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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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uyudiaiagoiuuszansnmlunsvudweilulsafuiingiedsneendinduls (Keapai
et al,, 2016)
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YULIANITINY
1. m’sm%&mﬁ'lﬁuﬂmLﬁ'amﬁmiqzﬁqmmwLLazmsMﬂaauqm%‘%amw
1.1 Jwsgvnuandininigaimiazniaai lagliesgimdiudsenauvesyiln
wazUTurunsaluiu A1tdoseonlen (Peroxide Value) wazrAtazUauliiliadu
(Saponification number)
12 avammsdudeulangwinuaziteuuaiide Tnenisnsaamelangmtinea 9

waznsUuleuenuaiiisy laun Wwe Escherihia Coli wag Samonella spp.

2. MINARBUAVETIAM

2.1 gudgumssnauluaduilase Inemisdsugadidadonviulasie
(RAW 264.7) mﬂﬁ?uﬁﬂmmzﬁuﬁwms lipopolysaccharide (LPS) iawnfleanliiwad
Fadeavmiliinnissnauiu waginitudarnndamignuantiriaumaaouluead
wlaswa Weganuannsovesitulamnuamisgnuauidalunssudinissniaud
ey

22 gudiugadnnelsauufivisluenaidisute Insvadeunndiugadnyes
ihifulannuamidsgnuasthiauazihiuuarnndafnasauluiuafiFerdelsauuioms
3 95tin lein Staphylococcus aureus, Staphylococcus epidermidis Wag Propionibacterium

acnes

3. MIAdauN1eAdin
3.1 nauUsErnfiaz@nm
311 oranasinsye-vdaifiemidssienzuauedndulasy eng 30-65 1
1Y 34 AY
312 nmedsseaunuedndulasu wneis yaraiiauinunfvounas
Aadeindungulsannzunusdndulasy 1 wiawiiu 2 98 Tu 5 9o lngdedenuinae
984 National Cholesterol Education Program Expert Panel (NCEP ATPIII, 2003)
3.2 FEMsAnw
Dunsideidanisveasmiandiln (clinical trial) Inelienaradas §1uau 34 Au

Sulsgmuinfunndamtdegnuantndn vue 2 niusedu Wusseina 12 &Uaw



VWINFI8E19 vuaegstunsine Auwaenisunsuadidnsagy Power and
Precision 4 (Statsoft, USA (Choudhury et al., 1995; Shin et al., 2011) TngLdaan sample
size design: WUU Paired t-test fnuasyautedfy = .05, 0 = .5, O (delta) = A1AIY
LANASYDIANAAY = 0.50 Power of test (AMuUN9ztduveasziuadwiula) = 0.80
(PS sample size calculation software, 2007) wan1sAIALAVUIANGUAI0E1991UIY 34
au Fruruiedesndlusideadsd aldnduinene S1uam 30 au elvinisinmeiing

Wy edrafiuddgyliowdsaduniside lususdnfdunsidelingudiogne Sauu 1 Ay

v = = :J/ & a < o 1 ] 1
1999n31nN15ANYILIDI9INA1TAIATTA AnU 2.94% VBITUIUNRUAIDEY



uni 2

= Aawv aa ¥
NOVHHALITUIIYNNYIVDY
ANV ANTULATY

AMziumueAndulasu (metabolic syndrome) fe nguALARUNATLIuTaFoIFys
donainlsaiilanaznasadondmusiuiulives anuinUnisananldunmuRaund
vaslutuludon Anusulaiin seduiiana saenauiladeidu pro — thrombotic ag pro -
inflammatory Q’ﬁrflumeuaaﬂ%ﬂmmmﬁﬂamaL?ﬁlmiumﬂﬁmiiﬂmemﬂjﬁmﬁ 2 uag
lspinlanaznasaden (Grundy, 2004)

Jagduiiinasilun1sitadewavedndulasuegvaienadisieny (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 ag9bsAnnunaeifilasu
mufsuunfianie NCEP ATPII ieifouriugiou w.a. 2548 laflinamilunsitadewmn
veandulasuiiudulmisn 2 nasiewnaeiaes Intemnational Diabetes Federation (IDF)
WagLNUeIUBe American Heart Association (AHA) $3ufu National Heart Lung and Blood
Institutes (NHLBI) v@sUseinaanigasni

ineusiues NCEP ATPII Tunisatladuiuauedndulasy azdesiianuiinunfiot19tioy
3 §olu 5 Foseluil loun

1. #ruasns (@usoulerminnimiowindu 102 su. wie 40 dalufvis e
wnndmdewiity 88 wuvide 35 dalufuds)

2. seaulssndwelsalulden > 150 me/dL

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

4. Aanuaulalin > 130/85 mmHg wsesulsEmuetanAUiulaliney

5. wé’uﬁflmamwaﬂmmi > 110 mg/dL

\nauTvas WHO (1999) Tumsifiadawnuedndulasy fesUsznoudeniziese

a aa o !

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

Y

¥
v A 1

(homeostatic model assessment of insulin resistance and secretion) 1397A5AUABDAD

(%
a

dugdu liunninsesay 75 vesUsernsill SiuduanuraUnfiegeles 2 e salull



1. 97U (body mass index, BMI) > 30 kg/m? %38 8R31d1UTENINUEUTOUIND IO
avlnn, W/H ratio, > 0.9 lugfwe vise > 0.85 lugvas

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

3. Aanwsiuladin > 140/90 mmHg visesulsemugnanaunulaineg

4. syaudayfiululaariz > 20 pg/min n3ednsrdiuvesdayiu/asadu
> 30 mg/¢

fsrfaauvedlsasiunaraziminiiuluauelenuirennluaudnlan
prfunnidesninduduianis BM) lunisifalsawininuuaganufulafingsSudoud
23 kg/mZLLamzLﬁwﬁuaéwumlﬁam:i,nﬂﬂdw 25 kg/m?2 Famsinauvesininiunay
Tsadaulunuadeagldinadt > 23 uaz 25 ke/m? MudIFu wasiduseurnodfiiiuaudes
sen1siinlsnaziionadt > 90 wu.wie 36 i lugve Az > 80 9u.MT8 32 i Tugvga
(McKeigue et al,, 1991) saturn BMI uaziduseuinorlunsitedewnveandulasuluay
WEFAsIYA 25 kg/m?2 way 90 @i lukwiense 80 wu.luimds (Tan et al.,, 2004)

aniuswuiriulan (International Diabetes Federation, 2010) L@ tsinauaitunis
Fhaduanziumuedniulasy filfe {ilegldfunsitaduindundulsadndiazsioad
AETIURININN BT AUANURAUNANINAIUEAaNENRE 19Ul 2 Talu 4 U8 A9
aruvesduamdlildiduseuoiiiunasiluutendoniuarusemeadundn luaulneas
TinausivesUszansiinululssmamaeids Aeduseuowioud 90 su dululufve oy
Haus 80 %m.sﬁulﬂiuﬁmﬁq AMNRRUNAN IRz LD 4 UTen1369na1) Usenoumiesesiu
lasndiwelsatuiden > 150 mg/dL s¥Ay HDL-cholesterol < 40 me/dL Tugne w38 < 50

1 [y

mg/dL lugndeniusuladin > 130/85 mmHg n3asuuseniugranaudulaiiney seau
U8 UEENIMNT >100 meg/dL nshdinsusuinusivesiinaludenanaailesaininaud
Inilun1s3tadeniag impaired fasting glucose %39 pre diabetes 95zAUUIMIAUMY
M85 > 100 mg/dL

N 1nsivee American Heart Association (AHA) S2ufU National Heart Lung and
Blood Institutes (NHLBI) ¥@9Useinaansgeliiniaagnaaiuinmgived IDF uansensaiigd

P aa [ 1 1J a a 1o [ £ a v 1Y =

aglasunisifiadednduwnivedndulasy ldndudeslioruamemnae uwaseeiay

Rauniegstios 3 deTululu 5 deMduinasives IDF (Fevngy, 2550)



nndeyanisdinaguamusznsinediedna. 2557 nuiaulnesuiusnnian
dessiensiinlsauimau slauaznasaiden lnegviglneuszana 3 lu 10 au was
fvdalve 4 Tu 10 au eglunusidru savisssnarimilesaulnefifiongious 15 93y
1 fisvavleduluifengs wasuinnitiesay 20 vesrulneiifanssunisnieliiieane

(nedlsalaifinsio NsuAIUANLIA NTENTIETITEY, 2562) Tnelul 2557 fetagtunuaulng

=

91U 19.3 drueu Andudosar 34.1 dnnediu wazdaulneiiseuniuiinnzdiuama

(% '
b4

1NN 20.8 druau Anludesas 37.5 e 2 nquiliiaudsstiedulsalifinnaisess

v
1 o LY

(NCDs) wuiwiaidnuasgvgfimindafiuunsgiusivauun anmsuslaafiuaanudndu

o

Lignuanlawuins (@ridnenddeitenaumanyseiuauninineg, 2564)

Jagtulddsenuiinssuiumsiina neuniveandulasutudavnuiannisee

a

Radunau (insulin resistance) WagAueIu lnen1sneredugauaginliiinnsazauves
lasndelsauaziilvszauiimaludonaadu diuauginusnamnagyiliinaunu
lafingeuazszauluiuiinung wagdlladedu q Ml nsumuedndulasy 1wy A

\wAIEARaNTATU A19ElUs nseuluin (pro-thrombotic state) N1SNAAITNTLAUNITONLAY

= %

(pro-inflammatory cytokine) Has1e ¢ 1un19% pro- inflammatory state WU31HTEAU

c reactive protein (CRP) Tutdon g9 ua v 1u pro- thrombotic state WU 18 5¢ A U

'
=% o

plasminogen activator inhibitor (PAI-1) W&y fibrinogen &9 Waeannesnadudade
deoslunsiinlsamilanazvasndenduiu (Ford, 2003) Iué’ﬁﬁmwLumuaéﬂ%uimmzﬁ
sydusesluuerilnuaiuludonddedauduiusfunisiededugiudnde (nfnu,
2559) usnaninnzuaveandulasudmusauiuaie luffunensy (fatty liver) Lagfiu
é’ﬂLauﬁﬁlé’ﬁmmemmaﬂaaaa‘ (non alcoholic steatohepatitis, NASH) Ho11ALEU
uaznnehenedugduduarvgesnisazanlafuludefuuasnsalutuiiazaunsludv
sufunmeieneendnduazneliiiamssnauresiunun fuunzwnueaniule
sudaiedestulsauvusiad 2 Anuiulaingnaylvduludoniauni

Anfinnglsrdruamsaziinudssionsilulsalifindeisoss (NCDs) nsiivsuna

[ 1%
a o

Todiulusemesnnifuly silvlinsdniaulusiemegs Seneiiannghesedugiu Uina

Y

ludengs Bannzainandnarinlynisiauesszuugiauiulusnnigfias nseuIunis

Aogdiaalsning 9 lnaanzitelisalain-19 asvilalid Junavilifawelaisuazgunss

Y

(% '
! d =4

N1 wonaniauniniizlsaeau dndwiveslug Wnean1sdudeaiuinven wilswinendnay
= o v o [~ dl YJgj =l 24 d‘
7 9 linnsvinauvesslanvenglaliviug wnelaladuas analnaisudnluwanldey

pondubiiieae WHan1Andeladietu wazilledinsfaielain-19 W1ly Bavinliitymn



Tunmsuanudsueondiauginiy LLaquwaiﬁﬁ’aiiﬂquLLiaL%ﬁu NINBUAUBIVDITNNYAB
nsdntaduazdesndt osnszuugRdusuianuldlddmiaudmdndund @inany
newuaUauuNITALESIAYNN, 2564)
Jagtumsinwnnsunivedndulasuagldnsinwwuuldeuaslilden nssnw
Usgneusemautladadeiiduaingliudlsndrunaznnghededuaiu uenaninisinw

'
a ) [ 1 1

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

o

d' aa o a aa = I [ [ YY) [ d'ﬁ/ a wva [ [
n1sidsuidadinnisaniudindadunsSnumdndudunsniideslfun vann1ssnwilen
v o9 o a ° a a ’~ o w v
s mtniAuilaleaasullainginssunisuilanemiswaznisesniiadlaeliian
PAINUIINDIMNTNTUUTENULASLALNNTIDNAIEINTY NTAaRBIMSIENISAanUININTlANE
wnianluszeze1y AoN1IAANANINIINEIMISNASLATUUIEIUTUa 500-1,000 LAADS

WhnnnemunzaulunisaninnidnAenisanuindnlilaetatessesas 5-10 Tutig 6-12

o

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

wau nMsanuininluszuzynfaglanaftuindunazdediniseanmdiniesiume n1san

uminlagn1susuasunginssulilauminanatedetes Sevay 5-10 183U1MIN6AY

Suau nudilideduidesang q vedsarilanasnaoaiden laun seavdinialuiden

Anudulain seaulasniiwelsdanas wazsedu HDL-cholesterol Winau nsAnwlugUew

musdndulpsufifiiuvanuuds wulnsasimdnlaensusuilasunging susenanndu

naszana 3 U anunsatesdunisiinlsauivnula (Tevngy, 2550)
N1388NMAIN18UBNANITTRARFDNITARUIMTNAIKEITINUIYI T Tuide s

nsiinlsriilanasnasndonfdunie N15eaniaInN1eAITazimniuedetesiuay 30

a Y o U ‘:‘I o U ‘NI a
WY AIBAULIIVBINITOINAGINIBTALNZEN (Tavigy, 2550) wazn1sUsuABUNgRNTIY

TngomsnsuUsEmuAIsivsinumsiulawmsatosas wagAssuUsEnIuImSUTELAN JN

Y ]

waldl Syity WedniUnuavUaunumsldenaninin wavdiinisldnsaludulownivuings
aney (Andinn, 2559) saunan1ssnuidadeidesing q vedsaiilanasvaeniien laun

nmsnwngluiludentnund msshwanudulainguasnisinwiiimaludengs

¥ t% = a a

ndagadssuaziiuliinnnzdiuamamsennzwnueandulasy masnatedu

Y

v v U v vala a

Jymavnmiiddggdusunu q vaslseme areduiudUigiasdninnudeaiiuuinturin

v U
o w

TisesunInszninluiovesgunIn n1sguaguansente JedieduddAgyldinazdu
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msmuguiviln diiudandlewiuasinfiusng 9 Alldudsanlusesdymauguam

A9 9 IUNINIanANULESUNIANN1IEINAINT NTeNIBAURENTULATUBNIY
nsalviuluvantnuazuamdegnuay

1. Uantn (Mekong giant catfish)

YanniludaidunineinsndanudidgvesUsamenazgiiniaduladu Wudan

1%
v o

mifshdadnauidaduluguuiiilsg Buvarfiadyduled devafnuenainisawnis
waadaligauAmislavuinisgdnme neuszneulumglusiu arslulawmse Ianiu uag
nsaluunanedafidudselovisosnanme Toun nsaludulewiudn omesa-3, omega-6
WAy omega-9 (N389ANA waTANE, 2553) logliuaninaAINIlaTuINITIINEIUAN 9 V09

Jarinanvsuenvuludwminessielusisan 1

M39N 1 AuAmalnvnmsvesandnuuin 20-30 Alansu nvaideasanisy

AWNDNIU JIIATE9578 sattiavan 100 NSU (Mue: Aaansu/100 nSw)

$18A1ATIZN 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 .
nsnlusiuu 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 NewiwLgamINTTUARN TN NTUUTEL TI8TUNANTUATIEVIANAIDIMNS
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137t 1 wansamuamslarunisesUadnuun 20-30 Alansu seitlevan 100
nu agnuhiiviinalusivluiovangeds 17,5200 % fnsaluduumnageisluduile
Yaruagludu Tnefirrvesnsaladuleawni-3 ¥fin docosahexaenoic acid (DHA) way
eicosapentaenoic acid (EPA) Tudaruveslusiudiuiu 1,520 wag 390 fadniu/100 niu
pudi waziidwesnsaluulewsn- 9 wliansaloadn ludrnveniediuriomarlai

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

15199 2 nsalviiulawni 3 wile DHA wag EPA Tulaumazwiamaiiauar100n5u

waatan - UDHA / . UEPA )
(18an54/100 NIY) (88an31/100 N3Y)
Jamin 2,877 1,288
Yanin 1,520 390
Uanaegniey (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

AATIAAY: NBINAUIRAFIMNTINARIUN NTUUTENG 1aUT 91989BT/230549/01

15799 2 uansArveanslusiulewwAn- 3 vila docosahexaenoic acid (DHA) uaz
eicosapentaenoic acid (EPA) vesuandnuazdargnrauiuseuiisuiuuaimeia lngwuidn
USunaudndines DHAEPA wosUa1lnanaisned 1 fgandvangnuanuazyaingiaann
913197 2 Tnesialurindfutan (fish oil) agfinsalusiu DHA 12% wae EPA 18% flanuidena

n1sAnwuAeIfunsalediy DHA waz EPA agulansil n1suilaansaludu DHAvALREI9E

=

anusaaeuldidunsaludu EPA 16 waznunsaludurdialfinnududugelustaigiid


http://www.nfi.or.th/
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= 3 YA . ) ' a o a
Ao aued WwadUszam a0 milbun (retina) wargnanng diunsuilaansaludiu EPA in
a ~ wa o % v A < A ) | P = & a1
Wenilnuaudiviiianududurendenanas wasidafenuwasiuguiddaieg galunadise
gunnvesile Jesdunisiinlsrvemasnidantaziala uiaziinasonisudaiivenia
\fen (platelet aggregration) Llasannsaluiy EPA agiiunavilvidenvynnaliuiuiy
ninsalasiu DHA dadudemissyidlunmssulseniutiniulan satunsalesiu DHA 3y

LY I3 [~3 d'd 6 1 1 o [ 1 1 Y] d' o I3 a d'
nsaladiudndunfivsslevisesisnisuazdifguinninuinninnsalasduindndusindu
TnglanglinudAyuINAeNISWAUIENDY LazaUseanai wnunnsesagiilmialsale
(audnf, 2551)

%Lﬁuié’duﬁaﬂmﬁﬂﬁ@mﬂ'mwiﬂﬁuu’mﬁqﬂ TngUsznaulualglusiu
Aslulawmsn Faniiu waznsalviiuvatevstandulseleminesnanie lown nsalvsfulaiuni
¥1n omega-3, omega-6 waznsalvdulownviin omega-9 loua nsaleladn uenanids

| Ay o | v A o v & 5 o v o a o aa '
wudrdineulvdulugesissimhuiadadudidular anselvdulidudinfseguain i
Yeatunngluduludonas nsedunisviuressesiuudugdu (n3eedng, 2559) agnalsh
aulutagiulardnlundulvandetssuinvseunulifiaeluszninufouuwien -
Wow1AN (N383ANA, 2543) wazillosanUandniludndurflndazgeyug Feiiudinig
dewonusanusadmiewasusinanglulsenarinuy Jelainisnaniisuneusiiuguaiin
A5aasusnlagantusesuainin Yauianzien Tuln.e. 2527 waziuddeanauzmalulad
AsUsELALAENS NN urdinendenuldlenauieuladsadnluln.a.2544 wazd
W.A.2547 (MNSEIANA WaTANY, 2547) WarlAlin1SALASUNISIAYY LAZNNTHAILIE18RUSUAN

Jnd1msunsiaeeesnanawiad

2. Yamlegnuau (Freshwater hybrid catfish)
- a v a v a = = ¥ =1 o o
Wesnndianudesnisusinalamidaiingady wasiiniudesnisidesuaimnidadn
asasqiavlanazuilaalalunaidusinii awnsadesdulensensedevuiaanla
fnuanilend dslamigiuguargnuan (Wednduuduaiade) Juin 1 (F1) lalud w.a.
2555 Minnwevardneny 5 T Jui 2 naudulataneeny 3 U dlevatgnuaueny 2 U A

v & 1 '

?-J
a v o §f® ! [ Y £ v oA [ ¥
a1unsaasgyiugiduneudiugld Jsdniudwenluargnuaniunl inzveeiuglaolan
gnuauiuin2 vieUargnuandnaguusdld (F2) 1alud wa. 2557 aligusrauwaziynssy
uwnnsanUandnuazuanae lnggnuaiandanunsaasayiulalan Wedlanseiuuas

A5¥T9 (NSE9ANA, 2559)
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f. 9.

Al 1 Yawmilsgawen (n) wavdangnueaulnae()

0 1N39ENF (2559)
Yrsfudan (fish oil)

1. n1sanaurdulan

1%
1Y [

nsuaninfulananunsavinlalaenisadiadisiuaintal Isnsadeinsiudanidu

a A & = y

Fnsaaiungamensldiinazaedunid uinivesdeuaztodnninnagiiunlyly

)

(%

guavnTINeWMIs Msadatituainailaenszurunisaanazutsoonidu 2 funeu e
nsafatnduaInUan (extraction) waznsviiliuians (refining) Yagtuiinisléisnsuan
Town-3 Wutuielddusuasnandnaiasuomis axldnszuiunsatnseeulsd nsle
\A3esane L supercritical fluid extraction (SFE) Hugu nszuaumswanisiutandusy
NMsIngAvINARAfIENI AN mnﬁ?uﬁmwaﬁuLLsmﬁ'ausuaﬁﬂaamLé’ﬁmﬁwmamgum‘i'm
woninsfuesnanazney seuntharuvesisiulafildlssmetneenazlddiuveswitiulan

ngslsivsanseonundanunsavilindudaiuiansialutuneusoly (Mbatia et al,, 2010)

2. YaaAwmaaaInUan
Uanduunasngauluseansonmsiidussleriang o uinue Jagurwndeainian
1 LY 14 (3 Y A a a £ 2 o A v Aa L4 = g
Wil 9 119 A9 anldvseusaRanile Wudanuseneumeansenmsniusslovd nidluty
e nIalvdulawii 3 FusiauisatnianawmdeanuaiuntiganUsunaveudsnasiiy

AuA1vasingaulasnaie nsaludulewdi 3 Alaannssuiunisadn awnsadiuiy

'
= v o

Yunaansermshidundadasilauwazdadunisiiusglaliianauniodnaig Tadamey

q

R

(%

A 1 1 = 1 1 v & | aAa o o
maammﬂmmuﬁluwﬂmﬂw'ﬂuﬂamﬁdauau Tagnuadiurndulnasnauiiugs 1539u

Y

al

gaannssudulngdniiagawvdsaindariunduantdunniy Iagldawuainudeain

nszvrunsanandiutuilundauinsnlailuladn wenainianewmdeainlaiss ey

=

ANAMIIAYUINITLAINY 9seiuyar1veIHandugNnNTuBnme NSz Tanawmny
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Mndaniudigeuludeguamslaruinsidusslovdinume wu fea Yssneude
dauﬁﬁlmal,%ama&“i (5948, 2557)
dmfuniadingarvamagnuandeidsldsuaadenanguilaa esnndy
oAU ieuty sav1An daaevnslaruins Wuuvaseslsiu anfiu wisiguas
nsaluuiifinnuddsenistauivesates wartietostulsavasndenuaziila agndlsh
mszsmﬂl‘maﬁiﬂmuqmammimmsgﬂwémﬁm%mqmiﬂssmmmaLLmﬁdqaaﬂﬂamﬁa
nauUaansluguaudiile (filet) Suiliiiluiuiliduvesmdennnisudiiioogfusuou
10 Tnglamzludfunisluvinadessios diumdedu q Wy nszqn 1 ofazaielu
fnsurluinduomsdnd Saauwndemaniligninnldusloviviefiuyadwinfiais
waziUgulunisnidndneie (nans, 2563) ﬁwﬁ’ﬂLﬁumﬁ%’aé’mmsLﬁmgamm@mﬁw‘%a

a 1 1

nanaselavinananssuulsyulamiailoviuniaundundndusndyanig o

Y Y

LY

Foulvtuasauuunenuihluudiunanluomsuaniiodiunisieiyivinuasdnsnissen
nsafausniensnlutududaeen Idduidulaififinsalefulidudigsldnanleiungs
Towfiiusslenilunsmuauseiuluiiluiden dumislaniluatnaeaaiiauudniily
Wudrunandranglundnfueiadueimis (nutraceutical product) kazlivdiensrzaeie
(anti-aging cosmetic) wardruvasarldiluasalusfuiiamisatumaunulusiuain
dedniuaraniiald Wunsahayaaifiuuasinluldusslesdanaunieldanamds

