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Abstract

Several Thai spices/dietary plants 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 wildly used as spices and ingredients in various types
of Thai food. The effect on cholesterol absorption was determined by monitoring the uptake of radiolabeled
cholesterol into differentiated Caco-2 cells. The effects of plant extracts on lipid digestion and cholesterol
biosynthesis were examined by measuring enzymatic inhibitory aclivities on pancreatic lipase and 3-
hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase), respeclively. This study 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. The extract of Piper nigrum L. was found to be the most
effective agent as cholesterol absorption inhibitor by blocking the uptake of radiolabeled cholesterol into

differentiated Caco-2 cells. The exiract of Alpinia galanga (L.) Willd. and Camellia sinensis (L.) Kuntze

effectively inhibited pancreatic lipase aclivity whereas those of Hibiscus sabdariffa L., Moringa oleifera Lam.

and Cucurbita moschata Duchesne were acting similarly to statins to inhibit HMG-CoA reductase and
possibly reduce cholesterol biosynthesis. These potential mechanisms of hypocholesterolemic action of the
selected Thai plants could contribute to their use as healthy diets and moreover be developed as dietary

supplements, nutraceutical products or therapeutic agents for cholesterol lowering purpose
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uNI1 (Introduction)

nzlsanaaaiiaauds (Atherosclerosis) Lﬂummqﬁﬁwﬁ’tymaanﬁtﬂuhﬂﬁ"a'lw'mtﬁaﬂ (Ischemic
Heart Disease) uazlinnaaalRaaUDIFN D9 (Cerebrovascular Disease) mazlsanaaaidaauds lﬁﬂ‘ﬁu
iasaniinsasvedluivlumimasaidan lusufidsildmlngiiulaamaoses (Cholesterol) maaszen
paslatamansaalunszumdeadafuilmmenitlumstlostumsialsanasadauds i firmwang
shafifignianszeulanmassaalunzusion TﬂﬂU'}ﬁﬁuu‘l‘ﬁﬁ'umn'luﬁ%gﬂu fia mlunga statin faan
ansoudemsdnenzilanmaasosioy  amslsaay wuth idheydnlinauanasdansldoniieg
TfaLds n3ld combination drug therapy wudﬁﬁﬂizﬁﬂ%nwﬂu@'ﬁ monotherapy 17 i laxad Fanuin
nslien  statin ‘s‘ﬁajﬁ'ummjuf’iaanrm%ammsg]m%uiﬂLaamaiaamnﬂmaummsLm:aﬂmsmaamm
lawatnaseamuluoad azmunsnaamsfionzaslsanasa@aauaziolald wanonil nsldnflaan
anidaiuinii AdelWasugrideiuuazii 39850009m1a (dose) LazaMTINEBITINIdaE
wiiald wannilaninnisliansdulaemasies mimuguamIndomsulfsunnanssunisiulsznu
ey Adhdinsfilenaindy  Tasarzlugiszdulawmansasliganin wialugiLisiiadedo
fug donmrmafalsnrerzmaaadeansziale  Taomuamnsiilasiaeteadismiuinasld e
§139INFITUTIA 1BU §13NGa phytosterol fitiln sterol aniis wmfwmamnamms@ﬂ%umaﬂﬂmmma‘saa‘lu
maduamsle TemaaﬂQﬂﬁtLﬂaﬁﬁuIﬂLaama‘saalunﬁ@m%uﬁrﬂfﬂmaqﬁﬂé{’ atnalsiiana mataouulag
wodAnssumssudszmuemrsvesunud - hldlidetn sdasfiiaaadenminaannuuazdaiilas
ﬂmzpﬁﬁ’u%aﬁaam‘sﬁﬂmiﬁnmLﬁaﬁummﬁnnﬁsmma TﬂuLm'nzmnﬁ‘hﬂaglﬂmﬁwumnluﬂ‘izmﬁ‘lm
ﬁmaﬁqm%‘(amTﬂLamma‘mahnaﬂﬂﬂﬂ%ﬁﬂf&mmﬂﬂ%uimamma?aﬂ

luilaasin Jumanssitaiiigniaaszaulaasaasealunssimion mﬂ'mﬁﬁmﬂ“ﬁﬁmﬂnluﬂﬁ)qﬁh
da  o1lundy  statin faangnstudimsdnansilamaaasen  landudinsiimuas 3-hydroxy-3-
methyglutaryl-coenzyme A (HMG-CoA) reductase — atinglsiiony wudn Sfthoyszanamitsluanali
aausuadamslion Saiimslunduianiy statin 15 ezetimibe 3o niacin n13lF combination drug
therapy wud"nﬁﬂﬁz'ﬁﬂ%mmﬂwﬁﬁ monotherapy 17 1sileua@  uonanil msldmnitaangnisnoiuuiu f
WaldisSugnidoiuuazin Jemansoaasma (dose) tazansthadosrassudazaio’ld (Sampalis et
al., 2007; Schmitz et al., 2007) maalamaasaandulusig AFUN 1T ezetimibe ‘%{)HE]HI]‘}’I?;ﬂﬂﬂTiﬂﬂ
Fulaaatansenainmaiduainis lapdudimsmianuas Niemann-Pick C1 Liket (NPCAL1) dsvimitaiilu
navudilaaaaasaamaas I (Davis and Veltri, 2007) 518978 wuiinsle ezetimibe IUAUIINGY
statin 3xmIINsamMstianzaslsanaaaidoauaziilale (Sampalis, et al., 2007)

