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ABSTRACT

Metabolic syndrome (MetS) is defined by a cluster of interconnected
components characterized by abdominal obesity, hypertension, dyslipidemia and
insulin resistance that directly increase the risk of coronary heart disease and
diabetes mellitus type 2. It was found that dietary monounsaturated fatty acids and
lifestyle modification are protective against metabolic syndrome and cardiovascular
disease risk factors. This study aimed to analyze for physical and chemical properties,
anti-inflammatory activity and antimicrobial activity of freshwater hybrid catfish fish
oil (FFO) and Buk-Siam Fish Oil (BFO) and to investigate the effects of FFO on
metabolic risk factors in human. The results revealed that these fish oils appeared as
a yellow liquid form at room temperature, their saturated fatty acid contents were
not much different. On the other hand, their polyunsaturated fatty acid contents
were obviously different. FFO and BFO were containing the rich of omega-6 series of
PUFA while marine fish oil (MFO) was appeared rich of omega-3 series. FFO, BFO and
MFO of omega-9 fatty acid contents were 43.35, 46.69 and 11.24 ¢ per 100 g,
respectively. Interestingly, the omega-9 monounsaturated fatty acid contents of the
FFO and BFO were four times higher than the MFO. Saponification numbers and
peroxide value of FFO and BFO were analyzed to be within normal limit.
Furthermore, heavy metal contents were in the very least amount or not detected,

in addition Escherichia coli and Salmonella species were either in the very least



amount or not detected at all.

For the anti-inflammatory effect, it was found that FFO inhibited the
secretion and mRNA expression of the pro-inflammatory cytokines IL-6, IL—1B , TNF-QU
and suppressed the expression and secretion of the inflammatory mediator
cyclooxygenase-2 and prostaglandin E2 in lipopolysaccharide-stimulated RAW 264.7
macrophages. In addition, FFO also reduced apoptotic body formation and DNA
damage. It was found that FFO had no antimicrobial activity against bacterial skin
pathogens including, Staphylococcus aureus, Staphylococcus epidermidis and

Propionibacterium acnes.

The effects of FFO on metabolic risk factors were examined in 33
metabolic syndrome risks. The study consisted of 12 weeks intervention with 2
gram/day of FFO. Results showed that HDL- C and fasting plasma glucose increased
on FFO treatment significantly (10.97, 5.42, p < 0.05) and plasma glucose was within
normal limit. In addition, LDL-C decreased on FFO treatment significantly (-8.98, p <
0.05). There was a trend towards a lower TG ( -1.49, p > 0.05) but FFO had no effect
on total cholesterol. Furthermore, there were significant reductions in body weight (-
1.73 kg [71.01, 69.28]), body mass index (-0.66 kg/m? [26.62,25.96]), waist
circumference (-2.87cm [89.62, 86.75]), systolic blood pressure (- 4.03 mmHg [130.30,
126.27]) and diastolic blood pressure (-2.31mmHg [85.06, 82.05]). The results of this
study provided evidence that consuming enriched omega - 9 FFO can improve
metabolic risk factors among subjects with metabolic syndrome risk and safety for
human consumption. Therefore, it can be utilized for edible purposes and as a

component in both food and pharmaceutical industries.

Keywords :  Fish oil, Omega - 9, Freshwater Hybrid Catfish, Metabolic Syndrome,

Anti-inflammation
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uyudiaiagginusgansnmlunsvudweilulsaduiiinngiedsneendinduls (Keapai
et al,, 2016)
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wavihsulannuandnasnu sautsmsvudeulansuinuazuuadise
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AUATN
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YULIANITINY
1. m’sm%&mﬁ'lﬁuﬂmLﬁ'amﬁmiqzﬁqmmwLLazmsMﬂaauqm%‘%amw
1.1 Jwsgvnuandaninignaimuazniaai lagliesgimdiudsenauvesyiln
wazUFurunsaluiu A1tdosoonlyn (Peroxide Value) wazrAtazUauliliadu
(Saponification number)
12 avammsdudeulangwinuaziteuuaiide Tnenisnsaamelangvtinea 9

waznsUuleuenuaiitsy laun e Escherihia Coli wag Samonella spp.

2. MsNARBUAVETIAM

21 gudgumssniauluaduilase Inemisidsugadidadonviulasig
(RAW 264.7) mﬂﬁ?uﬁﬂmmzﬁuﬁwms lipopolysaccharide (LPS) iawnfleanlfiwad
Fadeavmiliinnissnauiu waginituarnndamignuantiriaumaaouluead
wlaswa WeganuannsovesidulamnUamignuauidalunssudinssniaud
ey

22 gudiugadnnelsauuiitluenaidisute Insvadeunndiugadnys
ihifulannuamidgnranthiauaziiuuarnndarfnasuluiuaiiFerelsauuioms
3 95tin lein Staphylococcus aureus, Staphylococcus epidermidis Wag Propionibacterium

acnes

3. NMIAdaunN1eAdiln
3.1 nauUsErnfiaz@nm
311 oranasinsye-vdaifieidssienzuauedndulasy eng 30-65 1
1Y 34 AY
312 nmedsseaumuedndulasu mnes yaraiiauinunfvounas
Aadeindungulsannzuausdndulasy 1 wiawiiu 2 48 Tu 5 9o Ingdredenuinae
984 National Cholesterol Education Program Expert Panel (NCEP ATPIIl, 2003)
3.2 FEMsAnw
Dunsideidanisveasmiandiln (clinical trial) Inglienaradas §1uau 34 Au

Sudsgmuiniunndamtegnuantnda vue 2 niusedu Wusseiia 12 &Uaw



YWINAI8E18 Ve stunsine Auwaenisunsuadfdnsagy Power and
Precision 4 (Statsoft, USA (Choudhury et al., 1995; Shin et al., 2011) TngLdaan sample
size design: WUU Paired t-test fnuaseauted Ay = .05, 0 = .5, O (delta) = A1AIY
LANASYDIANAAY = 0.50 Power of test (AMuUN9ztduveasEiuadwiula) = 0.80
(PS sample size calculation software, 2007) wan1sAIALAVUIANGUAI0E1991UIY 34
au Fruruiedesndlusideadsd aldndguinena S1uam 34 au elvinisinmeiing

Wy edrafiuddgyliodsaduniside lusasdndunsidelingudiogne Sauiu 1 Ay

v = = :J/ & a < o 1 ] 1
1999n31nN15ANYILIDI9INA1TAIATTA AMU 2.94% VBITUIUNGUAIDEY



uni 2

= Aawv aa ¥
NOVHHALITUIIYNNYIVDY
AITUAUBANTULATY

AMziumueaAndulasu (metabolic syndrome) fe nguALARUNATLIuTaoIds
donaiinlsaiilanasnasadondmusiuiulives anuinunisananldunmuRaund
vaslutludon Anusulaiin seduiiana saenauiladeidu pro — thrombotic ag pro -
inflammatory Q’ﬁrflumeuaaﬂ%ﬂmmmﬁﬂamaL?ﬁlmiumﬂﬁmiiﬂmemﬂjﬁmﬁ 2 uag
lspinlanaznasaden (Grundy, 2004)

Jagduiiinailun1sitadewavedndulasuegvaienadisieny (Grundy, 2004)
L% U World Health Organization (1999), European Group for the Study of Insulin
Resistance (EGIR)(1999), National Cholesterol Education Program (NCEP) ATPIII (2003)
way American College of Endocrinology (ACE) (2003) 1Jufu ag9bsfnnuinaeifilesu
mufsuunfianie NCEP ATPII ielfouriugiou w.a. 2548 laflinamilunsitadewmmn
veandulasuiiuiulmisn 2 nasiewnaeiaes Intemnational Diabetes Federation (IDF)
WaglNUeIUee American Heart Association (AHA) $3ufu National Heart Lung and Blood
Institutes (NHLBI) veUseinaanigaisni

ineusiues NCEP ATPII Tunisaladuiumuedndulasy azdeslianuiinunfiot19tioy
3 §olu 5 Foseluil loun

1. &ruasns (Fusoulerminnimiowindu 102 su. wie 40 dalufvis nie
wnndmdewiity 88 suvide 35 dalufuds)

2. seaulssndwelsalulden > 150 me/dL

3. 5¢fU HDL-cholesterol < 40 mg/dLlugwe vi5e < 50 me/dL lugmds

4. AanuAulalin > 130/85 mmHg wesulsEmutanAUiulaliney

5. wé’uﬁflmamwaﬂmmi > 110 mg/dL

\nauTwas WHO (1999) Tumsifiadawniuedndulasy fosUsznoudeniziese

a aa o !

duadu 3ﬁaﬁaa’mmé’wwmmmmﬂmimaaummmumumﬁﬁmaﬂg‘lﬂa laun HOMA-IR

Y

¥
v A 1

(homeostatic model assessment of insulin resistance and secretion) 1397A5AUNBDAD

(%
a

dugdu liunninsesay 75 vesUsernsill Siuduanuraunfiegeles 2 Te walull



1. 97U (body mass index, BMI) > 30 kg/m? %38 8R31dI1UTENINUEUTOUINDIGIO
avlnn, W/H ratio, > 0.9 lugwe vise > 0.85 lugvas

2. sgaulesndwoelsalulden > 150 me/dL w3858 U HDL-cholesterol < 35
me/dL lugwe vise < 39 me/dL Tugmids

3. Aanusiuladin > 140/90 mmHg visesulsemugnanaunulaineg

4. syaudayfiuludaariz > 20 pg/min n3ednsrdiuvesdayiu/asadu
> 30 mg/g

fsrfaauvedlsasiunaraziminiiuluauolenuitnennluaudnlan
prfunnidesinduduianis BM) lunisifalsawininuuagainufulafingsSudoud
23 kg/mZLLamzLﬁwﬁuaéwumlﬁam:i,nﬂﬂdw 25 kg/m?2 Famsinauvesininiuuay
Tsadaulunuadeagldinadt > 23 uaz 25 ke/m? MudIFu wasiduseurnodfiiiuaudes
sen1siinlsnaziionadt > 90 wu.wie 36 i lugve Az > 80 9u.MT8 32 i Tugng
(McKeigue et al,, 1991) satiurn BMI uaziduseuinorlunsitedewniveandulasuluay
BWEFAsIYA 25 kg/m? way 90 @i ludwiense 80 wu.luimds (Tan et al.,, 2004)

aniusiwunriInulan (International Diabetes Federation, 2010) L@ tsinauaitunis
Fhaduanziumuedniulasy failfe {ilegldfunsitaduindundulsadnd oo
AETIURININN BT AUANURAUNAN LRI UDRaNENRE 19Ul 2 Ualu 4 U8 A19I1n
aruvesduamdlldiduseuoiiiunasiluutendoniuasusemeadundn luaulnes
TinausivesUszansiidnululssmamaeids Aeduseuiowioud 90 su dululufve oy
Haus 80 %m.sﬁulﬂiuﬁmﬁq AMNRRUNAN IRz LD 4 UTen1369na1) Usenoumiesesiu
lnsndiwelsatuiden > 150 mg/dL s¥ay HDL-cholesterol < 40 me/dL Tugne %38 < 50

1 [y

mg/dL lugndeniusuladin > 130/85 mmHg n3asuuseniugranaudulaiiney seau
U8 UEEneIMNT >100 meg/dL nshdinsusuinusivesiinaludenanaailesaininau
Inilun1s3tadeniag impaired fasting glucose %39 pre diabetes 95zAUUIMIAUMY
MBS > 100 mg/dL

N L1avee American Heart Association (AHA) S3ufU National Heart Lung and
Blood Institutes (NHLBI) ¥@eUseinaansgeliiniaagnaaiuinmgived IDF uaneensaigd

P aa v 1 1 a a 1o ) £ a v 1Y =

aglasunisifiadednduwnivedndulasy ldndudelioruamemnae wiseeiay

Rauniegstios 3 deTululu 5 deMduinasives IDF (Fevngy, 2550)



Nndeyanisdinaguamusznsinediedna. 2557 wuiaulneduusnnian
dessiensiinlsauimau slauaznasaiden lnegvislneuszana 3 1u 10 au was
fvdalve 4 Tu 10 au eglunusidru savisssnarimiesaulnefifiongious 15 93y
1 fisvavleduluifengs wazuinnitieeay 20 vesrulneiifanssunisnieliiieane

(nedlsalaifinsio NsuAIUANLIA NTENTIETITUEY, 2562) Tnelul 2557 fetagtunuaulng

a

1uau 19.3 drueu Andudosar 34.1 dnnediu wazdaulneiiseuniuiinnzdiuama

(% '
} %

1N 20.8 druau Anludesas 37.5 e 2 nquiliiaudsstiedulsalifinnaisess

v
1 o LY

(NCDs) wuiwidinuasgvgfimindafiuuasgiusivauun anmsuslaafiuaaudnduy

o

Lignuanlawuins (@ridnenddedienaumanyseiuauninineg, 2564)

Jagtulddsenuiinssuiumsiinn nsuniveandulasutuianvinuiannisee

a

Radumdu (insulin resistance) WagAueIu lnen1sneredugauaginliiinnsazauves
lasndelsauaziilvszauiimaludenaadu diuausinusnamnagyiliinanunu
lafingeuazszauluiuiinun® wagdalladedu q Ml nsumuedndulasy 1wy A

\A3EARaNTLATU A19ElUs nseuluRn (pro-thrombotic state) N1SNAAITNTLAUNITONLAY

= %

(pro-inflammatory cytokine) HaAs1e 9 1un19% pro- inflammatory state WU3HTEAU

c reactive protein (CRP) Tutdon g9 ua y1u pro- thrombotic state WU 18 5E A U

'
=% o

plasminogen activator inhibitor (PAI-1) W&y fibrinogen &9 Waeannesnadudade
deoslunsiinlsailauazvasndenduiu (Ford, 2003) Iué’ﬁﬁmwLumuaéﬂ%uimmzﬁ
sydvsesluuerilnuaiuludenddedauduiusfunisiededugiudnde (nfnu,
2559) usnaninnzuaveandulasudmusauiuaie lufunensy (fatty liver) Lagfiu
é’ﬂLauﬁﬁlé’ﬁmmemmaﬂaaaa‘ (non alcoholic steatohepatitis, NASH) Ho11ALEU
uaznnehenodugduduarvgesnisazanlafuludefuuasnsalutuiiazaunisludu
sufunmeieneendnduazneliiiamssnauresiunun funzwnueaniule
sudafedestulsauvusiag 2 Anudulaingaaylvduludoninuni

Anfinnglsrdruamsaziinnudssionsilulsalifindeisess (NCDs) nsiivsuna

[ 1%
a o

Todiulusemesnnifuly silvlinsdniaulusemegs Senefiannighesedugiu Uina

Y

ludengs Fannzainandnarinlynisiauesszuugiauiulusinigfias nseuIunis

nodiialsrine 9 lnsanziwelisalain-19 asvilalid unavilifawelaiauazgunss

Y

(% '
! d =4

N1 wonandauniniizlsreau dndwiveslug Wnean1sdudeaiunven wlwinendnay
= o v o [~ dl YJgj =l 24 d‘
7 39 lnnsvinauvesslanvenglalidiud welaladuas analnaisudnluwanldey

ponduliiieae WHan1sAndeladietu wazilelinsfaielain-19 W1ly Bevinliitym



Tumsuanudsueondiauginiy LLaquwaiﬁﬁ’aiiﬂquLLiaL%ﬁu NIABUAUDIVDITNNYABD
nsdntaduazdesndt osnsruugRdusuianuldlddmiaudmdndund @inay
newuauauUNITALESIAYN, 2564)
Jagtumsinwnnsumivedndulasuagldnsinuwuuldeuaslilden nssnw
Uszneusemautladadeiiduaingliudlsndrunaznngiededugdu uenaninisinw

'
a ) [ 1 1

1 [ a P Y v [ A a (% v o
LLG]ﬁS‘{j"D"UEJLﬁENLW’E]I‘VII@WWiIL‘ﬂTVIlI’VEJL‘Uu&ﬂﬂmﬂ’mmﬁ’]ﬂm@FJW\‘I%J’]ﬂLGU‘Uﬂu ANUU

>

d' aa o a aa = I [ [ YY) [ d'ﬁ/ a wva [ [
n1sdsuidadinnisaniugdindadunsSnumdndudunsniidesljun vann1ssnwilen
v o9 o a ° a a ’~ o w v
srunseumtnifuilaleaasullainginssunisuilanemiswaznisesniiadlaeliian
PAIUIINDIMNTNTUUTENIULASLALNNTIDNAIAINTY N1TAaRBIMSINENISAaRUININTlANE
wnfianluszeze1d AoN1IAANANINIINEIMISNASLATUUSEIUTUa 500-1,000 LAADS

WhnnnemunzaulunisaninnidnAenisanuindnilaetatiessesas 5-10 Tutig 6-12

o

& S @ - Yy Ay < Y o w ] %

wau nMsanuininlussuzynfglanaftuindunzdediniseanmdiniesiume n1san

uminlagn1susuasunginssulilauminanatedetes Seuay 5-10 Y83U1MLNAY

Suau nudilideduideseng q vedsaiilanasnaoaiden laun seavdinialuiden

Anudulain seaulasniiwelsdanad wazsedu HDL-cholesterol Winau nsAnwlugUeL

muedndulpsufifiiuianuwds wulnsasimdnlaensusuilasunging susenarndu

naszana 3 U anunsatesdunisiinlsaumvnula (Tevngy, 2550)
N1388NMaIN18UBNANITTRARFONITARUIMTNAIKEITINUIYI T Tuide s

nsiinlsrinlanasnasndonfdunie N15eanmaInN1eAITazimniuedetesiuay 30

a Y o U ‘:‘I o U ‘NI a
WY AIBAULIIVBINITOINAIGINIBTNZEL (Tavgy, 2550) wazn1sUsuABUNgRNTY

TngomsnsuUsEmuAsivsinumsiulawmsatosas wagAssuUsEnIuoImsUTELAN JN

Y A

waldl Syity WedniUnuavUaunumsldenaninin uavdiinisldnsaludulownivuings
aney (Andinn, 2559) saunan1ssnwidadeidesing q vedsaiilanasvaeniien laun

nmsnwngluiludentnund msshwanuduladinguaznisinwiiimaludengs

¥ t% = a a

ndagadssuaziiuliinnnzdiuamasannzwnuedndulasy Masnatedu

Y

v v v v ol a

Jaymavnmiiddggdudunu q vaslseme areduiugUigiasdninnudeaiuuinturin

v U
o w

TisesiunInszninluiovesgunIn n1sguaguansente ediedudsdAgyldiazdu

>

N1999NA18IN18 N155UUsEYIUIINTUTElesd n1susunauNnHaulALeINe &34 9

]
a a1

" Xy @) 14 1 = I [~ [y Y & v
wiadaududandigliauamsineianuuwdussanysaliidulsadeldidu lulagdud

msdenldndndudasuomslunisguaguan lddnaziluayulnsding q fgaeludeswes
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msmuguiviln diiudandlewiuasinfiusng 9 Allduteanlusesdymauguam

A9 9 IUNIIanANULESUNANNIEIINAINT NTaNIBIAURENTULATUBNIY
nsalviuluvantnuazuamdegnuay

1. Uarln (Mekong giant catfish)

YarniludaidunineinsndanudidgvesUsamenazgiiniaduladu Wudan

1%
v o

ifshdafnauidaduluguuiiileg Buvafadyduled devafnuenainisawis
wardadigauAmislavuinisgdne neuszneulumglusiu arslulawmse Ianiu uag
nsaluunanedafidudselovisosnane Toun nsaludulewiudn omesa-3, omega-6
uay omega-9 (N389FNA waTANEY, 2553) loaliuaninaAINIlaTuINITIINEIUAN 9 V09

Jardnanusuenvuludwmin@essielusisan 1

M39N 1 AuAmalnrnmsvesandnuuin 20-30 Alansu nvaideasanisy

AWNDNIU JIINTE9578 sattiavan 100 NSU (Mue: Aaansu/100 nSw)

$18A1UNATIZN Wouan  iledouttes ladu wilsuan
T3y (%) 20.0 17.5 0.1 335
logiu (%) 5.7 24.8 85.7 2.2
nsaluduiionun 3,900 19,360 40,070 .
nsnlusiuau 1,720 8330 16,610 .
nsalsfulaidush fuviadien 1,300 6,550 13,980 -
nsalasfulaidush wanesums 850 4,390 9,480 -
ninlaLasn 1,080 5340 11,420 -
nsnlaluladn 420 2,050 4,580 -
nsalvdiulewni 3- EPA 0 140 390 :
nsalutiulawni 3- DHA 150 740 1,520 .

00 NeiLIgRamINTTUARN TN NTUUTEL TI8TUNANNTAATIEVIANA1DIMNS



11

137t 1 wansamuamislarunisesUardnuun 20-30 Alansu seitlevan 100
nu agnuhiiviinalusivluiovangeds 17,5200 % fnsaluduvmageisluduile
Yaruagludu Inedirrvesnsaladuleawni-3 vfin docosahexaenoic acid (DHA) way
eicosapentaenoic acid (EPA) Tudaruveslusiudiuiu 1,520 wag 390 dadniu/100 niu
pudiu waziianvesnsaluulewsn- 9 wliansaloadn ludinveniediuriosarlai

IIUIU 5,340 way 11,420 Tadn5u/100 ASUAIUAIGU

15199 2 nsaluiiulawni 3 wie DHA wag EPA Tulaumazwiamaiiauar100n5u

waatan - UDHA / . UEPA )
(18an54/100 NIY) (88an31/100 N3Y)
Jami 2,877 1,288
Yanin 1,520 390
Uanaegnieu (Thai Panga Fish) 1,890 680
YanuuniasLsa 1,718 1,214
Uangsau 1,136 1,381
Uaunsa 983 247
Januwauea 820 492
Uantou 710 160
Uam 778 636

= 19 o I3

;. deyavnanrduems iulee http://www.nfi.or.th

Y
14
o

WATIAAY: NBINAUIRAAIMNTINARIUN NTUUTENG 1aUT 81989BT/230549/01

15799 2 uansArveansnlusiulewwAn- 3 via docosahexaenoic acid (DHA) waz
eicosapentaenoic acid (EPA) vesuandnuazlargnrauiuseuiisuiuuaimeia lngwuin
USunaudndines DHAEPA wosUa1lnanaisned 1 fgandvangnuanuazyainegiaan
913197 2 Tnesialurindfutan (fish oil) agfinsalusiu DHA 12% wae EPA 18% flanuidena

n1sAnwuAeIfunsalediy DHA way EPA agulansil n1suslaansaludu DHAvlALREI9E

=

anusaaeuldidunsaludu EPA 16 waznunsaluduriialfianududugelustuigiid


http://www.nfi.or.th/
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= 3 YA . ) ' a o a
Ao aued WwadUszam a0 milbuni (retina) wargnaning diunsuilnansaludiu EPA in
a ~ wa o % v A < A ) | P = & a
Wenilnuautiiiiianududuresdenanas wasidaifenuwasiuguiddaieg galunadise
gunnvesile Jesdunisiinlsrvemasnidentaziala uiaziinasonisudaiivenia
\fen (platelet aggregration) Llasannsaluiy EPA agiiunavilvidenvyn naliuiuiy
nnsalesiu DHA dadudemissyidlunssulseniutinaiulan satunsalesiu DHA 3adu

LY o [~3 d'd 6 1 1 o [ 1 1 Y] d' o I3 a d'
nsaladiudndunfivsslevisesisnisuazdifguinninuinninnsalasduidndusindu
TnglanglinudAyuINAeNITWAMUIENDY LazaUseanai winunnsesagiilmnalsale
(audnf, 2551)

%Lﬁuié’duﬁaﬂmﬁﬂﬁ@mﬂ'mwiﬂﬁuu’mﬁqﬂ TngUsznaulualglusiu
Aslulawnsn Faniiu waznsalviiuvatevstamdulseleminesnenie lown nsalvsfulaiuni
¥1n omega-3, omega-6 waznsalvdulownviin omega-9 laua nsaletadn uena1nids

| Ay o | v A o v & Y ¥ o a o aa '
wudrdineulvdulugesissimhuiadadudidular anselvdulidudinfseguain i
Yeatunngluduludonas nsedunisvirnuressesiuudugdu (n3eeding, 2559) agnalsh
auludagiulardnlundulvandetssuinvseunulifiiveluszninufouuwieu -
now1AN (N383ANA, 2543) wazillosanUandniludndurflndazgeyug Feiiudinig
dewonusanusadmiewasusinanglulsenaninuy Jelainisnauiisuneusiiuguaiin
A5aasusnlagantusesuainida Yauianzien Tuln.e. 2527 waziuddeanauzmalulad
AsUsELAAENS NNV urdinendenuldlonauieuladsadnluln.a.2544 wazd
W.A.2547 (MNSEIANA WATALY, 2547) WaLlAlin1SALASUNISIAYY KAZNNTHAILIE18RUSUAN

Jnd1usunnsiaeeesnanawiad

2. Yamlegnuau (Freshwater hybrid catfish)
- = v a v a = = ¥ =1 o o
Wesnndianudesnisusinalamtdaiinasdy wasiiniudesnisidesuainidadn
asasiavlanazuilnalalunaidusinia awnsadesdutensensedevuiaanta
fnuanilend dslamigiuguargnuan (Wednduuduaiade) Jui 1 (F1) lalud w.a.
2555 Minnwevardneny 5 U Jui 2 naudulataneeny 3 U dlevargnuaueny 2 U A

v & 1 '

?-J
a v o §f® ! [ Y £ v oA @ ¥
a1unsaagyiugiuneudiugld Jsdniudweniuargnuaniunl inzveeiuglaouan
gnuauiuin2 vieUargnuandnaguusdld (F2) 1alud wa. 2557 aligusrawaziynssy
unnsanUandnuazuanas lnggnuaianaaunsaasayiulalan Wedlanseiuuas

A5¥T9 (LNSE9ANA, 2559)
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f. 9.

amil 1 Yawmilsgawen (n) wavdangnueaulnae()

0 1N39ENF (2559)
rsfudan (fish oil)

1. n1sanaurdulan

(%
1Y [

nsuaniniulananunsavinlalaenisadiauisiuaintal Isnsadeinsudanidu

a A &= y

Fnsaaiugamenslyfinazanedunid uinivesdonaztodinnnaziiunlely

)

(%

gRavnTINemMIs Msadatifuainailaenszurunisaanazutseoniu 2 funeu e
nsafatndiuaInUan (extraction) waznsviliuians (refining) Yagtuiinisléisnsuan
Town-3 Wutduielddusuasnandnaiasuomis axldnszuiunsatnseeulsd nsle
\A3esane L supercritical fluid extraction (SFE) Hugu nszuaumswanisiulandusy
NMsIngAvINAiAfIENI AN mnﬁ?uﬁmwaﬁuLLsmﬁ'ausuaﬁﬂaamLé’ﬁmﬁwmamgum‘i'm
wwninsfuesnanazney seantharuvesisiulafildlssmetneenazlddiuveswisiulan

ngslaivsanseanundanunsavilindudaiuiansialutuneuseoly (Mbatia et al,, 2010)

2. YaaAwmaaanUan
Uanduunasngauluseasonmsidusslendang o uinue Jagurundeainian
1 LY 14 (3 ¥ A a a £y 2 o A ¥ A L4 = g
Wl 9 119 A9 anldvseusiaRanils Wudnuseneumeansenmsniusylovd nisluty
e nInlvdulawni 3 FusrauisatrianawmdeanuaiuntiganUsunnvesudsnasiiy

AuA1vasingaulasnaie nsalvdulewdn 3 Alaannssuiunisadn awnsadiuiy

'
= v o

Yunaansemshidundadadilawazdadunisiiusglaliianauniodnaig Tadamey

q

R

(%

A 1 1 = 1 1 v & I aAa o o
maammﬂmmﬂuwﬂmﬂw'ﬂuﬂamﬁdauau Tagnuadiuindulnaaniuidugs 1539u

Y

a

gaamnssudulngdsiiagawvdsaindariunduantduiniy Iagldawuarniudeain

nszvrunsananutuilundauinsnlailuladn wenainianewmdeainlaiss ey

=

ANAMITIAYUINITLAINY 998 BLuLaA1vR AR MY TUBNME NSz TanAunE
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Mndaniudigeuludeguamlaruinsidussloviunume wu fela Yssneude
dauﬁﬁlmal,%ama&“i (5948, 2557)
dmfuniafinyarvamagnuandeaidsldsuaadenanguilana esnndy
oAU (ieuu sav1An daaevnslaruins Wuuvaseslsiu anfiu wisiguas
nsaluuiifinnuddsenistauivesates wartietostulsavasndenuaziila agndlsh
mszsmﬂl‘maﬁiﬂmuqmammimmsgﬂwémﬁm%mqmiﬂssmmmaLLmﬁdqaaﬂﬂamﬁa
nauUaansluguaudiile (fillet) Suiliiiluiuiliduvesmdennnisudiiioogfusuou
110 Tnglamzlusfunisluvinadessios diumdedu q 1wy nszqn % ofazaelu
fnsurluinduomsdnd Saavndemaniligninnldusleviviefiuyadwinfiais
waziiUgulunisnidndneie (Aans, 2563) ﬁwﬁ’ﬂLﬁumﬁ%’aé’mmsLﬁmgamm@mﬁw‘%a

a 1 1

nanaselavinanainssuwlsyulamiailoviuniaundundndusindyanig o

Y Y

LY

Foulvtuadauuunenuihluudiunanluemsuaniiodiunisiiyfivinuasdnsnissen
nsafausniensnlutududaeen Idduidulaififinsalufulidusigdldnanleiungs
Towfiiusslonilunsmuauseduluiiluden dumislaniluatnaeaaiiauudniily
Wudrunandranglundnfugiadueimis (nutraceutical product) kazlivdiensvzaeie
(anti-aging cosmetic) wardruvasarldiluasalusiuiiamsatiumaunulysiuain
dedniuaraniiald Wunsahayaaifiuuasinluldusslesdannaunieldannamds

Ay 1 <@ a a =
ﬂ%jiJu‘lﬂE]EJNLmMU'iﬂﬁV]ﬁﬂ’WW FHIUNTINN 2

|
Tvduwazedvniviu

T S0

Ai 2 nsiiyaALiinnARevesUa milsgnue

fa: pans (2563)
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3. louduazundy (fat and oil)

1%
o

lusfuwagindudueames (ester) EUUG]MU\TG?NN@‘EJsLuﬁiﬁJGU’]Q Jainduansdunsd

[
o

Ussaniennule (wax) sauisenan lada (ipid) laUaidu ester wimaqamumimyjlﬂﬁm
= 1 g 1 CY) o (= :JJ = CY) o a a 6§ 1 '3 = 6
dldazanviumazaelalusvinazaneluiivifefivinazaiedunse wu easlsweasy 2was
TwswAluu wuudu udy

aa 1 I3 L %:1 0 5 [ I 'S L I3 @ d'

aUanU v TulvTunazinTudusifoaarusduinue leduaziduvaandan

sg U I3 3 LY} 96’ v al v 1 a U = I3
QR fvioe Tuvnsfivnsiuasifuveaman saluunazinsuilaseadeegraieoatu fe (Ju
aaa [ a [y o = <3

LaamaiwLﬂmfmﬂﬂgmmizmwﬂamasaa funsaluiu ndwesea (glycerol) 1luasussnm
woanesed nsalusiy (fatty acid) Wuansuseiannsmdunss

wawmesmuleduuardriudenduna q Warlasndwelsa (triglyceride) n3e
naLBDsa Laamaﬁi‘(glyceryl ester) stwLﬁﬂmmﬂﬂimlmﬁuﬂmaqa AU glyceride 11910
ndlwesea 1 luana 31NUfATeN esterification

nsabusiusndu (essential fatty acids- EFAs) unsalugufisrsnieldanunsaadi
il Indudealdsuainems nsalvdudndumarifiuvnumdrfgsonisiasayiulawag
N399IV ITaANAULLD [EUUTTEIY LazeTBagey 9 dAUdIAYRNITEUATIZYR
N = Id aa wa i 6 [ Y a0 w
prostaglandins daduansniinuautfnaiesesluuvimiinddgluraie 9 vuiunisves
$79AN8
U o [ [~ o IQI LY} ) v %

nsnlvdudndudunsaludulidudmaigenawisagnianglaieainnisidniy

Zaulunisvinennns nisiivermsiliivungay Weinnisaatsvansalusiuisazdaunale
a [ = A a g
INNAUVLUAUNLAATU
L o [ 1 Y @ 1 vl = Y] % LY %

nnlusiudntunudloidy 2 ndunan 9 Ae nsaluiulewuii 3 uaznsaluiulawi 6
FIFNAVNTEYUDNTWNUMUINUTEAUTNANUATIUNUIAITUBUN 3 M0 6 VUlATIATINIG
WAilvasnsalusiuange?

nsalasdulidndy (non-essential fatty acids-NEFAs ) laun nsaludulawnn 9
Lieindunsalusiudnduiiasannsrniganuisaadransalusiusdadlatesanlusiusiialal
duFm TN 3 WaZ/%38 19N 6 TI01519018UIALLUNT 3 kAL 6 NSAbULTUlaLUNT 9

I3 o o & X o A o ! 1 v A
aznanetdunsalvdusnduduunuimsiginsnanievaasiliaiuisaasisduunlawiadaain

v a @ = o 1% =y s A o I A
EU"I@I’J@Q@I‘UU'ULEN LLaSLu@Q‘\ﬂﬂﬂimVLGUlIUI@LlIﬂ'] 9 13J3JWU55ﬂﬂ@ﬂ@gmaﬂﬂqﬁl@ummqLL‘WUQ‘V] 6

Y

1Y

gj = M v b4 (3 . . dg IS Y a
aaiu Aslailadrglunisassanslelaguaes (eicosanoid) Feliningaglunismivaussuy

N5uTeEIvaLEan (Jones et al., 2014)
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4. hsfudan

dsiudan de dsfuitadaldaindruile wils Fuazwwesalasianizailuin
wun hsfudanszneudensalusulewwdn 3 Tewn 6 (Khoddami et al., 2009) wagnsn
Tosfulowdn 9 Fansaludulewdn 3 fe nsalasusudulddusndedoudisnsnisiniy

o & v v [ I o ‘é’ 12 v % 1
uduneslduasrsneldansaduassiiuweds lnslassadiswesnsalagdulown 3 avnu

1 o 1

Wuszraglitasnin 3 e lag WusAwsNazegiiuntwesnIsuaudif 3 duainuany

Y
1% I 1l

luanasuniinguiudia (methyl group) Wil druiusenaluavagnssiununisuay

9 Y

falUAsay 3 ALY WARIAININT 3

HO — i — Methyl
3 end

o
Alpha-linolenic acid (ALA, C18:3, omega-3)
HO

(o
ElcasapeRiagnole scki (EPAG/C20:5, OTuepa-3)

HO — — = — — =

o
Docosahexaenocic acid (DHA, C22:6, omega-3)

AN 3 lassasnanselusiulawni 3

fan: flun (2563)

[
=

nanludulewrn 3 (omega3 fatty acid) wussenliiiu 3 ¥lntuediuaueives
Imaqaﬁﬂ‘if (Scorletti and Byrne, 2013)

1. nsnlusiu ALA (alapha linolenic acid) wulusayfia wu dundes teatin

2. nInludu EPA (eicosapentaenoic acid) wulu Uamziatinan

3. nsnlusiu DHA (docosahexaenoic acid) wulu Yameiahan

nsalesulowdn 3 Afusunannluingudan denselusiu EPA waznsalusiu DHA
Hulpseadraletuddyluaveswazaedszaman uenanitowdn 3 funumddysde
1AS9A319UAaZAITVNUTYDIANDY AU LLaziz‘U‘U‘Uiza’mLﬁU%ﬁUﬂﬁiﬁWU’lﬁﬂuii?ﬂJﬁgﬂ

d' LY a <
WNenulsAuluNTuD Y



17

Towwn 3 wuunluvameziawazuaindnureride ievantusulavuinisiilusauly
Peglunitedniun welunmsiudlusiunazlaaamasoasininasdudunnadiniunay
WNAoWS WU AnTuT12 laledu Weanssa dawien dinsdlazuraey waasnvinldienig

wnndgalmiaulannife lowdn 3 wunnluvameadn Yainun Yauganeu Judunse

'
a Y

loffunlinlaidud (unsaturated fatty acid) dWusegna1e8u (polyunsaturated fatty acid)

[ [
a U

dnvalawnn 3 Adsanunsanulaluudaiiy walusuiatesniiaindnineia (Fernandez et
al., 2015)

Y

nsalasulowsn 6 (omega-6 fatty acid) Wunsalusiusdialidus (unsaturated

ee

fatty acid) %qﬁﬁuaz@wawé’u (polyunsaturated fatty acid) Ingis1LrnuIv9INUS @J"ﬁ'

fuvialowi 6 euannarsueuveansaluduiulanenivgudia (CH3-) fdanwil 4

e T o ¥l Yo >
H!c\\/\'\/ﬂ\\\_
HOOC/\\\/\\\/Ji_\\///
it e e
e
H:c\‘\v,f/\\_/\\ - ,.\:_

