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ABSTRACT

The present study was evaluated to determine ima@maldehyde could attenuate HFD induced obesityistar
rats through AMPK activation. The rats were randgrdivided into five groups: Normal; HFD; OrlistaDR)
treated at 50mg/kg with HFD; Cinnamaldehyde (CA&ated at 40mg/kg and 80mg/kg with HFD. Western dohoit
RT PCR in white adipose tissue (WAT) was carrigdldBD treated group of rats stimulated lipid syesis related
genes like, PPAR-aP2, ACC via inhibiting AMPK activation. CA andR(standard anti-obesity drug) treatment
showed up regulated the levels of pAMPK and itstsate pACC. AMPK signalling is responsible for thhkibition
of adipocyte differentiation and fat accumulatichMPK inhibit the activity of ACC through phosphatybn.
MRNA expression of PPARwas up regulated in both CA and OR treated groopsats. PPARy, aP2, ACC
MRNA expression were down regulated in both CA@Rdreated rats in a dose dependent manner. Thesdts
suggest that CA ameliorates HFD induced obesitgdayn regulating the expression of lipogenesis eslagenes
via AMPK activation in the WAT. Thus, these respifts/ide molecular basis for the future researchoived in the
signalling pathways by which CA modulates lipidteesis.
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INTRODUCTION

Obesity is a multifactorial abnormality that hagenetic basis but requires environmental influertoesianifest.
Numerous epidemiological studies and clinical srihbve examined the roles of lifestyle (e.g. phalsicactivity)

and dietary factors (e.g. fat, carbohydrates, pmetand minerals) in obesity prevention and weiggtitrol. In the
past decade, the body of studies on gene environimgemactions has also grown rapidly. The recgntiemic of
obesity along with the increasing spread of Westgpe lifestyles worldwide is a good illustratiohtbe concept of
gene pool of a certain population; it seems thatnditic changes in lifestyle and dietary habits haleged a role in
triggering the recent surge of excessive adiposity.

In obese condition, the pancreas is affected amduinction of secreting insulin is altered leaditnginsulin
resistance that is developed due to the increaspdsition of fats in adipose tissue and non adipissee, leading
to either cell death or cell dysfunction [1, 2].

Adiposity is therefore synonyms with obesity. Adipotissue is deposited fat is more active thanpperal
subcutaneous fat. The two main types of adiposedipresent in mammals are white adipose tissueT(VéAd
brown adipose tissue (BAT). White adipose tissuthésmain constituent of adipose tissue is usesubstrate of
energy when required. Excessive accumulation ofendudipose results in obesity and its associatsataiers.

White adipose tissue plays a key role in regulatimigole body energy metabolism. Several genetic and
pharmacological studies indicate that an increadeA oxidation capacity in adipocytes leads to dktenuation of
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adiposity and improvement of obesity induced mdtabdisorders. Brown adipose tissue is responsioie
expenditure of energy for cold adaption due to oxidative phosphorylation

Several genetic and pharmacological studies inglitett an increase in FA oxidation capacity in adjypes leads to
the attenuation of adiposity and improvement of sitiyeénduced metabolic disorders. Peroxisome peodifor
activated receptors (PPARS) regulate the expressiowarious important genes involved in lipid antiapse
metabolism [3].

Three types of PPARs have been identified: alphayrga and delta (beta). PPAR- alpha serve as aetkdaptor
for fibrates, a class of drugs used in the treatnandyslipidemia [4]. Fibrates effectively decredsserum
triglycerides and raises serum HDL- cholesterotlevPPARea induces the expression of the fatty acid transport
protein and fatty acid translocase, proteins thatlifate the transport of free fatty acids acrthes cell membrane.
PPAR+wu also directly increases the transcription of enggrof the peroxisomdl-oxidation pathway such as long
chain acyl-coA synthetase or acyl-coA oxidase andhe rate limiting enzyme in the peroxisonfabxidation
pathway. PPAR: has the ability to reduce energy storage, maimigugh degradation of fatty acid synthesis in the
adipose tissue and liver [5]. This indicates thBAR-o is a core modulator of peroxisomes and mitoch@hg@ri
oxidation during the fatty acid synthesis and &sBpid metabolism and its act as a strong anfiainmatory agent.
PPARy is present mainly in insulin target organs suctives, adipose tissue and skeletal muscle [6]. RRAs
expressed at high levels in adipose tissue andéhtal regulator of adipocyte gene expressiondifferentiation.
PPARY, a lipogenic transcription factor predominantlypeessed in adipose tissue, plays an importantinotee
regulation of adipocyte differentiation, lipid shesis, and glucose homeostasis [7]. Lipogenic triptn factors
regulate the gene expression of enzyme involvetipid synthesis like, aP2 [8]. Adipocyte specifiattfy acid
binding protein (aP2) functions in fatty acid impatorage and export [9]. The lipid binding proteare a family of
intracellular with 15kDa proteins capable of higifirdty selective binding of hydrophobic ligandsctuas fatty
acids, bile salts and retinoids. Several tissuelidting adipose, liver, intestine, heart and beipress high levels
of lipid binding proteins.

