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UnAng

M1 oxidation ¥es LDL vivlviuAsuanwluidu oxidized LDL dswadelunisgnindn
1988 macrophage %qluﬁqm%ﬂmaﬂu foam cells wazazauiintmasnden auviiliAnen
NIUUIAIVDINTINaDALADN wariinn1Ignaentdontnsud (atherosclerosis) inae e
Msfnwiinudn piperine fignsiluasdueyuadasy Suhadlaogrsbslunmsfnumansiiduey
Wu3Ue4 piperine uennigalimaneauin piperine finaanlutiludon sy Tassmsiseias
{Jun1svadeu piperin - uazeyius 11 giafidanseitun  lumssudanisia lpid
oeroxidation wee LDL  fluenldunanidenveseraialing saumainsinwnanisanlusiuly
dnineaes wazn1sfnwinadoununilusauludu Han1svaaeenudn MnnsTanséiuds lipid
peroxidation A2835 TBARs assay wuangisviatsviia lawn Al3, Ald, A5, A9, Al0, A20 uag

A23 figvislunssudaidierundadus 1 M dwmsunisne reducing activity vesans
Fregeaunsavilaeae3s FRAP assay nan1snaaesnudn a@siiil reducing activity g9 lowA A0
uaz AL wansliiiiudn quadiuds lipid peroxidation lalléifunasnaingus reducing activity
vosanslagnss  uenaInd avsnnedafiszduanududud 1 v ldifudunsedewad
macrophage wiflnaannsditinvessadfinududugsdu daunsinuludninaaesmuiing
1% piperine wiauiu cholesterol WU 8 dUaiiiinaan weight gain am total cholesterol (TC)
way triglyceride (TG) naenauvilinisnanesivemaondonity uwadslinunsasuulames
Tusiulustuny Tasasuiarundululéi piperine uaranslunguifonadidnsnmlumsiauni
g1fifgrslunsanasdsmesmsifelsaiilasumasndonld



Abstract

Oxidation of low density lipoprotein (LDL) causes the formation of oxidized LDL
that can be taken by macrophage. Macrophage then transforms to foam cells that can
penetrate and accumulate in the vascular epithelial layers which finally cause
atherosclerosis. Several studies reported the potential of piperine as antioxidant agent.
Thus, it is interesting to further investigate the potential of piperine derivatives which
could be even more active than piperine itself. We therefore synthesized 11 piperine
derivatives and tested for their antioxidant activity against LDL oxidation. LDL was
isolated from healthy volunteers by density sequential ultracentrifugation. As an anti-
hyperlipidemic, some reports show that piperine produced clear blood lipid reductions
whilst others failed to show any effect. Therefore, we aimed to study anti-oxidant
activity of piperine and to show whether piperine could improve vascular endothelial
function in cholesterol fed rats as well as its effect on liver protein profile.

Antioxidant effect was assessed by inhibitory activity on lipid peroxidation by TBARs assay
and reducing activity by FRAP assay. The result showed that compound Al3, Ald, Al5, Al9,

A0, A20 and Al23 exhibited good lipid peroxidation inhibitory activity at 1 UM. For
reducing activity, Al0 and All showed the highest activity among all compounds. Dose-
dependent pattern was also observed by both activities. These result suggested that
inhibition of lipid peroxidation was not directly related to reducing activity. In addition,

these compounds were test for their effect on macrophage cell viability and found that

they were not toxic to cells at 1 UM and showed some reduction on cell viability at
higher concentrations.

Throughout the 8 week trial, treatment with piperine (40, 80mg/kg) reduced body weight
gain and food intake per day compared with control. The HC group exhibited elevation
of both TC and TG. Piperine at 80mg/kg but not low dose (4d0mg/kg) partially reduced
TC, while both doses effectively normalised the elevated TG. HDL was decreased in all
animals including controls. Hypercholesterolemic and hypertriglyceridemic rats showed
significant reduction of acetylcholine-induced vasorelaxation of isolated aortae and this
was prevented by treatment with piperine. There was no change in liver protein profile.
This study showed that piperine reduced body weight gain, lowered TC and fully
normalised TG and endothelial-mediated vasorelaxation of aorta. Thus piperine could
provide beneficial effects in weight control, antihyperlipidemia and counteracted the

poor vascular endothelial function in hyperlipidemia.
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1. anudAguazanulivanvssdgm

Tsaszuuiiilasauvaeniden (Cardiovascular  diseases)  utlgmigunmiil
A SuTuRL 9 salusziulanuazluseiuussing nanade ssdniseunsielan (World
Health Oranization: WHO) $1891131 lsaalavuiaien (Ischemic heart disease) way LsAviaan
\fonaueas (Cerebrovascular disease/Stroke) L‘ﬁlua’]m@mimaﬁuﬁuwﬁwaﬂﬂiwﬂﬂiiaﬂﬁgﬂu
memdanazinave Taglanglulsemaniselfoglusedugs (High-income countries) Wz
Uszinaniisnelsoglusziuuiunans (Middle-income countries) asdmseunsielandilsseanu
Inmadeiavesssrnslaniilfannmnnanlselussuuiilasuvasadenasiuultuiuiy
910 17.1 duau Tl .. 2004 Wu 23.4 awaulud A 2030 (WHO Report, 2004) Tu
UseinalneflfihoideTinmelsarlasiuvaonidengais 40,000 ausied viodnduialusas 5
AU (NTENTETITUEY, 2550)

desanlsaszuuilasaunassdonidulsaFods (Chronic  disease) inulufy
naseulanieaeony mnintuudaededliueuasnisinunaendin iulsafl dwade
AunmTinluszozen way delviAinnsededsaurisdumssnsmeiuna uas n1squaiiae e
Jaduidusidrdguesnsiluglsnassuuilasiuvasaidenldud anznsilufuluidengs
(Hypercholesterolemia) Suduiinmuntifauarindngumainermansusuiluneiing
induvedlusurin Low density lipoprotein (LDL) @siinavanenasnidonlngiamziead
Endothelium vMlAAnn17% Endothelial dysfunction ﬁﬂwiﬂgjmiLﬁmiiﬂiuizwﬁﬂ%'ama'em
Fon 1 Tsavasaidenunauds (Atherosclerosis) Faidunniziinasaideunsgninatsauinnns
s Wi gadernuBangu waz aadwibidnsinisivavendenanas arudulunaen
Fengelu uasfinmIunnvesviaenidenldievilieoarddn wu aues ua salaviadonly
Aesaudundialsluian

oelsAnlsaluszuuilasumasadon ulsaiiawnsatesiuls Tnensanilade
s 1wy msdesfuamiznsilluiuluidengs dsamnsildlaeusuasungingsy Wy mseen
f&smeuardsungAnssunisuilanemslaedoniulsemnuemsiitluiui viedseay
atfuayumMaingrmaniiansanluiuludenls fadefinnsanidenlostunineinssssuua
fng 9 nanevesspinalnefigauluiefivdnuiuein saisagulnsanduldiuaidnonm
gslumsdaasuliiinisuilanayulnsiamnsoanluiuludenls 1wy winlve way AU 10y
ayulnslnefiinslifuodrunsnansludinusz ulaslifuineiounmieussaems uas
T Judwlsenovvesfitnetive ansiiduesiuszneuiidfyveaninlvenariva fe lawedu
(Piperine) dsiseemuindigrsanlusiluden annnie Oxidative stress annsdniau uawilons
shlveondonveneitaiundngualivayudesiuin Piperine Sdnanwlunisanauides
Yoan1sintsrialasiuvaeniien win1sfnwidenandilreudnateewasdanianisfinyinaln
n1500NgM3Y84 Piperine  luidvdn 1uideadiiifaledifefnunalnniseangusves Piperine
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sauﬁaagﬁuﬁ‘mm Piperine (Piperine derivatives) lunisantladeidosvoninlsaszuuiilasay
waendon lnsazdnulussiuding q dedl fe NAFOUNNSVBY Piperine s7uTs Piperine
derivatives Tiagynsdanseity lunsdudinsiin Lipid peroxidation wes LDL waskaly
n38udanns Uptake wa Oxidized LDL 141d Macrophage cells @sffiduaath azansnsndumy
Fnunmvesansnguil uarenafoyiusurssiafiazanunsoimunluifusvdearsemaiaiu
auAM uaztileUsziliumnuasnsaves Piperine lunsanmnudsauazlostumainlsnszuy
slatmmaondoslidaauiy fudifenumufnunaves Piperine fifldeseulutiu uaznis
yhauvemasaden lunyfignindeniliinnzluiuludongs dagsinlAlsdeyaduduids
Ingrmanifidaauluin Piperine annsndosiunisgnihaisvesviaemdenld wasiugidedsd
anuaulafiaznuludednilegin Piperine fnardsuuvastusiula q Tusuvdelsilneamy
TusuiRendestuamiuedfumaslaiu dafusiuvesdnvasesiignnienilioglunnigluduly
\Fongauazli3u Piperine zgninluAnuwmanszvuiisiiounugilusiuiiotwadlaluidesles
nMsBsuulasszfuisadiugrsues Piperine Tun1sandadeidssvesnainlsaluszuuiilasoy
vasadonsuaztihlugnmsativayunisuilaaayulnsinelunguiaioana 1wu winlne AUa e
duasuguninuazlesiulsalussuumlasiuvasndansely

