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Abstract:

Several Thai spices/dietary ingredients were previously demonstrated the hypocholesterolemic
effects. These studies were mostly conducted in animal models in which the mechanisms of action
were not yet well established. Therefore, the present study was aimed to investigate the potential
mechanism of hypocholesterolemic action of twelve selected plants (Hibiscus sabdariffa L., Moringa
oleifera Lam., Cucurbita moschata Duchesne, Ananas comosus (L.) Merr., Zingiber officinale, Morus
alba L., Camellia sinensis (L.) Kuntze, Piper nigrum L., Alpinia galanga (L.) Willd., Curcuma zedoaria

Rose, Bacopa monnieri (L.) Wettst., and Piper retrofractum Vahl.) widely used as spices and

ingredients in various types of Thai food. The extract of P. nigrum at 100 LLg/ml was found to be
the most effective agent as cholesterol uptake inhibitor whereas that of A. galanga and C. zedoaria
effectively inhibited pancreatic lipase activity with 1C5, 8.99+3.41 and 12.36+1.23 [lg/mli,
respectively. The potency of extracts from M. oleifera, H. sabdariffa, and C. moschata at 100 Jlg/ml
were similarly to 0.4 Llg/ml pravastatin to inhibit HMG-CoA reductase and possibly reduce
cholesterol biosynthesis. This study also demonstrated that several of the tested plants possessed
multiple sites of action that were possibly responsible for their cholesterol lowering effect in the in
vivo model. Black pepper extract was selected to further investigate in the comparison with its
standard compound, piperine. The result showed that piperine was likely to be the active substance
of black pepper extract as an inhibitor of cholesterol uptake. The extract and piperine did not affect
the physicochemical properties of lipid micelles but might share the same site of action as
ezetimibe. They could enhance the inhibitory activity of ezetimibe against cholesterol uptake. Thus,

their consumption could lower therapeutic dose of ezetimibe.
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81%13§A7 Dulbecco's modified Eagle's medium (DMEM)/F12 ﬁlﬁ 10% fetal bovine serum (FBS) Lz
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°c asiasaln 75 cm’ flask uwaziAeslu 96-well plates tanasaumsiTiavosisas viaiaodlu
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3. NMINAFOUNIINBINVBILTBAS (Cell viability test)
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. 3
(Yamanashi et al., 2007) lagiasuuanIazany [1QL,200(n)- H] cholesterol, cholesterol LA
phosphatidylcholine 1% chloroform &31&1382a18 sodium taurocholate gm@%mﬂu methanol 4
% A A v o @ ° @ [y Al AN o
f13azan82ad kkaznaethananT AT W wazin i ssmeudsnald N, gas wHuRsuN be 2y
anfivlineld N, gas 1 -20 °C aunvenald deuld hwiuAduinazansluawisgas DMEM/F12

aﬂﬁmwmﬁuﬁuq@ﬁ’]mﬂu1 UM  cholesterol, 2 mM sodium taurocholate, 50  pM
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o o Y fo M v g
5. N3N ALAALADTDALDNBAAAT LALNIZLA Y
g & A , & g & &
\Re9LTas Caco-2 cell 114 24 well plate NANNAWILIUL 50,000 Laaa/well LAUILTARLIHEIAN
') o A wa A & A ° o \ g 4 g & o o
14 ’szvl,msﬁaamqmaummuaw&naamaqm"l,a lumamﬂawmmsmmmaanﬂ 2-3 1% KAIN
14 4 Lma§gﬂﬂmﬁqm A1WIN bA FBS 1 At mﬂﬁfmam’ﬁaﬁ'@asgu"lws $#38 ezetimibe 11w 1
1139 AT hicholesterol micelle 1WA 3 T2lN9 LUBATULIAN 181115080 SNILTRRAQL
I & ° [ [ . ° ' 2]
PBS 1% 2 39 wasyin lAloasuanals 0.2 N NaOH waz 0.1 % Triton-X 100 31 cell lysate &31rikg
11i&w scintillation cocktail (MicroScint™-20, PerkinElmer) iNaiaszauuailalaginasaanfaaainels
813398 (radio-labeled cholesterol) @18LA389 Packard [3-counter &% cell lysate Bnaauiinliiam

AL U WY a9 113A%

6. N13IANTINN9VILanlesl Pancreatic lipase

MIANUVBILa %W besd pancreatic lipase Qﬂf@I@ﬂ‘fﬁ' 4-methylumbelliferyl oleate (4-MU
oleate) 1{ug5a9dn (Nakai et al, 2005) 25 ul vasanIanaayulng (azaulu 1% DMSO) wie
Oristat (Oristat 1418w positive control 289M1INA8E4) Uaz10 ul 283 1 mM 4-MU (azanals DMSO)
I 40 pl 389 buffer AszNeudIY 13 mM Tris-HCI, 150 mM NaCl, Uaz 1.3 mM CaCi2
(pH 8.0) 11 96-well plates uaz 25 pl 289 uazaTazatzlan by lipase (50 U/ml) gmamﬁaﬁu
U5 wasnuutalia 25 ¢ iluna 30 il YSnmn1Inasues 4-methylumbeliiferone ana

lag fluorometrical microplate reader 1 Ex 360 nm taz Em 535 nm

7. M3IANTN19IMVaILaw 73] HMG-CoA reductase

MIF U8 L8 % Laa] 3-Hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase) 0N
Jalaeld HMG-CoA reductase Assay kit (Sigma) HMG-CoA gﬂ‘lﬁﬂumiﬁy‘aﬁu FIUNTAARIVDI
NADPH QnﬂsnﬁuI@mi’mmsg@ﬂﬁmmﬁm’mm’mﬁu 340 nm uazgmwndl 37 °C lasdaidu

kinetic

Y I3 . .
8. M3tauuInzaslasas (micelle size)
lowasiaasan liraaniasoaafind1294du (Yamanashi et al., 2007) A3myiauwiaved

lowasiaasanluias gnuiuan Chandra wazAme (Kirana et al, 2005) a9l snsazasluiaaann

sonicated WAzN389H® 0.2 pm syringe filters waziiuf 37 °C. asanawsninaduas lwiwassu A

AMULTNTH 1, 10, 100 pg/ml #3a M, ANSIGL W38 0.1% DMSO gmawlumsazmﬂmmaﬁ E
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Ua'lin 37°C wiu 3 Mlws vwavedlawsineses luasgnialasldiaias a particle size analyzer

(Brookhaven).

9. NMIFIAANMNEINITDIBNITazA8VDIlALAALAD YDA L LuLBAS (micellar cholesterol solubility)
lowasiaavan luiaagniasoadad lalasinasen luiaadilsznaueas 1 mM cholesterol, 1 mM
sodium taurocholate L&z 0.6 mM phosphatidylcholine R15&AANW3N newda Twiwasiunanudiutu

100, 200, 400, 500 WAz 1000 pg/ml %3 uM, MUAIGL %38 0.1% DMSO pnifululaiaainasanly

WIAR  RRINNLNA 37°C W 3 Talud Imaamasaavlmsnaﬁgﬂﬂsaomu 0.22 um LWNauan
lalaRLaasaannziaTINn (precipitated cholesterol) aanain intermicellar cholesterol LLaEAINU

LT UVD intermicellar cholesterol t;]ﬂ’?(ﬂ‘[ml cholesterol assay kit (Human).

10. NFILATIEANIEDA

HamInaaeIgnuaadlugl MeantSEM  dagamsnaassgnitanziilasldaid  one-way
analysis of variance (ANOVA) I@Uﬁmu@@hmmLmﬂ@masmﬁﬁmé’]ﬁmﬁ@h p < 0.05 LaZAIAINW
Wutuasmsanafdussnmsinuasewlodld 50% (ICy) dwimlasld  Prism  program

(GraphPad Software Inc)
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HANIINAADI
wazavarsanaansnsaanisiosasdulnzasizad Caco-2

] A = o A o & = o &
daunazAnwnazasmianasyulniniasslag  lumsdudinmigadulanmaasea duiu
dasnasauidasduiinatasasanadansiainLdulaaay Caco-2 cells lagvinnisnasay cell viability
1 A g A % % o A A 1 & [ ] [ A A
test Aan talduumimslumsifenanudutuvasansananinanzay N liduduanudeioas wiall
NAGOLTAAYRY MN1INaaadh L6 kiiD MTT assay Lianagay cell viability laslasinisiasd lavin

msmaaummﬁ@mﬂmgﬂm 12 1@ é’a‘szﬂi’lu@mwﬁ 1

mnagay cell viability laglfizasinldinnzidnsniiony 24 Tilus uazldansanaayulwadu
< $ & ' o o £ o & o
a5 Hlw SududunaidsiuiummeseugniduginsgadulaasiaesantaimnIane
syulwsdaimaddldinnzides  wamIneassduaasluanTefl 2 wudhassnasywlndulngf
At 100 pg/ml lidinadansiatyidulavasaasuinn lag cell viability Jenannnin 80 %
oniiu NIzAuY (M. sabdariffa) uaz WINA (B. monnier) Nildn cell viability 72.23+2.23 uaz
78.36+10.58 % @WAOU (039N 2) lunmeissanaanmian Instiumaasuidulavaisas
\@nitae (cell viability 118.78+2.74 %) 3MNWANIINAADIH LLﬁdﬂmsaﬁ'@ayﬂmﬁmwL“iT&J“iTu 100
A ! a a ¢ & v \ . v o A \ &a
ug/ml 9z Anadansasyidvlevesmasiantas  uamainanududuies lilinadorsasnlglung
£ o o { {9 oo o Lo &
nagauNIAaM TN LalaFAaToAdLTas LHaI NIRRT LA RIUNTNARELENIIUEIlALARIA TR
o & o eaa v ¢ da , A o & eaa
dhaas  azlflaaandeny 23 dland Alanwnwukugauszifsuanwldiduruvaimadnd
Q/ % 6 @ o [ . . A & e = 1 '
ANBUAMBLTARUBINIIAN IF (differentiated Caco-2 cell) TITUDILTARAIZAANNAINUADFITA
NI ud lmanzanlumsianesay cell viability WWTIEHANURUILUBTBILTARINN 399717 1
sansnuananuuand9zasmIisuudasiunusasiuawadng ld et ssataaywlnad
v @ ' ' ' . . A o (%
ANLTNTH 100 pg/ml 39anainazlaifinadaimas differentiated Caco-2 cell T9anMIasinanele

