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ABSTRACT

Antidyslipidemic and antioxidant activity of piperine isolated from the
fruits of Piper longam extracts have been studied in triton and high fat
diet fed hyperlipidemic rats. The piperine lowered the serum lipids at 100
mg/Kg/p.o. intriton WR-1339 induced hyperlipidemia. Chronic feeding of
the piperine at the dose level of 50 mg/kg body weight in high fat diet rats
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for 30 days caused lipid lowering of apoprotein level in experimental ani-
mals. It activates lypolytic enzymes in plasma and liver lipids. Piperine
also increased faecal bile acid extraction and enhanced plasma lecithin.
Piperine also showed potent cholestrol acyltransferase activity. Piperine
showed potent antioxidant property and oxygen free radical scavenger

activity (in vitro) and also induced oxidative stress.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Atherosclerosisanditsassociated complicationsis
now daysamajor cause of myocardial morbidity and
mortality world wide. Elevated plasmalevel concen-
tration of the cholesterol specidly low density lipopro-
teins(LDL) and triglyceridesalongwithfreeradicals
and oxidativestressarerecognized asleading causein
the devel opment of atherosclerosisand coronary heart
desease9. Generally, oxidative damage takes place
inthelow density lipoprotein (LDL) of the plasmaby
thehydroxyl freeradica s(OH") generated by themetal
ionspresent inthe serum dueto theoxidative stress. It
has been demonstrated that oxidative damaged LDL
aremoreatherogenic thanthenative LDL™*®, Severa
drugsarebeing used in thetreatment of dydlipidemia.
The drugs can intervene by lowering cholesterol
(LDL+otd cholesteral) or by loweringtriglyceridelevels

intheplasma. Treatment of hyperlipidemiausing statins
such asatorvastatin, lovastatin, fluvastatin, s mvastatin
and pravastatin are HMGCo0A reductase
inhibitorswhich act by inhibiting cholesterol synthesis.
However common Sdeeffectsaremyositis, arthragias,
gastrointestina upset and e evated liver function tests.
Thusthereisaneed for the therapeutic benefits of sev-
erd antidydipidemic drugswhiles multaneoudy reduc-
ingthe severesideeffects.

Theinvolvement of thehydroxyl freeradicashave
been found to bemagjor causefor peroxidative damage
to lipoproteinswhichisresponsiblefor inhibition and
progression of atherosclerosisin hyperlipidemic sub-
jectd.

Piper longam (family: Piperaceae) commonly
known asPippdi in Hindi or long peegper inEnglishis
widely used asan household remedy in treating respi-
ratory disorders. Biologicd activitieshave been reported
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intheliterature®%, Themajor chemical constituent of
thefruitsof Plongamextractsisan dkaloid piperine,
which hasbeenisolated and characterized fromthefruits
of thisplant for the eval uation of itsdydipidemicand
antioxidant properties.

MATERIALAND METHODS

Collection of plant material

Thefruitsof Piper longamwere purchased from
local market of Lucknow and were authenticated by
the botany division of Centra Drug Research Ingtitute,
Lucknow

Animals

Madedbinoratsof Charlesfoster strain (100-150g)
were used for the experiments and were kept under
standard hygienic conditionsmaintaining at 12:12 hours
light and dark cycle and fed with standard pellet diet
(Liptan’s India Ltd.) and water ad libitum. The experi-
ment was approved accordance with the Institutional
anima ethicscommittee.

Triton and high fat diet induced hyper lipidemia

Theratsweredividedinto control, triton treated
and triton pluspiperinetreated group of Six ratsineach
of group. Thetriton WR-1339 (Sigmachemica com-
pany, USA) was administered at 400 mg/K g. dose by
intraperitonialy for 18 hrs. Piperine and gemfibrozil
(CiplaLtd. Bombay, India) were macerated with 0.2%
agueous gum acaciasuspension and fed daily at 100
mg/K g dose s multaneoudy with triton. Inthechronic
study hyperlipidemiawas produced by feedingthehigh
fat diet to the experimenta ratsonceaday for 30 days.
Piperinewas administered at 100 mg/Kg.doseorally.
Control animalsreceived sameamount of normal sa
line. At the end of the experiments, rats were fasted
overnight and blood waswithdrawn. Theanimalswere
killedand liver wasexcisedimmediatdly.