2. IUILEIALATVBULYANIIIVY

iiefinwinalnniseangrivesanslmnedunareyiuslunisaniadeidesasnaiislse
szuuhlaniuvaenidenlaeiidmunedsensmansae

a¥resdanuifiondnnaufinilussfuuiuvfiedidatvayunisify

UNINYIFURANITITEVEY 4. ULSAIS

- Waauainey waviidiaulneddnuwianidyginaznisisous laun n1s
wanivdsuiFeudssninednideifvsyaunisal wasnisadeindfesull sauiinanandansedy
Saudinfnwifannmsesuumnni

- weunsesAmwlAifiethlugnisatuayunsuslanayulnsinelunguiedosme
wiu winlve AUA wagsesannIWaIL Piperine derivatives LitaLdugvoovnaiaiuguamn

Iﬂﬁqmiﬁﬂizﬂauﬁasﬂﬂiqmisiaa 3 Imamﬂmaﬁsua‘uLﬁuml,azamamumﬁ%’aﬁqﬁ

1N15578971U7 Piperine mqmmuaumaaaiu fide3edisaunisnuin Piperine  uaz
P|per|ne denva‘uves fidaaszei avmmsaaummsmm Lipid peroxidation ¥®¢ LDL 1@
svedudanis Uptake %04 Oxidized LDL LU7%ad Macrophage L6 Laza1ni Plperlne
derivatives ‘vlaqmemmumwummammqwémmw Piperine  Zvthauufgvesiassnsided
Huldmuiiasld szannsofnvidosenluszdudnienalnluns uptake vas oxidized LDL 1
Anwdaunuinees Receptor  ivimtdiluns Uptake LLangLLuumﬁmaaqﬁé’qmﬂ%’Lﬁu
Model Fsannsaldlumsisedostuitednidonans (Screening test) Tidrazfuansatnain
sssurPnseansdansied fianinglgnslunisanauidsswesnisiinlsavaondonunuds
ol

uonanUsziiufnad1efuudEdsenuiivanin Piperine  Sgvsanluiuluiden
wazdgvsvinlivaondenvesylnfinates feiugideTsfauuigrufsndning ol piperine



! = N o § v o = = o o = 5 ] v
wnvygninileadilviiangludulubengs azlinailvlvdulubenanmiasuazdwmalvivasn
deaunsinispateiilagnouaussns Acetylcholine Faluansuinsgruiildnaaeunisvineu
994 Endothelium  aluszAuiimieuvselndifesiunyunid wenainilidleAnwilugadniaen
WwadAuIINdnIneassnenaluAnwireseniegnisidsunlacwedusiu Andnuiasnuns

a a Ao v o sw ax o - A aa a Y o
Wagwreslusiundanuduiusiummusdduvesludu wag/v3slusiundunuinineidesiunis
auvesssuuiilasiuvasaion vinlilaundsleyaaivayuieinunalnnisesngnaves
Piperine lusdnifinuniu Funnnailussauufgiudenaniazifundng uldneremansa
gudulataiauin Piperine @unsaanAudssweinIsiinlsalussuuilasiuvasniion suly
ulgnistesiunsifnlsalussuuiilasiunaendents wazazilunisteativayunisuilan

1 = A . . [ 3 P 1 a [y a
auulnslnengunsesnand Piperine JussAusenou Weduasuguniniazdasiunisiinla
sotl saumadudeyarnlugnisWamun Piperine derivative 7ifiUsz@nSn1munau (g Diagram
Usznau)

o2 naglasiuluaengs

(Hypercholesterolemia)

v

Anudaalulasanissaein 1
v |

wlasuuastlsshlusum LDL a4

“Piperine and Its Derivatives”

NEAUNNILDATN IR

loau "G)
Y — Lipid peroxidation
v
“Piperine”
| Oxidised LDL
Ansdqelulasanistand 3 S)
< “Piperine and Its Derivatives”
| A 4
Biperine n"3 Uptake Oxidised LDL
dintad Macrophage

v
wlasudaetlsFiulusiui
WemAun1inauLes

\4

iim Foam Cell luniliviaaniann

srunidlaiiuvanniaan

Anundaalulasanistash 2

A4
oY Endothelium gniinang @ '
"| (Endothelial Dysfunction) | Flzere
SY; o lanafruazniihinaanidaniailng ©

!

nalsaluszuuiinlasunasnidan

Diagram W&AINSALLUIARTRILKNUNUIIENSANEINAlNNNTRRNgNEADRS
Piperine lunsanilaqaidesrainisiialealussuuvialasiunaaniaan
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Tasanstosd 1: lnneSunazayusiugedandinduvadlalulusiunumuutusi
wazMsUNdRTaaRALATHID

\n3asilauazgunsnl

Autoclave (HA-300P, Hirayama Manufacturing Corporation)

CO,-incubator (Forma series Il, Thermo Fisher Scientific)

Larminar air flow (Heal Force®)

Liquid nitrogen tank (Taylor Wharton)

Microplate Spectrophotometer (Multimode detector DTX 880, Beckman Coulter)
pH meter (Mettler-Teledo)

o kRN =

BATUNTINY

1. NSAUATIZH piperine derivatives
asdaagioyiusues piperine Luasngu acids, esters Lay amides AuANS17 1 1650
ANNBYLATILNN 5A.A5.TUNNT INTIWN

] g v
197191 1 ﬁ']i‘VlsLsU‘WﬂﬁaU

Code Compound

A0 i
H300:©/\)‘\OH
HO

Al-1 9
HscOD)J\OH
HO 5
Al-2
<ﬁ
= (@)
Al-3
<W
(@)
Al-d
O
Al-5
SRR
= [e)
Al-7
0 NN "Non
<:©/\/\)J\
(@)




= [e)

Al-10 S PN )
< (@]
(@)

Al-20 W
sORA®
<O

Al-23 o o~
<O |

2. Msanauen LDLIINWAIENN
wanaNgnnseNINGenuyed Niinsiiu 0.1% EDTA edestunisulwivesdon lny

wisnanmsthidenludumissiinimuia 3600 rom 15 wnit figaumail 4 °C nuiludunen
LDL (d = 1.019-1.063 ¢/ml) mmﬁ density sequential uttracentnfugatlon mumuamﬂ a7
11l dialyze Tu 1x PBS, pH 7.4 7l 10 uM EDTA Juiian 24 Fala mﬂumwwimzﬂﬂwu
§e BCA protein assay kit uw&afiu LDL #ildnneld N, cas wqmmm 4 °C \fielddnwinisiin
oxidation soll

Plasma (1.5 ml) + salt solution d; 1.0063 (1.5 ml)
|2 h

v v
Upper (1.5 ml) Lower (1.5 ml) + d; 1.032 (1.5 ml)
d<1.0063 d >1.0063

Chylomicron, VLDL 2h

v v

Upper (1.5ml) Lower (1.5 ml) +d; 1.107 (1.5 ml)

1.0063 <d < 1.019 d>1.019
IDL | 25h
' v
Upper (1.5 ml) Lower (1.5 ml)
1.019 < d < 1.063 d>1.063
LDL HDL

gﬂﬁ 1 n1susn LDL 1aed5 density sequential ultracentrifugation (TLX centrifuge,
fixed angle rotor, 80,000 rpm, 16.0 °C)



3. M990 lipid oxidation A28 TBARs assay

n157nURA3e7 lipid  peroxidation @28 TBARs  assay  sUun1sinusuim
malondialdehyde (MDA) #a.dunanananynevesjizen lipid peroxidation Tagn15ifis TBARS
reagent (40% trichloroacetic acid, 1.4% thiobarbituric acid, 8% HCl) W3 incubate ﬁ 90.0
oC funan 1 Halus vsnduiiludusmiesiiannimda 5000 rpm 5 Wit fenmgd 4 °C udn
iluianisideauas 7 EX 535 nm uag EM 595 nm

