that aqueous 

suspension of cinnamon (0.25%) significantly elevated both 

hepatic and colonic glutathione-s-transferase (GST) level in 

azoxymethane (AOM) treated Swiss albino mice, 

concomitant to decrease in tissue MDA (Malondialdehyde) 

level within 8 weeks [33]. In scopolamine (SCOP) induced 

stressed rats, similar results have come out with cinnamon 

extract administration. The resultant membrane damage due 

to AOM exposure was also observed to be remarkably 

counteracted by the treatment [34]. Cinnamon 

administration before after radiation exposure has been 

found to impart significant decrease in the level of lipid 

peroxidation and protein oxidation in rat liver. It also 

ameliorated the radiation induced changes in the liver 

antioxidant system comprising catalase, superoxide 

dismutase (SOD), glutathione peroxidase activities and 

concentration of GSH (reduced form of glutathione), 

indicating the potency of cinnamon to protect the cellular 

membrane from the radiation induced damages [20]. Similar 

findings have been observed in C57BL/Ks db/db mice 

treated with Cinnamomi cassiae extract [9]. However, no 

significant antioxidative property of cinnamon have been 

observed in a placebo controlled trial on Iranian female 

martial athletes exposed to oral dose of cinnamon for 6 

weeks. Though there was a minor decrease in the MDA 

level of the cinnamon treated group, but that was not 

statistically significant [35]. An interesting observation 

indicated that supplementation of meat emulsion system 

with cinnamon bark deodorised aqueous extract (CinDAE) 

significantly increased the shelf life of the chicken meat 

balls by prolonging the IP (Induction period), which was 

getting terminated on the 9th day as compared to 3rd day in 

case of control, thus minimizing lipid peroxidation rate 

remarkably. They observed a 34.8% reduction in peroxide 

value (PV) in the CinDAE treated meat balls, than control 

[36]. A significant inhibition of lipoxygenase (LOX) activity 

and scavenging of free radicals in an in vitro system have 

been observed with cinnamon administration [37]. 

Cinnamomum zeylanicum exerted similar effects on 

operating room personnel [38].  Monitoring the effects of 

cinnamon on lipopolysaccharide (LPS) induced Raw cells 

exposed its antioxidative potential through significant 

inhibition of iNOS (Inducible nitric oxide synthase) and 

cyclooxygenase (COX-II) expression in a dose dependent 

manner [39]. Fructose induced prooxidant effects in rats 

have been decreased by an aqueous extract of the cinnamon 

bark through reducing the formation of lipid peroxidation 

products; thiobarbituric acid reactive substances (TBARS) 

and lipid hydroperoxides (LHP) in plasma and liver, also 

replenishing the enzymatic and non-enzymatic antioxidant 

system in blood and liver [40]. Stimulation of oxidative 

stress by bisphenol A (BPA) and octylphenol (OP) 

remarkably defended by aqueous extract of cinnamon by 

significant decrease of malondialdehyde (MDA) level and 

elevation of GSH level, catalase and SOD activities [41]. 

VIII. CINNAMON VS. NEUROLOGICAL DISORDERS 

Extensive investigations have been carried out to elicit the 

potential inhibitory activity of cinnamon in case of 

neurological disorders. Dose dependent inhibition of ß-

amyloid oligomerization and cognitive impairment has been 

reported in both vivo and in vitro model through 

administration of cinnamon extract. Aqueous cinnamon 

extract precipitation (CEppt) at a certain concentration 

showed 100% inhibition of amyloid ß (Aß) fibrillization and 

significant prolongation of the lag-time. Time variant 

addition of CEppt also remarkably inhibited Aß 

oligomerization. Significant reduction in the cytotoxicity of 

Aß towards PC12 cell line by CEppt in a dose dependent 

manner have been shown with 100% restoration of cell 

viability at CEppt:Aß40 concentration ratio of 2:1. In a 

transgenic fly model (AD - Alzheimer’s disease model) 

