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n13 oxidation ¥4 1DL vlasuanwluiu oxidized (DL dewasislumsgniudn
wad macrophage dilufignagnanoiiu foam cells wasazanfiniovasaidon suvitliinn
Ansvunivssrilavasnlden waziiangvasnldanuaids (atherosclerosis) dvans«
msAnuiiwuin piperine siqnsifuasiusyyadass Juiaulesgadslumsnuansiiiuey
Wuguea piperine wanniifiinseaudn piperine fraaslufiluden dufu Tasemsiduiise
Wunisnadeu piperin LLasaqﬁ"u'S 11 ‘Uﬁﬂﬁﬁ&m‘i‘mﬁ%ﬂlﬂ ’Lumsé‘fu&%nwnﬁm lipid
peroxidation ¥os LOL _fwenldunsnideataterandsing saumaiinisinunanisanlushilu
dninaass uaznmisAnwinanounugilusiuluiu nanismaasanuin mnmsian1sduds lipid
peroxidation 285 TBARs assay wuita1swatavila lawn A3, Al4, AI5, A9, A0, A20 uaz
a3 lgyslunsdudsiteadiudud 1 UM dwdunisfinul reducing activity vesas
Fetnannsainlfideds FRAP assay Han1snnaemudn @1siiil reducing activity a9 laun Al0
wag Al wanaleidiudd qw‘éé’fvé‘?& lipid peroxidation “LﬂLﬁ'L"f}umammﬂqw%{ reducing activity
¥p3anslaonss uen9ni mmnmﬁmﬁisﬁummL‘ﬁmﬁ'mﬁ;w (1 pm)  Lidudussenawad
macrophage Lwiﬁmaaﬂn'ﬁﬁ%%mwaowaéﬁmmm’fwﬁuqq%’u drunsanuiludnineaoanuinnig
19 piperine wiouiu cholesterol W1y 8 dUamilinaan weight gain an total cholesterol (TC)
W triclyceride (TG) nasaswvlinsaanssusaasadenity udslivunisiUdsuudaswe
Tusituludumy Tnsasuiirmmudululdi piperine uaganslunguilonaiidanlumsiauniy
gTisigvlun1sanauEssvasaRalsalaTuvasmdenls



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, A9,

A0, A20 and Al23 exhibited good lipid peroxidation inhibitory activity at 1 LUM.  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 HM and showed some reduction on cell viability at
higher concentrations.

Throughout the 8 week trial, treatment with piperine (40, 80mg/ke) reduced body weight
gain and food intake per day compared with control. The HC group exhibited elevation
of both TC and TG. Piperine at 80merke but not low dose (40meg/ke) 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 acetyleholine-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. anudrdguazanutuanvesdym

Tsaszuutilasiuvasaiden (Cardiovascutar  diseases)  tHullywiguniwdiil
arwdrfsududu 9 selusedulanuaglussdulseina nande sadniseuisielan (World
Health Oranization: WHO) 51897171 Tsaalavaden (Ischemic heart disease) waz Tsanasn
\denawes (Cerebrovascular disease/Stroke) L‘TJummqmsmUé"uﬁwﬁwaaﬂsmﬂiiaﬂﬁalu
wiamdgauaziwavie Insernzluussmaniissldagluseduge (High-income  countries) waz
Ussinaniiseldegluszdiviunans (Middle-income countries) pafniseunsislandsldisean
msdsiinvesussmnslaniilanmmnnisalussuuilasaumaendenssiivuliufiudy
910 17.1 duan Wl a.e 2004 Wy 23.4 duauludl ad 2030 (WHO Report, 2004) Tu
UsselneiigUaededindelsaialasiuvasaidiengsiia 40,000 Ausal) wioandutilieas 5
AU (NT¥NTNE1GTI0UEY, 2550)

ileannlsaszuuiilasauvasadeadiulsaiass (Chronic  disease) Ainulute
nananuluauiiadgaany wnliatundadaededldiusuasnsinynasedin dulsafidmarte
anunviialuszezen way deliAnansutedamiisiunsinune uia uaz nisquadiae Tas
Hadudssiiddyuasniniluglsnssuuilesmasnidonldun nmznsiiluiuluidengs
(Hypercholesterolemia) Suidlufinmunidaagivangrumeinsmansduduirlunniiins
iisduwedlusfusila Low density lipoprotein (LOL) @siinavhatevasaidenlnoinnisivad
Endothelium vilwAnn1ag Endothelial dysfunction hirlugniainlsnlussuuilasumasn
Fon 1y Tsavasatdenunauds (Atherosclerosis) Fullunnsivasaideuasgmiaioauions
wunda wieda gademndangu uaz gaduvilidnsanislvaveudenanas anuduluvasa
Lﬁaﬂqﬁu waztian1suanvemasaliealadiigyitlieoizdAn Wy dues uaz Wilavadenly
‘Aprufudiinlaluiige

pgslsfinlsalussuuilesiuvasadon Wulsafianunsoteaiuld Tnonsantade
e 1y mstlestunnagmsiiluiiludengs faannsildlasusuwasungiingsy 1wy mseen
fdanenaziUBgunginssunsuilanemslasideniuussmuemnsiiiluiui vieilseau
atuayumIvemansiamsaantuiuludenle Guflofinnsnndenloaiuninenssssuen
i q nnevealssndlnefigniludefuinuinein suisayulnsandiuldusiidnenimn
gelunmsdaasulyitinsuslnaayulnsiannsoanluiuludenld wu winlne uaz dud (Hu
aplwslneiiiinsldfuesraumsuareluiinvszdriulasldifuiasdoanaiiousssaomis uas
Mudaudsenevresfinasilng asiiiuesdusenauiiddyuendnivneuaziva Ao lrwedu
(Piperine) Failsernuindignsanluiiluden annme Oxidative stress ann1sdntay wasilons
vilivaemidenueeindaiundngruatumpudoatuin Piperine fidnanmlunisanauides
geansiialsailasiunasniden uinisdnwidenanndadieutinipsuazdanisinyinaln
n1508NgN5Te4 Piperine  Tuldsdn mu%’aﬂ%u’aﬁﬁaajﬁﬁ'ﬂﬁﬂmna’lnmiaaﬂqw%{ﬂaq Piperine



