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ABSTRACT

Project Code : MRG5280091
Project Title : The effect of daily consumption of virgin coconut oil on plasma
lipoproteins levels in healthy Thai volunteers
Investigator : Assistant Professor Surarong Chinwong, PhD.
Faculty of Pharmacy, Chiang Mai University, Chiang Mai, 50200
E-mail Address : surarong@gmail.com

Project Period : 16 March 2009 — 15 March 2010

The benefits of coconut oil on health are still questionable. The effects of dietary
supplementation with virgin coconut oil on lipid profiles in Thais have not been
demonstrated. This open-labelled, randomised, controlled, crossover trial was designed
to explore the effects of virgin coconut oil on plasma lipoproteins levels. After baseline
measurements, 34 participants, aged 20-22 years were randomised to take either 15 ml
virgin coconut oil or 2% carboxymethylcellulose solution (as placebo) twice daily for 8
weeks, 17 each. After 8-week washout period, the participants crossed over to take the
opposite regimen for 8 further weeks. All participants were requested to daily record all
food, food supplement, medicines they took including their daily activities and any
presented adverse effects throughout the study. In the 32 participants with complete
data (16 males and 16 females), in comparison with taking 2% carboxymethylcellulose
solution, taking virgin coconut oil 15 ml twice daily was associated with a significant
increase in HDL-cholesterol level by 5.72 mg/dl (p=0.001) The changes in total
cholesterol, LDL-cholesterol and triglyceride levels were not significantly different
between the two regimens. There were no significant changes in blood pressure, body
weight and in renal (according to serum creatinine, blood urea nitrogen levels) and
hepatic functions (according to aspartate transaminase, alanine transaminase and
alkaline phosphatase levels). Many participants had reported mild diarrhoea, especially
during the first week of taking virgin coconut oil or taking with an empty stomach. The
study demonstrated that dietary supplementation with virgin coconut oil 30 ml daily in
young healthy volunteers increased HDL-cholesterol without any significant harm.

Further studies in patients with low HDL-C should be conducted.

Keywords :  virgin coconut oil, plasma liproprotein, HDL-cholesterol, lipid profiles
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U3 NAUN N HUZNIIININNNITAN BN TINARAILALANTAN B TITE U0 I N Ll 5231 T

Crilel nsuslnatinunuzwldlaimuauizasdanisiialianaaatdaanalanie

A Aa

wedaaanlianasaioanala’ uwaenw utl a.¢.1995 Cox C  uazamla@NIW

= =

MIANBNAVBINAUNENTIN L1e Lazinlwaandnassdaseal lipoprotein lugﬁmmu
cholesterol 1%L§6@1§\1L§ﬂﬁaﬂ (total cholesterol 210-305mg/dl) AsANEILLL Latin-
. @ a S o AR & a o &
square design lagaianaiasazusinaiaiunansnaiias 1 sfiaiduian 6 sad wa
mMIAnsIWLIINIUSInaueyinl#3zas total waz LDL — cholesterol gaﬁq@ (3NNT

U5laasiaund 3 o9ia) luaasinsuslaaihduaendidasvinlwiiszau total waz LDL —

o =

cholesterol  @Nga wazgaaAdINUMIANBIAR9NIIMITUIInainduas NI W

]
=

320U HDL —cholesterol Uaz Apo A-1 gefigalusnzinauilnaiiiuaand eyl

q

=

320U HDL — cholesteroludz Apo A-1 dfiga” dennlull a.¢.1998 Cox C uazamele
LRUANANIAN AR RAaNNlA8gWLIN NIIRILATIENR cholesterol luiﬂaﬂWQQ:ﬁwqﬂlu;j
A a Y % P @ & v A 19 . A
AuslaainunizwIluameAnnIgInIzicholesterol goq@‘lugwuﬂnmuﬂ mq@luﬂ
Aa € = = A . Y
A.@. 2009 Assuncao ML Uazame@NuNNan1sanwlSauisuNan1suslnaingw
VEWITWAZ 30 ml NUMNAWARAES 30 ml Liuaan 12 sdereaszau luiwlwnizus
Lﬁamiuawmaﬁﬂw@amq 20 — 40 T814aIW3 (abdominal obesity) 31WIUNFUST 20 A
wamﬁnmwudméwﬁiﬁ%’uﬁﬁﬁuuzw%ﬁaﬁi:é’u HDL-C gonima:ﬁé’mwdmmaa

LDL:HDL cholesterol dninguitlauindunimiasetsiidoddnymeaia”

MnMIANEGIRina I waaliAn eI naa9nTUS Tnain Twas N da T total
cholesterol uaz LDL — cholesterol lifatanlasfium litufias v lfiAansuasuutas
W30819LNNITAUVY cholesterol vegassninites luamefinauasnisuslaag
unsaturated fat (EwsinaudnnIne induaendras) ax5188a32D cholesterol 113F04

0819 TALAW L6 FNIINTINWIIY AU AR WNZ NI ISR NIzAY HDL -



cholesterol  a8ITALAN UM NNITUSIAATINIWIN InanTasinNnaandlasAazaa
32@U HDL — cholesterol a8NITALIWLTWLALIN ﬁ;jwmm:ua%mﬂﬁaml,mﬁlﬂwﬁuﬁdn
A 3‘ L= v 1 v o v v dq/ dl =1 Qs dl
109N Wl NI L e A Narinl# cholesterol 1N ldszaululitatdainlawaan
A 21 A = v o ¢ ' o ¥ =

unsaturated fat HNA" FNNTANBIANUFUNBTIZTAINITEAUVINTA LN B luLRaaunaz T
aortic plaques WUANMNRNAUTLTILINTLNINITzAUNTA lauaiia polyunsaturated fat
W& monounsaturated fat llaany aortic plaques buame lNuaANNFNNUTITWIL
N3A MAnTHA saturated  fat  WNANWUHANILRAIDIANNLALITAINWIZRININNTLILNA
211N ansa luiusiia polyunsaturated fat AUN1ILAA aortic plaque LRZAINNITANEN
a v A a & a o = ' ' v

LN WL ILATITATRAVBINTA LUNW W atheroma AWLIININNTT 70% VBINTA LN
e unsaturated fat™ il @.¢. 2004 Mozaffarian D LazAANUWNANIIANEA LA8INY

% a 6 1 1 d' a %

ANMNFUANUTIzRIIFINUTzNaL eI mIINUSine (Uszinnaasluiunazanslulaam)
ALY progression Uy coronary atherosclerosis lugaInasnualszinfaund coronary
heart disease 1w 235 aunin1susina lusiudeutedn (wWilna'leduadofalln

WAIIY 25% VBINRINBIRUARDIW) HANITANBINUINTARINNATAAANNALARE 3.1

'
o

A vd a Aa a \ , A

ﬂaﬂuﬂﬂﬂm‘mmu saturated fat §49zLNAN"T progression Wa4 coronary stenosis 1161
ni a I Qs 1 ni = a .

Turamefinisusinaasivlaesn edusaaiunuin) azinsiia progression 289

- )
atherosclerosis Vlga

= A =2 A Y o o | & A o v A A =

umiwmmuaﬁmmnammmwumwmﬂmﬂumL%@mmlmﬂ@mamaammaLwa

(atherogenesis) mm@s:mwﬁaﬁaﬂﬁﬁmuﬂs:ﬂaumﬂmpj (VNN 60%) VaIUTY

Newdu medium chain fatty acids (MCFA) ﬁaﬁa‘hmum‘fmauagszmn 8 — 12
1 A g’ L % v . . A o

gr@ay naNAaINBUENINIUIENaUAIY lauric  acid (331U carbon 12 atoms)

13z 45 - 50%, capric acid (ﬁﬁﬁu’m carbon 10 atoms) Uszumh 7-8% Laz caprylic

16, 24, 25

acid (U3 1w carbon 8 atoms) Uszung 5-10% ﬁﬂﬁﬂﬁamﬁuﬂizmngﬂ

hydrolised  luglduaznsaladuildvzgnasdaldsaulasassniunms portal  venous

& . ' & Ao A & a v A %
system ANUUAON metabolised atnaTnauAadunaswldluiud lunsasinu
TUNTA MUIUWIN long chain fatty acids Lﬁagﬂ@@%uL?T’l;jmmmﬁam:éfaagﬂdamﬂu

. ' & A A a ] A

U289 chylomicrons  ’WunIszLUURAawmIaszy Inaisudiudaty Sanaain
MIANFBUEUINMITULUIENH medium chain fatty acids EWRNITAU triglyceride 14
NITUAREANRITULIEMK NE1NIN3TuLEn % Canola ol (fulnaidsznavldeas

oleic acid Wag linoleic acid TIdINRIWIUATUAK 18 azaan)”