Biochemical analysisof plasma/serum

Plasmalecithin: cholesterol acyl transferase (LCAT)
activity!™ and post heparinlypolytic activity (PHLA)
were assayed'?, serum wasfractionated into very low
density lipoprotein (VLDL), low density lipoprotein
(LDL) and high dengty lipoprotein (HDL) by polyamine
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precipitation methods*3. Serum aswell aslipoprotein
wereanalyzedfor their total cholesterol (TC), phos-
pholipids(PL), triglycerides(TG) and protein by stan-
dard proceduresreported in our earlier paperg*4

Biochemical analysisof liver

Liver washomogenized (10% w/v) in cold 1700mM
phosphate buffer at pH 7.2 and used for the assay of
total lipolytic activity™. Thelipid extract of each homo-
genate was usedfor the estimation of TC,PL,TG and
protein.

Faecal bileacid estimation

The rats faeces were collected from the groups
throughout 30 days and processed for the estimation of
cholicacid and deoxycholic acid®.

Antioxidant activity (generation of freeradicals)

Superoxideanions(O,) weregenerated enzymati-
caly by xanthine (160mM) xanthine oxidase (0.044)
and nitrobluetetrazolium (320uM) in absence or in pres-
ence of piperine (100 to 200ug/ml) in 100mM phos-
phate buffer before use. Thereaction mixturewasin-
cubated at 37°C and after 30 minutesthereaction was
stopped by adding 0.5 ml glacia acetic acid. The
amount of formazineformed was cal cul ated spectro-
photometrically. Inanother set of experiment, effect of
pi perine on generation of hydroxyl radical wasstudied
by nonenzymati c reactants. Briefly hydroxyl freeradi-
casweregenerated inanonenzymétic system (2.0mM)
andH,0O, (2.8 mM) In50mM KH, PO, buffer pH 7.4
toafina volumeof 2.5 ml. Theabovereaction mixture
in the absence or in the presence of piperine (100to
200ug/ml) was incubated at 37°C for 90 minutes. The
Piperinewasa so studied for itsinhibiting action against
microsomd lipid peroxidationin vitro by nonenzymétic
inducer. Reference tubes and reagent blankwere also
run smultaneoudy.ma ondia dehyde (MDA) contents
inexperimentd and reference both thetubeswere esti-
mated spectrophotometrically.thiobarbuturic acid as
mentioned above. Allopurinol, mannitol and 4-toco-
pherol were used as astandard compoundsfor super-
oxideanions, hydroxyl radicalsand microsomal lipid
peroxidations.

Satistical analysis

Datawereandysed using sudents‘t’ test, hypolipidemic
groupswere compared with control. Hyperlipidemic
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and piperinetreated with hyperlipidemic. Experimenta
group compared with reference groups p< 0.05 was
consdered assignificant.

RESULTS

Effect of piperineintritoninduced hyperlipidemia

Theacuteadminigtration of triton R-1339 caused a
marked hyperlipidemiain serumlevelsof TC (+ 3.07
F), PL (+2.34F), TG (+2.83F) and protein (+2.10F).
Treatment with piperine caused reversal of theselevels
of TC(-24%),PL (-25%), TG (-20%)and protein (-
23%) repectively.(TABLE-1). Thelipid lowering ac-
tivity of piperineinhyperlipidemicratswvascomparable
tothat of gemfribrozil.

