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Abstract

Project Code : RSA 5980045

Project Title : Effects of coconut oil/or proteins isolated from mature coconut kernels on
vascular functions of middle-aged male rats

Investigator : Prof. Chaweewan jansakul, Ph.D., Faculty of Traditional Thai medicine,
Prince of Songkla University, Hat-yai

E-mail Address : chaweewan.j@psu.ac.th

Project period : 3 years with an extension for 6 months

We previously found that coconut milk consumption in middle-aged male rats caused
beneficial effects on the cardiovascular system: increased blood vessel eNOS and CSE protein
expression, and decreased fasting blood glucose and liver cell lipid accumulation. In the
present study we aimed to identify which coconut milk components: coconut milk oil (CO) or
coconut milk protein (CMP) is responsible for the effects. CO was isolated from dried coconut
milk by centrifugation. The CO was isolated from the coconut milk precipitate with 50% ethanol.
CO (1 or 3 ml/kg), CMP (1 g/kg) or distilled water was orally gavaged to the middle-aged male
rats for 6 weeks, 6-8 rats per group. Animal body weight and food intake, internal organ weight,
blood biochemistry, lipid profile, basal blood pressure and heart rate and vascular functions
were investigated.

In comparison to a distilled water control group, no differences were observed in any of
the parameters studied in the group fed 1 ml/kg of CO except for an increase in retroperitoneal
fat accumulation. Feeding 3 mil/kg of CO caused decreased fasting blood glucose, plasma
alkaline phosphatase, blood urea nitrogen and liver cell lipid accumulation, but increased
retroperitoneal fat tissue. It also caused decreased maximal contractile response of
endothelium-intact thoracic aortic rings to phenylephrine although the effect disappeared in the
presence of N-nitro-L-arginine (L-NA) or after removal of the endothelium. DL-propargylglycine
(PAG) together with L-NA caused a higher contraction to phenylephrine in the CO-treated
groups than in the control group. It also caused an increase in vasodilatation to acetylcholine,
but not to glyceryl trinitrate, of the phenylephrine pre-contracted aortic rings. CO treatment
caused increased vascular wall eNOS and CSE protein expression.

CMP caused decreased body fat and lipid accumulation in liver cells and the internal
wall of the aortic arch, with no changes in blood biochemistry or CBC except that the platelete
count of the CMP group was lower than that of the DW control group. CMP caused no changes

in basal blood pressure or heart rate in anesthetized rats and no changes in vascular



responsiveness to phenylephrine, acetylcholine or sodium nitroprusside, but caused increased
vasorelaxation to glyceryl ftrinitrate (GTN). PAG caused increased vasoconstriction to
phenylephrine, and decreased vasorelaxation to all vasorelaxant drugs to the same extent in
both groups. The expression in blood vessels of the proteins, eNOS, CSE and sGC was not
different between the CMP-treated group and the DW control group. A low concentration (0.1
pUM) of ODQ inhibited the vasorelaxation to GTN to the same extent in both groups, while a
higher concentration (1 uM) almost completely inhibited the relaxant activity of the GTN in both
groups. The basal blood vessel cGMP of the CMP-treated group was not different from the
DW-treated group. However, when GTN was also added, the cGMP as well as the NO
concentration of the CMP-treated group was greater than that of the DW control group. Diadzin
inhibited blood vessel NO generation to the same extent in both groups, thus the NO
concentration of the CMP-treated group was still greater than that of the DW control group.

Shelf-life study of the CMP was done by packaging the CMP into an aluminium
laminate and incubating in the control room at 25 °C, relative humidity 75% for three months.
Moisture, water activity, color (L* a* b*) and TBA were measured every month. Results showed
that CMP could be kept in this condition for at least 3 months, as all of these parameters did
not differ from the first month before packaging.

Taken together, CO at a dose of 3 ml/kg causes some decrease in cardiovascular risk
factors in middle-aged male rats, although the amount of CO consumption should be limited as
it caused an increase in retroperitoneal fat. CMP caused decreased fat accumulation,
decreased platelet count, and appears to have increased the enzymatic pathway for GTN
biotransformation, which resulted in an increase in NO and thus cGMP, resulting in an increase
in vasorelaxation, which is beneficial in delaying or preventing GTN tolerance that normally
occurs after long-term GTN treatment in humans (Jabs et al., 2015; Munzel et al., 2011& 2013).
Thus, CMP is a novel protein that should be developed as a health food ingredient to
prevent/slow down the development of cardiovascular disease in humans, especially from

middle-age onwards.

Key words: Coconut oil; coconut protein; blood vessel; liver lipid; NO; H,S
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Executive summary

Globally, cardiovascular disease is the leading cause of death (Mc Namara, et al.,
2019; World-Health-Organization, 2017; Yazdanyar and Newman, 2009). Its etiology is
multifactorial; age (Lakatta, 2002; 2015; Lakatta and Levy, 2003) and unhealthy nutrition
are two of the main risk factors. Advancing age is associated with thickening and elastic
impairment of the vascular wall (Aquaro et al.,, 2013; Collins 2014) and endothelial
dysfunction; decreased vascular eNOS and CSE expression and thereby decreased nitric
oxide and H,S production, respectively (Novella et al., 2013; Yang et al., 2008). These
changes result in a reduction of vascular compliance or distensibility (Avolio et al., 1983;
Vaitkevicius et al.,, 1993) which is the early state of pathophysiological changes for
the development of cardiovascular disease (Bhayadia et al., 2015; Marchesi et al., 2000;
Rudolph et al., 2007).

Coconut, Cocos nucifera, is one of the most economically important palm species and is
cultivated mainly for its nutritional endosperm: coconut milk and coconut oil are its main
products (Gwee, 1988). The main constituents of coconut milk are lipids (coconut oil, 41.5%)
with a small amount of carbohydrates (5.2%) and proteins (4.5%) (Pehowich, Gomes, Barnes,
2000). There is still reluctance among consumers about consuming coconut products since they
are mainly composed of saturated fatty acids (40-60 %) (Dab Mandal and Mandal, 2011;
Pehowich, Gomes, Barnes, 2000), which are considered an atherogen and thus potentially
causative of atherosclerosis in man. Therefore, previous reports of coconut product
consumption having a beneficial effect on cardiovascular risk are still controversial due to
differences in the process of coconut oil preparation and study in young animals. In a recent
study, Jansakul et al. (2018) demonstrated that the consumption of pure dried fresh coconut
milk (CCM) for six weeks by middle-aged male rats caused up-regulation of blood vessel
endothelial nitric oxide synthase (eNOS) and cystathionine Y-lyase (CSE) protein expression,
which re-stored the endothelial dysfunction of the middle-aged rats to be healthy like a young-
age rat, with a decreased fasting plasma glucose level. Thus, the present study aimed to
investigate which component of the dried fresh coconut milk: oil or protein would be responsible
for those effects.

Methods



viii

Coconut oil and coconut milk protein preparation

Fresh mature coconut kernel was grated and compressed to obtain a fresh aqueous
coconut milk and followed by lyophilization to obtain dried fresh coconut milk (CCM), which
was centrifuged (3,200 rpm) at room temperature to achieve pure coconut milk oil (CO),
and precipitate. The precipitate was dissolve in distilled water and the protein was
precipitated with 50% ethanol. The protein precipitate was collected and the ethanol
removed in an evaporator before Iyophilization to obtain dried crude CMP for

pharmacological- and shelf-life study.

Pharmacological studies

Middle-aged (12-14 month old) male Wistar rats were oral by administered of CO (1 or
3 ml/kg) or CMP (1 g/kg) with the control animals receiving distilled water (DW) once a day for
six weeks. The body weight and 24 h food intake were recorded every consecutive 7th day over
the 6-week period. At the end of treatment the basal blood pressure and heart rate of each rat
was measured under anesthetized condition. After that blood sample was collected for blood
biochemistry analysis and for complete blood cell count. The decapitated rats were dissected to
remove aortic arch for oil red-O staining and thoracic aorta for vascular function study. Then
internal organs, visceral and subcutaneous fats were removed and weighed, and a piece of
liver was removed for cryostat-section and stained with oil red-O for liver cell lipid accumulation

analysis.

Results

In comparison to distilled water control group, no differences were observed in any of
the parameters studied in the group fed 1 ml/kg of CO except for an increase in retroperitoneal
fat accumulation. Feeding 3 ml/kg of CO caused decreased fasting blood glucose, plasma
alkaline phosphatase and blood urea nitrogen and liver cell lipid accumulation, but increased
retroperitoneal fat tissue. It also caused decreased maximal contractile response of
endothelium-intact thoracic aortic rings to phenylephrine although the effect disappeared in the
presence of N-nitro-L-arginine (L-NA) or removal of the endothelium. DL-propargylglycine (PAG)
together with L-NA caused a higher contraction to phenylephrine in the CO-treated groups than
in the control group. It also caused an increase in vasodilatation to acetylcholine, but not to
glyceryl trinitrate, of the phenylephrine pre-contracted aortic rings. CO treatment caused

increased vascular wall eNOS and CSE protein expression.
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CMP caused decreased body fat and lipid accumulation in liver cells and the internal
wall of the aortic arch, with no changes in blood biochemistry or CBC except that the platelete
count of the CMP group was lower than that of the DW control group. CMP caused no changes
in basal blood pressure or heart rate in anesthetized rats nor any changes in vascular
responsiveness to phenylephrine, acetylcholine or sodium nitroprusside, but caused increased
vasorelaxation to glyceryl trinitrate (GTN). DL-propargylglycine (PAG) caused increased
vasoconstriction to phenylephrine, and decreased vasorelaxation to all vasorelaxant drugs to
the same extent in both groups. The expression in blood vessels of the proteins, eNOS, CSE
and sGC was not different between the CMP-treated group and the DW control group. A low
concentration (0.1 uM) of ODQ inhibited the vasorelaxation to GTN to the same extent in both
groups, while a higher concentration (1 uM) almost completely inhibited the relaxant activity of
the GTN in both groups. The basal blood vessel cyclic Guanosine monophosphate (cGMP) of
the CMP-treated group was not different from the DW-treated group. However, when GTN was
also added, the cGMP as well as the NO concentration of the CMP-treated group was greater
than that of the DW control group. Diadzin inhibited blood vessel NO generation to the same
extent in both groups, thus the NO concentration of the CMP-treated group was still greater
than that of the DW control group.

Shelf-life study of the CMP was done by packaging the CMP into aluminium laminate
and incubating in the control room at 25 °C, relative humidity 75% for three months. Then
moisture, water activity, color (L* a* b*) and TBA were measured every month. Results showed
that CMP could be kept in this condition for at least 3 months, as all of these parameters did

not differ from the first month before packaging.

Conclusions

The study suggests that the consumption of CO at 3 ml/kg caused both beneficial and
harmful effects by decreasing the fasting serum glucose and liver lipid accumulation and an
increase in blood vessel eNOS and CSE protein expression, which resulted in an increase in
NO and H,S production, which, in turn, attenuated vasoconstriction to phenylephrine and
facilitated relaxation to acetylcholine. However, the increase in retroperitoneal fat accumulation
is a negative indicator for metabolic syndrome development and is a matter of concern for the
long-term consumption of CO and the consumption of CO should thus be limited.

In case of CMP consumption, it decreased body fat and liver cell and aortic arch lipid
accumulation, with a decrease in the platelet count but with no effect on any other blood

biochemistry parameters. Although CMP did not affect the basal blood pressure or heart rate, it



caused potentiated relaxation of the aortic rings to GTN, which is beneficial in delaying or
preventing GTN tolerance that normally occurs after long-term GTN treatment in humans (Jabs
et al., 2015; Munzel et al., 2011& 2013). Thus, CMP is a novel protein that should be
developed as a health food ingredient to prevent/slow down the development of cardiovascular
disease in man, especially from middle-age onwards. However, further study would need to be

conducted to identify the active component(s) of crude CMP.
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1% healthy endothelium ﬂmﬂﬂwaamﬁamaaw%gw-ma emLﬂumaﬁ@aqmmwlumiﬂmnu/
geaan N lidulsaszuumilanazraaaifon aswuasitnTasniianladnatiebanalvas
v = n' a 1 d' £ 1 6 a d'd nfuz 1 s g:
lafiims@nwiindude lUiweduminasntsznavlavainziganiigndasnad asvulu
= & ﬁ'd A o {al' :’ % a a v % o =3

msAnmeisiasiiiagszasdnasuaniiiu uazlUs@uannzAuriaa LLE\]’J%’]&J’]?IT‘IE’]FL%%EL
LINIUNANTIN N HaILA LI UNIIANEINATDINIIARNEARA WiauNINaw lUsawannzALdn

° o g o o [ v, ' a &
health product mmuﬂaaﬂu/maama@Lﬁa@maaagmUl%ﬁqmﬂﬂwaaUNU’numﬂwu

%

agisrainrain1sivy

adnsnavaInIfwhiiuuzni wia lusduannnsfilunuusninagionasiia (12-14

@A) Wk 6 FUAR da
1. fmindn wazm3ina1ws
2. msseawlaguluime Amaseu uasfinasadandiataiila (aortic arch)
3. i:é'm{']mal,l,azvlmﬁu (glucose, cholesterol, triglyceride, LDL, HDL) lulfaa

4. MINNUVBIAULAZ I LaBNNTIAT=ALUDY alkaline phosphatase (Alp), SGPT, SGOP,

blood urea nitrogen (BUN) L8z creatinine (Cr) Tuldaa

5. ANAwIREALAZENTIM LAY laNUZ M (basal blood pressure and heart rate) Tuw

BINEAD

6. NMIVININUVAINAAALAAANAALLNBANNIANEIUANAL



1. qﬂmrﬁuazmsmﬁ

A
LA3B freeze dryer

A < ' =
- LAIDITIDENIALLANA
A A 4w o = a =
- 1AFINBNNIAAAILTA WIDNLTN WADAAAL waz UK
- 1i@ polyethylene LLazvia silicone AUIAGI 9
dl' o <K % 6
- 1A33UBNNNIN (polygraph) WingUnInk

a

- Organ bath wiaaLATa4n LA UANT
- Carbogen gas
- Automatic pipet L&z Pipet tip T110674 ¢
a ~ A ~
- weeaaann Wudasn tnuduius
- dwqieredumien 9 MnTumEnINEITINg

- AEQEN9 9 MMIUMILALIREA

- Reference drugs + 87881

N-nitro-L-arginine 25 g

2

2. MILATLUNEA IauNZNIT wazlisduannzi

a = v 1 A a v | : (=3
NENEATIBNITNUSWINILLNAG (9'18q 11-12 L1Adh) LAERA mamn‘y@mwmuﬂummaﬂ 9

aunzilasasslaslaiidniin udsih luinutsnuialoiaas freeze dry Minealasiianand Ao
Inenenaas latdunzfaawis (dried fresh coconut milk, CCM) LAul3% 20 °C aunirazsinun s

NMILENIINWNZNIINNNLARALRAS ‘ﬁ’f[@ﬂﬁnn:ﬁamLLﬁammavﬁﬁQM%Qﬁﬁm AWNZ
Iiduadeny azldiduvaanainita 9 shundwnisanainuisa 3,900 saudemf wiw 15
AV v« ! A Y L v ' A & L. A o [
ety "L@LﬂumuwLﬂuuwuulaagﬂwuuu wazdunuaznaw (precipitate) agNAURADA HAIN
wonaEIwNREIRUBaNLE? dauarnawdonilurinuiidioinIas freeze dry indinanae
13 @34 mnwamimaaaﬁwmﬁﬂzﬁLLﬁoﬁﬁ,’]ﬁuag’ﬂizmm 70.66 + 2.35% wazauniduaznan
WAY Uveunms 27.85 + 2.05% (n=13)



dainuznsuniaih ldienziasddsenauaas fatty acid #2835 LC-MS lagld

u%msﬁgmﬁm%aaﬁawﬁﬂ PR FIUVAIBATINT

mIuenlusinanaznaunsfian (precipitate) iaznaunzisnazaodsInaw wad
ANAzNanllIAueIY 50% ethanol 101U TwrIBIFI8AIMNS 3,200 SaUGaUIN Wi 10 W17
wonaniduaznanllinga ethanol eLa3ad evaporator 71 40 °C waih lUviukadaaIas

freeze dry bavdunalusan wdadu 3 §au

#un1 i lAeszdnn (1) a9avsznavuvadlysduals 1D- uaz 2D-SDS-PAGE gel
i = = [y a Aa @ |

electrophoresis lagiSouifisunanuunulisduinasgunliminlaanaening 105 -175
kDa (Bio-RAD, USA) (2) lU3iaszimasdtsznay amino acid udazzfia aaidwdasidn (%
total amino acid) #2837 in-house method (HPLC-pre-column-AccQ.taq) Iﬂﬂifu%mwadgluﬁ

A A a & a & a o A & A o o
LA38930INNAIEAS amEANeNMEas (FNaen) arInanauuiea (3) wadadsenaunutingu
fnaanieay laalddT defat dan Hexane lanldnzfluséin 100 mg azanadaziinau 100 pl
WEIBNINHANAL Hexane 1 ml wazaunliidnnu anuuienawiilu Hexane aaninuaziinl

< e A o o A A A A« Y 1%
NABUUUAAANNAKLINETN9A Hexane aan wadnalNindofadiuniduinivuzniin (@)

=i total sugar content #2877 classical colorimetric method (Dubois et al., 1955)

] P o 2 o A A a v ¢
FIUN 2 %Wvlﬂﬁﬂ‘lﬂﬂwﬂ“ﬂ’]%ﬂﬁﬂﬂﬂiﬂ LLRSRIIING 1%&@]37]@@8\‘]

guft 3 0 lUdnen shelf-life rmsfnslasussangildsdulusas Aluminium laminate
Fanwans 4 du Lﬁuvlrj”ﬁqmﬂgﬁ 25 °C HANNTUFUNNT 75% Wk 3 1aow udazidanin
fagnInzAlusiu 4 wad (n=4) mmaaummmﬂw%u, 1 water activity ( a,), TBA LazAN&
(L* a* b*) Taw L* Aodnfugaidennuaing, i1 a* Aasuaasdidenfiouns uas b* Aanueadin

a = A
HUDILARDY
3. NMIANHINANHNRITINYILALLARTINGN

NMINARINNRBIIY 81AN1TAUZNNTIANTITHILIARN ATASNITUNN ﬂgLLN%VLV]U

YANINUNRURIVITUAIUNT
3.1 MILOTUNINNBNENTI 1az lUsAwnzA fSrTuNIansainaaas

ﬁwﬁumw%nazﬁwmmavﬁﬁqmﬁgﬁﬁad 1 aw nawi lunsanlvgainasadluuuia 1

wia 3 mikg nduauguilawihnaulusine 1 wia 3 mikg

NN U WA IRz A1 8NN AWIARAMUITUTY 1 NTV/UR. FOINARAILARZAIDY

anilaunsfiluséu w3a ¥nau (vehicle control) U331@3 0.1 48./100 NFahwiING7



3.2 MILAILNTATNARD

WULINLNAE BB 3 LA %amﬂguﬁé'@fmaaomﬂlﬁ AANINLAIRAT
a [ a o dy qzd' o 6 U A dl' (% %
VANIANLIRUNANS WINNALI IINRDUFATNAR0INALdUI% 9-10 LDt LWE}’L%"”L@%HLLW’JM&N
T3 ﬁﬁmq 12-14 10an Lé‘mluﬁaomquqmugﬁ 22 + 3 °C anNT% 40-70 % lagadiaile/
WalWiwasainedla 1w 12/12 o, Ravsuassinaudasnis (ad libitum) 1 W@ aunauasy
e zniieininoeudad uazlida inasasBuny laboratory environment Liluiaa 1

sUaRnanTurinnInasad

mInaasdutiteanidu 2 70 gan 1 AnwHazeIMIRwnGUNzNI (CO) 701 2 Anm
NABINIAWNEAlUTAY (CMP) tiasnnanusnavasaanuianiaes wazarlianalunsen

& ' & o ¢ o & A & ) va oYy
LRE "Lummmsnaammaaammumv\mmaamsmLamlumanmlﬂammﬂﬂ@ NINa[d

G DILINTNNUAUIZATI LLazI%ﬂﬁjuﬂauqu ﬂuazﬂg@ﬁ'u
3.3 NMIANBINAYDINITAWINN WU

LLﬁGﬁhLLLSYlE]E]ﬂLﬂ% CRIGH ﬂéjuﬁ 1 N8N vehicle (ﬁﬁﬂél‘u) U190 1 38 3 mikg Lfluﬂq'u
ALY ﬂajw?i 2 nsaninTuuEw2 V1@ 1 mikg LLa‘;ﬂ@:wﬁ 3 nsanihduuzw? 20 3 milkg
nniwduauu 6 dlanw f,%'@rj‘maaaLL@ia:ﬁaazgﬂﬁuﬁﬂﬁmﬁfﬂﬁ’;LLa:mmsﬁﬁu@ia 1%
Flanviaz 1 a5 nasanaleid 6 §uq@ﬂ13ﬂiaﬂﬁﬁﬁuw:w§ﬁa WULINULARZAN 92QNIAN

AN Wada

3.3.1 NMIANMINAGATZAL glucose, triglyceride, cholesterol, LDL-C, HDL-C, Alp, SGPT, SGOP,

BUN L8 creatinine IuLﬁa@

waandilansentinduuznin wisinau undasnasssasy 6 §lenst ihaanasssud
8= (093N UAzaAENYITIEN 14-16 TY) MNeARaY guillotine LRULADAINEIRENTIRLN
RRAAUUA 5 N, md"l,’ﬁ”ﬁqmﬁgﬁﬁaoﬂizmm 10 wAlFRaaude (clot blood) wa1393 M
centrifuge LALLETLANTE serum Lﬁﬂﬁ’]"hﬁmﬂ:ﬁmﬂ%mmmao glucose, triglyceride, cholesterol,
LDL, HDL, Alp, SGPT, SGOP, BUN ua Creatinine #2833 enzymatic method uas8nnanamniis
fiuidon 2 ua. aslunaaai coat 1ide EDTA wiathlU@nsnng heamatology (CBC, Het, Hb,
platelet count UWALANHIUZVDILNALIDALAY LAZLNALTDATND) FIBRAIRAINARINNHAALEN
nestzmeluudazsie wasladudiaoTorzmelu waefivsnaldfmiundainniniie

Wisuiisusinninadiznnele LLa:ﬁmﬁfﬂvLmﬁuﬁazaﬂuiwmmwdnmjuﬁﬂuﬂ:ﬂ GHLEE!