TuganenTsufiuen msdnsnludainasasnionsansInanI N (in vitro) nag
mMsfAnwAanavasinduuzniade biological parameters 199 lasawsfiioadasiv
YUIWNIILAG atherosclerosis ABENTUNTANEVES Nevin KG LAz Rajamohan T ﬁ
AWl a.a.2004 ugainan1IAnmluny Sprague-Dawley 1W3nuifinusznitamsli

~a

¥ Lo % n"J . . . d o a :/ e
sl uazWIILTaNT (virgin coconut oil) AanalasdTidlon (wet process), ¥t copra

9

(ﬁwﬁumw%’nﬁaﬁmmLf':amw%"nmmtﬁa) wazl#® ground nut ol Wuasenuqu
m:”oﬁnmﬁyﬂmhkvlﬂ 45 TUNUIN %Hﬁvl,@?%'uﬁwﬁuu:w%"nu%qw‘i;ﬁi:ﬁu total Waz LDL -
cholesterol, triglyceride Waz phospholidids luidaauazluaizlza1eq @u wala uazla)
@i’]ﬂ’j’]ﬂk&ﬁﬂ 2 niuaiIlREIAYNIEDG Tuwmuefifisz@u HDL —cholesterol GRMRRDHAR
Akpé AN Iaia wananidimu i ﬁﬁﬁuu:w§ﬁau%qw§ﬁaawuﬁinﬂadﬁumnﬁ@
oxidation 989 LDL — cholesterol %ans1sne léaninindusn 2 sfiafiansn® deanlud
A.¢.2006 Nevin KG waz Rajamohan T lémsowdindndinaannmslasuringus 3
ﬁﬁmlu%w@aaaﬁamsﬁﬂmluiwmsl (in Vivo) LAZHANIIINE WAMTANEWLINUNTH
u:w%wau%qwﬁawmsmﬁu antioxidant enzymes WazaaUIu1mVa9 lipid peroxide e
WnNIinuan 2 Thefianen’ sgalull @.¢1.2008 Nevin KG uaz Rajamohan T 'ldf
u,amNamiﬁm:nmaamﬂﬁm{nﬁumwﬁw‘%qﬂ’*ﬁg W copra waztinuaanmMuazin lu
wunaaaduiag 45 ﬁ'uT,ﬂﬂwuimhgﬁvlﬁ%'m{'}ﬁuw:w%m‘%qﬂﬁa@oNa antithrombotic
whl,ﬁwﬁ'wm&ﬁ"lﬁ%’uﬁ’\ﬁu@anmumi’uu@igoﬂ’j’mkhfivlﬁ%'uﬁ’]ﬁu copra %ananii LDL
ﬁLmﬂﬁnﬂ%kl,ﬁ"l,@ﬁ'm{wﬁuuzw%wau%qw%ﬁammmﬂadﬁ'umuﬁ@oxidation Lﬁaﬂszﬁuﬁw

Cu2+ (waniwme) lagandy LDL Ausnanmuit ladsushaiugn 2 siiandnsn™

AINNITNUNIBITIBATINNNEIININIRAN A ﬂ’]iflJ%Iﬂﬂﬁﬂﬁ%N$W§13ﬁ11ﬁLﬁ@ﬂﬁi

wasuulasvadszaulaiuluinviaznalvifadszlamilunisilasnwnisiialse CVD

NNNILANTZAU HDL-cholesterol wazvinlwRaa1uuad LDL-cholesterol: HDL-cholesterol
31-33 ] = & o . \ | & = AN v o =

AARI wansanenInuainluaadszing dunlngiiunmsfinunlaiinsdnean

WIBLED wazidlununisanes luanlng ;ﬁ%’m’fﬁa@Taamﬁﬁﬁ]:v‘hm‘iﬁﬂmlummaﬁmau

VlmmqmmwaﬁaNamaanWiu’%Inﬂﬁwﬁuuzw%wa@iaszé’ﬂmﬁ'ﬂmﬁaa



%

~ ada
ITLUAUIDIVY

= a o a‘ly & a a . . a
sdununIAnE: MNIBLTUNIITING8DI (Experimental trial) lasd
EﬂLLUUL‘TJu Open-labelled, randomised, controlled, crossover trial
1 @ 1 A @ A Aa a A ' A
NANAIDY Aa DIEIFNAILNARILAZTIY NUFVNING Ua13ening 18 - 25 1
UINDEIRE 16 A (37X 32 A)
NMINMABATWIANINAIDEN
k'd a A { . . . é
msanidunsanunluniendfin szuzfl 1 (Clinical trial Phase 1) Tadu
=2 @ A A a A K& @ Aa . &
msﬂﬂmlummawm'ﬂwqmmwmL'wammaumﬁzJLLazwamaam‘nmaswmﬂmgwﬂ
= a}’u Yo o [ 1o | L2 =
msansluszesilanazlainuinenaainsies (Uszunm 20 an) wazlisdudasiinng
ﬁwmmma‘hmumjméﬁama ANNNITNUNIWITTHATTNDINTANBINAVDIUNNUUTNI
a £ & o o A AA Aa € vo @ . a
mqwﬂumgw@asmﬂwu‘tuma@mumm‘wwwazhmmuﬂaumaammeﬂszmm
& e & &< & A { v
10 — 40 AuLYINNK asnwmsans luasift @ndumsdnsluszosn 1 wazdSouleadn
I . o a Aav A g ' | =2 o o
vJu pilot study  wsnéwIuNIBTastatnaduszuuludssmealng) 3 muadiuin
ngueaatebin 32 au
LI NITAALDN

- ANFIMWALWAREIRIaINATIY 818 18 - 25 T

2
% [

- lfdeiawirhdunswiuway/me carboxymethylcellulose

- lilsadszdafidosudszmusndulyedn

- wammmoﬁaaﬂﬁﬂamiﬁLﬁﬂ’;‘*ﬁaaaglu"ﬁ’mﬂﬂa (AST 10 — 42IU/L,
ALT 10 —40IU/L, ALP 32 - 92 U/L, BUN 7 — 18mg/dI, serum
creatinine 0.6 — 1.3mg/dl, BP <140/90mmHg)

- BUANTINMIANEILATANAINIRINITOLENTINIUILNTANEN

~ fueRessudszmwinguuzniiuazasang 2%
carboxymethylcellulose (\Juaaiuaul) aessinLENaM Ut nua

NMNNIIARBDN
- iwlsefienafanaidowinignsaalwnsdne

- lszadnuieliBusanlumignasianeiesd jians



'
= =

Jaanlglwn13398

q

v L= v =) Qg . . .
- WIABUTNINILIFND (virgin coconut oil)
A o a‘ly L% :/ L £ a Ardl a ad g ~
0 lun339nil IhdfunzwinuianinnialasiTanaliu
WULWAIBILEN (centrifuge extracted) Tan13AN Paradise® Aflususas

fusznauvad fatty acid THaa19 9 a9b

- Caproic acid 0%

- Caprylic acid 8.97%
- Capric acid 6.99%
- Lauric acid 50.36%
- Myristic acid 17.46%
- Palmitic acid 7.91%
- Stearic acid 1.59%
- Oleic acid 5.88%
- Linoleic acid 0.85%

- ®1I8ZAN8 2% carboxymethylcellulose (Lﬁal*’ﬁlﬂué’amuqu)

v
ARADWBNIIANRRNS

1.

maaml,ﬁ'a ATKENITNNNTITUTITUNTIY ATRSLAFTANEANS

YAINER LTIl INad LRI (MINIRETUTOI G AR LR
A

lunauuwing 1)

=2 o a Aa A o S o o  AdA &

ansTayaLRuLANINLINUKA BTNz INATdagu WY B I U

UsrmeasusiasaaiauasiNatnnluniay

g ° Y a [ & & A va o

Fuasrinanunlaluieszifae 1anUssasdLazIunawMIUfURMIv84

218 RNAINITNTINIUNNTIY LAz UaANNERYaNANNANENRNATNU T RIAQL

30 laTINg (5’1mmﬁslmlaﬁ]”aHaz%m%’ummaﬁﬂmawﬁfa%aLLamm’m

SULDNLEAILUNNANWING 2 Laz 3)