CEppt exerted significant alleviation of the locomotive 

defects. 60% decrease in 56kDa toxic Aß oligomers 

formation with CEppt treatment in an aggressive transgenic 

mice model have been indicated with also significant 

reduction in the mean size and number of the Aß plaque 

cores [42]. CEppt also exerted potential inhibitory effect on 

the α-synuclein (α-syn) fibril formation (Potential factor in 

the development of Parkinson’s disease) in a dose dependent 

manner. 90% reduction in the formation of fibrils has been 

reported at 8:1 of α-syn: CEppt weight ratio in vitro than α-

syn alone. In contrast, at the very same ratio (α-syn: CEppt 

8:1) an increase in the formation of high oligomers have 

been observed, whereas a much lower concentration (α-syn: 

CEppt 256:1) totally abrogated α-syn high oligomers. It also 

stimulated the disaggregation of the preformed α-syn fibrils. 

It also exerted significant recovery in the transgenic fly 

model overexpressing mutated A53T α-syn in the nervous 

system (PD model flies). Among the wild type flies 87% 

showed normal climbing ability whereas only 60% of the 

PD model flies were able to climb, on the 9th day, however, 

cinnamon supplementation (.75 mg/mL) exerted beneficial 

effect on PD model flies where 78% among them were able 

to climb. On the 19th day of experiment, the most potent 

action of cinnamon supplementation on climbing ability 

have been recorded where the only 30% PD model without 

cinnamon showed climbing ability as compared to 56% in 

case of PD model consuming cinnamon and 66% wild type 

[43]. Another investigation observed inhibition of 

neuroinflammation in lipopolysaccharide (LPS) activated 

BV2 microglia by significantly reducing the production and 

expression of nitric oxide (NO), interleukin IL-1ß, IL-6, and 

tumor necrosis factor (TNF)-α with cinnamon extract 

treatment. The mechanism responsible for inhibition of 

neuroinflammation by cinnamon was possibly the blockage 

of nuclear factor-kB (NF-kB) activation.  Cinnamaldehyde 

exerted the highest anti-neuroinflammatory capacity among 

the eight tested compounds of cinnamon [21]. Significant 

reversion of SCOP induced amnesia with Cinnamomum 

zeylanicum (CZ) pretreatment (200 & 400 mg/day) for 21 
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days have been reported in an vivo study as evidenced by 

increased step down latency in passive avoidance and 

decreased latency in Morris water maze test [34]. High 

fat/high fructose (HF/HFr) diet induced adverse changes in 

behavior, brain insulin signaling and Alzheimer’s associated 

changes efficiently defended by cinnamon (CN) in male 

Wistar rats. Y-maze test revealed that rats fed with 

HF/HFr+CN diet travelled an increased distance, number of 

entries and time spent in the entry arm was also elevated. 

Cinnamon supplementation raised the number of 

defaecations as indicated by the elevated plus maze (EPM) 

test. HF/HFr diet induced reduction in the mRNA 

expression of glucose transporter GLUT1, both in 

hippocampus and cortex region and GLUT3 in the cortex 

region were prevented by cinnamon administration. 

Significant increase in protein kinase B (AKT1) mRNA 

expression in the hippocampus has been observed with CN 

treatment. HF/HFr diet induced increase in phosphatase and 

tensin homolog (Pten), Tau and amyloid precursor protein 

(App) were prohibited by CN supplementation [44]. 

IX. CINNAMON AFFECTING ANGIOGENESIS 

Inhibition of angiogenesis through blockage of vascular 

endothelial growth factor receptor 2 (VEGFR2) has been 

detected with cinnamon extract (CE) treatment. VEGF 

dependent phosphorylation of MAPK inhibited in a dose 

dependent manner with CE administration in vitro, though 

the total MAPK level was not altered. Significant decrease 

in the phosphorylation level of Stat3, Jak2 and Src kinase 

have been observed with in vivo CE treatment. It also 

remarkably suppressed VEGF treatment induced human 

umbilical vein endothelial cell (HUVEC) proliferation by 

inhibiting DNA synthesis and inducing apoptosis and also 

significantly reduced the rate of cell migration in a 

concentration dependent manner. However, inhibition of the 

proliferation of non-endothelial cells required much higher 

concentration of CE, indicating greater specificity in 

inhibiting VEGF induced endothelial cell proliferation. 