Tassms3dnit Idhnsmeseunalansesngriaalaasiaesastassisatanniislasarsiails
dwamsuaziaiaame Ssiinsnwimansoaeluduussmislanaaasasludainanes (@39 1) ud
nalnmseangnigaliiinsuwisa Tﬂ‘nmﬁé’ui{%a1‘imi'u'lun"|snﬂﬁauna"lﬂ@mq Idun nalafifaanuns
qadulalamaasaa Tasmamaugnslunsgudamailamaaeseadasddld uasynnsmagausaams
analunsugamsnanuvesanlsf pancreatic tipase Faflwawlmiivwiilunssaslusiuluszuy
MILARIMT sl pancreatic lipase asvimirfidaslusiu triglyceride Tanase wafifsonwinawlarsis



anudaydanisgeduveslammaasaarnumasuasiid lddinlumadnemns (Young & Hui, 1999).
lasiinadanns uanmnﬁ;}"?i’u‘lﬁmaaunammmmﬁ’maqu‘lwwiaﬂ'ﬁﬁ'm”m‘uaamu"l'm'f HMG-CoA
reductase Gafluanloilumsdnanailamaassos lay HMG-CoA reductase 3z11)ats HMG-CoA 'liiflu
mevalonate ﬁ‘mﬂwﬁguﬂauﬁﬁﬁmﬂum-ﬁﬁ’emﬂzﬂﬂmﬁmama (Grigore et al., 2008) f'fwuamamqu‘lwwian'ﬁ
vomwestanlafigeiimsnenudandrediia
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wuinfifig nnassiiefifienmihaulalumaihindnedss  Seldvimsinwidndy  Tassniuie
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2 wanasaugnivasayw luslumsdugamstosluiulasdanadansinusesewls’ pancreatic
lipase
P2 =3 ¥ o a ' o ¥ &
3 anaEauniuassyn v lumMIReTgilawsiasseslasianadanisriusadanlsi HMG-

CoA reductase
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A . . 3 - i
methyglutaryl-coenzyme A (HMG-CoA) reductase 11484310 radioactive substrate ([ H]stearoyl-CoA) ##3u
= ¥ ; a4 % v 14 . o ,
ACAT #IT1N§ann (3nnnd1 100,000 UIn) du substrate aunioraianldld u [‘c) isotope 4l
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annalildld o daslfiGnseacindramaas awinmdousms  fHdvdsinuindasiimsiuuaom
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gunsaluazriBn1saiinnis3dy (Materials & Methods)

aunsnluazaisiadl (Materials)
e &
Pancreatic lipase (type Il, from porcine pancreas), orlistat #13lAU81¢) Wa91N Sigma Chemical Co.

& &
(St. Louis, MO) Fetal bovine serum (FBS) €a91n Gibco, 4-Methylumbelliferyl oleate Ta31n Fluka

35M1INAaas
2.1 mam%‘mmwmﬁ’mmgu\lws
asanasywinTuIdan wn 39 maiion wsud @R uazwdalne ld¥u9n Bioscreening Unit amz

¥

WNETAFEAT URIANBIRDULIALT LO8 60T, NINUN DInThiurl f'numgulws VTW NTSLRE TERET innas

= a A

= o = vV aaa £ [} a
fuilzsa 97 2HUBs URzT lATUNRIURYLIAINITEUIINESNNE amIaFaslng nnmsiasouansana

'
= =

ﬁu'ucaauLL'mé"mﬁs;u‘lwﬂﬂmTJa'lﬁifﬂ‘lmphu i lWauliuialughinnanmapidl 37 °c wasvinsaaliiing
1@ng amdnnsuadaiaiag u.azaulﬁ’uﬁaluﬁﬂuﬁqnmgﬁ 60 °C 1ilwaan 2-3 Tu duaaudelirinlwain
#181 95% methanol (Huiam 3 1 avmitwhannsessuasihdmwasmad lssmowiidasates rotavapor fi
aanil 55-60 °C ﬁﬁaﬁmaapﬂmgnLﬁU‘li’ﬁQM%Qﬁ-zo j &
2.2 MIIABIEEadan & Caco-2 cells

LAY Caco-2 cells 'l@3127n American Type Culture Collection (ATCC) Lﬁljﬁﬁgma‘rmﬁ’mmwﬁﬁﬂi
Dulbecco's modified Eagle's medium (DMEM)/F12 ﬁ,ﬁ 10% fetal bovine serum (FBS) uaz1% penicillin—
streptomyein Lfﬂaﬁgm.gu\ﬂmj'ﬂuﬁ 95% aMaTuIasa e 5% CO, lmzﬁqmwnﬁ 37 °C wastadgylu 75
em’ flask uaztaoalu 96-well plates (anaaaunsiFiauassas niatansln 24-well plates (flanagaumy
ihvedlaasiaason
2.3 MInAdaUNISATINVILEAR (Cell viability test)

naliiavassasgnialatldit MTT (3-(4,5-dimethylthiazol-2-y1]-2,3-diphenyl tetrazolium bromide)
Tuwadniiida sz MTT ﬁ‘ﬁ?xmﬁaw:g}mﬂﬁ'mﬂﬂtﬂum‘i formazan 7iid319 lagtawlyd mitochondria
dehydrogenases f‘ﬁaa’]mm"i'm‘lﬁﬁmLﬂ%ﬁﬂﬂ'ﬁﬂ@ﬂ%%ﬂ'émm (spectrophotometer) U3u1muv84 formazan
il udaduf o NI NI TR NN Lmaégm‘é{mlu 96-well plates LLa:mJﬁ’ummﬁmmgu‘lwiﬁmm
T1100 pg/ml tHuian 5 Falag ssazans MTT Qm%i;JLﬁn‘lﬂlutfﬁaa‘ﬁﬁmms;ﬂunm 2 i luananasy
LAt KAIINURAETMNTEBN UAZATAIIAZNEM formazan §38 DMSO-ETOH (1:1 viv) URzIQAINNT
ﬂﬂﬂﬁuﬂéuuﬂoﬁﬂ’n&]ﬂ’nﬂéu 595 nm laglHta3as microplate reader
2.4 milm%m.lrﬂLaﬁmasaalm‘ﬁﬂﬁ(Cholesterol micelles preparation)

Armsassulaaaiaasealuioad (cholesterol micelles) Qﬂﬂ%ﬂ%’]ﬂ Yamanashi, Y UWazame

) = 3
(Yamanashi et al., 2007) lagaToussazans [10L,20(n)- H] cholesterol, cholesterol WAz
phosphatidylcholine 1% chloroform &3U&1782818 sodium taurocholate gnm‘%nu'lu. methanol MRITRERY
s = :’ =4 v v s o _s L2 ] - A o =3 s L
vadluiuuasinfoshanariidnnm wazsih hbszmoutsnmold N, gas windldudile szgnuiivtimald N,

| <N ¥ o A % v w &
gas 11 -20 °C aunsznald deuld vhusiuflduinazaoluamisgas DMEMF12 wldanududugariodu

