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paraoxonase 1 activity and expression of heart type fatty acid binding protein
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ABSTRACT

Ocimum sanctum (OS) Linn.herb, commonly known atsi'Thas been recommended for the treatment many
disorders, because of its antioxidant, hypolipidenainti-inflammatory and various other pharmacobgiffects.
The present study was focussed on the effect bn@textract of OS leaves (MOS), on the changépithprofile,
activity of paraoxonase 1 (PON1) and mRNA expressibheart type fatty acid binding protein (H-FABR)
isoproterenol (ISP) induced cardiac damage. Ratevgeouped as follows: 1) Control, 2) MOS (15mg/d @0wt.),
3) ISP (10mg/100g b.wt.), 4) MOS(15mg/100g b.wiSP+(10mg/100g b.wt.). MOS was administered evayyfar
30 days. ISP was administered at"2hd 3d" day to induce myocardial damage. At thé' 84y, all animals were
sacrificed and various parameters were studied. t@RAtment caused a significant elevation in thévies of
serum cardiac markers and reduction in the expmssif H-FABP in heart tissue, which was reversed@sS pre-
treatment. MOS pre-treatment also caused redudtidhe infarct size in the myocardium after ISPuation. The
serum and tissue lipid profiles were reduced, wtiike serum high density lipoprotein cholesterol weaseased by
the pre-treatment of MOS. The activity of cardidpobive enzyme PON1 was also increased on MOS¢aéytent.
MOS administration caused a reduction in the atiéigi of the enzymes HMG CoA reductase and phogpaisels.
Hence it can be concluded that MOS possessesisagitihypolipidemic and cardioprotective effect.

Key words: Cardiovascular diseases; lipid profile; PON 1; HBFA Infarct size.

INTRODUCTION

Cardiovascular disease (CVD), a group of disordéthe heart and the vasculature, includes higlodloressure,
coronary heart disease, congestive heart failtmgkes and congenital heart defects[1].Lipids playimportant role
in CVD, by modifying the composition, structure astdbility of cell membranes. An altered lipid m@iism can
alter the cardiac function by changing the propsrtf cardiac cell membrane and these changes omheite to
the cell death that follows coronary artery ocauf?]. Studies have shown that high levels of tatablesterol
(TC), triglycerides (TG), low density lipoproteimalesterol (LDL-C) and low levels of high densitpdproteins
cholesterol (HDL-C) are the risk factors of CVD.[3]

Paraoxonase-1 (PONL1) belongs to a family of highsidg lipoprotein (HDL)associated enzymes that show
hydrolytic activity towards a variety of substratagluding oxidized lipids in the body [4].PON1sgnthesized in
the liver and bound to plasma HDL in the circulati®ON1 contributes to the anti-inflammatory and-aridant
properties of HDL-C [5]. PON1 reduces inflammatpigque formation and protects against macrophagbateel
LDL oxidation[6].PONL1 activity is decreased in coawy artery disease [7].

Heart-type specific fatty acid binding protein (WBP) is a potential marker for the early diagnadisicute MI [8].

H-FABPs are relatively small cytoplasmic proteir#is{15 KDa) which are found abundantly in heart, wehtre
active fatty acid metabolism occurs and it is iveal in the intracellular transport of insolubletyaacids [9].
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Isoproterenol (ISP) is a synthetic catecholaminé wadrenergic agonist which has been found to caesers
stress in the myocardium, resulting in infarct likecrosis of the heart muscle [10]. Studies dematest that
isoproterenol can cause alterations in the serudntiasue lipid profile in experimental animals[2,]1The free
radicals generated by ISP are a causative factoirfeversible damage to the myocardial membrari§. [ISP
induced cardiac necrosis include increased oxygasumption, insufficient oxygen utilization, inceea calcium
overload and accumulation, changes in myocardihingetabolism, increased myocardial cAMP levels;atiged
electrolyte milieu, alterations of membrane pernil@gbintracellular acidosis and increase in ligicofile [13].

Ocimum sanctunhinn. (belonging to the familyabiatagd, commonly known as ‘Tulsi’ is a traditional meidial
plant widely used in ayurvedic medicines [14]. Phacological effects of extracts of various partsutdi plant was
studied on immune system, reproductive system,ralenervous system, cardiovascular system, gasystem,
urinary system and blood biochemistry, which regdahe therapeutic significance of tulsi in the agament of
various ailments[15]0cimum sancturfOS) contain potent antioxidants, flavonoids (catii@nvicenin) and phenolic
compounds (eugenol, cirsilineol, apigenin) [16].eTlkeaves of the plant have been shown to possesd go
antioxidant as well as anti-stress potentials ipeednental animals [17].An earlier study by Suanaawat reported
the lipid lowering effect of essential oils extradtfrom OS leaves in high fat diet fed rats [18]t Bhere are no
reports on the mechanism of action of OS leavescel®ur objective of the study was to evaluateetifieacy of
methanol extract of OS leaves on ISP induced claimgkpid profile, activity of PON 1 and the expsion of H-
FABP.

