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Thesis Title Effect of Astaxanthin, Natural plant-based oil, Vitamin E and Vitamin
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double-blind, placebo-controlled clinical trial
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ABSTRACT

Obesity is an excessive fat accumulation in the body. Obesity is an important factor
worldwide leading to non-communicable disease such as diabetes, cancer, heart disease and
stroke. Obesity is also characterizes by chronic inflammatory process with increase oxidative
stress. Oxidative stress is an imbalance between the antioxidant and the reactive oxygen species

resulting in damage to cells, proteins and lipids.

The main goal of this study was to study the effect of Astaxanthin, natural plant-
based oil, vitamin E and vitamin D3 on oxidative stress. Moreover, adverse effect was also
observed from the questionnaires of Naranjo’s Algorithm along the study and blood test of
Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Blood urea nitrogen (BUN),

Creatinine (Cr) at baseline and 8 weeks after first administration.

A randomized, double-blind, placebo-controlled study was performed. Thirty-five
women averaged aged 40.69+2.91 year-old with BMI 25.51£1.92 kg/m2 enrolled in this study and
were randomly assigned to two group: Astaxanthin 10 mg with natural plant-based oil, vitamin E
and vitamin D3, and placebo group for 8 weeks. Malondialdehyde and Oxidized low density
lipoprotein, as oxidative stress biomarkers, were measured at baseline and 8 weeks after first

administration.



Malondialdehyde and Oxidized low density lipoprotein were significantly decreased
after administration with Astaxanthin , Natural plant-based oil, Vitamin E and Vitamin D3
compared to the initial administration (p-value = 0.000, p-value = 0.012, respectively) , whereas
comparing the placebo group, there were no significant differences (p-value = 0.313 , p-value =

0.449, respectively).

Astaxanthin, Natural plant-based oil, Vitamin E and Vitamin D3 administration is
possible to reduce oxidative stress in overweight and obese women and the risk factor of non-

communicable diseases.

Key words: astaxanthin, natural plant-based oil, oxidative stress, obesity
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1.3.1 M55ulsemuteaa s usy V1N UanANNSTITUIA IAINUD LazININUA3

] = a o Y

U130 BIYAANILIATIADDNTIATU 19
a Bo} o [V aa a a a 1
1.3.2 Masulszmuueaauausy Hiiuanannnysssuma 1euud tazdiaiuas i
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NANAUTUAYING LI
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1.4 Usglgpiiimanezlasy
Y

1. Jse@nTwasnveuaan sy iuana NNy TusIa I0IuD uazIniuas

ADNIZIATIADDNTFIAT
' o A o a 1a v & o < = &

2. Frwantlaveides uazdnsInsaeveInana lsa luaaaeisess nazilumadenily

ya
YINQUAGUAIN

3. mohdoya Tl lunmsaudiuguamdia nazawnsanauwumuuimeilesiulse

a 3 o Y
llﬂﬁﬂﬁﬂliﬂiﬁ(lufﬂﬂﬂ”lﬂﬁu”l

1.5 VYBUIUAIUIVY

9
a 4 o w

£
ﬂ1§ﬁﬂ‘ﬂ1ﬁﬁ1ﬂ1iﬁﬂ‘H1‘]J'53ﬁ"ﬂ‘ﬁNﬁ‘i']llGUENﬂ1iiﬂﬂi$ﬂ1ullﬂﬁﬁ1u%u‘ﬁu HIVUY

[ A a A a A a a = 1 A
ANAVINNEDTITUYIA IATUUD LLASINTUUA3 maqﬂizMﬂﬁﬂu"lmJ‘lumﬁwnqu 35-45 YN

[

2 = = (2 dy G a % ' (2
BMI 23-29.9 kg/m TaeAnyndTouNgUAITIANINNIZIATINDDNFATUNOU LA HAT

[ KX A = 9 = ~ a éf U [
5UUsENIU 5AUDINNTTOVDINMIDINAVIUAGINOI1UNATUTLHINMTTUYTENIU 910

Y Y 1

Aawv o = 9 = < @ J Y
AT INUNTTIVYIIUIU 38 AU Gﬁqﬁlcﬁigﬂglja']ﬁluﬂ'ﬁﬁﬂy’] Wuan s et vazmsiawnavy

v A A 9 a oA Ay v 3’,
1%?15’0\1%’8)1/]NW’EN‘]JQ‘]JG]ﬂﬁVIhlmJWI'i;@Tu AUAS 2 AT

a a v
1.6 NIDUUUINAINTHIVY

9

A1ve ladny sz @ntwasmvesonisiasuueaaasusu dudanavnn iy

FITUBIA INAUD uazINTUA3 AonzATenoenTa¥Y 1aslYd Malondialdehyde (MDA)

9
v A o

. g . . . 3 = ;’ I av
1agOxidized low-density lipoprotein (Ox-LDL) 1/u@7w3a msany1inilumsadvelugauny

Randomized controlled clinical trial

dunlsdu futsay
HRAAULEUTY - 3Tzt snoondasu
difuasannissssuna | MDA
INAuD nag 2 Ox-LDL
INNUA3

MNN 1.1 NIOVLUUIAANUITY



1.7 Henuswimmng
ANZIATIADONTIATU ADNAVDIAIN lUANAANUIZHINMTINADYYADATE
pondauied 1 nazdlosnuszuuaisg lusreamevesaisdueyyaddse (Sinha, & Dabla,
2015).
9y a I = ~ Ia < [ a
arsaveyyasase ulwanaades Nawsaliodnasounneyyadase
a 1 . @ 2\11 4 a a
PONTIUIOI Y FIFLAD WI0TVIIANNITINIGVBIUTAAVINHAVDIDYYADATEDONTFIAU

19417

]
= 1

a a 1 I ] a ] = 9
pyuyadaszoondauIos 1 1iuluanafieged1edasy uaz luiateslsznoudie
a ' Aa g ' = !
E]E)ﬂCBLi]U’E)EJNf!}’E)EJl DAY u,azumanmauﬂimmmmmm1 (Lobo, Patil, Phatak, &

Chandra, 2010).

@

1 \ o 50} % v ) a -7
MAFULIANY (Body Mass Index, BMI) m”|mJumuﬂmﬁmﬂﬂiaﬂsmmﬁw

AIUGIHUIBIUATINTAITD

v
(%

Y
AU UNINDY Llﬁziiﬂ@yﬁu ‘H‘JJ”IEJEQ ATUNIANY FIILLE 23-29.9 kg/m2

A =2 ¥ o I ¥

? o v s ¥ o ? o {
H13Juﬁﬂﬂﬂ1ﬂﬁ%‘ﬁiill%”l@] nu1e09 Wdumaaunag WiuTusie ihduanvden

e

Y
Y% U T o

3 ? o o w o = £ ¥ I v A
Widuez T la uWNuﬂHﬂ‘fﬁ’JﬁWa uTNHN%W%}13ﬁﬂﬂU§q1ﬂﬁ WNUNaaogu tazduuan

q

Hansu e



A
unn 2

U

a = Ay A 9
HHIAR NYHS UHASHANUIWNINYIVD

2.1 ANZINHUNDU 182)IADIUADNIZIAILABINTIATY (Oxidative stress)
Y a - A v A =< Y a =
J998U09MTINAnINZIAT IR NFIAF U NIANIY HaluiiuAe 81M15 01115 T
<3 1% (% o a Aaa o [ @
wannatelszan Wuildenanlumsduindiavewysd mssuldszmuoims ludugs

Y] < [ a &’ 4 L4 . .
Tagnyg lvaiuns1ud (Trans fat) azsi linanmsazauveuiiameo lusiu (Adipose tissue) 11

P 1

@ 1 A Yo o J 9 @ o v 3 o Y =
p1o12a199 e ldsunasaiuuinniims ldndsau s ldiminmuiiu sudongae
I Y ' Y a i’ @ A a o Y v KR A
aaeilulsnsruneliinalsasesemiuu esanmnanisentauvessu lusiu 39l
AEIVOINUANILIAI IABBAFIATY (McMurray, Patten, & Harper, 2016). A1IZIAI UADDATIAYTY
Wee A liangasz e YyadaIzoanFauI09 11 (Reactive oxygen species, ROS) A1)
9 a . . ' Y a o = 1 1 A g
A5 1B YYADATL (Antioxidant) aawa lvinansiats ¥ luananelusnene wu adue

Ts@unag Tl (Oxidative damage) (Thannickal, & Fanburg, 2000).