ﬂ'J‘].I@]ISJ



3.3.2 NMIANEINA @iammé’uiaﬁ@LLﬂ:é’@mmnﬁmaaﬁ'ﬂalu%wlﬁﬂaau

Raflazfinwinmstiwiniuuenin sieinnawduszoznmuuiinadennusulafia
uazdamMaduvasiilafiugu (basal blood pressure and heart rate) 13a'lai navaniilansan
iuuewin Tusdunsfinatinnamu (vehicle) urigainasasiunm 6 dlaw udindainasas
ugnzNgy (6-8 éh/mju) YN IMaasdlasdia Nembutal sodium 1@ 50 mg/kg L1M9%a4
183 %é’qmﬂﬁ%wmwaauLLéﬁN"m%nmaHﬂaLﬁ"aaa@wia polyethylene tube 1 Ffinaaaay 1 via 7
common carotid artery 1 ¥ia uazfi jugular vein 1va uaziaanuaulafauazsnsmItdues
%#21aN19 common carotid artery ﬁ’ml,ﬂ%'ad polygraph ﬁﬁdﬁ]’mﬁlvlﬁ equilibrate RAINARDIU

30-40 w1
3.3.3 NMIANEINAGaNRTNa EzNe 1Y LAz TR Il WTa97TaY LA LS DALAHIRTES

FATNARDIIUTD 3.3.2 HAINLNULRAAITHUTOLILAD V‘hmﬁ;mﬂmmﬁmfmaaﬂmm‘s
annadle guillotine dusahnd@nsde lasaauanaidzaslulaun au la dennuinla
13 LAZA MM 2aNNNTINNNGN TnTmAatinuaauanaiwiiduladulugasrias uazaatans

2
o

Vlmifuﬁ’mﬁag’l@?ﬁmﬁfaaaﬂm%’aﬁmﬁfﬂ LiﬁyuLﬁyuwaszmwamjumaaa ﬁ'umjumuquﬁﬁum

Na
3.3.4 nMIAnwNadam AU lUwlwlaLiaay

o ¢ @ % o o a o o @ Aa
smﬂa@]’l‘ﬂ@aaﬂuﬂla 3.3.3 %adﬁl’mmmwﬂmﬂ?:ﬂ’]ﬂi%LiﬂUiaﬂLLa’J LLUﬂ@UWﬂWN"Uu'}@

=

Inaigaeanindadudman 9 assaanusnvasdy Ianuniadsznnm 0.5 o, shlduguds
139 0 ¢ Ysznnm 1 1lus uddh ludadlsiaias freezing myotome Tilanunundszana 20

' . v Y a o, o o [ o A
lulastuas 19890nUHY glass slide udITaNFILTF oil red-O Yiufl avrganumzvadludiud
A A o A & & A . v o ¢ o ' = o & o .
iaibadudsaziimduiuaives oil red-0 meldndasgansseiniondogiiuld anuuwiunu
glass slide NiiuHuaLI908 lUanad oil red-0 aananifiarbiadudis DMSO leilurasnadd
wa9tin lUiamanuLTuTusad oil red-O @28 spectrophotometer 1NNNENINAK 520 NM

Laﬁm_lLﬁﬂuwai:mﬂaﬂﬁiumam ﬁ'umjumuquﬁﬁuﬁmé’u
=1 1 % p_{' a A
3.3.5 NMIANWINAGANIFERN MU UNNIIVaaaLRa

mngainasasluda 3.3.4 wasnnifuiiefeduissedouiosnd udrTasendausn
naaaidanuaslnafivailauss aortic arch aanuuglu kreb's solution diaiazlsiudruuan
28418 0AL8A2aN ARNA LAIYNNNITaNraaALRan FEMBF oil red-O N A7AMIAAFGL
n&ad binocular t1831 LEIANAT oil red-O 68 DMSO IaiduvaanarFuadiinldianiany
[Tt uad oil red-O &8 spectrophotometer AINENIARW 520 NM WIsuieuNaszRINengy

NARD ﬁ‘umquﬁﬁuﬁﬂﬂé‘u



3.3.6 ANHINAGEaNINIULIRREALREALAINGALENBBNINANEILUL in vitro

mngainasaslude 3.3.5 wasnnifunasadaatiiilauutesud dausnvaeaidandin
thoracic aorta aanunlganuuiafifisinen kreb's solution Afasdlsznan (mM): NaCl 118.3, KCI
4.7, CaCl, 1.9, MgSO,-7H,0 0.45, KH,PO, 1.18, NaHCO; 25.0, glucose 11.66, Na,EDTA 0.024
and ascorbic acid 0.09, maintained at 37 °C and bubbled with carbogen (95% O, and 5% CO,
gas mixture) fatazaanfitdlwlygi LLa:Lf:aLﬁ'mﬁlmﬁuﬁ'a@agﬁuwﬁfmaamﬁa@aaﬂlﬁm@ T0p!
fanaaadansaniduriosu 9 vua 4-5 mm Hunsaadaaniiiiaids endothelium
(endothelium-intact) Tusuandt 1 fj azgnﬁwmmftm%%u endothelium ¢28 cotton bud
(endothelium-denuded) ua2vinlUumanulu tissue bath 1% Kreb-Heseleit solution 7 37 °C uazlw

\ o = o A
carbogen 8gARDALINT 1ag T UANNANIINARBINILLATDY Polygraph w8z Power lab

Equilibrate naaatdanuin 60 w1t lagifausing krebs nn 9 15 Wi MNiuNaFoU
37U endothelium 13183 nitric oxide lasl¥waaaidaanadadan phenylephrine (3
uM) wntlszano 5-8 W 6’%@Lflmzmnmﬁmamﬁmméﬁgcq@mﬁ WA acetylcholine
(30 uM) a9ly nasaLdeafisl healthy functional endothelium azanansaaanasalalaitoanin 65
% saunaaaiieafititatiia endothelium anvinany azldiaanudida acetylcholine (Jansakul et al.,
1989) #8331N%4% equilibrate HaoALEaAEN 40 W7 Lﬁalﬁmamﬁa@ﬁuamw'ﬂmyé’a;jszé’uﬂﬂa

v XK @ o ' c:lvn a o
LLamﬂmwalummama"l,ﬂuﬂaul,mwm’ﬁmaao

3.3.6.1 \iNanazAn M IRAwhauuzni wiashnaudunawulinari liiians

A o o & o A A o | A A
wWassudasnsvnuseindaiieSaunaeaifiealasass uazmialasmidauriunaitiayfin

A . o A 2 . . A L9 o A ) oA

naaaLaaa (endothelial cells) lunsa3n9nIanad nitric oxide wia ki Tnaaaiian 3 YN NYUN
1 1ilunaaaliaadil endothelium nguf 2 tunaaaliaani endothelium WazgnIUEINTAIN
nitric oxide @28 N-nitro-L-arginine (LNA) LLazﬂ@:&Jﬂ 3 \Junaaaldaahn endothelium Qﬂ‘ﬁ’m’m
1a83% mechanical disruption lagyinnsann concentration-response relationship 8
phenylephrine IMNUKAIRRBALRDANRANE § ATI LA equilibrate daldn 40 wrA wiaunu
WaRswine krebs M0 9 15 w1

IafiasfnwnalunIgama HyS vosnaanidan ltwsaaaaludo 2.3.6.1 A3
endothelium wazdl LNA agieny %a931nia3an1anasad 819uas equilibrate da’ldan 40 wifl us
#e@ DL-propargylglycine (PAG) Lﬂluadvl,ﬂ Lﬁaﬁugdmiﬁ’m’lmlad cystathionine-lyase (CSE) Tu
MNIFT H,S a8 incubate dialddn 10 wf ﬁauﬁﬁlzﬁﬂw’l concentration-response relationship

@8 phenylephrine

3.3.6.2 ANWINANINWINNWITWIN BIasNawwa Il NarnN AL ANNTARNEAITBIRAA

A A | = & a & 4 & A . A A °
Lfﬂﬂ@'ﬁia‘lw ezt as LU asnineywniiatiia endothelium %38 smooth muscle Yinn13



Naaedlas@nn concentration-response relationship U84 acetylcholine %38 glyceryl trinitrate 6@

msﬂmﬂé'hmamaa@Lﬁamiﬁ%@ﬁaagﬁauuﬁaﬁm phenylephrine

3.3.6.3 AnwramItwinTwEni wainawdunauuiinadensusasaonuesllsiiu
eNOS uaz CSE wiald ¥inminaaaslasld thoracic aorta maoﬁansjuﬁﬁuﬁwﬁumw%a uazNgw
AILAY fladaazianlaiuuanitadafioiusannuaud andaduradin 9 Wivlia 20 °c
Twiurinmmesas ivanssadeaandallugwan g uglu Lysis RIPA buffer [25 mM Tris-HC,
pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 0.5 mM EDTA
containing the protease inhibitor cocktail (GE Healthcare)] LLS’]”JL@’]VLIJU@FLﬁ'LﬂuLf‘:aLaﬂaﬁuﬁaEl
Laa9 sonicator anniwiinly centrifuge (uduAiduvesmarluiiaseimuSinmlysdud it
Bradford assay 1%lU36udszanms 50 pg lun1s i1 gel electrophoresis (12 % SDS-
polyacrylamide) ﬁ]’mﬁ?ufhmmﬂﬂiauvlﬂﬂ‘d nitrocellulose membrane L‘ﬁa detect eNOS #38
CSE a7 primary eNOS, CSE L8z B-actin antibody [rabbit eNOS and rabbit B-actin antibodies
were from Cell Signaling (U.S.A); mouse CSE was from Abnova (U.S.A)

3.4 MIANVINAVAINTIIAWALA 1LTA

LL?JG%ELLLSYIE]aﬂLﬂu 2 gyl ﬂéjuﬁ 1 n3an vehicle (m{'mé"u) Lﬂ%ﬂ&iwﬂauqu ﬂ&juﬁ 2 n3an
nefilusdiu 21a 1 ghkg Niwduanwu 6 dlani é’@fﬂ@aaaLL@iaxﬁaazgﬂﬁuﬁﬂﬁmﬁfﬂﬁa
WazeIMNINNuAE 1 3% FUanaz 1 A5 WasNEUMWA 6 éuq@nnm@nnxﬁiﬂﬁm WULINUG
azdn azgnihanfnm wasedadueng 9 IuﬁmaoL?}mﬁum‘smaaoﬁlﬁu%ﬁuﬁﬂﬁumw%ﬁa Ao
wadanusulafauszsanmadusasinlaiugulunyismasy nadehwineoznolu wa
daszeutinmaua: luduluden nadamsrinuvasdunssla nasemsazanludulusme 4
ITREAU UaLAHITIMAALABAT1e HAREMIININUTBINAEALADA LAZHARENITURAIDBNTBY
T1)36u eNOS, CSE uas soluble gaunylate cyclase fintiswaaalaaadsd3izn1smasasuuy

L6l mﬁ'uﬁﬁwmsﬁnmluﬁwnﬂﬁﬁuﬁwﬁumw%’n

wAMIANENAYaINIARNZALYUSAR IaRNNTAN AN UM TIRELERBIVBINREALREA
@@ sodium nitroprusside &8z GTN 8n 3 MINAFBINIG

=< Qs A ' . . .
3.4.1 NMIANBINANITARLAIVDINNDALRDAGD sodium nitroprusside

A A = 1 a a a a o v Aa A 1

LWammnmmmsnun:ﬂﬂmuuNaml‘ﬁm@mnﬂasmuﬂmmsmauauama NO
doner, sodium nitroprusside w3ald inmIneasdlas dnw concentration-response relationship
vanaaaliaaniilliitaia endothelium NndudamIashs NO daa LNA hlinadiagnauudidie

phenylephrine ¢8 sodium nitroprusside NINaWLAZHAITLEINITRIN H,S @28 PAG

10



3.4.2 MIANB NGBS soluble gaunylate cyclase GanNINANLAIVAINREALRaARE GTN

WWanazAnm1inmsnunsf lusaulnayinl#iin activity 289 soluble gaunylate cyclase
(sGC) sHavn LAY IAaNAaaalaanda GTN %Ia 'kl inmInasaslas@dnm
concentration-response relationship ¢ia GTN fiah LazRaIdULINI¥INIULad sGC a8 ODQ 7

AMANLTNTH 0.1 e 1.0 UM @US1aU
3.4.3 NMIANWANMNTNT UV cGMP NHIIvaaalfana1835 ELISA

lNaNANHNIINITAWN A LT UTNATIN RN NN’ cGMP Nltvaaaliaalay GTN
A ' o \ A : ] & ] P .

%30 bal mmimaaﬂ@ULLuwaamaa@mauma:ﬂ@uaaﬂLﬂuﬂauaz 2 7@ 701 1 incubate %aaa
A & Aa " v ' A o a o A s A
LRa@ lwiing krebs N3 LNA atling @UNGUN 2 MUULIALINUNGNN 1 UARRIANNT incubate
WaaAlAaam s LNA 1% 20 ¥f WdIriea GTN 1 pM Was incubate daluan 5 w1l war3aAu
RRAALRDANY 2 ngu FUAINITA1ENTAI W TUTIRIEN wa AL N -20 °C aunI1aziing
303w NIUSNN e cGMP @1837 ELISA

Tusufivhnmsnasas inaaalaavaLdazniy (NFUaz 4n) pananda L Iuswan 9 W
Tu Lysis RIPA buffer [25 mM Tris-HCI, pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS, 0.5 mM EDTA containing the protease inhibitor cocktail (GE
Healthcare)] uaatanldualiiiuitolfiennudieieias sonicator 3nnsiuinly centrifuge 7
14,000 rpm W1t 10 W17 LAUFIBATIwIeIMa? swniteinlUSianssmlsnaldsaneeis
Bradford assay SnaunionlUaemzinidsunm cGMP #2833 ELISA (Enzo Life Science,
USA) auaTmsnasuelu assay kits U3u14289 cGMP LLa@alugﬂmadﬂmuL‘*ﬁu‘*ﬁu (PM) 618 ug
289l138n

3.4.4 NMIATZRRIUIU D nitric oxide NARDALRDA

iafasfnwinnsuaasgnives GTN firnlinsaaidennassa GTN dasaswin
NO lagidwlas] aldehyde dehydrogenase-2 (ALDH-2) ¥inmsnaaadlaguiinasaiionuadiaas
miwaamﬂu 2 ngugay mjuﬂ'aﬂﬁ 1 92 incubate waaaLdaaluiingm krebs Af LNA waz GTN
nsjw‘asﬁ 2 9% incubate BaaaLEan 13 LNA, GTN uaz diadzin (ALDH-2 inhibitor) 1w 10 wh¥i
L3I AUnaeaIAaT U IENTEA¥NTas Tainmin uasfUIRA -20 °C AunInezsaIleTER

rIYUINM09 NO

Twiuivinsmesas N1aaaLRaaYaILARZNAN (NFNAT 4n) panandalwiududn 9 U
Tu Lysis RIPA buffer [25 mM Tris-HCI, pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS, 0.5 mM EDTA containing the protease inhibitor cocktail (GE
Healthcare)] uaataldualiiiwitor@iennudsieias sonicator 3nsiuwinly centrifuge 7

14,000 rpm w11 10 W1 LAusIwdusaanar aaunitai ldimszinnlysduee3t Bradford

11



assay anauniatih lUAezimUSunm NO éae Griess reagent lagifisudSaunauny standard

curve 184 sodium nitrate UJ3Nmuas NO LLa@ﬂugﬂ"uaa ANULTNTY (ng) Ao mg 2a9lUsau

uanzNg (Tagay) ININaaadt 6 A9 ﬁnﬂ%wﬁ‘n 6 @1 (n=6) uazldenawadng 9
Uszanm 3-6 2w1@ s iungun@nsn western blot lwunguas 4 @1 (n=4)

3.5 mﬁmﬁ:ﬁﬁa;ﬁm

Fayafldnnminasasusadudnado £+ dudouuuunagiu (Mean + S.EM.) uaz
nagauaNuand1aluudazngulas Two-tailed ttest #ia Analysis of variance (ANOVA) Uz

= =

wWasuiisuaNuLan@193EwIeNgueaY Fisher test lagzauiuANULANaIadlnafATYNG

g6 p < 0.05.

12



UNn 3
NANIINAADILIDINITNBUINWNZNID

1. 29RUsznaUVRINABIZNI?

messinguuEwInnefgauwds lagmstwldinduuewinn 70 %ussnsfisaus
JasaUsznaudu lauric acid (40 %), myristic acid (17 %), palmitic acid (8 %), linoleic acid (W-
6-unsaturated fatty acid, 5 %), capric acid (4 %), stearic acid (3 %), 8% caprelic acid W
linoleic acid (W-3-unsaturated fatty acid) §Uszanm4 1 %, cholesterol HUSuatasunnldaansa

SeseUsunmlag3sile uas O-tocopherol (0.09 mg/ 100 g) dapazidualua1s1ef 1

A15191 1 a9adsznavves Fatty acids (in percent), cholesterol a2 vitamin E (O-tocopherol)

(mg/ 100 g) VaIWTUNZNI

Fatty acid name % in CO
Caprylic acid (C8:0), MCF 1.05 + 0.00
Capric acid  (C10:0), MCF 3.55 +0.00
Lauric acid (C12:0), MCF 40.68 + 0.08
Myristic acid  (C14:0), LCF 17.53 £ 0.02
Palmitic acid (C16:0), LCF 7.89 + 0.00
Stearic acid  (C18:0), LCF 2.87 £ 0.00
Oleic acid (C18:1), LCF 4.65 + 0.00
Linoleic acid  (C18:2), LCF 1.01 £ 0.00
Cholesterol Not detectable
Vitamin E (U-tocopherol) 0.09 mg/ 100g
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2. NAGANIIABANMITLAZINNLNGD Trinadszmale uaznvrzay il urasaduazuSI o

TaRInT

NANIINARINLINNIIAWINNWUZ NI I iNadalinntnan LLa:ﬂ’]iﬁua’]Wﬁ‘UadﬁwLW

(3U 1 A uag B) lifinadariminedoiznnslu (@19190 2) udiansszas luduluinme

v
o

A1319% 3) WalSuuinsununavaiuauNianinnan
q q

g
=

Body weight (g)
— F=y (4] (4] [=2]
g 8 8 8 8
Food intake (g/day/animal)
=

w
o

Dw
01-co
A 3-CO

n
o
1

o
L

3UN 1 WavaInsAnbiuuzwing (CO, 1 or 3 mikg) WIatINaY (DW) dainindd (A) uaz

IMINNUAD UGN (B) &Lu%wmmwmﬁnnmo%ﬁm UWAAZUEAIAIVDY mean + SEM U8INY

WS NGUAE 6 M
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dl a g’ Ol v A :/ < C2 Aa ' :/ L Qs ' '
AITWIN 2 HAVDINITINUBINUUEZNIT (CO, 1 or 3 mi/kg) BIawnInaw (DW) “llﬂdﬁk&LLiVlLWﬂl}d’lUﬂﬂ’N“ﬁ’J@l @au’muﬂmm:mﬂu LARNSLEAINIUBY mean

+ SEM TEINBLIN ﬂﬁjllm: 6 9.

Organs weight g/100 g body weight

Treatments Adrenal Seminal
Heart Lung Liver Kidney Spleen Testis Epididymis  Prostate gl.
gland (mg) vesicle
DW 0.24 £+0.03 046+0.03 224+0.04 052+0.02 1587+0.60 0.16+0.01 0.79+0.02 0.33+0.01 0.18+0.01 0.21 £ 0.01

CO1mllkg 0.26 +0.01 0.40+0.04 223+0.08 046+0.02 1446+140 017+x0.01 0.79+0.04 0.31+002 0.16+0.01 0.19 £ 0.01

CO3mllkg 0.25+0.01 042+0.02 218 +0.07 047 +£0.01 16.01 £+062 0.18+0.01 0.75+0.08 0.30+0.03 0.16 + 0.01 0.20 + 0.02
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A13191 3 WaTINIAWEITLUENIA (CO, 1 or 3 mikg) WIBTNAYU (DW) VBIRLULINLNAK I
nawTia deiminludunatoznmoluussldiomits udezuaaid1zas mean + SEM v04ny

WS NGUAE 6 M.

Adipose tissue weight/ 100 g body weight (% g)

Treatments

Epididymis Prostate Mesentery  Retroperitoneal Subcutaneous
DW 2.01£0.25 0.09+0.02 205+0.22 2.20+0.39 6.71 £ 0.73
CO1mllkg 2.56 +0.34 0.14 £0.02 213 +0.02 3.11+0.49 7.01 £0.78
CO3mllkg 2.72+0.30 0.15+0.03 2.22+0.03 3.47 +0.34° 7.96 £ 0.96

L™

a A . ' ' ' a o @ aa
ngam’mqumuquamm YRINUNNIRDG, p < 0.05

3. NRGEaIZAUYNENR MNW ’13TIANLLREA LLa:mmauHitﬁmaaLﬁmﬁa@

nansnaaonaasiluansefi 4-6 wuimsininauuzniawe 1 mikg lidnade
fTasule uafivwe 3 mikg Snavinliaaszauiinana, alkaline phosphatase (Alp) uaz Blood urea
nitrogen (BUN) luidan uelufinadaszavlugiu (an3197 4) urisszeuaas SGOP, SGPT uaz
Creatinine (a13197 5) luidaa wazanuENyIiradaiien (@747 6) Lfial,ﬁmuwaﬁ'umju

muquﬁﬁuﬁmé’u

A19197 4 HaPBININWIATUNEZNIN (CO, 1 or 3 mitkg) WIBWNAH (DW) VBINULINLNARIE

NAWTIANALIENA1TIA daszauinens uaz luwlaan

NLAC- MU Glucose Triglyceride Cholesterol HDL-C LDL-C LDL/HDL

Normal range
122.1-180.8 61.0-164.0 46.0-98.0 - - -

(mg%)

DW 135.0+81 73486 76756 61549 12114 0.2+0.01
CO 1 ml/kg 1409+99 ©66.7+55 703+38 49827 111+16 0.2+0.02
CO 3 ml/kg 1025+75 84.9+199 847+79 605+41 156+1.4 0.3+0.02

® fidndndnguaiuguadsfiiodaynada, p < 0.05
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A13191 5 NaTINIAWETUEWIA (CO, 1 or 3 mi/kg) WIBTNAYU (DW) VBIRLULINLNAL I

NANTIANARIENA19TA da32aL alkaline phosphatase (Alp), SGOT, SGPT, Blood urea
nitrogen (BUN) and Creatinine (CREAT) lulia®

NLAC-MU  ALP (UL) SGOP (UL) SGPT (U/L) BUN (mg %) CREAT (mg %)
normal range 46.0 -92.0 111.0-225.0 25.0-64.0 10.3-236 0.5-0.7
DW 857+42 2252+316 626+47 21.8+0.6 0.4 +0.01
CO 1 ml/kg 95.0+94 23211300 64036 214x+09 0.5 £0.03
CO 3 ml/kg 68.5+ 34" 2498+339 664+26 185+1.1 0.4 +0.02
’ ﬁm@iﬂﬂ’jfméwmuqmmaﬁ fd1an19ena, p < 0.05
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@139 6 HaTaINIAWINTUNZNI (CO, 1 or 3 mitkg) WIBINAYU (DW) JaInpusninamiuna9Tia dennuauysaiveiiiaiien (Hematology

analysis: Complete blood count) LARZUFAIAIIDI mean + SEM TaIRRIIN NGNAE 6 a7,

NLAC- MU HCT HGB MCV MCH MCHC WBC Neutrophil  LYMPH Pit N/L
(%) (g/dL) (fl) (pg) (%) (x10°L) (%) (%) (x10°L)  ratio

normal range 33.2-46.0 135-176 475-547 17.4-265 347-518 30-72 - 59.0 - 91.0 4.9-113 -

DW 452+13 157+03 541+07 182+04 338+04 55+09 592+29 379+25 79+03 17202

CO 1 mlkg 479+13 161+03 540+08 17605 328205 64+09 601+26 348+27 90+03 1.7%0.2

CO 3 mlkg 440+13 153+05 528+09 178+03 335+02 64:+05 552+39 394+33 74+06 1.5%0.2
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4. A anIFERN NN TARAU LazNNHIaklLaInaaaLRaa aortic arch

Namimaamamvlﬂugﬂﬁ 2 wumInwihduNsname 1 mikg Liinadans

Y

szay ludulwaadan uallaiuiu 3 mikg wudmiszauzasludunoadauiasnitvesngs

[ 1
o @ [l o a

muuANwinauainlinsaynaia p < 0.05, n=6

dunadamIrzay ludunrInaaaidan wuintmsnwihawuzwiawae 3 mikg M3

o A . = ' ! Aa o [ A
azawma@vh]lluﬂ aortic arch vlll?Jﬂ’J’]ﬂJLL@Iﬂ@n\‘i"ﬂ’]ﬂﬂQ‘Nﬂqquﬂﬂuu’]ﬂau (E'll'ﬂ 3)

A B C D
ow | e Noghed tco |+~ || 3co | g ©
3 J LY . - PEL - o - = ] 5 *
L Ll % . e g 1
R iy Bt o \ ‘EE“ :
£ " » > o=
4 . & oF ‘
32
3 . o 1
20X = 2ox |5 . | x| & o

Dw 1-CO 3-CO

31U 2 wavasMIfiwinduuzni (CO, 1 or 3 mikg) Wi NAY (DW) J8IULINIENANTIA

gamsazad ludunimasay (A) Auinau (DW), (B) Awsiduuzwia 1 mikg, (C) Ausindn
NEWIN 3 mitkg WAZ (D) ANMLTIUREY oil red O UARZLEAIAITEI mean + SEM TaILILIN
ngwuaz 6 9. drdnindueugueteliuimAyneaia, p < 0.05

(PT = Portal triad; oil red O staining of liver tissue frozen section, 20 mm thick, 20X

magnification).