ﬂﬁaaﬁ;amiﬂﬁ ﬁwudﬁmiaﬁ'@maamgu"lwmﬂmﬁ@ﬁm’mLiuﬁué'aﬂdnvl,&iﬁwa@iawmﬁ
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MM 1 YT agu"lwsvlﬂ g llwni3dnEn

Scientific name Family name Common name Model Part Effect References
Hibiscus sabdariffa L. Malvaceae Roselle (ﬂizL%VUU) Rat Calyx \LTC, TG, LDL (Hirunpanich et al.,
2006)
Moringa oleifera Lam. Moringaceae Horse radish tree Rabbit Leaves \LTC (Chumark et al.,
(W) 2008 )
Cucurbita moschata Duchesne Cucurbitaceae Pumpkin(WnnaJ) Mice Stem »LTC, TG (Choi et al., 2007)
Ananas comosus (L.) Merr. Bromeliaceae Pineapple(ﬁuﬂ:ﬁ?ﬂ) Mice Leaves \LTC (Xie et al., 2007)
Zingiber officinale Zingiberaceae Ginger (74) Rabbit Rhizome ~LTC, TG, LDL, VLDL, PL | (Bhandari et al.,
1998)
Morus alba L. Moraceae Mulberry (vidia) Rabbit Fruits \LTC, TG, LDL, (Chen et al., 2005)
Rat Root bark \LTC, TG, LDL, VLDL (El-Beshbishy et al.,
2006)
Camellia sinensis (L.) Kuntze Theaceae Tea (1) Mice Leaves »LTC (Han et al., 2001)
Piper nigrum L. Piperaceae Pepper (W'%ﬂvl,‘ﬂ 8en) npr Fruits npr
Alpinia galanga (L.) Willd. Zingiberaceae Galangal (1) npr Rhizome npr
Curcuma zedoaria Rose Zingiberaceae Zedoary, Luya- npr Rhizome npr
Luyahan (viiudas)
Bacopa monnieri (L.) Wettst. Scrophulariaceae Brahmi (W33&) npr Stem npr
Piper retrofractum Vahl. Piperaceae Long pepper (aﬂa) npr Fruits npr

Note: total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL), high density lipoprotein (HDL), phospholipids (PL), no published report (npr)

MRG5180254
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A1319N 2 Namaamiaﬁ'@ayﬂm (100 pg/ml) damtasndulavadisas Caco-2

{ v & Qs
Control @8 wraan % 0.1% DMSO Sﬁﬂ’fﬂumia:mUmsan@mgluvlws

Common name

Cell viability (%)

Control

Mulberry

Ginger

Long pepper
Tea

Horse radish tree
Zedoary, Luya-Luyahan
Pepper
Pineapple
Pumpkin
Galangal

Brahmi

Roselle

91.40 £ 1.99
118.78 £ 2.74
106.97 + 1.80
105.13 £ 3.94
95.01 £4.26
91.58 £ 6.03
88.36 £ 14.75
86.75 £ 12.47
84.03 £ 1.87
83.68 * 2.61
82.74 £ 3.15
78.36 £ 10.58
72.23 £2.23

HANNINARBILFAIFN Mean + SEM 9710 3 MINAaad laudaznInaaadying 3 a3s (triplicate)

uazavarsanaannlnsaanisiilaaainasaalzusas Caco-2

ﬂ’]i@@]‘%&]“ﬂ ﬂdIﬂLﬂﬁL@] 2388 Qﬂi’(ﬂiﬂ AU UIZTA LY BGIﬂLﬂﬁL@] asnanfaaainals

[ 3 { o ° 1Y ¥ A o v
81339& ([1020(n)- Hlcholesterol) Nkt llwaadsldnzidos Gedaaadonliaglugy

2a9 cholesterol micelle WAHINIIAIWI LUSUI MR TTIFGDANNITNT WY DI IUTAUINN cell

homogenate lun3Anuih 14 ezetimibe 1w positive control a84nsNaaas ailunniny

o A, L. A S o & = ) o0 Vv 4#
NWAI  ezetimibe Nﬂﬂﬁluﬂ’]i‘lﬂUUU\Tﬂ"lj@@ﬂjiﬂla\‘]IﬂLaﬁL@aiaaLTquﬁaﬂaqua DINANIY

dql 1 o v 6 o v dq, a e dl
NaaaIt WU'J’]ﬂ’]i%’]IﬂLﬂﬁL@lE]iE]aL°ll'1L‘ITE\]E‘]E‘]’]VL&LWWZLNEld&lﬂ'lﬂ(ﬂﬂ\‘]l]iﬁﬂm 60 % WRRIINN

[ .. { v @ { s o 1Y .. d v @ d £
1% ezetimibe NaMwTNTY 100 pM (3UN 1) {ITbldnasen ezetimibe AaNuTNTUNFIAU

. ] o & @ ¢
LL@]WU’J’]ﬂ’J’]&Jﬁ’]&J’]Sﬂ&LuﬂWiﬂUUdIﬂLﬂmmaiaaL"ll’]Lsﬁafﬂmww"l}u
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120 -

100 -
80 -
60 -
40 4
-
0 4
10 50 100

Ezetimibe concentration (uM)

Cholesterol uptake
(% of control)

317 1 Wapa ezetimibe dansthlaaaiaasanidas Caco-2 Las Caco-2 ¥N13
ﬂ'@umvlﬂLﬂulﬁﬁaﬁﬁﬁqmauﬂamﬁaumaﬁaﬁﬂﬁlﬁﬂ Tauiasaaaany ezetimibe L
1787 5 TANY nawlavauvadlalaaLaaTaanaaaaIne1uanIsIannwan luneln

& . , o &
LTAE NANTINARAILRAIAT Mean £ SEM 910 3 MINaaad laguaasn1Inaaadiringd
2 @39 (duplicate)

£ o ' o a

HaNINaFaugNIzasIIanaaywlng wud asatasywlng 12 oila (100 pg/mi)

o & ° ) % { ' o { = %
RNIDTUHIMIINT1 209l ALARLABTER LA L TEAUALANGIINY  (AN59A 3)  TIRNTENA
w'%nvlmml,ammsﬁ'uﬂ'omiﬁnﬁwaﬂmaamaiaa"lﬁmﬂﬁq@ WallSuuisunusiIana

o A = g . o & o ; X oA L
ayulwidnaug nmIdnmil wuihassiauiudas (C. zedoaria) uaz nizBUinNTlu
mydusshidveslawnsasteatosinn mifnmiuaasliiduianaiaayulninaosie
guIngugIn i laasiaasaaltaasan L be waaz luunnin annaadinad anardn ke

ImsTudsenmuayulnamant mma:ﬁwa@iamsﬁ,’wLLazmigm%uIﬂLam@asaalﬁﬁmaﬁa"ﬂvla
{GGeT

MRG5180254 17



13197 3 wamaamsaﬁ'msgﬂm (100 pg/ml) amshlalasiaasaaiti Caco-2 cells

Common name

[3H]-cholesterol uptake

(% of control)

Control 98.99 + 1.83
Pepper 57.76 + 4.49*
Tea 64.82 + 4.47*
Galangal 69.15 + 4.34*
Long pepper 7112 £ 7.68*
Horse radish tree 75.95 £ 2.11*
Mulberry 76.10 + 3.98*
Pineapple 79.62 + 7.90
Pumpkin 80.27 + 7.83
Brahmi 82.20 + 0.94
Ginger 84.63 £ 8.98
Zedoary, Luya-Luyahan 91.79 £ 0.48
Roselle 94.11 £ 4.57
Ezetimibe 43.18 £ 2.78

{ v & Qs
Control @8 a8 0.1% DMSO Sﬁﬂ’fﬂumia:mUmsan@mgluvlws
HANNINARBILEAIAT Mean £ SEM 310 3 MINaaad LasldaznInaasdvin 2 a9 (duplicate)

' L A o w aad, = = P @
* BRAIAINLANAWNDEWNUBYRIATUNNROATIAN p S 0.05 WaltlIpuLnauny control

rmﬂaommﬁhmguZwm’amsﬁ'ﬂﬁ’amiﬁvmuﬂaazan‘lﬁﬁ Pancreatic lipase

o & o e . @ I A A A

MIgugIMIYinuaedan ol lglunsdasainisluin tdunalnuilananalinalu
miaaszauadluduluiien lunmmesasiugasiisnasasasaiasyulng denisvinnuues
awlo]  pancreatic  lipase Wan1IMaaauaasliAwIEIEIaaywlnIudazaiia §
ANMNRINTD INTHUEIN I UL adan braiaflaiiuy dose-dependent TIENNNTAAIWI
Anluzluas 50% Inhibitory concentration (ICs,) %38 ANWITNTUBBIFTANAFYWININITUH
° & . . ) [ A o
MINuUeILa ey pancreatic lipase b6 50% GILFAIMAANTIIN 4 HANINARBILEAI LA
[AWINRIIENAINAITLT (A. galangal) ﬁmmmﬂumsﬁ'uEfomiﬁﬁmmaaLau"lsrjﬁmﬂﬁﬁg@
108 (ICs, = 8.99+3.41 pg/ml) FINENTENALURABY (M. alba) FANULTIIUATHVHINTFINH

vadtoulmiitknga (ICs = 244.94£83.96 pg/ml) atslafany msaiaayulnilanuusily
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m3fugimreuzasewloiiasnii oristat 41n @9 orlistat iueffinalnmssangntiu
m3sugImareuasiawles pancreatic lipase I@Ummsnﬂ'uET'amsﬂamLaz@@%umms
lwsdunalusldanle ﬂ’]iﬁmﬂ"]ﬁLLa@\‘]lﬁLﬁu’j’]Eﬁiﬁﬁ@mguvLWSﬁ’JusL%Eyj Sumiliufieciing
sunwmsgasamnsludulumaidiuams ssnafiauanenssnalifinisaasswainisgady
laasiaasaa uwazilunaldszaulaasaasoalufionanadle