P

g A o v < 1A g A v A o .
e luiiuniseonilu 2 Uszinnlnaqfe e lududiiaia (Brown adipose

tissue, BAT) Usznoudlelulnnsounie (Mitochondrias) uammazﬂmﬁu (Adipocytes) MUY

{ 9 [} a d' g

o { 4 o . . . 1<
ANt Ul varz Mot Tusiudv1d (White adipose tissue, WAT) 92101

a U
b4
4

azanlviiu nazliwadanapiueedilsznenludezdly I Tusvaiead (Fibroblasts) adad

Y Y . o o I % . o Ay o
au Tafu (Preadipocytes) 1 d JUNUANAY (Mature adipocytes) waaiuswuguﬂu U
v 4 4 a o a
(Immune cells) 1a1805 1uu vaz loTa'lail (Cytokines) Ao 8 1n'latl Adipokines) 30 0@ In
4 ] 1
VlG]SIGIVlﬂH (Adipocytokines) WIUNTLUIWUNIT Endocrine, Paracrine (L81Z Autocrine FEHWIN
' v A& A Y d
ﬂixmumimmmmﬁ Hette luiuduezvad Plasminogen activator inhibitor-1 (PAI-1),
x I g’/ @
Tumor necrosis factor-alpha (TNF-QL) Failues mé’l’u"ummiama U (Proinflammatory
. 4 S A a .. a . a a . . o
cytokines) (a1 805 1uUTFaNY (Resistin) v (Leptin) a1 oA 1NIUANY (Adiponectin) N1
TdiRanszuaumImeasiInease sazmiveunldifaoyyadaszesndiauiosln

WA (ﬂ”lW‘ﬁ 2.1) (Marseglia et al., 2014). (Fernandez-Sanchez et al., 2011).



£ Energy expenditure
Insulin sensitivity

n

Adiposity - Fatty acid oxidation

Catecholamines -

Insuline +
Adiposity +

Resistin J Insulin sensitivity

Adipocyte
1 Energy expenditure

Insuline + 1 Insulin sensitivity
Adiposity + -ﬂ_  Fatty acid oxidation
Catecholamines = V Appetite

¥ Fat accumulation

Adiposity + m JInsulin sensitivity
| Appetite

TLipolysis

Adiposity + L GLUT-4
N T Energy expenditure

¥ Insulin sensitivity
V Appetite

d' [ a o
M 2.1 na'lnvdnuead Tn'laid (Fernandez-Sanchez et al., 2011.).

2.2 9Y3aDa370ONTIIUIDI]I (Reactive oxygen species, ROS)
I 14 J { o o J a .
luTansewssoilueeiuniuad (Organelle) Nd19ny luaradgn s loa (Eukaryotic
Aa 0 W A A Y o ) ' o s
cell) NTANNAIAYIUNTZUIUNMINNGIVDINVNANNUY HazNTZUIUM I Tuszauyad
' L . o ¢ A ¢ o ¢ v &
15U B-oxidation of fatty acids AUATIZWIAABTOES HAZNTAITYYIUVOIFOT TaU AU
[ 4 a @ =~ A a a 1
naansvosnszuaunseondiasulululansowaiono oyyadaszeendauied 1
(Kudryavtseva et al., 2016).
a a 1 3 d' ] ] a Y a ]
pyyasaszoandanled itluluanafegoddaszlsznoudlgosndiauedi
Y Aa d 1 = 1 1 A ~ .
108 1 0znON HAzUBENATOUA lAAMEININNI 1 1% BONFIIU TuanalAed (Singlet oxygen,
14 4 o 14 4
'0) ouyagihileseonlad (Superoxide anion, 0,) lalaswuileseonled (Hydrogen
a 4 . a .
peroxide, H,0,) Tuasnoonlesd (Nitric oxide, NO), mpga”lamaﬂcm (Hydroxyl radical, OH')
o -
uazlansonluq looou (Hydroxyl ion, OH) (Jakubczyk, Dec, Kaldunska, Kawczuga,
Kochman, & Janda, 2020).

VoA a a 1 J ] ~ A Y
Llﬁa\1‘1/]3“511@\1@1}‘!33?]@f"fi3'8)'8]ﬂ‘ﬂfﬁ]u’lﬂﬂuhﬂ1811&!‘;]5?]?]?731!114@ MT%TﬂhljJI@]ﬂii’)ulﬂiﬂ gy

d a 1
A 519uHeu Tanaraay (Endoplasmic reticulum) HAZINDTONT LY (Peroxisome) WIHNY



a

1 U { a ' J
ﬂ'i%‘]J'Juﬂ']'iﬁ'Nc]ﬁluﬁ'Nﬂ'lfl Meumz‘ﬁmpgaaﬁizf)f)ﬂclm]umﬂamauammaauwm

2 Y o A A A a & A
FAUINADN TIe UNIT NIBNITAALYD (ﬂ1W1’] 2.2)

Endogenous sources Exogenous sources
Mitochondrial oxidative phosphorylation Radiation
Lipid peroxidation chain reactions Pathogenes
Fenton reaction Chemicals
Haber-Weiss reaction Pollutants
and etc. Inflammation
Food and nutrients
f-. Smoking
Mitochqndrial
dysfdnction l

Oxidative stress

lipid peroxidation of membranes, nDNA and mtDNA oxidation,
modification of proteins, lipids and nucleic acids

v

dysregulation of critical pathways
(e.g., NF-kB, MAPK, Fas/Fadd, mTOR, mitochondria dependent apoptosis),
DNA damage and mutations, chromosomal abnormalities and instability,

accumulation of insoluble protein adducts, RNA damage
Cancgr&‘ l lv

Senescence Apoptosis

\ Neurodegenerative
disorders

Y Y { [ a a 1 Y4 a
MNN 2.2 uwumwaﬂiz‘wuﬁ"lﬁ%mmm@uaaaizaaﬂcmmm"h HASHAANTUDIDYYADET

29nT19UI89 17 (Kudryavtseva et al., 2016)

g
a

1 Y
pyyAdAIToaNHIIUID AVgNT U nazdulvgvhlgasenesu lviiune
a . o2 Y o = 1 1 1 [
pyya laasonda (OH) Fudhared Turanaaesn Tusumeedislimmzinizas eyyale
AaT0NTa ¥1910URNT8UNUAY (Fenton reaction) HIUNIEUIUNITTANTY (Reduction) LA
a CY 4 ] o aan [
29NIWIAYU (Oxidation) 130 TN (Redox cycling) (%Y free iron (FeH) ‘VIT]J;]ﬂS g1nuy
s s aaa I { s I o
leTasnuileseonlad (H,0) uazlfnsonsiuesia (Haber-Weiss) Nagahilodoon’lad i

U380 ferric iron (Fe™) (NN 2.3)



Haber-Weiss reaction

+ OEF 02
= A
HO'Z M(u+1) M"

- \ V.
H,0, ‘OH + H,0

Fenton reaction

M 2.3 U owrludy uazieeid (Ayala, Mufioz, & Argiielles, 2014).

2.3 U3eneondiaduvedlvaiy (Lipid peroxidation)
aan a o o I a o aaa
Ugnseeendaduvesluimiunszurumsvesenyaddsy Tagiilfnsen
a o ] 9 1 4 o 1A v w 1 o 1
VInUHanuszguesmiveuezaey Iaomniznsa luiu liduaiusegraledumig
(Polyunsaturated fatty acids, PUFAs) wu nsalviuTowi-3 (Omega-3 fatty acid) LAZNIA
] 4 . aan . . ] 1
JusiuTowin-6 (Omega-6 fatty  acid) U381 P-oxidation ¥e4nTa lusinvzilanilaoe
A { I g 1 . .
pendau uazilasugihiluiaingnlanisnielevesluTaasouaie (Mitochondrial
. . = v Iy Y 1 a Aa v A
respiratory chain) Tuvaizifernun ladanlaseeyyadaszesnsauiosline syya'leason
A P N Y ] o . “ o2 3
Fa uazoyyanlosleasenda udnaredu Lipid radical (L) Fuilunszuiumsusnues
Ufnsereondiatuyeeluiiu (nitiation) Tae Lipid radical vz191711fA5e1nu Tuana
a I 4 a o .. . oW R g
pongu waznaeilueyyaleseondaues luii (Lipid peroxyl radical, LOO") #u1iluoyya
~ = = Y ) = A v W 4 Aa o
nlulianuates vazeansadununsa lviudafes viedunueyyalesoendaves lusiu
' v < o p H I ..
oyyadou uamlasugzihilu Lipid hydroperoxide (LOOH) Namnsauaneondu oyya Lipid
Y v
alkoxyl (LO) nazoyyalensonda Mawdnranueslfnse1iline Lipid hydroperoxide ¥4