Decrease in both width and length of the tube-like structure, 

remarkably abrogated the formation of endothelial tube in 

vitro in the presence of CE (32µg/ml). CE administration 

also markedly decreased the microvessel sprout formation as 

measured by aortic ring sprout formation assay, in vitro, 

dose dependently. Significant inhibition of tumor induced 

angiogenesis by reducing the expression of CD31 in mice 

has been observed with CE treatment [45]. Cinnamon (CE) 

remarkable suppressed the expression of pro-angiogenic 

factors both in melanoma cell line and in experimental 

melanoma model [46]. ß-caryophyllene oxide, an active 

component of cinnamon exerts similar effects on prostate 

and breast cancer cells by down-regulating the VEGF 

expression [47]. 

X. EFFECTS ON CELL GROWTH AND 

DIFFERENTIATION/APOPTOSIS, NECROSIS, AND SENESCENCE 

Beside the potential anti-inflammatory property, cinnamon 

has also been indicated to have a great antiproliferative and 

apoptotic effect on different cancer cells by a group of 

researchers. Eugenol, an active component of cinnamon 

imparts an anticarcinogenic activity in human promyelocytic 

leukemia cells (HL60) through the induction of ROS 

generation, transducing the apoptotic signals [48]. This 

group has shown that treatment with eugenol enhanced the 

rate of DNA fragmentation, and formation of DNA ladders, 

and increased mitochondrial permeability transition (MPT). 

A marked increase in the apoptotic cell death of HL60 cells 

have also been observed with decreased Bcl-2 level 

(antiapoptotic protein), and elevated cytochrome c release in 

the cytosol. Cinnamaldehyde, another active component of 

cinnamon has also been reported to impart similar effects on 

human promyelocytic leukemia cells (HL60) [49]. In human 

leukemia K562 cells, cinnamaldehyde has been reported to 

induce apoptosis by enhancing ROS generation, glutathione 

depletion and activation of caspases followed by subsequent 

mitochondrial alterations [50]. Enhanced earlier lipid bilayer 

break and reduced intracellular non protein thiols have been 

observed in human colon cancer cells with eugenol 

treatment [51]. Induction of  apoptosis via perturbations in 

the mitochondrial membrane potential (MMP) and 

generation of reactive oxygen species (ROS) has also been 

reported due to eugenol treatment  which in turn resulted in 

the fragmentation of DNA in the treated cells. Eugenol also 

significantly increased the activity of poly adenosine 

diphosphate ribose polymerase (PARP), p53 and caspase 3 

in the human colon cancer cells [51]. Incorporation of 

eugenol also exhibited apoptotic, antiangiogenic activities 

and inhibited rate of invasion in an N-methyl-N (')-nitro-N-

nitrosoguanidine (MNNG) induced gastric carcinogenic rat 

model. It modulated the expression of caspases, cytochrome 

c, Apaf-1 and Bcl-2 family proteins, concomitant to elevate 

apoptosis. Eugenol administration induced alteration in the 

expression of matrix metalloproteinase-2 (MMP-2), MMP-

9, vascular endothelial growth factor (VEGF), VEGF 

receptor 1 (VEGFR 1), reversion inducing cysteine rich 

protein with kazal motif (RECK), and tissue inhibitors of 

metalloproteinase 2 (TIMP 2) resulting in the inhibition of 

angiogenesis and invasion [52]. Remarkable apoptotic 

induction in androgen independent prostate cancer (AIPC) 