A A a ¥

anansNaINawlaN I asa el ataduyautnnlulaseniy

mwﬁ'@mmmmmﬁ'ﬂnﬁmmmmaﬁmﬂﬁqmauﬂ'@mmzami’ﬁ'wmﬁﬁ'ﬂ
(Isadszddn gunwmlduaziamaiest jidnng) lasvinsiaanuen
Tafia FIUF TRBNLAZYNNTINZLROAL NN LA NI R AN A LA R

6 a s A 1 . . .
RN VAAINIRELTlny (investigation 1)
. @ \ A A o a e g o A wa A
fI6298191R0ALNBTINNNIILAINZAAT (parameter) MIRBIU[TANIN

wovslianmasnminafianisunng ariinsasidoslna



o

8. fMINMIRaIlJuanINaTIlIznaudIudaT (parameter) NUEAINTT

Mauwadla (serum creatinine [Srcr], Blood urea nitrogen [BUN]) AT

LEAINITTINUVBIAL (Aspartate transaminase [AST], Alanine transaminase

[ALT], Alkaline phosphatase [ALT]), seau lusinlunszuaidon (total

cholesterol [TC], low — density lipoprotein cholesterol [LDL-C], high — density

lipoprotein cholesterol [HDL-C] waztriglyceride [TG]) lagaaguATAZA0I¥N

N399I IN88 9% 12 T ladnann1IMIaaaIInselfuang

9. m3anwInluanusmazad cross-over design @99 (3188LLBLALEAS b

P
LNWAINN 1)

9.1.

9.2.

9.3.

9.4.

9.5.

9.6.

9.7.

9.8.

\WAudayanNaNIaTIaENd Juaso1mFIAIHwnasaadn lunn AN
LNAA T IURZ T BEIRE 16 AL LﬁaLﬂuiagaﬁugm (baseline)
msguuiianaadaseaniiu 2 ngu (Ngy 1 UazNN 2) NFUAT 16 A
a8 stratify GaLNe

luszn319m Iy esnaNaszaaIuuiinTamsaImTuazySu
FININAAR LN aNIRSUL TN W RanauLTEL (Laas
Tumarwang 4) wienasuthodne g waaslumanuin 5) uazanns
TiRsUszaeindonadnafssanmsiaeUndfifaduiusime (Laadlu
AANUKIN 6) nuﬁoﬁammﬁm:ﬁmni’uma@nmﬁtﬁﬁmlumﬁ%’m
mmmﬁ'ﬂin@;uﬁ 1 a:%’uﬂizmuﬁ’]ﬁumw%nu%qﬂ%(i'uax 15ml T 2
A%y Aadanunniwiuim 8 U™ Iummzﬁmmaﬁmmjwﬁ 292
JutsemuanIazay 2% carboxymethylcellulose TWaz 15ml 1uaz 2 A%s
Aadanunniwiuinm 8 ot (Lﬁ'mﬂuﬁamuqu)

\lanty 8 Alenk evmadaTzidhiumInTameRelfiams
(investigation 2) TaefaFnsuasduaanan PAVDBNUNITATIIAANTEY
(luda 6 - 8)

oENETATI 2 ng;mzﬁiwzﬁ'ﬂ (washout period) Lﬁ@ﬂﬂq@%ﬂﬂitﬂ’]u
ﬁ’]ifumw%’nu‘%qﬂ‘ﬁfﬁ%amsaxmsl 2% carboxymethylcellulose Ll
JrazIan 8 RUAW

dlansu 8 Alandt evmadiasazidriumsamamaaslfianmsanass
(investigation 3) 1T TUazD wA BN PAVIUNUNITATIIAANTDI
(luta 6 - 8)

mmaﬁmﬂﬁjuﬁ 1 92TUUTEMUENIRZANY 2% carboxymethylcellulose

Tuaz 15ml Juaz 2 a3 Aadanunniwduinm 8 Fawi (Neaidud

10



AILAN) lummzﬁmmaﬁmmjuﬁ 2 '«J:%'uﬂs:mm{ﬁﬁumw%’ﬂﬁqﬂ'ﬁgfu
8z 15ml Suaz 2 A9 Aadanunniuiuim 8 fUann*
9.9. flansu 8 Aot evmadiaTazidrTumMIaTIaM el fiRnmsanass
(investigation 4)lag 3T MIuazT Ao PAVBNUNITATIIAANTDY
(luda 6 - 8)
10. ¥indioyasng e]ﬁvlﬁﬁnﬂNamsmmmaﬁaaﬂgﬁﬁamma:ﬁnﬂﬁuﬁnﬂizﬁﬁumaa
21ENFIATINTILTIN AATZA agUuazdarinTanuRan I
1. @ounanmafnslugduounenuasusuy saluazlug WULB89NTEN TR DTN

MIHUUNS N TRIIIzAUMIMI T Gia 11

B :’ b v = Qg { o 1 “ A o o 1 vV A v
*ﬂimmmuuu:wsnmqwﬁﬁlmuﬂszmu 30ml @1aauﬂ@mﬂmLLu:mmw;du{[nm:"L@
et . . o :/ G v ~a £
UyeloiannmsTuysenu lauric acid 15 - 20 g 6iai% LLazluuﬁuuu:wsﬂanqﬂﬁd

lauric acid uaIndsznavudszanns 50%"

A3YSITNNITIVY

mﬁ%’alﬁ"Lﬁ%'uamgﬁalﬁﬁwmﬁﬁ'ﬂ@ﬂﬂmzmiumiﬁﬁﬂﬁﬁumﬁ%ﬂ AL FTANTAT
VAN LTe Il LLazmmaﬁmnﬂﬂuﬁLﬁwiauﬁ]:ﬁmmmwLLammmEuzlau‘lums

WNINNANTIY

Aaad a o a I3
a0 a7 12 lwwIdeuazn1sdazitaya

=< A =2 = A o
ﬂ’]iﬂﬂ‘lﬂ’mugﬂuuumiﬂﬂ‘ﬂ’lLﬂu cross-over study 3:UNIINARBU carryover effect LRI
KR A Y aa . o [ a ~ 2 s 1 A >
anzilanldaia paired- t test SmIunalIsuifisutayavasiutslunguidoanu

% % :‘ £ v a n{ 1 1 e

FERIVNDBUALARINTTUUTEMUETUNENTIIUTENT LATTERIVINOBUALARINNT
FUUIEmMuanIazany 2% carboxymethylcellulose lagfnnuaszaunhada (alpha) 1
0.05 uazl & Fisher's Exact Test ®WIUNINARELANNULANGIIVEIDINNTINLALIN
a £ ' ' ' { o S o o Aa £ ' { o
WadusznitemaIngn (NguATUIemwihduuswingignd uasnguisudseniu

/1382818 2% carboxymethylcellulose)
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Screening participants (n = 35)

Investigation 1

Randomisation (n=34)

v

Week 0

nguf 1 (n=17)

v

Virgin coconut oil

15 ml twice daily

ngui 2 (1=17)

2% CMC*

15 ml twice daily

Week 8

Investigation 2

Wash out

Wash out

Week 16

Investigation 3

2% CMC

15 ml twice daily

Virgin coconut oil

15 ml twice daily

Incomplete data (n = 2)

nguf 1 (n=16)

Week 24

ngui 2 (n=16)

Investigation 4

WAUAIWA 1: UaA3LUULANEUZNLTAE

*CMC = Carboxymethylcellulose

12




unn 3

NAN15I28

2IENAINIINTUNIATIAANTBIIIWIU 35 A% QNAABEN 1 A% LIBIINATIINLNNT
Husasauniednd wasllonaalnn ligzaannazanasanansves juansluzas

§AYNEUINTIY 2 AU Al n A0 1RIRNAINTINIBLETAFUNITIFLIIUIN 32 AN
Tayansudin uinduiwameouazinandgadiiaz 16 aw Ja1giadutsp WiNAU