Omega-6 Fatty Acids
Linoleic Ackd { 18 2n-6)
» Linolenic Ackd {(18:3Nn-5)
Arachirdonic Acesd (20 An-6)

awa 4 lassasrensealusiulawn 6

fan: S (2563)

nsalvsiulown 6 Usznausie (Simopoulos, 2002)
1. linoleic acid (LA) wulu wanad1eng q dundes nenddes mMunyiu wazdmu
Tulvsiusrenevesdnivn

2. arachidonic acid (AA) wululvsfusianievesdnivn woanme lunae tazuaiuig

3. gamma linolenic acid (GLA) wuluunsulusna dndudnlansulsa wagiuén

WUAALADLIUN
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4. dihomogamma linolenic acid (DGLA) wuluedsarznsluvesdnd wu i
1o souninnle wazumiuslaiain GLA

nyalusiulalunn 9 (omega-9 fatty acid) Usgnaunie (Johnson and Bradford,
2014)

o = 1 '

Towdn 9 Ao nialuduwuulidudmdadinusegseninteznouvainsvau (C=C) guwsn

Y

ld‘ o 1 d‘ U ¥ U U dl
BYNALAUIN 9 Yuannuanemunsalutiy AanIng 5

/W\V’/W\VA%_OH
0

amd 5 Tassadnsalusiulawd 9
fi117: Structures of Common Omega Fatty Acids (2020)

o w [

nsalusiulownn 9 NaAeyiiaiae

1. n3alatadn (oleic acid) iunsaladunfiegluinduuznanuazluluduyiald
DUFLTIUALIANY 9
a _a . . o o A Y 5w & v
2. nIndgdn (erucic acid) Wunsalvdunnulduinluididuainuanvesduism
(rapeseed) Aulpaananiigs (wallflower) waziudnvosduianisa (mastard seed)

Tngianizegreelutnduainudavesiuisniuiinsugndusmdudiuauunniiondningiu

v a

Funsndedlugeamnssud Snnsiinsauisesueanainmitfuresiuism aglditud
Suna1Aluan (canola oil)
3. nsAwesnedan (nerversic acid) Wunsaluduiinuluvatwvauou wiavedu
Tamsa uaziudaumn
Usgleytveansaladiulownn 9 (Bruno, 2014)
- WWuiviglunisasne sesluu Insamunaudu (Prostaglandins)
- reanAalaameaseariaiilif (LDL-Low Density Lipoprotein)
- faeifiuseiuves HOL (High Density Lipoprotein) Fudunsiaanoseadd
Usglevinesnenie

- Yvanlnsndiwelsa (Triglyceride)
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- yilszuulnadeuladndulusgreiuseansain dunevinliszuuluadiou

Taalusrenieriieulnd wala auss du 1o wazedvizdu 9 vhanuldnau vlraiunse

Josiulsariala uazngulsaviaanidensudula

5. Uselgwdvasunsiulan

I [y

1. PUanTEAUTDIATNADSISAIULADA haZiuSEAUYIsEauU HDL-cholesterol

v = a

2 & a8 o Y = 3 Y < a
Faululufuig ihdfudaansnanssivvedasniweliasliegenadd wagiuszansam
geaninhdudnlnauaziidunendlesuin guendszaulnsnfwelsalufengaiialiiu

Ua1 Uszunad 18 eaudsaiuidunal 3 Weu nuliszaulasnawelsranauazsesu HDL-

£
=

cholesterol yNUTU
2. dasdunisiinlsaiilanazvianniaon Laganan1sinIE@InuIaLnandan vinln
- ' o @ a & = a Py = Y] a ° Y o
danliinnzildudy Wenddurarisulaniu ananunidavsandavasndan vlikdaiasn
& = & 1
\Hondlnudanguy
3. anAuaulain 91NTIBIUNANISANYIBNUINDIMTNUSENBUMEUaIMNLT4
wsaUamTall EPA TuuSuna 2.2 nfusiedu arunsnananuduiiendalndnluauldnilsa

saa (%

ANAURAUNANINSSUTUSNliseaulnsndwelsiuazralaanaseatuliongs uagyilvlin
Tsevnlaluvazdiongdafoseg ovnsidvammaudadevaydisansziulaaainesoauas
lasndwelsnludenasta

4. aan13eniau nudinsalvdiulewnn-3 & EPA dreannszulunisnIsenaula
(Calder, 2017; Simopoulos, 2002; #ENT LAZITWNANN, 2548)

5. ﬁaaamzé’uﬁwmahlﬁam (Innis, 2004; Johnson and Bradford, 2014; Shahidli

and Miraliakbari, 2004)
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dmsudsunalatunasnsalagduiiaissuusenuaeiuty a1nnueived Dietary

Guidelines for Americans (2005) (HHS/USDA (U.S. Department of Health and Human

Services/U.S. Department of Agriculture), 2005) tugiliuslnauTunalatusiy 20-35% 209

USUNULARDININUANUSINAENSUN NG @3U The NAS Institute of Medicine wug1n
N LT

n1sUsTAAludNAIAISERENI1 10% VBIUSUMLAARSSIU cholesterol Haen1 300 Un./

YU wazAd5USLAA trans fatty acids Titeswinfiaz dulula wavesdniseunslelan (World

Health Organization, 2008) lawugiUsunuvedluiukagnsalvduiglngaislasudetu

ANUAITIN 3

M3 3 USinadludiunasnsaludunglngassuuseniudietu

stansalvduluanis Yunaufinuziisadu

Tvsiusau T3ty 35 % veandanudilasulu 1 Su
(laitiin 78 n3w)

nsalutudus T3ty 10 % veandanudlesuly 1 Su

nsmlvduludusmnussine?
QoA 9)
nsalviulududivaienuse

nsnlusiulddustusziien
(lalunn 6)
nsnlusiulddustusziien
(el 3)

(laiiAu 22 nS)

15-20 % vowwasnuiilasuluy 1 Ju
(LA 33-44 n5)

6-11 % vosndsaunlesuly 1 5y
(liAiu 13- 24 nw)

2.5-9 % gpmdanuilasuluy 1 Ju
(lsiAu 6 - 20 n3)

0.5-2 % vosndsnuilesuly 1 5u
(sl 1 - 4 n$0)

**AAATNAIUNLASURD 1 U

71 2000 keal

MR FAO: Fats and Fatty acid in human nutrition: report of a joint FAO/WHO

expert consultation. FAO technical papers 91. Geneva, FAO (2008)
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d159uadiluiden (blood chemistry)

wnilnadn (clinical chemistry) Ae n13asI9MU3ua1sTATlA1e 9 fogluiden
Haany wazanstnang o Tngliimaaiifiegnsdsuutasiifedestumainnesanm
veuilafeuazetorvang 9 AuUnNANISINUTeIeieIza1s o Tussniednalnnisvingu
adududeuuasiivadestunszviunismedaed desneinauiinunivseinlsa

1 gj a dl & o 4 = a & v i
ﬂszmumimmuu%mmmslfdasJuLLU@QﬂWﬂIuL%aamwimaﬂiﬁuaLmesﬂ,umaaLsmmaglu

a

N a a P a ° v P a a
NSEWALBA N15R5I9USUaNsTRATTAsULUaslUTudanagyinlins1udemnuRaUnR

[ 1 1 o 1 <] A A a o & a
VO99IBILHN ) WazisusnduAUIreLlalloinlin (Aeygiivan, 2559)

asTueiindrrgludon lawn vninedudeslml augyiualuneans, 3.0.4)

1. N19035293 CBC (complete blood count)

U32naun18n1350593 1) red blood cell (RBC) count 2) white blood cell (WBC)
count 3) hemoglobin (Hb) 4) hematocrit (Hct) 5) platelet (Plt) tag 6) red blood cell
indices

1) red blood cell count

AUNG 4.5 - 6 x10° cells/ mm?

€

W18 4.5 - 6.0 x10° cells/ mm?

e &

a

U9 4.0- 5.5 x 10° cells/ mm?

>

reticulocytes 0.5% - 1.5%

e

unvosdadenunsdiduraugnatsszaa 6.7 - 7.7 tm
n1sidana
- 01 red blood cell count Qﬂﬂdﬂﬂﬂa wulun1ag polycythemia

- 01 red blood cell count #nUnd wulung anemia

2) white blood cell count Juarfivanssuoudadenualunszuaden
A1UNA (total) 4 — 11 x 10° cells/ mm?

NNskUaNa
-t white blood cell count 41AA31 11,000/ mm?* 1Jun1g leukocytosis WU

Talumanelsa WU acute infections, uremia, steroids, hemorrhage, leukemia
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- £ white blood cell count H88n1314,000/mm? 1 Hun1g leukopenia wuldlu
vaelsn WU 1AsU radiation, aplastic anemia, infectious mononucleosis septicemia
- differential count WWun1siunenviiavesdniionn
A1UNA neutrophils 50 — 70%
lymphocytes 20 - 40%
monocytes 0 -7%
basophils 0-1%
eosinophils 0 -5%
neutrophils lag monocytes sximihiimsadeuuaiise lymphocytes 2241
wifismtolifanaridouunailioursia eosinophil ¥nii17iigafunisiiane
histamine W38%1a18ioLie polymorphonuclear neutrophils (PMNs) Wuu1nNI1UNR
(neutrophillic leukocytosis) 11 n 5@l bacterial infection, tissue damage (myocardial
infection, burn, crush injury), leukemia, uremia, diabetic ketoacidosis NUTesNINUNRLUY
n3al aplastic anemia, viral infection lymphocytes wuu1nn11Un@ (lymphocytosis) Tu
A1 viral infections, acute %38 chronic lymphocytic leukemia, tubercullosis (TB) W
PounitunmiunIlg uremia, stress, burns, trauma monocytes WU N 1NN Unh
(monocytosis) Tu n 193¢ subacute bacterial endocarditis, TB, protozoal infection,
leukemia Wutauni1UNATUA2E aplasia of bone marrow basophils Wuu1ANIIUNG
(basophilia) 11 A 17 ¢ chronic myeloid leukemia, polycythemia , after recovery of
infection WUUBEN3I1UNALUAIIL acute rheumatic fever, lobar pneumonia , steroid
treatment Eosinophils wuu1nn3a1Un# (eosinophilia), allergy, parasite, malignancy, skin

disease, asthma wutlogluniig steroids, stress, infection, trauma, burns

3) hemoglobin concentration (Hb)

Judwusznevvesdiadonuasdintinii oxygen \Wuarfivsueniisanuaiuisalu

¥
[y

N15UINT oxygen YBUFRA 71U hemoglobin AxAuBLAUIIUYB rbe
AUNR J¥e= 14 - 18 gm/dL

W9EJa = 12 - 16 gm/dL

M30UTTUIUAI1N Hb = rbe (millions) x 3
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4) hematocrit 1JuU3u1nses RBC Fautunoviutuniwendandniu
Wosdudmldannstudeslu capillary tube
AUNR J¥e = 40 - 54%
AVEJe = 37- 47%
WI9UT2UIUAI9IN Het = Hb x 3 %38 Hct = RBC (millions) x 9 N33 Hb
ey Hct L‘ﬂ'wﬁummﬁmmﬂ polycythemia, dehydration, heart disease, heavy smokers
n153 Hb wag Het anawinlaain anemia (iron deficiency, megaloblastic, sickle cell)

volume overload (dihition), blood loss (hemorrhage), hemolysis

5) platelets count Wunsiuduuniaiion

platelet L'ﬁudauﬂszﬂamauﬁamﬁLé”ﬂ‘ﬁqﬂ lsifinucleus gﬂi'wﬂam%a'gﬂlmmu
91y Uszunad 7 Tu Bdwlunalanisvinuden asieanlunsegnituiu 2 lu 3 avegly

a | A = ! v ~ ot a v A
nszwaden duniwdsazedludiy nsnmalivsylevilunisusedivanmgUieninne
BoneanNAUNR

AUAA 150,000 — 400,000 / mm?>

013l platelets 18871 100,000 / mm?* @9 A1g thrombocytopenia

918l platelets 4an31 50,000 / mm?® Tuwiluniiaziindonanrgnentunis

platelets foandn 20,000/ mm? agnuyaidensensnduiefiionsenain
Lﬁ@L?j@é@uI@EJlﬂﬁﬁ"lLMﬂ (spontaneous bleeding) waaplatelets Waeni1 10,000 mm?
ziinldensonod1agulss anmunfvial7iAn thrombocytopenia 1§ idiopathic
thrombocytopenic purpura (ITP), disseminated intravascular coagulation (DIC), marrow
invasion or aplasia, hypersplenism, cirrhosis

ATeddl plateletsuinnitund Benitthrombocytosis wulu post surgery e
postsplenectomy, malignancy, rheumatoid arthritis (RA) Iron deficiency anemia,

trauma, acute hemorrhage

6) reticulocyte count

. <, & A gy a I Y} <, L
reticulocyte Ludlndonunanidsasglihiui dnwazazidu cell vuinlng dnns

o

I aa ¥ 1

Wl
@319 hemoglobin 8¢ fidR I duNIIAEALAITIRS YLANALAL AUARUTEIIM 1% (0.2 -

Y
¥ [

1 A A v 2 A = a % & A =1
2.0%) LLG]"U%WULWNTUIHﬂW?%‘W@@QﬂWiLN@La@@LLWQNqﬂmuuﬂqiaﬁqﬁLﬂJﬂLa@@lLL@\clll']ﬂGUu
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(erythropoiesis) Wulun11g bleeding, hemolysis, WU reticulocyte count Hagaslun1igh

1A5U transfusion ‘Vi%aaptastic anemia

2. blood chemistry test
Lﬂuﬂﬂimiaﬁ]@ electrolytes, Usgliun1svinaruvesls (renal function evaluation)
waz asrasziutmaluden (blood slucose)
1) renal function (Ns¥iUvBLla)
- blood urea nitrogen (BUN) tJunaain metabolism 283 protein tJusfitae
Usgnsauedeetiens 9 A1UNRA 6 — 20 me/dL
azothemia LHunzfifin1nfisduves urea wioansusenoufill nitrogen waxa
lunszuaidon
41989 BUN ﬁ Lﬁ 1 gﬁuiﬁ WA renal failure, dehydration, Gl bleeding,
increase protein catabolism
Snsn1adfinues BUN Jusgiunsvinangveaileionisaaelusiu waednsns
UL urea nitrogen voiln
Ab11% 189 BUN fianaslaun liver damage, protein deficiency, starvation
- creatinine (Cr) AMUNF 0.7 - 1.4 mg/dL
creatinine Wunanasslsainnisaatesiives muscle creatine phosphate Tu
YUIUNTATNWSNY creatinine %Qﬂa%ﬂué’mwﬁmﬁLLazgﬂﬁ?fUﬁh&Jaaﬂmwim
fin creatinine Wushustdanmnisvhauveslaldfniiuazlinindn BUN was
Tiasunasmuemsiinu lneiluaudnfnasiidnsdinaes BUN: Cr Ussungy 10:1

Cr WRIUN renal failure, muscle disease Wara1ANULBYAILA MUALYIDY

2) blood glucose hanaluden)

wUszasdienTIamAnUAaUNAves glucose metabolism Tdaelun1sitadelsn
UMY (diabetes mellitus) wazn1siUABULYAIN153An6D (mental status) A1UNR
65 - 110 mg/dL

fasting blood sugar WuAnszRutnmaludeandionamsussuna 8-12 4alua
01A1 fasting blood sugar 41NN 126 me/dL %38 non fasting glucose U1NNI1 200

a

me/dL 28HaReL UM
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Ablood glucose %Lﬁﬂ%ﬂﬂUﬂﬂzLﬁ U diabetes mellitus, stress, hyperthyroidism,
pregnancy, pancreatic disease, steroid therapy, cushing’s syndrome

Ablood glucose anadbuniIg pancreatic disorders, starvation, liver disease,
hyperinsulinism, hypothyroidism, hypopituitarism, sepsis, addison’s disease glycosylated
hemosglobin %38 HbAlc A1UNG 6 - 7%wa1 total Hb Tdlun1snsiagmsshviumuae
anduTindevesgUislunisidetniunuiuiviiu lagguiuiuves glycosylated
hemoglobin ?z’fal,t,amﬁﬁsﬁmmzsd’mL'Jmﬁl,ﬁ@Lﬁammqlé’%’uﬁwma clucose Lazuanafy

ARAYUIMalUERA Y 2 — 4 LHipU

3. liver function (M991191UYB9AV)
”uﬁm’hﬁlumsa%’wmwmaasmlo?u,ﬂ' albumin, protein, fibrinogen, prothrombin,
bile kar enzyme wangvila Fdldlun1snriannisiinuvesiy
1) total protein
AUNG total protein 6.0- 8.5 gm %
albumin 3.5- 5.0 em %
globlin 2.5 -35¢m %
serum albumin angs ﬂwaﬂﬁqmsmﬁ'auwmaéwL%ja%’waa@m (chronic liver
disease, liver failure wazdanuluniigstarvation, hyperthyroidism, leukemia, nephrotic
syndrome
o1 - globulin Wuglycoprotein ﬂm]w‘iﬂmwﬁﬁmﬁaﬁugﬂﬁﬁma

'
[V

02 - wag B - globulin lus1efifinzinfids (cholestasis) azdisdugs dailu
MeffifusniaUeEsTuLIIazanmaY

Y- globulin Tusiefidustuudeasil y- globulin g9

total protein Wyl multiple myeloma, dehydration, sarcoidosis

total protein ana alun1ae liver failure, starvation, inflamlnmatory bowel

disease
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2) alkaline phosphatase

Hu isoenzyme Toglusiugnaislucell sou q vevhfinazdaidlddnszgn S1l4
wazsn AUNG 30 — 115 units/L WU enzyme qq%ﬂumw biliary tract obstruction, bone
disease (Paget’s disease), hyperparathyroidsim, osteoblastic bone tumors WU enzyme

anshadluniy hypophosphatasia, hypothyroidism, malnutrition

3) bilirubin
LANAINN1TAA8AIY89 hemoglobin Laz myoglobin waztUaswdu bilirubin Ndy
wazsiy bilirubin Tu plasma azduiu albuminiiaudu unconjugated bilirubin Fsavanels

Tulvdy LAYILYN conjugation 1a8 microsomal enzyme WJu conjugated bilirubin Qﬂa'ﬂ

'
=]

soluluvierd wagiindigethd Benudu direct bilirubin
AUnAvestotal bilirubin 0.2 - 1.0 mg/dL

indirect (unconjugated) bilirubin 0.2 — 0.8 meg/dL

direct (conjugated) bilirubin 0 — 0.2 mg/dL

total bilirubin Lﬁm%uiuﬂﬁzﬁ acutelta e chronic hepatitis, cirrhosis, biliary
tract obstruction, hemolysis, fasting

direct bilirubin L‘17\j 1 %‘uiu N 17 ¢ obstructive liver disease, hepatitis, drug
induced cholestasis

indirect bilirubin Lﬁ?\j yIuluniig hemolytic anemia, hepatocellular liver

disease

4) transaminase enzyme

serum glutamic — oxaloacetic transaminase (SGOT) 39 aspartate aminotransferase
(AST) m1Un# 8 — 20 Units/L

WU enzyme Fuduly liver disease, acute myocardial infarction, pancreatitis,
muscle trauma, congestive heart failure, hemolysis

serum glutamic — pyruvic transaminase (SGPT) %3 ® alanine aminotransferase (ALT)
WU enzyme Wudulu lver disease (specific 141 SGOT), pancreatitis, biliary tract

obstruction
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5) cholesterol

annsusiiondnbile acid Wudilng Aund 140 - 260 me/dL

W cholesterol tituiguly hypercholesterolemia — hyperlipidemia, biliary tract
obstruction, pancreatitis, hypothyroidism, diabetes mellitus

WU cholesterol amaslu starvation, chronic disease, hyperthyroidism, liver

disease, steroid therapy

4. nmsasvszaulusiuluden (lipid profile)

Tudufiaudfsesnanie fe Wuwaslingsnugs lufiulusiniedegnaneyia
wazludiulszneudrfguesgadde o waluiuidauddgniseddnded 2 viia fe
Aoladwesea wazlnsndwelss arfunniulufenafinisavaunielulduidontasiileo
| | Y o v = N a Y [ 1% A @ @

919 9 vessnelavilvdanudsaiazifalsaiile lsaaudugadudonudaiiasvasn
\Hongas
1) total cholesterol fie AolaainaseasItludondslauaINnITdLATIERTIAULAY

'
=

Uslnmaa1nsusennidundnduaindnd usnaininisAutASesRuNlueanaged

=

NSgUUMT S MzANAIERAzanTanseaulvsEiunslaamesendty wazluavay

Y
¥

ANUHU91A0RLAATIL VN A NAAINULEDIUBL5ANALA 1SANaDALADAT LULEE LA ELDY
fu visemuRUlafingaseu total cholesterol Timisiiu 200 Tadnsuselnding

2) HDL cholesterol A8 ABLAALNDI9ATTARNFUASITAVUNAU LazuI9dIuINa L&
\An Suindesiusazdamunisiinlsavasaidenfiusiy satiy HDL cholesterol ngsluiden

1 d' a & v 3 A A Y 1 c':

LWILANANULALIVDINITNANADALFATILALT IBRUAU Lae HDL cholesterol Taimasen
N1 40 mg/dL

3) LDL cholesterol Ao AvtadLnasaavialufaziilvduainnisusinawaznns

o ¢

duassnndulvazandiatoaeing q lnglanzindmaonden Faududumeguaziinisi
dfygaveinisiinduidoniilauazaussiiu sedu LDL cholesterol laimisiiu 100
me/dL
4) triglyceride nsnawaslsaduluiundunseniundu anld wavdrunianain
a dav o Y - v & Y = ¢ X o § ¥ a Y
nsuslamemsiiiludiu visanfisuazaindnd seaulasniweslsnasuasiliiinnsaasiu
Yoududon vaondenudei uazvinaudangy o1avilninanuiulaings uazauise
sonuazaululaduldimidailininn sl seaulasnfiweslsn ldaisiAu 150

mg/dL
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o £ )
ASZUIUNITONLEULAZAISANWINIATUNITBNLEU

(Inflammatory process and Anti-inflammation activity)

1. N52UUNI5BNLEU (Inflammation)
Juujsenvessianiefiviinisnould nevaues 13orNauAaIEAINTURIIVES
Fun18NM189nTLIIfaI19n1e N1senEuLdunszuIunIsUnToIRLASEAUadauD 9T In
¢ Y] a a & . . av g a & | )
wywd Nssnauiiannnainnisiage (infection) wazamailidlenisfinie wu a1sad

G aaa a v (v 1 [~ ¥ Ql'd [ a d‘
wseufiteveifuiuressnnie Wusu luvaugninisdnavazinsisuulawemann
a ° v & ) a a ¢ - o a

Hon vinlivasaifenvgnufikasiinisildsunlasuauganiiounasniion J9iy
Auasalumsturiurassden LWukalraisiiuazwadisinidanveananasnidan
17U UNTNTINLEU WURALAAANITUIN LAY $9U VBIUSIUNINITINEY HARDAY1?
a a ' a a v a a °
ieanuuenvaanien 1wy dilvsila uazunlasvhavggnnszau lnedaudandaeuiisnsiu
TiAnn1sasuLlam1etiail vasaisdenansluni1seniau (proinflammatory mediators)

wlinEg 9 WU wusaatatiu (bradykinin), Bamidiu (histamine), lunsneenles wag wsoann
wnauAY WuRY 591919 pro-inflammatory cytokines 1y tumor necrosis factor-OL (TNF-

), interleukin-1P (IL-1B) waz interleukin-6 (IL-6) 98NYINLWAALIIALEBAVIILAZLTAR

wUALASNIA (Kumar et al., 2007; ﬁiﬂj/lﬁ, 2552) %Qmi pro-inflammatory mediators Wag

'
[

pro-inflammatory cytokines waniifignudaunniiuly nienasdetliesluszuziiaiuiu ¢ 9z

Y

Y v

sliAansuaiurentede gidufuuifidalunisidndudandao Insawizansfiy
LLazmiam%afqa%w wadunlasvaanunsaiidadelsalaen1saui (phagocytosis) way
Uanudosarsdenisdniau sauisadiseyyadasylunineanles (nitic oxide, NO) uag
oyWuseendiau (reactive oxygen species, ROS) Inlanizifloiwadulasvagnnszdudie
wulanendu (endotoxin) naslaluluausaailsa (lipopolysaccharide, LPS) s?ial,flumiﬁgﬂ
JanUdosndrundaeadiuusntendouuaiiie asfiunisadrsouyadasy NO Sy
miﬂizéjuﬂg’jﬁ%maaﬂ%m%’umaﬁ% (lipid peroxidation) tAAN158319 ROS 41UULKIAE
Tuiana NO wag ROS annsaviiisewetuliluanafifiaudufivguilfifafiviane
@ad TaeEnasUNMuNIddy e o SadelmAansuiaduniegndenisieuves
s uavdssaliAnnsdnauiFesuasnensanmvadlsag 4 fesnuimssniaudu

A o Y a A a v [y LY ' a ¢ & a ]
awmeviiiAalsaneesiumsdniaude 9 Tnglunineenlenilueuyadassnduasies

310 L-arginine 133UfAselaeieulad nitric oxide synthase (NOS) Hlulanavedaandiau
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Huanshadudam 1fin five-electron oxidation duflerneuvaslulnsauiieglunguiafiu
(guanidine) va1 L-arginine ifulundneenladsaumald Lcitruline \unanansau Tngly
Uﬁﬁ%mﬁ%mﬁa flavin adenine dinucleotide (FAD), flavin mononucleotide (FMN),
heme, calmodulin (CaM) ua tetrahydrobiopterin (BH4) tulaunnnessin teulasi NOS
ﬁﬁgwum 3 lalawosu Av neuronal nitric oxide synthase (NNOS) tag endothelial nitric
oxide synthase (eNOS) Fafinsuanseanmasniian (constitutive isoforms) nanlun3nesn
losluuiunas wag iNOS FeazdinsuanseenvesBuilognnszdulasdaiisig q (Alderton
et al,, 2001; MacMicking et al., 1997; @3wa, 2559)

Tun3neanled(NO) fnthiliReatestunseuiuniseans q lusienie wu nisde
deyey1auUsean (neurotransmission) AIUANAINGULaTRlaeviNliNaRaERAUEB6
(vascular relaxation) Yesiunisinigiveundniien (platelet ageregation) wagn15ausa
fuveafinidony1a (leukocyte adhesion) sausdauieadestussuunidufuuuuiiuu

(% IS

Auda (innate immunity) 1 laswiasivthiddagadniiyngn Tnendnluninoenlesly
Usuasnainteulesl iNOS Fegninflentinlkiinnsuansesnvesduilednsduiiaiy
cytokine, endotoxin veuuafilse wislaluweduwnaislsa lipopolysaccharide (LPS) a1n
WuATISe (Coleman, 2001) N15N3¥AUNITHANIDBNYBIEN INOS danalyiinsndnluninesn
loflutsinaannlaglusineenladhmiiibuasdonansasnisdniauiiddnyfignuasty
Tngwwadulasine fawfirlusdneenladaziniiifeadestunisidagainiisnsusnanie
uywd wilusdnoonledfignadntuluvimadunifuluain iNOS wutrildusulunisia
ansvedlsafiieadastunssniausing q

Tnsanunadu (prostaglandins, PGs) iuanssnandunguafinfiruaunszuiunis
19 9 lu $19m18 Wy auauaudulain N15udeRaTeIMaondentaznouALIRaNnIs

(%

gnau lunseuiunsdaasieilnganiunafiuain arachidonic acid gnissufizenlagioules]

[
fa a

wénfe COX toulasiilll 2 lelawesu Ao COX-1 Fafin1suanseaniuuszdilonan
InsamunauAuivimiifiveedsine: auauszuuvasadenuardosiueadiBoynszime
219115 (Rao and Knaus, 2008) wardnlalanasy Ae COX-2 Lﬂul,au"lﬁaﬁﬁgﬂﬂﬁzéjuima?ﬁL%"]
nguLfEfU INOS vilmAnnsndswestnsamunaiuluudunauin (Katzung et al, 2001)
pGE2 \uleluvesumilsvesmsoaniunaufuimiiisinivarsluseniglummadanas
nMsraeiveinduieiiey mveefuaziufivemasniden auauaLFEen
(Serhan and Levy, 2003) LLaszJuéhﬂmqmsé’ﬂLauﬁﬂizéjumﬁﬁ']mmﬁaﬁa 1n1551897U

! [ Y

71 LPS 981017u Toll-like receptor 4 (TLRA) LaznseAuni1sasdayy1aitensesu
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N135%197UV89 nuclear factor kappa B (NF-KB) Fadu transcription factor finelfannis

Langanvd iINOS, COX-2 iag pro-inflammatory cytokines (Lowenstein et al., 1993; Lu

U

et al, 2021) luaniziwadlignnszdu NF-KB azeglulelanatady (cytoplasm) dufy

q

v W

158U inhibitor of KB (IKB) &avinutindiidusiduda NF-KB vl NF-KB lanunsaindeu

[ a Y Y

Whgtiuedeala (Zhang et al., 2012) luaniggnnseduiie LPS vislalalatsng 99zifin

Y 9

[

ns3unuAasudyeIa (receptor) YinliAANTIINSEAUN15911911904 inhibitor of KB kinase

(IKB kinase) 11 TitAnnszuiunswealnsiadu (phosphorylation) 31n1u IKB aggnyiane

AIBN1INTLUIU proteosome-mediated proteolytic ¥l NF-KB agﬂumw heterodimer

¥

989 p65 M3IUU p50 N30 p52 (Tak and Firestein, 2001) ﬁﬁiﬁﬁﬁyqsmLﬂﬁauﬁmeé

fundya Faayluduiudumis NF-KB binding site UShndauaUaLnILanIoenaddy
(promoter) YlMAANTFUIUNITABATHAVDIEU NITNTLAUNITUANIBDNVBIEY INOS UaYy
COX-298LANNNSEREQ N IUIDT Y10 MAPKS Bneae A1ULEENI8WIoNaaINNIToNLEY
uil unetnaggeuusnaulinuauiauniuiminssuugdduiumuauavnnons
SniauBeundulalyud vilvTin1smas pro-inflammatory mediators wag pro-inflammatory
cytokines agsiaidlesuusenluisdinsiansanaiuegsdeliles ssuuniduiuazveena
nsmuAY WulsEAvEnmnmsimeamgionisdnausnEenanzduiin nsdniauiiets
(chronic inflammation) &sfiumnandluanmssnauidsundufie waduiailodognitans
1t wagmnnsmuaudavinldlifasvidlfAnenuunwissessruuianduaimnvadlse
e 9 19y Tsauzids Tsaladeiden Tsanaamdonuaidsdh nazdonainnisindendns
suus9 (Septic shock) MiUfiasvesiiodolunisugndisetens Tsawmau Teanssimne
wazanldsniau Tsaveuiin Tsalude sniausunesd lsavaonidenunudsis uazlsadon
Y953 UuUsEan WU lsndaloiues (Alzheimer’s disease) lsan13Audu (Parkinson’s
disease) (Coleman, 2001; Guzik et al,, 2003) lun1sdniauitasindundunazioss aziinng
wasansdenanslunisdniaunatssila iy nseaniunaudu 2 (prostaglandin E2, PGE2)
lus3noonled (nitric oxide) uay cytokines \usuruun arsmantanduniosdiorili
AANMInDUALBILAYNNISNLAUNINTY (van der Vliet et al,, 2000) InmsAnyIwuiniion
nsfudsnmdsansmaniaziilfinisdniavanas iWhmnevesedunissnauisaaduds
vieannsndsansnantl wiednlngfminausing wazinadradssanmsldendu

L8 U (Seibert et al., 1994)
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fatu Fedanusnduedredsiivsdumluanaasnnsssumfiianunsnannisude
pro-inflammatory mediators &g pro-inflammatory cytokines Lﬁaﬁﬂlﬂéﬂﬁiwamaﬂﬁﬁu
nsdniay ddudiladumsienauesazanniniidienansseme osmndsyne
InesinnindihedusniauaniesUssmadugasagnaneiudiuum msduaimansi
fquisusniaviedanudniu lnsanzainiis diuazayulnsinefisidnenmlunisi
ANLEY

nsdniaunazlsafiindasiunazuniuein

1. T3A3IUBINS

vV

finsAnwmuinnsdnauianuduiusivusunaluduivenagusnamtiviowmser

e

fimsazwunssnaulfidesaniwadlusiu (adipose tissue) amnsaaiie IL-6 liUszanas 10-
35 Wodidud seduanudutu IL-6 wwgeludedlafuazanuiniu Fafuguaslsndan
(obesity) uazliaaglagaaniiginie ?NﬁmmLﬁaqqqﬁwwuﬂiqum’l‘wﬁ'u 9 AU
(Usgian uazAniz, 2556) naztmiiniAunaslsndruamaianuduiuslaonsafuniaie

3

Tspuzi3s 91ngUAntsalvelsanzifsluboyungnisly Uinungn wazuzidaduy wuin
fauduiusfuindeiitimdniAusazamzdn Taswuitluauduiedelufuasndnans
TNF-alpha sonu1lulIuuuIn e?fqmiﬁaﬂénuam]1m]zﬁma&iamw?ﬁ%u@ﬁumaé’amLLé”J
fanudrdianuAeatestumaifnlsausssuoninddmuimsazanlasuuinunatsdih

& o v v v a < ¥ a < aa
uuummauwuﬁﬂumsmﬂmquLmuﬂm‘wmaﬁ (LWQJ}ﬁi hasAY, 2561)

Physical Inactivity
Abdomina Adiposity
Macrophage infiltration of visceral fat
Chronic Systemic Inflammation

Insulin Resistance, Atherosclerosis, Neurodegeneration, Tumour growth

4

Type 2 dabetes

Cardiovascular
Breast cancer : i, Disenses

Depression
Colon cancer ‘ 5
MNemantia

A 6 JumaunisiialsAdaNrNN1INN1SVINNITERNANGINTY

fin: Hotamisligil (2006)
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INAINT 6 LANINIIZVINNITOBNAIEIN8TINAUNITHUSH Ul uazauuin
TnglangsaulInazutnyies (abdominal adiposity) waalutiuanunsanaslslalatey IL-6
1 TnsamglunquiUlelsngiuasnuseauanudutdy IL-6 Aout19ge@auansdian1sdniay

a dy [ I3 Y a dy a a . . . = a <
ylaseTumaziduanngliinnizaedugdu (insulin resistance) NaaALEDALAIRULTS
(atherosclerosis) ANULEDUVDITZUVUTEAIMN (neurodegeneration) L139N13L93QLAUTAUDY
wadillosan (growth) dsnalitinlsaidunsienateviagy winiiu lsaralawaznaon
2 & o vy & v 4:4' = Y o o a
don uztSeald uziduun AuEeLRITEULUSTEY waslsaduadn delunisUseidu
SuNgeg1iefnITUURegvaduanaiiy nMstaimin adyiianiy adadiuseuier
asUfiRegainavaiioannisnszaunssniau agdlsinunislasundsnuinluusias
Fuanmssuussnmuemsilindenuannuagiludiugwsoemsludnaun Useneuru
N13UIANNTRRNMAIN1EEdNalAAN1SNTEAUNTENEUNINTY tneseautinaluiendl
a9 (hyperglycemia) Ns¥AUNIIUAY IL-6 INLgasnTIviaenidan (endothelial) wazainiwad
dinidenv13 (macrophages) 1T N13nsERuUNIsnauTanBaunau (acute) 39nn15he

Sudsemuemsiilludukasndsnugaasiianisdnavlussesusnfanisdniausess

'
[

58U (chronic low grade inflammation) mniAndeifiesduszezaududou Hud

[ [ a & o b 1 = 1 i
nanelumsdniauriiaizess (chronic) wardwralduseauninle

b Tinsulin Resistance

4 Insulin Resistance

Tinsulin Resistance

™ IL-6

AN 7 ASURRIDUNBSAIAU 6 (IL-6) NLwad ki

fi11: Mohamed-Ali et al. (1997)
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uenanigifdmdnduiunielsadumnananuaradudu 4 By e woar
(Tumor necrosis factor-alpha, TNF-a) #3e@suaayin 1UsAu (C-reactive protein, CRP) IL-
6, Lebtin uag IL-18 gendnUnfi 2-3 1 anfludeusdaanisisuiinssnaveiagesa (low
grade chronic inflammation) a3y szduauudulalnladfinanallanamindad
lmﬁuazaﬂuéwmaiuﬂ%mmqaLLﬁzﬂﬂié’ﬂLﬂUﬁ%Li‘;JumaiﬁLﬁmIiﬂéa%’a LU WM viaen