TBA reaction with MDA

N. OH HO _N_ SH

HS N _OH g o S P
2 1/\ | + U —_— 11 N | L \|Nf + 2H,0
OH H OH
TBA MDA product

Ul 2 UFATENSemine MDA uay TBA reagent
£71989991A: http://www.currentprotocols.com/protocol/ns0717

4. P5ANWINAVY piperine LLazaqﬁus"Lumié'uga lipid oxidation wa39 LDL

lunsneaeunavedlnineIukarowiuslaeNsAtLAasAUULTWA19Y YBe (10, 100,
1000 uM) aslululfAzervesnisiin lipid oxidation maluiailé@nulaednmauieuiisuiy
nauAUAY INHuNgAURR3EIN19AN oxidation #aBnEAN 0.1 M EDTA udailuudly ice
bath 91ntanilue lipid oxidation A28 TBARs assay

5. NMSNAFUNNSHTINVOLwaa (Cell viability test)

MsiTinvenadiow  Fsawnsataldlagld  MTT assay  [3-(3,5-dimethylthiazol-2,5-
diphenyltetra-zolium bromide)] Tneidoswadly 96 well microplate Mnainansiigesns
yaaeuiinrududusingg Wuna 24 wu. 9ndu 2 Falusreuduanms treatment Td 20 L

Y93 MTT (5 mg/ml Tu PBS) ileduganan themnsideasadesn wild 200 L DMSO:EOH
(1:1) UagdUAINITAANGULAIN 570 nm fe ELISA reader

6. Msnagdaun1siiu reducing agent #2875 FRAP

Lﬁlﬁ%ﬂWﬁ@mmmmimmiLﬂué’fﬁ'ﬁa%ﬂaaaﬂié’maaﬂ%wﬁuﬁag"luéhasm 1ae Ferric
(Fe™") —TPTZ cpmplex (L4ifid) azgn3fdnanesdu Ferrous (Fe”")-TPTZ complex (Erhahidw
Tumsnnane Ao RLESTIFeINTNAAEUSIUIY 20 pl adl 96 well plate W& FRAP solution 180 il (
300 mM Acetate buffer pH 3.6 : 10 mM TPTZ solution : 20 mM FeCl; solution RIIEIU 10:1:1 ) WAIINA absorbance
7l 595 nm AN 30 Wit wWaNPATLFLIRIWINIUSIN Ferrous (Fe”")


http://www.currentprotocols.com/protocol/ns0717

Tasennsdesn 2: navasanslniwesusaszauluiu uasnihvewasadenlunyniiniazluiu
luidongs

1 nMsvaaylinvinideludninaaag

Hugideldiauevazidunlasansivy ievesydiin1siniduludninaassanaue nssuns
AIFYNIUTTUNSTIAR) UNNINYIFYULTFIT LAULT19aLLDUAUDINTITIFLTLNYIVDINUATTENUT T
MsltanINeansnasalUll

1.1 vdnnsuasivaranineataiuasseussumsiddninaass

Tassnsideilidumsfninaves Piperine selassaitauazmavhauvamasndenlumyiign
wileahliinngluiuludengs dafeainmaazdeniieinszduluiluiden uazdeasnvasn
\densenunAnwinisviiay mAnwiisednaniduede invasive  lsmsnzauiiaznszii
nsAnulaensslunywd wagliannsaihnimaaedlagly in vitro model 3u 9 wWu msld cell
culture Fstunnedifesdamnusndusendenshnisfinuilu in vivo model Fstoyadildann
nMsiseteiienuddyieninildeduenalnues Piperine Tunmsastadaidomwosmainlsaly
szuuilasnmaenden uardoyatasfusslonidmiunsaiugunsuilnaayulnslnedio
duasugunnuaztesiulsesely

1.2 wumneufuatumsiddnd

1) dninnasazliiunisguastied Tuanmindeniazenuagimunzay

2 Tasmeildduuiunummesedusiinufivnzay Tnefmilsdanmevesdinde
fihumeass uazAwesHan1IMAapvey AT dymaada

3)  fngRdedanudiunglunis handling nyvaaealusd1ed uarasufURsdednineaiy
el da warAIEAUILAM

4)  dniazgniilvinigegeasy (euthanasia) aduUgANIIVIAGEY

2 dndnnang

[ 1%
U = 4

dninaassdmiuauideilae viyusnineag (Sprague Dawley rats) U wiin 150-200 NSy 81y
Uszanal 1 1w tngazdsgenndtindsinaasuiend 1.uiaa a.a1a181 9.A18181 9. uATUH

=

NUNARDIEYNLUINGULNBRENLAEIUNTS 9 ag 2 A7 LResluriesAtuAuaungiiliasng
25.0+2.0 ssmnwaldea Naianlavesiasiiluvesdes luginia 07:00-19:00 w. waglasu
21154In (g93 G082, dtindnivnaeIwiind L. uiing) wasu1eg19usysal

yyazgnivionileglunngluiludengilasnsliemsifidiulszneuses Cholesterol
2,500 mg/kg BW, Bile extract 1,250 mg/kg BW, Coconut oil 1,250 mg/kg BW ua Distilled
water 5,000 mg/kg BW

v 6
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ammaaq%gmmqmu 5 na ToA

1) nguAuau: Wsusmsund
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2)  nauludiludenas: lasuamnsluiugewugnsinesiu uag Vehicle Ao Propylene
slycol @aldilusnviazane Piperine

3)  nguleiuludiongeilasu Piperine (40 mg/kg BW): losuamwnsludugewmnugnstnesiu
wag 1asu Piperine Turuna 40 me/Kg BW lnaisulvindouriu wazsiuduivemisludiug

9)  nguleiuludongeilasu Piperine (80 mg/kg BW): losuamwnsludugewmnugnstnesiu
wag AU Piperine luawnn 80 mg/Kg BW TnaisulvinSouriu uwassiuiuiuomisiudiuas

5  naulvduluidenaiilasuen Symvastatin (2 mg/Kg BW): lasuemnsludugeniugns
91991 tag 1asuen Symvastatin Tuauia 2 me/Kg BW laaisulandondu wagsamiuiu
’eJWi’ﬁl“Uﬁuq& (Vijayakumar and Nalini, 2006)

dnivaaeaazlisuasing 9 auseazduntrsiufnnetuuudunm 8 dUai lnsazgnin
AP ) AL

1. e windazszauluiuludosduamias 1 A%

2. Taanudulaiin wagdnsnisiuveanalann 2 dUans

waaINUudninaaesazgnyilvinngegisau udidnenvaoniionunseasnisiioulludiny
o ! v ¢ A o aa v =3  a ' o
nsvieusely gndninaaesiideIauaiszgninuliluiiduussaia -200C  aundtawiily
vinane

NaTINIAREBNYISOARKENERN INAABA (Inclusion and Exclusion criteria)
oSy NuidursAnidenvsednuenynaass tnldnaninauainwaluil

Y
[

1) ERNANIZAUNARDINAE fifleanosiuguiiueu Ae Wus Sprague Dawley rat Fsazdsde
NEUNFINAADUNIYIF 8.A8187 2.UATUFY Wi
2) %LﬁaﬂLawwwkmy'uﬁﬁmmmﬁmﬁfﬂﬁﬁwdm 150-200 N3y
3)  aglidonvyneansiidstne T4 viefinsfinde
1) wyilddesdisziuluiuung Tnsazinzidennymniiiensiainseiulusunouduyinig
NAABY

naudin1sIiENINN15ANI (Discontinuation criteria)
Turueindadiiunsite fugisedinasieinisfinm (uenmilornmsiuaanside) Teld
sdndwiolud
1) wyneaesislanwsramelaiauysal
2) wynaaesiitas T4 Aade vieldtuuindy
3)  yyvaaesiiANRnUNAIEALaENgANTIL 19U MATEI AFE viFe a3 iy
4)  vynaaesiignAnoendzgniinliideTineesasudng CO2