Acetyl CoA carboxylase (ACC) catalyzes the carbatigh of acetyl CoA to malonyl CoA, the rate limigi step in
fatty acid synthesis. Malonyl CoA irregulation mayduce insulin resistance and obesity [10]. Ac&lglA
carboxylase (ACC) is mainly involved in lipid biaghesis, can be phosphorylated and inactivated MPIA [11].
AMP- activated protein kinase (AMPK) is a serinkrebnine kinase and it is activated followed b nis the
intercellular AMP: ATP ratio [12]. AMPK plays a keyle in the regulation of energy homeostasis aimdutates
the B-oxidation of fatty acids in mitochondria for lipidilization [13]. AMPK activation requires phospltation at
Thrl72 of AMPKa subunit and it acts on metabolic enzymes and ¢rgoton factors [14]. One of the first proteins
identified as a target of AMPK was acetyl-coA catdase (ACC) which synthesizes malonyl-coA fromtgteocA
and is a key enzyme of the lipogenic pathway [11].

In peripheral tissues and the central nervous sys&eMPK controls the energy by responding to nianial and

hormonal signals and altering the metabolism adngrth eating behaviour and energy consumption. [R&cently,
AMPK has emerged as a therapeutic target for thmboéc diseases such as obesity and type2 diabst#ius

[16]. AMPK inhibits the activity of ACC through pephorylation. Under normal conditions, inhibitiohACC by

AMPK through phosphorylation leads to lower the omgl CoA content and a subsequent fall in fattyaginthesis
and raise in mitochondrial fatty acid oxidationadtivation of ACC by AMPK helps to promote fattyicc
utilization, leading to oxidation of fat in musdiesue.

Many anti-obesity drugs act by ameliorating theafasorption by inhibiting lipid breakdown in intes- eg. orlistat
or reducing the appetite by increasing the sat#tgl altering the central nervous system- eg, simitre and
rimonabant [17]. However, these drugs produce seeardiac and psychiatric side effects. Thereforaecent
years, plant based herbal drugs are used for gantent of obesity [18]. Therefore, many studiesehbeen
performed to search and develop the new anti-gbésitgs or dietary supplements through the use ediomal
compounds that could minimize the side effects 4@, Cinnamaldehyde (CA) is a pungent compound iand
mainly isolated from the Cinnamomum verum and Gmnomum Cassia. Various researchers found that CAsct
anti-diabetic, anti-inflammatory, anti-oxidant [214nti-cancer, anti-septic and act as a flavouiaggnt in the
icecreams, candy, chewing gums, beverages and fotherstuffs [22, 23]. Our previous study indicatbédt, CA
was found to be good antioxidant activity and afgobit visceral adipose tissue accumulation, lefgivels.

This study was planned to investigate that CA agypeess the lipid synthesis and promote fatty diddain the

process of fat metabolism by studying the mRNA esgpion levels of lipid metabolism related geneadipose
tissue. The genes like, AMPK, ACC, PPARs and aRalied in the regulation of fatty acid synthesisl axidation
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was investigated. Therefore, the aim of this stwag to distinguish the effects of the CA with high diet on the
transcription levels of AMPK, ACC, PPARs and ap2uinite adipose tissue.