EXPERIMENTAL SECTION

Preparation of 50% methanol extract of Ocimum sanctum leaves (M OS)

The leaves ofOcimum sanctunwere collected from Trivandrum, India. The planasvauthenticated by Dr.
Valsaladevi, Curator, Department of Botany, Kerdlaiversity. The identified and authenticated spesinwas
deposited in the herbarium of the Department ofaBpt University of Kerala (Voucher No: KUBH5840)eSh
leaves were collected, washed and dried in shaded Powdered leaves (10 g) were mixed with 1000f0%
methanol. This was refluxed in a water bath fori# 60-65°C. The whole extract was filtered anfhtted using
petroleum ether and it was concentrated usingaaydiash evaporator. The yield of MOS was 15.16%.

Experimental design
Male albino rats (Sprague Dawley strain) weighirgween 200-250 g bred and reared in our animaléhagse
used for the experiment. A total of 24 rats wenedgid into 4 groups of 6 rats each.

Group | (CON) : Control
Group Il (MOS) : MOS (15 mg/100 g b.wt.)
Group Il (ISP) . ISP control (10 mg/100 g b.wt.)

Group IV (MOS+ISP) : MOS (15 mg/100 g b.wt.) + ISP mg/100 g b.wt.)

Animals were housed in polypropylene cages ket inom maintained at 28-32°C. The light cycle washlight
and dark. The animals were handled using laboraiomnal welfare guidelines [19]. Rats were fed wathndard
laboratory diet supplied by Ashirwad Pvt Ltd., ladind water was givesd libitum MOS at a dose of 15 mg/kg
b.wt. suspended in distilled water was given bytrgasntubation for 30 days. ISP was purchased fisigma
Aldrich, India. The dose of ISP was selected fropravious study [15]. ISP at a dose of 10 mg/10@.wg. in
physiological saline was injected subcutaneouslyhen29' and 3¢ day at an interval of 24 h. On theS3day
animals were sacrificed. Heart was dissected odtkdood was collected for the analysis of varioasameters.
Animal experiments were approved by the Institulofinimal Ethics Committee [IAEC No-KU-13-2011-BCiM
(30)].

Deter mination of the area at risk and myocardial infarct size

After the induction of myocardial infarction, theea at risk (AAR) and the size of the infarct wdetermined using
a staining technique. A previously described dowsidéning technique with Evans blue and 2, 3, phenyl-

tetrazolium chloride (TTC) was used [20, 21]. Asfj the AAR was determined by retrograde injectié2 ml of

0.1% Evans blue dye into the aorta. Thus all mydieatissue was stained blue, except the AAR. Brief plastic

catheter filled with heparinized normal saline vgasgically inserted into the abdominal aorta. Iigical for this

step to avoid air bubbles within the catheter, ey twould be injected into the coronary circulatenmd prevent
Evans blue staining. Evans blue solution was tiggcied retrogradely into the aorta [21]. The he@s excised
and washed in ice-cold 0.9% saline. The Evans slamed hearts were then frozen (-20°C), cut iptoreximately

3 mm thick slices, incubated in 1% TTC, dissolvediebs buffer for 10 min and then in 3% formaldeéyor 15

min. Slices were then scanned between glass plabesAAR and the infarct size were quantified bgrpinetry
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(Image J, National Institutes of Health, BetheddaA, USA) [22]. Infarct size was expressed as thecpstage of
infarcted tissue within the AAR zone (infarct see% AAR zone).