@

- 1 J o -4 a a 1
Illlﬁf}ﬁ‘ﬁﬁ UATYABIFAN uaﬂﬂiqﬁ%’wwmwaa uﬁ]ﬂlﬁﬁ’i)ﬁﬂﬂﬂk‘ly‘a@ﬁﬁ$@®ﬂ“lﬂﬁ]u’3’6\‘]vl’)
A g a o s aaa 2y v .
mﬂuwammmmuuiﬂ%mﬂgﬂsmuum [{NRY Mutagenic aldehydes, MDA ilag4-

& a o 2% A Yy o 1 A
hydroxynonenal/4-hydroxy-2-nonenal (4-HNE) WurannuNUTUNa 09 uazgﬂ“lﬁmﬂumuwmm

MINANNIZIATIADDNFIATU ( NINN 2.4 )



e e Gl o i Bt

—————} —— —— - - - — -
|
| | Aldehydes (e.g., MDA, HNE, and acrolein) ‘
H,0, | | }
| |

L‘(”m.dwmau* LOOH > Lo.{Lipid’aJhoxylmdican‘) + OH-|

|

|

|

|

|

|

. I

: H,0 l(L;.mdraﬂJcif) | (Lipid hydroperoxide) ‘
| | ‘

B A ‘

+LO-

| | L OO",upld peroxyl radical) +L ‘

|

[

LH,,+HO« | ([ T T YT T

(Lipid)

,,,,,,,,,, ! i LooL
L-L

(Peroxide bridged dimer)

LooOL

|

|

I

I

(Fatty acid dimer) |

|

(Peroxide bridged dimer) * 02 ‘
|

|

MW 2.4 uruAggnseeendiaduyod luiy (Kudryaviseva et al., 2016)

v A J .
2.3.1 Waoulaead lad (Malondialdehyde, MDA)

a A . . . 2 g o Y { I
N3A0231A 1Al (Arachidonic acid, AA) Fuilunia luiuTewi-6 uasugihiu
WsedANauAY  (Prostaglandins, PG) a21alasou (Leukotrienes) MIoUUDALYU
(Thromboxanes) 1% Tnaeonddiua (Cyclooxygenase, COX) anonxud (Lipoxygenase, LOX)
MDA WU Enzymatic peroxidation 11a84 dunsonlasu MDA Wy Nonenzymatic peroxidation
Y Y A 3w 9 Y a o & . o a
"lﬂﬂﬂﬂﬁfl (MNN 2.5) MDA Lﬂu@nﬁu‘]_lﬁiéluclﬁtﬂﬂﬂ"ﬁﬂﬂ1le‘L!‘§ (Mutation) L8ZN1INIA1YA

<3 Aa g a ' a a . X .
1DULID Glusllmgﬂﬂlﬁummﬂﬂﬁ$U'JUﬂWﬁG]f@iJllmiJﬂ’J'liJWﬂﬂﬂGI (Nucleotide Excision Repair,

1 Y v J A v o a 14 . ’ .

NER) mwa"lwumiﬂmawu‘gmwwm ﬂaWEJWH‘QmJ‘ULWﬁJ%W‘ﬂ (Point and frameshift mutation)

a g aa 4 Y Y a
A19AULDVIA (Strand breaks) NIINYAINITBIAUDILTAQ (Cell cycle arrest) L!agﬂﬁxﬂuiﬁlﬂﬂ

TUsunsumMImeveusad (Apoptosis)
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Radical” - / 20,
H% T

PUFA-radical” @
F\OZ |
|
H
| PURA peroside- ( PG,
Cyclization radical® }I
' @)/
/ /
Oxy radical Lipid hydroperoxide /
B i, sty S -
| L
I"\ \‘4 \
\ s — Bicyclic @/"’/ / @ @ @ \
“-\ endoperoxide [ \\
N \ v v

N N, o B
\ % \

MNA 2.5 WUNVOAFUUDI MDA (Ayala et al., 2014)

INMIANHINHIULINUA 118 MDA 1ag 4-HNE 3udunsaozil 1u no liinana

@ a

= 1 = dy @ 1w Aa Y J o Y
Wemeaaae 11Usay wennteiausnduanunsatiinaon uazwmwaamm'lmuu'lﬂm

U

2 3’/ Y @ d‘

Y =2 A = B Y A A s A
A3 ANUHU INUAINUINYIVDINUAITUYIN TSﬂ‘V]LﬂEJ'JSU?J\‘]ﬂUﬂ'.]"llllﬁ@ll"]]’f)\uc]fﬂﬂ‘]_ligﬁ'lﬂﬂ

v v

AUNUD fT‘U’mq (Age-related neurodegenerative diseases) waz s ﬂllz!%ﬁ (Ayala et al., 2014).
2.3.2 TaTnTUsAUANUMULUA (Low density lipoprotein, LDL)

o < { a <3| v o
Tsanaeadeniluilulsanlisasimadediaguilususudugvesnatolszima

@ v A <3 .
Mlan aunguanina9In N1IznasAaeaLd (Atherosclerosis) 130 Fatty plaque luvaoa

[ v
o =3 =S 1 = 1

o 1 o I " A
woarale TaTnTldsauanunuiniud Sendnedraniiad lviiuad ifuTwanalvya
YszneudieTlsAu netaainesea (Cholestero) Woa In@ia (Phospholipid) tazlasndiae

s X a J 1 1 aan a @
156 (Triglyceride) %4 LDL eM31509n00n lad91nnszuiunsa1ee wu Ugnsereonsiadu

vod'lviiu viseamosindu (Esterification)
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% a1 ] v @ a o
Ox-LDL #sfinaa11ian1991n LDL Tag Ox-LDL lie@1115090A 1 LDL receptor UUAAHAA |8
1 [ % a 4
HATINITDIUNDY Acetyl-LDL receptor ﬁ%ﬂscavenger receptor FanvyuAsasuua lngo
a [ 1o o 3 4
(Macrophage) t1a 1a5¥199enaunu Ox-LDL oeha lusnauaznaredluTvuwsad (Foam cell)
o A =y} I A I o Y o A
murlsvaoamen laslanyuziu Fatty streak ioazaumunannuazilinmisvasadon
2 Y Y ' J Y . 2
i Taslinou lusiu (Atheroma) ogn1elu dawalid Fibrous plaque U19AIIUAANTT
o A & s X v 3 A g A
VA uueIrasaon Famiuiauileg lUnszduszuumsudsiivesion uazindaaon

o q¥a A A o A o A .
mldinaaumenganurasaaaanala (MMM 2.6) (Rhoads, & Major, 2018).

Blood vessel
“‘\;’-)?\:/—J"\:/—'\:/—‘\:/W\‘:/—‘\y
LDL Monocytes

T adhesion
— P D I
Endothelium

migration

oxidation

"'\"' M ox-LDL differentiation
Free Radicals " ‘

\UPLHJ‘E inflammation

degradation

MMPs -

Cytokines Foam cells

Scavenger
receptors

Macrophages

3 Aa <
M 2.6 na'lnvesuualavhalumsifaninzvasa@onuda (Kishimoto, Yoshida, & Kondo,

2016).