Effect of piperineon lipid composition in serum
lipoproteinsand liver

Thedatain TABLE 2 showsthat administration of
high fat diet in rats increased their serum levels of
TC(+3.0 F),PL (+2.66F), TG (+2.22F) and protein
(+2.03F) respectively. Feeding of piperine with
gemfibrozil recoveredtheleve sof theseserum lipidsof
TC(-26%), PL (-24%), TG (-25%) and protein (-30%)
respectively. The analysis of lipid serum showed a
marked increasewith levelsof lipidsand apoproteins
congtituting a-lipoproteins and there treatment with the
piperineand gemfibrozil S gnificantly reduced theseleves
of VLDL lipids (22, 33, 27& 20%) aswell asLDL-
TG (-33%) LDL-PL (-27%) LDL-TG (-33%) and
apo-LDL (-32%) respectively in hyperlipidemic rats.
At the sometimedecreased level of HDL-lipidsand
apo-HDL in these animals particularly recovered
(TABLE-2). Theincreased thelevelsof lipidsieTC
(+22%),PL (+5%), TG (+26%) and protein (+17%)
of highfed ratswere observed and treatment of pip-
erineby lowering of lipidsi.e. TC (-23%), PL (-22%),
TC (24%) and protein (+ 20%) respectively.

Effect of thelipolytic enzymes

HFD feeding caused theinhibition of plasmalL CAT
(-47%) and PHLA (-40%) respectively.(TABLE-2)and
tota lipolyticactivity (-43%) inliver.(TABLE-3). Treat-
ment with piperineand gemfibrozil partidly reectivated
theselypolytic activitiesin plasmaand liver of hyper-
lipidemicrats.

—=> [ul| Paper
Effect of faecal excretion of thebileacid

FeedingwithHFD caused asignificant decreasein
faecal excretion of bileacids (-31%) and deoxycholic
acid (-50%) and theselevelswere shown to be recov-
ered by the treatment of piperine (17+21%) and
gemfibrozil (24+28%) in HFD and piperinefedrats.

Antioxidant activity of piperine

Theantioxidant activitiesof piperinewasevd uated
by generating freeradicalsat adose of 100ug to 200
ug/ml against formation of O,;, OH-andmirosomd lipid
peroxidation wasstudied (TABLE -4). Thesignificant
decreasein superoxide anions (-26+36%), hydroxyl
radical s (28=37%) and microsomal lipid peroxidation
(22+38%) respectively.

DISCUSSION

Hyperlipidemiaisoneof theimportant risk factors
involved in thedevel opment of cardiovascular diseases.
Atherosclerosisand congestiveheart failureare strongly
associaed withdisordersof lipid metabolisnand plasma
lipoproteins. Triton WR-1339 treated ratsare consi d-
ered to be useful acute hyperlipidemic model associ-
ated with inactivelipoproteinlipase. triton WR-1339
actsasasurfactant to block theuptake of lipoproteins
fromthecirculation by the extratissuesresultinginan
increaseintheleve of circulatory lipoproteinsPiperine
and gemfibrazil both caused asignificant decreasein
serum levelsof lipidsintritoninduced hypolipidemic
ratsand thismodel has been successfully used for the
evauation of lipid lowering drugsIn the present
investigation,thehigh fat diet fed hyperlipidemic rats,
piperine couldincreasetheleve of HDL byincreasing
theactivity of lecithin, cholesterol, acyltransferase ac-
tivities, which may contributeto theregul ation of blood
lipids. LCAT play akey rolein lipoprotein metabolism
and most of thelipoprotein changes arethe out come
of primary abnormality owing totheliver diseasesPip-
erinefacilitatethelipid catabolism of the LDL through
the hepatic receptorsin hyperlipidemic situation. This
property may aso overcometo hepatitisC virus(HCV)
infections because L DL receptors have been proposed
asacandidatereceptorsfor HCV antigen.

Treatment with piperine provokesarapid binding
of p-lipoproteins, which compitively inhibitstheinvolve-
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ment of HCV intigentswith abovereceptors.