1 UM cholesterol, 2 mM sodium taurocholate, 50 pM phosphatidyicholine waz 1 pCi/ml [1CL,200(n)-



*Hlcholesterol s cholesterol micelles 11l sonicate u&aNTBIHY 0.2-pm uastiud 37 °c Aawinluls
NULTRE
2.5 AEmsiamainlaasaasaadinmadan diwnsase

[309imad Caco-2 cell T 24 well plate AAMAIRMILIN 50,000 Lad/well tatsadiinam 14 Tu
%:Wﬁmaé’ﬁﬁqmﬂuﬁﬁmﬁauvﬁa5Lﬁaqéﬂé’ 'lwﬁuﬁtﬂ%‘uummﬂgmLmaéﬁqn 2-3 7% BAINN 14 U LA
gnundn e bifl FBS 1 fu mnfmﬁummﬁmqu‘lm w30 ezetimibe (Hutaan 1 5219 arudaoms
Twcholesterol micelle (Hwaa1 3 Falug ilsasutian amisean Salmadars PBS 1w 2 ady uaziliy
LYRAUANGIY 0.2 N NaOH uaz 0.1 % Triton-X 100 1 cell lysate &Iwnitelidia scintillation cocktail
(MicroScint™-20, PerkinElmer) Lflataszaunaslaagiaaseananasindrumssoi (radio-labeled
cholesterol) #9pta389 Packard [B-counter #au cell Iysate AndawinlSamanududuaaslisin
2.6 A53ansvinomaadtanlasl Pancreatic lipase

N13YNITwYaLan sl pancreatic lipase gﬂfﬂiﬂﬂ1‘ﬁ’ 4-methylumbelliferyl oleate (4-MU oleate) i
§1360061 (Nakai ef al., 2005) 25 il vavasanasyulng (azaralu 1% DMSO) n3a Oristat (Oristat 1Hiilu
positive control ¥89MINARAI) UAZ10 pl B8y 1 mM 4-MU (azanslu DMSO) amhansauny 40 pl vad
buffer ﬁﬂ'i::ﬂallﬁ'ar_l 13 mM Tris-HCI, 150 mM NaCl, uaz 1.3 mM CaCli2 (pH 8.0) 1 96-well plates Uaz 25
pl 189 uaza1azatiawlual lipase (50 U/ml) gmﬁmﬁaﬁuﬂﬁﬁ%m wasnmingy 13 25 °c 1w 30
U ﬂ‘%mmmwﬁ.'wad 4-methylumbelliferone Qﬁ’?ﬂIﬁm fluorometrical microplate readerﬁ' Ex 360 nm
waz Em 535 nm
2.7 A5 IanIrinenwadtanlss HMG-CoA reductase

nsvauzastanlesd 3-Hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase) andalay
14 HMG-CoA reductase Assay kit (Sigma) HMG-CoA gn’lf&’tﬂumiégaﬁu §IUN38A09UAI NADPH Qn
Usziiin Tﬂﬂi’ﬂnwsgmnﬁuuaaﬁmwmaﬂﬁlu 340 nm wazgounnil 37 °C lapdatiu kinetic

= '3 aa
2.8 N13LATITANIADA
HanInaansgnuaaslugl MeantSEM dayaminaaasgnitesizilasldaiia one-way analysis of

variance (ANOVA) lasfinuadinnauandwatnsiiipdiaynd p < 0.05 uasaianaduduasasanan

futamavinuraaiewlsila 50% (1ICsx,) fwamlasls Prism program (GraphPad Software Inc)
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HAaN1INAaad (Results)

neufiszfinwearasssanamulnaviosslag  lunsdugoimsgadaulawsaases  $uiludas

P d v e = a g sz s
nagaviasduiinarasssrniadonsoigdulaues Caco-2 cells lanvinnsnaey cell viability test fiaw
a v o A Y . [ i A : o
watuuwamalumaRananududuaesasanannenzagy Nhildluduaodaisas wieiinadairagiiay

& s ) 5
lunmanaaaait 1@1555% MTT assay tWanasail cell viability

nagasssanasyulnsdensiadulavasyad caco-2

lunmaassit 161535 MTT assay (fanasay cell viabiity Taslassnn735uit lévnsmasauans
snanayulng 12 sfla mmasey cell viability Tmul’fi’msaﬁﬁ’n‘lﬁ?mmﬁvmﬁﬂmq 24 dalas uazltansane
auulnsiiuam 6wl %’atflmj"mnamﬁmﬁuﬁunwmaaum%ré’uE'fanﬁgﬂ%aﬂﬂmamamamaamsaﬁ'ﬂ
mgu‘lw‘wiavﬁaﬁﬁﬂﬁtm:t%& nanInaasdnonsasluaTf 2 wuhansaiinsywlsiulnajfiany
WWudu 100 pgimt lifiusdanmseIyidulavesiaadiimin lag cell viability Sawinndr 80 % wsaviu
ns:ﬁ?ﬂu (H. sabdariffa) Waz WiNdl (B. monnieri) ﬁﬁd’l cell viability 72.23+2.23 laz 78.36+£10.58 %
mudey (@390 2) lasfinsanannmion duadvnmseiydulavsssasidaiay (col viability
118.78+2.74 %)  NNHANITNARBIIL m‘i’u’wmiﬁﬁ‘ﬂm;u‘lwsﬁmw;JL“ﬂ’mj”u 100 pg/ml 2 iinadanis
wigtdulavasimasianiias wioahanmduduielifinadeimadildlunmasevanidammi
Talaanesaaitniaas  lasnnsasnltgmiummaraugnisuislaasaasoadiimad a:lﬁmaéﬁﬂmq
23 adat ‘f*’i‘imummuﬂugoLLazLﬂﬁ'uuamw‘[ﬂLﬂwﬁ‘:umaaLfﬁaﬁﬁ?ﬂﬁnwmzﬂé’mmaﬁmaamﬁﬁﬁﬂé’
(differentiated Caco-2 cell) Hatnuasimadiiziinunsnudassdnag mnni udlimensanlunisiban
nagoy  cell  viability wsziienuwminodnsadinn 390713 WEIUITIUENAMILANAITEINT
wWasuwasinwesadluaadn g 1a dnin ﬁ?iﬁﬁ/ﬂmﬁlu‘bﬂ‘iﬁﬂ’aﬁJJL'fiJJJ’fIJu 100 pg/ml Y9mainalifing
dolwad differentiated Caco-2 cell e'fiamnmié‘qmﬂmulé’né’aoﬁgam'imi Awuiansanauasaywlwimnaiia