Aomala Weeusinszitauuidals (Mohamed-Ali et al., 1997)

2. Tsaiialanaznaaniden (cardiovascular diseases, CVD)
N a < . a o a =
AMENAALEDALASAULDY (atherosclerosis) tinann1ssniaunslunaenlainlaeil
AINTTAUNAIE0EIN LU N15eanTnduvatluiugdanianunuiwiudi (low-density
lipoprotein) nazLAsERBENTIATU (oxidative stress) an1sona@uinTudussegiiaiuny

v & o a & o = ! o = 2 &
QUﬂiﬁmﬂLUUﬂqiaﬂLﬁU%umLi@ﬁﬂﬁqmaLﬂﬁl(ﬂa@'JEJ'Jgﬂ']EJIULanQ']ﬂSU’]WLaa@lﬂLaEJ\‘i

[y |

a = oA a 3 = a & Y} A o =
F’YJqNEULLﬁﬂf\]gﬂuqﬂﬂULuaﬂqﬁmULLGUQGU'P]Q‘W@@@Laa@Lﬂ@mquuaaﬂjgﬂﬁqﬂmL%u VaamLa@@lU

\Aesaues vaaadenliideandiuieorlagszdniudelyaunssnadulsaiilaluiian

[

Tumanmsunngideuainateusznisnegitadedniinnevaendenunfiuudmselsaiile
M3NTIaNUIZAU F3uonitn TUsiu (Creactive protein, CRP) finududugsluladin 1Hude
UsPegramilandrAgiilasanamisansianulansusisuinisonavussasndonlnglisio

solulsasiulUaunsziisvanadanfuund s oaunseiliannisiansuasnudulsaila

3. 15AwWn31U (Diabetes)

msfiszauiinaluidengeelienlusseznaivuazdmadese aues du o vaon

(%
= = L2

Fon waysyuulsyam lagedeazang o wardaziinnsonauiiadudioldulsaiuiaiu
anunsansranunsonaulaenuseaulelalaunatesdawiy TNF wag NF-KB fAnuuty

39U (Y3 uazmne, 2561)

4. Tsalai3a%s (chronic kidney disease)

Anidulsrdruamadssionisiinlsalanesestlaganindgilidu 2.5 Wi fiesen

Y
anzszrviinanazluduludenigaindund Saudvanstiednneitesiunssuiunis

[
=

SNLAU WU IL-6 waz TNF dnavinateviasaiaennasluls nisiiuduvesbasulusianiewas

o

lugaevios duiusiunisiinnieseden1seangsvesduyiu ANUduaengs nsndwalse

ludengs luduvliaevsivealudens dinaluifengs uduiane danmvemasniion
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fa9ame wazvaendennelulavilfidenluidsdlnanas iianisnszduszuy 015 1o 1ea
(RAS) 113 saufunsnseduiliiiansganduvedafuuusianveladiudu aavieiin
arudululnaimesdagetu ililadiunednawesdadowialnaiyu wasdinmsasauvasans
e 9 lulnawesda srauAumsiiaisiinvedlanuun sivlsiilldvisreenulutlaainy
(Svq" wazAg, 2553)

suiiuliinlsagauamlianuduiusiunszuiunissnaulusianesazs dudy i

P = o A v Vo [y [ 1 1 ! 1 = 1 A o
Weouddunnendedlasumsiansuilunnegdinanegraswuienduamenuillg
a dy [ 1 [ < a a [ a
n1siialsasesesng 9 winuie Ll lsaumusiian 2 lsaadudulafings
lsalaisess ngluiuludeninunid lsnialanazsuasndon nioudnsznalsauziSaunseiln
Aanlananiuuas Ineseslsuasunginssuaunimlunisduasunisdnnisauediiownly

lspgauaansluizaanisusiaaomnsniusylev wavnseaniidanienvungay
= Ly o ¢ =1 o g
2. msAnwgnsdumssniauluadinizifewnlasiavemyaewus RAW 264.7
2.1 MsWzLaeaaa (na1viey, 2555)
WnzdgsgadunlaTHIavemyaeus RAW 264.7 luemnsideawadyin DMEM
5% wazasumedsuidutuioaz 10 (VV) @15azargennid@adu (100 U/ml) was
awsUlalugu (100 ug/ml) VUATUNIBLA LA UUITUAE VAU IUANENA19VUIA 100
fadwnsuazirlUvuwadlugeunuuldasuaulaeenled Neaumgil 37 sseiwaidea lu
Aa s c v v v I3 a ] a & s
pnendasveulaeanlediduduiosas 5 (vAv) 1unal 2 Au anduasue1msideaad
wardgasluunludeunuuldansveulaeanleddedn 1 Aullawadasyiulnussuin
Soway 80 U89 UMNIZIHLY F9MIN15LAUEAG00NINRIN1TULIABNITYALAUYAE

(cell scraping)

2.2 113 subculture 1n835 scraping (na123ay, 2555)

@mmmsLﬁymLsziaéslummwwémmaéﬁq WWuasazaneUWines HBSS [5 mM KCL,
0.4 MM KH2PO4, 5.6 mM glucose, & mM NaHCO3] fiusiaanuaaideuwasuuniide i
Fusrwau 10 mlasluaumzidsusad wédahlualugeunuuldarsueulnoanlsdi
gauvindl 37 ssrniwai@ea w1 10 il Yiaumwizdssesnangeu wazthudiguasade

9 Y

nuuldnYaad (cell scraper) Yawagaiun 9 weliwadvaneenainiinivue 15UiUs

q

sa o

WaaRnuwIn 10 ml gaansazatednmlasivedsgaandafneguuaumzidesgadeant

PUANFOUNU L'ﬁmmumﬂmﬁmL%éLﬁﬂﬁaaLﬁ@@@ﬁﬂiazaﬁaLLmauaaaL%aa’iﬁiuwaamwawaaﬂ
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nuudlUTumean 1,200 ¢ U 4 wil uaigeansazateiinesig uemsidead

DMEM #5109 wagiasumedsudududasas 10 (V/AV) a9 lunasnkalvinn1snssaneiwad ng

faaaa ¥ 14

nsUUngeIuaiteliigadinsza1efam Yin1sluleaaniddin aaen1sdoud 0.4% trypan
blue watulwaduu hemocytometer MeldnassgansauinauuaIwlsgadasiunIvue

dulvsludnsd@IuNfoInng

2.3 NSNAABUAMUNYINTDALABTS MTT assay (na1viey, 2555)
MN1INTEMLAIAlUIIUNIZALATAALUY 24 Hqu 31U 1.5 x10° 1waadenay
wathlludlugeunuuldansueulneanlys Mgumgil 37 ssmigai@ea uiu 15 41lu 9n

)
91M15LRHTARN LAURUDINITAYUTAANTAT JIST5 NAMUUNTUATS &) NINH LPS

(1 Mg/ml) uazlidl LPS

2.4 mswasgRUsuunwsaannauny (PGE2) (duf, 2553; nanuiy, 2555)
M1N1MAaedlaun1sNsEewad adlua NI uead LU 24 Miad 91U 1.5 x10°
wad seviau udthluvalugauwuuldmiveulneenlenngmumgi 37 ssmwaided wiu 15
o & ¢ Y a & sl = v oy & Ao
I3 QADMNTALUIATT WAILANDMISIRENYAaNNAT JISTS NAududusing 9 Ml

P S 4 aa Y v = &

LPS (1 Mg/ml) thaz laidl LPS 52194 indomethacin (IMC) Mifiaanadudy 1 uM Faduans
muanwuuwln wanhlvvsludeuwuuldansusulasenlunigamgll 37 esmieaea uu
24 G2109 H9ATULIAITUAVDIMITEENTAANIIATITRUTUIUNTDARILNAURAY E2
I@aﬁ@mmﬁauﬁ%%gﬂ PGE2 competitive enzyme immune assay kit (R&D Systems)
ad o & o & ¢ y S P & <
Ma3saell e mnsidgawaduTuwiesd 13,700 ¢ Wiy 5 Wil UdTeemMNsIAgITas
UTuns 150 ML Ay calibrator diluent RD5-56 U311%35 300 plannduiliunemsiduaiwas
3991908 2U5u105 150 pl aslululasimwaniitadoununguaie goat anti-mouse

a v

polyclonal antibody LAu@15a¥aNe primary antibody Usu1ns 50 L LLé’quﬁqmmwaq

Y

w1 $2las Ynelulasnanliadn devnasaifiu PGE2 conjugate U3u1ms 50 ML uda

Unigaumgiiviosunu 2 Taluandeuwgn ndudrmaulalasinaniie wash buffer Usunns

400 ML 97171 4 AFY waLAu substrate solution USH1ms 200 L UNgunadviosulu 30

9 Y

1%

wifinfeunsvensediielesiunadlasansazarsazilaouiudin udmenuiisenme stop
solution Usu195 100 Ml lngasazaigazivdeuludmiesteniuduresdzduagiv

USinavesnseanunauiu E2 nalidiiuneuldinAinisganiiuuias 450 uag 540 nm
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meinsesinnisanfunasiuulilasinan Auismanududuremseaaunausiu £2 Tu

919115881 9ad 1NN IMLINTFIUNLAIN @1TazatenTednILNauAY E2 INs1uAIY

Wty (0-2,500 pg/mOuadiluvnludeunuuldaisuaulaeenled Ngungl 37 a9

9 Y

walled UIu 24 FILUe 9RRIMITEELEARTI LaANeIMsdeLgadNliansavate MTT 9

AMUNTY 0.1 mg/ml nauaz 500 WL wandrluvudengevwuuldaisveulasanlen 37

Y

aamwaleadunan 2-4 91104 loe MTT Wuansdwdesazansunle s lvluluineeuwse

'
& a

Yo aa MLYAdNITInAENULDNAIRV B UlwlTNTumAlalasIua (succinate

6 aa

dehydrogense) 92%11n155A2% MTT lUilunannesunuay (formazan) NAdLI191318u

£
=

Usinamesanswe nuwuiifntududadiulnenssiusiinaeadiisin weasunaiudign
pnadsuTadenou iulawiiadananles (DMSO) auay 500 UL tioaganendnnosn
weu tlvude 5 it agldansazatedianiiu grarsuviuaesiwadainusazuqy
Usams 200 W ldlululasimanuuy 96 vau waziluianisgandunasdl 550 nm e
isesinnsgandusauululasman duadinuidinseaveswadluidedusivg ey

fuanzvesgadmuauillldduiaiuaimegey Mngasaasaluil

Wosuanuiidinsenvosyad = AINIAANFULEIVDIVRUTAANAZBU x 100

AINTIAANTULAIYIVRUITRAIUAL

2.5 msnszidsinalulasilagufizen Griess (ansy wavnaviny, 2554)

Fnsneaedaenisnzaiswadaslunumziiowsaduuy 26 Nau 3 1.5
x10° wadseviau udrhluvulugeunuuldasveulaeenludfiguvni 37esmiwaldoauny
15%1310@@@’1‘1/115L§8@L%éﬁ@ W Rte IR Leaditans JJSTS fanududusng q il
LPS (1 hg/ml) wazlalil LPS saa%s amino guanidine (AG) fimanaidudy 50 UM §afu
ANIMUANKUTUIN LAz 0.2% (v/v) DMSO Fadusviazarsansnaaeu udnilduslugeu
wuvldansueulnoonludiigumgil 37 ssrnwaiea uiu 24 lus Weasunar3afvems
Avuvadlavasanaasivuin 1.5 ml wastuwiesd 13,700 ¢ WU 4 WY LAIUND1911IT
Aoawad 100 W ldlululasinanuuy 96 vau wdawaufuaisazats Griess [19% N-
(1-Naphylethylene-diamine dihydrocholide tag 1% sulfanilamide Tu 5% phosphoric

acid] U3u19s 100 ML wazuuigaumgiivieauiu 10 w1 newiluinAnsgandu was 546
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nm meinesianisganiunasiuululasiwan Audndruduvediulasilusmisides

s Nlaannsinunnsgiuvestaienlulasy (NaNO2) fieududy 0-50 UM

NISNASBUNSAULUATISENBLSA (Antimicrobial activity)

[
N IS

W9adn (Microbial) (Wsdnwal wazuswyn, 2552) 1Judeldinfduuintand

9
[ 3] !

Usenaudiewadifemionatswadilsusiamiouiu ldinsiasusuasuesganiiie vin

= 1 =

nianizmouluFlidintuas 3adnuuswmnussianveseandzwusld 2 nau fe

9

\ & a =

= = & ¢ A Y oa = Y = I oA a
W’JﬂiﬂiﬂqiiamsﬁﬁL‘Uumiaamu’)lﬂaﬁlaill@iLEJ'P]VJNU']Lﬂaﬁ]ﬂ IWLLﬂ LUANLIY LLASEININYALVY

a a 1 1 dy
ndedvalaun 1Wesn

DD
@
N
pd)}
()}
©

S a a oA = = & saa
LLﬂllu’]L\TULL@S@ﬂﬂ@Nﬂ@W’Jﬂ@Jﬂqiiaﬁ FUUULTAANUIA

£%
a

LUsladuazamsenne 9 sniuansedideiunuuity 989 WdFAaEn 9 MAetes

=
cn
=

fuAulaluanwuea 9 fll
1. Pathogenic microorganism Hutienalsaluau a3 Aalaeazlausslaviann
loaduavdvianglaad Feasinadon1siniaunuunivessineinlininlsaty adnmwaiil
aosliladerieliirevindunstusolaadla 1wy n1sinizAniiwadladad AnuaIuITaly
I ¢ a - ¢ o g v X a @ v
nsiingad ansiiwvsereuledminlivedianusunsdunisiiinlsa Wusuy

2. Non pathogenic microorganism tHuideusednau amnsanulailumuionds

]
a a =

waznnelusnenevesaunaunImg suneluuaiiseiidudeuszantivey Wy NRwvldiie

S. epidermidis TutesUniiiia Streptococci, Hemophilus Tuanldd £ coli Tuszuunaiu

(% 1% 1%
[y

Jaanzuazeioisduiugniiie Lactobacillus, Staphylococcus wau19RsaoUsEIHUN

TAalsals wu £ coli wdeuseaulualdvesau uiluamvsveinisfindelumaiu

Y v

Jaanzuazyiasils uenaniliweuissiindmiglonanslsaluaungiifuiuiaund 1y
Pseudomonas sp. (@We15504 wavansn, 2546)

3. Opportunistic microorganism tuigealglontaiinauuafiiionazidosn

[
[ 1

Fosludesn WA C albican Mnuludirendszuugiiduiuunnses Wudu aziuinga

9

wunrlaneliiinlsasig o duidlondsnenie viseianeliiialsaliaseniedssuy

Y

TAUNUUNNTDILUATILSY

&> 2D

;Y
q



38

a £ v & a & a a a a a
1. '3ﬁﬂ'1i‘VIﬂaaquﬁmsﬂummiwsmﬂa\1L“anauw é%aaaﬁﬁﬂuqa"zjw (GUEW]'], 2558) 71
Doylgaigeal

a =

1. Agar diffusion Aanisnagdeulagnisiiarsaiugadnduinluiiiajunaig

q

aa

nsfudaduisftenldfumnluiosufiing Wesnduiidsanunsnu foRde azaan
warsan1 Tvanansalinafiuiusunargndes nismaaeuisildudnnisunslagansoan
gt miiAuasuy Paper disc Snnsuufmtnewsidsadeildnzdsntoqaind
Tlunsmsaaeuly ssunsanqaiuiululuewnsdentoty Wesssemsitansunsoontiy
Findu arududuresasiuaranasiliifinanuuandsvosanududuresans a 9a
sraqfusauikunsznunsas TunaziReafugduniduuinvesemsidsandeilignduds
Tnganseangu’ o anutduvesansiigala q (Inanszatunse) Fazsuazfiusuauiy
iulddn wivsnalndnseaunsesdedianududuvesasnwefisdudadoldas s
maiasnmendelifiuiudnidulsula (nhibition zone) Tu Shsn1sunsvasansoongaHu
Wluomadsadeiisviwarovunduriugudnansvasleula feasuenisauaiuisaves
arsimaaeuiannsaiudelfinndesifisdlananisduidogadn faldanuunves
loula
2. Broth dilution Huiinaaeugsiudegatnlneieransiidesnimmnasulis
aududusieiu Tdluomnndsadfoudiiideqadmmeifeadly dunanisiasyende
8w Bihlimsuammudududaadiamusadudinsiaigeeads (Minimal Inhibitory
Concentration, MIC) LLazm’mLﬁi’fuﬁﬂlu&?’lqmﬁamwiwaiuﬁ?}lalﬁ (Minimal Bactericidal
Concentration, MBC) Fail
2.1 mnududushaaiiansnsasudimsiasguende (MIC) mvageumail
vosuuaiiSesosUithulae siiuisiansenitui Seldanmanaaeudstasiiliny
73 MIC wag MLC (Minimal lethal concentration) wes81UiTugiu q fuwuaiiedeii
nsnpdeundnnislaeiiluresisifoniadsuuafiGeiidomnimegeuluewmadsadovin
mms’?fqﬁmﬂﬁ%’suﬂuﬂ%mmﬁiw 9 AURANBEAIY WaTdUNANITASYUaUATISEIUE NS
Aoadedaflondfiurluiumeig q fu mameaeumaalhvesuuaiFeden1ufdiue
1833 Broth dilution fanunsasilésia Macro broth dilution technique Wag Micro broth

dilution technique (83U Uazailng, 2550)
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22 arududuigafiannsasndeld (MBO annsvararadutusiigni
wlddeldwdayluomsmantdu aunsathumer MBC I8lnethnasniivinisnageuain
N1311AT MIC ﬁlajﬁmwmjunﬂwaamlﬂ Spread plate U185 Tryptic soy agar £1A714
Wuduresensataiianansesnideldfieglinunsisyrentouuemsiaeate

Tunisnageugnidiuuuailiodelsalusuddeld Weilvrumaasuliud
Staphylococcus aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) W&
Propionibacterium acnes (P. acnes) BuduswuaiSuneslsafinuldiilunuiamis uaside

¥

Fuyianudueig 4 ve931nevesyuiuazdnd lneteuuaiiGenelsaurassiadidnuasy
diauasellil

1. Staphylococcus aureus (S. aureus)

uwvailiFenedluana Staphylococcus 19d Micrococcaceae AAdLNTHUIN

Tapdoun luaseauss S.aureus Tilalafidvnaunedanes dsusradunsinay wWenklawad

Y

[ '
a L A a 1 1

o i % ] a 4 & a A
gAnfulunguaaienisedu Tusssuyd S. aureus Wudeeagniusnenie LuUsEnd
AamlalleiBovesnunazdnidonsu Wuamguaanmsbadeniong wuindudnvuzaes
uomAnTeTsliguws uionanalitinnisinesgisguuselalunsaiiiaviaiauinuxa

& a av vo L w &g & vy A A I Yy v v a ° v A Y]
vsellunanlasunisiidin Wellazndilaigetululs dudinszuadenssviliideyiala
sniaulBpundunazuninszateeanll @uaun, 2549) wuaili3angu staphylococci Wu
wupsennulaalUn LRIt wagideruuianIuaIaie o Y99 NIevRINYdLardn

=1 o a ] v & A a a v A & ] |
wananuwelsyinnulusianeuds Wwakuafissunsialunguililuenslsaiianunsane
lsnlavslunywduasdnd Wwealungquildwenladnaesngudes Aecoagulase-positive
staphylococci (CPS) wag coagulase-negative staphylococci (CNS) gl CPS L‘flumjmm
LWuANLTenelsANiANd1AYNIINITUNNEG 1981318 U Staphylococcus aureus
(S. aureus) annsanelviinlsalavatglse wWu Hrues a1l wuusniau lunseansniau

a & A o Y d' Y o LY LY 1 Id a 14
ANIFALYBNUIRNLLNA miaamau WWeruiilagniau Yeasniau s7unels an1msiuiuaig

9
(% (%

(Gordon and Lowy, 2008) wananigemudnindelungu staphylococci @11130WmIUT
wadliusisgUfuenldlumssnule  leslanizedade S. aureus IMs3TuINIT04
angugilviauandilunisdiuerujiuslanareviauaziinisieswiinuinyy

lnganeiugnanAty (uama, 2560)
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i 8 danslalatdingasuss S. aureus MASQYUL blood agar

fia: th.wikipedia.org (2021)

2. Staphylococcus epidermidiis

Staphylococcus epidermidis ¥mduidouuafiielszsrauiianansanuldiinami
(skin commensal) Tnsnulgduasuiinnsnug Asue uaslnssayn Worletannsnadrzoin
fiAulel (colonization) lnglinaliiAndunselaladuuywed S. epidermidis dnmuantmdu
probiotic #a8 inTzanunsnilasiunisdeiugiurende S. aureus ¢ udogrdlsiniumn
Ramifsveasiinnisanuinluuna e S. epidermidis fiawsanduunnelsald daindu
“accidental” pathogen Il S. epidermidis Fufnerdvaguuimiiweayudynaulaglsl
relmAndunsefiduinanuasuulamsitugnssuluiania Taedninermansisuny

! a v ¢

WouNARINa1INtgunatgnus T99ei1lriAuLs I AAN1SAATBNSIHIF AL azin1n15Aaen

9

UfFugagnegunsild (Otto, 2009) luraginalantianuaulanissnwinisiaeingin

v §w

& & ' v a a a & . .. £ A o

W8S, aureus WU wiATITUSNINITNUNTRATD S. epidermidis 1 NTWTeY 9 FuusiU
nsAnelulsang1uia laganunsanulaveglugUliendnsunisshwly ICU JUieniiseuy

a v (% ! Y1 aa I L4 & 1 1
alfuiuunnses wazgUlreniinisasaldgunsalnianiswnnd wu nisldaneaiulaanie
nslaviediemela nisldareaiunasnid ensidiunans \udu @e S. epidermidis laila
a = o & . T | va a Y .

JUBIINNLUBLNGUNY S. aureus kAVIB S. epidermidis UAMANUANLAYAINITNEAIIE Biofilm
gy lideanunsadainizgunsalnianisunndmanidleidusened Snviadeanunsanaundn
nsmdnnsruuiifuiurenslafsnme Wesniie S. epidermidis dn15Ususiansnga

Aesoe1Ufryiusnatevila LU methicillin, rifamycin, flouroguinolones, gentamicin,

tetracycline, chloramphenicol, erythromycin, clindamycini @ ¢ sulfonamides U9 Uy
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ﬂ’li%ﬂ‘l&f’lmiam%a S. epidermidis ﬁamﬁlé’waﬁa A9l Y1 vancomycin Wag rifampicin
mvaiuly Lwiﬂaaa;ﬁuﬁmmmwm%a S. epidermidis fineen rifampicin waziaulinesn
vancomycin ana sl &9 Vancomycin dolusdaganineg deld¥nwinisande
S. epidermidis @onAdeIfuUITavee Jean YH Lee WasAmMzIN00dasae 51891177
o S. epidermidis AANISNAENUTUDEU rpoB USLIRUAIWMUS DATLE wag 1527M vinlu

\Weneraen rifampicin 9n119n151AA dual mutation Hdwwaliidielinesn vancomycin anas

a 1%
2NMIY

A i 9 Wana3UsIe N15E38eIYee S.epidermidis 91NNNSEoNARNTY
fia: http://faculty.ccbcmd.edu/courses/bio141/labmanua/labb/images.jpg

3. Propionibacterium acnes (Ej‘m%ﬁim LLazﬁjﬂmﬂﬁ, 2559)

Propionibacterium acnes JuwueitSounsuaniidudiuniaves microbiota Un@
yosuywd drulngasnuiisziuregyuvy Tulnsesenedu q. fdnuazgusaldnasuuy
U wiadug wiegule nseafienanuiluae sgsmfufunguviontaegesidlid
suedou lanunsandoudild Lifinsassaves wigdvlnaeudiedt lnsagldnailunis
weiBsadoogneden 72 alus mameidssdewiluanmitlieandiau 1wy §lieendian
(anaerobic chamber) #3814 anaerobic jar fdn1sunudienniedae N, 85% H, 10% wag
CO, 5% Hudeiiannsansninials nisdestiniaasls propionic acid wa acetic acid

FUdUNaNARNNANAINNITUITNUINIG LaZaINITANES catalase T5189IUNITNAFDU WU


http://faculty.ccbcmd.edu/courses/bio141/labmanua/lab6/images/

42
e P.acnes @1usanuneaniziiloandiaulauiuludilus wavegsenluiloend
9anBaduale (Aubin et al,, 2014) srUfTrusndnisseunsldlunisinw wu alu
ngu penicillin, carbapenems kag clindamycin d3un15l¥u1ngu erythromycin,
tetracycline wag cephalosporins e1alnalludusu Wellarwaiuisalunishensen

metronidazole wag fosfomycin (Aubin et al,, 2014)

i A fEny S SRR '

I'V’f"t. g‘g

L

W%- ,y% xﬂ';&j'

;

g& f,wl" r""ﬁ‘ AJ’ -')
¢ i&‘ s J}{/W "' M;\

-,;!

AMWA 10 waRe3US1e N1513896A7984 Propionibacterium acnes 31nM3EaXdLNTY

Fin: https://en.wikipedia.org/wiki/Cutibacterium_acnes#/media/

File:Propionibacterium_acnes.jpg
MUY

Aeng wazany (2554) laideulviudamisgnnauuiadaduiifiulaiunia

1%
1 o

wuinisuualiTaivaeda daunamiinnsg s Aiveseanled alelofiu wazen
lusfudase venanidddvimunsalutududialndidssfuisulainnvamealy
viewmaalaeiiusinansalufuliduimidaselungulewm 9 iganinhulainnvamza
= 1 3 o goJ LY A v = Q(d v 6 ! C% 901 A

4 4 wih Mntiudddudanaialalufnugnstinmludanineass lnenuinvamiaan
lurienisnaassitiemisnaniniuuan Tusedu 1.5% dn1ssyiuledngn wazdeie

WinUsunadledulawm 3, 6 war 9 TuileUalnanaie


https://en.wikipedia.org/wiki/Cutibacterium_acnes#/media/

a3

L3

ansnsal (2557) Anwinuinungdudarnannannnaulvsuludesnesveslainua

[

anuanuIedidndiuvesnsalududuiwarlidudludsinalndifesiuyssun i 45-50 %
Tnunsaladiuduinanalausyneulumensalusiulidudidunrvidansalvdiulowni-9

Usyungd 44 %

(% L3 C%

F3iand wazany (2561) wulndduvannnuamidsgnranindnivsununsaludy

Y

N v o v 8w A o | v s a o a
@Nm'ﬂﬂaLﬂENﬂUu’]lJ‘UﬂaW‘U']ﬂﬂaqngam‘ﬂqwuqﬁJIumaﬂﬂaqﬂLLWNﬂiNWﬂJﬂﬁ@lGUNUIN@NW'J

1 Y

Fedauties lnsanignsaludungulawni-3 diunsalufivlidudndaneingulowin- 9

=1

(nsaletadn) TUsuunganddulainindameiaiia 4 wih Nstlnsaludulewnin-9 (nm

v a o

Towadn) Wunsalvdulddudndauses (MUFA) TeglulBeriuwadazvinlisninienavauesio

%

gosluu N1shnouasnIeRuUnTANiY

Y 9

UuIuns uazany (2561) lihdeuluiiuvamilsgnuauwazUartnasuuiaindu

(%
LY

° v A 8w v P a A av vaa A <, cs'
WHUUaIUA WU']']U’]@JU‘Ua']"i]']ﬂUa']Vu@u’ﬁ]@VNﬁaﬂsﬁu@VllmﬂJaLwaaﬂ,a LU UVDIUUAIN

a v s ¢ i aa U A I3 S A a
RIPYFAFNIRN mL‘UaiaaﬂlwLLazmazUauuV\lLﬂ%ummmm%mmg’m UBNINNULINUTUIU

9 Y
nsalusiudusmialnaAsatuiiiulalannlamesaluviasnats nedusuianse vyl

duddanenlunaulowni 9 Aaeninuidutaiannuaingtand 4 i1 uananiannnig

q

&

yagounsUeuLuATiSy E.Coli way Samonella wuluuSinadesunuielsinuias fau
ihifuannmiamdsgnuamidedfsmmiluiaudusde sustomsaSuioguninld

Mattson and Grundy (1985) lidnwlugfiae 20 au Taglisudsenuemsimaniid
nanlusfudud nanluduliduddaden viensaluduliduiudedou lusuluomsian
yiniifiduusznouresanslulewmsn Sosay 40 Tasusznaufeiidulndy tifunandles
fiflowadnarududugs wasihifusendlesiifllaluedndudugenudis

Kien et al. (2005) wuinnguiog1siigunnifiiulseniuemsid MUFA U3ua
guginisidsuulamosiuiinanis malutudamaduvendusouiodeaying uaziimiin

anaanIINguAiIeg1ansuUsEN U W sNEnIAluiudud (SFA) Usunaugs

'
=

Yang et al. (2007) ladnwifisnalnseauluianaves Oleoylethanolamide (OEA) &

[

Fulvsiunelusnaneinantuludldidn wasnuannlunsalewadn Tau OFA Sunumdrdny
Tun1smuaueawpEInewIwariniing lnensfnwideuntiissyin OFA agnszdu
peroxisome proliferator-activated receptor-alpha Fevsdarelunisanainuesna1nis
ansaulauluden uasfiunisuaunuedduvesnsalutuaiutate sgnslsinunaln OEA
sansvheuLes enterocyte tudtlidnau lumsinuiildvagounaves OEA HonN13RATy

nsabuduludnldnazniswaniaanyad FAT/CD36 tustaniewaslunaannnass tnald OFA



aq

lUYI9990INUNAADY WATATIVABUTEAYU FAT/CD36 mRNA wazn1saadunsabyduly
enterocytes fiwenldaindildidndrudu wwieatulu adipocytes man1sANWINUIINITIH
OFA LisiN15uanI08nu8d FAT/CD36 mRNA luioydrlduazdnldidnlsegadidoddy
uannfifanuin OFA Paoiiinnsgadunsalusiuly enterocytes lunasanaasiagail
foddny wan1sAnwimaitividiuiiuenannnnsruaNALEENEMTLEY OEA 81918
muquﬁmﬁfﬂﬁﬂmmsLﬁuﬂﬁmwawﬁﬁumuﬂma waziiunsaansluiuly adipocytes
wagiiiun1sgadunsaluduly enterocytes Tnonalniisanaiismiunmsifiutures FAT/CD36
Junalnues OEA Tunsmuaumsgadunsaluiusaznisvinulunieedsineluuyed

vaa 1%

Paniagua et al. (2007b) Wudmmmmwmmﬁa%’umwmmmiﬁﬁ MUFA 2g78)
fiudasnswnangyliusazandnaiuvedutuuinaieariuastieannisnszane
fveslutiuuinanansana

Jones et al. (2008) wuingueganAeRiaun AT TUsEuThtungnen B
1 MUFA U3unuge Lﬁam%uLﬁauﬁﬁ%’wizmuﬁqﬁumﬂLﬁmﬂ/\laﬂeﬁ wazluaANIUAL YU 9zl
dns1eenBinduveslutiu (fat oxidation) Warn1slaWaUYBIS19NY (energy expenditure)

o w =

1 1 a v [ 1 Y @ 1 a =
UNNIBYNUUYAAEY PMANANISANWIRINaILERSlAALIINTAlaLasn (MUFA) dunumn

o w

adnlunisthewmanglasiu Pediudiseeninduvedlausiusaznislindanuresenie

Padovese and Curi (2009) WU3118LUAY-9 ¥28@UATUATLUIUNIT phagocytosis
vosialvsilauartheridauuafiselunasannastlianas Faldnunasanandlowdewdy
Town-3uazlolun -6

Huang et al. (2010) Anwguisvesnsalusurdanig 4 ludhudeuuaiiselutesin
Imaﬁﬂmqwémaﬂamﬁw- 6, Towi-7 wazlow-9 lunsdudowuaiiSeinudes 5 Tuaiog
Uan e LLﬁL%@J Streptococcus mutans, Candida albicans, Fusobacterium nucleatum ,
Porphyromonas gingivalis Wag Ageregatibacter actinomycetemcomitans Wan13An®I
wudlewi- 6, Towdn-7 uarlowdn-9 fanslududonuaiiiesie q ludesunléd ae
drusznevrssasviieoamesansalutute 3 9in aunsadudouuniielutecdnly
wazilannusumesiedelsalunsazals (species)

Gilmore et al. (2011) WUIINFUAIBEIYVIHAVAINATIUIU 27 AU NFIN
FuUsEMIueIMSE MUFA U3anaiga seaziian 5 dUanvi ndansvaasengusedisiinig
Widuvessziu HOL-C Tudenethaiivodfamseana

Bozzetto et al. (2012b) fidnwigvaeiuman $1uau 45 au lnei3ouifisunis

Suussmuiniianslulawmsngs (CHO 52% veaUTinauAae3ntasu) Aunssuuseniuemisi



a5

1 MUFA U3u1auas (28% vaeUTutaiunaainlasu) luszeziian 8 a9 wudnga

Y

(3

UUTENIu1SNE MUFA USunugalin1igludiuludu (steatosis) anasagnsuineagned

afl

e

RRRNVNGRE

Gidding et al. (2014) AnwinguinTousioyszavsnimuesnissulssmuindulan
4 nfudefuiiieanlnsndiwelsduaznaiifiieeyninvedlalulsiuoyyadasy nssniay
AuFumusedugaY nsudsfuaznisiinduden fiinsiunisinw T9wau 42 s1e
91814 = 2 U #n19¢ hypertriglyceridemia ka i A1 low-density lipoprotein (LDL)
cholesterol <160 mg/dL léfﬁﬂmm‘%&mLﬁamwdwﬁﬁ%’uﬂizmuﬁwﬁuﬂm 4 nSuRDTuUnU
fifuusenu placebo 1Wuszeznan 8 §Unv wagszeynsidaeen 4 §Unsi Taginmen
lusiu n1snszanedaveseynialalulusiu uazauntimianglea Sugdu uay creactive
generation Han1sAnwINUIIAlviulus1INenguitegNlsERUABIaaNDTOATIN 194
(5.9) mg/dL lasn@wwelsa 272 (21) mg/dL, HDL- C 39 (1) mg/dL wag LDL-C 112 (3.7)

me/dL Arlasndwelsdananieisufuemasn (-52 = 16 me/dL Wisufu -16 = 16

'
oA

mg/dL) VLDL laiﬁmim?ismLLUaaaﬁ’maw%amm@aumﬂ nan1sAnwragulainantegui
Suuszmuiitulan an¥u/Sutsanseiulnsndiwelsfidntesuazenafignisunisiindu
Hon wiliifinasisoyniaves LDL

Johnson and Bradford (2014) Anw1anuduiugseniteemsiunisiialsalusu
szumInguarn1eaaiin nuisunumddgueansaluiumarilunisinuvauannaves
ssuulvaiswdenuazn1izauamlanesiu lnensaluiulewi 3 Tawn 6 waglewn 9 &
watrlunisannisdniaunaznisiinlsalsavlanaznasniden saduaunndrdgues
nsutlswazmsidetinluanigewsni lnsanznsaludulownin 9 ddudredesiunas
ANANVAYBINTITIAUBENTULATY uaznudInIalaladniinadon sannisiinlsaviaanideon

0 LaraINIAUTIIMINANTENIUINALLATEAKAZNITUIAEUVDDYLADATEURY TNF-OL

4
Y
s A
a

Tuwadnduiderladlunylndutomadie suvisaansdniavilwadidoyniisilaves
uywdfie uenandanmsiulsemuuaiigaudensaleddniinalunisanvesaeiainesea
LDL-C uagseiulnsndiwelsd nan1snunienavesnsaludulowdn 9 vfindu 9 fe nervonic
acid wuneatuaaniy (BMI), leptin, lnsnawelsa, AolaALARTeATINNAYSERUTNANa LA e
fnilaruduiusnisauiusedu nervonic acid ludsy nan1sidemaninansdiifiud
auarursalunistlestunansenudedadeidssvelsadiunazdadonn 4 wu Ay

Aumusedugau lsalumiu angluiulubdengs wazsanevunvedndulasy
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Fattore et al. (2014) ldUsuiisunissuusemusmsfiinsudnduuazemsidl
MUFA 18z PUFA g Wudn§fi3uuseniu MUFA uaz PUFA USunmge dA1 HDL-C way
apolipoprotein A q&%u

Mashek and Wu (2015) iw;j’]mﬂﬁmmiﬁﬁﬁwﬁumﬂaﬂLﬂudaumaummsaam
amzdruamald uazangifnisalvesnniziuimiu Ussiandl 2 uazlsarilavaoniden way
MUFA faudusiustdesuindunisiuiivlusianie luntamsesiudnu MUFA dredeaiu
Ameaulufiwaine (drug-induced hepatotoxicity) 161