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

||
7

{ DMsguN 15
‘ z ' z —~

Ai 2 nsiiyaALiinAvRevesUa milsgnua

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

1%
o

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

[
o

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

aa 1 I3 L %:1 0 5 [ I3 4 L I3 @ d'

aUanU T ulvTunazinTudusidoaatusiduinue leduaziduvaandan

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

LaamaiwLﬂmfmﬂﬂgmmizmwﬂamasaa funsaludu ndwesea (glycerol) 1luasussnm
woanesed nsalusiy (fatty acid) Wuansusziannsmounss

wawmosmuleduuardriudenduna q Warlasndwelsa (triglyceride) n3e
naLBvsa Laamaﬁi‘(glyceryl ester) stwLﬁﬂmmﬂﬂimlmﬁuﬂmaqa AU glyceride 11910
ndwesea 1 luana 31NUfATeN esterification

nsabusiusndu (essential fatty acids- EFAs) unsalugufisrsnieldanunsaadi
il Indudealdsuainems nsalvdudndumarifiuvnumdrfgsonisasayivlawag
N199119UTDITaANAULUD [EUUTTEY LazeTBage1y 9 dAUdIAYRoNITEUATIZYR
N = Id aa wa }2 6 [ Y a0 w
prostaglandins daduansniinuautfnaiesesluuyiminnddglurate 9 vuiunisves
$79N"8
LY o I3 [~ o IQI LY} ) 7 %

nsalvdudndudunsaledulidudmagenawisagnianglaieainnisidnny

Zaulunisvinennns nisiivermsiliivungay Welinnisaatevansaluiuisazdanale
a [ = A a g
NNAUVLUAUNLAATU
v ) I 1 Y @ 1 vl = Y] % Y] %

nnlusiudntunudloidy 2 ndunan 9 Ae nsaluiulewuii 3 uagnsaluiulawn 6
FIFNAVNTEYUDNTWUMUINUTEAUTNANUATIUNUIAITUBUN 3 M0 6 VUlATIATINIG
WAilvasnsalusiuangen?

nsalasdulidndy (non-essential fatty acids-NEFAs ) laun nsaludulawwnn 9
TLideindunsalusiudnduiiosannsrnieanuisaadransalusiustadlatesanlusiuviialal
duFa TN 3 WaZ/%38 19N 6 TI01519018UIALLUNT 3 kAL 6 NSAbULTUlaLUNT 9

2, o o & X o A o ! 1 v A
aznanetdunsalvdusnduduuniuimsiginsnanievaasiliaiuisaasisluunlawiadaain

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

Y

[y

gj = M v b4 (3 . . dg IS Y a
aau Aslailavaglunisadsanslelaguaes (eicosanoid) Feliningaglunismivaussuy

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

dstudan de disfuitadaldaindiuie wils Fuazwwesalasianizailuin
wun hsfudanuszneudensalusulewdn 3 Tewn 6 (Khoddami et al., 2009) wagnsn
Tosfulowdn 9 Fansaludulewdn 3 fe nsalasusudulddudndedousisnsnisfianiy

o & v v [ I o ‘é’ 12 v % 1
uduneslduasrsmeldansaduassiiuweds lnelassadiswesnsalagdulown 3 avnu

1 o 1

Wuszraglitasnin 3 e lag NusAwsnazegifiuntwenIsuaudmif 3 duainuany

Y
1% I 1

luanasuniinguiudia (methyl group) Wil druiuseanaluavagnssiunuinisuay

9 Y

alUAsIay 3 ALY LAAIAININT 3

HO — . — Methyl
3 end

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

(o]
Eicosapentaenoic acid (EPA, C20:5, omega-3)

HO = — — — — ==

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

A9 3 lassasnanselusiulawni 3

fan: flun (2563)

[
=

nanlvdulewsn 3 (omega3 fatty acid) wussenliiiu 3 ¥lntuediuaueives
Tmaqaﬁmf (Scorletti and Byrne, 2013)

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

2. nsnludu EPA (eicosapentaenoic acid) wulu Uamziatingn

3. nsnlusiu DHA (docosahexaenoic acid) wulu Yameiaian

nsalesulowdn 3 Afusunannluingudan denselusiu EPA waznsalusiu DHA
Hulpseadraletuddyluaueswazaedszaman uenanitowdn 3 funumddyse
1ASIA319UAZAITVNUTDIANDY AU LL@%%%‘U‘U‘U?%&’MLﬁU%ﬁUﬂﬁiﬁWU’lﬁﬂuii?Nﬁgﬂ

d' LY a <
WNenulsAuluNTuD Y
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Towwn 3 wuunlutvameziawazuaindnurewide ievantusulavuinisiiluseauly
Peglunitedniun welunmsiudluiunazlaaamasoasininasdudunnadiniulay
WNAoWS WU AnTuT12 leledu Weanssa dawien dinsdlazuraey waasnvinldienig

wnndgalmiaulaunife lowdn 3 wunnluvameadn Yainun Yauganeu Judunse

'
a Y

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

[
=

dnvalawnin 3 Adsanunsanulaluudaiiy waiusuiatesninaindnineia (Fernandez et
al., 2015)

Y

nsnlusfulewfn 6 (omega-6 fatty acid) Wunsalaguvialidusy (unsaturated
fatty acid) Fedwuse wawau (polyunsaturated fatty acid) Imwmwuwmwuazgj

Funuslawmm 6 GZN‘L!‘UQ’]ﬂﬂ’]i'UEJ‘LPZJENﬂﬁﬂlﬂ]ﬂﬂﬂ?ﬂﬂﬂ’]ﬂﬂﬂ\l%%LiJ‘Vla (CH3-) ﬂﬂ.ﬂ’]‘W‘V] 4

Omega-6 Fatty Acids
SRR ‘\'/:>
AN

Lincleic Acd (18 2n-6)

Hooc/\\/\//f_\///?
H:C\/\//\ B

» Linolenic Acid (18 3n-6)
oC -
H;.C

Arachidonic Acid (20 4n-6)

A 4 lassasrenselusiulawn 6

fan: fun (2563)

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

2. arachidonic acid (AA) wululvsfusnanievesdnivn woawae lunae tazuaiuig

3. gamma linolenic acid (GLA) wuluinsulusna dndudnlansulsa wagiuén

WUAALADLIUN



18

4. dihomogamma linolenic acid (DGLA) wuluedsaznsluvesdnd wu i
1o souninnle wazuniuslaiain GLA

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

o = 1 '

Towdn 9 Ao naaluduwuuliduddadinusegseninteznouveansuau (C=C) gusn

Y

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

/W\V’/W\VA%_OH
0

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

o w [

nsalusiulownn 9 NaAeyilaiiae

1. n3alawadn (oleic acid) iunsaladunfiegluinduuznanuazluluduyial
DUFLTAUALIAN 9
a _a . . o o A Y 5w & v
2. nIndgdn (erucic acid) Wunsalvdunnulduinluiiduainuanvesduism
(rapeseed) Aulpaananiigs (wallflower) waziudnvosduianisa (mastard seed)

Tngianizegreelutnduainudavesfuisniuiinmsugndusmdudiuauuiniiiondningiu

v a

Junsndedlugeamnssud Snnsiinsnuisesuesnainmitfuresiuism aglditud
Suna1Aluan (canola oil)
3. nsAwesnedan (nerversic acid) Wunsaluduiinuluvatwvaueu wiavedu
Tamsa uaziudaumn
Usgleytveansaladiulownn 9 (Bruno, 2014)
- WWuiviglunisasne sesluu Insamunaudu (Prostaglandins)
- eanAaiaameaseariaiilid (LDL-Low Density Lipoprotein)
- faeifiusziuves HOL (High Density Lipoprotein) Fudunsiaainoseadd
Usglevtnasnenie

- Yvanlnsndiwelsa (Triglyceride)
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- yilszuulnadsuladndulusgreiuseansain dunrevinliszuuluadiou

Taalusrenierieulnd wala auss du 1o wazedvizdu 9 vhanuldnau vilraiunse

Josiulsariila uazngulsaviaanidensudula

5. Uselgwdvasunsiulan

| [y

1. PUanTEAUTDIATNADSISAIULADA haZIiNSEAUYISEAU HDL-cholesterol

v = a

2 & a 8w Y = 3 Y < a
Faululuduig ihfudaasnsnanssivvedasniweliasliegenadd wagluszansam
geaninhdudnlnauaziidunendlesuin guendszaulasnfwelsalufengaiialiiu

Uan Uszunad 18 eaudsaiuidunal 3 Weu nuiseaulasnawelsrananazsesyu HDL-

£
=

cholesterol yNUTU
2. dasdunisiinlsaiilanazviannidon Lagaan1siNIE@InuYaLNandan YNl
- ' o @ a & = a Py 44 Y] a ° Y
danliinnzidudy Wendduaisulaniw ananuniavsandivasndan vlikdaiasn
& = = 1
Hondlnudanguy
3. anAuaulain 31NIIBIUNANISANYIBNUINDIMTNUSENUMEUaIMNLT4
wsoUamaall EPA TuuSuna 2.2 nfusiedu arunsnananuduiiendaladnluauldnilsa

saa (Y

ANAURAUNANINSSUTUENliseaulnsndwelsiuazralaanasoatuliongs uagyilviin
Tsenlaluvaizdiongdafoset ovnsiivamaudadevaydisansziulaaaineseauas
lasndwelsnludenasia

4. aan1seniau nudinsalediulewnn-3 & EPA dreannszuIunisnIsenaula
(Calder, 2017; Simopoulos, 2002; #ENT LAZITWNANN, 2548)

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

and Miraliakbari, 2004)
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dmsudsunalatdunasnsalagduiiaissuusenuneiuty a1nnueives Dietary

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

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

USUNULARDININUANUSINAE NS UN NG @3U The NAS Institute of Medicine wug1n
N LAY

n1sUsTnAlTudNAIAISERENI1 10% VBIUSUULAARSSIU cholesterol Hasn1 300 Un./

YU wazAI5USLAA trans fatty acids Titeswinfiaz dulula wavesdniseunslelan (World

Health Organization, 2008) lauwugiUsunuvadluiuiagnialvduiglngaislasudetu

ANUAITIN 3

M50 3 USunadludiunasnsaludunglngmsiuussniudietu

stansalvduluanis Yunaufinuziisadu

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

nsalutudus T3ty 10 % veandanudlesuly 1 Su

nsmlvduladusnussine?
QoA 9)
nsmlviulududivaienuss

nsnlusiulddustussiien
(lalunn 6)
nsnlusiulddustusziien
(el 3)

(laiAu 22 ns)

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

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

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

0.5-2 % vosndsnunlesuly 1 5u
(s 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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d159uafiluiden (blood chemistry)

wnilnadn (clinical chemistry) Aa n13asI9mU3ua1sTAllA1e 9 fogluiden
Haany wazanstnang o lngliimaaiifiegnsdeuutasiifendestumainnesanm
veuilafeuazetorvang 9 AuUnANISINUTeteieIzas o Tussniednalnnisvinau
adududeuuasiivadestunszuiunismedaed desneinanuiinunivseinlsa

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

a

N a a P a ° o P a a
NSEWALBA N15RSI9USUNaNsTRATTAsULUaslUTud anagylins1udemnuRaUnR

[ 1 1 o 1 <] A A a o & a
VO99I8ILHN 9 WazisusnauAUIueLlalloinlin (Aeygiiivan, 2559)

asTueiindrrgludon lawn vuninededeslml augriualnneans, 3.U.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

unvosdadenunsdidurAugnatsszana 6.7 - 7.7 tm
n1sudana
- 81 red blood cell count Qﬂﬂdﬂﬂﬂa wulun1ag polycythemia

- 01 red blood cell count #MnUnd wulung anemia

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

ARFIIEIAR
-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 1wu 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 sxvimihiimsadeuuaiise lymphocytes 22911
wiiismtelifanaridouunailiioursia eosinophil ¥anii1fiigafunisiiane
histamine W38%1a18ioLde polymorphonuclear neutrophils (PMNs) Wuu1ANI1UNG
(neutrophillic leukocytosis) Tun 5@l bacterial infection, tissue damage (myocardial
infection, burn, crush injury), leukemia, uremia, diabetic ketoacidosis NUTesNINUNRLUY
nal aplastic anemia, viral infection lymphocytes wuu1nn11Un@ (lymphocytosis) Tu
A1 viral infections, acute %38 chronic lymphocytic leukemia, tubercullosis (TB) W
PogninunmiunNIIg uremia, stress, burns, trauma monocytes WU U 1NN Unh
(monocytosis) Tu n 193¢ subacute bacterial endocarditis, TB, protozoal infection,
leukemia Wutauni1UnAlUA12E aplasia of bone marrow basophils Wuu1ANIIUNG
(basophilia) 114 A 17 ¢ chronic myeloid leukemia, polycythemia , after recovery of
infection NUUB8N3I1UNALUAIIL acute rheumatic fever, lobar pneumonia , steroid
treatment Eosinophils wuu1nn31Un# (eosinophilia), allergy, parasite, malignancy, skin

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

3) hemoglobin concentration (Hb)

Judwusznevvesdiadonuasdinginii oxygen Wuarfivsueniisanuaiuisalu

1
[y

N15UINT oxygen YBUFBA 1UIU hemoglobin AxAuBLAUIIUYB rbe
AUNR J¥e= 14 - 18 gm/dL

W9EJe = 12 - 16 gm/dL

MI0UTTUIUAI1N Hb = rbe (millions) x 3
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4) hematocrit 1JuU3u1nsues RBC Fautunoviutuniwendandniu
Wosdudmldannnstudeslu capillary tube
AUNR J¥e = 40 - 54%
AV = 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 anaainlaain 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 Uszuad 7 Tu Bdwlunalanisvinuden asieanlunsggnituiu 2 lu 3 avegly

a | A = ! v ~ & a v A
nszwaden dwuiwidsazedludiy 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? agnuyaidensensnduiediionsenain
Lﬁ@L?j@é@uI@EJlﬂﬁﬁ"lLMﬂ (spontaneous bleeding) wazaplatelets Waeni1 10,000 mm?
ziinldensonog1agulss anmnavinliAn 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 Y a I Y} <, I
reticulocyte Ludlndonunanduasglihiui dnwazazidu cell vunlng s

o

I aa ¥ 1

Wl
@319 hemoglobin 8¢ fidR I duNIIaEALAITIRS YANTLAL AUARUTEIIM 1% (0.2 -

Y
¥ [

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

1ASU transfusion ‘Vi%aaptastic anemia

2. blood chemistry test
Lﬂuﬂﬂimiaﬁ]@ electrolytes, Usgliun1svinaruvesls (renal function evaluation)
waz asasziutmaluden (blood slucose)
1) renal function (Ns¥iuvBLla)
- blood urea nitrogen (BUN) tJunaain metabolism 283 protein tJusfivae
Usgnsauedeetiens 9 A1UNRA 6 — 20 me/dL
azothemia LHun1zfifin1nfisduves urea wioansusenoufill nitrogen waua
lunszuaidon
41989 BUN ﬁ Lﬁ 1 gﬁuiﬁ WA renal failure, dehydration, Gl bleeding,
increase protein catabolism
§nsn1afinues BUN Jusgiunmsvinangveaileionisaaelusiu waednsns
UL urea nitrogen voiln
Ab11% 189 BUN fianaslaun liver damage, protein deficiency, starvation
- creatinine (Cr) AUNF 0.7 - 1.4 mg/dL
creatinine Wunanaselsainnisaateiives muscle creatine phosphate Tu
YUIUNTATNWSNY creatinine %Qﬂa%ﬂué’mwﬁmﬁLLazgﬂﬁ?fUmUaaﬂmwim
fin creatinine Wushustdsanmnisvhauveslaldfniiuazlinindn BUN was
Tiasuuasmuemsiinu lneiluauunfnasiidnsidiaes BUN: Cr Ussunay 10:1

Cr WRIUN renal failure, muscle disease Ware1ANULBYAILA bUALYIDY

2) blood glucose hanaluden)

UszasdiienTIamANIAaUNAves glucose metabolism Tdaaglun1sitadelsn
UMY (diabetes mellitus) wazn1siUABULYAIN153An62 (mental status) A1UNR
65 - 110 mg/dL

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

a

me/dL 288U
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Ablood glucose %Lﬁﬂ%ﬂﬂUﬂﬂzLﬁ U diabetes mellitus, stress, hyperthyroidism,
pregnancy, pancreatic disease, steroid therapy, cushing’s syndrome

Ablood glucose anadbuni1Ig pancreatic disorders, starvation, liver disease,
hyperinsulinism, hypothyroidism, hypopituitarism, sepsis, addison’s disease glycosylated
hemosglobin %38 HbAlc A1UNG 6 - 7%va1 total Hb Tdlun1snsiagmisshviumuae
anduTinievegUislunisidetmiunuiuiviiu lngguiuiuves glycosylated
hemoglobin ?z’fal,t,amﬁﬁsﬁmmzsd’mL'Jmﬁl,ﬁ@Lﬁammqlé’%’uﬁwma clucose Lazuanafy

ARAUIMalUERA YN 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 anas ﬂwaﬂﬁqmsmﬁ'auwmaéwﬁ%a%’waa@fu (chronic liver
disease, liver failure wazdanuluniigstarvation, hyperthyroidism, leukemia, nephrotic
syndrome
o1 - globulin Wuglycoprotein ﬂm]w‘iﬂmwﬁﬁmﬁaﬁugﬂﬁﬁma

'
[V

a2 - wag B - globulin lus1efifin1zinfids (cholestasis) azdiszdugs dailu
MeffifusniaUeEsTuLIIazandaY

Y- globulin Tusiefdustuudeasil 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 Tloglusiugnaislucell sou 4 vevfnazdaidlddnszgn S1l4
wazsn AIUNR 30 — 115 units/L WU enzyme qq%ﬂumw biliary tract obstruction, bone
disease (Paget’s disease), hyperparathyroidsim, osteoblastic bone tumors WU enzyme

anshadlunniy hypophosphatasia, hypothyroidism, malnutrition

3) bilirubin
LlANAINN1TAAUAIY89 hemoglobin Laz myoglobin waztUdswdu bilirubin Ndy
wazsy bilirubin Tu plasma azduiu albuminiiawdu unconjugated bilirubin Fsavanels

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

'
=]

soluluvierd wagiindigathd 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 Wutuly 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



27

5) cholesterol

a$nnsusiiondnbile acid Wudilng Aund 140 - 260 me/dL

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

WU cholesterol amaslu starvation, chronic disease, hyperthyroidism, liver

disease, steroid therapy

4. nmsasrvszaulusiuluiden (lipid profile)

Tudufianudifsesnanie fe Wuwasdingsnugs lufiulusiniedegnaneyia
wazludiusznevdrfgvesgadde o waluiuidauddgniseddnied 2 viia Ao
Aoladwesea wazlnsndwelss arfunniulufenafinisavaunielulduidontaziiledo
| | Y o v = N a Y [ 1% A < @

#1199 vessnelavilvdanudsiiazifalsaiile lsaaudugadudenudaiiasvasn
\Hongas
1) total cholesterol fie AolaanaseasItludndslauIaINNITdLATIERTIAULAY

'
=

Uslnaa1nsusennidundnduaindnd usnaininisAutAIesnuNilueanaged

=

NSEUUMT SN MIzANATERAzaTansEAulvsEAunslaamesendty wazluavay

Y
¥

ANUHI91A0RLAATIL VN A NAAINULEDIURL5ANATA 15AraDALaRAT LULEE LA ELDY
fu visemunulafingaseu total cholesterol limasiiu 200 Tadnsuselnding

2) HDL cholesterol A8 ABLAALNDTDATTARNFLASITAVUNAU LazuI9dIUINaLE
\An Swindesiusazsamunisiinlsavasaidenfiusiy satiy HDL cholesterol ngsluiien

1 d' a & v @ A A Y] 1 c':

LWILANANULALIVDINITNANADALFDATILALTT NIBRUAU Lae HDL cholesterol Taimasan
N1 40 mg/dL

3) LDL cholesterol Ao AvtadLnasaavialufaziiluduainnisusinawaznns

o ¢ a

duassnndulvazandiatoazeing q lnglanzindmaonden Faududumeguaziinisi
dAygaveinisiinduidoniilauazaussiiu sedu LDL cholesterol laimisiiu 100
me/dL
4) triglyceride nsnawaslsaduluiundunsegnaundu anld wavdrunianain
= dav o @ - v & Y = ¢ X o § ¥ a Y
nsuslamemsiiiludiu visanfisuazaindnd seaulasniweslsnastuasiliiinnsaasiy
Yoududon vaondenudei uazvinaudangy o1avilninauiulaings uazauise
sonuazaululaduldimidailininn sl sedulasnfiweslsn ldaisiAu 150

mg/dL
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o £ )
AFZUIUNITONLEULAZAISANWINIATUNITBNLEU

(Inflammatory process and Anti-inflammation activity)

1. N52UUNI5BNLEU (Inflammation)
Juujasenvessianiefiviinisnould nevaues 13orNauAaIEAINTURIIVES
Funs18Nn189nTLiIfeaIanty n1senauLdunszuIunIsUntosfaldsEauadaud g
¢ Y] a a & . . av g a & | )
wywd Nssnauiianngainnisiage (infection) wazanmalilinisfinie wu a1sad

G| aaa a v (v 1 [~ ¥ Ql'd [ a d‘
wseuitevegifuiuressnnie Wusu luvaugninsdnavazinsisuulawemann
a ° v & ] a = ¢ - o a

Hon vinlivasaiienvgnefikasiinisildsunlasuauganiioyunasniion J9iy
AuasalunsTuRurassden LWukalraisiiuazwadisinidanueananasnidan
1NFUSUNTNTINEU WURALAAANITUIN LAY $9U VBIUSIUNTINITINEY HARDAY1?
a a ' a a v a a °
ieanuuenvaanien 1wy dilvsila uazunlasvhavggnnszau lnedadandaauiisnsiui
TiAnn1sasuLlam1stiLail vasaisdenansluni1seniau (proinflammatory mediators)

wlinEe 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) 98NYINLWAALIIALEBAVIILAZLTAA

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

'
[

pro-inflammatory cytokines waniiignudaunniiuly nienasdeiliesluszuziiaiuiu ¢ oz

Y

Y v

liAansuaiurentede gidufuuifidalunisidndudandao lnsawizansfiy
LLazmiamsﬁa@a%w wadunlasraanunsaiidadelsalaen1sauiu (phagocytosis) way
Uanudosarsdenisdniau sauisadiseyyadasylunineanles (nitric oxide, NO) uag
oyWuseendiau (reactive oxygen species, ROS) Inelanizifloiwadulasvagnnszdudie
wulanendu (endotoxin) naslaluluausaailsa (lipopolysaccharide, LPS) s?ial,flumiﬁgﬂ
JapUdosndrundaeadiuusntendouuaiiie asfiunisadrsouyadasy NO Saufy
miﬂizéjuﬂg’jﬁ%maaﬂ%m%’umaﬁ% (lipid peroxidation) tAAN158319 ROS 41UULNIANE
Tuiana NO wag ROS annsaviiisewefuliluanafifiaudufivguiliifafiviane
@ad SasEnasuMuNIddy I o SaielmAansuiaduniegndenisieures
s uavdssaliAnnsdnauiFesuasnensanmvadsasig 4 Sesnuihmssniaudu

A o Y a P v [y LY 1 a ¢ & a ]
awmgiviiiAalsaneesiumsdniaude q lnglunineenlenilueuyadassnduasies

310 L-arginine 33UfAselaeieulad nitric oxide synthase (NOS) Hlulanavedaandiau
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Huanshadudau 1fin five-electron oxidation duflerneuvaslulnsauiieglunguiiifu
(guanidine) va1 L-arginine Widulundneenlassaumals 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 Aw neuronal nitric oxide synthase (NNOS) wag endothelial nitric
oxide synthase (eNOS) Fafinsuanseanmasniian (constitutive isoforms) nanlun3nesn
losluuiunas wag iNOS Feazdinsuanseenvesduilognnszdulasdaiisiig q (Alderton
et al,, 2001; MacMicking et al., 1997; @3wa, 2559)

Tun3neanled(NO) fnthiliAeatestunszuiuniseans q lusienie wu nisde
dryey1auUsean (neurotransmission) AIUANAINGULaTnlaeviNliNaaaEeRvEE6 2
(vascular relaxation) Yesiunisinigiveundniien (platelet ageregation) wagn15ausa
fuveafinidony1a (leukocyte adhesion) sausdaieadestussuunidufuuuuiiuus

