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ABSTRACT KEYWORDS
The use of coconut milk in daily diet often worried consumers as they Cocus nucifera,
believethishighfat food product leadsto increaserisk of acquiring obesity Cell viability;
and cardiovascular diseases. However, in contrast to common believe, RXR-a;
several studies showed that coconut fat might be capable of improving the PPAR-o;
cardiovascular function and atherosclerotic conditions. In order to justify Geneexpression.

theactud health role of coconut milk, thisstudy wasdesigned to investigate
the potential molecular effect of coconut milk in modulating human lipid
metabolism using the popular in vitro surrogate of liver — human
hepatocarcinoma HepG2 cell line. The cytotoxic effect of coconut milk
against HepG2 cell viability wasfirst studied by using M TT assay. Coconut
milk treatment was shownto improveliver cell viability in adose dependent
manner. To access the influence of coconut milk on the transcriptional
response of lipid activated nuclear receptor (namely PPAR-a, and RXR-a)
inHepG2 cell line, Real-Time Reverse Transcription PCR was performed on
the total mMRNA sample extracted from the coconut milk treated cell
specimen. Besides that, Western blotting was also used to analyse the
protein expression. The Real-Time PCR resultsreveal ed that theincreasing
amount of coconut milk negatively influenced the expression of both PPAR-
a and RXR-o mRNA by approximately 27% and 36%, respectively.
Meanwhile, no significant results were obtained from the Western assay.
In a nutshell, this study showed that the application of coconut milk did
not alter the cell viability at all tested concentration, whilethe normal lipid
metabolism was only maintained when it was administered at low dose.
© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION take and secretion by theliver!. The maintenance of
thisprocessisof top priority since any metabolic de-

Lipid homeostasisisadynamic processwhichre-  regulation of this compound could often lead to the
quiresadelicate balance between lipid anabolism (li-  manifestation of severd life-threatening diseases, e.g.
pogenesis), catabolism (oxidation), aswell asitsup-  metabolic syndrome, obesity, diabetes, atherosclero-
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sis, and other cardiovascular complicationd?. In order
to achieveasteady input and output of fatty compounds
by theliver, thelipid level in human body isconstantly
monitored by amolecul ar network consisting of mul-
tiplelipid sensing nuclear receptorg?.

Thesereceptors, reacting under the presenceof their
respectiveligands, will inturn elicitsaseriesof effec-
tors’ activities — such as lipid transport, storage and
elimination—which are important in facilitating the sur-
vellanceof lipid equilibriumwithinthebody. Theselipid
sengitivereceptorsplaysan essentia roleinlipid me-
tabolism and are ableto responseto alargeamount of
extringcligandsfromthedietary, drugs, or environmen-
tal sources*®). Popular examplesof suchlipid activated
nuclear receptorsinclude peroxisome proliferator acti-
vated receptors (PPARS), and its heterodimeric part-
ner retinoid X receptors (RXRS), etctl,

Coconut, scientifically term as Cocosnucifera, is
atropica crop commonly seen dongthe coasta region
of Southeast Asaand Meanesia. Localsoften utilised
coconut milk in cooking cultural cuising®. According
to CODEX-STAN 240 report, coconut milk isahigh
fat food product which containsat least 10% saturated
fat component!. Based on diet-heart hypothesis, this
highlipidfeatureautomatically labelled coconut milk as
an unhealthy food source asit might contributeto the
increasing risk of metabolic diseases such as athero-
sclerosis, obesity, diabetes, and more. Thisclaim has
rai se concern among the consumers and caused most
of themto minimiseor even avoid theuse of such prod-
uctindaily diet.