2.4 @13AUOYYADAIZ (Antioxidant)

9 a <3| A A o Y a a ' a
asmueyyasasziiluluana vieasnihlieyyaddszoondnuied luna
= Y A v ad g‘/ Y A )
ANULTDYT Iﬂﬂﬂ?iﬁh’i NIDTUDLANATOU MINWATI LATNINOON (Apak, 2019). LWONIAY
a a 1 = o Y Y a 3 a a 1
@Hyjﬂ@ﬁi%@@ﬂ“ﬁﬁ]u?ﬂﬂq? mmmzwﬂwmimummaaﬁizgﬂua%‘aaﬁiz@aﬂmﬂmm"h
o ] = 12 £ @ 9 = .
vl deeanaligns tazdunsieieeas (Li, Lin, Yao, & Chen, 2010).

a 1

Y Y 3 =} Y a I
ﬁ"lﬁ@]'ll!@lgﬂga@ﬁﬁ%ﬁﬁﬂﬁﬂL!‘]J\‘]f)f)ﬂ@]'lllﬂlﬂTﬂllﬂlﬂu 2 NQUND mimuauyjaaﬁiﬂmaqmaﬂ
1T A a aa a A = J . . =
LBU INTUUE IATUUD LLﬂTﬁ‘VIU’E)EJﬂ (Carotenoid) Llﬁﬁﬂgﬂ'l]l‘ﬁiﬂu (Glutathione, GSH) "
Y

amnsnrhiate viedugseyyadaszoandinuies 1 uazarsaueyyaddse Tuanalvg) 1vu
<3 4
DU oy Superoxide dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GSHPx) ag

o a . l 3 a a a 1
TsAudayiiv (Albumin) ¥9328TUN15INUAY (Scavenging) OUYADATZOONTIIUIDY 11 1Az

U
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9

Yosnuoyyadaszoondiauiod lviare TsAunddyaosianie (Satish, & Dilipkumar,
2015)
4 Ja A . .
2.4.1 glnosoon leaaaliund (Superoxide dismutase, SOD)
4 A A

y1llo5oon leaaaiiunall 3 Isoforms Ao

1. SODI1 (CuznSOD) Tasdaulvig SOD1 azegareluleylasea (Cytosol) el

1 1 1 1 d' Y = é = A
VNI 1UTDI52117191801 1 (Intermembrane space) Y04 11 TansouUATe Falinouad 3o
[ I
FanzaiuTaunnees(Cofactors)
@ (Y =1 ] a 4 =S

2. SOD2 (MnSOD) Tugnuunanmilasgluunsndveslulansounse

(Mitochondrial matrix)
= A o A 4 v g A

3. SOD3 (ecSOD) Iasiineauns vsedenzmiulaunaes uazduilu SOD 7
d1AYADFPIIIUENYAAYDINADARDA (Vascular extracellular space)

3’./ $ < a
Taw SOD 114 3 Isoforms tlasualnleseen ludiluoandau (0,) uaz lalasnunlesoonlod
(Fukai, & Ushio-Fukai, 2011). @40 IWH 2.7

—-

sSOD

-

~C

SOD-Nreduced

v

SOD-Moxidized H202

20, + 2H* H,0,+ 0,

4. Cu®/Cu'* for SOD1 and SOD3

joxidized dl
MEEEeINE e Mn®*/Mn2 for SOD2

d' J Ja A A A a a a
MNN 2.7 ﬂﬂllﬂﬂlﬂﬂ“ljﬂlﬂﬂﬁ@@ﬂulmﬂﬂﬁuﬁlﬂﬁﬁluﬂ15ﬂﬁuﬂu@uyjaﬂﬁigﬂﬁyjaﬂﬁigﬂ@ﬂﬁmﬂu

194917 (Fukai et al., 2011)

2.4.2 azaad (Catalase, CAT)
I & Y Ao o 1 I a a I
azanaadunilalueu ladd e yyandidguiseoniu 3 vtia siausmiy

A A A ] J .. = Yy Y
FUANNUNUINNG A Nauuosnilsznou (Heme-containing enzyme) ¥HAN 2 W‘Uulﬂu’f]ﬂ tagy

= I 4 1 = Y] a a Y == I 4 12 ~ I
sutlussndsznouumednusiiausn siagane ilduiluesdlsznou ualiunemileniu
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2 a : I ¥

Taunimes azanaans 3 yiaensanlaon lelasnulesoonlad 2 Tuana luiui
9 v

(H,0) 2Turana 1azoonsau 1 1umna 1Al 2 YUADY AININN 2.8 (Nandi, Yan, Jana, &

Das, 2019).

Enzyme[porphyrin Fe(IlI) + H,0, ———————>Enzyme[porphyrin Fe(IV)-O] + H,O
(compound)

(a)
Enzyme[porphyrin Fe(IV)-O] + H,0, — Enzyme[porphyrin Fe(IIl)] + H,0 + O,
(free enzyme)
(&)

Y v ' 9 '
Ml 2.8 UHATe1veIRzAIAE: (a) TUADUT 1 (b) YUADUT 2 (Ankita et al., 2019)

4 a
2.4.3 ﬂgﬁﬂ‘ﬁ Tounlosoonmaa (Glutathione peroxidase, GSHPx)
a < { @
nga 15 TownleSeandaaiiluga TuTisAu (Selenoproteins) Merdenumsaals
s < ¥ L .. 4
1% laTasnuilesoonled Iinareiluiir (Brigelius-Flohé, & Maiorino, 2013). gililoseen

Ja A 4 a =~ v o Jd o A
"l,“]fﬂﬂﬂiJ’JLV]ﬁ AT LlagﬂQQWII‘ﬁIGULﬂ@iﬂﬂﬂ%Lﬂﬁ UANUAUNUD ANNINN 2.9

o
0=—=0 H” SH+ 0—o0 JGeH

1 I Hydroxyl radical
@
2!
Bioi — — Ho—on

Hydrogen peroxide
GSH I\'ADPH +H*
CG\SSU NADP!
O

H” H

Superoxide anion

3 v o v 4 . a a '
ﬂ"l‘Wﬁ 2.9 ﬂ'ﬂllﬁiJ‘WH‘ﬁ'igﬁ'JNL@ullclﬂJﬁHu@Hy.ﬁ@ﬁﬁ$ﬂﬂﬂ‘iflﬁ]u’39\‘]ul'3 (Fukai et al, 2011)

2.4.4 IBAAMBUTU (Astaxanthin)
A a I3 = [ 1 = J .
Ao uzru InWaaluasauasdaeglunsznann 15iuesd (Xanthophyll carotenoid)
] 1 <3 I a a { o . . X
agluanyiguanan 51 eisnzia uimiiunazais1d1ulviu (Fat-soluble vitamin) &4

I Y a Aa Aa a I 1 = £ o a A
Lﬂumimum@vaaﬁimuﬂizﬁmmmﬂuammm mqm‘lumia‘uma’e)ﬂcmuimaqamm
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v

Y i1
(Singlet Oxygen) tagzilfnservengatuvesluiu'laa uenainiidalidrurieluGedloiu
r'd '

ey AUMIONIEY 0oNNTINNYNANNY (Immunomodulatory activity) AANIZIULNTD

Y
andulasy (Metabolic syndrome) ¥redloeiuIsninle veaeds uazyrelumsdudimsna

<3
T5ANEI59 (Wu, Xu, Chen, & Zhang, 2020).

o @ a a ] £y A I J
nasnnsudsgmuedausuiu weaausuiuazgnasududewiuluyad

o < s Z . . aa
(Micelles) gadulud 1dian Tuwadiilszneudionsaid (Bile acids) oa TWdna nao
@ . a = v & A
aaneIea NIA Uiy (Fatty acids) wag luTuezFanalyoson (Monoacylglycerols) §NaALNUN
1 (91’.1 a LY ) %} Q'I
aury 1alaluaseu (Chylomicrons) 91N UUIBAAMTUTUIZYNTUODNWIUIIG HITOHA
@aﬂuﬂug 199 Very low-density lipoproteins (VLDL) High density lipoproteins (HDL) @1

4 £ &’ 4 1 d'
Low density lipoproteins (LDL) e Tguitaaihmuieas 1 (DNN 2.10) (Desmarchelier, &

Bore, 2017).