A L2 v as ' 1l ]
fanuduTuaInat liinadatsag
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AN 2 HavasEmsEnadrlnsianuud® 100 pgiml danswsyidulavesisas Caco-2

Common name Cell viability (%)
Control 91.40 + 1.99
Mulberry 118.78 £ 2.74
Ginger 106.97 + 1.80
Long pepper 105.13 + 3.94
Tea 95.01 + 4.26
Horse radish tree 91.58 + 6.03
Zedoary, Luya-Luyahan 88.36 £ 14.75
Pepper . 86.75 + 12.47
Pineapple 84.03 + 1.87
Pumpkin 83.68 + 2.61
Galangal 82.74 + 3.15
Brahmi 78.36 £ 10.58
Roselle 72,23 +2.23

Control 79 lHaaN LY 0.1% DMSO ﬂmlfﬁ’lumsazmmm‘mnmmgu‘lwi
HANTINARAILEAIAT Mean = SEM 910 3 NINARDY LQBULARENIINARINIT 3 a5d

(triplicate)



Hazasasanaayulnsdamuilawnaaasaadimas Caco-2

migaduvaslaasiaasen gni’w‘[mumsﬁmﬁmzoﬁ'umaﬂaLaama‘saaﬁaﬂamﬂé”mmﬁ“\aﬁ
([(10.201(n)-"Hicholesterol) Aty luzadsrldmaane %oﬁaom‘%mﬂﬁagﬂi'lugﬂmaa cholesterol
micelle uazvinm i mSunmasivddoanududueslls@uain cell homogenate lunmisfinm
il 14 ezetimibe til positive control Ua9n1snasss Failuiinsuiudin ezetimibe fignalunmshl
L'l'uE?om*sgm%maﬂﬂmamaiami’n‘ﬁaﬁﬁww Fonamsnaaasii wuihmaihlawsassoadwsd
g lF A naiidnaaaslssnn 60 % wasnndily czotimibe Anmdyds 100 pM (Eﬂﬁ 1) {39
ldnasay ezetimibe ?imnwﬁmﬁ’uﬁgﬁu wanwudimnusansalumssusslaaaaasasdiradlyl
STt

r‘mn’ﬁﬂﬂaauq'n"ﬁra}aam'mﬁﬂmpﬂlm wud msenaaywlng 12 1iia (100 pg/ml) swnsa
futimamindruaslaaaaasesldlussdufuandieis (@i 3) Fesssiansnlnousasns
El'uziy'aﬂfml'wﬂ'waﬂﬂLamﬂaiaa‘lﬁmnﬁqm LﬁanﬁuuLﬁUuﬁ’uaﬁﬁﬁ’ﬂmpﬁlwsé’aﬁus] PINNIAN
il wudssatnuiiudes (C. zedoaria) uaz nszpuiignilumsiudnindraadlaaaaosaatan
N m's?mmi‘fuamlﬁlﬁuﬁm‘saﬁ’mmpflwmmu*ﬁﬁmmmmE;’uil”’mﬁiiﬂmammasamﬂ’uma‘
alala wdarlianmin aneadingn maLﬂ*tﬂﬂ‘l@'{’hm‘s%"uﬂi:ﬂ’l%aagu‘lmimmff a99ziiNade

o =1 L% o ¥ 3] v
m‘imLLa:msgwmﬂﬂmmmamamvﬁaamlalmmm
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Ezetimibe coneentration (uM)

{ =3 : ' & v P o
511 1 waagnvas ezetimibe damvihlalastassaaidnaad Caco-2 Nilmswannliiu
gl et L | €0 v g & — 17 < ' s
waahgumnidmilsusadilddn lasdssaadny ezetimibe ({uan 5 52l nawda
o Ha [ [VRP=P= I @ .
seauvaslaasmnaseanaaasindoasantwa lmelusas wanIneansuaads

‘ o & .
Mean + SEM 911 3 n13naasd lasuaaznsnanadvingl 2 a39 (duplicate)
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@591 3 HazasmsaEnaaywlnsnaamdudu 100 pg/iml densirlaanasaadigas

Caco-2

Cemmon name

[SH]-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 76:95 + 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

= 4 e = o .
Control fa lRaN I 0.1% DMSO ‘Hdl‘ﬂuﬂﬁ‘iﬂzﬂ’]Uﬁ’]iﬁﬂﬂﬁﬁpﬂ?ﬁ HRNIINARBILTAIAN

Mean + SEM 910 3 nManaaad lagudaznimasaavin 2 a3 (duplicate)

: [T S . ) aad o = o
e !.LﬁﬂGﬂ'.l"lMlLﬂﬂ@l’NﬂfJ’NaJ“Uﬁ"]ﬂfgﬂ'Nﬁﬂﬂﬂﬂ'] p < 0.05 LEJﬂLﬂ%HULﬂUUﬁU control