(Y IS

Auda (innate immunity) 1 laswiasivthiddagadniiyngn Inendnluninoenlesly
Usuasnainteulesl iNOS Fegninflentinlkiinsuansesnvesduilednsduiaiy
cytokine, endotoxin veuuaiilse wislaluweduwnaislsa lipopolysaccharide (LPS) 210
LuATISY (Coleman, 2001) N15N3¥AUNITHANIDBNYBIEN INOS danalviinsndnluninesn
loflutsinaannlaglusineenladhminiiduasdonansainissniauiiddnyfignuasty
Tngwwadulasia fawfirlusdneenladaziniiifeadestunisiidaganiisnsusnanie
uywd wilusdnoonledfignadntuluuimadunifuluain iNOS wutrildusulunisia
ansvedlsafifeadastunssniausing «

Tnsanunadu (prostaglandins, PGs) iuansinandunguafinfiruaunszuiunis
19 9 lu $19m18 Wy auauaudulaiin N15udaRaTeIMaondentaznouaLaIRanIs

(%

gnau lunseuiunsdaasisilnsaniunaiuain arachidonic acid gnissufizenlagioules]

[
fa a

wdnfe COX toulasiilll 2 lelawesu Ao COX-1 Fafin1suanseaniuuszdilonan
InsamunauAuivimiifiveedsine: amuaussuuvasadenuardosiueadiBoynszime
219115 (Rao and Knaus, 2008) wardnlalanasy Ae COX-2 LﬂuLau"Lsziﬁﬁgﬂﬂﬁzéquma?ﬁL%"]
ngufEfU INOS vilmAnnsndswestnsamunaiuluudunauin (Katzung et al, 2001)
pGE2 \uleluvesumilsvesmsoaniunaufuimiisinivarsluseniglummadanas
nMsraeiveinduieiiey mvenefuaziufivemasniden auauALTUEen
(Serhan and Levy, 2003) LLaszJuéhﬂmqmsé’ﬂLauﬁﬂizéjumﬁﬁ']mmﬁaﬁa 1n1551897U

| [ Y

31 LPS 981017u Toll-like receptor 4 (TLRA) LaznseAun1sasdayyr1aitensesu
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N135%197UV89 nuclear factor kappa B (NF-KB) Fadu transcription factor finelfannis

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

U

et al, 2021) luanizfiwadlignnszdu NF-KB azeglulalanatady (cytoplasm) dufy

q

v W

158U inhibitor of KB (IKB) &avinutinditdusnduda NF-KB vl NF-KB luanunsaindeu

v a Y Y

Whgtiuedeala (Zhang et al,, 2012) luaniggnnseduiie LPS vislalalaisng 9azifin

Y 9

[

n1s3unuAasudyeIad (receptor) yinliAANTIINSEAUNT5911911904 inhibitor of KB kinase

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

AI8N1INTLUIU proteosome-mediated proteolytic ¥l NF-KB agﬂumw heterodimer

¥

989 p65 M39UU p50 N30 p52 (Tak and Firestein, 2001) ﬁﬁiﬁﬁﬁyqsmLﬂﬁauﬁmeé

fundua Faayluduiudumis NF-KB binding site UShadaumuaLnsianioeneddy
(promoter) YlMAANTFUIUNITABATHAVDIEU NITNTLAUNITUANIBDNVBIEY INOS UaY
COX-298LANNSERd RN IUIDT Y10 MAPKS Bneae A1ULEERI8n3oNaaInnITontEy
uil unetnaggeuusnaulinuauiauniuininssuugdduiumuauaivnnons
SniauBeundulalyud vilvfin1smas pro-inflammatory mediators wag pro-inflammatory
cytokines agsiaidlesuusenluisdinmsiansanaiuegsdeliles ssuuniduiuazveena
nsmuAY WulsEAvEnmnmsimeanmgionisdnausnGenanznduiin nsdniauiiets
(chronic inflammation) &sfiumnandluanmssnauidsundufie waduiailodogniitans
1t wagvmnnsmuaudainldlifasvidlfAnenuunwissesssuuianduaimnvadlse
e 9 19y Tsauzids Tsaladeiden Tsanaamdonuaidsi nazdonainnisindendns
suus9 (Septic shock) MiUfiasvesiiodolunisugndisetens Tsawmau Teansgimne
wavanldsniau Tsaveuiin Tsalude sniausunesd lsavaonidenunudsis uazlsaidon
Y953 UuUsEan WU lsndaleiues (Alzheimer’s disease) lsan13Audu (Parkinson’s
disease) (Coleman, 2001; Guzik et al,, 2003) lun1sdniauiasindundunazioss aziinng
wasansdenanslunisdniaunatssila 1y nseaniunaudu £2 (prostaglandin E2, PGE2)
lus3noonled (nitric oxide) uay cytokines \usuruun ansmantanduniosdiorili
AANNInDUALBIAYNISNLAUNINTY (van der Viiet et al,, 2000) InmsAnywuiiior
nsfudsnmdsansmanilaziiliinisdniavanas iWhmnevesedunissnauiaasuds
vieannsndsansnantl wieanlngfminanusinng wasinadradssanmsldendu

L8 U (Seibert et al., 1994)
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fatfu Fedanusnduedredsiivsdumluanaasnnsssumfianunsnannisuie
pro-inflammatory mediators &g pro-inflammatory cytokines Lﬁaﬁﬂlﬂéﬂﬁiwamaﬂﬁﬁu
nsdniay dsduidiladumsienauiesazanniniidienansseme osmndsyne
InefinnindhedusniauaniesUssmadugamagnaneiudiuum msduaimansi
fquisusniaviedanudniu lnsanzainiiy diuazayulnsinefisidnenmlunisi
ANLEY

nsdniaunazlsafiiendasiunizniuein

1. T3A3IUAINS

v

finsAnwmuinnsdniauianuduiusivusunaluduivenagusnamtiviowmser

e

fimsazwunssnaulfiidesaniwadlusiu (adipose tissue) amnsaaiie IL-6 liuszanas 10-
35 Wodidud seduanudutu IL-6 wwgetudedlufuazanuiniu fafuguaelsndan
(obesity) uazlsidotldoandidanie Jsilauidesgefiasnuiymaguamdy 4 auun
(Usgian uazAniz, 2556) naztmiiniAunaslsndruamaianuduiuslaonsafuniaie

3

Tspuzi3s 91ngUAntsalvelsanzifsluboyungnisly Uinungn wazuzidaduy wuin
fanuduiusfuingeitimdniAusazamzdn Tasnuiluauduiedelufuasndnans
TNF-alpha sonu1lulIuiuuin e?fqmiﬁménuam]1m]zﬁmaﬁiamazgaﬁu@ﬁumaé’amLLé”J
famudrdianuAeatestumaiinlsaunssuoninddmuimsazanlasuuinunatsdi

& o v v v a < ¥ a < aa
uuummauwuﬁﬂumimﬂmquLmuﬂm‘wwaﬁ (LWeyAS azAg, 2561)
Physical Inactivity

Abdomina Adiposity
Macrophage infiltration of visceral fat
Chronic Systemic Inflammation

Insulin Resistance, Atherosclerosis, Neurodegeneration, Tumour growth

4

Type 2 dobetes

Cardiovascular
Breast cancer = W, Discases

Coloa cancer ‘ Degressicn
Nemeantia

A 6 JumeunisiialsANdanrnN1INN1SVINNITERNANGINTY

fian: Hotamisligil (2006)
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INAINT 6 LANINIZVINNITOBNAIEIN8TINAUNITHUSH Ul uazauuin
TnglangsaueInazutnyies (abdominal adiposity) waalutiuanunsanaslaslanlatgy IL-6
1 TnsamglunquiUlelsngiuasnuseauanudutdy IL-6 Aout19ge@auansdian1sdniay

a dy [ I3 Y a dy a a . . . = a <@
ylaseTumaziduanngliinnizaedugiu (insulin resistance) NaaALEDALAIRULTS
(atherosclerosis) ANULABUVDITZUVUTEAIMN (neurodegeneration) L133N13L23QLAUTAUDY
wadillosan (growth) dsnalitinlsaidunsienateviagy winiu lsaralawaznaon
2 & o vy & v 4:4' = Y o o a
don uztSeald uziSudun ANEsLRITEULUUSTAY kazlsnduadn delunisuseidu
SuNgeg1iefnIsUURegvadtanaiiuy nMstaimin adviianiy adadiuseuied
AsUfiRegainauaioannsnszaunssniau agdlsinunislasundsnuinluusias
Fuanmssuussnmuemsilindenuannuagiludiugwsosmsludsnnaun  Useneuru
N13UIANNTRBNMAINIEEEdNalAAN1SNTEAUNTENELNINTY Tneseauiinaluientl
a9 (hyperglycemia) Ns¥AUNIINAY IL-6 INLgasnTIviaenidan (endothelial) wazainiwad
dinidenv13 (macrophages) 1T N13nsEAUNIsnaUTdmBaunau (acute) 39nn15ke

Sudsemuemsiiiludukasndsnugaasiinnisdnavlussesusnfanisdniausess

'
[

58U (chronic low grade inflammation) mniAndeifiesduszezanudusiou Wud

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

D Tinsulin Resistance

D Insulin Resistance

M insulin Resistance

™ IL-6

AR T N15URIDUMBSAIAU 6 (IL-6) nnwwad byl

fi11: Mohamed-Ali et al. (1997)
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uenanigifdminduiunielsadumnananuaradudu 4 By e woar
(Tumor necrosis factor-alpha, TNF-a) #3e@5uaaiin 1UsAu (C-reactive protein, CRP) IL-
6, Lebtin uag IL-18 geninUnf 2-3 1 anfludeusdaanisisuiinsdnaveiagesa (low
grade chronic inflammation) a3y szduauudulalnladfinanazllanamindad
lmﬁuazaﬂuéwmaiuﬂ%mmqaLLﬁzﬂﬂié’ﬂLﬂUﬁ%Li‘;JumaiﬁLﬁmIiﬂéa%’a LU WM viaen

Aomtala Weeusinszitausidals (Mohamed-Ali et al., 1997)

2. Tspiialanaznaaniden (cardiovascular diseases, CVD)
N a < . a o a =
AMENAALEDALASAULDY (atherosclerosis) tinann1seniaunslunaenlainlaeil
AINTTAUNAIEDEIN WU N15eanTnduvatluiugdaniaunuiuiudi (low-density
lipoprotein) NazLAsERBENTIATU (oxidative stress) an1sonauinTudussesiiaiuiy

v & o a & o = ! o = 2 =1
QUﬂiﬁmﬂLUUﬂqiaﬂLﬁU%umLi@ﬁﬂﬁqmaLﬂﬁl(ﬂa@'JEJ'Jgﬂ']EJIULanQ']ﬂSU’]WLaa@lﬂLaEJ\‘i

[ |

a oA a 3 = a & Y} A o =
mmEHLLNR]%@J@J’WUUL@JEJMWULLGUQGU@W@EJ@LaaﬂLﬂmﬂJuiuaaaazwaﬂﬂiy,L%u VaamLa@@lU

\Aesaues vasadenliideandiuieorlagszdniudelyaunssnadulsaiilaluian

[

Tumanmsunngideuainateysenisnegitadedniinnevaendenunifiuudmselsaiile
M3nsIaNUIZAU d3uonitn TUsiu (Creactive protein, CRP) finududugsluladin 1Hude
UsPegramnilandrAgiilasainanisansianulansusisuinisonauussasnaonlngliso

solvlsasiulUaunsziiivasaidanfuund s oaunseailannisiansuasnudulsaila

3. 15AwWn21Y (Diabetes)

msfiszauiinaluidengeelienlusseznaivuazdmadese aue du o vaon

(%
= = L2

\Fon waysyuulsyam lagedeazang o wardaziinnsonauiiaduwdioldulsaiuiaiu
anunsansranunsonaulnenuseaulelalaunateudaiy TNF way NF-KB SA0uuty

39U (Y3 uavmne, 2561)

4. Tsalai3a%s (chronic kidney disease)

Anidulsrdruamadssionisinlsalanesestlaganingilidu 2.5 wih fiesen

Y
anzszaviinanazluduludonigindiund Saudvansdiednneitesiunssuiunis

[
=

SNLAU WU IL-6 waz TNF fnavinateviasaiaennasluls nisiiuduvesbvsulusianiewas

Ly

lugaeios duiusiunisiinniesedenseangvavesduyiu ANuduaengs nsndwalse

ludengs luduvliaevsvealudens dinaluifengs uduianeSanmvemasniion
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fa9ane wazvaendennelulavilfidenluidsslnanas iianisnszduszuy 015 1o 1ea
(RAS) 11 saufunsnseduiliiiansganduvedafenusianveladiudu aavieiin
arwdululnaimesdagetu liladiunednawesdadowialnaiu waedinmsasauvasans
e q lulnawesda SrauAumsiiaisiinvedlanuun sivlilldvisreenulutlaany
(Svq" wazAy, 2553)

siiuliilsagauamlianuduiusiunszuiunissnaulusianeazs dudy g

P = o A v Yo [y [ 1 1 ] 1 = 1J A o
Weoulunnendedlasumsiansuilunnegdinanegraswuiemnduamenuilig
a dy [ 1 [ [~ a a [ a
n1siialsAsesesng 9 uinuie Ll lsaiumiusiiad 2 lsaaiudulafings
lsalaisess ngluiuludeninund lsnialanazuasndon nioudnsznslsnuziSaunseiln
Aatlananiuuas Inesdesliuasunginssuaunimlunisduasunisdnnisauediiownly

lspgauaansluizaanisusianownsniusylev wavnseaniidanienvungay
= Ly Y ¢ =1 o g
2. msAnwgnsdumMssniauluadinizifennlasiavemyaewus RAW 264.7
2.1 MsWzLaesaa (na1viey, 2555)
wnzdgagadunlaTHIavemyaeTus RAW 264.7 luemnsideawadyiln DMEM
1590 wazasumedsuidutuiosaz 10 (VV) @15azargenunid@adu (100 U/ml) was
awsUlalugu (100 ug/ml) VUATUNILA LA UUITUAE VAU IUANENA19VUIA 100
fadnsuazirlUvuwadlugeunuuldasuaulaeenled Neamagil 37 ssenwadea lu
Aa s c v v v I3 a ] a & s
pnendasveulaeanlediduduiosas 5 (vAv) 1unal 2 Au anduasue1msideaad
wardgasluunludeunuuldansveulaeanlendedn 1 Aullawadasyiulnussuin
Soway 80 U89 UMNIZIALY F9MIN15LAUGAG00NINRIN1TULIABNITYALAUYAE

(cell scraping)

2.2 113 subculture 1n835 scraping (na123gy, 2555)

@mmmsLﬁymLsziaéslummwwémmaéﬁq WuasazaneUWines HBSS [5 mM KCL,
0.4 MM KH2PO4, 5.6 mM glucose, & mM NaHCO3] fiusiaanuaaideuwasuuniide i
Fusrwau 10 mladluaumizidsusad wédahluvalugevnuuldarsueulnoanlsdi
guvindl 37 ssrnuwaidea w1 10 Wil Yiaumwizdssesnangey wazthudiguasade

9 Y

nuuldnyaad (cell scraper) Yawaaiun 9 weliwadvaneenainiinivue 15UiUn

q

sa o

WaaRnuwIn 10 ml gaansazatednmlasivedsgaandifneguuaumzidssgadeanty

PUANFOUNU L'ﬁmmm‘wwmﬁmL%éLﬁﬂﬁaaLﬁa@mmiazmmw’maaaL%aa’iﬁiuwaamwawaaﬂ
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nuudlUTumean 1,200 ¢ U 4 wiil uaigeansazatetnesie uemsidead

DMEM #5109 wagtasumedsudududasas 10 (VAV) a9 lunasnkalvinn1snssaneiwad ag

faaaa ¥ 14

nslUUngeTuaiteliigadinszaeff Yiin1sliuleaanidin aaensdoud 0.4% trypan
blue uatulwaduu hemocytometer neldnassgansauinauuawlsgadasiunIvue

dulvsludnsd@IunfoInng

2.3 NSNARBUAMUNYINTDALABTS MTT assay (na1vity, 2555)
MN1INTEMLAIAUIIUNIZALATAALUY 24 Hqu 31U 1.5 x10° 1waadenay
watlludlugeunuuldansueulneanlys Mgumgll 37 ssmeai@ea uiu 15 41lu 9n

)
91MSLAHTARNI LAURUDINITIAYUTAANTANT JIST5 NAMUUNTUAS 9 NINH LPS

(1 Mg/ml) uazlidl LPS

2.4 mswaszRUsuIuwsaanunauny (PGE2) (duf, 2553; nanuiy, 2555)
MN1Meaedaun1sNsEewad adlua NI uead LU 24 Miad 91U 1.5 x10°
wad sevigu udthluvaludgeauwuuldamiveulneenlenngumgi 37 ssmwaided wiu 15
o & ¢ Y a & sl = v oy & Ao
U9 QADMNTASUIATT LAILANDMISIRENYAaNNAS JISTS NAududusing 9 el

P Eryust! 4 aa Y v = &

LPS (1 Mg/ml) thaz laidl LPS 52194 indomethacin (IMC) Afianandudy 1 uM Faduans
muanwuuwln wanhlvvsludeuwuuldasveulasenlunigamall 37 esmiealea uu
24 F2109 H9ATULIAITUNVDIMITEEUTAANIIATITRUTUIUNTDARIWNAURAY E2
I@aﬁ@mmﬁauﬁ%%gﬂ PGE2 competitive enzyme immune assay kit (R&D Systems)
ad o & o & ¢ y S P & <
Ma3saell e mnsidgawaduTuwied 13,700 ¢ Wiy 5 Wil a9 mMNsIRgITas
UTuns 150 ML Ay calibrator diluent RD5-56 U311%5 300 plannuuliunemsideaiwas
3991908 2U5u105 150 pl aslululasimwaniitadoununguaie goat anti-mouse

a v

polyclonal antibody LAu@15a¥aNe primary antibody Usu1as 50 L LLé’quﬁqmmwaq

Y

W 1 $2las Ynelulasinanliadn devnasaifiu PGE2 conjugate U3u1ms 50 L uda

Unigaumgiiviosunu 2 Taluanfeuwgn ndudrmaulalasinanaie wash buffer Usunns

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

9 Y

1%

wifinfeunsvensediielesiunadlaansazatsazilaouiudin udmenuiisenme stop
solution Usu195 100 ML lngasazaigazivdsuludmiesteninuduesdzduagiv

USinavesnseaniunauiu E2 naulidiiuneuldinAinisganiiuias 450 uag 540 nm
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meinsesinnisaanfunasiuulilasinan Auismanududuremseaaunausiu £2 Tu

9111588 19ad 1NN IMLINTFIUNLAIN @1TazatenTdnILnauAY E2 INs1uaAdy

Wty (0-2,500 pg/mOuariluvnludeunuuldaisuaulaeenled Ngungid 37 a9

9 Y

walBed UIu 24 FILUe 9RRINITEENEARTI LaANeIMsdeLgadNliansaraty MTT 9

AMUNTY 0.1 mg/ml nauag 500 ML wandiluvudengevwuuldaisveulasanlen 37

Y

aamwaleadunan 2-4 97114 loe MTT Wuansdwdesazansunls s lvluluineouwse

'
& a

YR AR MULYAANATINAENULDNAIRVD AU lsITNTumAlalasiua (succinate

6 aa

dehydrogense) 924111155829 MTT lUilundnnesunuay (formazan) NAdL191318u

£
=

USnawesaswe nuwuiifntududadiulnenssiusiinaueadiisin weasunaiudign
pnadsuTadenou iulawiiadananles (DMSO) viquay 500 UL tioaganendnnosn
weu tlvude 5 it agldansazatedianiiiu grarsuviuaesiwadainusazugy
Usams 200 1 ldlululasimanuuy 96 vau waziluianisgandunasdl 550 nm e
isesinnsgandusasuululasman duadinuidinseaveswadluidedusivg ey

fuanzvesgadmuauillldduiaiuaimegeu Mngasaasaluil

Wosuanuiidinsenvosyad = AINIAANFULEIVDIVGUTAANAZBU x 100

AINTIAANTULAIYDIVRUITRAIUAL

2.5 m3wnszidsinalulasilagufisen Griess (ansy wavnaiviny, 2554)

Fnsneaedaenisnzaiswadaslunumziiowsaduuy 26 Nau 3 1.5
x10° wadsevau udnhluvulugeunuuldasveulaeenludfiguvni 37esmiwaidoauny
15%1310@@@’1‘1/115L§8@L%éﬁ@ W RtesBeLeadfitans JJSTS fanududusng q il
LPS (1 hg/mU) wazlalil LPS saa%s amino guanidine (AG) fimanaidudy 50 UM §afu
ANIMUANKUTUIN LAz 0.2% (v/v) DMSO Fadusviazarsansmaaeu udilduslugeu
wuvldansueulnoonlediigumgil 37 ssrnwaiea uiu 24 lus Weasunardafvems
Avuvadlavasanaasavuin 1.5 ml wastuwiesdt 13,700 ¢ WU 4 WY LAIND191I1IT
Aoaead 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 meinsesianisganiunasiuululasinan Aulndruduvedulasilusmisides

was Nlaannsinuasgiuvestaienlulasy (NaNO2) fieududy 0-50 UM

NSNASBUNSAULUATISENBLSA (Antimicrobial activity)

[
N IS

W9adn (Microbial) (Wsdnwal wazUswyn, 2552) 1Juaedldinfduuintand

9
[ =] !