EXPERIMENTAL SECTION

Animal Model

An animal model that mimics the human counterparessential for preclinical evaluation of new tneart
modalities for obesity. Wistar albino male rats gieng about 120-150g were used for the experiménimals
were kept in animal house at a temperature of 28f€C45-55% relative humidity with 12 hours eactdafk/light
(day and night) cycles. Animals were fed pellettdied water ad — libitum. The experimental protoeas
approved by the animal ethical committee (IAEC R8O/BRULAC/RD/006/2013).

Administration Modality

All the rats were divided randomly into following dsoups of 6 animals each and acclimatized to aherkatory
environment for 1 week before the experiment. Grbupats were fed with normal or standard diet 8oweeks.
Group II: (Obesity induced rats) - rats were fedhwiigh fat diet (HFD- Research diet, USA) for 8eks. Group
[ll: (HFD + Orlistat) - rats with HFD and Orlist#60mg/kg body weight) simultaneously for 8 weekallgr Group
IV: (HFD + CA) - rats were fed with Cinnamaldehy(0mg/Kg body weight) and HFD simultaneously for 8
weeks orally. Group V: (HFD + CA) - rats were fedttwCinnamaldehyde (80mg/Kg body weight) and HFD
simultaneously for 8 weeks orally. The Normal diatl HFD control rats were treated with vehicle ¢Coil) only.
The body weights of different groups of rats wergighed for a period of eight weeks. After 8 weeksiqd, the
rats were sacrificed. The white adipose tissuecigas and spleen were collected and frozen indigitrogen, and
stored at -8fC until analyzed.

Reverse Transcription- Polymerase Chain Reaction (R PCR)

RNA Extraction

White Adipose tissue frozen at %D were stored in liquid nitrogen for transportatiand 1ml of TRIZOL was
added per 100 mg of tissue. The tissues were granddncubated for 5 min at room temperature. T& thml of
chloroform was added, shaken vigorously for 15amdt placed on ice af € for 5 min and centrifuged at 12000
rpm for 15 mins at 4C. Aqueous phase was taken and equal volume®pfasanol was added for a further 15
mins of centrifugation at 15000 rpm for 10 ming!&C to precipitate the RNA. The RNA sample was sgbsatly
vortexed gently and quantified before storing & 8.

1mg of total RNA isolated from control and treasaimples mixed with premix containing oligo (dT)rper and
DEPC treated water to a final concentrations ofl 20y incubated at 46 for 60 min. The reaction was stopped by
heat inactivation at 98 for 5 min. Subsequently, cDNA was amplified wifane specific primers using the Taq
PCR master mix (Qiagen, Germany). The 20ul amgplifien mixture contained cDNA. Tag PCR master mix
containing MgCJ, each gene primer and water. After a 15 min prdiation at 99C, PCR amplification was
performed for 35 cycles under the following coratis: 30s of denaturation at’@} 30s of annealing at 80 and 1
min of extension at PZ. The PCR products were separated using agardselegtrophoresis and visualised,
documented by using quantity one software (BioRa8A). For amplification of the target genes, théofwing
primers used are GAPDH (5T, 35 cycles), ACC (60C, 35 cycles), PPAR; PPARy (60° C, 35 cycles), ap2 (80
C, 35 cycles) for the experimental group (TableThe relative expression levels of target geneswermalized
using GAPDH as an internal control.

Western Blot

The tissue samples were homogenized in 10 volurhédraM Tris Hcl P' (7.4) containing 5mM EDTA and 10
mM B- mercapto ethanol using a homogenizer and cegéifiat 10.000 rpm for 30min at €. The supernatants
were used for analyses. These proteins were sepdmgt12% SDS PAGE. After electrophoresis, theginstwere
transferred to nitrocellulose membrane, blockedrmight with 5% non fat dried milk in PBS-T at 2-8, reacted
with mouse monoclonal primary antibodies (AMPK, pRK, ACC, pACC, PPAR+ and aP2) and incubated
overnight at 4 C and washed. The membrane was washed three witlegBST, incubated further with alkaline
phosphatase conjugated with goat anti-mouse antilbodanti-rabbit antibody at room temperature fohdurs.
After reaction with horse radish peroxidise conjegawith goat antimouse antibody, the immune corgsdewvere
visualised by using the chemiluminesence ECL pleteation reagents following the manufacturer’s prhoe
(Amersham bioscience). Antibody to AMPK, pAMPK, ACRACC, PPARy, aP2 and GAPDH and secondary anti-
mouse HRP were purchased from santa Cruz biotcpolog
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Histopathological Analysis

Pancreas and spleen were removed from the animalsfixed in buffered solution of 10% formalin, wash
dehydrated, cleared and embedded in paraffin. Tthenspecimens were processed intand sections for light
microscopic examination using hematoxylin and estaim.