12



Hamaamsaﬁﬂaqu‘lwi@iamsﬁué’ﬁsmsﬁwmm astawnlafsf Pancreatic lipase
mstusamsianssasawlaiilslunsiasemislaiu dunalanitefionsiinalunisas
szauvadlviuluifen 'l.umwﬂsmm’fuamﬁmamaamsaﬁ'ﬂm{ﬂm @an1srinauuadiaw ol
pancreatic lipase HanINAaaIuFalEW TR ArywlnsudazTiia flanasunsalunsdugs
maiusstowlmiziiafinuy dose-dependent %aawmsnﬁqmmd{lugﬂmao 50% Inhibitory
concentration (ICy,) w38 ﬂ'mJLﬂi’u'ﬁ’mmamiaﬁﬂﬂzgu‘lmﬁifuﬂg\'sm‘sﬁwmmaatau‘lmﬁ pancreatic
lipase Id 50% dausaaluarTef 4 manrmasasuaasliifuiasataaniadi (A, galanga
m’mmﬂunwij’ug’amsﬁ'mwuauau‘lsﬁﬁmnﬁqm lag (ICs, = 8.99£3.41 pg/ml) FIURIIFAA L
wiau (M. alba) ﬁmwaju‘salumsﬁufr’an’n‘r’i’mmmadmu‘lmﬁ,’anﬁqﬂ (ICs, = 244.94+83.96 pg/ml)
8t lsnany m‘iaﬁ’mﬁqu‘lmﬁmwLm'l.un’ﬁé'uﬂy’am‘iﬁ’mwuaol.au'lfnaﬁifaﬂn'h orlistat 110 @9
oristat 1ilugfifina lnnisesnynilunssudomsmanuuasiewlas pancreatic lipase lasausa
s'fui]v'an'miaﬁu,a:@ﬂ%almmﬂmﬁ'umuluéw‘lé‘lﬁﬂ‘lﬁ miﬁnmﬁuamlmﬁwﬁmmﬁ’mz;u‘lv«sd’m
e o linfezfinasuniumstasamislaiulumadnernts Jenaflaruanarasnaliiang

saasuasnInadulansaases uaziilunsliszdulanaaasealwfoaaassld
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A1701 4 Hazasasaiadawlnsdamsiudonisrinsuaaaianlesi Pancreatic lipase

Common name

IC,, values (ug/ml)

Galangal
Zedoary, Luya-Luyahan
Tea

Ginger

Brahmi

Horse radish tree
Pepper

Long pepper
Roselle
Pineapple
Pumpkin
Mulberry

Orlistat

8.99 % 3.41
12.36 + 1.23
2522 +6.73
35.25 + 13.18
43.26 £ 12.17
56.81 + 5.95
68.27 + 25.42
95.00 + 23.72
121.44 + 28.41
122.9 £ 24.23
189.5 + 8.89
244.94 + 83.96
0.32 + 0.14 ng/ml

. o o i & a v
ICs, fiD sanadyiwrasasaiasulwsidugmvnnuuesanlasile s0%

NANIINARBILTAIAT Mean + SEM 370 3 nmMinasayd IﬂﬂLLGiﬁZﬂ’]'iﬂG]ﬁﬂGﬁ’l‘ﬁ’] 3 A9

(triplicate)
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nazasarsanadaulnsdanisinemaasianlesi HMG-CoA reductase

uanannasaIHaaIRIsanaywlnsdansiuasewlsd pancreatic lipase (Adndyle
Ll . ' ° L a
nagauHavadayulnsdInddantsiniuasiawlel HMG-CoA reductase @28 @9 HMG-CoA
& M eda o & 4 [ W © . a &«
reductase (wowlminianudmagdanssiansilanmassoa waziowlaisiaiduihninglu
A . . ' \ . & v . o
mssananiuascnlungy statins ati19utn pravastatin wantmasasitusaslWiiuiaesaiasyulng
e o & a o v o '
nTia (100 pg/ml) FINTOHVHINTIFNIUVEI HMG-CoA reductase |d udarsanuussnuandng
N (915199 5) msaﬁ'ﬂmn'lmlzqu (M. oleifera) f11519113¥119711489 HMG-CoA reductase ’le'fmnd‘mf
- o = U . P v w oy oA o & °
LRUaUNY pravastatin ‘Hdl‘ﬁtﬂu positive control lumnaansit LAMFNITENQUIYUNITYLUEINTIINY
gastawlodl ldipangalawSeuifisunumsaiasyulnsaidug udidsaunsadugsewlafld
- peage a4 L & =] =) o &
WoRUA23  (53.0812.20% inhibition) fawiinmanaaasiazdumsfnunisiewsastawlasd
' . . A £ o ' & a ' ! v

MBUBNTINL (in vitro) TygniaInaneIziniisuniauandnainmsnaaaslusiniudainasas
- o & v 2 & = v & A v 4 M v a v oA &
o udadalaonansfinunil iusasliiduinalnnemiullldvesssafaayulvsiiigns

f{%ﬂ']'iﬂ@‘ii‘.é’ll‘ﬂﬂéIﬂ ladlaaIan Tmr-humsiﬁjﬂ'a NTRY Lﬂ'ir]z‘lﬂﬂm BIONFRE
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@597 5 wazasasanadaulnsaansinusstenlss 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 77.12 + 15.89
Zedoary, Luya-Luyahan 76.59.4£.0:32
Pineapple 74.36 + 15.26
Brahmi ' 65.27 + 7.01
Mulberry 64.57 + 5.97
Long pepper §9:52 £ 13:5¢
Tea 53.62+ 2.74
Galangal 53007 221
Pravastatin 101.92 + 6.13

HANT1INARDILEAIAT Mean + SEM 284 2 n1INaaad Llatldazn1inaaadving) 2 a3

(duplicate)
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unn 4

a & s . N
aqﬂuammsmnammﬂaaa (Conclusion & Discussion)