Usenaudiewadifemionatswadisusiamilouiu ldinsasusuasuesganiiie vin

= 1 =

nianizwouluFlidintuas 3adnuuswmnyussianveeandzswusld 2 nau fe

9

\ & a =

i = & ¢l A Y oa = Y = I oA a
W’mi‘dimﬂam‘mLUULG&IaaVImLﬂaEIaIMJLEJE]‘VJ&J‘LJ?LﬂaEJa IWLLﬂ LUANLIY LLASEININYALVY

a a b ! dy
ndedvalaun 1Wesn

DD
@
o)}
pd)}
()}
©

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

£%
a

LUsladuazamsenne 9 eniuansedideiunuunty 989 WdFAaEn 9 MAetes

=
cn
=

fuAulaluanwueag 9 fll
1. Pathogenic microorganism Hutdenslsaluau a3 Avlaeazlausslaviann
loaduavdvianglaad Feasinadon1sinaunuunivessineinlininlsaty adwmwaiil
aosliladerieliirevindunstusolaadla Wy n1sinizAniiwadlaad AnuaIuITaly
I ¢ a - ¢ o g v a @ v
nsiingad ansiiwvisereuledminlivediausunssdlunisiiinlsa Wusuy

2. Non pathogenic microorganism tHudeusednau amnsanulaimlumuionds

]
a a =

waznnelusnenevesaunaunImg suneluuaiiseiidudeussdntivey Wy ARmldie

S. epidermidis TutesUniiiia Streptococci, Hemophilus Tuanldd £ coli Tuszuunaiu

(% 1% 1%
[y

Jaanzuazeioisduiugniivie Lactobacillus, Staphylococcus wau19nsaioUszadui

TAalsals wu £ coli wdeusedrdulualdvesau uiluamvsveinisfindelumaiu

Y v

Jaanzuazyiaesils venaniliweuissiindmiglonanelsaluaungiifuiuiaund 1y
Pseudomonas sp. (@We15504 wavansm, 2546)

3. Opportunistic microorganism tuigealglontaiinauuafiisonazidosn

[
[ 1

Fosludesn Wun C albican Mnulugirendszuugiiduiuunnses Wudu azmiuinga

9

wunrlianeliifnlsnsig o duidlondsneniey viseianeliiialsaliaseniedssuy

Y

TAUNUUNNTDILUATILSY

&> 2D

;Y
q
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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 Aanisnagdeulagnisiiarsdiugadnduinluiiiajunaig

q

aa

nsdudaduisftenldtumnluiosufiing Wesnduiidsanunsnu foRde azaan
warsan1 Tvianansalinafiniusuuargndes nismaaeuisildudnnisunslagansoan
grimeTnmiiAuasuy Paper disc Snnsuufitnesidsadeildmnzdsntoqaind
Tlunsmsaaeuly ssunsanqaiudululuemnsdentotu Wesssrmstansunsooniy
dindu anududuresasiuaranasiliifinanuuandsosanududuresans a 90
sraqfuseuikunsznunsas Tunaziieafugduniduuinvesemsidsandeilignduds
Tnganseangu’ o anutduvesansiigala q (Inanszatunse) Fazsuazfiusuouiy
iulddn wivsnalndnseaunsesdedianududuvesasnwefisdudadolday s
maiasnmendelifiuiudnidulsula (nhibition zone) Tu Shsn1sunsvasansoongaHu
Wluomadeadeiisviwarevuinduriugudnansvadleula feasuenisauaiuisaves
asimaaeuiansafudelfinndesifisdlananisduidogadn faldanuunves
loula
2. Broth dilution Huisnaaeugsiudegainlneieransiidesnimmnasulis
aududusieiu Tdluomnadsadfoudiideqadmmeifeadly dunanisiasyende
8w Bihlimsuammudutudaafiamusadudinsiaigeeads (Minimal Inhibitory
Concentration, MIC) LLazm’mLﬁi’fuﬁﬂlu&?’lqmﬁamwiwaiuﬁ?}lalﬁ (Minimal Bactericidal
Concentration, MBC) Fail
2.1 mnududushaaiianmnsasudimsiasgueade (MIC) mavageumail
vosuuaiiSesosUithulae siiuisfiansenitui feldanmanaaeudstasiiliny
73 MIC wag MLC (Minimal lethal concentration) wasa1UiTugiu q fuwuaiiedei
nsnpdeundnnislaeiiluresisifeniafsuuafiGeiidomnimageuluewnadsadovin
mms’?fqﬁmﬂﬁ%’suﬂuﬂ%mmﬁiw 9 AURANDEAIY WATFNNANITASYUaUATISEIUE NS
Aoadedaflondfiurluiumeig q fu mamedeumaallvesuuaiFeden1ufdius
Tne33 Broth dilution fanunsasilésia Macro broth dilution technique a8z Micro broth

dilution technique (83U Uazailng, 2550)
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22 arududuigafiannsasndeld (MBO annsaradutusiigni
Flddeldwdayluomsmantdu aunsathumer MBC Idlnethnasniivinisnageuain
N1311AT MIC ﬁlajﬁmwmjunﬂwaamlﬂ Spread plate U185 Tryptic soy agar £1A714
Wuduresensataiianansesnideldfierlinunmsiasyrentouuemsidente

Tunisnageugnidiuuuailionelsalusuddeld Weilvrumaasuliun
Staphylococcus aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) W&
Propionibacterium acnes (P. acnes) BuduwuaiSunelsafinuldiilunuiamis waside

¥

Fyfanudueg 4 ves3nevesyuiuazdnd lneleuuaiiGenelsaurassiadidnuasy
dfauastellil

1. Staphylococcus aureus (S. aureus)

uwvailiFenedluana Staphylococcus 19 Micrococcaceae AAdLNTHUN

Tapdoun luaseauss S.aureus Tilalafidvnaunedanes dsusradunsinay wWenklawad

Y

[ '
a L A a 1 1

o i 1% ] a 4 & a A
gAnfulunguaatenisedu Tusssuyid S. aureus Wudeegnusnenie LuUsEnN
Amlalleiovesnunazdnidonsu uamguaanmsbadeniong wuindudnvuzaes
uamAnTeTsliguws uionanalitinnisinesgisguuslalunsaiiaviaiauinuxa

A o« av vo L w &g & vy A A I Yy v v a ° v A Y]
vsellunanlasunisiidn Wellazdndilaigetululs dudinszuadenssviliideyiala
sniaulBpundunazuninszateeanll @uaun, 2549) wuaili3angu staphylococci \u
wupsennulaalun LRIt wagideruuanINaIae o Y89NIevRINY Y uasdn

=1 o a ] v & A a a v A & N |
wananuelsyinnulusianeuss Wwanuafissunsialunguililuenslsaiianunsane
lsnlavslunywduasdnd wealungquildwenladnaeingudes Avcoagulase-positive
staphylococci (CPS) wag coagulase-negative staphylococci (CNS) gl CPS L‘flumjmm
LWuANLTenelsANiAINd1AYNIINITUNNE 1981318 U Staphylococcus aureus
(S. aureus) ansanelviinlsalavatglse wWu Hrues adeds wuusniau lunseandniau

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

9
(% (%

(Gordon and Lowy, 2008) wanainigemudnindelungu staphylococci @11130RAmIUT
wadlinusisgUfuenldlumssnwle  leslanized9de S. aureus IMs3TuINIT04
angugilviauandilunisdiuerujiiuslanareviauaziinisiegniinuindy

lnganeiugnanAty (uama, 2560)
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i 8 danslalatldingasuss S. aureus MA3QYUL blood agar

fia: th.wikipedia.org (2021)

2. Staphylococcus epidermidiis

Staphylococcus epidermidis mduidouuafiielszsrauiianansanuldiinami
(skin commensal) Tnsnulduasuiinnsnug Asue uaslnssayn Worletannsnadrzoin
fiAulel (colonization) Inglinaliiindunselaladuuywd S. epidermidis fnmuantmdu
probiotic #a8 inzanunsnilasiunisdaiugiurende S. aureus 14 usogdlsiniumin
Ramifsveasinnisanuinluuna e S. epidermidis fiawsanduunnelsald daindu
“accidental” pathogen Il S. epidermidis Fufnedveguuimiivesuyudynaulaglsl
rolmAndunsefiduinauasuulamstugnssuluiania Taedninermansisuny

! a v ¢

WoUNARINa1INNIUNaIgnus T99eR1lRiALLSAANISAATBNSIHIF AL azin1N15AaeN

9

UfFugegnegunsild (Otto, 2009) luraginalantianuaulanissnwinisiaeingin

L)

& & ' v a a a & . .. £ A o

W8S, aureus W wAlITUSNINITNUNTAALTD S. epidermidis 1 NTWTeY 9 FuusiU
nsAnelulsane1uia lnganunsanulaveglugUliendniunisshwly ICU JUieniiseuy
alifuiuunnses wazgUleniinisaenldgunsalnianiswnnd wu nisldaneaiulaanie
nslaviediemela nisldareaiunasnid onsidiunans \udu @e S. epidermidis laila

P a o P & . g A wva a Y .

FUBIINNLUBLNGUNY S. aureus kAVIB S. epidermidis UAMANUANLAYAIUITNEAIIE Biofilm
gy lideanunsadainizgunsalnianisunndmanitleidusened Snviadeanunsanaundn
nsmdnnszuuiifuiuvenslafsnme Wesnie S. epidermidis In15Ususianinga

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 A19LY1 vancomycin wag rifampicin
mvaiuly Lwiﬂaaa;ﬁuﬁmmmwm%a S. epidermidis fineen rifampicin waziaulinesn
vancomycin ana sl &9 Vancomycin dolugdaganineg deld¥nwinisande
S. epidermidis donAdaIfuUITaVee Jean YH Lee WasAmMzIN00dATae 51891177
8 S. epidermidis AANISNANENUTUDEU rpoB USLIRUAIWMUS DATLE Uag 1527M vinlu

\Weneraen rifampicin 9nv19N151AA dual mutation Hdwwaliidielinesn vancomycin anas

a 1%
2NMIY

amdi 9 Wana3UsIIe N15I58eIvee S.epidermidis 91NNNSoNARNTY
fian: http://faculty.ccbcmd.edu/courses/biol41/labmanua/labb/images.jpg

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

Propionibacterium acnes DuwueitSounsuuaniidudiuniaves microbiota Un@
yosuywd drnlngasnuiisziuresgyuvy Tulnsesenedu 9. fdnuazsusraldnasuuy
U wiadug wiegule nsdeafienanuilume sgsmfufunguviontaegesidlid
suedou lanunsandoudild Lifinsassaves wigdvlnaeudiedt lnsagldnailunis
weiBsadoogneten 72 alus mamgidssdeniluanmitlieandiau 1wy §lieendian
(anaerobic chamber) #3814 anaerobic jar fdn1sunudienniedae N, 85% H, 10% wag
CO, 5% Hudeiiannsaninimals nisdestiniaaslé propionic acid wa acetic acid

FUIUNaNARNNANAINNITUITNUINIG LaZaINITONES catalase T5189IUNITNAFDU WU


http://faculty.ccbcmd.edu/courses/bio141/labmanua/lab6/images/
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e P.acnes @1usanuneaniziiloandiaulauiududilus wazegsonluiloend
9anBaduale (Aubin et al,, 2014) srUfTruzninissieunislidlunisine wu alu
ngu penicilin, carbapenems kag clindamycin d3un15ldu1ngu erythromycin,
tetracycline wag cephalosporins e1alnaliudusu Wellarmwaiuisalunishensen

metronidazole wag fosfomycin (Aubin et al,, 2014)

AMWA 10 waRe3US1e N131389A7Y84 Propionibacterium acnes 31nM3EaXdLNTY

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

File:Propionibacterium_acnes.jpg
NUILMNYITY

Aens wazany (2554) liideulviudamisgnnauuiadaduinfiulaiunia

1%
1 o

o A vas A P ¢ & i 3 s 1 a '
wuhidulaiiladdwieda Tannueiuinsgiuisdinse Andeseenlen Anlelediu uwagen
lufudase wonanidilvsuiunsaludududidarlndimssivuniiudaiainvaimeialy
viewmaalaeiiusinansalufulidudmidusedlungulewm 9 iganinhiulainnvainza
= 1 3 o goJ LY A v = Q(d v 6 ! C% 901 A
4 4 wih Mntiudddulanaialalufnugnsdinmludanineass lnenuinvamiaian
lurienisnaassitiemisnaniniuuan Tusedu 1.5% in1ssyiuledngn wazdsie

WinUsunadledulawm 3, 6 war 9 Tuileualnanaie


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

a3

L3

ansnsal (2557) Anwinulinundudarnannannnaulvuludesnesveslainua

[

anuanuIedidndiuveansalududuiwarlidudludsinalndifesiuyssun i 45-50 %
Tnnsaludiuduinanalausyneulumensalusiulidudidunrvidansalvsiulowni-9

Usyungd 44 %

(% L3 C%

F3iand wazany (2561) wulndiduvannnuamidsgnranndnivsununsaludy

Y

a o v o v 3w A o | v s a o a
@Nm'ﬂﬂaLﬂENﬂUu’]lJ‘UﬂaW‘U']ﬂﬂaqngam‘ﬂqwuqﬁJIumaﬂﬂaqﬂLLWNﬂiNWﬂJﬂﬁ@lGUNUIN@NW'J

1 Y

Fedauties lnsaniensaludungulawni-3 diunsalufivlidududaneingulowin- 9

=1

(nsaletadn) TUsuungandulainindameiaia 4 wih Nstlnsaludulewnin-9 (nm

v a

Towadn) Wunsalvdulddudnduses (MUFA) Teglulberiuwadazvinlisninienauauesio

U

gosluu N1shnouasnIeRuUnTANiY

Y 9

yu3Iuns uazanz (2561) hdeuluiiuvamilsgnuauwazUartnasuuiaindu

(%
o

° T A 8w v P a O A av vaa A &, cs'
VRIRIIIERIRET WU']']U’]@JU‘Ua']"i]']ﬂUa']Vu@u’ﬁ]@VNﬁaﬂsﬁu@VllmﬂJaLwaaﬂ,a LU UVDINAIN

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

9 Y
nsaluiudusmialnaAsatuiiulalannlamesaluviasnats nedusuianse oyl

duddanenlunaulowni 9 Aaeninuidutarannuaingiand 4 i1 uananiannnig

q

5

ynagounsUeuLUATiSy E.Coli way Samonella wuluuSinadesunuielsnuias fau
ihifuannmiamdsgnuaidedfsmmiluiaudusde sustomsaSuioguninld

Mattson and Grundy (1985) lidnwilugfiae 20 au Taglisudsenuemsimaniid
nanlusiudud nanludulidusdaden viensaluulidududedou lusuluomsian
yiniifiduusznouresanslulewmsn Sosay 40 lasusznaufeidulndy tifunandles
fiflowadnarududugs wazihifunendlesfifllaluedndudugenudis

Kien et al. (2005) wuinguiog1sifgunnifisulseniuemsid MUFA U3ua
guzinisiAsuulamosuiinanis malutudamauvendusouiodieaying uaziimiin

anaanIINguAiIeg1ansuUsEn U W sNinIaluiududa (SFA) Usunaugs

'
=

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

[

Sulvsiunelusnaneinantuludldidn warnuannlunsalewadn Tau OFA Sunumdrdny
Tun1smuaueawogInewswariniing lnensfnwideuntiiszyin OFA agnszdu
peroxisome proliferator-activated receptor-alpha Fevsdaelunisanainuesna1nis
ansaulauluden uazfiunisuaunuedduvesnsalutuaiutate sgnslsinunaln OEA
sansvheuLes enterocyte tudtlidniau lumsinuiildvagounaves OEA HonN1InATy

nsabuduludnldnazniswaniaanyad FAT/CD36 tustaniewaslunaannnass taald OFA



aq

lUYYI9990INUNAADY WATATIVABUTEAYU FAT/CD36 mRNA wazn1saadunsabuduly
enterocytes fiwenldaindildidndrudu wwdeatulu adipocytes wan1sANWINUIINITIH
OFA LfisiN15uanI08nY8d FAT/CD36 mRNA luioydlduazdnldidnlsegadidoddy
uannfifanuin OFA Paoiiinnisgadunsalusiuly enterocytes lunasanaasiogail
foddny wan1sAnwimaitividiuiiuenannnnsruaNALEENEMTLEY OEA 81918
muquﬁmﬁfﬂﬁﬂmmsLﬁuﬂﬁmwawﬁﬁumuﬂma waziiunsaangluiuly adipocytes
wagiiiun1sgadunsaluduly enterocytes Tnonalniisasaiismtunmsifiutures FAT/CD36
unalnues OEA Tunismuaumsgadunsaludiusaznisvinulunieeadsineluuyed

yaa 1%

Paniagua et al. (2007b) Wudmmmmwmmﬁa%’umwmmmiﬁﬁ MUFA 2g78)
fiudasnswnangyliusazandnaiuvedutuuinaiieariuastieannisnszans
fvesluiuuinanansaIna

Jones et al. (2008) wuingueganAeRiiaun AT UsEuTtungnen B
1 MUFA U3anuge Lﬁam%uLﬁauﬁﬁ%’wizmuﬁqﬁumﬂLﬁmﬂ/\laﬂeﬁ wazluAANIUAL YU 9zl
dns1eenBinduveslutiu (fat oxidation) Warn1slaWaUYEI519NY (energy expenditure)

o w =

1 1 a v [ 1 Y @ 1 a =
UINNIBYNUUYAAEY PMANANITANWIRINaILERSlALALINNTAlaLaan (MUFA) dunumn

o w

adnlunisthewmanglasiu Pedivdnseeninduvedausiusaznislindanuresinenie

Padovese and Curi (2009) WU3118LUAY-9 ¥28@UATUATLUIUNIT phagocytosis
vosialvsilauartheridauuafiselunasannastlianas Falinunasanandlowdewdy
Tow-3uazloln -6

Huang et al. (2010) Anwguisvesnsalusurdaig 4 lududeuuaiiseludesin
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
wudlawi- 6, Towdn-7 uarlowdn-9 fansludrudonuaiiiesie q ludesunléd ae
drulsznevrssasviieloamesansalutute 3 vin aunsadudouuniiselutecdnly
wazilannusumesedelsalunsazals (species)

Gilmore et al. (2011) WUIINFUAIBEIYVIHAVAINATIUIU 27 AU NHI1N
SuUsEMIueIMsEl MUFA U3anaiga seaziian 5 dUanvi ndansvaasengusedisiinig
Widuvessziu HOL-C Tuidenethaiitodfamseana

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

Sutssmuniianslulawmsngs (CHO 52% veaUTinauAae3ntasu) Aun1ssuuseniuemisi



a5

1 MUFA U3u1auas (28% vaeUTutaiunaainlasu) luszeziian 8 §Uaia wudnga

Y

(3

UUIENIu1SNE MUFA USunugalin1igludiuludu (steatosis) anasagnuineagned

afl

e

ARRENVNGRE

Gidding et al. (2014) AnwinguinTousioyszavsnimuesnisiulssmuinduuan
4 nfudefuiiieanlnsndiwelsduaznaiifiieeyninvedlalulsiuoyyadasy nsdniay
AuFuMusedugaY nsudsfuaznisiindudon fiinsiunisinw T9wau 42 s1e
91814 = 2 U #n19% hypertriglyceridemia ka i A1 low-density lipoprotein (LDL)
cholesterol <160 mg/dL léfﬁﬂmm‘%&mLﬁamwdwﬁﬁ%’uﬂizmuﬁwﬁuﬂm 4 ASuReTuUnU
fifuusenu placebo Wuszeznan 8 §Unv wagszeynsmdneen 4 §Unsi Taginmen
lusiu n1snszanedaveseynialalulusiu uazauntinianglea Sugdu uay creactive
generation Han1sAnwINUIIATlviulus1I9NIEnguitegNlsERUABIaANDTOATIN 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 Arlasndwelsdananiedisufuemasn (-52 = 16 me/dL Wisufiu -16 = 16

'
oA

mg/dL) VLDL laiﬁmim?ﬁmLLUaaaﬁ’maw%amm@aumﬂ nan1sAnwragulainantegui
Suuszmuitulan andu/Sutsanseiulnsndiwelsfidntesuazenafignisunisiindu
Hon wiliifinasisoyniaves LDL

Johnson and Bradford (2014) AnwiAdnudusiugseniteemsiunisiialsalusu
szumInguarn1eaaiin nuisunumddgueansalusiumarilunisinuwauannaves
ssuulvaiswdenuazn1izauamlaesiu lnensaluiulew 3 Town 6 waglewn 9 &
watrlunisannisdniaunaznisiinlsalsavlanaznasniden saduainnddgues
nsuthsuwazmsidetinluanigewsni lnsanznsaludulownin 9 ddudredesiunas
ANANVAYBINTITIAUBANTULATY uaznudInIalaladniinasion1sannisiinlsaviaanideon

#Il0 UaYaINIAUTIIVINANTENIUINALLATEAKAZNITUIARUTDDYLADATEURY TNF-OL

4
U
s A
a

Tuwadnduiderlalunylnfutomadie suviaansdniavilwadidoyniisilaves
uywdfie uenandanmsiulsemuuaiigaudensaleddniinalunisanvesaeiaainesea
LDL-C wagseiulnsndiwelsd nansanunienavesnsaludulowdn 9 viindu 9 fie nervonic
acid wunaatuaaniy (BMI), leptin, lnsnawelsa, AlaALARTeATINNAYSERUTNANalLLE R
fnilaruduiusnisauiusedu nervonic acid ludsy nan1sidemaninansdiiiiud
auarunsalunistlestunansenudedadeidssveddsadiunazdadonn 4 1wy Ay

Aumusedugau lsalumiu angluiuludengs wazsanevunvedndulasy
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Fattore et al. (2014) MdUSsuiisunssuusemusmsfiinsudnduuazenmsidl
MUFA 18z PUFA g nudnffi3uuszniu MUFA uaz PUFA USunmige dA1 HDL-C way
apolipoprotein A q&%u

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

Zaid et al. (2015) 9189119 UUSWIY 958 AU ATUUTENIUDIMNTAT MUFA
uay oleic acid U3inaigeiinnuduiusiu HDL-C figetu

Wangcharoen et al. (2015) Anwrvesnsaluiuiiatnanibe doluiuvesUamls
d3aismingluriosmana 18 Yandn (Pangasianodon gigas) Uanalne (Pangasianodon
hypophthalmus) @ ¢ U & 19 n W & U (Pangasius larnaudii x Pangasianodon
hypophthalmus) wuinnsabusiudusuasusunansalusiulidudluuansstuuindn wa
USunaunsalutulidududdeusaduegadiulddn Ysunansaluiu Tewd 3 Sanuviifu
15.58, 0.83 way 4.36 nSuM® 100 ASUMINAIAU wazUSu1as EPA: DHA wInAvU 3.23: 4.24,
0.07: 0.13 way 0.65: 2.72 n5ues 100 nTu A1uadu dusuiunsalusiulownn 6 iy
6.36, 9.19 uay 8.77 Nure 100 nfumudIsu Aeulvuiidnwusidurewdwaz s
gungiivies Ineflanandinisnenmuaniaiulumyyndladulusufivianu 5000 un./
nn. Wusrogam 14 Yu wuildfmmduivindu dwansdueyyadase Tng3s ABTS
HAvindu 3.21, 4.53 uag 6.00 mM Trolox g 1 ASUAINEIFU

Keapai et al. (2016) Anwilunyrnaiifnngumudenislihiulainnuaius
Qﬂwauﬁﬁmiuu%mm 1 nfusdenlansusedu Wunal 12 §Uask nudnawnsaansesiu
ihaanglea lusfunsiaainesen warlnsndweslsfludeavomyrniiinnzumld lng

nalnnseengrstieiiiuanulilunisnevaussedugiu wWinssAuvesgesluuezAlndiniiy

'
v a v

LATANTLAUYRITslUUaUNUlUADA WaNaNTLII8anN1SNAATA WUBSRRNTLATUDNA2E

Ly a ' o

lums@nwgnsiueyyadassuaznalniiieitessielusiuvudeeilunidunuindiiuuad

oY

e

W3aUSua 0.25 wag 0.5% anwnsadesiunisiiaduvesssiuanseyyadaseiintuniely

I S

& < o ° Y a a a ) v & v
wanuSungninlleniliiinn nesenesndndulaenisldanslalasauleseanlanla
wazNanlalnameInUNaYeInIiud wazilomuusuiandu 1% au1sanun1svinaues
TUsfunudsenviia organic cation transporter 1 (OCT1) TutgaduziSsdurasyed Jeay

FretiuUszans nnlunsvudssnlulsafuNnin1ILASunanTATULAAILUNR A1NKNAN1ITIVEY
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aananifiuvarandamidsgnuantindnuiaginaftunisinwdnduemsasudmsu
AUaeuv luduludenauasuzswiuld dUaniin 3 uazd vesrasiainislasuemsus

azngu Idinsanzidenanguiediudeniiotuniiasgimszduasiaainesealulden
surilasnawelsiuazneiaamosoaludiues lipoprotein (VLDL-C, LDL-C wag HDL- C)
WU faene12 seidszdualasndwelsdund guenduiiildsuemsiiingalusiy
Lidudududen viensaluiulidududedou fisvdu LDL-C Tuidonanasagnefiduddyni
a5 wiomnsfifinsaluiulidududouiinaiilisedu HDL-C anasuinninenmsisingm
lasulidushdaiien warlddsuudasssdvvedinsndwelss naveansinuiiuans sy
nsaleddniuszdndnimuidleununsndlutadalunisanszau LDL-C Tuﬁﬂwﬁ'ﬁm
lnsndiwelsduni uazninloddniinaanszdu HDOL-C asdeaniininaluadalufiloii
lnsndwelsigdluiden

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

[y

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

Y

'
=

Aslulamsnas wudtemsnil MUFA g dnaly HDL-C gedueagailludAsy @9 HOL-C
Julaufuvliefazaelunisannisingivesduiuuunasnidenananuide swenisiinlsaiduy
A CY
Honila

Medeiros-de-Moraes et al. (2018) Anwnavasnisiasulowwii 9 seadnuliauna
Y9IADSALAALIAETOUA NITONLAU NITANTALUATILTE NITLANIDDNVDY peroxisome
proliferator-activated receptor (PPAR) gamma expression #15Ulown1-9 uagnszuiunis
nseniau laglilowdn 9 Aunymaaesdunan 14 Ju uaznszduliiinnnzindelag
cecal ligation and puncture (CLP) uaginszaunasalaaimelsu nsuanlelalad S1uaudn
= ° N = | v o
HanvIkazduIuLUASElUEaUYRIYI 09 LAZNITHANIBBNUBY PPAR samma luduuay
dﬁl dl L% 1 a dgl gj Y =% ¥ 1 =3 a dl ;74 =
Weatsludiulugisnneindiotu wazladnwinaveddewni 9 dewdalainvnnulududon
Hogfinauiilanayluauesveayinfnio wuinlelnn-9 FIeiiusEAuasiUNITaNLauYes
Tolalad (L-10) waranszivveslalalatnneliinn1sonauadia TNF-0L wag IL-1B Tuin
dgesvisveyniinnginie uaglawin 9 fuheanszdumesalaawmelsulusienie an
Srnuvesiilnsilannnmsinadeuludemesazidinlafinu1if endothelium anuSune

wualiselun1sU1a199eeviaasdIunTEAUNITHANIEENYDY PPAR gamma UadRULaY



48
Webeoleduludnininiiz@aide annnisdnwiaziulainlewdn 9 dgwslunisfiu
nsoniavlunyninnizinaeld

Tongmee et al. (2021) laurfeulvdudamidsgnuanuiadaduiidulaitiia

1%
1 o w

wudndfuvaniiladidmaesla Wuveanarfiguugiivies AndeseenleduazarazUoudi
wTuiiAnNgiNInsgIL ennidlivinansaluiududmidamlndidesivindudaiaindan
nealuisanaln nedvsnansaludulidudmidaselunqulowm 9 fgeninidudaiain

v v
o A o o

Uameiaia 4 i1 Sensaludungulownn-9 Tuthdudarnndamidegnuaninidn wazinsiu
Uameta flAn91 43.35 uag 11.24 n§1/100 N3 ALEWTY
Ishak et al. (2019) Anwwavesiriuuznenid MUFA as lununaaesiduinuaa