Carotenoids

G

Food

matrix ¢ OQ Gastrointestinal
ﬁy enzymes omicron’

Liver

Storage Excretion Secretion Metabolis

Carotenoids

LDL

.+ | Carotenoids

Target tissues @

Carotenoids

Intestine

d' o ~ I 4 .
MNN 2.10 ﬂallﬂﬁﬂ?d&lﬂllﬂiiﬂl!ﬂﬂﬂil&hl@ﬂ (Desmarchelier, & Bore, 2017)

=

a a o Y Y 9 @ E] @
Lmﬁmu%u‘ﬁu%u@5uﬂ33%1u%zgﬂ@ﬂ%uhlﬂ‘Ll’rJEJ LW513@6\191WEJ]‘13|13JH!1J149]3W1

Y A A = Z‘, a o ] Y 9
[WIgnIzuaann uatlod91nUVIUTIUAIYUIgATNI8U09 IATIa519 10100 A (Zuluaga,
. . o Y = Y U = J A d' [ 3’,

Gueguen, Letourneur, & Pavon-Djavid, 2018)ﬂﬂﬁﬂﬂﬁmVlﬂﬂﬂ’ﬂuﬂiiﬂuﬂﬁlﬂ%uﬂﬂu ANUU

@ Aa Y o 3 4 I A A a £
mMssudsemuormisniiiwiluesalsensvazumamuaidiuiueongns
(Bioavailability) Tums ﬂﬂ%hl!@ﬁ AMWBUTY (Mercke Odeberg, Lignell, Pettersson, & Hoglund,

[ v { o a o w ! 1 3 o
2003). vauzidednuadenih IdueoaauausugniivalinnieneldediesiaEs uazsi v

9
[

ANTIFIATUAN (Half-life) 7D NITPUYHT (Okada, Ishikura, & Maoka, 2009). YUIAT
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Susenn uazgnoensuluratelszmafio 4-12 Jadn5uAe iU (Brendler, & Williamson,
2019).
. . . Y= a [
Choi, Kim, Chang, Kyu-Youn, & Shin (2011) 1ﬂﬂﬂﬂ1llﬂﬁﬂ1llcﬁuﬁu1umﬂﬂlu 33
d'd 2 9 a A Aa o 1 [ 1 1 d'
AU N BMI >25 kg/m” Taglgueaamususy vua s Jaansuaoiulunguusn uaznguinded

A a o 1w < (% d {
T5una 20 FaansuaeTu funal 3 dla waf ldnea1u1saan MDA uaglsoprostane (ISP)

v o q/

ARG AL W(p <0.01) mewmmwawmm’namﬁmnﬂwmﬂmms Lﬂuﬁuﬂﬂ “]NE‘TLL@]\‘I

I A a Aa
WUFTTTURAVDULOTA B UTU

]
=3 1

Kim et al. (2011) laanslunquanguyws Weununguliguyn’ nguaugy

Q U

~

Un umaamﬂu 3 ﬂallﬁl’eJEJ Taglasuueaaiusuiuuua 5,20 Q% 40 HaansuaeIu L“]J‘LJ
o 4 o w A ~ @ 1 1 ]
szeza1 3 dUariauaiay L‘JJ@Llﬁﬂﬂmﬂﬂﬂﬂﬂquﬂ]ﬂﬂuv\m’n MDA, ISP, SOD aaai9819
isdAny (p < 0.05)

Choi, Youn, & Shin (2011) ladnuluglugisiuau 27 auiill BMI >25 kg/m” Tag

g

a 1 [ 1

] < 1 1 [ a a o { [
nuveeniu 2 ngu nguusnaz lasunedawuiu 20 Haansuaeiu nqui 2 sz 1dsuen

a

=

vaon Hlunal 12 dlaf nuszdu MDA asasednifsdirymeadaieieusoilasy

g1vaon (p <0.01)
YR [ = Alaa
Petyacv ctal. (2018) lAfN1Q lvigunIng 01g 60-70 13 MDA 11ag Ox-LDL g4
o < o J 1 I 1 1 Yo v o ]
1UIU 32 ﬂmﬂunm 4 ﬁ"]Jﬂ"I‘HIﬂEJLL‘]N@@ﬂL']JL! 4 Nqu ﬂqmuiﬂhlﬂi‘ﬂ 10 ﬂiN%ﬂﬂTﬂLLﬂ@l@]ﬂ
Y] 1A Yo a Aa a o 1 o VoA Yo v &
AU NQUN 2 "lmmmﬁmmvuﬁu 7 HAANTUADIU NQUN 3l1ﬂ‘i‘U 10 ﬂih“ﬁﬂﬂiﬂllﬁﬂ Uazioaan

a a a o 1 o [ [ [+ . a
UEUTUDN 7 UAANTUNDIU ﬂallﬁﬂﬁ}"lﬂ"lﬁji‘ﬂ 10 N5 ¥on LA NHENLDAA LY UTU ga3

Q Q

a o

ﬁmyﬁgﬁumi@ﬂ% 7 12@nTUADIU NAVBINISANYINDIN ﬂtcjnﬁ"lﬁ"i"mmﬁmmu%u
113980 MDA uazOx-LDL egailifodiay Taammiznguii 4 (p < 0.05)
2.4.5 nfusdauland (Flaxseed oil)

flunsa v lisusuedou UsznoudioTowdn-s duilunsaueasihlalwasn
(Alpha linolenic acid, ALA) Taeialufla 45-55% Seeengnidueyyadass mulgisen
ponFaTuvee Ui Yen LS A INTaanMISIEY uilan wazan ¥ (Yadav, Singh, Roy,
Ansari, Saeedan, & Kaithwas, 2018).

Mirfatahi, Tabibi, Nasrollahi, Hedayati, & Taghizadeh (2016) Ulﬁ’ﬁﬂyﬁ%ﬁ’umﬁﬂ

urlandludilovloniden (Hemodialysis patients) 9141 34 au Hunat s ddan Taold
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3 o a3

umumaﬂgmaﬂcﬁ 6 NTUADIU NIUAVLIMADN WUNEIWIT0AA hs-CRP 11ag sVCAM-1 %9

%

I o { a @ . . ] o o 1 1

duthidadeslunsinalsavasadonale (Cardiovascular disease) l@od19l1iod1Any ua laj
d‘ 1 S W o

nuanulasulasesailtisdidnlu MDA (p > 0.05)

Babajafari et al. (2018) laanuiniumdaunandludiefign 1 Ingd $1uau 73

A J

1 < ' Y A 1 [ Yo .
AuLUeamilu 3 nay IﬂfJinl‘I’iéUuiJVIiJﬁ’JuWﬁiJﬂNﬂuﬂﬂ ﬂi;]lll,l,iﬂvlﬂi‘ﬂ Isolate soy protein
A 901 v 9 v A

Y o < 4 1 @ 1 { @
(sp) uaziniuwaauvang nqui 2 1850 ISP uaziniudnIna nqui 3 1a5uuiles gy

9

v o

%’ v 9 I a 4 ~ YA VoA =) [ v =\ [
paziiudn Ina 1iunar 3 01900 wan lane nquil 1 Yszau MDA anadedniiiodinn
ﬁl = % U d'

WaMeUA NN 2 a3 (p < 0.05)
v
2.4.6 W13u 1519 (Borage oil)

@

ST { a . . . '
Lﬂuumuﬁf;ﬂu"lﬂﬁ’aﬂﬂiﬂuﬂum'laimauﬂ (Gamma-Linolenic acid, GLA) 8813
9 ~ o o A 9 o A s
UDY 23% (Takwale et al., 2003). 11‘]J'§$Iﬂ‘lﬂﬂuﬂ155ﬂH1Iiﬂlﬂﬂﬁ]ﬂl@\iﬂiJﬂ’J"IiJLﬁﬂllsU’ENL‘ﬂfaﬂ
<
(Degenerative disease) Tagmmiz Isaviasaaoaua (Tasset-Cuevas et al., 2013).

9 Y
2.4.7 1nfuNvTou (Perilla oil)

%7' o A A

3 a
towduiniununnisgay lldeasdueyyadase Taslinsauoa

v

3
HIWUN

2he

1 a % Pl ] ] [ 4
W' laTuadn 89 50-60% Fa11lsz Temiviarwoe1e (1 1880 ROS neluwadilszan (Ueno

=)

Y
et al., 2020). wazem I aussanImnaleanaay (Okamoto et al., 2000).
Y
2.4.8 Wuez 1 1a (Avocado oil)
%1 o 9 o 1A v A d'
Wiuez T ladsznevudlensa lusiu 1dudusa@e)  Monounsaturated fatty
. = ' J a A =R A a A Y
acid, MUFA) D3 71% Brgaudsugumn Tagimunisgaduimiduiazatsluladu nazaa
NILIATIADDNTHIATL (Dreher, & Davenport, 2013).
aol LY 9 = .
2.4.9 NUUIYNUIA1A (Wheat germ oil)
%} ] 9 = F) a a A =1 4 o
Wiuayndad dsznoudae 3a13uB (Tocopherols) 1A 157 upes taznia luiu
A o a % ¥ K .
liidudnasadou 61.2% Faa1u150aA11A1@ 1NN insulin sensitivity 19 (Kumar, & Krishna,

2015).