==
@

F=y

w

Oil Red O conc./area
(ng/ml/cm?)
- N

o

DwW 3-CO

31U 3 wavasmIfiwinduuzni (CO, 1 or 3 mikg) WiBWINAY (DW) J8INULINIENANTIA
damaszan ladiunninaaafaauadlngianala (aortic arch) (A) Auinaw (DW), (B) iwsinain
W 3 mikg ez (C) ANULTNTWUDN oil red O UERNITWUYIIURAIAITEY mean + SEM 2843

WWLIN NANAZ 6 A
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5. Na@iammﬁﬂaﬁmLLﬂ:é’@mmnﬁmaaﬁ'ﬂalu%wﬁﬂaau

' a :/ G v = o [ 1 o Y Aa
WUINNMIINBIINBUENINVWIA 1 ARI0 3 milkg WK 6 gUan VL&I%JNGY]’]I%LT]@]T]’]S

13 U%LLﬂﬂGﬂ’)”l&l(ﬂuIﬂﬁ@] LLaza@5’1ﬂ’]iL@l%%’Jlﬁ]W%ﬁﬁuﬁLu%%LLiﬂLWﬂEd’J INANTINRAY (AN

7)

P a :/ G ¥ A = :’ < a [ 1A o v a
M990 7 NMINUUINBUZNIMIVUIA 1 K38 3 ml/kg RIdUINaB UI1h 6 FUA VLSJQJNE*]‘Y]'ISL%LT]@

maasuudasanuaulaiio uazdannaduilaiugulunguimwed Tonansdiasay udaz

ALEAIANVYDY mean + SEM VBIRYLIN ﬂﬁjua: 6 7

Body weight (g) Basal Basal Mean Arterial Basal heart
Treatments systolic BP diastolic BP  Pressure rate

Initial Final (mmHg) (mmHg) (mmHg) (bpm)
DW 482.3 +13.0 493.0x+7.8 1413+78 1103+ 2.1 120.7 £ 3.7 415.0 + 8.8
CO1mllkg 486.2+14.8 511.3+26.0 140.0+43 110.0+£3.2 120035 400.0+ 71
CO3mlkg 496.7+83 511.0+13.7 129.0 £ 10.3 104.0+7.0 120.7+9.2 410073
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6. NAGaN1IYNIULBIRAEALREANAALENaBNUNANENKENGD

HANMINAABILEAI L3 luzti 4 nuamInaassnuinsivhdusewiiuma 1 mikg

‘Al o v a A o A \ . ' A a
lafinarihlmdanmsifsuundasnsnealzaivaaaiiaasa phenylephrine liinvaaatfand
\aLila endothelium WIanNHULINTET9 NO 6ne LNA wIafudansaing H,S e PAG U
Wawwaiu 3 mikg wohiikailinimadigigavesnasaiiaaniitaiia T endothelium
ﬁﬂﬁméf’gvlﬁs‘hn’jwmimfmqu LLazwaﬁaﬂm'sﬁ%maﬂﬂLﬁagﬂﬂ'uEl'amia%"m NO @78 L-NA

a A & A & . o A A & A o A o & %
wialilaitaliiaTu endothelium gnvinans lunaaaifaafiitaiiagnyinanailiaduginsasha NO
@28 LNA TI0NUEUEINITRINN Hy,S 18 PAG 393678 ‘wmfﬂﬁNaﬁﬂﬁﬂéjuﬁﬁuﬁﬂﬁumw%ﬁa

o @

2110 3 mikkg Ansnaca ldganinguaiuguatnalindaynieeda

A B
@10' DW +endo @10' DW +endo + LNA
c [11-CO + endo c []1-CO + endo + LNA
© 81|A3-CO+endo O 81 A3-CO+endo+LNA
[/} (7]
=
g 67 s
c c
o 47 @
a 8
g 29 S
Qo o 1/
£ o = =
-9.0 -8.0 -7.0 -6.0 -5.0 -9.0 -8.0 -7.0 -6.0 -5.0
Phenylephrine log (M) Phenylephrine log (M)
C DW 4+ noendo + LNA + PAG
[J1-CO + no endo + LNA + PAG
=10 - =10 - A 3-CO + no endo + LNA + PAG
B DW + no endo Q
c [J1-CO + no endo c
© 81|A3-CO+noendo o
2 c
o 61 )
bl "
=1 ]
o 41 o
® @
£ o' mH £
90 -80 -70 60 5.0 90 -80 -70 -60 -50
Phenylephrine log (M) Phenylephrine log (M)

gﬂﬁ 4 LEAINATBINTAWINT T WA 1 %8 3 mikg FaNINaURLAIIDINRAALR N LAY
73298N (thoracic aorta) @8 phenylephrine LiﬁﬂmﬁUuﬁ‘umjwmquﬁﬂam{mﬁ% 31 A viaaa
\R0a7i8) endothelium jUB waoaLaoafisl endothelium LLazgﬂﬂ'ﬁJs‘iﬁm‘ia‘?ﬁa nitric oxide @28 N-
nitro-L-arginine (L-NA) 31 C viaaaldaafiitalfios endothelium anviae 3 D waaaLsaai
ita endothelium anviany LLaxgﬂﬁuﬁg\amiaﬁw nitric oxide 8 L-NA uasfiusanyadna H,S

@8 PAG LGRZIAURAIAT mean + SEM INFAINARDI 6 A2 ﬁﬁ’w‘hﬂ’hﬂajumquaﬂwﬁ

@ o @ aa 1 ' ' ' ' o o a aa
WURIAYNNRDA, p < 0.05 ey ﬁﬂ']igﬂﬂ')']ﬂq&lﬂ'lﬂﬂuﬂﬂqﬂﬁuﬂﬁqﬂmﬂqﬂﬁﬂ@, p < 0.05

21



NRTBIMIAWINTBENTN 50 sinaw donsaansdIvaswaaniionda acetylcholine
Wae glyceryl trinitrate LL&@GVLﬂuEﬂ‘ﬁ 5 NANNINARBIWLINMTAWITIE WA 1 mikg 1aidl
narh i AamM I aswilssnsaansdiraimasalaonde acetylcholine #38 GTN uadiafindln
PUQ 3 mikg ﬁwaﬁﬂﬁlﬁumiﬂmUéhmamaamﬁaﬂﬁlﬁmﬁaagﬁamﬁ’sﬁqsl phenylephrine

da acetylcholine el laifinasia glyceryl trinitrate (NaLfinuiunguaInguAifiuingu

25 -25
-50 4
-50
-75 4

Relaxation (%)
Relaxation (%)

751 -100

DW +endo DW +endo+ LNA

[J1-CO + endo [J1-CO + endo + LNA
-100 4 A3-CO + endo -125 4 A3.CO +endo + LNA
9.0 -80 -70 -60 -50 -4.0 90 -85 -80 -75 -7.0 -65
Acetylcholine log (M) Glyceryl trinitrate log (M)

37 5 usaINazaINIANhUNNTIIIIIG 1 W3a 3 mikg AaN1IABUAUEIlALNIARILAIVD
waaaliaalnnI9an (thoracic aorta) Nlnadiatiauudadae phenylephrine da acetylcholine
(A) wIadia glyceryl trinitrate (B) tSsuiisunungualuguniawiingi udazaauaade mean +

o @

SEM 3ndainesad 6 a1 dddindnguaiuquadsilisdayneada, p < 0.05

HANILEAI88NU8411TAU eNOS uaz CSE Ninttinasaiian uaadbilugili 6 wudims
AntasuznITIe 1 mikg linarildiianmsidfoundainmsuaasaanvasldsdn eNOS
wae CSE Nuikiviaaaiien ualainnamaidu 3 mikg Auavildifismsuaasaanvadlusauns

0 @ Aa

2 3% adwlnpdAyneaia WansununguaILguniwihnas

A B
eNOS v & — CSE e -
B-actin < ———— B-actin G e——
05
° 0.15 o .
"é‘ ® 04 % 1
-g IBIR I% £ o3 I
7] 1 k3] :
@
o 005 I g 02
o : N o4 1 o
S i L7
® 000 % 0.0 %
Dw 1-CO 3-CO Dw 1-CO 3-CO

311 6 usAIKazaINIANINTUNZNIIVIIG 1 K38 3 mikg famIuaasaanuadllsin eNOS

Ao

LAy CSE UaIvaaaLaaa thoracic aorta Lﬂ‘%mmﬁwﬁumjmmuqm Hauriinan LARIALERIA

o a

mean + SEM andainaasd 4 61 degandnguaiuquadnilindayneada, p < 0.05

2
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1. 9dtsznavvaslilsan

unn 4

2 a a a
NHAaN1INaaadtIad ﬂ"liﬂ%ﬂgﬂ‘[ﬂi(ﬂ%

nilusdunledanmsanaznas precipitate IMNAITINATNRUNZNIIGY 50% Lauaa

YV & { oA n‘" U 1 { I 1 g’ e
VL@LﬂuIﬂsauﬁ"lwusqwﬁ Usznaudmoaiwidlullsfulszuim 8120.8 % &2wiinNw 9.7+0.8 %

WaT EIUINANA 6.9:0.8 % dnadnlsznavtasvadldsfulunzfilysduilaan 1D uaz 2D gel

electrophoresis u&ad 1iluguf 1 wudnzfldsiudsznaudolisdudasatinoon 12 afia ua:

wiafiduaidsznaunanid molecular weight 1323194 50 kDa (3171 1A) 84¢iU3znay total

amino acids 189nzflU3du (317 1B @1919) § essential amino acids avunTda (uniin

methionine WAz tryptophan 71 lajananIndienzldanitil) udazsfiadiogizanm 1-3% &

amino acid 8% 9 AlYSumwlug 9G8R essential amino acid N arginine A glutamic

acid NNYUIzI D 7-9% NNE1AL

1D-gel electrophoresis

kDa

260

140
100

70
50

40
35

25

Std CMP

=

2D-gel electrophoresis

Amino Acid (mg/ 100mg of protein)

Essential amino acid

Non-essential amino acid

Isoleucine 13
Leucine 2.7
Lysine 21
Methionine -

Phengylalanine 1.9
Threonine 1.4
Tryptophan -

Valine 2.0
Histidine 1.0
Tyrosine 0.9

Aspartic acid 39
Serine 2.1
Glutamic acid 94
Glycine 1.9
Alanine 1.7
Arginine 7.0
Proline 1.5

3UN 1 asddsznauveslusfuden (U) uas total amino acids (A13719819) B8IN=AlLsEu
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2. WNAGANIIABANMITLAZINNLNGD trinadszmale uwaznvrzay ludwlurasiadnazuSI o

TafianIrg

a 1

Nﬂﬂ’]?ﬂ@ﬂQGWUjWﬂﬁiﬁ%ﬂzﬁIﬂia% lei&JNﬂ@lﬂﬁ']ﬂﬁ:ﬂéf’J LAZNIIN IR QG%HLL‘J‘YI

(3U1 2 A uae B) lifinadariminedoiznnslu (@19190 2) udaansazauludulusime

° e

]
o

(@1357199 3) WaSsunsununguaiugunilawiing

A B
600 - =pw 3015w
—_ < |OCMP 1 gikg —_ O CMP 1 glkg
o o T
~ 550 1 ~
r [
D ] =
g 500 4 ‘é
= 3
o 450 o
m _ L8 .
400 - 0-
I 1 1 T T T 1 r T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Weeks Weeks

2.

31U 2 waveImIiuncfillséiu 1 gikg wisinau (DW) dathminda (A) uazannisiiudeiu

dada (B) lunyuinwadIonasiia uinzauaasd11ed mean + SEM 283WBUIN NGUAZ 6 6.

@13197 2 naraIn1InUARNAlUTAY (1 g/kg) HIBWNAK (DW) VBIRYUINNALITENA9TI0 da

innnatzizmeln LdazaLaaIaT mean + SEM VBINUUIN NGNAEL 6 M.

Organs weight/100 g body weight (% g)

Treatments Adrenal Prostate
Heart Lung Liver Kidney Spleen Testis Epididymis
gland (mg) gl.
DW 03+ 03+ 27+ 05+¢ 134 + 0.2+ 06+ 03z 0.2+
0.01 0.01 0.15 0.02 0.99 0.01 0.01 0.01 0.02
CMP 03+ 03+ 27+ 06+% 14.3 + 0.2+ 06+ 03z 0.2+
0.01 0.01 0.16  0.06 0.71 0.01 0.01 0.01 0.02
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@13197 3 HavaIn1Inunflusdu (1 gkkg) Wiathnau (DW) Basnuusninaionasdia se

inin lwadunatenznlunasnldliinig Laazlaada1uad mean + SEM VOINPUIN NFUAE 6

o

6.
Adipose tissue weight/100 g body weight (% g)
Treatments
Epididymis  Prostate Mesentery Retroperitoneal Subcutaneous
DW 248 +0.15 0.18+0.03 243+0.20 3.23+0.58 7.70 £ 0.68
CMP 2.22+006 019+000 1.78+014" 1.97+029°  528+0.68

2 ﬁ@h@hﬂfjfméwmuqmmaﬁ

LY

BfAYNIEna, p < 0.05

3. Wafatzausnas laadw a13tedluiian LLa:mmauHstﬁmaaLﬁmﬁa@

NANTINARILRAI I LIUAIT197 4-6 WUINNNINWAZALUIAK Wk 6 FUa R LuRnarinlw

a d o ¥ o “ d & o ]
Lﬂ@ﬂ’ﬁLl]ﬂU‘HLL‘]J&G?&@]U%’“I@I']G LLﬂva"lliluluLﬂa@ (@I’]i’]d‘ﬂ 4) FIUNIEAUVDN alkaline

=y

phosphatase (Alp), SGOP, SGPT, Blood urea nitrogen (BUN) and Creatinine (ms’mﬁ 5) Tu

A & = A P T A A o ! da & [
LRBA LL@zﬂ'ﬂ’]ﬂJaNHimmaﬁLN@Lﬂa@ (9137197 6) LL@]@UWGI@ LSJE]L‘Y]UUNaﬂUﬂqwﬂ’mQ&lﬂﬂuu’mau

@13197 4 wavaInInunflusdu (1 gkkg) wiathnau (DW) vasnuusninayionasdia se

TAUIa uaz luNwlwaaa

NLAC-MU
normal range

(mg %)

122.1-180.8 61.0-164.0 46.0-98.0

Glucose Triglyceride Cholesterol  HDL-C LDL-C LDL/HDL

ratio

DW

CMP

1322+52 78279 95626 99.0+£55 25320 03+0.03

131.0+59 842112 90877 98.7+56 233+35 0.2=x0.05
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@13197 5 HaraInInunflusdu (1 glkg) wWiathnau (DW) vasnuusninagionasdia se

J2@U alkaline phosphatase (Alp), SGOT, SGPT, Blood urea nitrogen (BUN) and Creatinine

(CREAT) lulfaa

NLAC-MU  ALP (ULL) SGOT (UL) SGPT (ULL) BUN (mg %)

CREAT (mg %)

normal range 46.0-92.0 111.0-2250 250-64.0 103-236 05-0.7
DW 74478 1239+121 80.7+56 23.8+23 0.6 £ 0.1
CMP 71.4+43 1207114 77635 257 %39 0.7+0.2

Note: NLAC-MU = National Laboratory Animal Center Mahidol University.
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@135197 6 HaraINIUN#lUsdu (1 gkg) Wiathnau (DW) vasmuusninarionadia deanusuyinizauidaiian (Hematology analysis: Complete

blood count) UGaULEAIFAIEY mean + SEM UaIRULIN NYUAT 6 6.

NLAC-MU n HCT HGB MCV MCH MCHC WBC Neutrophil  LYMPH Plt N/L
(%) (g/dl) (fl) (pg) (%) 107 (%) (%) (x10°ul)  ratio

normal range 332-46.0 135-17.6 475-547 17.4-265 347-518 3.0-72 - 50.0-91.0 4.9-113 -

DW 6 46.8+27 16.0+08 516+02 174+02 334+07 55+06 682+61 31461 86+03 27+06

CMP 6 46.1+23 162+07 52912 184204 347+04 44+03 633+48 354149 74+068 21104

aa . o ' ' ' A @ o aa
&lﬂ’l@]’]ﬂ’J’]ﬂQﬁJﬂ’JUﬂqﬂJE]EI’NSJ‘I«LEJBT’IQEQ‘H’NE‘TE]@], p < 0.05
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4. padan sy WAL Tasaay e aortic arch

KA INARsILEad L3luztn 3 uaz 4 wudnsiiunsfilsuauna 1 gkg Anarinlwns

geaRd lUNBlwTaaay LaznNIIa wluyadnanatiaa aortic arch deaniveanguaruguniuih

o L a

NauaEINREEINTYNIIREE p < 0.05, n=6

A B C
r P .« m
oW | . % cMp | . o 3
-.- e - .. . E —
A 1 . O: ol
o -5 .3- O 2 5 52 ILI
- . R ' e o BT ® o ‘_é 1
s A Y . o £
S0 SR , |l B 31
- Y b . )
CRR ’ ‘ x
> ‘| 20x T 20X -
- LY L] - -~ -— 0
(o]

Dw CMP

3UN 3 wavasmsiunziilus@u (1 gkkg) Wiatnau (DW) vasnuusnisnaniia dansszau
lasdudirasau (A) Awsinau (DW), (B) nefiluséin 1 g/kg kaz (C) ANuLTNTU1a9 oil red O ud
8eNIWUTIILRAIA1T89 mean + SEM Ta4RBIIN NHUAE 6 0. ﬁ@h@hﬂ’hﬂ&jumuquamaﬁ

wafAN9Ena, p < 0.05

(PT = Portal triad; oil red O staining of liver tissue frozen section, 20 mm thick, 20X

magnification).

A B C
s ° ,
O: '[
5%53 T
0=
o E2
=}
82,
5 o .
DW CMP

JUN 4 wavasmsiunziilus@u (1 gkkg) Wiahnau (DW) vasnuusnisnaniia dansscau
lyiunnsivasalfoauadlngaa9ala (aortic arch) (A) Awsiina (DW), (B) Awnzdills@n 1
g/kg Uaz (C) ANULTNT VAN oil red O LARZNIIWUTILEAIATEY mean + SEM VBIRLUIN NYY

o A, g : : R K aa
8 6 §7 Mﬂﬁ@ﬂﬂ?ﬁﬂQNQQUﬂwam\‘muﬂa’]my‘ﬂwﬁﬂ@, p < 0.05
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5. Na@iammé’ﬂaﬁmLLa:é'@mmmTumaaﬁ"ﬂﬁﬂwwﬁﬂaau

WUIMSAwNAlUIAUTUNG 1 glkg ¥Iatnak wu 6 sUa Luinavinldiians

13 U%LLﬂﬂGﬂ’)”l&l(ﬂuIﬂﬁ@] LLaza@5’1ﬂ’]iL@l%ﬁ’Jlﬁ]W%ﬁﬁuﬁLu%%LLiﬂLWﬂE’J INANTINRAY (AN

7)

A13199 7 MInunzAldsduama 1 g/kg wiaKnau win 6 alan hikavinldiians

wWasnudasanuaulafia uazdanmuduwilatugulunguimwedTonanidiasay udaze

LRAIAIUDY mean + SEM VBIAYUIN mjwa: 6 A2

Body weight Basal Basal Mean Arterial Basal
Treatments (g) systolic BP  diastolic BP  Pressure heart rate
Initial Final (mmHg) (mmHg) (mmHg) (bpm)
DW 4819+ 13.1 4921 +84 1342+54 1092+46 120.8 +2.0 425.0 £ 11.2
CMP 488.0+79 505172 136.7+96 1096+80 118.6+8.5 428.3 £ 10.9

6. WAAANITVINUTAINRDALR AN AALLNABNINANEIUENG)

HANINARaILEAd LIlugUN 5 :innamImaaasnuimsfiunsfilsdnauwa 1 gikg laidl

HAYN LALAAN LU AU UMY AINMINAAI847aaaLRaaRa phenylephrine liinnaaaiiaaiiiiiaiie

endothelium ¥32ngUHIN1IETI NO 628 LNA #3adudimiaing H,S 6he PAG
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==
!