A1519N 4 Namaammﬁ'@aguvlwwiamiﬁuﬁ'\‘]miﬁﬁmumaal,au%ﬁ Pancreatic lipase

Common name IC,, values (pg/ml)
Galangal 8.99 + 3.41
Zedoary, Luya-Luyahan 12.36 + 1.23

Tea 2522 +6.73
Ginger 35.25 + 13.18
Brahmi 43.26 £ 12.17
Horse radish tree 56.81 + 5.95
Pepper 68.27 £ 25.42
Long pepper 95.00 £ 23.72
Roselle 121.44 + 28.41
Pineapple 122.9 £ 24.23
Pumpkin 189.5 + 8.89
Mulberry 244.94 + 83.96
Orlistat 0.32 + 0.14 ng/mi

ICs, D @hmmLﬁuﬁumaamsaﬁ'@ﬁyu‘lwsﬁﬁ'uifamsﬁwmumauauvlsnﬁ'[ﬁ 50%

NANNINARBILFAIFN Mean + SEM 9710 3 MINAaad lasuaaznInaaadying 3 a3s (triplicate)
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NAYBIFITANA ﬂ&!%?W?ﬁlﬂ msﬁwmwaa;au‘lﬁﬁ HMG-CoA reductase

UaNIINNARBINATITNIANARY U INTdanIinuasioulad  pancreatic  lipase
HRdpdslanaseunazasayulnIdindadansiiusaenlsd HMG-CoA reductase ¢t
%9 HMG-CoA reductase (Hutanloiniianudaydanissitanzilansaasons  uas

=Y Y Y Qr 1 . 1 1 .
wladriaiidwihwinolumssangnivesmlungdu statins ataitu pravastatin WA
nanadBuaasliiinisaiasyulnmnaiia (100 ug/mi) MaNINTUEININULEI HMG-
CoA reductase b6 WAFIHAMULTINUANAINY (A13197 5) sIanaanluNzIy (M. oleifera)
fUHINI19UB89 HMG-CoA reductase laauysalindauny pravastatin T9l41du positive
control lun1inaaasdt widrarsanadndnisdudimsinusesenlodldiesngaile
Wisuifisuiussanaayulunididug udfideaurndugseuladldneanais

. - =1 U dw I = o 6
(53.0812.20% inhibition) feudInnsnaassiazidunisanunsvinauvasewlodniawan
' i i A £ o ' , \ @
1M (in vitro) TIRNTAINAIIBN1IIANBURIBUANAIIINANTNARBI UM BT TNARD
A & ] Y =< A = v & & A < o @
wioausd udadsiaanans@nmi Ausasliiudinalnfienadulylduesmsaniaayulng

{ S5 v f e & 'V
ANNIluMIaaTEauaIlALaRLABTEN LABMIWANTIUEINIRILATIZN LALAFLADTOR

A1319N 5 ijaamsaﬁ'@ayuvl,wwian’ﬁv‘hmumauauvlfﬁﬁ HMG-CoA reductase

Inhibition of HMG-CoA
Common name
reductase activities (%)

Horse radish tree 106.46 + 3.70
Roselle 94.91 + 11.86
Pumpkin 92.60 + 10.17
Ginger 77.44 +1.80
Pepper 7712 + 15.89
Zedoary, Luya-Luyahan 76.59 £ 0.32
Pineapple 74.36 £ 15.26
Brahmi 65.27 + 7.01
Mulberry 64.57 + 5.97
Long pepper 59.52 + 13.57
Tea 53.62 + 2.74
Galangal 53.09 + 2.21
Pravastatin 101.92 £ 6.13

HANNINARBILFAIAN Mean £+ SEM 289 3 MINAaad LlauuaaznIsnasadvingl 2 a3 (duplicate)
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NAYBIRIIFNANIN INYAIAL IWINDS3% NI Ezetimibe Aan1siilatasdiaasaatan

LERAR LAMNIZLR Y

lummeseunndues  ezetimbe  wWuiEwnsasusImThlasiaaTaaETaE
Caco-2 I¢ Tagduruanuiduiuuesansilinasay Touaasansamsaas dose-dependent (3u
7 2) ludwesdeanuiumimaseusssnawsnlned was piperine finnnudududnsg
wu Weinenudituasansananiningdn uas piperine 1u lawasiaavanazgnitdn
LTRR ARAR ﬁdLLﬁ@Nlugﬂﬁ 3 A B dsanusmansalumitussmysilaaainesoadniaag
Caco-2 HaunuaNETusesasilinasey (dose-dependent) 1w snsananin e
Allunnesasil JUSumas piperine 28.19% 1aduimanUSINmas piperine lwans
aiawsnlnodnit wudnenududuas piperine  AlFlumanasasit Wauinlaiuay
DuTUVEd  piperine ﬁaglumsaﬁ'@w%ﬂvlwm‘h fa sssnan3nlnadr 100 Wg/ml 9zl
piperine luauidiudn 100 UM nnuamMInasassnIsnawsnngdnd piperine fia
TN TN LLYINTALENINATZIN wuiienusansalnsdssiulunnssussnmsin

lAlaRIADI0aITILTas Caco-2  WamMInaaash uaadliauwin ssdanlunwinlnedinean

Lo & o v . .
f]ﬂ'ﬁEHJUﬂﬂ’]iu’]‘[ﬂLﬂaL@]aiaﬂLTquﬁaﬁ a’lﬁ]ﬁ]xLﬂu piperine

100

80 1

60 7

40

20

Cholesterol uptake (% control)

10 25 50 100
Ezetimibe (uM)

1M1 2 Ezetimibe Sugimaindilaasinasaalulnas Caco-2 1udras Caco-2 1
24 well-plate 1Juiaan 2-3 ek 16N Ezetimibe AauLTudn 10, 25, 50 uaz 100
> & a . v n? [ PR o
UM #a8337nhi 1 TU. @4 cholesterol micellces LaILRBILTRRGDAN 3 TA. U1 cell
lysate i@ radioactivity wazAaNuduTuvaslUsdin  A13euas cholesterol uptake

AWILNEUNY untreated cells LaZLIAILTIUAT MeantSEM 2710 3 NNINARA-
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Black pepper extract (ug/ml)
B
= 100
: ]
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S 80 1
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*< 60
a
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S 40
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S 20 7
<
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0
10 25 50 100

Piperine (uM)

3N 3 WaveIENIENANIN Inad Az piperine damsddnlaiasinasanliiaas
Caco-2 LR89Laa Caco-2 b 24 well-plate LJuian 2-3 FUan# engIsanansnlng
4 . . d' v v 1 [ g; Aa

@1 (A) Une piperine (B) MANULTNIWANNEG ARINNUL 1 TU. LAN cholesterol
micellces UaLRBILTARABEN 3 TX. 1 cell lysate 130 radioactivity WazANMTUTH
28911581 f1Tauaz cholesterol uptake FWIBMABLAL untreated cells WATLENI
\Juf1 Mean+SEM 21 3 mMInaaad

MRG5180254 22



a &£ o a o 6" [ . . 1 [
MIEsNgNSTaIEITENANININaAILaE  [Winassw  NuU  Ezetimibe  @an1sun
v 6 o ¥ ;
TalaatnasaaldNsasan lalnzia e
= 1 % :‘lymv ] v [ a o . . a Af
nnnansnawninigIsanuinsldmsanianininedn waz piperine Agnae
=S 6 o v g [ ' a o . . = & A '
migadulanainasenluimasin ldinnzdnsld 1Bwdsiny ezetimibe Iadunshaulaatng
a ! g £ ' .. ' A £
9 Nanthiinalnmseangninlouniad9an ezetimbe aendls  wazazRINNIOLEINGND
e . . A o Qs v A [l v & &R Y o asl
(additive or synergistic effect) Tanuuaznuldwiali FITpAeldvhnInaseugnalunis
JUEINM TN LALaFLADTARLTLTAS AN LHNIZIAES FadanTanan3nined uay piperine lagl#

3 ezetimbe finnudNTudgg  nRanINaReIGINNTER 6 Wuihmsliasana
winlnadfianadudu 50 g/ml, piperine 71 50 UM uaz ezetimibe 50 UM Liindatnsla
aghanits MlkRemsihduesdasseasenldlngidosiu 8o dszanm 70 % udiieldsns
aiawsnlnudn wie piperine TINML ezetimibe WuINIRaRWMNTUSIM TN LAl RAaTes
daasalamzaesld Tasdmaihdwedaemasseald Ussanm 60 % deendle
Indidoaiumsli ezetimibe Anandutu 100 UM wsadlifunsaiungniiuszniiems
afiawsnlnoen uas piperine U ezetimibe wiiNHaNITENONIVaIENIGINEST lsiTaLN
in Ssonaduwldldinsmasssiildanududusesaslulsinmiiaraazeangns lumssuds
\NaufiIagIgaus?