Zaid et al. (2015) 9189119 UUS LY 958 AU ATUUTENIUDIMNTAT MUFA
uae oleic acid Usinaigeiinnnuduiusiu HDL-C figeiu

Wangcharoen et al. (2015) AnwrvesnsaluiuiiatnanibedoluiuvesUamls
d3aismingluriosmana 18ua Yandn (Pangasianodon gigas) Uanalne (Pangasianodon
hypophthalmusi @ ¢ U & 19 n W & U (Pangasius larnaudii x Pangasianodon
hypophthalmus) wuinnsabusiudusuasusunansalusiulidudluuansstuninidn w
USunaunsalutulidududdeusatuegadiulddn Ysunansaluiu Tewd 3 Sanuviidu
15.58, 0.83 way 4.36 nSuM® 100 ASUMINAIGU wazUSu1as EPA: DHA wInAvU 3.23: 4.24,
0.07: 0.13 way 0.65: 2.72 n5ues 100 nTu A1uadu dusuiunsalusiulewnn 6 Wiy
6.36, 9.19 uay 8.77 Nure 100 nfumud1su Aoulvuiidnwusidurewdwaz s
gungiivies Ineflanandinisnenmuaniaiulumyyndlasulasufiviana 5000 un./
nn. Wusrogae 14 Yu wuildfemduivindu dwansdueyyadase Tng3s ABTS
HAvindu 3.21, 4.53 wag 6.00 mM Trolox g 1 ASUAINEAIFU

Keapai et al. (2016) Anwilunyrnaiifnngumudenislihiulaianuaius
Qﬂwauﬁﬁmiuu%mm 1 nfuseilansusedu Wunal 12 §Uask wudnaunsoanseeiu
hanglea lufunsiaainesen warlasndweslsfludeavomyrniiinnzummld tng

nalnnseengrstieiiiuanubilunisnevaussedugiu wWinssAuvegesluuezAlndiniiy

'
v a 1%

WATANTLAUYRITRslUUaUNUlUADA WaNaNTLII8anN1SNAATA WUBSRRNTLATUDNA2E

Ly a ' o

lums@nwgnsiueyyadassuaznalniiieitessielusiuvudeeilunisunuindiiulad

oY

e

W3aUSu 0.25 wag 0.5% annsadesiunisiiaduvesseiuanseyyadaseiintuniely

I =

& < o ° Y a a a ) v & I
wanuSungninllsniliiinn neasenesndndulaenisldanslalasauleseanlanla
wazNanlalnaeInUNaYeInIiud waziloiuusuiandu 1% au1sanun1sviiaues
TUsfunudsenviia organic cation transporter 1 (OCT1) TutsaduziSsdiurasyed ey

FretiuUsEans A nlunsvudssnlulsafuNnin1ILASunanTATULAAILUNR 31NKANITIVEY
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aananifiuvarandamidsgnuanininuiaginadtunisiuwdnduemsasudmsu
AUaeuvnu luduludenaiuasuzswiuld dUaniin 3 uazd vesrasiainislasuemsus

azngu Idinsanzidenanguiediadeniiotiuniiasgimsziuasiaainesealulden
suiilasnawelsiuaznaiaamosoaludiues lipoprotein (VLDL-C, LDL-C wag HDL- C)
WU faene12 sedidszdualandwelsdund guenduiiildsuvemsiiingalusiy
Lidudududen viensaluiulidududedou fisvdu LDL-C Tuidonanasagnefiduddyni
a5 uwiomnsfidinsaluiulidududouiinaiilisedu HDL-C anasuinninenmsiiingm
lasulidusadaiien warlddsuudassssvvedinsndwelss maveansinuiiuans vy
nsaleddniuszdnsnimuidleununsndlutadalunisanszau LDL-C Tuﬁﬂwﬁ'ﬁm
lnsndiwelsduni uazninloddniinaanszdu HDOL-C asdeaniininaluadalufiloii
losndwelsigdluiden

Lopes et al. (2016) Anwnuindadeidesnedlsaiilanasnidonanatiazaives
Tudfuit undsansudsenue s MUFA G Lazn13uUsENINeIMISAE MUFA GRR
Uselowirogunmisserduuazszoren taganunsoiiunionsszdures HDL-cholesterol
wazanTEAUYDY LDL cholesterol

[y

Qian et al. (2016) AnwnUTUNBUNITSUUTENIUDNMISNT MUFA @9 AUa1UNSNL

Y

'
=

Aslulamsnags wudtemsnil MUFA g dnaly HDL-C gedueagailfodAsy @9 HOL-C
Julufuvlinfazanelunisannisingivesluiuuunasnidenananuideswenisiinlsaiduy
A CY
Honila

Medeiros-de-Moraes et al. (2018) Anwnavasnisiasulowwii 9 seadnuliauna
Y9IADSALAAIAETOUA NITONLAU NITANTALUATILE NITLANIDDNVDY peroxisome
proliferator-activated receptor (PPAR) gamma expression #15Ulown1-9 uagnszuiunis
nseniau laglilowdn 9 Aunymaaesdunan 14 Ju uaznsziulbiinnnzindelag
cecal ligation and puncture (CLP) uaginszaunasalaaimelsuy nsuanlelalad S1uiuda
= ° N = | v o
HanvIkazduIuLUASElUEaUYRIYI 09 LALNITHANIBBNUBY PPAR gamma luduuay
dﬁl dl L% 1 a dgl gj Y= ¥ 1 =3 a dl ;7% =
Weasludiulugisnneindionu wazladnwinaveddewni 9 dewdalainvnnulududon
Hogfinauiilanayluauesveayifinio wuinlelnn-9 FIeiiusEauasiuNTaNLauYes
Tolalad (L-10) waranszivveslelalatunneliinn1sonauadn TNF-0L wag IL-1B Tun
dvesvisvemyniinniginie uaglawin 9 fuheanszdumesilaawelsulusienie an
Srnuvesihilnsilannnmsinaieuludemesazidinlafinu1if endothelium anuSune

wualiselun1sUIa19909viauasydIunTEAUNITHANIEBNYDY PPAR gamma UadRuLaY
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Webeoleduludnindniiz@aide annnisdnwiaziulainlewdn 9 dgwslunisfiu
nsoniavlunyninnizinaeld

Tongmee et al. (2021) laurfeulvdudamdsgnuanuiadaduiidulaitiia

1%
1 o w

wudndfulaniilafidgmdesla Wuveanariguugiivies AndeseenlyduazarazUoudi
WATuiANgINInTEIN enNtdlivinansaluiududidmlndidesivindudaiaindan
nealurisanaln nedvsnansaludulidudmidaselunqulowm 9 figeninidudaiain

v v
o A o o

Uameiaia 4 w1 Sensaludungulown-9 Tuthdularnndamidegnuaniiidn wazindiu
Uameta flAn91 43.35 uag 11.24 n§1/100 N3 AUEWTY
Ishak et al. (2019) Anwwavesiriuuznenid MUFA as lununaaesiduinuaa

LagTuinAnnIUN1IY18Y0ILKATINAUAAT Vascular endothelial growth factor (VEGF)
wuthsfunznengndtiglunsasrsiadensiiviaveudedouna dreliumamelsistu
Amornlerdpison et al. (2019) Wudwﬁwﬁuﬂmmﬂﬂamﬁqgﬂmam{fﬁm (Freshwater
fish oil; FFO) fivsunuassnsaladulownn 3, 6 wag 9 windu 1.38, 12.29 uag 42.9 ¢/100 g
mud iy wezlodsaiiadeonmsiifidiunaues FFO USuias 1% wag 1.5% svugiian
4 \FounarUssliunaradFFO fan1Iuaniaanved gene wazseduvadoulesng q fl4ly
miéf’mayigaﬁaiz (antioxidant enzymes) laun super oxide dismutase, catalase kag

glutathione $IUY195¥AUVDY cytokines #i19 9 tawn TNF-QL, |L—1B, Wag IgM Lagn1ILNNYD

piiAuiy wudrseAuveseulydeng q Nldlunisiueyyadasens 3 vliauay cytokines Niwy

q

o w a

Tuwaddulifinadsuuasedneditedfaadn wuiiseduresdu GPx uay IgM Liugstu
wagdisgavaes IL-1B qﬁuiulmﬂmﬁaﬁlé’%’u FFO agnsiltfuddavisadn nan1sanunil
wandliifiudn FFO anmnsauiinnsiasaiivlavesUanials

Tongmee et al. (2018) Anwinavosuifulainnvaignuauniaiiia (FFO)
Tuwadunlasnia RAW 246.7 AgnnseduliAinnsdniausislPs dousuuvesasne
snaunielulead 3 vda laun Interleukin 6 (IL-6) , Interleukin 1B (IL-1B) wagTumor
necrosis factor alpha (TNF-0U) uaraudufivsowwad wuimuin FFO fianududy 2%
figvsyiliuSinaansnedniauein IL-6 IL-1B uagTNF-oL Tuadanasesnafitoeyd i
add WeSeuiisuiunguiilduarsnedniay LPS usifissegnafen wuirFro liiinadnu

WWuiwsawaaniziagaunlasnia Ing FFO 1Anududu 0.125 -2 % luiinavilvaiuildia

(%
YY) 1%

vauwad (cell viability) anas WawIsuiunguatuan uanainil FFO dgnadudinisasig

d15 NO way PGE2 wazdudani1swaniaanvoddu iNOS way COX-2 19 wazdeiinalunnsg
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Joeiun13vinane DNA vouwad (DNA damage) wasiignsannisuantoanvasduinnegitodly
nsfuginisiaseyiulanesagad (cell cycle inhibitor) lala cellular tumor antigen p53

(p53) wag cyclin-dependent kinase inhibitor p27 (p27)



YUNDULAZITNITIVY

1. msaandiulan

11 usunudeulviulamisgnuanainuvasiiniiieiy 2 unda 1oun
1) Foulututamiignuantndnnnuisvinetifshdy 2.0wang dafunmeenuluszdy
gRamnIIuNMsasoonTiAEITUNSUIUIFURARAeisnunTUsEs 2) Aeulusfuandnasy
naudenuudaaitn anmelulaBnisUssuauasninginsvai sminerdousily
Foriadeodlu nefeulufuldinandamdagnuanihinfsansin o1gussun 8 oy

— 1 Y uimdndn 1-1.5 Alansy drundnalvazens Rebikraiewmseuaiaisusely

2NN 11 ﬁaulsuﬁuﬂamﬁqqmau

1.2 msusniifuanfeulasulamdsgnuauisaossin Inethfeulvduinazas
Fhoarfouiuletilnensieiionmnd 95-100 esausaiBea (°0) iy 20-30 w17 uazad
fhegathifufvunedfeunsosinuihumuaiowsnmnagldiiduiu anduilutunies
sefeLA3es centrifuge i 4500 SaU/ANT (pm) 71 20°C Wunan 10-20 wnitezliunvla
otfduuuvemasn centrifuge Wy siiiuthiufuiigumgiviondensuenliuians

[
tY o

Ju ntudhdulannlamtdanuanluiiesgimaulsenevvesiaiazy Sunnna

N

C% ¥

lodiu Ingdadinsiennusenioal fuanisnars (Ussmelne) 911n 2.1 3elnil F93ms1en
718735 In house method TE-CH-208 base on Association of Analytical Communities

(AOAC) (2012) 996.06 AUATNT 12
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Adipose tissue 1 ke.

Crude oil Fish oil 270 ml.

AN 12 msaﬁmLL&Jmjﬂﬁumﬂﬁaulmﬁuﬂmwﬁqqﬂwam

13 n1sasianialesoonlaa (Peroxide Value) hagatdzUoudliady
(Saponification numben) 1i1t1sfulatannyamisgnuandeasssialuiinsigsinadn
Peroxide Value kaz@1 Saponification number Imﬂd\ﬁLﬂiwﬁﬁﬁﬁwﬁawgﬁamiﬂmq
(Uszinalny) 9ia Jenindeslul 1A5129A92875 Association of Analytical Communities
(AOAC) (2000) 965.33 Wag AOAC (2000) 920.160 AINEIRAU

14 mammaﬁmmsﬁméWuLﬁauluﬁﬂﬂuﬂawmﬂﬂa’mﬁaqﬂmau laun
N13MTUlane RN 1w Arsenic (As), Copper (Cu), Lead (Pb), Mercury (Hg), Tin (Sn) wag
Zinc (ZN) Imaﬁaﬁfﬁﬁuﬂmmﬂﬂamﬁﬁgﬂmau AT TIRNUTENe U fURNTNaN
(Usgmalne) 9119 Tanin@esdud 31As189%02875 In house method Association of
Analytical Communities (AOAC) (2016) 2013.06 kag AOAC (2016) 999.10 Wagns39
nszaininsuudowdeuuailide Escherihia Coli way Samonella SpP-ANUNINTFIU
91113 ME35 AOAC (2016) 991.14 uaz 1SO 6579 -1:2017 (E) mua1siu

15 msnadeunnanIsfiunmssniavtesitulaanUamilgnuautihia (FFO)
mutuneukayEandunduelul

151 mamwsdsugadinzdsaniasig (RAW 264.7)
wadgiAsanlasiia (RAW 264.7) asgnifesluomiaidssgns Dulbecco's
modified Eagle's medium (DMEM) i3 10% fetal bovine serumn (FBS) wa e 1% penicillin—

streptomycin agidgaiwadluguimizni 95% O, 5% CO, Mgl 37 °C Lalvandzaes
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gn subculture NN 9 4 -5 7U 728 Phosphate Buffer Saline (PBS) Wag 0.05% trypsin-
EDTA (Thermo Fisher Scientific, Inc.) LLaBLgaﬂu 96-well plates uTIUIUaa 50,000

cells/well plate wazidsswadtuguunizdn 3 Ju weldlunismageuselununing 13

AR 13 Msidsseadnnzideanlasing (RAW 264.7) aeluguinig CO,

152 nsvndeUgnses FFO senmsiasaiivlavenadinzidsnlasing
(RAW 264.7)

\lofinumavesFFO siensiasyiiulnveseadinizideanlasig (RAW 264.7)
Tngld33MTT Tneidonwadly 96-well plates WWuiian 24 Falus wagvudae FFO flany
udusng 9 [0.125-2 % in 0.5% propylene glycol (vA)] 18uiian 24 $3lus iiansavane
MTS 0.5 mg/ml nlulumadfiflomnsidunan 4 $alua flgungil 37 °C ndan1sunazge

a1sazany MTT 914 wazarawaanie PRS 5add MTT luiundnnesuiusy (formazan) Nila

saaaa a

1179113 USunauvesarswasuiuwsuiisduidudadiulnensatuusunaneadniain wule
witadavanles (DMSO) ieavargndnwasuiuyy 30 Uil LaginAINISRANAUATULALT
AU1IAAY 570 nm IagldiaTe9 microplate reader (Metertech, Inc.) 1AN139ANEY

wasigulaumuIaAINSiTInsenvewas (% cell viability)
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153 msfnwnaves FFO densadns Nitric oxide luwadimzidoanlasna
(RAW 264.7)

Asawadimiziasanlasnig (RAW 264.7) $1124 50,000 cells/well Tu 12-
well plate 1Jutran 24 F2Tus Yuda8FFO fiaanuidudusig 9 [0.125-2 % in 0.5%
propylene slycol (vA)] 1utaan 24 4alus wﬁqmﬂﬁ’umzﬁm%aéé’aaaﬂimﬁmﬁwms
Sn1au lipopolysaccharides (LPS) 1A ueadlugiuamngiid 95% 0, 5% CO, uarilgumgd
37 °C Wunan 24 Halus ndsndufivuasiumadiinnnusa 10,000 x ¢ Wuan 20 wndi
11 Supernatant luTauSunans Nitric oxide laald colorimetric assay kit (Cayman
Chemical Company) LLﬁzi’@ﬁ’]ﬂﬁ@mﬂﬁmLmﬁwLﬂ‘%aa microplate reader (Metertech,
Inc.) inse1andu 540 wluums

154 n15AnwINaves FFO Aanis5asn Prostaglandins luteadinziaos
1lAsHa (RAW 264.7)

Aoswadmsiasanlasnig (RAW 264.7) 1wy 50,000 cells/well lu 12-
well plate Wunan 24 $lus Aigamgdl 37 °C Unde FFO finsdudusing 9 [0.125-2% in
0.5% propylene glycol (vA)] 18utaan 24 Falua Mé’amﬂﬁ?uﬂssﬁuwaa‘é’mmsmﬁ'mﬁﬁ
N159nL@u lipopolysaccharides (LPS) Lﬁymmaaﬂluﬁﬂmwwﬁﬁ 95% O, 5% CO, wag il

aaunnd 37 °C 1lunan 24 Falus Juwadfinanuda 2,000 x ¢ Wwaan 10 wadt 7 4°C

q U

)

11 Supernatant lUdnUSu1un15@519a15 Prostaglandins Iaele PGE2 enzyme
immunoassay kit (BioLegend, Inc.).

155 n15AN®INAYDY FFO nan1sained@nsnadniau Interleukin Tutgad
Nz FeslATYng (RAW 264.7)

Agaradiniziaeanlasnig (RAW 264.7) $9u7u 50,000 cells/well lu 12-
well plate {Huaan 24 F7lus ‘ﬁqmwgﬁ 37 °C Yude FFO fiaududusing 4 [0.125-2% in
0.5% propylene glycol (v/V)] Mé’qmmfuﬂiséjuL%éﬁwmimﬁ'mﬂwmiﬁﬂLaU
lipopolysaccharides (LPS) L?}vmmaﬂuﬁjﬂmwwﬁﬁ 95% 0, 5% CO, Jutan 24 2l
37°C wieannduivuaruwadiiniiugs 2,000 x ¢ WHutaad 10 uadl Supernatant
luinUsunaansnesniau IL-1f3, IL-6 Lag TNF-QL ¢iag ELISA kit (BioLegend, Inc.) AN
14
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10b

AWM 14 nsvedeuUSinaians Cytokine Tagld ELISA kit

156 mInwIMsuanseenvesuiiieadestumsaiandduiuiaznissniay
Tuwadimeideaniasiha (RAW 264.7)

Bramadinziaswnlasva (RAW 264.7) $1uu 50,000 cells/well Tu 6-well
plate Wunan 24 Falus YudeFFO fiannadudusing 9 Wunan 26 Falus ndeniusi
n1safausn Total messenger RNA (MRNA) uazldeniingndnigaguasng First strand DNA
3711 MRNA Imwiazﬂzjml,aﬂ%'wlﬂﬁﬂ Quantitative Real-time Polymerase Chain Reaction

[y

(Real-time PCR) g insgaunsianiaanveiduiiedasiunsasiginuiuuagn1seniay

9

(P53, p27, cyclin D2, cyclin E2, interleukin (IL)—1[3, IL-6, tumor necrosis factor
alpha (TNF-QU), iteigcyclooxygenase 2 (COX-2) Fannd 15

MW 15 Msdeuwadmeansigeelsawud Wenaaau Genotoxicity
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1.6 ﬂ’lﬁﬁnﬂaaquéﬂ’liﬁ’lul,%a WUATNLTY Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis) wag Propionibacterium acnes (P. acnes)
voshsfulannuamifsgnuautiina (FFO) uazthifuuaraindarfinasu (BFO) #aunis
nagoumuInadudade (nhibition zone) §e3d Disc diffusion assay Tagnnsiieans FFO
#aesvihazans Dimethyl sulfoxide (DMSO) 1:1 (VA) wismideuuaiiaeiis 3 wila fithun
nadeau Lauwn Staphylococcus aureus (S. aureus), Staphylococcus epidermidiis
(S. epidermidis) wag Propionibacterium acnes (P. acnes) ((?f’JaEJ'NL%Ia wuafisulaniain
ANYINEIAENS W Inedeuld) Wnnusuaugulilaiidu 0.5 McFarland standard
(10° CFU /ml) uagldlififudndumannifeguidonuaiiGousassinianteasuufiaoni
919115 Nutrient agar (NA) 14 DMSO 10u negative control wagld Tetracycline Ansdiudu
25 mg/ml 184 positive control ¥1a1uevisluvufiguugil 37°C 1uan 24 Falus
duauemnsivageude P. acnes thludufigamgdl 37°C Wunan 72 Hilus sunalagn
wurnuiu leulaseu q paper disc (inhibition zone) Wnue1unainulsiluiiadiuns

AN 16

a £ P & A a HIEY) Y]
AN 16 ﬂ']sV]@a@Uﬂﬂﬁﬂ']im']ULGU@LLUV’]VILﬁﬂmaquqﬂu‘uaqﬂu@@ﬂmaﬂ
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2. msfnwmavesiuanUamignuauindnlusyedniniisdesvasuniuain
Fulasy

2.1 AadenenanainsiwAv suaznAd 91U 33 au Wudniinnuidssneniag

Y

va v a

wmvedndulasy 8185enI1e 30 - 65 U Nadnsladusenidnsiunside lnegifueiung

Y

[

nUsrasdvaanside tuneunisite Usslevdillésuainnisite uazveniubuseudy
aganwaldnyIMNNguitee Ingliamnuluwuunesulugugendnsiulasansidy
NUINITARLEDNDIAENATIUNSI9UITY (Inclusion criteria) A9
1) Lﬂu;ﬁﬁmmL?%s;lwiaﬂnmmuaﬁﬂ%uimu laun
1.1) asdfoasyiugasinsanlvliaminane
1.2) fusgiRlsaumnu ludugs anuduladingdlunseunsa
1.3) quw’%"
1.4) anvivnunlizdhou
2) ﬁé’ﬂjﬁmamaqqmwﬂaﬁgﬂm 23.0 kg /m?
3) flszsulatiludoniauniedndaegramietuly
3.1) lnsnfiwalsn gendn 150 me/dL
3.2) ARLAALADIRA §4NI1 190 me/dL
3.3) LDL-C gsnidn 120 mg/dL
Tngoranaiasiifianudesdennzwniuedndulasy sxfeadinuinund 1 nie
Windu 2 99 Tu 5 Ton1unaeilsAnItun1ueadu (The National Cholesterol Education
Program (NCEP Il ) criterias
\nesINsAReen (Exclusion criteria) A®
1) fomsinunfvesseiuthmanglaaluien viedonisuihiia Wuau
2) fnngmsiauresduinund lneuseifiuannusunaeulesl aspartate
aminotransferase (AST), alanine aminotransferase (ALT) zﬁﬁﬂ’jﬂﬂﬂa
3) oaadasildendidnadessaulatuludoavioaniiaaludenniel 4
fUanineautsIuN1SANYIINY
4) oraatmsiifiauinunfsy o ﬁ?fwmﬂ@:’3%’%33Lﬁudﬁmmaﬁmm%ﬁmm

e UNUTUAIINMTANTINNTANEIITY 18U N15AIATIA NITIRLIYATAILULILITAN
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22 praasrsnneuagldsunnasdeniienatiensimmaaaiiludon deil
2.2.1 539"1’U1§ﬁmaﬂqiﬂa1wﬁam (Fasting blood sugar)
222 AMIIureu (iver function test) leiun A1 alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin
(TB), direct bilirubin (DB), total protein, albumin tag globulin
2.23 alusiuluden (lipid profile) laun total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), t & &
triglyceride (TG)
2.2.4 ansvieuvedla loua BUN wag Creatinine
225 Arauanysaiveudaiden (complete blood count) lauf white
blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), hematocrit (Hct.), platelet
1871
23 ToraasinsnneusuUssmuinduantamidsgnuautinia (FFO) Juag 2 niu
(WUINUTIAUYaaL 500 fidn3u) Tne¥utssyuadeay 2 walga deTLaz ey
wou Anseduluszesiian 3 heu lusznininisideasyinistuiindeyasie 9 veq
pranasiasynay Ussiliudyngiudn diaiin dusouien enanadasynauagldsunismse
FoniflonsrndinszininaiUdsuulaswasssiurasimanglaaluden uazadlutuly
1Hon ‘Vié’qmﬂ%’Uﬂszmuﬁwﬂuﬂmmmamﬁﬂqﬂwamﬁﬁﬂu,é”; 1 uay 2 \fou uaziile
fudsemuisulainnuainifgnuauindansy 3 Wou eraainsagldfuniaiaisiden
prvlinseiseduimanglaaluden Anisinuresiy aluduludon Anisineu
Y01ln warAIANALYTalvedlinden ynaanasinsauldulssutitutatanamds

ANNANUNIALAWNADINITTIALY bTU BIN15ARULEDLIIY oURTEE NI091N1TVUNLAYY

&

D

v v IS

au q aglvoanainsngaiuusenuidiiulaianlamisinanlaeyiui wagTndyayiud

[ v al 1 A a £ = L A e a v 1
WNMBINTT HATINABIEY 9 TARTY LazUInwnngdilunisnelunuidy wineinish

Y
[

AwarmlUnuwnmdivesunsinuilaeyiun Tunsailiiawme ldislseasdinieidesane ity
ANYALYEIIUIY 300 U MO TULA LAY 1 UMY NI 0UALBEAILITAITIANINULNNELND
[ a a o a a v [ c{'
AT19sN¥ANEINIMIEMTUUNG wnunsanliunsidelagagudauansluning 17
24 NISASIVEBUAANIUNITIINNITIFEVBIBNANALAT A1NSUNTTUIUNIT U
n13nsIadeufnnueaadasiiulsenuiiiivanlamdsgnuanundnluanuidensail

WidgaresurglvienaadasidnlafsanuddyvesnisuUaninaeidnsiuniside uazve

AuswilanuetaadasfUinuduneunisideediuasensa Nalliveussloviun
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oranasieg fiteuazddu Tunvesnisihdeyaiildvuiugiuresauduaislme unslian
Uselowiisall uenanifitessldiamuenanasinaynauunsdfulsemmutunnUamds
ihielusewhaideyniu lnevsdimsfanuuazudafiounissuussmuthiuanuamidad
Indudoniumanewnaindulayl (Line application) uazdnsmuasuamiieInisuaze1ns
wanasing o Antuluraidiiulasniside Snsdanusaziowdeansialudaii 4

way 8 niouiusundndusiuagaihdulannUamdahdaiesuuseniluseusely
N133AKA (outcome measurement)

1. Lipid profiles: 5¢#U total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C) way triglyceride (TG) Tuideon

2. Vital signs: body temperature (BT), blood pressure (BP), heart rate (HR),
respiratory rate (RR)

3. Liver function test: 561U alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TB), direct bilirubin
(DB), total protein, albumin, globulin Tuiden

4. Renal function test: 5¥@U blood urea nitrogen (BUN), creatinine (Cr) luidian

5. Complete blood count: 5% U white blood cells (WBC), red blood cells
(RBC), hemosglobin (Hb), hematocrit (Hct), platelet Tuiden

6. Fasting blood sugar (FBS)

7. Obesity induction: body weight, body mass index (BMI), waist
circumference

8. aqﬁﬂizﬂamJaqnsmlmﬁﬂuﬁwﬁuﬂamﬁq@Jﬂmamfﬁﬁ waztdulaiinvandn
GLIRHY 5”@aammﬂimlﬁuﬁuLwiazﬁuﬁmiwfwﬁumﬂﬂamﬁaqﬂmamﬁﬁmLLazﬁﬂﬁuUmmﬂUmﬁﬂ
GIIMPY

9. wanmsasIamlangvtinuaznisvuileudeiuafiiseveniiuainlamdegnaay

[ v
o A o

ianazihiuvaranvarinasny
10. HaMINAFBUANENISANUNNTENAUTRNTuINUamTagnNaNnan

11. Hansnaaaugnsn1IiIueUAiseresdiuInlamiignraniiinuas

(%
o w

Yrsuvuananuarinasny
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=3 v
NI3NUIIVITIUVDYA

1. NISASIABANIAD lipid profiles, liver function test, renal function test,
complete blood count wag fasting blood sugar 3iA312vNALlAEYBIRTIIUGURNTNATA
nMsunnduaildndinuay Gefinismuauaanimaiglunuuinsgiuesl fUAnsuaznis
AIVANAMAINAEUBN InBANATANITNNE UNInedeuiing

2. nN15U5¢LHU body weight, body mass index (BMI), waist circumference Way
“ﬁgﬁgmﬁwmmmmaﬁmwgﬂi’@l@ai%ﬂszuauﬂﬂiﬁﬂummgm

3. pafUsgnavvesnsaluiy quantinined nnsuudouveslanzudnuay

o ¥ (%

nsUwdauionuaiiisevesindulamisgnnautndauazindiuuainindardnasiu lasu

o w

NIAelagusEniesfuiRinisnans (Ussmelne) 9110 9.98lm
N15ATIEVINNEDRA

Iinsevinisada drelusunsu SPSS Statistics Version 23 Yeyadiliazuansly
SULUU mean +SD was01a1asiasfisuUsEnuiiiuainUamisgnuaminin aaniild
Usenaude adanssnun 1iud anud fesar Aade diudequuiinigi wWisuiisy
ANuLANANselAzLuLRdsntlunguazldaiinadeuAfiouseg (Paired t test) uay

o w a

o U o Q‘ﬂl
NMUUATLAVUYFIAYNINEAAYN p<0.05



Hybrid catfish fish

Freshwater fish oil (FFO)
-Fatty acid analysis

- Heavy metal analysis

- Bacterial contamination analysis
- Antibacterial test

- Anti-inflammation test

Buk Siam fish oil (BFO)
-Fatty acid analysis
- Heavy metal analysis
- Bacterial contamination analysis

- Antibacterial test

High risks of metabolic syndrome

volunteers

Consumption of freshwater fish oil

2 g/day for 12 weeks

Lipid
profiles
-TC
- HDL
- LDL

- Triglyceride

l

60

FBS

Obesity induction

-Body weight
-BMI

-Waist circumference

- Vital signs:

- Temp, BP, HR, RR
- Liver function test:

- ALT, AST. ALP, TB, DB,
total protein, albumin,
globulin
- Renal function test

- BUN, Cr
- Complete blood count:

- WBC, RBC, Hb, Hct,

platelet

AW 17 wnunsaiunsidslaeagy



unil 4
HaN153UasNI5eAUTIENE

msiteedsilifunnionmumnieninnisulssuiamdgnuautiin Tnstanizfou
losiuludosios inatauazutsguifuintutaniin snduiiluiinnsiauautinmund
LAZYNINBATM NAFBUVSTININ Uazvinsidevnanaiin (clinical study) Tnefiinguszasd
e

1 Annesinuandininisnmuasniaeivenitulainnlamidgnuaiiie
waziduvannuandnasnu sauimsudeulaveminuazuuaiie

2. Anwwavenidiulannuamilignuaninansegnsatunsenaulazgnsau

%N

3. Anwwavesdiuuarnnuamilignuaniidnlunyed Niin1isdeareuunuedn
Fulasy
YOULIANITIAY

NSARENUITUUAININITAATIERAUNINLAZNITNATIUNSTININ
1) Aesgvinuaudininignnlasmeadl

2) msUulaulansntinwazhuaiise

Lo

N1SNAFAUANSAININ
1) guisdunsenauluwaduilasnia (RAW 264.7)

= 1

2) grizmuaTnAslsAvURInslue TR AYe

Tngasiauonansidouarmsefnenanuddudeluil

1. oefvsznevluiy auandivisnienmuagnaadvesidulaiaindainis
anuauthdauazihifuannnuanSnasy

2. mnedeunnENIIFIuNsSniauLazquEnsiudanuaiferesintutatann
Uailsgnuautiin

3. anwuEll ANwUENINARRNTLNEIU9NUNILLALIABIUANUDAATULASUYD

NANFAIBENNBULTUULATINT
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6. mawssuidisuaranuduladia dudluaanie dwiln uaziduseuiervesnga
F198 19N ULATUAUINTINIATINTG

5. mswisuidsuadlutuluden Anihanaluden Ainisinnuvessiunazla way
AfinidenuuvanysalvainguiieguneutarnaadnTNlasnIs

6. NNSRAUTIBNANITIVY

asAUsznauvasldiy auaudRnInIenIw

BazLANVBIUINUUaIN YA NN

ihAeulviuluteswiosiidudiumdeldarngmamnssunisuussulamdagnaan
(Uariin x Uaraare) (FFO) vide F1 uagtandnaenu (F1 x F1) (BFO) anatmdutistularann
Uamﬁf&qmamﬁﬁm wazAnwiesAUsznauvenIaludu AuautaninIenIntaiad
WIsuilsunuansiveninduariiataldnuamignuanidnisaeaunannzides éu
1) dfudanandamdagnuantinda (FFO) 9nuiswinedafiniy fwminnwdug uas
2) ¥hsuananuanSnaenu (BFO) ngudrnududavadn auzmalulagnisuseuuas
ywensyain uninerdowlld faiadednl anmsatmiviulasnuamilgauau
Inviaansniin wudn Aeuludu 1 Alandy anunsousnirsfuyadudiulauaglaidule
flgnunaiivedlduinmssesay 27 difufladaliidmdosla Wiwas Wethlunsaamuia
wazUinamosnsalutuisusuinsulameia (MFO) muviesaaiantaly wuiiivdinansn
lusfudududsdeutivoninifutamaa Insanensaludungulewii-3 Addesndiisu
Jamziann winuunanselutulidudadafsngulowsn-o (rsalewadn) luthifulan
mntamilignuanidaiiuiinageninhdulameia 89 4 wh Gansaladungalemin-o Tu

ﬁ’]ﬁuﬂmmﬂﬂa’mﬁﬂqﬂmamiﬁ@ JanUnaeny wazunsuuaimewa 1A 43.35, 46.69 hay

11.24 A53/100 NSU AIUAIAU AIUAISIN 4



M99 4 wiakazUTunamesnsaluiuluiidulaniianainUaimidsgnuas (FFO) Uy

UaanannuarUnaeny (BFO) wWisunutsulameta (MFO)

Fatty acid composition g/ 100 g FFO BFO MFO
Saturated fatty acids 37.99 39.52 35.27
Unsaturated fatty acids 62.01 60.48 64.73
Monounsaturated fatty acids 48.43 50.51 23.78
oleic acid (C18:1n9¢) 43.35 46.69 11.24
myristoleic acid (C14:1) 0.02 0.00 0.06
palmitoleic acid (C16:1n7) 3.34 1.92 10.85

cis-11-eicosenoic acid (C20:1n11) 1.35 1.01 0.92
erucic acid (C22:1n9) 0.12 0.00 0.17
nervonic acid (C24:1n9) 0.06 0.00 0.54
pentadecenoic acid (C15:1n10) 0.00 0.07 0.00
Trans -9-Elaidic acid (C18:1n9t) 0.19 0.82 0.00
Polyunsaturated fatty acids 13.58 9.97 40.95
Q- linolenic acid (C18:3n3) 0.75 0.00 0.84
eicosapentaenoic acid (C20: 5n3) 0.09 0.00 20.98
docosahexaenoic acid (C22:6n3) 0.29 0.00 12.25
Y-linolenic acid (C18:3n6) 0.14 0.00 0.34
linoleic acid (C18:2n6) 10.47 9.17 4.48
eicosadienoic acid (C20:2) 0.65 0.32 0.53
eicosatrienoic acid (C20: 3n6) 0.72 0.21 0.21
eicosatrienoic acid (C20:3n3) 0.08 0.00 0.09
arachidonic acid (C20: 4n6) 0.39 0.00 1.23
trans-linolelaidic acid (C18:2n6t) 0.00 0.27 0.00
Omega-3 1.05 0.00 34.15
Omega-6 11.72 9.38 6.24
Omega-9 43.35 46.69 11.24
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AuaudAmsmMea niaziniivenihdularnUamidgnuaniian (FFO) uaziniiu
Uananvaninasny (BFO) unfuvanuldnvsassvideanalaidnvaueilalusanas

31InnsasamIAeseenlen Fuduanldnisindnsinisiiaufisen lipid oxidation &

'
a

Huanmsesmaianauiiu (rancidity) Ineendsiazanmnsaiulilsumlaglifinduiiu ua
Avoshifulaifinnasuntas dhdularnUamidsgnuauinde (FFO) uasitutaiann
YarTnaeu (BFO) fmnussesnles 4.32 waz 19.91 mEg/kg amua1nu lnsandesoanlen
vossuUannamisgnuan (FFO) agflutasfiosdmsoimsuazen (os.) fvundodiail
Au 10 mEg/ke dauAedoenlasueninularainUardnasu (BFO) agluinauaNAUNIN
hifulafuiisealag Bimbo (1998) Agnadunasiinasguiiuusinesdwesesnlusior
7939 3-20 mEg/ke warannsVadeuAdzUaudiliad (Saponification nurmber) Fudusa