=
=]
I
=
o

[ OW +erdo+ LB + PAG
OCHMP+erdo+ LMHA + PAG

101 (O0W +erdo ¥ LHA
OCHF +endo + LA

o
L

I
L

%]
1

Increase in tension {g)
m

Increase in tension {g)
m

Increase in tension (g)
m

=]
L

-SI.D I -BI.D I -TI.CI -EI.CI I -ﬁl.l:l .EII_D I .SI_D I .?I_U .BI_U I .5I_|:| -EII.D I -EEI.D I -T"I.D -EI.D I -5‘.0
Phenylephrine log (M) Phenylephrine log (M) Phenylephrine log (M)
gﬂﬁ 5 uaAINaTaINMINWNEAlUTAuIUWIA 1 g/kg oM InaLAUEIVBIRADALRDA IRAINTIIAN
(thoracic aorta) i@ phenylephrine LiﬁsmLﬁﬂuﬁ‘umjumuquﬁﬁauﬁﬁﬂgu 3l A waaaLRoais
endothelium 31 B waaaLaoafisl endothelium LLazgﬂgU§Gﬂ1§ﬁ§ﬂd nitric oxide @28 N-nitro-L-
arginine (L-NA) 31 C waaaldaaiiilalfia endothelium Qﬂﬂ"]_lgx‘]ﬂ’]iﬁ%”]d nitric oxide @28 L-NA

wazfugINIaing H,S de PAG Udazauaaidl mean + SEM 3n&ainanad 6 a7
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NAUBININUNEALUTAY I8 ¥nau dan1IAauaITaIRaaaLRanda acetylcholine,
sodium nitroprusside uaz glyceryl trinitrate ua@a413luzlN 6 nan1INasaINLIINIAUNEA
lsaulaifinavidiianmsifsuutainmsaanadizadriasalaanda acetylcholine Laz sodium

) . VA o q o o A ) o ' ) Aa & 4
nltrOprUSSlde LL@]NN&Y]’IFL%ﬂ’IiﬂmEl@]’J‘IJa\‘maa(ﬂLaa@@]a GTN vL@]N’]ﬂﬂ?’]ﬂquﬂ?UﬂNﬂﬂuu’]ﬂau

A B OOW +endo + LI
CJCMF + endo + LNG
MOWY +endo + LML + PAG

WCMF +endo+ LML + PAG
= -5 = -25
= =
S a0 = a0
' 5
= 75 £ 75
T =) Tendo =
& 190 4| FcKE + enda e - 100 4 *
&0 +endo+ LG
425 4 |ICMF +endo+ FLG 425 4
T T T T T 1 T T T T T T T 1
a0 -0 70 B0 50 40 9.0-825-80 .75 -70 -65 B0 5.5
Acetylcholine log { M) Sodium nitroprusside log (M)
o~ e
= -254 = 251
S .50 £ .m0
b B
E 75 Z 751
T D
o -100 w e -100
DWW+ endo + LA Oy +endo+ LHA + PAG
_qz5 4 |OCMF +enda + LNA 425 4 [HCMP +endo + LNA + PAG

-EII.D -Ell.5 -EEI.D -?I.S -7.0 -BI.5 -BI_D -850 -SI.E 2.0 -T"I.5 -7 -El.ﬁ -EI.I:I
Glyceryl trinitrate log (M) Glyceryl trinitrate log (M)
gﬂﬁ' 6 LFAINATEININUNLALUTAUIUIG 1 g/kg AaNIRELEKEIIALANTABNLAIVEINADALADN
lwains190n (thoracic aorta) ﬁiﬁﬁ@ﬁlagﬁauLLﬁiﬁw phenylephrine §ia acetylcholine (A),
sodium nitroprusside (B) %30 glyceryl trinitrate ﬁy’\‘lﬁau (C) LRZHARI (D) gﬁl.lf?dﬂ’]iﬁ%"]d H,S @8
PAG LU%EI‘UL“?]ﬂﬂﬁﬂﬂéwﬂﬁﬂﬂwﬁﬂﬂuﬁﬂﬂgu LL@RZ?@LLR@G@’W mean + SEM ﬁnﬂé’@’fmaaa 6 A

o @

Ao ' ' oA e aa
Nﬂq@nﬂ')qﬂquﬂaﬂﬂuaﬂnduuﬂa’]ﬂfyﬂ’]\‘]aﬂ@], p < 0.05

WA ODQ AONNIAANLAIVBINADALREAGAD GTN LLam"L"i’LugaJ'ﬁ' 7 WU ODQ fianuduT
0.1 M sansndugImIamadvamasadenda GTN lalussauiivin 9 fussninmasaidan
°11aanq’wﬁﬁuﬂzﬁiﬂsﬁuﬁumjumuqu RINAANITARLAIVBINREALRBAGE GTN maamjuﬁﬁu
ﬂzﬁiﬂsﬁuﬁomﬂmsléf's"l,éw’mﬂﬂ'j’]mjwmuqu waiiafinanududuaas opQ i 1 UM N3

ANLAIVDINAAALRANGA GTN Qﬂﬁuﬂ'ﬂﬁlﬁau 100% N9 2 ng
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A {JOW +endo +LNA B ow + endo + LNA + ODG@ 1 pM C (JDW + endo + LNA + ODQ 10 pM
JCMP +endo + LNA DCMF‘!-EH:ID!LNA!—ODQ1“M OJCMP + endo + LNA+ ODQ 10 pM
0, : 0 E-B-B-E g

-25 1

-25 -25 4

-50 -50 -50

75 -75 A -75 4

Relaxation (%)
Relaxation (%)
Relaxation (%)

-100 -100 -100

-125 - -125 - -125 -

-9.0 8.5 -8.0 -7.5 -7.0 6.5 6.0 -5.5 -9.0 8.5 -8.0 -7.5 -7.0 6.5 6.0 -5.5 -9.0 8.5 -8.0 -7.5 -7.0 6.5 6.0 -5.5
Glyceryl trinitrate log (M) Glyceryl trinitrate log (M) Glyceryl trinitrate log (M)

3Uf 7 usainazaInsiunsfilusiuaua 1 gkg daminauauadlagnisaaadivadnaaaiian
lwains190n (thoracic aorta) ﬁgﬂﬁuz‘iﬁmm%”]a NO ¢t LNA uazlénadiagnauudidie
phenylephrine ¢ia glyceryl trinitrate (A), gﬂﬂ'ﬂ&ﬂﬁiﬁﬂmmad sGC @78 ODQ AMNLTNTH 0.1
uM (B) LLazgﬂﬁugaﬂwsﬁﬂoﬁumad sGC 628 ODQ aNULTAH 1 uM (C) WrsuisunUNgx
muquﬁﬂauﬁmé’u UARYAUEAIF mean + SEM INFAINARDI 6 67 ﬁ@h@‘hﬂ’j']mg:wmqu

agnIlkpEANIEDa, p < 0.05

HANIUEAI88N281113AU eNOS, CSE uaz sGC Nniinaaaiian waadlilugln 8
WUIMIAUNLAlUIAULING 1 glkg lifinavinldidanmsddsnudasnsuaasaanvaslysin
eNOS, CSE %3a sGC NHNIvaantiaa Lﬁmﬁwﬁumjwmquﬁﬁuﬁmé‘u

A B C
eNOS . — CSE — sGC e
B-actin [PRTRRES B-actin PR B-actin - A —
:g 1.5 o 1.5 ° 1.5
] = =
= 1.0 c 10 I // ; 1.0 .
[5] = = :
T T 1 2 o ’ /
@ 05 1 / EE 05 3 05
: 2 3
0.0 0.0 , , 0.0
DW CMP Dw CMP DW CMP

311 8 ugaInavaINIAuNflusiuswia 1 ghkg densuaasaanuailisdiu eNOS, CSE uaz
A i = a o ' A o S \ '
sGC 183aBaLRaa thoracic aorta 1W3suiisuAUNguAILANAToUINNY LARzIAUTAIAT

mean + SEM 31N&0INA809 4 62
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NaUad GTN ¢a3520UUad cGMP UaINaaaLaan LLa@o"lﬂugﬂﬁ 9 WU AU cGMP

A A

AugmveInAaaLianngndugin1Ieine NO do LNA lillanuuandwiuszninanguniunzii

Tﬂiauﬁ'umjuﬁﬁuﬁﬁﬂﬁu LL@iLﬁamamﬁa@Qﬂmzﬁuﬁm GTN WUINTZAUVDI cGMP UaI%aaa

v ]
o o ' o %

A 3 Aa a a A 1 ' Aa a o an
Lamnqununmiﬂmuwmgam'mlaaﬂgumuquﬂﬂumnauamawuﬂmmymmnm, p < 0.05

cGMP/total protein (pM/ug)
w

Dw
LNA + +
GTN + +

+

317 9 usaInazaInIiunzfilusiusuia 1 gkg daszau cGMP finiinaaaiian wWisuifiay

ﬁun&jumuquﬁﬂauﬁmé’u ULARZIAUFAIAT mean + SEM INFAINANDI 4 9 *ﬁ@hgoﬂ’jwaa

d'n o a ] A o o a aa
ﬂﬂ&lﬂ’)llﬂll‘ﬂﬂ%u’]ﬂﬂuaEl']x‘ill%ﬂﬁﬁﬂty‘ﬂ%‘lﬁﬂ@], p < 0.05

q

NaVad diadzin #a3zaU NO maamamﬁa@ﬁgﬂm:@mm GTN LLamVL’S'LugiJﬁ 10 WU
vma@Laamaaﬂﬁjuﬁﬁuﬂzmﬂiau Lﬁagﬂmz@’uﬁw GTN ¥ihl¥nasaideadanuidudusas NO
ﬁma@Lﬁa@goﬂ’jwaamjwmuquﬁﬁuﬁmé’uaﬂwoﬁﬁfﬂﬁwﬁcymaaﬁa, p < 0.05 MIEUHINT
¥9ua9 ALDH-2 (30 mM) Taiteindluduwlodeniiefivnninduaon GTN 1w NO Snavin
IWananusuduas NO lunasadanaslulSunafiringu 398sdinaliseau NO 2a9naan

Lﬁa@ﬂﬁjuﬁﬁuﬂ:mﬂiﬁuﬁamﬁmmLﬁuﬁugoﬂdwaamjumuquﬁﬁuﬁmé’u
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.
30 s

=

s + 1

2 25 | |

o 1

- - 7

5o 2 — %

B E

2 / .

tE

o 10 / 3

o

3 5 /

g 0 A

Dw CMP

LNA + R R .
Daidzin + +
GTN + + + +

317 10 usaInazaInsiunsfilysiuaua 1 gkg daszau NO indkinaanifen Wisuifisuniy

ﬂ&jwmquﬁﬂauﬁﬁﬂﬁm LL@ia:ﬁ;mLaﬂam mean + SEM 31n&aINax8ad 4 a1 * ﬁ@hgganiwaa

1 dla : Qld 1 a v o s aaAa
ﬂqwmuqmﬂumﬂauamauuﬂmmymaam, p < 0.05

NN3ANEN shelf life VaInzAilsan

NANINARBILEAI L3 LUaN5197 8 WuinmaiAunsAlysauun 3 1hau hilnarinliiiae
MIURsULUa USumanudu 61 water activity (a,) AanuAnlasinan TBA, wazend atnedl
wudAYN9ENa WaulSsufisuiudweadon 0 Aetudeuninziluiivliluiesamngli 25 °C

AVONMVTUFUNANT 75%

M197191 8 LRAIAIUTUIIHANTU A1 water activity (a,,), TBA WAZANE (L* a* b*) LANZAILEA

@289 mean + SEM maoé’aamaﬂzmﬂsauma: 4 889 (n=4)

- fin TBA
» Uum , . . .
LABh ¥ a1 a, maloaldehyde Ay L* AN a* AR b*
ANNTU
(mg/kg)
0 252 +0.16 0.13 £ 0.01 427 +£0.19 8421+013 192+020 9.74+0.28
1 2.63 £ 0.30 0.12 £ 0.05 5.10 £ 0.01 84.67 £+ 0.12  1.46 £ 0.07 10.89 + 0.28
2 2.83 £ 0.65 0.14 £ 0.04 6.18 £ 0.08 8441+035 1.55+0.08 11.42 + 0.46
3 2.40 £ 0.85 0.11 £ 0.02 4.05 £ 0.01 83.30+1.01 1.64+£0.29 11.99 + 0.44
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NN 5
%ﬁnfuam;ﬂemnﬁﬂﬂam

PNNAMINAFBINLINTMINWIA NN NENANNLAFALAT 2119 1 mikkg LA HaT
v A A \ o A o = v a o v a v Ao [
TAdamsfsuntasdetadslalanvinmsanen snriulnariliidunsaeay ludundunas
| o i LY g va A & a ° v a
284%847184 (retroperitoneal fat) waen bARWLANLTW 3 mikkg AHarinlRANNTuEAIBaNYD
{ o ' o A < A
115614 eNOS waz CSE NH1ITianalaea sINalinaaatiaatiun1Inas NO waz H,S H9aziina
lddumsnaaizainaaaiiansa phenylephrine LazlF@INNITARLAIVEINAOALADAGD
. = ] o ' [
acetylcholine TaLilunafdaszuuilauaznaaaiian Chongsa et al. (2015) WUIALUINTBNAN
a0 (12-14 Laau) waaaLRaa thoracic aorta Wa mesenteric artery 01z endothelium
dysfunction na1afa A3eaulUs6n eNOS uaz CSE aaad §IHa MNITHAI NO Laz H,S aaadee
AIRWANTAWLINNNIARNTUNENIIVUG 3 mikkg Tnarinliwasaldaa thoracic aorta LWNNNT
QI/ AI J { L 1 IQ :/
uaasaanvaillsfiu eNOS uaz CSE uaznad NO uaz H,S innlunlaifisuiunguaiuguiiuib
naw 1w IBuue I mMsiuituuznanannnefaaui lusmaainat Lunaddanaaa
A A o § o A s o . % a a A & % , =
\Ranfavilvnaaaifeafiuien (aging) nauundgmnindiniiounaaaiianvasivnyu-a11 SIHA

fonaaalRaAnlauNUNATaINMINWNZAALAIIWA 3 g/kg (Jansakul et al., 2018)

mMsAwinTwENITING 3 mikg FilnaaaTzaUtnaaluEan Tinamiiowiunsin
nefisauinua 3 gikg (Jansakul et al., 2018) wanaNHFINLINM AW ST WA
Gonanit Gadnasamsszanluiulwaadey anszau alkaline phosphatase uas Urea nitrogen
Twdaa Wunmstuugimsiwiduuzwinlusmeasins idusuanodedy uazdans

91UV b

A ' a o o o a ° v A =
NANMINNL I IAWNTUNENTVIG 3 mikg ARain AN TuEasaanuadllsan
{ % ) U o'/ { C™ n' J 1 v
eNOS 1Az CSE NNhInanalfaadnarinlwiiniinad NO NuiinaaatfaatN NI waINg lauwns
RANIVBINRDALRAAGAD phenylephrine ﬁﬂﬁmwcﬂéﬁgoqmamaamaa@ thoracic aorta Tadﬂéju
NARINUNZNIN @‘hﬂdwaaﬂgiwmuqu waz lETuNIIARNEaITaIRaaALRaAdS acetylcholine
M lANNIaaUaUaITBINABALABA thoracic aorta ¢ia acetylcholine maamjmﬁﬁuﬁwﬁumw%m
ﬂa’mé”;vl,ﬁmﬂﬂ’hmjumuqu NAAINEIIHLAN N UNATAINTIIAWNEALUTAY A91hananan laqn
A . A o Aa £ o ' £ & Y o A A
131 Jw active component VadInzNaALAINNNTAINE1IH Waztduinduuzni) KIaaIuh
azmﬂaglumﬁumw%a 2819 I AAN NIRRT LT NIV AAINAI DR AYIN IR U TR R
lasdunuSiausesriasdnuwnas andudadaraenyinliiia metabolic syndrome, insulin
resistance, 1U1%1% LazlIATsUURI LR vaaalaaa adnnitduatnsbinazdasinisdnen
A a A A [N ! A . & ' Y o A A A
me@]mwawgaﬂﬁlm’l UL active component U IUVIINNUNENITIT BIDFNTOUT

v = v { Qo =3 v { Q€ { 1 =
szmwaglwihduvzwinfaiannnziizauds nilgninadeszuuilauaznasalfon uazasaan
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L
9

£ o ' . @ o . A a Y @ a 0 3
f]'ﬂﬁ@\jﬂﬂ']’)qﬂu@ﬂﬂ']']&liau%iavlw‘ﬂﬂul,waﬂiziﬂﬁﬂuﬂ’]iwﬁﬂNu’]uuqui’]') LRZ/NIDNITUIUN

u:w%nvlﬂelrﬂumiﬂga Rl ar]

MRTUHAGanALUTAUNLINMIAUNLALYIAULIG 1 gikg Tnavinldaamsasas luiuluy
1 g; { = { ) va Qs é Q 1 g 1 a =)
TmenInatzzmele LasNUSI BRI TINAAINAIHLANAINIINNATINIAUNZ ARG
w9284 Jansakul et al. (2018) AWLINTMIAUNLAFALAIVING 3 g/kg luilinadan sazan laauluy
T1NNY LANRUNUIINNIAWINNWUENIINLENINNEARAWAIR N AV IR NN Tae R [Nl uta
v g; dq/ & U a =3 s dl o v Q [ £
yiad NIl lddnlulusaunsfaadzninvinlwaanisasay unwluinInana a1 InewAIT
fea UNBNLAAININTNTUNZNI lawad F9vilwnisAunzRaalwswiaasna ludnarinle

LNUNNIRE R L3l 319N

msAwneflusangadinarinlwaansseanlasuiimasey uasfintsnasadandaiia
Lﬁmuﬁ‘unéjumuquﬁﬁuﬁﬂﬂéﬁ %dmzLﬂuwaaﬁaizuuﬁ"ﬂaLLazma@Lﬁamawwmi‘mma%%
NNMIANWLIN S=6Up89 Alp, SGOT, SGTP, BUN & creatinine slmﬁamaomjuﬁﬁuﬂ:mﬂiﬁu
VL;J'LLmﬂ@i’mmﬂmjmfmquﬁﬁm{mé'ﬁb \Humstunsinmstunelusaulusmasinan iinade

msﬁwmumaaé’ml,a:"l@l

d' 1 1 aia a a 1 ] 1
M37iwud1 completed blood cell count Basngufifiunzilusdulifienuuandrsanngu
AuAuANWINAK anLin 91 platelet count NTlTwIKIASI LUMIBUNEIIAIAUNER
ldsduluamaasnanbilinadeasradafoasiiadg 9 sniiwinaaifeanlswinanaianias

A & A @ A A o Y . & A Y A
T dunafsaszuuRi laLaznaanlien Na193svinl#ae aggregation vaddatiaaluiiiaen

MW 5w dnarinlwtAam TR uuilasn1IaauanadlaunIInaalIuaInaaa
\§aadia phenylephrine lddmasaiianazgniugnsaiia NO dae LNA wianaaaiiaafiiaibe
endothelium gn¥nany WIadan1IAANBAIGa acetylcholine WaldIuuiisUNANUNINAILANNTL
g’ 0‘/ d' I3 dw 1 a a = [ = ) v n' 0'/ A
Wnan T9Twn1ImnweINTAnNzAlUsAw Lz ina v IR ANNTHad NO 3NNwaaataan Las

A ' a A A A ' o ' \ Aa A
MINNUINMILEaIaanTadli61 eNOS Niviaaatian "Lme’mLmﬂmaﬂmzmwﬂqmﬂuﬂw
o ' & & A o oA &< a A A A ° v A [ ~
NUNFUAILA Adlwnstiwguanassinmnunznldsawludnarin ldnani1nas NO Nraae
A ° a [ a A a = ° Al a < P A
Haa luriuaadsinu matunzfldsdu lddnarlwinsdaowudasnimas H,S Nnasaiiaa
& A o & o o A o v A o A '
N9RLilaIIN NMTTULINTFINN H,S d18 PAG Anarihliiiunsnadivesnaaaiienda

oo [, e . . _
phenylephrine memlmm’mﬁm’mu LATAANIIAANUAIVDINAIALRDAG D acetylcholine Imm’m
ﬁl,vi']ﬁ'uﬁ'omjuﬁﬁuﬂ:ﬁ LLazﬂﬁjumuquﬁﬁumﬂé'u LRZIINNIINNLINNITLRAIaaNTaIUTAY
ai A ra 1 g 1 1 d'a a A 1 ai d'n :‘ 0'4 &
CSE ‘ﬂ‘vma@Laamvl,uummLmﬂmaﬂmzmwﬂQuﬂﬂuﬂ:ﬂiﬂmuua:ﬂqmmuqu‘nﬂumﬂau o9

% 1 dy 1 a a v % g; =3 1 £
HARINENIHLANFAINNHAVBINMINUNEAEALAIVEY Jansakul et al. (2018) A91iKII813NE7 L9
1 a = ] Y & . a v t:ll ns‘ nl
31 nefilus@ulailendu active component vaInzRaauAsNuaaIgndRNNILEAIaanTas eNOS

PN < { o { £
L8z CSE UazdINalnuNII1ad NO ez CSE NWhinanalfaa active component NLEAIOND

é’on&inﬁagiumm IUNUNNTNIN

36



ashglsnaunmsiunzilusauinarilAiiumsaasalvadsvasaiianda glyceryl
.. L . . A9 o & Iy o Aa o A o A
trinitrate 9114 nitric oxide donor wsl,mﬂumau‘l,mulugm gnNaININANLHaRa laTaLRaa
. . ' ' ' g ' . . . 4 & g o
(angina pectoris) ua lifinadanmInansdlIvaInaaaliensa sodium nitroprusside BIL1% nitric
oxide donor AzITananaLiu NO lalasass luvinuas@siny acetylcholine MIEUEINNT
83719 H,S é18 PAG JHAaaMIAaNual28dnaaatianda GTN way sodium nitroprusside ‘L6 bis
mmﬂﬁLﬁwﬁuﬁamaoﬂﬁjuﬁﬁuﬂzﬁiﬂsau LLazmjumuquﬁﬁumﬂﬁu SIHA IRNNTAREAIUD
“RaALAaARa GTN °11aaﬂQuﬁﬁun:ﬁ‘[ﬂsauﬁhﬂaﬂmUé’ﬂﬁmﬂﬂ'j'mzjumuquﬁﬁuﬁmé’u LGl
MInABEITaInaaaiiaada sodium nitroprusside liidianuuandeiuszniranguineilusdiu
' Aa 7 [ o ' A & g ' £56 A A A °
ULAENFUAILANNTAWINAY nanInaBdumsTuuz g seengnTunzilusaulianudiwie
LANNANULTIINNTARNEAITaIRAaaLEaada GTN 1¥iNTh

GTN lusnasnanaaaiiaaildsnseanmsiunineniiosanmiauausesmasaiaon
w13 (angina pectoris) HLAAULAAD (congestive heart failure) LLazﬂﬁ’I&lLiaﬁ’ﬂﬁ]mmﬁa@
(myocardial infarction) T4lF N AIUGAAITTEA 19 LL@iﬂa"lﬂ‘luﬂ’mmmq“n%{s[m:ﬁuiwLaqaETdVl,aJ'
{ufinsuwisa (Bonini et al., 2008; Mayer and Beretta, 2008) Toyan1339uend 9 Wauds
ﬂﬁ]'cgﬁ'uﬁs’]m’mn’lﬁﬁ'aﬁﬁl,l,uz'j’]n’mmmqw%fmaa GTN 1i1 GTN fﬂ:gmﬂﬁlymﬂu NO laganeie
nyzuawmsfigadldiiulsdsmnzmeluimas (biotransformation) wda NO 3an3z6u soluble
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Coconut milk (CCM) has been an important cooking ingredient in the Asia-Pacific region since ancient
time. Due to its high content of saturated fatty acids, it has been considered atherogenic. We have tested
if chronic consumption of fresh coconut milk by middle-aged male rat affects vascular function, plasma
glucose and lipid profiles. Compared to control, CCM caused lower maximal contraction to phenylephrine
of thoracic aortic rings and increased relaxation to acetylcholine that was abolished by N°-nitro-L-arginine
(L-NA) or disruption of the endothelium. DL-propargylglycine caused slight increase in baseline tension
of L-NA treated aortic rings of CCM-treated rats and produced higher contractile response of the aortic
rings to low concentrations of phenylephrine. The aortic eNOS- and cystathionine-y-lyase(CSE) proteins
expression of the CCM-treated rats were also higher than in controls. Except for lower fasting plasma
glucose there were no changes in blood chemistry for the CCM treated rats. CCM consumption caused
up-regulation of eNOS and CSE protein expression which resulted in increased production of NO and
H,S from the blood vessels with attenuation of vasocontraction to phenylephrine and increased relaxation
to acetylcholine. These novel benefits may be expected to reduce the development of cardiovascular
risk factors in the aging rat.

Keywords: Coconut milk. NO. H,S. Plasma glucose. Thoracic aorta.

INTRODUCTION

Age is one of the most important risk factors for
cardiovascular disease (Lakatta, 2002; 2015; Lakatta,
Levy, 2003), which is the major cause of global death
and disability and places a huge burden on healthcare
costs (Yazdanyar, Newman, 2009). As population aging
is accelerating in nearly all countries of the world, there
will soon be more elderly people than children (NIA, 2011;
UN, 2013). Thus, it is important that everyone should
establish good lifestyle options, and eat diet healthy foods
with suitable micronutrients to prolong healthy vascular
functions, foster successful aging and reduce their family,
social and healthcare burden.

* Correspondence: C. Jansakul. Faculty of Traditional Thai Medicine, Prince
of Songkla University, Hat-Yai, Thailand 90110. Tel. 66-074-286824. Fax.
66-074-282709. E-mail address: chaweewan.j@psu.ac.th
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Advancing age is associated with thickening
and elastic impairment of vascular wall (Aquaro et al.,
2013; Collins, 2014), endothelial dysfunction; decreased
vascular eNOS expression and thereby decreased nitric
oxide production (Novella et al., 2013). These changes
result in reduction of vascular compliance or distensibility
(Avolio et al., 1983; Vaitkevicius et al., 1993), which
is the early state of pathophysiological changes in the
development of cardiovascular disease (Bhayadia et al.,
2015; Marchesi et al., 2000; Rudolph et al., 2007).

Recently, it has been accepted that H,S is another
gasotransmitter which is generated in blood vessels mainly
from L-cysteine by a cystathionine-y-lyase (CSE)(Abe,
Kimura, 1996; Hosoki, Matsuki, Kimura, 1997). It plays an
important role in modulating vascular functions. Deficiency
of CSE reduces H,S production in vascular tissues and leads
to endothelial dysfunction and high blood pressure in an
age-dependent manner in mice (Yang et al., 2008).
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Cocos nucifera L.belongs to the Arecacaea family.
Its endosperm, especially the mature coconut kernel,
has been an important ingredient of the Asia-Pacific
cuisine for centuries. However, in the last few decades,
the high content of saturated fatty acids has led to it
being considered an atherogen and thus potentially
harmful with respect to development of atherosclerosis
in man. Nevertheless, since the main saturated fatty acid
components of the coconut oil are medium chains of
length C8 to C12 which are absorbed via the portal vein
(except for C12, lauric acid, which is partly absorbed via
the lymphatic system (Mu, Hoy, 2002)), the atherogenicity
of the coconut oil needs to be reconsidered.