Y r'd
2.4.10 MUNENENadaUTans (Virgin coconut oil)

q

Y] a

y < - o
Wnfungninanauigns gaulidieniaassn (Lauric acid, LA) uag n3aludu

a

(3

suaaeeTuanae1111una1e (Median chain triglyceride, MCT) #43d1U%28a00122103 09
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'
v A

DONTATLYBIZ8ONRAINYE UBNNATSATN Glutathione peroxidase (A% Glutathione reductase
Glmé!l’tlléf) (Kappally, Shirwaikar, & Shirwaikar, 2015)

Traul, Driedger, Ingle, & Nakhasi (2000) las1891uanutlasasslunisys Innnsa
"lﬂjﬁuﬁ'uﬁ’amﬂmaQaanﬂmﬂmqag:ﬁ 1 g/kg MDY

? o < ' .
2.4.11 WHULaaoyu (Grape seed oil)

o < 1

¥ 1A q/ % 1 o 1
iuaeegugay lidrensaluiulidudius guartedmmis (MUFA) 15z

q E]

: < - 4 ' .
YIU 85-90% H3 66-75.3% 1UUNTA lalu@dnNaaa1Ta9N150Nay 1agn1san Ox-LDL
luvzinan1IzIns o0 NTHAYU (Garavaglia, Markoski, Oliveira, & Marcadenti, 2016).

. . Yy =2 ~ 1 1 9 1
Xia, Deng, Guo, & Li (2010) llﬂMﬂTSﬂﬂH”IL'IEEJ‘]JmEJ‘]Jﬁ’JHG]NG]"IJ’ENG]M’E)\QL! uag

a v

a [ J ' J
HaAN UM INBIUIUATUYDIAITA IO YYADASY 1A 1A8A1 To1sA (Oxygen radical absorbance

J < 1 a {
capacity score, ORAC score) WU lUanB{UNUAITMUDYYADATZUINTNGA

q

YR [ < ] 1 A [y
Sano et al. (2007) UlﬂﬂﬂEWﬁﬁﬁﬂﬂmmiJﬁﬂﬂgu Iﬂﬂlmﬂﬂu“ﬂui%ﬂﬂ LDL 100-180
) ) 1 1 VoA Yo @ < 1 =Y
mg/dl NUIU 53 AN iy 3 NRN NQNLIN LAZNYUN 2 "lm‘umiﬁﬂﬂmﬂmamguﬂimm

A Aa o o [ [ Y~ Y] 4 4 =1 [ U
200 iOZ 400 WANIY ATUATIAY ‘155Uﬁ15ﬁﬂﬂlﬂumﬁ1 12 dian lﬁﬂlﬂﬂﬂﬂﬂﬂquﬂﬂﬂﬂu

o [

1 4 < @ 1 o
W10 MDA-LDL M1 udunuved Ox-LDL anadod \iisd 1wy (p < 0.001)
¥ a A A 5 . .
2.4.12 Wsivonansu lsa (Evening primrose oil)
K 2 A ~ a < ' A = a
Wiueiansu lsalinsaasin Judmilsznouganga Tasgana 70-74% Hau
Yosrunasgd Tasmsiliinannuaugallomnan1iginionoondasu (Timoszuk,

Bielawska, & Skrzydlewska, 2018).

Y

& L 1
Nasri et al. (2018). lagnuiniudvdansulse uazIaniiud lunzgaiisaly

A A

{ a o ! <3|
w1811 (Polycystic ovary syndrome) NUIAHUA <20 ng/ml 1UIU 60 AU Taguiseomily 2

9 '

1 1 Yo o w A a a a a o a = I
ﬂqNﬂqmliﬂllﬂiﬂunlu@WuQ‘WﬂJI§ﬁ 1,000 Uaansy LagIn1uua 1,000 IU Wunan 12

@

@ s A @ J 1 o 1 o w
dlendd iereununguaIuauwalsIng 13zl MDA anasediiied 1A (p < 0.001)

a = . .
2.4.13 UUD (Vitamin E)

=

a a I a a ] g o [ a a Qy
Aaiiud Wludmiiuazateluluiu Tgnsi lignTgvesmsinaoyyadaszduga

J

a4 (Chain breaking antioxidant) H1unsUnilesmiuradninlfnsereonsmdureslugiu

(Meydani, 1992)
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Sun, Ma, Li, Han, Wang, & Liang (2012) laAnu13a1iiud ludlval o1y 55-70 1

U g q

o [ I 1 1 { v Aa a a Aa o
U 180 AU uUvoMYU 4 nay Iﬂﬂﬂﬁuﬁ 124103 Vlﬁ}immuu% 100 200 300 Uaanad

v o w

L']J‘Lll?]ﬂ”l 4 Lﬂ@uﬁTllﬂWﬂ‘U Naﬂllﬂﬂ@ A1 08aa MDA "lﬂﬂfﬂﬂ HYTA Llli’]lfﬂfl']_lﬂﬂﬂﬂll
AIVAN (p <0.05)
. . . . . YR a = PRl
Khatami, Soleimani, Sharifi, Aghadavod, & Asemi (2016) "lﬂﬂﬂynmuua“luzgﬂaﬂ
o ] U I 1 1
T5aTavInima1u (Diabetic nephropathy) $11474 60 AW Taetisdilreoenilu 2 ngu nquusn
Yo Aa a A 1 @ I o s A =1 [ ' Y

Eﬂghlﬂ'i‘U’anlu’fJ 800 IU @973U HJHL'J'IN 12 ﬁﬂﬂ'lﬁ WOMIUNUNYIUAIUANLUAITINITDAA

MDA Idedeiiiodday (p < 0.001)

Y
o w

Rahmani et al. (2017) ladgnuidilen1izgairialanately $1uau 68 au i

a o 1 v A a A

I 1 oA Yo a I
pontlu 2 nauy IﬂﬂﬂQNVI 1 llﬂi‘]J ALA 400 ¥aansy sIUNUIATNUD 400 U Wuan 12

%% s A v ' ' @
dlanileeununguaiugy Us1ngngunaaseliszal Ox-LDL anad tazll MDA anaq

q

Y o (3

pg N A(p < 0.05)
2.4.14 INUUA3 (Vitamin D3)
a a A a a @ a 1 ~ %
IATUURA L‘IJU'JWWMUQ$QWEJGLUUI,GUNH Qﬂl@]lﬂ’fllu 1 lag 25 hydroxy ‘I/ﬂﬁlllﬁ%ﬂ“ﬂ Iae
! . . . . A a = A Y o
agiugﬂ Active form 1,25-dihydroxyvitamin D (1,25(OH),D) nuTnala YanuneIveany
' Y 7 4% o d A o &
ﬂixmumimmmiumaauazu@mmaa Hagszay 25(0OH)D Lﬂuﬁﬂﬁnlﬂu@]@ﬂTiﬁﬂﬂrﬂ
~ A o 1 o A 9 A A o W ~
!ﬂiﬁlﬂ@@ﬂclflﬂ‘]fuﬁlu!mﬁg'JH%Wﬂﬁ\‘]LL'Jﬂﬁ'E]NWHJHWH ﬂ'§$1_1'31!ﬂTiﬁ'lﬂiUuﬁluﬂTﬁﬁﬂﬂ'l'ngﬂiﬁlﬂ
DONFATUAD FIUNUNITUAAIDDAVDI nuclear factor (48g erythroid-2 (Nf-E2)-related factor 2
4 9% Y] [ Y] ~ Y]
(Nrf2) Melusaa seavves Nrf2 wilanndunuszay ROS Tululasaseueses uazseay
a [ g’./ =K A o v 1 9 a & a =]
auyjaaﬁix JUU Nrf2 ﬁN3Jﬂ311|ﬁ”|ﬂﬂ311!ﬂ"|5@]@&5]THE’JHHa@ﬁiz“KQQﬂﬂ'J‘]Jﬂ?JIﬂEJ'anluﬂ
(Wimalawansa, 2019).
. . . Y o = Y %’ [ ]
Maktabi, Chamani, & Asemi (2017) lasihmsansidihen1izgairialuvatsly
o = = v A a A 1 I 1 1
ITUIU 70 AU f’)"lq 18-40 ']J LASHILAUINIUUA <20 ng/ml L!,‘]JQ’EJ’EJﬂHJu 2 ﬂquiﬂﬂﬂqulliﬂ
Yo Aa a A o L] o 4 1 o
llﬂﬁﬂﬁ]ﬂnlu@] YUIR 50,000 TU nn 2 ﬁﬂﬂ?ﬁlﬂl&ﬁ%ﬂ%wa'] 12 ﬂ'ﬂﬂ'ﬁ’i’ NWUITEAU MDA ana