Usgnhiuinsaludiurialidusunnwsedes Wuaildvualuana vseuminluanaves

v a1

nnluiuidudiuusznevluluanalasndwelsd vniduifidrasdoudiladuas wanein

1%
o Y

v a & % a 5 ° = oo
nsnbudundussdvsenavluluanaveslnsndwelsniiumdnluanadiuin Jadd1uou

q
o

Tuanavedlasndwelsddemeimindusiuumnn fafuFaedddmatusuaumnnlums
lalnslad iusudertuiiaagdeudiiadum wansinsaluiumidussdusznoululiana
voslasndieelsaiimiinluanaun Sudisnuluanaveslnandiwelsd dentnedminidy
urutes vlildadelunmsviujisen \uviiiey, 2562) Wudwﬁwﬁuﬂmﬂamﬁqgﬂmu
1h3n (FFO) wagahsfuuanainuanfnasiu (BFO) ferazdeudiiatu 196,30 uay 209.40
mgKOH /g Aua9u 6‘3@@sﬂmﬂmsﬁmmqg’mﬂumﬁ’lﬁu
Mnnsnadsutiulanirdafsaesuiindanueseanles (Peroxide Value) waz
AazUauiliiiaty (Saponification number) agluinusisnnsgrumnualaguandlunisng

s
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A1590 5 audinisaivesidulariidsanamilagnuas (FFO) wazidudainanain

JanUnaey (BFO)

Saponification number Peroxide value
Fish Oil
(mgKOH /g) (mEg/kg)
FFO 196.30 4.32
BFO 209.40 19.91

miwmaaumiﬂuL"f‘jauiamwﬁﬂsumﬁwﬁuﬂmﬂfﬁmm‘dm‘wﬁaqﬂm’m (FFO) uag
difutaniinandantnaenu (BFO) wudn FFO finnsumidousns Cu < 0.50 me/ke uaz
WUA1T Pb <0.05 me/ke AMUEIRU @21 BFO wun1sUwiauans Pb < 0.05 me/ke @<
Uinalengniinfinuifiviinaidndesuaveglunusives FAO/WHO fifwmussinalany
windiwuludasfudanlaiiiv 0.1 mg/ke d@rulavgniinuszian Ar, Hg, Sn wazzZn lunu
Asuleuvesarssenadludiiulariedeseda dmsuntsnageunisvuileuids
LL‘UﬂﬁL‘%&lﬁuamfﬁﬁuﬂmﬁﬁmmﬂﬂamﬁagﬂwam (FFO) wavinsdudaniidnanvardnaenu
(BFO) U319t FFO way BFO ldmunisuuileuide Salmonella species wifinisnuide

Escherichia coli <10 CFU/ ¢ FanutisgsnnagluinaminUaensiy 1nguanitnaniunisais

a X Y] X X N a Y
A15199 6 Nan1IVedauN1SULIUaUlanentnwarN1SULU U DL UATS 889U LUa191n

Uamﬁaqﬂwﬁuﬁﬁm (FFO) Wnsiuvananuaninaeny (BFO)

Oil Ar Cu Pb He Sn Zn E. coli  Salmonella
(mg/kg)  (me/ke) (meske) (meske) (meskg) (meskg) (CFU/g)  (in25¢)
FFO  Not <0.50 < 0.050 Not Not Not <10 Not
detected detected detected detected detected
BFO  Not Not < 0.050 Not Not Not <10 Not

detected detected detected detected detected detected
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£y

4 Y d’l S a
mamaavqwsﬁmmiamau LS VNEATULYDLLUANILIY

vashdularanUamilegnraulnan

1. wamsmaaquéé’iﬂumié'nLa'uLLazmmL‘T]uﬁwaaﬁﬁﬁuﬂmmnﬂamﬁagnwauﬁﬂ
Sadalaamnziisanlasie (RAW 264.7)

msfnwraveiiuUmanainifgnaautiia (FFO) deuiunuvesansnodniay
neluwad 3 9fa laun Interleukin 6 (IL-6) , Interleukin 13 (IL-1f3) wagTumor necrosis
factor alpha (TNF-0) wazauidufivdewad Fawanslunindl 13 nudtarsnesniau
Lipopolysaccharide (LPS) vinliwadunlasviadivsuiuaisnesniausiia IL-6 Lﬁﬂ@ﬂﬁmﬁla
Wisuifleutunguaiuau wazidievinsliinfularnnuaimifsgnuauinde (FFO) wuin
FFO fimnnududu2o fandvinlisunaansnosniaveia IL-6 Tuwadanasesaditudfey
nsadd eIeuiisuiunguitldiuansnedniau LPS usifiesegiafien wudeadued
s8Nty celecoxib (CX) (Al 18A)

maﬁuaa‘fﬂﬁuﬂmmﬂﬂamﬁqqﬂmauﬁﬁm (FFO) fiaUSuuve3a1snadntauyin
Interleukin 1B (IL-1B) wuiransnesniau Lipopolysaccharide (LPS) vinliwaduilasvnail
USunasansnedniaueile Interleukin 1B (L-1P) Lﬁug&%mﬁaL‘U%EJULﬂEJUﬁUﬂa:ﬂJﬂ’JUQQJ uay

Y

Wevinsiidndudananuainiegnuanidnan (FFO) wudnFFO fAuidudy 0.25, 0.5, 1

s
a o

way 2% JgndiiliuTunauaisnesniauada interleukin 1 (L-1B) Tuwadanasodsd
LY o w aa bl ) U 1 A Yo 1 [ A 1 a 1 a U
HedAgnadfdaseuieuiunquilasuaisnedniau LPS uiliiesaguied ki
g1AUBNLEU CX (199 18B)

navesiularanvanidegnnaniinia (FFO) AeUsumvesansnedniauvila
Tumor necrosis factor alpha (TNF-OL) #Wu31 @13nesniau Lipopolysaccharide (LPS) il
wanunlasvaliuTinMasniesnauin TNF-Q WingeuilsiUSoufiguiunguauay wag
Wevinstiundulaiaindamdsgnuaniidn (FFO) wudFFO Aimdnuidudu 0.25, 0.5, 1
way 2% AgnsvinlnuTunaaisnesnausiin TNF-O Tuwadanadegalided1Agyn19ais e

= = Y A v W oA 1 = oA Y v o

Wisuiisuiunguitlasuansnadniau LPS usiileqagnaifien wulhgaiuesusniay CX
(n il 18 O) wenaniinan1sAnegvsvestndulalanlamtdsinda (FFO) sieauluiiv
Aolwas wudhduuaranuamilegnaauindn (FFO) frnandutu 0.125 -2 % uavendnu

snuau (Celecoxib: CX) lilflmnudufiwsewas (nwii 18D)
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A B
1201
£ zz
¢S g3
=2 =8
C. .
1204
120+
g - 907 .
E S 60 ‘g [
z & TS g0
=T 301 g oW
1= 0
Control LPS 0.125 025 0.5 1 2 X X
I I FFO (Percentage)
FFO (Percentage)
ail 18 nisnmedeugnsiunMsdniauwazanuiluiivuenidularanUainilgneea

Y1INADLLAALNILLRLINLATHID (RAW 264.7)
Data are presented as the mean = standard errorof the mean (n=5),

p<0.05 vs. control; p<0.05 vs. LPS. LPS, lipopolysaccharide;

FFO, freshwater hybrid catfish oil; IL, interleukin; TNF, tumor necrosis factor

2. W@y FFO fan1s8ugenIsasny prostaglandin E2, nitric oxide, Lasn13LLENI3N

289 mRNA 989 COX-2
MINAARUqVESUSINITai1e NO vesa1Inadoundsann 24 alusil RAW 264.7

aNNEAUNITATIe NO A8 LPS Wudn FFO aunsaanni1sasne NO WalSeuiisuiungy
dl 2E-v) = 1 = 1 al o o %) Qll =
AIUANTLATULNIY LPS Wigdag1ufetageiidudndny (1ni 19A) LazaInn1s@nyIng
WANIDBNYDITU COX-2 LngMNIIABUNITALATILY MRNA Nwadds193un18tun183%
RT-PCR ingideaigaasnlasnig (RAW 264.7) ignnseduaie LPS ag1aided 3elasu LPS
nSaufu FFO w3alasu LPS wSau celecoxib (CX) WaAsu 24 F31ad ASI9d8aUNISHARNIDDN
989 MRNA 98481 COX-2 luwadusazngy nan1snaaosnuiingualvnuinlilanssau

fa8@15 LPS (unstimulated RAW 264.7 cells) ldnunisuandaan 3839 COX-2 mRNA
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luragRefueaa Nlasun1InseAuaieans LPS ag1afed wudninsdansizn COX-2

o

mRNA TuuSuage 3nn1smagaugnsiudniauves FFO wudnaansadudanisdansies
COX-2 mRNA Tutraauilaswialasgrsiitodfny (Ane 19B8) wazluvazifeniu FFO 833

o w 1

nadus prostaglandin E2(PGE2) Tuwadunlasvaldegnadifuddnuientu (rmi 190)

~
=

600+

104 * *
—_ =
= 9 o2
= S 7 400
3 o B
S P
2 g3
s 4 3 Z 200 2
= o
z 24 g
0 0
Control LPS LPS+FFO LPS+CX Control LPS LPS+FFO LPS+CX
C.
1204 kd
2 #
P
= 904
e
=
—_ #
g2 < T
= @ 604
= =
= =
i
= 304
e
=]
0
Control LPS LPS+FFO LPS+CX

AN 19 NINAAUYNTVBY FFO ann13a319 NO kazNISkantaanyas mRNA

V83 COX-2 Way PGE2

Data are presented as the mean & standard error of the mean (n=5).
p<0.05 vs. control; p<0.05 vs. LPS. FFO, freshwater hybrid catfish oil; NO, nitric oxide;
COX-2, cyclooxygenase-2; PGE2, prostaglandin E2; LPS, lipopolysaccharide

3. Wawas FFO man15UaeAun15911a18 DNA (DNA damage)

nsAnwIgNsves FFO danisdudanisaereasaduarnisdsuulamensad
unlAT¥n9 RAW264.7 wan1s@nwimuingaduilaswiafignasedusag LPS Tualfindni
nsanevetad (cell apoptosis) Ussiliuanniswuiliadsavesvaduanoondudiuian o
(nuclear fragmentation) N15:N1gNHUUBILATUIAY (chromatin condensation) kagny
Snvazvonradiiniowds (i 208) egnslsAnuluwadfildsu FFO way X lainy
2111591818983 DNA (20l 20 C waz D) wenaniiannmsanyinaves FFO fiilse

n13U84UN15711a18909 DNA Wudwadfignnszqueie LPS 98ians 8-OHdG Liugeu

Y



69

F9 8-OHdG \Juansuai71iin15911a18989 DNA 91nANLLASER0aNTATU (oxidative stress)
TuvugNadilasu LPS sauiu FFO fia1 8-OHdG anasednsiitodfny wulheanuiuadi
1@5U LPS 238U CX (0 20 E) wani1sanwrdwanelymiiudn FFO finalunistany

n15911a18 DNA 9831988 (DNA damage)

600+

450

=

E

S

&

o«

£

g

& 4 2
g 3001 e

3

o 1504

&

2

=

3 0

= Control LPS  LPS+FFO LPS+CX

Al 20 qméiumsﬂni’]au%aé (Cytoprotective effect) ¥a9 FFO

Data are presented as the mean & standard error of the mean (n=5).
p<0.05 vs. control; p<0.05 vs. LPS. FFO, freshwater hybrid catfish oil;
LPS,lipopolysaccharide; CX, celecoxib

4. Waves FFO sian1smavauasvasszuuniduiulunisaiuguininsvaavad
nsAnwiamaves FFO lunisneuaussvesszuugiauiuluiwad nan1sAnwiuans
Tiud FFO fimanududy 2% fgnsannisuanseenvesduiisadedlunissuds
nssyiulavewsas (cell cycle inhibitor) lawn cellular tumor antigen p53 (p53) Way
cyclin-dependent kinase inhibitor p27 (p27) uenanidanudndagdn FFO fiaaududu

2% finaLiunisuanseanvesduiineideslunisanasunisiasyiaulnueawad (cell cycle
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inducer) Adwandluninit 21 fadudsaiuisadvventadn FFO daaaud@lunisiiuning

ANUNUYBUTAR
5-
* 3 Control
4- Bl FFO

Relative mRNA expression

p27 CyclinD2  Cyclin E2

AN 21 HAYR9 FFO fonsyulunsasuas1endruiunieluwaduilaswig (RAW 264.7)

Y 9

lngld FFO fimnaidudu 2 % p < 0.05 WguiunguAIuay

Data are presented as the mean X standard error of the mean (n=5).
p<0.05 vs. control. FFO, freshwater hybrid catfish oil

5. nsnAseUgVaATUauUATSE (Antimicrobial activity)

mawmaaquéé{wm%@LLUﬂﬁL'%&éuaqﬁwﬁuﬂmmmamﬁaQﬂwamﬁ;ﬁﬂ (FFO) way
diutaranuandnaena (BFO) fenisnageumuiiandudade (nhibition zone) fre3s
Disc diffusion assay 1a8n15.39979 FFO Aaedavinazany Dimethyl sulfoxide ( DMSO) 1:1
(V/V) wisndanuniiBer 3 wiafidmeaeu Weun Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis) wa¥ Propionibacterium acnes (P. acnes)
(FregradonuaiiBesnanamyinermand uninerdoulld) dunduanugulildvingy
0.5 McFarland standard (108 CFU /ml) wagldlsiudrdusiaanidoquieuuaiiFousay
wfindnandeasuuRImtne s Nutrient agar (NA) 14 DMSO Uu negative control wagld
Tetracycline Aandudiu 25 mg/ml 1y positive control ¥1arusmnsluvsiigumgi 37°C
Fuan 24 $alus dauauesnsinaaeuide . acnes ﬁwiﬂﬂuﬁqmmﬁ 37°C (Junan 72

H1lus srunalaeFavuinuiiim leulaseu o paper disc (inhibition zone) (Lorian, 1996



(%
YY)

919lu &n1, 2551) nan1svageunudndidulan FFO wag BFO lufignsdudegnives

WuAL3Y S. aureus, S. epidermidis Wz P. acnes MU 22 Lay 23

AR 22 gusnisugawuailisevrenhdularnnlamtdignuanuidn (FFO)

(A) S. aureus

(B) S. epidermidiis

(Q) P. acnes

(D) S. aureus

(E) S. epidermidis wag

(F) P. acnes
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©

il 23 gqusnstuduueiiSeveniduvarnndanaeny (BFO)
(A) S. aureus
(B) S. epidermidis
(C) P. acnes
(D) S. aureus
(E) S. epidermidis waz

(F) P. acnes
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1. aneuen2tl anwaen19aain wazdadeningl909nunNIILUAIUBAATULASY

YINFUIBE19NaUEIIIATINTS

= Y o Y aa o A Y a A
15199 7 anwagiill snwagneradn wagladefiinendesiunnziunuedadulasuves

nauMag1nauENIlATINAT

Foyaiily AU Souaz
LW
U418 18 54.55
AN 15 45.45
918
30-40 U 10 30.30
41-50 U 16 48.49
51 9 4uly 7 21.21
AUtiinany
18.50 — 22.90 nn./u.2 Ymnund 8 24.24
23.00 - 24.90 nn./a1.2 iy 8 24.24
25.00 - 29.90 nn./u.2 9uUsTAY 1 10 30.30
30.00 an/u2 3ulU Sausdu 2 7 21.22
L@ usaULeN
%18
1INAIMIBNIAY 90 LEURLLAT 10 30.31
198171 90 LWURLLAT 8 24.24
AN
NINAIMIBNAU 80 LEURLUAT 11 33.33
198171 80 LWURLLAT 4 12.12
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ANWULYDINGNAIBLNIUNANVBYAAIUYAAS NFUATIRENTIUIY 33 AU dulne
Jumeyie Seeay 54.55 meAndgs Sovay 45.45 Ho1g33nine 41-50 U Sevay 48.49
ANUULVBINANAIBENTIMUNMIUA TN Tdvtinanigunnnimsewiniu 23.0 kg /m?
d1uu 25 au AnluSesasy 75.76 uwazdutlutanietosnin 23.0 kg /m? 119U 8 AU AnTu
Jouay 24.24 nauieg v dvg Tiduseulennmiviemiu 90 wuRwns 31U 10 AY

[ 4 IS

Andusesay 30.31 wazillduTaULRIURENIT 90 WURIAST 31UU 8 AU AnluSauay 24.24

o o 1 Y 1 a 1

AnsUnauAeg 19U N TIdUTOULDININAINUTIYINAY 80 URIAT 91U 11 AU

q <

IS4 vV

ﬁmﬁu%aaaz 33.33 JLdUTOULDIUBENIN 80 LYURLLAT 91U 4 AU ﬁm‘fiu%’aaaz 12.12

2. nMsUSeuigunvingganIg LEHUSaULBD ANAUIARAYBIBIENFNASNBULAY
Maa199U1ASINS
[ a o o [y g Y] Y goJ = <
NAIINYIDNEIFNATIILIUZ3 AUTUUTEMIULINUUAI9INUa U nanuIaaLduy
a1 12 &Ua19i wuInsfiwesMidusssusznovrasnnzauaandula sy lauwn uiiin
BW) Avwiiuianiy (BM) duseutad (WCO) arusudalaan (Systolic BP) Laga1usiu

! o w

laueodlndn (Diastolic BP) firanasegsiiiediAyvieada (p < 0.05) mum15199 8

A9 8 NsUSeUEUEMTN AuTiilanie EUTaULT ANUAULaTARYRIRNEAIAT

PIVUANDULALNA LTI IULATING

Metabolic parameters Basal Final
Body weight (kg) 71.01 £ 19.25 2 69.28 + 18.55 °
BMI (kg/m?) 26.62 + 5.99 ® 25.96 + 5.73 °
Waist circumference (cm) 89.62 + 12.40 ° 86.75+11.80 °
Systolic BP (mmHg) 130.30 + 19.95 ® 126.27+ 17.00 P
Diastolic BP (mmHg) 85.06 + 13.08 @ 82.75 + 11.60 °

Data are presented as the mean + SD (n=33). BMI: body mass index.
Paired t-test was performed to compare differences in time (before and after
supplementation). p-value < 0.05 was considered statistically significant, marked in

bold numbers.
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3. nmsWSeuiisuanluduluidean AUIn1aluaan N15N19IUTBIRULALlALAY
Andadaauuuduysalvasnguflagunaunaznaudisaulasanig

NAIINNNDIFANFUATVNNUAIIUIU 33 AU JUUTENMULIAUUAIUIININUAI NS

A & I3

o ) s Kl = N a_a
QﬂNﬁMLUUL?a’WIZ aﬂmmwmwmamﬂﬂmaaw Tue9AUsENOUVRINILIUAUBAATULATY

'
a

laun A1lesi HDL-Cholesterol fiAiinduegsiiiodAn1sedia (p < 0.05) LazA1UInIaLY

o

o w aa

A o X 1 a v 1 a [y 1 =3 1 -
1@on (glucose) WinTuaesillad1Agyn19ada (p < 0.05) WulReiu sg1alsinuaiinalu

o

! o w aa

Hondsadluinusiuni damSuAn LDL-Cholesterol diAnanasag19ilied 1Ay n1aiis

v

(p < 0.05) wagATriglycerides fuuilduanasualuiinisiuasundvasmetdodrAagnieada

4

o w

duAnTotal Cholesterol finsifin@utaniosusluinsdsundawetdodidgynisainn

i

M1 9

a i = = A & s a _a o
AN 9 ﬂ']ﬂ’]ﬁmlﬂum@@ﬂ/lLUU@QQU?S?’IE}U%@QQ’]’J%LMG]%‘UE]&WUUI@%JGU'P]Q@'Wﬁ’]ﬁllﬂﬁ

PIUUANDULALNEUUN5INLATINNG

Variables Basal Final Normal range
Glucose (mg/dL) 92.27+13.83° 97.69+20.69°  70-100
Total cholesterol(mg/dL)  234.42+32.33° 235.60+30.15° < 200
Triglycerides (mg/dL) 147.24+59.23° 145.75+69.71*  36-165
HDL-Cholesterol 52.30+14.15° 63.27+14.76° M 26-73, F 33-
(mg/dL) 75

LDL-Cholesterol (mg/dL) 150.52+28.30°  141.64+27.55° < 130

Data are presented as the mean + SD (n=33).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was

considered statistically significant, marked in bold numbers.

lakendpszisenguiangiiolioufisunareansidsuwlasarasiailudond
WuearUsenauvean1iziunzusdndulasuvodaiaiadasnouwasraatisiulaseng
1AYLENAIULN N VDIANLEUTOULDD (Waist circumference, WCO) Tutwavs g uayne 9

Toauuadu 4 ngu fesialuil
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1. nqueaainsmenildusoueINNIMTaWAU 90 WwURIINAT

aa v 4

2. NANDENAIATYIENEUTOULLIUBYNIN 90 LUURLUAT

A da v !

3. NENeIANANATNYITEUTOULDIINNTIIMTOMNAY 80 WuRLUMS

o

o 2

4. nauenanadasvganiidusaulaltesnit 80 lwuURLIAS
LAZLYAMINLNAAVDIAGTTLIaN1Y (Body Mass Index, BMI) ¥9391@1a@dn 3

Tnauuanidu 2 ngu desialudl

Aa 1 o oa

1. ngueanadiasniFdviiinanieannnimseriniu 23.0 kg/m?
2. ngueaadasndasvilulaniedesnin 23.0 kg/m’
naueanadlAsyeNdduTaUINNINTBINTU 90 WUFAATIIUIY 15 AU WU

wasnAsulszmutiuvarindnainuamidsgnuay WWuan 12 e wudn Aansiadl

a1

Tudesdussdusznauvsininziuniuadadulasy town A1lvsiu HDL-Cholesterol f1AN

N Ao o W aa ] 2 a £ I =~
WnTuegrelided Ay neada (p < 0.05) wazAuinnalulden (glucose) LiNTuog1all

aa ! a [ < ! s A [ 1 ¢ a
Wod1Ayn19adif (p < 0.05) Wwdedy agralsiniudrdinaludendeglunmugiund

o w

d115UA1 Total cholesterol [NTUBENHTBE1ATYN19E0R (p < 0.05) dauA Triglycerides

wag LDL-Cholesterol wagfinnsanasaniosuslufin1siudsunlamiadedrAynieads

ANUA1199 10

A1519N 10 ArasiATluEea il dUeRUsENaUYRIN LIRS UDARTULATUVDIDANEIAT

YYNLLAUTDULDININAIVFOWINAU 90 L URLUATNOULALNATNTINLATINTT

Variables Basal Final Normal range

Glucose (mg/dL) 92.27+13.83° 97.69+20.69° 70-100

Total cholesterol(mg/dL)  230.30+34.94° 237.70£33.12° < 200
Triglycerides (mg/dL) 189.40+56.40°  187.00+92.19°  36-165
HDL-Cholesterol (mg/dL) 46.40+12.69° 56.70+11.61° M 26-73, F 33-75
LDL-Cholesterol (mg/dL) 145.20+31.37° 144.20+31.09° < 130

Data are presented as the mean + SD (n=10). Paired t-test was used for metabolic
parameter variables. p-value < 0.05 was considered statistically significant, marked in

bold numbers.



14

naueaadnsvIeNTLEAUTOULDIUBYNTT 90 WURLUATINUIU 8 AU NFIINT
Sutsgnmuidulaniidnanvamilagnuan Wuaan 12 dani nudataiseiiludond
Jussdusznevresnnzuaueiadulasy laun Aludu HDL-Cholesterol fiAnuiintuegns

[

od 1Aty n19ada (p < 0.05) warA1 LDL-Cholesterol fiA1anasedeldad1Agnieada
(p < 0.05) d@msua Glucose TudeniinullduanasunliinisiuasullamsdodAynig
ahn d@uAn Total Cholesterol wag Triglycerides dnmsiiu@udntoeualiin1siufsuntas

Netd AR eue5199 11

o i = = a & s a _a o
A1919N 11 ﬂ’]ﬁ?imﬂﬂumaﬁﬂL‘Uu@ﬁﬂﬂi%ﬂa‘Usﬂaﬂﬂ’nﬁLll@8U8@ﬂ%ﬂiﬂ5ﬂ‘ﬂ@ﬂ@qﬁqﬁﬂﬂi

YNTLAUTDULDIUDYNIN 90 LWURLUATNOULAZNAITNTINIATINT

Variables Basal Final Normal range

Glucose (mg/dL) 92.00+5.86° 91.75+5.87¢ 70-100

Total cholesterol (mg/dL)  230.30+34.94°  237.70+33.12° < 200
Triglycerides (mg/dL) 129.37+48.16° 136.25+57.77%  36-165
HDL-Cholesterol (mg/dL)  49.37+11.36° 61.0049.52° M 26-73, F 33-75
LDL-Cholesterol (mg/dL)  159.25+23.86° 135.38+23.89° < 130

Data are presented as the mean + SD (n=8).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was

considered statistically significant, marked in bold numbers.

naueaalATNYNIEUTaULININNIMToINAU 80 WwuRlUATIIWIY 11 AU

waansulsemuiduuaniidnanndamilignuay Wunan 12 §av wudi Aransiad

ISP

Tudesdussdusznavvsininziuniuedadulasy town A1lwsiu HDL-Cholesterol fiAN

WLTueg19iiiedAgyn19ada (p < 0.05) @ A LDL-Cholesterol diturltuanasinliiingg

o w a

WasunlamnetludAgn1eeda wuheatudual Glucose Tudeadsduullduanague il

nalAsULUaIMIIted 1Ay N19ais d@1uan Total Cholesterol wag Triglycerides 3115

o w

a X |3 2/ M oA a % aa d'
L‘WlI?JULaﬂ‘LlEJEJLLG]llIlIﬂ'ﬁL‘UaEJULL‘U&QV]NUEJ?{’M@UVINHO@ HIUNITIN 12

o
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A1519N 12 ArastadluAeaiidueerUsenauuRIN SRS U ARTULATUYDIDANEIAT

NTHLEUTOULDININATIMIDYINAY 80 WURLIATADULAZUAUTITINIATING

Variables Basal Final Normal range
Glucose (mg/dL) 92.00+5.86° 91.75+5.87¢ 70-100

Total cholesterol(mg/dL) 228.18+21.37°  230.45+30.39° < 200
Triglycerides (mg/dL) 128.36+52.44°  133.73+£50.25°  36-165

HDL-Cholesterol (mg/dL)  53.63+13.16° 63.91+14.72° M 26-73, F 33-75
LDL-Cholesterol (mg/dL) 145.09+£19.98*  138.09+25.30° < 130

Data are presented as the mean + SD (n=11).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was

considered statistically significant, marked in bold numbers.

nguenaasasndiiiduseutontiosnit 80 lwuRlunsdiuau 4 au ndsaind
'%"UUismuﬁwﬂwmﬁﬁﬂmﬂﬂamﬁqqﬂwam Wunan 12 #Uansi wudn dransieilluidondi
Huasdusznauvasnmzaniuedadulasy Téud Arludu HDL-Cholesterol fidnfiuiuagng
bdndeuN19aBA (p < 0.05) @ A1 LDL-Cholesterol Suwunliiuanasuslifinsideuulas

L) aa 1 v

NTYEAYN9EDR iRt uiual Triglycerides @aiinualunanasuslidnisiudoundag

N

NNUBAIAYNI9EDH d1SuAT Total Cholesterol Antstiuduualiiinisiuasunlainig
C% o o aa 1 a [ 1 A a0 r-al ‘g 1 1 -'-NI
Hod1Agyneada wulsaiual Glucose Tudondianiuduusluinisidsunyaimig

g fymeatAnazdiegluinaeiund aiun1sen 13
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A1519N 13 ArasiadludeaiiduserUsenauuRIN ISR U ARTULASUYDIDANEIAT

NENNNLEUTOULDIREAT 80 LUALLATNDULAZUAAT1TINIATING

Variables Basal Final Normal range

Glucose (mg/dL) 88.00+6.16° 94.50+7.54° 70-100

Total cholesterol(mg/dL) 261.75.18+53.84° 263.00+29.13° < 200
Triglycerides (mg/dL) 129.50+69.27° 94.75+16.76° 36-165
HDL-Cholesterol (mg/dL)  69.25+15.63° 82.50+18.23° M 26-73, F 33-75
LDL-Cholesterol (mg/dL) 161.25+48.69° 157.50+£34.95% < 130

Data are presented as the mean + SD (n=4).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was
considered statistically significant, marked in bold numbers.
ffesgianiznguenaasinsmanoazndiiadvdnanisinnnivdeiity
23 kg/m? §1uu 25 AU ‘Vié’ﬂmaﬁ%’uUssmuﬁwﬁuﬂmfﬁﬂmmlamﬁfaqﬂwau Junan 12
&Uavi nudn Ananswedludeniidussdusenevvesnizmavedadulasy Toun Anlusiy
HDL-Cholesterol fA1fiutuagailfad iy n1ead (p < 0.05) warA1iinaluiden
(glucose) WinTuegadiudfmaad (p « 0.05) Wudeaiu sgrdlsimuainaluden
geogluinuaiund d1m3udn LDL-C dAranasegedfed1Agn1eada (p < 0.05) uag
AnTriglycerides way Total Cholesterol Sinsiiinduidnteswsldiinsiudsuntamng

Y

Hod1Agneadd mun1sen 14
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'
=

M5 14 Avansiedludeniilussrussneuresnmziunzusdadulnsuvosonaalnsine
LAz HYINTARTEIaN1eINNIMTMAAY 23 ke/m? AoULAs AT

1ASIN1S

Variables Basal Final Normal range

Glucose (mg/dL) 93.28+15.51° 98.84+23.46° 70-100

Total cholesterol(mg/dL) 229.96+28.96°  231.60+29.95° < 200
Triglycerides (mg/dL) 152.60+69.27° 154.88+75.19°  36-165
HDL-Cholesterol (mg/dL)  50.64+13.58° 61.48+13.91° M 26-73, F 33-75
LDL-Cholesterol (mg/dL)  146.84+26.10° 138.20+27.49° < 130

Data are presented as the mean + SD (n=25).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was

considered statistically significant, marked in bold numbers.

dmiunduenaradasinaysuazndgeiiadviutaniodesnin 23 ke/m? 1w
4 Ay Méﬁﬂﬂﬂﬁ%ﬂﬂixwwuﬁﬁﬂuﬂawﬁw%mawmﬂaﬂmﬁhqﬂmamLﬁiuaaw12 dUat mudn
Ararsiafiludeniiifuesdusznovvesniziuniuadndulasy laun Adlufy HOL-
Cholesterol fanfinTuestefifod1fyn1eadi (p < 0.05) d2u A1 LDL-Cholesterol 3
wunluanaswslifinsdsusamatoddynieadn wuieatuiue Triglycerides uaz
Total Cholesterol sfiuurlifuanatudliifinisidsuntamistodfgnieads dusuan
thxmesh&ﬁamﬁfhLﬁm%ﬁuﬁlﬂﬁﬂﬂivuﬁﬂuuﬂaquaﬁhﬁﬂﬁmvnaaﬁﬁuazéﬁagiuuuuﬁﬂﬂa

AUAIIN 15



'
=

ANSIaN 15 Aasuediluldend

A da il v o« 4 ! 2 3 v Y 1
PIYUREVINUANYUNIANIBUBYNI 23 kg/m NOULAENaLUNINLATING
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ueIAU TN UTDIN LA UDAATULATUYD I AT AT

Variables Basal Final Normal range
Glucose (mg/dL) 89.13+5.89° 94.13+7.24° 70-100

Total cholesterol(mg/dL) 248.37+40.11°  248.12+29.05° < 200
Triglycerides (mg/dL) 130.50+55.69*  117.25+40.35°  36-165

HDL-Cholesterol (mg/dL)

57.50+£15.52°
162.00+33.57°

68.88+16.85°
152.38+26.53°

M 26-73, F 33-75
< 130

LDL-Cholesterol (mg/dL)

Data are presented as the mean + SD (n=8).
Paired t-test was used for metabolic parameter variables. p-value < 0.05 was

considered statistically significant, marked in bold numbers.

dusunasnanisvinauvessutaz ety ndRnfienaannssulseniutndulaitnina

f\ﬂﬂﬂﬁ’]%ﬁx‘i@ﬂ&lﬁm Wuan 12 Uan9t nuInAIn1sinauresfullazansalandnani1syingau

[

vossiunnaeglunaeiuni lneaneulivesiuiln SGOT drmanategrellledAgyniaaia
(p < 0.05) W5zAUVBY SGOT AgNugTunInwadaulasuuiaiiunsalasudunsie
Wugatun1sinauvedlanud BUN way Cr Suduruanansinuvedlaaglunasiung

1 1 4 =3 A [ o Y Y A % [
ﬁ’JUQWﬂUWﬂJﬁMU‘JimﬂJﬁNLll@lLaEJGWiENﬂ’]ii‘U‘Ui%‘Vl"IUUWNUU@W‘U’V\]@"\]WﬂU@WMUQQﬂNﬁllL‘U‘LJL'Ja’W

[V
e A 1 v A

12 ek nunandiadensglunasiundnnal Matiaundnden (platelet) vatenandiins

[
= 1 a o L2 a

v ISP CY a " L3 a =i
waanInaaesiiAgeiuegalitediagneata (p < 0.05) uazegluinalunid mun13199 16
NNEATIINTUTITURATAINISTIWTBIlA AsnatukandiiiuInsfuUseniu
uulannnUamilignuanindnlidnansenunsedianuduivaenisinnuresiuuasle

waglifinansgnunensairananden sudutadeddglunisudsivesdonvessisnie
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NAUT13LATINT
Variables Basal Final Normal range
Liver function test
total protein (g/dL) 7.46+0.70° 7.45+0.08 ° 6.2 -85
Albumin (g/dL) 4.35+0.04 ° 4.55+0.04° 35-53
Globulin (g/dL) 3.08+0.06 ° 2.91+0.06° 1.3-32
total bilirubin (mg/dL) 0.73+0.33° 0.72+0.33° 02-1.0
direct bilirubin (mg/dL) 0.27+0.13° 0.27+0.14° 0-05
SGPT (iu/L) 25.15+2.15° 27.78+2.27° 5-38
SGOT(iu/L) 32.79+2.02° 24.51+1.89° 5-40
Kidney function
BUN (me/dL) 12.72+ 4.00°  12.09+1.94° 5-20
Cr (mg/dL) 1.04+ 0.16° 1.06+0.18° M 0.7-1.3, F 0.6-1.1
Complete blood count
Hematocrit (%) 43.18+0.84° 42.67+0.74° M 40 - 54, F 36 - 45
White blood cell (x10°/ul) ~ 6.87+0.26° 8.39+0.19° 4,500 - 10,000
Platelet (x10°/ul) 221.45+9.90° 265.48+9.11° 150,000 - 450,000
Red blood cell (x10°/ul) 5.03 +0.14° 5.11+0.13° M 4.5-65, F3.8-538

Data are presented as the mean + SD (n=33).