cells by elevating the G2/M phase cell population by 4.5 

fold, have been observed with eugenol treatment in a 

combination with 2-methoxyestradiol (2-ME2). The 

combination markedly decreased the level of Bcl-2 

(antiapoptotic protein) protein and increased the Bax 

(proapoptotic protein) expression, thus inducing apoptosis 

even at a lower concentration than either individual agent 

administered alone [53]. Similar results have been reported 

in a skin carcinogenesis (DMBA {7, 12-

dimethylbenz[a]anthracene} croton oil induced) rat model 

treated with eugenol. Here eugenol treatment inhibited the 

process of skin carcinogenesis at the dysplastic stage with a 

marked decrease in the rate of cellular proliferation and 

reduced the expression of c-Myc, H-ras and Bcl-2 in the 

skin lesions along with an increased p53, Bax, caspase 3 

levels [54]. Pretreatment with eugenol even prevented the 

chemically (DMBA and TPA [12-O-tetradecanoylphorbol 

13-acetate]) induced skin cancer by significantly inhibiting 

ornithine decarboxylase (ODC) activity, downregulating 

iNOS, COX-II and proinflammatory cytokines such as TNF-

alpha, PGE(2) and IL-6 expression. A significant inhibition 

of NF-kappa B pathway and prevention of cutaneous 

glutathione (GSH) and antioxidant system depletion have 

also been reported with eugenol pretreatment [55]. 

Administration of cinnamaldehyde remarkably stimulated 
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apoptosis in human PLC/PRF/5 cells by arresting cells at the 

S-phase (synthesis phase), significantly decreasing the 

antiapoptotic protein (Bcl-2 and Mcl-1) and enhancing 

proapoptotic protein (Caspase 8, Bax and Bid) expression. 

Marked activation of c-Jun N-terminal kinases (JNK), extra 

cellular signal regulated kinase (ERK) and p38 kinases have 

been observed with cinnamaldehyde treatment. However, 

pretreatment with MAPK inhibitors (SP600125, SB203580) 

significantly suppressed the phosphorylation of JNK and 

p38 proteins [56]. A cinnamaldehyde derivative, trans-

cinnamaldehyde exhibited significant cytotoxicity towards 

K562 cells by remarkable stimulation of Fas/CD95 

expression, induction of apoptosis and loss of mitochondrial 

membrane potential in a time and dose dependent manner. A 

synergistic action of trans-cinnamaldehyde with cytokine 

induced killer (CIK) cells on K562 cells has also been 

reported [57]. Significant suppression of proliferation of the 

HepG2 cells by increasing CD95 (APO-1/CD95) protein, 

inducing proapopototic protein (Bax, p53) and decreasing 

antiapoptotic protein (Bcl-XL) expressions have been 

observed with cinnamaldehyde treatment (30µm) in a time 

dependent manner. It also elevated the apoptotic rate by 

inducing PARP cleavage [58]. 

XI. CINNAMON IN OTHER PATHOLGICAL CONDITIONS 

Potential role of cinnamon in preventing the pathological 

conditions have been investigated by a host of previous 

researchers. Cinnamic aldehyde (CA) significantly 

counteracted the streptozotocin (STZ) induced diabetic 

nephropathy through activation of NFE2-related factor 2 

(Nrf2) in vivo. Significant attenuation of the STZ induced 

elevated ratio of the kidney weight to body weight in 

Nrf2+/+ mice has been observed with CA administration. It 

also suppressed the STZ induced rise in both urinary 

albumin excretion (UAE) and urine albumin-to-creatinine 

ratio (UACR) in vivo. Remarkable restoration of the normal 

morphology of glomeruli, decrease in the collagen 

accumulation in the glomeruli or in the periglomerular area, 

has been reported with CA treatment concomitant to 

improve glomerulosclerosis stimulated by STZ 

administration in Nrf2+/+ but not in Nrf2-/- mice. CA 

administration effectively brought back the STZ induced 

rise in the thickness of the glomerular basement membrane 

(GBM) to the normal level (control) only in Nrf2+/+ mice. 