LagTunAnnIUN1IY18Y0ILKAIINAUAAT Vascular endothelial growth factor (VEGF)
wuthsfunznengndviglunsasstadensiiviaveudedouna daeliumamelfistu
Amornlerdpison et al. (2019) Wudwﬁwﬁuﬂmmﬂﬂamﬁqgﬂmam{fﬁm (Freshwater
fish oil; FFO) fivsunuassnsaladulownn 3, 6 uag 9 windu 1.38, 12.29 uag 42.9 ¢/100 g
mud iy wezlodeaiiadeonmsiifidiunaues FFO USuias 1% wag 1.5% svugiian
4 \FounarUssliunaradFFO fan1Iuaniaanved gene wazseduvadoulesng q fldly
miéf’mayigaﬁaiz (antioxidant enzymes) laun super oxide dismutase, catalase wag

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

piiAuy wudrseAuveseulydeng q Aldlunisiueyyadasens 3 vliauay cytokines Niwy

q

o w a

Tuwaddulifinadsuuasedieditedfaadn nuiiseduresdu GPx uay IgM Liugstu
wagdisgavaes IL-1B qﬁuiulmﬂmﬁaﬁlé’%’u FFO agnsiltfuddavieadn nan1sanuil
wandliifiudn FFO anansauiiunsiasayivlavesUanials

Tongmee et al. (2018) Anwinavosuifularninvaignuauniaiiia (FFO)
Tuwadunlasnia RAW 246.7 AgnnseduliAinnsdniausslPs dousuuvesasne
snaunielulead 3 vda laun Interleukin 6 (IL-6) , Interleukin 1B (IL-1B) wagTumor
necrosis factor alpha (TNF-00) uaraudufivsowwad wuimuin FFO fianududy 2%
figvsyiliuSinaansnedniauedn IL-6 IL-1B uagTNF-oL Tugadanasesrafitoeyddmn
add WeSeuisuiunguiilduasnedniay LPS usifissegnafer wuirFro liiinaany

WWuiwsawaaniziagaunlasnia Iag FFO Anududu 0.125 -2 % luiinavilvaiuildia

(%
v v 1%

vauad (cell viability) anas Wawsuiunguatuan uanainil FFO dgnadudinisasig

d15 NO way PGE2 wazdudan1swaniaanyoddu iNOS way COX-2 1o wazdefinalunnsg



a9

Joeiun13vinane DNA vouwad (DNA damage) wasiignsannisuantoanvasduinegitodly
nsfuginisiaseyiulanesagad (cell cycle inhibitor) laa cellular tumor antigen p53

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



YUNDULAZITNITIVY

1. msaandiutan

11 ususudeulviulamisgnuanainuvasiinidieiy 2 unda 1oun
1) Foulatulamiignuantndnnnuisvinetiishdy 2.0wang fafunmeenuluszdy
gRamnIIuNMsasooniiAEITUNSUUIFURARAeisnunTUsTAs 2) Aeulusfuandnasy
naudenuudaatn anmelulaBnisUssuauasnineinsmai sminerdousily
Foiadeoddu nefeulufuldinandamdagnuanihinfsassin o1gussun 8 oy

— 1 Y umdndn 1-1.5 Alansy drundnalvazens Rebinraiawmseuaiaisusely

2NN 11 f’w’aulsuﬁuﬂawﬁqqﬂwau

1.2 msusniifuainfeulasulamdsgnuanisaossin Iethfeulvduinazas
Fhoarfouiuletlnensteiionmnd 95-100 ssausaiBea (°0) iy 20-30 w7 uazd
fhegnathifufvunesfeunsosinuihumuaiowsnmnagldiiduiy anduiluturies
safeLA3es centrifuge i 4500 SaU/ANT (pm) 71 20°C Wuan 10-20 wnitezliunvla
otjduuuremasn centrifuge v siiiuthiufuiigumgiviondiensuenliuians

[
tY o

Ju ntudhdularnnlamidagnuanluiiesgimaulseneuvesiaiazy Sunnna

N

C% ¥

lodiu Ingdadinsiennusgniosl fuanisnars (Ussmealne) 911n 2.1 3elnil 93ms1en
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 kg.

Crude oil Fish oil 270 ml.

AN 12 miaﬁmLL&Jﬂﬁwﬁumﬂﬁaulmﬁuﬂmmﬁqqﬂwau

13 n1sasianialesoonlaa (Peroxide Value) hagatdzUoudiadu
(Saponification numben) 1i1t1sfulatannyavisgnuanieasssialuiinsiginidn
Peroxide Value kaz@1 Saponification number Imﬂd\ﬁLﬂiwﬁﬁﬁﬁwﬁawgﬁamiﬂmq
(Uszinalny) 9ia Jenindeslul 1A519A92875 Association of Analytical Communities
(AOAC) (2000) 965.33 ag 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 A3 TIRNUTENe U fURNTNaN
(Uszmalne) 9119 Tanin@esdud 31As189%02875 In house method Association of
Analytical Communities (AOAC) (2016) 2013.06 ag AOAC (2016) 999.10 Wagn339
inszainnsuwdowdeuuailide Escherihia Coli was Samonella SpP-ANUNINTFIU
91113 ME35 AOAC (2016) 991.14 uaz 1SO 6579 -1:2017 (E) mua1siu

15 msnadeunnanIsfiunmssniavtesintulaanUamilgnuauiia (FFO)
mutuneukayEandunduelul

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

streptomycin agidgaiwadluguumizni 95% O, 5% CO, Mgl 37 °C Lalvanlzaes
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gn subculture VN 9 4 -5 7U #28 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 weldlunismageuselununini 13

|

AR 13 Msidsseadmnzideaniasing (RAW 264.7) agluguuinig CO,

152 nsvndeUgnses FFO senmsiasiivlavenadinzidenlasving
(RAW 264.7)

\lofinumavesFFO siensiasyiiulnveseadinizidsanlasig (RAW 264.7)
Tngld33MTT Tneidonwadly 96-well plates Wfuian 24 Falue wagtudae FFO flany
udusng 9 [0.125-2 % in 0.5% propylene glycol (vA)] 18uiian 24 F3lus iansavane
MTS 0.5 mg/ml inlulumad@iflomnsidunan 4 $alua figungil 37 °C ndan1sunazge

a1sazany MTT 914 wazarawadanie PRS 5add MTT luiundnnesuusy (formazan) Nsla

saaaa a

1179113 USunauvesanswasuiuwsuiisduidudndiulnensetuusunaneadniain wule
witadavanles (DMSO) ieavargndnwasuiuyy 30 Ui LazInAINISYANAUATULALT
AU1IAAY 570 nm Iagldia3a9 microplate reader (Metertech, Inc.) 1AN139ANEY

wasigulaumuIaAINSiTInsenvewas (% cell viability)
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153 msfnwnaves FFO densads Nitric oxide luwadimzidoanlasnia
(RAW 264.7)

Asawadimiziasannlasnig (RAW 264.7) $112u 50,000 cells/well Tu 12-
well plate tJutian 24 F2Tus Yuda8FFO finanududusig 9 [0.125-2 % in 0.5%
propylene slycol (vA)] 1utaan 24 4alus wﬁqmﬂﬁ’uﬂﬁzﬁumaéé’aaaﬂimﬁmﬁwms
Sn1au lipopolysaccharides (LPS) 1A aieadlugiuamngiid 95% 0, 5% CO, uarlgumgd
37 °C WHunan 24 Falus ndsnduivuasiumadiinnnumsa 10,000 x ¢ Wuan 20 wndi
11 Supernatant luTauSunuans Nitric oxide laald colorimetric assay kit (Cayman
Chemical Company) LLﬁzi’@ﬁ’]ﬂﬁ@mﬂﬁmLmﬁwLﬂ‘%aa microplate reader (Metertech,
Inc.) finse1and 540 wluums

154 n1s5AnwINaves FFO Aanis5asne Prostaglandins luteadinziaos
1lAsHD (RAW 264.7)

Aosgadimisiasaniasnig (RAW 264.7) 1wy 50,000 cells/well lu 12-
well plate Wunan 24 $lus Aigamgdl 37 °C Unse FFO finududusing 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 1Wlunan 24 Falus Juwadfinanuds 2,000 x ¢ Wwaan 10 wadt 7 4°C

9 U

)

11 Supernatant lUdnUSu1un15@519a15 Prostaglandins 1aele PGE2 enzyme
immunoassay kit (BioLegend, Inc.).

155 n15AN®INAYDY FFO nan1sainsansnadniau Interleukin Tulgad
nsEeeATYng (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 wieandutivuarduwadiiniugs 2,000 x ¢ WHutaad 10 uadl Supernatant
luinUsunaansnesniau IL-1f3, IL-6 wag TNF-QL ¢iag ELISA kit (BioLegend, Inc.) AN
14
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10b

AWM 14 nsvedeuUSinaians Cytokine Tagld ELISA kit

156 mIfnwIMsuanseenvesuiiieadestumsairandduiunaznissniay
Tuwadimeideaniasiha (RAW 264.7)

Bramadinnziaswnlasva (RAW 264.7) $11u 50,000 cells/well T 6-well
plate Wuan 24 Falus VudeFFO fiannadudusing 9 Wunan 26 Falus ndewntusi
n1safausn Total messenger RNA (MRNA) uazldeniingndnigaguasng First strand DNA
371 MRNA Imwiazﬂzjml,aﬂ%'wlﬂﬁﬂ Quantitative Real-time Polymerase Chain Reaction

[y

(Real-time PCR) tiginsgaunsianiaanveiduiiedasiunmsasiginuiuuazn1ssniay

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

MWA 15 M3deuwadmeansigealsawud Wenaaau Genotoxicity
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1.6 ﬂ’lﬁﬁnﬂaaquéﬂ’liﬁ’lul,%a WURATNLTY Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis) wag Propionibacterium acnes (P. acnes)
voshsulannuamifsgnuautiia (FFO) uazthifuuaraindarfinasu (BFO) #aunis
nagoumuInadudade (nhibition zone) §e3d Disc diffusion assay Tagnnsiieans FFO
esvihazans Dimethyl sulfoxide (DMSO) 1:1 (VA) wismideuuaiiieiis 3 wila fithun
nadeau Llauwn Staphylococcus aureus (S. aureus), Staphylococcus epidermidiis
(S. epidermidis) wag Propionibacterium acnes (P. acnes) ((?f’JaEJ'NL%Ia wuafiselaniain
ANYINEIAENS W Inedeuld) Winnusuaugulilaiidu 0.5 McFarland standard
(10° CFU /ml) uagldlififudndumannifetuidonuaiiGousassinianteasuuiani
919115 Nutrient agar (NA) 14 DMSO 10U negative control wagld Tetracycline Ansdiudu
25 mg/ml 184 positive control ¥1a1usvisluvuiiguugil 37°C 1uan 24 Falus
duauemnsivageude P. acnes thludufigamgdl 37°C Wunan 72 Halus sunalagin
wurnuiu laulasoeu q paper disc (inhibition zone) Wnue1unainulsiluiiadiuns

HINNA 16

a £ P & A a HEY) Y]
AN 16 ﬂ’]iVlﬂaan]‘VlﬁmimuL‘UaLLUﬂVlLiEJ“U@ﬂumu‘Ua’]‘Mu\‘iQﬂNafu
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2. msfnwmavesiuannuamiignuauindnlusyedniniisdesvasuniuain
Fulasy

2.1 AndenenanainsiwAvIsuaznAd 91U 33 au Wudniinnuidssneniag

Y

va v a

wmvedndulasy 81g5enI1e 30 - 65 U Nadnsladugenidnsiunside lnegifueiung

Y

[

nUsrasdvaanside tuneunisite Usslevdilldsuainnisite uazveniubuseudy
aganwaldnysNNguiteg Ingliasnuluwuunesulugugeninsiulasansidy
NUIINITARLEDNDIAENATIUN99UITY (Inclusion criteria) A9
1) Lﬂu;ﬁﬁmmL?%s;lwiaﬂnmmuaﬁﬂ%uimu laun
1.1) asdfosyiugasinsanlvliaminane
1.2) fusgiRlsaumnu ludugs anuduladingdlunseunsa
1.3) quw’%"
1.4) anvivnunlszdihou
2) ﬁé’ﬂjﬁmamaqqmwﬂaﬁgﬂm 23.0 kg /m?
3) flszsulatiludoniauniedndaegramietuly
3.1) lnsnfiwalsn gendn 150 me/dL
3.2) ARLAALADIBA §eN31 190 me/dL
3.3) LDL-C gsnidn 120 mg/dL
Tngoranaiasifianudsssennzwniuedndulasy sxfeadinuiaund 1 nie
Windu 2 99 Tu 5 Ton1unaeilsAnItun1Ueadu (The National Cholesterol Education
Program (NCEP Il ) criterias
\neuINsAReen (Exclusion criteria) A®
1) fomsfinunfvessziuthmanglaaluien viefonisuihiia Wuau
2) fnngmsiiauresduinund lnguseifiuannusunaeulesl aspartate
aminotransferase (AST), alanine aminotransferase (ALT) qmmna
3) oaadasildendidnadessaulatuludoavioaniiaaludennielu 4
fUanineautsIuN1ANYIINY
4) oraadmsiifiauinunfsy o ﬁ?fwmﬂ@:’3%’%33Lﬁudﬁmmaﬁmm%ﬁmm

e UNUTUAIINMTINTINNTANEIITY 18U N13AIATIA NTIRLIYATAILULILITAN
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22 praasrenneuagldsunnasdenfenatiensimmaaaiiludon deil
2.2.1 539"1’U1§ﬁmaﬂqiﬂa1wﬁam (Fasting blood sugar)
222 AIMIIureu (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) liuf white
blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), hematocrit (Hct.), platelet
1871
23 ToraasiasnneusuUssmutiduantamidsgnuautinia (FFO) fuag 2 niu
(WUINUTIAUYaaT 500 findn3u) Tne¥uussyuadeay 2 wAlga deImTdLaz ey
wou fnseduluszesiian 3 heu lusznininisideasyinistuiindeyasie 9 veq
pranasiasynay Ussidiudygiudn diniin dusouien enanadasynauagldsunismse
Foniflonsrrdinsziminaudsuulaswasssiuresinanglaaluden uazadlutuly
\Hon ‘Vié’qmﬂ%’Uﬂszmuﬁwﬂuﬂmmmamﬁﬂqﬂwamﬁﬁﬂu,é”; 1 uay 2 \fou uaziile
fudsemuisulainnuainifgnuauindansy 3 Wou ermainsagldfuniaiaiziden
prvlinseiseduimanglaaluden Anisinuresiy alvduludon Anisinau
Y01ln warAIANALYTalvedlinden ynaanasinsauladulssutitutaranuamds

ANNANUNIALAWNADINITTIALY b1U BIN15AFULEDLIY OURTEE NID1N1TVUNLAYY

&

)3

v v IS

au q aglvoaadinsngaiuusenuidiulaiandamisinanlaeyiui wagindyayiud

[ v al 1 A a £ = L A e a v 1
WNMBINTT HATINABIEN 9 TARTY tazUInwwnngdilunisnelunuidy wineinish

Y
[

Arwarmlunuwnmdivesunsinuilaeyiun Tunsailiiauwme ldislseasdinieidesanety
ANYALYEIIUIY 300 U D TULA LAY 1 UMY NI 0UALBEAILITANTIANINULNNELND
[ a a o a a v [ c{'
AT19sNEIANEINIMIEMTUUNG wnunsanliunsidelagagudauansuning 17
24 NISASIVEBUAANIUNITIINNITIFEVBIDNANALAT A1NSUNTTUIUNIT U
n13nsIRaeufnnueaadasiiulsnmuiiiivandamidsgnuanudnluanuidensadl

WidgazesurglvienaadasidnlafsanuddyvesnisuUaninaeidnsiun1side uazve

AuswilanuetatadasfUinuduneunisideediuasensa Nallioussloviun
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oranasieg fiteuazddu lunvesnsihdeyaiildvuiuguresauduaislme unslian
Uselowiisall uenanifitessldRamuenanasinaynauunsdfulserutunnUamds
ihielusewihaideyniu lnevsdinmsfanuuazudafiounissuussmuthiuanuamia
Indudoniumanewnaindulayl (Line application) uazdasmuasuamiaeInisuaze1ns
wanasng o AAntuluraidiiulasiniside SnsdanuuaziowdennsialudUaii 4

way 8 niouduundndusiuagaihdulannUamdahiniesuusenilussusely
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 wazthdutaininvandn
GLIRHY 5”@aammﬂimlﬁuﬁuLwiazﬁuﬁmiwfwﬁumﬂﬂamﬁaqﬂmamﬁﬁmLLazﬁﬁﬁuUmmﬂUmﬁﬂ
GIINPY

9. manmsaIIlangvtinuaznisvuileueiuafiiseveniiuainlamdegnaay

[ v
o A o

ianazihiuvaranvarinasny
10. HaMINARBUANENISANUNNTENAUTRNTuIINUamMTagnNaNnan

11. HansnAaeugnsn1IiIueUAiTgresdiuIInUamlignraniinuas

(%
o w

YsuvananUarinasny
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=3 v
NI3NUIIVITIUVDYA

1. NISASIABANIAD lipid profiles, liver function test, renal function test,
complete blood count wag fasting blood sugar 3iA31zvNALlAEYBIRTIIUGURNTNATA
nmsunnduaildndinuau Gefinismuauaanmaiglunuuinsgiuesl fUAnsuaznis
AIVANAMAINAIEUBN InsANATANITNNE UNInedeuiing

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

3. padUsgnavvesnsaluiy quantiniaed nsuudouveslanzudnuay

o ¥ (%

nsUwdauionuaiiisevesindulamisgnnautndauazindiuuainindardnasiu lasu

o w

nIAelagusEniesufuiRinisnans (Ussmelne) 9110 9.98lm
N15ATIEVINNEDRA

Iins1einieada frelusunsu SPSS Statistics Version 23 Yeyadiliazuansly
SULUU mean +SD vas01a1asiasfisuusEnuiifuainUamisgnuaminin aaniild
Usenaude adanssnun 1iun anud fewar Anade drudequuiinigi wWisuidisy
ANuLANAIesnzLuLdsntlunguazldaiiinaaeuAfiouseg (Paired t test) uay

o w a

o U o Q‘ﬂl
NUUATLAVUYFIAYNNEAAYN 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 wnunsaiiunsidelaeagy



unil 4
HaN153UasNI5eAUTIENE

msiteedsilifunnionmumdeninnisulssulamdgnuautiin Tnstanizfou
losiuludosios inatauazutsgiifudintutaniin snduiluiinnsiauautinund
LAZNINEAT NAFBUVSTININ Uazvinsidevnanaiin (clinical study) Tnefiinguszasd
e

1 Annesiguandininisnmuasniaeivenitulainnamidgnuauiiie
waziiuvannuandnasnu sausmsudeulaveminuazuuaiie

2. Anwwavenidiulannuamilignaaninansegnsaiunsenaulaggnaau

%N

3. Anwwavesdiuuarnnuamilignuaninnlusyed Niin1isdeareuuniuedn
Fulasy
YOULIANISIAY

N1SARENUITUUAININITAATISRAUNINLELNITNATIUNSTININ
1) Aesgvinuaudininignnlasmeadl

2) msUuaulansntinwazhuaiise

Lo

N1NAFAUANSAININ
1) guissunsenauluwaduilasnia (RAW 264.7)

= 1

2) grismuaTnnslsAuURInsluemTAeAYe

Tneasiauonansidouarmsefnenanudfudseluil

1. osfvsznevluiy auautivisnienmuagnaadvesidulaiaindainis
anuauthdauazihifuannnuarSnasy

2. manedeunnENIIFIuNMISniauLazqusnsiudowuaiferesitutatann
Uailsgnuautiin

3. anwueIll ANWUENINARRNTLNEIU9NUNILLALIABIUANUDAATULASUYD

NANFAIBENNBULTULLATINT
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4. mawssuidisuaranuduladia dvdluianie dwiln uazidusevietvesngs
F198 19N ULATUAUNTIUIATINTS

5. mswisuidsuadlutuluden Anhanaluden Ainisinnuvessiunazla way
AfinidenwuvanysalveinguiiegnneutarnaadnTNlasNIs

6. NNSRAUTIBNANITIVY

asAUsznauvasludiy AuaudRnInIenIw

BazLAVBIUNUUaIN YA NN

ihAeulviulutewiosiidudiumdeldaingmamnssunisuussudavdagnaan
(ariin x Uaraare) (FFO) vide F1 uagtandnaenu (F1 x F1) (BFO) anatmdutistularann
Uamﬁf&qmamﬁﬁm wazAnwiesAUsEnauvenIaludu AuautaninienIntaad
WIsuilsunuantiveniduariiataldanuamignuanidnisaeaunaanzides du
1) dfudanaindamdsgnuantinda (FFO) 9nuiswinedafiniy fwminniwdug uas
2) ¥hsutananuanSnaenu (BFO) ngudrnududavadn auzmalulagnisuseuuas
nwernsyai uninedowld faiadednl anmsatmiviulaanuamilgauau
Inviaansniin wudn Aeuludu 1 Alandy anunsousnirsfuuadudiulauaglaifule
flgnunadivedlduinmssesay 27 thifufladalsidmdosla Wiwas Wethlunsaamuia
wazUinamosnsalutuisusiuinsulameia (MFO) muvfesaatantaly wuiiiuiinansn
lusfudududsdeutivoninifulamaa lnsanensaludungulewii-3 Addesndnisu
Jamgziann winuUnanselutulidudadafsngulowsn-o (aalewadn) luthifulan
Mnvamilignuanidaiiusinageninhdulameia 89 4 wh Gansaludungulemin-o Tu

ﬁ’]ﬁuﬂmmﬂﬂa’mﬁﬂqﬂmamiﬁ@ JanUnaeny wazunsuuaimesa 1A 43.35, 46.69 Lay

11.24 A53/100 N3U AIUAIAU AIUAISIN 4



M99 4 wiasazUsunaesnsaluiuluindulaiiianainuamisgnuas (FFO) W

UadanannuarUnadeny (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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AuaudAnsmea niaziniivenihdularnUamidgnuaniian (FFO) uaziniiu
Uanranvaninasny (BFO) unfuvanuldnvsassvideianalaidnvaueilalusanas

31InnsasamIAesesnlen Juduanldnisindnsinisiiauiisen lipid oxidation &

'
a

Huamsesmaianauiiu (rancidity) Ineendsiazannsaiulilsumlaglifinduiiu uas
Avoshifulaifinnasunlas dhdulanUamidsgnuauinde (FFO) uasiitutaiann
UarTnaeu (BFO) fmnusseanles 4.32 waz 19.91 mEg/kg aua1nu lasadesoanlen
vossuUannUamisgnuan (FFO) agflutasiiosdmsoimsuazen (os.) fvundodiaql
Au 10 mEg/ke dauAedoenlesueninularainuardnasu (BFO) agluinauaAUNIN
ihifulafudissalag Bimbo (1998) Agnadunasiinasguiiuusinesdwesesnlusior
799 3-20 mEg/ke warannIVadeuAdzUaudiliadu (Saponification nurmber) Fudusa

Usgnhiulinsaluiurlalidusunnwsedes Wuaildvualuana vseuminluanaves

v ada

nnluiuidudiusznevluluanalasnfwelsd vniduifidrasdoudiladuas wanein

(%
o Y

v a & % a 5 ° = oo
nsnbudundussdvsenavluluanaveslnsndwelsniiumdnluanadiuin Jadd1uou

q
o

Tuanavedlasndwelsddemeiminusiuumnn fafuFaedddmatusuaumnnluns
lalnslad iusudertuiimageudiiadum wansinsaluiumidussdusznoululuana
voslasndieelsaimiinluanaun Sudisnuluenaveslaandiwelsd dentnedminidy
urutes vlildadelunmsviujisen \uviiiey, 2562) Wudwﬁwﬁuﬂmﬂamﬁqgﬂmu
1h3n (FFO) wagahsfuuanainuanfnasnu (BFO) ferazdeudifiiatu 196,30 uay 209.40
mgKOH /g ua9u 6‘3@@sﬂmﬂmsﬁmmqg’mﬂumﬁ’lﬁu
Mnnsnadsutiulantirdasaesudindanuoseanles (Peroxide Value) waz
AazUauilfiiaty (Saponification number) agluinusisnsgiuinualaguandlunisng

s
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A15190 5 audinisaivesihdulariidaanamilagnuas (FFO) waztdudainanain