i')il’i’lgdﬂu‘ﬁuﬁ'i]ﬂ\‘l Piperine (Piperine derivatives) ’Lumsaﬂﬁ’&ifaLgmfuamﬁm‘[iﬂizuuﬁﬂﬁm
nanaLaon Tmm“ﬁnmiuﬂ‘szmusm q il e nAgaUNMEBY Piperine 5237k Piperine
denvatlves mummsaemﬂuwu 'Luﬂ'lsavmm'imn Lipid pmroxldatlon 299 LDL dazualu
nsdudans Uptake U89 Oxidized LOL 141g Marrophage cells wmaammw WHNNTOAUNY
ﬁﬂﬂﬂmfuaqmsnauu wazenaiieyiusuiaviinfiigannsaiuuiludiuomieasemisias
gun v astiteyseiiiunuEnsues Piperine Tumsannzidsauazteatunsiinlsassuy
Wlasumasaidealidaauiy Hugidonaunufnuinavas Piperine Afideszruloiu wagns
mwmawaamaam Tunyfigninileahliingloulude 0989 F99y vinlvilavayatududs
Inenmansidaiuiuin Piperine mmmﬂaanumionmmmawaamaaﬂLm waziiugIfudadl
mmauhmvﬂnm’lumanmamﬂ Piperine finaiuasuuvasiysiule qlumumalﬂmmaw%
WsiuiiAdestusmusiduuesluiiv muursm*uaaﬁcﬂaw@aammmumu'ﬂm&J’luma“qulu
\dengauaglasu Piperine avaﬂmLﬂﬁnmwan‘suwwmaLLrmnulﬂwumauwawLmLﬂmazfim
msmaammaasumuLmaanquﬁmm Piperine Tumsanthadidsavesnstialsaluszuuilagy
nasadonsuInh lWgmsativayunisuslanalwsinslundgunioans Wy winlne #Ud e
duasugunuarlesiulsalussuuiilasumasnidansely
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- a%’wadﬁmmﬁw‘i‘awﬁmwaa'mﬁﬁmﬂusxﬁ’ummmEiLﬁaﬁﬁ"mﬂﬁ’uauum‘n’ﬂu
UMINGIRBUNINITIIDVDL 3. ULTAT

- WalauaIwAY Lag ma\aﬂulwaamﬂmmm\lﬁﬁw)apLLaWﬂ'm%'au%"Léfun' 193
LLaﬂLUaEJUL'?EJ“Lﬁ’i“‘WJNuﬂrﬁlﬂwuﬂiuﬁumﬁm wazmsasn iUl ouiensuiefidasedu
UnudinAnwidiannamssfuuiunga

- LNﬂLst"eNﬁmﬂu"s’ﬁlﬁ'nﬁaﬁﬂﬂém3aﬁuauumm%'Infﬂmm‘lwS‘Lwﬂur\a'mm%mm
LU Winlne fUA uasaesean1sian Piperine derivatives LW'}LUummammammammw

Iﬂ‘sqmiuﬂiunaumaimmﬁaaa 3 lasamslasdiveuiun uazaa igrunsiddail

1IN339891U97 Plperlne quamuauummv ﬁmawmdummftm Piperine  uag
Plpenne denvahves wﬁdm‘i'l”vt‘uu W a’lzJ’l'mEmadﬂ’l'imﬂ Lipid peroxidation w®9 DL 1é
3’;1m&£memm‘§ Uptake %84 Oxidized LDL 19uwad Macrophage @l uagannin Piperine
derivatives idaAsgRTuUTTinen9y gilgnsAnda Piperine Gafauudgruveddasenisidei
hiluanuiasly ssannsafnudesenlussaudnanalnlunts uptake ¥84 oxidized LDL 9y
Anufiaunumues Receptor  #ivimiiitlunts Uptake uaggULuUNINRasiitaraldiiiy
Model dsannsaldlunmsidoiesiuiiodnidonas (Screening test) limazduansadinain
ssINvIAnIeasduAs L Anninasiigndlunsanmmndesesnsinlsavasndenuns
mali

uanINUsy Lmumnaﬂmqmuuamamwamumama'} Piperine quﬁamlwu‘[maam
ua quﬁm’lwaamLaawawuﬂnmﬂawm muumwﬁmmqmmmmunmmewma'l'w Piperine



udwgﬁgnLuﬁﬂuﬂw?ﬁﬁﬂﬂaslmﬁﬂiuLﬁamqaﬂsﬁNafhlﬁl%ﬂhﬂutﬁamamﬁwaquasﬁqwalﬁwaaﬂ
@eauasinisnatefialnsaaudauaide Acetylcholine ﬁhLﬂuawsuwmigﬂuﬁ1ﬁmﬁaaun13ﬁwawu
984 Endothelium léiuszﬁuﬁtmﬁauw%ﬁhﬁﬁﬁaaﬁuwgﬂﬂﬁ'uaﬂﬂmﬁiﬁaﬁnwfhn%@ﬁﬁiﬂaﬁﬁ
LmaﬁﬁﬂaﬂﬂﬁhiwmaaaﬁhnéwaTUﬁnw%ﬁaaacuﬁaqﬂWiruﬁﬂuuﬂaqmasiﬂiﬁu AIATIUINENUNTS
Wisuweslusiufiiaudiusfuamnueaduvedluiu uas/mielusiufifiunumifieadestunis
vauveaszuuiilasaunasaiden ilildindsdeyaativayuiisafunalnnisesngnives
Piperine luidednifiunntu demnuaidufiauuigiudananfasiundnguidanenmansi
Gudulddaaudn Piperine @nsnanaudssvaanafalsalussuuilasumvasniden Sues
ilugnstiesiunisiialsaluszuvidlesamasaiiionls wazaziunsdiaivayunisuilan
aulnslnenduadeanedil Piperine Wusadusznau diedaeadugunimuazdesiunisiialsn
olu S?uﬁdtﬁ%kﬁm@ﬂflﬁ@miﬁﬁsuu“l Piperine derivative fiiiusgans nenna (9 Diagram
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O7? nazlaiuhudengs
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Tnssnisdondl 1: lnweduuaseyriustudsdendinduvadalulusiuamumunuiug
wazn1sundnaaduualaswig
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1. 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 v A LN

AUV

1. n15dAs1EA piperine derivatives
drsdanssioyiusve piperine WWussnay acids, esters waz amides snusnsnait 1 145y
AUBULATINIIN FA.AT.UUNA TnFIun

M13799 1 @1silamadau

Code : Compound
0
Al-0
HO
Al i
H3CO]©)LOH
HO 11
Al-2
ey
0O 5
Al-3
S
_ 0 -
Al-4 {3 i l\O
Q [0]
Al-5
gﬁwm“z
0
0