About 25% of mature coconut kernel consumption has
been used in the form of coconut milk (Gwee, 1988), which
contains not only lipids (41.5%), but also carbohydrates
(5.2%), proteins (4.5%), vitamin (vitamin B1, Niacin)
and minerals (calcium, potassium, phosphorus and iron)
(Pehowich, Gomes, Barnes, 2000). Other micronutrients
such as Zeatin (Kobayashi et al., 1995; 1997) that are found
to inhibit B-amyloid to prevent Alzheimer’s disease(Froldi et
al., 1999)and promote skin fibroblast proliferation(Rattan,
Sodagam, 2005)were also reported. Thus, consumption of
coconut milk might produce different effects from those
taking pure coconut oil. There are few studies about coconut
kernel consumption. Available reports are concerned with
its effect on the plasma lipid profile and the results are still
controversial. Padmakumaran et a/.(1999)found that young
male rats that consumed fresh coconut kernel alone or
together with coconut oil had lower serum total cholesterol,
HDL, VLDL and LDL-C but higher serum triglyceride. In
contrast, Ekanayaka et al.(2013)studied human subjects and
found that 8-weeks consumption of coconut milk porridge
caused lower plasma level of LDL with an increased HDL
cholesterol. However, there is no report on the effects
of coconut kernel consumption on vascular functions,
in particular not for middle-aged individuals where the
body functions start to decline. In addition, the methods
for preparation of the coconut are inconsistent. Thus, the
present studies were aimed to investigate whether chronic
consumption of the lyophilized coconut milk, prepared from
fresh mature coconut kernel without addition of any water
or heating, would have any effects on vascular function in
middle-aged rats using an impaired-endothelium function
model (Chongsa, Kanokwiroon, Jansakul, 2015; Yorsin et
al.,2014). Two dosages were used. 1or 3 g/kg coconut milk,
these dosages being comparable (weight-adjusted) to the
coconut milk content, respectively, of one serving of green
curry and a full set of Thai dishes (a green curry, a chicken
coconut soup, and a coconut dessert). Other side effects
such as those on animal body weight and food intake, gross
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internal organ toxicity, body fat accumulation, fasting serum
glucose and lipid profile and on the liver and renal functions
were also investigated. The results obtained should be of
value in determining if it might be an advantage to develop
coconut milk as a health product for the aging human.

MATERIAL AND METHODS
Coconut milk preparation

Fresh mature coconut kernel was grated and directly
compressed with an electric screw press machine to
obtain a large sample of fresh aqueous coconut milk.
The milk was then filtered through a cloth filter followed
by lyophilisation to achieve a dried fresh coconut milk
(CCM). It was kept at -20 °C until used.

Analysis of dried fresh coconut milk composition

Twenty grams of CCM were centrifuged at room
temperature at 3000 rpm for 15 min, to achieve coconut oils
and residues. The oil separated from CCM was measured
with a separated graduated cylinder. The residues were
collected and dissolved in distilled water and then the
protein was precipitated with analytical grade acetone.
The precipitated proteins were re-dissolved with distilled
water and acetone removed by a rotary evaporator (40 °C)
under reduced pressure and followed by lyophilisation to
achieve dried CCM protein powder. The supernatant was
collected, followed by rotary evaporation to get rid of the
acetone, and then lyophilisation to achieve dried CCM-
sugar containing fractions.

The coconut oil was analyzed for its fatty acids
composition by LC-MS (using the service of the Central
Equipment Center, Prince of Songkla University).

The CCM protein powder was analyzed for its
protein composition by 1D SDS-PAGE gel electrophoresis
and comparison of the protein bands with the standard
protein marker of 10.5 -175 kDa (Bio-RAD, USA).

The CCM-sugar containing fraction was analyzed
for its total sugar content by the phenol sulfuric acid
method (Dubois ef al., 1956).

Drugs

The following drugs were used. Acetylcholine
chloride, N-nitro-L-arginine (L-NA), norepinephrine,
phenylephrine hydrochloride, DL-propagylglycine
(PAG), pentobarbital, and oil red O from Sigma, U.S.A.
Acetylcholine chloride and phenylephrine were dissolved
in a solution containing NaCl 9 g/L, NaH,P0, 0.19 g/L and
ascorbic acid 0.03 g/L. Standard animal food contained

Braz. J. Pharm. Sci. 2018;54(3):e17259



6 weeks consumption of pure fresh coconut milk caused up-regulation of eNOS and CSE protein expression in middle-aged male rats

crude protein, 24%; Fat,4.5%:; fiber, 5% and protein,
53.9% (Metabolizable energy about 3,040 kcal/kg, Perfect
Companion Group Company, Thailand).

Pharmacological studies

Middle-aged (12-14 month old) Wistar male rats were
provided from the Southern Laboratory Animal Facility,
Faculty of Science, Prince of Songkla University. The
animals were housed in controlled environmental conditions
at 25 °C on a 12 h dark and 12 h light cycle and allowed
access to standard food and tap water ad libitum. The
animal methods employed in this study were approved by
the Prince of Songkla University Animal Ethics Committee
(Ethic No. Ref. 08/54). The investigation conformed to the
Guide for the Care and Use of Laboratory Animals. The
rats were randomly selected into three groups, 6 animals
for each group. The experimental group was treated by
oral administration of 1 or 3 g/lkg CCM once a day for 6
weeks. The vehicle control groups received distilled water
once a day using the same volume as that for the coconut
milk (1 mL/kg animal body weight) in the same period of
6 weeks. The body weight and 24 h food intake (one day
before receiving oral gavage of the vehicle or coconut
milk suspension) was recorded at day 0, and again every
consecutive7™ day over the 6-week period.In addition, the
total daily intake of calories, carbohydrates (g x 4,000),
lipids (g x 9,000) and proteins (g x 4,000),of the 6™ week
of control (food) and lor 3 g/lkg CCM-treated groups were
calculated (including food and CCM 1 or 3 g/kg).

Effects of the coconut milk treatment on the basal
blood pressure and on the haematology and clinical
biochemical analysis

The same methods as previously described (Yorsin
et al., 2014) were used. At the end of the 6 weeks, CCM
or distilled treatment, each rat (13-15 h fasting) was
anaesthetized with pentobarbital (60 mg/kg). A tracheal tube
was inserted into the trachea, and a small polyethylene tube
was cannulated into the right common carotid artery that had
been connected to a pressure transducer and a Polygraph
(P7D model, Grass Company) for blood pressure and
heart rate recording. The data were collected after a 40-min
equilibration period, by which time the basal blood pressure
and heart rate of the animal became stable.

After measuring the basal blood pressure and heart
rate, the rat was killed by decapitation with a guillotine, and
5 mL and 2 mL of blood samples were collected from the
decapitated rat and placed in a glass test tube and a plastic
test tube containing EDTA, respectively. The glass container
with 5 mL of blood was left at room temperature for 30 min
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and then centrifuged at 1200 rpm for 10 min. The serum was
then collected and kept at -70 °C until measurements were
made for the kidney and liver enzymes, and for glucose and
lipid levels. These measurements were made by enzymatic
methods using an automatic chemistry analyzer (Hitachi
Modular P800, Germany) that was routinely operated at
the Prince of Songkla University Hospital. They were
carried out within 1 month of sample collection. The 2 mL
of blood with EDTA was sent to the hematology laboratory
for a total blood count procedure measured by an automated
hematology analyzer (Celltac E, Model MEK-7222K,
Japan).

Effects of CCM treatment on internal organs and lipid
accumulation

The decapitated rat (after removing the thoracic
aorta and mesenteric artery) was dissected as previously
described (Yorsin et al., 2014). Heart, lung, liver, adrenal
gland, kidney, testes; visceral fats from the epididymis,
testis and retroperitoneal, and subcutaneous fats were
removed and weighed using a MettlerPL2001-Lbalance
(Mettler Toledo International Inc., Switzerland).

Two pieces of liver (middle lobe) were cut, embedded
into a cryostat gel, the sections (20 pm thick), stained with
oil red O (0.5% in absolute propylene glycol), and mounted
with glycerine jelly for observation by light microscopy.
The oil red O of each slide was extracted with 1 mL of
100% dimethylsulfoxide (DMSO), and its absorbance
was measured at 520 nm using a Thermo Fisher Scientific
spectrophotometer (Model G10s UV-VIS, USA). The
concentration of the oil red O was obtained from the
standard curve of known concentrations of the oil red O
in 100% DMSO (pg/mL). The area of a whole liver thin
section was measured using the Auto CAD 2005 program.
The amount of the accumulated liver lipid was expressed
in terms of pg/mL/cm? of the liver tissue thin section area.

Preparation of the thoracic aortic rings

The thoracic aorta was removed from the decapitated
rat and placed in oxygenated 37 °C Krebs-Henseleit
solution, and then adhering connective tissue was carefully
removed. Six adjacent rings of 4-5 mm in length were
cut. For one ring the endothelium layer was removed by a
small cotton bud. Each aortic ring was mounted with two
stainless steel hooks in a 20-mL organ bath containing
Krebs-Henseleit solution of the following composition
(mM): NaCl 118.3,KCl14.7, CaCl, 1.9, MgSO,-7H,0 0.45,
KH,PO, 1.18, NaHCO, 25.0, glucose 11.66, Na,EDTA
0.024 and ascorbic acid 0.09, maintained at 37 °C and
bubbled with carbogen (95% O, and 5% CO, gas mixture).
One of the hooks was fixed at the bottom and the other
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was connected to a transducer for recording the isometric
tension by a Polygraph. The tissues were equilibrated
for 60 min under a resting tension of 1 g and the bath
solution was replaced with pre-warmed oxygenated Krebs-
Henseleit solution every 15 min.

At the end of the equilibration period, each aortic
ring was tested for the viability of the endothelium by
precontraction with phenylephrine (3 pM) until the
response reached a plateau (5-8 min), and then addition of
acetylcholine (30 uM). Endothelial viability was judged
by a>65%vasorelaxation back to the tension generated by
the ring before adding the phenylephrine. Denudation was
confirmed by the absence of vasorelaxation following the
response to the addition of acetylcholine. The preparations
were then washed several times with Krebs-Henseleit
solution, and allowed to fully relax for 45 min before the
experimental protocol began.

Effects of the coconut milk treatment on the
pharmacological vascular functions

Role of nitric oxide

At the end of the 45-min re-equilibration after the
functional endothelium testing, the basal tension of the
thoracic aortic rings with intact endothelium and the rings
without endothelium was adjusted to the optimal tension
of 2 g and equilibrated for another 10 min, and then
the contractile response to a cumulative concentration-
response (C-R) curve of phenylephrine was obtained. This
was followed by several washings, and the aortic ring was
allowed to fully relax for 50 min. Then the endothelium-
intact aortic rings were preincubated with L-NA for 40
min, and then the second C-R curve to phenylephrine was
obtained.

Using another set of endothelium-intact thoracic
aortic rings, each ring was equilibrated under a basal
tension of 2 g for 10 min, and was then precontracted with
phenylephrine (3 uM) for 10-15 min (plateau) followed
by determination of the cumulative dilator C-R curves
to acetylcholine. Following several washings and re-
equilibration for 40 min, the aortic rings were preincubated
with L-NA for 40 min, and the second C-R curve to
acetylcholine obtained in the same manner as above

Role of H,S

After equilibration, the endothelium-intact thoracic
aortic rings were incubated with L-NA for 40 min under
a basal tension of 3 g. Then a cumulative C-R curve to
phenylephrine was obtained in the presence of L-NA,
followed by several washings and re-equilibration for
60 min in the presence of L-NA to allow full relaxation
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of the blood vessels to their original baseline of 3 g. After
that, DL-propargylglycine (PAG, a H,S inhibitor) was
added into the incubation and left for 10-15 min until the
aortic contraction reached a plateau, and the cumulative
C-R curve to phenylephrine was obtained in the presence
of L-NA and PAG.

eNOS and CSE Western blot analysis

To analyze the expression of the eNOS and CSE
enzyme, the thoracic aorta of the CCM-treated and the
distilled water control groups (n=4) were harvested and
kept at -70°C until used. Protein extraction from the tissues
and Western blot analysis were carried out as previously
described (Yorsin et al., 2014). Briefly, each tissue from
each animal was chopped on ice and homogenized in
lysis buffer with 25 mM Tris-HCI, pH 7.6, 150 mM
NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS,
0.5 mM EDTA and the protease inhibitor cocktail (GE
Healthcare), centrifuged, and the total protein measured
in the supernatants by the Biorad protein assay method.
50 ug of protein was electrophoretically separated on 12%
polyacrylamide-SDS gels and the proteins were transferred
onto a nitrocellulose membrane. Nonspecific-binding sites
were blocked with 5% low fat dry milk in TBS-T (Tris
buffer saline- 0.1% Tween 20) and then incubated with
primary antibodies against eNOS (1:250), CSE (1:1,000)
and B-actin (1:1,000) antibodies dissolved in 1% low fat
dry milk in TBS-T overnight at 4°C [rabbit eNOS and
rabbit B-actin antibodies were from Cell Signaling (U.S.A);
mouse CSE was from Abnova (U.S.A)]. Membranes
were incubated with horseradish-peroxidase anti-rabbit
IgG antibody diluted to 1:5,000 (eNOS and B-actin) and
horseradish-peroxidase anti-mouse IgG antibody diluted
to 1:5,000 (CSE) in 1% low fat dry milk in TBS-T for
1 h. After being washed with TBS-T three times, the
proteins were detected by an ECL chemiluminescent
detection kit (Pierce), and the reaction was visualized by a
chemiluminescence imaging instrument (Vilber Lourmat,
France). The intensity of the bands was analyzed using the
Fusion Capt Advance quantitation analysis program. To
ensure equal protein loading, results were normalized to the
[-actin protein expression and expressed as units relative to
the B-actin densitometry.

Statistical analysis

The results were expressed as the mean + standard
error of the mean (SEM)(n=6 for vascular function
study and n=4 for Western blotting). “n” is the number
of animals. Statistical differences were determined by
the Student’s unpaired #-test or by one-way analysis of
variance (ANOVA), followed by Tukey’s range test using
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GraphPad Prism 5.00. A P value <0.05 was considered to
identify a significant difference between values.

RESULTS
Coconut milk yield and chemical composition

Dried fresh coconut milk prepared directly by
compressed grated mature coconut kernel, CCM,
yielding16.7% of the fresh grated matured coconut
kernel. Total lipid, protein and sugar content in percent
of the CCM were70.08, 19.35 and 5.34, respectively.
Protein profile of the CCM, assessed by 1D SDS page gel
electrophoresis, showed 7 major bands at the molecular
weight about 14-51 kDa (Figure 1). Fatty acid composition
of the oil in the CCM is shown in Table I. The CCM
contained medium-chain fatty acid (C,-C,,), lauric acid
(40%), caprylic acid and capric acid (5%); long-chain
fatty acid (> C,,), myristic acid (17%) and palmitic acid
(7%); and w-6-unsaturated fatty acid, linoleic acid (1%).

kD Std CCM
175
51 ===
42
29 —
22 —
14
10.5

FIGURE 1 - SDS-PAGEgel electrophoresis from standard
marker protein (Bio-Rad, USA) and CCM. Lane 1 is MW
standards.

Effects of 6-week coconut milk treatment on the
body weight, food intake, animal blood pressure,
internal organs and adipose tissue and blood
chemistry

No changes in body weight were found with either 1
or 3 g/kg CCM treatment, although food intake (standard
rat chow in g/animal/day) of the 3 g/kg CCM treatment
was markedly (24%) decreased, when compared to that
of the distilled water control group (Figure 2). However,
when the daily rat chow- and CCM-intake were calculated
in term of calories, carbohydrate, fat and protein, at the end
of treatment (6" week), the total daily calories of food intake
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TABLE I - Fatty acids composition (in percent) of CCM oils
obtained from the CCM

Fatty acid name % in CCM oil
Caprylic acid (C8:0), MCF 1.05+0.00
Capric acid (C10:0), MCF 3.55+0.00
Lauric acid (C12:0), MCF 40.68 £0.08
Myristic acid (C14:0), LCF 17.53+£0.02
Palmitic acid (C16:0), LCF 7.89 £ 0.00
Stearic acid (C18:0), LCF 2.87+0.00
Oleic acid (C18:1), LCF 4.65+0.00
Linoleic acid (C18:2), LCF 1.01+0.00

Values are expressed as mean = STD; n = 3. MCF, medium chain
fatty acid; LCF, long chain fatty acid

of 1 g/lkg CCM treatment group (5.8 + 0.3 kcal, standard
rat chow+ CCM intake) and 3 g/kg CCM treatment group
(5.3 +0.6 kcal, standard rat chow+ CCM intake) were in the
same level as that of the distilled water control group (5.2
+ (.2 kcal, standard rat chow). Basal systolic and diastolic
pressure and the basal heart rate of anaesthetized rats were
similar between the CCM-and the distilled water treated
rats (Table I suppl.). None of the internal organs, visceral
and subcutaneous adipose tissue weight, liver cell lipid
accumulation or the total blood cell count, was found to be
altered after the CCM treatment (1 and 3 g/kg) compared to
the distilled water control group (Table II-IV suppl., Figure 1
Suppl.). At the dosage of 1 g’kg, CCM caused no changes
either in fasting serum glucose and lipids profile (Table II).
When the dosage was increased to 3 g/kg, CCM caused
lowering in fasting plasma glucose. The other biochemical
parameters studied were not different between the CCM and
the distilled water control rats (Table V suppl.).

Effects of CCM-treated rats on vascular functions

Effect on contraction and relaxation of the thoracic
aorta

At the dosage of 1g/kg of CCM treatment did
not alter vascular activity of the middle-aged rat to
phenylephrine and acetylcholine. However, when the
dosage of CCM treatment was increased to 3 g/kg, the
maximal contractile response to phenylephrine of the
intact endothelium aortic rings was lower than that of the
vehicle control group. Pretreatment of the intact-aortic
rings with L-NA caused an increase in maximal contractile
responses of the aortic rings to phenylephrine to the same
extent as that of the vehicle control group with a decrease
in EC,; values of both groups (Figure3A and B and Table
VI suppl.). Denudation of the aortic ring also caused an

Page 5/11



>

DW
(0 cCcM 1 glkg

Body weight (g)
[&) H S a o
a o a o a
cholgion e

0 1 2 3 4 5 86
Weeks
___ 5501
Q DW
= 500- 0 CCM 3 g/kg
§ 50| et
© 450 4
s
3 400
®
350 -
0 1 2 3 4 5 86
Weeks

C. Jansakul, J. Naphatthalung, S. Pradab, S. Yorsin, K. Kanokwiroon

B

(]
o
)

Food (g/d/animal)

DW
[ CCM 1 glkg

N
o
2

-
o
1

o
L

'DW
CICCM 3 glkg

20 1
m
10 4

0 1 2 3 4 5 6
Weeks

Food (g/d/animal)

o
L

FIGURE 2 - The body weight (left) and food consumption (right) of middle age male rats receiving distilled water (DW) or CCM (1 or
3 g/kg), once a day for 6 weeks. Values represent mean + SEM; n=6. * Significantly lower than distilled water control group,P< 0.05.

TABLE Il - Effects of CCM (1, 3 g/kg) or distilled water (control) consumption for 6 weeks on the fasting levels of serum glucose

and lipids of middle-aged male rats

NLAC- MU Glucose Triglyceride Cholesterol HDL-C LDL-C
Normal range (mg/dL) 122.10-180.80 61.00 — 164.00 46.00 —98.00 - -
Control 137.69 + 5.65 73.41 £8.59 76.71 £5.61 61.51+4.96 12.05+1.41
CCM 1 g/kg 12433 £5.83 101.67 +15.27 73.17+1.64 62.08 +1.02 9.57+1.03
CCM 3 g/kg 115.40 +5.96° 66.40 +6.98 73.40+3.61 62.00 +2.49 13.23+£2.04

Values are expressed as mean = SEM; n = 6. ? Significantly lower than control group, P < 0.05.
Note: NLAC-MU normal range = National Laboratory Animal Centre, Mahidol University normal range. HDL-C = High Density
Lipoprotein cholesterol and LDL-C = Low Density lipoprotein cholesterol.

increase in maximal contractile response to phenylephrine
of the CCM-treated aortic rings to the same extent as that
of the vehicle control group whether L-NA presented or
not (Figure3C and D).

The relative relaxation to acetylcholine of aortic rings
precontracted with phenylephrine was greater for the aortic
rings obtained from the 3 g/kg, but not the 1 g/kg, CCM-
treated-compared to that of the distilled water control group,
and this effect was abolished by pre-incubating the aortic
ring with L-NA (Figure 4 and Table VII suppl.).
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Role of H,S

Addition of PAG to the incubation medium
caused a spontaneous contraction of the thoracic aortic
rings for all groups. However, those obtained from
3 g/kg CCM (3.89 + 0.62 g) were higher than those from
1 g/kg CCM (1.06 + 0.43 g), which were higher than
those of the distilled water control group (0.38 £ 0.006 g).
These effects subsequently resulted in a greater
contraction for low concentrations of the phenylephrine
C-R curves of the thoracic aortic rings obtained from
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FIGURE 3 - Effects of 6 weeks of oral administration of CCM (1 or 3 g/kg) or distilled water (DW, control) on contractile response
to phenylephrine of endothelium-intact (endo, A), endothelium-intact with L-NA (B), without endothelium (no endo, C), or without
endothelium with L-NA (D) thoracic aorta. Values represent mean + SEM; n=6."Significantly lower than that of the distilled water

control group, P <0.05.

CCM-treated rats than that of the vehicle control group
(Figure5).
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FIGURE 4 - Effect of 6 weeks oral gavage of CCM(1 or
3 g/kg) or distilled water (DW, control) on relaxation of the
endothelium-intact thoracic aortic ring precontracted with
phenylephrine to acetylcholine before and after pre-incubation
with L-NA (CCM 3 g/kg+L-NA). Values represent mean +
SEM; n=6. *Significantly lower than the other groups and
fsignificantly higher than the other groups, P< 0.05.
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response to phenylephrine of L-NA pretreated endothelium-
intact (endo) thoracic aortic rings in the presence of PAG. Values
represent mean + SEM; n=6. *Significantly higher than the
control groups and significantly higher than the other groups,
P<0.05. Note: Miniature bar graphs in Figure 5 showed the
increased basal tension after addition of the PAG.
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eNOS and CSE Western blot analysis

The quantitative expression of the eNOS and CSE
proteins as determined by Western blotting from the
isolated thoracic aorta was significantly higher for those
obtained from the 3 g/kg CCM-treated rat compared
to that of the vehicle control groups (Figure6A and B).
Although at the dosage of 1 g/lkg CCM treated rats also
showed a trend to an increase of both the eNOS and the
CSE proteins, it did not reach statistical significance.