-
andsgua
- & e P ' ' & a £ v & &
Tunis@nuail wudnfisunasiia wu 9 viivdas 1 uaz 9 dgnlunsdudaianlad
o A & o 1 . ¢ e . ' = o
pancreatic lipase ‘iN{]‘n‘n‘ﬁldﬂﬂ'\’lm%‘lmﬂmﬂ’mum orlistat weien 1C;, NETWARUAIT (< 30 Llg/ml)
o 4 - AN v ' v ¢ W o U a oo
(@319 4) SafmwdrdlFidudandsznavlunisdsiemmisingagud daiunisiveinisnd
' - . e ' v & - o . = °
gruwilsznauuaIRTma LAt EFINA LN 5o UEIN TN adtaw Ly pancreatic lipase @98719M0
o i o o & ‘ o ) =
IWaamsbosuazgadnluinld wenaanigsilsneswines3man polyphenols gz saponins Ale
RN WA S L pancreatic lipase 15 (Han et al., 2001; Nakai et al., 2005) nawakin
= 1§ ar s . . ' S o w4
pancrealic lipase azfiwidas o triglyceride lanasy uaniisisnwinenlmiiiionuddyda
nsgaduveilamsinaraarnusaduoimid ldidnlunadnennis (Young and Hui, 1999) ny
i : . W o ' A
nanaefigi1e pancreatic lipase laild wudmwmariiinsgaduvaslaasasseannanisaand
(Huggins et al., 2003) tiaadotaw ol pancreatic lipase LﬂmmﬂmiﬁﬁﬁmﬁLﬁﬂ?ﬁadﬁUﬂﬂiﬁau
ar & o P e & ° . . s = o
loain datiuansle 9 Aanuiasnsadugsnisinuaasiawlest pancreatic lipase la fanaiigndle
asdaanunisiianizaan suiaanmssudseniseannsiil lswiluaiszaeuluseacondla

=l

A PR P & v F A o k% - At as o
90113 IneiitaTesmanisadaSousanann Smainihzdgnilumsdarmnemsaad luiule
a V] 4] v
flala
- ¥ ¥ &< & f = o & v e ' M e o
figaaulusngns 12 giiaf wennnazdudomavnuvesiewlainldlumsdouluiuud
o v O . o o o X v e = & ' o
Famunsnduginmnilawsaosasitn W lwaaadn ldwiziaoaldatn luns@nwitnuia asana
= el A0 v & o o - v P r a
winlng :quﬁ'lu.mmumm*mﬂmaamaiaaLm\[ﬂfl,mfﬁaﬁaw‘lawm:mUagaqm #IUFIIRNAIN T
' =1 =1 =1 ﬁr o n‘-’l o U o L ;
11 uaz AUR (P. retrofractum) igntlumsdugemsmanihlawasinesaaidn W lwaaddrlfivnz@es
2 v v & . v sV g es | & W v v ~
Uunans dena lnmstugamsi latasaaseadniaadts lidaau wdaraduli/ldnaonaln anfi
ok & 1 o e A A AA A
matugimaihlaraaasesduradlasnszuamnsugsdu 49 sterols #ia phytosterols Nilatluie
asg‘lﬂ,'ﬂi IRV TIULRZU I LALAF IR TOREIUNIIAAUUE (transpoerter) 7031 Niemann-
[l g (=1 s 9 L
Pick C1 Like 1 (NPC1L1) ainianizianzas wennit snaidhumszansaiam)clnsilinszas
gadlusin (solubilization) 11 micelle aaad Fsaan v lvawdiana phytosterols aznulufizuas
Wuinfisnatosfia (Brufau et al, 2008) laulassas19uad phytosterols  UanumzARIBARIND
lasissrozaslaiamanson aIul  phytosterol 19aan1sgadulatasiaasealasnisudany
lataaiaasas lunsununlaaaiaasaalu micelle vlvlaaataasaanszanulu micelle lavasas
WILEIIUNURAIUFINI o uEIN I8 u04 chylomicorn lagsunIun1IHI1UT89 acyl-oenzyme A
cholesterol acyltransferase (ACAT) malwiaaasn ld (Brufau et al., 2008; Jesch and Carr, 2006 )
' « W o g4 XA A ' A A 4 A v
atlsiany G9lifinonuitedinduSinmas phytosterols lwn3n'ng o1 91 w3e @R Janas
s N e © L o & - o - . A
wiglsaaiu gnalumssaszaulaesiaasesanvniunsainamsznoudng Anulufsmndi lag
. . . -
astsznaumdrtervazhifinanszuaumudiiunisgaduveilamaiaasealasa s udorarm
ATEUIUMTTUNIUNITHNNUDAIAITURI 111 NPCILT aruudilalasiaasaaidnioad ®3oIunIums
YN uuay ACAT
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@19uds NPC1LT wusnnlud l&&nuazu3iine brush border membrane a9 enterocyte
- . A o o o
(Altmann et al., 2004) ﬂ?ﬂﬂﬁﬂluwﬂﬁ (Davies et al., 2005; Sane et al., 2006) ‘Hd:JUﬂU’mﬂ’lﬂnﬂu
4 ol e ' % & v e & & P v &
mig}wﬂﬂmmmmaaﬂummmumwmm‘lamn wazdwidwihwinsvasnlilunsdusomsega
Fulalaanasaa 1% 01 ezetimibe (Weinglass et al, 2008 ) fausivziinnuilwlyle uadslaii]
IUUUTATT NPCILA L'ﬂmﬂmmwaomiﬁﬁ’ﬂﬁqu‘lw'ﬂun’ﬁé’uﬁom‘n‘mmaatma‘:aam}’wﬁaﬁ
o 4 P W v P I a & X4 A o & @ &
wanvznagavauduwllldinis@nsufin@ainonulsziauitdsdianudnilu annmsdnui
i M e o W w & w & w & .
w7 ezetimibe Liildfumininilaiamaasaadaad lananaa (ugailszannt 60%) @9tudans
vanldimsaudelaasiaataslagdin NPCILt lilaidunaln@orfivmihalunsiuazaads
laaataasaa
A At | o v O = A A = a4 a v
annalnnileMiaulaiivanunmigusinsgadnlanaaaseafio ACAT Fuiludidaiaiulwil
= vad' A ' 3 AW o a "
nigadulaariaasaali@iin (Chang et al., 2001) Tawui alkamide a9 NHawInIned awsa
v & o ' A A a . y et £
futs nMarneuvadtawlesi ACAT lu HepG2 cells (Rho et al., 2007) §ufrang g9 linuiniignd
AINETI
P m N v & 4 rm— ) o s
nafnu dauaadlifiinin nsaanisgaduvaslaasiaases bithgatasnunassana
sulninfidanisaiydulaniensfidiavesisad (cell viability) (113190 2) WiBsInwuIEasw
el el a e a a - & o P P
P89 MINFINVaNTAS BITenuFuRsnudTI i lawaaaseadnmas (@319 3) an
' @ v Haela & % . 4 o '
AE1T96 WY NTNARAUNITHTINYAILTRAMILTRA undifferentiated Caco-2 cells FILAMNUANE
= o o A o =P o & da wa a [
nmsAnsnmabhlawaasseadirad Bldimasnimavannllidhussdndquauidadosld
lan (differentiated Caco-2 cells) ﬁatﬂmmﬁﬁﬁmq 2-3 §ilawh Lmasaziianunuikiuyadnnia