o [

vedAydeieununguAILAN (p < 0.05)

o

SIRREY
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%ﬂﬂWiﬁﬂHT IEN"I'EI!@]'E’J'SI"L! YUY 1MUY NﬁﬁWﬁﬂJﬂ\iﬂﬁﬁﬂHT
a1 Uszang
Choietal. | T1=AST5mg 3 T1=12 MDA 290408143}
(2011) T2 = AST 20 mg e | T2=11 WELRLL
C=0mg C=10 (p<0.01)
Kimetal. | T1=AST5mg 3 T1=13 MDA 2903081493}
(2011) T2 = AST 20 mg o | T2=13 Had Ay
T3 = AST 40 mg T3=13 (p <0.05)
C=0mg C=39
Choietal. | T=AST 20 mg 12 | T=14 MDA 848408193
(2011) C=0mg dlawi | c=13 WodAw (p <0.01)
Petyaev et T1=AST 7mg 4 T1=8 MDA tiag Ox-LDL
al. (2018) | T2=4onlnuan 10 g + e | T2=8 asasedeliiod iy
AST 7 mg T3=8 (p < 0.05)
T3 = Fon lnuan 10 g+ C=8
AST(gasNIAY)7 mg
C=%onlnuan 10 g
Mirfatahi, et | T = Flaxseed oil 6 g 8 T=17 MDA N3i3ing
al. (2016) | C=0g dlawi | c=17 wasulasedsdl
Hed gy
Babajafari, | T1= ISP + Flaxseed oil 30g 3 T1=25 MDA 848408191
etal. (2018) | T2 =1ISP + Corn 0il 30 g dlaw | T2 =24 WedAw (p < 0.05)
C=0g C=24
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H 1 aw aa a [ d a
MI19N 2.1(99) LLE‘WNE‘T?TJWﬂﬂﬁ’Ji]EJ‘VINﬂﬂLlﬂEU’ENNﬂ@ﬂmmtﬁiﬂ@"lﬁ"ﬁ.

Fomsanun SIEF TR J2OY U HaANTURINMIANYT
a1 1szang

Sanoetal. | T1 = Grape seed oil 200 mg 12 T1=18 MDA-LDL 2840814

(2007) T2 = Grape seed oil 400 mg | da¥ | T2=17 Mivdda (p < 0.001)
C=0mg T3=18

Nasrietal. | T = Vitamin D 1,000 IU + 12 T=30 MDA 848408193

(2018) Evening primrose oil 1g ﬁ’ﬂmﬁ C=30 ﬁﬂﬁWﬁmﬂ (p<0.001)
C=0g

Sun et al. T1 = Vitamin E 100 mg 16 T1=45 MDA 290408143}

(2012) T2 = Vitamin E 200 mg dlai | T2 =45 WadAay (p < 0.05)
T3 = Vitamin E 300 mg T3 =45
C=0mg C=45

Khatami et | T = Vitamin E 1200 IU 12 | T=30 MDA 240398191}

al. 2016) | C=0mg dlai | C=30 Vodday (p < 0.001)

Rahmaniet | T=ALA 400 mg + Vitamin 12 T=34 MDA tlag Ox-LDL

al. (2017) E 400 IU dlad | c=34 anageeNTd ATy
C=0mg (p <0.05)

Maktabi et T = Vitamin D 50,000 IU 12 T=35 MDA 48998143

al. (2017) (mn 2 dlad) dlad | c=35 Wed iy (p < 0.05)
C=01IU

HnW@tie. ALA, Alpha linolenic acid; AST, Astaxanthin; C, Control group; ISP, Isolate soy
protein; MDA, Malondialdehyde; Ox-LDL, Oxidized Low-Density Lipoprotein; T,

Treatment group;
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3.1 3UuuuMsI98 (Research design)

ﬁﬂmm‘u Randomized, double-blind, placebo-controlled clinical trial Tagd

[

¢ A a Aa A a %.’ @ Y] Aa A A
ma‘ﬂﬁmﬁmﬁaﬂ‘muuﬂﬁzﬁmwammemaﬁmtwuﬁu uWNuﬁﬂﬂ%Wﬂﬁ“ﬁ‘ﬁiiN“ﬁW@ IUU

a

= a a A J ~ a @ U @ a 9 =) Y a 1

2 1Az INNUASZ ABNNZATIABONFIATY TINAVUNTUs I UNaIIUAYY Glu@mgamqizmn
A A ¥ 2 e 3 ) 7 = 1 <

35-45 1NN BMI A3ua 23-29.9 kg/m™ 91UIU 38 auduna s a1t msfanyazuue senilu

2 ﬂﬁjll Tﬂamstjmmu Block of 2 random allocation

Y Y 1 Y o o

fid15ammsIvengui 1 9z ldemsiasuinlszneumeneaaiuaudu diuan

A aa a A a a A o < v Y
NANFFITULIA INNUD 1agINNUA3 SVYsEMU 2 Wanassulsemuomiigan

Y Y Aawv voA Yo 1 < v @
HIUTTINNTTIVYNUN 2 ﬁ]gllﬂ51J81ﬂﬁ'€)ﬂ Fulsemiu 2 WanaesulsenueIvig

Y ¥ Aav & ! o Ao

4
L‘I%'IW ﬁlﬁlﬂﬁ’)ﬂJﬂﬁ’Jﬁ]ﬂﬂﬂﬁﬂﬂﬂﬁjﬂﬂﬁqﬁlﬁﬂﬂWiﬁi’Jﬂ 1FIANIZIAI IADDNTIAYU (MDA, Ox-

v

dy = A a 9 = 1 Y
LDL) uU®n31nNu Q?Jﬂ”li@]i”ﬁ]‘}’iTLW?JTJigL?JuNaﬂITQLﬂEJQ@TQG]‘1/]1\13“”‘55511 hlﬂllﬂ Aspartate
aminotransferase (AST), Alanine aminotransferase (ALT), Blood urea nitrogen (BUN),

v Y o s o 2 ¥ (% a v
Creatinine (Cr) Tuduusn Llﬂxﬁui,jﬂﬁj1f]mﬂﬂﬁﬂﬂ1ﬁﬁ 8 VIUIUMINUA 2 ATI NANIUNITIVY

Y aw &

v Y
EJ,L"IITD"JM’J%ﬂﬂﬂﬁ@ﬁﬂquﬂﬁqﬁiﬂllﬂﬂﬂi$LiJ‘H’fﬂﬂﬁ ﬁ%’t)Nﬁ"’ﬁjNL?]ElﬁﬁNﬂﬁLﬂﬂﬁu‘i%ﬁ’JNﬂWi

[

8

)

3.2 mamnuaszrns nazngudledna
3.2.1 529105 (Population)

tﬁy a d‘d = 3 1 (4 U
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f p-value < 0.05;
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4.4.1 WSeuMeuseay MDA  NoU LATHAISUYTTMUNAANMIATNOINIT Laze

Hnaon
80
* *
1 | —
60
40

20

ﬂﬁjmﬁmﬁmsﬁlﬁ%mmmi ngugmaan

ausudszmu B wadsudsznu

M 4.1 nsvlunanaasranIfSouiiousyal MDA 52HINNQUHNAAS MALEINDINTT

UagyeNriaon
A . A
* 79 significant differences M1 p-value < 0.05.
NPUNITIY

AInABTZAL MDA neusuilssmurdasusiidiue s uazeaen wudiszay
MDA ngufulsemundasaaiiaduermsiaunaie 50.35:12.94 lulasniu/@as tag nguen
waen 5125:11.00 lulasndwans denfeniounsseifunaniaada wui p-value
N 0.825 PANAD ABUMTINIAIANANATAQUNARNUIIATUOINT HAaYeNaDn TAL

A @ v

MDA liTianuuanaranuedg1aiiiiaddun19adn (p-value > 0.05)
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p-value’ 0.825 0.313

o 9 ..
HNEHA. mmua"uayaim means =+ standard deviation,;

a A = 1 = 1 o d (% Ia .
Ao MmsSeumeuaunasszredlavinsn uazddavin 8; paired t-test;

significant differences i p-value < 0.05.