[@]
O
A-10 5 «
( 0

Al-20

(o]
Al-23 - NP
4 |

2. n1sanakan LDLaInwaaun

swdngnaEpNEenud Aiinadii 0.1% EDTA tietlesiumsudaveadan Tag
wismnmsindesluthiviositannng 3600 rpm 15 wii figamagd 4 °C smiuiilutiuen
LDL (d = 1.019-1.063 ¢/ml) ¢ei5 density sequential ultracentrifugation AauEuIigY Ua2
ilU dialyze Tu 1x PBS, pH 7.4 #3110 pM EDTA Wutan 24 Falu ntiavausinalusin
¢78 BCA protein assay kit w&aifiu LOL fildinnsld N, gas ﬁqmmﬁ 4 °C telddnwinisiia
oxidation sinly

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

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

Chylomicron, VLLDL ¥h

v }

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

1.0063 <d < 1.019 d >1.019
IDL I Z.5h
Upper (1.5 ml) Lower (1.5 ml)
1.019 <d < 1.063 d >1.063
LLDL HDL

gﬂﬁ 1 nsuen LOL lagdd density sequential ultracentrifugation (TLX centrifuge,
fixed angle rotor, 80,000 rpm, 16.0 °C)
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3. n139% lipid oxidation §i7& TBARs assay

n3IaUi]isen lipid  peroxidation 98 TBARs  assay  tflunisYausuna
matondialdehyde (MDA) Failunandnganguasuiiiaen lipid peroxidation Tngnisiiiu TBARs
reagent (40% trichloroacetic acid, 1.4% thiobarbituric acid, 8% HCl) LL5'3 incubate # 90.0
°C lunan 1 dalus waqmnuuuﬂwuLmammmm 5000 rpm 5 u1¥i ‘naamnu 4 °C U@
ihlUinmsiSoauas 7 £X 535 nm waz EM 595 nm

TBA reaction with MDA

N___OH N, HO
2 \I/ _ ] +2H0
N*}J v \Ej\\/\)
TBA MDA product

5UT 2 UATe1seming MDA uas TRA reagent

91999970; http://Mmww.currentprotocols.com/protocol/ns0717

4. MIANYINAVDY piperine LLaxauﬁuﬁ"lumié’Ué’a lipid oxidation Y84 LDL

‘L‘un'rmﬂaauwa‘uadlwwm%’uLtaxaqﬁuﬂmamﬂﬁuLwiammm%’u'ﬁu&haS} 94 (10, 100,
1000 pm) asluluuizenveanisiin lipid oxidation anluisadild@nulasiinswssuiiousu
nAUAUAN NTuMgAUGRTEINSIRA oxidation AIEMsIRY 0.1 pM EDTA wanilusly ice
bath 91nthnilyia lipid oxidation A28 TBARs assay

5. MsnaaaunsiTInveawaa (Cell viability test)

msiifinvedwaanen  Gaanansaialdlaold  MTT assay  [3-(3,5-dimethylthiazol-2,5-
diphenyltetra-zolium bromide)] Immgﬂwaaﬁlu 96 well microplate vimsiAuansiidaenis
nagauRnIduaneg Waoar 26 g, 9w 2 %Lqiuadauﬁiaqmﬂws treatment Td 20
193 MTT (5 me/ml Tu PBS) wilefiugainan shemnsidsawadosn udld 200 Ll DMSO:EtOH
(1:1) Wz MUAMSEANGULEASR 570 nm ¢ag ELISA reader

6. n1magauN151u reducing agent #9835 FRAP
nJmﬁm‘s'ammmmmmm‘imumimwaamsmuaanmmwaa’lumama lag Ferric
(Fe™) —TPTZ cpmplex (luua) xgnIfdnateiiu Ferrous (Fe*)-TPTZ complex (A

lunsneass Ao Lmumimmmswﬂaaummu 20 pl adlu 96 well plate U&IAN FRAP solution 180 il (
300 mM Acetate buffer pH 3.6 : 10 mM TPTZ solution : 20 mM FeCls solution 1@ 10:1:1 ) WAIINAT absorbance

o e - Y o 1 el w o o 2+
1 595 nm viL381 30 U LLa'Jmmwlmmmmmﬂimm Ferrous (Fe™ )
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Tnssnsgosdl 2: navesasluweSudeszduledu uaswiiiivesvasaidenlumnyiitinzluiu
luidengs

at o af

1 nsvesydavindduludninaaas

fugiteldiaueneazdenlasamsife ievesyiinisviiduludninaasinamy nssunis
Ve & a @ ' = aw o 4 [
P550UsIUNSITERT amTAneasusens lnediswazdonveamsidenineidesiuasseusin
mslddainaansdissialuil

1.1 wé’nmmazmqwaﬁLﬁm%’aaﬁum‘smmimm'ﬂ‘t’fﬁm'ﬁwﬂaaa

Tassmsideiidumsinunaves Piperine sia’lmaa'%'wLLagmw'mm*uawaamLﬁamlumﬁgn
wilenhliiinnglathiludongs Ferpafinszideniininsedvuluiiuluden uazdeenvasn
Benaninfnuinisviay nsanunidedendrndusie invasive  liminsauiaznssyia
msnulagnsduined wazliannsainmaasdesld in vitro model Bu 9 1y nsl cell
culture Faifunmzdidessiieudniufoadeniinisdnyily in vivo model dafoyaitldarn
mMeATeiariimddydeniniluesunenalnues Piperine Tumsaniiaduidsvaanisiialsaly
szuuiilesivasaiion wastoyailanfiulsleidmiumsatugunsuilnaagilnsinedie
duaiuguninuaztosiulsasaly

4

1.2 uuaaujiitunisladnd

1) drinnasssldiunsquangnad luanmunedeniiazenauazimnyay

2 Tasmsiavillddmuinnunmessduviinaiivenzan Tnofikdeguaiwesdindnd
fihunmnaes wasAvsmanaaasfigynliAnTodAyneena

3)  ffideiinugnnglums handling wynnasuuedsi uazsgufjiidednisnoau
szaingzde wazmenuiiung