[ i vl P o i = v @
(Hidalgo et al., 1989) 211 msaam(ﬂwm’fluam'mﬂammﬂmmaomaﬁmnmaL;Jalﬁaﬁﬁnmmgﬂm

LLﬁmlﬁLﬁmmmsaﬁﬁﬂ‘laf'wn:ta:uofzmamﬂmwiamnu'ﬁu'ﬁumaammﬁmmgu‘lm (100 pg/ml) 6@
?]’lﬂ‘fljﬂHﬂﬁlhﬁﬂdlﬁtﬁ%’j’mﬁ‘igugdﬂ’]‘iﬁ’]IﬂLaE{Lﬂa‘iaﬂlﬁﬁL‘Hﬂﬂg Li'ldilunaoinnissuniuns
wiadulavadisas u@itﬂu‘lﬂ'lﬁﬁ'ﬁmiﬁﬁ'ﬂaagu‘lmma%:‘lﬂifuiinn’minLﬁﬁmaaimam@aaaﬂm
nalnaghslaatnmita

wananmesaunalnfieradwldldifisaiunsgadulawanasen fisuldnasaunaasans
snasywlnadanisiinusesiawlesl HMG-CoA  reductase Gaiwanloflunisfianed
Tataataasan lag HMG-CoA reductase 921Ut HMG-Co liiilu mevalonate daiiluduaoudrdiy
lunssnenszlaamaasaa (Grigore et al., 2008) HMG-CoA reductase hiihwanowansassn
q3 statins Ltdr-lamaaﬁagu‘lvmiam'iﬁ*mwuaat.au"lm]‘ifﬂ’oﬁnﬁimmu@iamj”’mhﬁﬂ iunamsinm
WUFIEIRAAN C. zedoaria ®INTAGUIINNTISYT0Y Vero cell dataiitbddtydoisiims

FNAAINAIIEINNTAHULINITHNIIUYDI HMG-CoA  reductase langnaiiszinTaw (Liu et al,

2002) HaNNNILTINDI §1IEAAIN A. comosus (0.01-100 LLg/ml) 1T HUHINIES
HMG-CoA reductase L@ 20-49% agniinudan (Xie et al., 2007) Tumsdnunis wuin ssada A.
comosus TansasugInsnawuasanlafle 70% Faanuuandsitorafiaennszuawmsana
msaqu‘lmua:xméwmﬁ‘mqu‘lm s'ﬁaﬁ'l'lﬁﬁﬂ‘%u'lmm‘ia"'\ﬁ'muﬁumﬂtihaﬁ'u Tunsdnuitdanud
FIRNANNTY (M. oleifera) 8101308169 HMG-CoA reductase 1dtving Ay o1 pravastatin &1u
§3ERAIN NIER (H. sabdariffa) uazlu{nnes (C. moschata) HiuszanTnwlumstugaamwlel
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168 90% Tamsaiamaritanvesiudinmdnenailaaaaasaaluironsle Failunalisee
Tﬂnmmaiaa'lmaamaﬂaa‘lm unz mam.,Lﬂuﬂilumﬂumﬁnmmrhmmmmaa’lmaa@m lé" 21n
fiama 12 gilaiihund@nmil ssatangiuazan amﬂﬁ'lun'rmumlau‘l-mmuaamsm (szanm
50%) HAUBINITAALAARIADTORIDINTNG 2 Thad ﬁmma,mmmaanumsg}mfnﬂﬂmﬂma‘saa

NNNIIMIFIATIER LA AIADTOR

dsduanisnaaas

Tumsitnwnil lmgamnalnmﬂauﬂulﬂlé’lumiammumaﬂﬂLamﬂmaammm‘smmlvﬁ 12
siafldiuagraunsnanslunslsznovemsuazldilum Tmuuam'lmmnwmiﬁﬂw RIEER
ayulnT (crude extracts) wdnswsiaaangniaaszaulatasiaasaanloons lnnaniuand o was
vwziiaaangnsldnmenaln fimisudemsiemassowlsifisunumlinsgosemisuasnis
sanzilamaassens unImstusinshlamaassoadamag Fuazaugasnsnnuilwlaller
11m’1Ttﬂ%ﬁigﬂﬂ‘i‘mﬁiﬂﬂ%iﬂmLlT%LLﬂ::IﬂLRNLQ 8388 GIFINTSHIM I 0wl pancreatic
lipase wazdiavemnilalasiaovostmasan lé 'me:ﬁ'uz‘gsj nyzny uasiinnes Wnandhs
M statin fifudinsdaensilawsansas swnanssuson sy ool HMG-CoA
reductase ﬁ‘HHQJH‘LWiLV)ﬁﬁﬁﬁﬂﬁ?lfﬁ1%tﬁ'ﬁ%ﬁ’]U‘l%ﬂ’ﬁlﬂufff’)uﬂil’ﬂaum808’]%’1'511’]81?\&’1&!‘]‘Hﬁ(ﬂ
m*s%’uﬂszmumgu‘lwsmdwi‘imﬁ'ulu&ad*mﬁmm:au 871998 TAT 0 FIES U IR Izay
lawsaaasaalufonaaasle Lm::imL'TJu‘lﬂ‘lﬂ"lunﬁﬁ'ﬂlmmpﬂwsmshﬁlﬁag}lugﬂmmmmna‘%u
wiandadmaiarmsildnnsssumd  ifelfiuaslunsaaszaulaiasiassss widsiaa

s ® = — A
LU DIFN N LG
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Abstract