3 NSANWINAYDY Piperine AUIMLNA2 AMUAULADALEDN DATINTSIAUVDIRI ALY
seaulvsiuluidon

v 6

- dnriveaesnnauazgnintminduavias 1 A3
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- dninaaeavzgniuninAuay Systolic blood pressure uag dns1n1suveiilann 9 2
Unn Besetunasnssuzinatifnen3de lnadunsiaanuiudenainvasadondinidlae
Isffqﬂﬂsaj Non-Invasive Blood Pressure (NIBP) Controller (A.D. Instruments, Castle Hill,
Australia) ﬂ"lmmﬁmﬁamﬁﬁ'@iﬁ%gﬂﬁuﬁﬂiﬂEJa;tJﬂﬁaj MaclLab A/D converter (Chart V4;
A.D. Instruments, Castle Hill, Australia) ﬁgﬂﬁmynﬂﬁnsgﬂﬂﬂiﬁaﬁu Restrainer vJuv3an 1
FaminouBumsvaassaiaiieannnueiunvesdn naaesfionafintusewinsnisinausy
la#in

- myinszauvedluduasyign q dUanv 9 ag 1 ads Ansofunasnszeznaiinnyide lag

ALLLLADNIINNADALFBARIUTIUNIIUUSUI 0.5 ml seasimafi tieluinseau Total
cholesterol, Triglyceride, Wy High density lipoprotein 1ng35 Enzymatic assay

4 NM13ANYINE Piperine ABN1SVINUVBINABALADALDDDANS

SleAugnsrernamavanes lnednivaaoszgninliasTinedsaslngldoaaunouisin
vl udueniemeondenunnesemseanin ntuinimaendenluuriuluvasnnaaesi
fia1vazans Physiological solution %38 KREBS solution fiflduusznau fie NaCl 122 mM; KCl
5 mM; N—[Z—Hydroxyethyl]piperazine—N'—[2—ethane—sulfonic acid] (HEPES) 10 mM; KH2PO4
0.5 mM; NaH2PO4 0.5 mM; MgCl2 1 mM,; ¢lucose 11 mM and CaCl2 1.8 mM uag Usu pH
= 7.3 8 NaOH masnaumunNanmgiiliedil 37 ssmisaiioa nasnideniiuonldudiazgn
wrIuFIBLsRsiiszdy optimal tension (1 n3) ua fisliliidrgaunaetrsonrdsdaluaiousin
nsnaaeslngyiin1siudsu KREBS solution Wne 15 w1l

nsmevaussamasaidenazgninlugunisldsunlameiussisiveaaonideniiin tu
dlefln1snenans Phenylephrine (105 M) iiterilivaenidoanaianeu anduimen
Acetylcholine (10-7-10-3 M) duduansiiviliivaendennatadlneeengndd Endothelium &
KaLfizN13984 Nitric oxide msLU?ﬂlauLLiJaﬂGuaaLmﬁLﬁmﬁu%gﬂi’m‘[mﬂﬁaLL‘LJaqé’zyzyﬂmmmma
(force transducer) uag nywimsnouaussiliazgniuiinlasyngunsaluuanaunouiiawmes
(Maclab, ADInstrument, Sydney, Australia)

5 AATIINANTNAGDY

foyailsanmsiseiiduteyadaUsmnadazgninninsesineaialnonisman ade
(Mean) uaz AutdeiievesAadslnelde standard error of the mean (SEM) A3
WiuigumuuAnaaUeIRLafTEnINnguAUAY Loy nauvaaed axvinlagds Student t-

test Wagn3e ANOVA muauminzay Nelduedfudnuuriazdnuiunquuesdayaiineanis
WIsuguALLANANN tag A1 p value <0.05 fandauunnasiuegslvdedAgnieada
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Tasennsdasn 3: MsAAszinavasEsiniwesusanisiasuwlatvadlusiuludunyngngg
lusiuTuidangs
1. maassuiegelusiu

Y

defuansrernamslivyiuaslmmeiudainanesanlasinistosi 2 dninnassaegnin
TMdeTInog19a9u uﬁ’;mem(?fml,azai’mzmuémLsziu 19, 9, vaeaiden, Wla, aus tumu
oonun Auuaretoizsing 4 Aldazgnifudnuilululasiouman Wessanmnaduiedely e
futhwiein 1 nu gﬂﬁmwmﬁwméawmﬁaﬁa wazgndessiuasiadl ilevanendsvesivad
fiu Tusdudiamlsazgninusannuseisunnsg Bradford teldlunisuszanunsuendiouen

selWinuy SDS-PAGE
2. nswenlUsau

yhnsusnlusiufiadnaindulaeld SDS-PAGE  FeansazanslusAuazgnuenlulod
acrylamide gel waglinszualaiinvuin 10 Saduandiduiian 30 w¥ ausae 25 Sadueudly
AUNIUOUVDS bromophenol blue @magjlﬁaﬂé’]wama LﬁaLa%??umzmumiﬁmén #1190
Anmulusfulalnenisdonddon Coomassie G-250 %38 silver stain LagaunsaLAUSAw NN
Wall ¢ ssrwadoa

3. msngadiendnuailusaulaeldinaila Mass Spectrometry

n&aniildimsuenuaziuieuiisunauTusiuiifinnuuandsiusnyinnisigationdnwal
YaalUsiu lnansdnewauveslushnuwam Uil ushuuasgulivunn 1 X 1 1y, ud?
wmstesssieulamIvdu(Trypsin) iefnaelndiudindarsealnluaedus (5 & 10
nsnexilly) udidmaaeuseiades mass spectrometry (LC-MS/MS) Tneta3esazifivdeyaiiu
peak Yesaluanavoudazaglusiy uaiiey peak  Aana1naeluswnsudngiei
DecyderTM MS tieszyanuusnsnswasdifunsneiiluiiiaseild wazihdeyadidunsnesd
Iuﬁléﬁ’l,ﬁaugmﬁagaiuiﬂmﬂsm MASCOT (Matrix Science Ltd, London, UK) lagligudeya
U939 NCBInr



Tasamsgaed 1: winwssuuazaynusiugsdandinduvaslalulusiiuaanumuiuium
wazn1sundgaduualasnig

uni 3

NANT1INNABY

nsNagauUN1sATInVaIwad (Cell viability test)
HANSVAaRIRLanTlugUR 3 WevhmsvageuiiseAunududy ethanol fnee Faduansi
Tddmsunisazaneveslmnesunazoyiuslunisvaasill wuidl Nseauamdudy 1% uas

13

0.5% v8d ethanol wuinatessadnsINsTInvewas JIduudeniiseAuaadudy 1%

ethanol @1v15UN15a¥an8v04 piperine  kazaynuslunisnaassll dnvieiseAuAIULTNTY
sanantslunisinazaneveslmmesulazeyiuslaiuegied

100
90
80
70
60
50

30
20
10

Cell viability (% of control)

b
Control

50%

Vary dose of % Ethanol

25%

[ 8]
12.50%

% 2%

1%

0.50%

;nl‘ﬁ 3 wawed ethanol menisiaseylAulavedwaa murine macrophage RAW264.7 cells
1AL RgUTAANTLAUAIUINTY 1%, 10%, 12.50%, 4%, 2%, 1%, way 0.50% a9
ethanol Junai 24 ¥lue udrin % cell viability ¢g MTT assay Aduanadumn

Mean+SEM lnsusiazn1svnasyingiag19tes 3 Asd (triplication)
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A)1puM

Cell viability (% of controh
cc388838338
"o
%
% I
%
%
Yo
o I
o I

N

B.) 100 uM

R T

C. 100 uMm

Al3 Ald Al A7 A9

AILD AIZO AIR3

100

Cell viability (% of control)
o6 8888838
v I

100
90
80 |
70
60 |
S0

Cell viability (% of controli

- W
o o O O

;s‘l.lﬁ 4 wWaYRY piperine LLasayﬁus‘&iamuﬁ@ylﬁﬂmaﬂL%aﬁ Murine macrophage
RAW264.7 cells |Aoawadiuansinognafissduamaundudy 1, 10 way 100 pM 1Hu

a1 24 Falug udvia cell viability $ae MTT assay Afikanadus Mean+SEM 910 3

nsnmaadauiaznisaaeeegtes 3 ASq (triplication)
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D.) -l 010uM 0100 uM
100

=

Cell viability (% of control
v
o

o U . . :

>
DA S SRS VQ'Q ?9?’