Paired t-test was used for parametric variables. p-value < 0.05 was considered

statistically significant, marked in bold numbers
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1. AnviReSeuiisuriauasUSuuvasnsalesiuluthiulanandamdsgnaainirin
fafnunannunasiisnvesiaulugiusineiy
ihfeuldulutesiosfidudnmdeldnngramnssunsussivamdgnuauthia
(FFO) wazuarfnasn (BFO) safmiuindularananifsgnuaniinia uasdny
psfUsznavvasnsnluturesiifulafiafmldnuamilignuantndarsanundanziios

s

o 1) ddudanandamidsgauantiida (FFO) 9nuddminetafinigy fanfnniwdug
way 2) hrsiulanainvandnaeny (BFO) ngudanuludavaidn anugwaluladnig
Useaauasnine et uminedoudls Samiadedduy wuinlunisadasudaiain
Jamignuawiiaaessiia feulusu 1 Alandy aunsoafauazuenihiulaidudnlauas
Lifulviigamgiivedlduiinsiesas 27 Wethlusmamviauazsinameansalusiuiie
futhiulameanuviesnainialy W‘waﬁﬁfwﬁuﬂmmﬂﬂaﬂwﬁqqﬂmauﬂgﬂaawﬁmﬁﬂ%mmJ
nsalutududndsdoutiooninihiutamea Inenwiznsalutungalewd-3 fifdesnds
ihifutameiean winuhuiunsalusuliBududaion (MUFA) nguleiwd-9 lnsiawiy
naslawadnluiitulantihdaduiuganitisiulamea (MFO) fa 4 wih dansnladunga
ToLun-9 quwﬁwmﬁﬁmmﬂamﬁagﬂwa:u JanUnaey LLazﬁwﬂuUmmLa fiAni 43.35,
46.69 way 11.24 n$4/100 n3u mudsu Inenansidetiaenndeafiuansng (2557) finuqn
dsuandiafnanfeulutuludesiswewamiuhinidadiuvensalusfudusuaylsl
susluvsunalndifesiuuszuna 45-50 % Tnensaludududfiatalausznoulumensa
Tosfulddudidafsrvdansaloiulowsn-o Ussuna 44 % wWuieatuiunanisinyves
B5¥md wavanz(2561) Ainuinnsfudanindaiiusunanselusudusilndifosiusulan
Pnvamzafismingluiswnaiausivsunansaluiulidusiddoutoslnaaniznsaloiy

naulewum-3 drunsalvdulidudidaneingulewn- 9 (nsalewadn) IUsunaiaindniiiu

[
v

Yananlammziads 4 wih Matinsalusiulownn-9 (nsalatadn) Wunse lusulududidaden

[y

(MUFA) fiogludatfaimadassilisnenisnsvauowiosesluu mifindonaznszdugiduiu
31N3189UN15IT8V04 Krauss et al. (2006) nuin19li MUFA Yreasrsludiufluiben
anAuduladin FrenszdunulesdugBularmuauszduinaluben aonadestuna
13ANY1989 Mensink and Katan (1987) wui1 MUFA 9aeifinsedulusiu HDOL-C Faduy
lusfuiluidon Keys et al. (1986) Wuinn1s3uUsEmue il MUFA geunue sl SFA

Y18anN15NALSALSBTIVRIv LA aSISloula daonndasnu Piers et al. (2003) WuIN
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A155UUsEMUDMITTE MUFA naunue1wisiisl SFA aunsagasantiiminuazluduly
$19n8l wWuReafuranIsAn®Ived Paniagua et al. (2007a) fiwuin MUFA Ha8finsnsn
nsnatyledularandnsdiueluiuus Yo ILa U ILALIIIAANITNILANYAIV S
logfuuimnansdii fsemuitenansiuiissyfmares MUFA lunstisaneuduladi
Fretlostulsaiilauaznaondonld (Ferrara et al, 2000; Shah et al., 2007b) Fsaenadas
fUs1eeun1TITeres Ros (2003) inuiinsaluduleadniiunumdrdnlunistiedesdu
AMgeBNBndu Yieuiseteendinturss LDL redesiunisiialsavasniieniila way
ANUAUlainga downnsnluiulewdnaninsnanyiinalasndiweseauaznaiaaimasealu
donls ﬁaﬁuﬁﬁﬁuﬂmmﬂﬂamﬂﬂqﬂmamfﬁmﬁgaaawﬁm%aﬁﬂ%mm MUFA U3310ugandn

liudameiads 4 wih Jalivselevideguamluvaty q a1

Sy

2. msvageugnsRunssniauLazauiuRvreifularanUanisgnuasnda
rolgadinziapnlaa (RAW 264.7)

ANy navesidulanamignuantihin (FFO) douiuimvesansne
snagunielulwad 3 vda lawn Interleukin 6 (IL-6) , Interleukin 1B (L-1B) wagTumor
necrosis factor alpha (TNF-QU) waga1nudufivsowwad duandlunind 14 wuinaisne
8nLau Lipopolysaccharide (LPS) vlswaaunlaswiadiusunuaisnesniauein IL-6, IL-1B
LAy TNF-Q iisgstudioidsuiiisufunduaiua uaziiiovhnisliisularainuainis

Y v

gnwautinda (FFO) nudn FRO fimnnududu 29 Sgndvinliusunmuansdesniausiin IL-6
IL-1B waz TNF-O luiwadanaseghsfifoddmisada Wewssuifisuiunguilldsuansne
Sniau LPS usitssegnaiien wuieatuendusniau Celecoxib (CX) nansdnuniuandlsy
Lﬁu’jwﬁwﬁuﬂm’mﬂﬂamﬁfaﬁw%ﬂgﬂwam%aﬁﬁmmmmmmimﬁu MUFA U'%mmqaﬁqwéiums
anansen1sdnauein IL-6, IL-1B waz TNF-0L 1¢ uenvinifainnisvageuanundufivee
wadnzasanlasadies MTT assay nan1snagounuin FFO finudiudu 0.125 2%
LineliAneudufivdewadmzidewlasrialag FFO fimnadudu 0.125 2% lifna
vilvanuiidinueawad (cell viability) anas WeIsuiunguaruauilildu FFO (i
13D) uona1nil FFO Faiinadudinisuanieonvosdu inducible nitric oxide synthase
(iNOS) ez cyclooxygenase-2 (COX-2) nglulgaduilasvianig 1nn1sAneInauey FFO

lunsguiunisaanisenavluseaulaiana (nma 14A) Rgafunshanseenvesdu COX-2

1AUMNIIEDUNITALATILY MRNA Maadas19tunielunie3s RT-PCR wuq1 FFO @1unsa
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o w

FUgIN15ENATIZN COX-2 MRNA Tuadulasunalaeg19idodnfny (D w9 14B) wazwuin

o

FFO imnattudu 2% lgnsinliaisdenansnisoniausiin PG-E2 lulwadanasagnall

1 a 1

v o w aa A = = o oA vo L a A Y]
UHﬁqﬂﬁyIWqﬂaﬂmLN@Lﬂiﬂ‘ULWSUﬂUﬂQNWI@I?UﬁWiﬂ@@ﬂLﬁ‘U LPS LLALWEIDYILAYD LURYINY

(%
3 [ v

gIMUDNLEU CX 9INNANSANEIRINaINERSALAIuI FFO flgnodudenisaineans NO uag

PGE2uazdudinisuansoanaasdiu iNOS wag COX-2 1a dusuluisansyinilfinuddalu
@519a15 NO way PGE2 MTu inflammatory mediators wagdmnudrAglunszuiunns

gniavu 1Wenlunszuiun1ssnaunudl NO uag PGE2 azgnaiiediuludsunageunnly

v o

walin1svineuedeulesl INOS way COX-2 Wingsdu (Ugaune, 2559) Aatiuds

aunsaazulann FFO dgnslunissnusniauluead RAW 264.7 1o uananilainnsAinwina

Y99 FFO N1lsan15Ue3iun1svinagved DNA wudngaangnnseduede LPS agilans

8-OHdG NAITY F9a15 8-OHdG +TJua15U98318n19%1878U89 DNA 31nA1LLAS A

Y

pen3LAT (oxidative stress) (Valavanidis et al., 2009) luvuzfiwad RAW 264.7 @Sy
LPS $2uffu FFO qgiian 8-OHdG anasegefitud ey wuienfufuwadiildsu LPS saufu
CX (A9 15F) wansliifiugn FFO dualun1sidesiunisvinals DNA ae9iwad (DNA

damage) lal uazn13ANYINAYY FFO fan1snauauatvedssuuiAuiuresead wuil FFO

9

[
[

NAnuutu 2% dgysannisuanieanveduiineidedlunisduginisasyivlavesas
(cell cycle inhibitor) Tan cellular tumor antigen p53 (p53) wag cyclin-dependent

kinase inhibitor p27 (p27) WenANLTINUIT FFO N1ANUINTY 2% TNaliun1Shansesn

IS a a

1Y | a a a % 4 a v ‘:4'
vosguiieIveslunITduasunIsasyaulaveasas (cell cycle inducer) Bndae (ATWA

16) Asudsanansaaguladn FFO finauaudilunisnistesiunisvinats DNA veuaas i

ANUAUNIUTDUTAES wazYrgannisonauluwasd den1sonauidunseuiunisisienie

' '
a

navdUawaNISAAYgaTn wazdsidudunsienosnanie 8ansiusINguesnIs sniau e
U39 U3N Und kavsou (Mequanint et al, 2011) N5¥UIUNITINAUUTENOUAILNIS

Wasuwlaswaaasnidon MMlrEaeauasdiudy 101518 unvUsusadiinidanu1iund
DRIEEYR
Tuvauznd

ﬂ@ﬂiWLﬁMﬁﬂ%ﬂALﬁ@ﬁﬁ@?qL%f']ﬁﬁﬂﬁl,ﬁmmié’maumdwﬁ (Kumar et al., 2007)
UFAsenssnauiinty lusadinlasvhdaduradidiadonvneiand sends
ansdonandlunissniauaiiaeg o wu Tussn senled (nitric oxide) wasnsaaniwnauiu £2
(prostaglandins E2 ) waglalnlail (cytokine) Wudu Jung et al., 2009; van der Vliet et
al,, 2000) iietaslunsidndesnsu sglsfnunimdsasdenarsnisdniaudng o Tu

Ysunaunnifuldagyilviinisvianeilieite Yagdunuiinismvadansdonarsnissniauiun
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Aulunenduduszosnaidefenisidestunisfiane1dinevedlsadig o wu lsa
nszmziarald lsadedniauguiness (Rheumatoid arthritis) lsadalwiaes (Alzheimer’s
disease) Tsan1$Audu (Parkinson’s disease) n11zana1nn15AnLTe (Septic shock)
LsalunmU tazlsadntaudg ¢ (Coleman, 2001; Guzik et al., 2003; van der Vilet, 2000;
g3Ma, 2559) nstfudsmandsansaenaninissniau wu lunSneenles uasnseamunauiu
£2 waglalnlatiiunniulud Gummoiaitesgaedesiusardnulsasms q ieatetiu
nsnauld Tnglunsnoenles (NO) WuasdmiliAanssnaveiandsiiadeduuen
nsnevauswwoswaduilasvafignnsedulneteules nitric oxide synthase (NOS) Tunns
\Wasunseefilu L-arginine, NADPH wazoandaulinatefiu Lcitrulline uazlun3noanlus
muEIRU uenaInTuSmuUIIUSInan A A aslunsnoonlesviuniAuludanuduig
fumsiialsasng 9 Ailaanuieadostunmssnaulunats q ederzsiaiile Von uazle (Ju
fu fefuusyansnmnisdudinisaaiendsanslussneenlesisdedunalavisiiawnse
annszurumaialsnazaTuLswedlsade q dandnild TnglunisAnuiadeld nuis
51ﬂuﬂa*mnﬂamﬁfagawawfﬁm FefiUSana MUFA geflmnuannsalunssunszuiuns
dniaununsannsmasanslunineenledveuvadunlasvaiignnsedusie LPS 1¢ 3
A0AAAINUNANIIANBIUBY Goncalves-de-Albuquerque et al. (2016) wag Gremmels et
al. (2015) finvimisungneninsaludulowd-ousinugsdadunsaluduliduindadie
(MUFA) annmsnewuiinislinsaleulows -9 Tunyiiiinnginidosrasaniniamis
AaTIn wazlindnInnssen Jesfunnizuinduveslauazdiv uagaunsoan seRuLes non-
esterified fatty acids (NEFA) & sagwusnnlunnigdiinsfindiosuuss uazdiinaannisaina
oxygen species (ROS)

dufufiifnmzmnzuedndulasmiesuamaty awfinsavauvedlusuiifutuly
dowdelusiu (adipose tissue) dwwalinisndansuniogns (derived cytokine) anniieLie
lusfurfinnnduniuludae TnsianizegsBs monocyte chemotactic protein-1 (MCP-1),
CRP, TNF, IL-6, angiotensinogen, leptin, plasminogen activator inhibitor-1 (PAI-1) (Ansar
and Ghosh, 2016; Rehman et al,, 2020) uananilwadlesiuluauiifinneduamaviown
vedndulasu vziin1sadesesluuezAlniindiu (adiponectin; ApN) anas 958U ApN
Tudendiiduamguilwesnisinniizfedugau uasduswihuenmaislsaumuuas
Tsevlagaumasniden Liesain ApN funumddaysenismunuauganglaauazanulives
Lﬁal,?iasiaéuﬁéu P mii2a nud1 ApN Seruduiuslufiensnssfudnufunsfistues

\Welde (adiposity) kaz pro-inflammatory cytokines usnaNUTINUINTZAU ApN LALUY
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a11130an32AU TNF 19 daanndesiunan1s@ny1ved Keapai et al. (2016) lunynaaoad

wilgnhiinn sy nuihdulardidaanvamilagnaanaiunsoanseauiinia

a a a

luidenveaunaaes Ingldinsiinvessyivdugduludenuarinisanasesgesiuuauiu

e

fe wazdieiiusziures ApN luidenld Fanisiindures ApN dannsadudansfiudy
W3aansEAU Y09 TNF-OL az nuclear factor-KB (NF-KB) 1¢f @enadasfunanisnuili
WU FFO @11130an52Auuadsu IL-6 Tuiwad RAW 264.7 19 Tnunsanseuved IL-6 9s
walvisziunsseudugduanas damasonsteafunswamnlug lsarmnuussani 2
dmsunalnaes FFO lugredudinisifiuiuves TNF-OL ﬁ?uﬁﬂalﬂﬁﬁﬁaﬁa ApN it
cyclic AMP (cAMP)/protein kinase A (PKA) pathway @4 al# TNF-O-induced nuclear
factor-KB (NF-KB) Qﬂé’ué’ja N13aMa9994 proinflammatory cytokines SfunMsiNTuTeq
ApN Sudusaaniidulannuamdgnuasidmalissfunnznioaoonivduanas g
i3sdwmasadladliszdures antioxidants iiugstu aenndoafunisnuiiiiuandsiisey
ihifulananuanifagnuauirdnfissduresanswoufeandunusi (antioxidants) Tuseugs
wazlinuanuduivlunslddueimsvesmynaaeduvuin 5000 me/kg (Wangcharoen
et al,, 2015) fis18aAdevanetuiild@nwigrsves MUFA wienselawadniifinasenisan
381U Medeiros-de-Moraes et al. (2018) lfdnwmavadlown-9 Tunyiigninieili
fnsdniauianld wuinlewin-9 awnsaaanissniauvesdldnymaasdls uaziiquslunis
ﬁmmié’ﬂLaUT,maﬂszmumsamﬂmmzmjuﬁ’maawaaLﬁmﬁamn (leukocyte rolling) A9
4519aUAAY0INIIHEN cytokines wagn1IAIVANNSIHLIAYEILUATISERIUNAlNNTAS
PPAR gamma expression @enndasiunisanenues Ishak et al. (2019) lidnwnavestingu

wznond MUFA g¢ lunynaaeanduinknawaz JufinAnnun1svevebHasiuiugen

Y

Vascular endothelial growth factor (VEGF) wuinidiunznanignsvislunisaseladenis

a & A ' v v &£
W]UIW‘?J@QLU@LEJ@LLN@ GUQUIﬁLLNaV']EJVLWLTJGUH
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Oleic Acid ‘| P
ancreas
Insulin \

@ Tinsulin secretion

= R
Insulin \ &FE l P

Adipocytes

e Adiponectin Receptol
AdipolR
ERK @ <4— Akt
e P
IRS IRS
P P
WP P W
. P
Macrophages AMPK - Phosphorylation
phag PIP3 «—— PIP3 P g

PTEN
Dephosphorylation

P
P GLUT-4 Translocati
Anti-Inflammatory e 7/ e I‘:‘\ﬂ ~~ l P
Cytokines IL-10 Akt = l \ Akt
l 7 TGIucose Uptake AY

T Insulin sensitivity

a

afl 24 nalnues Oleic acid Tun1sanniseniauwagnisinaulvesdugau

Y

fi11: Rehman et.al. (2020)

s ¥

3. nsNAFBUNSAULYaLUATILSY (Antimicrobial activity)

PNMINAFBUANSATUYBRUATITEYRs A InUa milagnaawtaIn (FFO) wag
duvaranyandnasnu (BFO) lnen1snaaeuviusiadudauie (Inhibition zone) Ae35
Disc diffusion assay wupiilsenelsauuRnLs 3 slafiuinmegeu lauwn Staphylococcus
aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) W& ¢ Propionibacterium
acnes (P. acnes) nan13nAaauUNUINUITUYa FFO way BFO LifignSauldeuuaiitse
S. aureus, S. epidermidis Uag P. acnes MuANA 22uaz23 pgnalsiniunisanwiliduns
NAFOUVIENTIN UL UATISBlIAVUR T 3 vlia Asnanitnany Fadaldenvasuis
grsvesiulamnlamidignuaniiandenisiuisiuaiiiseynyials aunanising
U949 Medeiros-de-Moraes et al. (2018) l9fin¥1gnEN1TAIUTDUUATIFBLAZNITAIUNTT
o Y aa I A a o a & | 19 =
gniauvesduuznanyd MUFA Wudulunyniinnednauinieluyesiod nan1sdnw

1 901 L% dld a 42’ v 1 4

wuindfusgnaniid MUFA geanunsaannisinanazann1soniauvesosisdlununaass
Taegnsiitpddey Tnonunisiedounvesihlnsialufiusnutesssiinssnauanas Lazil

N1591187°8LUATNLS 8 TUY DIV D UANTUAIY @DAAABINUNISAN®IUBY Padovese and Curi

(2009) U1 LBLUAN-9 FIBEUEIUNTZUIUNNT phagocytosis Vastlnsilauazdiuniin
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wuafiFelunasanaasdlianas dslinunadanarudewdsudu Towi-3uaglewdn -6
WiEafU Rodriguez-Villar et al. (2008) Fnwinuin mslemsiasufidlewsn-o e 5
u fnalilowin-o Whlugideyfavesinlnsiiald uasfimsfnuigrsvesnsalusfuriama 1
TudhudeuuaiiSeludesunniag Huang et al. (2010) WEAnwignsveslemin- 6, Towdn-7
warlowAn-9 lunisduidouuafiBedinutes q ludesuan 1dumie Streptococcus
mutans, Candida albicans, Aggregatibacter actinomycetemcomitans, Fusobacterium
nucleatum wag Porphyromonas gingivalis Nan1sAnsInuITlolu- 6, 1amin-7 wazlaluni-
9 fguslusuiteuuafiGerng o Turesunléd nwdulszneuresansudeiednesainsn
lasfuiis 3 9fia ansodudeuwuaiideludesuinliuaziausinziedelsaluudas
aUTd (species) Tnonsalutumariasdregluinadiindadeludesun wuidiuuves
fuszauaziumisuosiusravesnsaluiuaziinadeguinisdudounaiise uas
nMaAsuulamesnguaivendavesnsalutuiinadenuinisdudouuaiiFeduieaty
lnengu ethyl esters ﬁqw%iumaﬁwm%aLLUﬂﬁL‘%ﬁﬁﬂdw methyl esters wanalndalinsiu
Farau ansUszneumariianuadendsiubeyivesuuafidedediaests (bipolar) ned
dauiiazaneluti (hydrophilic) uazdwudiliiazanaluri (hydrophobic) \lesnnideviuiead
Uszneusglufu Sswesliluanaiianautd hydrophobic iwléd uazanunsaiirluluide

A v

YHIVDUUATISELAZITRTT wazdvhanawelalaeriudilusunumsvihvihnuniveatey

€
Qe

[

waa ziulaainsaludu MUFA gudlunisiiuidenuadiiouaziiasnuiseiiale ety
= & £ ) o S A Y & Noa
ns@nwilidunismegeugnsvenidulaanuamtgnuautdnsdensinuiewuaiiisene
Tsauurmile 3 vliadana1diesiu Fadilienaasuiiegrsvesiniulainnuamilegnraui
InsansauBLuAliseyNylala AIsiNIsAnyIRLALTgVEN sueluLuailieviie

3u o soly

4. wavesthsuaanUamilgnuantndalusyedifinnandeswsunuaindulas
0.1 aniwdn fyilnanie Wuseuen enwusulafinvesoranalinsounasudadn

FulATInTg vié’amﬂﬁmmaﬁﬂs%’wizmuﬁﬂﬁuﬂmmﬂﬂamﬁqgﬂwaufﬁmLflunm

12 FUansh wumniwesiluesduszneuresnmzmnuedadulasu Téud tamidn (BW)

Aaiulanie (BMI) tdusaute (WC) anuaudalnda (Po) wavarnuaulawaalnda (Pp

o o

fiAnanasegedidodAgneada (p < 0.05) MuA15199 8 uansliifiuiinissulseyniuiii

o

1 '
o A =

UannUamignuantidnfifnselewadn dadunsaludulidudiganes (MUFAegUTuM

aelnalunisanumiin Adwiulanie lWuseuled anududaleda wavaudulauealndale
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[
=

Tngannsnosunenalniifstuangvivesidulaanamilgnuauidafifinseloadnas
Iemugunmil 25 naladsnaridunaves Oleoylethanolamide (OEA) dadulusfudimusin
Tunsalewdnuielowdn 9 Tas OFA funumardaluniseuauaruesinewnauasimdng
(Tutunchi et al., 2020) lay OEA %mzé}:u peroxisome proliferator-activated receptor-
alpha 3sazthelunsanauesinens anseduluivludon waviiunsuawnuedduves
nsalusiudinuans OFA fateifiunsuansesnves FAT/CD36 mRNA Tuidoydlduazanld
nleegnaiifdify waztieifiunisgadunsaluiuly enterocytes lunasanaassegnail
HpdAyaie OEA fﬁaﬁzhUﬂauquﬂfwwﬁﬂﬁﬂmaﬂmﬁmmmmmawlmﬁuﬁauﬂma wagkiung
gangladulu adipocytes LLazLﬁmmi@m%msmﬁﬁﬂu enterocytes Inonalniaesiisauiy
nsfiatunes FAT/CD36 Wunalnues OFA Tunisauaumsgadunsalutuuagnisieny
lunsaisingnluuywd Yang et al. (2007) donndodfy Piers et al. (2003) Wui1n1s
FuUsEue NS AE MUFA auwnuawnsiil SFA annsotisandmidnuaglusulusamelsd

] { Y

[WULAYIAUNANTISAN®IVBY Paniagua et al. (2007a) ﬁwmw@'ﬁumwmuLﬁa%’uﬂizmu
957 MUFA agdaedfiudasniswnraigluiuuazansnndiuvedluiuudnavieawayan
LAZYIBAANITNITLANAIVOILVTUUIIUNANNEIRAT dOAAROINUNAITANEIVY Kien et al.
(2005) ANUINnguEIeg1eATlguaImANTUYTENIUEIMNTAT MUFA USunaugaaziinig
Wasuulasesduiinane waluifusnsdiuwenduseuioiseasing uaztiminanainia
ngufed19fifuUsEnIue v siiinsalufiududa (SFA) USuimgs Wwuiieadu
NANISANYITBY Keys et al. (1986) Wui1n155uUsENIUIMISAT MUFA qumummiﬁﬁ
SFA Fasannsiinlsnizeswaswimesisidouls aannsAneves Jones et al. (2008)

1 1 Y 1 A

nudngudlegrunaviendguamaniulseniuidiiuugnen Fail MUFA YSunugadle

9

= L%

Wiguieugnsudsenuinduandeurand wasiudaniunziu azlidnsieondndunes
lusTu (fat oxidation) wazn1TIINSI9IUVDIT1908 (energy expenditure) H1NAI10E195

'
CY [ = v

HodAgy 39 Leyton et al. (1987) wuandnsean@iadu (oxidation rate) mawﬁmzszwnﬁ
le3unsalusiu oleic T§ns1eondinduganiinyildsunsalusiu lauric, myristic, palmitic,
stearic, alpha-linolenic, linoleic wag kappa-linolenic @aAAABITUNANITANYIVD Y
Rodriguez-Villar (2014) WUjWMHﬁLgﬂflé’f’sBﬁlﬂﬁuuzm]ﬂﬁ]zﬁﬂﬁiﬁgﬂﬂiauﬁﬁiEJﬁ%”Nﬂ’JWlI
FOUINNITAUATIZY ADP IUﬂizUJUﬂ’ﬁ%ﬂEﬂﬁlLﬁ@LU%EJULﬁ&JUﬁUMHﬁLgﬂﬂﬁ’JﬁJﬁﬂﬁumaﬂ
yumzu Fansade ADP Wuesiuszneudfglunsldndanuuessiinie arnnansine

Aananuanslifiuiingalawadn (MUFA) Sunumdrdglunisdiominatgludu e
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9n57199NTLaTUYaIluTULar NS ITNSI9IUYRIT19IN1Y Fedinavin TN nanas wazAaYl
178N18anNad

1%
LY

uanantnsnlomdnluliuvaranUainisinidadadinaanausulaiavianaugu
Falndn wazanusulauealada egvdtdedAgneans deidenatedulasisnuiwanes
nsalawmdniunistisanauiulaiinesiltdudAy Ferrara et al (2000) Mnungusiaeg
A ) a ) ¥ o L. ) . ~ ~ v 8 w
nanganuiiladingas Sulsemudidulznen (virgin olive oil) lWisuiguiutdiunen

[y I I~ 1 Y 1 Ao goj Y = [y a
mungdu 1Wuszeean 6 Wweu naudiegiansulsenuidiungnaniinudulalinanag
pgslitsdAgyuazaunsaannslteiananuaulainld genadesiunanisAneIues Muzio
et al. (2007) lAnwINguAIBEIUIMITU 100 518 WiBUWIEUNAYRINTTUUTEMURIMITH
i1 MUFA USainaugefiuammisnguaislulanse (CHO) YSuaigeseesiian 5 1hau wuin

o 1

nauAI9819NTUUTENIUDIMNT MUFA USunaugs daranusdulalindalndnanasoeied

o [

Wod1Ay wazdnsinisaunisiauassiilaanaudnteos Shah et al. (2007b) la@nwn
mamﬁ%’wi’m ] WUU meta- analysis nuidis1eaunside 10 u Ansnvssuiisurares
MF3UYTEMUEWNTAT MUFA USanaigeduenmsisiuiunas CHO gs nuinnissuussniu
9157 MUFA USinaigaiinaliidnanudulafinanasdnteseeslifodify Tnsianizen
ANMUAUTELRGA WULREINUNANISANYIVBY Psaltopoulou et al. (2004) laAnw1nuin

o

nssulsemuihduuznen Jaduomiswiwesisilloududadedrdalunsdivanainusiuy

U a v &

Taiin Tnganunsoanisausudalnga uasanudulauealndnfusasfulsemusaniuing
A% Stamler (1991) Wmﬂﬁﬁ%wiwmummwm MUFA J3unaugeagiienanusulaiingale
aﬂLLazmqmu‘EauvamLLaaImaﬁammmaLUsaUmaumamwizmummiﬁ MUFA USuneu
1 WuLReafuNan1sAneves Schwingshackl and Hoffmann (2012) 1FBiAseieuidei
Adeaiunaresn1sfulsEnIueImAd MUFA USuings (> 12 %) wWisuifisudy
A1550UTEMUIMNSTTIUSHI MUFA 81 (< 12%) Wu3in155uUseniuenisig MUFA
USuauas anunsaanudaluiu anududalede wavaiudulawealadald Whelton et al.
(2002) WU RAsveLsladinfianat 3 mmHg Yaeanauidswedtsanasndeniila
5-10 % anAudssvedlsanasnidendusd 8-15 % wazansnIINISAIBAY 5% Uity
NAN"SANY1UY Kris-Etherton (1999) way Sofi et al. (2008) l@TiAs1kenAdoransdu uas
wuimssulsemuemsumnesisiien @Usuia MUFA gandiuni) ﬁmaﬁﬂﬁaﬁumwﬁﬁﬁu
Imawmﬁmmnaummmﬂmaammaﬂm (9%), U139 (6%), @NOE 031 (13%) amaummim
HoTinanlsavaonidenauas (9%) Salas et al. (1999) ldAnwlugiifigvamd S1uau 41

=

AU LarTUUTENIU 91U9U 3 Uszian IG’ILLﬂ@W‘Iﬂ’]iVIiJVLGUQJUQQJWu’J GR (SAT), EJTVI’]?JdlI
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[

mslulaiasnas (CHO) wazomsnilnsaluduliddudnduneags (MUFA) Wuszeziian 4

o

yusenu

! [
! o a0 o !

Y

dUa nudEASUUTENIUOIMITNE MUFA asazilaniinialuifennin g
911115Us8ndu wazdiAimudulaindaladauazanuduladnlawealaninitogiadl
v o o aa < 1 [y aa 2 ! [y

Weddgneadia azviuladnnssudseniuemnsnd MUFA YSunageanansagiganadnusiu
lan@alndnuazanudulafinlawealadnlawazdisangUinisalveansidedinanlsnriala
wazvaeaden aetuidulatanUamtdegnuandnIndaiiuTuias MUFA gedaiinanse
gun1n Neunstiganulaluduluseneuazdisannudulain wazdigangUfinisal

MsUleLazNsEedInantsamilatas aanian

awi 25 nalnvadlewi -9 (oleic acid ) lumsann1izauama

fa: Tutunchi et al. (2020)
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4.2 enludfiludenveinguiegenoukasnaudninlasanig

n¥snflenanadinsianansiuay 33 au Suussnmuihsuuarnuamilgauainii
Iafunan 12 e nuidaseiludesiiiussduszneuresnzumuedadulas
Iéun dnlusiu HOL-C Fudunsiaameseaifinnuvuiuiugs Wulviuvdeddmiunaoa

Aeaunsiiafintuedsiiveddymieana (p < 0.05) waval LDL-C Fadunsiadinesoaind

o o A a1 1 o w aa

Arunuiusdulyduriialdfdmiunaonifenuns fatanasedsddudiAgnieaia

(p < 0.05) duAn Triglycerides SwurliuanasudlaifdodAyn1eadf arunsedl 9 Ty
WUIHAINADAASDINUHANITIATIENTIENGURENANUNTIVBIA LT UTOULD I LUNAY B AL
vijsuazanannasivesAdvilinane munssil 10-15 lnenwuieanasasynnguilenlusiu
HDL-C \iintuedsfidodidynisadd (p < 0.05) uazeranadasnnnguiial LDL-C anad

laglaniznguanaadinsyendidusauieItosndi90 wumwasiAiaA1 LDL-C anadegiadl

o w a

WedAyM19adif (p < 0.05) dmsuan Triglycerides Tuwilunanaslunguoraiainsineyie

a v 1

Aa v A 2 LY a ada v 4 I
LAEUEINUAINYUUIAN1EUDYNIT 23 kg/m?, DIF1FUATUNUINULEUTOULDIUDYNINE0

o

WURLLAT Laze1ddlnsv18NIEUIBUDININAINITBWINAY 90 WURLLAT IANANITANYI

o

Y @ 1 [ ) Y £ A a = &
LLﬁGﬂ\ﬂ‘ViL‘VI‘N’J’]ﬂ?iﬁU‘Ui%VﬂUU'ﬁJUUa’mWQﬂ%’]ﬂﬂﬂ’]%u&@]ﬂwﬁimllﬂiﬂiaLa@ﬂ%x‘iL‘UUﬂiﬂI‘sﬂiﬂu

1 o w

Lddudnganes (MUFA) agusuiugelinayinlyisesu HDL-C getiuegnailideddgynisad

o

=)

'
[y P

danAandnu Qian et al. (2016) MUSBULABUNITTUUTENIUBIMISNE MUFA @9 AUaInsnil

Y

'
1Y =

aslulansnas wudnemsnil MUFA ge Sinalsl HDL-C asvusgafiledfisy &9 HOL-C 1Ju

o

lusfusilafazdrslunisannisinnginvesluiuuunasaidenanainudesienisiialsaidy
Hoaala WuneIunan13Ane1vee Schwingshackl and Hoffmann (2013) seyiingy
FegnafifulsEMUDIMSTIE MUFA gafinisifismes HDL-C qasﬁuaéwaﬁﬁaﬁﬁm Wa¥IINNIS
MUTLTIBNUNTITonaeTusEYI1 MUFA Sinalunisananudssedlsaiilanaoniden
LaZLUIMITU (Schwingshackl and Hoffrann, 2012) warndsainiionanadassuuseniu
ihifuanthinandamifignuauduiiar128Unsi wuie LDL-C Srnanasegaditfoddty
M9adR (p < 0.05) warTriglycerides Suualdiuanawusliiioddymeadaiy doandosiu
WAN3ANYIYD4 Mattson and Grundy (1985) $1891u31n153uUssyuthiuiiiings oleic

acid g9 z@11150an5EAU LDL-C ldl Jones et al. (2014) Anwinudn nsnaunuiidun

v '
o w A

sudmetiuniinsalewmdnysunageanunsaansedu TC, LDL-C, apo-B, TGs, TG:HDL C l¢i

281NN E1AYNISADRF DNNITIP8LN HDL- C 98 198d1AYNISans daonndesiuna

N15AN¥1veN Kris-Etherton (1999) MuINTUUsENUDMNTAT MUFA g9811150an52RU

cholesterol and triacylglycerolluldonla Fattore et al. (2014) latuSauiisunis
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SutssmuesTiiniiudunareinsfill MUFA uag PUFA ga nuindiutssyiu MUFA
WAy PUFA USunaugs ddn HDL-C uag apolipoprotein A qq?guaamﬂé’aqﬁ’umamiﬁﬂmmaq
Yanai and Tada (2018) WWuLfigafunanis@nuiues Zaid et al. (2015) 189113191281y
$1uan 958 AU A3UUTENIUDIMTAT MUFA uag oleic acid Usunaigeinudusiusiv
HDL-C ﬁgjﬂ%%u Gillingham et al. (2011); Gnoni et al. (2010) wae Lopes et al. (2016) i)
Anwmuindadeidsweslsatilanasndenanasuazarvesluduitundsaindulseniu
91915718 MUFA g4 uagn13¥ulssniue1misiiil MUFA geilusslowidegquainiiessosdy
LazITeze1) IndIusaiunIendszauves HDL-cholesterol wazansz@uvad LDL
cholesterol lWuLiBafun1sAneIvas Gilmore et al. (2011) wu3n15Temsiid MUFA
USinags egtios 5 dUanni dnauiuszduanuidadures HOL-C 1§ Qian et al (2016) 161
AAseianidde $1uru 28 Fufertunisfuusenuemisil MUFA Usinagauisufunis
$uUsENIUeIMISAT CHO was PUFA g9 WUIINI55UUTENIUONMNTTIST MUFA USunuge
mmmamzﬁuﬁ’]maiwﬁam, trislycerides, body weight, systolic blood pressure Wag
Freviuan HOL-C aghefidudfayvnada

NANSANYINUITI07aETASHMUATILIY 33 AU wazEalATINYNANLEANIY
WnIRIANdUTo U lUNAT B LA R ILaT ALY YRR I HuIan e AT Total
cholesterol guiuulififedndynisada SsmanisAnwifianuduiusfunsifiuduvesd
HDL-C Tuenanastns FeAHDL-C Hifussduszneunisvesan Total cholesterol Fena
n1sAnuilaenadeaiu Chang and Huang (1990) finu31n1siuuseniuisfunznendid
MUFA U3anaugs virlvien cholesterol ga%u LuLREITU Mensink and Katan (1987) fiwuin
A35uUsENIueImsfid MUFA Usunagslidnalunisanleduluifonsissia total
cholesterol, LDL-C wag HDL-C Iuwwéﬁﬁﬁﬂmﬂﬂmﬁamﬂa

dmsunalneeddeawwni-9 niensalaadnlunisanladuluifenaiusasdurelaniy
Al 25 Lﬁa%’wizmuﬁ’lwﬁuﬂmfmmJamﬁagﬂmamﬁﬁm%ﬁﬂ%mmaLm’ﬁ-9 nIDNTA

[

lowadnas agsilvileuniuguesnsnludu oleoylethanolamide (OFA) g3au lny OFA Ty
AU ATe1vR T NneNIgNNTEAUAIY peroxisome proliferator-activated receptor
(PPAR-Q) Mdld n1sfudseniuemisninsaleadnasiiinsedures OFA Tunisivaisu
= = 1 ¥ L4 = U U

\Hon uag OFA dnavienseAunIsmInatyludu wagn1sandunsaledu nisaangludunas
nszAuUAsen B-oxidation vesluiulusiuuazndsile dwalviinisndnuazdinisldndany

ALY wazdagienIuANnTusinAeImIale Jslnalseauvadlediuaiianig 9 luden
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(%

anad kaznMEgIuaNanaIng fatuisasuldinihdularandamiagnuaniiandgad

9
[

USunaslowin-9 g9 nafdeaunmnanunisyigansedu LDL- C uay triglycerides e wae

freviiylvsiiu HDL-C geanmnuidsssanisulsnasnsdedinainlsamlaasiaoniian

4.3 anhmaludenvesnduiiegunounazndadniulasinig

[ d' L o [ 9; Uy 9; =l ] I
NANNNDIEFNATIIUIU 33 AU SUUTEMIULILUUaIUIRIINUA MU ANauLTUY

]

a1 12 dUa9t wunadinnalulden (slucose) UpgeNad@linT An1siANTusglitydAey
Meadid (p < 0.05) (113199 9) udeglunaeiung dAudenadesiunanITiATIEITIENGY