b A = J A J 1 a [ Jd A
o ﬂmlﬁ*ﬂ‘umemmmaaizmnﬂquwammmmmmmi tasygvann;

Independent t-test; significant differences i p-value < 0.05.
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@ 1w a o Jd A S A o
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aa 1 1w 1 ' ao @ 1 a o J A
ADA WU p-value (NN 0.999 NA1IAD NOUNITIVYOIATUATNQUNAANUNIATUOINIT LAz

A @ v

gviaen 52aU Ox-LDL lifianuuanaanuea1elisddaun1eada (p-value > 0.05)
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ANAYIZAY Ox-LDL nouSUUTemMuUNaasmalasueIls Ny 60.70+10.03
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9 v a

a Id’ I3 v 1 d' U v
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[ a [ d a 1 { 1 o 1) a aa
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o P o P a
dlaviusn | dlavis | p-value

a o J A

NANNAANUNIATNOINIT | 60.70+10.03 | 53.85+6.64 | 0.012

Q

NYUYIADN 60.70+7.83 | 55.34+4.88 | 0.003

p-value’ 0.999 0.449

o 9 ..
HnNYLme. mmua"uayaiﬂﬂ means =+ standard deviation,;

a A = 1 = 1 @ J o sa .
Ao MmsseumeuataaeserINdlaviusn uazdlavin 8; paired t-test;

significant differences il p-value < 0.05.

b A = J A 1 J a @ d A
19 ﬂﬁlflﬁfmmEJ‘]Jﬂ”ILﬂﬁEJS%‘Vi’JNﬂQ‘JJWﬂﬁﬂﬂ!cﬂlﬁiuﬂTﬁﬁ tasygvann;

Independent t-test; significant differences il p-value < 0.05.
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Bureau of Laboratory Quality Standards
Ministry of Public Health

This is to certify that

The laboratory of

National Healthcare Systems Co., Ltd,
Head Quarter

2301/2 New Petchburi Road, Bangkapi, Huay-khwang,
Bangkok 10310 THAILAND
has been accepted as an
accredited laboratory complying with the ISO 15189 : 2012
and the requirements of the Bureau of Laboratory Quality Standards

The laboratory has been accredited for specific tests
listed in the scope within the field of

Medical Laboratory
\Poﬂmw. C&o'\gom o

(Dr. Patravee Soisangwan)
Director of Bureau of Laboratory Quality Standards

Date of Accreditation : 18 September 2019
Valid Until : 17 September 2021 Accreditation Number 4120/47
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Certificate of Registration
Revomed (Thailand ) Co., Ltd.

29/11 M 10, Talingchan-Suphanburi Rd., T. Bangbuathong, A. Bangbuathong, Nonthaburi, 11110 Thailand
operates a

Quality Management System

which complies with the requirements of:

Good Manufacturing Practices (GMP)

The registration covers the production and contract filling of facial and skin care creams, anti-aging skin care and
UV protection cream, facial oil, body oil, perfume, powder puffs and cushion, facial make up products, hair and body
shampoo, cleanser, soap, body scrub and leave-in conditioner products, deodorants, hand alcohol gel and spray,
and the production and contract filling of dietary supplements (tablets, effervescent tablets and capsules).

Original Certification: 23 September 2020 Registration No: TH612-QC-GMP
Certification/Reissue Date: 23 September 2020 Expiry Date: 23 September 2021
Craig J Bates Sean Bates

President Accreditation Manager

TQCS International (Group) Pty Ltd TQCS International Pty Ltd

For the TQCSI Certification Approval Panel
This certificate yariﬁas }he original certificate issued and is valid as long as it is displayed as an electronic copy at www fqcsi.com and surveillance

audits are ly p TQcs ional Pty Ltd (ABN 59 065 953 924) of Quality House, 117A Tapleys Hill Road, Hendon, SA,
5014, Australia issues certification subject to the TQCSI Rules of Certification.
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Product Data Sheet e

MCTsolutions™
Coconut MCT Oil

Source: Medium chain triglycerides derived from coconut oil

Product Code: S05901

PRODUCT DESCRIPTION:

Made from medium chain fatty acid that are digested and absorbed by the body more rapidly,
providing quick source of energy. It used in pharmaceutical, food, and beverage application as well as
carriers for flavors, colors and vitamins. It has no trans fatty acids making it ideal component in a wide

variety of food applications.

PHYSICAL PROPERTIES: Odor & Flavor Characteristic Odor

Color Clear, Light Yellow
COMPOSITION: Medium chain triglycerides derived from coconut oil
PARAMETERS: Moisture Max 0.1 %

Peroxide Value Max 1.0 mEg/kg

Acid Value Max 0.1 mg KOH/g oil

Specific Gravity at 25 'C 0.89-0.94

Saponification value 300-350 mq KOH/g oil
HEAVY METALS: Arsenic Max 0.1 ppm

Lead Max 0.1 ppm

Mercury Max 0.05 ppm

Tin Max 1.0 ppm
TYPICAL FATTY ACID: C 6:0 Caproic Acid Max 2 %

C 8:0 Caprylic Acid 55-70 %

C10:0 Capric Acid 29-45 %

C12:0 Lauric Acid Max 3 %

Ming Chyi Biotechnology Ltd.
Tel: +886-5-5576060 | Fax: +886-5-5575050 | Website: www.mingchyi.com | Email: info@mingehyi.com
Address: No.5 Doug 1st Rd, Douliu Industrial Park, Douliu City, Yunlin County, Taiwan R.0O.C 640
©2019, Ming Chyi Biotechnology Ltd.(MCB) All rights reserved
5055901 Page.1/2 Date of Issue :2019/4/19

/WA .10 1UUaA3 Certificate of ingredient (COT) YaeHasni 14 1115398



Product Data Sheet

NUTRITION FACTS:
(Based on 100g oil}

ALLERGEN STATUS:

GMO:

SHELF LIFE:

PACKING:

STORAGE METHOD:

ADDITIONAL SAFETY
INFORMATION:

Calories 900 kcal

Protein Og

Fat 1009
Saturated Fat 100 g
Trans Fat Og

Carbohydrates Og
Sugars Og

Sodium 0mg

Free from common allergens.

This product does not contain genetically modified ingredients and
therefore not contain changed protein or changed DNA.

Typical shelf life is at minimum 24 months from the date of
manufacture in the original unopened package under suggested
storage condition.

200 liters steel drum, special packaging can be arranged.

Stored as originally packaged at 25-35 C . Keep away from direct
sunlight, moisture and heat.

A Safety Data Sheet is available upon request.

The information contained herein is based on the manufacturer's own study and the works of others and is
subject to change without prior notice. The information is not intended to be all-inclusive, including as to
1he manner and conditions of use, handling, storage and disposal or olher factors thal may involve

legal, safety o Mathing herein grants o
exends a license, express or implied, in connection with any patents issued or pending of the
manufacturer or others, or shall b trued as a to infringe any patents of to violate
any applicable laws. MING CHYI BIOTECHNOLOGY LTD.(MCB) MAKES NO WARRANTY OF
MERCHANTABILITY OR OF FITNESS FOR A PARTICULAR USE, AND NO WARRANTY OR
GUARANTY OF ANY OTHER KIND, EXPRESS OR IMPLIED IS MADE, INCLUDING REGARDING
PERFORMANCE, SAFETY, SUITABILITY, STABILITY, ACCURACY, COMPLETENESS, ADEQUACY
OR OTHERWISE. Ming Chyi Biotechnology Ltd (MCB) shall not be liable to the vendee, its employees, or
any other parly in respect of this information, including in respect of its accuracy, completeness,
adequacy, furnishing, use, or reliance upon and the vendes assumes and releases Ming Chyi
Bictechnology Ltd.(MCB) from all liability, whether in tort, contract or otherwise.

Ming Chyi Biotechnology Ltd.

Tel: +886-5-5576060 | Fax: +886-5-5575050 | Website: www.mingchyi.com | Email: info@mingchyi.com
Address: No.5 Dougong 1st Rd, Douliu Industrial Park, Douliu City, Yunlin County, Taiwan R.0.C 840

505901

©2019, Ming Chyi Biotechnology Ltd.(MCB) Al rights reserved
Page.2/2 Date of Issue :2019/4/19

/WA .11 TUuaag Certificate of ingredient (COT) YBeN¥ 0N 14 11N15I98 (70)
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