o K

@Taﬁ?uﬁﬁmmvlﬁmaaﬂﬂUl%ﬂaﬂuLiTuiTumaaawsﬁ@‘iﬁaa wuansanansnlnaeni
AnuLtudu 25 Hg/ml, piperine 71 25 UM LA ezetimibe 25 UM Lg908n9A87 ManInae
mydnveslamaiaataa laanies  laswmaasnunsnsinlaaaiaeseadn lddssana 80%
Indifearu (@197t 7) wddlaldmsutiunuin ssstansnlnséfianududu 25 Lg/ml
w38 piperine 71 25 UM 39070 ezetimibe 25 UM sansaiumssuginsinlaasaases
idiadldAuY ezetimibe 50 UM wanand fisedawuinsliasarandnlnodnd
AT 10, 20 ez 40 Llg/ml w3a piperine 10, 20 Uaz40 LM S3uNUNNTLA ezetimibe 7
ANMNTNTUWLAYY Ao 125 UM sansaiumsiuginsinlaasaaseadmasauEeU
douBsuisurumsliasfissdnder (@i 8)  WamInaassinaasliifiunsiady
QNBANYITWINN aIERawsnned was piperine AU ezetimibe uazE1SENANIN NG
W8 piperine 8193 site of action MAENY ezetimibe HosanEarnmMImazaLe8a1TN

v v e 1 a tas‘ﬂl 1 v
ﬂ’)’]l]L“ll&J“ll%q& ﬂaﬁJleJWUﬂ’]‘iLa‘illf]Vl'ﬁﬂ% (VLMVL@]LLﬁ@GNﬂﬂTW]@aQ\‘i)
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{ a £ o v a o A v o . . i
Gl’li'l\‘iﬁ 6 ﬂ’]iLﬁ‘i@Jﬂ‘ﬂ‘EﬂWUa\‘lmiﬁﬂ@W‘va“/lU@Wﬁﬂ’ﬂuL“IJ&I“]J% 50 Hg/ml, piperine ﬁ 50

LM uaz ezetimibe 50 UM danisinlatasiaasasidiisaas ldniziaes

Cholesterol uptake

(% of control)

Black pepper 50 Llg/ml 70.46 + 4.75
Piperine 50 UM 69.38 + 3.59
Ezetimibe 50 LLM 66.62 + 3.26
Black pepper 50 Llg/ml + Ezetimibe 50 LM 60.22 + 4.30*
Piperine 50 UM + Ezetimibe 50 LM 64.15 + 3.78
Ezetimibe 100 LLM 61.76+ 2.25

*p-value < 0.05 (WIsuRgUAUEITENANIN INBE AL 9
ANULEAIAD Mean + SEM

{ a £ o @ A o A ) . . {
ﬂ']i']\?ﬁ 7 ﬂ’li‘Lﬁimmﬁﬂu?JE]da’liaﬂ@WiﬂvL‘ﬂU@ﬂﬁﬂ’nmﬂlm}u 25 Mg/ml, piperine ﬁ 25

LIM uaz ezetimibe 25 UM sianisinlaiasiaasasidnimaasi lfnIzians

Cholesterol uptake

(% of control)

Black pepper 25 Llg/ml 76.59 + 6.75
Piperine 25 UM 81.28 + 3.24
Ezetimibe 25 LM 83.79 + 6.00
Black pepper 25 [lg/ml + Ezetimibe 25 UM 63.72 + 212
Piperine 25 UM + Ezetimibe 25 LM 71.04 + 3.19
Ezetimibe 50 LLM 66.62+ 3.26

ANNLEAIAa Mean + SEM
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{ a £ o o a ° . . .. { v o
Gl'li’l\‘iﬁ 8 ﬂ"lﬁL'ﬁ‘i@Jﬁ]‘ﬂ'ﬁﬂ%‘Ua\‘]ﬁ"liﬁﬂ@W§ﬂvL‘Y]U@'], piperine LAY ezetimibe ﬁﬂ')']&lL“lllJ“]J%

#n99 damashlalaaiaasaatdiniTasan biwiziaes

Cholesterol uptake

(% of control)

Black pepper 10 Llg/ml 91.05 + 4.98
Black pepper 20 Llg/ml 91.68 + 9.22
Black pepper 40 Llg/ml 88.05 + 5.69
Black pepper 10 Llg/ml + Ezetimibe 12.5 UM 83.29 + 4.16
Black pepper 20 Llg/ml + Ezetimibe 12.5 UM 78.23 + 5.51
Black pepper 40 Llg/ml + Ezetimibe 12.5 UM 75.96 + 3.25
Piperine 10 UM 97.75 + 8.50
Piperine 20 UM 96.85 + 12.93
Piperine 40 UM 72.52 + 6.21
Piperine 10 LLM + Ezetimibe 12.5 LM 84.90 + 3.47
Piperine 20 LM + Ezetimibe 12.5 LM 78.46 + 5.40
Piperine 40 UM + Ezetimibe 12.5 LM 68.91 + 3.63
Ezetimibe 25 LM 87.57 + 6.56

ANNLEAIAa Mean + SEM
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NaDaIFIIENANIN Ingaazlnnassuaanwinuos lasas

Q€ = g; o v U @ v

luns@nsnalnniseangnalunisdudimaihidiveslanmaeses  fiduldnasou

NAUBY  RITRNANIA MBI  piperine  damsiufsunlasansmenisnanwees  lipid
. 4 v ! . a2 d 1 . &

micelles T9LoLA VUIAVBI micelles LLaziJimmmaaIﬂLam@]asaaﬁa:mUagﬂ,u micelles Wb
A . A a X a o 2 6 o v v g
TIvUavad micelles NANTUaNTNaTN L TaRnlaaaIAaIaaNAAAILE  bbNTNaaaIi
UUIAVBN micelles gﬂf@l@ﬂl"ﬁlﬂ%ad particle size analyzer (Brookhaven) HNan1InNaasy
WU BIRNAWIN INEGLaY piperine ANALANVUIAVEI micelles LB ANYY lauaTana
Win lnp@fnanudutu 10 [Lg/ml uaz piperine Al 100 UM ¥l micelle Hauiaidn 114.52
+19.58 nm Uaz 137.23 + 13.77 nm @ua1ay WallIsufisuny control (102.02 + 20.43
nm) udatgnslsnay ldnuanuuandsadelinefmannesia (@199 9) WamInanash

v & o & = 6o o 2 A a va
waasliiiwimsguginsgadulanmaesealwaads ldnzdsafiiiaannmslaiuans
gnawsnnedwla piperine 81932 bl el unannanmsilfsuulasuessua  cholesterol

micelles

A199N 9 NATAIENIINANTN LGS INWaSIUAaUUIAUDI LALARLADTAR LULTAE

Concentration of Cholesterol micelles size (nm)

black pepper extract (LLg/ml)

or Piperine (LLM) Black pepper extract Piperine
Control 102.02 +20.43 102.02 + 20.43
1 108.63 + 20.02 107.74 + 16.41
10 114.52 + 19.58 109.44 + 17.55
100 ND 137.23 +13.77

ND = No data t#839MaIsanawsn inadienudutu 100 Lg/ml sUnIumMIIesziawa
Ya micelles

ANNLEAIAa Mean + SEM
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Naﬂaﬂﬂﬁiﬂﬁﬂw%ﬂlﬂ gA LL&:Mma%"%wiamwmmm’(umsazm JUDI

Taladiaasonlnluwmas

wanNUbhaNTUIAV DY lipid

Winlnaduaz piperine

micelles

k) ;ﬁ%’m"lﬁﬁwmsmaauNa“ﬂaommﬁ'@

AOANNEINITD IBNITAZANUVAI LALAFLADTON 114 b LTRE LRAIA

A13199 10 WU NT U lALaFLAaT0a 1ih micelles ﬁ@ha@mLﬁnﬁamﬁaa%ﬂuan’nz

Aa o o A o A v o AN A o i .
‘Y]N'ﬁaqiaﬂ(ﬂW§ﬂvL°ﬂU(ﬂ’]‘ﬂﬂ?qNLﬂluﬂlug\j luaﬂmzqf]vLNWUﬂqiLﬂaU%LLﬂﬂ\Tﬂ‘U piperine  WRN13J

:‘T v & ] £ & = 6 o % 2{' A [ >
*ﬂﬂaamuamlumu’nmmummsg@sﬁﬂmaama‘saa‘lulfnaamvlmwwuamvﬂmm‘:aﬂ@

a ° A 6l M v = a
WInnadinIa wiwasInanaaz bl latduwnaannsil fuuil 8918902 u NI NIz AL

Y lALAFLADTOR L LULTRR

A1319N 10 msaﬁ'@w’%ﬂ"l,ms‘i’m,a:"lwLwas‘%u@iammmmmiumia:mwawaa

Taaaiaayan b luimas

Concentration of black

pepper extract (LLg/ml) or

Micellar solubility of cholesterol (mg/dl)

Black pepper extract Piperine
Piperine (LLM)

Control 50.43 + 7.08 48.05 + 4.81
100 45.64 +7.20 49.63 + 2.11

200 49.74 + 5.82 49.68 + 4.95

400 46.45 + 8.85 4715+ 3.28

500 44.67 + 7.56 47.47 + 5.61
1,000 42.15+5.94 50.41 + 3.05

ANuIAIAD Mean + SEM
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ﬂ?ll ezl snifwa nanaaay

¥ a 1 ] g v ~a ‘§ = g;
lumsfnund woNTusiie s 91 sliusas 1 waz 39 Agndlunisgusaian ol
. . = £ o \ \ @ . ' & o
pancreatic lipase Smfmﬁmﬂmaa’lﬁlvlwmmmﬂum orlistat LL6iA1 ICs, NEIWBRNAT (X 30

d é 1 34 v U ] v e g; a

Hg/ml) (113197 4) Seimnarilfidududznaulunisdyiemisinoaguds danunsiv
TN EINYT2NaLVBINTRARAUNILRING bUNTHUHINNTYINUVBILaw 153 pancreatic
. S ° [ ' % [ ¥ o ' o
lipase T4a13rildaan stesuazgaduleduld wananidslisisanuitarsdinan
polyphenols LLaZ saponins ldane suTa Ut Lo pancreatic lipase e (Han et al.,
2001; Nakai et al., 2005) Wiad@aatawlas pancreatic lipase LHwawladiayningitainy
mstasluain aenuansla g Aaunaunsaguginsyinusadianlas pancreatic lipase ‘Lo
= A £ o o a o o A v Aa o
fanadigndlunistlesnwniniianiiedin suwiaannnissudseniua1nisni ladwuidu
! = a A Aa = v ° A ] a
fandrznavluszuzennle TiemsineiiinTaananlsailasausiuinann Tea1aintinazi