LENANULAUINVDIANEUTOULDIUN AT LA UANULAZ AN UNVOIAIRYTLIANY AIUATITIN

'
= a o

71 10-15 W08NUIN01@ 1@ ASTI9NLLAUTOULBININAINAIBNINU 90 LURUAT, DIEALAT

[

NYINAIdUTOULDIUYAIT 80 WURLLAT, pra1a@lATINATIBLaTRYINdAFYiuIanie

A o 2 o a ada 1 oo~ v '
WINNIIMTBNIAY 23 kg/m” hazoranadinsinavieiazngaidardviutanietesnin
23 kg/m” dindmnaluidengsduninlussensusulsemuhiiuvarainuamilagnua
I egslsfnusgaviaaiivdutdudieglunasiunfvessianieg wasnuiieraadng
NPINTAUTOULDILINNTINTOYINAY 80 IWURLLAT wazo1d1anATevilidusaueItasnil
90 LWUAWAT WRAMUMAIEUANN 12 wuandiatadsiinaluidenanasedsliddeddey
JRNGR

ananadnsneuidisnlunmsideaseidudiludinnzuvnunaglildsuuseni

go/ A a £ v ! a v % ¢ v
grandinialuiien vugienatadasidnsiunsidonaenssesiiat 12 dUav dnsld
Sa o v e’.// (% a A (% o LY J
FinUszirfusiumnimsiuussmuemsmuund nsiiseaunglaaludsuvesenaaininou
wazvraslasuinduvaninananUamtgnnaniinisiuasuwdaaiuduing uidiegluinne
UﬂﬁmaLﬁaamﬂ’LuﬂuUﬂaﬁizwmmmmwau@a (homeostatic regulatory system) &y

1 Yo [ A [ ! [ - [ E=! 2/ [
szuuUszam seuusiedlivie wa% vinuweulesiusgalussuuiieuunselviegluaniie
auna FanalnAlvauanidzaunavesseaunglaalu@suil (glucose homeostatic
mechanism) vinuldegvauysalfuiiluaudng  uwiunnsesuauidulsawmiu (Cryer
et al, 1984) dwSunansAnwgnsvesidudarindnandamisgnuanludninaaeiid
ANMZUIMIUYDY Keapai et al. (2016) wudlurynaassimvilgnilifinngiuiminy il
lesuinduvanidnanUamdsgnuanaiuisaanseduiinialudenvemyneass lagliid

[%
v a a o

nsinvesseaudugauluden waziinsanasweualfiuaie uenantindiulaiunInilds

(%
o

PglrinununIuAeuInIg (glucose tolerance) WarA1ulIABN1IAOUALDIYDIBUYAY
v - o a
4

(insulin sensitivity) ATUBNAIY S2UTIANITUAULUAIUD LA ALUDLEDAUBDUATUY
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WULAgIAUHANSANY A8 BUNNUIENTgua nailasuusen1ue1nisnil MUFA gq

q

= = o o Aa ! ] v 3 a a
WIgUNgUNUNITIUUSEMIUDIMNTNY CHO 'sﬂﬂ 13JW‘UF’YJ']3JLLWﬂWWQ%@Qi%@Uu’]WWaLLa%auagau

Tudam (Brehm et al,, 2009; Pérez-Jiménez et al,, 2001; Thomsen et al., 1999) agalsh

v '
a !

andlauidenatsFunfnerlugulrsiuminunsegnisedviinialuidengs wudn

N1350UTENIUIMISNRUINIU MUFA geanunsadivanseruiinialuiienls (Due et al.

e

2008; Paniagua et al,, 2007b; Shah et al,, 2007 a; Vessby et al,, 2001) Uana1nU
M33UUTENUDIMNSAT MUFA gedlsiinatisifinanalifenisnovaussvesdugdu (insulin

sensitivity) 8nay (Lopez et al., 2008; Paniagua et al., 2007b; Salas et al., 1999) ot

o =

FasulihudulananvamtdgnuaaiAandeiluiinn MUFA g1 lnafseauninlagliiina

(%
[y o

lun1sidsuuwdasvesseiuinmaludenlugniin1iziinialudenuns wilugdiewmnu

e nisEAudInaludongs N13uUTENILeMINIUIIIM MUFA geaunsatigansyey

(%

Uranatusaenle

4.4 AINITVINIUVBIFULALN1Y19UT09ATDINFUAIDE NN ULALNAUTI13Y
1AS9N1T
(v ‘:I' £ (v goj Y qoj = Y] [~ v 4
nagINVoIAaNATIVUTEMUUINUUaUIIRINUaNgARANITUNET 12 dUnm
WUIAINITNNUYRIRURAT AN TNILARIDINTINUYBsAUNNA1Rg LN TUN G Anan3197
16 InaA1n1svi1 e ulunsAneIdiansanaInA e uleive9fiu tawn SGOT way SGPT
-'-NI r-:ll ‘ﬂl U 6 :.’/ a g{"d 1 U I3
Mdsuwdastuiilosanseauraulasl 19 2 siafiinnulisen1s9nNduwaEn1sANYYUTaa
AU AetumnasIanuLeulesl v 2 dilenasu 100-2,000 giindednsuaninillonianigadsiu
AnNsEemelag 1@ g a1neIN TRl sEaIRTede Moy (Sotanaphun et al,
2011) A SGOTagnvawumnwadaulasuuniunseldsudunsie Nellaeuledvessiv
win SGOT luoaradnsuainisnnassiinanateg9iided1Ayn19ada (p < 0.05) las
g1anadinslusreznouiulsenuhdulananlamidegnuanundnidiade SGOT 32.79
PUIYADANT LIDRAARNIUNSIAUAINN 12 NUINTLANRA SGOT 24.51 NUIUABANT AIUAN
. z x co Y v g a e o L. B 9
wulesl SGPT Wuagnugaumnigaadulasuuiniunselasudunsewuiu iallenanadiag

A a a

Iuizazdau%’w3zm1uﬁwﬁuﬂmmﬂﬂamﬁfqgﬂmauﬁwmmLaas SGPT 25.15 BU28608HS

I 1 a

HIORAAINNAITUAIIN 12 wuIndaade SGPT 27.78 vulesedns neaaulodivesdusiina

a o o a

SGPT aglunawiunfuasiimsuasuulaseddlififedAgynsadfnanisnuuandliii

o

1

Fnsfudsgmuindulainnvamiagnuaninialiinansznuniedanulufivee

NS IIUVDIRU FINANISANYIABAAABINU Mashek and Wu (2015) AWU721 MUFA 3
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Auduustosuniunsilufivlusianie Tunmamssiudiu MUFA dredestungiudu
Aw91n81 (drug-induced hepatotoxicity) 1a Wulfgafunani1sAne1ves Bozzetto et al.
(2012a) ARNWEHBWINL S 45 au TasiSsuiiisunssudsenuidasluleansngs
(CHO 52% vosUSnauaae3ilesu) fumsuuseniuermsid MUFA USuneuga (28% vo9

deJ

US1nnuumaeinlesu) luseesinan 8 dUaY wudERsuUsENILe SRS MUFA USunaugaedl

Y

o w ]

angluiulusiu (steatosis) anaseeunnagallfedfyneadia daanisiinuvedlaves
praatasnuinel BUN uay Cr faduruansnisiinuveslaeglunasiuninassdilas
praasasluszegioufuUsenuiiiulaanlamilgnuamiidaidiads BUN 12.72
me/dL ofnn1undsduainial 12 wuindiduaide BUN 12.09 me/dL @3ufn Cr 189
pranasinsluszaznousulssmuthiulannuamdgnuantndaden Cr e 1.04 me/dL
Fefnnundsdn1vii 12 wudndlan Criode 1.06 me/dl Feaglutnasiuninaziinis
Wasuulasegndlifiteddaymeedn anseanuisenanedunuinnsli MUFA USunaugsly
= v

v a @ Al P = = i o a o
%H'Vlﬂﬂﬂigmﬂ‘lﬁmﬂﬂ’]iﬂ’ﬁ@ﬂLﬁ“U'VllG] LmaL‘UiEJUma‘umﬂ’mmmusumlm%mmamamazm

Y 9

nIvunauau 9 Nhilasu MUFA stusnuiannssaulminnisnisonauile wazlasu

Y 9 Y Y 9

(%
=

!\/\UFA%umsLUﬁsJuLLanmié’ﬂLausummaéLﬁaL?jmmlmﬁsﬁu (Ghorbel et al. 2017;
Goncalves-de-Albuquerque et al., 2016; Mokhtari et al., 2020; Qian et al,, 2016) muu
MNNANTIIAINTINUIBIT UL AN uveslauanstfifiui 1nsFuUsE Ul
mﬂﬂmwﬁfagﬂmauﬁﬁﬂlﬁﬁmaﬂsww%a:ﬁmmLﬂuﬂwiamiv‘mmsuaaﬁuLLazlmsuaaé’mﬁLLaz
UYwe LLazﬁ]mmiammummﬂajﬁwizﬁqﬁué’qmﬂmi%’wiwmﬁ"}wﬁuﬂmaﬂmamﬁfﬁm
Wummmaummmmuﬂi muumuﬂmaﬂmaumwlmmmﬂuwaﬂi YAIATITULTS

(Serious ADR) launensinnaes nielaansdindoudy

4.5 msnseanuauyselvedadenvenguiieganeusazndudisulasenis

mim’mmmmamyiﬁmmLﬁmLﬁammmmaﬁmué’qmi%’wizmuﬁwﬁuﬂmﬁnﬂ
Jamidsgnuantiadunat 12 &ai nuheudadenynateglunusiund aunised
16 19gA1AMUTNTUVDATIALEDALAY (HCt.) ADULATUAINISANWIMANAY 43.18 hag 42.67%,
ANdaEonU17 (WBC) AoUUAEnaInIsANE LAY 6.87 wag 8.39 x10%/ul, Andaldonuns
(RBC) NouUKagnaInIsAne vy 5.30 way 5.11 x10%/ul hazAlnaniden (platelet) nau
LATNAINISANYININU 221.45 LAy 265.48 x10%/ul mua1au lneAnanidenaos
pranadamvdimavaassdiagstuegiedifoddamnaada (p < 0.05) uaveglunaiund daua

=2 & Y @ ' LY - T A Y (=] 1
ﬂ’]iﬁﬂUWULLﬁﬂQIML‘1/1‘L!’J"Iﬂ'1ii‘U‘lJ3u‘1/lWU‘U'WMHU@’IU’H]G]Q’]ﬂUaWﬁUQQﬂ&lﬁllllm&lﬁﬂiz‘l/luG]@
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sumelumsaiadadenynuie lnslmznsaianinidendsidundlasindniden iy
Haduddnlunisudsinvendenuasnsmunuaunavesnsvinuiden Tngagimihiidaesy
nsa¥1eduiden (coagulation) wazfudenisaatsassduiden (antifibrinolysis) faty
msfulssmuitulanhianndamdahisgnuanislifinnzdswionisiidensendne
donAdasiuNanIsANYIVeY Lopez-Miranda et al. (2006) l¢#Anw denaraIMUFA finuuin
Tudhifuuzneniiausntisanainuhiveundadealunisinzngu Yranseduves
thromboxane B2 luidon Hreufingnsnisazarsliuiuluden (fibrinolytic activity) uwazan
STAUAMIILTUVDY plasma activator inhibitor type-1 (PAI-1) lag PAI-1 vmthiidudanis
yauves tPA elinisaaisliuiuietusgramamang Senisifintuves PA-1 i
Audssrolsavaendeniila (Hoekstra et al, 2004) Tun1zunfvessnanie nsuds PAK-
1 gnnseAusieduadu ninlududasy (free fatty acids; FFAS) LAZA1IPAITENIAUFE TS
dwsudfiidesdennuiinunfveannziumuedndulasy (Mets) axfuiadoidowanin
lspirlauagvaaniden (CVD) aae Aensilluduinund Anudulafings Laslumiu n3e
migaﬁia@uqﬁu Fangn3iudinves VD dudniinainnisiinznaeaidenuaudes
(atherosclerosis) lunaanidaaunsruianatsuazauialng duinduiosiniinisdnan
Fe¥wuuAsedunssly (chronic low-grade inflammation) luaaziReafuaududady
nauiiiddalun1sidede Mets Aieadesfunissniaumuiientu MUt usnayi
TN 15mas proinflammatory cytokines Wity annisndansalunsn (nitric oxide; NO)
LAz linn1IsLAsEnoanTLATY (oxidative stress) Mliwadteuladidu (endothelial
cel) Myntfanasaidensiiniiiinuniudliinisuasy von Willebrand factor was
plasminogen activator-1 (PAI-1) L%WﬁjﬂizLLaLﬁamﬁwﬁu uammﬁwamﬂmsé’mﬁué’hﬁwa
vlitinsasnadadenisudesveadon (coagulation factors) sty ann1sadeasdunis
wdefvoaden (anticoagulants) wasfudinisazareduiden (fibrinolysis) %qﬁﬂﬂa‘jm’w
Amgmsudemaeudonunidnund (hypercoagulable state) #3an11zL39n15tinN1E AN
\Fongasuanainden (prothrombotic state) FafuiladoddyiiliiAnnnzvaonidenga
fuarnduden (thrombosis) §191n3euitevansFuiinaniundafuanansaasuldinns
$uUsEmueIMTE MUFA ge faeteafunininnievasidengasuaindudenls fuy
ms¥udsemuthsuanidanuamdsgnaay il MUFA Usinugsdsanansataetiostiu
amyvaeadongaduandudentarannininlsaiilanazvaonidenld dmiunaveinis
Sutszutfuameaenisudsivesdenty ﬁsflsmuﬂwsﬁﬂwﬁzq'jwﬁwﬁuﬂmmLav‘h

TAnazidensenitelaenisdudinszuiaunisiniznguiuvennanidan (platelet
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aggregation) LagyinlszyriIaveLinduden (clot formation time) WILTU LAZAINITO

Suusemulagegn 6 nsusiadu (Li and Steiner, 1991)



uni 5

dyuna

cala

nMsaniiunuITeiseswinnssuiidulaianlamdegnuan i Inlunywdnd

AIdsIianzunIvedndulasy lnelingUszasdn1sifoedin sz iaaaudinig

q

neamkaznaivesiiulaianlamiagnuantnin waziidularandarinasiy

NAFBUANITININTUNITAIUNTONLAULALAUTATN uaznISANYINavasITuYa1a1nUaY

'
Iy aa

wilsgnuan1Innildessdusenavvesnsiunvedndulasulueaadasnidnedes Tu

1%
av ava o

A o w o ) v Y] T A o A & 2
NMUIYYUNT f‘.lu’]ﬂauvLGUlluf\]']ﬂaﬁumaﬂ%@@ﬂa’]ﬂu@@ﬂNﬂlllﬂﬁ]@LLagﬂaqUﬂaﬂqNWLUULﬁULﬁaa

s
flanngramnssulssUtamiatiovanunasiiindedu 2 uds dhanataduditudaniy
30 pnduiduannemdgaasisaesialurnaleneiiivssniesu fiinsnan
(Wszwele) 180 Smindedvl Wedeseimdiutsenevvesiiauazyiansalosiy
Aasaanles (Peroxide Value) wazanasUaudiliadu (Saponification number) 52374

n5193@s1zndsl il ouludntudan lown n1snsranilansuin waznisuullauld

wuAfSy lawn Escherihia Coli wag Samonella spp. wan1sanwinuinneulvdulan

a

1 Alansu annsausnidiuuaniifudulauarlaiduly fguvnifedldusunsdosas 27
ihiufladaldfidmdoda Wswas fvinunsalududuiaiddoutiosninidulameia
Tnenanznaalusiungulowfin-3 ddtesnimindulameamn winuuiinunsaludulaidush
Fadeandulowiin-o (nanleiadn) Tudsuvamirdniiusinageninisiulameia G 4 v
Fensaludungulowmin-o luthifuuantihinanuamdsgnaas Jardnasiu uazindulan
nyia fiA7l 4335, 46.69 uar 11.24 n30/100 n¥u Muddy druddesoanlsduasningy
JamindnnnUamilgnuanuaziiiulanidanarfnasu fawviidu 432 uay 19.91
mEq/kg Aud1y TnsAndesoonledvosirdulaniniasaessineglunmsiuinggiu

ANNUAYBIBIANITDNMITHALE (98.) WATNUNUINTTIUTVOINTUAY LASNANITNAADUAN

1%
o

azvouiifinduresidulanidennuamignmay uazihdudanidaanuarinasa
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Abstract

The
nflammatory status of lipopolysaccharide [LPS|

study assesced the effect of fr
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Abstract. The present study assessed the effect of fresh-
water hybrid catfish oil (FFO) on the inflammatory status of
lipopolysaccharide (LPS)-stimulated RAW264.7 cells and
investigated the underlying mechanisms. RAW264.7 cells
were supplemented with various concentrations [0.125-2%
in 0.5% propylene glycol (v/v)] of FFO with or without LPS
(1 pg/ml)for 24 h. Inflammatory cytokines and mediators were
quantified using ELISA and reverse transcription-quantitative
PCR. The results revealed that FFO treatment inhibited the
secretion and mRNA expression of the pro-inflammatory cyto-
kines IL-6, IL-1f3, TNF-c. In line with this, FFO suppressed
the expression and secretion of the inflammatory mediators
cyclooxygenase-2 and prostaglandin E2. FFO also reduced
apoptotic body formation and DNA damage. Correspondingly,
FFO enhanced the immune response by modulating the cell
cycle regulators p53, cyclin D2 and cyclin E2. Accordingly,
FFO may be developed as a nutraceutical product to prevent
inflammation.

Introduction

Inflammation is one of the first lines of defense against
harmful stimuli, such as pathogens, damaged cells, trauma,
bacteria and irritants (1). Macrophages detect and react to
certain pathogens and consequently regulate the inflamma-
tory response (2). Lipopolysaccharide (LPS) is an endotoxin
derived from the outer membrane of Gram-negative bacteria
and also a powerful mediator of systemic inflammation and a
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driver of septic shock (3). LPS is able to activate macrophages
to release several inflammatory cytokines (4). Activation of the
inflammatory pathway may be induced by pro-inflammatory
mediators and cytokines being secreted, including nitric
oxide (NO), cyclooxygenase-2 (COX-2), tumor necrosis
factor-a (TNF-o), interleukin-1f3 (IL-1(3), IL-6 and prosta-
glandin (PGE2 (5). Inflammation is one cause of increased
morbidity and mortality in intensive care units, also resulting
in elevated hospital-related costs (6,7). Nowadays, several
anti-inflammatory drugs are available, such as non-steroidal
anti-inflammatory drugs (NSAIDs) (8). However, a previous
study suggested that NSAIDs may induce gastrointestinal tract
bleeding (9). Safe and effective strategies to prevent and treat
inflammation and its associated diseases are thus urgently
required.

The freshwater hybrid catfish (Pangasius sp.) belongs to
the freshwater catfish family. It has become one of the most
popular freshwater fish species and has a high demand,
particularly on the European and US markets. Fish contains
230% fat and ~50% of its body weight is discarded as
waste during the fish processing operation (10). One of the
fish processing byproducts is fish oil (FO). FO is a source
of long-chain polyunsaturated fatty acid (e.g. omega-3 fatty
acids), particularly fish oil extracted from marine fish, which
is mainly composed of cis-5,8,11,14,17-eicosapentaenoic
acid (EPA) and cis-4,7,10,13,16,19-docosahexaenoic acid (11).
As a component in FO, omega-3 fatty acids have several
benefits, including protection against atherosclerosis, arrhyth-
mias and chronic obstructive pulmonary diseases (12). They
also reduce blood pressure, blood glucose and symptoms of
asthma and cystic fibrosis (13-15). However, a previous study
by our group demonstrated that fish oil from freshwater hybrid
catfish containg a high level of monounsaturated omega-9 fatty
acid (MUFA) (16). Furthermore, freshwater hybrid catfish oil
(FFO) was indicated to have anti-diabetic effects by improving
insulin resistance and adipokine imbalance in a rat model of
type 2 diabetes and also suppress pro-inflammatory cytokine
protein expressions in the skeletal muscle tissues of those
rats (17). The omega-9 fatty acid increased of high-density
lipoprotein-cholesterol and decreased low-density lipopro-
tein-cholesterol (17). However, the effect of FFO on the
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inflammatory condition and the underlying mechanisms have
remained elusive. In the present study, the anti-inflammatory
effects of FFO on RAW264.7 macrophages stimulated by LPS
were examined and the associated mechanism was investi-
gated.

Materials and methods

Chemicals. Dulbecco's modified Eagle's medium (DMEM)
and fetal bovine serum (FBS) were purchased from Gibco;
Thermo Fisher Scientific, Inc. f-nicotinamide adenine dinucle-
otide phosphate and LP$ were purchased from Merck KGaA.
All other chemicals with high purity were purchased from
commercial sources.

Preparation of FFO. FO of freshwater hybrid catfish
(Pangasius gigas x Pangasianodon hypophthalmus) was
purchased from a private company, Me Natural Co., Ltd,,
which cooperated and received the adipose tissue from the
Center of Excellence in Giant Catfish and Buk Siam Catfish,
Faculty of Fisheries Technology and Aquatic Resources,
Maejo University (Chiang Mai, Thailand). FO was extracted as
previously described, which exhibited a high omega-9 content
and biological activity (18). In brief, frozen adipose tissues
were purified by cleaning and steaming at 90°C for 30 min.
The liquid oil was subsequently filtered through a filter sack
and squeezed using a screw compressor. The squeezed liquid
was centrifuged at 2,268 x g for 10 min at 25°C to separate
the solid particles from the oil and the supernatant FFO was
separated. Solventfree extraction was used to obtain FFO. As
previously, adipose tissue was extracted and partially purified
as aforementioned, resulting in FFO at a yield of 300 ml per
1 kg of adipose tissue.

Determination of fatty acids, fat-soluble vitamins and heavy
metal levels of FFO. The chemical compounds, including the
fatty acids and fat-soluble vitamins, were sent for analysis at a
certified lab with international standardization in the field of
information technology (1SO172025), the Central Laboratory
(Thailand) Co. Ltd., Chiang Mai Branch, following the TE-CH
260 in-house method of the Association of Official Analytical
Chemists 996.06 (19). Heavy metal contamination of FFO was
also detected according to this in-house method.

Cell culture. RAW264.7 cells were purchased from the
American Type Culture Collection. Cells at passage 2-22
were maintained in DMEM (Thermo Fisher Scientific, Inc)
containing 3.7 g/l NaHCO, supplemented with 10% FBS
(Thermo Fisher Scientific, Inc) and 1% penicillin/strepto-
mycin in a humidified atmosphere at 37°C with 5% CO, and
sub-cultured every 4-5 days using 0.05% trypsin-EDTA in PBS
(Thermo Fisher Scientific, Inc.). Cells were seeded at a density
of 1x10° cells/well and cultured in 6-, 12- and 96-well plates
for 3 days until subsequent experimentation. The medium was
replaced every 2 days during culture.

Determination of cell viability. The MTT assay was performed
to assess the effect of FFO on cell viability. Cells wereincubated
with serum-free medium with FFO at 0, 0.125, 0.25, 0.5, 1 or
2% in 0.5% propylene glycol (v/v). Subsequently, serum-free

medium containing 0.5 mg/ml of MTT (Thermo Fisher
Scientific, Inc.) was added to each well, followed by incubation
at 37°Cfor4 h. The MTT solution was then aspirated and cells
were washed once with ice-cold PBS. The purple formazan
crystals were dissolved in DMSO for 30 min and cell viability
was subsequently analyzed by measuring the absorption at a
wavelength of 570 nm using an M965 AccuReader microplate
reader (Metertech, Inc.). The lysed cells were detected at a
wavelength of 680 nm was used as a reference. Cell viability
was calculated as follows: Cell viability (%) = [(Absorbance
value-reference value) x100]/[mean of (absorbance value-refer-
ence value) in untreated cells].

ELISA. RAW264.7 cells were seeded into 12-well plates at a
density of 1x10° cells/ml and incubated for 24 h at 37°C in
a humidified atmosphere with 5% CO,. The culture medium
was removed and cells were treated with different concentra-
tions of FFO [0.125-2% in 0.5% propylene glycol (v/v)] with
or without LPS (1 pg/ml) in fresh medium for 24 h at 37°C
in a humidified atmosphere with 5% CO,. Subsequently,
the cells were homogenized and lysed cells were centri-
fuged at 2,000 x g for 10 min at 4°C. The supernatant was
collected and stored at -80°C for quantification of IL-6 (cat.
no. BIOL-431304), IL-1 (cat. no. BIOL-432604), TNF-o
(cat. no. BIOL-430904), NO (cat. no. 780001) and PGE2 (cat.
no. ABBK-KTE70765-96T) concentrations using commercial
kits (BioLegend, Inc.) according to the manufacturer's proto-
cols.

NO assay. The nitrate/nitrite concentration was determined
using a colorimetric assay kit (Cayman Chemical Co.). In
brief, cells were treated with different concentrations of FFO
[0.125-2% in 0.5% propylene glycol (v/v)] with or without
LPS (1 pg/ml) for 24 h at 37°C in a humidified atmosphere
with 5% CO,. Treated cells were centrifuged at 10,000 x g for
20 min at 4°C. The supernatant was subsequently collected to
measure the NO concentration at a wavelength of 540 nm using
an M965 AccuReader microplate reader (Metertech, Inc.).

Hoechst 33342 staining. To confirm the effect of FFO on
LPS-induced DNA damage, RAW?264.7 cells were seeded into
8-well cell culture slides and treated with different concen-
trations of FFO [0.125-2% in 0.5% propylene glycol (v/v)]
with or without LPS (1 gg/ml) for 24 h at 37°C in a humidi-
fied atmosphere with 5% CO,. Treated cells were fixed with
4% paraformaldehyde for 10 min at room temperature and
subsequently stained with Hoechst 33342 (5 peg/ml) for 10 min
at room temperature. Cells were washed twice with PBS and
observed under a Nikon Eclipse Ni-U fluorescent microscope
(original magnification, x40; Nikon Corporation).

DNA damage assay. To further determine the protective effect
of FFO on LPS-induced DNA damage, the effect of FFO on
DNA impairment was investigated via ELISA. RAW264.7 cells
were seeded into 12-well plates at a density of 1x10> cells/ml
and incubated for 24 h at 37°C in a humidified atmosphere
with 5% CO,. The culture medium was removed and cells
were treated with different concentrations of FFO [0.125-2%
in 0.5% propylene glycol (v/v)] with or without LPS (1 pg/ml)
for 24h at 37°C in a humidified atmosphere with 5% CO,.
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Table I. Primer sequences and expected amplicon sizes for gene amplification.

GenBank Amplicon
cDNA accession no. Forward primer Reverse primer size (bp)
TNF-a NMO013693.3 5-ACCTGGCCTCTCTACCTTGT-3' 5'-CCCGTAGGGCGATTACAGTC-3' 161
IL-1p NMO008361.4 5-GCCACCTTTTGACAGTGATGAG-3' 5-AGTGATACTGCCTGCCTGAAG-3' 165
IL-6 NMO031168.2 5-CAACGATGATGCACTTGCAGA-3' 5-TCTCTCTGAAGGACTCTGGCT-3' 201
COX-2 NMO011198.4 5-CCACTTCAAGGGAGTCT GGA-3' 5'-AGTCATCTGCTACGGGAGGA-3' 197
Cyclin D2  NM009829.3 5'-ACCTCCCGCAGTGTTCCTATT-3' 5'-CACAGACCTCTAGCATCCAGG-3' 93
Cyclin E2  NMO001037134.2 5-TCTGTGCATTCTAGCATCGACTC-3' 5-AAGGCACCATCGTCTACACATTC-3' 149
p27 NMO009875.4 5-GCGGTGCCTTTAATTGGGTCT-3' 5-GGCTTCTTGGGCGTCTGCT-3 230
P33 NM011640.3 5'-ACCGCCGACCTATCCTTACC-3' S5-TCTTCTGTACGGCGGTCTCTC-3' 118
GAPDH  NMO001289726.1 5-TGTGTCCGTCGTGGATCTGA-3' 5-TTGCTGTTGAAGTCGCAGGAG-3' 150

TNF-c, tumor necrosis factor-c; IL, interleukin; COX-2, cyclooxygenase-2.

Treated cells were centrifuged at 10,000 x g for 20 min at
4°C. The supernatant was collected and stored at -80°C for
quantification of 8 -hydroxy-2'-deoxyguanosine (8-OHdG; cat.
no. AB-EIADNAD), a DNA damage marker, using commer-
cial kit (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.

Reverse transcription-quantitative (RT-g)PCR. Total RNA
was extracted and purified from RAW264.7 cells using
TRIzol® reagent (Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol and reverse transcribed into
c¢DNA using the SensiFAST™ c¢DNA synthesis kit (Bioline).
gPCR was subsequently performed using $YBR Real-Time
PCR Master Mix (Bioline) on a CFX Touch real-time PCR
system (Bio-Rad Laboratories, Inc.). PCR amplifications were
performed at a 204 volume with the following thermocycling
conditions: A polymerase enzyme activation step at 95°C
for 2 min; followed by 40 cycles of denaturation at 95°C for
5 sec, 10 sec of annealing at 60°C depending on primers, and
10 sec of elongation at 72°C. The primer sequences used for
gPCR were purchased from Macrogen, Inc. and used at a final
concentration of 0.4 yM. The primer sequences for mouse
TNF-q, IL-1[3, IL-6, COX2, p53, p27, cyclin D2, cyclin E2
and GA PDH are presented in Table I (20-25). Gene expression
was calculated using the 222 method (26) and normalized to
GAPDH. Data were reported as the relative fold change. qPCR
amplification was performed in duplicate for each synthesized
cDNA set.

Statistical analysis. Statistical analysis was performed using
SPSS version 23 software (IBM Corp.). Values are expressed
as the mean =+ standard error of the mean. One-way ANOVA
followed by Dunnett's test was used to compare differences
between multiple groups. P<0.05 was considered to indicate a
statistically significant difference.

Results
Fatty acids and vitamins in FFO. As presented in Table II,

FFO contained several fatty acids, including saturated,
unsaturated, MUFAs and polyunsaturated fatty acid (PUFAs)

Table II. Fatty acid composition and vitamin content of fresh-
water hybrid catfish oil.

Chemical component Amount
Saturated fatty acids, g/100 g 40.38+2.94
Unsaturated fatty acids, g/100 g 55.80+0.64
Monounsaturated fatty acids, g/100 g 46.74+2.24
Oleic acid, g/100 g 42.07+1.79
Omega-9 42.27+1.76
Polyunsaturated fatty acids, g/100 g 12.75+1.04
Omega-3 1.17+0.27
Omega-6 10.95+1.03
Vitamins
Vitamin A (retinol), pg/100 g 1.80+0.12
Vitamin E (a-tocopherol), mg/100 g 0.69+0.06

Values are expressed as means + standard error of the mean (n=3).

at 40.38, 55.80, 46.74 and 12.75 g/100 g of FFO, respectively.
Among the detected MUFAs, the predominant fatty acid was
omega-9 @2.27+1.76 g/100 g of FFO). In addition, FFO also
contained PUFAs and the predominant fatty acids were omega-3
(1.17+039 g/100 g of FFO) and omega-6 (10.95+1.46 g/100 g of
FFO). In addition, vitamin A was presentat 1.80+0.12 4g/100 g of
FFO and vitamin E was present at 0.69+0.06 mg/100 g of FFO.

Heavy metal content profiles of FFO. The concentrations
of arsenic, copper, lead, mercury, tin and zinc in FFO are
presented in Table II1. The results demonstrated that FFO
contained copper and lead at much lower concentrations, while
arsenic, mercury, tin and zinc were not detected. Moreover, the
USA established a recommended dietary allowance of copper
for adults at 0.9 mg/day (27).

FFO decreases the secretion of pro-inflammatory cytokines in
RAW264.7 cells. To determine the anti-inflammatory effect of
FFO in RAW264.7 cells, the levels of pro-inflammatory cyto-
kines were detected via ELISA. As presented in Fig. 1A, LPS
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Figure 1 Inflammatory response was inhibited by treatment with FFO in LPS-surmulated RAW264.7 cells. RAW264.7 cells were pre-treated with different
concentrations of FFO 1n the presence or absence of LP3 for 24 h. The production of (&) IL-6, (B) IL-1ffand (C) TNF-u was measured by ELISA. (D) Viability
of RAW264.7 cells after exposure to different concentrations of FFO with or without LPS for 24 b, Values are expressed as the mean =standard error of the mean
(n=5). *P<0.05 vz control; *P<0.05 vs. LPS. IL, interleukin; TNF, tumor necrosis factor; LPS, lipopolysaccharide; FFO, freshwater hybrid catfish oil; CX celecoxib

at 1 grg/ml significantly increased the levels of pro-inflamma-
tory cytokines, whileadded FFOat 2% significantly decreased
IL-6 production compared with LPS-treated cells. Added
FFO at 0.25-2% also markedly decreased TNF-o and IL-1p
expression compared with LPS-treated cells (Fig. 1B and C).
Similarly, celecoxib (CX), an NSAID (28), significantly
decreased IL-1P expression. However, in the absence of LP3,
there was no significant effect of FFO (0.25-2%) and CX on
the viability of RAW264.7 cells compared with the control
cells (Fig. 1D). Taken together, these results suggested that
FFO exerts an anti-inflammatory effect without a cytotoxic
effect.

FFO decreases the mRNA expression levels of pro-inflam-
matory cytokines in RAW264.7 cells. To confirm the
inhibitory effect of FFO on inflammation, RT-qPCR analysis
was performed to detect the mRNA expression levels of
the pro-inflammatory cytokines IL-6, IL-1p and TNF-o
in RAW264.7 cells. A single dose (2%) was selected, as it
significantly decreased all inflammatory cytokines (Fig. 1).
The results demonstrated that the expression levels of the
pro-inflammatory cytokines significantly decreased following
additional treatment with FFO and CX compared with
LPS-treated cells (Fig. 2). Collectively, these results sug gested
that FFO inhibits the synthesis of pro-inflammatory cytokines
in activated macrophages.

FFO suppresses molecules involved in inflammatory
signaling. The present study further investigated the molecular

mechanisms by which FFO reduces inflammation and thus,
signalling molecules of the inflammatory pathway were
assessed. As presented in Fig. 3A, LPS significantly enhanced
NO production compared with the control. However, the addi-
tion of FEO had no effect on NO production compared with
LPS-treated cells. Furthermore, the effects of FFO on the
production of PGE2, a principal mediator of inflammation,
and COX-2, a prostaglandin-endoperoxide synthase (29), were
investigated in the present study. The results demonstrated that
FFO significantly decreased COX-2 mRNA expression, which
in turn decreased PGE2 production (Fig. 3B and C). Taken
together, these results suggested that FFO exerts anti-inflam-
matory effects on LPS-stimulated RAW264.7 cells.

FFO prevents apoptosis and DNA damage. To validate the
inhibitory effect of FFO on cell apoptosis, RAW264.7 cells
treated with FFO, with or without LPS for 24 h, were stained
with Hoechst 33342. Microscopic observation demonstrated
that treatment with LPS increased the rate of cell apoptosis
featuring nuclear fragmentation, chromatin condensation
and apoptotic body formation compared with the control
cells (Fig. 4A and B). However, these features were reduced in
FFO- and CX-treated cells (Fig. 4Cand D).

In addition, it was investigated whether FFO is able to
prevent DNA damage. As presented in Fig. 4E, treatment
with LPS markedly increased the production of the §-OHIG
adduct, an oxidative stress-induced DNA damage marker (30),
compared with the control cells. It was observed that the
production of 8-OHd G induced by LP3significantly decreased
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Figure 3. FFO attenuates NO production, COX-2 mRNA expression and PGE2 production in LPS-stimnulated RAW264.7 cells. RAW264.7 cells were supple-
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Figure 5. FFO promotes the proliferation of RAW264.7 cells by modu-
lating cell cycle regulators. The gene expression of cell eycle regulators
was determined by reverse transcription-quantitative PCR after treatrment
with FFO for 24 h. Values are expressed as the mean +standard error of the
mean (n=5). 'P<0.05 vz control. LPS, lipopolysaceharide; FFO, freshwater
hybrid catfish oil

in cells co-treated with FFO. Similarly, CX also significantly
decreased 8-OHAG levels. Collectively, these results sug gested
that FEO has a cytoprotective effect.

FFO enhances immune response by modulating cell cycle
regulators. A previous study reported that programmed cell

Table I1I. Heavy metal content in freshwater hybrid catfish oil.