Biochemical Analysis

The activities of cardiac markers creatine kinage{@K-MB) and lactate dehydrogenase (LDH) wereneated by
using kits from Reckon diagnostics Pvt Ltd., Inds&rum total cholesterol (TC), triglycerides andlH&holesterol
(HDL-C) were estimated by using kits from Agappagtiostics, India. Concentration of LDL-cholestetdDL-C)
was calculated using the formula [LDL =TC —(TG/5DBH)][23].PON1 activity was measured by the methdd o
Mackness[24].3-hydroxy-3-methyl glutaryl COA(HMG Epreductase activity in liver tissue was analybgdthe
method of Rao and Ramakrishnan [25]. The heartidiswas extracted for lipid estimation accordingthe
procedure of Folch et al [26]. The cholesterol waBmated by the method of Abellet al [27]. Triagyterolwas
estimated by the method of Van Handel and Zilvettsfi@8]. Free fatty acids (FFA)were estimated adowy to the
procedure of Falholtet al [29]. The activity of @phiolipase A (PLA) was assayed by the method ofoRiknd
Shapiro [30]. Phospholipase C (PLC) was assayeithdoynethod of Kleiman and Lands [31] and phosplaskpD
(PLD) by the method Mollerung and Bergmayer [32].

Total RNA isolation
Total RNA was isolated from the heart using TRI f@d (Sigma Aldrich) by the method described by
Chomczynski and Sacchi [33].

Reverse Transcription PCR

The isolated RNA was used for reverse transcripiaégmerase chain reaction (RT-PCR) to quantify the
expression. Total RNA was reverse transcribed aDR Ras performed using Eppendorff RT-PCR kit witdng
specific primers. Primer sequences for glyceraldeR3-phosphate dehydrogenase (GAPDH), H-FABP aengn
table 1. The PCR mixture contained 10 mM Tris @B), 50mM KCI, 1.5mM MgGl dNTP at 20mM each and
gene specific primers at 0.5mM each and 0.025 /uhit&aq polymerase. After an initial denaturatioepsat 94°C,
35 amplification cycles were performed. A final exsion step of 5 minutes at 72°C was performedriteroto
complete the PCR reaction.

PCR mixture was resolved on 2% agarose gel congierthidium bromide. Then the gels were subjected t
densitometric scanning (Bio-Rad Gel Doc, Califorri(#5A) to determine the OD of each and then nowedli
against GAPDH (internal control) using quantity Gmaging software.

Table 1: Primer sequencesfor RT-PCR analysis

Genes Primer sequences Accession number
Forward 5 TGACAACTCCCTCAAGATTGTCA 3
GAPDH (Glyceraldehyde-3-phosphate dehydrogena: verse 5 GGCATGGACTGTGGTCATGA 3 NM 017008.4
Forward 5’ GACAGGTGGCTAGCATGACC3

Reverse SGTCCCACTTCTGCACATGGA3’

Heart type fatty acid binding protein (H-FABP) NM 024162.1

Statistical analysis

The results were analysed using a statistical pragre SPSS/PC+, Version 17 (SPAA Inc., ChicagoUEA).
One way ANOVA was employed for comparison amonggtaips. Duncan’s post-hoc multiple comparisonstest
of significant differences among groups were deteeh p<0.05 was considered to be significant.

RESULTSAND DISCUSSION

Table 2: Activitiesof LDH, CK-MB in serum

Groups | LDH (IU/L) | CK-MB (IU/L)

CON 152.4045.97 | 175.10+6.52
MOS 149.61+5.86 | 172.61+6.43
ISP 229.62+8.99 | 351.40+13.09

MOS+ISP | 179.55+7.03 | 280.62+10.46
Values are expressed as mean + SEM.
Mean values with same superscript do not diffenificantly, p<0.05

Cytosolic enzymes CK-MB, LDH, which serve as thagtiostic markers of myocardial damage, leak oun ftioe
damaged tissue to blood stream when cell membracentes permeable or rupture [34]. In accordande tis the
serum activities these cardiac markers were samfly elevated in ISP treated rats compared tadmérol (table
2). This indicated the cardiac damage caused by NEPS pre-treatment significantly reduced the amtiof these
enzymes in the serum compared to ISP group, whachaled the lesser damage of the myocardium in MER%S+
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group. Previous study by Panda et al. also repahteeffect of hydro alcoholic extract of OS leaireseducing the
serum levels of cardiac markers [35].

Figure 1: mRNA expression of H-FABP in heart
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The relative amount of H-FABP mRNA was estimated seyni-quantitative RT-PCR. The PCR products were
guantified by densitometry and standardized tor thespective GAPDH controls. Results are expresseaverage
of quadruplicate experiments + SEM. Different sigpépts indicate values statistically significabp&0.05.

The cardiac damage in the myocardium by ISP treatwas further confirmed by the mRNA expressiorHef
FABP in the heart tissue. The mMRNA expression ofABP decreased significantly in the heart tissudS®

treated rats as compared to control (figure 1)nge small protein H-FABP diffuses more rapidlyotigh the
interstitial space and appears in the circulat®ealy as 90 min, following the myocardial celhaage [9]. Since it
is released into the circulation, the level of FABPthe heart tissue will be decreased during eardiamage. In
agreement with that Wang et al [36] reported thatmRNA expression of H-FABP in the infarcted myoaam.