Piperine enhances the extraction of bile acids
through faeces and this contributes to regress,the
cholestesteosisinliver damage. Disordersof lipid me-
tabolism are associ ated with peroxidative degradation
of membranelipidslikepicrolive

The potentially reactive derivatives of oxygen as-
cribed asRossuch assuperoxideanionshydroxyl radi-
casand hydrogen peroxide are continuoudy generated

inside the human body, asaconsequence exposureto
oxygen, chemica sanumber of metabolitesasaresult
of metabolic processinvolving redox enzymes and
bioenergetic el ectron transfer owing to the Ros over
production or inadequate antioxidant the piperinewhich
isanatura product hasshown antioxidant property can
be deve oped aslipidlowering diffuse, thereisupsurge
of Rosand thisculminatesin oxidativestress. Itisquite
Interesting to notethat with antioxidant drug.

TABLE 1: Lipidloweringactivity of piperineintriton treated hyperlipedemicrats

Experimental Schedule Total Cholesterol Phosphoalipid # Triglyceride® Protein®
Control 90.32+7.89 85.33+6.70 88.19+5.82 7.50+0.37
Triton treated 277.77+22.84" 220.44+16.14" 245.81+20.23" 15.18+1.10""

(+3.07F) (+2.34F) (2.83F) (2.10F)
Triton + Piperine 210.11£16.79™ 150.17+13.20"" 199.12+12.78™ 12.10+0.77"
(-24) (-29) (-20) (-23)
Triton+Gemfibrozil 179.39+12.22™ 130.79£10.27" 170.02+£14.00™" 11.00+0.67"
(standard Drug) (-38) (-34) (-32) (-30)

Unit : (@) mg/dl (b) g/dL
Values are mean + SD from 6 rats “"P< 0.001, “P< 0.01. Trito
compared with triton

n group compared with control, triton plus piperine treated

TABLE 2: Effect of piperineand gemfibrozil on blood lipidsand lipolytic enzymesin hyperlipidemicrats

Parameters Control High fat diet H_igh f_at diet and High fat qliet and
treated piperinetreated Gemfibrozil treated
A. Serum
Total Cholesterol 88.23+6.14 265.30:21.17" 194.44+13.80"" 174.22+16.00""
(+3.0F) (-26) (-34)
Phospholipid? 84.17+5.88 240.88+20.30"" 183.03+17.00"" 170.70+14.10™"
(+2.86F) (-24) (-29)
Trigliyceride? 90.39+7.10 200.77+17.39" 150.29+12.88"" 134.44+10.77"
(+2.22F) (-25) (-36)
Protein® 6.40+0.30 13.00+0.77"" 9.00+£0.66 8.88+0.37
(+2.03F) (-30) (-31)
B.VLDL
Total Cholesterol ® 8.50:0.62 30.81+2.14" 24.14+2.00 22.84+2.00""
(+3.62F) (-22) (-25)
Phospholipid? 16.10+1.01 33.33+3.00" 22.16+1.66" 21.70+2.00"
(2.07F) (-33) (-25)
Triglyceride® 41.88+3.17 92.84+6.37 67.33+5.37 65.77+5.31"
(+2.21F) (-27) (-29)
Apoprotein® 6.50+0.27 13.00£1.107 9.60+0.77 9.77+0.33""
(+2.0F) (-26) (-25)
C.LDL
T Cholesterol 13.58+0.66 65.10+5.17" 47.37+4.00" 45.50+3.10""
(+4.79F) (-27) (-30)
Natural Products
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Parameters Control High fat diet H_igh fat diet and High fat qliet and
treated piperinetreated Gemfibrozil treated
Phospholipid?® 13.00+1.00 45.00+4.17 32.89+2.17" 32.22+2.14"
(+3.46F) (-27) (-28)
Triglyceride® 15.39+0.58 37.22+3.18 24.80+2.00 26.66+1.67"
(+2.41F) (-33) (-28)
Apoprotein® 17.39+1.18 32.15+2.18"" 21.66+1.17"" 22.18+1.44™"
(+1.84F) (-32) (-31)
D. HDL
T Cholesterol 47.00+3.60 35.38+2.14™" 45.44+4.08" 46.16+3.61""
(- 24) (+22) (+23)
Phospholipid? 40.17+4.00 30.10+1.88"" 31.77+2.108 35.88+3.00°
(- 25) (+5) (+16)
Triglyceride® 17.30+0.50 11.77£1.00" 16.00+1.18™ 16.18+0.77""
(- 29) (+26) (+25)
Apoprotein® 171.18+13.19 120.14+10.77" 145.3311.18" 154.44+13.10"
(- 29) (+17) (+22)
Plasma LCAT activity® 70.70+5.10 37.37+2.18" 48.78+4.12"" 50.18+3.00""
(- 47) (+23) (+25)
PHLA® 18.60£1.19 11.17+0.69" 14.84+1.00"" 15.17+1.10"
(-40) (+24) (+26)