Statistical Analysis

The data were expressed as mean + SD. All staistitalysis was performed using SPSS 20.0 staistaftware
(IBM, USA). Significant differences among the tmaant groups were analysed by variance (One way ANQOV
followed by least significant difference (LSD) teResults were considered to be statistically icant atP values
< 0.05. Graphs for this study were plotted usirapgrpad prism version 6.02.

RESULTS

MRNA gene expression levels of WAT in RT-PCR

HFD fed rodents appear to be the best model oExadmbesity syndrome, because obesity pathogeinelsisnans
with insulin resistance [24]. This study demong&tdathat ingestion of CA can prevent HFD inducedeafial WAT
accumulation. Table 1 shows the Sequences of pgimeed in RT-PCR analysis. To understand the mérhan
involved in the effects of CA on lipid metabolismRNA expression levels of lipogenesis related gene&/AT
were investigated. Fig 1 shows the HFD induced ebats had up regulated mRNA expression levelsiiplogyte
markers such as PPAR-aP2, ACC in the WAT. As shown in Fig 1. ACC, PRARaP2 were down regulated in
CA and OR treated rats when compared to those D féf rats in a dose dependent manner. As showv#giri,
CA affect the expression of PPAR-ACC and aP2 which are all associated with TG hwsis. The mRNA
expression level of the lipolysis related PPARiene was down regulated in HFD fed rats as cordparth the
normal group of rats. The expression level of ihelysis related PPAR-gene was up regulated in CA and OR
treated rats as compared with the HFD rats.

Table 1: Sequences of primers used in RT- PCR analig

Gene Forward Primer (5'- 3') Reverse Primer (5'- 3)
PPAR-y | CTGTTATGGGTGAAACTCTGGGAG| ATAGGCAGTGCATCAGCGAA
PPAR-0 | CCCTGAACATCGAGTGTCGA CTTGCCCAGAGATTTGAGGTCCT
aP2 AGATTGAAGCTGCCAGGGCTTAT TCAGGAGGGTCTCATAGAA
ACC CCTCCGTCAGCTCAGATACA TTTACTAGGTGCAAGCCAGACA
GAPDH | AAGCTGTGGCGTGATGGCCG TGGGCCCTCAGATGCCTGCT

Figure 1: The effects of Cinnamaldehyde on mRNA genexpression in white adipose tissue (WAT). Reprasative bands (a) and relative
changes (b) of PPARy, ACC, aP2, PPARe mRNA expression by RT- PCR
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Protein Expression

We confirmed in western blot analysis, whether Gl ®R activates AMPK via phosphorylation in thepadie
tissue. As shown in Fig 3, CA treated rats had iBagmtly higher protein expression levels of phiosplated
AMPK and ACC. AMPK plays a key role in regulatingrbohydrate and lipid metabolism and a potentiadinieal
target for treatment of metabolic diseases. Thévatain of AMPK leads to raised fatty acid oxidati@and
ketogenesis along with the simultaneous inhibitéd G, lipogenesis, cholesterol synthesis and glagqaroduction
[25]. As shown in Fig 2. PPAR-aP2 were down regulated in CA and OR treatedwhtn compared to those in
HFD fed rats in a dose dependent manner. TreatmigmtCA and OR stimulate the phosphorylation of AKIBnd
leads to inhibition of ACC. ACC is highly expressedipogenic tissues and is regulated at the trapsonal and
translational levels [26]. These results suggest @A may prevent the development of obesity anueHipidaemia
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in HFD induced rats by down regulating lipogeniage and promotion of fatty acid oxidation or lipgfyrelated

genes in WAT.
Figure 2: Effect of Cinnamaldehyde on protein expresion in the white adipose tissué&kepresentative bands (a) and relative changes (b)
of PPAR-y, aP2 expression by western blot
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Figure 3: Effects of Cinnamaldehyde on protein expession in the white adipose tissue. Representativands (a) and relative changes (b)
of pAMPK, pACC expression by western blot
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Morphological Changes in Pancreas and Spleen

Throughout the experiment, weight of pancreas vigisen in the HFD induced group of rats than thatig normal
group of rats. HFD induced group of rats had norawhi surrounded by increased fatty tissue. Gatitl G IV
animals showed normal pancreatic acini with pergpaatic increase in fatty tissue Fig 4(a). Thettneamt group
(GV) of rats shows normal acini similar to thatrafrmal group of rats. Spleen histological analysigealed no
significant differences between all the groupsstaswn in Fig 4 (b).