4) dniasgnyilimieegiedsu (euthanasia) dloduganisvaan

2 dninannd

3
a e AN

dnimpansdinsunuideiiie nuusninag (Sprague Dawley rats) i 150-200 3 81y
Uszana 1 e Tngasdadfendindninaaniuisnd wafiea o.M o.ma1e1 9. uasUgy
wynaassszgudanguiiiausniasdunss q as 2 0 dosluwesiinauangumgiiliasid
25.0+2.0 sseLgaldoa nhananUavaaaslilufeaass ludhaaa 07:00-19:00 u. waglizu

o1sldin (gns G082, dindninaasawiawd u. ufina) waztadraudysel

myazgninilenilioglunnegluhiludeagalasmsliomsitiidaussnouves Cholesterol
2,500 mg/kg BW, Bile extract 1,250 mg/kg BW, Coconut oil 1,250 me/keg BW uag Distilled
water 5,000 mg/kg BW

dnivnaaasasgnuuaiu 5 ndu e

1) nguauay: lnsuemand
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2)  nquluiiludengs: lauemsluiuganugnsdredu uag Vehicle fio Propylene
slycol @slfidudviazans Piperine

3)  nauluiuluidengsiildiu Piperine (40 me/Kg BW): isvownsladfugemugnstiadiu
waz 103y Piperine Turun 40 me/Ke BW TnenSulvinsoudiy wazsmiuivemsluiugs

4)  nguluiuludengsiild¥y Piperine (80 me/ke BW): Idsusmsluthugenugnstnedu
uay 1a5u Piperine Tuwuin 80 me/Ke BW TnaGulvindauiu wazamiufiuemisluiugs

1 s < v i Sres v o
5)  ngulufuludengeiildfuen Symvastatin (2 me/ig BW): Td¥usmslusiuganugns
19y wag 1e5uen Symvastatin Turinm 2 merke BW Tnedalvindouiy wavsuiuiy
am’ﬁklfuﬁi@\‘l (Vijayakumar and Nalini, 2006)

dninnasaslasuansiing 4 muswazdoatedudadeduunitina 8 &ani Tasasgnia
AN 9 A1l

1. Ambminduazszivluiuludenduaviaz 1 a5

2. asamuiuladin uagdnsnisiuvesialayn 2 dUam

wﬁamnﬂ"uﬁmimmam%Qﬂﬁﬂﬁmﬂadnmu waaduenNvasnLdanuadeen ot ludne
n1sM9use Y gindninaapsmdetinuaasgniivliluidulssanm 200C  uninagily
Mane

nsinIAnienvIedausndninaass (inclusion and Exclusion criteria)
feudimside fiudiduasdndonviadatenumaass Tadldudninamidadelui
1) IsifeniansnynaaeLHee ﬁﬁamﬁuﬁfuﬂuau fie vfug Sprague Dawley rat 99sdsdo
Mndnindninnassuiand o.mate 2.uasUsy ity
2) %LﬁaﬂLawwwwﬁuﬁﬁ‘ummf’mﬁnﬁ’ﬁzwm 150-200 n3
3) arhidannywaassiidndsae 4 wieiinmsfede
q)  wyiilidesiiszduluiund TasesmsdaauynndauitonsaeinsedulasiuteuEuvinms
VGRR

wnaginsidnainnisinw (Discontinuation criteria)
Tumzidsduiluniside fudideiinasiginisinu enmiisnnnisaugansise) lngld
windarieluil
1) wyneassiiiianmmienislimiysel
2)  wynnassittae §ild Ande wisldSuuadu
3)  wynaassiiiiufiaundmsdnuazngingsy iy vmaszwns aie wie ffn Wud
1) wymaassiignAneandzgnvilideFinedsaauie coz

3 N15ANYINATDA Piperine datminda aududsnian snsnisiduvesialanas
seaulasivludeon
- dninaasannguazgnimimiindUaniaz 1 a5



Il

- dninaaesaggniinininanudu Systolic blood pressure uag dnsinsdurenidlayn 4 2
Uy Ansierturaanszoznaninunive Tasumsiannududensinvasadoniivisiag
’lﬁ'f'qﬂﬂifﬁ Non-invasive Blood Pressure (NIBP) Controller (A.D. Instruments, Castle Hill,
Australia) ?‘hﬂ'ﬂ;.ﬁﬁuLﬁamﬁ’fﬂ‘lﬁ%gﬂﬂuﬁﬂimﬂgﬂﬂmﬁ MacLab A/D converter (Chart Vd;
AD. Instruments, Castle Hill, Australia) %ﬂﬁmmﬂﬁ’ngn?&nlﬁa@u Restrainer LHuan 1
FnwineuBunsnassaiufieannnuaionvesdninaassfioafintussminanisTanud
Talin

- mytnszauvaslufiuasyimn q e q av 1 ads Ansefunasnsveznaniidnuide Tng
JzizFena nvasadeniusnameluliim 05 mi dentadad tieluiasziu Total

cholesterol, Triglyceride, lag High density lipoprotein LagiR5 Enzymatic assay

4 n13ANWIRA Piperine Aan15yNeUTBIMADAIEINLDDONS

dlefuansraznamsnanss lnedninnassnzgminliidedinednanlaalioaauieuisdin
il uduenomasaidenaunaosemsoonu Mniuiaimaeadealuuinilunasavaaasd
slansavane Physiological solution %30 KREBS solution Tisidauussnau fie NaCl 122 mM; KCl
5 miM; N-2-Hydroxyethyllpiperazine-N'-[2-ethane-sulfonic acid] (HEPES) 10 mM; KH2PO4
0.5 mM; NaH2PO4 0.5 mM; MgCl2 1 mM; glucose 11 mM and CaCl2 1.8 mM uag U5u pH
~ 7.3 $8 NaOH_nraasumunyguuniiliogn 37 ssiwaldea vasaidenfiuenldiudiezgn
WUIBISTRTERU optimal tension (1 n$11) wag fisldliindaunassaiosndsdabiaioui
nsnnaadlaeyiinisuwasu KREBS solution 0 15 w1l

MsaeuduBITeaaaidanIzgnialusUMsAuawe s Reiaue aeaLEBnTIRRTY
dlesinisvenans Phenylephine (105 M) erilinaenideanadadeu antiuiamen
Acetylcholine (10-7-10-3 M) daiuansiivinlsivaonidennareilageongvsi Endothelium
NaLiiunanas Nitfic oxide n1sdsuuUasuesissiiintuasgninlnefiuasdgun s
(force transducer) uas nywnisaevaussdildezgniuiinlneyagunsaiusauavaeuiinmes
(MacLab, ADInstrument, Sydney, Australia)