Despite being acommon food ingredient, past re-
searchon coconut milk isfairly limited. Thelack of solid
support shows that the use of coconut milk is con-
demned soldly base on genera perception, and investi-
gationd gpproachesthat canbeused to darify thisprob-
ablemisconception are urgently needed. Asameatter of
fact, aproduct with smilar fat/lipidsconstituentstothe
coconut milk compound, the virgin coconut oil, has
shown promising effect inimprovingthelipid profileand
dowingatherosd erotic progression®9. Furthermore, the
useof diet-heart hypothesismight not beentirely reli-
ablein accessing the hedth effects of coconut fat. This
isbecauseinstead of thequantity, itisthequality of the
fat intakethat will dictatethe physiologica risksof the
food compound*©.
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Coconut milk isno doubt aheavy source of satu-
rated fatty acid, but mgjority of itsfat content isconsti-
tuted by aunique sub-group of lipid known asmedium
chainlengthfatty acid (MCFA). Unlike other saturated
fatty acid, M CFA ismetabolised immediately onceit
reachestheliver, and thusit will not formany lipid de-
posits on blood vessdl s or adiposetissues'. Asare-
sult of that, consumption of coconut fat with MCFA,
eveninhigh quantity, might not raisesignificant ater-
ationtothenorma cardiovascular function or lipid ho-
meostasis. Severd studieshave shown that coconut oil
supplement isnot only capable of protecting the car-
diovascular system from atherogenic progression, but
itisaso abletoimprovethe conditionsof obeseindi-
vidualg*2%3,

Nevertheless, authorities such asAmerican Heart
Assodiation andtheNational Heart Foundationin USA,
who hold strongly on the diet-heart hypothesis, remain
cautious of theuse of coconut fat incooking. Their be-
lief issupported by few studies, whereby coconut oil
wasfoundto beinferior of other vegetabledietary oils
—e.g. menhaden oil, olive oil, and palm oil —in terms of
protecting cardiovascular functioni*1%, Another study
also pointed out that coconut oil exhibit great athero-
genic potentials, and thisrisk potentia of coconut oil
canonly bereduced whenitisblended withricebran
oil or sesameail, both of which arerichinunsaturated
fatty acid*®. Judging by such controversy, thisproject
wasdesignedto provideaprdiminary insght regarding
theactud hedth effectsof coconut milk on human body,
whichistofocuson theinfluenceof thislipid-rich food
compound towardslipid metabolism. Inorder to achieve
this objective, PPAR-a and RXR-a were chosen as
thetarget genessincethesereceptorsplay akey rolein
theregulation of thelipid metabolic pathways.

PPAR-a is an important homeostatic agents that
actstoinitiatethe breakdown of excessivefatty acid*”.
Thisactiveroleof PPAR-a in lipid catabolism hasmade
it apotential therapeutic target against atherosclerotic
progression*¥l, RXR-a, on the other hand, is a
pleotropic heterodimer!*® that act asan essentia part-
ner of PPAR-a activation. Without the dimerization with
RXR-a, the binding efficiency of PPAR-a ontothetar-
get genespromoter regionwill belessefficent®. Hence-
forth, the probable mol ecul ar effect of Cocosnucifera
milk onlipid metabolism (particularly onthe catabolic

Hn Tudian Jounual



BTAIJ, 11(2) 2015

Hong-Kin Wong and Choy-Hoong Chew 59

reaction) was deduced based onthetranscriptionad and
trandationa responseof thesetwo genesinHepG2 cdlls.

EXPERIMENTAL

Cdll culturemaintenance

Theinvitro surrogate of liver used in this study
wasthe hepatocel lular carcinomaHepG2 cdll lineob-
tained from American Type Cell Culture (ATCC).
HepG2 sampl eswere grown by using minimum essen-
tial medium (MEM) supplemented with 2.0 mM L-
glutamine, 50 units/ml penicillin, 50 pg/ml streptomy-
cin, 1 mM sodium pyruvate, 1 X MEM non-essential
amino acid solution (Gibco, USA), 2.2 mg/ml sodium
bicarbonate (QRéC, New Zealand), and 10% (v/v)
foetal bovineserum (FBS; Biowest, France). Thecdlls
were maintained in ahumid incubator with 5% (v/v)
CO, at 37°C. Cell culture medium was replenished
every twotothreedaysto ensureoptimum cell growth.