20.9710.74 U \Hlasnaudduilanwaziiu cross-over design  aznuazdadfiig
{ a Qo g/ L v =) Q( 1
HANIzNUALAAIIN carryover effect (Hav8IN1ITULTEMUITUNENT1ILIgNT UG 90N
d' 1 A R ) A A o vAa =\ = [ a v vaaa y o
Naatiasungsgienasd) senvazvirlidaiaunanisanusla n133deladitilasnu
YrynNen199:iaann carryover effect Aamarnualiiszezwn (washout period) 71
A Iz 1 a [ €d' A ~ v o o 1
spzmewnune e liiuliiwdadueinliluszosinieldgnidaanszuime
[ [ o v ™ & % 6 d' v
28908 FNATANALA Lapinualdlszoswniduseuziian 8 Flainaunazld
RN ATIUUTTMUNAaA i NFaddall  wananmImnualAiszoswnuan g9le
NAROUNIFTAVIUSAILITTRINNMITNWIURZTIIIA (treatment by period interaction)
NaFaUAIUENa@ unpaired ttest WU FATENIzRIIMITNELAZ T8 WARD&ATY
Aaa v & 1 ra a :3/ 34 = o a ¥ aAa
n9aid uaaslwiiuinlaifitdyw carry over effect 1falu 39vimyilenzilasldaia
paired t-test LIBULABUNAAIITBY parameters 6196 I2RINNOUUAZRAINTTVL TN W
¥ o v a Qr 1 1 a g
Nz NIUTENT wasTEninananuaznaInITIULIENIuENITATANY 2%

carboxymethylcellulose luaaguAINg 32 A%

[ & o a £ [ . .
1. Na?la\‘lﬂ’lﬁﬂﬂiz“ﬂ’l%%’]&l%&lxw%ﬁausqnﬁma‘szﬂn total cholesterol, lipoprotein
wae triglyceride Twnsznaidon WwatlSauisununissulseniwansazany 2%

A:I YV @ %
carboxymethylcellulose ﬂi‘ﬁlﬂ%ﬂ')ﬂ')ﬂ@&d

Nmlaoms%’uﬂi:mmfwﬁuw:w%nu‘%qw%lm:mm:mﬂ 2% carboxymethylcellulose 6@
seau'lusin total cholesterol (n), LDL-C (1), HDL-C () W&z triglyceride (4) luanaanas
Lnz LA A AR LEAS W UNT 2 — 5 WazanenTI7 1 uansdspuaesliFuw
mﬁuﬂszmm{ﬂﬁ’umw%“nu‘%qwﬁﬂunm 8 FUMAFINA A 520U HDL-C gaﬁuazmﬁ
ﬁfﬂﬁwﬁtymmﬁalumm:ﬁmﬁuﬂi:mum‘sa:msl 2% carboxymethylcellulose 1i#L281 8
FUMAFINALA 72qU total — cholesterol Waz LDL-C aaadatilhgdAIsia buyme

AN A A oA o aa @ \ .
nlddinmaasuulasedslnuiayneaialuizay triglyceride

WallIsuinauain sl feuilaiad3zay total cholesterol, lipoprotein a2 triglyceride

[ 3’ o [ a £
1%ﬂi$LLﬁL§a@]izﬁﬁ'ldfﬁiillﬂizﬂ’?%u’]SJ%N$W§’1’JU§§{‘Y]'ELLNZ?I']‘ES$G’1ﬂ 2%
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carboxymethylcellulose LazHAA198INTLUABWUYRITINEIIWLTIN TSz utingu
u:w%”nu’%qw%gﬁﬂﬁizﬁu HDL-C  fiszduifiudusnnninmssulssmussazany 2%
carboxymethylcellulose B8NS fATYNIIFAR (5.72 + 9.09 mg/dl, p=0.001) Tuwmuzfilsi
fanuuandrsainadinddyniadiazasnafouutasluszdy total — cholesterol,

LDL — C uae triglyceride AILFAIIUA1TI9N 2
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LN

n. WIABNENIIVTEND

280

260

240

220 |

200 |

180 |

Total-C (mg/dl)

160

140 —

120

100
Before After

2. @138¢a18 2% carboxymethylcellulose

280

260

240

220

200

180

Total-C (mg/dl)

160

140

120 |

100
Before After

H ' :/ LY [ a £
LlN%ﬂ']‘Wﬁ 2: Nfﬂ“llaﬂﬂ"liillﬂi:ﬂ"luquuuzv\liqﬂﬂjﬁi'ﬂﬁ (N) wazrR1IaEAY 2%
carboxymethylcellulose (3) amiufouutasvadszav s total cholesterol 114

FNRUATUARSTUUALANARY (LHWLTY)




LN

n. WIABNENIIVTEND

200.0 |

180.0

160.0

140.0

120.0

LDL-C (mg/dI)

100.0

80.0

60.0

40.0
Before After

2. d13azane 2% carboxymethylcellulose

200.0

180.0 -

160.0

140.0
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A197199 1: LFAIANTZAL total cholesterol, LDL-C, HDL-C L8 triglyceride LAY NOWLAZHAINT

ar :’ a v a t§ L o
suﬂizmumuumwsnmqﬂmm:msazmﬂ 2% carboxymethylcellulose luanmaainssiwin 32 an

AU lipid profiles lunszifeq; meantSD (mg/dl)

miwﬁ’umw%nu%qw% 2% carboxymethylcellulose
nawu WA p-value* naw WA p-value*
Total cholesterol 190.4133.0 187.7134.5 0.389 191.1%£32.1 183.7%33.7 0.021
LDL - cholesterol 116.6130.5 110.5130.5 0.061 116.4130.2 110.2%31.7 0.036
HDL — cholesterol 60.319.2  64.2149.9 0.001 60.819.0  59.0%10.2 0.124
Triglyceride 67.8120.7 64.71235 0.477 69.31256 72.31285 0.493

* Paired t-test

A15191 2 : LEAINITURLULUAINAzNAG19IN TR UM RIVBI52AL total cholesterol, LDL-C,
v o Y o o A £
HDL-C uaz triglyceride 3e39nantaznain1ssulsemuwhnanuzwauIgnduazasszaiy 2%

carboxymethylcellulose luananaiassiwin 32 au

PELNT lipid profiles 1%?13:58@; mean®SD (mg/dl)

A A a £ o @
MY aguLUaINiNauurasINNIIILUTEN%

*

Wa§iNdweIN1y  p-value

2%carboxy-

ihduuzwhassant Wannudag
! methylcellulose
Total cholesterol -2.78 £ 18.00 -7.41 £ 17.26 4.63 + 24.91 0.302
LDL — cholesterol -6.08 £ 17.65 -6.21 £ 16.04 0.13 £ 21.16 0.972
HDL - cholesterol 3.91+£6.34 -1.81 £ 6.49 5.72 £ 9.09 0.001
Triglyceride - 3.06 + 24.07 3.06 £ 25.00 -6.13 £ 32.70 0.298

* Paired t-test
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) ¥ o a £ o o a4 ° )
2. WAPBINITUUTEMUIIATRNENTVUIFNDADTZLALMIBNUEAINITNTHIBIAL
wazla WalSsuisunun1ssulseninansazans 2% carboxymethylcellulose

4 [~ )
ﬁiﬁlﬂummuqu

a Z’ C% Y a £ '
HA8INM T IEMWINTUUENIIUIgNIUALR1IaEANY 2% carboxymethylcellulose i
TLAUAITNRRAINNTHNINUVBIAY (AST, ALT waz ALP) uazle (SrCr waz BUN) lu
% \ ' A A A o o
RIFNATUAREINUUAZANAALLFAI LULHUAINA 6 — 8 WATWHUAIWA 9 — 10 ANNE1AU
BRZANNANTHN 3 UAZANTHN 4 NANMTILLEAI LA ARIIMITUY Tem Ui uuzwi
a Q( [ = [ vV a
UIgNTUATANIaZaIE 2% carboxymethylceliulose Huamn 8 dlavilaidinalwiianis
d' [ o ;d‘ o o 1 a o o 0/ aa ] =3
wisnulasluzauaiiuaasmidnuwaasauuas leadvlivosagneaia  adiglsi
1 (% 2’ £ U a ag o v a PN &
anaunuIINMITudssmuihduneninuIgnoyinliszay Alanine transaminase (ALT) iftugoiin
pdNURBEIATNIIEDA  (p=0.041) WalSpunsunUMITUUTEMusNINEaY 2%
' A d“ﬂll’ Ao o aa A A £ o
carboxymethylcellulose Lanattasnuasilddnasmanluvmenffindiasanifiadin i

2.16 + 7.30 U/L LLa:rﬂ'aag"LuﬁNﬂﬂa AILFAIUANTI9N 5 UAZANTIN 6
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H [ :’ £ % a n§
LLN%ﬂ']Wﬁ 6: Namaan’muﬂs:muu’muu:W'i’mmqﬂﬁ (N) BLRERIIVEAY 2%
carboxymethylcellulose () danUfonilasadsza Aspartate transaminase (AST)
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LLNWATNN 7: Namaamﬁuﬂizmumuumwmamqm (M) LazR1INEAY 2%

carboxymethylicellulose (1) ¢ian13lUagwiLLaI189320L Alanine transaminase (ALT)

luaaauaTuAsTNLATALARY (LFWLTN)
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H [ :’ L™ [ a n‘
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lua1aRUATUARETNUURZANRRE (LHWLTN)
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2. @13azane 2% carboxymethylcellulose
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H [ :’ C™ % a n‘
LLN%ﬂ’]Wﬁ 9: ijaams‘mﬂs:mumwumws’mmqﬂﬁ (N) BLRERIIVEAY 2%
carboxymethylcellulose (%) damIURewLLaIV0952AL Serum creatinine (SrCr) Tu