5 AATITHHANITNAGDY

%auﬂaﬁlﬁmnmﬁﬁaﬁﬂu‘ﬁm&m%au%mm*‘z’iwxgmimﬁmswﬁmaaﬁﬁimUnﬁmm LAy
(Mean) uag Anuudodevesdedslasldan standard error of the mean (S.EM) n15
WisuIsuALLANANYDIALRABTENINNGNAUAN AL NguMAaBY RElaeAT Student t-

- o o=t 1o o i o = v
test wazwsa ANOVA sy uminzay Maildusgivanunsuazdmuiunguuestayainedns
Wisuiisuanuuaning uag A1 p value <0.05 daliANumnAINuag it Ay INEi@
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=
Tasanstasd 3: n1s3nseinavesanslnmesudeni swasunasvesTusiuluguny uniin9
ludiuludongs
1. nswssumlg1siusiu

tﬁaéuﬁﬂsvammm'ﬂﬁwuﬁuaﬁlwLwﬁuﬁ’mimnammnimﬁmiflaaﬁl 2 dninaaaeazgnii
WideTinodeaau udwenierduuazedorzdmdudu 1o, sy, vaeniden, Wila, duos uJumu
08N AULALDIEIZANN ) ﬂlmﬂ“mmnmﬂm‘[uLuimsta]umm LwamamwmsLUuLuawa‘h \ila
durfmiin 1 n%u gniiunuadeiaiesuaiiioe wargndesoaaiail ievatenlvesad
AU IUsmmanﬂmemmszmmmmammmu Bradford tialdlun1suszananisusndaousn
gt SDS-PAGE

2. nsuenldsau

vinmsuealusiufiannaindulaeld SDs-PAGE ?Eiamiaza"lﬂIUﬁﬁ‘lJﬂggﬂLL&JﬂiMZ%
acrylamide gel uaglvinszualviluin 10 faduendifunan 30 wafi mudae 25 Saduaudly
AnWYe bromophenol blue finagiiasansonaa distadedunizurunsiings aunse
Annulusiulalaoniséiouddon Coomassie G-250 w3a silver stain waga1IIOLiUSNYI@N™
a4 ssradua

3. msigaliananveilusiulagldmaiia Mass Spectrometry

WaQQ’Wﬂ‘V’IL@‘V]’]ﬂ’I’iLLEJﬂLLauLUiEJULWUULLﬂUIU‘W‘lmilﬂ’.]UJLL{‘IﬂG]’Nﬂ‘l.iiJ‘WVm‘ﬁ‘Wd?\]UL@ﬂﬁﬂUﬂJ
voalUsiiu lnsmsdaieuauvestusiuuueaniuiuislusiunasguliiioun 1 X 1w, wda
vinmstoaniateulsiniudu(Trypsin) Lﬁﬁ]ﬁﬂﬁ']&h‘iamﬂllmﬂﬁWEJEJ’]’J[LﬁL"fJ‘IJmEJE%‘u"‘| (5 210
nsagziilu) ududmaaeuiionias mass spectrometry (LC-MS/MS) Immﬂ?awmﬁuiaa&aﬂu
peak fuaamaimaﬂa*uaaMiavawIU'ﬁc‘?u waigy peak  sananeelusunsudiasie
DecyderTM MS Lwaiuumwmmm nvesdunInesiluiiiaszild LLayuwauammummauu
IuwLmmﬂumumaua‘luiﬂﬂl,nsm MASCOT (Matrix Science Ltd, London, UK) lneldgudaye
U84 NCBInr
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o
unn 3
HaN1IMaaa

Tassnasdae® 1: 'mea?uuaswﬁuéﬁué’aﬁan'?iLﬂeifwaalaiﬂiﬂsﬁuﬂ'nwmuﬁuch
wasn1sindnadialaswig

nsvAdaUNTSETInvewas (Cell viability test)

wansnansfanandlugUi 3 dlevhmsmageuiissiumandudu ethanol f1eq Fadhuash
¥ msunsazansveslmweiuuazewiuslunianaassil wui fiseduanududu 1% was
0.5% w04 ethanol rivirfiuatiesdesnsnsiidinvessas (Hdeiudoniissfumnududu 1%
ethanol d1w¥unsazaneue piperine  wasewtuslunasvinaesil Snvaitsedunddudy
sananahelunsihazasveslmweiunazeyiusialuegieg

E Vary dose of % Ethanol
100 |

90 !
80 |
70

60 -

Cell viability (% of control)
3

40
30 :
20 | =
} 10 :
Control 50% 25% 12.50% 1% 0.50%

=i 1 = a « .
JUN 3 Waved ethanol fon1siesaAulavawad murine macrophage RAW264.7 cells
Tnodasigadiszaunnuduiu 1%, 10%, 12.50%, 4%, 2%, 1%, uay 0.50% 84
ethanol e 24 §qlus wd1in % cell viability f2e MTT assay dArfiwanaiiuan

Mean=SEM laaunaznsnaaseying1agnados 3 ase (triplication)
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Al pm

100 -

Cell viability (% of control)

B.) 100 pM
100
s |
b= |
= |
o |
o |
H6 il
< e
E &l
= g
© o
g
3 = i
&) ; 53
©
C.) 100 pM
S
s
<
(o]
o
©
8
-y
:J__:.;
0
>
o
u c
0 l [Py
Ethanol

U 4 waves piperine uavauviusaemaesyiulnveasad Murine  macrophage
RAW264.7 cells iAoagadenuasiodaiisssunmidudu 1, 10 waz 100 pm

nan 24 Tl udrin cell viability fag MTT assay Afiwanadual MeantSEM 270 3

mavnasdlasunasnisaassidathalen 3 ad (triplication)



D.) R 10 uM G 100 1
100

R |

SRR .