Coconut milk

Ultrahigh temperature (UHT) processed coconut
milk (Ayam Brand Santan) was purchased from local
retail storeand used directly for cell treatment without
further modification.

Cell viability assay

Theviahility of HepG2 cdlsfollowingthetreatments
by using commercialised coconut milk was assessed
by using MTT Cell Proliferation Assay Kit (ATCC,
USA). Cellswith 80% confluency weretrypsinised,
resuspended with full medium, and plated accordingly
(approximately 1 X 10° of cellsper well) in aflat-bot-
tomed tissue culture graded 96 well plate. After 24
hours, the cellsweretreated with different concentra-
tion of coconut milk (1, 5, 10%). Untreated cellswere
used asacontrol for thisassay, withitsviability was
regarded as 100%. All sampleswereincubatedin 5%
CO, incubator at 37°C for 24 hours. Subsequently, the
3-(4,5-dimethylthiazolyl-2)-2,5-di phenyltetrazolium
bromide (MTT) reagent was added to each well and
the cellswereincubated for another 2to 4 hoursuntil
the emergence of intracellular purple precipitate was
observed. Detergent wasthen added, andthecdlswere
left in thedark (room temperature) for 2 more hours.
Finally, the absorbancein each well wasread at 570
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nminthelnfinite M 200 microplatereader (Tecan, Swit-
zerland). All experimentswerecarried outintriplicates
and repeated twice.

Treatmentsand total protein/mRNA extraction

HepG2 cdlsculturedin 25 cm? tissue cultureflasks
were allowed to grow until they reached 70%
confluence. Theinitial medium wasremoved fromthe
flasksand the cell swere washed twicewith phosphate
buffered saline (PBS; Amresco, USA). Cells were
starved with 0.5% FBSfor 2 hoursprior to treatments.
To test the effect of coconut milk on lipid activated
nuclear receptors, the pre-starved cellswere subjected
to stimulation with different amounts of coconut milk
[0, 1,5, and 10% (v/v)] for another 24 hours. After the
treatments, total cellular RNA aswell asthetotal pro-
tein components of the cell sampleswere extracted by
using Tri Reagent® L Saccording to themanufacturer’s
instruction. Solubilisedtotd cellular RNA wasthenusaed
for downstream investigation (Real TimeRT-PCR), or
otherwise stored in—80°C freezer if not of immediate
usage; while solubilised protein samplewas used for
Western blot analysi's, or otherwisestored in-20°C if
not of immediate usage.

Real timerever setranscription polymerasechain
reaction (Real timeRT PCR)

Thetarget MRNAswere amplified through Bio-
Rad MyiQ™ Single-Colour Real-Time PCR Detec-
tion System by applying the corresponding primer pairs
asligedinthefollowing: PPAR-a forward primer — 5°-
CCGTTATCTGAAGAGTTCCTG-3’; PPAR-a. re-
verseprimer —5’-GTTGTGTGACATCCCGACAG-
3’2, B-actin  forward primer - 5’-
TCACCCTGAAGTACCCCATC-3’; and B-actin re-
verseprimer —5’-CCATCTCTTGCTCGAAGTCC-
3’2, RXR-a forward primer - 5°-
GCTGGAATGAGCTGCTCATC-3’; RXR-a reverse
primer —5’- GGTACTTGTGCTTGCAGTAG-3’[?2,
Thereaction was performed by using the Bio-Rad |-
Script One Step RT-PCR Kit. The reaction mixture
was assembled on ice according to the composition
recommended by themanufacturer. Relative quantifi-
cation method was then used to measure the mRNA
expression of PPAR-o and RXR-o by normalising the
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Figurel1: Line graph that depicts the coconut milk effect on HepG2 cells viability. *p < 0.05 represent statistically

sgnificant changefrom control (untreated HepG2 cells).

target genesexpress on againgt the housekeeping gene,
B-actin. This was achieved by utilising the delta-delta
C, method and the cal cul ated expression of target genes
MRNA were presented in fold-changes ascompareto
untreated control (fold-va ueequalsto 1.00).