DISCUSSION

The present study demonstrated that consumption of
the CCM caused beneficial effects on the cardiovascular
system if consumed in a sufficient amount. As shown in the
results section, consumption of the CCM at a dosage of 1
g/kg for 6 weeks by the middle-aged rats did not result in
any difference in the parameters studied. When the dosage
was increased to 3 g/kg, CCM caused lowered food intake.
The reduction in food intake was not associated with any
change in body weight or in the weight of the organs
measured. The reasons for this might be due to high lipid
content (70%) of the CCM composition which consists
dominantly of medium chain fatty acids (8: 0 to 12: 0;
45%). These fatty acids are absorbed directly to the portal
vein except for lauric acid (C12:0) that is partly absorbed
via the lymphatic system (Mu, Hoy, 2000; 2001; 2002).
More recently, Valente ef al. (2017) reported that coconut
oil consumption promoted less appetite in women with
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excess body fat. In addition, Jambor de Sousa ef al. (2006)
found that hepatic portal vein infusion of caprylic acid, a
medium chain fatty acid, caused reduction of food intake
by about 40% in 18-h food-deprived male rats. Another
possibility is that CCM might contain an active substance
that at high doses it causes satiety or reduced appetite
resulting in reduced food intake. However, further specific
studies would be needed to clarify these possibilities.
The alteration in vascular function, especially
endothelial function, is the key event in the pathophysiology
of atherosclerosis, as it was shown that endothelial
dysfunction preceded and predicted atherosclerosis
(Bonetti, Lerman, Lerman, 2003; Davignon,Ganz,
2004).In the present study endothelial dysfunction of the
middle-aged male rat(Chongsa et al., 2015) was used to
study the effects of chronic consumption of the CCM.
Although there were no changes in animal blood pressure
and heart rate after taking CCM compared to the distilled
water control group, adosage of 3 g/kg but not 1g/kg
of CCM, caused some beneficial changes in vascular
function. These included reduction in maximal contractile
response of thoracic aortic rings to phenylephrine and a
higher maximal relaxation to acetylcholine. These effects
were abolished by L-NA or removal of the endothelium,
which indicates that the lowering of maximal contractile
response to phenylephrine of the CCM-treated aortic rings
might be due to an increase in nitric oxide production
from the vascular endothelium. This was confirmed by the
finding that eNOS protein expression of the thoracic aorta

Braz. J. Pharm. Sci. 2018;54(3):e17259
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obtained from CCM-treated was higher than that of the
control rats.Salil, Nevin, Rajamohan (2011, 2012)reported
that coconut kernel protein is rich in arginine which was
able to rescue the pancreatic -cells and cytoarchitecture
in alloxan-induced diabetic Wistar Albino rat via the
arginine-nitric oxide pathway. Thus, it is possible that the
up-regulation of the vascular eNOS of the CCM treated
middle-aged rat in the present study might be mediated by
the coconut protein. However, further study of the isolated
CCM protein consumption by the middle-aged rat would
be needed to clarify this possibility.

It has been reported that high-fat diet consumption
by young rats or mice for 12-14 weeks causes deficiency
of aortic CSE and H,S (Jenkins, Nguyen, Hart, 2016; Peh
et al., 2014). Thus, it is possible that chronic consumption
by the middle-aged rat of the CCM which contained
high content of coconut oil might affect blood vessel
H,S production. To test this possibility another set of the
endothelium-intactaortic rings was used and preincubated
with L-NA in order to inhibit eNOS activity in order to
prevent any disturbances by nitric oxide before adding
PAG, a cystathionine-y-lyase inhibitor; the vasocontraction
to phenylephrine was then determined. As shown in the
results section, adding PAG to the incubation medium
caused a greater increase in basal baseline tension of the
aortic rings obtained from CCM-treated rats than that of
the control group, suggesting that the activity of the CSE
enzyme of the CCM-treated rats was higher than that
of the control rats. These results sequentially caused an
increase in contractile response to low concentrations of
the phenylephrine on the aortic rings that was higher than
that of the control group. The finding that the blood vessel
CSE protein expression was higher in the CCM treated
rats is consistent with the finding that consumption of
CCM caused an increase in blood vessel H,S production.
This result is in contrast to those of the Jenkins, Nguyen,
Hart(2016) and Peh et a/.(2014) who found that high fat
diet caused a decrease in vascular CSE and H,S production.
The reason for this might be the differences in the types of
fatty acid used. In the present study we used CCM which
contained mostly medium-chain fatty acid which was found
to cause an increase in mitochondrial and peroxisomal
B-oxidation of fatty acids (Arunima, Rajamohan, 2014). In
contrast, Jenkins, Nguyen, Hart (2016) and Peh et a/.(2014)
used western diet and high fat diet, respectively, which
contained mostly long-chain fatty acid, which was found
to induce vascular oxidative stress and reduce endothelial
function. As another possibility, Zhao ef al. (2001) found
that endogenous H,S production from different vascular
tissues including thoracic aorta was enhanced by the NO.
Thus, the increased CSE protein expression which resulted

Braz. J. Pharm. Sci. 2018;54(3):e17259

in an increased H,S production in the present study might
be facilitated by the increased NO production elicited by
the CCM, as mentioned above. However, further study is
needed to clarify these possibilities.

In the present study it was also found that chronic
consumption of CCM caused a slight decrease in basal
fasting plasma glucose compared to that of the control
group. As mentioned above, the reason for this might be
due to the increase in basal level of NO since it has been
reported that low concentration of NO exerted positive
regulation of insulin sensitivity and secretion (Carvalho et
al., 2016; Kurohane Kaneko, Ishikawa, 2013). However,
to clarify this possibility, further studyto measure basal
plasma insulin level and/or the glucose insulin sensitivity
of the CCM-treated and the control middle-aged rats
would be necessary.

Taken together, consumption of CCM at the dosage
of 3 g/kg increased blood vessel eNOS and CSE protein
expression resulting in increased NO and H,S production
to attenuate the contractile response of thoracic aortic
rings to phenylephrine and potentiate vasodilatation to
acetylcholine, all of which could be expected to prolong
vascular health of the middle-aged rat. In addition,
CCM consumption caused lowering of plasma glucose
level with no harm to liver or kidney functions, or on fat
metabolism. Thus, CCM could be a novel food to develop
as a nutraceutical for vascular health of the aging human
being. Nevertheless, further work is required to identify
the mechanism that causes CCM to lower plasma glucose
and the vascular effects described.

Limitations of the study

The present study did not show whether firstly, CCM
consumption by the middle-aged rat has long-term effect.
Therefore, the next investigation would be to determine
by which time the vascular effects of CCM consumption
disappear after quitting CCM consumption, and by which
time it is recovered after renewing consumption. Secondly
the studies did not measure insulin secretion, and this
should be part of future studies.
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ABSTRACT

Background: Coconut milk consumption in middle-aged male rats can cause increased blood
vessel endothelial nitric oxide synthase (eNOS) and cystathionine- y- lyase (CSE) protein
expression, and decreased fasting blood glucose.

Objective: The present study aimed to investigate whether coconut milk oil (CO), the major
constituents of the coconut milk, was responsible for those effects.

Methods: CO was isolated from dried fresh coconut milk and gavaged (1 and 3 ml/kg) to middle-
aged male rats for 6 weeks. Animal body weight and food intake, internal organ weight, blood
biochemistry, lipid profile, basal blood pressure and heart rate and vascular functions were
investigated.

Results: In comparison to a distilled water control group, no differences were observed in any of
the parameters studied in the group fed 1 ml/kg of CO except for an increase in retroperitoneal fat
accumulation. Feeding 3 ml/kg of CO caused decreased fasting blood glucose, plasma alkaline
phosphatase and blood urea nitrogen and liver cell lipid accumulation, but increased
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retroperitoneal fat tissue. It also caused decreased maximal contractile response of endothelium-
intact thoracic aortic rings to phenylephrine although the effect disappeared in the presence of N-
nitro-L-arginine (L-NA) or removal of the endothelium. DL-propargylglycine together with L-NA
caused a higher contraction to phenylephrine in the CO-treated groups than in the control group.
It also caused an increase in vasodilatation to acetylcholine, but not to glyceryl trinitrate, of the
phenylephrine pre-contracted aortic rings. CO treatment caused increased vascular wall eNOS and
CSE protein expression.

Conclusion: CO at a dose of 3 ml/kg causes some decrease in cardiovascular risk factors in middle-
aged male rats, although the amount of CO consumption should be limited as it caused an increase
in retroperitoneal fat.

Keywords: Coconut oil; blood vessel; liver lipid; NO; H2S

Animal Ethic No: Ref. 06/57

BACKGROUND

Cardiovascular disease is the leading cause of death globally. Its etiology is multifactorial and
unhealthy nutrition is one of the main risk factors. Coconut, Cocos nucifera, is one of the most
economically important palm species and is cultivated mainly for the nutritional endosperm from
which coconut milk and coconut oil are the main products [1]. Coconut milk is used as a common
culinary ingredient and coconut oil is used as a cooking oil in many tropical cuisines, most notably
those of Southeast Asia, as well as in Brazilian, Caribbean, Polynesian, Indian and Sri Lankan
cuisines [2]. The main constituents of coconut milk are lipids (coconut oil, 41.5%) with a small
amount of carbohydrates (5.2%) and proteins (4.5%) [3]. However, some consumers are reluctant
to consume coconut products since its main constituent is saturated fatty acids (40-60%) [3, 4],
which is considered to be an atherogen and thus potentially harmful with respect to the
development of atherosclerosis in humans. Thus far, however the cardiovascular risk of the
consumption of coconut products is still a matter of controversy.

There are two types of coconut oil, copra or refined coconut oil prepared from the mechanical
compression of sun-dried coconut, and virgin coconut oil prepared from fresh coconut milk
without heating. A study of copra oil consumption by pregnant rats found no alteration in their
hematologic and metabolic parameters [5]. In case of virgin coconut oil consumption, Famurewa
et al. [6] found a reduction in total cholesterol, triglycerides and low-density lipoprotein with an
increased level of high-density lipoprotein in normal young male rats, whereas Alves et al. [7]
found a reduction of oxidative stress in the aortic blood vessels of spontaneously hypertensive rats.
In studies on the human consumption of virgin coconut oil, Voon et al. [8] found no alteration in
the thrombogenicity indices: cellular adhesion molecules, thromboxane B. (TXB:) and the
TXB2/protacyclin ratio in healthy Malaysian adults. Similarly, Valente et al. [9] found no change
in energy metabolism and cardiometabolic risk markers in women with excess body fat after the
acute consumption of an isocaloric mixed breakfast containing 25 ml of virgin coconut oil
compared to a control group, but the breakfast promoted less appetitive response. However,
Cardoso et al. [10] found that a virgin coconut oil-rich diet caused increases in HDL cholesterol
and a decreased waist circumference and body mass in coronary artery disease patients.
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For coconut milk consumption, our group recently demonstrated that the consumption of pure
dried fresh coconut milk for 6 weeks by middle-aged male rats caused an up-regulation of blood
vessel endothelial nitric oxide synthase (eNOS) and cystathionine-y-lyase (CSE) enzyme protein
expression. This resulted in an attenuated contractile response to phenylephrine and potentiated
relaxation to acetylcholine on the rats’ thoracic aortic rings, with a decreased fasting plasma
glucose level [11]. The present study aimed to investigate whether the oil from the coconut milk
is responsible for those effects. The study has been performed using middle-aged rats (age 12-14
month) as this is the stage associated with endothelial dysfunction and a consequent decrease in
NO/ H>S production [12-13]. It is also the stage for early pathological changes in the development
of cardiovascular disease [14-16]. The results have provided new information relating not only to
classical risk factors such as blood pressure and the plasma lipid profile, but also to body fat
accumulation and vascular function following virgin coconut oil consumption especially in
middle-aged rats.

METHODS
Coconut-milk oil preparation
Fresh mature coconut (11-12 month) kernel was grated and compressed using an electric screw
press to obtain a large sample of fresh aqueous coconut milk. The milk was then filtered through
a cloth filter followed by lyophilization to obtain fresh dried coconut milk, which was kept at -20
°C until use.
The dried coconut milk was centrifuged (3,200 rpm) at room temperature to achieve pure
virgin coconut milk oil (CO) with a yield of 70% dried coconut milk and kept at -20 °C until use.
The CO was analyzed for its fatty acid composition by LC-MS at the Central Equipment
Center, Kasetart University, and analysed for its cholesterol and a-tocopherol (vitamin E)
concentrations by in-house method TE-CH-143 based on AOAC (2016) 976.26 at the Central
Laboratory (Thailand) Co., Ltd.

Pharmacological studies

Middle-aged (12-14-month-old) Wistar male rats were bought from the National Laboratory
Animal Center, Mahidol University. The animals were housed in controlled environmental
conditions at 25 °C on a 12 h dark and 12 h light cycle and allowed access to standard food (Perfect
Companion Group Co. Ltd, Thailand) and tap water ad libitum. The animal methods employed in
this study were approved by the Prince of Songkla University Animal Ethics Committee (Ethic
Number: Ref. 06/57). The investigation conformed to the Guide for the Care and Use of Laboratory
Animals (CIOMS Guidelines). The rats were randomly allocated to three groups with six animals
in each group using sample size calculation formula for comparison between two group, sample
size = 2 SD? (2% + ZP) 2/d? [17]. The experimental group was treated by oral administration of 1
or 3 ml/kg CO (corresponding to the amount of oil used to prepare one or three servings of Thai
fast food, respectively), or distilled water, once a day for 6 weeks. The body weight and 24 h food
intake was recorded one day before receiving oral gavage of each oil ration or distilled water (i.e.,
day 0) and again every 7" day over the 6-week period.

Effects of the CO treatment on the basal blood pressure and on the haematology and clinical
biochemical analysis

The same methods as previously described [18] were used for haematology and clinical
biochemical analysis. At the end of the 6-week CO or distilled water (DW) treatment, each rat was
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anaesthetized with thiopental sodium (60 mg/kg) after fasting for 13-15 h. Their basal systolic and
diastolic blood pressure and heart rate were recorded via the right common carotid artery by a
polyethylene catheter connected to a polygraph. The data were collected after a 40 min
equilibration period.

After measuring the basal blood pressure and heart rate, the rat was sacrificed by decapitation
with a guillotine and two blood samples were collected in test tubes. The first was analyzed for
glucose and lipid levels by enzymatic methods using an automatic chemistry analyzer routinely
operated at Prince of Songkla University Hospital. The other was sent to a hematology laboratory
and subjected to a total blood count procedure measured by an automated hematology analyzer.

Effects of CO or DW treatment on internal organs and lipid accumulation

The decapitated rat was dissected as previously described [18]. The heart, lungs, liver, adrenal
glands, kidneys, testes, visceral fats from the epididymis, and testis, retroperitoneal and
subcutaneous fats were removed and weighed .

Two pieces of liver (middle lobe) were cut, embedded into a cryostat gel, the sections (20 um
thick) were stained with oil red O (0.5% in absolute propylene glycol), and mounted with glycerine
jelly for observation by light microscopy. The aortic arch was collected and was cleared of
adhering fat and connective tissue before being stained with oil red-O using the same method as
for the liver tissue. The oil red O on each slide of the liver tissue and of the aortic arch was extracted
with 1 ml 100% dimethyl sulfoxide (DMSO) and its absorbance was measured at 520 nm. The
concentration of the oil red O was obtained from the standard curve of known concentrations of
oil red O in 100% DMSO (pg/ml). The area of a thin section of the whole liver and of the aortic
arch was measured using the Auto CAD 2005 program. The accumulated lipid in the liver tissue
and at the aortic arch was expressed in terms of pg/ml/cm? of the liver tissue thin section area and
the aortic arch, respectively.

Preparation of the thoracic aortic rings

The thoracic aorta was removed from the decapitated rat and placed in oxygenated 37 °C Krebs-
Henseleit solution, and the adhering connective tissue was removed. Six adjacent rings of 4-5 mm
in length were cut. For one ring the endothelium layer was removed with a small cotton bud. Each
aortic ring was mounted with two stainless steel hooks in a 20 ml organ bath containing Krebs-
Henseleit solution of the following composition (mM): NaCl 118.3, KCI 4.7, CaCl; 1.9, MgSOa4
7, H20 0.45, KH2PO4 1.18, NaHCO3 25.0, glucose 11.66, Na2EDTA 0.024 and ascorbic acid 0.09,
maintained at 37 °C and bubbled with carbogen (95% O and 5% CO> gas mixture). One of the
hooks was fixed at the bottom and the other was connected to a transducer for recording the
isometric tension with a polygraph. The tissues were equilibrated for 60 min under a resting tension
of 1 g and the bath solution was replaced with pre-warmed oxygenated Krebs-Henseleit solution
every 15 min.

At the end of the equilibration period, each aortic ring was tested for the viability of the
endothelium by precontraction with phenylephrine (3 M) until the response reached a plateau (5-
8 min), and then the addition of acetylcholine (30 uM). Endothelial viability was judged by a >
65% vasorelaxation back to the tension generated by the ring before adding the phenylephrine.
Denudation was confirmed by the absence of vasorelaxation following the response to the addition
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of acetylcholine. The preparations were then washed several times with Krebs-Henseleit solution
and allowed to fully relax for 45 min before the experimental protocol began.

Effects of the CO or DW treatment on the pharmacological vascular functions
Role of nitric oxide
At the end of the 45-min re-equilibration period after the functional endothelium testing, the basal
tension of the thoracic aortic rings with intact endothelium and the rings without endothelium was
adjusted to the optimal tension of 2 g and equilibrated for another 10 min, and the contractile
response to a cumulative concentration-response (C-R) curve of phenylephrine was then obtained.
This was followed by several washings, and the aortic ring was allowed to fully relax for 50 min.
Then the endothelium-intact aortic rings were pre-incubated with N-nitro-L-arginine (L-NA) for
40 min, and then a second C-R curve to phenylephrine was obtained.

Using another set of endothelium-intact thoracic aortic rings, each ring was equilibrated under
a basal tension of 2 g for 10 min and was then precontracted with phenylephrine (3 uM) for 10-15
min followed by the determination of the cumulative dilator C-R curves to acetylcholine.

Role of H2S

After equilibration, the endothelium-denuded thoracic aortic rings were incubated with L-NA for
40 min under a basal tension of 3 g. Then a cumulative C-R curve to phenylephrine was obtained
in the presence of L-NA, followed by several washings and re-equilibration for 60 min in the
presence of L-NA to allow full relaxation of the blood vessels to their original baseline of 3 g.
After that, PAG was added to the incubation and left for 10-15 min until the aortic contraction
reached a plateau, and a further cumulative C-R curve to phenylephrine was obtained in the
presence of L-NA and PAG .

eNOS and CSE Western blot analysis

The thoracic aortae of the CO-treated groups and the distilled water control groups (n = 4) were
obtained in order to measure the expression level of the enzymes, eNOS and CSE. After removal
of the adhering connective tissue, the blood vessel was then cut into small rings and the
endothelium removed with a small cotton bud. The rings were then kept at -70 °C until use. Protein
extraction from the tissues and Western blot analysis were carried out as previously described.
Briefly, the total proteins extracted from the homogenized tissue of each animal in lysis RIPA
buffer (25 mM Tris-HCI, pH 7.6), 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS, 0.5 mM EDTA containing a GE Healthcare protease inhibitor cocktail. The protein lysate of
each animal was centrifuged and the supernatant used to quantify the protein content by Bradford
assay. Protein at 50 ug was run on 12% SDS-polyacrylamide gel electrophoresis. Then, the protein
bands were transferred onto nitrocellulose membranes. The membranes were blocked with 5% low
fat dry milk in Tris buffer saline- 0.1% Tween 20 (TBS-T) for 1 h, followed by primary antibody
incubation against eNOS (1:250), CSE (1:1,000) and B-actin (1:1,000) dissolved in 1% low fat dry
milk in TBS-T overnight at 4°C (the rabbit eNOS and rabbit B-actin antibodies used were from
Cell Signalling Technology, USA, and the mouse CSE was from Abnova, USA). The membranes
were then incubated with HRP-conjugated rabbit 1gG (1:5,000) for eNOS and B-actin and mouse
IgG antibody (1:5,000) for CSE. The membranes were incubated with a chemiluminesescence
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detection kit (Pierce, Rockford, USA) and the protein signal was detected by Fusion FX5XT
spectra/ Superbright (Vilber Lourmat).

Drugs

The following drugs were used: Acetylcholine chloride, NC-nitro-L-arginine (L-NA),
norepinephrine, phenylephrine hydrochloride, DL-propagylglycine (PAG), pentobarbital, and oil
red O from Sigma, USA. Glyceryl trinitrate was obtained from Mycomed, Denmark.
Acetylcholine chloride and phenylephrine were dissolved in a solution containing NaCl 19 g/I,
NaH2P04 0.19 g/l and ascorbic acid 0.03 g/I.

Statistical analysis

The results were expressed as the mean + standard error of the mean (SEM) (n = 6 for vascular
function study and n = 4 for Western blotting, where n is the number of animals). Maximal
contractile response and EC50 values were calculated for vascular reactivity experiments using
GraphPad Prism V.5.00. Statistical differences were determined by t-test or by one-way analysis
of variance (ANOVA), followed by Tukey’s range test using GraphPad Prism VV.5.0. A p value <
0.05 was considered to indicate a significant difference between values.

RESULTS

Fatty acid composition of the CO

The main component of the fatty acid composition of the CO was similar to that previously
reported [11]: lauric acid (40%) followed by myristic acid (17%), palmitic acid (8%), linoleic acid
(w-6-unsaturated fatty acid, 5%), capric acid (4%), stearic acid (3%) and caprelic acid and linoleic
acid (w-3-unsaturated fatty acid, 1%). The cholesterol and o-tocopherol content were 0 (not
detectable) and 0.09 mg/100 g, respectively (Table 1).

Table 1. Fatty acids (in percent), and cholesterol and vitamin E (a-tocopherol) (mg/ 100 g)
composition of the coconut oil (CO).

Fatty acid name % in CCM ail
Caprylic acid (C8:0), MCF 1.05+0.00
Capricacid (C10:0), MCF 3.55+0.00
Lauricacid (C12:0), MCF 40.68 £ 0.08
Myristic acid (C14:0), LCF 17.53+£0.02
Palmitic acid (C16:0), LCF 7.89 £0.00
Stearicacid (C18:0), LCF 2.87 £0.00
Oleic acid (C18:1), LCF 4.65+0.00
Linoleic acid (C18:2), LCF 1.01 +£0.00
Cholesterol No detectable

Vitamin E (a-tocopherol) 0.09 mg/100g
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Effects of CO treatment on the body weight, food intake, internal organs, adipose tissue and
blood chemistry

In comparison to the DW control group, there was no difference in animal body weight, food intake
(Figure 1), complete blood cell count or the internal organ weights (supplementary Table 1-2) after
treatment with 1 or 3 ml/kg CO. Both 1 ml/kg and 3 ml/kg CO caused an increase in retroperitoneal
fat accumulation (Table 2), whereas 3 ml/kg but not 1 ml/kg CO caused a decrease in liver cell
lipid accumulation (Figure 2) but there was no significant difference in the lipid accumulation for
the internal wall of the aortic arch (Figure 3). At 3 ml/kg but not at 1 ml/kg, CO treatment caused
lower plasma levels of alkaline phosphatase, blood urea nitrogen, and glucose compared to that of
the DW-treated group (Table 3-4).

Effects of CO treatment on blood pressure
CO treatment did not affect the basal arterial blood pressure and heart rate of the anesthetized
middle-aged rats when compared to that of the DW control group (supplementary Table 3).
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Figure 1. Effects of CO- (1 or 3 ml/kg) or distilled water (DW) consumption by the middle-aged
male rats on body weight (left) and food intake (right). Each point represents mean + SEM of 6 rats.

Table 2. Effects of 6 weeks coconut oil (CO) consumption (1 or 3 ml/kg) on body adipose tissue
accumulation in middle-aged rats.

Adipose tissue weight/ 100 g body weight (% g)

Treatments
Epididymis Prostate Mesentery  Retroperitoneal Subcutaneous

DW 2.01+0.25 0.09+0.02 2.05+0.22 2.20+0.39 6.71+0.73

CO 1 ml/kg 2.5610.34 0.14+0.02 2.13+0.02 3.11+0.49? 7.01+0.78
(p=.21) (p=11) (p=.66) (p=.04) (p=.78)

CO 3 ml/kg 2.72+0.30 0.15+0.03 2.22+0.03 3.47+0.342 7.96£0.96
(p=.09) (p=.06) (p=.36) (p=.04) (p=.31)

2 significantly higher than control group, p < 0.05.
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Figure 2. Effects of CO- (1 or 3 ml/kg) or distilled water (DW) consumption by the middle-aged

male rats on liver cell lipid accumulation. (A) distilled water (DW), (B) CO 1 mi/kg, (C) CO 3 ml/kg and (D)
oil red O concentration. Values represent mean = SEM of 6 experiments.

“significantly lower than that of the distilled water control group, p < 0.05.