JUT 5 asunaves piperine karauiusinududumiies den1sasaiulavead
Murine macrophage RAW264.7 cells

HANSNARBY Aakandluzui 4 A, B uaz C wudtansiseauaadudy 100 UM uaz 10 UM
vAwad Murine macrophage RAW264.7 cells angly asvideiwadniitineguszuna 30%

way 50% MUAIGU d@IUNTTAUANUTNTY 1 UM 92iNanasnIIn1sneusaeastios As A7
cell viability eg#iuszanas 80% cell viability Fsdedndussdvanududuimnzanlunis
VAEUANSAUAINTTALUNISEUEY lipid peroxidation Tuwwaduselunisfinwsiely

n13An lipid oxidation ¥4 LDL

NIINAEBY piperine LLazaqﬁuﬁumaé’Uéj"ng‘jﬁ%awmﬂmﬁm lipid oxidation 89 LDL
FAdelivinnsfneiuSeuiiiouiu trolox (vitamin E analog) mswwileniiliAn oxidation vinlé
Tag incubate LDL $18 CuSO, finandudu 50 uM figamgil 37 °C Wunan 2 $lus nans
maaqé’mamlugﬂﬁ 6 Wu3n LDL gﬂmﬁmﬁﬂﬁﬁm oxidation #38 CuSO, A @IUNISNAFDU
piperine Uagayus wusERuAIdLtu10 way 100 uM derwannsalunisdud lpid
peroxidation 1aAn31 1 pM Lﬁ@LU%&ULﬁauqméiuﬂWiﬁuéga lipid peroxidation aguiulein
sefumnadudu 100 pM léun ansfiegnesiia AI0 waz A2 SquslndiAssiu trolox isedu
ARty wazansfiegssa g wansgrssudldaninsesuaududuiinnnia
yasansfregsiamatiudu dose-dependent pattern fisvsumnandudu 10 M 1w a1
f08195%d AlO ﬁqwéé’ugﬁéﬁ’ﬁﬂdﬁ trolox wazanseIBg19sWa Al2, A3, A9 uay Al23 ﬁq‘m’é
TnaiAeeiu trolox Aisesuanuaduientu Assduaududu 1 uM nuilifiassegesia
Tafiqrsdudalaanindelndifiestiu trolox
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A. 100 pM
100
20
BO
70
c
L
=
2 5y
£=
E 4w
#
0
20
10
4]
Trolox AR AID  AIZD A3
B. 10 pM
100
an
c
= ED
=
g 70
£z
= B0
® o0
40
N
20
10
0
Trolox  AIO ALD MZO AI23
Cilpm
100
ag
a0
T
s
= G0
=
= 50
E
® 30
20
il N | I i
D |
Trolos A0 AlLD AIZ0 AI23

U 6 WaveINIVRdeU piperine Wwareunusse lipid peroxidation wlleatliia
oxidation 98 CuSO, MAELAs piperine wagauus NAMUINTY 1, 10 Uay 100 pM
AfiuanaduAl Mean+SD 310 3 NSVAABILAYLAATAISNAABIINET 3 ASY (triplication)
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D.; BlpM  DOLGuM O 1R

104

B2 = =2
( T & T ] &
90 +  H a &

a0
70
&0
50

40

% Inhibition

30

20

ot AL TN AR A AR NN AR AN R

Trolox A0 All A2 Al ald A5 A7 AlD AILD AlD AIZ3

U 7 asunavesnsvedey  piperine  Uavouwusiaududusinegse  lipid
peroxidation Mty liAa oxidation A8 CuSO,

nsnagaunIsilu reducing agent #2835 FRAP
ANKANITNAABY reducing activity A FRAP assay lnan1snaasilavinnisiuseuiiisu
flu trolox W@y ascorbic acid waﬂﬁmaaﬂumsmaauqw%miuﬁu reducing agent lagnagou
o 3+ I 2+ (% o 1 . . LY
ANNansatunsiuaey Fe Ly Fe Aanandlugun 7 wudn piperine uazansouiusves
piperine MiszAuaMILdudy 100 uM Vot nIe Teuaunsaludu reducing agent
19ANI1 N5EAUANUINTE 10 e 1 UM AINEINU INHANISNAGDINUIN @15 A0, All uag Al7
I3 . aa Y] Yy v ~ = a ) ) | o A A
\Juans reducing agent 1A 5zAUAMNLTNTU 100 uM B UTBULBUAUANTF10819TaDUT
Y] Y v o Y] I I a 4:4 a Y] & [V &
sgAuANUTNTURgIRUeE eI ARSI sUTBUAY trolox axiulaanans A0, Al 1Juans
reducing agent MigndlnalAesiu drunsaliU3suiisunu ascorbic acid agtiulaanans A0, All
\Juans reducing agent igndnAnIMszauAMLNTY 10, 100, 1000 M
drunnuaNnsan1siuans reducing agent vpsasiegesamuaety s

WINIA235 Weaisuiugnsved Trolox kag Ascobic 5EAUAMUTNTULALINY
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Ailpm
250
—~ 200
»
5
=~ 150
:
= 100
&
—
© 50
3 l
S5 o
o
2 L tg |
< 5o
-100
B.) 10 uM
1200
% 1000 -
@
| >
w800
3
E 600 -
2
S 400
3
S 200
)
E o =
< T e T
&
200«@&‘,,6# LR SO R SR R &
C. 100 pM
1200
-~
%1000
5
3 s00 -
o
=
& 00
e
°
w
£ 400 -
=
o
E o
) 1l 111
0.
&\0"#@?‘“&9@&& SR R R GO

JUN 7 MINAEBU reducing activities Y@ piperine WazasaYWus Mme35 FRAP
assay A17LanduA Mean+SEM 2nseAuasidudy 10, 100, 1000 uM lagufay
NINAADWINY10819UY 3 ASY (triplication)
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D.) ®WiuM O10uM @100 M
1000 - —
-
x
T 300
~
@
&
-
w
@ 600 N
o
—
& 00
e
°
4
c 200
-
2 | l |
< o 4 Ll l__ L L] E_
& & R A S EUE R
zool\ v

gﬂﬁ 8 djUnan1ImAaay reducing activities Y84 piperine Ltazﬁﬁiagﬁus‘ﬁmw
LUNTUA9)
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Tasennsdesn 2: navasanslniwesusaszauluiu uasnihvewasadenlunyniiniazluiu
luidongs

1. wavasnsliaslnmasurethuindauazusunaemnsiinudaiy
mmmﬁﬁ’mﬂ’méf’;LLaz‘tﬁmmmmiﬁmﬁumaami:mzaznmmimaaqwudw NNAaRall
masaduladudn@lunnngu Inenuinmunguaiuau (control) finsiiuduvesimingann
‘mamLLau’LuﬂaumlmummiwmaLaaLmaiaaaamuﬂumsaﬂmlmwaiu w19 40 mg/ke (nqu
PIP40) 80 mg/kg (n@x PIP80) wag Simvastatin 2 mg/kg (MG Sim) fimsiuturenimingll
LmﬂmqmﬂﬂqwlmummswmmaaLmaiaaqameasmmm (N HC) (gﬂw 1A)

A
Body weight

500

400 e Z

=

E 300 - =~ = LCantrol

»

; il HC

>

§ 200 » g P A0

—— PIP 20

100 wp— S | 1Y)

(=

woeekO woek woeekd wookt wooks

Time {week)

B

Food intake

N~
(=]

- == = Control

—a— HC

PIP 40

—
(=

i PIP 80

Food intakeper day (g)
o

n

Sim

(=}

WeekO Week2 Weekd Weoek6 Week8

Time (week)

g'ﬂﬁ 1 wavnsiianslnimesuauIn 40me/kg BW (PIPA0) 80 meg/kg BW (PIP80) #iwwn
Simvastatin 2 mg/kg BW (Sim) Iumﬁlé’%’ummiﬁﬁﬂaLaamaiaaqa Wunawiu 8 avise
nMafiuturesimidnga (A)  uar Usinmuewnsiivyfudetu 8)  wWisuiflsusunguaiuau
(control) uaznguillduemsiineiaaineseags (ngu HO) Asng q Ao means + sem, N=6-8
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WulAgatuuTuaemsivyiuluwdardu nudmyynnguivemisialudTuiun
Indidesiu Inenungu control Auennsliunnitnquduaniesluvasivylungu HC, PIPAC,
PIP80 wae Sim Awemslatulunamliuansieiu (3U7 1B)

2. WavaInsiasinnesuiaAinunauladin Systolic LazdnsINTsAUYBATY
AIdulavinnisinA1nudulain systolic blood pressure (SBP) waswylungy control,
HC, PIP40, PIP8O ua Sim iutanandsiiite dountsmnass (weeko) ndsnisnaaes 4 &
(weekd) UaEnAIN1ITVIARDY 8 dUAM (weeks) Tagnudnan SBP lununaasdusasnguiluuiluy
dasnndu danaruly 8 dUanit usldfianuunndsesnaiidedidny (U 24) daudnsms
Wumasiala (Heart rate; HR) WiaiUSsuiivuitiouuasvdamanaaomuitlifisauuandisiy
Tunyusiazngal (U 28)