Western blot

Total protein samplewasfirst subjectedto vertical
separation by using SDS-PAGE. Subsequently, sepa-
rated proteins on the PAGE-gel were transferred to
PVDFmembrane(Millipore, USA) by usngMini Trans-
Blot® System (Bio-Rad, USA). After thetransfer, the
membranewasimmersedinto the blocking buffer con-
taining bovineserumabumin (BSA; BioBadc, Canada).
Following the blocking process, the PV DF membrane
was first exposed to the primary antibody [ PPAR-a.
(Santa-Cruz Biotechnology, USA); RXR-a.(Cell Sig-
nalling Technology, USA)], and then the HRP-linked
secondary antibody (Santa-Cruz Biotechnology, USA)
insequentid steps. It isimportant to notethat the mem-
brane was washed with TBST buffer [50 mM Tris
(Promega, USA), 150 mM NaCl (Millipore, USA),
0.1% Tween 20 (Amresco, USA)] thrice after each
antibody treatment. Lastly, HRPsubstrate (Millipore,
USA) wasapplied to the membrane and the chemilu-
minescence emitted by thetargeted protein band was
visualised under FluorChem FC2® Imager (Alpha
Innotech Corporation, USA). Band intensity was
anadysed by utilisngtheimager software.
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Satistical analysis

Resultsobta ned fromdl experimentswere presented
asmeans 4 standard deviation (SD) of at least three
replicates Themean va uesof thesereplicateswerethen
compared by using Student’s t test (two sided) in the
SPSS Statistics 21 software (IBM, USA). Avaueof p
<0.05wasconsdered statisticaly sgnificant.

RESULTS

Céll viability tests

Asindicated in Figure 1, coconut milk treatment
improved the viability of HepG2 cells. HepG2 cells
treated with increasing concentration of coconut milk
[0, 1,5, 10and 20% (v/v)] exhibited anincreasein cell
viability in adose dependent manner — from 100%, to
123%, 129%, 171% and | astly, 206%.

Coconut milk down-regulatesPPAR-a mRNA ex-
pression

Thisdoseresponsetest showed that the adminis-
tration of increasing doses of coconut milk gradually
reduced the mRNA expression of PPAR-a.. Asshown
in Figure 2(a), the nuclear receptor’s mRNA expres-
siondeclined from 1.18-fold at 1% (v/v) t0 0.90-fold
at 5% (v/v), 0.80-fold at 10% (v/v), and 0.86-fold at
20% (v/v) of coconut milk. Despitethe dight fluctua
tion, SPSS analysis showed that these changeswere
not stati stically significant, suggesting that the expres-
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Figure2: (a) ThemRNA expression of PPAR-a in coconut milk doseresponsetest. Thefold expression lieson thebottom
of each bar wasnormalised to B-actin and relativeto theuntreated HepG2 cells. (b) Chemilimuninescenceband observed
after Western blotting. (c) Theprotein expression of PPAR-a in coconut milk doseresponsetest. Thevalueplaced at the
bottom of each bar signifiesthe protein band intensity that wasnor malised to B-actin and relativeto theuntreated HepG2

Is.
%eloﬁ of PPAR-a are not heavily affected by the ad- Ascompared to PPAR-a, coconut milk treatment
ministration of coconut milk. ConsigentwiththemRNA  yielded adecreasing pattern of RXR-o. mRNA expres-
result, therewasno significant aterationfoundinthe  sion in adose dependent manner [Figure 3(a)]. The

protein expression [Figure 2(c)]. transcript level wasdlightly up-regulated to 1.07-fold
Coconut milk down-r egulatesRXR-o. mRNA ex- at 1% (v/v), but the level decreased into 0.83-fold,
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Figure3: (a) ThemRNA expression of RXR-a in coconut milk doseresponsetest. Thefold expression lieson the bottom of
each bar wasnormalised to -actin and relativeto theuntreated HepG2 cells. *p < 0.05 represent statistically significant
changefrom control (untreated HepG2 cells). (b) Chemilimuninescence band obser ved after Western blotting. (¢) The
protein expression of RXR-a in coconut milk dose response test. The value placed at the bottom of each bar signifies the
protein band intensity that wasnormalised to B-actin and relativetotheuntreated HepG2 cells.