The significant increase in the mMRNA expressiohléfABP in MOS pre-treated rats indicated the poyesfcMOS

in protecting the myocardium from cell membrane dgen

Figure 2: Measurement of infarct size
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Myocardial infarct size was measured by Evans BITE- staining. The Evans blue stained (dark/blumstharea)
indicates the normal myocytes which are at the isohemic area. TTC stained (red stained area) aneficthe
myocyes at the ischemic area but are viable (arealaof infarction-AAR). The unstained (white)ear indicates
the area of infarction.

A) The photography of ISP induced and rat hearti@eof Evans blue-TTC staining. This showed marfesict size
and AAR and less viable tissue.
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B) The photography of MOS+ ISP induced rat heattise of Evans blue-TTC staining showed more viaiea
and less AAR and infarct size compared to ISP group

The measurement of infarct size was performed anEwlue-TTC staining (figure 2). Evans blue stagrtias been
widely used for the viability assays. TTC dye forased formazan precipitate with LDH of the viablgocardial

tissue, and there is a failure of infarcted myorardto stain with TTC because of the leakage of LDOHe

measurement of infarct size of ISP and MOS+ISP ggovas performed by Evans blue-TTC staining. |&8té&d

rat heart showed more infarct size and AAR as sdawdigure 2. The MOS pre-treated rat showed iefesct size

and AAR compared to ISP. The MOS pre-treated @ ahowed more viable tissue compared to ISP. dlks
confirmed the protective role of MOS in preventthg myocardial damage.

Table 3: Concentration of serum Total cholesterol (TC), HDL cholesterol (HDL) and Triglycerides (TG) in serum

Groups TC (mg/dl) TG(mg/dl) | HDL-C(mg/dl) | LDL-C(mg/dl)
CON 90.19+3.54 | 48.15+1.89 36.13+1.38 35.86+1.34
MOS 85.12+3.29 | 45.34+1.78 37.55+1.39 33.26+1.24
ISP 138.5045.42 | 74.23+2.97 22.10+0.82 61.46+2.29
MOS+ISP | 109.42+4.26 | 58.58+2.91 29.27+1.09 46.26+1.72

Values are expressed as mean + SEM.
Mean values with same superscript do not diffenifizantly, p<0.05

Table 4: Concentration of cholesteral, triglycerides, free fatty acids and phospholipidsin the heart

Groups Cholesterol Triglycerides Free fatty acids Phospholipids
(mg/100g wet tissue) (mg/100g wet tissue) (mg/100g wet tissue) (mg/100g wet tissue
CON 283.90+11.12 121.55+4.76 572.59+21.38 3.55+0.13
MOS 263.82+10.33 118.18+4.63 560.02+20.88 3.43+0.13
ISP 340.05+12.23 206.40+8.08 689.95+25.7% 2.64+0.10
MOS+ISP 306.84+12.02 174.3846.83 627.34+23.37 3.17+0.12

Values are expressed as mean + SEM.
Mean values with same superscript do not diffemificantly, p<0.05.

CVD is associated with altered lipid metabolism pescholesterolemia and hypertriglyceridemia areriglefactors
for the development of CVD. In the serum, total lekterol, triglycerides and LDL-C levels were foutw be
increased and HDL-C level was decreased signifizantiSP treated rats (table 3). This is in acesce with the
previous studies [2, 15]. The increased concentraif cholesterol could be due to the decreased-BDsince it is
involved in the transport of cholesterol from tigsto the liver for its catabolism [37]. But LDL-Celivers
cholesterol to peripheral tissues, which would awglate if supply exceeded demand. Studies have rstioat high
levels of HDL-C have a negative correlation with @Mwhile high levels of LDL-C show a positive cdaton
[15]. ISP treatment also caused significant inadaghe levels of cholesterol, FFA and TG in tlear tissue (table
4). The enhanced cholesterol levels may be duketancreased biosynthesis since HMG CoA reducteséty is
enhanced in the ISP group. ISP administration le@s lveported to increase the adenylatecyclasetgatsulting
in enhanced cAMP formation. Cardiac cAMP mediatipitl | biosynthesis is the underlying mechanism tfog t
increased lipid profile ISP administration [38] aptbmotes higher lipid accumulation in the myocandi[39].
Changes in membrane cholesterol content affectiuidity, permeability to ions, activities of memimexbound
enzymes [40]. The excess free fatty acid may bed use the synthesis of triglycerides, resulting in
hypertriglyceridemia [38]. The MOS pre-treatmentigzd alterations to the lipid profile both in tlegsm and heart
tissue. A study by Dahéd alalso reported that OS can decrease the hyperlifediit].