Cell viability (% of controb

O A T

ke

5Uf1 5 aqUnaved piperine uasauyiusiiaididusiiesq sonmsiaiyidvlaveumad
Murine macrophage RAW264.7 cells

o E!I 1 r:!l a s 5

HANIINAADY mLLamﬂugﬂm 4 A, B wag C Wu@snisnuauivd 100 WM wag 10 UM

° v 2 \ " ¢ od el A '
vinlilwad Murine macrophage RAW264.7 cells mold auvideiaaniiiinagusyana 30%
o w | < o v = P € A e
Lag 50% MMNENU @IUNTTAUANNUTY 1 UM 98UHaNDNTINIINI8V8MaaLBY Aa AN

. T 1= 5 A e @ T

cell viability agﬁﬂizmm 80% cell viability @sdioinduszaumnanduaduivngailunis

nadgounvsAMMANNsaluNSEUE lipid peroxidation luiadnialunisdnudely

n13ina lipid oxidation was LDL

msvadau piperine tazayiuslumsBudauFAissiveansiin lipid oxidation wea LDL
rdelevinsAnuwndieuiiouiu trolox (vitamin £ analog) msmiuialiiAe oxidation ¥ild
Tae incubate LDL #18 CuSO, fimududu 50 pm figamai 37 °C Wunan 2 Falua wanis
maaaﬁmamqlugﬂﬁ 6 Wu71 LDL Qm’mﬁuqﬁﬂﬁﬁm oxidation A7 CuSO, AR d@rnN1TNAEaY
piperine uazayfus wuitissiuaiududulo wag 100 pw fienuannsalunisduga tipid
peroxidation a@ina1 1 pM LﬁlaLU‘%EJULﬁﬂqu%flumiéjugd lipid peroxidation il i
sedumandudy 100 M 1 arssaegnasia A0 way AI2 Sgnslndifisatu trolox fisssiu
mudutuioaiu uararsiegasiatunduangriudsldfninseduanduduiidng
ypsansinatesamaniuiu dose dependent pattern fisefuaadiudu 10 uM leun ans
fhoghasia A0 Slquidudildinda trolox wazansiangnesita Al2, A3, AI9 uaz AI23 fignd
TndiAesru trolox fisgauaudududontu Assduanmududu 1 pm wuilifiasieesis
loflgrissusalifnimdelndiAeaiu trolox
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A. 100 pM

uonrigiyul %

Al Al Al2 Al3 Ald AlS Al7 Al9 AlLD AI20 Al23

Trolox

B, 10 uM

100 5

uonlqiyuy %

Alo All Al2 Al3 Al4 AlS Al7 Al9 AILO  AI20 AI23

Trolox

Co1um

oy i

S

iy

e

woRIqIyu| %

Al23

AllD

AlD All Al2 Al3 Ald AlS A7 Al9

ox

Trol

Al20

i

o
LUeI

YUK

§

=
JU¥

lipid peroxidation

6 HNATDINIVNAADY piperine LAY

§ fnududy 1, 10 uay 100 M

174

8/

&

U

1

b))

Ml piperine Wa

CuSO, Toei
+SD 970 3 Msvmasalasiusa

9¢14]

Hu

oxidation

[

¥N15NAaBYINg1 3 a3 (triplication)

A1 Mean

o
ATVILEARIL
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D, HigM 0iopM  O100pM

£ —1= T 5 t 5

100
80
70 H E

GO

40 -

% Inhibition
3

30 -
20 | ¥

| AE PR af U S DA

¥

10

Trolox  AlO All Al2 Al3 Ald AlS Al7 Al9 All0 Al20

A " . o g Yoo : S s
Ul 7 ayUnavesnisvedau  piperine  uazayiiusfinadududnagde  lipid
peroxidation mileminliin oxidation f78 CuSO,

nsnagaun1silu reducing agent 12835 FRAP
JINHANTSVIAGBY reducing activity ®e FRAP assay lnamsmaaasilaviiniswisuiiiey
U trolox ltag ascorbic acid f-Jam‘i%’lﬂ‘ﬁa&‘l‘um'ﬁwmﬁaqu‘ﬁmﬂﬁu reducing agent lnsvegaau
P 3+ v e, 24 e = ' . i I
auannsalunsasy Fe Wity Fe™  Aauansluguid 7 wuln piperine Wazdnsoniusued
L | = Y v W s ' ar .
piperine N¥NUAMULYUTY 100 M YBIENINTBENYVNTVE fianuannsaluiy reducing agent
s 1 c:l ot L4 o o 1
T@An77 NIZFUAMUILTY 10 Lag 1 pM aUd1Ay INKANMINARBINUIT @13 AlO, All uaz Al7
& = P P w Y - = = ar 'Y i A A
Wuens reducing agent #1f s¥AUAMUINYY 100 UM IBLUTHUMBUNUEIINIDE1ITUTOUN
sedUATEITI s RusgelsRaiiswFoudiouiu trolox azwiuladngns Ao, Al Wuans
~ B v o as ' e el = as . : 2 o w
reducing agent ‘Vit.]‘l/liﬂﬂﬁLﬂENﬂ‘ié drunsdliUSeutiisuiu ascorbic acid aziulainans A0, Al
. o Sda p i & s v v
Wuans reducing agent AOVENANMNIZAUAMALYNVY 10, 100, 1000 pM
1 & ar 1 w o < 5 i
druanud@nsnnisiiiueans reducing agent YasaIRIBEsaNmaaUY Lif

| o 4 4 W £ ' o v v oo w

N91A75 LUBLNEUAUOVDYBY Trolox wag Ascobic N3gAUATILTNTULALINY
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Ay luM

250 -
200
150

100 -

50

Amounts of ferrous (Fe?*)

Amounts of ferrous (Fe2*)

[ - - N - A e e
¢y P e g S s
¥ s v ' P Vi\’ VSL v\"],.
C.) 100 pMm

Amounts of ferrous (Fe?*)

4 : s . . o T

E‘UVI 7 NMINAEY reducing activities Y89 piperine LLaza'ﬁwwué N2875 FRAP
assay amuanalud1 Mean+SEM snsefuarmdudu 10, 100, 1000 pM Tnsusiay
Mneaaidiegeuee 3 a3a (triplication)
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1000 4

co
Q
o

L=
o
o

200

Amounts of farrous (Fe?*)
g

A
-200

u

L TUTUANNG)

At g o,

s}
L%
¥

D) EluM

a10um

a100 M

SIS

Eﬁ Q )
SR

sUfl 8 asUnan1IMAdBY reducing activities 84 piperine uazdsOURLEIAIN
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Tasanasdandl 2: navesaslwmeTudesedulusy tmmﬁqﬁ%maamLﬁaﬂ'lumdﬁﬁqulﬂﬂu
Twiengs

1. wavasnsldarslmmeiusedmindanasUSumemsinudeSu
SJannsﬂi‘fl’a‘lfwvﬂﬂﬁf:Ln”ﬂ?ummmiﬁ'vﬁuﬁunaarnhaisammmswmamwudw wunaaaal
msisidvladhnfluynagy lnewumyngunuau (control) il finsifuduvesivingaunn
*namt.a“'iunaumlmsummwmaLaamaiaamsmnua'ﬁanmimwam YUIA 40 mg/kg (nay
PIP40) 80 me/ke (ﬂqu PIP80) uag Simvastatin 2 me/ke (ﬂqu Sim) 1Jﬂ1‘5L1‘Ill‘?JU‘UE)x3U‘WUﬂﬂ’311}
me(ﬂ"]wwnnaﬁmﬁ“lﬁ%’ua'mﬁﬁi]ﬂaLaamaiaa@mﬁmaEml,ﬁm (Nga HO) (5U7 1A)
A