£ o o ° o
gnslun1starnimsgady lydulud 1§ le

=} g; a J a g; o (dl ]

wmmﬂm‘lwﬂmm 12 wHath wanaNATHULINIIVNIINBILaw kN 1T lunistag
v @ 'V a g; ° U 6 o % J v v =

luinua gesnursnsuganisinlaasiaasanid U luraasn ldwiziaoalaeny lunsansn

Py ' o a = £56 o & ° @ & o o g
fwudn ssenawintne Jgntlunisdugsmailaaaiaesaatdn lluimasan ldmwiziaes

o ' S o & °
98 §IUKIIANAN 71 21 uaz GUR (P retrofractum)  Hgnolumsdugininisi
Tatastaavaadn i lwaaasan l&WIza g9t %nand S9na bnn1sougInIsuinlalasLaasaad

6 1 Qs 1 & v =Y % g; o v
AR 9 luTaLa% waaadw bl ldnarunaln anf n1stugInIinlalariaaTaattLTas oy
1 Q & { 1 Qs >

NITUIUNNIUTITU G4 sterols 138 phytosterols  Niflaglufzayulny azdarInITuuss
YU LALARLADIDREIUNIAIVUFS (transpoerter) NTa31 Niemann-Pick C1 Like 1 (NPC1L1)
2819LaN1191299 uanand arnduinazasanasyulnsirldnisazatsvesladu

. . . 2 o o o & A Y
(solubilization) 11t micelle anad F9aan13vin luaiuidwasd phytosterols azWu luNTLAZ 1T
Nonauoiia (Brufau et al, 2008) laulassasnsvad phytosterols AanwmzasaaRany
lassai9vaslaamaatan 6391k phytosterol a13aanIgadulaiasiaasaslaanisuesnu
Tawagiaasaa nsunwilamaiaasaals micelle vinlwlaasiaasaanszanolu micele &
wopad niaudsTunuaIREIMIatusInInazued chylomicorn lasyuniunisvinnuves
acyl-oenzyme A cholesterol acyltransferase (ACAT) meluioaasn b (Brufau et al., 2008;
Jesch and Carr, 2006 ) a&19lsfian 89 liTeunusTinddSunauas phytosterols 1u

a \ A A a A o ~ o & 56 [ &
wWinlne o 91 I8 GUR Fundesiiisslsasnu gnilunmsantzaulaaaaaseasnaaziiy

A A A s s LA
naanasUsznavdng Anuludmnah lasgsUsznaumanhanaazbilinanszuiunns
wITun1Igaduraslalasaasaalauntd uda1IHIUNIZUIUNITLNINANIFNUBIGD
PRI 1T NPC1L1 1% LALARLADTOALTLTAN BIaTUNIWAIINNIIUVaI ACAT
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AUUEI NPCIL1 Wudnnlua ldlanuazuSinme  brush  border membrane a4
enterocyte (Altmann et al., 2004) w38 I ULTA (Davies et al., 2005; Sane et al., 2006) T3
= o % =3 ai a 1 £ o YV = & & U
funnnidglunsgedulansiaesasnuinadiudusasildian uazndwiuimunsvas
pfiltlumsduginsgadulaiasmaatan L3 61 ezetimibe (Weinglass et al., 2008 ) fiaul
azdanatdulyle uees b dnanwuwitain NPC1L1 Lﬁ"flul,ﬂ'mmwaamsaﬁ'@aguvlwﬂums
L g; o U 6 d' p.l' | q/dy = n' a c.l' e
SugInITinlalasiaasoatdaas tnanaznagauauLdwldldhnsansRutGuiigIny
UrzL@uhasda1udndu nn1IEnEinUIn ezetimibe Lailaguginisinlatasiaasaatdi
LIAR LANIRNG (HUIUT=N1 60%)  @duuIItivantainnsrusslalasinasaalasmin
NPC1L1 Vl,sﬂmﬂuﬂavl,ﬂLﬁmﬁﬁ’mﬁwﬁlumsﬁwLLazgﬂsﬁuIﬂLaaLmaiaa

é { ] { Q Q g; é Qs
Sﬂﬂavlﬂ%udﬁmauhLﬁmﬂumwumms@@%ﬂmaamasaaﬁa ACAT it ue?

' Aa [y o L = ' . M o
saasuliinisgadulaasiaatenlik@n (Chang et al., 2001) F9wuin alkamide 7ildanwa
wWIn'ned aNnsasuss mavinauvadtanlasd ACAT lu HepG2 cells (Rho et al., 2007)

) A A V) A £ o )
a’mW“ﬁauG] HGVLNWU’J']NQV]'E@\‘]T]Q'TJ

ANTANENBEILRAI LFL AW mia@msgﬂ?ﬁmaﬂmammasaavlsjLﬁmil"aaﬁ'uwams

[ dld 1 a a A AAa 6 . e dl dl
an@m‘guvl,wmmammmtymuimmammmmaamaa (cell viability) (91351499 2) 1#8931n
WUIFARINVEY  NIRTIAVa IS WA NNFNABTNUUSN s laLasiaasaatdnLmas

A A o o AAda o & . .

(@13147 3) NANENTIAUIN NMINARBLNNTRTINVLILTAR LTI waa undifferentiated Caco-2

£ a ' = ° o ¢ £ o e o
cells TINAMVLANAIINNNIIANEINITUN L ALARLAATOALT TR D9 bELTAaNINITWAIW b
Dwaasnlquanifad1odl§an (differentiated  Caco-2 cells) Aaifuiaadnileny 2-3
U LraaazdianuniLiuyadniInnii (Hidalgo et al., 1989) annmssanawuinlidinng
Lﬂﬁwu,ﬂawaalfﬁaa‘ﬁaﬂmaLﬁaslﬁmiaﬁ'@aguvlws LEAIFLABINTRS A LRI NI LR 9T

mmsnwu@iamwLiuiumaaaﬁaﬁ'@mguvlm (100 Hg/mi) 1@ ilﬁﬂ‘fl'a;ilaﬁLLﬁ@ﬂﬁLﬁWj’mﬁi
guggninlatasiaasaatduoas b lailunaannissunawnsiaiyidulevasiss ua
duldldhasaiasyulnsansalddugimuindraedlamainesealasnalnagnilaatng

=
N

uaﬂmﬂmaamavl,ﬂﬁm'cnLﬂu"lﬂvl,ﬁl,ﬁ'mﬁ'umsgﬂ%ﬂﬂl,aamasaa HRde lanaseuna
PoImIanaaynlnIdan1sinuvadanled HMG-CoA  reductase FoSwanlofluns
Fanmzflaaaiaesen 1oy HMG-CoA reductase 9211/a8% HMG-CoA 11l mevalonate &9
Li’flwﬂzu@auﬁwﬁzyhmsé‘amiﬁ:ﬂmaamasaa (Grigore et al., 2008) HMG-CoA reductase
Lﬂmﬂmmwé‘ﬂmaommju statins LL@iwa*’nadmf;uﬂwwiamsﬁwmmaal,au"l,snﬁf:ﬂ'aﬁms
Nonudeutneiiie Sunimsdnswuinasanaen C. zedoaria MU1ISLEIMTAS YR

¥ v o o A4 A, v @ ' o & o
Vero cell VI,@am\iﬁuymmymm%mmsaﬂ@mﬂmammiﬂwmmsmmmaa HMG-CoA
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%

reductase 1908198152 ENTAW (Liu et al., 2002) #8NINALTINLIN E1IRAAINN A.

comosus (0.01-100 [lg/ml) &1NI0HULINIINIIUIEY HMG-CoA reductase 16 20-49%
asalnudA (Xie et al,, 2007) luns@nu1fh WUl 8138NA A. comosus RINNINGUIINT
Mnuzasawlolild 70% SianuuandsiiaraiioannnizuInmMIanasIayulnILazures
P A v 1A o o A ' o = g ' Y
voafTaywlng Sarhlildianassddyiuandranu lunsdnsidmudn ssaiaan
NZIN (M. oleifera) EANINHULI HMG-CoA reductase |@i¥in¢) fil 81 pravastatin §7u4&13
’NANN NIIBY (H. sabdariffa) wazluWnnad (C. moschata) AUszanTAwlunsdues
L Lol lahd 90% TIF1TRNAMAIRE192HULINTFILATIEH LataiaaTaalusenele &9
WunalAszaulaaainasealutionaaadbe wazandaztdudszloslun1ssnenning
A o PR~ A Ao =2 A o . A £
lawasaasanluiaagild anfiong 12 sfaiiandnmi ssanaandwezm Sontlu
o & e v A A & A A=
miyduvenloiiiesnge (Uszanm 50%) navainisaalamainasastaifans 2 shadl 39