Several Thai spices/dietary plants 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 wildly used as spices and ingredients in various types of Thai food. This study
demonstrated that several of the tested plants possessed multiple sites of action that were
possibly responsible for their cholesterol lowering effect in the in vive model. The extract
of Piper nigrum L. was found to be the most effective agent as cholesterol absorption
inhibitor by blocking the uptake of radiolabeled cholesterol into differentiated Caco-2
cells. The extract of Alpinia galanga (L.) Willd. and Camellia sinensis (L.) Kuntze
effectively inhibited pancreatic lipase activity whereas those of Hibiscus sabdariffa L.,
Moringa oleifera Lam. and Cucurbita moschata Duchesne were acting similarly to statins
to inhibit HMG-CoA reductase and possibly reduce cholesterol biosynthesis. These
potential mechanisms of hypocholesterolemic action of the selected Thai plants could
contribute to their use as healthy diets and moreover be developed as dietary supplements,
nutraceutical products or therapeutic agents for cholesterol lowering purpose.

Keywords: hypercholesterolemia, cholesterol, pancreatic lipase, HMG-CoA reductase,
spices, dietary plant
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_Several of these plants are wildly used as spices and ingredients in many
types of Thai feod 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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Several Thai spices/dictary 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 wildly used as
spices and ingredients in various types of Thai food. The exfract of Piper nigrum L. was found
to be the most effective agent as cholesterol uptake inhibitor whereas that of Alpinia galanga
(L) Willd. and Camellia sinensis (L.) Kuntze effectively inhibited pancreatic lipase activity.
The extracts from Hibiscus sabdariffa 1., Moringa oleifera Lam. and Cucurbita moschata
Duchesne were acting s'uﬁilarly to statins 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
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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 dict, 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 incrcased 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
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cffects 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, ct 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
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(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 Assoc. Prof. Dr. 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 picces, powdered in a mixer grinder, dried at 60 °C for 2-3
days, and the dried power were macerated with 95% methanol for 3 days. The aqueous
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 [1(x,2a(n)-3H]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 Nz. The lipid film was stored under N, at -20 °C until use.
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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 [lo,2a(n)->H]cholesterol.
The micelle solutions were sonicated and passed through 0.2 pm 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
[1ct,20(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. 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 NaCl, 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,
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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 (ICsq) 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 [la2a(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 pM ezetimibe.

Following pre-incubating cells with plant extracts, the data demonstrated that ea(_:h
plant extract (100 pg/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 ug/ml zedoary (C. zedoaria)

and roselle (H. sabdariffa) extracts scarcely inhibited cholesterol uptake. This observation
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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 inhibifion

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 (ICsg) of all plant extracts were calculated and shown in table 3.
The extract from galangal (4. galangal) rhizome and mulberry (M. alba) leave showed the
highest and the lowest inhibitory activities with the ICsq at 8.99+3.41 and 244.94+83.96
pg/ml, respectively. However, the pancreatic lipase inhibitory activities of all selected
plant extracts were much less potent than that of otlistat, 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 inlibition

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 exiraci (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 (53.0842.20% inhibition). Although this

experiment was an in vitro enzymatic assay which might not appear in the same direction
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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 hav_e 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.

1n 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 ICsy values
are quite low (< 30 pg/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
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were found to be responsible for pancreatic lipase inhibition (Han, et al., 2001; Nakai, et
al., 2005). 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
dictary 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.
refrofracfum) 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
cxlracts al lested 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 (NPCILI), 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
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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 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 NPCILI1 cholesterol transporter and
ACAT cholesterol esterification enzyme.

Cholesterol transporter NPC1L1 is 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, & Ioannou, 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 in_hibitor 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.

Another interesting site of cholesterol absorption inhibition is ACAT which
mediaies cholesierol esterification and consequently promotes cholesterol absorption
(Chang, et al., 2001). It was found that alkamides from the extract of P. nigrum fruits
could inhibit ACAT tested in in vifro enzymatic assay and also inhibit cholesterol
esterification in HepG2 cells (Rho, et al., 2007). The effects of other plants on ACAT

activity have not been established.
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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 4. 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 inhibited the HMG-CoA reductase activity as effectively as
pravastatin. The extracts from roselle and pumpkin (C. moschata) leave could effectively
inhibit this enzyme by 90%. 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.

In conclusion, the present study demonstrates the potential mechanisms of
cholesterol lowering effect of twelve plants that have been wildly 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
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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 wildly 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 nutraccutical food.
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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 75954211 %
Mulberry 76.10:8:98*
Pineapple 79.62 £740Q
Pumpkin 80.27+7.83
Brahmi 82.20 4 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
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Table 3. Inhibitory effects of plant extracts on pancreatic lipase

Common name

ICsp values (ug/ml)*

Orlistat
Galangal
Zedoary, Luya-Luyahan
Tea

Ginger

Brahmi

Horse radish tree
Pepper

Long pepper
Roselle
Pineapple
Pumpkin
Mulberry

0.32 £ 0.14 ng/ml
8.99 +3.41
12.36 + 1.23
2522+ 6.73
3525+ 13.18
43.26-+-12.17
56.81 +5.95
68.27 +25.42
95.00 +23.72
121.44 +28.41
122.9 +24.23
189.5 + 8.89
244.94 + 83.96

*1Csq = 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. Eftect of plant extracts on HMG-CoA reductase activity

Common name

Inhibition of HMG-CoA reductase
activities (%)

Pravastatin
Horse radish tree

Roselle
Pumpkin
Ginger
Pepper
Zedoary, Luya-Luyahan
Pineapple
Brahmi
Mulberry
Long pepper
Tea
Galangal

103.96 + 4.08
106.46 + 3.70
94.91 + 11.86
92.60 + 10.17
77.43 + 1.80
77.11 + 15.88
76.58 +0.31
74.36 + 15.25
65.27 + 7.00
64.57 + 5.97
59.52 + 13.56
53.61 £2.73

© 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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