ENRUATUANSTNLUASANARY (LFWLTN)
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3’ L v a ‘:F
n. %'lN%N&W‘S']'J‘]J‘S@‘!‘Y]ﬁ
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2. d13a¢a18 2% carboxymethylcellulose
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l=; et :’ b v a n€
WHWATNT 10: WaseIMTIUdszmwihiiuuswianiIgnd (n) uazanTazany 2%
carboxymethylcellulose (1) fianstUfsnulaiu843529L Blood urea nitrogen (BUN) 11
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A19199 3: LRASANTEAL Aspartate transaminase (AST), Alanine transaminase (ALT) L8z Alkaline
{ [V @ Y o o a £
phosphatase (ALP) Lag ﬂauu,a:v\mmssuﬂszmumuumwmamqwmmzmsazm:J 2%

carboxymethylcellulose luaranaiassiuin 32 au

LAV BNURAINTTNNUVBIAY; meanESD (U/L)

mfwﬁ'umw%nu’%qw%f 2% carboxymethylcellulose
nawu WA p-value* naw WRI p-value*
Aspartate 19.1+4.5 19.5+4.3 0.699 20.8+12.3 18.8+4.8 0.247
transaminase (AST)
Alanine 15.0+5.9 17.2+7.1 0.105 15.2+6.6 14.4+6.7 0.517

transaminase (ALT)
Alkaline 71.7£18.7 71.2+17.6 0.683 68.9+16.1 69.4+17.3 0.807
phosphatase (ALP)

* Paired t-test

A19199 4: LFAIAITZAL Serum creatinine (SrCr) waz Blood urea nitrogen (BUN) LaRE TOULAZARY

s :’ Q/ v a t§ b o
ﬂ’]iiﬂﬂi$ﬂ’]%%’lN%QJZW?’]'JU?@%MLWJN’]?@Z@’]EJ 2% carboxymethylcellulose 1%6'15’(']@&]@3'%']%’3% 32

1254
Se AU ALEaINNTYINIuasle; meantsD (mg/di)
ﬁﬁﬁumW%ﬁ’m’%Egﬂé 2% carboxymethylcellulose
faw R p-value* naw RN p-value*

Serum creatinine 0.80+0.19 0.81+0.19 0.231 0.79+0.17 0.82+0.20 0.057
(SrCr)

Blood urea nitrogen 12.25£3.39 12.131£2.92 0.835 12.03+2.87 11.191£2.38 0.066
(BUN)

* Paired t-test
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M197199 5: LaadMItdasuuladuaznada1sresnsidfewilasuadszay Aspartate transaminase
(AST), Alanine transaminase (ALT) llaz Alkaline phosphatase (ALP) Y#319nahlasinadiniy

ar :’ a v a thf L o
suﬂizmumuuu:wsnmqﬂmm:mia:mﬂ 2% carboxymethylcellulose luanmaainsswin 32 an

AU TNURAINTTNNUVBIAY; meanESD (U/L)

{ { a ‘3/ L -
MIUasuulaINiNeIwraIInIIuYTenn

WaGN9VaIN1y  p-value®

v oL v A < 2%carboxy- A
N BUZNTILIEND SIGHINIEY
! methylcellulose
Aspartate
0.38 £ 544 -2.00 £ 9.60 2.38 £ 10.80 0.223
transaminase (AST)
Alanine
2.16 £ 7.30 -0.81+£7.02 2.97 £ 7.86 0.041
transaminase (ALT)
Alkaline
-0.47 £6.43 0.44 £ 10.04 -0.91 £ 13.42 0.705

phosphatase (ALP)

* Paired t-test

A13191 6: LFAINTLURBUUYaILaTHaG19IUaINM LU R wLURIVBIIZAY Serum creatinine (SrCr) Laz
Blood urea nitrogen (BUN) szninnanuaznaimasutzmuwiiainuswingigniuazasaszans 2%

carboxymethylcellulose luaanaiassiuin 32 au

JLAUMINUFAINITINUVRLA; meantSD (mg/dl)

{ { a &/ L >
MIUasuulasNiiadunasannnssudsenn .

Wa§indwadInN1s  p-value

v o e A € 2%carboxy- A
WNUNENIILIGND SIRHPISIGK
methylcellulose

Serum creatinine

(SrCr)

0.02 £ 0.07 0.03 £ 0.09 -0.02 £ 0.10 0.393

Blood urea nitrogen
(BUN)

-0.13 +3.36 -0.84 £ 2.50 0.72 £ 4.35 0.357

* Paired t-test
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Q 3’ L ) J 1 Q/ Q =3 3’ = Q
3. Na?lE]\‘iﬂﬁiiﬂﬂi&‘ﬂ'\%%’l&l%u$W%ﬁdﬂié‘!‘ﬂﬁ@lﬂi&ﬂﬂﬂ')'\&lﬂ%f@‘ﬁﬂ WIRKNNAILAS

ATBRNIaNIY (Body mass index - BMI) tdatdIaunaunun1ssudsznin

4 ®) %
#13axa8 2% carboxymethylcellulose ﬁi‘ﬁtﬂ%m’m’mq&

[ 2’ Lo % a £ 1
Nﬂ“llENﬂ’]ii‘]_ll]iz“{]’]%%’]N%MSW‘E’]QHSqﬂﬁLLﬂzﬁ’]‘EGZQ’IEl 2% carboxymethylcellulose ¢8

TAUANMNARLARG HRINAILAE BMI Iha 8188 ThARs TN LA ANARULRAI LW

{ d a v v & 1 et :’ b v ~a A€
11 — 14 U= NN 7 Naﬂ’]i’l"ﬂﬂLL&@NI‘V\L%%’J’]ﬂ?iiﬂﬂiz‘ﬂ’l%%’lN%NzWi’l’)Uiqﬂ‘ﬁ

LRER1INEAY 2%

carboxymethylcellulose LJ4t7a1 8 FUANK bNFINA LALAAAT

ai 0/ s a ? a a ] a o o a aaAa g; A
L‘IJE]ﬂuLLﬂﬂﬂl%iz@UﬂﬁﬁN@uIﬂ'ﬁ@] WIABNAILAE BMI a8 NURLRIAUNIIROA TJNYNVLNN

ANULANGIIVaINANTIU ALY aIANuARIaRA UIRTNAILas BMI YRININNT

o Y [ A £
suﬂsxmumuummnmg‘nmmzmmzmEJ 2%

A9 8

carboxymethylcellulose R ERI

A13191 7: uaadanTzauaNaulaia systolic (SBP), diastolic (DBP), HNANNAILAZATHANIANNE

{ o @ Y % ~ £
(BMI) Lafe ﬂauLLﬂt‘lﬁﬂ\‘Iﬂ’]iiUﬂixV]']%uﬂN%NtWiﬁ?UﬁﬁzﬂﬁLLﬂzﬁﬂﬁﬂzﬂﬁEJ 2% carboxymethylcellulose

1%8’1 FRUATINUIN 32 A

SBP (mmHg)
DBP (mmHg)
Weight (kg)
BMI (kg/m’)

2

AT
ﬁwﬁumw%ﬁw‘%qﬂﬁg 2% carboxymethylcellulose
naw R p-value* naw N p-value*
114.3¢8.0. 114.8%11.3 0.762 115.849.5 117.6£13.5 0.187
71.217.6 70.416.4 0.636 71.327.2 71.316.7 1.000
58.9+11.8 59.2+12.6 0.365 59.1+12.1 58.7£12.0 0.430
20.8+3.4 20.9+3.5 0.495 20.9+3.5 20.7+3.3 0.403

* Paired t-test

A19191 8: uaasmMIlasuulasuaziadsrasmailAsuidasuaszaunnuaulaia systolic (SBP),

diastolic (DBP), #nnauazauhuiania (BMI) 12ninanablasnain1ssulsemuinduuznig

a A‘ e o
UIgNDLACEIRZANY 2% carboxymethylcellulose luaanaiassuin 32 au

SBP (mmHg)
DBP (mmHg)
Weight (kg)
BMI (kg/m’)