Wz U’]“fl/ﬂdﬁlﬂﬂ’ii(ﬂ@%&ﬂﬂLam@laiaa&l'mﬂ’]"mﬁiég(’dmi'lzﬁiﬂLﬂﬁL@l 2388

= =~ o A o A Sdaa o & o @
IMNNNIANBIU aqsaﬂ@l‘w5ﬂvls°nU@]’];Jf]“ﬂﬁﬂ@l‘ﬂq@luﬂ']s{lﬂUﬂﬂqsuWIﬂLﬂaL@ﬂ‘iaaL"ﬂq
L= dl

imasdn ldnz§e LﬁaLﬂ%ﬂmﬁﬂuﬁuﬁmgﬂwsmawj wanalnfiisadaslumsdudins
g]@%uLLa:miﬁﬂﬂLammaiamﬁwﬁaﬁﬂhvlsjmmm%'@ Inany qﬂa%’aﬁﬂwzﬁ'ﬁw%wa@iams
gaduraslaaaiaason lunsinmnil madhmsidgluwinlnofifunomdudensi
lalaainasaaidoas 0199w piperine  WATHINLIN 8NIRNANSAINEFILAE  piperine
FANTOLES NN AL ezetimibe lumssugimailaasaaseaduaadld udnalnnsasn
qw%gﬁ'avlajmmsm:qvl@i”“ﬁ'@wu Hasaninsdnefugaslifinin drenusunsaluns
AzAN828d lUNU  (solubilization) lwluiwad (Brufau et al, 2008) WIaUUIAVBI bLTAR
wWaswuasly azdinadanIgadulaaainosenld (keda et al., 1992; Nagaoka et al,
1999: Raederstorff et al..2003) esunwnisoit 39ld@nunavasasanawsnineduas
piperine @iaqmawﬁamimﬂm‘wma\‘ivl,sJLsﬁaﬁﬁy’daaaﬂizmiﬁmdn FINHANITNARDINLIN
s3anansnInoduas piperine IHaANITILURIHULAISNHILNIINIDNINLAZNNILAT VA
Towasiaasanluimaddosunn mvwavasluimasuaznsazaisvaslaasaasaalsluimad
nduldldirasanansnlned uaz  piperine ET?Jfiﬁﬂ’]ig}@‘?ﬁllﬂLﬂﬁL@aiaﬂI@UﬂﬂVLﬂﬁ
fgdpsnumaasuudasnszuannmsuisegranieluadsn’ld 1w enadinadansrinen
u%msuamaaﬂmaﬂﬂsauﬁLﬁU’mTaaﬁ'umzmumﬂumsgw%wiﬂLaamasaa a9 LT
Fussnsvinuaas NPCIL1 Sefiununlumsinleasaasondiaas (Atmann et al.,
2004) Laz ACAT2 %uﬂuﬁaﬁiaLﬁ%ﬂﬁﬁﬂﬁi@@%ﬂﬂLaamaiaasl,ﬁa'“fu (Chang et al., 2001)
winaadnasuasu 1w NMIvhues ABCG5 was ABCGS Gurhmindilunsinlaiasinasos
panuanLTas (Graf et al, 2002) aghslsfimunalnmsasngnivasansaindngaday
sndudasdnwuimdudald Ssaneviinsdneslasiieszdwinsusouudasoslysen

AINENIA8 western blotting
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1ALaRLA850aN LasNa INWANALANGIINY UazLITRAaNND lara18na ln NINTHLEINT
H9UD 9% kTN T UNUIN TN T 08I AI ST NI TRILATIZA LALARLADIAN TINNINITIULI
o U 6 1 = Id I o 6’: = [
M3 lalagiaasaatLTas °mLLazmmemm’mLﬂuvl,ﬂ"lﬁlumil,ﬂumsmmmig]muvlwu
= o & ° . . g o
LaLlALARLABTEA TIRINIIASUHINNTHNNUVBILaW N pancreatic lipase LazTaVI1INTIN
Talagiaasaatt L saaan L& lumm:ﬁmgu N32138U wazWnnay IWNana any statin NELE
MIFILATIZRLALAFLADTOR HIWNIINNTOUHINIIN WY aILa% b3l HMG-CoA reductase Nt
syulwsndriiinisliduunsnarslunadudiudsznevvesermivinenais gufia n3
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laTaian wanuInaIaAaNIn a1 e uTaLaSNgNNUEN ezetimibe Lo 39a1atdlwlylelu
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Several Thai spices/dietary ingredients were previously demonstrated the
hypocholesterolemic effects. These studies were mostly conducted in animal models in
which the mechanisms of action were not yet well established. Therefore, the present
study was aimed to investigate the potential mechanism of hypocholesterolemic action of
twelve selected plants (Hibiscus sabdariffa L., Moringa oleifera Lam., Cucurbita
moschata Duchesne, Ananas comosus (L.) Merr., Zingiber officinale, Morus alba L.,
Camellia sinensis (L.) Kuntze, Piper nigrum L., Alpinia galanga (L.) Willd., Curcuma
zedoaria Rose, Bacopa monnieri (L.) Wettst., and Piper retrofractum Vahl.) widely used
as spices and ingredients in various types of Thai food. The extract of P. nigrum at 100
pg/ml was found to be the most effective agent as cholesterol uptake inhibitor whereas
that of A. galanga and C. zedoaria effectively inhibited pancreatic lipase activity with
ICs 8.9943.41 and 12.36+1.23 pg/ml, respectively. The potency of extracts from M.
oleifera, H. sabdariffa, and C. moschata at 100 pg/ml were similarly to 0.4 pg/ml
pravastatin to inhibit HMG-CoA reductase and possibly reduce cholesterol biosynthesis.
This study also demonstrated that several of the tested plants possessed multiple sites of
action that were possibly responsible for their cholesterol lowering effect in the in vivo

model.

Keywords: Cholesterol; Pancreatic lipase; HMG-CoA reductase; Thai spices; Dietary plant



1. Introduction
Hypercholesterolemia plays a major role in the development of atherosclerosis and

coronary heart diseases (Frishman, 1998). The cause of hypercholesterolemia has
been thought to be related to the imbalance between cholesterol synthesis and
clearance. In addition to disorders of lipid metabolism, lifestyle influences such as
diet, exercise, smoking, and alcohol use might affect cholesterol level (Bhatnagar,
Soran, & Durrington, 2008; Garg & Simha, 2007) . Lifestyle changes, restriction of
dietary cholesterol, and intake of dietary fiber and plant sterols can lower serum
cholesterol level (Garg & Simha, 2007). Lifestyle intervention was suggested for
certain groups of patients before considering the use of lipid-lowering drugs (Garg &
Simha, 2007). Up to date, there are many pharmacological strategies available for
hypercholesterolemia management such as mono- and combined-therapy of inhibitors
of cholesterol synthesis and absorption (Pollex, Joy, & Hegele, 2008).

The most common drugs used to manage hypercholesterolemia are statins
which lower serum cholesterol by reducing endogenous cholesterol biosynthesis
(Pahan, 2006). Statins are generally well tolerated and efficacious, but high-dose
statin therapy has been associated with increased incidence of hepatotoxicity and
myopathy (Bhatnagar, et al., 2008; Garg & Simha, 2007). In recent years, there has
been considerable interest in the potential of using natural components from food
and/or herbal medicines as health promoting agents including cholesterol lowering
products. This alternative therapy could be applied for low to moderate risk patients
or patients with marginally high cholesterol level (200-240 mg/dl) in which the
management of hypercholesterolemia is recommended to start with lifestyle therapy,
not the pharmacological treatment (Garg & Simha, 2007). In addition, this may be

useful particularly for some patients who can not tolerate the adverse effects of



cholesterol lowering drugs or as supplements for ones who do not well response to
sole drug therapy.

Many of Thai spices/dietary plants have been suggested to have
antihyperlipidemic and/or antiatherosclerotic properties. The hypolipidemic or
hypocholesterolemic effects of these plants were mostly demonstrated in the in vivo
experiments but the mechanisms of action of these effects are not thoroughly
established. Therefore the aim of this study was to investigate the potential sites of
action of the selected twelve Thai plants in which hypocholesterolemic effects of
seven plants were previously reported in animal models (table 1) (Bhandari, Sharma,
& Zafar, 1998; Chen, et al., 2005; Choi, et al., 2007; Chumark, et al., 2008 ; El-
Beshbishy, Singab, Sinkkonen, & Pihlaja, 2006; Han, et al., 2001; Hirunpanich, et al.,
2006; Xie, et al., 2007). The rest of selected plants were also thought to have
hypolipidimic effects, despite the evidence is unpublished. The effects of these plant
extracts on lipid digestion, cholesterol absorption and biosynthesis were examined to
assess the potential mechanisms of their cholesterol lowering effects. The present
study provides the evidence that most tested plant extracts possess multiple sites of
action with different intensity as inhibitors of pancreatic lipase, 3-hydroxy-3-
methyglutaryl-coenzyme A reductase (HMG-CoA reductase) and cholesterol uptake.
These mechanisms of hypocholesterolemic action may be accounting for their
cholesterol lowering effects in animal experiments. This finding may encourage the
usage of some of these spices and dietary plants as health promoting products as

dietary supplements and nutraceutical products.



2. Materials and methods

2.1 Materials
Pancreatic lipase (type II, from porcine pancreas), orlistat and all the materials for cell

culture were purchased from Sigma Chemical Co. (St. Louis, MO). Fetal bovine
serum (FBS) was purchased from Gibco. 4-Methylumbelliferyl oleate was obtained
from Fluka. Some of plant extracts (ginger, mulberry, brahmi, long pepper, and
pepper) were obtained from the Bioscreening Unit, Faculty of Pharmaceutical
Sciences, Naresuan University and identified by Kornkanok Ingkaninan. The rest of
the Thai plants (roselle, horse radish tree, pumpkin, pineapple, galangal, zedoary and

tea) were obtained from the Queen Sirikit Botanic Garden (Chiang Mai, Thailand)

2.2 Plants extract preparation
The plant materials were washed thoroughly with tap water and dried at 37 °C in an

incubator, diced into small pieces, powdered in a mixer grinder, dried at 60 °C for 2-3
days, and the dried powder were macerated with 95% methanol for 3 days. The
methanolic extracts were subsequently filtered, evaporated in a rotavapor at 55-60 °C

under pressure. The plants extract were kept at -20 °C.