CA exerted a significant role in reducing the oxidative 

damage in the STZ stimulated Nrf2+/+ kidney through a 

minor increase in the Nrf2, NQO1 and gamma-GCS protein 

level. Potency of CA to impart renal protection has also 

been conferred by blockage of TGF-ß1 signaling pathway, 

reduction in ECM accumulation and p21 expression both in 

vivo (STZ stimulated) and in vitro (hyperglycemia) by 

activating Nrf2. Hyperglycemic condition induced elevated 

ROS generation in vitro in Human renal mesangial cells 

(HRMC) has been significantly decreased with CA 

treatment. CA induced Nrf2 activation also dramatically 

attenuated the hyperglycemia stimulated mesangial cell 

growth inhibition and glomerular hypertrophy through 

inhibition of TGF-ß1 mediated p21 expression and ECM 

overproduction in vitro [12]. Cinnamon (3%) and its 

procyanidin B2 (PCB2) fraction (0.002%) counteracted 

diabetic nephropathy within 12 weeks in diabetic rats by 

inhibiting AGE formation and glycation mediated HbA1c 

accumulation and RBC-IgG cross links. Both cinnamon and 

PCB2 prevented the aggregation of N-carboxy methyl lysine 

(CML). It also ameliorated the loss of glomerular podocyte 

proteins; nephrin and podocin expression mediated by AGE 

formation and reduced urinary albumin and creatinine [59]. 

Inhibition of osteoclastogenesis by suppressing nuclear 

factor of activated T cell 1 (NFATc1) mediated signal 

transduction has been observed with cinnamon (C. 

zeylanicum) bark extract administration in which aldehydic 

components; cinnamaldehyde and 2-

methoxycinnamaldehyde exhibited the strongest inhibitory 

effect. In a dose dependent manner C. zeylanicum at 

concentrations of 12.5-50 μg/ml inhibited the formation of 

osteoclast like cells without any adverse effect on cell 

viability. Receptor activator of nuclear factor kappa B ligand 

(RANKL)-induced NFATc1and c-fos expression has been 

suppressed with C. zeylanicum treatment. 2-

methoxycinnamaldehyde exerted a significant inhibitory 

effect on bone resorption at a concentration of 2µm with 

95% inhibition rate [60]. Another research work reported a 

potential antimicrobial activity of cinnamon oil against 

Streptococcus iniae infection with a minimal inhibitory 

concentration (MIC) of 40µg/ml, in tilapia fish 

(Oreochromis niloticus). A significant decrease in the 

mortality rate of the infected tilapia fishes has been observed 

with a dose dependent administration of cinnamon oil. The 

groups of fishes receiving different concentrations of 

cinnamon oil (0.1, 0.2, and 0.3%) exhibited remarkable 

difference in the cumulative mortality rates. The difference 

in the cumulative mortality of these three groups and the 

group receiving 0.4% cinnamon oil and tetracycline has also 

been reported to be highly significant [61]. Potential role of 

cinnamon in prevention of PMA (Phorbol 12-myristate 13 

acetate) induced monocyte differentiation and scavenger 

receptor activity of macrophages have been observed in an 

in vitro investigation. Cinnamon water extract (CWE) 

significantly reduced the expression of differentiation 

markers; CD36, and CD11b in a concentration dependent 

manner and remarkably suppressed type 1 macrophage 

scavenger receptor (SRA) expression at 100µg/ml dose. 

Treatment with CWE inhibited the uptake of modified LDL 

in a dose dependent manner, suppressing at a higher 

magnitude in THP-1 cell culture; even up to 75% as 

compared to 55% in case of primary macrophage culture. 

Macrophage colony stimulating factor (M-CSF) induced 

SRA expression almost entirely abrogated at 100µg/ml of 

CWE administration. Increased ERK1/2 activation with 

PMA stimulation has also been suppressed by CWE 

treatment in a concentration dependent manner [62]. 

XII. CONCLUSION 

The gathered information indicate that Cinnamon, a low cost 

and very easily accessible spice, which is an integral part of 

our daily diet, has enormous potential as an  

antihyperglycemic, antihyperlipidemic, antioxidative, 

antiinflammatory and antiangiogenic factor. Hence, its wide 

spectrum of biological activities suggest its incorporation in 

the medicinal products to combat health disorders; opening 

up new avenues for innovation in the development of drugs 

for humans and economically important animals for 

therapeutic use. Further extensive research work have to be 

carried out to elucidate the detailed mechanism of their 
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action in different physiological processes, as these 

knowledge are essential for the specific application of either 

cinnamon extract or its bioactive components; individually/ 

in combination at the accurate stage of any physiological 

disorders. Apart from the pharmaceutical field, it could also 

be administered into nutraceuticals for prophylactic use. 

This review article would help the researchers to channelize 

their excogitation in a more accurate manner to explore new 

dimensions to have a deep insight regarding the mechanism 

of the vast range of its actions.  
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