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
difutaniinandartnaenu (BFO) wud FFO finnsumiousns Cu < 0.50 me/ke uaz
WUA1T Pb <0.05 me/ke AMUEIRU @21 BFO wun1sUwauans Pb < 0.05 me/ke @4
Uinalengniinfinuifiviinaidndesuareglunusives FAO/WHO fiftwmussunalany
windiwuludasfudanlaiiiv 0.1 mg/ke d@rulavgniinuszinn Ar, Hg, Sn wazzZn lunu
Asuleuvesarssenadludiiularieaeseia dmsuntsnaaeunisvuileuide
LL‘UﬂﬁL‘%&lﬁuamfﬁﬁuﬂmﬁﬁmmﬂﬂamﬁagﬂwam (FFO) wavindudaniidnanvardnasnu
(BFO) U319t FFO way BFO ldwunisuuileuide Salmonella species wifinnsnuide

Escherichia coli <10 CFU/ ¢ FanutisgsnnagluinaminUasnsiy 1nguanitnaniunisais

a X Y] X X N a Y
A15199 6 Ran1sVedauN1sULUaUlanentnwarN1SULU U DL UATIS 889U LUa19n

Uamﬁaqﬂwﬁuﬁﬁﬂ (FFO) Whsiuvananuantnaeny (BFO)

Oil Ar Cu Pb He Sn Zn E. coli  Salmonella
(mg/kg)  (meg/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 o d’l S a
mamaavqwsﬁmmiamau LS VNEATULYDLLUANILIY

vashdularnUamilegnraulnan

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

msfnwravesiulmamainifignaautiia (FFO) deufunuvesansnodniay
neluwad 3 9a laun Interleukin 6 (IL-6) , Interleukin 13 (IL-1f3) wagTumor necrosis
factor alpha (TNF-0) wazauidufivdewad Fawanslunindl 13 nudtarsnesniau
Lipopolysaccharide (LPS) vinliladunlasviadivsuiuaisnesniausiia IL-6 Lﬁﬂ@ﬂﬁmﬁla
Wisuiflsutunguaiuau wazidevinsliinfularnnuaimifsgnuauinde (FFO) wuin
FFO fimnududu2o fgndvinlisnaansnosniaveia IL-6 Tuwadanasesaditudfey
nsadd eIeuisurunguitldiuasnedniau LPS usifiesegiafien wuideadued
s8Nty celecoxib (CX) (il 18A)

maﬁuaa‘fﬂﬁuﬂmmﬂﬂamﬁqqﬂmauﬁﬁm (FFO) fiaUSuuve3a1snadnauvin
Interleukin 1B (IL-1B) wuiransnesniau Lipopolysaccharide (LPS) vinliwaduilasvnail
USunasansnedniausiie Interleukin 1B (L-1P) Lﬁug&%mﬁaL‘U%EJULﬂEJUﬁUﬂa:ﬂJﬂ’JUQN uay

Y

Wevinsiidndulatanuaimiegnuanidnan (FFO) wudnFFO fAuidudy 0.25, 0.5, 1

s
a o

way 2% JgmdiiliuTunaaisnesniausda interleukin 1 (L-1B) luwadanasodsd
LY o w aa ) ) U 1 A Yo 1 [ A 1 a 1 a v
HedAgnadfdaseuieuiunguilasuaisnedniau LPS uiliieseenaied iwudieafiu
g1AUBNLEU CX (199 18B)

navesiularanvanidegnnaniinia (FFO) reUsunmvesansnedniauvila
Tumor necrosis factor alpha (TNF-OL) #Wu31 @13nesniau Lipopolysaccharide (LPS) vinlw
wanunlasvaliuTinaMasnesnauin TNF-Q WingeuilsiUSouifiguiunguauay wag
Wevinistiundudaiaindamtdsgnuanidn (FFO) wudFFO Airmnuidudu 0.25, 0.5, 1
way 2% HgnsvinliuTunauaisnesnausiin TNF-O Tuwadanaegalited1Agyn9ais e

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

Wisuiisuiunguitlasuansnadniau LPS usiileqagnaifien wulhgafiuesusniay CX
(nwfl 18 O) wenantinan1sAnegvsvestndulaanUamtsinda (FFO) sieauluiiv
Aolwas wudhduuaranamilegnaauindn (FFO) frnandutu 0.125 -2 % waveninu

snuau (Celecoxib: CX) lalflmnudufiwsewas (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 nismedeugnsinumsdnaukazanuiluiivvenidularanUainilgneea

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 fMan1sdugenIsasny prostaglandin E2, nitric oxide, Lasn13LLeN2dN

289 mRNA 89 COX-2
MINAaRUqVESUSINITaiie NO vesa1Inadeundaann 24 alusdl RAW 264.7

aNNEAUNITATIe NO A8 LPS Wudn FFO aunsaanni1sasne NO WalSeuiisuiungy
dl 2E-v) = 1 = 1 al o o %) Qll =
AIUANTLATULNIY LPS Wigdag1ufetagedidudndny (1ni 19A) LazaInn1s@nyIng
LANIDBNYBITU COX-2 IngMIIABUNITALATILY MRNA Nwadds193un18tun183%
RT-PCR ingideaigaasnlasnig (RAW 264.7) ignnsedusie LPS ag1aided 3elasu LPS
nSauiu FFO w3alA5u LPS wSau celecoxib (CX) WaAsu 24 H31ad ASI9d8aUNISHARNIDDN
989 MRNA 98481 COX-2 luwadusazngy nan1snaaosnuitngualvnuililanssau

fa8@15 LPS (unstimulated RAW 264.7 cells) ldnunisuandaan 3839 COX-2 mRNA
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luragiRefueaa Nlasun1InseRuaieans LPS ag1afed nudninsdansizn COX-2

o

mRNA TutSuage 3nn1snageugnsiudnauves FFO wudnaansadudanisdansies
COX-2 mRNA Tutraauilaswialasgrsiitodfny (Ane 198) wazluvazifeniu FFO 833

o w 1

nadus prostaglandin E2(PGE2) Tuadunlasvaldegnadifuddnuientu (rmil 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 NINAAUYNTVRY FFO ann13a319 NO kazNISkantaanyas mRNA

U3 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 denisdudanisaereasaduarnisdsuulamensad
unlAT9 RAW264.7 wan1s@nwimuingaduilaswiafignasedusag LPS Tualfindni
nsaneveead (cell apoptosis) Ussiliuanniswuilierdsavesvaduanoondudiuan o
(nuclear fragmentation) N15:N1gNHUUBILATUIAY (chromatin condensation) kagny
Snvazvonradiiniowds (i 208) egnslsAnuluwadfildsu FFO way X lainy
2111591818983 DNA (A0l 20 C waz D) wenaniiannmsanwinaves FFO fiilse

n13U84UN15711a18909 DNA Wudwadfignnsgquale LPS 98ians 8-OHdG Lilugeu

Y
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F9 8-OHdG Juansuai1iin159i1a18v89 DNA 91NANLLASER0aNTATY (oxidative stress)
TuvugNadilasu LPS saudu FFO fia1 8-OHdG anasednsiitodfny wulheanuiuadi
1@5U LPS 738U CX (0 20 E) wani1sanwiduwanslymiiudn FFO finalunistaany

n15911a18 DNA 9831988 (DNA damage)

40 pm

600+

4504

300 #

150

8-hydroxy-2'-deoxyguanosine (pg/mL)

Control LPS LPS+FFO LPS+CX

Al 20 qméiumsﬂni’]awuaa‘ (Cytoprotective effect) ¥99 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 sian1smavauasvassruuniduiulunisaiuguininsvaavad
nsAnwiawaves FFO lunisneuaussvesssuugiauiuluiwad nan1sAnwiuans
TWiud FFO fimanududy 2% fgnsannisuanseenvesBuiisadedlunisduds
nsasyiulaveasad (cell cycle inhibitor) lawn cellular tumor antigen p53 (p53) Way
cyclin-dependent kinase inhibitor p27 (p27) uenanidanudndagdn FFO fianududu

2% finatiunisuanseanvesduiineideslunisaaasunisiasyiaulnueawad (cell cycle
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inducer) Adwandluninit 21 Faudsaiuisadventadn FFO daaaud@lunisiiuning

ANUNUYDUTAR
5-
* 3 Control
4- Bl FFO

Relative mRNA expression

p27 CyclinD2  Cyclin E2

AN 21 HaY89 FFO fansyulunsasuas1endruiuniesluwaduilaswig (RAW 264.7)

Y 9

lngld FFO fimnaidudu 2 % p < 0.05 WguiunguAIuax

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. MsnAseUaATUauUATISE (Antimicrobial activity)

mawmaaquéé{wm%@LLUﬂﬁL'%&éuaqﬁwﬁuﬂmmmamﬁaQﬂwamﬁ;ﬁﬂ (FFO) way
diutaranuandnaena (BFO) fenismageumuiiandudade (nhibition zone) fre3s
Disc diffusion assay 1a8n15.39979 FFO aaedavinazany Dimethyl sulfoxide ( DMSO) 1:1
(V/V) wisndanuniiBer 3 wiafidnmedeu Weur Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis) wae Propionibacterium acnes (P. acnes)
(FregradonuaiiBosnanamyinermand uninerdoulld) dunsuanugulildvingy
0.5 McFarland standard (108 CFU /ml) wagldlsiudrausmanidouieuuaiiFousay
wfindnandgasuuRImtne s Nutrient agar (NA) 14 DMSO Uu negative control wagld
Tetracycline Aandiudiu 25 mg/ml iy positive control ¥1arusmnsluvsiigumgi 37°C
Fuan 24 $alus dauauesnsinaaeuide . acnes ﬁwiﬂﬂuﬁqmmﬁ 37°C (Junan 72

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



a19lu @n1, 2551) wan1snaasunudnindulan FFO wag BFO lidfignsdudegnsves

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

AR 22 gusnisfugawuailisevrenhdularnnlamtignuanuidn (FFO)

(A) S. aureus

(B) S. epidermidiis

(Q) P. acnes

(D) S. aureus

(E) S. epidermidis wag

(F) P. acnes



AN 23 gusnisdudanuanisevesindiulaiainlarinaenu (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. aneuenatd anwaen19aain waztdaleningla9a9nunIL AT UBAATULASY

YINFUIBE19NaUEIIIATINTG

= Y o v aa o A Y a a
15199 7 dnwaeill snwagneradn wagladefinendesiunnziunuedadulasuaes

nauMag1nouENIIlATINAT

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
AUtinany
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
1INAIMIBNIAU 90 LEURLLAT 10 30.31
198171 90 LWURLLAT 8 24.24
AN
NINAIUIBNNAU 80 LEURLLAT 11 33.33
198171 80 LWURLLAT 4 12.12
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ANWULYDINGNAIBLNTUNA N TBYAAIUYAAS NHUAIRETIUIY 33 AU dulng
Jumeyie Seeay 54.55 meAndgs Sovay 45.45 Ho1g33ni1e 41-50 U Seway 48.49
ANUULVBINANAIBENTIMUNMIUA TN Tdvtinaniguinnimsewiniu 23.0 kg /m?
d1uu 25 au AnluSesas 75.76 uwazdutlutanietoanin 23.0 kg /m? §1u2u 8 AU Andu
Jouay 24.24 nauieg v dvig Tiduseulennmiviemniu 90 wuRwns 31U 10 AY

¥ IS

Andusesar 30.31 wazilldusaULeItRENIT 90 WURIAST 31UU 8 AU AnluSauay 24.24

o o 1 Y 1 a 1

Ansunauiieg 1 U Ny JIdUTOULDININAINUTIWINAY 80 URIAT 91U 11 AU

q <

Y vV

ﬁmﬁu%aaaz 33.33 JLEUTOULDIUBENIN 80 LYURLLAT 31U 4 AU ﬁm‘fiu%’aaaz 12.12

2. nssUSeuigunvringganIg LEHUSaULe? ANAUIARAYBIBIENFNASNBULAY
Maa199UATING
[ a o o [y g Y Y goJ = <
NAIINYIDAIFNATIILIUZ3 AUTUUTEMIULINUUAI9INUanUsgnanuIaaLduy
1na1 12 &Ua19 nuInsfiwesMidusssusznaurasnnznuaaadula sy lawn uiviin
BW) Avwiuianie (BM) duseutad (WCO) arusudalaan (Systolic BP) Laga21usiu

! o w

lauodlndn (Diastolic BP) firanasegsiiiedinyvieada (p < 0.05) mum15199 8

A998 NsUSeUEUEMTN AuTiilanie LEUTaULT ANUAULATARYRIRNEAIAS

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. nmsWSeuiisuanluduluiden AUIn1aluaan N15N19IUTBIRULAL LAY
Andadaauuuauysalvasnguilagnnaunaznaudisaulasanig

NAIINNNDIEANFUATVNNUAIIUIU 33 AU SUUTENMULIAUUAIUIININUAI NS

A & 13

o ) s Kl = & a_a
QﬂNﬁMLUUL?a’WIZ aﬂmmwmwmamﬂﬂmaaw Tue9AUsENOUTRIN LU UBAATULATY

'
a

laun A1lesi HDL-Cholesterol fiAiinduegsiitiodAn1sedia (p < 0.05) LazA1UInIaLY

o

o w aa

A a X 1 a v 1 a [y 1 =3 1 -
1@on (glucose) WinTuaesillad1Agyn19ada (p < 0.05) WuReiu sg1alsinuainnalu

o

! o w aa

Hondsadluinusiuni damSuAn LDL-Cholesterol fiAnanasag1eilied 1Ay niaaiis

v

(p < 0.05) wagATriglycerides uuilduanasusluiinisiuasundasmistdodragnieada

o

o w

duATotal Cholesterol finsiia@utaniosusluinisdsundawetdodifgynisainn

i

M15199 9

a i = = A & s a _a o
A1919N 9 ﬂ']ﬂ’]ﬁmlﬂum@@ﬂ/lLUU@QQU?S?’IE}U%@QQ’]’J%LMG]%‘UE]&WUUI@%JGU'P]Q@'Wﬁ’]ﬁllﬂﬁ

PIUUANDULALNEUUNTINLATINNG

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.

lawendpsznsenguiangiioioufisunareansidsuwlasarasialudond
WuearUsenauveaniizunzusdntulasuvoiaiaiadasnouwasraatisiulasenisg
1AYLENAIULN N UDIANLEUTOULDD (Waist circumference, WCO) Tutwavs 1o uayne 9

Toauuadu 4 ngu desialuil
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1. nqueaainsvenilduseueNNIMTaWAY 90 LwURIIAT

aa v 4

2. NANDENAIATYIENUEUTOULLIUBYNIN 90 LUURLUAT

A Ao v !

3. NENeIANANATNYITEUTOULDININNTIIMTOMNAY 80 WuRUMS

o

o 2

4. nauenanadasvganiiduseuleltesnit 80 lWuURLIAS
LAZLYAMINLNATVDIAGTTLIaN1Y (Body Mass Index, BMI) ¥9391@1a@dn 3

Tnauuauidu 2 ngu desialuil

Aa 1 o oa

1. naueanadiasniAdviiinanieannnimseriniu 23.0 kg/m?
2. ngueanadasndasviiulaniedesnin 23.0 kg/m’
naueanalAsyeNHduTaUINNINTBINTY 90 WUFRATIILIY 15 AU WU

wasnAsulszmuiuvarindnainvamidsgnuay WWuan 12 d&avi wudn Aansiadl

a1

Tudasdussdusznauvsininziuniuadadulasy town A1lvsiu HDL-Cholesterol f1AN

\ Ao o W aa ] 2 a X I =~
WnTuedreided Ay neada (p < 0.05) wazAruinnalulden (glucose) LiNTuog1all

aa ! a [ < ! 5 A [ 1 ¢ a
Wod 1Ay n19adia (p < 0.05) Wwdedy agralsiniudrdinaludendieglunugiund

o w

d1m5UA1 Total cholesterol [nTUBENTTBE1ATYNI9A0R (p < 0.05) dauA Triglycerides

wag LDL-Cholesterol wagfinnsanasaniosuslufin1siudsunlamiadedrAynieads

ANUA15199 10

A15190 10 AasiATluAe il TUeRUSENaUYRINIZIRZUDARTULATUVDIDANEIAT

YIYNLLAUTDULDININAIVFTOWINAU 90 L URLUATNOULANATINTINLATINTT

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 NHIINT
Sutsgnmuidulaniidnanvamilagnuan Wuaan 12 dani nudataiseiiludond
Jussdusznevresnnzuaueiadulasy laun Aludu HDL-Cholesterol fiAnuiintuegns

[

Hod 1Aty n19ada (p < 0.05) warA1 LDL-Cholesterol fA1anasedeidadAgnieada
(p < 0.05) d@msua Glucose TuldeniinullduanasunliinisiuasullamsdodAgnig
ahn d@uAn Total Cholesterol wag Triglycerides dnmsiiu@udntoeualiin1siufsuntas

Nt A eEna  euens1eN 11

a ! P~ 2 A & s a _a o
A9 11 F’]’]ﬂ?iLﬂMIUL@@@WL‘Uu@ﬁﬂﬂi%ﬂa‘Usﬂaﬂﬂ'ﬂﬁLll@8U®ﬁﬂ%1ﬂ@iﬂ‘ﬂ@ﬂ@’]ﬁqﬁﬂﬂi

YYNTLAUTDULDIUDYNIN 90 LURLUATNDULAZNAITIINLATINTT

Variables Basal Final Normal range

Glucose (me/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.

nauea1alATNYNIEUTaULININNIMT oI 80 WwuFlUATIIWIY 11 AU

waansulsemuidudaniidnanndamifignuay Wunan 12 §avi wuii Aransiad

ISP

Tudesdussdusznavvsininziuniuedadulasy town A1lwsiu HDL-Cholesterol fiAN

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

o w a

WasunlamnetludAgn1eeda wuheatudual Glucose Tudeadsduullduanaue il

nalAs UL U IIted 1Ay n19ais d@1uan Total Cholesterol ag Triglycerides 8115

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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A15190 12 Arasiadludea i duserUsenauunInsLn U ARTULASUYDIDANEIAT

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.

nguenatasasndiiiduseutontiosnit 80 lwuRlunsdiuau 4 au ndsaind
'%"UUismuﬁwﬂwmﬁﬁﬂmﬂﬂamﬁqqﬂwam Wunan 12 #Uansi wuin dransieiluidondi
Huasdusznauvasnmzaniuedadulasy Téud Arludu HDL-Cholesterol fidnfiuiuagng
bddeuN19aBA (p < 0.05) @ A1 LDL-Cholesterol Swunliiuanasuslifinsideuulas

L) aa 1 v v

NTYEAYN9EDR WAt uiual Triglycerides @ainualunanasuslidnisiudoundag

N

NNUBAIAYNI9EDH d1Suan Total Cholesterol Antsiiatuualiinisiuasunlanig
C% o o aa 1 a [ | A a0 r-al ‘g 1 T -'-NI
Hod1Agynada wulsaiual Glucose Tudondianiutuusluinisidsunyaimig

gedfymeatAnazdiegluinaeiund aiun1sen 13
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A15190 13 ArasiAdluAeaiduserUsEnaUYRINIZLRZ U ARTULASUYDIDIANAIAT

NENNNLAUTOULDIUREA 80 LUALLATNDULALUANT1TINIATING

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.
(fesgianiznguenaasinsmanoazndiiadvdnanisinnnivdeiiiy
23 kg/m? §1uU 25 AU ‘Vié’ﬂmaﬁ%’uUssmuﬁwﬁuﬂmfﬁﬂmmlamﬁfagﬂwau Junan 12
&Uavi nudn Ananswedludeniidussdusenevvesnizmavedadulasy Toun Arlusiy
HDL-Cholesterol fA1ifiutuagaiflfadfyn1eadn (p < 0.05) warA1iinaluiden
(glucose) WinTuegradiudfumaad (p « 0.05) Wuieau sgrdlsimuainaluden
geogluinuaiund d1m3uen LDL-C dAranasegedifod1Agn1eada (p < 0.05) uag
AnTriglycerides way Total Cholesterol §insiiindudnteswdldiinsiudsunlamng

Y

Hed1Agn9add mun1sen 14
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'
=

M5 14 Avansiedludenidussrussneuresnmziunzusdadulnsuvosonaalinsine
LAz YINTARTEIaN1eINNIMTMNAY 23 ke/m? AoULAs AT

1ASINS

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.

dmiunduenanadasinaysuazndgeiiadviutaniedesnin 23 ke/m? 1w
4 Ay Méﬁﬂﬂﬂﬁ%ﬂﬂixwwuﬁﬁﬂuﬂawﬁw%mawmﬂaﬂmﬁhqﬂmamLﬁiuaaw12 dUat mudn
Ararsiafiludeniiifuesdusznovvesniiziuniuadndulasy laun Adluy HOL-
Cholesterol fanfinTuetefifod1fyn1eadi (p < 0.05) d2u A1 LDL-Cholesterol 3
wunltuanaswslifinsdsuslamatoddynieadn wuieatuiue Triglycerides uaz
Total Cholesterol sfiuurlifuanaudliifinsidsuntamistodfgnieads dusuan
thxmesh&ﬁamﬁfhLﬁm%ﬁuﬁlﬂﬁﬂﬂivuﬁﬂuuﬂaquaﬁhﬁﬂﬁmvnaaﬁﬁuazéﬁagiuuuuﬁﬂﬂa

AUAII9N 15



a

ANSI9N 15 AasuAdiluLAeh

A da 1l U o« 4 ! 2 3 v Y 1
PIYUREVINUANYUNIANIBUBYNI 23 kg/m NOULAENaLUNINLATING

81

1Jue9AU 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.

dusunasnanisvinauvessulaz ety ndRnfenaaninssuusenutndulaitnine

mﬂﬂa’mﬁqgﬂmam Wuaan 12 Uanvt nuI1AInN1sinaureIfullazansalandnanisyingu

[

vossiunnaeglunaeiuni lnsaneulivesiviln SGOT drmanategrellledAgyniaaia
(p < 0.05) W5¥AUVBY SGOT AzNugTunInwadaulasuuiaiiunselasudunsie
Wugatunisvinauvedlanud BUN way Cr duduruanansianuvedlaaglunasiung

1 1 4 =3 A [ [y 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 §Uani nunandindensglunasiundnnal Matliaundnden (platelet) vetenaaiins

[
= 1 a o U a

v a1 CY a " L3 a =i
aanInaaesiiAgeiuegalitediagneata (p < 0.05) uazegluinalunid mun1s199 16
NNEATIINITUTBITURATAINISTIILTBIlA Asnatukandiiunsfuuseniu
uulannnUamilignuanindnlidnansenunsedirnuduivaenisinnuresiuuasle

wazlifinansgnunensairananden Judutladeddglunisudsivesdonvessisnie
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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 (mg/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 4.5-6.5 F 3.8 -5.8

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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anUsena