A
1 Control
EHC
Blood pressure (mmHg) QPIP40
150 @ PIP80
@siM
100
50
0
week 0




22

B
‘ [ Control
) B HC
Heart Rate (Beat/min) CPIP 40
500 @PIP 80
@SIM

400
300
200
100
0

week 0 week 4 week 8

Ul 2 naveanslanslnimeduainm dome/kg BW (PIP40) 80 meg/kg BW (PIPSO) 308N
Simvastatin 2 mg/kg BW (Sim) Iumﬁlé’%’umwﬁﬁﬁﬂaLaamaiaaqa Wunawiu 8 dUani fe
A1A1UAU systolic blood pressure (A) kag §n1n1stAUTaiila (B) wWisuisuiungumiuay
(control) uaznguillduensiineiaaineseags (ngu HO) A6Ne Ao means + sem, N=6-8

3. navasmslianslwmesudeddnaiiludenlunyilésuemsiiineaanosengs

3.1 NAVDIATANALNLNDIUADILAU total cholesterol

aovdsmsneassiuly 8 a1y wuitnisliemnsifinelaaineseagsdanaliseiu
586U total cholesterol Tumyngu HC tugeduilodsuifisufunguenuau (p<0.05; JUil 3)
waziilolUIouifiousziu total cholesterol syminanguiilésuansardnlmmeTuriungy HC wuin
TwmweSuiivunna 80 mg/kg @y Simvastatin 2 me/kg fNaanszAy total cholesterol Tunszua
Fon (5U7 3) Ieehsdifiuddnluduaiil 8 Tasiiszsu total cholesterol laiumasinsannngs
ATUA

nndoyatiannsnaguldiinisliasadialmnoiuruin 80 meks LHuszezinan 8
Fonnt lumyiilasuomnsitireiaameseagsiinaansysiu total cholesterol lunseuaidenls
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[Jcontrol
200 - W HC
S PIP40mg
. S
160 - N § s 0 PIP8OMg
N1 N N AN
\§ § , ‘g CI1SIM
120 - § » §
\ N\ \ N\
N N N N
e N N N N
N N N N
s N N N N
N N N N
IR \ N N
| N N N N
Wo

5UN 3 navesnisiianslwinesuvuin 40mg/kg BW (PIP40) 80 mg/kg BW (PIP80) vTeen
Simvastatin 2 mg/kg BW (Sim) Tunuiildsuenmsniieaaaneseags iuaiuiu 8 d&Uai se
58U total cholesterol lunszuaiionsaumisuiunguaiunu (control) wagnquilasuaims
nilnalaameseags (Ngu HO) A19N9Y AD means + sem, n=6-8
* fip flAmnagualiunns1aegeditedidgnieatia (p<0.01) WeatSeumeuiunguaiuay
o & A =~ = | | Ao o w aa P = = Y 1
A dAmeBualiunndvegeiidedAgmnieada (p<0.001) WawSeuieuiunguniuay

3.2 HAYDIANTIWINBSUABSEAU triglycerides
Menaan1snaassiull 8 dUaNY WuinsERuTes triglyceride ﬁﬁ%ﬁm%u%lumju
PunLaznguilldsuemsidineiaaineseags (U 4) nislilmmeIufivuin 40, 80 mg/k
uag Simvastatin 2 mg/kg inaanszAu triglyceride Tunszuaidon ('g‘dﬁ 4) leegsfitdedranlu
#Unwiil 8 Tneflsedu total  cholesterol  uanANsINNguilafuemsisineiaaineseags
(p<0.05)
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O control
160 = B HC
S PIP40mMg
EPIP80OmMg
120
O SIv
80 -
40 -
0 Li n
WO

gﬂﬁ 4 wavasn1sirasinineiuauin 40me/kg BW (PIP40) 80 mg/kg BW (PIPS0) #saen
Simvastatin 2 mg/kg BW (Sim) Tuwﬁlﬁ%’ummiﬁﬁﬂmaaLmaiaaqq Wunaiuu 8 dani sie
s8RV triglyceride  lunszuaideniulsuiiisuiunguaiuau (control) uagnguilld3uemsiil
ABLAALMBTEAEY (NN HC) A16Ng 9 AiB means + sem, n=6-8

* p<0.05, ** p<0.01 fip TAMsTnaTunnssegdideddymeaifilewIouiiouiungudils
91nsiidAolaameTeags (Ngu HO)

3.3 NAYRIENTANALNIWDIUFDTEAU HDL
AMevaen1maaoIi1uly 8 a1y wudnseauves HOL duwilduasasluynnguentiu
naunlasuen simvastatin (U7 5) eilnasivlyl HDL induegeiltiudfey (p<0.001)
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[C] control
i W HC
S PIP4A0mg
a0 - O PIP8OmMg
1N o SIM
\
30 - §
§ X
N
_
20 §
A
_
10 { N
\
N
\
o LN : : :
wWo w2 w4 W6 W8

5UN 5 wavesnislvianslnimeiuvuin 40me/kg BW (PIP40) 80 me/kg BW (PIPS0) #3een
Simvastatin 2 mg/kg BW (Sim) Tunuiildsuanmsniieaeaneseags iunaiuiu 8 d&Uai se
seAu HOL  lunssuademUSeuiisudunguaiuau (contro)  wagnguilasueimisnd
ABLAALMBTEAEY (NG HC) A16Ng 9 AiB means + sem, n=6-8

A A ] a ! I Av o W aa a = ) ! '
* p<0.001 fio AmeTuaiiuansieglitedAynadmidowSeuiisuiunguaiun ngy
PIP40, PIP8O Uay ngqu HC
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3.4 HAYBIENTANAININDIUABSEAU fasting blood glucose
e eaesiuly 8 dUanvt nuliinisidsuwlasues Fasting blood glucose (3U 6)

Fasting Blood Glucose (mg/dL) O control
100 - B HC
M PIP40mMg
90 -
EIPIP80mMg
80 - O SIM
70 - " NEEES
60 - Q:"
50 -
40 -
30 -
20 -
10 -
0
Wo ws

gﬂﬁ 6 HauINSIaIsluineIuTUIn 40me/kg BW (PIP40) 80 mg/kg BW (PIP80) #3881
Simvastatin 2 mg/kg BW (Sim) Tuwﬁlﬁ%’ummiﬁﬁﬂmaaLmaiaaqq Wunaiuu 8 dani sie
58U Fasting blood glucose lunszuaideniIsuiiisuiunguaiuay (control) waznguilésy
mmiﬁﬁﬂamamaiaaqﬂ (N HO) Awi1e 9 Aim means + sem, N=6-8

4. NavaINIIHATANALNINDIUABNITAANEAIYIVIADALE DAL D SHN

nnsFnwnisaanefvemasndenfimienitaenislians acetylcholine #irnu
udfusing q futu uaziifoyaush concentration response curve (3Ufl 7) udmuiinasn
Foalesadiuemyngu HC flnuannsalumsaatsianas WeSeuifisuiungu control
wagnslransanalmneduruin 40mg/ke %se 80mg/kg (PIPA0, PIP8O) mmimhﬂﬂyuwjmi
Muremaeaienta

nndeyaiivsdnsliomsifieeiaaineseagaundninaassdnarilieuaunsaly
nsaanesvevinendenessifianas wagnmsliaisadalmneuiidaudieflugnishauyes
vaonLdenld
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100+
90+
m Control
80 A HFZ
v Pip40
70- ¢ Pip80
c ® Sim
g 60
O
©
T 50
(@]
@)
S 401
30+
20-
10+
0

Log [Acetylcholine] M

gﬂﬁ 7 uanIaveIn1shiasana lniweIuauIn 40 me/ke %30 80 me/kg 3D simvastatin
2mg/kg Wunau 8 dnsidenisvinsuvemassideniess i lunyiildiuemslutugs
Wisuifieufunguaiuay (control) uaznguillasuevnsitfineiaaimeseags (ngu HC) unu X fio
ANAULTUTUVDY Acetylcholine (log M) @ulnu Y wans % Contraction AENN 9 A Mean +
SEM, n=6-8
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Tasennsdasn 3: MsAAszinavasEsiniwesusanisiasuwlatvadlusiuludunyngngg
lusiuTuidangs