Phospholipids are essential components for thagiityeof cellular membrane and subcellular orgae=ll38]. A
significant decrease in the phospholipid contens whserved in the heart tissue of ISP treatedo@tspared to
control (table 4). The decreased phospholipid gdnteay be due to its greater degradation which cc@aluse
membrane dysfunction. Alterations in tissue cheledt content can also cause increased degradation o
phospholipids [40]. The rats pre-treated with MO®wed a significant increase in phospholipid contarheart
tissue, which may account for its membrane stabdiactivity.

Probing into the detailed mechanism of hypolipidereffect of MOS revealed that, MOS caused significa
enhancement of PONL1 activity in the serum (figureTBis may be due to the potent antioxidant afstief OS. The
beneficial effect of HDL-C is attributed to its asgated protein PONL. Its activity decreases systexidative
stress and is also associated with lower incideficardiovascular diseases [42]. There is a sicpnifi reduction in
the activity of PON1 in ISP induced rats. This dsn correlated with the decreased levels of HDL-Geénum.
Reduction in the PON1 activity on ISP induced cacdlamage has been observed earlier also [43].
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Figure 3: Activity of PON 1in serum
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Table5: Activitiesof HMG CoA reductasein liver and phospholipasesin heart

Groups  HMG CoA reducta$e PLA* PLC PLD®
CON 4.62+0.18 0.919+0.036 0.307+0.012 0.49+0.019
MOS 4.75+0.19 0.901+0.035 0.301+0.012 0.48+0.019
ISP 1.90+0.07 2.24+0.088  0.692+0.027 1.46+0.05%
MOS+ISP 2.89+0.11 1.5620.061 0.459+0.018 0.82+0.032

Values are expressed as mean = SEM of 6 animaladh group. Mean values with same superscript daliffer significantly, P<0.05HMG
CoA/mevalonate, *milliequivalents of ester hydrelyfmin/mg protein,#millimoles of phosphoryl fornmeitd/mg protein, $millimoles of choline
formed/min/mg protein.

HMG CoA reductase, which is a rate limiting enzyime¢he pathway of cholesterol biosynthesis, playsagor role
in the regulation of cholesterol metabolism [44heTactivity of HMG CoA reductase was measured agatio of
HMG CoA to mevalonate. Lower the ratio, higher \iié the activity of the enzyme. There was an upatign in

the cholesterol biosynthesis, as evident from micesiased activity of HMG CoA reductase in the litissue of ISP
treated rats (table 5). But the pre-treatment f wath MOS resulted in a decrease in the actittity key regulatory
enzyme compared to ISP group.

Phospholipases are the enzymes involved in theolysis of phospholipids. ISP treatment in rats edus
significant elevation in the activities if PLA, PL&nd PLD. Previous study in our laboratory alsova the
elevated levels of these enzymes in ISP treatad4&]. The observed decrease in the phospholipident in the
heart tissue of ISP treated rats (table 5) mightllee its increased degradation by these phosplkekp@ut MOS
pre-treated rats showed reduced activities of thiese enzymes as compared to ISP group. This eguat for
the increased content of phospholipids and decdeasatent of FFA in the heart tissue of MOS preadied rats.

The reports suggests that leaves of OS contaiagilecil composed of limonene, borneol,copaemeyaphyllene,
and elemol, phenolic compounds (rosmarinic acitdgeapn, cirsimaritin, and isothymusin), flavonoi@sientin and
vicenin), and aromatic compounds (methyl chavica anethyl eugenol) [46]. These active componergssapwn
to possess potent antioxidant as well as othempdiaslogical properties. The synergistic effecthafse components
may be the underlying mechanism of cardioprotedive hypolipidemic effect of MOS.

CONCLUSION
Administration of MOS attenuated thbanges in lipid metabolism and lipid profile caussdthe treatment with
ISP. The mechanism is by reducing the lipid biosgais and increasing HDL-C and PONL1 activity. Tineréased

mMRNA level of H-FABP in the heart tissue by MOS meatment revealed the efficacy of MOS in protegtihe
myocardium from severe damage. Hence this studwslize lipid lowering and cardioprotective effeEMOS.
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