2.3 Cell culture preparation
Caco-2 cells were obtained from the American Type Culture Collection (ATCC).

Cells were grown in Dulbecco's modified Eagle's medium (DMEM)/F12 containing
10% fetal bovine serum (FBS) and 1% penicillin—streptomycin.  Cells were
maintained at 37 °C in CO; incubator in a saturated humidity atmosphere containing
95% air and 5% CO,. All cells were propagated in culture flasks and subsequently
plated in 96-well plates for viability test and in 24-well plates for cholesterol uptake

experiment.



2.4 Cholesterol micelle preparation
The micelle preparations were modified from Yamanashi (Yamanashi, Takada, &

Suzuki, 2007). Briefly, stock solutions of [la,2a(n)-"H]cholesterol, cholesterol,
phosphatidylcholine were dissolved in chloroform. A stock solution of sodium
taurocholate was prepared in methanol. The lipid and bile salt solutions were mixed
and evaporated under a stream of N,. The lipid film was stored under N, at -20 °C
until use. The micelle solutions were freshly prepared by hydrating the lipid film in
serum-free DMEM/F12 so that the final concentrations of the micelle were 1 uM
cholesterol, 2 mM sodium taurocholate, 50 pM phosphatidylcholine, and 1 pCi/ml
[1o,,2a(n)-"H]cholesterol. The micelle solutions were sonicated and passed through
0.2 um syringe filters and kept at 37 °C before adding to the cells.

2.5 Cholesterol uptake assay

Caco-2 cells were seeded on 24-well plate at a cell density 50,000 cells/well and
cultured for 14 days to allow them to differentiate. During this period cells were fed
with fresh medium every 2 days. After 14 days, cells were incubated with serum-free
medium overnight. Cells were treated with plants extract or ezetimibe for 1 h before
adding [la,2a(n)-"H]cholesterol-micelle containing medium. After 3 h incubation,
medium were removed and cells were washed twice with ice-cold PBS. The cells
were disrupted with 0.2 N NaOH and 0.1 % Triton-X 100. One part of the aliquot
was added to scintillation cocktail (MicroScint™-20; PerkinElmer), the other part was
taken for protein determination by BCA protein assay kit (Pierce). The radioactivities
of cell lysates were measured in a Packard B-counter.

2.6 Measurement of pancreatic lipase activity

The pancreatic lipase activity was measured using 4-methylumbelliferyl oleate (4-MU

oleate) as a substrate (Nakai, et al., 2005). Twenty-five microliters of plant extracts



(in 1% DMSO) and 10 pl of 1 mM 4-MU (in DMSO) were mixed with 40 pl of buffer
consisting of 13 mM Tris-HCI, 150 mM NacCl, and 1.3 mM CaCl, (pH 8.0) in 96-well
plates, and 25 pl of the lipase solution (50 U/ml) in the above buffer were then added
to start the enzyme reaction. Orlistat was used as a positive control of pancreatic
lipase inhibitor.  After incubation at 25 °C for 30 min, the amount of 4-
methylumbelliferone released by lipase was measured with a fluorometrical
microplate reader at an excitation wavelength of 360 nm and an emission wavelength
of 535 nm.

2.7 HMG-CoA reductase assay

HMG-CoA reductase activity was determined by HMG-CoA reductase assay kit
(Sigma) according to the manufacturer’s instructions. The assay is based on the
spectrophotometric measurement of the decrease in absorbance at 340 nm and 37 °C
with a kinetic program, which represents the oxidation of NADPH by the catalytic
subunit of HMG-CoA reductase in the presence of the substrate HMG-CoA.

2.8 Statistical analysis

Results are expressed as the meantSEM of n experiments. The data were analyzed
by repeated measurements of one-way analysis of variance (ANOVA). Differences
were considered to be significance when p < 0.05. 50% inhibitory concentration

(ICsp) values were calculated using the Prism program (GraphPad Software Inc).

3. Results and discussion

3.1 Effect of plant extracts on cholesterol uptake
To examine the effect of the extracts on cholesterol absorption in the intestinal lumen,

differentiated Caco-2 cells were used as an in vitro model. The level of [102a(n)-"H]
cholesterol captured in Caco-2 cells was measured and calculated as the amount of

tritium cholesterol per mg protein of cell lysates. In this study, ezetimibe was used as



a positive control since it is known to block cholesterol transporter protein leading to
the cholesterol uptake inhibition. The uptake of cholesterol into Caco-2 cells was
reduced approximately 60% following pre-incubation with 100 uM ezetimibe.
Following pre-incubating cells with plant extracts, the data demonstrated that
each plant extract (100 png/ml) could block the uptake of cholesterol into Caco-2 cells
in the different intensity (table 2). Pepper (P. nigrum) extract exhibited the strongest
inhibitory activity, approximately 40% reduction. From this study, 100 pg/ml
zedoary (C. zedoaria) and roselle (H. sabdariffa) extracts scarcely inhibited
cholesterol uptake. This observation suggests that some of the selected plant extracts
could block the uptake of cholesterol into Caco-2 cells and this phenomenon plausibly
occurs in the intestinal cells of the animals.
3.2 Pancreatic lipase inhibition
Since one of the mechanisms of lipid lowering agents could be the inhibition of
digestive enzymes, the effects of all selected plant extracts on pancreatic lipase
activity were determined. Our result showed that each individual plant extract
possessed the inhibitory activity against pancreatic lipase in a dose-dependent manner
(data not shown). The 50% inhibitory concentrations (ICsp) of all plant extracts were
calculated and shown in table 3. The extract from galangal (A. galangal) rhizome and
mulberry (M. alba) leave showed the highest and the lowest inhibitory activities with
the 1Csp at 8.99+3.41 and 244.94+83.96 ng/ml, respectively. However, the pancreatic
lipase inhibitory activities of all selected plant extracts were much less potent than
that of orlistat, a well known pancreatic lipase inhibitor that prevents dietary fat from
being absorbed in the intestine. This observation indicated that most plants seem to

have potential to disrupt lipid digestion in the intestinal lumen which may



consequently reduce cholesterol absorption and eventually result in the lowering of
serum cholesterol.

3.3 HMG-CoA reductase inhibition

HMG-CoA reductase is the rate limiting step enzyme of the mevalonate pathway, the
metabolic pathway that produces cholesterol. This enzyme is the target of statins, the
well known cholesterol lowering drugs such as pravastatin. The results demonstrated
that each plant extract (100 pg/ml) could differently inhibit the activity of HMG-CoA
reductase (table 4). The extract from horse radish tree (M. oleifera) leaves completely
inhibited the HMG-CoA reductase to the same extent as pravastatin which was used
as a positive control in this experiment. Although galangal extract has the lowest
suppression on this enzyme, it showed somewhat inhibitory activity (53.08+2.20%
inhibition). Although this experiment was an in vitro enzymatic assay which might
not appear in the same direction as the in vivo model, these results at least indicated
the potential mechanism of action of the cholesterol lowering activities of these plant
extracts via the inhibition of cholesterol biosynthesis.

3.4 Discussion

Hypercholesterolemia as the result of abnormalities of cholesterol homeostasis is the
risk factor for development of atherosclerosis and coronary heart disease. Using of
hypocholesterolemic drugs such as statins was recommended for high risk group of
patients. For people with low risk or plasma cholesterol is not risky high, life style
changes such as low cholesterol diet as well as regular exercise are likely to be helpful
to lower plasma cholesterol level. However, such life style changes are not readily
accomplished for most people. Therefore, uses of certain food ingredients, dietary

supplements, and nutraceutical products especially ones from natural sources, with



hypocholesterolemic activities could be one of the alternatives for cholesterol
lowering purpose.

Many Thai plants, particularly ones used as ingredients in Thai food, drink and
spices, have been thought to have beneficial effect for human health as cholesterol
lowering agent. Some of those plants were demonstrated to be able to lower plasma
cholesterol and other types of lipids in animal models. The present study provides
evidence suggesting the potential mechanism of hypocholesterolemic action of
selected twelve Thai plants on lipid digestion, cholesterol absorption and synthesis.

In this study, several of the selected plant extracts such as galangal, zedoary,
tea (C. sinensis) and ginger (Z. officinale) showed promising inhibitory activities
against pancreatic lipase. Although their potencies are not as strong as orlistat, their
ICsg values are quite low (< 30 pug/ml). Since they are regularly used in Thai food and
drink, daily intake of these plants might provide the sufficient amount to inhibit
pancreatic lipase and consequently reduce lipid digestion and absorption.
Polyphenols and saponins from tea were found to be responsible for pancreatic lipase
inhibition (Han, et al., 2001; Nakai, et al., 2005). Although the active compound from
A. galanga (lesser galangal) as pancreatic lipase inhibitor was not identified, the
compound extracted from one of the related plant A. officinarum (greater galangal), 3-
methylethergalangin, was showed to inhibit pancreatic lipase activity (Shin, Joo Han,
& Kim, 2003). There is no report showing the effect of galangal, zedoary and ginger
Although pancreatic lipase is responsible for the triacylglycerol hydrolysis, it was
suggested to play an important role in dietary cholesterol absorption. Pancreatic
lipase-mediated hydrolysis of the triacylglycerols was necessary for cholesterol
transport from lipid emulsion to the intestinal cells (Young & Hui, 1999). Transgenic

mice lacking pancreatic lipase exhibited significant reduction of dietary cholesterol



absorption (Huggins, Camarota, Howles, & Hui, 2003). Inhibition of pancreatic
lipase may somewhat decreases dietary lipid digestion as well as absorption and
consequently prevents obesity and/or hyperlipidemia from long-term high-fat diet
consumption. A number of Thai spices-containing foods therefore are anticipated to
play a key role to counteract lipid absorption from the intestinal lumen by inhibiting
pancreatic lipase.