(PT = Portal triad; oil red O staining of liver tissue frozen section, 20 mm thick, 20X magnification).
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Figure 3. Effects of CO 3 ml/kg or distilled water (DW) consumption by the middle-aged male

rats on lipid accumulation at the aortic arch. (A) distilled water (DW), (B) CO 3 ml/kg and (C) oil red O
concentration. Values represent mean = SEM of 6 experiments.

Table 3. Effects of 6 weeks coconut oil (CO) consumption (1 or 3 mi/kg) on liver and kidney
enzymes in middle-aged rats.

NLAC-MU- ALP (U/L) BUN (mg %) CREAT (mg %)

normal range 46.00-92.00 10.30-23.60 0.54-0.69

DW 85.7+4.2 21.8+0.6 04+0.01

CO 1 ml/kg 95.0+94 21.4+09 0.5+0.03
(p=.36) (p=.71) (p=.08)

CO 3 ml/kg 68.5 + 3.42 185+1.12 0.4 £0.02
(p=.01) (p=.02) (p=.09)

&ignificantly lower than control group, p < 0.05.
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Table 4. Effects of 6 weeks coconut oil (CO) consumption (1 or 3 ml/kg) on fasting blood glucose
and lipid profile in middle-aged male rats.

NLAC- MU- Glucose Triglyceride Cholesterol HDL-C LDL-C LDL/HDL

Normalrange )1 1808 61.0-1640  46.0-98.0 - - ]

(mg %)
121+
DW 135.0+8.1 73.4+£8.6 76.7+56 615+49 14 0.2+0.01
111+
CO 1 ml/kg 1409+9.9 66.7 +5.5 70.3+3.8 498=+27 16 0.2 +0.02
(p=.65) (p=.54) (p=.38) (p=.07) (p=.61) (p=.34)
156 +
CO 3 ml/kg 1025+75% 849+199 847+79 605+4.1 14 0.3 £0.02
(p=.01) (p=.39) (p=.42) (p=.88) (p=.11) (p=.15)

significantly lower than control group, p < 0.05.

Effects of CO treatment on vascular functions
Effect on contraction and relaxation of the thoracic aorta

CO-treatment caused decreased maximal contractile responses with no changes in ECso to
phenylephrine of the endothelium-intact thoracic aortic rings in comparison to the DW control
group (Figure 4A and Table 5). The effect disappeared in the presence of L-NA or the removal of
the vascular endothelium (Figure 4B-C). The addition of PAG into the incubation medium caused
a spontaneous contraction of the endothelium-denuded thoracic aortic rings in the presence of L-
NA for all groups, DW (0.63 £ 0.11 g), 1 ml/kg CO (0.78 + 0.22 g) and 3 ml/kg CO (1.39 £ 0.56
g). However, the 3 ml/kg CO-treated group caused about 2-fold increased spontaneous contraction
of the aortic rings compared to that of the DW- or 1 ml/kg CO-treated groups. This effect
subsequently resulted in a greater contraction of the phenylephrine C-R curves of the thoracic
aortic rings obtained from the 3 ml/kg CO-treated rats than that of the other groups (Figure 4D).

The relative relaxation to acetylcholine of the endothelium-intact aortic rings pre-contracted
with phenylephrine obtained from the 3 ml/kg (but not the 1 ml/kg CO-treated rats) was higher
than that of the DW control group (Figure 5A and Table 6). However, the relaxation to glyceryl
trinitrate of the endothelium-intact tissue in the presence of L-NA of the CO-treated (1 or 3 ml/kg)
groups were not different from the DW control group (Figure 5B).

eNOS and CSE Western blot analysis
The quantitative expression of the vascular eNOS and CSE protein expression of the CO-treated
rats was significantly higher than that of the DW control group (Figure 6).
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Figure 4. Effects of 6 weeks oral administration of CO- (1 or 3 ml/kg) or distilled water (DW,
control) by middle-aged male rats on contractile response to phenylephrine of endothelium-intact
(endo, a), endothelium-intact with L-NA (B), without endothelium (no endo, C), or without
endothelium in the present of L-NA and PAG thoracic aorta (D). Values represent as mean + SEM;
n = 6. significantly lower than the control group and significantly higher than the other groups, p
< 0.05.
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Figure 5. Effect of 6 weeks oral gavage of CO- (1 or 3 ml/kg) or distilled water (DW, control) on
relaxation of the endothelium-intact thoracic aortic ring precontracted with phenylephrine to
acetylcholine (A) or to glyceryl trinitrate (GTN) in the presence of L-NA (B). Values represent as
mean = SEM; n = 6. “significantly lower than the control group, p < 0.05.
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Figure 6. The effect of 6 weeks oral administration of CO- (1 or 3 ml/kg), or distilled water (DW)
on eNOS protein expression (A), or CSE protein expression (B) of the thoracic aorta. For each blot,
B-actin expression is shown as a loading control. Values represent as mean + SEM; n = 4.
“significantly higher than that of the distilled water control group, p < 0.05.

Table 5. ECso and Emax values of contractile responses to phenylephrine of the thoracic rings
obtained from 1-3 ml/kg CO- or distilled water (DW) -treated middle-aged male rat.

ECso (NM): 95 % confidential limit

Emax (9)

DW DW

1 ml/kg 3 ml/kg 1 ml/kg 3 ml/kg

Phenylephrine
Endo 186.6 213.0 243.1 3.9+0.3 3.7#0.2  2.8+0.3°
(142.7-244.0)  (178.0-254.9)  (175.3-337.3) (p=.77) (p=.03)
Endo+L-NA 34.4 46.2 425 71406 6.8+0.3° 6.8+0.3
(28.3-41.7) (35.9-59.4) (34.5-53.0) (p=.00) (p=.00)
Endo+L-NA+PAG 78.3 58.0 46.8 6.840.6 7.3+x0.7°  7.6+0.2°
(62.1-98. 7) (45.3-74.1) (38.5-56.9) (p=.00) (p=.00)
No endo 21.7 22.0 19.7 47+0.3 5.2+0.4°> 4.7+0.3°
(17.0-27.7) (14.9-32.5) (15.8-24.7) (p=.00) (p=.00)
No endo+L-NA 16.4 27.8 18.9 6.7+0.4 7.0+0.6°  6.9+0.4°
(8.6-31.5) (17.3-44.8) (12.1-29.5) (p=.00) (p=.00)
No endo+L-NA 25.2 25.7 14.4 8.3+0.6 8.2+0.6°  9.2+0.5
+PAG (17.1-37.0) (17.6-37.6) (12.2-17.0) (p=.00) (p=.00)

asignificantly lower than the DW-treated and 1 ml/kg CO-treated group and Psignificantly higher

than endothelium-intact group (Endo), p < 0.05.
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Table 6. ECso and Emax values of vasodilatory responses to acetylcholine or glyceryl trinitrate of
the thoracic rings precontracted with phenylephrine obtained from 1 or 3 ml/kg CO- or distilled
water (DW) -treated middle-aged male rat.

ECso (nM) : 95 % confidential limit Emax (9)
DW CO DW CcoO
1 ml/kg 3 ml/kg 1 ml/kg 3 ml/kg
Acetylcholine
Endo+L-NA 64.5 32.7 67.2 70.3+3.8 63.4+53 90.3+8.72
(25.1-165.4) (18.9-56.7)  (23.6-191.4) (p=.35) (p=.03)

Glyceryl trinitrate

Endo+L-NA 8.9 8.0 10.4 105.1+#2.8 107.4+1.8 110.6+2.2
(7.1-112)  (6.7-9.6)  (7.9-13.7) (p=85)  (p=.34)

asignificantly higher than the control group, p < 0.05.

DISCUSSION
It has been previously demonstrated that coconut milk consumption at a dosage of 3 mg/kg but not
1 mg/kg produced some beneficial effects on the cardiovascular system in middle-aged male rats
[11]. The present study thus investigated whether it is coconut oil which is responsible for such
effects. To this end, dried fresh coconut milk was prepared as previously described, from which
the oil (CO) fractions were isolated by centrifugation. Thus, the CO obtained used in this
investigation was not heated. This is referred to as a virgin coconut oil type, the chemical
composition being the same as in dried fresh coconut milk.

In the present study rats were treated at CO dosages of 1 ml/kg and 3 ml/kg which correspond
to the amount of oil used to prepare one and three servings of Thai fast food. It was found that a
dosage of 1 ml/kg of CO did not cause any change in the parameters studied except that the fat
accumulation in the retroperitoneal tissue was increased. A dosage of 3 ml/kg of CO also caused
increased retroperitoneal fat accumulation, but several beneficial effects on the cardiovascular
system were found. Firstly, CO caused decreased fasting-plasma glucose and liver-cell lipid
accumulation. These results were analogous to those reported by Naravanankutty et al. [19], and
Zicker et al. [20] who found that virgin CO in the diet lowered the increase in blood glucose level
and reduced hepatic damage and steatosis than the one with coconut oil in the diet of high-fructose-
fed rats and those with a high-refined carbohydrate-containing diet alone mice. Which might be
due, respectively, to the high antioxidant efficacy and high content of medium chain fatty acid of
the virgin coconut oil diet. Secondly, it caused a slight decrease in the plasma alkaline phosphatase
(ALP) and blood urea nitrogen (BUN) levels which indicated that CO consumption at this dosage
did not harm the liver and kidney functions. As it is well known that if there is a cholestasis or bile
duct ligation, it would increase plasma ALP level [21-24], as well as chronic kidney disease would
increase BUN level [25-27]. Thirdly, although CO treatment did not affect the basal blood pressure
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and heart rate, it caused a decreased maximal contractile response to phenylephrine in the thoracic
aortic rings compared to that of the DW control group. The effect was abolished by L-NA or the
removal of the vascular endothelium. In addition, the vasodilatation to acetylcholine of the aortic
ring precontracted with phenylephrine in the CO-treated rats was significantly higher than that of
the DW control group, which suggested that CO treatment might cause increased NO production
from the vascular endothelium. This was confirmed by the finding that aortic blood vessel eNOS
enzyme expression in the CO treated groups was significantly greater than that of the DW control
group. However, the increased NO availability might also be modified by other factors such as:
post-translational regulation of eNOS activity, the availability of eNOS substrate and cofactors, or
level of endogenous NOS inhibitors or oxidative stress, of which parameters are needed for further
extensive studies.

In our previous publication, it was also found that coconut milk consumption caused increased
blood vessel H2S production [11]. Thus, the present study investigated whether CO consumption
would affect H»S production by studying the C-R curve to phenylephrine in the presence of PAG
after the aortic ring had been incubated with L-NA, in order to prevent any disturbance by the NO.
It was found that PAG caused increased vascular responsiveness to phenylephrine compared to the
DW control group in the 3 mi/kg CO-treated group but not in the 1 ml/kg CO-treated group. This
result suggests that CO might cause increased blood vessel H,S production, and the finding of
greater blood vessel CSE enzyme expression for the CO treated group than that of the DW control
group confirmed this finding. These results are similar to those of the finding related to coconut
milk consumption. However, both dosages of CO (1 and 3 ml/kg) caused increased retroperitoneal
fat accumulation, whereas dried fresh coconut milk-treatment did not affect body lipid
accumulation, suggesting that some other bioactive components besides the CO of the dried fresh
coconut milk antagonizes the accumulation of CO in the body fat. As coconut milk composition
are not only lipids (coconut oil, 41.5%), but with a small amount of carbohydrates (5.2%) and
proteins (4.5%) [3]. Thus, further experiments to isolate and study the activities of the crude
coconut protein and/or crude carbohydrates/sugars from the precipitate left over from the coconut
milk oil separation of the dried fresh coconut milk, would be needed to clarify this possibility.

CONCLUSIONS

The study suggests that the consumption of CO at 1 ml/kg did not have any effect on the
cardiovascular system except for the increase in retroperitoneal fat accumulation. When the
consumption was increased to 3 ml/kg, it caused both beneficial and harmful effects by decreasing
the fasting serum glucose and liver lipid accumulation and an increase in blood vessel eNOS and
CSE protein expression, which resulted in an increase in NO and H»S production, which, in turn,
attenuated vasoconstriction to phenylephrine and facilitated relaxation to acetylcholine. However,
the increase in retroperitoneal fat accumulation is a negative indicator for metabolic syndrome
development which is a matter of concern for the long-term consumption of CO and the
consumption of CO should thus be limited. Nevertheless, to date, this is the first report of the use
of appropriate methods to provide good evidence that CO also produces beneficial cardiovascular
effects in middle-aged male rats.
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Supplementary Table
Table 1 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by middle-
aged male rats on fasting plasma glucose and lipid profile.

NLAC-MU Glucose Triglyceride Cholesterol HDL-C LDL-C LDL/HDL
normal range ratio
(mg %) 122.1-180.8  61.0-164.0 46.0-98.0 - - -

DW 132.2+5.2 78.2+79 95.6+26 99.0+55 253%+20 0.3%+0.03
CMP 131.0+5.9 84.2+11.2 90.8+7.7 98756 233%x35 0.2%+0.05

Note: NLAC-MU = National Laboratory Animal Center Mahidol University.



Table 2 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by middle-
aged male rats on the plasma levels of alkaline phosphatase (Alp), SGOP, SGPT, Blood urea
nitrogen (BUN) and Creatinine.

NLAC-MU  ALP (U/L) SGOT (U/L) SGPT (U/L) BUN(mg%) CREAT (mg %)

normal range 46.0-92.0 111.0-2250 25.0-64.0 10.3-23.6 05-0.7
DW 744+78 1239+121 80.7£5.6 23.8+23 06%0.1
CMP 714+43 120.7+114 77.6+3.5 25.7+£3.9 0.7+0.2

Note: NLAC-MU = National Laboratory Animal Center Mahidol University.



Table 3 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by middle-
aged male rats on adipose tissue accumulation at the internal organs and subcutaneously

(9/100 g body weight).

Organs weight/100 g body weight (% Q)

Treatments
: . Adrenal . - . Prostate
Heart Lung Liver Kidney gland (mg) Spleen Testis Epididymis al.
DW 03+ 03x 27+ 05% 13.4 02+ 06% 0.3 0.2+
0.01 001 0.15 0.02 0.99 0.01 0.01 0.01 0.02
CMP 03+ 03+ 27+ 06% 143 + 02+ 06+ 0.3 0.2+
0.01 001 0.16 0.06 0.71 0.01 0.01 0.01 0.02




Table 4 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by middle-
aged male rats on blood pressure and heart rate in the anesthetize rats.

Body weight n Basal Basal Mean Arterial Basal
Treatments (9) systolic BP  diastolic BP Pressure heart rate
Initial Final (mmHg) (mmHg) (mmHg) (bpm)
DW 481.9+13.1 4921+84 6 1342+54 109.2+4.6 120.8 +2.0 425.0+11.2

CMP 488.0+7.9 5051+72 6 136.7+9.6 109.6+8.0 1186 £85  428.3+10.9




Table 5 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by middle-
aged male rats on ECsp and Epaxvalues.

ECso (NM) : 95% confidential limit

DW

CMP

Phenylephrine
Endo
Endo+L-NA
Endo+L-NA+PAG

No endo
No endo+L-NA
No endo+L-NA+PAG

14.0 (7.8-25.2)
19.3 (13.3-31.2)
67.6 (34.6-98.0)

26.2 (8.6-79.6)
21.1 (9.2-48.4)
21.7 (10.7-44.2)

25.2 (16.0-39.7)
24.0 (15.7-37.0)
30.1 (19.2-49.7)

33.7 (14.7-77.0)
36.4 (15.6-84.9)
11.3 (6.3-20.3)

Emax (9)

DW CMP
36+03 29+0.3
7.1+06 65+04
6.8+06 75+05
47+03 4.8+0.2
6.7+04 6.9+0.1
83+06 82+0.2




Tablel Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by middle-aged male rats on complete blood count.

NLAC-MU n  HCT HGB MCV MCH MCHC  WBC  Neutrophil LYMPH Plt N/L
(%) (g/dl) (fl) (pg) (%) (x10%/ul) (%) (%) (x10%/pl) ratio
normal range 33.2-460 135-17.6 475-54.7 17.4-265 347-518 3.0-7.2 - 59.0-91.0 4.9-113 -
DW 6 468+27 160+08 51.6+02 17402 334+07 5506 682+61 314+61 86+03 27+06
CMP 6 461%23 162+07 529+12 184+04 347+04 44203 633+48 354+49 74+06% 21+04

“significantly lower than the DW control group, p< 0.05.

Note: NLAC-MU = National Laboratory Animal Center Mahidol University



Table 2 Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by middle-aged
male rats on the relative adipose tissue weight (9/100 g body weight).

Adipose tissue weight/100 g body weight (% Q)

Treatments

Epididymis  Prostate Mesentery  Retroperitoneal Subcutaneous
DW 248+0.15 0.18+0.03 2.43+0.20 3.23+£0.58 7.70 £ 0.68
CMP 2.22+0.06 0.19+000 1.78+0.14" 1.97 £0.29" 5.28 +0.68

“significantly lower than DW control group, p< 0.05.



Table 3 Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by middle-aged

male rats on ECsg and Enax Values.

ECso (NM) : 95% confidential limit Emax (9)
DW CMP DW CMP

Acetylcholine
Endo 53.6 (5.1-268.0)  62.7 (5.3-297.5) 646+46 68.8+6.3
Endo+PAG 72.0 (9.8-329.0) 128.9 (10.0-366.9) 45.7+ 3.0 50.2+3.2
Sodium nitroprusside
Endo 135(9.9-18.2)  11.9(10.8-13.1) 119.0+47 1254+29
Endo+L-NA 3.7 (2.6-5.2) 3.3(2.2-5.1) 108.1+25 111.2+1.38
Endo+L-NA+PAG 61.3(55.4-67.9) 59.8(55.8-64.1) 95.1+29 949+138
Glyceryltrinitrate
Endo 64.4 (32.6-117.5)  35.0 (29.1-42.0) 68.1+41 93.8+4.1"
Endo+L-NA 487 (28.1-84.3)  27.4 (11.3-66.7) 95.9+34 1056+21
Endo+L-NA+PAG 50.5 (34.8-73.3)  27.4(9.6-78.6) 89.4+27 100.0+13

“significantly higher than the control group, p< 0.05.
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Amino Acid (mg/100 mg of protein)

Essential amino acid Non-essential amino acid
Isoleucine 1.3  Aspartic acid 3.9
Leucine 2.7  Serine 21
Lysine 2.1  Glutamic acid 9.4
Methionine - Glycine 1.9
Phenylalanine 1.9 Alanine 1.7
Threonine 1.4  Arginine 7.0
Tryptophan - Proline 15
Valine 2.0

Histidine 1.0

Tyrosine 0.9

Figure 1 Protein composition of coconut milk protein analyzed by 1D and 2D-gel
electrophoresis (A) and its total amino acid composition analyzed by in-house method

(HPLC-precolum-AccQ.Tag (B).
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Figure 2 Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by the middle-

aged male rats on body weight (left) and food intake (right). Each point represents mean +

SEM of 6 rats.
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Figure 3 Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by the middle-
aged male rats on liver cell lipid accumulation. (a) distilled water (DW), (b) CMP and (c) oil

red O concentration. Values represent mean + SEM of 6 experiments. ~ significantly lower

than that of the distilled water control group, p < 0.05.

(PT = Portal triad; oil red O staining of liver tissue frozen section, 20 mm thick, 20X

magnification).
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Figure 4 Effects of CMP- (1 mg/kg) or distilled water (DW) consumption by the middle-
aged male rats on aortic arch lipid accumulation. (a) distilled water (DW), (b) CMP and (c)

oil red O concentration. Values represent mean = SEM of 6 experiments. ~ significantly lower

than that of the distilled water control group, p < 0.05.
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Figure 5 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by the

middle-aged male rats on contractile response to phenylephrine of endothelium-intact (endo,
a), endothelium-intact with L-NA (b), endothelium-intact in the present of L-NA and PAG

thoracic aorta (c). Values represent as mean + SEM; n = 6.
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Figure 6 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by the
middle-aged male rats on relaxation of the endothelium-intact thoracic aortic ring
precontracted with phenylephrine to acetylcholine (a), to sodium nitroprusside (b), to glyceryl
trinitrate (c) or to glyceryl trinitrate in the presence of L-NA and PAG (d). Values represent as

mean + SEM; n = 6. “significantly lower than the DWcontrol group, p < 0.05.
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Figure 7 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by the
middle-aged male rats on relaxation of the endothelium-intact thoracic aortic ring
precontracted with phenylephrine to glyceryl trinitrate in the presence of (a) L-NA, (b) L-NA
and 1 pM ODQ and (c¢) L-NA and 10 uM ODQ. Values represent as mean + SEM; n=6. "

significantly lower than the DW control group, p < 0.05.
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Figure 8 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by the
middle-aged male rats on eNOS protein expression (a), CSE protein expression (b), or sGC
protein expression of the thoracic aorta. For each blot, B-actin expression is shown as a

loading control. Values represent as mean + SEM; n = 4.
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Figure 9 Effects of CMP- (1 mg/kg) or distilled water (DW, control) consumption by the
middle-aged male rats on blood vessel cGMP level. * significantly higher than their

corresponding control, and significantly higher than the DW control group, p < 0.05.
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Abstract (250 words)

The present study investigated whether coconut milk protein (CMP) is partly responsible for
the beneficial effects of coconut milk consumption on cardiovascular health markers that we
have previously shown in middle-aged rats. CMP was isolated from dried fresh coconut milk
precipitate and gavaged (1 g/kg) to middle-aged male rats for six weeks. Controls (DW-
control) received distilled water. Compared to controls, CMP caused decreased body fat and
lipid accumulation in liver cells and the internal wall of the aortic arch, with no changes in
blood biochemistry or CBC except platelet count was lower. CMP caused no changes in basal
blood pressure or heart rate in anesthetized rats. Compared to DW-control, no changes were
observed in vascular responsiveness to phenylephrine, DL-propargylglycine (PAG),
acetylcholine or sodium nitroprusside, but increased vasorelaxation to glyceryl trinitrate
(GTN). The effects of ODQ on vasorelaxation to GTN were similar in both groups.
Expression of blood vessel eNOS, CSE and sGC was normal. Cyclic guanosine
monophosphate (cGMP) of the CMP-treated group was normal but when GTN was added,
the cGMP as well as the NO concentration of the CMP-treated group was greater than that of
controls, an effect not altered by addition of diadzin. Taken together, CMP consumption
caused decreased fat accumulation, decreased platelet count. CMP appears to have increased
the enzymatic pathway for GTN biotransformation resulting in increased NO and thus
increased cGMP and increased vasorelaxation. Thus, CMP appears to be partially responsible
for the improvement in cardiovascular health markers caused by coconut milk in middle-aged

male rats.

Key words: Coconut protein; blood vessel; liver lipid; NO; glyceryl trinitrate



Introduction

Globally, cardiovascular disease is the leading cause of death. Its etiology is multifactorial
and unhealthy nutrition is one of the main risk factors. Coconut, Cocos nucifera, is one of the
most economically important palm species and is cultivated mainly for its nutritional
endosperm: coconut milk and coconut oil are its main products (Gwee, 1988). Coconut milk is
a common culinary ingredient and its oil is common cooking oil in many tropical cuisines,
most notably those of Southeast Asia, as well as in Brazilian, Caribbean, Polynesian, Indian
and Sri Lankan cuisines (D’ Amato et al. (2011). The main constituents of coconut milk are
lipids (coconut oil, 41.5%) with a small amount of carbohydrates (5.2%) and proteins (4.5%)
(Pehowich, Gomes, Barnes, 2000). There is still reluctance among consumers about
consuming coconut products since it is mainly composed of saturated fatty acids (40-60 %)
(Dab Mandal and Mandal, 2011; Pehowich, Gomes, Barnes, 2000), which are considered to
be atherogen and thus potentially causative of atherosclerosis in man. Therefore, previous
reports of coconut product consumption having a beneficial effect on cardiovascular risk are
still controversial.