< o X
CAUAID

A A a £ o @
MY aguLUaINNaYURaIINNITILUTEN %

Wa§N9VIN1T  p-value*

v oL v o~ < 2%carboxy- i
PINUBUZNTIILIENTD SIHPYRIEN
! methylcellulose
0.50+9.27 1.81+7.60 -1.31£10.52 0.485
-0.78+9.24 0.00+8.25 -0.78+13.60 0.747
0.31+£1.92 -0.38+2.65 0.69+3.24 0.239
0.08+0.64 -0.15+0.98 0.22+1.15 0.278

* Paired t-test
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WHWBAIWH 11: HEV2INTTULIEMWINIRUEWIILTENT (N) UAZENIAZANY 2%
carboxymethylcellulose (2) o Tilfsuulaivadszauanuawlaia systolic [SBP]
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3’ Qs v a ‘:f
n. %']N%N&W‘i']')ﬂ‘ié‘!ﬂﬁ
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2. d13a¢a18 2% carboxymethylcellulose

95

90

80 |

70 -

65

60

Diastolic blood pressure -DBP (mmHg)

50
Before After

l=; el :’ s v a n€
LHWBATNN 12: NmJa\‘m’li‘mﬂiz‘ﬂ’mu’luu&JZW‘J’NUSEgWﬁ (N) WRESRITINEAY 2%
carboxymethylcellulose (2) damsilfsuuladvadszauanuawlafia diastolic [DBP]

TN FUATUABL I ILATANAREY (LEWLLY)
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LAWBATNN 13: Nﬂ‘IJ'rJ\‘iﬂ’]ii‘uﬂiZYlW%%’]&l%&IZWS’]\‘I‘USQ‘Y]ﬁ (N) LRERIINEANY 2%

carboxymethylcellulose (1) damTUaouLlad2848I%INA2 U aNATLARZIILILAS

ALafe (LFWLTN)

31




2

n. WIABNLNIIVTEND

35.00
33.00

31.00

29.00
27.00

25.00

23.00

BMI (kg/m2)

21.00 -
19.00 -

17.00 |

15.00
Before After
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WHBATNTN 14: WasaIM TIUdszmwihsiuuswiinigng (n) uazanTazany 2%
carboxymethylcellulose (1) demsiasuulasvaiaaialranis [BMI] luansnanasue

NETNUUASALARE (LFWLTY)
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£ a A a o & o % a &£ A a a Y
4, E]"lﬂ'li“ll'l\‘l!,ﬂﬂ\‘l‘nLﬂﬂf\]']ﬂﬂ']‘a‘ifuﬂizﬂ’]%%'l&l%&l:ﬂ‘i']dﬂi&!‘ﬂﬁmmﬂi&mLYIEI‘]JmJ

[ { ®) (%
N33ulsEn uaIIarans 2% carboxymethylcellulose ﬁiﬁlﬂummuqu

a W 1 v = :/ L= v =) Qg { {
Nams'mﬂwm’lmmimaLﬁmﬁnﬂmﬁuﬂs:mumuuu:wsnmqﬂﬁﬁwumﬂﬁq@’ﬁa
NI AILFURIATIULARIIUAE 2 — 4 A9 LagWUI AR a1 &NATIIUIW 23 At

- ' o ' [ {o Y o
(71.9%)  Sydanlngazlionniveafelugasusn 9 (Fdaniusn) ATudszniuiinaiu
U a A€ 1 L= { 1 a = v 1 { ] U
VzWINUIgND LLazwummmaumﬁmyﬂﬂmnmmzﬁmmimu%ﬂmﬂmmuﬁ"l,u"l,@
denn I wenanRuwWLINLTzNIH 19% PYpIANRNFNATNAINTUIARIONIUTT D ILAL
a dl' U = ﬁ Cg a di gt g’ 0/ v a A"
Uszunm 16% m@mmiﬂauvl,a/mL'«Jwmun%mmwaiuﬂizmumuummnmqm
. A o ' o , @ , A af A
ﬂaummsmana’maamﬂ@ﬂmmsmnmmﬂaﬂw;mmLLa:ﬁ]:msJVL‘lJma@muma
Qs ‘& { [~ Q = { Qs
JudseniullszoznianIatdfoutdnsulseniwnadonnis tlaSaufsununns
JudsznusnIazay 2% carboxymethylcellulose WUIINILANBINIV BLRE/EN8L AR
{ v = :’ L= v =) g =) U 1
LLa:mmsﬂﬁuVLa/mL%'ﬂumnmﬁuﬂszmumuumwsnmqﬂﬁmmmnmwamaﬁ
% o > aa v { 1 =3 v { a J
WoFAYNIEDA AIuFaIluaT9N 7 agslsianuanmtafssniieduanunnmield
Ienasiasutyemuliszasnitg

n:? a e L= =4 £ a d' a J A 1 va A o %
#ANANHNNTIVYEIFAUDINDIANITTNILA LN AT UINTNANITZNUG NI IFTIN U T390
1% a [ o [ & ' A ' Aa o @
In-tasiNsslalaslwarguaAT IR AL LULAILAAZLLL 0 AD LNTUNIBTIALU LTI ULAL
=1 A dl 1 o a Aa o [ (3 a v 1
AU AL 10 ﬂaiumumﬂwqmﬂummmmLuummﬂizmmvl,@ NANNTIENUIN
AR £ SD VAINMITUMIBTINUITLINIWYINAY 2.75+2.40 LEAII101NNIVLALINLAA

™ :’ a 2 a Af o a Aa ) 0/ [l
7ﬂ’1ﬂﬂﬁiiﬂﬂiz“fﬂ%%ﬁNuN$W§’]'JU§§Z(VI‘53Uﬂ’J%ﬂ']§(ﬂ’1L%%‘ﬁ?@]ﬂi%ﬂ'ﬂiﬂ&liﬂﬂ

{ v o v { a a :’ a v a t§
A13199 9: LFAIBINNITILAE (WIBLAEIDYRY) “71m@mﬂmssuﬂizmumMumwsnmq‘ﬂmmz

81382818 2% carboxymethylcellulose luaaaaTiuIn 32 au

o isuNznILSant 2% carboxymethylcellulose
91NNV LAL - : - p-value*
U (A) % U (AR) %
oL Re/N8Inan 23 71.88 1 3.13 <0.001
11a1ay/u1uag 6 18.75 1 3.13 0.052
ﬂ?iuvl,ﬁ/mﬁm 5 15.63 0 0.00 0.026

* Fisher's Exact Test
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uNn 4

a 3 a e
ﬁ?ll LaZARNIIWANANITIVE

mMssuesiidsznaumsanmataifitnulunsiseiiuan 35 au nasndninvns
‘3%’8La‘%ﬁl'gumﬁammaﬁmﬁagjiﬁmmumﬁ%'ﬂ (%’uﬂs:muﬁy'mfwﬁuuzwﬁ”nau‘%qﬂﬁm:
R1I82ANE 2% carboxymethylcellulose a:n9az 8 dawlasdl washout period 8 &FUaNH
LLaxﬁmimnwamaﬁaaﬂﬁﬁﬁmsﬁmuﬁmmmmu) uwazaanInidayaun ezl
U 32 au UiznauduaaFUATINATY 16 AL LWARDS 16 AU 8183219 20-22 T
mqmﬁm 20.97 1 Namﬁfﬁ'ﬂwm'wmi%'uﬂs:mmfﬁﬁuu:wﬁ”nu‘%qﬂ‘ﬁf{ua: 2 aS19az 15
ml fwoan 8 fUaiannInifinszeu HDL-C  anszduniansudszniu 3.91mg/dl
(6.48%) 2 INRLFNNTYNIIENA (p=0.001) Tupmefin135u U wansazas 2%
carboxymethylcellulose Haz 2 A9 9az 15 ml 1Jwan 8 gdanwt (ﬁl%tﬂummauqu)
8A2AU HDL-C 9nyeaunanIudseniuad 1.81mg/dl (2.98%) %a"l,&iﬁﬁfﬂﬁwﬁtymoaﬁa
waztdol3oufisunan1siauuulasua93eeu HDL-C T2nI9n1350U 5w g
u:w%nu%qw%gﬁ'umi%'uﬂi:mumm:mﬂ 2% carboxymethylcellulose WL31N1T
%“tustmuﬁ’]ﬁumw%au’%qw%{ﬁﬂﬁizﬁu HDL-C L‘ﬁlM%‘Hgdﬂ’j’]ﬂ’]i§Uﬂ5$ﬂ’]%ﬁ’]5§l$ﬁ’]El
2% carboxymethylcellulose 5.72mg/dl (9.46%) asnsdinasanNaia (p=0.001) Tua1n
nadonlfoundasszavluiunia  lipoprotein - da8N gWL 35U TN
mw%nu%qw%gua:ms%'uﬂsz‘mumia:m51 2% carboxymethylcellulose @n3nvinlHszaL
total cholesterol uaz LDL-C  aaadiilaifinununannisudszsnn udwuinanizms
JulTenwanIazans 2% carboxymethylcellulose \insidivin1Wsze total cholesterol uaz
32AU LDL-C  aaadagldhafaun19gia (aaad 7.41mg/dl, p=0.021 uaz 6.21mg/dl,
p=0.036 ANNAAL) atnslsAanuiiafiumaasuudasiiied uszninemssulsemu
Wiz INIINTazany 2%  carboxymethylcellulose Awuinlidanuuanangagned
woFAN1NEAA ludn I uainan 'n3Jﬁ”'ams%’uﬂsz‘muﬁaﬁwﬁumw%w%qﬂﬁaz
§1382818 2% carboxymethylcellulose A laifinadan13iUauuulasszay triglyceride agng