coconut milk trestment, respectively. Despitethesig- "0 @pparent changes observed in theintensity of pro-
nificant decreasein mRNA expression, againthereare &N bands. Thismight bedueto the delayed or dower
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trandational response of RXR-a gene.
DI SCUSSION

Cytotoxic effect was absent in cell streated with
different concentrations of coconut milk. Instead, an
induction of proliferative capacity was observed fol -
lowing theadministration of the milk compound. Ina
relevant study by Thomas and colleagues (2008) using
tender coconut water showed that the coconut com-
pound wasnon-cytatoxicandrelaivey effidentinmain-
tainingtheviability of BHK-21/C13 (baby hamster kid-
ney fibroblasts) cdl line, which they attributed thisfea
tureto the presence of multipleessentia nutrients(e.g.
proteins, anino acids, vitaminsand mineras) withinthe
coconut water?®, However, since coconut water and
coconut milk areof different entity, itisremained to be
elucidated on whether these two compounds possess
overlapping effectsontheviability of living cells.

Asmentioned above, past research on coconut milk
isfarly limited. Littleisknownregardingtheactud meta:
bolic effectsof thisfood compound. Recently, aprod-
uct withamilar fat/lipidscondtituentsasthe coconut milk
compound, thevirgin coconut oil (V CO), wasfoundto
promotethe cardiovascular functioninstead. Adminis-
tration of VCO to Sprague-Dawleysratsreduced all
lipid and lipoprotein parametersin thetest subject whilst
up-regulatetheleve of the good cholesterol —high den-
sity lipoprotein cholesterol (HDL-C)®. Thisresultis
consistent with aclinica studies conducted by Norton
et a. (2004)®, inwhich subjectswho consume up to
50% of coconut oil out of thetotal dietary fat did not
have any significant changesintheir total cholesterol
and low dengity lipoprotein cholesterol (LDL-C, often
caled bad cholesterol) leves. Shockingly, the constant
consumption of coconut oil actually led to aremark-
ableraiseintheHDL level®. Besidestheimprovement
of thelipid profile, VCO was al so shown to be anti-
atherogenic. Nevin and Rgamohan (2008) highlighted
the decrease in thrombotic risk factors such as plate-
lets, fibrin and fibrinogen, andfactor V in VCO-fed rat,
whichin consequent will decreasethetendency of blot
clot (anti-thrombotic) and plague formation (anti-ath-
erosclerotic)*?. This group also concluded that the
polyphenolic antioxidant fraction of VCO was capable
of limiting theoxidation of LDL — one of the priming

stepsin atherosclerotic formation—both invitroand
in vivol®2,

PPAR-a is a well studied nuclear transcription fac-
tor derived from acoding region located at chromo-
some 22 -22q12-13.14. Thisgeneencode anuclear
protein with 468 amino acid long that contains5 func-
tional domains, which aredesignated asdomainA/B,
C, D, E, and F°, As compared to other PPAR
isoforms, thebinding pocket of PPAR-a (domain F) is
dightly morelipophilic, which providesthenuclear re-
ceptor alarger binding capacity to various endogenous
and syntheticligands?®. Natural ligandsof PPAR-a.in-
clude different types of fatty acid and fatty acid
derivatieswhicharedther introduced from externd food
source or generated through internal metabolic path-
ways?"#, Onceactivated, the nuclear-locaised PPAR-
a will act to enhance the expression of multiple genes
involveinthehydrolysisof itsownligands*”. Thisd-
lowsthelipid sensing receptor to maintain abalance
between energy input and output through betaoxida
tion of fatty acid, and such catabolic feature allow the
utilisation of thisreceptor intackling different metabolic
diseasesthat affect norma lipid metabolism.