All twelve spices/dietary plant extracts showed the inhibitory effect not only
on the digestive enzyme, but also the cholesterol uptake into differentiated Caco-2
cells. Caco-2 cells at 2-3 weeks in culture were used in this study as they were
proliferated and differentiated to become the monolayer intestinal epithelium
(Hidalgo, Raub, & Borchard, 1989). The present study demonstrated that the extract
from pepper possessed the highest cholesterol uptake inhibition (about 40%
inhibition). Tea, galangal and long pepper (P. retrofractum) extracts moderately
blocked cholesterol uptake into Caco-2 cells (30-35% inhibition). This reduction of
cholesterol uptake was not due to the influences of plant extracts on cell viability
since the cell viability was not significantly affected by most extracts at tested
concentration (data not shown). The cellular mechanism of this cholesterol uptake
inhibitory effect is still unclear. There are several possible mechanisms, including
competitive inhibition by plant sterol or phytosterols, blocking at a specific
cholesterol transporter called Niemann-Pick C1 Like 1 (NPCI1L1), and reduction of
cholesterol solubilization in micelles. Phytosterols have been found in various plant
materials and vegetable oils (Brufau, Canela, & Rafecas, 2008). The structure of
phytosterols resembles to that of cholesterol, therefore their ability to reduce
cholesterol absorption is mainly owing to the competitive inhibitory actions such as

displacing cholesterol to reduce cholesterol solubilization in micelles, being
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competitive in binding at cholesterol transporters and inhibiting chylomicron
formation by interfering with the activity of acyl-coenzyme A cholesterol
acyltransferase (ACAT) within the enterocyte (Brufau, et al., 2008; Jesch & Carr,
2006 ). However, there is no report indicating significant amount of phytosterol
content in the extracts from pepper, tea, galangal and long pepper, thus their
cholesterol lowering effect may be the result of other plant components. These
compounds possibly affect the cholesterol absorption through non-competitive
pathway via specific proteins including NPC1L1 cholesterol transporter or ACAT
cholesterol esterification enzyme. ACAT mediates cellular cholesterol esterification
and consequently promotes cholesterol absorption (Chang, et al., 2001). Piperine and
alkamide in P. nigrum were found to inhibit ACAT and consequently decrease lipid
accumulation in macrophage and hepatic cells (Matsuda, et al., 2008; Rho, et al.,
2007). These observations might indicate indirect mechanism of cholesterol lowering
effect of back pepper. The effects of other plants on ACAT activity have not been
established.

Cholesterol transporter NPC1L1 1is highly expressed in small intestine and
localized along the brush border membrane of enterocyte (Altmann, et al., 2004) or in
intracellular compartment (Davies, Scott, Oishi, Liapis, & loannou, 2005; Sane, et al.,
2006). It plays an important role in the absorption of dietary cholesterol in the
proximal region of the intestine and it is known to be the drug target of cholesterol
absorption inhibitor such as ezetimibe (Weinglass, et al., 2008 ). At this point,
although it is possible, there is no evidence demonstrating that NPC1L1 is a target site
of the cholesterol uptake inhibitory activity of tested plant extracts. To test this

possibility, further investigation is required.
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In addition to testing the potential mechanism at site of cholesterol absorption,
the effects of plant extracts on cholesterol synthesis enzyme HMG-CoA reductase
were also tested. HMG-CoA reductase catalyzes the reduction of HMG-CoA to
mevalonate which is the rate-limiting step of cholesterol biosynthesis (Grigore,
Norata, & Catapano, 2008). HMG-CoA reductase is the major target of statins, the
well-known cholesterol lowering drugs. At this point, there is limited number of
study evaluating the HMG-CoA reductase inhibitory activity of this group of plants.
The extract from C. zedoaria showed significant growth inhibition of Vero cell model
indicating effective HMG Co-A reductase inhibitory activity (Liu, et al., 2002). The
extract from A. comosus (0.01-100 pg/ml) significantly inhibited HMG Co-A
reductase activity by 20-49% in in vitro assay (Xie, et al., 2007). In the present study,
the A. comosus extract showed approximately 70% inhibition. The differences in
extract protocol and sources of plant could lead to the differences in the composition
of active ingredients in the extract. Interestingly, in this study, the extract from horse
radish tree (100 pg/ml) inhibited the HMG-CoA reductase activity as effectively as
pravastatin (0.4 pg/ml). The extracts from roselle calyx and pumpkin (C. moschata)
leave could also effectively inhibit this enzyme by 90%. Although it was not the
direct enzyme inhibitory activity, polyphenols from roselle was recently showed to
reduce the expression of HMG-CoA reductase in HepG2 cells (Yang, et al., 2010).
These extracts might inhibit cholesterol biosynthesis in the body which was
responsible for their cholesterol lowering activity and thus showed the beneficial
treatment for hypercholesterolemia. The extract from galangal and tea showed the
lowest (approximately 50% inhibition) among all tested plants. The cholesterol
lowering effect of these two plants is likely associated with cholesterol absorption

rather than cholesterol synthesis.
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In conclusion, the present study demonstrates the potential mechanisms of
cholesterol lowering effect of twelve plants that have been widely used in Thai
cooking. The crude extracts isolated from this group of plants display different and
some show multiple sites of their hypocholesterolemic actions including inhibitions at
lipid digestive enzyme, cholesterol uptake into intestinal cells and cholesterol
synthetic enzyme. Tea and galangal seem to be the potential candidates as inhibitors
of lipid and cholesterol absorption since they inhibit pancreatic lipase and block the
cholesterol uptake into intestinal cells. Perhaps, site of action of roselle calyx, horse
radish tree and pumpkin leaves appear to be similar to that of statins that inhibit
cholesterol synthesis through the suppression of HMG-CoA reductase. Several of
these plants are widely used as spices and ingredients in many types of Thai food and
have been thought to be good for health. Suitable combinations of these plants could
potentiate each other cholesterol lowering activities when used as dietary supplement

or nutraceutical food.
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Table 1. List of Thai spices/dietary plants used in this study

Scientific name Family name Common name | Model Part Effect References
Hibiscus sabdariffa L. Malvaceae Roselle Rat Calyx ITC, TG, LDL (Hirunpanich, et al., 2006)
Moringa oleifera Lam. Moringaceae Horse radish tree | Rabbit Leaves ITC (Chumark, et al., 2008 )
Cucurbita moschata Cucurbitaceae Pumpkin Mice Stem ITC, TG (Choi, et al., 2007)
Duchesne
Ananas comosus (L.) Bromeliaceae Pineapple Mice Leaves ITC (Xie, et al., 2007)
Merr.
Zingiber officinale Zingiberaceae Ginger Rabbit Rhizome | {TC, TG, LDL, (Bhandari, et al., 1998)
VLDL, PL
Morus alba L. Moraceae Mulberry Rabbit Fruits {TC, TG, LDL, | (Chen, etal., 2005)
Rat Root bark | {TC, TG, LDL, | (El-Beshbishy, et al.,
VLDL 2006)
Camellia sinensis (L.) Theaceae Tea Mice Leaves lTC (Han, et al., 2001)
Kuntze
Piper nigrum L. Piperaceae Pepper npr Fruits npr
Alpinia galanga (L.) Zingiberaceae Galangal npr Rhizome | npr
Willd.
Curcuma zedoaria Rose | Zingiberaceae Zedoary, Luya- npr Rhizome | npr
Luyahan
Bacopa monnieri (L.) Scrophulariaceae | Brahmi npr Stem npr
Wettst.
Piper retrofractum Vahl. | Piperaceae Long pepper npr Fruits npr

Note: total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL), high density lipoprotein (HDL), phospholipids (PL), no published report (npr)
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Table 2. Effect of plant extracts (100 pg/ml) on [*H]-cholesterol
uptake into Caco-2 cells

[*H]-cholesterol uptake

Common name (% of control)

Ezetimibe 43.18£2.78
Pepper 57.76 + 4.49*
Tea 64.82 £ 4.47*
Galangal 69.15 +4.34*
Long pepper 71.12 +7.68*
Horse radish tree 75.95+2.11*
Mulberry 76.10 + 3.98*
Pineapple 79.62 + 7.90
Pumpkin 80.27 + 7.83
Brahmi 82.20 + 0.94
Ginger 84.63 + 8.98
Zedoary, Luya-Luyahan 91.79 £ 0.48
Roselle 94.11 £4.57

Data are expressed as Mean+SEM of three different experiments
in which each was performed in duplicate.
* =p <0.05 comparing to control



Table 3. Inhibitory effects of plant extracts on pancreatic lipase

Common name

ICso values (ug/ml)?

Orlistat 0.32 £0.14 ng/ml
Galangal 8.99 £3.41
Zedoary, Luya-Luyahan 1236 £1.23
Tea 2522 +6.73
Ginger 35.25+£13.18
Brahmi 43.26 +12.17
Horse radish tree 56.81 £5.95
Pepper 68.27 £25.42
Long pepper 95.00 +£23.72
Roselle 121.44 +28.41
Pineapple 122.9 +24.23
Pumpkin 189.5 £ 8.89
Mulberry 244.94 + 83.96

*ICso = the half maximal (50%) inhibitory concentration.
Data are expressed as Mean+SEM of three different experiments

in which each was performed in triplicate.
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Table 4. Effect of plant extracts (100 pg/ml) on HMG-CoA reductase activity
Inhibition of HMG-CoA reductase
activities (%0)

Common name

Pravastatin (0.4 pg/ml) 103.96 +4.08
Horse radish tree 106.46 +3.70
Roselle 9491 £11.86
Pumpkin 92.60 + 10.17
Ginger 77.43 +£1.80
Pepper 77.11 +£15.88
Zedoary, Luya-Luyahan 76.58 £ 0.31
Pineapple 74.36 £15.25
Brahmi 65.27 +7.00
Mulberry 64.57+5.97
Long pepper 59.52 £13.56
Tea 53.61+2.73
Galangal 53.08 +£2.20

Data are expressed as Mean+SEM of three different experiments in which
each was performed in duplicate.
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