InfANIEna

a W dQJ v & 1 Q g’ L U =Y Qg 1 1 dl
maidphusasliiduiimtudsemuihduuzniuiandldinadanisdfouudas
WIRUNA ATRNIANIY AN systolic  LazAIINAK diastolic BENNRYRIAYNIFDA
MINFudszmushasuzni ldinademsifinimings (W 0.31 kg, p=0.365) U1
& a d . = @ | \ = a \ =
Husenvnawlatsudazlduandrsanmsdnsdn uwns@nsve9 Assuncao ML Uy
AMENWLIIMITUUTEMUNIN BTN ILAZN N RO ARBIRINNTOAANRINRI LS 1.1

o o 20 ' o
(p=0.003) &z 1.0 kg (p=0.02) AWEAL" UANIANEIVEI Assuncao ML uazamels

'
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ddundnsunuiitunltlscnevennisanuUnduazunzinliananaiastANng
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Taprwfildsudaiusassilofiouiudounsdnm (9.9%  uss -10.4% 1%mjuﬁ
Sutlsemwinduuzninussindutmassmudey) luwmeinsaseidunsiiunis
%’uﬂizmuﬁ:ﬁﬁumw%ﬁau’%qﬂ%{l,ﬁw"lﬂslumﬁ'uﬂizmummimuﬂnﬁi’uaz 30 ml “9da
Hunasnunlesufudwluudaswyinny 240 kCal  (afansaninsulsemuings
u:w%f'nu’%qw%(l,ﬂunm 56 Ju AU le SN wANTUAY 13,440  KkCal  A3fi
Sutlsemuwinguuzn il liiminanfuensatune ldannnsanuiuaasliifiui
N3701U92M% median chain triglyceride (MCT) mmsmﬁu energy expenditure U84
s19meldiuaz 100 — 669 ki® mansaatnnuieudulusneniy thermogenesis) &
NNNIINNITLLU TN % long chain triglycerides (LCT) 48.5% — 65.1% " TINTIFEINNTONA
Usunme w15 A5uUTenn’ a9unn13suysenininawuzwindadwinduid
susznavdiwlngidu medium chain fatty acid 8w laun lauric acid (§¥1%2u carbon
12 atoms) Uszuntw 45 - 50%, capric acid (31w carbon 10 atoms) Uszuntw 7-8%
16, 24, 25 %

wae caprylic acid (33743 carbon 8 atoms) Uszanns 5-10% Jhirldmimninas
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UMY LU FINAADITAUAITNLRAININITYINITUVIAU(AST waz ALP) wazle (SrCr uas

£,

BUN) 5&LLiTmﬁﬁ'ﬂwu*.hms%’uﬂs:mmfwﬁuu:w%”nu‘%qmmlﬁszé’u ALT Lﬁ&lgd“ﬁ%
VINNIIMITLUTZNUEIIRZANY 2% carboxymethylcellulose Taomssutlsemusingi
u:w%nau%qw?ﬁﬂﬁsxé’u ALT gﬁumﬂ 15.03 U/L lu 17.19U/L (p=0.105) 1ummzﬁ;§ﬁ
JudsemusITazany 2% carboxymethylcellulose 4320U ALT aaadan 15.22 U/L L
14.41U/IL (p=0.517) ¥NIAAAANNLANAIAK 2.97UL  (p=0.041) atndlsAa1n A5
\Raduvessey ALT mnmﬁ'uﬂszmm{'lﬂ'umw%nu‘%qw%gvl,;imaﬁfu"lﬁ’hﬁmmz%ﬁﬁ@
maﬂaﬁnLﬁaamnmmﬁ'uga%uf:ﬁauﬁwﬁaﬂ (14.35%) LLazi:ﬁuﬁgﬁuﬁﬂhmagj’lu‘*ﬁw
2o36n1nd (10 — 40 UIL) Tavia lifionanasiasauwlefdmafind wuosdn ALT ﬁgdﬂ’i’]@h
Un@ mm?ﬁwLﬁmﬁwumﬂﬁ]’mmi%'uﬂi:mufwﬁuu:w%au‘%qwﬁammsﬁaaL?qw'%a
fewan (71.9%) uazwuanmsthaniuiasuazadwldonsoudszanm 19% uaz 16%
AUEIAY T981N1309N81IT NN IUTIIUIN 9V8INTTTUYTENN (FUARWIN) wae
wglUldeaieudsznudaly Tiansenmstrsidssssnsnadnasunindansain
FAadszirinlidun
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cholesterol, LDL-C L& triglyceride) TIRAANFBINUNNIANE LAY Cox C uazAmeAWLIN
MUYz uiniwue NN lAIzau HDL-C  waz Apolipoprotein  A-l WANgINIINT
a :’ £ o 18, 19 7 v = . P g

Judszmuwinduaanditas LRZROAARAINUNNIANEN AL Reiser R LAAMEANWLIN
nITulsznw lwa N wlswi i l#szau HDL-C gaﬂ’jﬂms%'uﬂi:mum%ﬁﬁﬁ

o A v a ¥ o o 38 = = ' A

lasiuanfianiethsiuaendidas” msanelas Ng TK wazaaeAnuitnsdfon
ANNITUUTENUIN WU VNI D W U UUE NI FINITDLANTZAU HDL-C 16 25% uay
MItasuansidud I lwen I uiinduuz w1 TN TEAU HDL-C 1604 44% (uan
~ [ s o y o 17 f o @

WANILAL total cholesterol Way LDL-C AUNNGIELTUNW)  LEW@uARALMTanElag
Mendis S a2 Kumarasunderam R ANUAINIUSIAA 08110 nR I8 IN1T0aa Tz AL

HDL-C &4 14.5% luameiilailaowlnorzanaslUsudsznu anainizwiiinauyiy
v AI &/ U Q {
1% HDL-C t1adiw 21.3%° LazRaAAaaINUNIIANHITAI Assuncao ML LAz NANSEN

lua@%ﬁﬁmamﬂ@ﬂwudwmﬁuﬂ‘i:muﬁwﬁuﬁ'smﬁaaﬁﬂﬁs:é’u HDL-C aaad 12.6%
! @ v oo o o v o a £ 20 g
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=< o ¢ = ' AN v & o ) A £ A
nMIAnNE IuIAINaaa (W% Sprague-Dawley) ﬂwmmkmvlmumuuw:wsﬂwiqmﬁ]zw
o N 2 ' ' M o & o o { a g
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[ v . 1 @ o @ Aaa 28
NzWIIUAY (copra oil) BENARBRIANIIRDG (p<0.001)