Infact, agroup of synthetic drug known asfibrates
(e.g. fenofibrateand gemfibrozil) arepopularly usedin
treating dydlipidemic patient’. Multiplestudiesfurther
reveal ed that aside of re-establishing ahedthier lipid
profilewith decrease LDL and circulatingtriglyceride
levels, these agonistsa so exhibit cardiovascul ar pro-
tectivefunction®. Mgority of researchersnow gener-
aly believed that inflammatory response playsamore
definitiveroleinatherosclerotic devel opment ascom-
pared to hyperlipidemias!. Since the activation of
PPAR-a could effectively reduced the inflammatory
response’®d, administration of PPAR-a is, in theory,
capable of slowing the atherogenic progressioninthe
vascular system. Thistheory wasprovenwithinvivo
study, wherethe administration of synthetic PPAR-a
ligand GW7647 was shown to reduce theformation of
atherosclerotic lesion and foam cellsin LDLR null
mice™,

SinceV CO retainsmost of the hydrophobic com-
pounds originally found in coconut milk?®4, it was
hypothesised earlier in this project that the biol ogical
benefitsof VCO could a so bereplicated by using co-
conut milk. Itisespecially interestingif coconut milk
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displays similar anti-atherogeni c function as shown by
VCO. Since PPAR-a activation |eadsto cardio-pro-
tectiveand lipid lowering effects, it wasexpected that
the application of coconut milk (with potential anti-
atherogenic effect) woul d enhance the expression of
PPAR-a mRNA. However, results obtained fromthis
project showed that the expression of this genewas
not drastically altered even when 20% (v/v) coconut
milk wasadministered. Thismight suggest that coconut
milk doesnot convey its metabolic effect, either good
or bad, entirely through PPAR-a. Nevertheless, coco-
nut milk did up-regulate the expression of PPAR-a.to
1.18-fold at low dose [ 1%, (v/v)] and subsequently
down-regulated it to 0.86-fold when higher dosage
[20%, (v/v)] was used, although theresultswere not
datigtically sgnificant. Thesechangesinexpressonim-
plied that the consumption of coconut milk at an ap-
propriate, low amount could most likely induce the
breakdown of fatty acid by asmall degree, and vice
versa

The docking of PPAR-a on the promoters of its
target genes(peroxisomeproliferator responsee ement,
PPRE) isstrongly dependent on the heterodimerisation
withitspleotropic partner RXR-a, since this response
eement only bind efficiently to PRAR:RXR heterodimer
but not PPAR monomer/homodimer?”), Suchinterac-
tion allowsthe retinoid receptor to share certain char-
acteristicwith PPAR-o, such as its anti-atherogenic fea-
ture. Thisisproven when the activation of RXR-o by
its agonists was shown to promote the attenuation of
atherosclerotic formationinApoE null miceg™. Surpris-
ingly, thedown-regul ation of RXR-a was more drastic
as compared to PPAR-o when higher dosages of co-
conut milk [10 and 20% (v/v)] wereused. SinceRXR-
a.aso heterodimerisewith other lipid activated nuclear
receptors such asother PPAR isomersandliver X re-
ceptors (LXRs)®%, the down-regulation of RXR-a
could shareacommon pattern with nuclear factorsother
than PPAR-a, which further strengthened the deduc-
tionthat coconut milk might modul atesitshealth effects
through other nuclear receptors.

CONCLUSION

In conclusion, coconut milk admini stration doesnot
yield any cytotoxic effect towards the model system

used inthis project. Coconut milk only down-regulated
theexpression of RXR-a sgnificantly whenhigher dos-
ageof coconut milk wasused but not PPAR-a.. This, in
other words, meansthat coconut milk will only affect
thecatabolism of fatty acid when consumedin high con-
centration. Moreresearch will be needed to conclude
theactua hedlth effectsof thisfood product not onlyin
lipid metabolism, but a so other metabolic pathways
such asglucose metabolism and inflammeatory response.
Whether or not thislipid-rich product will lead to the
increaserisk of metabolic diseases can only beaffirmed
by using further experiments, such asthoseinvolvethe
useof invivo model.
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