Coconut kernel or coconut milk derived from it contains not only lipids but also a certain
amount of protein and Padmakumaran et al.(1999) found that young male rats that consumed
fresh coconut kernel alone or together with coconut oil had lower serum total cholesterol and
a lower lipid profile but higher serum triglyceride. In contrast, Ekanayaka et al. (2013)
studied human subjects and found that eight weeks consumption of coconut milk porridge
caused a lower plasma level of LDL with increased HDL cholesterol. Vijayakumar et al.
(2018) studied a diet enriched with 100 g fresh coconut consumed daily for 90 days and

found a reduction in plasma glucose and body weight in normal healthy individuals.



There have been reports of the beneficial effects of coconut protein consumption, on the
cardiovascular system including decreased levels of cholesterol serum in tissues (aorta, heart
and liver), lower triglycerides and phospholipids, and decreased lipogenesis in the liver and
the intestine of rats (Nair et al., 1998) as well as reduced hyperlipidemia and a peroxidative
effect in rats fed a high fat/cholesterol diet (Salil and Rajamohan, 2001). In addition, Mini
and Rajamohan (2002) found a cardio-protective effect in rat-isoproterenol induced
myocardial infarction. Salil et al. (2011a, b) discovered antidiabetic activity through the
arginine-NO pathway in rats with alloxan- and streptozotocin-induced diabetes, which led to
pancreatic beta cell regeneration. Recently, Li et al. (2018) reported that coconut cake protein
fraction also exhibited antioxidant activities in in vitro studies.

In a recent study by the present authors, it was demonstrated that the consumption of pure
dried fresh coconut milk (CCM) for six weeks by middle-aged male rats caused up-regulation
of blood vessel endothelial nitric oxide synthase (eNOS) and cystathionine y-lyase (CSE)
protein expression, which resulted in an attenuation of the contractile response to
phenylephrine and potentiate relaxation to acetylcholine on the rats thoracic aortic rings, with
a decreased fasting plasma glucose level (Jansakul et al., 2018). Later, it was found that dried
fresh coconut milk oil at 3 ml/kg caused almost the same effects as those of coconut milk
consumption, although with increased retroperitoneal fat accumulation, which was not found
in case of the coconut milk indicating that there must be some other active component(s) in
the fresh dried coconut milk that caused body fat accumulation to reduce (Naphatthalung et
al., 2019).

Coconut milk contains not only oil, but also some protein (4.5%) and carbohydrate (5.2 %)
(Pehowich, 2000). Thus, the present study aimed to investigate whether the coconut milk
protein is responsible for the body-fat reduction effect. For this experiment, the fresh dried

coconut milk was prepared as previously described, but the coconut milk protein (CMP)



fractions were isolated and the effects of the consumption of CMP explored in middle-aged

rats.

Methods

Coconut milk protein preparation

Fresh mature coconut kernel was grated and compressed using an electric screw press to
obtain a large sample of fresh aqueous coconut milk. The milk was then filtered through a
cloth filter followed by lyophilization to obtain fresh dried coconut milk, which was kept
at -20 °C until used.

The dried fresh coconut milk was centrifuged (3,200 rpm) at room temperature to achieve
pure coconut milk oil (CMO), comprising 70% of the dried coconut milk, and precipitate.
The precipitate was dissolve in distilled water and the protein was precipitated with 50%
ethanol. The protein precipitate was collected and the ethanol removed in an evaporator
before lyophilization to obtain dried crude CMP, yielding 19 % of the dried coconut milk). In
the remainder of the text the abbreviation CMP is used to represent crude coconut milk
protein, except at some points in the text where emphasis is required, the word “crude” is
used before the abbreviation CMP.

The crude CMP was characterized for its protein, oil and sugar content. Its trace oil
content was determined using the hexane defatted method, by liquefying100 mg CMP
with100 pl distilled water and then stirring thoroughly with Iml hexane. The hexane solution
was separated and the hexane removed by evaporation to obtain the coconut oil. The total
sugar content was determined by the classical colorimetric method (Dubois et al., 1955) and
the protein content was determined by Bradford assay. Each experiment was repeated four

times with different samples (n=4).



The CMP was analyzed for its protein composition by 1D and 2D-gel electrophoresis and
its total amino acid composition was determined by an in-house method (HPLC-precolum-
AccQ. Tag, using the service of the Central Instrument Facility, Faculty of Science, Mahidol

University, Bangkok, Thailand).

Pharmacological studies

Middle-aged (12-14 month old) male Wistar rats were bought from the National Laboratory
Animal Center, Mahidol University. The animals were housed in controlled environmental
conditions at 25 °C on a 12 h dark and 12 h light cycle and allowed access to standard food
(Perfect Companion Group Co. Ltd, Thailand), and tap water ad libitum. The animal methods
employed in this study were approved by the Prince of Songkla University Animal Ethics
Committee (Ethic Number: Ref. 06/57). The investigation conformed to the Guide for the
Care and Use of Laboratory Animals (CIOMS Guidelines). The rats were randomly divided
into five groups, with six animals in each group. The experimental group was treated by oral
administration of 1g/kg coconut protein with the control animals receiving distilled water
(DW) once a day for six weeks. The body weight and 24 h food intake (one day before
receiving oral gavage of CMP or DW) were recorded at day 0, and again every consecutive

7™ day over the 6-week period.

Effects of the CMP or DW treatment on the basal blood pressure and on the haematology

and clinical biochemical analysis



The same methods as previously described by Yorsin et al. (2014) were used. At the end of
the 6-week CMP or DW treatment, after fasting for 13-15 h, the rats were anaesthetized with
thiopental sodium (60 mg/kg). Their blood pressure and heart rate were recorded via the right
common carotid artery by a polyethylene catheter connected to a polygraph, the data being
collected after a 40-min equilibration period.

Following this, the rat was sacrificed by decapitation with a guillotine and two tubes of
blood samples were collected. The first was used for the analysis of the glucose and lipid
levels by enzymatic methods using an automatic chemistry analyzer routinely operated at the
Prince of Songkla University Hospital. The other was sent to the haematology laboratory for

the analysis of its total blood count measured by an automated haematology analyzer.

Effects of CMP or DW treatment on internal organs and lipid accumulation

The decapitated rats were dissected as previously described (Yorsin et al. 2014). The heart,
lung, liver, adrenal gland, kidney and testes, and the visceral fats from the epididymis, testis,
retroperitoneal, and subcutaneous fats were removed and weighed.

Two pieces of liver (middle lobe) were cut, embedded into a cryostat gel, and the sections
(20 pm thick) were stained with oil red O (0.5% in absolute propylene glycol), and mounted
with glycerine jelly for observation by light microscopy. The aortic arch was collected and
was cleared of adhered fat and connective tissue before being stained with oil red-O using the
same method as for the liver tissue. The oil red O of each slide of the liver tissue and of the
aortic arch was extracted with 1 ml of 100% dimethyl sulfoxide (DMSO), and its absorbance
was measured at 520 nm. The concentration of the oil red O was obtained from the standard
curve of known concentrations of oil red O in 100% DMSO (pg/ml). The area of a thin

whole-liver section and of the aortic arch was measured using the Auto CAD 2005 program.



The amount of the accumulated liver lipid was expressed in terms of pg/ml/cm?” of the thin

liver-tissue section area and the aortic arch.

Preparation of the thoracic aortic rings
The thoracic aorta was removed from the decapitated rat and placed in oxygenated Krebs-
Henseleit solution at 37 °C and the adhering connective tissue was removed. Six adjacent
rings of 4-5 mm in length were cut. Each aortic ring was mounted with two stainless steel
hooks in a 20-ml organ bath containing Krebs-Henseleit solution of the following
composition (mM): NaCl 118.3, KC1 4.7, CaCl, 1.9, MgSO4-7H,0 0.45, KH,PO4 1.18,
NaHCO; 25.0, glucose 11.66, Na,EDTA 0.024 and ascorbic acid 0.09, maintained at 37 °C
and bubbled with carbogen (95% O, and 5% CO, gas mixture). One of the hooks was fixed at
the bottom and the other was connected to a transducer in order to record the isometric
tension using a polygraph. The tissues were equilibrated for 60 min under a resting tension of
1 g and the bath solution was replaced with pre-warmed oxygenated Krebs-Henseleit solution
every 15 min.

At the end of the equilibration period, each aortic ring was tested for the viability of
the endothelium by precontraction with phenylephrine (3 uM) until the response reached a
plateau (5-8 min), and then the addition of acetylcholine (30 pM). Endothelial viability was
judged by a > 65% vasorelaxation back to the tension generated by the ring before the
addition of the phenylephrine. The preparations were then washed several times with Krebs-
Henseleit solution, and allowed to fully relax for 45 min and the basal tension of the thoracic
aortic rings was adjusted to the optimal tension of 2 g before the experimental protocol

began.

Effects of the CMP or DW treatment on the pharmacological vascular functions



Effects on contraction to phenylephrine and role of NO and H,S

After equilibration, the contractile response to the cumulative concentration-response (C-R)
curve of phenylephrine was obtained. This was followed by several washings, and the aortic
rings were allowed to fully relax for 50 min. They were then pre-incubated with L-NA for 40
min, and the second C-R curve to phenylephrine was then obtained. After repeated washings
and re-equilibrations for 40 min, the third C-R curve to phenylephrine was obtained in the

presence of DL-propargylglycine (PAG) and L-NA.

Effects on relaxation to acetylcholine, glyceryl trinitrate and sodium nitroprusside and role
of NO, H2S and sGC

Another set of aortic rings were precontracted with phenylephrine (3 uM) for 10-15 min
(plateau phase) following which the cumulative dilator C-R curves to acetylcholine were
determined. After repeated washing to remove the agonists and re-equilibration for 40 min,
the second C-R curve to acetylcholine was obtained in the presence of DL-propargylglycine
(PAG).

Using the above protocol and separate sets of aortic rings, the cumulative dilator C-R
curves to glyceryl trinitrate (GTN) or sodium nitroprusside were obtained in the presence of
L-NA alone and then together with PAG. Using the sets of aortic rings, the cumulative dilator
C-R curves to GTN were performed in the presence of L-NA alone and then together with 0.1

uM or 1 uM ODQ (1H-(1,2,4) Oxadiazolo (4,3-a) quinoxalin-1-one), sequentially.

eNOS, CSE and sGC western blot analysis



The thoracic aorta of the CMP- treated groups and the distilled water control groups (n = 4)
were obtained in order to measure the expression level of the enzymes, eNOS, CSE and sGC.
After removal of the adhering connective tissue, the blood vessel was cut into small rings and
kept at -70 °C until used. Protein extraction from the tissues and western blot analysis were
carried out as previously described. Briefly, the total proteins were extracted from the
homogenized tissue of each animal in lysis RIPA buffer [25 mMTris-HCI, pH 7.6, 150
mMNacCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 0.5 mM EDTA containing
aprotease inhibitor cocktail (GE Healthcare)]. The protein lysate of each animal was
centrifuged and the supernatant was used to quantitate the protein content by Bradford assay.
Protein at 50 pg was run on 12% SDS-polyacrylamide gel electrophoresis. Then, the protein
bands were transferred onto nitrocellulose membranes. The membranes were blocked with
5% low fat dry milk in TBS-T (Tris buffer saline- 0.1% Tween 20) for 1 h, followed by
primary antibody incubation against eNOS (1:250), CSE (1:1,000), sGC (1: 500) and B-actin
(1:1,000) dissolved in 1% low fat dry milk in TBS-T overnight at 4 °C [the rabbit eNOS and
rabbit B-actin antibodies were from Cell Signaling (USA); the mouse CSE was from Abnova
(USA); the mouse sGC was from Enzo Life Sciences, USA]. The membranes were then
incubated with HRP-conjugated rabbit IgG (1:5,000) for eNOS and B-actin; mouse IgG
antibody (1:5,000) for CSE and sGC antibody. The membranes were incubated with a
chemiluminesescence detection kit (Pierce, Rockford, USA) and the protein signal was

detected by Fusion FX5XT spectra/Superbright (Vilber Lourmat).

Cyclic Guanosine monophosphate (cGMP) measurement by ELISA
Thoracic aortic rings from the CMP-treated groups and the DW control groups (n = 4) were
incubated in tissue baths containing L-NA (3 mM) alone (control) or with 3uM GTN for 10

min. The aortic rings from each incubating medium were collected and kept in -70°C until



used. Each frozen aortic ring was chopped on ice and homogenized in 0.1 M HCI (0.4 g of
tissue in 1 ml of 0.1 M HCl). The lysates were centrifuged (14,000 rpm for 10 min) and the
supernatants were collected for cyclic nucleotide ELISA (Enzo Life Science, USA) was
performed according to the manufacture’s guidelines. The cyclic nucleotide content was

normalized to sample the total protein content of each sample by Bradford assay.

Nitric oxide concentration measurement

Thoracic aortic rings from the CMP- treated groups and the DW control groups (n = 4) were
incubated in tissue-baths containing L-NA (3 mM) alone (control) or together with (1) 3 uM
GTN or (2) 3 uM GTN plus diadzin (3 mM) for 10 min. The aortic rings from each
incubating medium were collected and kept at -70 °C until used. Each frozen aortic ring was
chopped on ice and homogenized in 0.1 M HCI (0.4 g of tissue in 1 ml of 0.1 M HCI). The
lysates were centrifuged (14,000 rpm for 10 min) and the supernatants were collected for
nitric oxide determination using Griess’s reagent (Sigma, USA), the nitrite content was
calculated using sodium nitriteas as the standard, and the total protein was determined by
Bradford assay. The NO content was normalized to sample the total protein content of each

sample.

Drugs

The following drugs were used: Acetylcholine chloride, N®-nitro-L-arginine (L-NA),
norepinephrine, phenylephrine hydrochloride, DL-propagylglycine (PAG), pentobarbital,
diadzin, sodium nitroprusside, sodium nitrite, Griess reagentand oil red O from Sigma, USA.

GTN was obtained from Mycomed, Denmark.The acetylcholine chloride and phenylephrine



were dissolved in a solution containing NaCl 9 g/L., NaH,P04 0.19 g/L. and ascorbic acid 0.03

g/L.

Statistical analysis

The results were expressed as the mean =+ standard error of the mean (SEM) (n = 6 for
vascular function study and n = 4 for western blot analysis). Statistical differences were
determined by unpaired t-test or by one-way analysis of variance (ANOVA), followed by
Tukey’s range test using GraphPad Prism 5.00. A p value < 0.05 was considered to identify a

significant difference between values.

Results

Composition of crude CMP and its amino acid composition

The crude CMP was composed of 81+0.8 % protein, 9.7+0.8 % oil and 6.9+0.8 % sugar
(n=4). Based on 1D and 2D gel electrophoresis, the CMP contained at least 12 different
proteins, and the main one had a molecular weight of about 50 kDa (Fig.1a). The total amino
acid composition (%) of the CMP is shown in Figure 1b. CMP contains all of the essential
amino acids in the range of 1-3%, except for methionine and tryptophan for which detection
is limited in this method. The other seven non-essential amino acids were also found to be in
the same range as that of the essential amino acids except arginine and glutamic acid which

were found to represent about 7-9%.



Effects of CMP treatment on body weight, food intake, blood biochemistry, internal organ

weight and body fat accumulation

In comparison to the DW control group, there was no difference in animal body weight, food
intake, blood biochemistry or any of the elements of the complete blood cell count except for
the platelet count which was found to be lower in the CMP-treatment group (Figure 2,
Supplementary table 1-2 and Table 1). None of the internal organ weights was found to be
increased after treatment with CMP (Supplementary Table 3). CMP caused decreased
accumulation of mesentery, retroperitoneal and subcutaneous fat (Table 2), as well as

decreased fat in the liver cells and internal wall of the aortic arch (Figure 3-4).

Effects of CMP treatment on blood pressure
CMP treatment did not affect the basal arterial blood pressure or heart rate of the anesthetized

middle-aged rats when compared to that of the DW control group (Supplementary Table 4).

Effects of CMP treatment on vascular functions

Effect on contraction and relaxation of the thoracic aorta

No significant difference was found in the contractile responsiveness to phenylephrine of the
thoracic aortic rings obtained from the CMP-treatment group compared to that of the DW
control group. This situation persisted in the presence of L-NA, and even when PAG was also
added (Figure 5).

The relative relaxation to acetylcholine of endothelium-intact aortic rings precontracted

with phenylephrine was not different between the CMP- and the DW-treatment group. PAG



caused lower relaxation of the aortic rings of both groups in the same extent (Fig. 6a).
Similarly, vasorelaxation to sodium nitroprusside of the thoracic aortic rings of the CMP-
treatment group was similar to that of the DW control group both in the presence and absence
of PAG (Fig. 6b). In the case of GTN, the vasorelaxation of the endothelium-intact aortic
rings in the presence of L-NA of the CMP-treated rats was greater than that of the DW
control group (Fig. 6¢) and this effect was not modified by PAG (Fig. 6d). A low
concentration of ODQ (1uM) was able to decrease the relaxation of the aortic ring to GTN of
both groups, but the relaxation of the CMP-treated group was still higher than that of the DW
control group. However, when the concentration of ODQ was increased to 10uM, almost

complete inhibition of the GTN induced relaxation was noted (Fig. 7).

eNOS, CSE and sGC western blot analysis
The expression of the vascular eNOS, CSE and sGC proteins by the CMP-treated rats was

similar to that of the DW control group (Figure 8).

Aortic ring cGMP levels

The basal cGMP level of the thoracic rings in the presence of L-NA obtained from the CMP-
treated group was not significantly higher than that of the DW control group. In the presence
of GTN, the blood vessel cGMP levels were significantly increased in both groups and that of

the CMP-treated group was higher than that of the DW control group (Fig. 9).

Effects of GTN and diadzin on blood vessel nitric oxide concentration
In the presence of L-NA, GTN stimulated higher release of NO from the aortic rings of the
CMP-treated rats than that of the DW control group. Diadzin inhibited the NO production of

the aortic vessel from both the CMP- and DW-treated rats in the same extent, thus the aortic



vessel NO concentration of the CMP-treated rats was still higher than that of the DW control

group (Fig. 10).

Discussion

The present study demonstrates that CMP consumption caused decreased body and internal
organ fat accumulation, as well as liver cell lipid accumulation. This result is analogous to
that report by Nair et al. (1998) who found that the consumption of coconut kernel protein by
young adult rats caused decreased levels of cholesterol, triglycerides and phospholipids in the
serum and tissues (aorta, heart and liver) and also lower lipogenesis in the liver. Moreover,
Salil and Rajamohan (2001) found a reduction of hyperlipidemia and a peroxidative effect in
rats fed a high fat cholesterol diet. In addition, CMP consumption also caused decreased lipid
accumulation at the internal wall of the aortic arch, although the plasma-lipid profile level did
not decrease.

CMP consumption did not alter the basal blood pressure nor the heart rate but caused
a beneficial change in the blood vessels with increased relaxation of the aortic ring when
exposed to GTN, but not to sodium nitroprusside, a direct nitric oxide donor. GTN is a
vasodilator drug that has been used clinically since the late nineteenth century for the
treatment of angina pectoris, congestive heart failure and myocardial infarction, but the mode
of action of the drug is still a matter of debate (Bonini et al., 2008; Mayer and Beretta, 2008).
To date, however, the evidence suggests that the molecular mechanisms of GTN firstly need
it to be bio-transformed to NO which results in vascular cGMP accumulation and
vasorelaxation (Diamond & Blisard, 1975; Kawamoto et al., 1990), and mitochondrial
aldehyde dehydrogenase -2 (ALDH-2) might be one of the enzymes responsible in the

pathway (Kollau et al., 2005; Mayer & Beretta, 2008; Opelt et al., 2016; 2018). Meanwhile,



Bonini et al. (2008) demonstrated that GTN triggers eNOS to generate NO, while Arts et al.
(2001) reported that GTN behaves as a partial agonist with respect to sGC activation. In the
present study, therefore, we investigated whether the increased vasorelaxant activity of the
GTN might involve (1) increased sGC activity, (2) the up-regulation of blood vessel sGC
protein expression, or (3) increased ALDH-2 activity involving the biotransformation of the
GTN to NO. In order to reveal these possibilities, classical pharmacologic methods using
different inhibitors (L-NA for eNOS, ODQ for sGC and diadzin for ALDH-2) were used to
test the relaxation responsiveness of the aortic rings to GTN. In order to prevent any
disturbance from NO, all the experiments were performed in the presence of L-NA to inhibit
the eNOS activity. As shown in the Results section, only a high concentration of ODQ
abolished the relaxation of the aortic rings of both groups, while a low concentration of ODQ
was only able to partial inhibit relaxation in both groups but in the same extent. Therefore,
the maximal relaxation of the CMP-treated group was still higher than that of the DW control
group. This result suggests that CMP consumption might cause increased sGC activity.
Consistent with this, the basal blood vessel cGMP level was not different between the CMP-
treated group and the DW control group, but GTN caused a higher increase in the blood
vessel cGMP level of the CMP-treated group than that of the DW control group. However, it
is unlikely that the increased cGMP level was due to the up-regulation of blood vessel sGC
protein expression, since sGC expression measured by western blot analysis was not found to
be different between the CMP-treated group and the DW control group. Another possible
explanation of the higher cGMP level caused by GTN stimulation might be due to increased
activity of the enzyme, ALDH-2 transforming the GTN to NO. To investigate this possibility,
experiments were conducted in the presence of diadzin, a specific ALDH-2 inhibitor, and the
NO concentration of the blood vessels was measured in the presence of GTN with the

expectation that if the ALDH-2 had increased, the NO concentration of the CMP group



would increase more in the experimental group than in the control group with the same
concentration of diadzin. Accordingly, it was found that the NO concentration of the CMP-
treatment group was higher than the DW control group after partial inhibition by diadzin,
indicating that CMP consumption might cause increased ALDH-2 activity to convert GTN to
NO. However, further specific experiments based on directly measuring blood vessel ALDH-
2 activity would need to be conducted to confirm this.

CMP consumption did not affect the relaxation of the aortic ring to acetylcholine
compared to that of the DW control group, indicating that consumption of CMP did not affect
the basal and muscarinic stimulated release of the endothelial NO production of the aortic
blood vessel. This is consistent with the finding that eNOS protein expression did not
increase. However, this finding is different from that reported by Salil et al. (2011a, b) who
claimed that high arginine-coconut protein consumption by rats produced antidiabetic activity
through the arginine-NO pathway, leading to pancreatic beta cell regeneration in rats
suffering from alloaxan-and streptozotocin-induced diabetes. The reason for this might be
due to differences in the coconut protein composition, in the present study crude coconut
protein was used isolated directly from dried fresh coconut milk, whereas Salil et al. used a
saline globulin protein fraction isolated from petroleum defatted coconut kernel, which
process might remove the active components.

In our previous study, it was found that coconut milk consumption caused an increase in
blood vessel CSE expression resulting in increased H,S which attenuated the vasoconstriction
of the aortic rings to phenylephrine. In order to reveal whether CMP might be responsible for
this effect, experiments were performed on the aortic rings of both the CMP- and DW-treated
groups. It was found that PAG significantly inhibited the contraction of the aortic rings to
phenylephrine, and relaxation to acetylcholine, GTN or sodium nitroprusside to the same

extent for the CMP-and DW-treated rats, indicating that CMP consumption did not affect



blood vessel H,S production, and this was confirmed by the finding that the blood vessel CSE

expression was not different between the CMP- and the DW-treated rats.

Conclusions

The present study demonstrated that consumption of CMP by middle-aged male rats caused
decreased body fat and liver cell and aortic arch lipid accumulation, with a decrease in the
platelet count but with no effect on any other blood biochemistry parameters. Although CMP
did not affect the basal blood pressure and heart rate, it caused potentiated relaxation of the
aortic rings to GTN which is beneficial in prolonging or preventing GTN tolerance which
normally occurs after long-term GTN treatment in humans (Jabs et al., 2015; Munzel et al.,
2011& 2013). Thus, CMP is a novel protein that should be developed as a health food
ingredient to prevent/slow down the development of cardiovascular disease in man,
especially from middle-age onwards. However, further study would need to be conducted to

identify the active component(s) of crude CMP.
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