m@;Naﬁnwﬁuﬂizmuﬁwﬁumw%’nmmmLﬁm:ﬁu HDL-C  dyldfaiau auyfgiu
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transfer protein (CETP) lusnons CETP Iwldsauiivhmindilunistnalow (transfer)
choleseryl ester ﬁﬁmﬂlu HDL-C 1o lipoproteins ﬁﬁ triglyceride Fwanunidn
fudsznovu (leun LDL-C waz VLDL-C) Waziin triglyceride 971 lipoproteins ST
nauan 1w HDL-C™ 1ul) 7./.1991 Green SR waz Pittman RC ¥MInaaaduuy in vitro
Lﬁaﬁﬂmé‘mwﬁwaaﬂﬁmUIau choesteryl esters “aN8THA N saturated fatty acid ‘ﬁ
JanugnLanad1ans (Usenaueae laurate, myristate, palmitate, stearate) W&
unsaturated fatty acid (ﬂi:ﬂauﬁw oleate, vaccinate, linoleate, linolenate) lagd oleate
Wua281989 MInaaedugadbiiiuin activity w89 CETP @‘iﬁq@ﬁ’m%umi folan
choesteryl esters ‘ﬁll,ﬁ:;lu laurate (saturated fatty acid ‘ﬁﬁ carbon 12 atoms) LLa¢ myristate
(saturated fatty acid ﬁfl carbon 14 atoms) Lfial,ﬁ #UNU choesteryl esters ﬁl,i‘fluﬂmvlmﬁu
d8u9 " midnsfdunusasiiduiniensrinues CETP  sassazidunarinld
J2AUVaY HDL-C W@z apolipoprotein A-l (ﬁLﬂudmﬂszﬂam‘hﬁrﬂu HDL-C) & Lﬁ'uqﬁu
9 4 %a‘luﬂagﬂ'uﬁﬁﬂé’dﬁmsﬁwmmﬁmsl giafieangnisugenisrniuaas CETP
(CETP inhibitor) tfallun1sifinszéy HDL-C lu;jﬁizé‘u"lmﬁuﬁ@ﬂﬂaLLazIﬂmam:Qﬁﬁ

o o 44-47
2 HDL-C @
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Wnadrown asanmianssiwanunnuaas iiindeinnisiiszey HoL-Cc - fAduin
ﬂfﬂ{ﬁ'ﬂﬁﬁﬂﬁmiunﬁiLﬁ@Iiﬂﬁalfﬂa:ﬁaamﬁa@ (cardiovascular heart disease — CVD)" >
* uaﬂﬁnﬂf:miﬁﬂmd’]q@ﬁﬁmﬂuﬂ 2010 wEAIIRIAWIN LﬁaLﬁUUﬁ'vgﬂwLWﬂﬂ@oﬁﬁ
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The Effect of Daily Consumption of Virgin Coconut Oil on Plasma Lipoproteins Levels in
Healthy Thai Volunteers

Chinwong, S."", Chinwong, D.', Mangklabruks, A.?

'Department of Pharmaceutical Care, Faculty of Pharmacy, Chiang Mai University, Chiang Mai, Thailand
’Division of Endocrinology, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand

Abstract

The effects of dietary supplementation with virgin coconut oil on lipid profiles in Thais have
not been demonstrated. This open-labelled, randomised, controlled, crossover trial was
designed to explore the effects of virgin coconut oil on plasma lipoproteins levels. The study
involved 32 healthy Thai volunteers aged 20 — 23 years. After baseline measurements, 32
participants (16 males and 16 females) were randomised to take either 15 ml virgin coconut oil
or 2% carboxymethylcellulose solution (as placebo) twice daily for 8 weeks. After 8-week

e Fime O Frictbne snranln
IS 107 o 1TUiner Woors,

ol o iyl To e | e o 1 s movenmanidon
i

Wwasnotit perioaq, ine participanis Crossea over 1o taKe tne Opposite it
Every participant were requested to daily record all food. food supplement, medicines they took
including their daily activities and any presented adverse effects throughout the study. In
comparison with taking 2% carboxymethylcellulose solution, taking virgin coconut oil 15 ml
twice daily was associated with a significant increase in HDL-cholesterol level by 5.72 mg/dl
(95% CI: 2.44 — 9.00). The changes in total cholesterol, LDL-cholesterol and triglyceride levels
were not significantly different between the two regimens. There were no significant changes in
blood pressure, body weight and in renal and hepatic functions, according to serum creatinine,
blood urea nitrogen, aspartate transaminase, alanine transaminase and alkaline phosphatase
levels. Some participants had reported mild diarrhoea, especially during the first week of taking
coconut oil or taking with an empty stomach. The study demonstrated that dietary
supplementation with virgin coconut oil 30 ml daily in young healthy adults increased HDL-
cholesterol without any significant harm.

Keywords: virgin coconut oil, lipid profiles, plasma liproprotein, HDL-cholesterol, total
cholesterol, LDL-cholesterol, triglyceride
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Salurated fels have been consmered es a major cause ol developing cardiovascular
the of

disease (CVD). For & couple ds products in
Thailand have declined since everybody knows that there are lots of salurated fal in
coconuts and their ex‘tract (milk and oil). However, the prevalence of CVD in Thai
population has i d in the opp direction. Moreover, there are no studies
showing that consumption of coconuts oil cause CVD Up until the recent years, the
coconut oil's consumption has been raised dramatically. Coconut oil has been claimed
1o be the healthiest oil on earth. Many sources, especially on internet and magazine,
claim that virgin coconut oil can prevent or reduce the risk of heart diseases, diabetes,
liver disease, and can lower cholesterol level. Unfortunately, studies on the benefits of
coconut oil on those diseases have not been published in a scientific journal, There are
a few studies that demonstrated the benefit of virgin coconut oil on plasma lipid
profiles. However, no study has ever done in Thai population.

1. To investigate the affects of daily consumption of virgin coconut oil on plasma
lipoprotains lavals
2. Toinvestigate the adverse effects of daily consumption of virgin coconut oil

Table 1: The results of bi

@ N plasma Ilpoprotems Ievels in healthy Thal volunteers

| Care, Faculty of Pharmacy, Chiang Mai University, Chiang Mai, Thailand
Chiang Mai University, Chiang Mai, Thailand

The effect of dally consumptlon of vn'gm coconut oil on ¥~

15 i of virgin coconut all or 2% carbommlhyﬂwmlm twice da-ly for 8 weaks

B rginh

SBP (mmHg)

| DBP {(mmHg)

. before and after consumption of

Blood urea nitrogen (maldl)
Serum creatinine (mg/dl}
Total cholesteral (mgidl)
Trigl de I

HDL - cholesteral

I
LDL - cholesterol (mg/di)

Aspartate Aminotransferase
- AST (UIL)

Alanine aminotransferase -
ALT (UL)

Alkaline phosphatase (L/L)

191
150 | 17.2
LT | T1.2

* Student paired t-test

Research design
- Open-labelled, randomised, controlled, crossaver trial
Ethic and

- msludywasappruvudforrnlruaﬂm- Faculty of Pt y, Chiang Mai
University and all participants signed informed consent documents prior to entering
the study.

Participants
- Thirty-two healthy female and male (16 each) Thai volunteers aged 18 — 25 years
Siudy profile fngum:l’)

Measure baseline t biomedical {i.e., lipid profile (total cholesteral,

LDL-C, HDL-C, triglycerida), liver function (AST, ALT, Alkaline phosphatasa) and
renal function tests (BUN, serum creatinine) ; T1

- Tha participants were randomly allocated to take either 15 ml virgin coconut ail or
2% carboxymethylcellulose (CMC) solution (as placeba), 16 in each group, twice

daily for 8 waeks.
= relevant bi T T2
= B-week washout period
= relavant bi di T3
= The participants crossed over tn take the opposite regimen for 8 further weeks
- M relevant bi ;T4

- Evsry participant ware rsqueslsd to dally record all food, food supplement,

they took i g their daily and any presented adverse
effects throughout the study
Statistic analysis
- Student paired ttest
Figure 1: The study profile
o0l = —— =5 i 181

The sn.m leund that taking virgin coconut oil 15m| twice daily for 8 weeks significantly
Irn:reased HOL-C level while taking 2% oamouyme@wloeluase somon 15ml twice

(p=0.001, : 2.44 — QDO), Table 2 and Figura 2. The ¢
LDL-cholesterol and triglyceride lavels were not significa
ragimans (Table 2). There ware na significant changes in blood

Figure 2: Changes in HOL-C levels before and after consumplion of 15 ml of virgin coconut oil or
2%

twice daily for 8 weeks
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Virgin coconut oil

carboxymethylcellolose

Table 2: Differences in the changes of biemedical parameter between before and afler consump-
tien of 15 ml of virgin cocenut oil or 2% carboxymethylcellulose twice dally for 8 weeks (n=32)

113:330

.02 £ 0.07

.78 + 18.00

.06 £ 24.07

1+

.08 + 17 .65

| HDL — cholesterol {mg/dl)
LDL - cholesterol {mg/di)
Aspartate Aminotransferase

0.38+ 544

01322118

2.38 + 10.80

AST (UIL)
Alanine aminotransferase - ALT

297 £ 786

L) 2.16+7.30 -0.81£7.02
Alkaling -047+643 | 04421004
* Student paired t-test i}

Table 3; Self reporfed adverse evenls from
boxymathylcel wice ully for B weeks

-0.91+7.86

oil or 2% car-

=
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=
~
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