1. AnviReSeuiisuriauasSumvasnsalesiuluthiulanandamdsgnaainirin
fafnunannunasiisnvesiaulusiusineiy
ihfeuludulutesiosfidudnmdelfnngramnssunmsussivamdgnuauthia
(FFO) wazuarfnasn (BFO) safmiuindularanuanifsgnuaniinia uasdny
psfUsznavvamnInluturesiifulafiafaldnuamilignuantndaranundanziios

s

i 1) ddudanandamidsgauantiida (FFO) 9anudeminetafinidy fanfnniwdug
way 2) hisiulanainvandnaeny (BFO) ngudanuluidavaidn anugwaluladnig
Useaauasninensmatn uminedoudls Samiadedduy wuinlunisadmisudaiann
Jamignuawiiaaessiia feulusu 1 Alandy aunsoafauazuenihiulaidudnlauas
Lifulviigamgiivedlduiinsiesas 27 WethlusmamvlauazUSinameansalusiuiie
futhiulameanuviesnainiialy W‘waﬁﬁfwﬁuﬂmmﬂﬂaﬂwﬁqqﬂmauﬂgﬂaawﬁmﬁﬂ%mmJ
nsalusududndsdoutiooninihiulamea Insnwiznsalutungalewd-3 fifdesnds
ihifuameiean winuhuimunsalusuliBuduiaion (MUFA) nguleiwd-9 lnsiawiy
naslawadnluiitulanihiaduiuganitisiulamea (MFO) fla 4 wih dansnladunga
ToLun-9 quwﬁwmﬁﬁmmﬂamﬁagﬂwa:u JanUnadey LLazﬁwﬂuUmmLa fiAndi 43.35,
46.69 way 11.24 n$4/100 n3u mudsu Inenanisidetiaenndeafiuansng (2557) finuqn
dsuandiafnanfeulutuludesiswewamduhinidadiuvensalsfudusuayls
susluvsunalndifesiuussuna 45-50 % Tnensalududuifiatalausznaulusmensa
Tosfulddudndansrvdansaloiulowsn-o Ussuna 44 % wWuiertuiunansinwves
B5¥md wazAnz(2561) Ainuininsfulanindaiiusunanselusudusilndifosiussulan
Pnvamzafismingluiswnaiausivsinansaluiulidudiddoutoslnoaniznsaloiy

naulewm-3 drunsalvdulidudidaneingulewn- 9 (nsalewadn) IUsunamasndniiiu

[
v

Yananlammziads 4 wih Matinsalusiulownn-9 (nsalatadn) tWunse lusulududidaden

[y

(MUFA) fiogludatiaimadassilisnenignsvauowiosesluu mifinidonaznszdugiduiu
31N3189UN15IT8V04 Krauss et al. (2006) nuin19li MUFA Yreasisludiufluiden
anAuduladin FrenszdunulvesdugBulsrmunuszduinaluien aonadestuna
13Anw1989 Mensink and Katan (1987) wui1 MUFA fagifinsedulusiu HDL-C Faduy
lusfuiluidon Keys et al. (1986) 1uinn1s3uUsEmue Al MUFA geunue sl SFA

Y18anN15NALSALSBTIVRIv LA aSISlouls daonndasnu Piers et al. (2003) WuUIN
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A155UUsEMUDMISTE MUFA naunue1wisiisl SFA aunsadasantiiminuazluduly
$19nl wWuReIfuRanI1sAn®Ived Paniagua et al. (2007a) fiwuin MUFA Ha8finsnsn
nsnayledularandnsdIueluiuus Yo ILa U ILALIIIAANITNILANYAIVD S
logfuuinmnansdi dsemuitenansiuiissyfmares MUFA lunsthsaneuduladi
Fretlostulsaiilauaznaonidonld (Ferrara et al, 2000; Shah et al, 2007b) Fsaenadas
fUs189un1TITe0s Ros (2003) inuiinsaluduleadniiunumdrdnlunistiedesdu
AMEeBNBndy Yieuisereendiaturss LDL redesiunisiialsavasniieniila way
ANUAUlainga downnsnluiulewadnaninsnanuiinalasniweseauaznaiaaimesealu
donls ﬁaﬁuﬁﬁﬁuﬂmmﬂﬂamﬂﬂqﬂmamfﬁmﬁgaaawﬁm%aﬁﬂ%mm MUFA U3310ugandn

liudameiads 4 wih Jalivselevideguamluvay q a1y

Sy

2. msvageugnsunssniauLazauiuRvresifularanUanisgnuasnda
rolgadinziapanlasa (RAW 264.7)

ANy Inavesidulanamiignuantihin (FFO) seuiuiavesansne
snaunielulead 3 vda lawn Interleukin 6 (IL-6) , Interleukin 1B (IL-1B) wagTumor
necrosis factor alpha (TNF-QU) waza1nudufivsowwad deuandlunind 14 wuinaisne
9nLau Lipopolysaccharide (LPS) vlswaaunlaswiafiusunuaisnesniauein IL-6, IL-1B
LAy TNF-Q iisgstudioidsuiiisufunguaiua uaziiiovhnisliisulaiainuainils

Y v

gnwautinda (FFO) nudn FRO fimnnududu 29 Snndvinliusunmansdesdniausiin IL-6
IL-1B waz TNF-O luiwadanaseghsfifoddmisada Wewssuifisuiunguilldsuansne
Sniau LPS usiissegnaiien wudeatuendusniau Celecoxib (CX) nansdnuniuandlsy
Lﬁu’jwﬁwﬁuﬂm’mﬂﬂamﬁfaﬁw%ﬂgﬂwam%aﬁﬁmmmmmmimﬁu MUFA U'%mmqaﬁqwéiums
anansen1sdnauein IL-6, IL-1B waz TNF-0L 1¢ uenvinifannnismageuanundufivee
wadmzasanlasadies MTT assay nan1snagounuin FFO finnuudiudu 0.125 2%
LineliAnrudufivdewadmzdewlasrialng FFO fimnandudu 0.125 2% lifina
vilvianuiidinueawad (cell viability) anas WelUIsuiunguaruauilildu FFO (i
13D) uona1nil FFO Faiinadudinisuanieonvosdu inducible nitric oxide synthase
(iNOS) ez cyclooxygenase-2 (COX-2) nglulwaduilasvianig 1nn1sAneInauey FFO

lunsguiunisaanisenavluseauluiana (nma 14A) Rgafunsuanseenvesdu COX-2

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

FUFIN15ENATIZN COX-2 MRNA Tuadulasunalaegeidodnfny (D w9 14B) wazwuin

o

FFO imnuttudu 2% lgnsinliaisdenansnisoniausiin PG-E2 lulwadanasagnall

1 a 1

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

(%
3 [ v

gIMUDNIEU CX 9INNANSANEIRINaINEAsliLAIuIN FFO flgnsdudinisaineans NO uag

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

gniavu 1Wenlunszuiun1ssnaunudl NO uag PGE2 azgnaiiefiuludsunagennly

v o

walin1svinauredeulesl INOS way COX-2 Wingsdu (Uagaune, 2559) Aatiuds

aunsaazulann FFO dgnslunissnusnauluead RAW 264.7 1o uananilainnsAinwina

Y99 FFO N1ldan15U83iun1svnaieved DNA wudngaangnnseduaie LPS agilans

8-OHdG NAITY F9a15 8-OHdG tTua15U9T318N19%1878U89 DNA 31nA1LLAS A

U

pen3LATU (oxidative stress) (Valavanidis et al., 2009) luvnzfiwad RAW 264.7 @Sy
LPS $2uffu FFO agiian 8-OHdG anasegefidud ey wuienfufuwadiildsu LPS saufu
CX (A9 15F) wansliifiugn FFO fdualun1siesiunisvinats DNA ae9i@asd (DNA

damage) lal uazn13ANWINATY FFO fan1snauauasvedssuuiAuiuresead wuil FFO

9

[
[

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

kinase inhibitor p27 (p27) WanANLTINUIT FFO N1AUINTY 2% TNaliun1Shansesn

IS a a

1Y | a a a % 4 a v ‘:4'
vosguiiAeIveslunITduasun1ssyaulaveasas (cell cycle inducer) Bndae (ATWA

16) feudsanansaaguladn FFO finauand@lunisnistesiunisvinats DNA veuaas i

ANUAUNIUTDUTAES waztigannisonauluwasd den1sonauiiunseuiunisisienie

' '
a

pavdUswaNIIAAYgaTN wazdiidudunsienosnanie eansfiusInguesnIs sniau e
U39 U3N Und kavsou (Mequanint et al, 2011) N5¥UIUNITINAUUTENOUAILNIS

Wasuwlaswaaraanidon MlrEaeaunasdiudy 1015130 UNUsiYadiintdanu1Iund
DRIEEYR
Tuwauznd

ﬂ@ﬂiWLﬁMﬁﬂ%ﬂALﬁ@ﬁﬁ@?qL%f']ﬁﬁﬂﬁl,ﬁmmié’maumdwﬁ (Kumar et al., 2007)
UFATenssnauiinty lusadinlasvhdaduradidiadonvneiand sends
ansdenanslunissniavaiiaeg o wu Tussn senled (nitric oxide) wasnsaaniwnauiu £2
(prostaglandins E2 ) waglalnlail (cytokine) Wudu UJung et al., 2009; van der Vliet et
al,, 2000) iietaslun1sidndensu sgalsfnunimdsasdenarsnisdniaudig o Tu

Ysunaunnifuldagyiliiinisvianeilieite Yagdunuiinismadansdonarsnissniauiun
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Aulunenduduszosnaidefenisidestunisfianendinevedlsadig o 1w lsa
nszmziarald lsadedniauguiness (Rheumatoid arthritis) lsadalwiaes (Alzheimer’s
disease) Tsan1§Audu (Parkinson’s disease) n11zfana1nn15AnLT o (Septic shock)
1salunmNU tazlsadntaudg ¢ (Coleman, 2001; Guzik et al., 2003; van der Vilet, 2000;
g3Ma, 2559) nstfudsmandsansaenaninissniau wu lunSneenles uasnseamunauiu
£2 waglalnlaiiunniulud Summoiaitesgaedesiusasdnulsasms q ieadetiu
nsnauls Tnglunsnoenles (NO) WuasdnmiliAanssnaveiandsiiadreduuen
nsnevauswwoswaduilasvafignnsedulneteules nitric oxide synthase (NOS) Tunns
\Wasunseefily L-arginine, NADPH wazoandauliinatefiu Lcitrulline uazlun3noonlus
muEITU uenaNTuSmuUIIUSInan A asraslunsnoonlesiiuniAuludanuduig
fumsiialsasng 9 Ailaanuieadostunmssnaulunats q ederzstaiile oa wagle (Ju
fu fefuussansnmnisdudinisasaviendsanslussneenlesisdedunalaviiiawnse
annszurumaialsnazaTuLsIwedlsadie q dandnild TnglunisAnuiadedl nuis
51ﬂuﬂa*mnﬂamﬁfagawawfﬁm FafiUSana MUFA geflmnuannsalunssunszuiuns
dniaununsannsmdsanslunineenledveuvadunlasvaiignnszdusie LPS 1¢ 3
A0AAAINUNANIIANBIUDY Goncalves-de-Albuquerque et al. (2016) wag Gremmels et
al. (2015) finvimisungneninsaludulowd-ousinugsdadunsaluduliduindaie
(MUFA) annmsinewuiinislinsaleulows -0 Tunyiiiinnginidosrasaninismis
Aafln wazlindnInnssen Jesfunnizuinduveslauazdiu uazaunsoan seRuLa non-
esterified fatty acids (NEFA) & sagwusnnlunnigiinsfindioguuss uazdiinaannisaina
oxygen species (ROS)

dufufiifamzmnzuedndulasumieduamatiy awfinsavauvedlusuiifutuly
dowdelusiu (adipose tissue) dwaliinisndansuningns (derived cytokine) anntieLte
lasfurfinannduniuludae 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) uananilwadlusfiuluauiifinneduamaviown
vedndulasu vxiin1sadesesluuezAlnidindiu (adiponectin; ApN) anas 95efu ApN
Tudendiiduamguilwesnisinniizfedugau uasduswihuenaislsaumuuas
Tsevlasaumasniden iiesain ApN funumdasenismunuauganglaauazaulives
Lﬁal,?iasiaéuﬁéu P mii2a nud1 ApN Seruduiuslufisnsnsstudnufunsfistuves

\Welde (adiposity) kaz pro-inflammatory cytokines usnaNUTINUINTZAU ApN ALALAUL
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a11130an32AU TNF 19 @aanndesiunan1s@ny1ved Keapai et al. (2016) lunynaaeoad

wilgnhiinn sy nudhdulardidaanvamilagnaanaiunsoansyauiinia

a a a

luidenveanunaaes Ingldinsiinvessyivdugduludenuarinisanasessesiuuauiu

Re

fae wazdieiiusziures ApN luidenld Fanisiindures ApN dannsadudansfiudy
W3aansEAU ¥09 TNF-OL uaz nuclear factor-KB (NF-KB) 1¢f @enadasfunanisnuili
WU FFO @11130an32auuadsu IL-6 Tuiwad RAW 264.7 19 lnunsanseuved IL-6 9¢
walvisziunsseuBugduanas damasonsteafunswamnlug lsarmnuussani 2
dmsunalnaes FFO lugredudinisifiuiuves TNF-OL ﬁ?uﬁﬂalﬂﬁﬁﬁaﬁa ApN it
cyclic AMP (cAMP)/protein kinase A (PKA) pathway @4 aly TNF-O-induced nuclear
factor-KB (NF-KB) Qﬂé’ué’ja N13aMa9994 proinflammatory cytokines SfunsLinTueq
ApN Sudusaaniidulaanuamdsgnuasidmalissfunnzeioaoninduanas g
{3sdwmasadledliszdures antioxidants iiugsiu aenndoafunisnuiiiiuandsiisey
ihifulananuanifagnuauirdnfissduvasanswoufeandunusi (antioxidants) Tuseugs
wazlinuanuduivlunsldduemsvesmynaaeduvuin 5000 me/kg (Wangcharoen
et al,, 2015) fis1eaAdevanetuiild@nwdgrives MUFA wienselawadniifinasenisan
381U Medeiros-de-Moraes et al. (2018) lfdnwmavedlown-9 Tunyiigninieili
fnssnauiianld wuinlewin-9 awnsaaanissniauvesdldnynaasdls uaziiquslunis
ﬁmmié’ﬂLaUT,maﬂszmumsamﬂmmzmjuﬁ’maawaaLﬁmﬁamn (leukocyte rolling) A9
45198UAAY0INTIHEN cytokines wazn1IAIVANNSIHLIAYEILUATISERIUNAlNNTAS
PPAR gamma expression @anndasiunisanenued Ishak et al. (2019) Médnwnavestingu

wzNond MUFA g¢ lunynaaeanduinunawaz JufinAnnun1svevebHasiuiugen

Y

Vascular endothelial growth factor (VEGF) wuindiunznandgnstislunisaseladenis

a & A | 19 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 nalnwes Oleic acid Tun1sanniseniauwagnisfinaulvedugay

Y

fi11: Rehman et.al. (2020)

s Y

3. nsNAFRUaNSAULYaLUATILSY (Antimicrobial activity)

PNMINAFBUANSATUYBRUATITEYRs AN Ua milagnaautiIn (FFO) wag
duvaranyandnasny (BFO) lnen1snaaeuviusiadugauie (Inhibition zone) ae35
Disc diffusion assay wupiilsenelsauuRmnLs 3 slafiuimegeu lauwn Staphylococcus
aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) W& ¢ Propionibacterium
acnes (P. acnes) nan13nAaauUNUINUITUUa FFO way BFO Lifignsauldeuuaiiize
S. aureus, S. epidermidis Uag P. acnes MuAWA 22uaz23 agnalsinunisanwilidunns
NAFOUVIENTIN UL UATISABlsAVUR T 3 vlia Asnanitnanuy Fadaldenvasuis
grsvesiulamnUamtdignuaniiandenisiusluaiiiseynyiala aunanisiing
U949 Medeiros-de-Moraes et al. (2018) l9fin¥1gn5N15AIUTDUUATITBLAZNITAIUNTT
Y} Y aa I A a o a & | 19 =
gniauvesinduuznanydl MUFA Wudulunyniinngdnauinielutesiod nan1sinw

1 901 L% dld a 42’ v 1 4

wuinfusgnaniid MUFA geanunsaannisinanazann1soniauvesosisdlununaass
Taegnsiitpddey Tnenunisiedounvesthlnsialufiusnutewssiinisenauanas Lazdl

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

(2009) U1 LBLUAN-9 FIWEUEIUNTZUIUNNT phagocytosis Vastlnsilauazdionidn
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wuafiFelunasanaasdlianas dslinunadanarudewdsudu Towd-3uaglewdn -6
WiEafU Rodriguez-Villar et al. (2008) Fnwinuin mslemsasufidlewsn-o e 5
u fualilowin-o Whlugideyiavesinlnsiiald uasfimsfnuigrsvesnsalusfuniamg 1
TududeuuaiiSeludesunniag Huang et al. (2010) Wnwignsveslemin- 6, Towfn-7
warlowdn-9 lunsdruidouuaiiBedinutes q ludesuan ldumide Streptococcus
mutans, Candida albicans, Aggregatibacter actinomycetemcomitans, Fusobacterium
nucleatum wag Porphyromonas gingivalis #an1sAnsInuIlolu- 6, 1awmin-7 wazlaluni-
9 fguslusuieuuafiGerng o Turesunléd nwdulszneuresansudeiedneseinsn
lasfuiis 3 9fia awnsodudeuwuaiideludesuinliuaziausnziedelsaluudas
aUTd (species) Tnonsaludumariasdregluinadiindadeludesun wuidiuuves
fuszauaziunmisuosiusravesnsaluiuaziinadeguinisdudouuaiise uas
nMaAsuulamesnguaivandavesnsaluduiinadenuinissudouuaiiFeduiiaty
lnengu ethyl esters ﬁqw%iumaﬁwm%aLLUﬂﬁL‘%ﬁﬁﬂdw methyl esters wanalndalinsiu
Farau ansUszneumariiauadendsiuibeyitvesuuafidedediaesta (bipolar) ned
daufiazaneluti (hydrophilic) uazdudiliiazanaluri (hydrophobic) \lesnniBeviuiead
Uszneuselufu Sswesliluanaiianuautd hydrophobic iwléd uazanunsaiirluluide

A v

YHITDUUATISELAZITRTT wazdvhanaelalaeriudilusunmumsvihvihnunivetey

€
Qe

[

waa aziulaainsaludu MUFA guslunisdiuidenuadiiouaziasiuiseiinle ety
= & £ ) o S A v & Noa
ns@nwilidunismegeugnsvenidulanuamtgnuautdnsdensinuisluaiiisene
Tsauurmile 3 vliadanadieiu Fadilienaasuisgrsvesiniulainnuamiegnraui
InsansauBLuAseYNYlala AIsinIsAnyIRLALTgVEN sueluL Al vlie

3u o soly

4. wavesthsuamanUamilgnuautndalusyedifinnandeswsaunuaindulas
6.1 animin fyilinanie Wuseuen enwusulafinvesoranalinsnounasudadn

FulATINTg vié’amﬂﬁmmaﬁﬂs%’wizmuﬁﬂﬁuﬂmmﬂﬂamﬁqgﬂwaufﬁmLflunm

12 FUansh wumniwesiluesduszneurasnmzmnuedadulasu THud tamiin (BW)

Adatiulanie (BMI) Ldusautey (WC) anunudalnda (Po) wavaanuaulawaalnda (Pp

o w

fiAnanasetedidedAgneada (p < 0.05) MuA151991 8 uansliifiuinnissulseyiuidii

o

1 '
o A =

UannUamtsgnuantidafifnselewadn dadunsaludulidudiganes (MUFAegUTuM

aeilnalunisanumiin Adwiulanie lWuseulen anududaleda wavarudulauealndale
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[
=

Tngannsnosunenalniifstuangrivesidulaanamilgnuauidafiinseloadnas
Iemmgunmil 25 naladsnaridunaves Oleoylethanolamide (OFA) dadulusfudinusin
Tunsalewdnuielowdn 9 Tas OFA funumardgluniseuauaruesinewnauasiming
(Tutunchi et al., 2020) lay OEA %mzé}:u peroxisome proliferator-activated receptor-
alpha 3sazthelunsanauesinens anseduluivludon wasiiunsuawnuedduves
nsalusiudinuans OFA fateifiunsuansesnves FAT/CD36 mRNA Tuidoydlduazanld
nlsgnaditfdify waztieiiunisgadunsaluiuly enterocytes lunasanaassegnail
HodAyaie OEA fﬁaﬁzhUﬂauquﬁwwﬁﬂﬁﬂmamﬂﬁmmmmmawlmﬁuﬁauﬂma wagiung
gangladulu adipocytes LLazLﬁﬂJm’i@J@%MﬂiﬂI‘Uﬁuiu enterocytes Inonalniaesiisauiu
nsfiatunes FAT/CD36 Wunalnuas OFA Tunisauaumisgadunsalutuuagnisieny
lunnsaisingnluuywd Yang et al. (2007) @onndodfy Piers et al. (2003) Wui1n1s
SuUsEue NI AE MUFA auwnuawnsiil SFA annsotisanimidnuaglusuluameld

] { Y

[WULAYIAUNANISAN®IVBY Paniagua et al. (2007a) ﬁwmw@'ﬁumwmuLﬁa%’uﬂizmu
257 MUFA agdedfiudasiniswnraigluiuuazansnindiuveduiuudnavieawayan
LAZYIBANNITNITLINAIVOILUTUUIIUNANNEIRAT dOARROINUNAITANEIVY Kien et al.
(2005) ANUINnguFIeg1eATlguaImANTUYTENIUEIMNTAT MUFA USunagaaziinig
Wasuulasesduiinane waluifusnsdiuendusevioiseazing waztminanainia
ngufeg1efifuyseniue v siiinsalufiududa (SFA) USuimgs Wwuieadu
NANISANYITBY Keys et al. (1986) Wui1n155UUsENIURIMISAT MUFA qumummiﬁﬁ
SFA Fazann1siinlsnizeswaswimesisidouls aannsAneves Jones et al. (2008)

1 1 Y 1 a

nudngudlegrunaviendguamaniulseniuidiiuugnen Fail MUFA YSunugadle

9

= L%

Wiguieugnsudsgnuinduandeurand wasiudaniunziu azlidnsieondndunes
sy (fat oxidation) wazn1TIINSI9IUYDIT19A8 (energy expenditure) H1NAI1DE19

'
CY [ = v

HodAgy 39 Leyton et al. (1987) wuandnsean@iadu (oxidation rate) mawﬁmzszwnﬁ
lesunsalusiu oleic T§ns1eondiaduganiinyildsunsalusiu lauric, myristic, palmitic,
stearic, alpha-linolenic, linoleic Wag kappa-linolenic @aAAABITUNANITANYIVD Y
Rodriguez-Villar (2014) WUjWMHﬁLgﬂflé’f’sBﬁlﬂﬁuuzﬂaﬂﬁ]zﬁﬂﬁiﬁgﬂﬂiauﬁﬁiEJﬁ%”Nﬂ’JWlI
FOUINNITAUATIZY ADP IUﬂizUJUﬂ’ﬁ%ﬂEﬂﬁlLﬁ@LU%EJULﬁ&JUﬁUMHﬁLgﬂﬂﬁ’JﬁJﬁﬂﬁumaﬂ
yumzu Fansade ADP Wuesiuszneudfglunisldndauuessiinie arnnansine

Aananuanslifiuiingalawadn (MUFA) Sunumdrdglunisdiominatgludu e
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957199 TLaTUYaI T ULar NS ITNE19IUVRIT19INY Fedinavin i nTnanas wazAaYl
178N18anad

1%
Ly

uanantnInloadnludiuvaranUainisinidadadinaanausulainvianaugu
Falndn wazanusulauealada agvdtdvdAgneans deidenatedulasisnuiuanes
nsalawdniunistiganauiulaiinesiltdudAy Ferrara et al (2000) Mnungusiaeg
A ) a ) ¥ o L. ) . ~ ~ v 8 w
langanuiiladingar Sulsemudiduiznen (virgin olive oil) lWisuguiutdiunen

[y I I~ 1 Y 1 Ao goj Y = [y a
mungdu WWusseeial 6 Wweu naudiegansulsenuiidiungnaniinudulalinanag
pgslitsdAgyuazaunsaannslteiananuaulainld denadesiunanisAneIues Muzio
et al. (2007) lAnwINguMIBEIUIMIU 100 518 WiBUWIEUNAYRINTTUUTEMUR M
i1 MUFA USinaugefiuammisnguaislulense (CHO) USuaigaseesiiad 5 1hau wuin

o 1

nauAI9819NTUUTENIUDIMNT MUFA USunugs darausdulalindalndnanasoeied

Y [

Wod1Ay wazdnsinisdunisiauassiilaanaudnteos Shah et al. (2007b) la@nwn
mamﬁ%’wi’m ] WUU meta- analysis nuifis1eaunside 10 u Ansnvseudisunares
MF3UUTEMUMNSAT MUFA USinaigeuenmsisiuiunas CHO gs nuinnssuussniu
9157 MUFA USinaigaiinaliidnanusulafinanasdnieseeslifdify Tnsianizen
ANMUAUTELAAA WULREINUNANISANYIVBY Psaltopoulou et al. (2004) laAnw1nuan

o

nssulsemuihduuznen Jadueomswiwesisilloududadeddalunsdivanainusy

U a v &

Taiin Tnganunsoaniausudalnga uasanudulauealndnfusasfulsemusaniuing
A% Stamler (1991) Wmﬂﬁﬁ%wiwmummwm MUFA J3unaugeagiienanusulaiingale
aﬂLLazmqmu‘EauvamLLaaImaﬁammmaLUsaUmaumamwizmummiﬁ MUFA USuneu
1 WuLReafuNanI1sAne e Schwingshackl and Hoffmann (2012) 1$BiAeieuidei
Aedeaiunaresn1sfulsEnIueImAd MUFA USuings (> 12 %) wWisuifisudy
A1550UTEMURIMNSTTIUSHI MUFA 81 (< 12%) Wu3in155uUseniuenisig MUFA
USunaugs anunsaanudaluiu anududalede wavaiudulawealadald Whelton et al.
(2002) WU RAsveLslafinfianat 3 mmHg Yreanauidsedtsanasnideniila
5-10 % anAudssvadlsanasnidenausd 8-15 % wazansnIINISAIBAY 5% Uity
NANSANYUY Kris-Etherton (1999) way Sofi et al. (2008) léTiAs1kenAdoransdu uas
wuiimssulsemuemsmnesisien (Usuia MUFA gandiuni) ﬁmaﬁﬂﬁaﬁumwﬁﬁﬁu
Imawmﬁmmnaummmﬂmaammaﬂm (9%), U139 (6%), @NOIE 031 (13%) amaummim
FoTinanlsavaonidenauas (9%) Salas et al. (1999) ldAnwlugiifigvamd S1uau 41

=

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

mslulaiasnas (CHO) wazamsnilnsaluduliddudanguneags (MUFA) Wuszezlian 4

' [
! o a0 o !