Body weight
500
400 Pl ™ AR b
et T s mme— |
e A, el - ~
2o e —————
= e f&- L
= 300 PR — ~ %=~ Contro
= j L =
4 fro==" —E— HC
é' 200 PIPAD
(5]
—e— PIP R0
100 - —Sim
0
week0 week2 weekd week6 weekS
Time {(week)
Food intake
30
25
= 1
ol -".,,,,Jk_,‘_\l“”___ P .
8 20 | i X T e il S e il ---"1;‘ = =4= = Control
— - A ~ ¥
a - we e 0 | —— jC
] 15 - e gl S
B 1 e PIP 40
£
‘_g 10 —0— PIP 80
&
5 Sim
4]
Weeko Week?2 Woeek4 Week6 Week8

Time {week)
JU 1 ravessnisbvianslniweiuuuin 40me/kg BW (PIP40) 80 me/ke BW (PIPBO) w3aen
Slmvastatm 2 mg/kg BW (Sim) IuwuwlmummiwuﬂaLammaiaaaa Wuanu 8 §uavine
Mt (A) uag ﬂsmmmmswwuﬂummu (B) Lﬂ'iaumaununaummu
(control) LLavﬂanmLmummiwmamamasaam (g HC) A6 9 fio means + sem, n=6-8
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[ = at e EJ = L . 1 3 =Y = E!I
Wwideaiusuaemsinyiuluudas Ty wudmynnnguivemslaluliuum
o o= 2 ' a i . e 2w - '
IndtAeaiy lnevungs control Auswistdunniinguiudntaslusmeiivylungy HC, PIP4O,
= = = ] @t =
PIP8O uag Sim Auawstaludiinilduandau (Ui 18)

2. uavasnsliasinwesudadinudulaiin Systolic wazdnsinisiduvasiala
fadeldvinmsinranudiulaiin systolic blood pressure (SBP) vasmylundu control,
HC, PIP40, PIPBO way Sim Hughanandaiine founisnaass (week0) ndanmaasa 4 dUak
(weeka) wazudansnaast 8 dUni (weeks) Tnowuina 8P Tunynaassusagnguiiuualiiy
nnniu wenarly 8 #and ualifiaraunndnegdiiod ey (Ui 24) dudasims
1AUUaIYLY (Heart rate; HR) slaBsuieuanounas naanianaassuii lifiauuansdneiu
Tuvyusiaznal (U 28)

{1 Control

[HC
Blood pressure (mmHg) @PIP40
7 PIP80
@S5IV

150

=t

ANNARARIAVAN
NSIIIONSNIN

100 - +

_\J\.Mq\.,.

\Q
AN A,

ANV
)
yH

ASSRSS

=N
AN
R
3

50 3 527
357 4525

v 575

7 e

255

0 %%
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B
(1 Control
_ FIHC
Heart Rate (Beat/min) CPIP 40
500 @ PIP 80
| @ Ssim
400 NEiRy
300 il
| ; 775
i
200 ' %
o
100 .
-):x
0 2
week 8

giJ*?[ 2 wavaansltuanslwmeduauin 40me/kg BW (PIPA0) 80 me/ke BW (PIP80) wiaen
Simvastatin 2 me/keg BW (Sim) lumﬁlﬁ%'ummsﬁﬁﬂataamaiaa@e Wuaunu 8 dUa se
fnAAN systolic blood pressure (A) uay Brsinswiuvesiala (8) Wisuifisuiunguaiugu
(control) LLaxﬂduﬁlﬁ%'umWﬁﬁﬁﬂamamafsaa%a (ngu HO) Aeng 9 Aid means + sem, N=6-8

3. wa?}mmﬂ.ﬁmﬂwLwa‘%um‘aﬂ'ﬁhLﬂmuLﬁaﬂiuwgﬁlé’%'ummsﬁﬁﬂmaamaiaagjq_

3.1 navasaITanalwineIuieszau total cholesterol

meudansmaassinly 8 FUni nuhnistiemsiilaoiaainesoagadanaldszdu
361U total cholesterol Tuwyngu HC Lﬁuqq'ﬁmﬁatﬂ?ﬂmﬁauﬁ’uﬂfj:uﬂfmqu (p<0.05; JUT 3)
uaziilerUSouiiisussiu total cholesterol sewienguitlduansadalmmneufungy HC wu
TsuweSuiivunn 80 me/kg waw Simvastatin 2 me/ke finaansseu total cholesterol lunssua
o (5U71 3) Ifedneihivddnluduniiii 8 lneilsedu total cholesterol Liuane1aanngs
AIUAY

sindeyaiannsnaguldinsliasataluneiusun 80 mekg 1uszoviian 8
dunsi 'luwﬁlﬁ%’ua'm'ﬁﬁﬂﬂaLaameaaqqﬁwaamzﬁu total cholesterol Tunszuaidoala
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O control
260 ~ B HC
N PIP40mg
160 - @ PIP8OmME
OSIM
120 -
80 -
40
0 -

g"dﬁ 3 paveanisianslumeiurunn 40me/ke BW (PIP40) 80 mg/kg BW (PIP80) w3aen
Simvastatin 2 me/kg BW (Sim) Tumydildsuamisiiiinaiaainoseags ihiaannu 8 &nmi de
54U total cholesterol Tunsvuaidenwssuiiisuiunguaiuni (control) agnguilldsuaims
fiinolaainesoags (ng1 HO) fwneq Aia means + sem, n=6-8
* fip TidmtaaiiuandsediitedAymeadia (p<0.01) Wawssuifibuiunguaiugu
w fip Sevedaaiiunnssedivedadamada (p<0.001) dlelSsuifiBuiunduauny