Units: (a) mg/dl serum, (b) g/dL serum, (c) n mol cholesterol released /h/l plasma,(d) n mol free fatty acid formed /h/ml plasma.
Values are mean + SD from six animals; ""P<0.001, ""P<0.01, "P<0.05; Cholesterol treated compared with control, cholesterol

and drug treated with triton only.

TABLE 3: Effect of piperineand gemfibrozil on hepaticlipidsand faecal bileacid excretion in hyperlipemicrats

Cholesterol and Cholesterol and

Parameters Control Cholesterol treated piperine treated Gemfibrozil treated
A Liver
LPL activity® 134.44+12.15 77124430 100.37 +7.39™" 112.88+9.23™
(-43) (+23) (+31)
Total cholesterol® 7.33+0.55 12.88+0.69" 9.83+0.62"" 9.13+0.82""
(+1.75F) (-23) (-29)
Phospholipid® 25.17+2.80 42.22+3.18"" 32.77+3.00" 29.99+1.84""
(+1.65F)40% (-22) (-28)
Triglyceride® 11.66+0.88 17.39+1.12"" 13.13+1.10"" 12.78 +1.00™
(+1.49F) (-24) (-26)
Protein® 154.00+12.77 225.33+20.14" 180.11+16.23" 170.00 +13.58"™"
(+1.46F) (-20) (-24)
B Faecal bile acids
Cholic acid" 87.17+6.12 60.13+5.31"" 72.88+6.11" 79.82+5.87
(-32) (+17) (+24)
Deoxycholic acid® 57.33+3.18 28.81+2.30"" 36.44+2.00"" 39.09+3.00"
(-50) (+21) (+28)

Unit : (a) n mole free fatty acid formed/h/mg protein, (b) mg/g, (c) ng/g.

Values are mean £SD of six animals; "~"P<0.001, ""P<0.01, "P<0.05. Cholesterol treated group compared with control and

cholesterol plus drug treated group compared with cholesterol treated.
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TABLE 4: Effect of piperineon thegeneration of superoxideanions, hydroxyl radicalsand lipid per oxidation in microsomes

Test Conc of compounds Super oxide Hydroxyl Microsomal lipid
compound (ng/ml) anions®(0,)  radicals’(OH?) per oxidation®
Control 192.34+14.72 109.2449.76 90.27+5.77

Piperine 100 142.84£12.37"  77.80+5.39" 70.29+7.00""
(-26) (-20) (-22)

200 1222241178  59.88+3.87 56.14+4.32""
(-36) (-37) (-30)

Standard drug 200 110.00£8.277"  50.32+4.10"" 47.20+3.14™
(-43) (-54) (-48)

(Allopurinal) (Mannital) (o-tocopheral)

Units: (a) n mol formazone formed/min., (b) n mol MDA formed/h/mg protein.
Each value is mean + SD of six values “"P< 0.001, ”"P< 0.01. Experimental data compared with control experiment.
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