AS1NLEAIUNINUND I ITHUNUS

4.50 -~
4.00 - I Organ We|ght m Control
3.50 + High cholesterol
3.00 - I
250 - Piperine 40
2.00 M Piperine 80
1.50 A i .
W Simvastatin
1.00 - = o=
0.50 | ' - 3 3 3
000 - N e B
liver kidney heart spleen
Control 291 0.92 0.35 0.44
High cholesterol 3.09 0.86 0.36 0.32
Piperine 40 3.83 0.93 0.41 0.38
Piperine 80 3.57 0.87 0.36 0.34
Simvastatin 3.38 0.90 0.37 0.34

NAUYLNR:
Y1nedensaunus(nSu%)= &mﬁfﬂai’mz (n5y) | X 100
WRUNAIASU)

nan1sAnwuKuNdlUsAulaeldinalia SDS-PAGE

nsfnwmavesaslmneTusiensiAsuuasvedlusiulusiumy Tunynaass Sprauge
Dawley iAg| 11miin 200-210n34 (n=6-8) Tunduenuauillésuansinaneiulnanea uazngui
Fsuanslmnedu Tutiinm 40 fedndw/Alansu/Au Wussezna 8 &Uavi arntiuiinsied
Tusilususemaila SDS-PAGE wafilémutn uaulushuvessusislunguaiuns waznauildsy
ansanslwwedu 9103 load  luuSunaifivindu 500ug/lane 91nnTiasziseaUaTly
Bowtu Sslimumnuunnsisveauaulusiusening nguaiuauuazngunaans (Fawandlunin A
ez B)
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150

102
76
52
38

31

24

N

Rl Bl N
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Rat liver protein profiles
of the control group (n=8)

Rat liver protein profiles
of the piperine treated group
(n=6)

Amount of proteins in each lane is 500 ug
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uni 4
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Tasamsgaed 1: Twiwasuuazaynusiugsdandinduvaslalulusfivananuiuiuaiuasnis
Undwaduualamig

mﬂmami‘mmaaqﬁgwmmﬂﬁé’l’alﬁ‘éuéfuﬁwmsmaauwammmsé’haﬂwmﬂ piperine @y
oyWudron13iiTineguoasad wui1 Assdumnudududn (1 pM) @sinasiodnsnsTivine
nansisysuAuady (10 UM uaz 100 pM)  detu SefiansantensesuanuEuduiivi
mMsvadeulaeds MTT assay @dliidudunsesewad macrophage thluldlunsvaaessesu
wad e Aszsuamudidu 1 uM Jadusssuiivanzay dmsunanmsvaasafeiunmanta
MorueULABasy (antioxidation) lagldis TBARs assay Waw 35 FRAP assay WUIETE
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Introduction. Piperine is a major ingredient of black pepper and long pepper, which are
widely used as a spice and in Ayurvedic medicine. As an anti-hyperlipidemic, some
reports show clear blood lipid reductions whilst others failed to show any effect.
Therefore, we aimed to resolve this discrepancy and to show whether piperine could
improve vascular endothelial function in cholesterol fed rats.

Methods. Male Sprague-Dawley rats (180-250g) were made hypercholesterolemic by
daily intragastric gavage of emulsified cholesterol for 8 weeks and piperine was given 8
hr after cholesterol as appropriate to prevent digestive/absorptive interactions. Animals
were divided into 4 groups: (i) sham (control), (ii) cholesterol (HC) (iii) the cholesterol
plus 40mg/kg piperine (Pip40), and (iv) cholesterol plus 80mg/kg piperine (Pip80).
Serum total cholesterol (TC), triglycerides (TG) and high density lipoprotein (HDL) were
measured at weekO and week8. At week8, rats were killed and endothelium-dependent
vasorelaxation induced by acetylcholine in isolated aortic rings.

Results. Throughout the 8 week trial, treatment with piperine (40, 80mg/kg) reduced
body weight gain and food intake per day compared with control. The HC group
exhibited elevation of both TC and TG. Piperine at 80mg/kg but not low dose (40mg/kg)
partially reduced TC, while both doses effectively normalised the elevated TG. HDL was
decreased in all animals including controls. Hypercholesterolemic  and
hypertriglyceridemic rats showed significant reduction of acetylcholine-induced
vasorelaxation of isolated aortae and this was prevented by treatment with piperine.
Conclusion. This study showed that piperine reduced body weight gain, lowered TC and
fully normalised TG and endothelial-mediated vasorelaxation of aorta. Thus piperine
could provide beneficial effects in weight control, antihyperlipidemia and counteracted
the poor vascular endothelial function in hyperlipidemia.
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Introduction

Black pepper (Piper nigrum) and long pepper (Piper longum) have been widely used as
spices and in Ayurvedic medicine mainly for its actions on the gastrointestinal tract.
Their major active constituent, piperine, possesses various pharmacological actions
including antioxidant (1, 2, 3), anti-inflammatory (4, 5), and anti-hypertensive (6) effects.
Previous studies also showed it to reduce obesity and hyperlipidemia (7, 8, 9, 10), major
risk factors for cardiovascular disease which has become global health problem.
However, the findings for rodents are controversial: some studies reported that
supplementing piperine with high fat diet reduced body weight, total cholesterol (TC) and
triglycerides (TG) (8, 10). In contrast, others demonstrated that a high carbohydrate, high
fat diet with piperine produced no effect on both plasma TC and TG (9). These
discrepancies are likely to be due to differences in experimental protocol including
method of administration.

A consistent pathology resulting from hypercholesterolemia is endothelial dysfunction
(11). Thus, we hypothesize that if piperine could normalise blood cholesterol, endothelial
function would benefit. The present study was designed to demonstrate a hypolipidemic
effect of piperine given as daily bolus doses separate from cholesterol. Such a protocol
reduces the confounding influences that piperine might have on the utilisation of the
normal diet. After 8 weeks on the diet, the endothelial-dependent vasorelaxant responses
were characterised.

Methods

Animals

Male Sprague-Dawley rats (180-2509) were obtained from the National Laboratory
Animal Centre, Mahidol University, Salaya, Nakhorn Pathom, Thailand and maintained
under standard conditions: 25+2°C, 12 hours light-dark cycle and received tap water and
commercial rat diet ad libitum. Experimental protocols were approved by the Animal
Ethics Committee, Naresuan University, Phitsanulok, Thailand.

Experimental design

To induce hypercholesterolemia, a freshly prepared cholesterol emulsion (12) was which
comprised cholesterol 1500mg (Carlo Erba Reactifs, Italy), bile extract 750mg (Sigma
Chemicals, MO, USA), coconut oil 750mg (PN Natural Products, Thailand) and distilled
water 3ml. The given dose of cholesterol in each animal was 1500mg/kg/ administered
every morning for 8 weeks to each animal, except controls, as single intragastric feedings.
Piperine (Sigma Chemicals) was also given by gavage 8 hr after the cholesterol to prevent
piperine interfering with absorption.

Animals were divided into 4 groups: (i) sham (control, n=6), (ii) cholesterol (HC, n=8)
(iii) cholesterol plus 40mg/kg piperine (Pip40, n=8), and (iv) cholesterol plus 80mg/kg
piperine (Pip80, n=6). Piperine at 40mg/kg was previously shown to have an
antihyperlipidemic effect (7), thus 40 and 80mg/kg were chosen in this study in order to
evaluate its dose dependency. Body weight and food consumption were recorded daily,
while the lipid profile was measured at week0 and week8. At week8, rats were
anesthetized (Nembutal 20mg/kg, ip injection) and killed by exsanguination.

Lipid profile measurement

The rats were fasted overnight and then ~0.5ml of blood collected from the tail vein (12).
Serum samples were centrifuged (7000g, 10min). Serum lipid levels of TC, HDL and TG
were determined using a commercial kit (HUMAN Gesellschaft fir Biochemica und
Diagnostica GmbH, Germany).

Vasorelaxant activity
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Immediately after, the rats were euthanised, the thoracic aorta was rapidly removed and
cleaned of surrounding loose connective tissue and cut into rings 2-5 mm in length for
tension measurements. The rings were mounted on a pair of wires in organ baths
containing aerated Krebs’ solution (mM): NaCl, 122; KCI, 5; [N-(2-hydroxyethyl)
piperazine N’-(2-ethanesulfonic acid)] (HEPES), 10; KH,PQy4, 0.5; NaH,PO4, 0.5; MgCl,,
1; glucose, 11; and CaCly, 1.8 (pH 7.3), at 37 °C and bubbled with air. The vessel
segments were allowed to stabilise for 1 hr at a resting tension of 1 g during which time
the solution was refreshed every 15 min. Following stabilisation, acetylcholine (Ach,
0.01-10uM) induced endothelial mediated-relaxations were evaluated in phenylephrine
(10uM) pre-contracted arterial rings. Changes in isometric tension were measured using a
force transducer (CB Sciences Inc., Milford, USA) connected to a MacLab A/D converter
(Chart \5), stored and displayed on a personal computer.