3.2 HATDLANSINLNESUADTEAY triglycerides
AevgIn1snaaadiuly 8 §Un1v nudaszauvey triglyceride ﬁﬁuﬁwﬁuﬂgﬂundu
uaasnauilEsUsm sTlinelaaiansonags (U7 4) nsliilwneduiluunn 40, 80 meske
Lay Simvastatin 2 me/ke Sinaansedu triglyceride Tunsuaidan (3Uf ) Idednaiiiudfagly
Fawii 8 Taeilsedu total  cholesterol  uand1sannguiléizusmsiiiineiaainesaag
(p<0.05)
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O control
160 B HC
RPIP40mg
EIPIPBOmMg
120 -
o SIm
80 -
40 -
0 b o

gﬂﬁ 4 naveansivianslimesuvuig 40me/kg BW (PIP40) 80 meske BW (PIP80) #3aen
Simvastatin 2 mg/kg BW (Sim) Tumyitlésusmsiiiiasiaainesengs ihuaauu 8 da s
seiU triglyceride  lunssuaideniUisuiiisufiunguaiuau (control)  wasnguiiléFuemsidl
ADLAHLNDIDAEN (NGU HC) A6Na 9 AB means + sem, n=6-8

* p<0.05, ** p<0.01 fin ﬁﬂ"wno%?LﬂﬁLLmﬂmaafmﬁﬁaﬁwﬁ’mumaaﬁﬁLﬁam%mﬁauﬁ’unduﬁlﬁ
onnsTifinalaainezangs (ndu HO)

3.3 uavasasanalwineiudessau HOL
mevaamsuaaasnly 8 dami nudszdures HOL duwalduasadlunnngueniiu
naunlasuen simvastatin (3UN 5) Gsiluaviili HOL Wisduegriiioddny (p<0.001)



50 4 mhc oy,
% % & PIP40mg

)

o P[PSOJIgg ]‘H' ‘555
] 01 SIM 0 10
by

LS

14

Wo

gﬂﬁ 5 nawdnslianslyiieSusunn 40me/ke BW (PIPA0) 80 mg/kg BW (PIP80) w3asn
Simvastatin 2 mg/kg BW (Sim) 'luwﬁlﬁ%’ummsﬁﬁﬂmaaLmasaaqa Wuraiuu 8 dUnv e
seiv HOL  Tunsenaidenw3ouiisuiunguaiuny (contol) - uaznguilléfusmsidl
AOLAELND DAY (nq'u HC) A9ng 9 A® means + sem, n=6-8

% p<0.001 fio SdmsdaaiiunnersegaiiisddymeadfiiionSouiieuiunduniunu ngu
PIP40, PIP80 waz ngu HC
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3.4 uavasasanalmineuAesEAY fasting blood glucose
e T R < * 1= .J "
mMevaemsvinaasiily 8 dUani wulifinsiwasuuyaswes Fasting blood elucose (3u 6)

Fasting Blood Glucose (mg/dL) O control
100 | B HC
‘ B PIP40mg
90
OPIP80OmMg
50 OsiM
70 |
60
504
40
30
20
10
0

gﬂﬁ 6 waveamsbianshinwaiuuun d0me/kg BW (PIP40) 80 meske BW (PIP8O) w3pen
Simvastatin 2 me/ke BW (Sim) lunyfiléuswsfifinetadineseags wuaa 8 dUami da
326U Fasting blood glucose Tunszuatdeniusuiiouiunguaiugy (control) uaznguilesu
onsililneladinnseags (e HC) A 9 fio means + sem, n=6-8

4. LRAYDINTS IAEISENN LWIWETUNBNISAAEAITD ARG DALEBE AN

MnsAnwINIsAatefvemasa@eniiniienilaonislians acetylcholine RN
Viudusing 9 fuiy wazi1eyauIvin concentration response curve (gﬂ'ﬁ 7) WEIMUIMADA
\donleanivemungy HC fauawnsalunisraiefianas Lﬁam?amﬁauﬁunfju control
uazmslifansafnlmveiuwuin A0me/kg w3e 80me/kg (PIP40, PIPB0) anwnsndsiiuyjns
Muvavaenidanla

mﬂ*ﬁagaﬁﬁa%ﬂwms'lﬁa'mwﬁﬁﬂaLaamaiaaqmdﬁmiﬂmamﬁmav’h’lﬁmmmmm‘lu
A1IAANIAIVDIVIADALADALEDBTINaAAT u,aamﬂﬁm?aﬁ'ﬂlwma‘%uﬁe{'au*ﬁ’;Uﬁuwgmiﬁwmwm
nasadenla
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100~

90‘ a Control
A HC
vV Pipd0
¢ Pip80
e Sim

% Contraction

Log [Acetylcholine] M

gﬂﬁ 7 wanwareIn1sliansanalimesuving 40 me/kg 139 80 me/kg 58 simvastatin
ome/ke Wuianu 8. danidenisitnuvemasaitianiaoaini ‘Lumﬁlﬁ%ﬂmmﬂ‘uﬁuqa
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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 week0 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.

Supported by National Research Couneil of Thailand.
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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 (0) 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 ne 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
cffect 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 (180-250g) 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 cach 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, #=6), (ii) cholesterol (HC, n=8)
(i11) cholesterol plus 40mg/kg piperine (Pip40, n=8), and (iv) cholesterol plus 80mg/kg
piperine (Pip80, #=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 weekO and week8. At weekS, 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 fiir 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,PO4, 0.5; NaHPOy, 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,
0.01-10pM) 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 V5), stored and displayed on a personal computer.

Statistical analysis

All data are expressed as mean = standard error of mean (SEM) of 77 animals. Statistical
significance was assessed using paired or un-paired Student’s /-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 (imean+SDs,
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 (#=8) and <0.01 for
HC+Pip80 (7=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 (week0) to 148.3+8.8 (week8) mg/dL, p<0.001) and TG (from 76.245.7 (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 D5, was unaffected. Piperine at both low
(40mg/kg) and high (80mg/kg) deses 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 invoive (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 CVD 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 [unction 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 funetion 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 eells, 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
discase.

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-

hypetlipidemia 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+SEMs 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; “»<0.00001, **»<0.000001
compared to control; 2p<0.05, *4p<0.01 compared to HC+Pip40. All data points are
mean+SEM (n=6-8).



43

1060
& 80+ ko
8 "
et 60
¢
% 40 < Control
o -4 HC
R 20 & HC+Pip40

. -¥ HC+Pip80

0 T T T T 1
-8 -7 -6 -3 -4

Log [Acetylcholine] (M)

Figure 2
Concentration-response curves for acetylcholine (0.01-10puM) 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 (10uM). P-values using ANOVA are
indicated *p<0.05, **p<0.01 (compared to control); *p<0.05 (compared to HC+Pip80);
"<0.05 (compared to HC+Pip40). All data points are mean=SEM (#=06-8).
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