Y
dUa NudEASUUTENIUOIMIINE MUFA asazileniinaluifennin g

o

uUTgnIu
91sUssandu uwasddiaudulaindaladauazaiudulainlawealnfinitetned
Y aa & Yy o A = | Y

Weddgnneadia azviuladnnssudsenuemnsnd MUFA Ysunageanansagiganainueiu
lan@alndnuazanudulafinlavealadnlawazdisangUinisalveansidedinanlsnrila
wazvaeaden aetuidulatanUamidegnuandnIngaiiuTuin MUFA gedaiinanse
gun1n Neunstiganulaluduluseneiazdisannudulain wazdigangUiinisal

MsUleLaznNsEedInainisamilakas naanian

PPAR-o
1Body-weight gain t
4100d Bpid levels OEA - GPR119 — i
Dietary oleic acid Lok varapon ko adipocyes '
s (OA) S > OA oLP-1 1 Gastric eemptying
OMEGA-9 R P —

c%é\g"« et {Food intake

o NEFASAdPOsC tissue

awi 25 nalnvadlawu -9 (oleic acid ) lumsann1izguama

fa: Tutunchi et al. (2020)
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4.2 enlufiludenveinguitegenoukasnaadninlasanig

n¥snflenanadinsianansiuay 33 au Suusnmuihduuanuamifgauainii
Iafunan 12 d&ai nuidaseiludesiiiussdusznevvesnzumuedadulas
Iéun dnlusiu HOL-C Fudunsiaameseaifinnuvuiuiugs Wulviuvdeddmiunaon

Aeaunsiafintuegsiivedfynieans (p < 0.05) waval LDL-C Fadunsiadinesoaind

o o A a1 1 o w aa

Arunuiusndulydurialdfdmiunaonidenuns fatanasedsddudiAgnieaia

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

laglaniznguenaadlinsyendidusaueItosnd190 wumwasEAEA1 LDL-C anadegiall

o w a

WedAyM19adif (p « 0.05) dmsuan Triglycerides Tuwilunanaslunguoraiainsineyie

a v 1

Aa v A 2 LY a ada v 4 I
LAEUEINUAINYUUIANI1EUDYNIT 23 kg/m?, DIANFUATUNUINULEUTOULDIUDYNINE0

o

WURLLAT Laze1dNdlnsv18NIEUIaUDININAINTBWINAY 90 WURLLAT IANANITANYI

o

Y @ 1 [ Y o 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) aguuugelinayinlyisesu HDL-C getiusgnaiideddgynisad

o

=)

'
[y P

danAandnu Qian et al. (2016) MUSBULTABUNITTUUTENIUBIMISNL MUFA @9 AUaINSNdl

Y

'
1Y =

aslulansnas wudnemsnil MUFA g9 finalsl HDL-C asvusgnafiledfisy &9 HOL-C 1Ju

o

lusfusilafazdrslunisannisinginvesluiuuunasaidenanaudesienisiinlsaidy
Hoaala WuneIuNan13Ane1vee Schwingshackl and Hoffmann (2013) seyiingy
FegnafifulsENUDIMSTIE MUFA gafinisifismes HDL-C qasﬁuaéwaﬁﬁaﬁﬁm WaYIINNIS
MUTLTIBNUNTISEnaeTusEYI1 MUFA Sinalunisananudssedlsaiilanaoniden
LAz, (Schwingshackl and Hoffrnann, 2012) warndsainiionanadassulseniu
hifutanthinandamifignuauduiiat128Unsi wuie LDL-C Srnanasegaditfoddty
M9adR (p < 0.05) warTriglycerides Suualdiuanawuslliioddymeadaiy donndosiu
WAN3ANYIYD Mattson and Grundy (1985) $1891u31n153uUssyuthifuiiiings oleic

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

v '
o w a

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

281NN E1AYNISADRF DnNITedI8L HDL- C 98 198d1AYNISans daonndesiuna

N15AN¥1Ye Kris-Etherton (1999) MWuINSTUUTENUDMNTAT MUFA g981dn50ansEaU

cholesterol and triacylglycerolluldonla Fattore et al. (2014) latuSauiisunis
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SutssmuesTiiniiudunareinsfill MUFA uag PUFA ga nuindiutssviu MUFA
WAy PUFA USunaugs ddn HDL-C uag apolipoprotein A qq?guaamﬂé’aqﬁ’umamiﬁﬂmmaq
Yanai and Tada (2018) WWuLfigaiunan1s@nuives Zaid et al. (2015) 189113191281y
$1uan 958 AU M3UUTENIUDIMTAT MUFA uag oleic acid Usunaigadinudusiusiv
HDL-C ﬁgjﬂ%%u Gillingham et al. (2011); Gnoni et al. (2010) ke Lopes et al. (2016) i)
Anwmuindadeidsweslsatilanasndenanasuazarveslutuitundsaindulseniu
91115718 MUFA g4 uagnn3¥ulssnue1misiii MUFA geilusslowidegquainiiessosdy
LazITeze1) IndIuIsaiunIenaszauves HDL-cholesterol wazansz@uvad LDL
cholesterol WWuLiigafun1sAne1vas Gilmore et al. (2011) wu3n15Temsiid MUFA
USinags egtios 5 dUanni dnauiusziuanuidadures HOL-C 1§ Qian et al. (2016) 161
AAseiandde $1uru 28 FuRertunisiuusenuemisil MUFA Usinagauisufunis
$uUsENIUeIMSAdl CHO was PUFA g9 WUIINI55UUTENIUONMNTTS MUFA USunuge
mmmamzﬁuﬁ’]maiwﬁam, trislycerides, body weight, systolic blood pressure Wag
Freviuan HOL-C aghefidudfayvnsada

NANSANYINUITI01aETASIHMUATILIY 33 AL wagEadATINYNANLEANIY
WNNIRIANEUTo U lUNAY B LA R ILaT ALY YRR I HuIan 8 AT Total
cholesterol guiuulififedndynisada SsmanisAnwifinruduiusiunsifiutuvesd
HDL-C Tuenanasins FeAHDL-C difussdusznounisvesan Total cholesterol Fena
n1sAnuilaenadesiu Chang and Huang (1990) inu31n1siuuseniuisfunznendid
MUFA U3anaugs virlvien cholesterol ga%u WuLREITU Mensink and Katan (1987) fiwuin
A35uUsENIueImsfid MUFA Usunagslidnalunisanleduluifonsissia total
cholesterol, LDL-C wag HDL-C Iuwwéﬁﬁﬁﬂmﬂﬂmﬁamﬂa

dmsunalnveddeawni-9 niensaleadnlunisanladuluidenaiuisasdunelaniy
Al 25 Lﬁa%’wizmuﬁ’lwﬁuﬂmfmmJamﬁagﬂmamﬁﬁm%ﬁﬂ%mmaLm’ﬁ-9 NIDNTA

o

lowadnas agsilvileunuguesninludu oleoylethanolamide (OFA) g3t tny OFA Ty
AU ATe1vR T NneINgNNTEAUAIY peroxisome proliferator-activated receptor
(PPAR-Q) Mdld n1sfudseniuemisninsaleadnasiiinsedures OFA Tunisivaisu
= = 1 ¥ U = U U

iHon uag OFA dnavienseAunIswnatnyludu wagn1sanadunsaledu nisaangludunas
nszAuUAsen B-oxidation vesluiulusiuuaznduile dwalviinisndnuazdinislindany

ALY wazdagienIuANnITusinAe Al Jslnaluseauvadlediuviianig 9 luiden
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(%

anad kaznMEgIuaNanaInig ftuisasuldinhdularandamiagnuaniiandgad

9
[

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

freviiylvsiu HDL-C Beanmnuidsssanisulsnasnsdedinainlsamlakasiaoniian

4.3 anhmaludenvesnduiiegunounagnduiniulasinig

[ d' L o [ 9; Y 9; =l v I
NANNDIEFNATIIUIU 33 AU SUUTEMIULILUUaIUIRIINUa MU ANauLTUY

]

a1 12 dUa9t wunadinnalulden (slucose) Upgenana@iling An1siANTusgltydAey
Meadd (p < 0.05) (113199 9) udeglunaeiung dmnugenadesiunanITiATIETIENGY

LENANULAUINVDIANEUTOULDIUN AT LA UANULAZATULNUTNVOIAIRTYTLIANY AIUATITIN

'
= a o

71 10-15 T08nUIN01@ 1@ ASTI9NLLAUTOULBININAINAIBNINU 90 LURUAT, DIEALAT

[

NYINALdUTOULDIUYAIT 80 WURLIAT, ora1a@lATIWATIBLaTRYINdAFYtuIanie

A o 2 o L = v '
WINNIIMTBNIAY 23 ke/m” hazoranadinsinavieiazngaidadyiutanietesnin
23 kg/m? dindmnaluidenagsduninlussensusulsemuihiiuvanainuamilagnuas
I egslsfnusgaviaaiivdutdudieglunasiunfvessianie wasnuiieraadng
NPINTAUTOULDILINNTINTOYINAY 80 IURLLAT wazo1d@1anATHeviliduTaueItasnil
90 LWUANAT LWRAMUMAIEUANN 12 wuandiatadsiinaluidenanasedsliddeddey
JRNGRL

ananadnsyneuidisnlunmsideaseiiludiludinnzuvunaglildsuuseni

go/ A a £ 14 ! a o % ¢ v
grandinialuiien vugienatadasidnsiunsidonaenssesiiat 12 dUav dnsld
SNa o w e’.// (% a A (% o LY J
PinUszirfusiuminmsiudssmuemsmuuni nsiiseaunglaalugsuvesenaainsneu
wazvaslasudnduvaninananUamtdgnnaniinisiuasuwdaaiiuduing uidegluinne
Uﬂﬁm’«aLﬁaﬂmﬂiﬂﬂ‘uﬂﬂﬁﬁ'ﬁzUUMUﬂmamwa{u@a (homeostatic regulatory system) LU

1 Yo [J = [ ! [ - o E=! 4 [
szuuUszam seuusiedlivie e vihnuweulesiusgalussuuieuunielviegluaniie
auna FanalnAlvauanidzaunavesseaunglaalu@suil (glucose homeostatic
mechanism) vinuldegvauysalfuiiluaulngd  uwiunnsesuauidulsawumiu (Cryer
et al, 1984) dwSunansAnwgnsvestrdudarindnandamisgnuanludninaaeiid
AWMU Keapai et al. (2016) wudlurynaassimvilgnilifinngiuiminy il
lesuinduvanindnanUamdsgnuanaiuisoanseduiinaludenvemynnass laglaid

[%
v a a Y]

nsinvesseaudugauluden waziinsanasweualfiuaie uenantindiulaiunInilds

(%
o

PglvinununIuAeuInIg (glucose tolerance) WarAIUlIABN1IAOUALDIYDIBUYAY
v - o a
#

(insulin sensitivity) ATUBNAIY SAUTIANITUAULUAIUDILTAALUDLEDAUBDUATUY
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WULAEIAUHANSANY A8 BUNNUIENTgua nailaSuusen1ue1nisnil MUFA gq

q

= = o o Aa ! ] v 3 a a
WIgUNgUNUNIISUUsSEMIUDIMITNY 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 !

audlauidenatsFunfnerlugulsiuminunsegniisedviinialuidengs wuin

N1350UTENIUIMISNRUINIU MUFA geanunsadivanseruiinialuiienls (Due et al.

e

2008; Paniagua et al,, 2007b; Shah et al,, 2007a; Vessby et al.,, 2001) Uana1nu
M33UUTENUDIMNIAT MUFA gedlsiinatieifinanlidenisnovaussvesdugdu (insulin

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

A =

FasulihudulananvamtdgnuaaiAandeiluiinn MUFA g1 lnafseauninlaglidiing

(%
[y o

lun1sidsuudasvesseivinmaludenlugniin1iziinialudenuns wilugdiewminu

e nilsEAudInaludongs N13TuUTENILRMINEIUIIIM MUFA gea1unsatigansysiu

(%

Uranatusaenle

4.4 AINITVINIUVBIFULALNITY19UT09ATDINFUAIDE NN ULATNAWTITY
1AS9NT
(v Ql' £ (v goj LY qoj = Y] [~ v 4
nagINVoIAaNATIVUTEMUUINUUaUIIRINUaNgARANITUNEY 12 dUam
WUIANITNNUYRIRURAT AN TNRARIDINTINUYasAUNNA1Rg LN TUN G AnanI3197
16 InaA1n1svinuressulunsAnwdiansananA e uleivefu tawn SGOT way SGPT
-'-NI r-:ll ‘ﬂl U 6 :.’/ a g{"d 1 U I3
Mdsuwdastuiilosanseauraulasl 19 2 siafiinnulisen1s9nNauwaEn1sANgYUTaa
AU AetuvnasIanuLeulesl v 2 dilenastu 100-2,000 giinsednsuaninillonianigadsiu
AnNsEeelage1l@ L) a1NeINTTIRIUsEaIATedeIMToa1TY (Sotanaphun et al,
2011) A SGOTagnvawumnwadaulasuuniunseldsudunsie Nellaneuledvessiv
win SGOT luoaradnsuainisnnassiinianateg9iided1Ayn19ada (p < 0.05) lag
g1anadinsluszezneuiulsenuidulananlamidegnuaniidnidiade SGOT 32.79
PUIYADANT WIDRAARIUNAIAUAINN 12 NUINTLANRAE SGOT 24.51 NUIUABANT AIUAN
. z x P g awve o L. B y
wulesl SGPT Wuagnugaumnigaadulasuuiniunselasudunsewuiu iallenanadiag

A a a

Iuisazdau%’w3zm1uﬁwﬁuﬂmmﬂﬂamﬁfqgﬂmauﬁwmmLaas SGPT 25.15 BUI8608HS

I 1 a

HIORAAINNAITUAIIN 12 wuIndeade SGPT 27.78 vulesedns neaaulodivasdusiia

a o o a

SGPT aglunawiunfuasiimsasuulaseddlififedAgymsadfnanisnuuandliii

o

1

Fnsfudsgmuindulainnuamiagnuaninialiinansznuniedanulufivee

NS INIUVDIRU FINANISANYIABAAABINU Mashek and Wu (2015) AWU721 MUFA 3
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Auduustosuniunsilufivwlusiane Tunmemssiudiu MUFA redeatungdudu
Aw91n81 (drug-induced hepatotoxicity) 1a Wulfgafunani1sAne1ves Bozzetto et al.
(2012a) ARNWEUHBWNL S 45 au TasiSsuiiisunssudsenuidaslulensngs
(CHO 52% vosUSunauaae3ilasu) fumssulseniuermsid MUFA USuneuga (28% Vo9

deJ

US1nnuumaeinlesu) luseesinan 8 dUaY wudERsuUsENILe SRS MUFA USunaugadl

Y

o w ]

angluiulusiu (steatosis) anaseeunnagaillfedfyneadia dwwanisiinuvedlaves
pranatasnuingl BUN uay Cr faduruansnisiinuveslaeglunasiuninassdilas
praasasluszegioufuusenuiifulaanlamilgnuamiidaiidiads BUN 12.72
me/dL ofnn1undsdUainial 12 wuindiduaids BUN 12.09 me/dL @3ufn Cr 189
pranasinsluszaznousulssmuthiulannuamdgnuantidaden Cr e 1.04 me/dL
FefnnundsdUn1vi 12 wudrdlan Criode 1.06 me/dl Feaglutnasiuninaziinis
Wasuulasegndlifideddaymeedn anseanuisenanedunuinnsli MUFA USunaugsly
= v

v a 9 Al P = = i o a o
%H'Vlﬂﬂﬂigmﬂ‘lﬁmﬂﬂ’]iﬂ’ﬁ@ﬂLﬁ“U'VllG] LmaL‘UiEJUma‘umﬂ’mn’musumlm%mmamamazm

Y 9

nIvunauau g Nhilasu MUFA stusnuannssaulminnisnisonauinle wazlasu

Y 9 Y Y 9

(%
=

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

(Serious ADR) launensinuaes nielaansdindoudy

4.5 msnsennuauyselveadadentenguiieganeusazndudisulasinis

mim’mmmmamyiﬁmmLﬁmLﬁammmmaﬁmué’qmi%’wizmuﬁwﬁuﬂa'mﬂ
Jamidsgnuantdadunat 12 &ai nuheudadenynateglunusiund aunised
16 19gAIAMULTNTUVDATIALEDALAY (HCt.) ADULATUAINISANYIANAY 43.18 Lag 42.67%,
ALdnEoAU17 (WBC) AoUUAEUAINISANE AN 6.87 wag 8.39 x10%/ul, Andaldonuns
(RBC) NouUKagnaInIsAne vy 5.30 way 5.11 x10%/ul azAlnaniden (platelet) nau
LATNAINITANYININU 221.45 LAy 265.48 x10%/ul mua1au lneAnanidenaos
pranadamvdimavaassdiagstuegedifoddamnaada (p < 0.05) waveglunalund daua

=2 & Y @ ' LY - T A Y (=] 1
ﬂ’]iﬁﬂUWULLﬁﬂQIML‘1/1‘L!’J"Iﬂ'1ii‘U‘lJ3u‘1/lWuuqﬂuﬂa’IU’H]ﬂﬂ’]ﬂﬂaqﬁUQ’s‘jﬂ&lﬁllllm&lﬁﬂiz‘l/luG]@
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sumelumsaiadadenynuie lnslmznsaianinidendidundlasindniden iy
Haduddnlunisudsinvendenuasnsmunuaunavesnsvinuiden Tngagimthiidaes
nsa¥1eduiden (coagulation) wazfudenisaatsvesduiden (antifibrinolysis) faty
msfulssmuintulanhianndamdahisgauanislifinnzdswionisiidensendne
donAdasiuNaNISANYIVeY Lopez-Miranda et al. (2006) l¢@Anw dsnaraIMUFA finuuin
Tudifuuzneniianusntisanainuhveundadoalunisinizngu Yranseduves
thromboxane B2 luidon Hreufingnsnisazargliuiuluden (fibrinolytic activity) uwazan
FTAUAMIILTUVDY plasma activator inhibitor type-1 (PAI-1) lag PAI-1 vmthiidudanis
yaruves tPA ielinisaaisliuiuietusgramamang Senisifintiuves PA-1 s
Audssrolsavaendeniila (Hoekstra et al, 2004) Tun1zunfvessnanie nsuds PAK-
1 gnnsedusieduadu ninlududasy (free fatty acids; FFAS) LAZA1IZAITENIAUFE TS
dwsudfiidssdennuiinunfveannziumueandulasy (Mets) axfuiadoidowanin
lspirlauagvaeniden (CVD) aae Aensilluduinund Anudulasings Laslumiu n3e
migaﬁia@uqﬁu Fangn3iudinves VD dudniinainnisiinnenaeaidenuaudes
(atherosclerosis) lunaanidaaunsruianatsuazauialug duinduiosiniinissnan
Fe¥wuuAsedunssly (chronic low-grade inflammation) luaaziReafuaududady
nauiiddalunisidede Mets Aieadesfunissniaumuniientu MUt usinayi
TN 15mas proinflammatory cytokines WiuTy aanisndansaluasn (nitric oxide; NO)
LAz linn1IsLAsEnoanBLATY (oxidative stress) Mliwadteuladiduy (endothelial
cel) Ayntfanasaidensiinifiinuniudliinisuasy von Willebrand factor was
plasminogen activator-1 (PAI-1) L%Wﬁjﬂ'ﬁmmﬁamﬁwﬁu uammﬁwamﬂmsé’mﬁué’hﬁwa
vlitinsasnadadenisudesaveadon (coagulation factors) sty ann1sadeEnsdunis
wdefvoaden (anticoagulants) wasudinisazareduiden (fibrinolysis) %qﬁﬂﬂa‘jmw
Amemsudemaeudonuindnund (hypercoagulable state) #3an1azL39n15tinN1E AN
\Fongasuanainden (prothrombotic state) FufuiladoddyiiliiAnnnzvasnidenga
fuarnduden (thrombosis) §1a1n3euitevansduiinaniundafuanansnasuldinns
$uUsEmueIMTEl MUFA ge aetleafunininnivasmidengasuaindudenls fua
ms¥udsemuthsudanidsanuamdagnaay il MUFA Usinugsdsanansataetiostiu
amyvaeadongaduaindudentarannininlsaiilanazvaonidenld dmiunaveinis
Sutszuiiuameatenisudsiivesdenty ﬁsflsmuﬂwsﬁﬂmszq'jwﬁwﬁuﬂmmLav‘h

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

Suusemulagegn 6 niusiadu (Li and Steiner, 1991)



uni 5

dyuna

cala

nMsaiinnuIdeiseswinnssuiidulaianlamdegnuan i Inlunywdnd

AMudsIianzunIvedndulasy lnelingUszasdn1sifoeTin sz iaaaudinig

q

neamkaznaivesiiulaiandamiagnuantiia waziidularandarinasiy

NAFBUANITININTUNITAIUNITONAULALAUTATN uazNISANYINavasITulaIa1nUaY

'
Iy aa

wilsgnuan1Innildessdusenavvesnsiunvedndulasulueaadasnidnedes Tu

1%
av ava o

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

s
flanngramnssulssUtamiaiovanunasiiinedu 2 uds dhanataduditulaniy
30 nnduidduanemdgaasisaesialurnaleseiiivisniesu fiinsnan
(Wszwelne) 180 Smindedv Wedeseimaiutsenevvesiiauazyiansalosiy
Aasaanles (Peroxide Value) wazanasUaudiliadu (Saponification number) 52374

n5193@s1zndsl il ouludndudan lown n1snsranilansuin waznisuullauld

wuAfSy lawn Escherihia Coli wag Samonella spp. wan1sanwanuinneulvdulan

a

1 Alansu annsausniiiuuaiifudulauarlaiduly fguvnifedldusunsiosas 27
ihiufladaldfidmdoda Wswas fvinunsalududuiaiddoutiosninidulameia
Tnenanznaalusiungulowfin-3 dltesnimindulameamn winuyiinunsaludulaidush
Fadeandulowin-o (nanleiadn) Tudsuvamirdaiiusinageninisiulameia §s 4 v
Fensaludungulowin-o luthifuuantihinanuamdsgnaas Jardnasiu uastindulan
nyia fiA7l 4335, 46.69 uar 11.24 n30/100 n¥u Muddy druddeseanlsduasningy
JamindnnnUamilgnuanuazisiulanidanarfnasu fawviidu 432 uay 19.91
mEq/kg Aud1y TnsAndesoonledvosirdulaniniasaessineglunmsiuinggiu

ANNUAYBIBIANITONITHALE (98.) WATNUNUINTTIUVOIUTUAY LASNANITNAADUAN

1%
o

azvouiflnduresidulanidennuamifgnmay uazihdudaniidaanuadnasa
fAnazUauiivliadu 196.30 way 209.40 mg KOH /g mwmé’wﬁue‘z’iqagﬂummsﬁmmgmﬁmum
dmsunamsinszimmsludeulanswinvesiniulanidavsaeswianuinitulani
%mﬂamﬁagﬂwamﬁmiﬂmﬁaumimauma (Cu) U3unad < 0.50 mg/kg wavnuasnea (Pb)
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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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Maejo University, 63 Sansai-Phrao Road, Sansai, Chiang Mai 50290,
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Key words: anti-inflammatory, cytokine, DNA damage, freshwater
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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
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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
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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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