Element (symbol) Amount {(mg/kg)
Arsenic (As) Not detected
Copper (Cu) <0.50
Lead (Pb) <0.050
Mercury (Hg) Not detected
Tin (Sn) Not detected
Zinc (Zn) Not detected

death serves an important role in the regulation of inflamma-
tion (31). Thus, the current study also investigated the effect
of FFO on cell cycle regulators. To identify the effect of FFO
that are responsible for enhancing the immune response, the
present study also investigated the expression of cell prolifera-
tion markers in RAW264.7 cells. As presented in Fig. 5, the
gene expression of the cell eycle inhibitors p27 and p53 (32-35)
decreased 1n FPO-treated cells compared with the control.
Furthermore, gene expression of the cell cycle inducers
eyelin D2 and eyelin E2 increased in RAW264.7 cells treated
with FFO. Taken together, these results suggested that FFO
improves inflammatory status by modulating cell cycle regula-
tors.
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Discussion

To the best of our knowledge, the present study was the first to
demonstrate that FFO rich in omega-9 exerts anti-inflammatory
effects in vitro by decreasing the expression and secretion of
pro-inflammatory cytokines and mediators, preventing DNA
damage via reduction of apoptotic body formation and 8-OHdAG,
and also promotes animmune response. A previous study demon-
strated that the activation of tissue macrophages releases various
pro-inflammatory cytokines, including TNF-g¢, IL-1 and IL-6,
resulting in autoimmune and inflammatory diseases. In addition,
n-3 polyunsaturated fatty acids (PUFAs) serve anti-inflammatory
effects by reducing the production of TNF-¢, IL-1f, IL-6 and
tissue factors by stimulated monocytes (36). Thus, inhibiting the
synthesis of these cytokines may prove useful for the treatment
of autoimmune and inflammatory diseases. The results of the
present study demonstrated that FFO markedly decreased the
production of IL-6, IL-13 and TNF-o and mRNA expression
levels in RAW264.7 cells, similar to NSAIDs. These results
suggested that FFO exerts an anti-inflammatory effect by down-
regulating pro-inflammatory cytokines at both the transcriptional
and translational levels, without any cell toxicity. Similarly, oleic
acid, one of the most representative monounsaturated omega-9
fatty acids, was reported to mediate anti-inflammatory effects by
inhibiting reactive oxygen species, p38 MAPK and Akt signaling
pathways/IKK/NF-«B in BV2 cells (37).

Macrophages are associated with acute and chronic inflam-
matory responses by stimulating NO generation, resulting in an
increment of macrophage activity (38). NO and PGE2 produc-
tion are critical immune-regulatory biomarkers for chronic
inflammatory diseases, such as hepatic dysfunction and pulmo-
nary disease (39). T he results of the present study demonstrated
that FFO decreased PGE2 and its synthase enzyme COX-2,
but not the NO level, similar to the action of NSAIDs.
Previous studies have reported that natural products, including
coumarin, Indonesian cassia extract and Halocynthia auran-
tium or docosahexaenoic acid-omega-3, decrease PGE2 and
NO expression levels, which suggests that they have poten-
tial as anti-inflammatory agents (40-42). Conversely, it has
been demonstrated that omega 3 increases the production of
PGE2 @3). The increment of the PGE2 concentration may be
inhibited by the NF-xB signaling pathway and EP4 receptor,
resulting in anti-inflammatory effects (44). There are contro-
versial data on the effect of PGE2 ininflammation. The results
of the present study demonstrated that FFO contains several
fatty acids, including omega-3, -6 and -9. Consistently, previous
studies have demonstrated that omega-3 fatty acids decrease
PGE2 by decreasing the catalytic monomer of COX-1 dimer by
arachidonic acid and inhibiting COX-1 oxygenation (4546). In
addition, omega-9 exerts anti-inflammatory effects in inflam-
mation via a PPAR-y expression-dependent mechanism (47).

It is well-known that there is a close association between
inflammation and DNA damage (48). NO generated by
inflammatory cytokine stimulation is sufficient to induce
oxidative DNA damage (49). The results of the present study
demonstrated that LPS induced DNA damage by nuclear
fragmentation, chromatin condensation and apoptotic body
formation, the effects of which were reversed following treat-
ment with FFO and NSAIDs. Consistently, n-3 polyunsaturated
fatty acids attenuate oxidative stress-induced DNA damage

in vascular endothelial cells through upregulation of nuclear
factor-mediated antioxidant response and the decrease in intra-
cellular reactive oxygen species (50). In addition, the present
study demonstrated that the expression of cell cycle regula-
tors, including cyclin D2 and cyclin E2, increased following
treatment with FFO, while p53 expression was inhibited. A
previous study reported that cyclin D2 deficiency suppresses
immune activity (51). On the other hand, hyperactive cyclin D2
expression promotes autoimmune disease or allograft rejec-
tion (52). Other natural products merely promote immune
responses by regulating cell cycle regulators. For instance,
A.asphodeloides enhances the immune response of RAW264.7
cells by extending the cell cycle $-phase, suppressing p27 and
increasing cyclin D2 and cyclin E2 gene expression (53).

In conclusion, the results of the present study demonstrated
that FFO improved inflammation by suppressing the mRNA
expression and secretion of pro-inflammatory cytokines and
their mediators, and inhibiting apoptotic body formation and
DNA damage. FFO also enhanced the immune response by
modulating cell cycle regulators. Thus, FFO may be used as
a natural anti-inflammatory supplement. Moreover, future
in vivo studies and clinical trials are required to elucidate
whether FFO has an overall anti-inflammatory effect in auto-
immune or inflammatory diseases.
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Abstract

The aim of the study was to add the value of by-products from industrial freshwater catfish
processing, The fish oil from the adipose tissues of freshwater hyvbrid catfish (Pangasius larnaudii x
Pangasianodon hypophthalmiis) were extracted. The oil was examined and analyzed for identify the
physical and chemical properties, heavy metal contents and bacterial contamination. Fatty acid
compositions were determined by gas chromatography (HPLC). The saponification numbers and
peroxide value of fish oil was determined according to the standard of oil from Thai food and drug
administration (Thai FDA). Results revealed that freshwater fish oil was appeared in yellow liquid
form at room temperature. In addition, mono-unsaturated fatty acids (MUFA) were found higher
than saturated fatty acids (SFA) and the average amount of important MUFA included omega-3,
omega-6 and omega-9 which were found at 1.05%, 11.72% and 43.52%, respectively.
Subsequently, £.Coli and Samonella Spp. were tested, and the resulted showed that non-detectable.
Since, fish oil can also act as a source of beneficial fatty acids. Therefore, freshwater hybrid catfish
oil can be utilized for edible purposes and as a component in both food and pharmaceutical
industries.

Kevword freshwater fish oil, fatty acid composition, physical properties, chemical properties,
heavy metal contamination

INTRODUCTION

Fish oil is the lipid fraction extracted from fish and fish by-products. Presently, the
production of fish oil is becoming more demanding as there is a sizeable and growing world market
demand for high quality fish oil. Apart from its various uses as consumable oil, it is also considered
an important component in both pharmaceutical and food industries [1]. Fish oil is important not
only for their application in food, but also for industrial applications, such as the production of
pharmaceuticals, cosmetics, paints and so more [2]. Fish oil is different from other oils mainly
because of the unique variety of fatty acids it contains high level of unsaturated fatty acid (omega-3
FFA and omega-6 FFA) which are essential to the human body. This is known as the
eicosapentaenoic acid (EPA) and the docosahexaenoic acid (DHA) [3]. Today’s consumer market,
up to 50% of the whole fish is commonly discarded as waste but this waste could be better utilized
in several ways, such as by flesh recovery approach, extraction of oil, enzymes, vitamins, or flavor
materials, and apply through the production of gelatin or intermediate moisture animal feed
products [3]. As part of the 50% common waste, the adipose tissue makes up 5-10 % of the total
body weight of the fish. So far, these kind of fish wastes has not been properly or fully utilized.
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Therefore, fish wastes utilization for valuable products or waste to wealth concept could be
reasonable and helpful for fish farmers.

The freshwater hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus )
belongs to freshwater catfish family. This hybrid catfish is presently commercially produced
throughout the Mekong river in northern part of Thailand including in inland freshwater aquaculture
farms. It has become one of the most popular freshwater fish species and has a high demand
especially in the European and US markets. Because of its white flesh and mild flavor were lending
to an extreme competitive price in the market [3]. Some freshwater catfish particularly in the
Mekong region show a varying amount of crude fat content of the head and the body. Different
factors have been found to affect the fatty acid composition of the fish lipids, such as species, age.
diet, habitat, environment, season and body portion [1]. Lipids in the muscle containing saturated
fatty acids different from those extracted from the head or flaccid body; catfish cultivated in
floating cages versus those cultivated in ponds [3].

Increased consumption of fish fatty acid has been found to reduce death due to cardiovascular
heart disease. The biochemical basis for cardio-protective effects of n-3 fatty acids are may be multi-
factorial and may collectively result in increased heart rate variability (anti-arthvthmic), reduced
atheroma development (anti-atherogenic), and decreased platelet reactivity/aggregation (anti-
thrombotic). As an alternative to fish consumption, omega-3 fatty acids and other fish oils can be
extracted from fish products and offered as fish oil supplements. There are certain health concerns
associated with excessive consumption of predatory fish like tuna and salmon because they contain
high levels of toxic mercury [4]. According to standard of oil from Thai FDA, the freshwater fish oil
was determined the peroxide value and saponification numbers and heavy metal contents for safety of
consumers.

This work was aimed to add the value of by-product from industrial freshwater catfish
processing, analyzed of fatty acid composition, some physical properties, chemical properties, heavy
metal contents and bacterial contaminations of the crude lipids extracted from the adipose tissues of
freshwater hybrid catfish, to find out their potential to be used as raw materials for the manufacturing of
nutraceutical products.

MATERIALS AND METHODS

1. Raw Materials

The frozen adipose tissues of hybrid catfish (Pangasiuslamaudii x Pangasianodon
hypophthalims) were obtained from Thai Panga Farm, Kalasin Province, Thailand.

2. Lipid Extraction

To initiate the extraction of lipids from the raw materials, the frozen adipose tissues were
steamed at 80-100°C for 20 min. Hot adipose tissues were put in a filter sack and squeezed by
screw compressor and which were then centrifuged at 4,000 rpm for 10 min in order to separate the
solid particles. Percentage yield of crude lipids was calculated. Crude lipid samples were later kept
in a freezer until they were used for further analysis [3].

3. Fatty Acid Analysis

For fatty acid analysis, the crude lipid samples were sent to the Central Laboratory
(Thailand) Co Ltd., Chiang Mai branch, for analysis of the fatty acid composition which included
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Abstract

The aim of the study was to add the value of by-products from industrial freshwater catfish
processing, The fish oil from the adipose tissues of freshwater hyvbrid catfish (Pangasius larnaudii x
Pangasianodon hypophthalmiis) were extracted. The oil was examined and analyzed for identify the
physical and chemical properties, heavy metal contents and bacterial contamination. Fatty acid
compositions were determined by gas chromatography (HPLC). The saponification numbers and
peroxide value of fish oil was determined according to the standard of oil from Thai food and drug
administration (Thai FDA). Results revealed that freshwater fish oil was appeared in yellow liquid
form at room temperature. In addition, mono-unsaturated fatty acids (MUFA) were found higher
than saturated fatty acids (SFA) and the average amount of important MUFA included omega-3,
omega-6 and omega-9 which were found at 1.05%, 11.72% and 43.52%, respectively.
Subsequently, £.Coli and Samonella Spp. were tested, and the resulted showed that non-detectable.
Since, fish oil can also act as a source of beneficial fatty acids. Therefore, freshwater hybrid catfish
oil can be utilized for edible purposes and as a component in both food and pharmaceutical
industries.

Kevword freshwater fish oil, fatty acid composition, physical properties, chemical properties,
heavy metal contamination

INTRODUCTION

Fish oil is the lipid fraction extracted from fish and fish by-products. Presently, the
production of fish oil is becoming more demanding as there is a sizeable and growing world market
demand for high quality fish oil. Apart from its various uses as consumable oil, it is also considered
an important component in both pharmaceutical and food industries [1]. Fish oil is important not
only for their application in food, but also for industrial applications, such as the production of
pharmaceuticals, cosmetics, paints and so more [2]. Fish oil is different from other oils mainly
because of the unique variety of fatty acids it contains high level of unsaturated fatty acid (omega-3
FFA and omega-6 FFA) which are essential to the human body. This is known as the
eicosapentaenoic acid (EPA) and the docosahexaenoic acid (DHA) [3]. Today’s consumer market,
up to 50% of the whole fish is commonly discarded as waste but this waste could be better utilized
in several ways, such as by flesh recovery approach, extraction of oil, enzymes, vitamins, or flavor
materials, and apply through the production of gelatin or intermediate moisture animal feed
products [3]. As part of the 50% common waste, the adipose tissue makes up 5-10 % of the total
body weight of the fish. So far, these kind of fish wastes has not been properly or fully utilized.
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Therefore, fish wastes utilization for valuable products or waste to wealth concept could be
reasonable and helpful for fish farmers.

The freshwater hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus )
belongs to freshwater catfish family. This hybrid catfish is presently commercially produced
throughout the Mekong river in northern part of Thailand including in inland freshwater aquaculture
farms. It has become one of the most popular freshwater fish species and has a high demand
especially in the European and US markets. Because of its white flesh and mild flavor were lending
to an extreme competitive price in the market [3]. Some freshwater catfish particularly in the
Mekong region show a varying amount of crude fat content of the head and the body. Different
factors have been found to affect the fatty acid composition of the fish lipids, such as species, age.
diet, habitat, environment, season and body portion [1]. Lipids in the muscle containing saturated
fatty acids different from those extracted from the head or flaccid body; catfish cultivated in
floating cages versus those cultivated in ponds [3].

Increased consumption of fish fatty acid has been found to reduce death due to cardiovascular
heart disease. The biochemical basis for cardio-protective effects of n-3 fatty acids are may be multi-
factorial and may collectively result in increased heart rate variability (anti-arthvthmic), reduced
atheroma development (anti-atherogenic), and decreased platelet reactivity/aggregation (anti-
thrombotic). As an alternative to fish consumption, omega-3 fatty acids and other fish oils can be
extracted from fish products and offered as fish oil supplements. There are certain health concerns
associated with excessive consumption of predatory fish like tuna and salmon because they contain
high levels of toxic mercury [4]. According to standard of oil from Thai FDA, the freshwater fish oil
was determined the peroxide value and saponification numbers and heavy metal contents for safety of
consumers.

This work was aimed to add the value of by-product from industrial freshwater catfish
processing, analyzed of fatty acid composition, some physical properties, chemical properties, heavy
metal contents and bacterial contaminations of the crude lipids extracted from the adipose tissues of
freshwater hybrid catfish, to find out their potential to be used as raw materials for the manufacturing of
nutraceutical products.

MATERIALS AND METHODS

1. Raw Materials

The frozen adipose tissues of hybrid catfish (Pangasiuslamaudii x Pangasianodon
hypophthalims) were obtained from Thai Panga Farm, Kalasin Province, Thailand.

2. Lipid Extraction

To initiate the extraction of lipids from the raw materials, the frozen adipose tissues were
steamed at 80-100°C for 20 min. Hot adipose tissues were put in a filter sack and squeezed by
screw compressor and which were then centrifuged at 4,000 rpm for 10 min in order to separate the
solid particles. Percentage yield of crude lipids was calculated. Crude lipid samples were later kept
in a freezer until they were used for further analysis [3].

3. Fatty Acid Analysis

For fatty acid analysis, the crude lipid samples were sent to the Central Laboratory
(Thailand) Co Ltd., Chiang Mai branch, for analysis of the fatty acid composition which included

47

141



1[@ 2% GCIC, 46t National and 9™ International Graduate Research Conference
\J May 17 -18%, 2018

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailan

fatty acids released on triglyceride hydrolysis. An in-house method based on AOAC (2005) 996.06
was used [3].

4. Analysis of Physical Properties

For the analysis of the physical properties of the crude lipid samples, they were used per
analysis, as follow:

- Color (L*, a*, b*) at room temperature (30 + 5°C) and 40°C, were measured by Tri-
Stimulus Colorimeter (JUKI: model JC801)

- Viscosity at 40°C was measured by Viscotester (ROIN: model VT-04) and a measuring
time indicated when 50 ml oil sample flowed through a 0.2 mm orifice at 30 cm height

- Turbidity at 40°C was measured by Turbidimeter (HACH: model 2100 N)
- Specific gravity at 40°C, as measured by 100 ml Specific-gravity bottle

- Melting point was analyzed by modified AOSC method Cc 3-2521or softening (open
capillary tube melting) point method

- Smoke point was analyzed by modified AOSC method Cc 9a-48 [21] or Cleveland open
cup method [3].

5. Analysis of Chemical Properties
5.1 Determination of saponification value

It is the number of KOH required to saponify 1 gram of oil. Saponification value through hydrolysis
of ester under alkaline condition was determined according to the method of (AOCS, 1993) [4].
5.2 Determination of Peroxide value
Determination of Peroxide Value, that is defined as the milliequivalents of active
oxvgen per kilogram of oil (meq of O2 kg-1) expressed in the unit of milliequivalents, when
potassium i1odide reacts with a mixture of oil and chloroform/acetic acid in dark according to the
standard method of AOCS (1993) [5].

6. Heavy metal contents

For heavy metal contents analysis, the crude lipid samples were sent to the Central
Laboratory (Thailand) Co Lid., Chiang Mai branch, for analysis of the heavy metal contents. In-
house method based on AOAC (2016) 2013.06 and AOAC (2016) 999.10 were used.

7. Bacterial contamination

For bacterial contamination analysis was carried by the crude hybrid fish oil the Central
Laboratory (Thailand) Co Ltd., Chiang Mai branch, by using the standard methods of AOAC
(2016) 991.14 and ISO 6578-1:2017 (E).

RESULTS AND DISCUSSION

Analysis of the fatty acid composition

Results of the analysis of fatty acid composition of the freshwater catfish (Table 1) showed
that 100 g of the oil extracted the hybrid catfish contained a total of 37.99 g of saturated fatty acids
and 56.29 g unsaturated fatty acid with monosaturated fatty acid at 48.43 g, which was mostly

48

142



1[@ 2% GCIC, 46t National and 9™ International Graduate Research Conference
\J May 17 -18%, 2018

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailan

omega-9 such as oleic acid at 43.52 g. As for polyunsaturated fatty acids (13.58 g) which contained
eicosapentaenoic acid (EPA) at 0.09 g and docosahexaenoic acid (DHA) at 0.29 g. For unsaturated
fatty acid belonging to omega-9 (oleic acid) extracted from freshwater fish oil at 43.52 g, was 4x
higher than in marine fish oil [6].

Table 1. Fatty acid composition of freshwater fish oil

Fatty acid composition of freshwater fish oil Average SD
Saturated fatty acids 37.99 0.41
caprylic acid (C8:0) 0.04 0.06
lauric acid (C12:0) 0.10 0.07
myristic acid (C14:0) 3.36 0.00
pentadecanoic acid (C15:0) 017 0.04
palmitic acid (C16:0) 26.82 0.40
heptadecanoic acid (C17:0) 0.35 0.08
Stearic acid (C18:0) 6.78 0.13
arachidic acid (C20:0) 0.13 0.04
Monounsaturated fatty acids 48.43 1.75
palmitoleic acid (C16:1n7) 3.34 0.01
trans-9-elaidic acid (C18:1n9t) 0.16 0.08
cis-9-oleic acid (C18:1n9%) 43.35 1.73
cis-11-eicosenoic acid (C20:1n11) 1.35 0.04
erucic acid (C22:1n9) 012 0.02
nervonic acid (C24:1n9) 0.06 0.01
Polyunsaturated fatty acids 13.58 1.33
Fatty acid com position of freshwater fish oil Average SD
c15-9,12-linoleic acid (C18:2n6) 10.47 0.51
v-linolemc acid (C18:3n6) 0.14 0.14
- linolenic acid (C18:3n3) [ALA] 0.75 0.18
cis-11,14-eicosadienoic acid (C20:2) 0.64 0.06
cis-8,11,14-eicosatrienoic acid (C20: 3n6) 0.71 0.10
cis-11,14,1 7-eicosatrienoic acid (C20:3n3) 0.08 0.04
arachidomc acid (C20: 4n6) 0.39 0.06
cis-5,8,11,14,17 -eicosapentaenoic acid 0.09
(C20: 5n3) (EPA) 0.05
4,7,10,13,16,19-docosahexaenoic acid (C22:6n3) (DHA) 0.29 0.21
Unsaturated fatty acids 56.29 0.45
omega-3 1.05 0.47
omega-6 11.72 0.81
omega-9 43.52 1.73

Note: Values expressed as mean + SD. (n=2)
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a
Analysis of the physical properties of freshwater fish oil

The physical properties of fish oil from freshwater hybrid catfish indicated that fish oil appeared in
vellow liquid form at room temperature. The crude lipid at 40°C of hybrid catfish was found to be
transparent as shown in Table 2. And the smoke point of the crude lipids of hybrid catfish was 192.3 °C
(Table 2). In case of its melting points, it was found to be at about 33°C. The main reason for these high
melting points could be described by the fact that their compositions contained.

Table 2. Some physical properties of crude lipids of freshwater hybrid catfish

Physical Properties Results

Colour

Solid form at room temperature (30 + 5°C)

L* 82.66b £3.10
a* 34.55¢ + 0.88
b* 68.33b=+1.51
Liquid form at 40°C

L* 58.29b £ 0.03
a* ns -14.104£0.23
b* -40.47b+0.12

Viscosity at 40°C

Viscotester (Poise) 0.35b+0.00
Orifice (sec) 57a+4
Turbidity at 40°C (NTU) 4.48a+0.26
Specific gravity at 40°C (g per cm?®) 0.9027¢ + 0.0031
Melting point (°C) ns 33.0£15
Smoke point (°C) 1923b+8.5

a, b, ¢ Means with different superscript in the same row are significantly different (p < 0.05)
ns Means in that raw are not significantly different (p > 0.05)

Analysis of Chemical properties of freshwater fish oil

The chemical properties of fish oil from freshwater hybrid catfish indicated that peroxide
value, as defined by the milliequivalent of active oxygen per kg of oil, from the adipose samples of
the freshwater hybrid catfish was measured at 4.32 mEq/kg fish oil, which was within the allowed
range of the Food and Drug Administration (FDA) (less than 10 mEq/kg), the lower the peroxide
value, the lower the ability of the oil to go rancid. Meanwhile the Saponification value was 196.30
mgKOH/g, (Table 3), saponification value is the number of milligrams of due to the formation of
brown pigments from the reaction potassium hydroxide required to neutralize the fatty acid of
carbonyls produced from oxidation of polyunsaturated resulting from the complete hydrolysis of 1g
of the fatty acids with amino acids and proteins. The freshwater fish oil was having the normal
saponification value and had the less prone to rancidity. Thus it can be said that chemical properties
of the fish oil extracted from the freshwater hybrid catfish was within the standard level.
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Table 3. Chemical properties of freshwater fish oil
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Test Result Unit LOD
Peroxide Value 432 mEg/kg -
Saponification number 196.30 mgKOH/g -

Analysis of heavy metal contents

For heavy metal contents analysis, the crude lipid samples were sent to the Central
Laboratory (Thailand) Co Ltd., Chiang Mai branch, In-house method based on AOAC (2016)
2013.06 and AOAC (2016) 999.10 were used. Results showed that all heavy metal contents in the
freshwater fish oil as in table 3 were in the very least amount or not detected at all.

Table 4. Heavy metal contents of freshwater fish oil

Test Result Unit LOD
Aesenic (As) Not detected mg/kg 0.050
Copper (Cu) 0.64 mg/kg -

Lead (Pb) <0.050 mg/kg -
Mercury (Hg) Not detected mg/kg 0.0080
Tin (Sn) Not detected mg/kg 0.50
Zinc (ZN) Not detected mg/kg 1.00

Analysis of bacterial contamination of freshwater fish oil

The table 5 showed that by using the standard methods of AOAC (2016) 991.14 and ISO
6578-1:2017 (E), indicated that the presence of two types of bacteria, Escherichia coli and
Salmorella spp., in the freshwater fish oil was either in the very least amount or not detected at all.

TableS. Bacterial contamination of freshwater fish oil

Test Result Unit LOD
Escherichia coli <10 CFU/ g -
Salmonella spp. Not detected In25¢g -

CONCLUSION

The fish oil extracted as a lipid fraction from freshwater hybrid catfish for use in industries

in order to increase the value due to its favorable chemical and physical properties especially as
they are within the standard level for consumption as prescribed by Thai food and drug
administration. Indeed, the use of the fish oil from freshwater hybrid catfish as in this study is
within the recommendations for consumption and by both food and pharmaceutical industries.
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Abstract

The fish cil from the adipose tissue of some commerdialized catfish including the freshwater
hybrid catfish (Paneasius tarnaudii x Pangasianodon hypophthalmus), Buk-Siam hybrid catfish (Paneasius
gigas x Pangasianodon hypophthalmus) ancd Marine Fish Gil (MFO) were analyzed for their physicochemical
properties examined by standard methods. The peroxide value, saponification numbers, heavy
metal contents and bacterial contaminations were determined from the Freshwater hybrid Fish Gil
(FFO) and Buk-Siam Fish Gil {BFO). The results revealed that these fish cils appeared as a yellow
liguid form at room temperature, their saturated fatty acid contents were not much different. Cn
the cther hand, their polyunsaturated fatty acid contents were chbviously different. FFO and BFO
were containing the rich of omega-6 series of PUFA while MFO was appeared rich of omega-3
series. FFO, BFC and MFO of omega-6 fatty acid contents were 11.72, 9.38 and 6.24 g per 100 g,
respectively. Their omega-9 fatty acid contents were 43.35, 46.69 and 11.24 g per 100 g, respectively.
Interestingly, the cmega-9 monounsaturated fatty acid contents of the FFC and BFO were four times
higher than the MFQ. Saponification numbers and peroxicle value of FFO and BFO were analyzed to be
within normal limit. Furthermore, heavy metal contents, Escherichia coli and Salmonella species were
not detected at all. Since, hoth freshwater hybrid fish oil can be act as a source of beneficial fatty
acids. Therefore, it can be utilized for edible purposes and as a compenent in both food and

pharmaceutical industries.

Keywords: freshwater fish cil, marine fish oil, fatty acid composition

chemical properties of freshwater fish oil

Introduction

Currently, in the preparation of fish for today’s consumer market, up to 50% of the whole
fish is commonly discarded as a waste. However, this waste could be better utilized in several ways
(Taylor andl Alasalvar, 2002). Fish residues have been used by processing industries for the production
of fishmeal and fish oil. These are prepared as a supplemented foods and pharmaceuticals.
Furthermore, the recovery of the fish residues was contributing to the reduction of environmental
pollution. Fish oil is cne of the product development from fishery commaodities which is potential
to be developed. The usage of fish cil through world from 2005 te 2011 was dominated by utilization
of aquaculture and human consumption. (Shepherd and Jackson, 2012). Fish oil demand increases
time by time for various purposes, such as the production of pharmaceuticals, cosmetics, paints,

etc. (Bjorklund, 2017).
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Fish oils are the lipid fraction extracted from fish and fish by products. They are different
from other oils mainly because of the unique characteristics of fatty acids including high level
unsaturated fatty acid (omega-3 FFA and omega-6 FFA) which are essential to the body (Oladapo
and Awajide, 2015). Chaijan et al. (2010) suggested that these fatty acids might have a unique role
to play in prevention of coronary artery disease and growth of different types of cancers. Nowadays,
the entire freshwater catfish family (Pangasiidae) including the Mekong giant catfish, striped
catfish, hybrid catfish and Buk-Siam catfish (Pangasianodon gigas x Pangasionodon hypophthalmus)
are commercially produced throughout the Mekong river region and inland freshwater aquaculture
farms (Wangcharoen, 2015). It has become one of the most popular freshwater fish species in
European and US markets. Moreover these flesh is white and of mild flavor, virtually boneless and
price is an extremely competitive, Freshwater fish could be seen as a good source of fatty acids.
Furthermore, freshwater fish cils contain omega-6 fatty acids with totals roughly equal to the
omeea-3 fatty acids, Meanwhile, marine fish oils have lower contents of omega-6 fatty acids
(Keapai, 2016). Different fatty acids may exhibit beneficial or deleterious effects, with implications
on disease progression or prevention. The essential omega-3 fatty acids are typically asscciated
with initiating anti-inflammatory responses, while omega-6 fatty acids are associated with pro-
inflammatory responses, omega-9 fatty acids serve as necessary components for other metabolic
pathways, which may affect disease risk (Wangcharcen, 2015). In addition, the omega-9 fatty acids
were able to mitigate the effects of TNF-OU induced oxidative stress and injury in adult male
Sprague-Dawley rat cardiomyocytes (Shudiefat et af., 2013), as well as reduce the inflammation
associated with saturated fatty acid-induced inflammation in human aortic endothelial cells (Harvey
et al., 2010). Moreover, Garg (1998) found that high-monounsaturated fat diets could reduce plasma
triglycericles by 19% and "bad" very-low-density-lipoprotein (VLDL) cholesterol by 22% in patients
with diabetes.

The beneficial effects of monounsaturated fatty acids (MUFAs) on anti-inflammation,
cardio-protective effects as well as the reduction in insulin resistance have been documented.
Both human and animal models of insulin resistance have clearly shown that the partial
replacement of saturated fatty acids (SFAs) with MUFAs in the diet actually improved glycemic
control. As well as this was accompanied by improved insulin sensitivity. Moreover, Keapai (2016)
showed that fish oil that is rich in MUFAs acquired from hybrid catfish (Panegasius larmaudix
Panigasianodon  hypophithalmus) freshwater fish, enhanced insulin-stimulated glucose uptake
through the improvement of insulin signaling and translocation of ¢lucose transporter type 4
(GLUT4) in the diaphragm of normal rats. Presently, the production of fish oil is becoming mere
demanding, as there is a sizeable and growing world market demand for high quality fish cils. In

arder to meet the demand of the society there is the need to locate new oil fish and further
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research to know their characteristics and usefulness. This study was aimed to compare the fatty
acid composition as well as some physical and chemical properties, heavy metal contents and
bacterial contaminations of the crude lipids of the freshwater hybrid catfish, Buk-Siam catfish and
marine fish oil to find out their potential to be used as raw materials for the manufacturing of

nutraceutical products.

Materials and Methods

Preparation of Freshwater Fish Oil

FFO was extracted from the adipose tissue of freshwater hybrid catfish (Pangasius sp.)
obtained from Thai Panga Farm, Kalasin, Thailand, while BFO was extracted from the adipose tissue
of freshwater hybrid catfish (Pangasianodon gigas x Pangasianodon hypophthalmus) obtained from
PlaBuk knowledge base, Maejo University. Briefly, the adipose tissues from the visceral abdomen
were steamed at 90°C for 30 min. The liquid (i.e. oil) was filtered with a filtering sack, which were
squeezed by a screw compressor. To separate the solid particles, the obtained liquid was subsequently

centrifuged at 4500 rpm at 25°C for 10 min.

Fatty acid composition analysis
The supernatant FFO and BFO were separated and analyzed for their fatty acid
composition at the Central Laboratory (Thailand) Co. Ltd., Chiang Mai Branch, examined based on

ACAC 996.06. (ACAC, 2012).

Chemical Properties Analysis

The peroxide value and saponification number of FFO, BFO and MFO were analyzed
according to the method of AOAC 965.33 (ACAC, 2000). In addition, the properties of the FFO and
BFO of peroxide value were compared to a commercial MFO which was purchased at the pharmacy

(Rattanaphot, 2018).

Heavy metal contents
Heavy metal contents were analyzed from the crude hybrid fish oils by AOAC methods

(AQAC, 2016).

Bacterial contamination
For bacterial contaminations were analyzed from the crude hybrid fish oils using the

standard methods of AOAC 991.14 and 1SO 6578-1:2017 (E) (ACAC, 2016).
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Results and Discussion

FFO and BFO extraction Yield
Clear yellow FFO and BFO extracted from the visceral fat of catfish by stream were obtained

270 mL per kg approximately.

Analysis of the fatty acid composition

Table 1 showed the results of the analysis of fatty acid composition of the FFO, BFO and
MFO. Their saturated fatty acid contents were not much different. But their polyunsaturated fatty
acid (PUFA) contents were obvicusly different. Emphasis on the contents of MUFA, BFO could be
considered as the most of oleic acid content, followed by FFO. Their oleic acid contents were
43.35, 46.69 and 11.24 ¢ per 100 g respectively. In acldition, FFO and BFG were more of omega-6
series of the PUFA while the MFO was more of omega-3 series. Their omega-6 fatty acid contents
were 11.72, 9.38 and 6.24 ¢ per 100 g, respectively. And their omega-9 fatty acid contents were
43.35, 46.69 and 11.24 ¢ per 100 g, respectively.

Table 1 Fatty acid composition of FFO BFO and MFO

Fatty acid composition g/ 100 ¢ FFO BFO MFO
Saturated fatty acids 27.99 29.52 2527
Unsaturated fatty acids 62.01 60.48 64.73

Monounsaturated fatty acids 48.43 50.51 23.78

oleic acid (C18:1n%c) 43.35 46.69 11.24
myristoleic acid (C14:1) 0.02 0.00 0.06
palmitoleic acid (C16:1n7) 3.34 1.92 10.85
cis-11-eicosencic acid (C20:1n11) 1.35 1.01 0.92
erucic acid (C22:1n9) 0.12 0.00 017
nervonic acid (C24:1n9) 0.06 0.00 0.54
pentadecenoic acid (C15:1n10) 0.00 0.07 0.00
Trans -9-Elaidic acid (C18:1n9t) 0.19 0.82 0.00
Polyunsaturated fatty acids 13.58 9.97 40.95
Q- linolenic acid (C18:3n3) 0.75 0.00 0.84
eicosapentaenocic acid (C20: 5n3) 0.09 0.00 20.98
docosahexaencic acid (C22:6n3) 0.29 0.00 12.25
Y-linclenic acid (C18:3n8) 0.14 0.00 0.24
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Table 1 (Continued)

Fatty acid composition ¢/ 100 ¢ FFO BFO MFO
linoleic acid {(C18:2n6) 1047 9.17 4.48
eicosadiencic acid (C20:2) 0.65 032 0.53
eicosatrienaic acid (C20: 3n6) 0.72 0.21 021
eicosatriencic acid (C20:3n3) 0.08 0.00 0.09
arachidonic acid (C20: dné) 0.39 0.00 1.23
trans-linolelaidic acid (C18:2n6t) 0.00 0.27 0.00

Omega-3 1.05 0.00 24.15
Omega-6 11.72 9.38 6.24
Omega-9 43.35 46.69 11.24

Analysis of Chemical properties of FFO BFO and MFO

The measure of peroxide value of the oil extracted were analyzed. Their peroxide value
were 4.32 ,19.91 and 4.50 mEg/ke respectively, this results indicated that peroxide value of FFO
and BFO were similar compared with commercial MFO and within the allowed range of the Food
and Drug Administration (Peroxide values should not be above 10-20 meg/ke fat to avoid rancidity
flavor; when the peroxide value is between 30 and 40 mEq/kg, a rancid taste is noticeable). It had
been shown that saponification number of FFO and BFO were 196.30 and 209.40 mgKOH/¢g
respectively.

Table 2 Chemical properties of the FFO BFC and MFO

Oil Saponification number Peroxide value
(mgKOH /g) (mEg/ke)

FFO 196.30 4.32

BFO 209.40 19.91

MFC Not measured 4.50

The data of saponification number and peroxide value indicated normal molecular weight
and less prone to rancidity of both oil. Thus it can be said that chemical properties of the fish cil

extracted from the two freshwater hybrid catfish were within the standard level.
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Analysis of heavy metal contents and bacterial contamination of FFO and BFO

Table 3 showed the results of the analysis of heavy metal contents of the FFO and BFO.
There were in the very least amount or not detected. In addition, the presence of two types of
bacteria including F.coli and Salmenella spp. in the FFO and BFC were either in the very least

amount or not detected at all.

Table 3 Heavy metal contents and bacterial contamination of FFO and BFO

QOil Ar Cu Pb Heg Sn Zn E.coli Samondla
(mg/kg) (mg/ke) (mg/ke) (mg/kg) (mg/ke) (me/ke) (CFU/ @) (in 25g)
FFO Not 064 < 0.050 Not Not Not <10 Not detected
detected detected detected detected
BFO Nat Nat < 0050 Not Mot Mot <10 Not detected
detected detected detected detected detected
Discussion

The fish oil frem the adipose tissue of freshwater hybrid catfish, Buk-Siam hybyrid catfish
were analyzed. They were clear yellow liquid exhibiting peroxide value and saponification number
in accordance with the Food and Drug Administration (FDA) standard, Thailand. Interestingly, the
quantity of menounsaturated fatty acid (omega-9) in the FFO and BFO were four times higher
compared to MFO. Since, the omega-9 fatty acids have been considered as potential disease
mediators. Therefore, further study of FFO and BFO-rich in MUFAs is needed to find out their
potential to be used as raw materials for the manufacturing of nutraceutical products as a dietary

supplement for metabolic syndrome in the future.

Conclusions

The fish oil extracted as a lipid fraction from freshwater hybrid catfish and Buk-Siam hybrid
catfish showed high content of omega- 9 fatty acid group and its favorable chemical and physical
properties as they are within the standard level for consumpticn as prescribed by Thai food and drug
administration. Moreover, they were both safety from heavy metal and bacterial contaminations.
As the omega-9 fatty acid exhibits increasing of HDL-cholesterol, decreasing LDL-cholesterol and
reducing the risk of heart attack and stroke. In addition, it can alsc be prevented the metabolic
syndromes and risk of getting cardiovascular disease. Therefore it can apply in the pharmaceutical

inclustries in order to increase the value.
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