Fig 4: Effects of CA on pancreas (a) and spleen (b)orphology. ND, normal diet group- GI; High fat diet (HFD) induced obese group-
Gll; HFD+ Orlistat (OR) - GllI; HFD+CA 40- GIV; HFD +CA 80- GV

Fig 4/a)
e 4
Group ¥ animats

Group IV animals

DISCUSSION
Our previous study showed that CA administratiomdie to weight loss; reduce insulin resistance and

hypercholesterolemia [27]. Obesity is a well redegd risk factor for type 2 diabetes, especiallyewltombined
with other known metabolic disorders and reductidrthe metabolic disorders through weight managerhes
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been an important therapeutic goal. A variety otabelic disorders are highly associated with insuésistance
which is caused by genetic and environmental fadgtariuding obesity and physical fitness [28].

In adipose tissue AMPK regulates lipogenesis apdlysis, decreases the fatty acid uptake and trglgle
synthesis and increases the fatty acid oxidatidPK is a heterotrimeric serine/ threonine kinasat ik widely
expressed in a variety of organs, including livegin, skeletal muscle and adipose tissue. Manyoagie derived
hormones such as leptin, adiponectin, reduce fasm& activation of AMPK in adipocytes [29]. Inetlpresent
study, we investigated the protective effects of &fainst HFD induced rats and found that CA preagiFD
induced obesity via AMPK activation. One of thessigal therapeutic targets of the system is ACGchvbatalyze
the key regulatory steps in fatty acid synthegisthie present study, higher levels of phosphorgl&MPK and
ACC were seen in CA and OR treated rats as compeitadHFD fed rats. This result may elucidate thectranism
by which CA promotes fatty acid oxidation, enhamggcinsulin sensitivity and inhibiting TG accumulation a dose
dependent manner. CA and OR resulted in a signifisappression of PPARexpression. PPAR-mainly found in
Adipose tissue, are key adipogenesis and lipogenesiscription factors [30]. Among the PPAR isosnerp and

v, PPARy is the major transcription factor linked to adiptec differentiation and is found almost abundant in
adipose tissue. PPARplays a crucial role in the manifestation of thatune adipose phenotype. PPARs also
expressed in low levels in liver. Modulations of R and PPARy signalling might be responsible for the
recovery of obesity with CA. Based on these resuwlts conclude that CA stimulated fatty adiebxidation via
AMPK activation and ACC inactivation, and increastegt expression of lipolysis related gene (PPAMR-
Stimulation of PPAR-alpha promotes uptake, utilmat and catabolism of fatty acids by up regulat@@ngenes
involved in fatty acid transport, fatty binding aadtivation, peroxisomal and mitochondrial fattydag-oxidation
[31].

aP2 (adipocyte protein 2) is a carrier protin fatyf acids that is primarily expressed in adipo@rid macrophages.
aP2 is also called fatty acid binding protein 4 @P¥). Blocking this FABP4 protein either throughngtc
drugs has been the possibility of treating heastake, diabetes, asthma, obesity, and fatty liseade [32]. CA
and OR treatment in HFD fed rats significantly domegulated the mRNA levels of lipogenesis relatedes such
as PPARy, aP2, ACC in the white adipose tissue and enhatheedxpression of PPAR-

CONCLUSION

Our results clearly implicate that CA is a potelhtigafe and effective plant derived compound far treatment of
obesity via the stimulation of AMPK activation ihet HFD induced obesity rats. CA treatment also tites the
expression of PPAR-in WAT. Simultaneous treatment of CA in HFD fedstahe expression patterns of PPAR-
ACC, aP2 were down regulated as similar to thatmabigroup of rats. Thus, these findings indicatd tBA acts as
a potent anti-obesity agent.
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