Statistical analysis

All data are expressed as mean + standard error of mean (SEM) of n animals. Statistical
significance was assessed using paired or un-paired Student’s t-test or analysis of variance
(ANOVA) followed by Tukey’s test, as appropriate. In all comparisons, p values less
than 0.05 were accepted as significant.

Results

Effect of piperine on body weight and food intake

Control animals progressively gained weight from 243.3+7.6 to 444.8+10.9g (meanzSDs,
n=6) throughout the 8 week trial, but all the treated rats showed a lower weight gain
compared to controls (p<0.01 for HC (n=8), <0.001 for HC+Pip40 (n=8) and <0.01 for
HC+Pip80 (n=6), Figure 1A). For group HC+Pip80 the weight reduction was more
pronounced than the HC and HC+Pip40 groups (p<0.05, Figure 1A). The food intake per
day reduced in all treatment groups compared to control (Figure 1B). Piperine at
40mg/kg appeared to cause greater effect than other treatments.

Piperine improved the lipid profile

Oral administration of cholesterol produced a clear increase of both serum TC (from
89.6+3.4 (weekO0) to 148.3+8.8 (week8) mg/dL, p<0.001) and TG (from 76.2+5.7 (week0)
to 124.9+£11.1 (week8) mg/dL, p<0.01, Table 1). Serum TC was increased (68%) but
with piperine at 80mg/kg, this effect was smaller (to 45%), while 40mg/kg was apparently
ineffective. For triglycerides, both low (40mg/kg) and high doses (80mg/kg) of piperine
normalised the elevated serum TG (Table 1). HDL was consistently decreased across all
groups of animal studied (Table 1).

Piperine improved vasorelaxation

Rats given cholesterol showed a reduced Ach-relaxations of isolated aorta (p<0.01
compared to controls, Figure 2). Thus the % maximum relaxation was decreased from
100% to 84.7£3.2% (HC) of controls but the IDs, was unaffected. Piperine at both low
(40mg/kg) and high (80mg/kg) doses normalized the vasorelaxation of the aorta (p<0.05
compared to HC, Figure 2).

Discussion

The present study showed that dosing with piperine for 8 weeks following a cholesterol
gavage slowed the gain in body weight, partially reduced serum TC and completely
restored serum TG. Similar findings have been reported by previous studies using
hyperlipidemic rat model by Shah et al (10) who demonstrated that piperine reduced body
weight, TC, TG, and fat mass, but not food intake in obesity-induced dyslipidemia in
high-fat diet rats. This accords with the reduced adipose tissue mass with dietary piperine
in rats (10). In contrast, rats consuming piperine in the food showed increased food
consumption (9). Thus the difference might arise from gustatory drive.
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Piperine may modulate cholesterol absorption (13). However, in the present study the
cholesterol was administered 8 hr before the piperine by which time the cholesterol will
have been absorbed. Thus, piperine is likely to be acting beyond the absorptive phase.
Because of its structural similarity with a melanocortin (MC)-4 agonist, it was previously
suggested that piperine might activate hypothalamic MC-4 receptors thus leading to
decreased appetite and increase insulin sensitivity (10). Other possible mechanisms of
anti-obesity and lipid lowering effects of piperine might involve (i) the inhibitory action
of piperine on cholesteryl ester (CE) synthesis, (ii) lipid and lipoprotein accumulation by
modulating lecithin cholesterol transferase, lipoprotein lipase and acyl-CoA cholesterol
acyltransferase (ACAT) (9) and (iii) anti-inflammatory actions (4, 5).

In the present study, HDL was decreased across all animal groups. The effects on HDL
were ambiguous but there is an increasing realization that statins are also inadequate in
high risk CVVD patients who require additional therapy to raise HDLs (14). Clearly,
piperine would need similar supplementation.

It is well known that hyperlipidemia plays a crucial role in endothelial dysfunction.
Several lines of evidence demonstrated the impairment of endothelial-mediated
vasorelaxation in dyslipidemic animal models (9, 15, 16), which is in agreement with our
findings. In the present study, treatment with piperine successfully restored the
vasorelaxant function of aorta, consistent with the previous report (9). Apart from its anti-
hyperlipidemia, several other mechanisms of action of piperine could be involved in
vascular function improvement including: (i) piperine inhibited macrophage ACAT to
decrease CE synthesis leading to a reduction of lipid droplets and foam cell formation,
which prevent endothelial dysfunction (3), (ii) piperine possessed antioxidant activity,
lowered lipid peroxidation, increased glutathione peroxidase and superoxide dismutase
activity, thus protecting against oxidative damage of endothelial cells (1, 2, 3) and (iii)
piperine inhibits expression of cell adhesion molecules and tumor necrosis factor-o
induced adhesion of neutrophils to endothelial cells, thus preventing or delaying the
inflammatory process (4, 5). Evidently, piperine has multiple actions but at this stage,
clinical studies are needed to determine the effect(s) which have some impact on human
disease.

Conclusion

We conclude that piperine reduced body weight gain, lowered TC and fully normalised

TG, restored endothelial-mediated vasorelaxation of aorta and acts in the post-absorptive

stage. Thus piperine could provide beneficial effects in weight control, anti-

hyperlipidemia and vascular endothelial function.
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Figure 1

Effect of piperine on (A) weight gain (comparing week0 and week8) and (B) food intake
(the averaged daily intake during the 8 week period). Rats were fed daily with water
(control), cholesterol (HC) or cholesterol with either 40mg/kg piperine (Pip40), or
80mg/kg piperine (Pip80) as indicated. All points are means£SEMSs of all animals from
groups as indicated (n=6-8). P-values are indicated as "p<0.01, ~p<0.001, ~ p<0.0001
compared to control; "p<0.05 compared to HC+Pip80; *p<0.00001, *#p<0.000001

compared to control; #p<0.05, ““p<0.01 compared to HC+Pip40. All data points are
mean+SEM (n=6-8).
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Figure 2
Concentration-response curves for acetylcholine (0.01-10uM) induced-relaxations of
isolated aortae removed from the animals immediately after killing at week8. Rats were
fed daily with water (control), cholesterol (HC) or cholesterol with either 40mg/kg
piperine (Pip40), or 80mg/kg piperine (Pip80) as indicated. The relaxations are expressed
as % reduction of tension in vessels pre-contracted with phenylephrine: 100% relaxation
= vessel tension before adding phenylephrine (L0uM). P-values using ANOVA are
indicated *p<0.05, **p<0.01 (compared to control); *p<0.05 (compared to HC+Pip80);

"p<0.05 (compared to HC+Pip40). All data points are mean+SEM (n=6-8).






Serum lipid (mg/dL)

Treatment Total cholesterol Triglycerides HDL

Week 0 Week 8 Week 0 Week 8 Week 0 Week 8
Control 88.6+1.5 109.423.7" 61.1+6.9 108.3+7.9° 37.30.7 28.6+0.6
HC 89.6+3.4 148.3+8.87" 76.245.7" 124.9+11.1° 35.1+1.9 26.9+1.17
HC+Pip40 88.1+2.4 160.3+11.4" % 82.1+2.7" 82.1+13.5' 37.3+0.8 23.8+1.9"
HC+Pip80 84.5+2.2 122.243.474 73.845.2 77.9+8.2" 34.7+1.6 22.3+1.97"

Table 1

Effect of piperine on serum concentrations of total cholesterol (TC), triglycerides (TG), and high density lipoprotein (HDL) measured at week 0
and week 8, expressed as mg/dL for all parameters. Rats were fed daily with water (Control), cholesterol (HC) or cholesterol with either
40mg/kg piperine (Pip40), or 80mg/kg piperine (Pip80) as indicated. P values using pair T-test (for WO vs W8 of the same group/parameter) or
ANOVA (for comparison between the 4 groups) are indicated *p<0.01, **p<0.001 (compared to week0); *p<0.05, *#p< 0.01 (compared to

control); p<0.05, "p<0.01 (compared to HC); “p<0.01 (compared to Pip40). All data points are mean+SEM (n=6-8).







